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Highlights

o Occupational stress among academic teachers affects their personal health.

« The influence of work-related stress on the presence of anxiety disorder was noted.

« Diurnal heart rate variability (HRV) was flattened in patients with anxiety disorders.
« In the panic patients a lack of diurnal rhythm of the autonomic regulation was noted.
« A different profiles of HRV with regard to the types of anxiety disorders were found.

Abstract

Objectives: The academic teachers are increasingly diagnosed with anxiety disorders, which results from a high level of work-related stress. These
disorders can be both an independent risk factor of many somatic conditions and the cause of complications of various organic disorders leading to
poor prognosis. The purpose of this study is to compare the heart rate variability (HRV) recorded both during the day and at night in the academic
teachers with anxiety disorders and healthy individuals. Material and Methods: The study was conducted on 38 academic teachers — consecutive
outpatients with anxiety disorders who participated in the intensive group psychotherapy. The diagnosis was made according to Diagnostic and sta-
tistical manual of mental disorders, fourth edition, text revision (DSM-IV-TR) criteria using the Present State Examination (PSE-10) questionnaire.
Seventeen examined patients were diagnosed with panic disorder (PD) and 21 with generalized anxiety disorder (GAD). The control group consisted
of 40 healthy academic teachers. The resulting 3 groups were compared in terms of circadian HRV using the Oxford Medilog Suprima Holter System.
Results: The HRV analysis showed the nocturnal falls in the time and frequency parameters related to the parasympathetic activity, e.g., high fre-
quency. The most unfavorable alterations were observed in the PD group, which comprised the disappearance of day vs. night amplitude of the ma-
jority of HRV parameters. Hence, the PD group was particularly susceptible to the arrhythmic events. It was noticeable that nocturnal vagotonia in
the PD group was significantly lower as compared with the GAD and control group. Conclusions: The innovative aspect of the present study was
to find a distinct profile of HRV with regard to the types of anxiety disorders because of the existing considerable differences between the nature
of PD and GAD. Int ] Occup Med Environ Health. 2026;39(1)
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INTRODUCTION

The modern civilization contributes to the development
of along-term and nearly permanent social stress that can
be an independent risk factor for poor physical and mental
well-being. Work-related stress often affects the academic
teachers and make professional work difficult or impos-
sible. Stress results from didactic duties, as well as strong
competition in the scientific research and formal require-
ments of the university [1]. In general, occupational stress
indicates a harmful long-lasting imbalance between the
individual’s resources such as knowledge, abilities or skills,
and the work demands.

There are many occupational stress models and theories.
The Siegrist’s effort-reward imbalance (ERI) and Karasek’s
high demand - low control theory are the most popular
concepts among them. In Karasek’s model, a workplace
stress results from the combination of high requirements
of a given persons job and low control over his or her own
responsibilities. The ERI model states that work-related
stress depends upon the interrelationship between efforts
and rewards at work — hard work without adequate appre-
ciation causes a sense of harm and stressful imbalance [2].
In turn, according to Beck’s cognitive theory of psycho-
pathology, thoughts of failure and cognition of harm are
unique predictors of anxiety. The course of anxiety disor-
ders points at the importance of environmental influences
(e.g., occupational stress) as triggering factors, and cog-
nitive and psychophysiological mechanisms of the symp-
toms perpetuation [3].

In terms of psychophysiology, a stressful situation triggers
the release of stress hormones and overactivity of sympa-
thetic autonomic nervous system (ANS). The ANS does
not have patterns that correspond with specific emotions,
although the variability in the parasympathetic and sym-
pathetic activation across the instances of emotions is the
norm [4]. Mental stress has been found related to the in-
creased low frequency (LF) heart rate variability (HRV)

power reflecting the increase in the sympathetic activity.
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Hence, changes related to the psychophysiological strain of
the ANS can be evaluated by HRV analysis [2].

Mental stress and burnout, leading to anxiety and depres-
sion, are perhaps the best established triggers of psycho-
genic cardiovascular conditions [1]. The acute mental
stress can cause a unique form of a transient cardiomy-
opathy known as Takotsubo cardiomyopathy or “broken
heart syndrome” - a transient left ventricular dysfunc-
tion [5]. Furthermore, the cardiovascular consequences
of anxiety disorders including panic disorder (PD) and
generalized anxiety disorder (GAD) are also well known.
In academic teachers with anxiety disorders, recurrent
cardiac events are common and associated with not only
worse health-related quality of life, but also the unfavor-
able course of the primary disease and the worsening
prognosis that may lead to higher mortality [1,6].

The activation of various neurogenic pathways is an impor-
tant mediator of the acute and chronic stress-induced heart
diseases [6,7]. The dysfunction of ANS is predominantly
implicated in the pathophysiology of the 2 afore-men-
tioned diseases. Autonomic nervous system plays an es-
sential role in the regulation of the circulatory system.
The increased sympathetic activation is the most common
cause of the stress-induced cardiac arrhythmias. The anx-
iety disorders, especially PD, have been shown to be di-
rectly linked to the development of the cardiac arrhyth-
mias [8]. On the other hand, the anxiety disorders can
be complicated by autonomic disorders with the ele-
vated sympathetic control as a result of decreased vagal
tone [6,7,9]. Such imbalance within the ANS has a signifi-
cant impact on the HRV - the physiological phenomenon
of variation of the heart beats.

The psychiatric disorders (including PD and GAD) are
associated with a whole array of impairments including
dysregulation of the autonomic or involuntary functions
such as heart rate, blood pressure and respiration. The in-
cidence rates of PD and GAD have been increasing each

year. However, to date, these disorders have been diag-
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nosed only by symptoms and no objective biomarkers
have been used to distinguish between them. The HRV is
currently being investigated as a candidate biomarker of
various anxiety disorders. Although originally HRV was
used to assess the severity of cardiovascular disease and
then extended to the field of mental illness. Nowadays,
the HRV is one of the most promising markers of auto-
nomic function. It is thought that HRV may serve as a sur-
rogate measure of balance between the brain and the car-
diovascular system [10-12].

Many authors suggest that there is an autonomic dysfunc-
tion with the characteristic changes of HRV profile in pa-
tients with PD and GAD. In the course of both mentioned
diseases a decrease of total HRV and its components re-
flecting parasympathetic activity root mean square of suc-
cessive RR interval differences (rMSSD), percentage of
RR intervals that differ by >50 ms (pNN, ) and high fre-
quency (HF) were observed. These trends indicate that low
vagal activity is a robust feature of anxiety disorders. Some
studies have revealed that psychological stimuli could
amplify the above HRV changes in psychiatric patients.
In other words, these patients’ low vagal activity may re-
sult from their psychological distress. A reduction of the
vagal impact on the cardiovascular regulation is prognos-
tically unfavorable [9,11,12]. Some authors also reported
decreased very low frequency (VLF) and LF power in PD
patients as compared with controls over the 24-hour pe-
riod. The significantly lower mean (M) of the standard
deviation (SD) of all the NN intervals for each 5 min
(SDNN-i), which correlates with the VLF power, was also
observed. Meanwhile, the SD of NN (SDNN) intervals was
significantly lower in these patients during sleep [13,14].
Sloan et al. [15] reported that the decrease in nocturnal
HRV measures was more marked in anxiety disorder pa-
tients as a whole than in the control subjects. The results
of other studies showed that PD and GAD patients exhib-
ited significantly reduced HRV as compared with controls.

The research also revealed significant differences in HRV

indices (rMSSD, SDNN and the LF/HF ratio); the authors
demonstrated that PD and GAD patients had a significantly
lower SDNN and rMSSD, meanwhile, the LE/HF ratio was
significantly higher as compared with controls. Another
finding of their analysis was that GAD patients had signif-
icantly lower SDNN than PD patients. Many studies have
shown a reduced HRV in patients with GAD and PD due
to the elevated sympathetic control and reduced vagal con-
trol [10-12]. Heart rate variability monitoring provides
a useful tool for measuring autonomic functions also in
the occupational stress context [16].

The aim of the present study was to assess the functioning
of the ANS, including circadian rhythm disturbances in
people with PD and GAD and also evaluate physiolog-
ical correlates of anxiety disorders with regard to the
disturbances of autonomic regulation of cardiovascular
function. At first, the ANS activity profile was assessed
in the PD and GAD patient groups using HRV indices.
Followingly, an attempt was made to assess the circa-
dian rhythm of HRV profile as a biomarker of autonomic
function in different types of anxiety disorders. The ob-
tained results were compared with the circadian rhythm
of HRV in the controls. In order to obtain the optimal in-
tergroup assessment, the verification process using the ob-
jective methods such as 24-hour continuous electrocar-
diogram (ECG) Holter monitoring with evaluation of HRV

was performed.

MATERIAL AND METHODS

Study group

Thirty eight academic teachers - consecutive outpatients
suffering from anxiety disorders participating in the in-
tensive group psychotherapy in the day ward of the Lower
Silesian Center for Mental Health in Wroctaw, Poland, en-
tered the study. The patients diagnosed with anxiety disor-
ders were referred to the psychotherapy day ward by psy-
chiatrists, mainly due to the inefficacy of pharmacological
treatment and individual psychotherapy. The short-term

1JOMEH 2026;39(1)
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psychodynamic group psychotherapy with 2 sessions
every working day lasted for 12 weeks.

The provisional psychiatric diagnosis was made on the
basis of long-term observation lasting at least 3 months,
and then verified at the beginning of therapy after admis-
sion to the day ward during 4-week observation period.
The final psychiatric diagnoses were made using the Pre-
sent State Examination (PSE-10) questionnaire with ap-
plication of Diagnostic and statistical manual of mental
disorders, fourth edition, text revision (DSM-IV-TR) cri-
teria and then verified by a psychotherapeutic team at
the end of treatment. The PSE-10 questionnaire is a part
of the Schedules for Clinical Assessment in Neuropsychi-
atry (SCAN) aimed at assessing, measuring and clas-
sifying psychopathology and behavior associated with
major psychiatric disorders in the adults [17]. The Polish
adaptation of SCAN was a collateral result of the interna-
tional European Day Hospital Evaluation (EDEN) project
and as such was successfully tested in the clinical set-
ting [18,19]. The PSE-10 served as a diagnostic tool for PD
and GAD according to the DSM-IV-TR criteria regarding
the time of 24-hour continuous ECG recordings. Seven-
teen patients with PSE - based diagnosis of PD and 21 pa-
tients of GAD were enrolled consecutively in the middle
of psychotherapeutic process (between weeks 5 and 8).
Forty academic teachers in the control group, with a nega-
tive history of anxiety disorders, were selected on the occa-
sion of research conducted in the Department of Pathophys-
iology of Wroclaw Medical University, Wroctaw, Poland,
and subjected to the same tests as patients with anxiety dis-
orders. The significant differences between the examined
groups in terms of sex, age and BMI were not found.

None of the people included in any of the groups had a di-
agnosis of arterial hypertension or cardiovascular disease.
Patients with a history of significant atrial or ventricular
arrhythmia, other heart diseases, kidney disease, diabetes
mellitus, sleep apnea syndrome, any neurological disease,

psychotic disorders or a history of psychotic disorders as
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well as patients with anxiety symptoms resulting from phys-
ical diseases or mental disorders other than anxiety disor-
ders were excluded from the study. The addiction to psy-
choactive substances in the last 6 months or cognitive im-

pairment was also the reason for exclusion from the study.

Study procedure

The HRV examination based on 24-hour Holter ECG re-

cordings is a non-invasive and easy-to-use tool for the as-

sessment of sympathetic-parasympathetic balance within
the circulatory system, albeit the interpretation of HRV
components and, in particular, its spectral analysis is

a subject of ongoing discussion [20].

In the present study, the ambulatory Oxford Medilog

MR-63 Holter ECG recorder was used. The HRV ana-

lysis was performed with use of the Oxford Medilog Su-

prima Holter System (Oxford Pol sp. z o0.0., £4dZ, Poland)

(a prospective edition of automatic analysis was applied).

The HRV indices were calculated using frequency domain

and time domain analysis.

In the HRV spectral analysis, the subject of assessment is

both the total power (TP) of the spectrum and its compo-

nents. According to the current international protocol for

HRV method, the following frequency domain parame-

ters are widely used:

- TP (0.00-0.40 Hz) represents the combined tension of
both parts of the ANS;

- VLF (0.003-0.04 Hz) partially reflects thermoregu-
latory mechanisms, fluctuation in the activity of the
renin—angiotensin system and the function of periph-
eral chemoreceptors;

- LF power (0.04-0.15 Hz) is modulated by the sympa-
thetic and partly parasympathetic systems, but is also
associated with the activation of arterial baroreceptors;

- HF power (0.15-0.40 Hz) reflects the modulation of
vagal tone;

- LF/HF ratio indicates the balance between sympathetic
and vagal tone [21].
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Time-domain indices of HRV quantify the amount of vari-

ability in the measurements of the interbeat interval, which

is the time period between successive heartbeats. In the time

domain the following parameters were analyzed:

- mean RR (mRR) interval duration between all succes-
sive heartbeats,

- SDNN,

- SDNN-j,

- SD of the average NN intervals for each 5 min segment
(SDANN),

- rMSSD,

- pNN,.

The rMSSD and pNN,  are associated with HF power

and consequently the parasympathetic activity, whereas

SDNN and especially SDNN-i are correlated with VLF and

LF power. The SDNN intervals is considered equivalent to

the TP total spectral power [21].

The HRV analysis is one of the biomarkers considered to

represent the activity of the ANS, especially the parasym-

pathetic nervous system.

Ethics statement

The studies involving human participants were reviewed
and approved by Ethics Committee of Wroclaw Medical
University, Wroclaw, Poland (Protocol No. KB 58/11).
The investigation was conducted in accordance with the
World Medical Association’s Declaration of Helsinki as re-
vised in 2013. The patients/participants provided their
written informed consent to participate in this study after

the nature of the procedures had been fully explained.

Statistical analysis

The obtained values are presented as the M+SD, the me-
dian, the min.-max range and interquartile range for con-
tinuous variables and numbers with percentages for cate-
gorical variables. The variables with non-normal distribu-
tion (pNN, , TP, VLE LE HF) were subjected to logarithmic

transformation prior to the statistical analysis in order

to obtain normal distribution. The ? test was used for
comparison of dichotomous variables. The ANOVA and
Kruskal-Wallis tests were used as appropriate for bivariate
analyses. The Shapiro-Wilk test was used in order to study
the normality of variables distribution. The pair compari-
sons were made using the post hoc Tukey HSD for ANOVA
analyses and Mann-Whitney U test with Bonferroni cor-
rection for Kruskal-Wallis post hoc analyses. The Statistica
software v. 13.3 (StatSoft, Tulsa, OK, USA) was used for
the data analysis and the statistical significance was as-
sumed at p < 0.05.

RESULTS

In the examined groups of academic teachers, 17 patients
with PD as a main diagnosis and 21 patients with GAD
were enrolled. The personality disorders were the most
common comorbidities in the patient groups. Two pa-
tients were diagnosed with co-occurring PD and GAD.
They were included in the group with a diagnosis of PD,
therefore the groups of patients differ as to the presence
of PD. None of the patients in the GAD group had panic
attacks. Some of the patients in both groups took antide-
pressants. However, the differences in the frequency of use
of medication groups, which were compared using x* test,
were not statistically significant (p = 0.15).

The control group consisted of 40 healthy academic
teachers. Persons in the control group did not undergo
pharmacological treatment. Characteristics of these
groups were depicted in the Table 1.

The analysis of the results included in the Table 2 revealed
the lowest values of time parameters in the PD group,
which were significantly lower than the same parameters
in the GAD and control group. The least statistically sig-
nificant differences were noted between the GAD and con-
trol group, where a significant difference concerned only
mRR (p =0.026).

The comparison of frequency parameters in 24-hour ECG

recordings (Table 2) showed the most significant differences

1JOMEH 2026;39(1)
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Table 1. Clinical and demographic characteristics of the examined academic teachers, Department of Pathophysiology of Wroclaw Medical University,

Wroctaw, Poland, 2020-2021

Participants
(N=78)
Variable
with PD with GAD healthy controls
(N=17) (N=21) (N=40)
Age [years]
Me? 37 38 35
min.—max 31-44 32-45 30-43
IQR 34-39 37-40 34-36
M=SD 36.7+4.2 38.5+3.9 351434
BMI [kg/m?]
Meb 22 22 PE]
min.—max 17-26 17-25 20-29
IQR 21-24 21-23 22-24
M+SD 222426 21.8+24 23.05+2.4
Gender [n (%)]
male 6 (35) 6(29) 11(28)
female 11(65) 15(71) 29(72)
The somatic symptoms most commonly reported palpitation (100% of patients) palpitation (81% of patients) no symptom reported

Comorbidities (X number of comorbid disorders)

Medication® [n of patients]
SSRI
SNRI
other

irreqular heartbeat (94%)
chest pain (70.5%)
trembling (82%)
sweating (88%)

dizziness (64%)

syncope (23,5%)
increased tiredness (53%)
sleep disorders (70.5%)
restlessness (53%)
breathlessness (59%)
GAD (x2)

personality disorders (x5)
somatoform disorder (x1)

5
2
1

irreqular heartbeat (62%)
chest pain (9.5%)
trembling (24%)
sweating (52%)

dizziness (33%)

syncope (5%)

increased tiredness (52%)
sleep disorders (71%)
restlessness (81%)
breathlessness (9.5%)
personality disorders (x6)
somatoform disorders (x2)

7
3
1

no comorbidities

no medication

GAD — generalized anxiety disorder; PD — panic disorder; SNRI — serotonin norepinephrine reuptake inhibitors; SSRI — selective serotonin reuptake inhibitors.

IQR - inter-quartile range.
Other — benzodiazepines, oxcarbazepine.

Statistical methods: ? Kruskal-Wallis test p = 0.18 (not significant), ® Kruskal-Wallis test p = 0.28 (not significant), <y* test p=0.15 (not significant).

IJOMEH 2026;39(1)
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Table 2. Comparison of heart rate variability (HRV) time and frequency parameters obtained in panic disorder (PD), generalized anxiety disorder (GAD)
and control group during the 24-hour Holter electrocardiogram (ECG) monitoring, Department of Pathophysiology of Wroclaw Medical University,

Wroctaw, Poland, 2020-2021

Participants
(N=78) P
HRV parameter - -
(V,\\?t:h f |7)) \EV,\Ilth:GZ':I)) heal(t,\:w:czg;trols PD:GAD PD : control GAD : control

Time (M£SD)

mRR [ms] 652.59+59.37 708.37+64.40 771.34+75.48 0.049 0.002 0.026

SDNN [ms] 98.83+32.19 136.93+21.10 145.07+36.43 0.016 0.003 0.870

SDNN-i [ms] 35.0+6.79 51.52+8.29 58.73+18.21 0.017 0.011 0.434

SDANN [ms] 91.23+29.55 126.41£22.53 131.86+35.32 0.019 0.013 0.855

rMSSD [ms] 15.6614.61 29.68+7.71 35.13+£16.36 0.018 0.002 0.096

PNN,; [%] 0.93+0.63 6.73+3.82 10.63+9.56 0.013 0.009 0.379
Frequency (M+SD)

TP [ms?] 1580.38+577.08  3013.15+862.62  4251.64+2648.3 0.532 0.025 0.356

VLF [ms?] 1017.53+£421.73 1772.7+£515.25 2376.82+1241.43 0.355 0.005 0.250

LF [ms?] 294.36+97.8 705.01+£330.76 1034.41£791.55 0.012 <0.001 0.605

HF [ms?] 79.1+46.29 238.76+1483 388.85+360.45 0.006 <0.001 0.651

LF/HF ratio 4.63+2.66 3.4+£173 3.25+1.47 0.042 0.036 0.751

HF —high frequency; LF — low frequency; mRR — mean RR interval duration; pNN, | — percentage of successive RR intervals that differ by >50 ms; rMSSD — root mean square
of successive RR interval differences; SD — standard deviation; SDANN — SD of the average NN intervals for each 5 min; SDNN — SD of NN intervals; SDNN-i — mean of the SD

of all the NN intervals for each 5 min; TP — total power; VLF — very low frequency.
Bolded are statistically significant values.

Statistical methods: Shapiro-Wilk test, Mann-Whitney U test, post hoc Tukey HSD for 1-way ANOVA analyses.

between the PD and control group, where the values of TP
and its components were significantly lower in the former
group. In turn, the significant differences between the GAD
and control group were not found. The comparison be-
tween the PD and GAD group revealed significant differ-
ences in 2 components of the spectrum: LF (p =0.012) and
HEF (p = 0.006). However, the LF/HF ratio was significantly
higher in the PD group than in the GAD and control group
(successively, p = 0.042 and p = 0.036).

The Table 3 contains a comparison of HRV time parame-
ters obtained from day and night recordings in each group.
In the PD group, the least statistically significant differ-
ences were noted between day and night, which concerned
only the SDNN (p = 0.013) and SDANN (p =0.019) param-

eters. However, in the GAD group, similarly to the control
group, almost all HRV time parameters (except SDNN-i)
differed significantly when comparing both recordings.

The Table 3 presents a comparison of HRV frequency pa-
rameters obtained from day and night recordings in the
study groups. In the PD group, significant differences be-
tween daytime and nighttime were noted in the HF compo-
nent (p = 0.023) and the LE/HF ratio (p = 0.007). In turn,
in the GAD group the statistically significant differences
concerned only the LF/HF ratio (p = 0.048). It should be
noted that the LF/HF ratio was significantly higher in the
nighttime recording only in the PD group. A similar com-
parison in the control group revealed significant differ-

ences in the TP value and its components except LE.

1JOMEH 2026;39(1)



A.JANOCHAETAL.

ORIGINAL PAPER

*Z 3|qL i Se suoryeur|dxa pue suoileIAIqqy

L00°0> 870°0 £00°0 0LFEl6L LYOTFrLYY 8TLFETE CTFLCY v6'[FLY'L [6'LF T onel 4H/A1

L00°0> Leto €20°0 7Y9LL+£0'858 ¥'SLT+6'65C YO'LyL+ot LCE 18°507+60"€CC 8T6EF/1'99 LO"LSFLEY8 [sw] 4H

7010 5660 0£8°0 VLLCLFLYESLL €5°SP9FYT0C6 L6'ELEFEO'LEL LYY FLTEL &7’ LT1F90'98C 6'0LLF8.°00€ [sw] 41

L00°0 8€L°0 974 VLZLLFLOE99T  6'8S0LFLO'ET6L  LELS9FPFRISL  9T98SFLTIEIL [8'ST5F9°9C8 8'TSEFSE600L [SW] 1A

€00°0 97L'0 160°0 9'8LLYFITY86Y  T986LFESIYE  €ESOLF6LLLLC  €OLLLFI0Y68T  8LOLFW6'LYTL 9TLGFBL Y651 [sw]dl
(asFw) £ouanbayy

L00°0> €00°0 LST0 95'6LFL 8L 89°9+10°L 7S8+66'LL 8EFL8Y 19°0+48°0 §8'0+90°L [%] “NNd

L00°0> L20°0 LEY'0 L6'6(FTT Sy 9’ 0L+9C'8C LY TLF+8'9€ 88'8F56'GC [89F5T YL CESFLESL [sw] gssiv4

L00°0> ¥00°0 6L0°0 LEETFELES L6'STFSL6L 6'GLF98LE €0 LLFIL YL LESLFOE LY SL'6L+98°99 [Sw] NNYQS

8yL'0 896'0 9500 £7'STF5079 LO'SLFECYS vr'8+80°09 89°7LF9C05 L9'8FLT8C 60°9F6L9¢ [SW] 1-NNGS

6L0°0 800°0 €L0°0 8L'8C+19'L8 8976186 88'6F79°99 S6'SLF8TC6 (L0LF0C €S €08L+LL9L [sw] NN@S

L00°0> L00°0> 6970 Y'LLLF18976 YLSLFS60LL 9'LOLFLYLL8 61'69F90°659 80LLFLT8L9 €L09FCS Y9 [sw] gyw
(QSFW) dwiL

dnoibjonuod  dnoibqyy  dnoibgg  swmybuinoy-y  swnfepinoy-g  swmybluinoy-y  swnfepinoy-g  awinybiuinoy-y  awiikep noy-g
(07 =N) (lz=N) (ZL=N)
(wimybiu : swiikep) sjonuo) Ayyjeay avo yim (d ysm 1a)weted p\YH
d (8=N)
syuediyeq

1207—070 ‘Pue|od ‘mepoip ‘Ausianun [eatpaly mepoipy jo Abojoishydoyyed jo uswiiedaq ‘siayes) dlwapede ‘burioyuow (5)3) weibolpiedoi}da|s 13)|oH winybiu inoy-y pue
awiAep 1noy-g 3y burinp dnoub j013u0d pue (qyo) Japiosip A1aixue pazijesauab ‘(qd) Japiosip dlued ul paureiqo siayaweied Louanbaly pue awiy (AYH) A1j1qeLieA 3)ei 1eay Jo uostiedwo) *€ ajqel

39(1)

r

IJOMEH 2026

8



HEART RATE VARIABILITY IN ACADEMIC TEACHERS ORIGINAL PAPER

DISCUSSION

Occupational stress among academic teachers has significant
effects on their personal health. Prolonged stress can lead to
unhealthy lifestyle choices such as physical inactivity which
can cause psychogenic cardiovascular conditions [22].

A constantly changing heart rate is an indicator of healthy
cardiac regulatory systems that can effectively adapt to
sudden environmental and psychological changes. Hence,
reduced HRV has been associated with poor health out-
comes. The use of HRV in research has become nowadays
highly popular due to the ease of HRV recording, as com-
bined with its clinical relevance and significant relation-
ships with cardiovascular diseases and psychophysiolog-
ical mechanisms of mental disorders and cognitive im-
pairment [23].

It should also be noted that some patients were taking
antidepressants that have a different impact on HRV
(Table 1). The patients studied were mainly administered
selective serotonin reuptake inhibitors (SSRIs). This group
of medications is characterized by the limited impact on
the ANS and subsequently HRV. The medicines from the
serotonin-norepinephrine reuptake inhibitors (SNRI)
group with poor or moderate effect on HRV were much
less frequently prescribed [24,25]. Besides, the antidepres-
sants were administered in the examined patients at the
lowest therapeutically effective dose level.

The HRV analysis based on 24-hour continuous Holter
ECG recordings is the non-invasive method for the as-
sessment of cardiac sympathetic-parasympathetic bal-
ance [26]. In the present study, even a preliminary HRV
analysis carried out in the PD and GAD group showed
the decreased value of mRR parameter which affected di-
rectly a decrement of the remaining HRV time parame-
ters as well as heart rate values. The results of the time
analysis of the 24-hour Holter ECG recordings (Table 2)
demonstrated statistically significant differences between
the PD and GAD group in terms of all tested parame-

ters (the examined parameters were significantly lower

in the patients with PD as compared with GAD group).
The results of the frequency analysis of the 24-hour Holter
ECG recordings (Table 2) also showed statistically sig-
nificant differences between the examined groups in the
range of the LF, HF values and LF/HF ratio. The LF and
HF values in the PD group were significantly lower than
in the GAD group. In turn, the LF/HF ratio was higher in
the PD group as reported by other authors [11,12,26,27].
Contrary to the authors’ research, Zhang et al. [11] did not
find significant association between LF and PD in the LF
analysis. Wang et al. [12] reported that GAD patients had
significantly lower SDNN than PD patients, albeit the au-
thors of the study performed HRV analysis only with use
short-term series (several minutes).

In the authors’ study it was noticeable that all param-
eters of both time and frequency (Table 2) HRV ana-
lysis were significantly lower in persons manifesting the
symptoms of PD (PD group) as compared to the con-
trol group and correlated with symptoms’ severity. A de-
crease in SDNN value below 100 ms, as observed only
in these persons, is a relevant predictor of serious car-
diac events. However, none of the patients presented with
a decrease in SDNN value <50 ms (high risk of cardiac
death) [28]. In addition, the decreased SDNN value in-
dicated a predominance of the sympathetic activity as
a result of the reduced parasympathetic tone advocated
by the decreased HRV parameters of the vagus nerve ac-
tivity (rtMSSD, pNN, , HF) [29]. Also, the incidence of car-
diac somatic symptoms was higher in the PD group than
in the GAD group (Table 1), which may be associated with
a decreased protective activity of the vagus nerve in PD
patients. In turn, no statistically significant differences
were found between the GAD and control group as to the
time (except mRR) and frequency parameters on the 24-
hour Holter ECG recordings (Table 2 and 3).

According to Paniccia et al. [30], a neurophysiological re-
search on anxiety can be the first step to understanding
how physiological flexibility (i.e., HRV) is related to psy-
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chological flexibility (i.e., adaptive or maladaptive re-
sponses to life events).

The innovative aspect of the present analysis was to find
a distinct profile of the HRV with regard to the types of anx-
iety disorder. Relative to controls, GAD patients had re-
duced HRV while PD patients displayed the greatest reduc-
tions in HRV among the 3 study groups. The characteristic
HRV profile was especially clear when comparing the ECG
night and daytime recordings (Table 3). It must be stressed
once again that the most unfavorable HRV alterations were
observed in the persons with PD. These abnormalities com-
prised the disappearance of day vs. night amplitude of the
majority of HRV parameters with a simultaneous signifi-
cant decrease in their values. In comparison with the con-
trol group, the largest decrease was noted in the “night” pa-
rameters of the PD group reflecting the vagus nerve activity.
These observations were indicative of serious dysfunction
of the parasympathetic system resulting in a lack of di-
urnal rhythm of the sympathetic-parasympathetic regu-
lation. Such considerable abnormalities were not found in
the patients with GAD. As to the GAD group, the compara-
tive analysis of the HRV parameters of the day and night re-
cordings showed a decrease in the day vs. night amplitude
resulting from attenuation of the parameters related with
the sympathetic activity (SDNN, SDANN). However, it was
noted only on the night recordings, with a simultaneous in-
crease in the parameters related with the parasympathetic
activity (rMSSD, pNN,, HEF). Such changes were not ob-
served in the persons presenting with symptoms of PD.
Contrary to the GAD and control group, instead of increase,
a significant decrease in the HRV parameters related to the
vagus nerve activity was found at nighttime.

It should be noted that all groups showed significant differ-
ences in the LF/HF ratio (Table 3) between the day and night
hours, but only in the PD group this difference was unfa-
vorable due to a significantly higher value at night. This in-
dicated the disturbed circadian rhythms within the cardiac

sympathetic-parasympathetic regulation resulting from
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a decrease in nocturnal vagotonia which may subsequently
lead to the weakening of antiarrhythmic effect of the vagus
nerve. For this reason, the group of patients with panic anx-
iety were particularly prone to the occurrence of arrhythmic
events, including serious ventricular arrhythmias. As com-
pared to traditional biochemical markers of cardiac death
or annual routine physical examination, recent studies indi-
cate the higher prognostic value of HRV analysis, whereby
its integration with the assessment and monitoring of psy-
chiatric patients during therapy may help to optimize the
treatment [31].

Heart rate variability is a useful clinical marker of psycho-
pathology, which represents cardiac sympathetic-para-
sympathetic balance, reflecting an adaptive response to
external and internal changes. A decrease in HRV as ob-
served in persons with anxiety disorders is a sign of heart
autonomic dysregulation. Although the specific patho-
physiological mechanisms underlying the associations be-
tween psychiatric conditions and HRV remain poorly un-
derstood, the majority of studies observed that reduced
vagal activity could be a diagnostic biomarker of psychi-
atric disorders [22,32,33].

In the academic teachers diagnosed with anxiety disorders,
the components of cognitive behavioral therapy depend on
the type of disorder and the therapist’s style. In the Wroclaw
Center for Mental Health, the preferred model is based upon
adaptation to external conditions with the simultaneous
minimization of internal costs of such adaptation. It allows
for the optimal psychophysical balance between the patient
and the environment. The main emphasis is put on the inten-
sive intra- and interpersonal training and analytically-ori-
ented group therapy. The intrapersonal training began with
psychoeducation, self-observation and autogenic training.
Patients are taught to correct the usually exaggerated impor-
tance of anxiety and the somatic symptoms associated with
it during psychoeducation. Self-observation allows to create
the own objective model of reaction to anxiety. However, au-

togenic training allows to control these reactions. It includes
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progressive muscle relaxation exercises and breathing re-
laxation techniques. As a result of the training, the auto-
nomic system balance is restored, but the psychological as-
pect of the autogenic training is also important. The intrap-
ersonal training has a positive effect on proper relationships
with other people, and the subsequent stages of behavioral
and cognitive therapy, i.e., interpersonal training and group

therapy serve to consolidate these relationships [34].

Study limitations

The study groups were relatively small, because the pa-
tients came from one Center for Mental Health and were
limited to one professional group. Moreover, the imposed
exclusion criteria were very restrictive.

The advantage of the patients’ selection procedure is a de-
tailed psychiatric diagnosis, which allows for the distinc-
tion between patients with PD and those with GAD. How-
ever, the intensity of disorders was not estimated (only
study entry criteria requirements were used).

The specific circumstances of the study are another limi-
tation, i.e., the patients participated in the group therapy,
which affected their emotions in the way that is difficult to
define. The patients with PD and GAD were in the same
situation, which authenticated the comparisons between
them. The control group came from population, which did
not undergo the group therapy.

The lack of control over potential confounding factors like

physical activity and sleep patterns.

CONCLUSIONS

To summarize, the data obtained in this study confirm
that the circadian rhythms of HRV as assessed with the
Holter ECG monitoring are considerably flattened in pa-
tients with anxiety disorders. In the PD group, the largest
decrease was noted in the “night” parameters reflecting
the vagus nerve activity, which resulted in a lack of diurnal
rhythm of the sympathetic-parasympathetic regulation.

Such considerable abnormalities were not found in the

persons with GAD, where a small increase in nocturnal
vagotonia was observed. The increase was smaller than in
the control group, albeit it was significantly bigger as com-
pared with the PD group. In addition, the significant dif-
ferences in the day vs. night LF/HF ratio were found in all
groups, but only in the PD group the difference was unfa-
vorably big. The assessment of the impact of anxiety dis-
orders on the circadian HRV requires differentiating be-
tween PD and GAD because of the considerable differ-
ences related to the nature of the particular disorders.
The authors’ results suggest that reduction in HRV could be
an objective biological marker to distinguish between PD
and GAD patients, based on the psychophysiological cor-
relates such as HF component. The considerably flattened
circadian rhythm of HRV profile should be considered as
a biomarker of cardiac autonomic inflexibility in different
types of anxiety disorder. Heart rate variability enables not
only a prognostic assessment related to the current health
condition, but also allows for control of the basic compo-
nents of heart rate regulation both during periods of psy-
chotherapy and the exacerbation of anxiety disorders.

In conclusion, anxiety disorder in the academic teachers is
a serious problem that concerns both physical and mental
health. Hence, this condition requires a comprehensive
approach, and cognitive behavioral therapy is an impor-
tant element of it.

Ensuring adequate support that includes access to medical
and psychological care and creating a favorable workplace
environment can help to alleviate symptoms and improve

on the quality of their professional and private life [1].
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