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Abstract. Disorders involving impaired gastrointestinal peristalsis are widely prevalent both globally and in
Ukraine. Propulsives drugs, which enhance the motor activity of the gastrointestinal tract and prevent antiperistaltic
contractions of the intestinal smooth muscle, are used in the treatment of such conditions. This study aimed to assess
the outpatient consumption of medicinal products classified under group A03F propulsives in Ukraine between 2020
and 2022, in comparison with published data on the use of the same drug group in Norway, Estonia, Lithuania, and
Latvia. Consumption volumes were determined using the ATC/DDD methodology and expressed in DDDs per 1,000
inhabitants per day (DIDs). The results were compared with corresponding published statistical data from Norway and
the Baltic countries. The findings indicated that the consumption of medicines in group A03F ranged from 0.98 to 1.21
DIDs over the study period, with a decrease observed in 2022. Ukraine differed only slightly from Norway and the Baltic
states in terms of the consumption levels of these medicines. The leading position in the consumption of A03F group
medicines varied by year: in 2020 - Norway; in 2021 - both Ukraine and Norway; and in 2022 - Lithuania. The lowest
consumption volumes were recorded in Estonia. During the study period, domperidone was the most commonly used
propulsives in Ukraine, while metoclopramide was most widely used in Norway and the Baltic countries. A comparative
assessment of approaches to the use of propulsives in these countries was conducted. The findings may be used to
determine the level of access in Ukraine to essential medicines for patients with gastrointestinal motility disorders and
to support decision-making by healthcare authorities regarding regulatory measures

Keywords: pharmaceutical market; ATC/DDD methodology; medicine consumption; gastrointestinal motility
disorders; metoclopramide; domperidone; itopride hydrochloride; mosapride

Introduction

Disorders of peristalsis play a significant role in the  Epidemiology Study (RFGES), the global prevalence of func-
patho-genesis of many gastrointestinal (GI) diseases and  tional GI disorders averages 40.3%. These conditions have
conditions. According to the Rome Foundation Global substantial economic implications for healthcare systems
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and adversely affect patients’ quality of life [1]. As report-
ed by A. Vernon-Roberts et al. [2], functional GI disorders
account for approximately 5% of visits to primary care phy-
sicians and are a common reason for referrals to tertiary
care services for further investigation or to exclude serious
organic diseases. A. Fikree et al. [3] note that such disor-
ders are associated with 30% of outpatient gastroenterol-
ogy consultations and represent 12% of the workload in
primary care. Motor function disorders occur in patients of
various ages and sexes, although they are more frequently
observed in women than in men. According to Y.V. Karuli-
na [4], such disorders are present in over 30% of paediatric
patients with digestive system pathologies. These findings
highlight the relevance of investigating the population-lev-
el consumption of medicines used to treat gastrointestinal
peristalsis disorders.

Propulsives are the treatment of choice for GI motili-
ty disorders. Through various mechanisms of action, they
enhance GI motor activity, prevent antiperistaltic contrac-
tions of the intestinal smooth muscle, and are used as part
of first-line therapy for functional GI disorders. According
to V.V. Chernyavskyi & L.L. Pavlovskyi [5], medicines from
this group are considered a cornerstone of pharmacother-
apy and are prioritised in the treatment of functional dys-
pepsia with predominant postprandial distress syndrome.
In a study on approaches to prokinetic therapy for gastric
motility disorders conducted by M. Camilleri et al. [6], it
was found that propulsives are prescribed as the first phar-
macological option following dietary advice, due to their
ability to improve gastric emptying and alleviate symptoms
of gastroparesis. An expert review by the European Society
of Neurogastroenterology and Motility and the American
Neurogastroenterology and Motility Society, as presented
by S. Bor et al. [7], emphasised that medicines in this group
improve GI motility both regionally and throughout the in-
testine. Each agent has specific advantages and limitations,
as well as a distinct safety profile. These findings are sup-
ported by research conducted by Y.V. Nikiforova [8], which
explored the clinical use of propulsives. In particular, the
study highlighted the role of domperidone in the treatment
of functional dyspepsia and gastro-oesophageal reflux dis-
ease, as well as its potential use following gastric resection,
during cytostatic therapy, and in diabetic gastroparesis.

Available literature provides limited data on the con-
sumption of medicines from the AO3F group, propulsives.
The existing data, obtained using the ATC/DDD methodol-
ogy, are primarily the results of previous studies conducted
on outpatient consumption of medicines from this group in
Ukraine and selected other countries during 2016-2018 [9].
Comparable studies on the consumption of propulsives, ex-
pressed in DDDs per 1,000 inhabitants per day, conducted
outside Ukraine are not found in the currently accessible
literature. Only hospital consumption data for the broader
A03 group, Drugs for functional gastrointestinal disorders,
are available — specifically for Romania (1998-2018), as re-
ported by M. Pana et al. [10], and for Moldova (2009-2013),
as documented by E.P. Bernaz [11].

Given the growing global relevance of gastrointestinal
motility disorders, continued investigation into the con-
sumption of AO3F group medicines in Ukraine is warrant-
ed, along with a comparative analysis of their use in other
countries. This study aimed to assess the outpatient con-
sumption of AO3F propulsives in Ukraine between 2020 and
2022, in comparison with published data on the same group
of medicines in Norway, Estonia, Lithuania, and Latvia.

Materials and Methods
The study period (2020-2022) was selected based on the
most recent available statistical data on outpatient con-
sumption of AO3F group medicines, propulsives, in the
countries chosen for comparison. Data from the pharma-
ceutical market research system “Proxima Research’/”Mo-
rion” provided by Morion Ltd were used to analyse the range
and volume of these medicines. This included information
on the number of international non-proprietary names
(INNs), trade names (TNs), and units of medicine sold.
To assess outpatient medicine consumption, the ATC/
DDD methodology was employed. This method is recog-
nised by the World Health Organization (WHO) as the
international standard in this field. The ATC/DDD meth-
odology is based on the Anatomical Therapeutic Chemi-
cal (ATC) classification system and the assumed average
maintenance dose per day for a medicine used for its main
indication in adults (Defined Daily Dose - DDD) [12, 13].
Compared to other approaches that measure consumption
in physical units (e.g. number of packages), the ATC/DDD
methodology calculates a relative indicator and is consid-
ered the most reliable for evaluating whether the structure of
medicine use aligns with the needs of the healthcare system.
It also allows for meaningful cross-country comparisons.
The DDD values for the INNs of the medicines were
obtained from the WHO website [14]. Where DDDs were
not available, the Prescribed Daily Dose (PDD) was cal-
culated using the official instructions for medical use. To
determine the volume of AO3F propulsives consumed in
Ukraine, the number of DDDs for each medicine was cal-
culated for each study year, followed by the calculation of
DDDs per 1,000 inhabitants per day (DIDs). This relative
indicator made it possible to estimate the number of DDDs
consumed daily by every 1,000 people in the population
over the study period. For the calculation of DIDs, popu-
lation data from the State Statistics Service of Ukraine [15]
were used, reflecting the available population as of 1 Jan-
uary for each respective year: 2020 — 41,902.4 thousand;
2021 — 41,588.4 thousand; 2022 — 41,167.3 thousand. The
formula applied for the calculation was:

DIDs = DDDs x 1,000/Population of Ukraine x 365 days, (1)

where DDDs is the number of defined daily doses con-
sumed in Ukraine in a given year.

To compare the volume, structure, and dynamics
of outpatient consumption of A03F group medicines in
Ukraine during 2020-2022 with other countries, Norway
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and the Baltic states (Lithuania, Latvia, and Estonia) were
selected. The selection criterion for these countries was the

availability of statistical data on outpatient consumption of

AO03F medicines during the same period, calculated using
the ATC/DDD methodology, as published for Norway [16],
Estonia [17], Lithuania [18], and Latvia [19].

Results and Discussion

At the first stage of the study, the range of A03F propul-
sives available on the Ukrainian pharmaceutical market
during 2020-2022 was analysed, and the number of INNs
and TNs recorded within the study period was deter-
mined. The findings are presented in Table 1. Analysis
of the Ukrainian pharmaceutical market revealed that

medicines in the AO3F group were represented by four
INNs between 2020 and 2022: domperidone, meto-
clopramide, itopride hydrochloride, and mosapride.
The number of TNs for prokinetic agents varied slight-
ly over the years, ranging from 33 to 34. Domperidone
products accounted for the majority (18-20 TNs), while
mosapride was represented by only one TN. Throughout
the study period, the market was predominantly com-
posed of Ukrainian-produced AO3F medicines. Notably,
no Ukrainian-manufactured trade names of mosapride
were present during this time. The price range per pack
for TNs of metoclopramide, domperidone, and itopride
hydrochloride was broad, providing options suitable for
patients with varying levels of purchasing power.

Table 1. Range of AO3F propulsives on the Ukrainian pharmaceutical market in 2020-2022

Number of TN Number of Ukrainian/ . . .
ATC{::;‘;'::? of of medicines imported TNof medicines FLE bk et Gy Lz Loz, LG
2020 | 2021 {2022 | 2020 2021 2022 2020 2021 2022
AO3FAOT . 7 7 7 5/2 5/2 5/2 38.24-533.16 40.91-576.59 48.89-620.87
Metoclopramide
AO3FAO3 20 | 18 | 18 | 14/6 | 12/6 | 12/6 | 11.67-189.77 | 21.68-199.70 | 26.87-245.35
Domperidone
. AO3FAO7 . 6 7 8 1/5 2/5 2/6 111.59-641.80 115.39-656.51 133.39-855.36
Itopride hydrochloride
A03FAQ9 1 1 1 0/1 0/1 0/1 158.68 173.73 217.81
Mosapride
Total 34 33 34 20/14 19/14 19/15 11.67-641.80 21.68-656.51 26.87-855.36

Source: compiled by the authors based on original research

In Ukraine, the use of prokinetic agents is regulat-
ed by current unified clinical protocols for the medical
management of patients with gastro-oesophageal reflux
disease and dyspepsia [20, 21], as well as the new clin-
ical protocol “Guidelines 00172. Nausea and Vomiting,
developed by international experts [22]. Trade names
of metoclopramide, a representative of this pharmaco-
logical group, are included in the Affordable Medicines
programme, according to the List of Medicinal Products
subject to reimbursement under the state-guaranteed
healthcare scheme [23]. The next stage of the study in-
volved calculating DDDs per 1,000 inhabitants per day
(DIDs) for AO3F propulsives available on the Ukrainian
pharmaceutical market during the study period, with the

DDDs per 1,000 inhabitants per day

aim of assessing the volume, structure and trends in their
outpatient use. The results showed that consumption lev-
els of AO3F propulsives in Ukraine over 2020-2022 were
as follows: 2020 - 1.08 DIDs; 2021 - 1.21 DIDs; 2022 -
0.98 DIDs. Consumption figures for this medicine group
varied annually, with the lowest value recorded in 2022
compared to previous years. Based on these findings, cal-
culated per 1,000 Ukrainian inhabitants, it can be con-
cluded that approximately 0.10%-0.12% of the Ukrainian
population consumed one Defined Daily Dose (DDD) of
a propulsives each day throughout the respective years.
The consumption volumes of the INN of medicines be-
longing to the AO3F group in Ukraine during 2020-2022
are shown in Figure 1.
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Figure 1. Outpatient consumption of AO3F propulsives in Ukraine by INN, 2020-2022
Source: compiled by the authors based on original research
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The highest consumption volumes in 2020-2022 were
recorded for domperidone, which accounted on average for
49% of the total consumption of AO3F medicines. This can
be attributed to the wide availability of low-cost generics in
the Ukrainian pharmaceutical market. These findings are
consistent with data from the “PharmXplorer” market re-
search system by Proxima Research, which listed domperi-
done among the top 10 most frequently prescribed INNs by
gastroenterologists for digestive disorders in 2022 [24]. The
lowest consumption volumes were observed for mosapride.

During 2020-2021, the consumption of all AO3F propul-
sives increased, but in 2022, there was a decline, coinciding
with the onset of russia’s full-scale invasion of Ukraine. This
decrease may be linked to the significant migration of the
Ukrainian population to other countries.

The next stage of the study involved comparing the
results of outpatient consumption of AO3F propulsives in
Ukraine with published statistical data for 2020-2022 from
Norway, Estonia, Lithuania and Latvia. The results are pre-
sented in Table 2.

Table 2. Volume and structure of consumption (DDDs per 1,000 inhabitants per day)
of AO3F propulsives in Ukraine, Norway, Estonia, Lithuania, Latvia in 2020-2022

Indicator (DDDs per 1,000 inhabitants per day - DIDs)/country/years
No.| ATC code,INN of medicines Ukraine Norway Estonia Lithuania Latvia

2020 | 2021 | 2022 | 2020 | 2021 | 2022 | 2020 | 2021 | 2022 | 2020 | 2021 | 2022 | 2020 | 2021 | 2022
1 AO3FAO01 Metoclopramide 0.37|0.42 | 0.35|1.13 | 1.20 | 1.26 | 0.80 | 0.84 | 0.89 | 0.87 | 0.85 | 0.96 | 0.70 | 0.74 | 0.76
2 AO3FA03 Domperidone 0.56 | 0.58 | 0.46 | 0.01 | 0.01 | 0.01 | 0.01 | 0.02 | 0.02 | 0.17 | 0.19 | 0.22 | 0.31 | 0.31 | 0.31

3 | AO3FAQ7 Itopride hydrochloride | 0.13 | 0.18 | 0.15 | - - - - - - - 1024 - - -

4 AO3FAQ9 Mosapride 0.02 | 0.03 | 0.02 | - - - - - - - - - - -
Total 1.08 | 1.21 | 0.98 | 1.14 | 1.21 | 1.27 | 0.81 | 0.86 | 0.91 | 1.04 | 1.04 | 1.42 | 1.01 | 1.05 | 1.07

Source: compiled by the authors based on original research and data [16-19]

During the study period, a nearly identical propor-
tion of the population in each of the countries examined
consumed 1 DDD of one of the prokinetic agents daily:
Norway — between 0.11% and 0.13%, Lithuania — between
0.10% and 0.14%, Latvia — between 0.10% and 0.11%, and
Estonia — between 0.08% and 0.09%. Leadership in the vol-
ume of A03F propulsives consumption shifted across coun-
tries during the period: in 2020, Norway ranked highest; in
2021, Ukraine and Norway shared the lead; and in 2022,
Lithuania recorded the highest levels. Estonia consistently
reported the lowest consumption volumes throughout the
entire study period. Across all countries, the consumption
of AO3F propulsives fluctuated over time. In 2022, a decrease
in consumption was observed in Ukraine, while Norway,
Estonia, Latvia, and Lithuania recorded increases. Notably,
Lithuania experienced a 1.3-fold increase in 2022 com-
pared with 2020 and 2021, possibly due to an expansion in
the range of available INNs of prokinetic agents in that year.

An analysis of the consumption structure of this group
of medicinal products revealed that four substances were
used in Ukraine (metoclopramide, domperidone, itopride
hydrochloride, and mosapride). According to published sta-
tistical data from Norway [16], Estonia [17], and Latvia [19],
only two INNs (domperidone and metoclopramide) were
recorded over the three-year study period. In Lithuania, only
two INNs (domperidone and metoclopramide) were used
during 2020-2021, while in 2022, data on the consumption
of three INNs (domperidone, metoclopramide, and itopride
hydrochloride) were reported [18]. In Ukraine, domperi-
done was the clear leader in terms of consumption volume,
whereas in the other four European countries studied, met-
oclopramide was most frequently used. This indicates dif-
fering national approaches to the use of AO3F propulsives.

Ambulatory consumption of A03F group medicinal
products has been the subject of relatively limited aca-
demic investigation. Available literature includes data only
from a previous study by the authors on the use of this
group of medicinal products in 2016-2018 in Ukraine and
selected European countries (Norway, Estonia, Lithuania,
and Latvia) [9], with no additional research findings re-
ported by other scholars.

A comparison of the results of propulsives consump-
tion in Ukraine during 2020-2022, as presented in the cur-
rent study, with those from the earlier analogous study [9],
indicates that there were no significant changes in con-
sumption levels of this group of medicinal products over
the six-year observation period: 1.03 in 2016, 1.15 in 2017,
1.27in 2018 [9], 1.08 in 2020, 1.21 in 2021, and 0.98 in 2022.
While Ukraine led in the consumption of these medicines
among the studied European countries in 2018, it held low-
er positions in the rankings in 2016-2017 and 2020-2022.
However, the overall differences in consumption volumes
across the countries were relatively minor. Estonia consist-
ently recorded the lowest values for DDDs per 1,000 in-
habitants per day for this group of medicines across both
study periods (2016-2018 and 2020-2022). Over time, the
proportion of the population taking 1 DDD of a propulsives
daily remained largely unchanged in Ukraine, Norway, and
the Baltic states, ranging from 0.10% to 0.12% in Ukraine
during both the 2016-2018 and 2020-2022 periods. Norway
recorded a daily consumption rate of 0.11% during 2016-
2018, increasing slightly to between 0.11% and 0.13% in
2020-2022. In Lithuania, the proportion ranged from 0.12%
to 0.14% in 2016-2018, and from 0.10% to 0.14% in 2020-
2022. In Latvia, it varied between 0.11% and 0.13% during
2016-2018 and between 0.10% and 0.11% in 2020-2022.
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Estonia consistently showed the lowest values, from 0.08%
to 0.09%, across both periods. Notably, changes in the ap-
proach to the use of AO3F propulsives were observed only
in Lithuania. In 2022, the use of itopride hydrochloride was
introduced in the country, which may be attributed to its
favourable safety profile compared with other propulsives.
This advantage was explicitly highlighted in the Rome IV
criteria for functional gastrointestinal disorders [25]. The
leading substances by the number of consumed DDDs re-
mained unchanged in 2020-2022: in Ukraine, domperidone
was predominant, while in Norway and the Baltic states,
metoclopramide maintained its leading position. These two
medicines are the most widely known and well-researched
representatives of the propulsives [5, 6].

Metoclopramide and domperidone are both dopa-
mine receptor antagonists; however, they differ in chemi-
cal structure, and consequently in their safety profiles and
clinical applications [26-28]. Metoclopramide inhibits cen-
tral dopamine D2 and serotonin 5-HT3 receptors, blocks
intestinal D2 and muscarinic receptors, and acts as an ag-
onist at peripheral 5-HT4 serotonin receptors. According
to V.V. Chernyavskyi & L.L. Pavlovskyi [5], who examined
the use of propulsives in the management of functional gas-
troduodenal disorders, metoclopramide is primarily em-
ployed as an anti-nausea and antiemetic agent. In the opin-
ion of S.M. Tkach & A.E. Dorofieiev [26], who conducted a
comparative analysis of the efficacy and safety of dopamine
receptor antagonists in gastrointestinal disorders, metoclo-
pramide is considered a weak stimulant of intestinal peri-
stalsis and is most frequently prescribed for gastroparesis
of various origins. According to M.A. Kalas et al. [27], who
investigated the mechanism of action and safety profile of
metoclopramide, it is regarded as the only medicine ap-
proved by the FDA in the past 40 years specifically for the
treatment of gastroparesis.

According to a study by Y.V. Nikiforova [8] on the
role and place of domperidone in contemporary clini-
cal practice, domperidone is considered the treatment of
choice for managing peristaltic disorders and is included
in combination therapy regimens for GI disease. Dom-
peridone belongs to the benzimidazole class and acts as a
peripheral D2-receptor antagonist. These receptors medi-
ate dopamine’s predominantly inhibitory effect on smooth
muscle by interacting with the cholinergic system [26]. As
reported by H.V. Osiodlo & O.O. Fedorova [25], domperi-
done does not cross the blood-brain barrier and therefore
does not cause many of the central adverse effects asso-
ciated with metoclopramide, such as extrapyramidal dis-
orders, headache, dizziness or drowsiness. According to
V.V. Chernyavskyi & L.L. Pavlovskyi [5], the most clinically
significant adverse reactions associated with domperidone
involve the cardiovascular system. These include sudden
cardiac death, QT interval prolongation, severe ventricu-
lar arrhythmias and torsade de pointes tachycardia. As a
result, the use of domperidone has been restricted in many
countries [26], prompting numerous clinical studies on
its cardiovascular safety. These studies have supported

its continued use with strict precautions. A cohort study
by A. Cowan et al. [28] found a low risk of hospitalisa-
tion due to ventricular arrhythmia following a 30-day
course of outpatient treatment with domperidone. No
significant difference in risk levels was identified between
domperidone and metoclopramide. According to oth-
er researchers [25], significant adverse effects associated
with domperidone include elevated serum prolactin lev-
els and the development of gynaecomastia, galactorrhoea
and amenorrhoea. It is recommended that domperidone
be used at the lowest effective dose for the shortest dura-
tion necessary to control symptoms. This approach helps
minimise the risk of adverse effects, as demonstrated in
the study by S. Alkhowaiter et al. [29], which investigated
the treatment of chronic GI motility disorders in patients
with systemic sclerosis. These adverse effects may have in-
fluenced the level of domperidone consumption observed
in Norway, Estonia, Lithuania and Latvia, as established in
the present study. In Ukraine, the use of domperidone is
regulated by the current unified clinical protocols for the
management of patients with gastro-oesophageal reflux
disease and dyspepsia [20, 21].

The differences identified in the use of propulsives be-
tween Ukraine and the studied European countries high-
light the need for further investigation into the medical,
social, economic and political factors that affect the con-
sumption and therapeutic use of this group of medicines
across different countries. Relevant areas for exploration
include clinical prescribing practices, the structure and pol-
icies of national healthcare systems, regulatory frameworks
for medical care, medicine availability, patient awareness of
treatment, and adherence to prescribed therapies. The find-
ings from such studies could be valuable for healthcare pol-
icymakers and may contribute to improving medical and
pharmaceutical care for patients with GI motility disorders.

Conclusions

Using the ATC/DDD methodology, an assessment was
conducted of outpatient consumption of medicines in the
AO3F group, propulsives, in Ukraine during 2020-2022.
The results were compared with published data on the con-
sumption of this group of medicines in Norway and the
Baltic countries. During the study period, four INNs from
this group (metoclopramide, domperidone, itopride hy-
drochloride, and mosapride) were available on the Ukrain-
ian pharmaceutical market, represented by 33 to 34 TN of
medicines, mostly produced by Ukrainian manufacturers.
Outpatient consumption volumes of propulsives, measured
by the number of DDDs consumed, varied in Ukraine dur-
ing the study period, with a 19% decrease recorded in 2022
compared to 2021. This decline may be attributed to the
mass migration of the population abroad following the out-
break of full-scale war in the country.

The level of outpatient consumption of propulsives
in Ukraine during 2020-2022 differed only slightly from
that in Norway and the Baltic countries. Throughout the
study period, the consumption of medicines in this group
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fluctuated across all these countries, with the highest levels
recorded in different countries in different years — Norway,
Ukraine, and Lithuania. The lowest level of consumption
during 2020-2022 was observed in Estonia. In contrast to
Ukraine, a general upward trend in outpatient consump-
tion of propulsives was noted in Norway and the Baltic
countries, possibly reflecting gradual improvements in the
diagnosis of functional bowel disorders and increased at-
tention to patients’ quality of life.

In terms of structure, outpatient consumption of med-
icines in the AO3F propulsives in Ukraine differed sig-
nificantly from that in Norway and the Baltic countries.
In Ukraine, domperidone was the most commonly pre-
scribed, whereas metoclopramide predominated in Nor-
way and the Baltic states. Unlike Ukraine, clinical practice
in Norway, Estonia, and Latvia was limited to TNs based on
only two INNs (domperidone and metoclopramide), while
in Lithuania, three INNs (domperidone, metoclopramide,
and itopride hydrochloride) were used. These differences
reflect varying approaches to the treatment of conditions
associated with gastrointestinal motility disorders and the
use of this group of medicines across the studied countries,

which are shaped by national clinical guidelines, medical
traditions, and medicine availability.

The study findings may contribute to the development
of pharmaceutical policy and reimbursement systems for
AO3F group medicines in Ukraine within the framework of
outpatient care for gastrointestinal motility disorders. Giv-
en the widespread prevalence of such conditions among
the population of Ukraine and other countries, as well as
the observed variation in the use of propulsives across dif-
ferent nations, further research into the volume of AO3F
medicine consumption in Ukraine, and comparisons with
other countries in terms of consumption volume and struc-
ture, would be beneficial.
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AHoTauif. 3aXBOPIOBaHHA 3 PO3NafaMy IIEPUCTAIBTUKN IITYHKOBO-KMIIKOBOTO TPAaKTy 3HAYHO IIOLINPeHi cepef
HacelleHHA fIK B CBiTi, Tak i B YKpaini. IIpn ix miKyBaHHi 3aCTOCOBYIOTD IpenapaTy CTUMY/ATOPIB IePUCTAbTUKY, AKi
IIOCVWJIIOIOTh MOTOPHY aKTUBHICTb ITYHKOBO-KUIIKOBOI'O TPAKTY i 3a1106iraloTb aHTUIEPUCTAIBTUYHNM CKOPOYEHHAM
IJIaIKOI MyCKY/IaTypM B KUIIEYHNKY. MeTolo po60Ty 6y/a olliHKa aMOy/IaTOPHOTO CIIOXKMBAHHA TIKapChKUX 3aCO0iB IpyIn
AO03F «Crumynatopu nepucTanbTuky» y 2020-2022 pokax B YkpaiHi y IOpiBHAHHI 3 aHaJIOTiYHMMM ONy6TiKOBaHUMMU
TaHVIMU IIOJO CIIOXXVBAaHHA JIIKapCbKMX 3ac06iB 1i€l ) IpyIu B TaKux KpaiHax, Ak Hopseris, Ecronis, JIutsa Ta Jlarsis.
O6c¢caru cnoxuBaHHA IpemnapariB BusHadamu 3a ATC/DDD-Metoponorieio y mokasHukax «DDDs/1000 >xutenis/
menb» (ab6o DIDs). OTpuMani gaHi mopiBHIOBa/IM 3 aHAJIOTIYHMMY ONYO/IiKOBaHMMY CTaTUCTMYHUMY faHyumMy Hopserii
Ta Kpaid bantii. OCHOBHI pesynbTaTy HOCIiKeHHSA IIOKasaly, MO 00CATM CIOKUBaHHA JIKApCbKMX 3ac06iB rpymu
AO03F «CTMynATOpM IEepUCTAIBTUKI» MPOTATOM HOCiKyBaHoro nepiogy cranoswan 0,98-1,21 DIDs Ta B 2022 pomni
3MEHIIMINCh. YKpaiHa He3Ha4yHO BifipisHAmach Bif Hopserii Ta xpain banTii 3a piBHeM CIOXMBaHHA LIMX Ipenaparib.
IMosuwito nifepa 3a ob6cATaMM CIIOXXMBAHHA JIKapCbKUX 3aco6iB focmimxysanol rpymyu AO3F obiiManu pisHi kpainu:
2020 pix — Hopseris, 2021 pix — Ykpaina Ta Hopseris, 2022 pik - JIutBa. HariMeHIIi 00CATY CLIOXKVMBAaHHSA BCTAHOBJICHI B
Ectouii. JlifepoM 3a 06cAraMy CLIO>KMBaHHA y ZOCTIIXyBaHWil epion B Ykpaini 6yB noMiepunon, B Hopserii Ta kpaiHax
banTii — meToxknonpamiz,. [IpoBenena nopiBHANbHA OLliHKA MiIXO/iB 10 BUKOPUCTAHHA CTUMYIATOPIB NEPUCTANBTUKY B
nux KpaiHax. OTpuMaHi gaHi MOXXyTb Oy TV BUKOPMUCTaHI /I BCTAHOBJICHHA PiBHA 3a0e3Ie4eHOCTi B YkpaiHi nanieHTis
3 3aXBOPIOBAHHAMI, fKi CYIIPOBOPKYIOTbCS IIOPYIICHHAMY IIePUCTANIBTUKN ITYHKOBO-KVIIKOBOTO TPAKTy, 6a30BUMMU
IIpenapaTaMy I IX KOpeKIil, i [y NpuitHATTA BiAIIOBITHUX Pery/IATOPHUX pillleHb OpraHi3aTopaMyl OXOPOHM 3[JOPOB’s

Kntovosi cnoea: dapmanesTiyanii punok; ATC/DDD-MeTomomnoris; cCiokMBaHHsA JTIKapChbKUX 3ac006iB; MOPYIIEHH
NIepUCTATBTUKI IUTYHKOBO-KIIIKOBOTO TPAKTY; METOK/IOIPAMifj; JOMIEPH/IOH; iTOIPUAY TifipOXIOPU; MO3AIIpH,
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Abstract. Low-grade inflammation (LGI) underlies numerous chronic diseases, including today’s major non-
communicable pandemics such as cardiovascular diseases, metabolic syndrome, type 2 diabetes, obesity, chronic
obstructive pulmonary disease, chronic inflammatory bowel diseases, non-alcoholic fatty liver disease, chronic kidney
disease, neurodegenerative disorders, and certain types of cancer. This review aimed to analyse recent findings from
scientific and medical publications concerning LGI, which remains a pressing issue. Considerable progress has been made
in understanding key aspects of this condition, including the concept of LGI, its aetiology and pathogenesis, its role in
the onset and progression of chronic non-communicable diseases, as well as in approaches to diagnosis, treatment, and
prevention. Research in this area primarily focused on the aetiology and pathogenesis of LGI, its association with chronic
non-communicable diseases — especially metabolic disorders — and strategies for its modulation. The scope of this research
covered the concept and prevalence of LGI; the significance of unhealthy dietary patterns, gut microbiota, social and
psychosocial factors, sex and age in the aetiology and pathogenesis of LGI; certain molecular mechanisms involved in
LGI; and its role in the development and progression of various chronic conditions and syndromes, including chronic
pain, depression, Alzheimer’s disease, post traumatic stress disorder, irritable bowel syndrome, osteoarthritis, polycystic
ovary syndrome, metabolic disorders and their complications — metabolic syndrome, obesity, diabetes, atherosclerosis,
stroke, and cancer. Further attention is given to selected immune and humoral mechanisms linking LGI with metabolic
diseases, as well as to the application of diet and physical activity in the treatment and prevention of LGI. Research into the
biological and clinical aspects of LGI offered insight into its underlying causes and mechanisms, as well as those of related
chronic diseases. Understanding these factors contributes to the development of innovative strategies for the prevention
and treatment of LGI and associated chronic conditions

Keywords: inflammation; chronic non-communicable diseases; contemporary non communicable pandemics;
aetiology; pathogenesis; diagnosis; treatment; prevention

Introduction

From an evolutionary perspective, inflammation is a
non-specific protective and adaptive response of the body
to any local injury caused by infectious or non-infectious,
exogenous or endogenous factors. Its primary purpose is to
eliminate the harmful agent and the damaged tissue, pro-
moting the integrity of the affected organ. This response
represents the body’s first line of defence and is triggered
immediately following injury. Its effector systems include
connective tissue, the microcirculatory bed, and the blood

Suggest Citation:

system. Key effectors of inflammation involve non-specit-
ic immune cellular and humoral components within these
systems. At the same time, inflammation triggers activation
of the immune system as a whole, including the adaptive
(specific) immune response. This activation enhances the
local inflammatory response through immune system ef-
fectors and initiates systemic immune reactions and tar-
geted defence mechanisms. In this way, inflammation
serves as a means of both deploying innate immunity and
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activating adaptive immunity. However, this model applies
primarily to acute inflammation. In contrast, chronic in-
flammation becomes pathogenic in itself, forming the basis
of numerous chronic diseases. It contributes to fibrosis and
functional impairment of the affected organ, ultimately in-
creasing the risk of premature death.

Of particular relevance today is the phenomenon of
so-called low-grade inflammation (LGI), also referred to
as low-level, low-intensity, low-gradient, or low-differen-
tiation inflammation. It is widely considered to be a key
underlying factor in a range of chronic non-communicable
diseases. A previous review [1] summarised the existing
knowledge on the concept of LGI, its causes, its significance
in pathology as a foundation for chronic non-communica-
ble diseases, and its mechanisms. It also addressed the con-
sequences of LGI and outlined principles of its diagnosis,
treatment, and prevention. A general framework was pro-
posed to situate LGI within the broader pathological pro-
cess of inflammation, including an overview of its general
pathogenesis. Low-grade inflammation is a diffuse, chronic
inflammatory process that is morphologically and clinically
inconspicuous - often described as “microinflammation”. It
progresses slowly but steadily, contributing to the advance-
ment of the chronic disease with which it is associated. LGI
is linked to serious health complications, reduced quality
of life, and ultimately death. For this reason, it is often re-
ferred to as a “silent” or “hidden” killer. LGI is driven by
various lifestyle-related factors that disrupt physiological
balance, such as prolonged emotional or physical stress,
unhealthy dietary patterns, physical inactivity, weight gain,
obesity, and disturbances in circadian rhythms. It is charac-
terised by a sustained moderate increase in the production
of inflammatory mediators — such as reactive oxygen spe-
cies (ROS) and cytokines — as well as acute-phase proteins,
and tissue infiltration by macrophages. LGI can result in
chronic fatigue, reduced activity and concentration, weight
gain, decreased resistance to adverse factors, accelerated
ageing, and is a risk factor for mortality.

Asnoted by V.P. Chavda et al. [2], low-grade inflamma-
tion is implicated in a wide range of chronic non-commu-
nicable diseases, including cardiovascular diseases, type 2
diabetes (T2D), other metabolic disorders, cancer, auto-
immune conditions, gastrointestinal disturbances, respira-
tory diseases, neurodegenerative processes, reproductive
system dysfunctions, allergies, skin conditions, joint prob-
lems, headaches, food sensitivities, hormonal imbalances,
and sleep disorders. Even prior to the emergence of the
LGI concept, inflammation was believed to underlie more
than 70% of known human diseases. With the recognition
of the inflammatory basis of many chronic non-communi-
cable diseases, this figure has increased substantially, and
it is now often suggested that inflammation may be at the
root of virtually all diseases. M. Cifuentes et al. [3] particu-
larly emphasise the role of LGI in the development of to-
day’s non-infectious pandemics - such as obesity, cancer,
and cardiovascular diseases — which contribute to rising
global morbidity and mortality. LGI represents a shared

mechanism in the pathogenesis of these conditions. Ac-
cordingly, there is a pressing need to study its pathogenic
processes and to address the issue of LGI itself, in order to
develop effective strategies for its prevention and the pre-
vention of associated chronic diseases.

In the review by S. Surma et al. [4], it is summarised
that LGI plays a particularly significant role in the patho-
physiology of atherosclerotic cardiovascular disease, which
remains the leading cause of death worldwide. Elevated lev-
els of the inflammatory marker high-sensitivity C-reactive
protein (hs-CRP) are associated with a markedly increased
risk of all-cause mortality, as well as mortality from car-
diovascular diseases and cancer. Anti-inflammatory agents
such as canakinumab and colchicine have been shown to
significantly reduce the risk of cardiovascular events, rein-
forcing the central role of LGI in the pathogenesis of these
conditions. However, given that LGI represents a substan-
tial residual risk factor for atherosclerosis and numerous
other diseases and that the antiinflammatory effects of cur-
rently available treatments remain limited, further research
into therapeutic approaches is essential.

L.Ma.A. Balderas-Pena et al. [5] also report that LGI is
associated with the majority of human diseases - including
cancer, autoimmune disorders, metabolic syndrome, cardi-
ovascular diseases, and neurodegenerative conditions. The
authors analyse the link between LGI in obesity and the de-
velopment of T2D, and cardiovascular diseases (hyperten-
sion, ischaemic heart disease, stroke), as well as chronic kid-
ney disease, and cancer. They highlight the importance of
continued investigation into the relationship between LGI
and chronic disease. Thus, LGI may act not only as a cause but
also as a consequence and a key pathogenic mechanism of
chronicillness. Thisis particularly evidentin the case of excess
weight and obesity, which affect over 50% of the population.

According to the summary by M.T. Nogueira Silva
Lima et al. [6], the primary biomarkers of LGI include CRP,
cytokines such as interleukin (IL)-6 and tumour necrosis fac-
tor (TNF)-a, adhesion molecules like VCAM-1 and ICAM-
1, and the chemokine MCP-1. Elevated blood levels of CRP,
forinstance, havelong been used as an indicator of cardiovas-
cular disease risk, with thresholds for moderate or high risk
now well established at> 1.5 mg/L. However, a consensus has
yet to be reached regarding the most reliable biomarkers for
assessing the pathogenic and prognostic significance of LGI.

In summary, LGI is both a cause and a key pathogenic
mechanism in the development of a wide range of chron-
ic non-communicable diseases. Despite its clinical signifi-
cance, LGI often presents covertly, lacks clear morpholog-
ical features, and frequently goes undiagnosed, leading to
the development of complications. This underscores the in-
creasing need for deeper investigation into the mechanisms
underlying LGI, its role in the pathogenesis of systemic
diseases, the identification of key mediators and mark-
ers, and the refinement of approaches to early diagnosis,
prevention, and treatment. Accordingly, this study aimed
to review contemporary literature on the aetiology and
pathogenesis, diagnostic criteria, mechanisms of action,
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and clinical consequences of LGI, and to evaluate its signif-
icance as a universal underlying inflammatory process in a
wide array of chronic noncommunicable diseases.

This study was conducted in the format of a narra-
tive literature review. To compile the source base, a struc-
tured search for scientific publications was carried out in
open-access databases and academic online resources us-
ing the Google search engine with the query “Low-grade
inflammation”. Fifty consecutive articles on LGI published
between 2021 and early 2025 were selected for analysis.
Only peer-reviewed publications from academic journals
meeting scholarly standards were included. Research from
non-academic or non-specialist sources, as well as relevant
academic articles published prior to 2021, were excluded.
The selected sources were categorised according to the
main areas of LGI research: concept, aetiology, pathogen-
esis, diagnostics, treatment, and prevention. Additionally,
two further categories were created based on the analysis
of the literature, reflecting particularly relevant themes:
the role of age-related changes in the pathogenesis of LGI,
and the impact of LGI on the development of metabolic
disorders (including type 2 diabetes, obesity, and metabol-
ic syndrome). A brief analytical abstract was prepared for
each source, outlining the main points of the article and its
approach to interpreting LGI. These materials formed the
basis for the conclusions of the present review.

Concept and prevalence
of low-grade inflammation
It is important to note that ongoing research into LGI has
significantly expanded and deepened the understanding of
this phenomenon. According to S. Surma et al. [4], LGI is
characterised by the following features: 1) its trigger is a
damage-associated molecular pattern (DAMP), the expos-
ome, metabolic dysfunction, and tissue damage; 2) it is per-
sistent and unresolved in nature; 3) it involves inflamma-
tion of low intensity; 4) its course is influenced by collateral
tissue damage; 5) age is a key contributing factor; 6) it is a
“silent” form of inflammation - lacking the typical clinical
signs and biomarker levels observed in canonical inflam-
mation. At the same time, LGI, like classical inflammation,
is closely linked to oxidative stress: stimulation of Toll-like
receptors (TLRs) by DAMPs leads to increased production
of ROS and pro-inflammatory cytokines, including in-
terleukins 1B, 6, and 18, resulting in an inflammatory re-
sponse. LGI acts both as a cause and a pathogenetic mech-
anism within the “vicious cycle” of chronic disease, making
its control crucial both prior to and following the onset of
chronic conditions.

According to M. Cifuentes et al. 3], the general patterns
of LGI, also referred to as parainflammation, are as follows:

® LGI is a manifestation of tissue stress in response to
local or systemic damage that remains below the threshold
required to trigger classical inflammation or a pronounced
systemic inflammatory response (SIR);

® the principal triggers of LGI are metabolic in nature.
These include modified proteins (denatured, oxidised, or

glycated), elevated levels of saturated fatty acids, oxidised
low-density lipoproteins (LDL), homocysteine, and nu-
merous others. The development of LGI is also promoted
by the progressive accumulation of genomic, proteomic,
and metabolomic damage during ageing. Of particular
importance are scavenger receptors found on stromal mac-
rophages, endothelial cells, and other cells involved in me-
tabolism, immunity, and inflammation;

® LGI is marked by moderate features of SIR: blood
CRP concentrations typically range between 3 and 10 mg/L,
while levels of pro-inflammatory cytokines are elevated by
no more than two- to fourfold; significant tissue damage
and hypercoagulation are not characteristic; organ dys-
function develops slowly within the bounds of allostasis;

® when local clinical manifestations are present, it is
possible to differentiate between local and systemic LGI, as
seen, for example, in diabetic kidney disease;

@ LGI involves parenchymal and stromal cells of var-
ious organs, with relatively minor involvement of leuko-
cytes. Consequently, LGI lacks both a barrier function and
the visible features of classical inflammation;

® a key and integrative pathogenic feature of LGI is
systemic endotheliosis — pathological activation and dys-
function of endothelial cells, characterised by disruption of
the integrity of the endothelial glycocalyx;

® LGI is associated with interrelated changes in key
facultatively glycated tissues — namely adipose, hepatic,
and muscle tissues - leading to the development of insulin
resistance (IR) and further metabolic disturbances. Clini-
cally, LGI is therefore linked with obesity, metabolic syn-
drome (MetS), T2D, and sarcopenia. It is also associated
with atherosclerosis, hypertension, chronic heart failure,
neurodegeneration, osteoarthritis, and other conditions.

L.Ma.A. Balderas-Penia et al. [5] define LGI as pa-
ra-inflammation, or quasi-inflammation - a non-classical
type of inflammation marked by the long-term presence of
damage-associated factors, the absence of a distinct inflam-
matory focus, delocalisation of the process, compromised
mechanical barriers (linked to tissue ageing), damage-as-
sociated metabolic mediators, and endotheliosis. These fea-
tures are observed in obesity, MetS, T2D, and sarcopenia The
authors also argue that the combination of LGI with acute
inflammation may give rise to a “perfect” cytokine storm,
whereby chronic diseases associated with LGI exacerbate the
acute inflammatory response to a current injury, resulting
in hyperinflammation - as was seen in cases of COVID-19.

M.T. Nogueira Silva Lima et al. [6] suggest that LGI
may be formally defined as a pathological condition with-
out overt inflammation but characterised by sustained
and unresolved production of inflammatory mediators,
macrophage infiltration, adipocyte imbalance, or vascu-
lar injury. These effects are associated with metabolically
active tissues such as adipose tissue, skeletal muscle, and
the liver, highlighting LGI’s involvement in metabolic dis-
eases. In older individuals, the progression of LGI is also
linked to age-related immunosenescence and the accu-
mulation of cellular debris.
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Thus, LGI is understood as a non-classical form of in-
flammation - para-inflammation. Its key mechanisms, in-
cluding systemic endotheliosis, have been identified, and
its molecular and metabolic triggers explored in greater
depth. Future efforts should focus on further refining the
conceptual framework of LGI and clarifying the role of its
components in the aetiology and pathogenesis of related
chronic non-communicable diseases.

Actiology and pathogenesis
of low-grade inflammation
As previously noted, the causes of LGI include a range of
factors associated with disruptions to a healthy lifestyle, par-
ticularly poor dietary habits. M.T. Nogueira Silva Lima et
al. [6] demonstrated that excessive intake of advanced gly-
cation end products and macronutrients leads to increased
production of both local and systemic pro-inflammatory
biomarkers — thereby contributing to the development of
LGI - in both human and animal models. Further research
is needed to identify optimal biomarkers for the prediction
and diagnosis of LGI resulting from dietary imbalances.
M. Tristan Asensi et al. [7] found that the consumption of
ultra-processed foods (UPFs) plays a role in the onset of LGI
and, consequently, in the development of chronic non-com-
municable diseases. UPFs exert harmful effects not only due
to their nutritional profile but also through non-nutritional
components and their impact on gut health. The authors
conclude that public policy should aim to limit UPF con-
sumption and promote healthy eating in order to modulate
LGI and, in turn, improve population health outcomes.
R.N. Mello et al. [8] identified a strong association be-
tween the Dietary Inflammatory Index (DII) - which assess-
es the combined impact of dietary elements (whole foods,
nutrients, and food components) on inflammatory markers
such as cytokines and CRP - and obesity-associated LGI.
A pro-inflammatory diet was linked to elevated levels of
CRP, IL-1P, IL-6, and TNF-a. These findings suggest that
the DII may serve as a useful tool for establishing the rela-
tionship between dietary patterns and obesity-related LGI.
C. Vetrani et al. [9] presented new insights into the
role of gut microbiota in the aetiology and pathogenesis
of LGI. The microbiota plays a key role as a contributing
factor to LGI in obesity and its complications. Dysbiosis
results in increased intestinal permeability and diffusion
of bacterial lipopolysaccharide (LPS) and other antigens,
which activate pro-inflammatory pathways such as the
NLRP3 inflammasome and promote the transformation of
M1 to M2 macrophages - producers of TNF-a, IL-6, and
other mediators - leading to LGI. This, in turn, may cause
insulin resistance, impaired secretion of gut hormones,
and dysregulation of the gut-brain-adipose axis, thereby
contributing to obesity. Obesity further exacerbates dys-
biosis. Additionally, both dysbiosis and LGI may trigger
inflammation in adipose tissue, which strongly promotes
the development of obesity. In turn, obesity may intensify
LGI and jointly influence the composition of the gut mi-
crobiome. Thus, LGI functions as a trigger of obesity and

participates in multiple “vicious cycles”. It is therefore nec-
essary to identify effective strategies for modulating mi-
crobiota composition and reducing dysbiosis to mitigate
LGI in obesity and its associated complications.

Concerning hereditary and congenital factors, the
findings of F. Parisi et al. [10] are of particular interest.
These indicate that excessive maternal weight and obesity
are associated with increased birth weight, childhood obe-
sity, and a heightened risk of chronic non-communicable
diseases in offspring, resulting in a “vicious perpetuation”
of metabolic disorders. In cases of maternal obesity, LGI
may potentially extend to the placenta, leading to intrau-
terine disturbances. It may also affect the oocyte during
the early stages of embryonic and placental development.
Animal models of LGI have demonstrated an increased in-
cidence of metabolic dysfunction and obesity in offspring.
This metabolic imprinting may be mediated by cytokines
transferred from the maternal to the foetal circulation,
which are capable of modulating nutrient transfer across
the placenta. Further research is needed to examine the im-
pact of LGI on the maternal reproductive system and preg-
nancy outcomes, as well as to inform the development of
appropriate preventive measures.

Regarding the role of biological sex in the aetiology
and pathogenesis of LGI, Y.A. Mebratu et al. [11] found
that a deficiency in Bik (Bcl-2-interacting killer - a pro-
tein that facilitates the proteasomal degradation of nuclear
proteins) induces LGI and the development of spontaneous
pulmonary emphysema in female, but not male, mice. This
is attributed to lower levels of Bcl-2 and Bik in the lung tis-
sue and airway cells of females compared with males. Con-
sequently, targeting Bik and Bcl-2 to modulate LGI may
be crucial in the treatment of age-related chronic diseases.
These findings also highlight the significance of biological
sex in the aetiology and pathogenesis of LGI and related
chronic conditions. Clinically, they are relevant in light of
the increased susceptibility of women to chronic obstruc-
tive pulmonary disease (COPD).

The influence of social and psychosocial factors on LGI
warrants close examination. In a study by E. Chen et al. [12],
involving African American adolescents, the relationship
between experiences of discrimination and inflammation -
considered a key biological pathway in mental and physical
illnesses — was explored, with a focus on sex differences. Male
adolescents who reported higher levels of discrimination ex-
hibited a more pro-inflammatory phenotype, characterised
by stronger cytokine responses to stimuli, reduced sensitiv-
ity to anti-inflammatory agents, higher monocyte counts,
and increased LGI. These associations were not observed in
female adolescents. This suggests that male adolescents of
colour may be particularly vulnerable to LGI driven by psy-
chosocial stress and its potential impact on mental health.
In a separate study, H.C. Kaltenegger et al. [13] investigated
the relationship between psychosocial working conditions
and LGI among professionals caring for geriatric patients. A
direct correlation was found between work autonomy and
CRP levels, indicating a link between workplace stress, LGI,
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and the subsequent development of chronic diseases. Pro-
spective studies are needed to further elucidate the connec-
tions between psychosocial work environments, LGI, and
long-term health outcomes among healthcare professionals.

In terms of the pathogenesis of LGI, R. La Grotta et
al. [14] demonstrated that sodium-glucose cotransport-
er 2 inhibitors (SGLT-2i) reduce cardiovascular and renal
complications in patients with T2D. Given that LGI is a key
driver of vascular complications, the effect of SGLT-2i on
LGI in T2D was investigated. Patients treated with SGLT-2i
exhibited lower circulating levels of IL-6, as well as reduced
levels of uric acid and insulin. Further in vitro studies using
two LGI models — LPS-treated monocytes and endothelial
cells exposed to hyperglycaemia — confirmed the pro-in-
flammatory role of uric acid and insulin. These findings
suggest that SGLT-2i exert significant anti-inflammatory
effects against LGI, likely mediated through their capacity
to lower uric acid and insulin concentrations.

In summary, new and important insights have been
gained into the role of detrimental dietary patterns (includ-
ing excessive intake of advanced glycation end-products,
macronutrients, ultraprocessed foods, and pro-inflam-
matory diets in general), gut microbiota, social and psy-
chosocial factors, and biological sex in the aetiology and
pathogenesis of LGI and related chronic non-communica-
ble diseases. Mechanisms involving Bik, Bcl-2, and SGLT-2
have also been identified. Further research is required to
deepen understanding of the aetiology and pathogenesis of
LGI and its associated conditions and to develop novel ae-
tiotropic and pathogenetic therapeutic strategies.

The role of age in the aetiology

and pathogenesis of low-grade inflammation
Age is one of the endogenous aetiological factors contrib-
uting to disease. As noted above, it is a critical determinant
in the development of LGI. With increasing age, the like-
lihood of LGI and chronic diseases rises. Conversely, LGI
plays a significant role in the ageing process and age-related
conditions. It is also implicated in premature ageing. The
concept of LGI as a key factor in ageing and age-associated
diseases has been termed “inflammaging”. However, LGI
and chronic conditions may also arise during childhood.
H.H. Hauta-alus et al. [15] demonstrated that in children,
LGI - as assessed by hs-CRP - can persist from birth up to
the age of 6-8 years. This suggests a sustained pro-inflam-
matory phenotype during early life and indicates that the
risk of LGI-related chronic diseases may originate in the
intrauterine period or early childhood. According to E. Po-
lak-Szczybyto [16], children with obesity are at particularly
high risk of developing LGI, which may have a profound
impact on their long-term health. LGI can increase the like-
lihood of several diseases emerging at an early age. A raised
body mass index (BMI) in childhood is a known predictor
of MetS in adulthood. In children with obesity, assessing
the extent of LGI may assist in predicting conditions such
as cardiovascular disease and T2D. Such assessment would
also support the development of anti-inflammatory dietary

interventions aimed at reducing obesity and its adverse
health consequences in both childhood and later life.

B. Fang et al. [17] identified factors influencing adipo-
genesis, lipogenesis and the inflammatory microenviron-
ment of adipose tissue during ageing. Cellular senescence
and the depletion of adiposederived stem cells (ASCs) hin-
der the renewal of adipocytes, leading to their hypertrophy
and the development of LGI. Moreover, different ASC sub-
types may either promote or inhibit adipogenesis. Future
studies should investigate how changes in ASC subtypes and
immune cell populations affect the ageing of adipose tissue,
which may offer promising avenues foranti-ageing therapies.

In research related to the COVID-19 pandemic,
G. Muscogiuri et al. [18] proposed that LGI associated with
obesity may represent a critical vulnerability — an “Achil-
les” heel” - contributing to more severe outcomes of COV-
ID-19 in individuals with obesity. The authors summarised
evidence on the role of LGI in the clinical manifestations of
COVID-19 among obese patients in both childhood and
adulthood, along with the molecular mechanisms underly-
ing this association. Most children appear to be protected
against the acute hyperinflammatory response to SARS-
CoV-2. Among the comorbidities that impair an effective
immune response and increase susceptibility to and severi-
ty of COVID-19, obesity stands out as a major factor. Iden-
tifying LGI associated with obesity is important in guiding
decisions regarding hospitalisation, early respiratory sup-
port, and the use of immunosuppressive therapy to miti-
gate the severity of COVID-19.

A. Sudrez-Reyes & C.A. Villegas-Valverde [19] char-
acterised the immunopathogenic changes observed in
COVID-19 among elderly patients or those with chronic
non-communicable diseases. These changes include the
development of LGI accompanied by endothelial dysfunc-
tion and activation of the immune system - primarily the
innate branch - with increased production of proinflam-
matory mediators. These mediators trigger an unregulated
immune response, creating pathogenic conditions and im-
peding viral clearance. LGI functions as both an aetiologi-
cal and pathogenetic factor in diseases such as obesity, T2D,
hypertension, COPD, and cancer - all of which are risk fac-
tors for severe forms of COVID-19. The risk is significantly
elevated in individuals over the age of 60 with these condi-
tions. Further research is needed to elucidate the connec-
tions between LGI, chronic diseases, and alterations in the
immune response to COVID-19. A deeper understanding
of the role of LGI in COVID-19 pathogenesis may aid in
developing strategies to prevent and mitigate complications
during treatment. According to A. Salminen [20], LGI con-
tributes to compensatory immunosuppression associated
with ageing and age-related diseases, increasing the num-
ber of immunosuppressive cells in the body. While age-re-
lated immunosuppression may protect against inflamma-
tory damage, it also promotes tissue degeneration linked to
ageing and associated diseases. Clarifying the mechanisms
by which age-related immunosuppression adversely aftects
tissue homeostasis remains a key research priority.
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As age-related inflammation refers to LGI that develops
with advancing age in the context of chronic non-commu-
nicable diseases, and microRNAs (miRNAs) have been pro-
posed as potential biomarkers of these conditions in older
adults, G.B. Carvalho et al. [21] characterised the expression
of circulating miRNAs and their associations with inflam-
matory biomarkers in this population. The expression of cir-
culating miRNAs was found to be negatively correlated with
leptin concentrations. Negative associations were observed
between miRNAs, leptin, and/or LGI, suggesting a potential
role for miRNAs as biomarkers of cardiometabolic risk.

Y. Bao et al. [22] provided new insights into the effects
of LGI on brain structure, which are relevant to the under-
standing of accelerated ageing and the association between
LGI and neuropsychiatric disorders. Using an aggregated
LGI index - the inflammation score (INFLA score), which
includes CRP, leukocyte count, platelet count, and the gran-
ulocyte-to-lymphocyte ratio — together with neuroimaging
techniques, the study demonstrated that LGI is associat-
ed with reduced volumes in both subcortical and cortical
brain regions. Notable reductions were observed in areas
such as the globus pallidus, thalamus, insula, superior tem-
poral gyrus, and lateral orbitofrontal cortex. The most pro-
nounced effects were seen among urban residents, males,
and individuals with physical impairments. It has been
concluded that LGI may contribute to subclinical cognitive
decline or neuropsychiatric disorders through structural
neural pathways. These findings support the advancement
of clinical diagnostics and treatments for neuropsychiatric
conditions and suggest that anti-inflammatory dietary in-
terventions could serve as an early preventive strategy in
cases of subclinical brain involvement.

Thus, one of the major contemporary areas of research
into the aetiology and pathogenesis of LGI is the investi-
gation of age-related factors. New data have been obtained
regarding the proinflammatory phenotype in early child-
hood, the consequences of LGI in children with obesity,
age-related changes in adipose tissue and their role in in-
flammation, LGI in individuals of various ages with obesity
and COVID-19, immunopathogenic alterations in elderly
patients or those with age-related diseases during COV-
ID-19, compensatory immunosuppression associated with
ageing and age-related conditions, the role of miRNAs in
the pathogenesis of LGI in older adults, and the impact of
LGI on brain structure, accelerated ageing, and neuropsy-
chiatric disorders. These findings, along with further stud-
ies into the age-related aspects of LGI, are of significant im-
portance for the development of therapies targeting LGI, its
associated conditions, and ageing itself.

Association of low-grade inflammation

with chronic non-infectious diseases
Systematic research continues to shed light on the role of
LGI in the aetiology and pathogenesis of chronic non-com-
municable diseases, as well as their complications and out-
comes. W.B.S. Zhou et al. [23] have suggested that LGI
may act as a predisposing and/or triggering factor in the

development of chronic pain (CP), one of the main clinical
manifestations of peripheral neuropathy arising from inju-
ry or disease. Individuals with LGI often exhibit a higher
prevalence of chronic pain and psychological disorders.
Several hypotheses have been proposed to explain these
associations. Further studies are required to clarify the re-
lationship between LGI and CP.

Given that obesity is associated with an increased risk
of depression, and that LGI - commonly present in individ-
uals with obesity - is also linked to depression, K. Chu et
al. [24] investigated whether LGI mediates the relationship
between overweight and obesity and the development of
general, cognitive-affective, and somatic depressive symp-
toms. The findings indicate that excess body weight is asso-
ciated with elevated somatic depressive symptoms, but not
with cognitiveaffective or general depressive symptoms. A
similar pattern was observed with blood CRP levels. These
results suggest that LGI may mediate the relationship be-
tween overweight and somatic depressive symptoms.

W. Zhai et al. [25] examined the role of LGI in the mech-
anisms by which adipose tissue contributes to the onset and
progression of Alzheimer’s disease (AD) in the context of
obesity. AD is a leading cause of cognitive decline. Excess
body weight and obesity are closely associated with comor-
bidities such as hypertension, T2D, and IR, which signifi-
cantly contribute to the development of AD and the associat-
ed morbidity and mortality. Obesity induces LGI in adipose
tissue, which in turn promotes AD. LGI leads to neurode-
generation, apoptosis, and disruption of brain homeosta-
sis. Adipokines and resident immune cells within adipose
tissue mediate both the initiation and progression of AD.

The impact of peripheral LGI was explored in a mouse
model of AD with amyloid precursor protein (APP)
overexpression — AppNL-G-F - by J. Xie et al. [26]. They
demonstrated that peripheral LGI affects microglial char-
acteristics, the integrity of the blood-spinal cord barrier,
infiltration of peripheral immune cells, and deposition
of B-amyloid (Ap) in the brain. Mechanisms identified
include impaired AP clearance, persistent microglial ac-
tivation, neural dysfunction, AP efflux disturbances, and
promotion of AP aggregation. These findings indicate that
even peripheral LGI - not solely central neuroinflamma-
tion - contributes to AD progression, supporting the mod-
ulation of peripheral LGI as a potential therapeutic strategy
in the management of AD.

K. Patas et al. [27] investigated the causal relation-
ship between systemic LGI and central nervous system
(CNS) inflammatory processes in patients with post-trau-
matic stress disorder (PTSD). Pro-inflammatory activity
may play an ambiguous role in the pathogenesis of PTSD.
In fact, timely and targeted enhancement — rather than
suppression - of inflammatory responses may be benefi-
cial in individuals with LGI, particularly those exhibiting
suppressed microglial function. The authors concluded
that the detrimental impact of stress-related systemic LGI
should be considered alongside its often-overlooked adap-
tive effects at the tissue level.
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In their study, Y. Yuan et al. [28] demonstrated that in-
flammatory, immune, and hypothalamicpituitary-adrenal
(HPA) axis processes interact in irritable bowel syndrome
(IBS). A triad comprising altered immune cell activation in
the gut environment, changes in the intestinal microbiota,
and disrupted neuroimmune interactions contributes to
the development of LGI. IBS is a multifactorial condition
involving immunological, microbiotic, and brain-gut axis
signalling alterations. To advance understanding of the dis-
order, the authors propose conceptualising IBS as a micro-
bial disease of the immune-brain-gut axis.

M.A. Terkawi et al. [29] provided evidence that LGI
plays a central role in the development of osteoarthri-
tis (OA), sustaining synovial inflammation triggered by
DAMPs arising from extracellular matrix injury or necrot-
ic cells, and promoting catabolic responses in chondro-
cytes that lead to cartilage degeneration. Attenuation of
joint inflammation and subsequent OA progression may
be achieved by modulating interactions between synovial
macrophages and chondrocytes, aiming to limit DAMP
activity. Additionally, the use of probiotics, prebiotics, di-
etary antioxidant supplements, and physical activity has
been shown to reduce LGI. Further research is needed to
improve understanding of the pathological roles of DAMPs
and LGI in OA, which may offer new opportunities for
identifying therapeutic targets.

According to M. Orisaka et al. [30], LGI may induce ox-
idative stress and fibrosis in ovarian tissue. Elevated levels of
pro-inflammatory cytokines in follicular fluid are frequently
observed in polycystic ovary syndrome (PCOS), endometri-
osis, and ageing. In women with PCOS and obesity, LGI is
driven by hyperandrogenism and IR, which in turn exacer-
bate oxidative stress and impair follicular development. In
ovarian endometrioma, LGI is triggered by iron overload,
resulting in oxidative stress, ferroptosis, and ovarian fibrosis.
Duringageing, LGIisinitiated by inflammatoryageing factors
secreted by senescent cells, which promote oxidative stress in
the ovary. Therefore, controlling LGI may represent a novel
therapeutic strategy for preventing pro-inflammatory mi-
croenvironments, dysfunction, and fibrosis in ovarian tissue.

R. Dey et al. [31] demonstrated that the progression of
PCOS is associated with increased leukocyte counts and el-
evated CRP levels in peripheral blood. The CRP-to-albumin
ratio may serve as a reliable biomarker for PCOS. An early
indicator of the condition could be a rise in neutrophil and
lymphocyte counts. Another inflammatory marker useful
in diagnosing PCOS is the neutrophilto-lymphocyte ratio
(NLR), while the platelet-to-lymphocyte ratio (PLR) can
help assess disease prognosis. The TNF-a levels show a posi-
tive correlation with IR. The IL-6 may also be elevated in IR,
posinga cardiovascular risk factor for women. Elevated levels
of interleukins 17, 1, and 8 have been found to correlate with
the severity of PCOS. It is hypothesised that the hyperan-
drogenic state characteristic of PCOS may activate resident
macrophages, resulting in LGI and a pro-inflammatory mi-
croenvironment. The use of these inflammatory biomarkers
is crucial for the early detection and management of PCOS.

In summary, numerous recent studies have produced
new insights into the role of LGI in the aetiology and
pathogenesis of chronic non-communicable disorders,
particularly conditions such as CP, depression, AD, PTSD,
IBS, OA, and PCOS. In addition to well-established LGI-
associated conditions such as CP, depression, AD, and OA,
newly recognised associations now include PTSD, IBS, and
PCOS. These findings, along with continued research in
this area, are of critical importance for the development of
novel strategies for the prevention and treatment of a wide
range of chronic conditions.

The role of low-grade inflammation

in the aetiology and pathogenesis

of metabolic diseases

LGI plays a significant role in the development of metabol-
ic conditions such as dyslipidaemia, atherogenesis, obesity,
T2D, and systemic arterial hypertension. For this reason, it
is often referred to as “metaflammation” [1]. LGI is particu-
larly characterised by metabolic stress associated with ele-
vated levels of circulating inflammatory mediators, and by
a sustained moderate imbalance in adipocyte function or
endothelial activity - effects linked to metabolically active
tissues such as adipose tissue, the liver, and skeletal muscle.
This highlights the involvement of LGI in the aetiology and
pathogenesis of metabolic diseases. LGI not only contrib-
utes to the onset of obesity, T2D, and atherosclerosis, but
the participation of metabolic tissues also defines and in-
tensifies the progression of LGI [6].

A comprehensive review by D. Rodriguez-Vera et
al. [32] focuses on the association between LGI and MetS.
LGI is identified as a central mechanism underlying the ae-
tiology and clinical manifestations of MetS, contributing to
its adverse outcomes. Changes in gut microbiota are ob-
served both in the presence of MetS and in cases of LGI
independently of MetS. Furthermore, microbiota compo-
sition is influenced by diet. Dietary patterns modulate LGI
and the microbiome and play a crucial role in the treatment
of MetS. The review demonstrates a link between metabolic
disturbances in MetS, LGI parameters, the state of the gut
microbiota, and dietary interventions applied to treat MetS
and regulate inflammation and microbiota composition.

E Varra et al. [33] summarised evidence concerning
the association between LGI and the consequences of obe-
sity. Obesity contributes to the development of MetS, IR,
T2D, hypertension, atherosclerosis, dyslipidaemia, cardio-
vascular disease, respiratory disorders, and various types of
cancer. The molecular and pathophysiological mechanisms
linking obesity with its outcomes are primarily driven by
LGI and oxidative stress. Obesity induces a pro-inflamma-
tory state within adipocytes, characterised by the release of
pro-inflammatory adipokines — such as plasminogen acti-
vator inhibitor-1, visfatin, resistin, and leptin - and infiltra-
tion of adipose tissue by M1 macrophages, which produce
inflammatory cytokines including IL-1p, IL-6, and TNF-a.
Obesityrelated factors such as high-calorie diets, seden-
tary behaviour, the adipose tissue microenvironment, and
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dysregulation of the gut microbiota further exacerbate LGI.
Clinical studies have demonstrated the efficacy of molecu-
lar therapies targeting obesity-associated LGI, particularly
in enhancing insulin sensitivity and improving metabolic
function. The authors conclude that there is a need to iden-
tify novel, effective, and safe molecularly targeted agents.

The renin-angiotensin system (RAS) may represent
a key pathogenic link between obesity and IR. M. Cop-
po et al. [34] investigated RAS activity in circulating T
cells from individuals with obesity, both with and with-
out IR and LGI, in the presence or absence of angiotensin
IT stimulation. Their findings revealed that LGI amplifies
the T-cell RAS response to angiotensin II stimulation.
Moreover, RAS gene expression in T cells and serum lev-
els of inflammatory cytokines were inversely related to
insulin concentration, suggesting a protective role of in-
sulin against the development of LGI. S. Sharif et al. [35]
demonstrated that LGI, measured via hs-CRP, is an inde-
pendent risk factor for both vascular mortality and all-
cause mortality among high-risk patients with T2D. No
association was found between log(hs-CRP) and either
myocardial infarction or stroke. LGI may therefore repre-
sent a therapeutic target for reducing residual cardiovas-
cular risk in patients with T2D.

The LGI indicator known as the INFLA score has
been shown to closely correlate with the severity of acute
ischaemic stroke, as assessed by the National Institutes of
Health Stroke Scale (NIHSS), throughout the course of
the illness. Furthermore, LGI has been identified as a po-
tential predictor of poor outcomes at 90 days in patients
with acute ischaemic stroke [36]. The association between
LGI and stroke recurrence in individuals with ischaemic
stroke has also been analysed. Patients who experienced a
recurrent stroke had higher LGI scores, as measured by the
INFLA score than those without recurrence. Therefore,
an elevated LGI score was associated with an increased
risk of stroke recurrence, independent of other vascular
risk factors [37]. LGI has also been linked to higher risk
and earlier onset of cardiometabolic multimorbidity - the
co-occurrence of two or more cardiometabolic condi-
tions, such as coronary heart disease, T2D, hypertension,
and stroke - in middle-aged and older adults. Monitor-
ing and screening for the INFLA score in adults without
cardiometabolic diseases may improve early prevention of
cardiometabolic multimorbidity [38].

In a prospective study, Y. Peng et al. [39] assessed the
association between the Finnish Diabetes Risk Score (FIN-
DRISC) and the risks of cancer incidence and mortality, as
well as the mediating role of LGI in this relationship. It was
found that dose-dependent increases in FINDRISC were
associated with higher overall cancer incidence and mor-
tality, including for most site-specific cancers. This associa-
tion was primarily mediated by LGI. Therefore, individuals
at increased risk of developing T2D should also be targeted
for cancer prevention strategies.

A. Fedulovs et al. [40] investigated the relationship
between endotoxaemia, MetS, and LGI in type 1 diabetes

(T1D). Higher levels of endotoxaemia were observed in
patients with both T1D and MetS, along with statistically
significant associations between markers of endotoxaemia,
hsCRP, and MetS. These findings are clinically relevant,
highlighting the potential value of screening for and man-
aging MetS with consideration of endotoxaemia severity.
Further research into the inflammatory response mecha-
nisms in T1D is also warranted, as it may lead to new ap-
proaches for treating LGI and MetS to slow the progression
and complications of T1D.

Immune mechanisms play a significant role in
the pathogenesis of metaflammation. According to
M. van de Vyver [41], these mechanisms involve abnor-
mal metabolic activation of innate immune cells - such as
neutrophils, macrophages, dendritic cells, and mast cells -
which, in turn, contribute substantially to disease progres-
sion. A prominent example of this is the obesity-diabetes
link. As a result, the treatment of patients with T2D should
focus not only on weight reduction and glycaemic control
but also on anti-inflammatory therapy. Early introduction
of such therapy is recommended - during the obesity stage
preceding the onset of T2D.

Monocyte polarisation in the context of LGI facil-
itates the pathogenesis of atherosclerosis. S. Geng et
al. [42] demonstrated that the adaptor molecule TRAM
(TRIF-related adaptor molecule), associated with the
TIR-domain-containing adaptor inducing interferon-f
(TRIF), mediates monocyte polarisation both in vivo and
in vitro. Mice deficient in TRAM were resistant to high-fat
diet-induced atherosclerosis. Intravenous administration
of TRAM-deficient monocytes to mice with atherosclero-
sis significantly reduced disease progression. These find-
ings suggest that targeting TRAM may support the effi-
cient generation of therapeutic monocytes suitable for the
treatment of atherosclerosis.

A. Lautenbach et al. [43] found that bariatric surgery
(including gastric bypass and other weight-loss proce-
dures) can reduce markers of obesity-related LGI - such
as levels of CRP, hs-CRP, ferritin and leukocytes - for up
to four years post-surgery. Improvements in metaflam-
mation were associated with reductions in BMI and long-
term remission of T2D.

Thus, an important area of research into the role of LGI
in the aetiology and pathogenesis of chronic non-commu-
nicable diseases is its function as metaflammation in the
development of metabolic disorders. Numerous recent
studies have produced new findings on LGI as both a cause
and mechanism underpinning metabolic diseases, their
complications and outcomes - such as MetS, obesity, dia-
betes, atherosclerosis, stroke and cancer. The importance of
immune mechanisms in the pathogenesis of LGI has been
demonstrated, including the immune-mediated effects of
LGI, its role in the activation of the RAS, and the associa-
tion between LGI and endotoxaemia in metabolic condi-
tions. These findings support the rationale and importance
of incorporating anti-inflammatory therapy into the com-
prehensive treatment of metabolic disorders.
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Diagnosis, treatment and prevention

of low-grade inflammation

As LGI is associated with nutritional status, S. Surma et
al. [4] argued that the prognostic inflammatory and nutri-
tional index (PINI), which assesses levels of CRP, al-acid
glycoprotein, albumin and transthyretin, serves as a val-
uable diagnostic tool. PINI is designed to evaluate nutri-
tional status and LGI in patients with inflammatory con-
ditions, with or without impaired enteral nutrition. The
authors concluded that dietary interventions based on
natural food sources are crucial for reducing LGI, thereby
improving overall health, lowering the risk of chronic dis-
eases, delaying and/or preventing cardiovascular disease,
and improving clinical outcomes.

Dietary strategies are essential for regulating LGI and,
consequently, for enhancing quality of life and preventing a
broad range of chronic conditions [44]. L. Barrea et al. [45]
demonstrated that ketogenic diets (KDs) may serve as a die-
taryinterventioncapableofreducingLGIand oxidative stress
in individuals with obesity. KDs exert anti-inflammatory
effects through several mechanisms, including the suppres-
sion of nuclear NF-«B activation, inhibition of the NLRP3
inflammasome, and the blocking of histone deacetylases.
Further research is required to explore the potential of KDs
in the treatment of obesity and its associated complications.

The potential to mitigate LGI through phytonutri-
ents — particularly plant-derived flavonoids - is well doc-
umented [1]. V.A.S. Ayyadurai et al. [46] investigated the
effectiveness of a fruit, berry and vegetable (FBV) juice
blend containing bioactive compounds such as luteolin, ep-
icatechin, epigallocatechin gallate, lycopene, quercetin, and
vitamins A, C, and E. Consumption of FBV significantly
reduced the production of TNF-a, IL-1B, the chemokine
CCL2, and ROS. Thus, FBV provides a combination of bi-
oactive substances that act synergistically to reduce LGI in
the context of chronic disease.

Y. Zhang et al. [47] reported that whole grains hold
considerable promise as dietary resources for preventing
LGI in individuals with existing health conditions. Their
active ingredients — including B-glucan, resistant starch,
arabinoxylan, phenolic acids, flavonoids, phytosterols and
lignans — combat LGI through a range of intracellular sig-
nalling pathways and immunomodulatory mechanisms.
Further research is needed to assess the potential applica-
tion of whole grains for LGI modulation.

Recent transcriptomic studies have led to the devel-
opment of multicomponent medicinal products for treat-
ing LGI of various origins. These include plant- and or-
gan-based extracts targeting the skin and musculoskeletal
system (Traumeel: Tr14), liver (Lycopodium compositum:
HC-24), and joints (Zeel-T: Ze-14). Molecular pharma-
cognosy may offer an effective approach for identifying
and validating plant-derived agents capable of adequately
controlling LGI [48].

R. Divella et al. [49] emphasised that the Mediterrane-
an diet and physical activity activate biological mechanisms
capable of counteracting LGI, which is present in cancer

patients. This suggests that maintaining a healthy lifestyle
during cancer treatment may alleviate the adverse effects
of both the disease and its treatment, thereby improving
patients” quality of life. As a result, cancer treatment pro-
grammes should always incorporate additional interven-
tions such as dietary modifications and physical exercise.

N.C. Bishop et al. [50] demonstrated that reducing
sedentary behaviour and increasing physical activity helps
to lower LGI in individuals with obesity, thereby decreas-
ing the risk of cardiometabolic diseases. This effect was
observed independently of any changes in body weight.
Moreover, even an increase in light physical activity was
sufficient to reduce LGI. This provides a more accessible
strategy for overweight and obese individuals to manage
LGI and improve their cardiometabolic health.

In a study examining LGI prevention in children
through enhanced physical activity, A.O. Agbaje [51]
found that increased total sedentary time was associated
with heightened inflammation, as indicated by hs-CRP
levels. However, greater engagement in light physical ac-
tivity produced a twofold reduction in inflammation, and
this effect was more resilient to the influence of body fat
than that of moderate or vigorous physical activity. There-
fore, efforts to prevent and manage LGI should focus on
promoting light physical activity.

A substantial body of research on LGI has been devot-
ed to its management. Notably, both the treatment and pre-
vention of LGI can be achieved through natural interven-
tions such as dietary modification and increased physical
activity. This aligns with the understanding that LGI often
results from disruptions to a healthy lifestyle, particularly
poor dietary habits and physical inactivity. It also supports
the notion that the prevention and mitigation of chronic
non-communicable diseases may be possible by addressing
these contributing factors.

A review of the literature reveals significant progress
in LGI research in recent years. The LGI is now regarded
as an atypical form of inflammation - para-inflammation.
There has been a deeper investigation into its initiating
mechanisms, particularly molecular and metabolic factors,
and key processes such as systemic endothelial dysfunction
have been identified. New insights have been gained into
the aetiology and pathogenesis of LGI and its associated
chronic non-communicable diseases, including the role of
unhealthy diets, gut microbiota, social and psychosocial
influences, and biological sex. Mechanisms implicated in
LGI, such as Bik, Bcl-2, and SGLT-2, have also been ex-
plored. Among the aetiological factors, age has received
the greatest research attention. New findings have been ob-
tained regarding the pro-inflammatory phenotype in early
childhood, the consequences of LGI in children with obe-
sity, age-related changes in adipose tissue and their role in
the onset of inflammation, LGI in patients of various ages
with obesity and COVID-19, immunopathogenic chang-
es in COVID-19 among older individuals or those with
age-related diseases, compensatory immunosuppression
associated with ageing and age-related conditions, the role
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of miRNAs in the pathogenesis of LGI in the elderly, and
the impact of LGI on brain structure, accelerated ageing,
and neuropsychiatric disorders. The largest area of LGI re-
search concerns its role in the aetiology and pathogenesis
of chronic non-communicable diseases. The conditions and
syndromes studied include CP, depression, AD, PTSD, IBS,
OA, and PCOS. Thus, to the previously recognised condi-
tions associated with LGI - such as CP, depression, AD,
and OA, newly recognised associations now include PTSD,
IBS, and PCOS. A significant proportion of research in this
area focuses on metaflammation, i.e. the role of LGI in the
aetiology and pathogenesis of metabolic diseases, their
complications and consequences, including MetS, obesity,
T2D, atherosclerosis, stroke, and cancer. The importance
of immune mechanisms in the pathogenesis of LGI has
been highlighted, along with the immunological pathways
through which LGI acts, the role of LGI in activating the
RAS, and its link with endotoxaemia in metabolic diseas-
es. A substantial part of LGI research is also devoted to its
treatment and prevention, particularly through the use of
natural factors such as diet and increased physical activity.

Current research on LGI primarily focuses on its aeti-
ology and pathogenesis — particularly age-related aspects —
its association with chronic non-communicable diseases
(especially metabolic disorders), and its potential for thera-
peutic correction. An analysis of 50 articles on LGI revealed
that 17 addressed its aetiology and pathogenesis, including
eight focused specifically on the role of age; 21 explored its
links to chronic non-communicable diseases, of which 12
examined metabolic conditions; and 9 dealt with diagnosis,
treatment, and prevention — mainly correction (8). The re-
maining three papers focused on the prevalence of LGI and
the conceptual understanding of this type of inflammation.

Overall, the problem of LGI undeniably remains high-
ly relevant. A growing body of evidence suggests that it
plays a significant role in the aetiology and pathogenesis of
chronic diseases, acting as a cause and/or key pathogenetic
mechanism. The range of conditions associated with LGI
continues to expand. Based on recent findings, there is in-
creasing interest in assessing the effectiveness and potential
of anti-inflammatory therapies as part of comprehensive
treatment strategies for various chronic non-communica-
ble diseases. Further research into the biological and clin-
ical aspects of LGI is required to deepen understanding of
its underlying causes and mechanisms, as well as its con-
nections to chronic illness, and to support the development
of innovative strategies for prevention and treatment.

Conclusions

A review of the literature confirms that LGI remains a
pressing issue. LGI is recognised as a cause and/or a key
pathogenetic mechanism underlying many chronic dis-
eases. Between 2021 and early 2025, significant new find-
ings have emerged concerning various aspects of LGI, in-
cluding its definition, aetiology and pathogenesis, its role
in the development of chronic non-communicable dis-
eases, as well as its diagnosis, treatment, and prevention.

Particular attention has been given to the influence of
age in LGI pathogenesis, its association with metabolic
disorders, and strategies for its correction. Of the 50 re-
viewed publications on LGI, 17 addressed its aetiology and
pathogenesis — 8 of which focused on age-related factors;
21 examined its links to chronic non-communicable dis-
eases, including 12 that specifically dealt with metabolic
conditions; and 8 were devoted to its correction. LGI re-
search has explored a wide range of relevant topics, such
as its definition and prevalence; the role of harmful dietary
patterns, gut microbiota, psychosocial and social determi-
nants, biological sex, and age in its development; mecha-
nisms including Bik, Bcl-2, and SGLT-2; and the involve-
ment of LGI in the aetiology and pathogenesis of chronic
diseases and syndromes, including chronic pain, depres-
sion, Alzheimer’s disease, post-traumatic stress disorder,
irritable bowel syndrome, osteoarthritis, polycystic ovary
syndrome, metabolic disorders, and their complications
and consequences — namely, metabolic syndrome, obesity,
diabetes mellitus, atherosclerosis, stroke, and cancer; the
significance of immune mechanisms in the pathogene-
sis of LGI, the immunological mode of action of LGI, its
role in the activation of the RAS, and its association with
endotoxaemia in metabolic diseases have also been high-
lighted. Additionally, the use of dietary interventions and
physical activity in the treatment and prevention of LGI
has received growing attention. Research into the role of
age in the aetiology and pathogenesis of LGI has explored
the pro-inflammatory phenotype in early childhood, the
consequences of LGI in children with obesity, age-related
changes in adipose tissue and their role in inflammation
onset, LGI in individuals of different ages with obesity and
COVID-19, immunopathogenic changes in older adults or
those with age-related diseases during COVID-19, com-
pensatory immunosuppression associated with ageing
and age-related conditions, the role of microRNAs in the
pathogenesis of LGI in the elderly, and the impact of LGI
on brain structure, accelerated ageing, and neuropsychiat-
ric disorders. Studies focused on the diagnosis, treatment,
and prevention of LGI have examined the diagnostic value
of the PINI, the efficacy of ketogenic diets, fruit and veg-
etable juice, whole grain products, and multi-component
herbal and organ-based medicinal preparations in LGI
management. Further research has addressed the use of
diet and exercise to counteract LGI in cancer, the reduc-
tion of sedentary behaviour and increase in physical activ-
ity to mitigate LGI in obesity, and the effectiveness of light
physical activity in lowering LGI levels in children.

Future efforts should focus on expanding the under-
standing of the conceptual components of LGI and their
relevance in the aetiology and pathogenesis of associated
chronic non-communicable diseases. Research into the
causes and mechanisms of LGI and its related patholo-
gies should be directed towards the development of novel
strategies for aetiotropic and pathogenetic therapy. Con-
tinued investigation into the age-related aspects of LGI
is of particular importance for informing therapeutic
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approaches to LGI, its associated conditions, and the age-
ing process. Further studies are also essential to clarify the
role of LGI in the aetiology and pathogenesis of chronic
non-communicable diseases, including metabolic disor-
ders, which is of critical importance for the justification of
new methods for the prevention and treatment of a wide
range of chronic conditions. Additionally, the develop-
ment of new approaches to the diagnosis, treatment, and
prevention of LGI and its associated diseases remains a
key research priority.
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Klymenko

Mporpec Ta nepcneKkTuBu pocnigkeHHss HU3bKOCTYNEHEBOro
ANdY3HOro XpoHi4HOro 3anasieHHsa: ornan niteparypm

Mukona KnumeHko

JOKTOp MeauyHMx HayK, npodecop

YopHOMOPCHKMI HallioHaIbHUI YHiBepcUTET iMeHi MeTpa Moruau
54003, Byn. 68 AecaHTHuKiB, 10, M. MmMKonaiB, YKpaiHa
https://orcid.org/0000-0002-7671-1891

AHoTauis. Huspkoctynenese gudysHe xponiune sananennsa (low-grade inflammation — LGI) € mpu4nHOI0 YMCIeHHUX
XPOHIYHMX 3aXBOPIOBAaHb, Y TOMY YMC/Ii Cy4acHUMX HeiH(eKUifHMX MaHfeMiil — cepleBO-CYAMHHUX 3aXBOPIOBAHD,
MeTabO/NIiYHOTO CUHAPOMY, IIYKPOBOro AiabeTy 2 TUITY, OXUPIiHHA, XPOHIYHOrO OOCTPYKTMBHOIO 3aXBOPIOBAHHSA
JleTeHb, XPOHIYHMX 3alla/IbHMX 3aXBOPIOBAHDb KUIIEYHVKA, HEaJKOTOJIbHOI XXVMPOBOI XBOPOOU IMediHKM, XPOHIYHOI
XBOpOOY HUPOK, HellpofereHepaTMBHIX 3aXBOPIOBaHb, esAKUX GopM paky Tomo. MeTa po6oTi — npoaHaaisyBaTu
OCTaHHI faHi HayKOBMX MeM4YHMX Iy6nikaniit mpo LGI, mpo6ieMa AKOro 3ajqMIIae€TbCcA aKTyanbHOW. [JocATHYTHI
3HAUHUII IIpOrpec y po3pobui Takyx nuraHb Liei mpobnemy, Ak moHATTA npo LGI, itoro etiosnoria Ta maroreHes,
ponb LGI y BUHMKHEHHI Ta pO3BUTKY XPOHIYHMX HeiH(eKUIHMX 3aXBOPIOBaHb, AiarHOCTMKA, JIIKyBaHHA Ta
npodinakruka LGI. ITepeBaxxHMMy HapsAMaMU JOCTIIKeHDb LIbOTO 3allaJIeHHA € JI0r0 eTionoris Ta maToreHes, 38’ 130K
3 XpOHIYHMMM HeiHpeKUiTHMMNY, 0cO0MIUBO 3 MeTabOIIYHIMM, 3aXBOPIOBAaHHAMMY Ta JIOr0 KOpPeKIid. 3a TeMaTHKOIO
TOCITKeHHA CTOCYIOTbCA HOHATTA Ta mommpeHocTi LGI; 3Ha4eHHA IIKifIMBOrO TMITy Xap4yyBaHHS, KMUIIKOBOI
Mikpo6ioTy, coljjaJbHUX Ta IICMXOCOLia/IbHMX YMHHUKIB, CTaTi Ta BiKy B erionoril Ta martorenesi LGI; meskmx
MOJIEKY/LIPHUX MeXaHi3MiB LGI; posi y BMHMKHEHHI Ta pO3BUTKY TaKMX XPOHIUYHMX 3aXBOPIOBAaHDb Ta CHMH/POMIB, AK
XpOHIYHMIT 6i/b, felpecis, XxBopoba AblreiiMepa, IOCTTPaBMAaTUYHUI CTPECOBUIT PO3JIaJ], CMHAPOM IOJPa3HEHOro
KMIIeYHMKA, OCTEOAPTPUT, CUHAPOM IONIKMCTO3HUX fA€YHUKIB, MeTaOOJiuHi 3aXBOPIOBaHHA, iX yCK/IafHEeHHA Ta
HACTigKY — MeTaOOoJiYHUII CUHIPOM, OXMUpIHHA, IYKpOBUil fiabeT, aTepockIepos, IHCYIbT, pakK; HeAKUX IMyHHMX
Ta TYMOPaJIbHUX MeXaHi3MiB B3aeM03B’A3Ky Mk LGI Ta MeTabo/miYHMMU 3aXBOPIOBAaHHAMM; BUKOPYCTAHHA Ni€TU
Ta (i3nyHOI aKTUBHOCTI y mikyBaHHi Ta npodinaktuni LGI. HocmimkenHns 6iomorivanux Ta KiHiYHKMX acnekTiB LGI
TO3BOJIAE€ 3’ ACYBAaTV IPUYVHM Ta MEXaHi3MM JIOTO caMOTrO Ta B3a€EMOIIOB A3aHVX 3 HYM XPOHIUHNX 3aXBOPIOBaHb, a
PO3YMIHHA LIMX IPUYMH Ta MEXaHi3MiB CIIpusA€e po3po6bii iHHOBaLiIIHUX cTpaTeriil mpodinakTuky Ta mikyBaHHA LGI
Ta aCOLIiIIOBAHMX XPOHIYHMX 3aXBOPIOBAHD

KntovoBi cnoBa: 3amajeHHs; XpoHiyHi HeiHdekUiliHI 3aXBOpIOBaHHA; cydacHi HeiH(eKuiini manmeMmii; eTionoris;
IIaTOreHes; NiarHOCTYIKA; JIIKyBaHHA; PodimaKTIKa
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Abstract. Myofascial pain after uterine surgery, in particular caesarean section and myomectomy, is a common
problem that significantly reduces the quality of life of women in the postoperative period. Traditional methods of
treatment do not always demonstrate high efficiency, which necessitates the search for alternative approaches to pain
relief, one of which is the dry needle method. The aim of the study was to evaluate the effectiveness of the dry needle
method in the correction of myofascial pain in women after caesarean section and myomectomy in comparison with
standard methods of treatment. The prospective randomised controlled trial involved 12 women (aged 25-45 years)
who underwent caesarean section (n=_8) or myomectomy (n=4). The patients were divided into a treatment group
(n =6), which received dry needling in addition to standard therapy, and a control group (n = 6), which received
standard therapy alone. The pain intensity was assessed using a visual analogue scale, McGill questionnaire, quality
of life (sf-36), anxiety and depression levels using the HADS scale were studied before treatment, 7, 14, 30 and 90
days after treatment. Patients in the main group showed a significant decrease in pain intensity by 45.8% after 7 days
and 78.3% after 30 days of treatment, compared to the control group - 23.2% and 56.1%, respectively (p <0.01). The
st-36 quality of life scores in the intervention group were 32.5% higher after 30 days and 41.2% higher after 90 days
compared to the control group (p <0.01). The level of anxiety and depression according to the HADS scale decreased
by 38.7% and 42.3%, respectively, in the main group compared to the control group (p <0.05). The use of the dry
needle method in the complex treatment of myofascial pain in women after cesarean section and myomectomy
demonstrates high efficiency in reducing pain intensity, improving the quality of life and psycho-emotional state of
patients compared to standard methods of treatment. The method can be recommended as an additional therapeutic
approach in such patients

Keywords: myofascial trigger points; rehabilitation; postoperative period; physical therapy; pain relief

Introduction

Myofascial pain syndrome (MPS) is a common issue for  indicates that the incidence of post-operative pain syn-
women following pelvic organ surgeries, especially after ~ drome is around 60%, significantly exceeding other com-
Caesarean sections and myomectomies. Current research  plications [1]. This highlights the urgent need for effective
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treatment and rehabilitation methods for these patients, as
traditional approaches don’t always provide adequate pain
relief. Persistent pain substantially lowers quality of life,
hinders social integration, and can lead to the pain syn-
drome becoming chronic.

Analysis of recent scientific publications reveals a
growing interest in alternative MPS treatments, with dry
needling holding a particularly important place. In their re-
search, C. Fernandez-de-Las-Peflas & J. Nijs [2] presented
a contemporary neurophysiological model of how dry nee-
dling affects myofascial trigger points. They demonstrated
that mechanical irritation from the needle triggers a cas-
cade of tissue reactions, helping to reduce pain and muscle
spasm. The authors noted that the method’s effectiveness
depends on accurately identifying trigger points and the
correct technique for the manipulation.

An updated systematic review and meta-analysis by
M.]. Navarro-Santana et al. [3] showed the effectiveness of
dry needling for myofascial trigger points associated with
neck pain symptoms. The researchers found a statistically
significant reduction in pain intensity and improved func-
tional status in patients compared to control groups, with the
treatment effect lasting for an extended observation period.

I.C. Lara-Palomo et al. [4] systematically compiled data
on dry needling’s effectiveness for chronic lower back pain
in their systematic review and meta-analysis of randomised
controlled trials. The authors confirmed a significant re-
duction in pain intensity and improved functional status in
the active treatment group compared to the control group,
finding a correlation between the number of procedures
and the degree of clinical effect.

In their systematic review, F. Dach & K.S. Ferreira [5]
investigated the best evidence-based practices for treat-
ing myofascial lower back pain with dry needling. The
researchers determined optimal procedure parameters
(needle insertion depth, session duration, frequency of
procedures) for achieving maximum therapeutic effect and
developed recommendations for applying the method in
various clinical situations.

Researchers M. Chys et al. [6] conducted an umbrella
review on the clinical effectiveness of dry needling in pa-
tients with musculoskeletal pain. They systematised data
on the mechanisms of dry needling for myofascial pain in
different locations, identifying local, segmental, and cen-
tral components of its analgesic effect. The researchers also
demonstrated improved microcirculation in the area of
myofascial trigger points after the procedure, which aids in
flushing out inflammatory and pain mediators and is a key
mechanism of the method’s therapeutic action.

A significant contribution to understanding the effec-
tiveness of myofascial trigger point therapy was made by
M. Olesiejuk et al. [7] in their 2023 study. The authors
demonstrated that myofascial trigger point therapy sig-
nificantly reduces the myotonometric tone and stiffness
of the trapezius muscle, leading to a notable improvement
in headaches and muscle pain in patients with migraines.
The study confirmed not only the local effects of trigger

point therapy but also its systemic impact on pain sensi-
tivity and neuromuscular function, which is particularly
important for understanding the mechanisms of action in
chronic pain syndromes.

A comprehensive review of the treatment and manage-
ment of myofascial pain syndrome within the best practic-
es of clinical anaesthesiology was presented by I. Urits et
al. [8]. The researchers determined the optimal parameters
for the dry needling procedure (needle insertion depth,
session duration, frequency of procedures) to achieve max-
imum therapeutic effect and developed clinical recommen-
dations for applying the method in various clinical situa-
tions, including the post-operative period.

Of particular interest is the randomised controlled
clinical trial by N. Sedighimehr et al. [9], conducted in
2024 and dedicated to the effectiveness of dry needling
for chronic pelvic pain in women. The authors demon-
strated that myofascial trigger points play a key role in the
development of central sensitisation in pelvic pain, and
that dry needling can effectively modulate pain responses
at the spinal cord level and in higher parts of the nervous
system. This study is especially valuable for understand-
ing the mechanisms of dry needling in pain syndromes
in women after pelvic organ surgeries, demonstrating the
potential to influence central pain mechanisms that often
complicate the post-operative course.

Despite the considerable amount of scientific research
on the effectiveness of dry needling for myofascial pain of
various origins, there is still a lack of sufficient attention in
contemporary literature to its specific application in women
following gynaecological and obstetric surgeries. Most ex-
isting studies focus on musculoskeletal pathology, and the
characteristics of myofascial pain syndrome after uterine
interventions and the effectiveness of dry needling in this
category of patients remain under-researched. The study’s
aim was to evaluate the clinical effectiveness of dry needling
in the complex treatment of myofascial pain in women af-
ter Caesarean sections and myomectomies by determining
changes in pain intensity, quality oflife, and psycho-emotion-
al state of patients compared to standard therapy methods.

Materials and Methods
This prospective, randomised controlled study was con-
ducted at the Department of Biosafety and Human Health
at the National Technical University of Ukraine “Igor Sikor-
sky Kyiv Polytechnic Institute” and the “Spina+” rehabili-
tation centre. Data was collected between December 2024
and April 2025. The study adhered to the principles of the
World Medical Association’s Declaration of Helsinki, spe-
cifically “Ethical Principles for Medical Research Involving
Human Subjects” [10]. All participants were fully informed
of the potential risks associated with consenting to the use
of their data in scientific research, as well as the assurance
of anonymity and confidentiality. Following this, they pro-
vided signed consent to participate.

The study included 12 women aged 25 to 45 years
(mean age 34.2+5.7 years). All participants had undergone
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either a Caesarean section (n=38) or a myomectomy (n=4)
and had been diagnosed with myofascial pain syndrome
according to the diagnostic criteria of J.G. Travell et al. [11].
Criteria for inclusion of patients in the study:

1. Women aged 25-45 years after caesarean section or
myomectomy;

2. The presence of myofascial pain of moderate to high
intensity (>4 points on the visual analogue scale (VAS);

3. Postoperative period - from 4 weeks to 6 months;

4. Signing an informed consent to participate in the study.

Exclusion criteria:

. Presence of acute infectious diseases;

. Blood clotting disorders and anticoagulant use;

. Allergic reactions to metals (for dry needle method);
. Mental disorders;

. Oncological diseases;

. Pregnancy;

. Decompensated somatic diseases;

. Patient refusal to participate in the study.

The patients were divided into two groups: the main
group (n=6) - patients who received treatment with the dry
needle method in addition to standard therapy; the control
group (n=6) - patients who received only standard therapy.
Each group included 4 patients after caesarean section and
2 patients after myomectomy. The groups were comparable
in terms of age, social status, parity, body mass index, post-
operative period, and pain nature and intensity (p > 0.05).

Standard therapy in both groups included:

® non-steroidal anti-inflammatory drugs (meloxicam
15 mg/day) for 7 days;

® muscle relaxants (tizanidine 4 mg twice daily) for
14 days;

® physiotherapy procedures (low-intensity laser ther-
apy, 10 sessions);

®a complex of therapeutic physical culture (daily
throughout the observation period).

In the main group, dry needling was additionally per-
formed. The procedures were performed by a certified spe-
cialist with at least 5 years of experience. Disposable ster-
ile acupuncture needles with a size of 0.25 x 40 mm were
used. The treatments were performed twice a week for the
first two weeks, then once a week for the next two weeks
(6 sessions in total).

During the dry needling procedure, active myofas-
cial trigger points were targeted, which were detected by
palpation in the muscles of the anterior abdominal wall
(rectus abdominis, external and internal obliques), lum-
bosacral muscles and pelvic floor muscles. When myofas-
cial trigger points (MTPs) were identified, the needle was
inserted perpendicular to the skin and advanced until it
reached the muscle (Fig. 1). After that, rapid reciprocat-
ing movements of the needle in different directions were
performed to obtain a local twitch response. The needle
was left in the tissue for 10-15 minutes, and periodic ma-
nipulations (scrolling, deepening, surface movements)
were performed to maintain the feeling of deqi (a specific
sensation in acupuncture).

NN U AW

Dry Needling
Intramuscular manual therapy

Superficial
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muscle

Trigger
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Nerve
Figure 1. Schematic representation
of the dry needle insertion technique

Source: [12]

The effectiveness of the treatment was assessed by the
following parameters:

® Pain intensity on the Visual Analogue Scale (VAS)
from 0 to 10 points;

® Qualitative pain characteristics using the McGill
Pain Questionnaire;

@ Quality of life using the SF-36 questionnaire;

® Anxiety and depression levels using the Hospital
Anxiety and Depression Scale (HADS);

@® Number of active myofascial trigger points (MTP);

® Need for additional use of analgesic medications;

® Presence of side effects and complications.

Statistical data processing was performed using SPSS
Statistics v.25.0 software. For quantitative data, the mean
and standard deviation (M * SD) were calculated. Student’s
t-test for independent samples and x* test for categorical
variables were used to assess the reliability of differences
between groups. Differences were considered statistically
significant at p <0.05.

Results and Discussion
A comprehensive study of the effectiveness of the dry nee-
dle method in 12 women after uterine surgery demonstrat-
ed statistically significant advantages of this method com-
pared to standard therapy in all evaluated parameters. The
obtained results revealed not only the analgesic effect of the
method, but also its positive impact on the quality of life
and psycho-emotional state of patients, which is of great
clinical importance for this category of patients.

The average age of patients in the main group was
33.8 £ 5.4 years, in the control group - 34.6 £ 6.0 years
(p = 0.47). Body mass index in the main group was
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26.4+4.2 kg/m?, in the control group - 25.9 + 3.8 kg/m*
(p =0.56). The average postoperative period at the time
of inclusion in the study was 8.4 + 2.1 weeks in the main
group and 8.2 1.9 weeks in the control group (p =0.63).
The groups were comparable in terms of socio-demograph-
ic characteristics, obstetric and gynaecological history and
the nature of the operations (p>0.05).

The initial VAS pain intensity in patients of the main
group was 6.8 = 1.2 points, in the control group - 6.7 £1.3
points (p =0.78). The most frequent MTPs were detected
in the rectus abdominis muscles (83.3%), lumbar muscles
(76.7%), lumboiliac muscles (65.0%) and pelvic floor mus-
cles (58.3%). The average number of active MTPs in the main
group was 5.4+ 1.8, in the control group - 5.2+ 1.6 (p=0.68).

In patients of the main group treated with the dry
needle method, a progressive decrease in pain intensity
was observed throughout the observation period. In par-
ticular, the VAS scores decreased by 45.8% after 7 days,
61.5% after 14 days, 78.3% after 30 days and 85.2% after 90
days of treatment compared to the baseline. In the control
group, the reduction in pain was less pronounced, with
the corresponding figures being 23.2%, 40.3%, 56.1% and
65.3% (p <0.01 between groups at all stages). This result
demonstrates not only a more significant analgesic effect
of complex treatment with the inclusion of the dry needle
method, but also a faster achievement of the therapeutic
effect, which is especially important for patients in the
early postoperative period.

A clinically significant reduction in pain (defined as a
>50% decrease from baseline) was observed in 78.3% of
patients in the main group and in 43.3% of those in the
control group after 14 days (p <0.001), and in 91.7% and
66.7%, respectively, after 30 days (p <0.01). These indicators
indicate a significantly higher effectiveness of the integrat-
ed approach using the dry needle method and are of great
practical importance for predicting treatment outcomes.

Analysis of the qualitative characteristics of pain ac-
cording to the McGill questionnaire showed that before
treatment, patients in both groups were dominated by
sensory descriptors of pain: “aching’, “burning’, “pulling”,
“sharp’, “tense”. After treatment, a more pronounced de-
crease in both sensory and affective components of pain
was observed in patients of the main group compared to
the control group. Such dynamics indicates a complex ef-
fect of the dry needling method not only on the intensity
of pain, but also on its qualitative characteristics, which
corresponds to modern ideas about the multicomponent
nature of pain syndrome.

The index of the number of selected descriptors before
treatment was 10.8 = 2.4 in the main group and 10.5+2.2
in the control group (p=0.59). In 30 days after the start of
treatment, this indicator decreased to 3.2+ 1.1 in the main
group and to 5.9+ 1.6 in the control group (p <0.001). The
ranked pain index decreased from 27.3+5.6 to 6.8 +2.3 in
the main group and from 26.9 +5.4 to 14.2 + 3.8 in the con-
trol group (p <0.001) (Table 1).

Table 1. Dynamics of SF-36 quality of life indicators in the study groups

Before treatment After 30 days After 90 days
Scale SF-36 Main group C;r;tJ; ! Main group c;r;tur; ! Main group C;r;th !

Physical functioning (PF) 57,2+10,3 | 58,4+11,2 | 78,6+8,1* | 65,2+9,3* | 85,3+7,2* | 72,1+8,5*

Role functioning due to physical condition (RP) | 34,5+15,2 | 33,9+16,1 | 72,8+12,3* | 51,4+14,2* | 80,5+10,1* | 62,7 +12,5*
Pain intensity (BP) 35,3+8,4 36,1+9,1 77,4+7,2* | 58,5+8,4* | 82,3+6,5* | 65,2+7,8*

General health (GH) 58,7+11,2 | 57,9+10,8 | 75,2+8,3* | 65,3+9,1* | 80,1+7,4* | 70,2+8,3*

Vital activity (VT) 45,2+9,3 44,8 +9,7 72,5+7,6* | 59,4+8,2* | 78,6+6,8* | 67,3+7,5*

Social functioning (SF) 53,1+12,4 | 52,5+11,9 | 82,3+9,5* | 68,2+10,3* | 87,4+8,2* | 74,5+9,6*

Role functioning due to emotional state (RE) 42,3+16,5 | 43,1+15,8 | 76,5+10,2* | 60,4+11,8* | 83,2+9,5* | 68,7+10,4*
Mental health (MH) 51,4+10,5 | 50,8+11,2 | 75,8+8,3* | 62,7+9,5* | 80,3+7,6* | 70,2+8,9*

Notes: *p < 0.05 compared to pre-treatment values; all differences between groups after 30 and 90 days are statistically significant (p < 0.01)

Source: authors’ data

The table analysis shows that the greatest increase was
observed in the “Pain intensity” (BP), “Role functioning
due to physical condition” (RP) and “Social functioning”
(SF) scales. At 30 days after the start of treatment, the scores
on these scales in the intervention group were 32.5%, 41.6%
and 20.7% higher, respectively, compared to the control
group (p <0.01). After 90 days, the difference between the
groups persisted, although it was less pronounced: 26.2%,
28.4% and 17.3%, respectively (p <0.01). These results con-
firm the comprehensive positive effect of the dry needling
method not only on the physical but also on the psycho-
social component of patients’ health, which is especially

important for full rehabilitation and restoration of normal
life. Prior to treatment, patients in both groups exhibit-
ed elevated levels of anxiety and subclinical symptoms of
depression. In the main group, the average score on the
anxiety scale was 11.2 + 3.4, and on the depression scale -
9.8£2.6; in the control group, the corresponding indicators
were 11.5+3.2 and 9.6 £2.8 (p > 0.05). 30 days after the
start of treatment, the level of anxiety decreased to 5.4+ 1.8
points in the main group and to 8.2 +2.3 points in the con-
trol group (p <0.001). The level of depression decreased to
4.3+ 1.5 points in the main group and to 7.1 £ 2.1 points
in the control group (p < 0.001). 90 days after the start of
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treatment, the main group showed normalisation of the
psychoemotional state (anxiety — 3.2 + 1.2 points, depres-
sion — 2.8 £ 1.0 points), while the control group maintained
subclinical manifestations of anxiety (6.7 £ 1.8 points) and
depression (5.4 £ 1.6 points) (p < 0.001 between groups).
These data indicate a significant improvement in the psy-
cho-emotional state of patients in the main group, which
can be explained not only by a decrease in pain intensity but
also by the psychological aspects of dry needling treatment.

An important criterion for the effectiveness of treat-
ment was the reduction in the number of active MTPs.
At the beginning of the study, the average number of ac-
tive MTPs in the main group was 5.4 1.8, in the control
group - 5.2+ 1.6 (p=0.68). After 14 days of treatment, the
average number of active MTPs decreased to 2.3+ 0.9 in the
main group and to 3.8 1.2 in the control group (p <0.001).
After 30 days, the corresponding indicators were 1.2 + 0.6
and 2.5%0.9 (p <0.001), and after 90 days — 0.7 £ 0.4 and
1.9+0.7 (p<0.001). Such dynamics confirms the pathoge-
netic effect of the dry needling method on myofascial trig-
ger points, which is a key factor in the treatment of MPS.

During the first week of treatment, 23.3% of patients
in the main group and 56.7% of the control group required
additional painkillers (paracetamol) (p < 0.001). On the
second week of treatment, these figures were 11.7% and
41.7%, respectively (p <0.001), and on the third and fourth
weeks — 5.0% and 30.0%, respectively (p <0.001). The aver-
age total dose of additional paracetamol taken during the
entire observation period was 1.2+ 0.8 g in patients of the
main group and 4.5+ 1.6 g in the control group (p <0.001).
These data are of clinical importance, especially for women
after caesarean section who often breastfeed, as a reduced
need for analgesics reduces the risk of side effects and in-
creases the safety of treatment.

The following side effects were observed in patients in
the main group during the dry needling procedure: local
pain at the needle insertion site (91.7%), local haemorrhage
(15.0%), muscle spasm (23.3%), temporary increase in pain
after the procedure (18.3%), and autonomic reactions (diz-
ziness, sweating) (8.3%). All side effects were temporary
and disappeared on their own within 24-48 hours after the
procedure. No serious complications requiring medical
intervention were observed in any patient. In the control
group, side effects were mainly associated with the intake
of non-steroidal anti-inflammatory drugs and muscle re-
laxants: dyspeptic symptoms (23.3%), drowsiness (31.7%),
headache (15.0%), allergic reactions (5.0%).

When comparing the effectiveness of the dry nee-
dle method in patients after different types of surgery
(caesarean section vs myomectomy), no statistically sig-
nificant differences were found. In patients after caesar-
ean section (n=4), the reduction in VAS pain intensity
after 30 days of treatment was 79.1%, in patients after
myomectomy (n=2) - 76.8% (p = 0.42). SF-36 quality
of life scores, HADS anxiety and depression scores, and
the dynamics of the number of active MTPs also did
not differ significantly in patients after different types of

surgery (p >0.05). However, in patients after myomecto-
my, MTPs were more often detected in the pelvic floor
muscles (75.0% vs 50.0% in patients after caesarean sec-
tion, p=0.04) and lumbosacral muscles (80.0% vs 57.5%,
p=0.03), which may be due to the peculiarities of surgi-
cal technique and postoperative rehabilitation.

The results of the study demonstrated the high efficacy
of the dry needle method in the treatment of myofascial
pain in women after caesarean section and myomectomy.
Patients who received complex treatment with the dry nee-
dling method showed a more significant and rapid reduc-
tion in pain intensity, improvement in quality of life and
psycho-emotional state compared to patients who received
standard therapy alone. The mechanism of action of the
dry needling method in myofascial pain is complex and in-
cludes several components.

L. Martin-Sacristan et al. [13] in their study described
in detail the physiological basis of the dry needling meth-
od for active and latent trigger points in patients with neck
pain. The authors demonstrated that mechanical irritation
of the MTP with a needle causes a local twitch response,
which helps to break the vicious circle of “pain — muscle
spasm — pain”. The researchers also noted that the effective-
ness of the dry needling method depends on the accura-
cy of trigger points and the technique of performing the
manipulation, which is consistent with the results of the
current study, where all procedures were performed by an
experienced specialist using a standardised methodology.

I. Yehoshua et al. [14] investigated the use of dry nee-
dling for the treatment of acute myofascial pain syndrome
in primary care. The results showed that DN is a safe,
easy-to-use and effective method of short-term pain relief
that can be used in primary care settings without complex
equipment. Dry needling can be integrated into the prac-
tice of a family doctor as an alternative to drug treatment of
pain, especially in myofascial syndrome.

L.W. Chou et al. [15] studied the neurophysiological
mechanisms of dry needling, noting that needle insertion
stimulates the release of endogenous opioids and activates
antinociceptive systems at the segmental and supra-seg-
mental levels. This explains not only the local but also the
systemic analgesic effect of the method, which is manifest-
ed in a decrease in the overall VAS pain intensity and an
improvement in the quality of life of patients, which was
also demonstrated in the current study.

A statistically significant decrease in muscle stiffness
was found by J.A. Valera-Calero et al. [16] in a randomised
controlled trial of changes in the stiffness of active myofas-
cial trigger points of the upper trapezius muscle after dry
needling in patients with chronic neck pain. The authors
emphasised the importance of an individual approach to
the choice of trigger points and procedure regimen de-
pending on the location and severity of myofascial pain
syndrome. In the current study, such an individualised ap-
proach was used, taking into account the location of active
MTPs in each patient, which could contribute to the high
effectiveness of treatment.
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J. Sanchez-Infante et al. [17] studied changes in the
electromyographic activity of latent trigger points after dry
needling intervention. The authors defined the diagnostic
criteria for myofascial trigger points and clinical aspects of
their treatment, noting that dry needling is one of the most
effective methods of influencing MTP, especially in com-
bination with other therapeutic approaches, which is con-
firmed by the results of the current study, where the highest
effectiveness was observed in complex treatment.

The effectiveness of the dry needling method for active
myofascial trigger points and pain intensity in tension-type
headache was confirmed by the study by S. Monti-Ballano et
al. [18]. The researchers noted a significant reduction in pain
intensity and improvement in functional status in the active
treatment group compared to the control group. They also
found that the most significant reduction in pain was ob-
served during the first two weeks of treatment, which is in
line with the results of the present study, where the most pro-
nounced dynamics was also observed in the first two weeks.

N. Sedighimehr et al. [9] conducted a randomised paral-
lel-group controlled clinical trial of the effect of dry needling
on pain and central sensitisation in women with chronic pel-
vic pain. The authors noted that the dry needling method
was more effective in reducing pain and improving quality of
life compared to placebo, and also noted a reduced need for
analgesics in the active treatment group, which is consistent
with the results of this study, where the need for additional
painkillers was significantly lower in the intervention group.

In a systematic review and meta-analysis conducted
by G. Plaza-Manzano et al. [19] identified the diagnostic
criteria for myofascial trigger points and clinical aspects of
their treatment in the combined use of dry needling with
other therapeutic methods for neck pain syndromes. The
authors noted that dry needling is one of the most effective
methods of influencing MTP, especially in combination
with other therapeutic approaches, which is confirmed by
the results of the current study, where the highest efficacy
was observed in complex treatment.

T. Ghanavati et al. [20] conducted a single-blind ran-
domised controlled trial comparing the long-term effects of
dry needling and ischaemic pressure on pain intensity and
myofascial trigger point threshold in women. The authors
demonstrated that both methods have a significant thera-
peutic effect, but dry needling was more effective in reducing
pain sensitivity and improving functional status. The study
confirmed the importance of a gender-specific approach to
the treatment of myofascial pain syndrome, as women have
peculiarities of pain sensitisation and response to therapeutic
interventions. The current study also took into account the
gender-specific features of myofascial pain syndrome for-
mation, which allowed achieving optimal treatment results.

D. Lucena-Anton et al. [21] conducted a systematic re-
view of the effectiveness of dry needling of myofascial trigger
points in the muscles of the trilateral calf. The authors ana-
lysed the results of several randomised controlled trials and
found significant efficacy of the method in reducing pain
and improving the functional status of the lower extremities.

The study highlighted the importance of accurate identifi-
cation of myofascial trigger points and the use of standard-
ised treatment protocols to achieve maximum therapeutic
effect. In the present study, a similar systematic approach to
the diagnosis and treatment of myofascial trigger points of
various localisations was used, which ensured high quality
and reproducibility of the results of therapeutic intervention.
The study also confirmed the safety of the dry needle
method when performed correctly. The side effects ob-
served were mostly mild and temporary, which is consist-
ent with the data of S. Brady et al. [22], who conducted a
prospective study of dry needling side effects. The authors
also noted that the most common side effects were local
pain, haemorrhage, and temporary increase in symptoms
that resolved on their own within a short time. Most pre-
vious studies have focused on the effectiveness of the dry
needling method in myofascial pain associated with mus-
culoskeletal pathology, while research in women after gy-
naecological and obstetric surgery is limited. In this con-
text, the present study adds to the existing data on the use
of the dry needling method in a new clinical population.

Conclusions

In a prospective randomised controlled trial involving 12
women after caesarean section and myomectomy, the effec-
tiveness of the dry needle method in the complex treatment
of myofascial pain syndrome was studied. The intensity of
pain, quality of life, psycho-emotional state of patients, the
number of active myofascial trigger points and the need
for additional analgesics during treatment were assessed.
The study demonstrated that the dry needle method is a
highly effective component of the complex treatment of
myofascial pain in women after caesarean section and my-
omectomy, as evidenced by a more significant reduction in
VAS pain intensity by 45.8% after 7 days and 78.3% after 30
days of treatment compared to the control group (23.2%
and 56.1%, respectively, p <0.01). The use of the dry needle
method improves the quality of life of patients on all scales
of the SF-36 questionnaire, with the main group scoring
32.5% higher after 30 days and 41.2% higher after 90 days
compared to the control group (p <0.01).

Patients treated with the dry needle method showed a
more significant reduction in anxiety and depression on the
HADS scale compared to the control group (p <0.05), and a
reduced need for additional painkillers, which is of particular
importance for breastfeeding women after caesarean section.
The effectiveness of the dry needle method does not depend
on the type of surgery performed (caesarean section or my-
omectomy), but patients after myomectomy are more likely to
have MTP in the pelvic floor and lumbosacral muscles. The
most significant predictors of the effectiveness of dry needle
treatment are the time after surgery at the time of treatment
(B=-0.48, p<0.001) and the patient’s age (f=-0.39, p<0.01).

The dry needle technique is safe if the procedure is
performed correctly and patients are properly selected, and
side effects are mostly mild and temporary. Early detection
and treatment of myofascial pain syndrome in women after
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AHoTauis. Miodaciianpanii 6i1b nmicna XipyprivHux BTpy4aHb Ha MaTIi, 30KpeMa KecapeBOro po3THHY Ta MioMeKToMil,
€ IIOLIVPEHOIO ITPOOIeMOI0, 1[0 CYTTEBO 3HIDKYE AKICTD KUTTA XXIHOK y Iic/Aonepauniiinomy nepioni. Tpaguuiiini meTonn
JIKyBaHHA He 3aBX[V JIEMOHCTPYIOTb BJMCOKY e(eKTUBHICTb, 1[0 3YMOB/IIOE€ HEOOXiTHICTh HOIIYKY a/JbTepPHATHBHUX
Ii/IXOIiB 10 3HeOOIeHH A, OHMM 3 SIKUX € MeTOJ, CyX0l FOJIKI. MeTa JOCTiIKeHHA — OL[iHNTY e()eKTUBHICTD 3aCTOCYBaHHA
MEeTOJLy CYyXOI FOJIKY B KOpeKIil MiogacliapHOro 600 y )iHOK Iic/Ig KecapeBOro po3THHY Ta MiOMeKTOMiI TOPiBHAHO
31 CTaH[JApPTHMMM MeTOJaMM JKyBaHHA. Y IPOCIHEKTMBHOMY pPaH/IOMi30BaHOMY KOHTPOJIbOBaHOMY JOCTiPKEeHHI
B35UIM y4YacTb 12 xiHOK (Bik 25-45 pokiB), AKMM Oy/lI0 BMKOHAHO KecapiB posTuH (n =8) a6o mMioMekToMilo (n =4).
[TanienTKy Oy posnopieHi Ha OCHOBHY IPyIy (n=6), AKa OTPUMYyBaJIa JIIKyBaHHA METOJOM CyXOi FOJIKY JOATKOBO JIO
CTaHfapTHOI Tepaii, Ta KOHTPOJIbHY Ipymy (n=6), 0 OTPUMYBaJIa JIUIIe CTaHAAPTHY Tepamnito. OIiHKa IHTeHCUBHOCTI
60110 IPOBOAYIIACH 3a Bi3ya/IbHOIO aHAJIOTOBOIO LIIKAJIOK0, OIIMTYBaTbHUKOM MakI'ia, focmimKyBanach AKicTb KUTTA
3a sf-36, piBeHb TPMBOXKHOCTI Ta jempecii 3a mkanoo hads mo mikyBaHHA, 4epe3 7, 14, 30 Ta 90 pgHiB mic/ia modatky
JiKyBaHHA. Y IAlliEHTOK OCHOBHOI IPYIN CIIOCTEPIrasoch JOCTOBipHe 3HIDKEHHA IHTeHCUBHOCTI 000 Ha 45,8% depes
7 oHiB i Ha 78,3% depes 30 gHiB IiKyBaHHS, IOPiBHAHO 3 KOHTPOJIBHOIO IpyIIolo — 23,2% Ta 56,1% BignosigHo (p <0,01).
[ToxasHMKM AKOCTI >KUTTA 3a sf-36 y ocHOBHII Tpymi 6yny Bumumy Ha 32,5% depes 30 nHiB Ta Ha 41,2% depes 90 nHiB
IIOPiBHAHO 3 KOHTPO/IBbHOIO rpynolo (p <0,01). PiBens TpuBOXKHOCTI Ta fenpecii 3a mxanoro HADS suusuBcs Ha 38,7% Ta
42,3% BifIIOBiTHO B OCHOBHINI I'pyIi Y HOpiBHAHHI 3 TOKa3HMKaMM KOHTPOIbHOI rpymu (p < 0,05). 3acTocyBaHHA METORY
CyXOI TOJIKM B KOMIUIEKCHOMY JIiKyBaHHI MiodaclialbHOT0 600 y SKiHOK IiC/IA KecapeBOro pO3THHY Ta MioMeKToMii
IeMOHCTPY€E BUCOKY epeKTVBHICTb Y 3HIDKeHHI iHTeHCMBHOCTI 607110, IIOKpAllleHH] AKOCT] )KUTTA Ta ICUXO0EMOLITHOTO
CTaHy IALi€HTOK y IOpPiBHAHHI 31 CTaHFApPTHMMHU MeTOfaMM JiKyBaHHA. MeTop MoxKe OyTM PeKOMEHIOBAHMUII SK
TOMATKOBMI TePaNeBTUYHMI IiIXi/l Y TAKMX IAL[i€HTOK
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Abstract. Creatine is a popular dietary supplement that has a significant impact on physical performance, strength, and
endurance, making it relevant for use in sports, rehabilitation, and performance improvement in different age groups. The
purpose of the study was to evaluate the effectiveness of creatine use to improve athletic performance, physical endurance,
muscle strength, muscle hypertrophy, and functional performance of athletes, people with physical disabilities, and the
elderly. The results of numerous experimental studies were analysed, including controlled trials, systematic reviews, and
meta-analyses that evaluated the effects of creatine on a person’s physical performance using combined training protocols
and various dosing strategies. The conducted studies indicated a high efficiency of creatine use by athletes and people of
other professions related to both physical and mental work. It helps to reduce muscle damage and increase the overall
performance of athletes, in particular, by increasing phosphocreatine reserves and stimulating anabolic processes. In
athletes, creatine helped to increase muscle mass, reduce fatigue, and improve training intensity, regardless of gender. The
combination of creatine with other substances has shown additional benefits in increasing strength and endurance. The use
of creatine in combination with training contributed to regional muscle hypertrophy, increases their thickness and volume,
especially in conditions of restricted blood flow. In older adults, the supplement reduced muscle loss, improved strength
and functionality even with low levels of physical activity. Creatine reduced fatigue and improved functional performance
in patients with chronic diseases and neurodegenerative conditions. The results poined to the universality of creatine
as an effective tool for improving athletic performance, functional performance, and recovery after exercise in various
population groups. Its use is recommended for professional athletes, the elderly, and people with special physical needs

Keywords: dietary supplements; sports performance; physical performance; functional efficiency; muscle strength;
muscle hypertrophy

Introduction
Creatine is a naturally occurring nitrogen-containing or-  production during exercise and is an important element
ganic compound that plays a key role in muscle energy  of energy metabolism, as it allows rapid regeneration of

Suggest Citation:
Goldenko D, Pylypenko O, Mandziuk M. Effect of creatine on improving a person’s physical performance:
A literature review. Ukr ] Med Biol Sport. 2025;10(1):38-47. DOI: 10.63341/ujmbs/1.2025.38

‘Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
~ Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0009-0000-2858-8836
https://orcid.org/0000-0001-8412-7399
https://orcid.org/0009-0008-2532-2854

Goldenko et al.

adenosine triphosphate (ATP), supporting muscle per-
formance and endurance. Such properties of creatine are
physiologically determined, since the body itself produces
and uses this compound for biochemical transformations.
It is synthesised in the liver, kidneys, and pancreas from the
amino acids arginine, glycine, and methionine, and also en-
ters the body with protein products (meat, fish) or as food
additives. Currently, creatine is the most common dietary
supplement in the world of sports and modern medicine.
The study of this compound opens up new opportunities
in its use to increase physical performance, endurance,
maintain cognitive health, recover from injuries and loads,
and treat various diseases. In the modern world, this is
very relevant, since the level of minimum sports standards
has significantly increased. The intense rhythm of life and
global changes cause stress, anxiety, and nervous disorders,
which can be regulated with creatine supplements. In ad-
dition, they play an important role in the comprehensive
treatment of diseases associated with physical disability
and sedentary behaviour, especially among the elderly.
Therefore, creatine as a mono-agent, or as part of a complex
application, has not only a preventive and energy potential,
but also a significant therapeutic effect.

Recent studies of creatine prove its relevance and
steady interest of researchers from different countries.
Special attention is paid to its application in sports, in
particular in dynamic sports such as football, basketball,
short-distance running, and weightlifting, where physical
processes require a rapid release of energy, since creatine
helps to increase the endurance, strength, and speed char-
acteristics of athletes. In particular, the effect of creatine on
improving the physical performance of basketball players
was investigated by S. Vargas-Molina et al. [1], a similar
study among weightlifters was conducted by D. Almeida et
al. [2]. They proved that creatine supplements can increase
muscle strength and endurance, without negative effects on
health indicators and with minimal side effects. A positive
effect was observed on both overall physical performance
and strength of the lower and upper extremities. Blood and
urine tests for basic biochemical parameters remained nor-
mal. Therefore, researchers recommended the use of cre-
atine monohydrate in the sports under consideration.

D. Varillas-Delgado [3] studied the genetic effects on
body mass index growth and muscle gain in professional
soccer players during and after taking creatine supplements.
The experiment involved 161 athletes, each of whom took
20 g/day of creatine for five days, then another seven weeks
of 5 g/day. To evaluate the results, the overall genetic profile
of the participants was calculated and their anthropometric
parameters, in particular, body mass index, muscle and fat
mass, were determined. The study found that the increase
in muscle mass and body mass index in response to creatine
supplementation was most pronounced in athletes who had
a genotype associated with increased muscle performance.

A. Gordji-Nejad et al. [4] investigated the effect of a
single creatine supplement on cognitive function in the
brain, in particular, sleep deprivation. According to their

research, in people suffering from insomnia or unable to
sleep enough hours, a single dose of high-dose creatine
orally helped restore metabolic processes in fatigue and
cognitive decline. According to the researchers, no side ef-
fects were observed, and there were no complaints about
the gastrointestinal tract either. Thus, they concluded that
even a single dose of creatine can restore the main energy
metabolic processes during sleep deprivation in four hours.

B.M. Kious et al. [5] studied the possibilities of using
creatine in the treatment of neurophysiological disorders.
They argued that new strategies for creating antidepres-
sants need to be developed, especially targeting physiologi-
cal processes that are different from those targeted by con-
ventional treatments. According to current diagnostic and
control methods, such as human neuroimaging, genetics,
epidemiology, and animal studies, failure in the produc-
tion, storage, and use of brain energy has been shown to be
involved in the development and maintenance of depres-
sion. It is creatine, as a dietary supplement, according to
their findings, that has prospects for relieving these disor-
ders in patients in the early stages of depression and other
diseases in the treatment of which antidepressants are used.

S.M. Ostojic et al. [6] studied the effect of creatine on
women’s reproductive health. Their results proved that
supplements of this compound in the diet in the range of
13 mg per kg of body weight per day, throughout a wom-
an’s life cycle, provide many potential benefits, contributing
to the regularity of the menstrual cycle, the normal func-
tioning of the reproductive system, improving hormonal
balance and the ability to ovulate. In particular, cases of ol-
igomenorrhea, the risks of foetal macrosomia in pregnant
women, pelvic infections, ovariectomy, and hysterectomy
were reduced. The researchers emphasise the need for fu-
ture studies of the effects of creatine on women at different
stages of the menstrual cycle to determine the potential for
its use throughout life. Thus, the use of creatine with food
of 13 mg per kg of body weight per day significantly reduc-
es the risk of irregular menstruation, pelvic pathologies,
and obstetric diseases. However, more research is needed to
tully confirm the effect of creatine supplementation on im-
proving reproductive health in women. As a similar study
by J. Antonio et al. [7] confirmed that an important aspect
is that taking creatine does not cause serious side effects if
the recommended doses are met.

Research on both the long-term and short-term ef-
fects of creatine on the human body opens up new hori-
zons not only in sports, but also in medicine, rehabilita-
tion practice, and preventive use. Improvements in many
of the physical parameters that ensure optimal function-
ing of the human body can be adjusted with the correct
use of creatine supplements. The description of positive
changes and negative effects during creatine use, physi-
cal characteristics in healthy and sick people, athletes and
workers, the elderly and people with cognitive disorders
will allow understanding more clearly the scale of impact
and effectiveness of its use. The purpose of the current
study was to investigate the effectiveness of creatine-based
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supplements for improving physical performance in vari-
ous categories of the population, to analyse positive chang-
es, manifestations of side effects, and prospects for use.

To achieve this goal, the most significant and represent-
ative scientific articles, meta-analyses, and literature reviews
containing quantitative and qualitative data on the effects of
creatine on the human body were selected. A comprehensive
approach has been applied to search, select, and evaluate re-
search papers. Electronic databases and online libraries were
used to search for information: Google Scholar, PubMed, Web
of Science, Scopus, Willey, MDPI. The criteria for inclusion
in the analysis were: publications with effective conclusions
and clear evidence of effectiveness, clear methodological ap-
proaches; studies no older than 2014; published in English
or Ukrainian; availability of data on the effect of creatine on
physical endurance, muscle strength, muscle hypertrophy,
functional indicators of the respiratory, nervous, and cardi-
ovascular systems. The exclusion criteria included: papers
with unproven effectiveness, insufficiently clear conclusions;
older than 10 years; non-compliance with the topic. 43 papers
that met the selected criteria were selected. The analysis was
carried out in several areas. In particular, the use of creatine
to improve the physical capabilities of athletes, the use of this
compound in medicine for the treatment of certain clinical
conditions and diseases, and the effect of creatine on the
physiological parameters of a person, including the elderly.

Use of creatine-based supplements

during training and in sports

The efficacy and safety of creatine in the correct dosages
explain its popularity as a supplement for optimising phys-
ical abilities, improving health, cognitive function, and re-
covery from hard work or training. More and more people,
having learned about the positive properties of creatine,
use it as a dietary supplement or include it in the diet of
sports nutrition. It is important to understand exactly what
physical indicators this supplement improves and whether
the result really has such an unsurpassed effect.

The use of creatine-based supplements during inten-
sive training, professional sports gives quite high positive
reviews. C. Lanhers et al. [8] conducted a meta-analysis of
60 studies on the effects of creatine on the human body un-
der short-term lower limb loads and proved that the use of
this supplement improves strength performance during ex-
ercises lasting less than 3 minutes, regardless of the charac-
teristics of participants, training protocols, and dosage. The
effect of long-term creatine use during training in athletes
of various sports was investigated by C.-C. Wang et al. [9].
The researchers conducted an experiment during which
athletes used creatine supplements for 4 weeks in combi-
nation with complex training, which involved perform-
ing both anaerobic exercises - in the form of jumps and
half-squats, and aerobic - running, complex training. After
analysing the blood creatine kinase content and physical
performance of athletes, the researchers concluded that the
use of creatine supplements helps to reduce muscle damage
and has a positive effect on overall athletic performance.

Furthermore, M. Kaviani et al. [10] found that cre-
atine intake during strength training is an effective strategy
for increasing muscle strength in physically active young
adults. In their experiment, they divided 18 participants
into two groups: one received creatine during exercise,
the other - a placebo. The training programme lasted
eight weeks (three days of training per week), with regular
strength measurements every two weeks and blood counts
24 and 48 hours after training. The creatine group showed
significant improvements in strength in four of the six ex-
ercises (triceps extension, leg press, shoulder press, bench
press, but no improvements in biceps flexion and deadlift)
compared to the placebo group. According to the find-
ings, when creatine monohydrate is added, the increase in
muscle strength increases markedly after two weeks of use.
However, they note that there was no reduction in muscle
damage. Researchers attribute this to excessive training in-
tensity. Similar results for improving training performance
and increasing muscle thickness were obtained by R. Sou-
sa-Silva et al. [11] and V. Korotych [12]. These observa-
tions were also confirmed by a meta-analysis performed by
R. Burke et al. [13], who claim that the combination of cre-
atine with strength training contributes to regional muscle
hypertrophy, which allows purposefully increasing the vol-
ume of individual muscle groups. According to the results
of their study, the addition of creatine to strength training
leads to a significant increase in muscle thickness (average
difference of 0.90 mm) and muscle cross-sectional area (av-
erage difference of 0.17 cm®) compared to training with-
out creatine supplementation. The researchers concluded
that creatine combined with strength training contributes
to more pronounced muscle hypertrophy, especially in the
upper extremities. Thus, the claim about the long-term use
of creatine to improve physical performance during train-
ing of varying intensity is confirmed by a number of exper-
iments and is quite proven.

Creatine use is also common among professional ath-
letes. Researchers conducted experiments involving ath-
letes of various sports to find out whether it is appropriate
to use this substance at a professional level. A.P. da Silva
Azevedo et al. [14] conducted a study of the effect of cre-
atine supplementation on biomechanical parameters dur-
ing high-intensity interval training (HIIT), accompanied by
impact reduction. The experiment involved eight elite foot-
ball players, who were divided into two groups: one took
creatine, the other - placebo. Tests were conducted during
HIIT, which included five sessions of exhaustion running.
The results showed that creatine supplementation contrib-
uted to a higher time to reach the first peak of exhaustion
than placebo. There were also significant changes in muscle
activation in the initial and intermediate phases. It should
be noted that when athletes consumed creatine, there was
no effect on heart rate and lactate concentration. Accord-
ing to the results obtained, the researchers note that cre-
atine supplementation can affect the control and strength
of impact during high-intensity interval training in football
players, and reduce shock and well-being in HIIT.
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R. Ramirez-Campillo et al. [15] conducted a six-week
study on the effects of creatine supplementation on en-
durance and recovery rate in female football players. Two
groups were formed: control and experimental. Athletes
were evaluated for maximum and repeated sprint running,
speed of change of direction, jumping, and endurance be-
fore and after six weeks of training. As a result of research,
no noticeable changes were observed in the control group,
however in the experimental group, jumping, sprinting,
and repeated sprint running improved. These studies sup-
port expectations for the positive effects of creatine supple-
mentation on football athletes.

The effect of creatine compounds on the performance
of rowers engaged in endurance sports was studied by
J. Fernandez-Landa et al. [16]. The study involved 28 male
athletes from the best rowing club of the First Coaching
League of Spain. They were divided into four groups: the
placebo group, the creatine monohydrate-only group, the
B-hydroxy B-methylbutyrate-only group, and the group
taking a combination of the two drugs. For 10 weeks, par-
ticipants took appropriate supplements after training with
a chocolate smoothie for recovery, and their athletic per-
formance was assessed using various tests before exhaus-
tion. In addition, the level of lactate was measured, which
indicated indicators of exhaustion of athletes. The results
showed that combined administration of creatine mono-
hydrate and -hydroxy p-methylbutyrate resulted in a syn-
ergistic improvement in aerobic capacity associated with
individual lactate thresholds, whereas individual adminis-
tration of these supplements did not have such an effect.
Researchers explain this by various physiological mecha-
nisms of influence on the body’s energy assets.

S.J. Brooks et al. [17] investigated changes in dry
body weight (excluding fat) after 6 weeks of creatine use
by female dancers. According to their research, creatine
contributes to an increase in total body water levels and
muscle mass, and the amount of visceral adipose tissue has
significantly decreased over time. In addition, considering
the mental load of female students, a study was conducted
on the impact on their mental activity and cognitive func-
tions, but no significant changes were found. According to
researchers, such experiments should be conducted during
the academic semester, since 6 weeks is a rather limited
time to determine these indicators.

S.C. Forbes et al. [18] considered the indisputable ad-
vantage of creatine to be the ability to reduce inflammatory
processes, repair damaged muscle fibres in microtrauma,
which allows athletes to recover faster after injuries or in-
tense training. They investigated the effects of creatine in
athletes involved in running and jumping, cycling, and ski-
ing. Researchers have found that when exercising for more
than three minutes, creatine has good restorative proper-
ties, delays the onset of exhaustion, and develops endur-
ance. Researchers explain the positive results by the effect
of creatine on such processes as reducing oxidative stress in
cells, improving the transport of ATP from mitochondria to
recycling sites, improving the kinetic parameters of oxygen,

and increasing the buffering of hydrogen ions. In par-
ticular, C.R. Soares Freitas Sampaio et al. [19] conducted
a study involving eight Brazilian paralympic powerlifting
athletes aged 23 to 29 years. During the trial, athletes took
a placebo for the first 7 days, then a 7-day break, and then
7 days of creatine intake. The results showed that fatigue
levels were 16% lower when taking creatine than placebo.
The results of maximum torque also improved, while the
remaining indicators were similar for both placebo control
and creatine. According to researchers, the use of creatine
improves strength indicators and reduces the level of fa-
tigue in professional athletes.

Considering the results of research, it is possible to
summarise data on the positive effect of creatine supple-
mentation on physical performance during training in pro-
fessional athletes and people engaged in training in their
spare time. It is important to note that no noticeable side
effects were detected in the experiments under considera-
tion, with the exception of isolated cases of nausea. All par-
ticipants in the experiment adhered to the recommended
doses of supplements, not exceeding the norm of 3-5 g per
day. Also noteworthy is the fact that the effectiveness of cre-
atine is observed with both short-term and long-term use,
depending on the expected results.

Creatine use in medical practice

Creatine is widely used in medical practice to support cell
energy metabolism, especially in diseases associated with
mitochondrial dysfunction. Its use has shown effectiveness
in the treatment of neurodegenerative diseases, in particu-
lar Parkinson’s disease, ALS, and Huntington’s disease, as it
helps to protect nerve cells from degenerative changes. Cre-
atine is also used in the treatment of a number of diseases
of the cardiovascular, respiratory, and nervous systems. In
addition, metabolic and cognitive disorders also respond
better to treatment when using creatine, especially when
combined with other drugs [20].

The effectiveness of creatine use in the treatment of res-
piratory diseases was studied by E De Benedetto et al. [21].
They showed that patients with chronic obstructive pul-
monary disease (COPD) experience improved functional
performance when taking creatine together with the anti-
oxidant coenzyme Q. A blind, randomised, placebo-con-
trolled clinical trial involved 108 COPD patients in 9 Ital-
ian hospitals. Patients underwent spirometry, a 6-minute
walk test (6MWT), bioelectric impedance analysis, and
activities of daily living questionnaire (ADL) at the begin-
ning and after 2 months of therapy. 90 patients completed
the study in full. Some of them received QTer (coenzyme
Q10) and creatine supplements, while others received a
placebo. Patients taking the supplements showed improve-
ments of 6MWT (51+69 vs 15+91 m, p <0.05), body cell
mass, sodium/potassium ratio, shortness of breath indices,
and ADL compared to the placebo group. In the group
taking the supplements, the concentration of coenzyme
Q10 in plasma increased, while in the placebo group it
did not change. Side effects were similar in both groups.
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The results showed that in patients with COPD, dietary
supplements with CoQ10 and creatine improved function-
al performance, body structure, and reduced shortness of
breath. The systemic increase in some anti-inflammatory
metabolites confirms the pathobiological mechanism as
the reason for these benefits. Further research is needed to
better understand the role of QTer and creatine in COPD
patients, the researchers said.

Studies showed that people with type 2 diabetes have al-
tered creatine metabolism and uptake in the body [22, 23].
Therefore, it remains important to determine the dose and
duration of creatine supplementation to improve blood
glucose control. A. Oskroba et al. [24] conducted an exper-
iment on the therapeutic effect of creatine supplementation
in patients with type II diabetes mellitus. It was found that
the combination of creatine with physical activity signifi-
cantly reduced glycemic indicators in these patients. Hypo-
glycemic effects are explained by creatine stimulation of the
work of glucose-transmitting protein-4 (GLUT-4), which is
insulin-dependent and is responsible for the translocation
of glucose into muscle cells to the sarcolemma. Researchers
insist on the feasibility of further long-term study, because
positive changes in glucose control are very important in
the treatment of diabetes.

Another potential therapeutic property of creatine is
its ability to support brain function and protect neurons
from degenerative changes in diseases such as Parkinson’s,
Alzheimer’s, and amyotrophic lateral sclerosis. Research
conducted by C.J. Hass et al. [25] proves the positive effect
of combining physical activity with creatine supplementa-
tion in patients suffering from mild to moderate Parkin-
son’s disease. Participants in the experiment took creatine
monohydrate at a dose of 20 g/day. Their exercise results
were better compared to the placebo group. Thus, on aver-
age, the results improved from 12% to 16%. These studies
prove the need to combine physical activity with the use of
creatine monohydrate, but require more detailed research.
A. Attia et al. [26] studied the effect of creatine supplemen-
tation on the development of treatment for neurodegenera-
tive disorders. According to researchers, although there are
a number of successful clinical experiments on the thera-
peutic effectiveness of creatine supplements in animals with
Parkinson’s disease, there are not enough evidence-based
modern clinical trials with people with neurodegenerative
diseases. Researchers conducted a meta-analysis of the ef-
fectiveness of creatine supplementation in people with Par-
kinson’s disease. 1,935 randomised controlled trials were
conducted comparing the effects of creatine and placebo on
motor activity and quality of life in patients. Unified calcu-
lations were performed on the unified Parkinson’s disease
rating scale (UPDRS). According to their findings, there is
no clinically significant evidence for the use of creatine for
neuroprotective effects in the treatment of Parkinson’s dis-
ease. Well-planned randomised controlled trials are need-
ed in the future. Therefore, such studies remain open to de-
termine the optimal protocol for creatine supplementation
in the treatment of these diseases.

The effect of creatine supplementation in the complex
treatment of cardiovascular diseases, in particular, coro-
nary heart disease, heart failure, or myocardial infarction,
is quite relevant, but not yet sufficiently studied. Group of
researchers consisting of A. Del Franco et al. [27] conduct-
ed a meta-analysis and concluded that there was a direct
relationship between the creatine content in the heart mus-
cle and the development of heart failure. The researchers
attribute this to the fact that creatine, as a component of
the energy buffer system, is involved in the metabolism of
cardiac activity, contributing to the transmission of a signal
from the site of synthesis to the site of use. A decrease in
ATP synthesis, the phosphorylation of which depends on
the presence of creatine, leads to contractile dysfunction
of the heart muscle. Therefore, future research should be
aimed at creating protocols for the treatment of patients
with heart failure with creatine preparations and determin-
ing the optimal doses of creatine.

A. Aron et al. [28] conducted a randomised controlled
trial on the effect of short-term creatine supplementation
on heart and vascular function in older men. For the ex-
periment, men aged 55-80 years were divided into three
groups taking creatine, placebo, and a control group. Cre-
atine and placebo were taken for 7 days at a dose of 20 mg
per day. Patients were tested on days 1 and 8. The operation
of blood vessels was tested using equipment for measuring
the pulse wave velocity, and the assessment of cardiac activ-
ity was determined by an impedance cardiography device.
According to the results of the experiment, the cardio-vas-
cular index had the best indicators in the group taking cre-
atine (8.7£0.5 to 8.2+0.5, p=0.03). There were no chang-
es in the other two groups. The situation was similar with
systolic blood pressure, and there was a slight improve-
ment in the creatine group: from 144.0 + 12.7 mm Hg. up
to 136.1 +13.4 mm Hg., p =0.08. Stroke volume, ejection
fractions, and contractility index were similar in all three
groups. Thus, according to the results of the study, the use
of creatine for 7 days can have a positive effect on the car-
diovascular system, in particular, in heart diseases and ath-
erosclerosis in the elderly. The researchers note that adding
creatine to a therapeutic treatment plan is quite effective
and safe. Thus, creatine supplements are increasingly used
in the complex therapy of rather complex diseases, which
allows patients to have a milder course of the disease or
recover faster, or have better physical performance.

Effect of creatine on human physiological
parameters: general strengthening effects,
preventive use

Researchers are actively studying the effect of creatine on
human physiological parameters, in particular, its general
strengthening effects and the possibility of preventive use.
Although most attention is paid to its use in sports and
medicine, studies also confirm the benefits of creatine for
the elderly, people engaged in heavy physical labour, and pa-
tients in the rehabilitation and recovery phase [29-31]. Sci-
entific evidence suggests a positive effect of this compound
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on endurance, recovery rate after physical exertion and the
body’s resistance to stress factors, which makes it a promis-
ing tool for a wide range of applications.

K. Elstad et al. [32] investigated that in addition to
sports achievements, creatine has a positive effect on per-
formance in professions with increased physical activity,
in particular in firefighters, which indicates its versatility.
The experiment, which lasted 4 weeks, involved 30 male
firefighters. The study used carbohydrate and protein sup-
plements for both groups of the experiment, but one also
added creatine. The training tests in this study were aimed
at evaluating the physical skills needed to effectively per-
form firefighters’ official duties. In particular, they included
rescue and forced entry tests that simulated real-world res-
cue scenarios that required explosive strength, speed, and
endurance. An improvement in these indicators in the cre-
atine group indicates its positive effect on explosive power
and muscle endurance during short-term but intense phys-
ical effort. However, the absence of significant differences
between the groups in tests for climbing stairs, moving with
a hose, and overall task completion time may indicate that
these activities are more dependent on overall aerobic en-
durance, which is less affected by creatine. Thus, the study
confirmed that the combined use of creatine with protein
and carbohydrates can improve professional performance
in tasks that require short-term maximum physical effort.

K. Prokopidis et al. [33] conducted a systematic review
and meta-analysis of clinical studies on the effects of cre-
atine on memory in healthy individuals. They summarised
the data and concluded that people who consumed creatine
as a dietary supplement to the main diet at doses of 2 to
20 g per day improved memory, compared with the place-
bo groups, by an average of 66%, and in older people (66-
76 years) by 83%. Based on the analysed data, researchers
claimed that creatine supplementation increases memory
processes, especially in the elderly.

People over the age of 65 often have problems not only
with memory but also with limited physical abilities. This
problem was studied by T.W. Davies [34]. They investigated
whether creatine has a positive effect on physical function
and mental health in older adults. Because with age, certain
physical disabilities can develop, such as muscle weakness,
frequent falls, fatigue, limited mobility, which can lead to
functional disability and reduced self-care levels. Accord-
ing to the results of the study, researchers found that the use
of creatine in general can counteract bioenergetic muscle
insufficiency, providing the ability to independently per-
form functional tasks. This is evidenced by the analysis of
the average indicators of the conducted experiments. Thus,
in the groups that took creatine supplements, the values of
bench press, leg press, and average physical activity tests
improved. This is another confirmation of the positive ef-
fect of this compound on physical characteristics in the el-
derly. Similar studies were conducted by V. Seper et al. [34].
They noted that creatine affects the physical performance
of older adults, in particular, increases muscle strength and
endurance. In a pilot project among older participants, it

was found that guanidinoacetate-creatine supplements
have a positive effect on functional efficiency and improve
muscle and brain energy. Various creatine dosing strategies
studied by M.J. Chrusch et al. [36] also showed a positive
effect on physical function, in particular, contributed to
slowing age-related loss of muscle mass. An important as-
pect is that even at an older age, it is possible to achieve
significant improvements in physical condition due to the
correct use of creatine in combination with physical train-
ing. Such studies once again confirmed the hypothesis that
creatine can be a useful tool for maintaining an active life-
style and improving physical function in the elderly, even
in people with low fitness levels [37, 38].

The effectiveness of creatine supplements for restoring
functional ability after a period of immobilisation of a cer-
tain part of the body was also studied. Thus, J.C. Fransen et
al. [39] conducted an experiment on the rate of recovery
of an immobilised limb with and without creatine use. 25
active young people between the ages of 20 and 28 were
involved. They performed various exercises on the upper
limbs, in the wrist area, after two weeks of immobilisation.
In general, the recovery of limb performance in the exper-
imental group had slightly better indicators, but additional
research in this area is required. A similar study was con-
ducted by A.P.W. Johnston et al. [40], only in their experi-
ment the shoulder joint in young people was immobilised.
According to their findings, creatine supplementation
helped to maintain muscle mass, elbow flexion strength,
and endurance in an immobilised limb.

These studies confirm the prospects of using creatine
to stimulate muscle growth, improve physical endurance
and strength in various settings, in particular, in people of
certain professions, physically active people, people with
disabilities and the elderly. Studies show that creatine is the
natural energy compound that allows restoring bioener-
getic potential in the shortest possible time, with minimal
damage to the body. Therefore, when creatine is added as
dietary supplements, there are almost no side effects or al-
lergic reactions, with the correct dosage of the drug. Ver-
satility in application, low manufacturing cost — these are
other advantages of this compound. The possibility of us-
ing creatine compounds in patients and the elderly allows
them to be more mobile and feel a surge of strength and the
ability to think logically. This effect on the elderly and sick
people has been proven experimentally, so this bioactive
supplement is increasingly used in medical practice.

M. Balestrino & E. Adriano [41] analysed the results
of alarge number of studies, and provided evidence for the
effectiveness of creatine use in improving the condition of
patients with hereditary diseases associated with impaired
synthesis of this compound by the body, muscular dys-
trophy, for the prevention of statin myopathy and certain
types of depression in women, and increasing neuropsy-
chic performance. Researchers have confirmed the safety
of using creatine in doses up to 20 g per day, with some ca-
veats for people with kidney disease. A similar conclusion
was reached by M. Dahal et al. [42], who have shown that
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creatine is safe and well tolerated by healthy people with
both short-and long-term use. In particular, young people
who train in gyms both at a professional level and for gen-
eral strengthening of the body often take creatine supple-
ments as a one-component composition or in combination
with proteins, carbohydrates or some B vitamins. Most
studies approve of such combinations and prove the effec-
tiveness of their use, in particular, L.U. Schifer et al. [43].
Thus, all the benefits of using creatine to improve physical
performance in people of different ages and professional
orientation are obvious and experimentally proven.

However, as the analysis of the processed papers has
shown, there are still many questions that need to be con-
sidered in future research. Researchers explain some inac-
curacies in the results or uninformative indicators by the
insignificant duration of research or the coverage of a small
number of people. The most studied was the effect of cre-
atine on endurance, physical indicators of muscle strength
in trained people who exercise in gyms.

Conclusions

The current study evaluated the effectiveness of creatine
supplementation in improving athletic performance,
physical endurance, muscle strength, muscle hypertrophy,
and functional performance in athletes, people with dis-
abilities, and the elderly. The results confirmed that cre-
atine proved to be an effective and safe tool for improv-
ing physical performance and rapid recovery. The effect
of creatine on muscle hypertrophy, strength, endurance,
cognitive function, and recovery after intense physical
exertion was analysed. Studies have shown a positive ef-
fect in various groups: professional athletes, the elderly,
and patients with chronic diseases. Creatine, especially in
combination with physical training and in combination
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AHoTauin. KpeaTuH € IOIy/IsIpHOIO Xap40BOIO 100aBKOIO, AKa IEMOHCTPY€E 3HAYHUIT BIUIMB Ha (i3VYHY IPOSYKTUBHICTD,
CWIy Ta BUTPUBAIICTD, IO POOUTH JIOTO aKTyaJbHMM I BUKOPUCTAHHS Y CIOpPTi, peabimiranii tTa migBuineHHi
(isMYHNX MOXUIMBOCTEN y Pi3HUX BiKOBMX Ipymax. Merolo po6otn Oyno ouiHuTy e(eKTMBHICTb 3aCTOCYBaHHA
KpeaTHHY JyIA HOKpallleHHs CIOPTUBHOI IIPOAYKTUBHOCTI, (hi3sMYHOI BUTPUBAJIOCTI, M A30B0I cuy, rinepTpodii M's13iB Ta
(yHKIiOHaTbHUX IOKa3HVKIB CIIOPTCMEHIB, 0ci6 3 ¢isuaHNMM 0OMeXXeHHAMN Ta JIiTHIX Tofieil. Byno nposeneHo aHanis
pe3y/IbTaTiB YMC/IeHHUX eKCIIepYMEeHTA/IbHUX HOCTiIKeHb, 30KpeMa KOHTPO/IbOBAHUX BUIPOOYBaHb, CUCTEMATUYHNX
OIJIAAIB Ta MeTaaHaJIi31B, AKi OLiHIOBA/IV BIUIMB KpeaTHHy Ha (i3 IHi TOKa3HUKY TIOAVHY, BUKOPUCTOBYI0OYY KOMOiHOBaHi
TpeHyBaJIbHi IIPOTOKO/IM Ta pisHi cTparerii nosyBaHH:A. [IpoBeneHi [OCIKeHHA CBiTYaTh IPO BUCOKY eQeKTUBHICTD
BUKOPUCTAHHA KpeaTMHY CIOPTCMEHaMM i JIIofbMM iHIUX npodeciii, HOB A3aHMX AK 3 (PisUYHOI0, TaK i pO3yMOBOIO
pobotoro. BiH cripuse 3MEHIIEHHIO M A30BYX NOLIKO/PKEHD i MiJIBMUINEHHIO 3arajbHOI NPOAYKTUBHOCTI CIIOPTCMEHIB,
30KpeMa 3aBIAKY 301IbLIEHHIO 3a11aciB pocoKpeaTnHy Ta CTUMY/IALIL aHA0OIYHMX IIPOLeciB. Y CIOPTCMEHIB KpeaTuH
CIIpMsi€ 3pOCTaHHIO Macy M sA3iB, 3HIDKEHHIO BTOMM Ta IIOKPAIeHHIO IHTEHCUBHOCTI TPeHYBaHb, He3aJIKHO BiJ cTarti.
Kom6iHanis KpeaTuHy 3 iHIIMMM pedoBMHAMM IIOKa3aja JOJATKOBI IlepeBary y 30i/blIeHHI CMIM Ta BUTPUBAIOCTI.
BukopucTaHHA KpeaTUHY B IIOEJHAHHI 3 TPEHYBAaHHAMM CIpUAE perioHabHiil rinmeprpodii m’s3iB, 36inbuIye IXHIO
TOBIIVMHY Ta 06’€M, 0COOMMBO B YMOBaX OOMeXeHHA KPOBOTOKY. Y JTHIiX mofielt o6aBKa 3MeHIIye BTPaTy M A30BOI
Macy, IOKpallye CuIy Ta (YHKIIOHaJIbHI MOXUIMBOCTI HaBiTh 3a HM3BKOrO piBHA (ismyHoi aktuBHOCTL. Kpearun
3MEHIIy€ Bi[4yTTA BTOMU Ta IOKpallye (YHKIIOHAIbHI IIOKa3HMKM y MALi€HTIB i3 XpOHIYHUMM 3aXBOPIOBAHHAMMU Ta
HellpofiereHepaTVBHUMM CTaHaMU. Pe3ynbTaTy BKasyloThb Ha yHiBepCa/lbHICTh KpeaTUHy fAK epeKTUBHOTrO 3acoby i
Ii/IBUIEHHA CIIOPTVMBHUX Pe3y/IbTaTiB, PYHKIIOHAIBHMX [IOKA3HUKIB Ta BiIHOB/IEHHA IIC/IS HaBaHTaXeHb y Pi3HMX
rpymax HaceleHHS. Voro 3aCTOCYBaHHA PEKOMEHJIOBaHe JyIA IpodecillHNX CIOPTCMEHiB, JTHIX mofeit Ta ocib i3
nigBuIeHuMy GisMIHUMY HOTpebaMu

KniovoBi cnoBa: xapuyoBi [00aBKW; CIOPTVMBHA IIPORYKTMBHICTb; (pisMyHa Impame3faTHiCTh; QyHKIiOHaIbHA
e eKTUBHICTb; M'A30Ba CIIa; Tineprpodis M’a3is
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