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Abstract. Anxiety and Autonomic Dysfunction in Asthma Patients. Vysochyna LL., Berezutskyi L.V. This analytical
cross-sectional study investigated the complex relationship between anxiety severity, autonomic nervous system (ANS)
status, heart rate variability (HRV), and clinical control in patients with bronchial asthma. The study enrolled
60 asthmatic patients aged 35-65 years (30 men and 30 women) undergoing inpatient treatment at the Allergology Center
in Dnipro, Ukraine, during 2024-2025. Participants were symmetrically allocated into four age- and sex-matched
factorial cells (15 patients each) based on their asthma control status (controlled versus uncontrolled) and the presence
or absence of clinically significant anxiety assessed via the Hospital Anxiety and Depression Scale (HADS). Pulmonary
function was evaluated by spirometry (Spirolab III®, MIR) to determine forced expiratory volume in I second (FEV).
Autonomic status was quantified using 5-minute electrocardiographic recordings captured with a Polar H10 chest sensor
and processed via Kubios HRV Scientific sofiware to extract key time-domain (MHR, SDNN, RMSSD) and frequency-
domain (LF, HF, LF norm, HF norm, LF/HF ratio) parameters. Factorial analysis using a rank-based Aligned Rank
Transformation (ART) ANOVA revealed strong, independent main effects of asthma control on pulmonary function and
major spectral HRV measures, alongside a profound independent main effect of anxiety on total heart rate variability
indexed by SDNN (F=80.20, p<0.001). Patients with comorbid anxiety demonstrated a significant shift toward sym-
pathetic dominance driven primarily by the severe suppression of parasympathetic activity. In patients with controlled
asthma and anxiety, the LF/HF ratio reached a peak of 1.96 (1.39-2.55), while RMSSD and SDNN decreased to 10.60
(8.10-13.20) ms and 23.50 (17.90-29.30) ms, respectively. Conversely, uncontrolled asthma in the absence of anxiety was
characterized by a distinct hyper-vagal state, exhibiting the highest RMSSD value of 45.60 (34.80-56.90) ms and the
lowest LF/HF ratio of 0.64 (0.49-0.79). Crucially, significant interaction effects were detected for RMSSD and LF norm,
whereas the interaction for HF norm was not statistically significant, indicating that the association of anxiety with these
outcomes was not uniform across asthma-control strata. Secondary analyses revealed a strong inverse correlation
between anxiety severity and total HRV (Spearman's p=-0.882 for the entire cohort) and a powerful synergistic
relationship between psychological distress and autonomic imbalance regarding overall asthma controllability (multiple
correlation coefficient =0.914). In conclusion, clinically significant anxiety in bronchial asthma induces a profound
autonomic dysregulation that disrupts the predictable physiological links between the lungs and the cardiorespiratory
axis, leading to a consistent decline in clinical asthma control. Short-term HRV assessment using validated wearable
sensors represents a practical, non-invasive digital tool for routine clinical settings, and systematic psychological
screening should be integrated into comprehensive asthma management strategies to optimize therapeutic outcomes.

Pedepar. TpuBoKHicTH Ta aBTOHOMHA AMCQYHKLiA B mamieHTiB 3 actMoro. Bucouuna LJI., Bepe3syubskuii I.B.
Lle ananimuune nonepeune OOCHIONCEHHA NPUCEAUEHE BUBYEHHIO KOMNIEKCHO20 63AEMO38'A3KY MIdC pigHeM mpu-
802ICHOCI, CMAHOM asmoHOMHOL Hepeosoi cucmemu (AHC), sapiabenvrnicmio cepyesozo pummy (BCP) ma kainiunum
KOHmMpoaem y nayieHmie 3 OPOHXIANbHOW acmmor. Y docniodicenns 6yno exnoueno 60 nayienmie 3 OPOHXIANbHOIO
acmmoro gikom 35-65 poxie (30 wonosixie i 30 diciHOK), AKI npoxoounu cmayioHapue NiKyeawHs 6 AnepeonociuHomy
yeumpi m. [uinpo, Yrpaina, npomseom 2024-2025 poxis. Yuacnuku 6ynu cumempuyno po3nooiieni Ha Yomupu 3icmag-
JieHi 3a gikom ma cmammio pakmopianeri epynu (no 15 nayienmie y KodcHiil) 8i0n08iOHO 00 piHs KOHMPOJIO acmmu
(KOHmMponboBaHa ab0 HEKOHMPOALOBAHA) MA HAABHOCMI YU BIOCYMHOCMI KIIHIYHO 3HAYYUWOL MPUBONCHOCHI, AKY
oyintosanu 3a I ocnimanvroro wkanor mpusocu ma oenpecii (HADS). @ynxyilo 306HiuHb020 OUXAHHA OYIHIO8AIU
memoodom cnipomempii (Spirolab III®, MIR) 3 eusnauenuam o0'emy ¢opcosanoeo euouxy 3a I-uty cexynoy (FEV:).
Cmamyc a8moHOMHOT Hep8o8oi cucmemuy OYiHIOB8AIU 3a OAHUMU S-XBUTUHHOT elekmpoKapoioepagii, 3apeecmposanoi 3a
oonomoeorwo Hazpyonozo oamyuxa Polar H10 3 nooanvwum ananizom y npoepami Kubios HRV Scientific ons euznauenms
rktouosux uacosux (MHR, SDNN, RMSSD) ma cnexmpanvnux (LF, HF, LF norm, HF norm, cniesionowenus LF/HF)
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nokaznuxie. @akmopianeHull ananiz iz 3acmocy8anHam Henapamempuunozo memooy ART-ANOVA eussug cuivhi
He3aedICHi 207108HI eheKmu KOHMPONIO ACmMU Ha PYHKYIIO le2eHb ma OCHO8HI cnekmpanvii napamempu BCP, a maxooic
2NUOOKULL He3ANeHCHUU 2006HUTE eqheKm MPUBOICHOCMI HA 3a2ANbHY 8aApIabeNbHICMb Cepyeso2o pUmmy, iHOeKCO8aHy
nokasruxom SDNN (F=80,20, p<0,001). ¥V nayiecnmig i3 KoMopOiOHO0 MPUBOICHICMIO 8UAGIEHO 3HAYHULL 3CY8 8ecema-
MuHO20 b6anancy 6 OiK CUMRAMUKOMOHIL, 3YMOGIEHULl HACaMnepeo SUPANCEHUM NPUSHIYEHHSIM RaApACUMRAMUYHOT
akmusHocmi. Y epyni Konmponboearoi acmmu 3 mpugodicHicmio cnisgionowenuss LF/HF 0ocseano nikosoeo 3uauents
1,96 (1,39-2,55), modi ax noxaszuuxu RMSSD ma SDNN cymmego 3uudxcysanucs oo 10,60 (8,10-13,20) mc i 23,50 (17,90-
29,30) mc gionogiono. Hasnaxu, Hekonmpoavosana acmma 3a 6i0CymHoCmi MPUBONCHOCMI XAPAKMepu3y8aiacsa eupa-
JICEHUM 2INepeazyCcHUM Cmanom 3 Hatieuwum snavernsm RMSSD 45,60 (34,80-56,90) mc ma natinusicuum xoegiyienmom
LF/HF 0,64 (0,49-0,79). Baowcnueo, wo onss RMSSD ma LF norm 6yn0o 6uséneHo cmamucmudno 3Hauyui egexmu
63aemo0ii paxmopis, mooi sax ezaemodis onsi HF norm ne 6yna cmamucmuyno 3Havyujoio, wjo 00800unts 30AmHicmb
MPUBOIHCHOCMI  AKMUBHO NPUSHIMY8AMU  GUXIOHULL NAPACUMNAMUYHULL TOHYC HE3ANENHCHO G0 DI6HSI KOHMPOJIO
3ax60p06anHs. Bmopunnui ananiz npodemoHcmpyeae micHUll 0OepHeHUU KOPEeNAYIUHUL 36'S130K MIdC MANCKICIMIO
mpusoeu ma 3aeanvioio BCP (koegiyicum Cnipmena p= -0,882 0ns eciei kocopmu), a makoxic NOMYM’CHY CUHEPSEMUYHY
83A€EMOOII0 MIJHC NCUXONOSTUHUM CIPECOM Ui A8MOHOMHUM OUCOANAHCOM W00 3A2AbHO20 KOHMPONIO nepedicy acmmu
(xoeiyienm mroorcunnoi kopenayii cmanosus 0,914). Ha 3asepuienns, KNHIYHO 3HAUYUA MPUBOICHICHIb NPU OPOHXIATb-
HIUl acmmi IHOYKYy€E 2nuboKy AGMOHOMHY OUCpezyiayilo, SKa Nopywye nepedbauysani Qizionociuni 36 ’s3Ku ie2eHb 3
KapoiopecnipamopHor GicClo, Npu38o0ayu 00 CMINKO20 NO2IipuleHHs KIiHiuHo20 Koumponto acmmu. Kopomkouache
oyintosanna BCP 3a 0onomoeor 6anioo8anux nopmamusHux CeHCopie € NpaKmuidHUM HeiH8A3UBHUM YUPPosUM iHCmpY-
MeHmMOM 01 NOBCAKOEHHOI KNIHIYHOL NpaKmMuKY, a CUCMeMamuyHUll NCUXON02IYHULL CKPUHIHE MA€E OYmu IHMe2po8anull y

KOMNJIEKCHI cmpamezii 6e0eH s NAYiEHmie 3 ACMMOI0 015 ONMUMI3AYIT pe3yIbmamie AiKy8anHs.

Asthma is frequently accompanied by emotional
disorders, primarily anxiety. Recent data indicate that
this comorbidity occurs in 60-70% of cases and
consistently worsens the clinical course of asthma [1].
Research has shown that the relationship between
anxiety and asthma is bidirectional: anxiety can lead
to the development of bronchospastic syndrome,
while asthma can trigger anxiety symptoms [2].
Additionally, an imbalance in the autonomic nervous
system (ANS) is known to play a significant role in
the development of both conditions. The dysfunction
of the ANS in anxiety disorders has been extensively
studied, with most research showing increased
activity in the sympathetic nervous system (SNS) and
reduced activity in the parasympathetic nervous
system (PNS) [3]. However, regarding ANS dysfunc-
tion in asthma, researchers do not have a unanimous
perspective. Some studies indicate increased PNS
activity in patients with uncontrolled asthma (UA),
while others suggest a predominance of SNS activity
[5]. The pathogenesis of ANS dysfunction in the
context of asthma and anxiety has only been partially
studied [6, 7, 8, 9]. Understanding how the ANS
contributes to the interaction between asthma and
anxiety could lead to the development of more
effective treatment strategies for these patients.

The aim of this study is to investigate the ANS
status in patients with asthma and anxiety.

MATERIALS AND METHODS OF RESEARCH

This study utilized an analytical cross-sectional
design and was conducted at Dnipro State Medical
University, Ukraine. We selected 60 asthmatic pa-
tients aged between 35 and 65 years, 30 men and
30 women, undergoing inpatient treatment in the
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allergological center in Dnipro. Participants were
stratified according to asthma control and clinically
significant anxiety status, resulting in a balanced
allocation across four factorial cells of 15 patients
each. All 60 patients received the same treatment
regimen, which included a combination of inhaled
corticosteroids (ICS) and long-acting beta-agonists
(LABAs). The four factorial cells were clinically
defined as follows: the first group included patients
with CA who were at risk for clinical stress and
anxiety (CASA); the second group consisted of
patients with controlled asthma without risk of cli-
nical stress and anxiety (CA); the third group was
made up of patients with UA at risk for clinical stress
and anxiety (UASA); and the fourth group comprised
patients with UA who did not have risk factors for
clinical stress and anxiety (UA) [10].

The HADS (Hospital Anxiety and Depression
Scale) questionnaire was given individually to each
patient. This allowed for the assessment of anxiety
using the following criteria: 0-7 points — normal; 8-
10 points — subclinical anxiety (mild impairment);
11 points and above — clinically significant anxiety
[11]. Lung function was assessed using a computerized
spirograph (Spirolab III® MIR). Forced Expiratory
Volume in 1 second (FEV) was determined.

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 hypersec-
retion in the lungs. There is a connection between
these two components. Therefore, HRV is recognized
as a reliable method for diagnosing autonomic dys-
function in both the myocardium and respiratory
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systems. Non-invasive assessments of the ANS are
conducted using HRV based on established measu-
rement standards, physiological interpretations, and
clinical uses outlined in the guidelines from the
working group of the European and American Society
of Cardiology and Electrophysiology [12]. In 2024,
the Psychophysiological Research Societies Com-
mittee released an updated report on Heart Rate and
Heart Rate Variability. This report provides guide-
lines for methodology, interpretation, and reporting in
HRYV research. It supports the use of mobile HRV
recording devices and encourages the application of
short-term HRV measurements [13]. Recent studies
have demonstrated the validity and reliability of
short-term heart rate variability (HRV) parameters in
assessing the status of ANS [14, 15, 16].

HRYV parameters were derived from 5-min electro-
cardiogram recordings by the Polar H10 sensor chest
strap device (Polar Electro Oy, Kempele, Finland) in
a seated 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 HRV Scientific Software ver-
sion 3.5.0 (Biosignal Analysis and Medical Imaging
Group, Department of Physics, University of 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.

The study procedure was explained to the patients.
We only included research participants who were
willing to provide written Patient Informed Consent
for the Study (Code: 22253/2024). The patients were
selected based on their clinical history. 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 examination and investigations
during the period from 09.00 AM to 12.00 PM to
avoid confounding effects of circadian rhythm on
HRYV. On the day of the HRV study, patients did not
receive inhalation therapy. Statistical evaluation was
performed using the Microsoft Office Excel and IBM
SPSS Statistics (version 27.0.1.0) [17].

Continuous variables were summarized as median
(Q1-Q3). The two categorical factors were asthma
control (controlled vs uncontrolled) and clinically
significant anxiety (present vs absent). Because the
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outcomes were analyzed without assuming normality,
a rank-based aligned-rank transformation (ART)
procedure was applied to the full 2x2 factorial
structure. The ART approach permits separate testing
of the main effect of asthma control, the main effect
of anxiety, and the asthma-control x anxiety interac-
tion while retaining the factorial design. No Student's
t-test was used, because the analysis did not assume
normally distributed continuous outcomes.

For each factorial effect, F statistics with 1 and
56 degrees of freedom, two-sided p values, and par-
tial eta-squared (partial n?) were reported. P values
for factorial outcomes were unadjusted for multi-
plicity and were interpreted at a=0.05. Spearman
rank correlations were used as secondary analyses to
quantify associations involving HADS-A and selec-
ted HRV measures. The sign of each coefficient was
interpreted according to the direction of the
association; negative coefficients indicate inverse
relationships and positive coefficients indicate
direct relationships.

The study protocol was approved by the Bio-
medical Ethics Committee of Dnipro State Medical
University (Extract from the Minutes No. 33, dated
17 December 2025). The study was conducted in
accordance with the ethical principles of the Decla-
ration of Helsinki (World Medical Association, 2013
revision). Written informed consent was obtained
from every participant before enrollment. Clinical
and imaging data were analysed in anonymised form
to protect confidentiality.

RESULTS AND DISCUSSION

A total of 60 patients with bronchial asthma were
included in the study. According to asthma control
and anxiety status, participants were allocated into
four age- and sex-matched factorial cells comprising
15 patients in each factorial cell.

Descriptive characteristics

The four factorial cells were balanced. Table 1
presents the baseline clinical, pulmonary, heart-rate,
and HRYV variables represented as median and inter-
quartile range (Q1-Q3). HADS-A values were sub-
stantially higher in the clinically significant anxiety
groups, whereas ACQ-7 and FEV: differentiated
controlled from uncontrolled asthma as expected from
the factorial classification. ACQ-7 and HADS-A are
shown descriptively because they were used to define
the corresponding experimental factors.

Factorial Analysis

The Aligned Rank Transformation (ART) analysis
of the pulmonary and HRV outcomes is shown in
Table 2. The principal findings revealed strong main
effects of asthma control on pulmonary function and
several key HRV measures, together with a strong
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main effect of anxiety on SDNN (F=80.20, p<0.001).
Significant interactions were detected for RMSSD
and LF norm, whereas the interaction for HF norm

was not statistically significant, indicating that the
association of anxiety with these outcomes was not
uniform across asthma-control strata.

Table 1

Clinical, pulmonary, and HRYV characteristics by factorial cell

Variable CA + anxiety (CASA) CA + no anxiety (CA) UA + anxiety (UASA) UA + no anxiety (UA)
(n=15) (n=15) (n=15) (n=15)

ACQ-7 0.65 (0.43-0.86) 0.55 (0.50-0.61) 4.82 (4.18-5.47) 3.78 (3.344.22)
HADS-A 15.50 (12.80-18.40) 4.30 (3.80—4.90) 16.10 (12.90-19.50) 5.20 (4.40-6.00)
FEV:1 (%) 76.60 (72.40-81.20) 81.80 (76.60-87.30) 64.20 (59.70-68.80) 68.20 (64.30-72.10)
MHR (bpm) 87.60 (81.20-94.30) 80.10 (75.30-85.00) 71.20 (66.40-76.00) 61.40 (57.80-65.00)
SDNN (ms) 23.50 (17.90-29.30) 46.50 (35.80-56.70) 21.50 (16.20-26.80) 44.20 (36.40-52.30)
RMSSD (ms) 10.60 (8.10-13.20) 16.80 (13.40-20.10) 25.40 (20.50-30.20) 45.60 (34.80-56.90)
LF (ms?) 838.50 (646.20-1034.10) 762.70 (588.30-939.80) 435.60 (324.50-546.80) 321.00 (196.40—444.20)
HF (ms?) 421.50 (295.30-546.60) 386.50 (270.80-503.70) 698.70 (556.80—840.50) 835.60 (634.70-1037.20)

LF norm (n.u.)

HF norm (n.u.)

40.60 (30.20-51.40)

21.40 (15.80-27.20)

50.40 (38.60—-62.10)

32.50 (24.90-40.30)

43.80 (31.40-56.20)

38.20 (27.50-48.90)

33.20 (22.70-43.60)

58.80 (46.50-71.40)

LF/HF ratio 1.96 (1.39-2.55)

1.52 (1.09-1.95)

1.04 (0.74-1.32) 0.64 (0.49-0.79)

Notes: CA, controlled asthma; UA, uncontrolled asthma; HADS-A, Hospital Anxiety and Depression Scale Anxiety subscale; FEV,, forced expiratory
volume in 1 second; MHR, mean heart rate; SDNN, standard deviation of normal-to-normal intervals; RMSSD, root mean square of successive
differences; LF, low-frequency power; HF, high-frequency power; n.u., normalized units.

Autonomic and correlation patterns

Several distinct autonomic patterns across the
factorial cells become evident from the consolidated
data:

Anxiety and total HRV suppression: A notable
finding across the factorial cells is the low SDNN in
patients with clinically significant anxiety (CASA:
23.50 ms; UASA: 21.50 ms), reflecting a restricted
range of beat-to-beat variation and an unadaptable
autonomic nervous system (ANS). Statistical analysis
revealed a strong inverse correlation between SDNN
and HADS-A scores: Spearman's rank correlation
coefficient for all 60 patients combined reached -0.882.

Parasympathetic regulation and vagal shifts:
RMSSD and HF parameters-both specific indices of
parasympathetic nervous system (PNS) tone-demon-
strated unique behavior across asthma strata. Contra-
ry to simplified models, PNS tone was higher in
patients with uncontrolled asthma (UA branches)
compared to those with controlled disease (CA bran-
ches), reflecting a pattern of increased vagal modu-
lation in uncontrolled asthma. However, within both
strata, the presence of anxiety was associated with
reduced vagal activity. For instance, HF norm decrea-
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sed from 32.50 n.u. (CA) to 21.40 n.u. (CASA), and
from 58.80 n.u. (UA) to 38.20 n.u. (UASA).

Autonomic balance and disease control: The
LF/HF ratio confirmed a marked predominance of
sympathetic activity in patients with controlled
asthma, which was further amplified by concurrent
anxiety (LF/HF =1.96 in CASA). In contrast, the
uncontrolled asthma group without anxiety showed a
clear parasympathetic shift (LF/HF =0.64). Vagal
suppression induced by anxiety shifted the autonomic
balance toward a relative sympathetic increase in both
groups, showing a strong direct correlation with
HADS-A scores (Spearman's p=0.769 in Group 1;
Spearman's p=0.875 in Group 3).

Interaction of control and autonomic status:
Statistical evaluation exploring the relationship bet-
ween asthma control (overall ACQ-7 score) and ANS
status (LF/HF ratio) revealed a strong correlation. In
the anxiety factorial cells (1 and 3), Spearman's p
coefficient was 0.775, while in the non-anxiety
factorial cells (2 and 4), it was even higher at 0.894,
suggesting that anxiety shifts or confounds the direct
relationship between asthma clinical control and
autonomic regulation.
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Table 2
Aligned rank transformation (ART) ANOVA results for factorial effects
Outcome Effect F-value p-value Partial n*

FEV, Asthma control 85.63 <0.001 0.605
Anxiety 1.45 0.234 0.025

Interaction 0.37 0.546 0.007

MHR Asthma control 74.10 <0.001 0.570
Anxiety 0.45 0.507 0.008

Interaction 4.07 0.048 0.068

SDNN Asthma control 0.29 0.595 0.005
Anxiety 80.20 <0.001 0.589

Interaction 0.00 0.989 0.000

RMSSD Asthma control 218.27 <0.001 0.796
Anxiety 20.13 <0.001 0.264

Interaction 16.84 <0.001 0.231

LF norm Asthma control 13.74 <0.001 0.197
Anxiety 4.18 0.046 0.069

Interaction 9.74 0.003 0.148

HF norm Asthma control 63.06 <0.001 0.530
Anxiety 11.06 0.002 0.165

Interaction 2.79 0.101 0.047

LF/HF Asthma control 54.86 <0.001 0.495
Anxiety 4.96 0.030 0.081

Interaction 0.61 0.437 0.011

Given the complexity of the relationships among
asthma controllability, anxiety, and ANS parameters,
a single correlation does not fully capture the nature
of their interaction. Therefore, a multiple correlation
coefficient was calculated to describe the combined
relationship. The high multiple correlation coefficient
0f 0.914 indicates a strong joint association of anxiety
severity (HADS-A) and autonomic balance (LF/HF
ratio) with asthma controllability.

The principal finding of this study is the presence
of a profound autonomic nervous system (ANS)
imbalance in patients with bronchial asthma, which is
compounded and structurally altered by the presence
of clinically significant anxiety. By utilizing a rigorous
Aligned Rank Transformation (ART) factorial design,
we were able to isolate the independent main effects of
asthma control and anxiety, as well as their significant
interactions, on specific time- and frequency-domain
heart rate variability (HRV) parameters.

A central finding across all asthma factorial cells is
the severe suppression of total heart rate variability,
indexed by low SDNN values, in patients with conco-
mitant anxiety (CASA: 23.50 ms; UASA: 21.50 ms).
Factorial ANOVA confirmed a highly significant main
effect of anxiety on SDNN (F=80.20, p<0.001), while
asthma control showed no significant independent
impact on this parameter (F=0.29, p=0.595). This
pattern is further supported by the secondary cor-
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relation analysis, which demonstrated a remarkably
strong inverse relationship between total HRV and
anxiety severity, both within the anxious cohort
(Spearman's p=-0.856) and across the entire study
cohort of 60 patients (Spearman's p=-0.882). These
data align with compelling evidence from previous
psychophysiological research indicating that low
SDNN serves as a reliable and robust digital biomarker
for clinical anxiety disorders, reflecting an una-
daptable, rigid ANS unable to flexibly respond to
environmental and internal stressors [3, 14].
However, evaluating ANS status solely through
total variability provides an oversimplified view of
the pathogenic mechanisms at play. Our analysis of
parasympathetic nervous system (PNS) modulations
via RMSSD and normalized high-frequency power
(HF norm) revealed a far more complex, bi-direc-
tional dynamic. In contrast to traditional paradigms
suggesting uniform autonomic suppression in chronic
diseases, our data demonstrated a strong independent
main effect of asthma control on both RMSSD
(F=218.27, p<0.001) and HF norm (F=63.06,
p<0.001). Patients with uncontrolled asthma without
anxiety (the UA group) exhibited a marked predo-
minance of parasympathetic modulation, characte-
rized by the highest RMSSD (45.60 ms) and HF norm
(58.80 n.u.) values, alongside the lowest mean heart
rate (61.40 bpm). Physiologically, this hyper-vagal
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state represents the classic autonomic hallmark of
uncontrolled airway inflammation, driving broncho-
constriction, airway hyperresponsiveness, and mucus
hypersecretion, which is consistent with several
respiratory and functional studies [4, 19, 20].

The critical clinical insight, however, emerges
from the significant interaction effects detected for
RMSSD (F=16.84, p<0.001) and LF norm (F=9.74,
p=0.003). These statistics indicate that the impact of
anxiety on autonomic outcomes is not uniform across
different asthma severity strata. Within both cont-
rolled and uncontrolled asthma branches, the pre-
sence of clinically significant anxiety actively
dampens and suppresses the vagal component [3, 9,
10]. This is explicitly visible in the drop in HF norm
from 32.50 n.u. (CA) to 21.40 n.u. (CASA), and from
58.80 n.u. (UA) to 38.20 n.u. (UASA).

This finding challenges simplified clinical
assumptions regarding autonomic interactions [6, 7,
8, 9]. Theoretically, a shift toward sympathetic domi-
nance (such as the highest LF/HF ratio of 1.96 ob-
served in the CASA group) should promote broncho-
dilation via B;adrenergic pathways. However, in the
clinical reality of comorbid anxiety, this protective
mechanism is absent. Instead, anxiety-induced sym-
pathetic activation coupled with simultaneous para-
sympathetic withdrawal appears to cause a profound
autonomic dysregulation or "arrhythmia" of the
respiratory-cardiac axis. This mechanism is reflected
in the ACQ-7 values: the score increased from 0.55 in
the CA group to 0.65 in CASA, and from 3.78 in the
UA group to 4.82 in UASA. This underscores that
while anxiety increases SNS activity, it consistently
leads to a simultaneous decline in asthma control-
lability, emphasizing the bidirectional relationship
between the two conditions [1, 2].

The tight physiological coupling between auto-
nomic balance and asthma control is further highli-
ghted by the strong inverse correlation between the
ACQ-7 overall score and the LF/HF ratio, which was
particularly prominent in the non-anxiety groups
(Spearman's p=-0.894) compared to the anxiety
groups (p=-0.775). This discrepancy suggests that
while autonomic tone directly mirrors asthma control
under stable psychological conditions, the presence of
clinical anxiety acts as a profound confounding and
disruptive factor that distorts the predictable physio-
logical relationship between the lungs and the ANS.

Ultimately, because chronic asthma control-
lability, psychological distress, and autonomic tone
are inherently interwoven, a simple double-factor
analysis cannot fully capture the clinical picture. A
multiple rank correlation analysis showed a strong
combined association of HADS-A and the LF/HF
ratio with ACQ-7 (multiple correlation coefficient,
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R=0.914), indicating that anxiety severity (HADS-A)
and autonomic imbalance (the LF/HF ratio) are jointly
and strongly associated with overall asthma control-
lability [5, 19, 20].Consequently, optimizing thera-
peutic outcomes in bronchial asthma requires a holistic
approach that moves beyond basic bronchodilation to
actively screen for and manage comorbid anxiety, the-
reby stabilizing the underlying autonomic equilibrium.
Limitations. The present study has several
limitations. First, it was a single-center study with a
relatively small sample size and no control group,
which may have influenced the results. Additionally,
the respiratory rate, as it is known to impact HRV
analysis, was not recorded in this study. Efforts were
made to reduce any potential effects, but this remains
a limitation. Furthermore, although the non-parametric
Aligned Rank Transformation (ART) ANOVA design
is highly robust for non-normal data, it evaluates
significance based on rank-based transformations
rather than the original physical metrics (raw
milliseconds or percentages). Furthermore, although
the non-parametric Aligned Rank Transformation
(ART) ANOVA design is highly robust for non-
normal data, it evaluates significance based on rank-
based transformations rather than the original physical
metrics (raw milliseconds or percentages). This
approach establishes the statistical presence of
factorial interactions but inherently limits direct
parametric modeling of raw effect sizes. On the
positive side, the strength of this study was the
formation of age- and sex-matched groups of asthma
patients, categorized according to their level of asthma
control and anxiety. When analyzing the HRV
assessment results, we attempted to minimize the
influence of inhalation therapy: patients refrained from
using ICS, LABA or LAMA for several hours before
the study. However, patients with UA were allowed to
use salbutamol. The existing data on the effects of
inhaled LABA and LAMA on HRYV are contradictory.
For instance, Sarah Elhage et al. concluded that LABA
and LAMA do not significantly affect HRV in asthma
patients [21]. In contrast, Hajar Ali et al. reported that
the administration of salbutamol within two hours
prior to HRV testing or the use of LABA within two
weeks prior resulted in decreased PNS activity and
increased SNS activity in asthma patients [20].
Furthermore, Ching-Hui Tsou et al. found prolonged
SNS activation following 2-agonist inhalation [22].
In their review of recent studies, Lorena Soto-Retes et
al. concluded that, currently, there is no reliable
evidence regarding the impact of LABA and LAMA
on the ANS in asthma patients [7].
CONCLUSIONS
1. Patients with bronchial asthma and comorbid,
clinically significant anxiety exhibit severe autonomic
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dysfunction characterized by marked sympathetic
hyperactivity, profound withdrawal of parasympa-
thetic modulation, and a critical suppression of
total heart rate variability. This rigid autonomic
profile indicates a diminished regulatory capacity
and impaired systemic adaptability to psycho-
physiological stress.

2. A state of uncontrolled asthma is fundamentally
associated with a hyper-vagal shift and elevated para-
sympathetic activity, reflecting the pathophysiolo-
gical mechanisms of airway inflammation and
bronchial hyperresponsiveness. However, the chronic
suppression of overall heart rate variability (low
SDNN) induced by concurrent anxiety strongly
correlates with poorer clinical control of the disease,
establishing a distinct relationship between auto-
nomic dysregulation and clinical severity.

3. Clinically significant anxiety actively disrupts
the predictable physiological equilibrium between the
respiratory system and the autonomic nervous sys-
tem, contributing to a profound autonomic imbalance
across all asthma factorial cells. Psychological
distress does not merely act as an isolated comor-
bidity but serves as a disruptive factor that impairs
autonomic stability, directly exacerbating the clinical
course and controllability of bronchial asthma.

4. Routine screening for anxiety and emotional
distress in patients with bronchial asthma is highly
recommended in clinical practice to facilitate the
early identification of individuals at an increased risk
of poor disease control, thereby allowing for the
timely implementation of targeted, individualized
management strategies.

5. Short-term heart rate variability assessment
using standard electrocardiography or validated wea-
rable sensors represents a practical, non-invasive, and
cost-effective digital method for evaluating autonomic
function. Incorporating short-term HRV monitoring
into clinical protocols may serve as a valuable addi-
tional tool for the comprehensive and objective asses-
sment of asthma patients in routine clinical settings.
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