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Abstract. Background. Artificial intelligence (A is a direction of mathematical computer modeling
based on the abstract essence of mathematical thinking. Chronic kidney disease (CKD) is a nosological
unit, its final stage (end-stage renal disease) has seen an exponential increase over the past decade and is
considered by the World Health Organization as a global problem by cause of death. The global healthcare
industry is one of the main planes for practical application of modern developmentsin the field of Al thanks
to machine learning algorithms that provide new opportunities for solving the most complex problems of
medicine and pharmacy. The purpose was to analyze the possibility of using physical exercise complexes
(PECs) created by Al system in patients with CKD undergoing renal replacement therapy and fo compare
PECs created by Al with the list of PECs used in clinical practice (systematic reviews and meta-analyses) for
rehabilitation care in nephrology. Materials and methods. Scienfometric analysis of professional literature
from electronic databases PubMed, Embase, Scopus and Web of Science, Cochrane CENTRAL was
conducted. According fo the purpose of the study, the following methods were used: bibliosemantic,
systematic approach, descriptive modeling using Al systems — Gemini and ChatGPT. Results. Al systems
(Gemini and ChatGPT) proposed exercise programs for patients with CKD that take info account different
stages of rehabilitation (respiratory, aerobic, strength, strefching and relaxation). At the time of the
descriptive modeling, the database used by Gemini and ChatGPT is sufficient for their roufine use in the
development of exercise therapy complexes for the rehabilitation of nephrological patients with different
nosologies. Conclusions. Arfificial intelligence is a tool in the hands of a physician to provide medical care;
the quality of this tool will depend on the qualifications of the physician who will feach (machine learning)
Al to use their knowledge and competencies fo optimize the process of creating rehabilitation complexes
for patients with kidney disease from the standpoint of evidence-based medicine.
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Introduction

Artificial intelligence (Al) is a field of mathematical
computer modeling based on the abstract essence of mathe-
matical thinking. The history of the formation and deve-
lopment of Al, a term officially coined in 1956 by John
McCartney [1], is rather ambiguous, distinguishing between

the forerunners of formation, the stage of inception, the
stages of rapid development — boom and the stages of de-
cline — “winters” [2—4].

Chronic kidney disease (CKD) is a nosological unit
of kidney disease that has seen an exponential increase in
patients with end-stage renal disease over the past decade
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and is considered by the World Health Organization to be a
global problem by cause of death [5—7].

The global healthcare industry is one of the main
“planes” of practical application of modern Al develop-
ments. At the initial stages of Al development, the focus
was on the development of machine learning algorithms.
Thanks to them, new opportunities were created to solve the
most complex problems in medicine [8—14] and pharmacy
[15, 16]. Recently, Chatbot’s have been widely used in me-
dicine to automate various types of tasks, from making an
appointment with a doctor to receiving basic first aid recom-
mendations and even psychological assistance. Currently,
the most advanced Al Chatbot’s are two competing neural
networks — Gemini by Google and ChatGPT by OpenAl.
They are capable of generating texts in various subject areas
(including medical), translating, creating creative content,
and answering user questions in an informative manner.

The purpose. To analyze the use of physical exercise
complexes (PECs) created by the Al system for use in pa-
tients with CKD undergoing renal replacement therapy for
rehabilitation care and to compare these PECs with the list of
PECsused in clinical practice according to the scientometric
search of research results (systematic reviews and meta-ana-
lyses) on rehabilitation care in nephrology practice.

Materials and methods

The study was performed within the framework of the
scientific theme of the Department of Pediatrics, Neo-

natology and Perinatal Medicine of Bukovinian State
Medical University on the subject “Chronobiological and
adaptive aspects and peculiarities of vegetative regula-
tion with pathological conditions in children of various
age groups”. The state registration No. 01220002245,
the deadline: 01.01.2022 — 31.12.2026. Scientometric
analysis of professional literature of electronic databases
PubMed, Embase, Scopus and Web of Science, Cochrane
CENTRAL. According to the purpose of the study, the
following methods were used: bibliosemantic, systematic
approach, descriptive modeling using Al systems: Gemini
and ChatGPT.

Results

These days, Al, through the use of mathematical me-
thods to predict or classify various types of medical data,
structured or unstructured, has made significant changes in
a number of professional areas in the medical field [§—14],
and nephrology is no exception [17, 18].

According to the objective, the study consisted of two
stages. At the first stage of our study, we tasked two Al
systems, Gemini and ChatGPT, with suggesting a set of
exercises that would be best for patients with CKD on he-
modialysis. Both programs emphasized the importance of
consulting a doctor before starting exercises and having a
physiotherapist monitor the exercises. The exercise sets
suggested by the Al included aerobic exercises, strength
exercises, and exercises.

Gemini Al suggested the follo-

Gemini

2.0Flash »

beneficial.

and frequency of exercise to allow the body to adapt and minimize the risk of injury.

Enjoyment and Motivation: Choosing activities that the patient enjoys will increase
adherence to the exercise program. Social support and encouragement can also be

Education and Support: Providing clear instructions, demonstrating exercises, and offering
ongoing support are essential for successful implementation.

By incorporating these types of exercises and considering the specific needs of hemodialysis
patients, a comprehensive and beneficial exercise program can be developed to improve their
physical and psychological well-being. Remember that this is a general proposal, and a
personalized approach guided by healthcare professionals is paramount.

wing exercises (Fig. 1):

1. Aerobic exercises (walking,
cycling, swimming) 20-30 mi-
nutes, 3—5 times a week to improve
cardiovascular function, increase
endurance, improve mood and sleep
quality.

2. Strength exercises (chair lif-
ting, arm bending with dumbbells
or water bottles, leg extensions,
exercises with an elastic band) 2—3
times a week to strengthen muscles,

Gemini

20Flash v

Overarching Goals:

counteract this.

Propase and justify a set of exercises that would be best for
patients with cronic kidney diesease on hemodialysis

4 That's a thoughtful question. Designing an exercise program for individuals undergoing
hemadialysis requires careful consideration of their unique physiological challenges. Here's a

proposad set of exercises, along with the rationale behind each choice:

« improve Cardiovascular Health: Hemodialysis patients are at high risk for cardiovascular 1.
disease. Exercise can help improve blood pressure, lipid peofiles, and overall heart function.

* Enhance Muscle Strength and Endurance: Muscle wasting and weakness are common in
CKD, impacting functional capacity and quality of life. Strengthening exercises can

« Increase Functional Capacity: Impraving the abiity to perform daily activities e walking,
cimbing stairs, and carrying groceries is crucial for ndependence.

* Reduce Fatigue: While it might seem counterintuitive, regular, moderate exercise can actually
help combat the fatigue often experienced by hemodialysis patients.

+ Improve Bone Health: CKD can lead to bone mineral density

improve metabolism, and maintain
bone density.

3. Flexibility exercises (stret-
ching of neck, shoulder, back, and
leg muscles) daily to improve joint
mobility, reduce the risk of injury,
and relieve muscle tension.

ChatGPT AI suggested the fol-
lowing set of exercises (Fig. 2, 3):
Breathing exercises (daily,
5—10 minutes) to improve blood
oxygenation and reduce stress.

2. Warm-up (slow walking on the
spot, circular movements of arms,
shoulders, feet) 5—7 minutes.

3. Aerobic exercises (walking on

Joss. Weight-bearing and

the spot or on a treadmill, exercise

Figure 1. Gemini Al suggested the following exercises

bike, soft stepping) for 10—15 mi-
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nutes to improve cardiovascular
function.

4. Exercises for muscle
strength (squatting to a chair, ex-
tending and bending the legs in a
sitting position, lifting the arms
with a small weight, elbow plank)
for 10—15 minutes to prevent
muscle atrophy.

5. Stretching and relaxation
(stretching calf muscles, stret-
ching back, relaxation) 5—10
minutes to improve flexibility,
reduce the risk of muscle spasms
and improve psycho-emotional
state.

At the second stage of the
study, during a systematic review
and scientometric analysis of the
professional literature of the elec-
tronic databases PubMed, Em-
base, Scopus, Web of Science,
Cochrane CENTRAL, we selec-
ted and summarized the results of
3 meta-analyses, which included
131 scientific studies evaluating
the effect of physical activity on
the condition of patients with
CKD on renal replacement thera-
py (5780 patients with CKD) [19,
20, 22].

The authors of meta-analyses
have found that among the pos-
sible options for physical activity,
aerobic and strength exercises, as
well as their combinations, give
the best results. To evaluate the

ChatGPT v

Suggest a set of exercises that would be best for patients
with cronic kidney diesease on hemodialysis

Exercise can be highly beneficial for patients with chronic kidney disease (CKD) on
hemodialysis, improving cardiovascular health, muscle strength, and quality of life.
However, the exercise plan must be tailored to their health status, dialysis schedule,
fatigue levels, and any comorbidities (e.g., diabetes, hypertension, heart disease). Always
consult a healthcare provider before starting a new routine.

Here's a safe and effective set of exercises for hemodialysis patients, split into three main

categories:

ChatGPT v

Propose and justify a set of exercises that would be best
for patients with cronic kidney diesease on hemodialysis

For patients with chronic kidney disease (CKD) on hemodialysis, the best exercise
regimen should focus on improving cardiovascular health, muscle strength, endurance,
and overall quality of life, while being safe, low-impact, and adaptable to their

fluctuating energy levels. Here's a proposed set of exercises, categorized and justified:

ChatGPT v

Conclusion

The best exercise set for hemodialysis patients combines aerobic, resistance, flexibility,
and balance training, with an emphasis on intradialytic exercise to increase compliance
and health outcomes. This holistic approach supports physical function, reduces CKD

complications, and enhances mental and emotional well-being.

Figure 2. ChatGPT Al suggested the following set of exercises

ChatGPT ~
Weekly Sample Exercise Routine for Hemodialysis Patients
Day Type of Exercise Duration Details & Focus (w)]
Monday Intradialytic Aerobic + Resistance 20-30 mins - Pedal a mini-cycle or do seated leg lifts during dialysis
Training - Light dumbbell curls or band exercises for arms
- Avoid fistula arm
Tuesday Walking + Stretching + Balance 30 mins - 15-20 min walk (indoors or outdoors)
- 10 min stretching (hamstrings, calves, shoulders)
- 5 min balance (heel-to-toe, single-leg stand)
Wednesday Intradialytic Resistance + Flexibility 20-30 mins - Seated resistance band exercises (legs, arms)
- Gentle yoga/stretching post-exercise
Thursday Restorative Activity + Flexibility 15-20 mins - Light yoga or tai chi session
- Full-body stretching
- Deep breathing exercises
Friday Intradialytic Aerobic + Light 20-30 mins - Pedal or march in place

Figure 3. ChatGPT Al suggested the following set of exercises for patients with CKD on hemodialysis
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results, the authors of scientific studies most often used
the 6-minute walk test and quality of life, and it should be
noted that physical activity did not show a significant im-
provement in quality of life in patients with CKD. In most
studies, aerobic and strength training alone and together
(both interdialytic and intradialytic) significantly improved
the results of the 6-minute walk test [19, 20, 22].

Using Gemini Al, we summarized the physical exercises
proposed by the authors of the articles included in the meta-
analyses [19, 20, 22]. The exercises were used both individu-
ally and in combination. They differed in duration (from 10
minutes to an hour), frequency (from daily to 2—3 times a
week), and intensity (which was regulated by the Borg scale
or maximum heart rate and gradually increased).

A set of exercises for patients with CKD on hemodi-
alysis:

1. Aerobic:

— cycling ergometry;

— walking;

— jogging;

— aerobic movements with range of motion: wrist rota-
tion, ankle flexion and extension;

— exercises without resistance;

— pedaling. Strength exercises;

— exercises for the upper extremities: chest press, biceps
curls, triceps extensions, dumbbell press, incline deadlift,
overhead dumbbell press;

— exercises for the lower extremities: squats, knee ex-
tension and flexion, leg press, plantar flexion of the foot, hip
abduction and adduction, hip flexion, lower leg raises, lower
extremity raises;

— exercises for the core muscles: abdominal exercises,
pelvic lifting;

— specialized exercises: exercises with an elastic ball;

— stretching: exercises to stretch the lower extremities.

2. Combined training:

— aerobic + strength. Aerobic exercises are represented
by cycling, walking, step aerobics, circuit training. Strength
exercises include exercises with weights, elastic bands,
bodyweight exercises, dynamic exercises;

— aerobic + stretch/flexibility. Combine cycling er-
gometry with stretching and flexibility exercises;

— strength + stretching/flexibility. Combine strength
exercises with stretching and flexibility exercises;

— aerobic + strength + stretching/flexibility + balance
exercises. The most comprehensive combination that in-
cludes all the main components of physical fitness.

Summarizing the results of the second stage of our study,
we can conclude that the set of physical activities proposed
by Al corresponds to the physical exercises provided by the
authors of meta-analyses that included 131 scientific studies
assessing the effect of physical activity on the condition of
patients with CKD undergoing renal replacement therapy
[19, 20, 22].

Discussion

Both Al systems proposed PT complexes for CKD pa-
tients requiring renal replacement therapy that take into ac-
count different stages of rehabilitation (respiratory, aerobic,

strength, stretching, and relaxation). Thus, the knowledge
base inherent in Gemini Al and ChatGPT Al is sufficient to
be used in the development of physical activity programs for
the rehabilitation of patients with different diagnoses [17,
18, 23-29].

Currently, the issue of the legal framework for the use of
artificial intelligence in medical practice remains unresolved
in Ukrainian legislation, while there is hope that this issue
will be resolved with the availability of international experi-
ence and recommendations [30, 31].

Prospects for further research. Clinical analysis of physi-
cal rehabilitation methods for patients with CKD created
using Al

Conclusions

Artificial intelligence is a tool in the hands of a doctor
to provide medical care, the quality of this tool will also
depend on the qualifications of the doctor who will teach
(machine learning) Al to use the doctor’s knowledge and
competencies to optimize the process of creating complexes
of exercise therapy for rehabilitation purposes for patients
with kidney disease.
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Bespyk B.B.", IBaHos A.A.% LLkpo6aHeus I.A.3, IBaHYyk M., IBaruyk 1.4, CemaHb-MiHbko 1., lepBo3saHckka O.°
"BYKOBMHCBKIM APIKABHNA MEAMYHWA YHIBEOCUTET, M. YepHiBLi, YkpQiHa

’HavioHanbHm meandHni yHisepcuteT imeHi O.O. boromonsLst, M. Kuis, YkpaiHa

SHaLioHaAbHO QKAAEMIsSt MEAMYHMX HAQYK YKpQiHW, M. KuiB, YkpaiHa

“O6AaCHE KOMYHQAABHE HEKOMEPUIVHE MIAMPUEMCTBO «YepHIBELbKQ OBGAQCHA KAIHIYHO AIKQPHSI», M. YepHiBui, YkpaiHa
SKoMyHQAbHE HEKOMEPLIMHE MIAMPUEMCTBO «MICHKQ ANTSIHA KAIHIYHO AIKQPHST», M. YepHiBLi, YkpaiHa

AHQOAI3 BUKOPUCTOHHSI CUCTEM LUTYYHOTO iIHTEAEKTY AAS PO3PO6KM Nporpam ¢isuyHUX BNPAB
nia yac peabiAitauii HepPOAOTiYHUX NALLIEHTIB

Pesiome. Axryanpnicts. Ltyunuii intenexr (LII) — ue Ha-
MpsiIM MaTeMaTUYHOTO KOMIT IOTEPHOTO MOJEIOBaHHS, 110 Oa-
3YETbCSI HAa a0OCTPaKTHIill CYTHOCTI MaTeMaTUYHOTO MUCIEHHS.
XponiuHa xBopoba HupoK (XXH) € HO30/10TiUHOIO OAUHUIIEIO,
KiUJIbKiCTh MAIli€HTIB 3 TEPMiHAIBHOIO CTai€l0 SIKOI 32 OCTAaHHE
JecATUpivysl eKCMOHEeHIiHO 3pocia, ToMy BcecBiTHsI opraHi-
3allisi OXOPOHU 3M0POB’SI BU3HAE 11 TII00ATBHOIO TTPOOJIEMOIO 3a
TMOKa3HUKOM CMepTHOCTI. CBiTOBa iHAYCTPisl OXOPOHU 300POB’sI
€ OJIHMM i3 OCHOBHUX HaMpsiMiB MPaKTUYHOTO 3aCTOCYBaHHS Cy-
yacHUX po3pobok y cepi LI 3aBasiku airopurMam MaiimHHOTO
HaBUYaHHS, sKi BiIKPMBAIOTh HOBI MOXJIMBOCTI [JIs1 BUPILLIEHHSI
HANCKIaOHIIINMX 3aBOaHb MeAMUMHU Ta ¢dapmauii. Mera: mpo-
aHaJi3yBaTU MOXJIMBICTh BUKOPHMCTAHHSI KOMIUIEKCIB (Di3uuHMX
BrpaB (K®B), creopenux cucremamu LI, y nmauienris i3 XXH,
SIKi TIPOXOJISITh 3aMiCHY HUPKOBY Tepartilo, Ta nmopiBHsatH KDB,
sanponoHosani LI, 3i crmmckom K®B, 110 3acTocoByloThCs B
KJIiHIYHIKM mpakTulli (cucTeMaTU4yHi OMNISIAM Ta MeTaaHali3M)
Uit peabiniTaniiHol mormomoru B Hedposorii. Martepiaau Ta
MeToau. bysio mpoBeseHo HAyKOMeTPUUHMIT aHaui3 podeciitHoi
JIiTepaTyp 3 eIeKTpoHHUX 0a3 manux PubMed, Embase, Scopus

ta Web of Science, Cochrane CENTRAL. BignosigHo g0 metu
NOCJTIKEHHSI BUKOPUCTAHO TaKi MeToau: 6i0JioceMaHTUYHUM,
CUCTEeMHUI MiAXil, OMKCOBE MOJENIOBAHHSI 3 BUKOPUCTAHHSIM
cucrem LI — Gemini Ta ChatGPT. Pe3yabraTtu. Cucremu L1
(Gemini Ta ChatGPT) 3anponoHyBaiu mporpamu BIpas s Ma-
uieHTiB i3 XXH, 1o BpaxoByloTh pi3Hi eranu peadimitaiii (au-
XaJIbHi, aepoOHi, CUJIOBI, PO3TSKKa Ta peyiakcallisi). Ha MoMmeHT
OMUCOBOTO MOJENIOBAaHHSI 0a3a JaHWX, 110 BUKOPUCTOBYETHCS
Gemini Ta ChatGPT, € noctaTHbOIO /151 IXHPOTO PYTUHHOTO BU-
KOPUCTAHHS MPU po3po0O1li KOMILIEKCiB Hi3MUHUX BIpaB ISl pe-
abimitaiii HepPOJOTIYHUX TALIEHTIB i3 PI3HUMU HO3O0JIOTiSIMU.
BucnoBku. lITyuyHuii iHTEIEKT € IHCTPYMEHTOM y PyKax JIiKapsi
NI HAaJaHHS MEIMYHOI IOMOMOTHU; SIKiCThb IIbOTO iHCTPYMEH-
Ta 3ajexxatuMe Bia kBamidikaiii gikapsi, sikuii HapyaTUMe (Ma-
muHHe HaByaHHs) LI BukopucToByBaTH CBOI 3HaHHS Ta KOM-
TeTEeHIIil JUIsT ONTUMI3allil Mpolecy CTBOPEHHS peadiiTaliiiHuX
KOMIUIEKCIB JJIs1 TIALLIEHTIB i3 3aXBOPIOBAHHSIMU HUPOK 3 TTO3UIIi1
JI0Ka30BOi MEAULIMHU.

Kii0490Bi ciioBa: ¢isnuni Bnpasu; XpoHiuHa XxBopo6a HUPOK;
peabiniTaliifHa TOIMOMOra; ITYYHUI iHTEIeKT
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