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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Trivalent chromium is an essential trace
element involved in carbohydrate and lipid metabolism. The
widespread global prevalence of metabolic syndrome and
its close association with cardiovascular diseases and type
2 diabetes mellitus have increased scientific interest in the
potential metabolic effects of chromium. However, currently
available evidence regarding its clinical significance remains
inconsistent.

Methods: This narrative review describes the role of trivalent
chromium in the context of metabolic syndrome. A systematic
literature search was conducted in the Scopus and Web of
Science databases for studies published between 2015 and 2025.
The review included randomized controlled trials, observational
studies, experimental studies, systematic reviews, and meta-
analyses that investigated chromium intake, supplementation,
or the association between chromium levels and components of
metabolic syndrome.

Results: The reviewed studies reported heterogeneous findings
regarding the effects of trivalent chromium on components
of metabolic syndrome. While some studies demonstrated
improvements in glucose metabolism, insulin sensitivity, and
lipid profiles, other studies reported no clear or statistically
significant effects. The inconsistency of results has been
attributed to differences in study design, studied populations,
types and dosages of chromium supplementation, and duration
of interventions.

Discussion: The lack of uniform research methodologies,
limited sample sizes, and the absence of standardized protocols
for chromium supplementation hinder the comparability of
results. In addition, the heterogeneity of the studied populations
limits the reliability of the available data.

Conclusion: Available evidence does not support the
widespread clinical use of trivalent chromium. Therefore,
further large-scale studies are required to determine its efficacy
and safety.

Key words. Metabolic syndrome, trivalent chromium, insulin
resistance, lipid metabolism, supplementation.

Introduction.

Metabolic syndrome (MS) is a common metabolic disorder
that significantly increases the risk of type 2 diabetes mellitus
(T2DM) and cardiovascular diseases. Its key components
include impaired insulin sensitivity (IR), abdominal obesity
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(AO), elevated blood pressure, and dyslipidemia. The global
prevalence of MS continues to rise, contributing not only to
cardiovascular morbidity but also to a broad range of metabolic
and endocrine complications [1].

The development of MS is multifactorial and influenced
by genetic predisposition, environmental factors, lifestyle
behaviors, and disturbances in micronutrient homeostasis [2].
Among micronutrients, increasing attention has been directed
toward trivalent chromium, an essential trace element involved
in carbohydrate and lipid metabolism [3]. Several studies
suggest that alterations in chromium status may affect glucose
regulation, lipid balance, and overall metabolic function,
indicating a possible association with MS [4,5]. However, other
investigations report inconsistent or inconclusive outcomes,
leaving chromium’s precise metabolic role uncertain [6,7].

These conflicting findings highlight an important gap in
current scientific understanding regarding the physiological
relevance of trivalent chromium and its potential involvement
in the pathogenesis of MS. Therefore, the purpose of this
review is to summarize and evaluate contemporary scientific
evidence on the metabolic effects of Cr (III), with a focus on
proposed molecular mechanisms and findings from clinical and
experimental studies.

Methods.

To write this narrative review, a comprehensive search was
conducted in the Scopus and Web of Science databases. This
step included scientific studies published between 2015 and
2025. The following keywords were used for the search strategy:
("Metabolic syndrome" OR "Insulin resistance" OR "Abdominal
obesity" OR "Dyslipidemia" OR "Arterial hypertension"”
OR "Lipid metabolism" OR "Glucose metabolism") AND
("Trivalent chromium" OR "Chromium (III)" OR "Cr**"
OR "chromium compounds" OR "chromium picolinate"). In
addition, the “All fields” option was applied in order to cover
all relevant topics within the scope of the narrative review.
English-language articles describing the association of Cr (III)
or its compounds with MS and its individual components were
included in the review. In addition, observational, experimental,
randomized controlled, and review-type studies were included.
Conference abstracts, editorial articles, studies not published in
English, studies with inaccessible full texts, and articles lacking
data describing the association between Cr (III) and MS were
excluded from the review.
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Results.
Biological relevance of Cr (III).

Cr (IIT) is an important trace element involved in the regulation
of complex metabolic processes [8]. In recent years, scientific
interest has increasingly focused on its potential role in the
pathogenesis of MS. In particular, the ability of Cr (III) to
enhance insulin signalling, as well as to influence glucose and
lipid metabolism through modulation of key cellular pathways
such as AMP-activated protein kinase (AMPK), has been
considered [9].

Although overt chromium deficiency is rare in healthy
individuals, alterations in chromium status are frequently
observed in conditions such as IR and T2DM. This indicates
a possible association between chromium and metabolic
disorders [10]. While clinical studies examining the relationship
between chromium and metabolic disturbances have produced
inconsistent results, recent molecular and clinical investigations
highlight the important role of Cr (III) in metabolic regulatory
processes in the human body [11,12].

MS and its components.

IR, AH, dyslipidemia, and AO are considered the key
components of MS. These components are closely linked
from a pathogenetic perspective and often potentiate each
other, thereby exacerbating disease progression. Currently,
established diagnostic criteria for MS are used in medical
practice worldwide (Table 1) [13].

The potential role of Cr (III) has been discussed since the last
century. In addition, some researchers have investigated its
effects on glucose and lipid metabolism. Despite these studies,
the clinical use of Cr (IIT) compounds remains restricted, and the
available evidence is not sufficient to support their widespread
application [14,15]. Thus, this part of the review provides a brief
overview of the components of MS, their interrelationships, and
the possible effects of Cr (IIT) on these components.

Insulin resistance: pathogenesis and its relationship with MS:

Insulin resistance (IR) is one of the main metabolic
determinants of MS and is characterized by a reduced biological
response of peripheral tissues to insulin. As a result, glucose

Table 1. Classification of MS.

Year / Author | Obesity Fasting glucose TG
AHA/NHLBI Men >102 cm;
’ > >
(2009) Women >88 cm >5.6 mmol/L | >1.7 mmol/L
Men >94 cm;
IDF (2005) Women >80 cm; >5.6 mmol/L  >1.7 mmol/L
BMI >30 kg/m?
ATP I 2001) Men102ems g imolL  >1.7 mmol/L
Women >88 cm
Men >102 cm;
EGIR (1999) Women >88 cm IFG -
WHR: Men >0.9;
WHO (1998) Women >0.85; IFG -
BMI >30

uptake by tissues is impaired, leading to the development of
compensatory hyperinsulinemia and an increased risk of T2DM.
The development of IR is influenced by genetic predisposition,
AO, low physical activity, chronic low-grade inflammation, and
hormonal disorders [16].

In the general scientific literature, experimental and clinical
studies addressing the relationship between Cr (III) and IR are
reported. Some studies suggest that chromium supplements may
enhance insulin signaling processes and improve glucose uptake
into cells, while other studies, particularly those using chromium
picolinate (CrPics), have reported reductions in HOMA-IR
(Homeostasis Model Assessment of Insulin Resistance) values,
improvements in glucose tolerance, and decreases in glycated
hemoglobin levels (HbAlc) [17,18]. However, systematic
reviews and meta-analyses published between 2022 and 2024
indicate that the results about the effects of chromium on IR
are inconsistent and, in many cases, not statistically significant
[19,20]. Overall, despite some positive findings, researchers
do not recommend the use of Cr (III) supplements for IR. In
addition, they emphasize the need for future large-scale, high-
quality randomized controlled clinical trials (RCTs).

Clinical evidence on the effects of chromium supplementation:

Meta-analyses of clinical studies indicate that the effects
of chromium supplementation on glycaemic outcomes are
heterogeneous. Several RCTs and pooled analyses, particularly
those involving CrPic3, have reported modest improvements
in fasting plasma glucose (FPG), HbAlc, insulin levels,
and HOMA-IR in individuals with T2DM [21,17]. Some
studies also observed favourable changes in lipid profiles and
anthropometric parameters, whereas no significant effects
were detected on blood pressure or hepatic enzyme levels
[22,23]. However, other large RCTs comparing chromium
supplementation with placebo did not demonstrate statistically
significant effects on FPG or HbAlc. These findings were
observed in both individuals with and without diabetes
[24,25]. Such inconsistencies across studies may be attributed
to differences in chromium formulation, dosage, duration of
supplementation, co-administration with other nutrients, and
baseline metabolic characteristics of the study populations [26].

HDL-C
Men <1.0 mmol/L;
Women <1.3 mmol/L

Men <1.0 mmol/L;
Women <1.3 mmol/L

Men <1.0 mmol/L;
Women <1.3 mmol/L
<1.0 mmol/L (both
sexes)

Men <0.9 mmol/L;
Women <1.0 mmol/L

Blood Pressure
Systolic >130 mmHg;
Diastolic >85 mmHg

Systolic >130 mmHg;
Diastolic >85 mmHg

Systolic >130 mmHg;
Diastolic >85 mmHg
Systolic >140 mmHg;
Diastolic >90 mmHg

Systolic 2140 mmHg;
Diastolic >90 mmHg

Diagnostic criteria
>3 criteria

>3 criteria (one
must be obesity)

>3 criteria

>3 criteria (one
must be IR)

>3 criteria (one
must be IR)

Abbreviations: AHA — American Heart Association; NHLBI — National Heart, Lung, and Blood Institute; IDF — International Diabetes Federation,
ATP Il — Adult Treatment Panel I1I; EGIR — European Group for the Study of Insulin Resistance; WHO — World Health Organization; BMI — body
mass index; TG — triglycerides; HDL-C — high-density lipoprotein cholesterol; IFG — impaired fasting glucose; IR — insulin resistance; WHR —
waist-to-hip ratio; mmol/L — millimoles per liter; mmHg — millimeters of mercury.
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Abdominal obesity: diagnostic criteria, pathogenesis and its
association with Cr (III):

Abdominal obesity (AO) is a main component of MS and
makes a significant contribution to its development. AO is
characterized by an increased waist circumference (>94 cm in
men and >80 ¢cm in women). In addition, it is closely associated
with the development of IR and other metabolic disorders and
is distinguished by excessive accumulation of metabolically
active visceral adipose tissue [27].

In a number of studies, the relationship between the use of
Cr(III) supplementation and AO have been examined. However,
the obtained results are not consistent. In some clinical studies,
particularly in individuals with metabolic disorders, a slight
reduction in waist circumference was observed as a result of
Cr(Ill) supplementation [28-30]. In other studies, however,
no significant effect on anthropometric parameters was
detected [31,32]. These contradictory results may be related to
differences in the form and dose of chromium used, the duration
of the intervention, as well as the baseline metabolic status of
the studied populations [26].

Dyslipidemia: Pathogenesis and its relationship with MS:

Dyslipidemia is an integral part of MS and one of its clinically
significant components. It is typified by diminution of High-
Density Lipoprotein Cholesterol (HDL-C) and escalation of the
level of Triglycerides (TG) and low-density and very low-density
lipoprotein (LDL-C, VLDL-C). These changes form an atherogenic
lipid profile, significantly increasing the risk of cardiovascular
diseases, particularly myocardial infarction and stroke [33].

IR, AO, and impaired hepatic lipid metabolism are the risk
factors for the development of dyslipidemia. Free fatty acids
released from visceral adipocytes can be the reason for excess
TG production and increased LDL-C levels in the liver. At the
same time, levels of HDL-C, which protect the cardiovascular
system against atherosclerosis, decrease. Insulin deficiency
suppresses lipoprotein lipase activity, further increasing TG
accumulation in the plasma [34].

Cr (III) and dyslipidemia: proposed mechanisms and clinical
evidence:

Experimental studies suggest that Cr (III) may influence
lipid metabolism primarily at the hepatic level. Chromium
appears to regulate lipid homeostasis by reducing fatty acid
uptake and lipogenesis, enhancing cholesterol transport, and
attenuating inflammatory and oxidative stress (OS) processes
in hepatocytes. In addition, observational data indicate that
low circulating chromium levels are associated with increased
hepatic fat accumulation, whereas higher chromium status may
be linked to a reduced risk of hepatic steatosis [35].

Clinical evidence regarding the effects of chromium
supplementation on lipid profiles remains inconsistent. Meta-
analyses and RCTs, particularly those involving CrPics, have
reported modest reductions in total cholesterol and TG, while
effects on LDL-C and HDL-C are variable or statistically non-
significant [36]. These discrepancies are likely attributable to
differences in chromium formulation, dosage, intervention
duration, and baseline metabolic status of study populations.
Overall, although Cr (III) may exert favourable effects on
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lipid metabolism through multiple mechanisms, current
clinical evidence is insufficient to support its routine use for
dyslipidemia management in MS [27].

Arterial hypertension: diagnostic criteria, pathogenesis, and
proposed mechanisms:

Arterial hypertension (AH) is one of the most frequent and
clinically significant components of MS. In addition, it plays a
crucial role in the development of cardiovascular diseases. AH
is defined by persistently elevated systolic and diastolic blood
pressure levels (=130/85 mmHg according to IDF and ATP III
criteria). In the context of MS, the pathogenesis of AH differs
from that of primary hypertension and is associated with IR,
AO, and chronic low-grade inflammation [37].

In MS, the development of AH is influenced by several
interrelated mechanisms. These include endothelial dysfunction,
activation of the renin—angiotensin—aldosterone system, and
increased activity of the sympathetic nervous system. Free fatty
acids and pro-inflammatory cytokines released from visceral
adipose tissue impair vascular function, enhance renal sodium
and water reabsorption, and increase vascular tone. As a result,
a sustained elevation of arterial blood pressure develops [38].

Cr (III) and arterial hypertension: clinical evidence:

The association between chromium status and arterial
hypertension have been investigated in observational studies,
RCTs, and meta-analyses. However, the results remain
inconsistent. Although lower chromium levels have frequently
been reported in individuals with MS, a consistent and clear
association between chromium status and arterial blood
pressure has not been established [30,39,40]. Meta-analyses of
RCTs generally indicate that chromium supplementation does
not have a statistically significant effect on systolic or diastolic
blood pressure [41,42]. Nevertheless, modest beneficial effects
have been observed in certain subgroups, particularly among
patients with diabetes or heart failure [43,44].

Insulin-dependent and insulin-independent mechanisms of
Cr (III) in glucose metabolism.

Mechanisms by which Cr (III) regulates glucose metabolism
via insulin signalling:

Cr (II) is considered a biologically active trace element
involved in the regulation of glucose homeostasis, and its
effects on glucose metabolism through insulin signalling are
illustrated in Figure 1 [45]. Under hyperglycaemic conditions,
insulin secretion from pancreatic B-cells is stimulated, followed
by insulin binding to its receptor and activation of downstream
insulin receptor substrates (IRS). This process initiates
PI3K/Akt (phosphatidylinositol-3-kinase/protein kinase B)
signalling, which plays a central role in insulin-mediated
glucose metabolism by promoting GLUT4 (glucose transporter
type 4) translocation to the plasma membrane and enhancing
cellular glucose uptake and glycogen storage. In addition
to glucose transport, Akt (protein kinase B) signalling also
contributes to the regulation of lipid and protein metabolism, as
well as cellular growth and survival. Collectively, modulation
of insulin signalling by Cr (III) provides a biological rationale
for its potential metabolic effects observed in experimental and
clinical studies [45].
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Figure 1. Proposed mechanisms of Cr Il action in insulin signaling and GLUT4 translocation. Adapted and modified by the authors.
AMPK — AMP-activated protein kinase, AKT (PKB) — protein kinase B, AS160 — Akt substrate of 160 kDa, Cr — trivalent chromium, GSV — GLUT4
storage vesicles, GLUT4 — glucose transporter type 4, IR — insulin receptor, IRS — insulin receptor substrate, PDK1 — phosphoinositide-dependent
kinase-1, PI3K — phosphoinositide-3-kinase, PIP2 — phosphatidylinositol-4,5-bisphosphate, PIP3 — phosphatidylinositol-3,4,5-trisphosphate, Rab

— Rab GTPase.

Regulation of glucose levels via the 5'-AMP-activated protein
kinase pathway:

In addition to insulin-dependent mechanisms, chromium
has been reported to regulate glucose metabolism through
activation of the 5 AMPK pathway, an insulin-independent
energy-sensing system. AMPK is activated under conditions of
cellular energy deficiency, characterized by an increased AMP/
ATP ratio, and plays a central role in coordinating glucose and
lipid metabolism.

Activation of AMPK enhances cellular glucose uptake
and promotes glucose utilization as an energy source, while
simultaneously stimulating fatty acid oxidation and suppressing
energy-consuming metabolic processes. Through concurrent
modulation of PI3K/Akt- and AMPK-mediated pathways,
Cr (II) may contribute to improved glycaemic regulation
under conditions of metabolic stress. This insulin-independent
mechanism provides an additional biological rationale for the
potential effects of chromium on glucose homeostasis [46,47].
Regulation of glycaemia by Cr (III) via suppression of hepatic
gluconeogenesis:

Gluconeogenesis is a physiological process that plays an
essential role in maintaining blood glucose homeostasis.
However, its excessive activation contributes to the development
of hyperglycaemia in diabetes and IR. Recent experimental
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studies suggest that Cr (IIT) may influence glycaemic regulation
by attenuating hepatic gluconeogenesis [48].

Chromium has been shown to downregulate the gene
expression of key gluconeogenic enzymes, including glucose-6-
phosphatase (G6Pase) and phosphoenolpyruvate carboxykinase
(PEPCK), leading to reduced hepatic glucose output and
lower circulating glucose levels [49]. Overall, suppression of
gluconeogenesis represents one of the potential mechanisms
through which Cr (IIT) may contribute to glucose homeostasis.

Regulation of glucose metabolism via chromodulin by
chromium:

Experimental studies indicate that Cr (III) may enhance
insulin action through chromodulin. In insulin-responsive cells,
intracellular apochromodulin binds Cr (III) under conditions
of elevated glucose and insulin levels, forming an active
chromodulin complex. There is evidence that this complex
increases insulin receptor tyrosine kinase activity, thereby
enhancing downstream insulin signalling.

Enhanced insulin signalling via chromodulin facilitates
the translocation of the GLUT4 transporter to the plasma
membrane, increasing glucose uptake into cells and leading to
improved glycaemic control. According to scientific evidence,
enhancement of insulin signalling through chromodulin may
represent an additional mechanism by which Cr (III) influences
glucose metabolism [50,51].



Proposed mechanisms of Cr (III) in lipid metabolism.

Mechanisms of Cr (III) - mediated regulation of lipid
metabolism:

Lipid metabolism comprises a coordinated set of processes
involved in the transport, synthesis, oxidation, and utilization
of fatty acids, TG, and cholesterol, and plays a crucial role
in maintaining energy balance and cellular homeostasis [52].
Experimental studies indicate that metabolic conditions such as
obesity and IR are characterized by elevated circulating non-
esterified fatty acids (NEFA), reduced activity of the PI3K/Akt
signalling pathway in hepatocytes, impaired fatty acid oxidation,
and increased hepatic lipid accumulation. These alterations are
accompanied by decreased levels of lipid oxidation and transport
regulators, including PPARa and VLDL, along with activation
of lipogenic transcription factors such as SREBP-1c and key
enzymes involved in lipid synthesis and gluconeogenesis [53].

Activation of the PI3K/Akt pathway by Cr (III) may enhance
fatty acid oxidation, promote VLDL-mediated lipid transport,
and suppress hepatic lipogenesis, thereby reducing lipid
accumulation in hepatocytes and stabilizing lipid homeostasis
[54]. This process provides a biological basis for the potential
regulatory effects of Cr (III) on lipid metabolism through
modulation of insulin signalling.

Regulation of AMPK pathways of lipid metabolism by Cr
(111):

In a review article published in 2024, Gencoglu and colleagues
described mechanisms by which chromium may directly interact
with the B-subunit of mitochondrial ATP synthase, leading to
displacement of magnesium ions and subsequent activation of
AMPK. Activated AMPK regulates lipid metabolism through
multiple pathways by inhibiting lipogenesis, enhancing fatty
acid oxidation and lipolysis, and promoting the transport and
utilization of glucose and fatty acids.

In addition, Cr (III) has been reported to increase the
expression of key components involved in insulin signalling
and lipid metabolism, including peroxisome proliferator-
activated receptor y (PPARY), insulin receptor substrate-1 (IRS-
1), and the Akt/mTOR pathway. Through these interconnected
mechanisms, chromium may reduce the accumulation of fatty
acids and TG in hepatocytes and myocytes, improve lipid
profiles, and attenuate IR in adipose tissue [55].

Regulation of hepatic lipid metabolism by Cr (III):

Current scientific evidence suggests that Cr (III) may be
directly involved in the regulation of lipid homeostasis in
hepatocytes. These effects appear to be mediated through
modulation of processes related to lipid transport, synthesis, and
accumulation, as well as through regulation of key metabolic
signalling pathways such as PI3K/Akt and AMPK [56].

Recent epidemiological studies indicate an association
between chromium status and hepatic lipid accumulation.
In a large population-based study conducted by Xiang Y
and colleagues (2024) using National Health and Nutrition
Examination Survey (NHANES) 2017-2020 data, individuals
with low circulating chromium levels exhibited increased fat
accumulation in hepatocytes. Conversely, higher chromium
levels were associated with a reduced risk of developing hepatic
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steatosis [35,57].

At the molecular level, Cr (III) may regulate hepatic lipid
metabolism through several interconnected mechanisms. First,
it may downregulate the expression of proteins involved in
fatty acid uptake and intracellular transport, such as cluster of
differentiation 36 (CD36) and liver fatty acid-binding protein
(L-FABP), thereby limiting excessive fatty acid accumulation
in hepatocytes [58]. In parallel, chromium may suppress hepatic
lipogenesis by reducing the expression of key transcription
factors and enzymes involved in lipid and TG synthesis, including
sterol regulatory element-binding protein 1 (SREBP-1), fatty
acid synthase (FASN), diacylglycerol acyltransferase 1 and
2 (DGAT-1 and DGAT-2), and perilipin 2 (PLIN2) [59].
In addition, Cr (III) may enhance cholesterol metabolism
by upregulating the expression of apolipoprotein E (ApoE),
the LDL receptor, and cholesterol 70-hydroxylase, thereby
promoting cholesterol efflux from the liver and contributing to
improved lipid profiles. Beyond these direct metabolic effects,
chromium may also influence inflammatory and OS pathways.
Specifically, inhibition of hepatic nuclear factor kappa B (NF-
kB) signalling and enhancement of antioxidant enzyme activity
may attenuate inflammatory responses and oxidative stress,
indirectly contributing to improved lipid metabolism [60].

Discussion.

This narrative review critically evaluates the role of Cr(IIl) in
MS from experimental and clinical perspectives. The main focus
was placed on the molecular mechanisms of action of chromium
and its effects on individual components of MS. Although the
reviewed data indicate the presence of biologically plausible
mechanisms for Cr(II), they show that its clinical significance
currently remains unclear.

Experimental studies demonstrate that Cr(IIl) can influence
key metabolic pathways involved in the pathophysiology of
MS. In particular, activation of the insulin-dependent PI3K/Akt
signaling pathway, stimulation of the AMPK system, inhibition
of hepatic gluconeogenesis, and increased activity of insulin
receptors via chromodulin constitute a possible molecular
basis for the regulation of glucose and lipid metabolism.
However, evidence obtained from clinical studies is markedly
heterogeneous. A number of RCTs and meta-analyses,
especially with the use of CrPic3, show slight improvements
in glycemic indicators, insulin sensitivity, or lipid parameters,
whereas other studies have not identified statistically significant
effects compared with placebo. Such differences are observed
both in populations with and without diabetes and may depend
on the form of chromium, dose, duration of intake, baseline
metabolic status, and study design.

The association of Cr(IIl) with individual components of MS
is also inconsistent. Positive results for body mass index (BMI),
waist circumference, and dyslipidemia are modest and are not
reproduced in all studies, while the effect on arterial blood
pressure is in most cases not significant. In addition, data on the
safety of long-term use of chromium supplements are limited,
and optimal dosing regimens have not been clearly defined.

In conclusion, despite the ability of Cr(IIl) to affect important
molecular mechanisms associated with the pathogenesis of
MS, current clinical data do not support its widespread use for



the prevention or treatment of MS. In the future, large, high-
quality randomized clinical trials conducted using standardized
protocols are needed to determine the specific clinical role of
chromium, identify patient groups that may derive potential
benefit, and assess its long-term safety.

Conclusion.

Current evidence on the role of Cr III in the management of
MS remains inconclusive. Experimental and limited clinical
data suggest that Cr (III) may improve glycaemic control, lipid
metabolism, and insulin sensitivity through several molecular
mechanisms, but variability in study design and outcomes
calls for caution in its clinical use. This review is limited by
heterogeneity in the available studies and the predominance of
short-term trials. Therefore, the potential benefits of chromium
supplementation should be confirmed in large-scale, well-
designed RCTs to clarify its efficacy, define optimal dosing,
and assess long-term safety.
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