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The article investigates the effects of exercise modalities on
metabolic disturbances and the gut microbiome in women with
8Rg'DH-' ko hitoslorcid.ora/0009.0008-0549-128X metabolic syndrome The relevance of the study is determined
R e ﬁtstbs‘?,rgrc'i‘(’jr_%rg 0000-0002-6211-5204 | DY the rapidly increasing prevalence of metabolic syndrome and
the need for effective non-pharmacological interventions capable
of simultaneously targeting systemic metabolism and microbiome-
mediated regulatory mechanisms. The aim of the study was to
evaluate the effectiveness of a 12-week aerobic and resistance
training program in correcting carbohydrate and lipid metabolism
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parameters (glucose, insulin, HbA1c, lipid profile, HOMA-IR), and
gut microbiome composition were assessed using quantitative
16S rRNA PCR analysis. Baseline analysis demonstrated pro-
nounced disturbances of glycemic control and lipid metabolism
in women with metabolic syndrome, including elevated HbA1c,
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None. biome alterations characterized by reduced proportions of Bacte-
roidetes and Actinobacteria and increased representation of other
taxa, indicating dysbiosis. After 12 weeks of resistance training,
a statistically significant restructuring of the microbiome was ob-
served: an 18.4 % increase in Bacteroidetes, a 36.8 % decrease
in Firmicutes, and a 43.5 % reduction in the Firmicutes/Bacteroide-
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In contrast, aerobic training did not produce pronounced quantita-
tive shifts at the phylum level; however, Akkermansia muciniphila
and Bacteroides fragilis appeared in samples, microorganisms as-
sociated with improved metabolic adaptation and anti-inflammato-
ry activity. The most notable changes concerned the lipid profile,
Acknowledgements: including decreased triglycerides, total and atherogenic cholesterol,
None. and a tendency toward increased HDL levels. Overall, the results
enabled a comparative evaluation of training effects. Resistance
exercise primarily improved insulin sensitivity and glycemic control
and substantially modified microbiome structure, whereas aerobic
exercise exerted a stronger influence on lipid metabolism and
induced qualitative changes in microbial composition.
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Introduction

The full-scale war has intensified exposure to stress-
ors affecting population health. Research findings indi-
cate that life stress contributes to the development of
metabolic disturbances, including insulin resistance and
impaired glucose and lipid homeostasis, thereby wors-
ening disease prognosis. Numerous studies have dem-
onstrated that individuals exposed to severe war-related
stress have an increased risk of developing metabolic
syndrome (MetS) [3, 5, 9, 14].

Metabolic syndrome is regarded as a state of sys-
temic dysregulation that develops as a consequence
of impaired integrative interaction between the central
and peripheral components of homeostasis. The prin-
cipal pathogenetic determinants of metabolic syndrome
(MetS) are visceral obesity and insulin resistance, which
initiate a cascade of disturbances in carbohydrate and
lipid metabolism, chronic low-grade inflammation, and
endothelial dysfunction [7, 12].

The gut microbiome is considered a regulatory sys-
tem involved in metabolic, immune, and neurovegetative
control through the production of biologically active me-
tabolites and the modulation of bile acid metabolism.

A substantial role in the development of metabolic
disturbances is attributed to the gut microbiome, which
is viewed as an integral modifier of metabolic homeosta-
sis and an active participant in the etiopathogenesis of
MetS. Dysbiosis — characterized by reduced microbial
diversity and functional alterations of microbial commu-
nities — is associated with increased intestinal barrier
permeability, metabolic endotoxemia, and activation of
TLR4/NF-kB-dependent signaling pathways that sustain
systemic inflammation and insulin resistance [4, 13, 15].

At the same time, microbial metabolites, including
short-chain fatty acids, tryptophan derivatives, and
secondary bile acids, exert regulatory effects through
GPR41/43, AhR, FXR, and TGRS5 receptors, thereby
modulating gluconeogenesis, lipid metabolism, and the
inflammatory milieu [1, 8, 10].

Physical exercise represents a physiologically sub-
stantiated non-pharmacological intervention capable of
modulating insulin sensitivity, lipid metabolism, systemic
inflammation, gut microbiome structure, and autonomic
regulation of heart rhythm. However, existing studies pre-
dominantly focus on individual components of metabolic
syndrome, do not account for type-specific differences
between aerobic and resistance muscle work, and pro-
vide limited insight into the integrated interactions among
metabolic, microbiome-related, and autonomic adaptive
mechanisms [2, 6, 11]. The modality-dependent effects
of physical exercise on microbiome-mediated metabolic
adaptations remain insufficiently elucidated.

This study aimed to evaluate the effects of long-term
exercisevtraining of different modalities on the correc-
tion of disturbances in carbohydrate and lipid metabo-
lism and the gut microbiome in women with metabolic
syndrome.
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Materials and Methods

The effects of 12-week aerobic and resistance fithess
exercise training on biochemical markers of carbohydrate
and lipid metabolism, the taxonomic structure of the gut
microbiome were investigated in women in the second
period of mature adulthood with metabolic syndrome.
The study included 68 women with clinically confirmed
metabolic syndrome who were allocated into two training
groups and one control group. The experimental groups
comprised 50 women performing exercise training of
different modalities, while 18 women constituted the non-
intervention control group. Medical history data, anthro-
pometric measurements, and clinical-laboratory as well
as molecular-genetic assessments were analyzed.

The composition of the microbiota at the level of major
bacterial phyla was determined using quantitative real-
time PCR with universal primers targeting the bacterial
16S rRNA gene, as well as primers specific for Actinobac-
teria, Firmicutes, and Bacteroidetes.

Biochemical analyses were performed in the clinical
diagnostic laboratory of the V. P. Komisarenko Institute of
Endocrinology and Metabolism. The examination com-
plex also included clinical investigations (biochemical
blood analysis, complete blood count, carbohydrate and
lipid profiles using the enzyme-linked immunosorbent
assay (ELISA).

Training sessions with a predominantly aerobic
character were conducted three times per week, lasted
55 minutes, and included moderate-intensity aerobic ex-
ercise (AT). Low-impact exercises were performed within
a heart-rate zone of 65-70 % of HRmax (not exceeding
140 beats'min™"), corresponding to an energy expenditure
of approximately 6.0 METs. Load variation was achieved
by modifying the type of musical accompaniment, exer-
cise orientation, number of muscle groups involved, dura-
tion, and number of repetitions. Each session consisted
of a preparatory phase (warm-up), a main phase (Zumba
fitness exercises), and a final phase (stretching).

During health-oriented fitness sessions with a predomi-
nantly resistance character (RT), exercises targeting major
muscle groups were performed using body-weight load-
ing (push-ups, squats, low jumps) and external resistance
(dumbbells, medicine balls, resistance bands). Each ses-
sion consisted of three parts: warm-up, main strength sec-
tion (68 exercises), and a concluding phase (stretching).

Normality of data distribution was assessed using the
Shapiro—-Wilk test. In cases where the distribution devi-
ated from normality, nonparametric statistical methods
were applied: the Mann-Whitney U test was used for
comparisons between two independent samples, and the
Wilcoxon signed-rank test was used to evaluate within-
group changes over time.

Participants were recruited voluntarily through an
open invitation disseminated via social media, special-
ized online platforms, and information partnerships with
fitness centers and medical institutions. Prior to inclusion
in the study, each participant completed a participant
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questionnaire and an informed consent form contain-
ing explanations of the study objectives, procedures,
expected outcomes, and potential risks of participation.
The study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki and current
bioethical standards. Participation was voluntary, without
financial compensation, and participants had the right to
withdraw at any time without providing a reason. Confi-
dentiality of personal data and anonymity of results were
ensured. The study was approved by the Biomedical
Ethics Commission of the National University of Ukraine
on Physical Education (30.09.2020; protocol no. 2).

. Other
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Fig. 1. Taxonomic structure of the gut microbiome

under the influence of aerobic and resistance exercise training, %
Note. A — aerobic training before; B — aerobic training after; C —
resistance training before; D — resistance training after.
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Fig. 2. Firmicutes/Bacteroidetes ratio in the resistance

and aerobic training groups before and after the intervention
Note. Statistical significance of differences

between pre- and post-intervention parameters was assessed
using the Wilcoxon signed-rank test for paired samples.

* — difference statistically significant at P<0.05.
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Results and Discussion

It was established that women with metabolic syn-
drome, compared with a conditionally healthy control
group, exhibited baseline systemic differences in mark-
ers of carbohydrate and lipid metabolism (primarily in-
dicators of glycemic control and atherogenic fractions),
anthropometric and somatofunctional characteristics
(increased circumferences, BMI, fat mass percentage,
biological age, and basal metabolic rate), as well as
in the phylum-level composition of the gut microbiome
(decreased proportions of Bacteroidetes and Actino-
bacteria and an increased “Other” group).

In the metabolic syndrome group, HbA1c was high-
erby 17.6 % (5.76 % vs. 4.90 %; P=0.0003) and fasting
glucose by 29.6 % (6.48 vs. 5.00 mmol/L; P=0.0046).
Total cholesterol was elevated by 29.1 % (6.48 vs.
5.02 mmol/L; P=0.0001), LDL-C by 23.9 % (3.47 vs.
2.80 mmol/L; P=0.0064), and HDL-C by 25.3 % (1.93
vs. 1.54 mmol/L; P=0.0178). ALT was higher by 25.5 %
(26.65 vs. 21.23 U/L; P=0.0325), whereas differences
in insulin, HOMA-IR, TG, AST, and TSH were not sta-
tistically significant (P>0.05).

Baseline analysis revealed that in the metabolic
syndrome group the relative abundance of Bacteroides
was 6.8 % lower (63.30% vs. 67.90 %; P=0.0385), and
Actinobacteria was 24.8 % lower (2.18 % vs. 2.90 %;
P=0.0167), whereas the proportion of “Other” taxa
was 3.34-fold higher (12.04 % vs. 3.60 %; P=0.0001).
Firmicutes (P=0.3949) and the F/B ratio (P=0.5023)
did not differ significantly.

Exercise training of different modalities (aerobic
and resistance), applied over 12 weeks, demonstrated
a significant effect on changes in the quantitative com-
position of the gut microbiome in women with metabolic
syndrome, as shown in fig. 1.

According to the results of the detailed comparison
of baseline and final data, resistance exercise training
in participants led to a significant increase in the relative
abundance of Bacteroidetes by 18.4 % (P=0.0001), with
an elevation of the mean value. This was accompanied by
a significant decrease in Firmicutes by 36.8 % (P=0.02),
which may be interpreted as a favorable shift toward
restoration of a eubiotic microbial state.

In contrast, in the aerobic training group only a tenden-
cy toward an increase in Bacteroidetes content by 8 %
(P=0.24) and a simultaneous non-significant decrease
in Firmicutes (P=0.24) was observed, which did not reach
statistical significance.

Thus, the effect of resistance exercise training ap-
peared more pronounced in correcting dysbiotic alter-
ations characteristic of metabolic syndrome compared
with aerobic training. In both experimental groups, an
inverse correlation between the dynamics of Bacteroide-
tes and Firmicutes proportions was detected, moderate
during aerobic training (r = —0.2) and stronger during re-
sistance training (r = —0.6). This additionally confirms the
presence of a modulatory effect of exercise training on

bionozis meapuH, 2025, 1. 27, N4



Hurenko O. O., Drozdovska S. B.

Exercise-induced modulation of the gut microbiome in metabolically dysrequlated state

the gut microbiome, more pronounced under resistance
training conditions. Such an effect is likely associated
with increased tolerance to physical load and a shift
toward a functionally favorable bacterial profile.

Regarding Actinobacteria, no significant changes
in its representation were detected: stable quantitative
values were observed both before and after the inter-
vention.

In the resistance training group, statistically signifi-
cant changes in the Firmicutes/Bacteroidetes ratio were
observed, decreasing by 43.5 % (P=0.016) compared
with baseline values, as shown in fig. 2. In contrast, in
the group performing aerobic exercise training, the Fir-
micutes/Bacteroidetes ratio did not undergo statistically
significant changes (P=0.24), although a slight decrease
of 3.1 % relative to baseline was observed. This finding
may be interpreted as a tendency toward correction of
microbial imbalance toward eubiosis under the influence
of muscular activity. However, this dynamic was not sta-
tistically significant, likely due to a lower intensity or in-
sufficient specificity of the aerobic load for modulation
of the intestinal microbiota.

Overall, the obtained results indicate that resistance
exercise training exerts a more pronounced modulatory
effect on the ratio of key bacterial phyla. The limited effect
of aerobic exercise, in turn, highlights the individual vari-
ability of microbiome responses and the need for person-
alized selection of physical activity programs for micro-
biome correction in individuals with metabolic syndrome.

Additionally, fecal samples from participants in the
aerobic training group revealed the presence of Akker-
mansia muciniphila, a microorganism associated with
lower fasting glucose levels, greater microbial diversity,
and improved metabolic adaptation to exercise. Its ap-
pearance may indicate positive shifts in gut microbiome
structure under the influence of aerobic training. Along
with A. muciniphila, Bacteroides fragilis — a represen-
tative of the obligate colonic microbiota involved in local
immune regulation and maintenance of epithelial
homeostasis through production of anti-inflammatory
polysaccharide A — was also identified. Detection of
these taxa may indicate the formation of a more stable
and immunologically favorable microbial environment
characteristic of a compensated metabolic state.

Comparative analysis of final outcomes between the
two groups with different exercise modalities demonstrat-
ed that low-intensity aerobic exercise training exerted
a more substantial effect on modeling eubiosis than
aerobic training.

Based on the obtained results, it was established
that a 12-week training program in women with meta-
bolic syndrome was accompanied by positive dynamics
in biochemical parameters related to carbohydrate and
lipid metabolism, as well as the formation of metaboli-
cally relevant associations between metabolic parame-
ters and the taxonomic structure of the gut microbiota.
At the same time, the pattern of adaptive response dif-
fered substantially depending on the type of exercise
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training, allowing resistance and aerobic exercise to be
considered distinct non-pharmacological tools for the
correction of metabolic disorders.

The correlation analysis demonstrated that after the
resistance intervention the most pronounced associations
were formed between carbohydrate metabolism param-
eters and atherogenic components of the lipid profile.
Specifically, HbA1c showed a direct correlation with fasting
glucose (r=0.61; P<0.01) and HOMA-IR (r=0.32; P<0.05),
and was also positively associated with the proportion
of the conditionally unfavorable “%other” group (r=0.46;
P<0.01), allowing it to be considered a potential microbiota
marker of metabolic strain. The HOMA-IR index exhibit-
ed strong positive correlations with triglycerides (r=0.69;
P<0.01) and VLDL (r=0.63; P<0.01), confirming the patho-
physiological unity of insulin resistance and hypertri-
glyceridemia within the structure of metabolic syndrome.

In the aerobic group, a general tendency toward the
formation of a correlation “core” was observed, in which
markers of insulin resistance (HOMA-IR) were associated
with atherogenic fractions and the triglyceride component,
while microbiota indicators (particularly the Firmicutes/
Bacteroidetes ratio) demonstrated strong interrelations
with baseline taxa, reflecting restructuring of the microbial
community during metabolic adaptation.

In the resistance training group, the most pronounced
changes concerned reductions in atherogenic cholester-
ol fractions and improvement of carbohydrate metabo-
lism parameters. In particular, significant decreases in
total cholesterol and LDL-cholesterol were recorded, re-
flecting reduced plasma atherogenic potential and form-
ing a biochemical basis for lowering cardiometabolic risk.
Concurrently, the carbohydrate profile demonstrated sig-
nificant shifts in integrated markers of glycemic control
and insulin resistance (primarily HbA1c and HOMA-IR),
whereas fasting insulin and glucose showed a directed
but less pronounced dynamic.

The post-intervention correlation structure confirmed
the interrelationship of key carbohydrate and lipid metab-
olism parameters and their concordance with microbiota
characteristics. Specifically, HbA1c showed direct asso-
ciations with fasting glucose and the HOMA-IR index,
while HOMA-IR was associated with parameters of tri-
glyceride-related atherogenicity (particularly triglycerides
and VLDL). Simultaneously, associations between the
proportion of the conditionally unfavorable “%other” group
and glycemic markers were detected, suggesting that
this group may serve as a potential indicator of metabolic
strain. Overall, resistance exercise in this cohort exerted
its effect primarily through improvement of insulin sensi-
tivity and reduction of atherogenic cholesterol fractions,
while microbiota associations indicated involvement of
the intestinal component in metabolic adaptation.

In the aerobic training group, the most characteristic
feature was metabolic efficacy regarding the triglyceride
component and atherogenic lipid fractions. Compared
with the resistance group, aerobic intervention was ac-
companied by more pronounced favorable dynamics of
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lipid profile parameters, including significant reductions
in total cholesterol, LDL-cholesterol, and triglycerides, as
well as a tendency toward increased HDL. In the carbo-
hydrate profile, the aerobic program also demonstrated
favorable dynamics in glycemic control and insulin resis-
tance indicators, consistent with the physiology of aerobic
muscle work, which is characterized by increased fatty
acid oxidation, improved insulin sensitivity, and reduced
hepatic production of atherogenic lipoproteins.
Comparative analysis showed that resistance training
was more strongly associated with improvement in insulin
resistance and integral glycemic control indices, whereas
aerobic exercise had a more pronounced effect on the
lipid profile, particularly triglycerides and atherogenic lipo-
protein fractions. In both groups, metabolically relevant
relationships between biochemical markers and microbi-
ome taxonomic characteristics were observed, confirming
the multicomponent nature of adaptation to exercise.
Thus, after 12 weeks of a resistance training program
in women with metabolic syndrome, a statistically signif-
icant restructuring of the phylum-level gut microbiome
profile was observed. The proportion of Bacteroidetes
increased by 18.4 % (P=0.0001), Firmicutes decreased
by 36.8 % (P=0.02), the Firmicutes/Bacteroidetes ratio
declined by 43.5 % (P=0.016), and the proportion of
taxa grouped as “Other” decreased by 26.8 % (P=0.007),
while Actinobacteria remained stable. Collectively, these
changes may reflect a reduction in dysbiotic burden.
Against the background of the 12-week aerobic pro-
gram, pronounced phylum-level shifts were not observed;
however, the appearance of Akkermansia muciniphila
in fecal samples was recorded as a qualitative indicator
of microbiome modulation. This taxon is associated with
improved metabolic adaptation and greater stability of in-
testinal structural and functional integrity. Overall, the resis-
tance fitness program produced quantitatively pronounced
phylum-level restructuring, whereas the aerobic program
induced predominantly qualitative taxon-specific changes.
Comparison of the effects of the two health-oriented
fitness programs in women of the second period of
adulthood with metabolic syndrome demonstrated that
personalization of non-pharmacological correction should
be based on the dominant metabolic profile. When insulin
resistance and impaired glycemic control predominate,
strengthening the resistance component is more ap-
propriate, whereas in the presence of atherogenic dys-
lipidemia and hypertriglyceridemia, emphasis should be
placed on aerobic exercise. Thus, targeted application of
resistance and/or aerobic exercise in women with meta-

bolic syndrome may be considered an effective non-phar-
macological approach to correcting metabolic disorders,
implemented through interconnected mechanisms of
normalization of carbohydrate and lipid metabolism and
modulation of gut microbiome composition.
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3MiHu MikpobGiomy Kuwku nig BNAMBoM isM4HUX BNpaB B yMOBaxX MeTaboniyHMX nopylleHb
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HaujioHanbHun yHiBepcuTeT (hisndHOro BUXoBaHHS i cnopty Ykpainu, Byn. ®iskynetypu, 1, m. Kuis, 0350, YkpaiHa

CraTTs npucBsiyeHa AOCHIMKEHHIO BNNMBY hi3UHHUX HABaHTaXeHb Pi3HO| MOoJarnbHOCTI Ha MeTaboniyHi NOPYLUEHHS Ta KULLKOBWIA
MIKpOBIOM Y XiHOK i3 MeTaboniyHMM CMHAPOMOM. AKTyarbHICTb POOOTH 3yMOBIEHA CTPIMKMM 3pOCTaHHAM MOLUMPEHOCTI MeTabomniYHOro
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CVHAPOMY Ta MOLLYKOM e(PEKTUBHNX HEMEAMKAMEHTO3HWNX MIAXOAIB NOro KOPEKLi, 30aTHNX OAHOYACHO BMMMBATW HA CUCTEMHUIN MeTa-
6oni3m i mikpobiom-onocepeakoBaHi MexaHiamu perynsuii. Metoro gocnigpkeHHs Byno ouiHUTK edPekTUBHICTL 12-TUXHEBOI Nporpamu
aepobHWX i CUMOBKX TPEHYBaHb LLOAO KOPEKLii MOKa3HUKIB BYrMeBOAHOIO Ta NinigHOro o6MiHy, a TakoX BU3HaYMTX 0COBMMBOCTI nepe-
OyL0BM TAKCOHOMIYHOI CTPYKTYPU KMLLKOBOI MiKpOBIOTM 3anexHOo Big TUMy M’si30BOT po60TU. Y OOCHiAXKEHHI B3NN y4acTb 68 XiHOK
i3 KMiHiYHO NiaTBEpAXKEHNM MeTaboniyHUM cuHApPOMOM. 'ATAecAT yyacHUUb BUKOHYBanu dianyHi Bnpasu Ta Gynu po3noginexi Ha
[Bi rpynyu — aepobHuX i CMNoBMX TpeHyBaHb, Togi Sk 18 ocib ctaHoBMNM KOHTPONb 6e3 BTpy4YaHHS. TpuBanicTb Nporpamun cTaHoBuna
12 TvxHiB. OuiHIOBaNM aHTPONOMETPUYHI MOKa3HWKK, GioXiMiYHI napameTpu KpoBi (rMioKo3a, iHeyniH, HbA1c, ninighnin npodins, HOMA-IR)
Ta cknapg, K1LLKOBOro Mikpobiomy metofom kinbkicHoi MNP 16S rRNA. AHania BuxigHWUX OaHMX Nokasas, Lo Y XiHOK i3 MeTabonivyHum
CVMHOPOMOM CMOCTepiranuncs BUPaXkeHi NOPYLLEHHS TMiKeMiYHOro KOHTPOMo Ta ninigHoro obmiHy: nigsuweHHs HbA1c, rmokosu, 3a-
ranbHoro xonectepuHy i LDL-xonectepuHy, a Takox 3MiH1 Mikpobiomy, LLIO xapakTepusyBanvcsa 3MeHLLEHHSM YacTku Bacteroidetes
i Actinobacteria Ta 36iNbLIEHHSIM YaCTKM iHLIMX TaKCOHIB, LU0 CBig4UTb Npo Auchios. Micns 12 TwxHIB cMnoBoro TpeHyBaHHs 3adikco-
BaHO CTaTUCTMYHO 3HauyLLy nepebynoBy Mikpobiomy: 36inblueHHs YacTku Bacteroidetes Ha 18,4 %, 3meHLWweHHs Firmicutes Ha 36,8 %
i 3HMXeHHS cniBBigHOWeHHA Firmicutes/Bacteroidetes Ha 43,5 %, WO pO3UIHIOETLCA SIK BiQHOBMEHHS eyBioTnyHOro ctaHy. OgHo4YacHo
BiAOynocs nokpalleHHs BYrneBoaHoro obmiHy — sHukeHHst HbA1c Ha 7,9 % Ta iHaekcy iHcyniHopesucTeHTHocTi HOMA-IR Ha 14 %,
a TaKoX 3MeHLLEeHHS aTeporeHHNX dpakLin xonectepuHy. AepobHi TpeHyBaHHSA He CMPUYMHUI BUPAXEHUX KiMbKICHUX 3pYLUEHb Ha
piBHi hinymiB, ogHak y 3paskax 3'asununca Akkermansia muciniphila Ta Bacteroides fragilis — MikpoopraHiamu, acouiioBaHi 3 KpaLLioto
MeTaboniyHo aganTauieto i NpoTu3ananbHOK akTUBHICTHO. MNpu LbOMY HaNbINbLL BUpaXeHi NO3UTUBHI 3MiHM CTOCyBanucs ninigHoro
NPOinto: 3HWKEHHST TPUMMILEPUAIB, 3ararbHOrO Ta aTepOreHHOro XOrecTepUHY, a TakoX TeHAeHUis Ao niasuweHHs HDL. OTpumani
pe3ynsTaTti JO3BONWMM MPOBECTU y3aranbHIOKYe NOPIBHAHHA eddeKTiB TpeHyBaHb. BCTaHOBNEHO, LLO CUMOBI BPaBu NepeBaxHO MNo-
KpaLLyTb iHCYNIHOBY YyTNMBICTb i MMIKEMIYHWUIA KOHTPOMb Ta ICTOTHO 3MIHIOIOTb CTPYKTYPY Mikpobiomy, Toai sik aepobHi Bnpasu edek-
TUBHiLLE BNNVBaKOTb Ha NiMigHWIA OBMIH | CNIPUYNHSAIOTb SKICHI 3MiHU MikpOGHOrO cknagy.

Knro4yoBi cnoBa: ByrneBoaHWin 06MiH, XMPOBWI 0O6MiH, i3n4Hi BNpaBu, MeTabomniyHuiA CUHAPOM, KULLKA, KULLKOBUIA MikpoGiom

Hurenko OO, Drozdovska SB. Exercise-induced modulation of the gut microbiome in metabolically dysregulated state. Biol Tvarin. 2025; 27 (4): 92-97.
DOI: 10.15407/animbiol27.04.092.



