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THE EFFECT OF AMINO ACIDS AND VITAMIN D3 ON OBESE

PATIENTS AND WEIGHT LOSS. LITERATURE REVIEW

Obesity is a global problem in developed countries, which is
becoming increasingly common not only among adults but also among
children. The definition of obesity has changed significantly over the
past century, from a simplistic view of overeating and laziness to a
complex, multifactorial disease with profound consequences for health

and society. Potential factors contributing to obesity

environmental, biological, genetic, and economic factors, as well as
important influences on eating habits and behavior, the environment
associated with food and beverages, and psychological and social factors
acting inside and outside the body. The search for effective treatment
strategies for this condition continues to this day. Among the auxiliary
means of influencing carbohydrate metabolism, various micronutrients

and vitamins are widely studied.

Objective: Use literary sources to familiarize yourself with the
properties of the amino acids arginine, leucine and vitamin D3, and their

effect on carbohydrate metabolism and weight loss in obesity.

Object: arginine, leucine and vitamin D3 as means of correction of

carbohydrate metabolism disorders.
Research methods: review of literature sources.

Results: according to research and meta-analyses, certain amino
acids, such as arginine and leucine, as well as vitamin D3, can affect
metabolism and energy balance in the body. For example, leucine and
arginine are amino acids that play an important role in the biochemical
processes of the body. Their study in the context of obesity may include
an analysis of the effect on metabolism, fat metabolism, insulin
resistance and other parameters. In turn, vitamin D is a steroid hormone,
the main function of which is the regulation of calcium and phosphorus
metabolism. Still, this molecule also exhibits various properties,

including the effect on carbohydrate metabolism.
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Conclusion: The integration of leucine, arginine and vitamin D3 into
the diet may be one of the key strategies in the complex treatment of
obesity.

Keywords: obesity, amino acids, leucine, arginine, vitamin D3,
treatment, metabolism.
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BII/IUB AMIHOKHUCJIOT TA BITAMIHY D3 HA BTPATY
BAI'l Y HAIIEHTIB 3 O KUPIHHAM. OI'JIA JIITEPATYPHU

OsxupiHHg — 1e Tio0ansHa mpobieMa B PO3BUHEHMX KpaiHax, sKa
CTa€ Bce OUIBII MOMIMPEHOIO HE JIUIIIE Cepel TOPOCIHNX, a i cepex MiTei.
BusHaueHHS OXWpPIHHSA 3HAYHO 3MIHHIIOCS 32 OCTaHHE CTONITTSA, BiX
CIPOIICHOTO IOy Ha TepeigaHHs Ta JiHb JO CKJIAJHOTO,
0arato()akTOpHOTO 3aXBOPIOBAaHHS 3 TIHOOKAMH HACTIOKaMH  JUIS
3M0poB's Ta cychnuibcTBa. lloTeHmiiiHI (akTopu, 110 CHPHSIOTH
OXKHPIHHIO, BKJIFOYAIOTh CKOJIOTIUHI, 010JIOT1UHI, TEHETUYHI Ta CKOHOMIUHI
(haxkTopH, a TakoX BAXKIWBI BIUIMBH HA Xap4OBi 3BUYKH Ta MOBEIIHKY,
HaBKOJIMIIIHE ~CEpEJIOBHINE, TNOB'SI3aHE 3 DKEIO Ta HAMOsIMH, Ta
MICUXOJIOTIYHI Ta ColjanbHi (aKTOpW, L0 MAIOTH BCEPEIMHI Ta 30BHI
opraniamy. [lomyk eQeKTHBHHX CTpaTeriii JKyBaHHA IOTO CTaHYy
TpuBae i mouuHi. Cepex MOMOMDKHMX 3acO0iB BIUTMBY Ha BYTJICBOIHHMA
0OMiH IIMPOKO BHBYAIOTHCS Pi3HI MIKPOHYTPI€HTH Ta BiTaMiHU.

Mera: BukopucTtaTH mJiTepaTypHi JUKepena Uil O3HAHOMJICHHS 3
BJIACTHBOCTSIMH aMiHOKHCIIOT apriHiHy, JSUIIHY Ta BiTaMiHy D3, a Takox
X BIUIMBOM Ha BYTJIEBOJHHI OOMIH Ta BTpaTy Bard Mpy 0XKUPIHHI.

O0'exT: apriniH, Jeiinmmu Ta Bitamid D3, sk 3aco0u KOpekiii
MOPYILIEHb BYTJIEBOJAHOI'O OOMIHY.

MeToau T0CTiZKEHHS: OTJISL JTiITEpaTypHHUX JDKEPEL.

Pe3yabTaTH: 3rigHO 3 MOCTIKCHHSIMH Ta METaaHali3aMu, MEBHI
aMIHOKHCIIOTH, TaKi sIK apTiHiH Ta JEUINH, a TAKOX BiTaMiH D3, MOXYTb
BIUIMBATH Ha METa0O0Ni3M Ta CHEPreTHYHHH OalaHC B OpTraHi3Mi.
Hanpuknan, nednuH Ta apriHiH — 1€ aMiHOKHCIIOTH, IO BiAIirparoTh
BXIMBY pONb y OiOXiMiYHHX MHpOIlECaX OpraHisMy. IX BHBUEHHS B
KOHTEKCTI OXKUPIHHS MOXE BKIIOYATH aHAJi3 BIUIMBY Ha MeTabOIi3M,
KHUPOBHI OOMiH, IHCYJIHOPE3UCTEHTHICTh Ta 1HIII mapamerpu. Y CBOIO
4yepry, BiTamiH D — 11e cTepoifHuii TOPMOH, OCHOBHOIO (DYHKIII€IO SIKOTO
€ perysiis oOMiHy Kaibliio Ta Gochopy. OmHak 1 MOJIEKyJIa TaKOXK
MPOSIBIISIE Pi3HI BIACTHBOCTI, BKIIOYAIOYM BIUIMB Ha BYTJIEBOJHUI
00OMiH.

BucnoBok: [urerpanis neiinuny, aprinidy ta Biraminy D3 y pamion
MoOXe OyTH OJIHI€IO 3 KJIIOUOBHX CTpaTerii y KOMIIEKCHOMY JIIKyBaHHI
OKUPIHHS.

KarouoBi caoBa: 0XupiHHS, aMiHOKWCIIOTH, JIEHIMH, apriHiH,
Bitamin D3, ikyBaHH:, METa0Oi3M.

Aemop, eionogioanvhuii 3a nucmyeanusa: Onvea Opauk, /lepocasna naykoea ycmawnosa «Llenmp inHOBaYilIHUX
Mmeduynux mexnono2ii HAH Ykpainuy, Kuis, Yxpaina

e-mail: olgaorlykl 982@gmail.com
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INTRODUCTION

Obesity is a global pandemic worldwide, which has
not bypassed Ukraine. According to research results
from the last five years, 25% of Ukrainian adults suffer
from obesity, and the number of children of early school
age with obesity is already approaching 10% (according
to the COSI study). The acquired knowledge about the
role of biology and genetics in the occurrence of obesity
has led to the recognition of obesity as a disease, and
not a character flaw or weak willpower. It is obvious
that obesity is not the same condition for everyone. Like
cancer, which is a set of diseases with different causes,
symptoms, treatment and prognosis, obesity can also be
a set of diseases with individual, albeit similar, signs.

Potential factors contributing to obesity include
environmental,  biological,  genetic/developmental,
economic, behavioral/environmental factors related to
food and drink, psychological, and social factors that act
both internally and externally. These factors increase
energy intake and/or decrease energy utilization. In
some cases, the cause of obesity is very specific, such as
a deficiency in the receptors in the brain responsible for
regulating  food energy expenditure
(melanocortin 4 receptors, MC4R), or a lack of leptin (a
hormone that determines body fat levels), leading to
overeating with excessive calorie intake. In other cases,
there is not one specific cause, but many factors that
interact to increase the susceptibility to obesity. For
example, suboptimal sleep, certain viral infections, gut
microbial imbalance, or insufficient levels of
metabolically active brown adipose tissue. With the

intake and

rapid progress in understanding the biology of obesity,
we are entering a new era of enhanced opportunities for
its prevention, treatment and control. These advances
benefit people at risk of developing obesity and the
approximately one billion people worldwide who live
with this disease [1].

In this regard, the study of new approaches to the
treatment of obesity is an important task to ensure the
effectiveness and safety of therapeutic strategies.

According to research, certain amino acids, as well
as vitamin D, can affect metabolism and energy balance
in the body. Leucine and arginine are amino acids that
play an important role in biochemical processes in the
body. Their study in the context of obesity may include
the analysis of their effects on metabolism, fat
metabolism, insulin resistance and other parameters. In
turn, vitamin D is a steroid hormone, the main function
of which is the regulation of calcium and phosphorus
metabolism, but this molecule also exhibits various
properties, including effects on carbohydrate
metabolism.

This scientific article examines the effects of amino
acids and vitamin D on the treatment of obesity and

explores new perspectives and mechanisms of this
interaction.

Analysis of literature data.

Mechanisms of influence of amino acids leucine and
arginine on carbohydrate metabolism

Appetite reduction. Leucine and arginine interact
with appetite control systems in the central nervous
system. Some studies show that these amino acids can
affect the production of leptin and reduce hunger.
Leptin is a peptide hormone of adipose tissue that acts
on receptors in the hypothalamus, reducing appetite and
increasing thermogenesis.

Improving fat metabolism. Leucine is an essential
aliphatic amino acid that is not synthesized by the
body's cells but enters the body exclusively with
proteins that are part of natural food. Leucine can
stimulate protein synthesis and activate pathways
associated with fat burning. Arginine is an essential
alpha-amino acid, the L-form of which is one of the 20
amino acids encoded by the genetic code and forms the
basis of proteins. For humans, arginine is a semi-essential
amino acid, but during certain periods of life, particularly
during intensive growth and development, during some
diseases, the human body requires additional arginine
intake. Arginine also interacts with fat metabolism and
can contribute to the increase in nitric oxide, which can
affect the efficiency of fat burning.

Role in insulin regulation. Arginine can affect the
sensitivity of cells to insulin, which is an important
factor in glycemic control and prevention of insulin
resistance, which often accompanies obesity.

Integration of these amino acids into the diet may be
one of the key strategies in the complex treatment of
obesity. For more reliable evidence, additional clinical
studies are needed to determine the optimal doses,
duration and effective methods of administration of these
amino acids for maximum benefit and safety [2-4].

Effect of leucine on the activation of key enzymes in
protein synthesis after physical activity.

Physical activity plays a key role in maintaining
health and building muscle mass. Branched-chain amino
acids, in particular leucine, are considered key
participants in the molecular processes associated with
protein synthesis.

The results of a study examining the effect of
leucine on the activation of key enzymes involved in
protein synthesis after physical activity are presented
below.

The study participants were healthy, physically
active individuals who did not have serious diseases or
limitations, and they performed aerobic and anaerobic
exercises. Half of the participants received a
supplemental leucine intake after physical activity,
while the other half received a placebo.
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The measurement of enzyme activation was carried
out using biochemical and molecular methods, and the
activation of key enzymes, such as mitochondrial
ribosomal protein kinase and others involved in protein
synthesis, was also studied.

Results. The leucine group showed a statistically
significant increase in key enzyme activity compared to
the placebo group. The analysis showed that participants
who took leucine showed increased protein synthesis
after physical activity, which may indicate a positive
effect of branched-chain amino acids.

Leucine dosage can vary depending on various
factors such as age, gender, physical activity, health
status and specific needs of the body.

General recommendations for leucine doses in
different groups.

For athletes, and active people and for maintaining
muscle mass during weight loss, it is recommended to
consume approximately 2-3 g of leucine per day to
support muscle growth and recovery from physical
activity. For general use, the recommended dose of
leucine is 0.7-1 g per 1 kg of body weight per day.

Conclusion. suggest that
leucine may influence the activation of key enzymes in
protein synthesis after physical activity. This study
makes an important contribution to the understanding of
the molecular mechanisms that support the role of
branched-chain amino acids in muscle physiology

The results obtained

during exercise.

The role of leucine as a modifier of insulin
resistance and its effects on various metabolic levels.

Environmental factors, such as dietary micronutrient
composition, can have a profound impact on the risk of
developing type 2 diabetes and metabolic syndrome.
The following is a study that demonstrates how a single
dietary factor—leucine—can modify insulin resistance by
affecting multiple tissues at multiple metabolic levels.
The aim of this study was to evaluate the role of leucine
as a modifier of insulin resistance and its effects on
various metabolic levels.

To assess the role of leucine on metabolism, mice
were fed a normal- or high-fat diet. Dietary leucine was
supplemented in their drinking water. RNA, protein, and
a complete metabolomic profile were assessed in key
insulin-sensitive tissues and serum and correlated with
changes in glucose homeostasis and insulin signalling.
After 8 weeks on a high-fat diet, mice developed
obesity, fatty liver, inflammatory changes in adipose
tissue, and insulin resistance, as well as changes in the
metabolomic profile of amino acid metabolites, glucose,
cholesterol, and fatty acids in liver, muscle, adipose
tissue, and serum. Dietary leucine supplementation
induced significant improvements in glucose tolerance
and insulin sensitivity, without changes in food intake

or weight gain. Dietary leucine supplementation was
also associated with reduced hepatic steatosis and
reduced inflammation in adipose tissue. These changes
occurred despite an increase in insulin-stimulated
phosphorylation of p70S6 kinase, indicating increased
mTOR activation, a phenomenon associated with
insulin resistance.

Conclusion. These data suggest that dietary
modification can alter multiple metabolic pathways and
modify the metabolic syndrome by acting at a systemic
level. This study supports the role of leucine as a
modifier of insulin resistance while indicating its
potential effects at different levels of metabolism. These
data also suggest that increasing dietary leucine intake
may be an adjunct in the treatment of obesity-related
insulin resistance [5].

Effects of leucine in older adults with sarcopenia: a
systematic review and meta-analysis of randomized
controlled trials.

According to the literature, there is a decline in
muscle mass and protein synthesis in older adults with
age, which may lead to the development of certain
diseases and a decrease in quality of life. Sarcopenia is a
type of muscle loss that occurs with ageing and/or lack
of physical activity, characterized by a degenerative loss
of skeletal muscle mass, quality, and strength. The rate
of muscle loss depends on age, level of physical
activity, comorbidities, diet, and other factors.

Currently, one of the main treatments for sarcopenia
is resistance exercise and nutritional supplementation,
as pharmacological agents are not currently available
[6]. Despite the effectiveness of resistance exercise in
addition to diet [7], nutritional interventions remain the
most promising treatment and prevention strategy for
many older adults who are unable to exercise [8].
Supplementation of the branched-chain amino acid,
leucine, or a leucine-rich protein (whey/casein protein)
is one of the most common interventions for the
treatment of sarcopenia in the elderly [7-9].

Leucine is an essential branched-chain amino acid
that regulates muscle function in part through the
mTOR pathway [10]. Leucine has been shown to
regulate protein metabolism in skeletal muscle by
reducing proteolysis and increasing protein synthesis
[11-14]. Furthermore, leucine can increase glucose
uptake by skeletal muscle and induce insulin release
from pancreatic cells, which is an important anabolic
signal in skeletal muscle [14]. Therefore, dietary leucine
supplementation is currently being widely studied as a
strategy to increase muscle protein synthesis, which is a
promising approach for the treatment of sarcopenia [8].

However, recent studies supporting the effects of
dietary interventions with leucine have not been
conducted specifically in patients with sarcopenia [15]
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or have used a combination of different nutrients
including leucine [16]. Therefore, the authors conducted a
meta-analysis to assess the effects of protein-rich
supplements with leucine supplementation on improving
muscle quality and quantity in older adults with
sarcopenia.

The researchers searched for randomized trials in the
PubMed-Medline, Embase, and Cochrane Library
databases. Six randomized controlled trials involving 699
participants were selected. The search results showed that
protein supplements rich in leucine improved overall
muscle strength, mass, and performance compared with
the control group (SMD = 0.939; 95% CI, 0.440-1.438; p
< 0.001). As a primary outcome, muscle strength was
significantly improved in the leucine group (SMD =
0.794; 95% CI, 0.104-1.485; p = 0.024).

Conclusion. Leucine-rich protein supplements may
improve muscle strength in older adults with sarcopenia
and may be recommended in the dietary management of
sarcopenia [17].

Effects of arginine on metabolic regulation.

There is increasing interest in arginine in the scientific
community because it is involved in many metabolic
processes that play an important role in a wide range of
physiological and pathophysiological conditions. Studies
have shown that arginine affects nutrient metabolism,
stimulates insulin release, participates in nonspecific
immune and antioxidant responses, and increases disease
resistance. In particular, arginine may regulate energy
homeostasis through modulation of the adenosine 5'-
monophosphate-activated  protein  kinase pathway;
arginine may also regulate protein synthesis by activating
the target of rapamycin (TOR) signalling pathway.

According to the literature, dietary supplementation
with L-arginine reduces white fat mass in diet-induced
obese rats and in obese humans. A study was conducted
to test the hypothesis that arginine regulates glucose and
fatty acid metabolism in insulin-sensitive tissues. Male
Sprague-Dawley rats, 4 weeks old, were fed either a low-
fat or high-fat diet for 15 weeks. After that, lean or obese
rats were given the corresponding diet and water
containing 1.51% L-arginine-HCl or 2.55% alanine. After
12 weeks of treatment, the researchers collected tissue
samples for biochemical analyses. High-fat feeding
increased the size of adipocytes isolated from visceral
adipose tissue, whereas arginine treatment reduced their
size. The total number of adipocytes in adipose tissue did
not differ among the four groups of rats. Glucose
oxidation in the extensor digitorum longus muscle, soleus
muscle, and adipose tissue was reduced in response to
high-fat feeding. In contrast, oleic acid oxidation in
adipose tissue was increased in rats fed the high-fat diet.
Arginine treatment stimulated both glucose and oleic acid
oxidation in the extensor digitorum longus and soleus

muscles, without affecting glucose oxidation, oleic acid
oxidation, or basal lipolysis of adipocytes in visceral
adipose tissue. Taken together, these results suggest that
oral arginine supplementation in diet-induced obesity
may promote the oxidation of energy substrates in
skeletal muscle, thereby reducing white body fat.

Further clinical studies are needed to translate these
findings to humans, which will advance our
understanding of the effects of amino acids on
metabolism and have practical value in the development
of obesity treatment approaches [18].

The effect of vitamin D on body mass index in obesity.

Obesity, prediabetes and type 2 diabetes mellitus
(T2DM) are global diseases of the population of Ukraine,
the incidence of which is increasing annually. Insulin
resistance occurs in 90% of obese patients, contributing
to the accumulation of white adipose tissue and the risk
of further development of prediabetes and type 2 diabetes
mellitus. However, other factors also play a negative role
the development of obesity, particular,
cholecalciferol (vitamin D) deficiency. Vitamin D is a

in in
steroid hormone, the main function of which is the
regulation of calcium and phosphorus metabolism, but
this molecule also exhibits various properties, including
an effect on carbohydrate metabolism.

The present study was conducted to evaluate the role
of vitamin D in obese patients treated with glucagon-like
peptide-1 (GLP-1a) agonists in combination with lifestyle
changes and to compare its efficacy with that in patients
treated with metformin and sodium-glucose cotransporter
2 inhibitors (SGLT2i). The prospective study included
155 obese patients, and follow-up data were available for
49 of them. The study group consisted of 30 patients who
received combination therapy with liraglutide GLP-1a at
a dose of 1.2-3.0 mg per day. The control group
consisted of 19 patients who received combination
therapy with metformin at daily doses of 500 to 2000 mg
and SGLT2i at daily doses of 10 to 12.5 mg. Vitamin D
deficiency was treated with cholecalciferol at a dose of
4000 IU/day.

Results. In the GLP-la study group, 25 (83.3%)
patients had vitamin D deficiency, which was statistically
similar to the control group (p > 0.05) — 17 (89.5%)
cases. All patients with vitamin D deficiency received
4000 IU of cholecalciferol daily during the observation
period. In the GLP-la study group, the average body
weight before treatment was 104.6 kg, after treatment —
96.36 kg (p = 0.000007), and the average body weight
loss was 7.8% (range 1-23.71%) from baseline. The
mean body mass index (BMI) before treatment was 37.1
kg/m2, after treatment — 34.11 kg/m2 (p = 0.000006). In
the control group, the mean body weight before treatment
was 99.4 kg, after treatment — 91.74 kg (p = 0.000196),
and the mean body weight loss was 7.73% (range 0—
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16.9%) from baseline. The mean BMI before treatment
was 35.6 kg/m2, after treatment — 34.11 kg/m2 (p =
0.000196). Analysis of carbohydrate metabolism
indicators showed a significantly lower blood glucose
level — 5.75 mmol/l in the GLP-1a study group compared
to 8.42 mmol/l in the control group (p = 0.00024). It
should be noted that a similar clinical picture was
observed after treatment, despite the compensation of
type 2 diabetes in all patients: a significantly lower blood
glucose level — 5.03 mmol/l in the GLP-1a study group
compared to 5.99 mmol/l in the control group (p =
0.002453). However, in the GLP-1a study group before
treatment, significantly higher insulin levels were found —
27.02 mU/l compared to 18.59 mU/l in patients in the
control group (p = 0.003286). After treatment, a similar
situation was observed with significantly higher insulin
levels: 19.41 mU/1 in patients in the GLP-1a study group
compared to 14.42 mU/l in the control group (p =
0.0024). Corresponding changes were also observed for
the HOMA index.

Conclusion. The results obtained indicate the high
effectiveness of increasing vitamin D levels in cases of
vitamin D deficiency as part of the treatment of obese
patients with liraglutide, metformin, or SGLT2i [19-40].

The effect of vitamin D on metabolic processes and
body weight indicators.

Vitamin D is known for its role in regulating calcium
and phosphorus metabolism, but it also has an important
effect on metabolic processes. Studies show that vitamin
D deficiency may be associated with increased fat
accumulation and the development of obesity.

The study below aims to study the effect of vitamin D
on metabolic processes and body weight indicators. The
study included patients with different levels of vitamin D
and different body weight indicators. Body mass index
(BMI), waist circumference and other anthropometric
measurements were used to assess fat accumulation. Fat
metabolism indicators were assessed by triglyceride and
cholesterol levels.

Results. The analysis showed that patients with low
vitamin D levels tend to have a higher body mass index
compared to those with normal vitamin D levels. It has
also been found that vitamin D deficiency may be
accompanied by increased levels of triglycerides and
other indicators of dyslipidemia, indicating a possible
impact on fat metabolism.

Conclusion. The results obtained indicate a possible
relationship  between D deficiency, fat
accumulation and the development of obesity. The results
provide grounds for additional clinical studies to reveal
the mechanisms of this relationship and develop
treatment strategies [19-40].

The relationship between vitamin D and metabolic

vitamin

syndrome: Data from meta-analysis and In Silico studies.

The study of the effects of amino acids and vitamin D
on the treatment of obesity opens new perspectives for
the development of effective therapeutic strategies.
According to the literature, there is a close relationship
between obesity, metabolic syndrome (MS) and vitamin
D deficiency. MS is a set of metabolic conditions that
increases the risk of cardiovascular disease and type 2
diabetes. Components of MS have been defined in
various guidelines and consensus agreements and
currently include central (intra-abdominal) obesity,
hypertension, insulin resistance, and dyslipidemia.

Vitamin D deficiency may affect extraskeletal
functions associated with MS risk factors. However, the
precise effects and mechanisms of vitamin D on
dyslipidemia and insulin resistance in subjects with MS
remain controversial. To explore potential therapeutic
targets, pathways, and mechanisms of vitamin D effects
on MS parameters, the investigators conducted a
systematic literature search databases,
including PubMed, Web of Science, Embase, Cochrane
Library, Ovid, Scopus, and ProQuest.

According to various studies analyzed in this review,
vitamin D supplementation has beneficial effects in

in various

treating components of metabolic syndrome, such as lipid
profile, insulin resistance and hyperglycemia, obesity,
and hypertension. These effects may be related to the
ability of vitamin D to influence various physiological
parameters, including reducing arterial stiffness,
decreasing the activity of the renin-angiotensin-
aldosterone system, decreasing the level of parathormone,
inflammatory cytokines, increasing the activity of
lipoprotein lipase, improving phospholipid metabolism,
and mitochondrial oxidation.

Effects of vitamin D on obesity.

According two meta-analyses,
supplementation may help reduce body mass index
(BMI) and waist circumference, but not weight [41]. In
this vein, a meta-analysis of 22 observational studies
found that, despite an inverse relationship between per
cent fat mass and serum vitamin D levels, vitamin D

to vitamin D

supplementation was not found to significantly reduce per
cent fat mass compared to placebo groups [42]. In
contrast, Lotfi-Dizaji et al. observed a reduction in weight
and fat mass in vitamin D-deficient subjects who took
50,000 IU of vitamin D for 12 weeks [43]. However,
there are studies that show the opposite results, finding no
positive effect of vitamin D supplementation on
parameters such as BMI, weight, hip circumference, or
per cent fat [44]. Similarly, studies in 6—14-year-olds
have shown that vitamin D supplementation has no effect
on BMI, waist circumference, waist-to-hip ratio, and
body fat percentage [17, 45, 46].

However, the combined effect of calcium
supplementation with vitamin D3 appears to increase
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weight loss and improve some metabolic blood profiles in
obese women [47].

Vitamin D deficiency has been associated with
components of MS, and D
supplementation may be a relevant strategy for the
treatment and prevention of MS. However, it is not
possible to draw a clear conclusion about this association
because published data are conflicting, and it is unclear
whether vitamin D deficiency is a cause or a consequence
of MS or any of its components. Therefore, further
studies are needed to determine the real role of vitamin D
deficiency in the development of MS [21, 48-54].

Vitamin D doses in the treatment of obesity may vary
depending on various factors, such as the degree of
vitamin D deficiency, age, weight, degree of obesity, and
other individual characteristics of the patient. The optimal
dose should be determined by the doctor based on the
results of the tests and the specific needs of the individual
patient. However, there are general recommendations.

various vitamin

Doses for correction of vitamin D deficiency.

In cases of identified vitamin D deficiency, the doctor
may prescribe high doses of vitamin D for a short period
(for example, 50,000 IU per week for 8 weeks).

After the deficiency is corrected, maintenance doses
are recommended, which usually vary between 1000-
2000 TU per day or higher, depending on the patient's
needs and the doctor's recommendations.

Consideration of risk factors.

In patients at risk, such as the elderly, especially those
with limited access to sunlight, or those with a high body
mass index, vitamin D doses may be higher. Regular
monitoring of vitamin D blood levels allows for
individual needs to be considered and dosages adjusted
accordingly.

Vitamin D treatment should be under the supervision
of a physician, and doses should be individualized, taking
into account the specific conditions and needs of each
patient [55-58].

CONCLUSIONS

The results obtained indicate the effectiveness of the
amino acids leucine and arginine in a comprehensive
approach to the treatment of obesity. According to the
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literature, leucine can affect the activation of key
enzymes in protein synthesis after physical activity.
These results make an important contribution to the
understanding of the molecular mechanisms that support
the role of branched-chain amino acids
physiology during physical activity.

Dietary correction can alter several metabolic
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the systemic level, according to the study presented in
this review, leucine has potential effects at different levels
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associated with obesity.
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Therefore, based on the literature, we can conclude
that the integration of the amino acids arginine and
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of the key strategies in the comprehensive treatment of
obesity. For more definitive evidence, additional clinical
studies are needed to determine the optimal doses,
durations, and effective routes of administration of these
amino acids and vitamin D3 for maximum benefit and
safety.

All authors substantively contributed to the drafting of the initial and revised versions of this paper. They take full

responsibility for the integrity of all aspects of the work.

FUNDING

None.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

937



Eastern Ukrainian Medical Journal. 2025;13(4):931-940

REFERENCES

NCD Risk Factor Collaboration (NCD-RisC).
Worldwide trends in underweight and obesity from
1990 to 2022: a pooled analysis of 3663 population-
representative studies with 222 million children,
adolescents, and adults. Lancet. 2024 Mar
16;403(10431):1027-50. https://doi.org/10.1016/S0140-
6736(23)02750-2

Bai J, Li C, Tang Z, Wu C, Wei Z. Comparative study
of carbohydrate levels on growth, oxidative stress and
glucolipid metabolism of hybrid fish between
Megalobrama amblycephala (9) x Culter alburnus (J3)
and Culter alburnus. Reprod Breed. 2023 Sep;3(3):131-
42. https://doi.org/10.1016/j.repbre.2023.07.002
Forzano I, Avvisato R, Varzideh F, Jankauskas SS,
Cioppa A, Mone P, et al. L-Arginine in diabetes:
clinical and preclinical evidence. Cardiovasc Diabetol.
2023 Apr 18;22(1):89. https://doi.org/10.1186/s12933-
023-01827-2

LiJ, Fan Z, Wu D, Wang L, Wang CA, Liu H, et al.
Effects of arginine supplementation in high-
carbohydrate diets on the growth, hematological
parameters, and hepatic and skeletal muscle glucose

metabolism of juvenile mirror carp (Cyprinus carpio)
based on PI3K/Akt signaling pathway. Aquac Rep. 2024
Dec;39:1024009.
https://doi.org/10.1016/j.aqrep.2024.102409

Jobgen WS, Lee MJ, Fried SK, Wu G. 1-Arginine
supplementation regulates energy-substrate metabolism
in skeletal muscle and adipose tissue of diet-induced
obese rats. Exp Biol Med (Maywood). 2023
Feb;248(3):209-16.
https://doi.org/10.1177/15353702221139207

Kwak JY, Kwon KS. Pharmacological Interventions for
Treatment of Sarcopenia: Current Status of Drug
Development for Sarcopenia. Ann Geriatr Med Res.
2019 Sep; 23;23(3):98-104.
https://doi.org/10.4235/agmr.19.0028

Yoshimura Y, Bise T, Shimazu S, Tanoue M, Tomioka
Y, Araki M, et. al. Effects of a leucine-enriched amino
acid supplement on muscle mass, muscle strength, and
physical function in post-stroke patients with
sarcopenia: A randomized controlled trial. Nutrition.
2019 Feb;58:1-6.
https://doi.org/10.1016/j.nut.2018.05.028
Martinez-Armau FM, Fonfria-Vivas R, Cauli O.
Beneficial Effects of Leucine Supplementation on
Criteria for Sarcopenia: A Systematic Review.
Nutrients. 2019 Oct; 17;11(10):2504.
https://doi.org/10.3390/nul1102504

Amasene M, Besga A, Echeverria I, Urquiza M, Ruiz
JR, Rodriguez-Larrad A, et al. Effects of Leucine-
Enriched Whey Protein Supplementation on Physical
Function in Post-Hospitalized Older Adults
Participating in 12-Weeks of Resistance Training

Program: A Randomized Controlled Trial. Nutrients.
2019 Oct 1;11(10):2337.
https://doi.org/10.3390/nul11102337

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

De Bandt JP. Leucine and Mammalian Target of
Rapamycin—Dependent Activation of Muscle Protein
Synthesis in Aging. The Journal of Nutrition. 2016
Dec;12(146):2616S-2624S.
https://doi.org/10.3945/in.116.234518

Casperson SL, Sheffield-Moore M, Hewlings SJ,
Paddon-Jones D. Leucine supplementation chronically

improves muscle protein synthesis in older adults
consuming the RDA for protein. Clin Nutr. 2012 Feb
20;31(4):512-19.
https://doi.org/10.1016/j.clnu.2012.01.005

Rieu I, Balage M, Sornet C, Giraudet C, Pujos E,
Grizard J, et al. Leucine supplementation improves
muscle protein synthesis in elderly men independently
of hyperaminoacidaemia. J Physiol. 2006; 575:305-15.
https://doi.org/10.1113/jphysiol.2006.110742

Wall BT, Hamer HM, de Lange A, Kiskini, Groen B,
Senden J, et al. Leucine co-ingestion improves post-
prandial muscle protein accretion in elderly men.
Clinical Nutrition. 2013 Jun;3(32): 412-19.
https://doi.org/10.1016/j.clnu.2012.09.002

van Loon LJC. Leucine as a pharmaconutrient in health

and disease. Current Opinion in Clinical Nutrition and
Metabolic Care. 2012;15(1):71-7. .
https://doi.org/10.1097/MCO.0b013e32834d617a

Kim V, Isoda H. Effect of Citrulline and Leucine Intake
with Exercises on Body Composition, Physical Activity,
and Amino Acid Concentration in Older Women: A
Randomized Double-Blind Placebo-Controlled Study.
Foods. 2021 Dec 15;10(12):3117.
https://doi.org/10.3390/foods10123117

Lin CC, Shih MH, Chen CD, Yeh SL. Effects of
adequate dietary protein with whey protein, leucine, and

vitamin D supplementation on sarcopenia in older
adults: An open-label, parallel-group study. Clin Nutr.
2021 Mar;40(3):1323-29.
https://doi.org/10.1016/j.cInu.2020.08.017

Lee SY, Lee HJ, Lim JY. Effects of leucine-rich protein
supplements in older adults with sarcopenia: A

systematic review and meta-analysis of randomized
controlled trials. Archives of Gerontology and
Geriatrics. 2022;102:104758.
https://doi.org/10.1016/j.archger.2022.104758.
American Diabetes Association. Introduction: Standards
of Medical Care in Diabetes-2022. Diabetes Care. 2022
Jan 1;45(Suppl 1):S1-2. https://doi.org/10.2337/dc22-
Sint

Aludwan M, Kobyliak N, Abenavoli L, Kyriienko D,
Fagoonee S, Pellicano R, et al. Vitamin D3 deficiency is

associated with more severe insulin resistance and
metformin use in patients with type 2 diabetes. Minerva
Endocrinol. 2020 Sep;45(3):172-80.
https://doi.org/10.23736/S0391-1977.20.03161-2
Bassatne A, Chakhtoura M, Saad R, Fuleihan GE.
Vitamin D supplementation in obesity and during

weight loss: A review of randomized controlled trials.
Metabolism. 2019 Mar;92:193-205.
https://doi.org/10.1016/j.metabol.2018.12.010

938


https://doi.org/10.1016/s0140-6736(23)02750-2
https://doi.org/10.1016/s0140-6736(23)02750-2
https://doi.org/10.1016/j.repbre.2023.07.002
https://doi.org/10.1186/s12933-023-01827-2
https://doi.org/10.1186/s12933-023-01827-2
https://doi.org/10.1016/j.aqrep.2024.102409
https://doi.org/10.1177/15353702221139207
https://doi.org/10.4235/agmr.19.0028
https://doi.org/10.1016/j.nut.2018.05.028
https://doi.org/10.3390/nu11102504
https://doi.org/10.3390/nu11102337
https://doi.org/10.3945/jn.116.234518
https://doi.org/10.1016/j.clnu.2012.01.005
https://doi.org/10.1113/jphysiol.2006.110742
https://doi.org/10.1016/j.clnu.2012.09.002
https://doi.org/10.1097/MCO.0b013e32834d617a
https://doi.org/10.3390/foods10123117
https://doi.org/10.1016/j.clnu.2020.08.017
https://doi.org/10.1016/j.archger.2022.104758
https://doi.org/10.2337/dc22-sint
https://doi.org/10.2337/dc22-sint
https://doi.org/10.23736/s0391-1977.20.03161-2
https://doi.org/10.1016/j.metabol.2018.12.010

Eastern Ukrainian Medical Journal. 2025;13(4):931-940

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Bouillon R, Marcocci C, Carmeliet G, Bikle D, White
JH, Dawson-Hughes B, et al. Skeletal and Extraskeletal
Actions of Vitamin D: Current Evidence and
Outstanding Questions. Endocr Rev. 2019 Aug
1;40(4):1109-51. https://doi.org/10.1210/er.2018-00126
Chooi YC, Ding C, Magkos F. The epidemiology of
obesity. Metabolism. 2019 Mar;92:6-10.
https://doi.org/10.1016/j.metabol.2018.09.005
Contreras-Bolivar V, Garcia-Fontana B, Garcia-Fontana
C, Mufioz-Torres M. Mechanisms Involved in the
Relationship between Vitamin D and Insulin
Resistance: Impact on Clinical Practice. Nutrients. 2021
Oct 1;13(10):3491. https://doi.org/10.3390/nu13103491
Deren K, Nyankovskyy S, Nyankovska O, et al. The
prevalence of underweight, overweight and obesity in
children and adolescents from Ukraine. Sci Rep. 2018
Feb 26;8(1):3625. https://doi.org/10.1038/s41598-018-
21773-4

Dinets AV, Gorobeiko MB, Zdorna VV, Hoperia VH,
Lovin AV. [An integrated approach for obesity
management: the effectiveness of glucagon-like peptide
1 agonist and life-style interventions for obesity
management]. Int J Endocrinol (Ukr). 2022;18(3):145-
52. https://doi.org/10.22141/2224-0721.18.3.2022.116
(in Ukrainian).

Dinets A, Nykytiuk O, Gorobeiko M, Barabanchyk O,
Khrol N. Milestones and pitfalls in strategic planning of
healthcare in capital city in transition. Georgian Med
News. 2021 Jun;6(315):189-95. Retrieved from:
https://www.geomednews.com/Articles/2021/6 2021/1
89-195.pdf

Gorobeiko MB, Zdorna VV, Dinets AV. [Positive effect
of vitamin D supplementation on weight loss in obese
patients treated with glucagon-like peptide 1 and
lifestyle interventions]. Int J Endocrinol (Ukr).
2022;18(5):278-84. https://doi.org/10.22141/2224-
0721.18.5.2022.1186 (in Ukrainian).

Giin E, Uzun H, Bolu S, Arslanoglu I, Kocabay K.
Serum 25-hydroxyvitamin D is associated with insulin
resistance independently of obesity in children ages 5-
17. Prim Care Diabetes. 2020 Dec;14(6):741-46.
https://doi.org/10.1016/j.pcd.2020.06.006

Karampela I, Sakelliou A, Vallianou N, Christodoulatos
GS, Magkos F, Dalamaga M. Vitamin D and Obesity:
Current Evidence and Controversies. Curr Obes Rep.
2021 Jun;10(2):162-80. https://doi.org/10.1007/s13679-
021-00433-1

LeBlanc ES, Rizzo JH, Pedula KL, Ensrud KE, Cauley
J, Hochberg M, et al; Study Of Osteoporotic Fractures.
Associations between 25-hydroxyvitamin D and weight
gain in elderly women. J Womens Health (Larchmt).
2012 Oct 4;21(10):1066-73.
https://doi.org/10.1089/jwh.2012.3506

Lotfi-Dizaji L, Mahboob S, Aliashrafi S, Vaghef-
Mehrabany E, Ebrahimi-Mameghani M, Morovati A.
Effect of vitamin D supplementation along with weight

loss diet on meta-inflammation and fat mass in obese
subjects with vitamin D deficiency: A double-blind
placebo-controlled randomized clinical trial. Clin

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Endocrinol. 2019 Jan;90(1):94-101.
https://doi.org/10.1111/cen.13861

Nur-Eke R, Ozen M, Cekin AH. Pre-Diabetics with
Hypovitaminosis D Have Higher Risk for Insulin
Resistance. Clin Lab. 2019 May 1;65(5).
https://doi.org/10.7754/Clin.Lab.2018.181014

Pankiv IV. The impact of vitamin D status and
supplementation on thyroid autoimmunity. /nt J
Endocrinol (Ukr). 2020;16(8):105-9.
https://doi.org/10.22141/2224-0721.16.8.2020.222889
Pramono A, Jocken JWE, Blaak EE. Vitamin D
deficiency in the aetiology of obesity-related insulin
resistance. Diabetes Metab Res Rev. 2019
Jul;35(5):€3146. https://doi.org/10.1002/dmrr.3146
Rafiq S, Jeppesen PB. Insulin Resistance Is Inversely
Associated with the Status of Vitamin D in Both
Diabetic and Non-Diabetic Populations. Nutrients. 2021
May 21;13(6):1742.
https://doi.org/10.3390/nul3061742

Szymczak-Pajor I, Sliwinska A. Analysis of Association
between Vitamin D Deficiency and Insulin Resistance.
Nutrients. 2019 Apr 6;11(4):794.
https://doi.org/10.3390/nul1040794

Tkach SM, Pankiv VI, Pankiv IV. [Modern views on
the metabolism and biological effects of vitamin D]. /nt
J Endocrinol (Ukr). 2022;18(2):109-17.
https://doi.org/10.22141/2224-0721.18.2.2022.1156 (in
Ukrainian).

World Health Organization (WHO). STEPS prevalence
of noncommunicable disease risk factors in Ukraine
2019. 2020 Nov 16. Retrieved from:
https://www.who.int/europe/publications/i/item/WHO-
EURO-2020-1468-41218-56060

Xu Z, Gong R, Luo G, Wang M, Li D, Chen Y, et al.
Association between vitamin D3 levels and insulin
resistance: a large sample cross-sectional study. Sci Rep.
2022 Jan 7;12(1):119. https://doi.org/10.1038/s41598-
021-04109-7

Yakovenko V, Henn L, Bettendorf M, Zelinska N,
Soloviova G, Hoffmann GF, et al. Risk Factors for
Childhood Overweight and Obesity in Ukraine and
Germany. J Clin Res Pediatr Endocrinol. 2019 Sep
3;11(3):247-52.
https://doi.org/10.4274/jcrpe.galenos.2019.2018.0157
Perna S. Is Vitamin D Supplementation Useful for

Weight Loss Programs? A Systematic Review and
Meta-Analysis of Randomized Controlled Trials.
Medicina. 2019 Jul 12;55(7):368.
https://doi.org/10.3390/medicina55070368

Golzarand M, Hollis BW, Mirmiran P, Wagner CL,
Shab-Bidar S. Vitamin D supplementation and body fat

mass: a systematic review and meta-analysis. Eur J Clin
Nutr. 2018 Mar 21;72:1345-57.
https://doi.org/10.1038/s41430-018-0132-z

Lotfi-Dizaji L, Mahboob S, Aliashrafi S, Vaghef-
Mehrabany E, Ebrahimi-Mameghani M, Morovati A.
Effect of vitamin D supplementation along with weight
loss diet on meta-inflammation and fat mass in obese

subjects with vitamin D deficiency: A double-blind
placebo-controlled randomized clinical trial. Clin

939


https://doi.org/10.1210/er.2018-00126
https://doi.org/10.1016/j.metabol.2018.09.005
https://doi.org/10.3390/nu13103491
https://doi.org/10.1038/s41598-018-21773-4
https://doi.org/10.1038/s41598-018-21773-4
https://doi.org/10.22141/2224-0721.18.3.2022.1161
https://www.geomednews.com/Articles/2021/6_2021/189-195.pdf
https://www.geomednews.com/Articles/2021/6_2021/189-195.pdf
https://doi.org/10.22141/2224-0721.18.5.2022.1186
https://doi.org/10.22141/2224-0721.18.5.2022.1186
https://doi.org/10.1016/j.pcd.2020.06.006
https://doi.org/10.1007/s13679-021-00433-1
https://doi.org/10.1007/s13679-021-00433-1
https://doi.org/10.1089/jwh.2012.3506
https://doi.org/10.1111/cen.13861
https://doi.org/10.7754/clin.lab.2018.181014
https://doi.org/10.22141/2224-0721.16.8.2020.222889
https://doi.org/10.1002/dmrr.3146
https://doi.org/10.3390/nu13061742
https://doi.org/10.3390/nu11040794
https://doi.org/10.22141/2224-0721.18.2.2022.1156
https://www.who.int/europe/publications/i/item/WHO-EURO-2020-1468-41218-56060
https://www.who.int/europe/publications/i/item/WHO-EURO-2020-1468-41218-56060
https://doi.org/10.1038/s41598-021-04109-7
https://doi.org/10.1038/s41598-021-04109-7
https://doi.org/10.4274/jcrpe.galenos.2019.2018.0157
https://doi.org/10.3390/medicina55070368
https://doi.org/10.1038/s41430-018-0132-z

Eastern Ukrainian Medical Journal. 2025;13(4):931-940

Endocrinol. 2018 Nov 12;90(1):94-101. 51. Melguizo-Rodriguez L, Costela-Ruiz VJ, Garcia-Recio
https://doi.org/10.1111/cen.13861 E, De Luna-Bertos E, Ruiz C, Illescas-Montes R. Role

44. DuanL,Han L, Liu Q, Zhao Y, Wang L, Wang Y. of Vitamin D in the Metabolic Syndrome. Nutrients.
Effects of Vitamin D Supplementation on General and 2021 Mar 3;13(3):830. https://doi.org/

Central Obesity: Results from 20 Randomized 10.3390/nu13030830

Controlled Trials Involving Apparently Healthy 52.  Slominski AT, Mahata B, Raman C, Bereshchenko O.

Populations. Ann Nutr Metab. 2020 Jul 9;76(3):153-64. Editorial: Steroids and Secosteroids in the Modulation

https://doi.org/10.1159/000507418 of Inflammation and Immunity. Front Immunol. 2021
45. Makariou SE, Challa A, Siomou E, Tellis C, Tselepis A, Dec 20;12:825577.

Elisaf M, et al. Vitamin D status and cardiometabolic https://doi.org/10.3389/fimmu.2021.825577

risk factors in Greek adolescents with obesity — the 53.  Slominski AT, Tuckey RC, Jetten AM, Holick MF.

effect of vitamin D supplementation: a pilot study. Arch Recent Advances in Vitamin D Biology: Something

Med Sci Atheroscler Dis. 2020;5(1):64-71. New under the Sun. J Investig Dermatol. 2023

https://doi.org/10.5114/amsad.2020.95569 Dec;143(12)2340-42.

46. Rajakumar K, Moore CG, Khalid AT, Vallejo AN, Virji https://doi.org/10.1016/1.jid.2023.07.003
MA, Holick MF, et al. Effect of vitamin D3 54.  Wei X, Pandohee J, Xu B. Recent developments and
supplementation on vascular and metabolic health of emerging trends in dietary vitamin D sources and
vitamin D—deficient overweight and obese children: a biological conversion. Crit Rev Food Sci Nutr. 2023 Jun
randomized clinical trial. Am J Clin Nutr. 2020 26;64(28):10121-37.

Apr;111(4):757-68. https://doi.org/10.1093/ajcn/nqz340 https://doi.org/10.1080/10408398.2023.2220793

47. Subih HS, Zueter Z, Obeidat BM, al-Qudah MA, 55. XiaY,YuY,ZhaoY, Deng Z, Zhang L, Liang G.
Janakat SA, Hammoh F, et al. A high weekly dose of Insight into the Interaction Mechanism of Vitamin D
cholecalciferol and calcium supplement enhances against Metabolic Syndrome: A Meta-Analysis and In
weight loss and improves health biomarkers in obese Silico Study. Foods. 2023 Oct 30;12(21):3973.
women. Nutr Res. 2018 Nov;59:53-64. https://doi.org/10.3390/foods12213973
https://doi.org/10.1016/j.nutres.2018.07.011 56. Holubkina Y, Tykhonova T. Pathogenetic features in

48. Faraji S, Alizadeh M. Mechanistic Effects of Vitamin D patients with various phenotypic forms of obesity and
Supplementation on Metabolic Syndrome Components osteoarthritis: focus on meta-inflammation. The Journal
in Patients with or without Vitamin D Deficiency. J of V. N. Karazin Kharkiv National University. Series
Obes Amp Metab Syndr. 2020 Dec 30;29(4):270-80. Medicine. 2024;32(2(49)):238-255.
https://doi.org/10.7570/jomes20003 https://doi.org/10.26565/2313-6693-2024-49-12.

49. Ferreira PP, Cangussu L, Bueloni-Dias FN, Orsatti CL, 57. Fietze I, Laharnar N, Obst A, Ewert R, Felix SB, Garcia
Schmitt EB, Nahas-Neto J, et al. Vitamin D C, et al. Prevalence and association analysis of
supplementation improves the metabolic syndrome risk obstructive sleep apnea with gender and age differences
profile in postmenopausal women. Climacteric. 2019 — Results of SHIP-Trend. J Sleep Res. 2019
May 28;23(1):24-31. Oct;28(5):¢12770. https://doi.org/10.1111/jsr.12770
https://doi.org/10.1080/13697137.2019.1611761 58. Giustina A, Bouillon R, Dawson-Hughes B, Ebeling

50. Hooijschuur MC, Ghossein-Doha C, Kroon AA, De PR, Lazaretti-Castro M, Lips P, et al. Vitamin D in the
Leeuw PW, Zandbergen AA, Van Kuijk SM, et al. older population: a consensus statement. Endocrine.
Metabolic syndrome and pre-eclampsia. Ultrasound 2023 Jan;79:31-44. https://doi.org/10.1007/s12020-022-
Obstet Amp Gynecol. 2018 Sep 23;54(1):64-71. 03208-3

https://doi.org/10.1002/u0g.20126

Received 18.04.2025 Accepted 28.10.2025

INFORMATION ABOUT THE AUTHORS

Anna Garnytska, PhD, Assistant of the diabetology department of the Shupic National Healthcare University of
Ukraine: work concept and design, data collection and analysis, responsibility for statistical analysis, writing (not
revising) sections of the manuscript, final approval of the article.

Olga Orlyk, PhD, leading researcher of the Department of Diagnostics and Treatment of Metabolic Diseases State
Scientific Institution “Center for innovative medical technologies of the NAS of Ukraine”: work concept and design,
writing (not revising) sections of the manuscript, data collection and analysis, critical review, final approval of the
article.

Maryna Kochuieva, Doctor of Medical Sciences, MD, PhD, Professor of the Shupyk National Healthcare
University of Ukraine: collection of data, writing (not revising) sections of the manuscript.

Valentyna Psarova, Doctor of Medical Sciences, MD, PhD, Professor of the Sumy State University: data
collection and analysis, writing (not revising) sections of the manuscript.

940


https://doi.org/10.1111/cen.13861
https://doi.org/10.1159/000507418
https://doi.org/10.5114/amsad.2020.95569
https://doi.org/10.1093/ajcn/nqz340
https://doi.org/10.1016/j.nutres.2018.07.011
https://doi.org/10.7570/jomes20003
https://doi.org/10.1080/13697137.2019.1611761
https://doi.org/10.1002/uog.20126
https://doi.org/10.3390/nu13030830
https://doi.org/10.3389/fimmu.2021.825577
https://doi.org/10.1016/j.jid.2023.07.003
http://dx.doi.org/10.1080/10408398.2023.2220793
https://doi.org/10.3390/foods12213973
https://doi.org/10.26565/2313-6693-2024-49-12
https://doi.org/10.1111/jsr.12770
https://doi.org/10.1007/s12020-022-03208-3
https://doi.org/10.1007/s12020-022-03208-3

