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Abstract: Metabolic syndrome (MetS) is a complex interplay of interrelated metabolic derangements, including insulin resistance, 
dyslipidemia, central adiposity, and hypertension, thereby markedly amplifying the predisposition to type 2 diabetes mellitus (T2DM) 
and cardiovascular morbidities. Chromium (Cr), an indispensable trace element, has garnered scientific interest for its putative role in 
augmenting insulin sensitivity and modulating glucose metabolism. Chromium deficiency has been linked with insulin resistance and 
diabetes mellitus. A cycle of low chromium, defective glucose metabolism, and further loss of chromium is documented. Chromium 
supplementation has been associated with encouraging improvements in insulin sensitivity. It may enhance insulin signaling, regulate 
lipid metabolism, and mitigate obesity-related dysfunctions. However, its therapeutic efficacy remains debated due to inconsistent 
clinical outcomes and study variations. This comprehensive review delves into the implications of chromium supplementation, 
particularly chromodulin, in the context of MetS and its associated pathological sequelae. In conclusion, chromium (Cr) enhances 
insulin sensitivity by directly activating the insulin receptor kinase, which lowers the required insulin concentration for maximal 
cellular response and improves glucose uptake and storage. Synthesis of the evidence shows that Chromium (Cr) supplementation 
significantly benefits individuals with chromium deficiency or diabetes, improving glucose homeostasis and insulin sensitivity. This 
highlights the importance of baseline metabolic status in the effectiveness of Cr as a treatment, indicating that targeted interventions 
may be needed for optimal results in those with metabolic disturbances. 
Keywords: insulin resistance, chromium, metabolic syndrome, insulin sensitivity

Introduction
MetS is presently considered as a significant public health issue and is progressively receiving heightened scrutiny due to 
its escalating prevalence on a global scale. Numerous factors and conditions were associated with MetS.1 Among these 
factors, obesity, hyperglycemia, impaired glucose tolerance, and insulin resistance, in conjunction with dyslipidemia, 
markedly elevate the likelihood of developing diabetes and cardiovascular disease (CVD). The elevated CVD risk 
together with T2DM risk as a result of MetS creates substantial healthcare needs while impairing functional ability. 
Patients with MetS who receive reimbursement from healthcare systems incur 2.2 times higher medical expenses 
compared to those without the condition.1,2 Table 1 shows a summary of the risk Factors, diagnosis, and management 
of MetS.

Excessive insulin production due to insulin resistance results in hyperinsulinemia which becomes a central factor in 
unhealthy cholesterol development. The way the body handles fats during processing becomes impaired because of 
hyperinsulinemia thus increasing heart disease risks. Technically, insulin resistance causes high blood pressure yet not 
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every person with MetS and elevated blood pressure demonstrates elevated insulin levels. In those who do, the primary 
mechanism behind their hypertension is heightened sodium retention by the kidneys, leading to increased blood 
pressure.6,7 Moreover, hypertension in individuals with MetS is closely associated with factors derived from adipose 
tissue, further exacerbating metabolic dysfunction. Insulin plays a complex causal role in obesity by promoting 
lipogenesis and inhibiting lipolysis. However, the resultant adiposity is neither the primary cause nor the direct 
consequence of insulin resistance. Instead, insulin resistance emerges as a downstream effect of obesity and extends 
beyond glucose metabolism, exerting profound influences on lipid and lipoprotein homeostasis through intricate 
biochemical pathways.7,8

Central obesity serves as a pivotal initiating factor in the development of MetS. While the role of insulin resistance in 
the onset of MetS is widely emphasized, it primarily acts as a precursor to hyperglycemia and diabetes rather than being 
the fundamental cause of obesity.9

Chromium (Cr), an essential trace element in human nutrition, has been linked to improved blood glucose regulation 
in individuals with type 1 diabetes mellitus (T1DM), T2DM, and steroid-induced diabetes. Additionally, it has been 
associated with an improved lipid profile in the same population groups.10 Chromium supplementation enhances insulin 
sensitivity and regulates glucose metabolism while also improving lipid profiles, thereby reducing the risk of both renal 
and cardiovascular complications. Multiple studies demonstrate positive findings, but additional clinical investigations 
must provide evidence and establish appropriate chromium usage and dosage. Despite over six decades of research, the 
therapeutic efficacy of chromium supplementation in MetS remains highly debated due to persistent inconsistencies in 
clinical outcomes and significant variations across studies. A critical knowledge gap exists regarding the precise impact 
of baseline metabolic status and chromium levels on treatment responsiveness, as many studies do not adequately assess 

Table 1 Overview of Metabolic Syndrome (MetS): Risk Factors, Diagnosis, and Management

Aspect Details References

Description Metabolic syndrome is a cluster of conditions that increase the risk of heart disease, stroke, and 
diabetes. It includes central obesity, insulin resistance, hypertension, and dyslipidemia.

[1]

Risk Factors Common risk factors include obesity (BMI ≥ 25 kg/m2), increased waist circumference (>102 cm 
for men, >88 cm for women), hypertension, smoking, hyperlipidemia, age > 40 years, and a history 

of gestational diabetes.

[1,3]

Diagnostic Criteria 
(WHO Guidelines)

According to WHO, metabolic syndrome is diagnosed if a person has central obesity (waist 

circumference >102 cm for men and >88 cm for women) plus at least two of the following: elevated 
triglycerides (>150 mg/dl), low HDL cholesterol (<40 mg/dl for men, <50 mg/dl for women), elevated 

blood pressure (≥130/80 mmHg), and elevated fasting plasma glucose (≥100 mg/dl).

[3]

Prevention and 
Management

Prevention includes lifestyle changes such as weight loss, proper diet (low saturated fat, high fiber), 

daily exercise, and smoking cessation. Management includes pharmacotherapy for diabetes 

(Metformin, Glibenclamide), hypertension (ACE inhibitors, thiazide diuretics), and dyslipidemia 
(statins, fibrates).

[1,4]

WHO 
Recommendations

WHO recommends lifestyle modifications, regular monitoring of blood pressure, cholesterol, and 
glucose levels, and the use of medication when lifestyle changes are insufficient. Aspirin is suggested 

for pro-thrombotic states.

[5]

Related Health Risks Metabolic syndrome increases the risk of cardiovascular diseases, kidney disease, eye problems, 

neuropathy, and diabetes-related complications such as foot ulcers and amputations.

[1,6]

Monitoring Monitoring includes regular blood tests for fasting glucose, HbA1c, lipid profile, and kidney 

function (Albumin/Creatinine ratio), ECG for cardiovascular assessment, and regular check-ups for 

weight, blood pressure, and foot health.

[5]
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these factors. Furthermore, the optimal dosage and specific chemical forms of chromium for targeted intervention in 
diverse MetS phenotypes are yet to be definitively established. While chromodulin is proposed to activate insulin 
receptor kinase, the exact molecular mechanisms underlying its action and the full characterization of the “cycle of 
loss” in varied human metabolic profiles require further elucidation. This comprehensive review aims to synthesize the 
current understanding of chromium supplementation, particularly chromodulin, in the context of MetS and its associated 
pathological sequelae, while explicitly highlighting these unresolved questions and areas requiring further rigorous 
investigation.

The present research employs a literature review to investigate the role of chromium in Metabolic Syndrome (MetS), 
emphasizing its impact on insulin sensitivity, glucose metabolism, and lipid regulation.

Methodology
This study uses a literature review to explore chromium’s role in MetS, focusing on its effects on insulin sensitivity, 
glucose metabolism, and lipid regulation. A systematic search was conducted, and articles were screened from databases 
like PubMed, Google Scholar, and Web of Science, using keywords such as “Chromium (Cr)”, “Metabolic Syndrome 
(MetS)”, and “Insulin Resistance”. Only studies that met the specific inclusion criteria outlined below, were included in 
the review.

1. Intervention – Chromium supplementation, including various forms such as chromium picolinate, chromodulin, 
and other bioavailable chromium compounds.

2. Outcomes – The outcomes generally focus on measuring glucose levels (fasting and postprandial) and insulin 
sensitivity, with HOMA-IR and fasting insulin levels commonly used to assess insulin sensitivity.

3. Study Design – Randomized controlled trials (RCTs), observational studies, and systematic reviews evaluating 
chromium’s role in metabolic regulation.

4. Language – Published in English.
5. Publication Source – Appeared in a peer-reviewed journal.

Exclusion Criteria: Studies were excluded if they (1) had uncleared or inconsistent chromium dosages, (2) failed to 
measure key metabolic markers such as FPG, HbA1c, or HOMA-IR, or (3) were observational studies, animal studies, or 
narrative reviews without quantitative outcomes.

Chromium interventions considered in this review included dietary chromium intake, pharmacological supplementa
tion, and clinical trials assessing chromium’s effects on insulin sensitivity, glucose metabolism, and lipid regulation, 
Table 2. Both short-term and long-term supplementation studies were included to analyze chromium’s sustained impact 
on metabolic parameters.

From 1999 to 2025, a total of 299 articles were initially identified using the search term related to this study. 
A rigorous screening process was conducted, and 159 records were removed before screening, leaving 140 records for 
title and abstract review, as shown in the Sankey chart in Figure 1. Of these, 61 records were excluded for failing to meet 
the full inclusion criteria.

Subsequently, 79 records were requested for full-text retrieval, but 30 reports could not be obtained. Among the 49 
full-text articles assessed for eligibility, 41 studies were excluded due to reasons such as lack of relevant information on 
chromium dosage (n=8), being review articles (n=4), non-English language (n=5), and other factors like irrelevant or 
incomplete data (n=24). Finally, 8 studies were included in the systematic review, Figure 2.

Chromium’s (Cr) Role in Metabolic Syndrome (MetS): Insulin 
Dysregulation, Kidney Function, and Therapeutic Potential
In the early stages of MetS, the body produces too much insulin (hyperinsulinemia), but it does not work effectively, 
leading to various health issues. One common problem is increased protein loss in urine, which can be an early sign of 
kidney damage.19,20 According to the UK Prospective Diabetes Study (UKPDS), individuals with poorly controlled 
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Table 2 Chromium Supplementation and Its Effects on Glucose Metabolism and Insulin Sensitivity

Study Study 
Type

Sample 
Size (N)

Chromium 
Dosage (mg/ 

Day)

Duration 
(Weeks)

Glucose Levels 
(Fasting/ 

Postprandial) 
(mg/dL)

Insulin Sensitivity (HOMA-IR, 
Fasting Insulin)

Key Findings

Asbaghi 
et al11

Meta- 
analysis

28 0.05–1.0 4--25 ↓ FPG (−19 mg/dL), 
↓ HbA1c (−0.71%)

↓ HOMA-IR (−1.53), ↓ Insulin (−12.35 
pmol/L)

Significant reduction in fasting glucose, HbA1c, insulin 
levels, and HOMA-IR, showing improved insulin 

sensitivity.

Yin & 
Phung 
et al12

Meta- 

analysis

875 Varies (Cr 

chloride, Cr 

picolinate, 
Brewer’s yeast)

8--24 Brewer’s yeast ↓ 
FPG (−19.23 mg/dL), 

no effect on A1C

No significant effect Brewer’s yeast showed marginal improvement in FPG, 

other chromium forms had no significant effect on 

A1C.

Paiva 
et al13

RCT 71 600 µg (Cr 
picolinate)

16 ↓ FPG (−31 mg/dL), 
↓ postprandial 

glucose (−37 mg/ 

dL), ↓ HbA1c 
(−1.90%)

Not measured directly Chromium picolinate significantly reduced FPG, 
postprandial glucose, and HbA1c in T2DM patients.

Costello 
et al14

Narrative 
Review

20 studies 
reviewed

Varies 
(1.28–1000 µg)

3--24 Mixed results across 
studies, only 5 of 20 

showed ↓ FPG, 3 of 

14 ↓ HbA1c

Limited evidence of significant 
improvement

Overall, chromium supplements have limited 
effectiveness for glycemic control; effects vary based 

on form, dose, and duration.

Pei et al15 RCT 60 400 µg 

(Chromium- 
containing milk 

powder)

16 ↓ FPG (−38.1 mg/ 

dL), ↓ fasting insulin 
(−1.7 μU/mL), ↓ 

HbA1c (−1.1%) in 

males

Improved HOMA-IR in males (−2.1), 

improved insulin sensitivity

Chromium-containing milk powder improved 

metabolic control, mainly in male T2DM patients.

Sharma 
et al16

RCT/Parallel 40 0 12 ↓ Fasting Glucose ↓ HOMA-IR Significant reduction in fasting glucose and HbA1c

Masharani 
et al17

Double- 

blind, 
placebo- 

controlled 

RCT

31 (16 

chromium, 
15 

placebo)

500 μg twice 

daily (1 mg 
total)

16 No significant 

change in fasting 
glucose levels

No significant improvement in insulin 

sensitivity; high serum chromium levels 
were associated with worsening insulin 

sensitivity (β = −0.83, p=0.01)

Chromium supplementation did not improve insulin 

sensitivity in non-obese, normoglycemic individuals. 
Subjects with high serum chromium levels 

paradoxically experienced a decline in insulin 

sensitivity.

https://doi.org/10.2147/D
M

SO
.S581925                                                                                                                                                                                                                                                                                                                                                                                                                                  

D
iabetes, M

etabolic Syndrom
e and O

besity 2026:19 
4 Babakr et al                                                                                                                                                                          

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Zhao 
et al18

Double- 
blind, 

randomized 

placebo- 
controlled 

trial

120 
(30 per 

group)

160 µg (Cr 
yeast capsules) 

+ 200 mg Mg

12 ↓ Fasting Plasma 
Glucose, ↓ 2h 

Postprandial 

Glucose

↓ HOMA-IR, ↓ Fasting Insulin Co-supplementation of chromium and magnesium 
significantly improved glycemic control, lipid profile, 

and reduced inflammation and oxidative stress in 

individuals with impaired glucose tolerance and insulin 
resistance.
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blood sugar are at a higher risk of developing kidney-related complications such as microalbuminuria and proteinuria, 
which are also associated with high blood pressure.21 This highlights the importance of glucose metabolism in MetS and 
suggests that chromium (Cr) may play a beneficial role due to its anti-diabetic properties. This emphasizes the 
importance of glucose metabolism in MetS, and why chromium (Cr) might be especially beneficial due to its anti- 
diabetic properties. For instance, in a study with rats, chromium supplementation helped reduce the overexpression of 
a protein called glucose transporter 2 (GLUT-2), which is linked to the development of diabetic microalbuminuria. This 
suggests that chromium could play a key role in managing MetS and its complications, including kidney issues. 
Additional research supports chromium’s potential in delaying the onset of diabetes and related kidney problems.22

Chromium (Cr) and Glucose Metabolism: Mechanisms, Insulin Regulation, and 
Therapeutic Insights
The body employs several mechanisms to maintain normal blood glucose levels. These mechanisms include the uptake of 
glucose by tissues such as muscle in response to insulin, the conversion of glucose into glycogen for storage in the liver 
and muscle, and the synthesis of glucose from non-carbohydrate sources when blood glucose levels drop.

It is well known that insulin is the primary hormone responsible for regulating blood glucose levels. It promotes 
glucose uptake and metabolism in insulin-sensitive tissues while inhibiting glucose production by the liver. However, the 
exact mechanisms by which insulin controls blood glucose is multifaceted. In vitro, studies have demonstrated that 
insulin primarily increases the activity of enzymes involved in glucose utilization and glycogen synthesis while 
simultaneously decreasing the activity of enzymes that promote gluconeogenesis. Additionally, insulin enhances the 
rate of gene transcription, leading to the production of more glucose-utilizing enzymes and fewer gluconeogenesis- 
promoting enzymes. Through these processes, the body can typically maintain normal blood glucose levels unless 
glucose availability or utilization is impaired.23,24

Various research papers compellingly describe Cr’s ability to lower blood glucose in different mammalian models.25– 

27 In both lean and genetically obese hyperglycemic mice, Cr supplementation has been shown to reduce blood glucose 
levels, an effect that has also been observed in Zucker rats. Studies conducted in both normal and diabetic humans, as 
well as in glycogen-depleted T2DM cases and non-insulin-dependent diabetic individuals, have yielded conflicting 
results. However, most of these studies have demonstrated that Cr supplementation can lower fasting glucose levels 
and improve glucose tolerance. These results were recently confirmed by a study in nonhuman primates, where Cr 
supplementation improved insulin sensitivity and glucose levels in a dose-dependent manner. Impaired glucose tolerance 

Figure 1 PRISMA flow diagram as Sankey chart.
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and insulin resistance are the most consistent findings associated with Cr deficiency, suggesting that these alterations may 
be the primary manifestation of a pathophysiological state. This hypothesis is supported by the observation in humans 
that the degree of glucose intolerance is the sole predictor for the later development of non-insulin-dependent diabetes. 
The current interest in Cr as a potential therapeutic agent for various states of insulin resistance and/or hyperglycemia 
emphasizes the need to unravel the precise molecular mechanisms by which Cr affects glucose metabolism.11,28,29

Figure 2 PRISMA flow diagram of the study selection process.
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Chromium’s Effect on Insulin Sensitivity & Insulin Signaling Pathways
Chromium supplementation has been suggested to be beneficial in T2DM management. The main symptoms and 
underlying mechanisms of T2DM are well understood. Research involving both humans and animals indicates that 
a loss of blood sugar control occurs early in the disease’s progression. Additionally, there is now substantial evidence 
suggesting that impaired blood sugar control is, at least in part, due to a Cr deficiency. Data from in vitro studies, as 
well as several in vivo studies, indicate that Cr plays multiple roles that have the potential to influence the pathogenesis 
of T2DM. Further evidence from studies on T2DM patients supports the notion that Cr may have a beneficial impact 
on the management of the disease. However, at the molecular level, the precise mechanisms by which Cr affects 
T2DM progression remain largely unclear, which could limit its potential as a therapeutic option for the disease.11 

Multiple studies have demonstrated that Cr supplementation in individuals with T2DM and insulin resistance can lead 
to improved glycemic control. This improvement is reflected in better fasting glucose levels, lower insulin levels, and 
reduced hemoglobin A1c levels. Cr has the strongest evidence supporting its effects on T2DM and has been shown to 
be comparable to oral hypoglycemic agents. A recent meta-analysis of 15 randomized controlled trials concluded that 
Cr supplementation significantly improves glycemic control and reduces the need for diabetes medications. 
Additionally, the effects of Cr on the dyslipidemic components of MetS are well-documented. Consistent data show 
that Cr can lower total cholesterol, triglycerides, and low-density lipoprotein (LDL) levels while increasing high- 
density lipoprotein (HDL) levels.30 Further details of chromium’s effect on insulin resistance and metabolic health are 
summarized in Table 3.

Chromium primarily functions by potentiating insulin signaling. When Cr is deficient, the insulin receptor is unable to 
effectively interact with the insulin receptor substrate (IRS). As a result, the fat synthesis system required by adipose 
tissue is disrupted. This interruption ultimately disturbs the normal balance between glucose entry and storage, leading to 
insulin resistance. The insulin signaling cascade involves the activation of IRS, followed by phosphatidylinositol 

Table 3 Comprehensive Review of Chromium Studies: Study Models, Mechanisms, Benefits, and Clinical Insights in Metabolic Health

Ref. Aspect Study Models Mechanisms Potential 
Benefits

Dosage and 
Form

Safety 
Considerations

Pandora 
E. White 
et al31

Effects of 
Chromium 

Propionate 

Complex on Insulin 
Resistance and Type 

2 Diabetes

Wistar Rats 
(High-Fat-Fed, 

Streptozotocin- 

Induced Diabetic 
Model)

Chromium and bitter 
melon act as 

nutritional antagonists 

affecting lipid and 
glucose metabolism.

Improves body 
mass gain and lipid 

profiles in insulin- 

resistant models.

Chromium 
Propionate, 

10–50 mg Cr/kg 

diet in rats

Chromium and 
bitter melon may 

act as antagonists 

when co- 
administered.

Zhong 
Q. Wang 
et al32

Chromium 

Picolinate Enhances 

Skeletal Muscle 
Cellular Insulin 

Signaling In Vivo in 

Insulin-Resistant 
Rats

JCR:LA-cp Rats 

(Obese, Insulin- 

Resistant Model)

Chromium 

supplementation 

increases IRS-1 
phosphorylation and 

PI3K activity, reducing 

insulin resistance.

Enhances insulin 

sensitivity and 

glucose disposal 
rates in obese, 

insulin-resistant 

rats.

Chromium 

Picolinate, 

80 mg/kg/day in 
rats

High doses may 

impact protein 

tyrosine 
phosphatase 

activity.

Ethan 
M. Balk 
et al25

Systematic Review 
of Chromium 

Supplementation on 

Glucose Metabolism 
and Lipids

Meta-analysis of 
41 Randomized 

Controlled Trials

Chromium 
supplementation 

improves glycemic 

control and insulin 
sensitivity, but effects 

vary by formulation.

Significant 
improvements in 

glycemia for 

diabetic patients; 
no effect on non- 

diabetics.

Chromium 
Picolinate/ 

Nicotinate/ 

Chloride, 
200–1000 mcg/ 

day in humans

The quality of 
studies is varied; 

need for 

rigorous 
controlled trials.

(Continued)
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Table 3 (Continued). 

Ref. Aspect Study Models Mechanisms Potential 
Benefits

Dosage and 
Form

Safety 
Considerations

Rúben 
Moreira 
et al33

Impact of 
Chromium 

Picolinate on Leydig 

Cell Steroidogenesis 
and Antioxidant 

Balance

In Vitro Model of 
Insulin Resistance 

Using Leydig Cells

Chromium Picolinate 
restores 

mitochondrial function 

and reduces oxidative 
stress in Leydig cells.

Protective effects 
on 

steroidogenesis 

and mitochondrial 
oxidative stress 

balance.

Chromium 
Picolinate, dose- 

dependent 

effects in Leydig 
cell cultures

Potential toxicity 
of Chromium 

Picolinate at 

higher doses.

Paromita 
King et al21

UK Prospective 

Diabetes Study 

(UKPDS) and 
Chromium in 

Diabetes 

Management

Longitudinal 

Study on Type 2 

Diabetes Patients 
in UKPDS

Intensive glucose 

control with 

chromium reduces 
microvascular 

complications in 

diabetes.

Reduction in 

diabetes-related 

complications, 
particularly 

microvascular 

diseases.

Various 

formulations 

used in clinical 
settings

Potential for 

improved 

glucose control 
but needs 

individualized 

patient 
assessment.

Kazuhiko 
Nishimura 
et al34

Effect of Trivalent 
Chromium on 

Erythropoietin 

Production and 
Prevention of Insulin 

Resistance

HepG2 Cell 
Model for 

Erythropoietin 

and Insulin 
Resistance

Chromium promotes 
EPO production via 

PPARγ activation, 

mitigating insulin 
resistance effects.

Improves glucose 
uptake and 

prevents insulin 

resistance via 
erythropoietin 

modulation.

Trivalent 
Chromium, 

dose-dependent 

in HepG2 cells

High doses may 
interfere with 

liver metabolism.

Yinan Hua 
et al35

Molecular 

Mechanisms of 

Chromium in 
Alleviating Insulin 

Resistance

Animal and 

Cellular Models 

of Diabetes and 
Insulin Resistance

Chromium enhances 

GLUT4 translocation 

and modulates insulin 
receptor tyrosine 

kinase activity.

Potential for 

reducing insulin 

resistance and 
improving 

cardiovascular 

function.

Varies across 

studies, often 

200–600 mcg/day 
in supplements

Effects on 

cardiovascular 

health need 
further 

investigation.

Peter 
J. Havel36

Scientific Review on 

the Role of 
Chromium in Insulin 

Resistance

Review of Human 

and Animal 
Studies on 

Chromium’s Role 

in Insulin 
Resistance

Chromium amplifies 

insulin receptor 
signaling, improves 

glucose metabolism, 

and reduces oxidative 
stress.

Supports 

chromium 
supplementation 

in insulin-resistant 

conditions but 
needs further 

validation.

Reviewed 

multiple 
formulations and 

dosages used in 

studies

Long-term 

effects and safety 
profile require 

further research.

Lucero D. 
C. 
Collazos- 
Huamán 
et al24

Association 

Between Glycemic 
Control and 

Albuminuria in 

Peruvian Adults 
With Diabetes 

Mellitus 2

Cross-sectional 

analytical study in 
Peruvian adults 

with diabetes

Poor glycemic control 

is significantly 
associated with 

albuminuria in diabetic 

populations.

Glycemic control 

improvement may 
reduce diabetic 

kidney disease 

risk.

Various 

interventions in 
diabetic 

populations with 

uncontrolled 
glucose levels

Limited research 

in Hispanic 
populations; 

need for ethnic- 

specific 
intervention 

trials.

Hua et al35 Chromium and Its 

Role in Alleviating 

Insulin Resistance 
and Cardiovascular 

Dysfunction

Chromium 

interventions in 

preclinical models 
of cardiovascular 

disease and 

insulin resistance

Chromium may 

enhance endothelial 

function and reduce 
oxidative stress in 

insulin-resistant 

cardiovascular models.

Potential 

cardiovascular 

protection via 
modulation of 

oxidative and 

inflammatory 
pathways.

Chromium 

supplementation 

at varied doses in 
cardiovascular 

disease models

Possible risks 

related to 

endothelial 
function 

modulation; 

long-term 
studies are 

needed.
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3-kinase (PI3K), which generates the second messenger phosphatidylinositol-3,4,5-trisphosphate (PIP3). This, in turn, 
activates protein kinase B (Akt). Through this mechanism, Cr helps lower blood glucose levels by increasing the number 
of insulin receptors and transporters across the cell membrane. Consequently, this enhances insulin sensitivity, forming 
the core therapeutic mechanism of Cr in managing diabetes.37

For reference, in the insulin signaling cascade, insulin increases IRS activity in fat cells. The association between Cr 
and PI3K may stimulate tyrosine-targeted PI3K activity, leading to the production of PIP3. This process facilitates the 
accumulation of downstream signaling molecules, such as protein kinase B, as well as key components of normal kinase 
cascades, including Phosphoinositide-Dependent Kinase-1 (PDK1), in the cell plasma membrane, Figure 3. These 
molecules can then be activated through phosphorylation. Once protein kinase B undergoes phosphorylation, it can be 
directly activated by PDK1, thereby further propagating the insulin signaling pathway.38,39

Chromium’s (Cr) Role in Diabetes Management
Chromium’s Modulation of Insulin Signaling: Gene Expression, Receptor Activation, 
and Therapeutic Implications in Diabetes
Cr has been shown to influence gene expression as well as the phosphorylation of gene products involved in each major 
component of the insulin signaling pathway. These findings have been confirmed in various experimental systems.40 In 
a landmark study by Wang et al,32 rats with experimentally induced diabetes were administered Cr supplements, resulting 
in a threefold increase in insulin receptor mRNA, a 41% increase in insulin receptor number, and a 13-fold increase in 
insulin receptor kinase activity compared to diabetic animals that did not receive Cr supplementation. Additionally, the 
transcription of the insulin receptor gene in Cr-supplemented diabetic animals was 70% higher than in the unsupple
mented diabetic group. These findings closely resemble those observed in certain models of insulin-dependent diabetes, 
where the downregulation of the insulin receptor is believed to contribute to impaired insulin action. This process is 
mediated through Cr’s ability to enhance the activity of the enzyme tyrosine kinase itself. Although further research is 

Figure 3 Potentiating effects of Cr over the insulin signaling pathway. The interaction between chromium (Cr) and phosphoinositide 3-kinase (PI3K) appears to enhance 
tyrosine-targeted PI3K activity, which subsequently promotes the synthesis of phosphatidylinositol (3,4,5)-trisphosphate (PIP3). This accumulation of PIP3 is crucial as it 
facilitates the recruitment and activation of downstream signaling molecules. 
Abbreviations: IRS, insulin receptor substrate; PDK1, Phosphoinositide-Dependent Kinase-1; Akt, protein kinase B; GLUT-4, Glucose transporter 4.
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needed, it is reasonable to speculate that similar effects of Cr on gene expression might be observed in human diabetes, 
particularly in T2DM, where defects in insulin receptor kinase activity are commonly reported.32,41,42

Chromium’s Interaction with Other Molecules in Metabolic Pathways
A unified theory has been proposed regarding the role of Cr in nutrient metabolism, based on the structural similarities 
between low-molecular-weight chromium-binding substance (LMWCr), nutrients, and insulin-related peptide hormones 
and growth factors. It was concluded that Cr functions as a cofactor, enhancing the activity of all insulin-related peptide 
hormones and growth factors. Consequently, it amplifies the biological effects of their ligands on cell receptors, including 
those of insulin and insulin-like growth factor 1 (IGF-1).41,43

Impact of Chromium Deficiency on Glucose Homeostasis
Individuals with overt T2DM excrete significantly more glucose than normal in response to an oral dose of a complexing 
agent, possibly chromium picolinate. This effect, observed in over 40% of diabetic individuals, represents a notable 
metabolic abnormality. Despite variations in glucose tolerance and insulin sensitivity, the increased glucose excretion 
following the load appears to be independent of factors such as age, sex, diabetes severity, obesity, and dietary habits.14

Excessive glucose excretion primarily occurs in individuals with marginal or overt diabetic symptoms. Additionally, 
high Cr losses have been documented in a similar group of diabetic patients who were case-matched with individuals 
exhibiting normal and impaired glucose tolerance. Studies indicate that the response to glucose tolerance factor (GTF) in 
individuals with various types of disturbed carbohydrate metabolism is significantly lower, pointing to a Cr deficiency as 
a contributing factor to impaired glucose regulation. In at least 17 studies, dietary, blood, and urinary assessments have 
confirmed Cr depletion in diabetic patients, which is associated with increased glucose excretion and a subsequent 
reduction in biologically active Cr in the body. This depletion exacerbates insulin resistance, further impairing glucose 
metabolism. Clinical studies on chromium supplementation have shown that dietary intake of even small amounts of Cr 
has led to improvements in blood sugar control in most, though not all, T2DM patients. These findings provide strong 
evidence supporting the hypothesis that T2DM is associated with Cr deficiency. However, further randomized controlled 
trials (RCTs) are needed to establish the efficacy, optimal dosage, and long-term benefits of chromium supplementation in 
managing T2DM.11,14,25

Recent studies have shown that phosphoinositide 3-kinase (PI3K) activation is impaired in insulin-resistant patients, 
suggesting that IK fork-unresponsiveness may serve as an important molecular marker of insulin resistance. The kinase- 
specific protein kinase B (PKB) kinase is a 3-terminal kinase capable of phosphorylating the hydrophobic protein kinase 
domain of the palmitoylated TAG protein, thereby converting it into its hydrophilic structure. Protein kinase B plays 
a crucial role in stimulating several key components of glucose metabolism, making it an essential regulator in insulin 
signaling pathways.44,45

Potential Benefits of Chromium in Diabetes Management
Several hypotheses have been proposed to explain the biochemical role of chromium, particularly its function as a co- 
factor for insulin. Trivalent chromium (Cr3+) has been shown to enhance insulin activity in laboratory studies and may 
increase the number of insulin receptors or improve their ability to bind insulin in various experimental models. More 
recent evidence suggests that chromium may act as a bridging molecule, helping insulin bind more effectively to its 
receptors on cells, thereby improving insulin function. This hypothesis is initially based on observations that a low- 
molecular-weight chromium-binding substance (LMWCr) can potentiate insulin binding to erythrocytes in vitro. 
Subsequent studies have demonstrated the insulin-mimicking effects of LMWCr in cultured 3T3 adipocytes, along 
with a potentiating effect of LMWCr on the in vitro dephosphorylation of the insulin receptor. These effects are 
particularly significant, considering the proposed role of insulin resistance in the development of non-insulin- 
dependent diabetes mellitus (NIDDM). Recent reviews have examined these findings in the context of a new model 
for insulin-receptor interactions.35,46,47
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Clinical Implications and Future Directions
Improving insulin sensitivity through Cr supplementation in individuals with MetS and impaired glucose metabolism 
may be associated with a reduced risk of cardiovascular morbidity and mortality. Considering that CVD is the leading 
cause of death in these conditions and that diabetics have a two to four-fold increase in cardiovascular mortality 
compared to non-diabetics, any intervention that successfully enhances insulin sensitivity and decreases blood lipid 
peroxidation would be expected to significantly reduce cardiovascular events.2

Although animal studies have provided intriguing insights into the long-term effects of Cr on insulin signaling, these 
findings have not been consistently replicated in other models. Currently, there is a lack of data on how Cr influences the 
insulin receptor or the conditions that precede insulin receptor substrate (IRS) recruitment and protein kinase activation.

Recent evidence suggests that Cr may enhance glucose uptake through GLUT4-independent pathways by promoting 
the translocation of GLUT1 to the plasma membrane.48 These effects are likely mediated through a direct action on 
enzymes. Furthermore, these in vitro findings align with the effects of trivalent chromium (Cr3+), which include an 
increase in the function or expression of various Cr3+-binding enzymes, as well as enhanced phosphorylation of several 
kinases at low insulin-mimetic doses. Future research investigating the impact of Cr on gene expression is expected to 
reinforce and expand our understanding of these mechanisms, potentially uncovering additional independent pathways 
through which Cr exerts its effects.35,49

Despite encouraging results from preclinical studies, research on chromium supplementation in individuals with 
diabetes and MetS has produced inconsistent results. Differences in study design, subjects and their glucose/insulin 
homeostasis status, Cr preparation and doses, and the presence of other glucose-lowering interventions have been 
suggested as explanations for these inconsistencies. As a result, there is a significant discrepancy in the literature 
regarding the dosage used, form of Cr given, duration of treatment, and varying degrees of patient glucose intolerance. 
Further research is needed to explicitly elucidate the effects of Cr on diabetes and MetS.50

Conclusion
The primary mechanism of Cr involves the potentiation of insulin signaling, specifically through the direct activation of 
the insulin receptor kinase. This activation lowers the Km of the receptor, which is non-specific, meaning that a lower 
concentration of insulin is required to produce a maximal cellular response. Consequently, this amplifies insulin- 
controlled metabolic processes. Moreover, Cr itself may function as an insulin cofactor by enhancing the binding of 
insulin to cells, acting as a bridging molecule between insulin and its receptor. By increasing insulin sensitivity through 
this mechanism, Cr effectively enhances the efficiency of glucose uptake and disposal in cells. This was identified by 
increased glucose disposal rates and rates of glycogen synthesis in the presence of Cr and insulin. The consequence of 
increasing insulin sensitivity and subsequent greater glucose and glycogen storage means there exists a lower blood 
glucose level. Demonstrable benefits of Cr supplementation, particularly concerning improvements in glucose home
ostasis and insulin sensitivity, are observed in pre-existing chromium deficiency or overt diabetes mellitus. These 
populations exhibit a more pronounced response to Cr intervention. This may explain the association between Cr 
supplementation and lower odds of vascular dysfunction in MetS subjects. Cr also has a well-documented positive 
direct impact on gene expression in insulin-resistant subjects. While the essential form of Cr has not been clearly 
identified until now, perhaps more encouraging future research directions include developing reliable assessment tools for 
Cr levels as well as identifying the population groups most likely to benefit from Cr supplementation.
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