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THE RELATIONSHIP BETWEEN EXERCISE LOAD AND THE
LEVEL OF FATIGUE, ANXIETY, AND AUTONOMIC
NERVOUS SYSTEM FUNCTION IN INDIVIDUALS WITH
OBESITY, HYPERTENSION, TYPE 2 DIABETES, AND
ATHLETES IN THE CONTEXT OF PHYSICAL
REHABILITATION

Physical activity plays a crucial role in the lives of individuals with
type 2 diabetes, hypertension, and obesity, contributing — when
maintained within healthy limits — to improved quality and longevity of
life. Among athletes, physical activity is fundamental to professional
performance, ensuring an adequate level of preparedness for achieving
competitive results. Consequently, motivation for engaging in physical
exercise varies considerably between populations. The willingness to
participate in and regulate physical activity significantly influences its
impact on human health. However, the effects of varying levels of
training load on the human body remain insufficiently explored. The aim
of this study was to examine the relationship between training load and
levels of fatigue, anxiety, and autonomic nervous system dysfunction in
individuals with obesity, hypertension, type 2 diabetes, and athletes in
the context of physical rehabilitation.

Materials and Methods. A total of 61 participants were included in
the study and divided into two groups: a patient group (9 individuals
with type 2 diabetes, hypertension, and obesity) and a group of healthy
athletes (52 participants). The physical rehabilitation program for
patients included individualized aerobic and strength exercises. In the
patient group, the average weekly training duration over the final two
weeks was 6.56 +2.07 hours, corresponding to a satisfactory level of
physical activity (= 150 minutes/week). Among athletes, this value was
significantly higher, averaging 18.12 +4.98 hours per week. Weekly
training duration and load volume were assessed. Fatigue was measured
using the Fatigue Assessment Scale; well-being (as a component of
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quality of life) was assessed via the WHO-5 Well-Being Index;
insomnia was evaluated using the Athens Insomnia Scale; daytime
sleepiness using the Epworth Sleepiness Scale; and anxiety levels were
determined using the Hospital Anxiety and Depression Scale.

Results. Physical activity had differing effects on the well-being and
quality of life of both patients and athletes. If for the former it was a
factor in reducing fatigue and improving well-being, then for athletes it
was accompanied by a deterioration in psychophysiological indicators.
The latter gives grounds to assume that in people with the most
significant training load during the week, a decrease in the feeling of
well-being may develop precisely as a result of overfatigue, which can
be physical and mental-emotional. A similar picture was observed when
studying the autonomic nervous system - with an increase in the volume
and duration of the load, almost all indicators of heart rate variability
improved, while in athletes such a pattern was not established. This is
explained by the motivation of athletes to engage in such intensive
training that can exceed the level of optimal adaptive capacity of the
body, become excessive and be accompanied by the accumulation of
fatigue and overtraining.

Conclusions. Thus, the findings indicate that the duration and
volume of physical activity have a specific impact on well-being and
autonomic regulation, varying according to the characteristics of the
population studied. In individuals with type 2 diabetes, arterial
hypertension, and obesity, training load duration and volume
demonstrated an inverse relationship with subjective fatigue and a direct
relationship with perceived well-being and the majority of heart rate
variability (HRV) parameters. In contrast, among athletes, increased
training load was associated with greater fatigue and reduced overall
well-being, without significant correlation with HRV parameters. This
may suggest the onset of subjective overfatigue as an early stage of
overtraining, particularly in athletes with the highest training volumes.

Keywords: exercise load, fatigue, anxiety, autonomic nervous
system, obesity, hypertension, type 2 diabetes, physical rehabilitation.
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3B'SI30K HABAHTAXEHHSI 3 PIBHEM BTOMM,
TPUBOXHOCTI TA MMOKA3HUKAMHU OYHKLIT
BETETATUBHOI HEPBOBOi CHUCTEMHM Y OCIB 3
OKUPIHHSAM, APTEPIAJIBHOIO T'IEPTEH3IEIO,
LIYKPOBUM JIABETOM 2 THUIY TA CHOPTCMEHIB Y
KOHTEKCTI ®I3UYHOI PEABLIITAILILI

di3nyHe HaBaHTaXEHHS BIJIrpae BaXIIMBY POJIb JUISl JKUTTS JIFOJICH
3 LyKpoBMM jiabetoM 2 TuIy, apTepiajbHOIO0 TinepTeHsi€lo Ta
OKHMPIHHSAM, JIO3BOJISIIOYHM, SIKIIO BOHO B  3J0pPOBHX  MeEXax,
MOKpallyBaTH SKICTb Ta TPHUBAIICTh XHUTTSA. Y CIOPTCMEHIB BOHO
BiZlirpae OCHOBHY poib B mpodeciiiHii misSIBHOCTI, 3a0e3medyrodn
BIIMOBIAHWI PpIBEHb TIATOTOBKH JJIsi JOCATHEHHS CIOPTUBHOTO
pesynbrary. OTKe, 3HAYHOIO MIpOI0 BiAPI3HIETHCS MOTHBAIliS JIIOEH
3aiiMatrcs (ismuHUMH BrnpaBamu. Came OakaHHS 3aliMaTHCS HHUMH,
JI03yBaTH X, 6araro B 4OMy BH3HAYa€ iX BIUIMB Ha 3A0POB’S JIIOIMHU.

1060


mailto:tm.oleshko@med.sumdu.edu.ua
https://orcid.org/0000-0002-6398-1016
https://orcid.org/0000-0002-2229-2839

Eastern Ukrainian Medical Journal. 2025;13(4):1059-1068

BanenTuna IlleBens
https://orcid.org/0000-0003-0684-53 14
kadeapa dizmuHOI Teparii, eproreparii
Ta cnopTUBHOI MeaunuHu, CyMCBKOTO
nepxkaBHOTO yHiBepcurery, M.Cywmu,
Ykpaina

JAmutpo Inannenko
https://orcid.org/0009-0002-4032-9153
kadenpa diznunoi Teparii, eproreparnii
Ta cnopTuBHOI MeanimHu, CyMChKOTO

nepxaBHOTO yHiBepcurery, M.Cywmu,
Ykpaina

BikTopis Knumenko

https://orcid.org/0009-0004-9635-7916
kadenpa diznunoi Teparii, eproreparnii
Ta CIOPTUBHOI MenuiHU, CyMCBKOTO

JepxkaBHoOro yHiBepcurety, M.Cywmw,
VYkpaina

Pazom 3 1mM, NMTaHHS BIUIMBY PpI3HOTO pIBHSA TPEHYBaJbHOTO
HAaBaHTa)XCHHS HA OPTaHi3M JIFOJWHHM IO KIHLM He BHBYEHO. MeToro
HAIIIOTO JOCIIKEHHS, OyJI0 BUBYEHHS HOTO 3B'A3KYy 3 piBHEM BTOMH,
TPUBOXKHOCTI Ta TOPYIICHHSIMH PETryJslii BEreTaTHBHOI HEPBOBOI
CHCTEMH Yy 0cCi0 3 OKHpPiHHAM, apTepialbHOIO TINEPTEH3IE0, IyKPOBIM
niabeToM 2 THITy Ta CIIOPTCMEHIB y KOHTEKCTI (hi3HMIHO1 peabimiTarii.
Marepianu ta Metoau. Beroro y mociimpkeHHI B3sUTH ydacThb 61
YYaCHUK, sIKi OyJM po3NoiijieHi Ha rpymy xBopux (9 ocid 3 myKpoBHM
nmiaberoM 2 THITy, apTepiajibHOIO TillEPTEH3IEI0 Ta OXXUPIHHAM) Ta
300poBUX  cnoprcMmeHiB (52 ywachukm). Ilporpama  disuunoi
peabimitanii [y oci® 3 LyKpoBHM fiabeToM 2 THITY, apTepialbHOIO
TINepTeH31€I0 Ta OXHUPIHHAM BKIIOYANa I1HIWBiAyamizoBaHi (i3mdHi
HaBaHTAXXCHHS aepoOHOTO Ta CHJIOBOTO XapakTepy, TPHBAIICTh
IIOTIDKHEBUX TPEHYBaHb B TPYIi XBOPHX IPOTATOM OCTAaHHIX JBOX
TIKHIB CKJajgana y cepegHboMmy 6,56 (2,07) rox./Tmx. Ta BixmoimaB
piBHIO  3amOBINMBHOI  (i3U9HOT (= 150 xB./THIK.), ¥
CIIOPTCMCHIB BOHa Oyjia 3HAYHO BHUIIOK 1 CKJIajana BiAMOBIIHO

aKTHUBHOCTI

18,12 £ 4,98 ron. IlpoBomuimucsi OIliHKA TH)KHEBHUX TPHUBAJIOCTI Ta
o0csiry HaBaHTa)keHb, BU3HAYCHHS DIBHA BTOMH 3a IIKajiol Fatigue
Assessment Scale, mokazanka WHO-5, mo BigoOpaxae Oiarononyyqys
(SIKICTh JKHUTTS), KUIbKICHY OLIHKY Oe3coHHs mnpoBomuau 3a Athens
Insomnia Scale, commmBocti 3a Epworth Sleepiness Scale, piBeHb
TpHUBOXKHOCTI Bu3Hauanu 3a Hospital Anxiety and Depression Scale.
PesynbraTn. Qi3nuHe HaBaHTaXXEHHSA [0 PI3HOMY BIUIMBAJO Ha
CaMOIOYYTTSA Ta SKICTh JKUTTS XBOPHUX JIIOJACH 1 copTCMeHiB. SIKio y
HepuMx BOHO Oyno (akTopoM 3MEHIICHHS BTOMHM Ta MOKpPAILCHHS
Onmaronoiydds, TO Y amjieTiB CYIPOBOUKYBAJOCS IMOTIPIICHHIM
ncuxoQi3ionoriyHuX mnoka3HukiB. OCTaHHE [a€ MiJCTaBH NPUITYCTUTH,
mo y oci0 3 HalOLIbII 3HAYHUM TPEHYBaJbHUM HABaHTAKCHHSIM
NPOTATOM  THXKHS ~ 3MEHIIEHHS BIAYYTTS  OJlaromojyqusi  MoXKe
PO3BUBATHUCS caMe BHACIHIZOK MEPEeBTOMH, sika MOKe OyTH (i3UYHOIO i
ncuxoeMomniHor. IlomiOHYy KapTHHY CHOCTEpiraid TpH BHBYCHHI
BEreTaTUBHOI HEPBOBOT CUCTEMHU — MPH 3POCTAHHI 00CSTY Ta TPHUBAJIOCTI
HABAaHTKCHHS  MOKPAIlyBAIKCA  IPAKTHYHO  BCi
BapiabeNBHOCTI CepIIEBOrO0 PUTMY, B TOH Yac, K y CHOPTCMEHIB Takoi

3aKOHOMipHOCTi BCTAaHOBJICHO HC 6yJ'IO. 3a3HaueHe IIOSICHIOETHCS

ITOKa3HUKH

MOTHUBAI[IEI0  CIOPTCMEHIB  3aliMaTHCA  TAaKUMH  IHTCHCHBHUMH
TPEHYBaHHSAMH, LI0 MOXYTb IEPEBUILYBAaTH pPIBEHb ONTHMAJIbHOI
ajanTaniifHoi  3JaTHOCTI  OpraHi3My, CTaBaTd HaJMIpHUMH  Ta
CYNPOBOJIKYBATUCSI HAKOMTMYESHHSM BTOMH Ta NEPETPEHOBAHOCTI.
BucHoBkn. TakuM YHHOM, ITOKAa3aHO, IO TPHUBAIICTH 1 0OCST
(i3MYHOTO HAaBaHTAXKEHHS CHPABISIOTH CHelU(IYHWNA BIUIMB  Ha
CaMOIIOUYTTsI Ta MOKAa3HUKH BETETATHBHOI DEryJslii, sSKUH Bapiloe
3aJIe)KHO BiJl XapaKTEpUCTUK KOHTHMHreHTy. B oci0 i3 mykpoBum
miaberoM 2 THmy, apTepiaJibHOIO TINEPTeH3I€0 Ta  OXUPIHHIM
TPUBAIICT 1 OOCST TPEHYBAaJHHOTO HABAHTAXXCHHS MaJHM 3BOPOTHHN
3B’S30K 13 piBHEM Cy0’ €KTHBHOI BTOMH, Ta NPSAMHH 3 IOKa3HUKaAMHU
BiQUyTTA OJaromosyddst Ta TIEPEBaKHOIO OIUNBINICTIO TapaMmeTpiB
BapiabenbHOCTI PUTMY ceplid. HaToMicTh, Y CIIOPTCMEHIB 301IbIIICHHS
HaBaHTAXXCHHS acCOLIIOBAJOCS 3 MOCWIECHHSM BTOMH Ta TIOTipIICHHIM
3araJlbHOTO  CaMOMOYYTTs, 0e3  kopemsamii 3
BapiabeNbHOCTI PUTMY Ceplls, L€ MOXXE BKa3yBaTH, Ha PO3BHUTOK
Cy0’€KTHBHOI TIEPEBTOMH, SK MOYAaTKOBOI CTajii MepeTpeHOBaHOCTI y

aTJICTIB 3 HAWBUIIIUM HOTO piBHEM.

nmapamMeTpamu
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INTRODUCTION

Such widespread "diseases of civilization" as type 2
diabetes, arterial hypertension, and obesity have a
detrimental effect not only on life expectancy and
hospitalization rates but also on patients’ quality of life,
particularly when these conditions are combined [1]. It is
well known that physical activity can influence quality of
life in such patients [2, 3]. An individual is considered
physically active if they perform aerobic exercises — such
as walking, jogging, swimming, cycling, or participating
in team sports — for 30—60 minutes, five days per week, in
addition to strength training 2—3 times per week for 30—
45 minutes [4]. Physical activity, a
combination of aerobic and
contributes to lowering blood pressure, improving insulin

especially
resistance  exercises,

sensitivity, and reducing body weight — effects that are
particularly beneficial in the context of diabetes,
hypertension, and obesity. According to 2021 data, such
combined exercise programs are the most effective in
improving glycemic control, blood pressure, and insulin
resistance in adults with type 2 diabetes who are
overweight or obese [5].

However, the relationship between this combination
of chronic conditions and symptoms such as fatigue,
well-being, anxiety, and sleep disturbances has been
studied to a much lesser extent. According to the
literature, patients with type 2 diabetes, obesity, and
arterial hypertension frequently experience -elevated
fatigue well-being, often
accompanied by symptoms of anxiety. These
manifestations may occur even in the early stages of
chronic illness and tend to progress over time. Studies
indicate that psychological and physiological symptoms
are closely intertwined, forming a multifactorial
mechanism that contributes to the deterioration of a

and reduced overall

patient’s condition. These effects are further exacerbated
by frequent sleep disturbances, including poor sleep
quality and instability, which in turn intensify fatigue and
diminish quality of life. Anxiety, which is commonly
observed in this patient population, negatively affects
sleep perception and overall well-being, creating a
vicious cycle in which chronic disease perpetuates sleep
disorders, and poor sleep worsens the individual’s
mental-emotional state [6, 7, 8].

The impact of physical activity duration and training
load volume on the previously noted symptoms remains
insufficiently explored in the literature. This gap applies
not only to physically active individuals with type 2
diabetes, hypertension, and obesity but also to athletes, in
whom fatigue is an expected physiological response
associated with the supercompensation process that
underlies performance adaptation [9]. The specific effects
of exercise intensity on the autonomic nervous system
also remain unclear in both patients and athletes. In the
latter individuals, overload is a common phenomenon
that can lead to the development of overtraining
syndrome and impaired autonomic regulation. Excessive
physical load negatively affects heart rate variability
(HRV), reducing its parameters, which reflects
diminished parasympathetic activity and
physiological stress. Furthermore, a relationship has been
established between prehypertension and myocardial
repolarization abnormalities [10, 11]. These changes can
impair recovery, reduce physical performance, and
increase the risk of injury [9]. In contrast, the response to
intense physical activity in patients with type 2 diabetes,
arterial hypertension, and obesity may follow different
patterns, as this population typically lacks the competitive
motivation characteristic of athletes. The aim of this

increased

study was to examine the relationship between weekly
exercise duration and training load with levels of fatigue,
anxiety, and autonomic nervous system dysfunction in
physically active individuals with obesity, hypertension,
type 2 diabetes, and in athletes. The aim of this study was
to examine the relationship between training load and
levels of fatigue, anxiety, and autonomic nervous system
dysfunction in individuals with obesity, hypertension,
type 2 diabetes, and athletes in the context of physical
rehabilitation.

MATERIALS AND METHODS

The study involved 9 individuals with a confirmed
diagnosis of type 2 diabetes, arterial hypertension, and
obesity (patient group, PG) and 52 track and field athletes
(healthy group, HG). Assessments were conducted at the
Sports Medicine Center of Sumy State University. The
mean age of participants in the HG was 22.35+3.28
years, of whom 20 (38.5 %) were female. In the PG, the
mean age was significantly higher at 46.22 + 7.38 years.
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This group included 5 women, accounting for 55.6 %,
with no statistically significant difference in sex
distribution compared to the HG (p =0.355). The mean
values of the PG group before the start of the study were
as follows: glucose level 7.2 (0.8) mmol/L, HbAlc 6.8
(0.5) %, systolic BP 140 (8) mmHg, diastolic BP 90 (5)
mmHg, BMI 34.5 (3.5) kg/m? Participants were eligible
for inclusion if they provided informed consent, had
diabetes mellitus, arterial hypertension, and obesity, and
had a level of physical fitness that allowed them to
perform the proposed physical therapy program.

The rehabilitation program for individuals with type 2
diabetes, arterial hypertension, and obesity included
individualized aerobic and resistance training aimed at
improving metabolic parameters, cardiovascular function,
and reducing body weight. Participants engaged in
moderate-intensity aerobic exercises — such as walking,
jogging, cycling, stationary biking, and swimming —
performed for 30-45 minutes, 3-5times per week.
Strength training sessions were conducted 2-3 times per
week, targeting major muscle groups with gradually
increasing loads to enhance metabolism, muscle mass,
and insulin sensitivity. The program was supplemented
by educational interventions, lifestyle modification
strategies, and psycho-emotional support to improve
recovery outcomes and prevent complications. In the
patient group (PG), the average weekly training duration
during the final two weeks was 6.56 +2.07 hours,
corresponding to a satisfactory level of physical activity
(> 150 minutes/week). All patients were on stable
therapy, including metformin (500-1000 mg/day), ACE
inhibitors (in moderate therapeutic doses) for at least 3
prior study The risk of
hypoglycemia was managed by monitoring blood glucose
levels after exercise and individualizing the exercise
intensity, considering the patient’s existing risk factors.

Track and field athletes (healthy group, HG) were
assessed during the preparatory phase of their annual
macrocycle. All had undergone mandatory yearly
medical evaluations and were declared healthy by a
sports physician. In the HG, the average weekly training
during the final two
18.12 + 4.98 hours, with training taking place 56 days
per week. Among them, 20 individuals (38.5 %)
specialized in endurance-based athletic disciplines. The
study was conducted in accordance with the principles of
the Declaration of Helsinki, and all participants provided
written informed consent.

Based on participants’ subjective assessment of the
average perceived training intensity over the past two
consecutive weeks using the 10-point Session-RPE scale,

months to inclusion.

duration weeks  was

weekly training load (TL) was calculated as the product
of the Session-RPE score and the total weekly duration of
physical activity [12]. All participants also completed the

Fatigue Assessment Scale to evaluate fatigue levels [13],
the WHO-5 Well-Being Index to assess quality of life
[14], the Athens Insomnia Scale (AIS) for insomnia
severity [15], the Epworth Sleepiness Scale (ESS) for
daytime sleepiness [13], and the Hospital Anxiety and
Depression Scale (HADS) to determine anxiety levels
[13]. Autonomic nervous system function was evaluated
through heart rate variability (HRV) analysis, based on a
4-6 minutes, electrocardiogram recorded using the
automated diagnostic system “Cardio+.” The following
indicators were studied: SDNN (ms) - standard deviation
of NN intervals, RMSSD (ms) - root mean square of
successive differences, PNN50 (%) - percentage of
successive NN intervals differing by more than 50 ms, LF
(ms?) - low-frequency power, HF (ms?) - high-frequency
power, LF/HF Ratio - ratio of low- to high-frequency
power, SD1 (ms) - standard deviation perpendicular to
the line of identity. Time-domain HRV parameters
included RMSSD, SDNN, and PNN50%. Frequency-
domain analysis was conducted using fast Fourier
transform (FFT), measuring the power of key spectral
bands — high-frequency (HF, 0.15-0.40 Hz),
frequency (LF, 0.04-0.15 Hz), total spectral power, and
the LF/HF ratio. Additionally, the nonlinear geometric
HRYV indicator SDI, representing the standard deviation
perpendicular to the line of identity in the Poincaré plot,
was calculated to further characterize
regulation [16].

Statistical analysis was performed using the online
service http://socscistatistics.com. The Kolmogorov—
Smirnov test was used to assess the normality of data

low-

autonomic

distribution. Continuous variables were presented as the
mean and standard deviation (M £+ SD) for normally
distributed data, or as the median and interquartile range
(Me [IQR]) non-normally  distributed data.
Categorical variables were reported as percentages. To
assess statistically significant differences between groups,
a two-tailed t-test was applied for normally distributed
data, while the Mann—Whitney U test was used when
normality was not met in at least one group. Frequencies
were compared using the chi-square (?) test with Yates’

for

correction. Correlation analysis was performed using
Pearson’s correlation coefficient. Statistical significance
was set at P < 0.05.

RESULTS AND DISCUSSION

We intentionally selected two highly contrasting
groups in terms of health status and training intensity: the
patient group (PG), engaged in physical rehabilitation,
and the healthy group (HG), consisting of athletes. As
expected, significant differences were observed in weekly
training duration, perceived exertion, and resulting
training load between the groups (P <0.001). Despite
chronic conditions such as type 2 diabetes, arterial
hypertension, and obesity, the level of physical activity in
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the PG exceeded the recommended minimum and
averaged 6.56 +2.07 hours per week. The lowest weekly
training duration among PG participants was 3 hours,
with a corresponding training load of 540 arbitrary units
(AU). In comparison, athletes engaged in speed—strength
disciplines reported a minimum of 6 hours per week and
a training load of 600 AU, while those specializing in
endurance disciplines trained at least 8 hours per week
with training loads reaching 2400 AU. Notably, this
highest training load observed among endurance athletes
matched the maximum recorded in the PG, where one
participant trained for 10 hours per week.

When comparing psychophysiological parameters
between groups, the healthy athletes (HG) demonstrated
consistently more favorable outcomes, as expected
(Table 1). This included significantly lower levels of
chronic fatigue (P = 0.025), better well-being (P <0.001),

lower anxiety scores (P <0.001), and fewer insomnia
symptoms (P =0.004). No statistically significant
difference was found in daytime sleepiness as measured
by the Epworth Sleepiness Scale (P =0.110). The
proportion of individuals reporting persistent fatigue was
notably higher in the patient group (PG), with 6
participants  (66.7 %) affected, compared to 11
participants (21.2 %) in the HG (P =0.015). Clinically
relevant anxiety was also more prevalent in the PG,
observed in 4 participants (44.4 %), whereas only 5
individuals (9.6 %) in the HG met the threshold, a
statistically significant difference (P = 0.027). Overall,
the majority of psychophysiological indicators were
significantly poorer among individuals with chronic
conditions, reflecting the detrimental impact of
underlying pathology on their psycho-emotional well-
being.

Table 1. Indicators of fatigue, well-being, anxiety, and sleep status in healthy and chronically ill participants

Parameter Patients (PG) Healthy (HG) P-value
Weekly training duration (hours/week) 6.56 (2.07) 18.12 (4.98) <0.001
Perceived exertion (Session-RPE score) 3.67 (0.50) 5.94 (1.13) <0.001
Training load (arbitrary units) 1473.3 (577.9) 6223.9 (2190.7) <0.001

Fatigue (FAS scale) 24.0 (7.16) 19.65 (4.82) 0.025
Well-being (WHO-5 index) 16.56 (4.00) 20.63 (2.66) <0.001
Anxiety (HADS) 11.33 (3.32) 7.23 (3.05) <0.001

Insomnia (AIS) 6.67 (3.12) 3.60 (2.79) 0.004

Sleepiness (ESS) 8.44 (4.28) 6.27 (3.62) 0.110

Table 2 presents the results of the analysis of the
strength and direction of correlations between training
duration and training load with indicators of fatigue, well-
being, anxiety, and sleep quality. It was shown that, in
patients with chronic illness, the number of training hours
per week was negatively associated with fatigue and
positively associated with well-being. In athletes,
however, no significant associations between training
duration and psychophysiological indicators were found.
As for training load, in patients it was even more strongly
associated with fatigue (p =0.002) and well-being (p
<0.001), with the direction of these correlations being
consistent with those found for training duration. In
athletes, training load was also significantly associated
with prolonged fatigue (p =0.014) and well-being (p
=0.007). However, unlike in patients, the direction of
these associations was unfavorable — positive with fatigue
and negative with well-being.

Thus, physical activity had differing effects on the
well-being and quality of life of patients and athletes.
For patients, it acted as a factor reducing fatigue and

improving well-being, whereas in athletes, it was
associated with a deterioration in psychophysiological
indicators. This suggests that among individuals with
the highest weekly training loads, a decrease in the
sense of well-being may develop due to overfatigue,
which can be both physical and mental-emotional.
Physical overfatigue is primarily caused by an
imbalance in the autonomic nervous system, the
confirmation of which requires objective diagnostic
methods. One of the most informative and convenient
ways to assess autonomic dysfunction is through heart
rate variability (HRV) analysis, which was the focus of
the second part of our study.

The average heart rate variability (HRV) parameters
were higher in the healthy athlete group compared to the
patient group; however, statistical significance was
reached only for the power of the high-frequency (HF)
band (p =0.044) (Table 3). Additionally, the athletes
exhibited a lower heart rate (p =0.003), further
confirming the predominance of parasympathetic tone
in this group.
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Table 2. Correlations between weekly training duration and training load with indicators of fatigue, well-being,
anxiety, and sleep quality in healthy and patient groups (Pearson's r)

Indicator Training Duration (hours/week) Training Load (a.u.)
HG P PG P HG p PG p
Fatigue (FAS-scale) -0.009 | 0.950 | -0.760 | 0.017 0.340 0.014 - 0.881 0.002
Well-being -0.019 | 0.894 0.848 0.004 | -0.370 | 0.007 0.912 <0.001
Anxiety (HADS) -0.052 | 0.715 | -0.214 | 0.580 0.009 0.950 -0.214 0.580
Insomnia -0.028 | 0.844 | -0.401 | 0201 | -0.244 | 0.110 -0.525 0.147
Sleepness -0.001 | 0.994 | -0.795 | 0.010 0.212 0.131 -0.826 0.006
Table 3. Variability of the heart rhythm in the examined subjects
Parameter Healthy (Mean + SD) Patients (Mean + SD / Median (IQR)) p-value
Heart Rate (bpm) 59.69 (9.88) 71.11 (12.73) 0.003
SDNN (ms) 64.46 (17.87) 61.89 (18.86) 0.694
RMSSD (ms) 41.79 (11.25) 39.56 (12.30) 0.589
PNN50 (%) 10.85 (3.01) 9.33 (3.64) % 0.182
LF (ms?) 708.48 (187.67) 669.1 (209.8) 0.570
HF (ms?) 510.67 (184.0) 318 (523.5 —256.5) (Median, IQR) 0.044
LF/HF Ratio 1 (1-2) (Median, IQR) 1.56 (0.53) 0.150
SD1 (ms) 30.54 (8.25) 28.67 (9.14) 0.538

The strongest associations between physical activity
— both its duration and volume — and heart rate
variability (HRV) parameters were observed in the
patient group, where all correlations were strong and
positive (Table 4). Specifically, this relationship held
true for all measured HRV indices except for the LF/HF
ratio, which showed no significant correlation with
either duration (p = 0.403) or volume (p = 0.336) of
physical activity. These findings highlight a close link
between the intensity of physical exertion and

autonomic regulation of heart rate specifically in this
patient population. In athletes, no significant correlation
was found between the intensity of physical activity and
heart rate variability parameters, although there was a
somewhat stronger association with the overall training
load volume. Thus, the link between training load,
fatigue, and well-being in athletes does not appear to be
mediated by autonomic dysfunction, suggesting that
overfatigue in athletes with maximum training loads is
more likely of a mental-emotional nature.

Table 4. Relationship between weekly training duration and training load with heart rate variability in the Patient

and Healthy Groups
Training Duration (hours/week) Training Load (a.u.)
Parameter
HG p PG p HG p PG p

Heart Rate 0.009 0.950 0.448 0.227 0.017 0.905 0.531 0.141
SDNN 0.066 0.642 0.864 0.003 0.016 0.910 0.821 0.007
RMSSD 0.046 0.746 0.856 0.003 0.015 0.930 0.808 0.008
PNNS50 0.029 0.838 0.886 0.001 -0.078 0.583 0.853 0.003
LF 0.055 0.699 0.864 0.003 0.002 0.989 0.820 0.007
HF 0.029 0.838 0.849 0.004 - 0.061 0.667 0.829 0.006
LF/HF 0.050 0.725 | -0.319 0.403 0.206 0.143 -0.364 0.336
SD1 0.053 0.709 0.858 | <0.001 0.011 0.938 0.811 0.008
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Thus, the data obtained indicate a positive effect of
physical activity on fatigue severity, overall well-being,
and particularly on autonomic nervous system function in
patients with type 2 diabetes mellitus, arterial
hypertension, and obesity. This is evidenced by an
increase in most heart rate variability (HRV) parameters,
which can be considered a marker of improved physical
conditioning and a protective factor against secondary
complications, ultimately contributing to increased life
expectancy and reduced healthcare costs. A key element
of this beneficial effect is the appropriately and
individually tailored level of physical activity, which not
only optimizes autonomic regulation but also serves as a
powerful motivational factor encouraging patients to
maintain their health and improve their overall quality of
life. For this patient population, the primary outcome of
physical activity is health improvement rather than
competitive success or athletic achievement.

The motivational focus of athletes is primarily
directed toward achieving leading positions, surpassing
average performance levels, and gaining a competitive
advantage. This drive necessitates regular, high-intensity
training sessions, often accompanied by overload and the
development of Throughout their
professional careers, athletes face numerous challenges
that deplete their psychological and emotional resources,
including strict adherence to a sports regimen, constant
social interaction within the team, the inevitability of
defeats, the risk of professional injuries, frequent
transfers, and uncertainty about the future. These factors
underscore the need for a comprehensive approach to

acute  stress.

post-exertional incorporating pedagogical,
psychological, and medico-biological support strategies.

recovery,

PROSPECTS FOR FUTURE RESEARCH

Our results demonstrated that increased training load was
associated with worsening well-being and heightened
subjective fatigue, highlighting the crucial role of training
load as a factor in the development of overtraining
syndrome, particularly its psycho-emotional component.
At the same time, no significant impact of training load
on objective measures of autonomic nervous system
function was observed. This suggests that heart rate
variability parameters, and consequently the balance
between sympathetic and parasympathetic autonomic
activity, are only partially influenced by physical load per
se. Individual athlete characteristics — such as training
status, experience, effectiveness of recovery methods,
organization of non-training time, and history of
rehabilitation interventions — likely exert a greater
influence on cardiac autonomic regulation.

CONCLUSIONS

The duration and volume of physical activity exert
specific effects on well-being and autonomic regulation
indicators, which vary depending on the characteristics of
the population studied. In individuals with type 2 diabetes
mellitus, arterial hypertension, and obesity, the duration
and volume of training load were inversely correlated
with subjective fatigue levels and positively correlated
with well-being scores and most heart rate variability
parameters. In contrast, among athletes, increased
training load was associated with heightened fatigue and
deterioration of overall well-being, without significant
correlations with heart rate variability metrics. This
suggests the development of subjective fatigue,
potentially representing an early stage of overtraining
syndrome in athletes exposed to the highest training
loads.

Our findings emphasize the importance of individualizing physical load according to the specific characteristics of

the target group. Therefore, there is a clear need for further research into the effects of physical load on health indicators

across different populations — both among individuals for whom physical activity serves a rehabilitative purpose and
among athletes whose performance is evaluated based on sporting success.
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