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Abstract

Objective of the present study was to investigate the effect of
chromium polynicotinate supplementation on the visual acuity and
macular thickness of the diabetic macular edema in patients with
non-proliferative diabetic retinopathy through a prospective, inter-
ventional comparative case series study, which was performed in 120
patients. Patients received the supplementation with or without chro-
mium for 4 months and were followed for six months. Best-Corrected
Visual Acuity (BCVA), Central Foveal Thickness (CFT), HbA1c, and
the frequency of Intravitreal Bevacizumab (IVB) injection were com-
pared. From 120 eligible patients, 90 patients involved in this study
and completed the six months’ follow-up period. 51 of them were in
chromium, and 39 were in the control group. The visual acuity was
improved significantly from baseline in all follow-up points in both
groups (P<0.05 for all visits compared to baseline), but there was no
significant difference between groups. The linear mixed model anal-
ysis showed that the mean CFT reduction was not significantly differ-
ent between both groups in four follow-up visits (P=0.433, P=0.398
and P=0.630, and P=0.151, respectively). HbA1C and the average
number of IVB injections were significantly lower in the chromium
group, (P=0.032 and P=0.001, respectively). Chromium supplemen-
tation did not affect the visual acuity and central foveal thickness
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of patients with non-proliferative diabetic retinopathy and macular
edema but reduced the number of VB injections and HbA1C levels.
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Abbreviations

BCVA: Best-Corrected Visual Acuity

CFT: Central Foveal Thickness

CMT: Central Macular Thickness

DME: Diabetic Macular Edema

DRG: Diabetic Retinopathy Grading

ETDRS: Early Treatment Diabetic Retinopathy Study
HbAI1C: Glycosylated Hemoglobin

IVB: Intravitreal Bevacizumab

NPDR: Non-Proliferative Diabetic Retinopathy
OCT: Optical Coherence Tomography

VEGF: Vascular Endothelial Growth Factor
Introduction

Diabetes mellitus is a worldwide common chronic disorder with a
high burden of disease. Diabetic retinopathy is a disabling microvas-
cular complication, causes vision loss in varying degrees in patients
[1]. Diabetic macular edema (DME) is a common manifestation of
this vasculopathy that can cause central visual loss and markedly af-
fects the patient’s quality-of-life. The prevalence of DME has been
reported from 3.8% to 23.8% in different studies among diabetic pa-
tients [2].

Previous studies reported that in these patients, free radical scav-
engers, and antioxidants like vitamin C, vitamin E, blood urate [3] or
chromium are lower than healthy persons. This condition can cause
oxidative damages to vascular structures [4].

Recent studies show the impressive effect of chromium on antiox-
idant activity and improvement of glucose hemostasis in diabetic pa-
tients [5,6]. Therefore, correction of chromium deficiency in diabetic
patients can diminish oxidative stress adverse effects and prevents
from diabetes complications such as vascular damages [7].

Intravitreal anti-vascular endothelial growth factor (VEGF) drugs
have been investigated in numerous clinical trials, and their efficacy
in the treatment of DME has been approved [8]. VEGF levels are con-
siderably up-regulated in diabetic patients with DME, showing more
extensive macular leakage than patients without significant leakage
[9]. Anti-VEGF drugs may affect endothelial tight junction proteins
and therefore decrease vascular permeability [10].
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Most of these patients need multiple anti-VEGF injections, there-
fore these drugs incur high individual, medical, and societal costs.
By decreasing the number of injections, the economic burden on the
individual patients, their families, and society can be reduced.

This study was designed to assess the effect of oral supplements
containing chromium on patients with DME who had undergone IVB
injections to investigate kinetics of central macular thickness reduc-
tion, BCVA improvement and also the number of injections.

Materials and Methods

This prospective, single-center, interventional comparative case
series was approved by the Institutional Review Board/Ethics Com-
mittee of Farabi Eye hospital, Iran. The study protocol and probable
safety and efficacy of the interventions were explained to all partic-
ipants prior to enrolment. Informed consent was obtained from all
patients in writing. The protocol was executed in its approved form
and there were no protocol amendments during the course of the study
period. Eligible cases were the eyes with unilateral or bilateral mild
to moderate non-proliferative diabetic retinopathy and clinically sig-
nificant DME based on ETDRS criteria and central foveal thickness
(CFT) > 320 microns. Diabetic retinopathy grading (DRG) was re-
corded according to the ETDRS definition for NPDR.

Exclusion criteria were a history of any treatment for DME (focal
laser photocoagulation and IVB or IVT), panretinal photocoagula-
tion, patients with proliferative diabetic retinopathy, any history of
ocular surgery, glaucoma or ocular hypertension, monocularity, preg-
nancy, visual acuity less than or equal to 20/320 or visual acuity more
than or equal to 20/32, significant media opacity and CFT <320. We
also excluded patients with poor metabolic control, significant hepatic
dysfunction, defined as any underlying chronic liver disease or liver
function tests greater than 1.5 times the upper limit of normal or renal
dysfunction, defined as serum creatinine greater than 1.5 mg/dL in
baseline and follow up visits.

The enrolled DME patients received with and without chromium
supplementation who were on intravitreal bevacizumab (IVB) injec-
tion. A complete ophthalmic examination including best-corrected
visual acuity (BCVA) with a Snellen chart, Goldmann applanation
tonometry, dilated indirect slit-lamp ophthalmoscopy, optical coher-
ence tomography (Spectralis® Heidelberg Engineering, Heidelberg,
Germany) was conducted at baseline and each follow-up at 1,2, 3 and
six months after the first injection. The mean thickness on the 1-mm
circle centered on the fovea was defined as central macular thick-
ness (CMT). Complete blood count, liver and renal function test were
measured at baseline, month 3, and 6 follow up visits. Serum level of
Hemoglobin A1C was also measured at baseline and last visits.

All enrolled eyes received Farabi hospital standard treatment for
CSME that contain 3 consecutive monthly intravitreal bevacizum-
ab (IVB) 0.05ml (1.25 mg) (Avastin; Genen-tech, Inc., South San
Francisco, CA [made for F. Hoffmann-La Roche, Ltd., Basel, Swit-
zerland]-off label drug) injection as the loading dosage and then re-
ceiving monthly injection based on pro re-nata protocol (PRN). Re-
treatment indications consisted of centrally involved macular edema
(more than 320 microns) based on Optical Coherence Tomography
(OCT) findings if VA was worse than 20/32. Retreatment was not
performed if little or no edema involving the center of the macula or
VA was equal or more than 20/32 or any clinically significant adverse
effect from prior treatment was reported.

The injections were done under topical anesthesia using a 29-gauge
needle in the operation room. In bilateral cases injection of both eyes
was performed on the same day with separate surgical sets for each
eye. All the patients were examined on days 1 and 7 after the injection
for anterior chamber reaction and intraocular pressure measurement.

The patients were assigned to receive either Optivision capsule
(Natures Only Inc., CA, USA) that contained Vitamin C 75 mg, Vi-
tamin E 12.5 mg, Lutein 10 mg (equivalent to 300 mcg of zeaxan-
thin), Zinc oxide equivalent to Zinc 7.5 mg, Chromium polynicoti-
nate equivalent to Chromium 50 mcg, Sodium Selenite equivalent to
Selenium 35 mcg, and Vitamin A 5000 IU or another supplementa-
tion capsule that contained all the mentioned above minerals except
chromium for at least four months after baseline injection. Follow-up
visits were conducted in months one, two, three, and six after the
first injection. The use of the medication and other drugs, as well as
the condition of the metabolic control and patient’s daily diet, were
checked in each visit. The primary outcome measure was CFT chang-
es based on OCT at months 1, 2, 3 and 6 in comparison to baseline in
each group. Secondary outcomes were BCVA change as well as the
number of injections and glycaemic control.

Statistics

To describe data, we used mean, standard deviation, median,
range, frequency, and percentage. To evaluate the difference between
the two groups at baseline, we used Chi-Square, Fisher exact test,
Mann-Whitney, and t-test. A linear multilevel model was used (with
three levels: measurement in each follow-up, follow up times within
eyes, and eyes within subjects to assess the effect of drug type on the
changes of the outcome during the study follow-ups and to evaluate
the changes in each group simultaneously. The first objective obtained
by the inclusion of the interaction of time and drug. All statistical
analysis performed by SPSS software (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM
Corp.). A p-value of less than 0.05 was considered as statistically sig-
nificant.

Results

From 120 eligible patients, a total of 180 eyes from 90 patients in-
volved in this study and completed the six months’ follow-up period.
One hundred and eighteen eyes from 59 patients were entered in the
chromium group, and 62 eyes of 31 patients in the control group. The
age of the patients was 38 to 78 years. Unlike Chromium group, the
males were predominant in the control group (54.8%), but it was not
statistically significant (P=0.468). The baseline clinical characteris-
tics of all the patients were shown in Table 1. There was not any sig-
nificant difference between the groups based on baseline age, HbA1C
status, BCVA, and central foveal thickness (CFT).

Chromium Control P value
Age, years 62.37 £ 8.20 62.03+7.14 0.783
Male, n, % 58 (49.2%) 34 (54.8%) 0.468
HbAIC, % 7.40+1.15 7.84 +0.94 0.250
1ogMARGbase 0.61 £0.22 0.59+0.13 0.412
CFToase ,um 483.01 + 143.46 548.62 £ 137.01 0.076
Table 1: The baseline clinical characteristics of the patients.

Figure 1 shows the logMAR visual acuity changes in both groups
during the follow-up visits. The baseline logMAR visual acuity for
chromium group was 0.61 + 0.22 that reached to 0.52 + 0.20, 0.56
+ 0.51, 0.56 £ 0.54, 0.56 + 0.24 at first month, second month, third
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month, and six month visits, respectively. Visual acuity was improved
significantly from baseline in all follow-up points in both groups
(P<0.05 for all visits compared to baseline). In the control group av-
erage logMAR visual acuity significantly increased from 0.59 + 0.13
at baseline visit to 0.49 + 0.15 (P<0.001), 0.44 £ 0.15 (P<0.001), 0.50
+ 0.14 (P<0.001), 0.53 + 0.14 (P<0.001), respectively for each four
follow up visits. We run a linear mixed model analysis to evaluate the
effect of chromium on the logMAR visual acuity. There was no signif-
icant difference based on the mean logMAR change in any follow-up
visit compared to the baseline between both groups. (P=0.589, 0.089,
0.490 and 0.493 respectively for logMAR change for each follow-up
visit compared to baseline between chromium and control groups)
(Figure 1). We repeated analysis after adjustment for HbAlc, levels,
and IVB injection count, but no significant difference was observed,
(P=0.757,0.498, 0.292 and 0.525, respectively for four follow up vis-
its).

Figure 1: The difference of the logMAR visual acuity during the four follow up
visits. In both groups, there was a significant change for the logMAR visual acuity at
each follow-up visit compared with the baseline (P<0.001 for all follow-up visits).

The average baseline CFT was 483.01 £ 143.46 um for Chromi-
um group which significantly decreased to 374.13 + 89.43 pm (first
month, P<0.001), 347.70 £ 60.68 um (second month, P<0.001),
337.59 £ 45.59 pm (third month, P<0.001), 323.42 + 38.52 um (sixth
month, P<0.001). As well as, for control group mean CFT had a sig-
nificant reduction in each follow-up visit compared to baseline and
reached from 548.62 + 137.01 pm to 423.54 £ 95.57 pum, 394.73 +
75.64 um, 367.88 + 67.20 um and 359.17 + 58.66 pm, respectively.
(P<0.001 for all follow-up visits) (Figure 2). The mixed model analy-
sis showed that the mean CFT reduction was not significantly differ-
ent between both groups in four follow-up visits (P=0.433, P=0.398
and P=0.630, and P=151, respectively).

The average number of intravitreal bevacizumab injections were
4.51 + 1.69 for the chromium and 5.44 + 1.46 for the control group,
which this difference was significant (P=0.001).

Average HbA1C was 7.40 £ 1.15 in chromium groups and 7.84 +
0.94 in control group that decreased significantly to 6.02 + 1.01 and
6.88 £ 0.95, respectively. After adjustment to the baseline HbA1C
level, the amount of decrease in the chromium group was significantly
more than the control group (P=0.032). We also adjusted the amount
of decrease for IVB injection counts.The reduction in the chromium
group was still significantly higher than the control group (P=0.046).

Figure 2: Mean CFT trend in follow up visit showed a significant decrease compared
to baseline in both Chromium and control group.

Discussion

Microaneurysms, are tiny bulges that protrude from the vessel
walls, leak or ooze fluid and blood into the retina during endotheli-
al dysfunction. This fluid can cause swelling (edema) in the central
part of the retina (macula). This is seen in serious eye complications
like diabetic macular edema that can cause vision problems or blind-
ness. Prior human studies have suggested that chromium picolinate
decreases insulin levels and improves blood sugar metabolism in
both obese people and people with type 2 diabetes. Essentially all
the studies using chromium picolinate supplementation for impaired
glucose intolerance and diabetes showed a positive effect. Although
neither central foveal thickness nor LogMAR visual acuity improved
in the chromium group, better glucose control has been revealed in
parallel with previous studies [11-14] that may effect on anatomical
and functional status in the long term. In this study, we have shown
that adding chromium-containing drugs to the daily regimen in the
diabetic patient with DME may lead to lower intravitreal anti-VEGF
injections.

To the best of our knowledge, this is the first study that assessed
the chromium effect on the diabetic retinopathy in humans. In this
study, we examined the structural and visual effect of supplementing
with and without chromium on a total of 180 eyes with non-prolifer-
ative diabetic retinopathy and macular edema. We also evaluated the
effect of chromium on the burden of DME treatment.

Ulas et al. evaluated the effect of chromium on the diabetic ret-
inopathy in the Long Evans rats. They used chromium histidine
(CrHis) with 110 pg/kg/day dosage, and they measured systemic di-
abetes biomarkers and retina malondialdehyde, a retina stress indica-
tor, and finally then run a pathological assessment of retina in diabetic
and normal rats. They found that CrHis has a significant anti-stress
and antidiabetic effect in diabetic retinopathy in rats. However, it is
crucial to expand objective findings in an animal study to subjective
visual variable in the field of diabetic retinopathy [15].

In another well-designed animal study, chromium picolinate sup-
plementation with and without biotin plays a critical anti-diabetic role
that authors suggested that the effect mediated by PPAR-y, IRS-1,
and NF-kB proteins [16]. Besides, in human studies, there are many
findings in favor of the systemic anti-diabetic effects of chromium.

Huang et al. run a pooled analysis of randomized controlled tri-
als to assess the outcomes of supplementing with chromium on the
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relevant metabolic biomarkers, and they found chromium decreased
levels of fasting plasma glucose, hemoglobin Alc, and triglycerides.
Chromium also had a positive effect on the levels of high-density li-
poprotein cholesterol [17].

The mechanism of chromium function on glucose metabolism is
not clearly understood. Some studies revealed that chromium increas-
es insulin sensitivity, insulin binding ability, and upregulated insulin
receptors [18,19]. Also, it enhances the response of pancreatic beta
cells, tyrosine kinase activity that is the critical modulator of insulin
metabolism [20]. In this study, a similar finding was made with these
studies, and HbA1C reduction in chromium group was significantly
higher than the control group. However, a large volume of studies
showed that chromium does not have a significant effect on diabetes
control. A meta-analysis was performed including 14 RCTs and a total
of 840 patients with type 2 diabetes. They evaluated the supplement-
ing with different chromium compounds on FPG and HbA1C levels
on other glycemic control factors. In contrast to our result, they con-
cluded chromium yeast, brewer’s yeast, and chromium picolinate did
not display statistically meaningful impacts on HbA1C compared to
placebo [21].

Another meta-analysis was performed by Suksomboon et al., and
they similarly found overall, supplementing with chromium alone or
with a combination of other trace elements significantly improved
glycemic indexes. As well as, they reported that chromium therapy is
safe and did not contain more risk than placebo [5].

In another study in the Chinese population, the serum Cr levels
were decreased among patients with impaired fasting glucose, im-
paired glucose tolerance, type 1 diabetes and type 2 diabetes. This
decrease also was observed in complicated patients with diabetic ret-
inopathy, diabetic peripheral neuropathy, and diabetic nephropathy
(P<0.05) [22].

Unlike the above, several studies do not support the role of chro-
mium. A randomized, double-blind clinical trial that evaluated the
400 pg/day chromium effects on the moderately-controlled diabetic
patients did not show a significant A1C difference between interven-
tion and placebo group [23]. In another clinical trial on 56 type 2 di-
abetic patients, chromium nicotinate 50 pg and 200 pg supplementa-
tions were used for three months. Results showed that both doses did
not improve glycemic control indexes like insulin sensitivity, FPG,
HbA1C, and lipid profile of individuals with diabetes [24].

Vincent suggested that the chromium may not be assumed as an
essential element because it has not a proven biochemical role, and its
deficiency does not cause death or failure [25]. The European Food
Safety Authority Scientific accepted this opinion, and they concluded
that no appropriate evidence supports supplementing with chromium
in a healthy person [26].

FDA concluded that reliable evidence does not exist to assist qual-
ified health applications for chromium picolinate and reduced risk of
high blood sugar associated cardiovascular disease, retinopathy, and
nephropathy when provoked by high serum glucose levels [27].

In this study, in six months, the number of IVB injections in the
chromium group was about one injection less than the control group.
Given the price of $ 70 per revolution in Iran, this decrease is import-
ant.

We applied Optivision Capsules that contain 50 mcg of chromium
polynicotinate. Chromium has about 0.4% absorption if it exists more

than 50pg in daily dietary. On the other hand, its absorption related to
other factors like its formulation [28]. For example, in an equal daily
intake, the chromium picolinate absorption can be up to 7 times the
CrCl3; thus, bioavailability is an impactful factor [12]. In our study,
the blood chromium level and its initial level were not measured.
Also, the chromium absorption in the product was not precisely deter-
mined because the ineffectiveness of chromium on retinopathy factors
can be due to its level, which is a limitation factor.

This study had some limitation; the sample size of the study was
small. Our research runs on the patient with non-proliferative diabet-
ic retinopathy that might restrict the generalization of outcomes on
all diabetic patients with retinopathy. In terms of the effectiveness of
Chromium on systemic control, we check the baseline and 24 weeks
HbAI1C levels that not enough to get a definite issue, so systemic
deduction needs more factors and more checkpoints to evaluation.
We assessed the visual effect of the Chromium supplementation with
BCVA and CFT that are the variables that translate to the visual func-
tion as well, but other variables like microvascular density variables
could establish for primary effects on the visual system. We recom-
mend a largedouble blinded, randomized clinical trial with extended
follow up to establish the results.

This study is an interventional comparative case series to assess
the impact of Chromium supplementation on the visual acuity and
central foveal thickness of patients with non-proliferative diabetic ret-
inopathy and macular edema which did not affect both but reduced the
number of IVB injection and HbA1C level.

Conflicts of Interest
The authors report no conflicts of interest.
Acknowledgement

The authors acknowledge the efforts of all the investigators and
staff of the hospital.

References

1. Silva JAD, Souza ECFD, Boschemeier AGE, Costa CCMD, Bezerra HS,
et al. (2008) Diagnosis of diabetes mellitus and living with a chronic con-
dition: participatory study. BMC public health 18: 699-699.

2. Lee R, Wong TY, Sabanayagam C (2015) Epidemiology of diabetic reti-
nopathy, diabetic macular edema and related vision loss. Eye and vision
2:17-17.

3. Maxwell SR, Thomason H, Sandler D, Leguen C, Baxter MA, et al. (1997)
Antioxidant status in patients with uncomplicated insulin-dependent and
non-insulin-dependent diabetes mellitus. Eur J Clin Invest 27: 484-490.

4. Oberley LW (1988) Free radicals and diabetes. Free Radic Biol Med 5:
113-124.

5. Suksomboon N, Poolsup N, Yuwanakorn A (2014) Systematic review and
meta-analysis of the efficacy and safety of chromium supplementation in
diabetes. Journal of Clinical Pharmacy and Therapeutics 39: 292-306.

6. Yeh GY, Eisenberg DM, Kaptchuk TJ, Phillips RS (2003) Systematic Re-
view of Herbs and Dietary Supplements for Glycemic Control in Diabetes.
Diabetes Care 26: 1277-1294.

7. Anderson RA, Roussel A-M, Zouari N, Mahjoub S, Matheau J-M, et al.
(2001) Potential Antioxidant Effects of Zinc and Chromium Supplemen-
tation in People with Type 2 Diabetes Mellitus. Journal of the American
College of Nutrition 20: 212-218.

8. Wang W, Lo ACY (2018) Diabetic Retinopathy: Pathophysiology and
Treatments. International journal of molecular sciences 19: 1816-1820.

J Ophthalmic Clin Res ISSN: 2378-8887, Open Access Journal

DOI: 10.24966/0CR-8887 /100083

Volume 8 ¢ Issue 2 » 100083


http://doi.org/10.24966/OCR-8887/100083
https://pubmed.ncbi.nlm.nih.gov/29871637/
https://pubmed.ncbi.nlm.nih.gov/29871637/
https://pubmed.ncbi.nlm.nih.gov/29871637/
https://pubmed.ncbi.nlm.nih.gov/26605370/
https://pubmed.ncbi.nlm.nih.gov/26605370/
https://pubmed.ncbi.nlm.nih.gov/26605370/
https://pubmed.ncbi.nlm.nih.gov/9229228/
https://pubmed.ncbi.nlm.nih.gov/9229228/
https://pubmed.ncbi.nlm.nih.gov/9229228/
https://pubmed.ncbi.nlm.nih.gov/3075947/
https://pubmed.ncbi.nlm.nih.gov/3075947/
https://pubmed.ncbi.nlm.nih.gov/24635480/
https://pubmed.ncbi.nlm.nih.gov/24635480/
https://pubmed.ncbi.nlm.nih.gov/24635480/
https://pubmed.ncbi.nlm.nih.gov/12663610/
https://pubmed.ncbi.nlm.nih.gov/12663610/
https://pubmed.ncbi.nlm.nih.gov/12663610/
https://pubmed.ncbi.nlm.nih.gov/12663610/
https://pubmed.ncbi.nlm.nih.gov/12663610/
https://pubmed.ncbi.nlm.nih.gov/12663610/
https://pubmed.ncbi.nlm.nih.gov/12663610/
https://pubmed.ncbi.nlm.nih.gov/29925789/
https://pubmed.ncbi.nlm.nih.gov/29925789/

Citation: Mirshahi A, Ghahvehchian H, Riazi-Esfahani H, Ghods S, Bazvand E et al. (2021) The Effect of Chromium in the Management of Diabetic Macular
Edema: An Interventional Comparative Case Series. ] Ophthalmic Clin Res 8: 083.

e Page50f5 e

10.

11.

12.

14.

15.

17.

18.

Homme RP, Singh M, Majumder A, George AK, Nair K, et al. (2018) Re-
modeling of Retinal Architecture in Diabetic Retinopathy: Disruption of
Ocular Physiology and Visual Functions by Inflammatory Gene Products
and Pyroptosis. Frontiers in physiology 9: 1268-1268.

Behar-Cohen F, Dernigoghossian M, Andrieu-Soler C, Levy R, Cohen R,
et al. (2019) Potential antiedematous effects of intravitreous anti-VEGF,
unrelated to VEGF neutralization. Drug Discovery Today 24: 1436-1439.

Ghosh D, Bhattacharya B, Mukherjee B, Manna B, Sinha M, et al. (2012)
Role of chromium supplementation in Indians with type 2 diabetes melli-
tus. J Nutr Biochem 13: 690-697.

Cefalu WT, Hu FB (2004) Role of Chromium in Human Health and in
Diabetes. Diabetes Care 27: 2741-2751.

. Anderson RA, Cheng N, Bryden NA, Polansky MM, Cheng N, et al.

(1997) Elevated intakes of supplemental chromium improve glucose and
insulin variables in individuals with type 2 diabetes. Diabetes 46: 1786-
1791.

Anderson RA (1998) Chromium, Glucose Intolerance and Diabetes. Jour-
nal of the American College of Nutrition 17:548-555.

Ulas M, Orhan C, Tuzcu M, Ozercan IH, Ozercan N, et al. (2015) Anti-di-
abetic potential of chromium histidinate in diabetic retinopathy rats. BMC
Complement Altern Med 15: 537-543.

. Sahin K, Tuzcu M, Orhan C, Sahin N, Kucuk O, et al. (2013) Anti-diabet-

ic activity of chromium picolinate and biotin in rats with type 2 diabetes
induced by high-fat diet and streptozotocin. British Journal of Nutrition
110: 197-205.

Huang H, Chen G, Dong Y, Zhu Y, Chen H (2018) Chromium supplemen-
tation for adjuvant treatment of type 2 diabetes mellitus: Results from a
pooled analysis. Mol Nutr Food Res 62: 438-441.

Penumathsa SV, Thirunavukkarasu M, Samuel SM, Zhan L, Maulik G, et
al. (2009) Niacin bound chromium treatment induces myocardial Glut-4
translocation and caveolar interaction via Akt, AMPK and eNOS phos-
phorylation in streptozotocin induced diabetic rats after ischemia-reperfu-
sion injury. Biochim Biophys Acta 1792: 39-48.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Panchal SK, Wanyonyi S, Brown L (2017) Selenium, Vanadium, and
Chromium as Micronutrients to Improve Metabolic Syndrome. Current
Hypertension Reports 19: 10-14.

Lewicki S, Zdanowski R, Krzyzowska M, Lewicka A, De¢bski B, et al.
(2014) The role of Chromium III in the organism and its possible use in
diabetes and obesity treatment. Ann Agric Environ Med 21: 331-335.

Yin RV, Phung OJ (2015) Effect of chromium supplementation on glycated
hemoglobin and fasting plasma glucose in patients with diabetes mellitus.
Nutr J 14:891-894.

Zhou Q, Guo W, Jia Y, Xu J (2019) Comparison of Chromium and Iron
Distribution in Serum and Urine among Healthy People and Prediabetes
and Diabetes Patients. Biomed Res Int 3: 801-809.

Kleefstra N, Houweling ST, Bakker SJL, Verhoeven S, Gans ROB, et al.
(2007) Chromium Treatment Has No Effect in Patients With Type 2 Dia-
betes in a Western Population. A randomized, double-blind, placebo-con-
trolled trial 30: 1092-1096.

Guimaraes MM, Martins Silva Carvalho AC, Silva MS (2013) Chromium
nicotinate has no effect on insulin sensitivity, glycemic control, and lipid
profile in subjects with type 2 diabetes. ] Am Coll Nutr 32: 243-250.

Vincent JB (2017) New Evidence against Chromium as an Essential Trace
Element. The Journal of Nutrition 47: 2212-2219.

EFSA Panel on Dietetic Products, NDA (2014) Scientific Opinion on Di-
etary Reference Values for chromium. EFSA Journal 12: 3845.

Qualified Health Claims: Letter of Enforcement Discretion (2017) Chro-
mium Picolinate and Insulin Resistance 18: 37-39.

Broadhurst CL, Domenico P (2006) Clinical Studies on Chromium Pico-
linate Supplementation in Diabetes Mellitus—A Review. Diabetes Tech-
nology & Therapeutics 8: 677-687.

J Ophthalmic Clin Res ISSN: 2378-8887, Open Access Journal

DOI: 10.24966/0CR-8887 /100083

Volume 8 « Issue 2 + 100083


http://doi.org/10.24966/OCR-8887/100083
https://pubmed.ncbi.nlm.nih.gov/30233418/
https://pubmed.ncbi.nlm.nih.gov/30233418/
https://pubmed.ncbi.nlm.nih.gov/30233418/
https://pubmed.ncbi.nlm.nih.gov/30233418/
https://pubmed.ncbi.nlm.nih.gov/31173913/
https://pubmed.ncbi.nlm.nih.gov/31173913/
https://pubmed.ncbi.nlm.nih.gov/31173913/
https://pubmed.ncbi.nlm.nih.gov/12550067/
https://pubmed.ncbi.nlm.nih.gov/12550067/
https://pubmed.ncbi.nlm.nih.gov/12550067/
https://pubmed.ncbi.nlm.nih.gov/15505017/
https://pubmed.ncbi.nlm.nih.gov/15505017/
https://pubmed.ncbi.nlm.nih.gov/9356027/
https://pubmed.ncbi.nlm.nih.gov/9356027/
https://pubmed.ncbi.nlm.nih.gov/9356027/
https://pubmed.ncbi.nlm.nih.gov/9356027/
https://pubmed.ncbi.nlm.nih.gov/9853533/
https://pubmed.ncbi.nlm.nih.gov/9853533/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4321702/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4321702/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4321702/
https://pubmed.ncbi.nlm.nih.gov/23211098/
https://pubmed.ncbi.nlm.nih.gov/23211098/
https://pubmed.ncbi.nlm.nih.gov/23211098/
https://pubmed.ncbi.nlm.nih.gov/23211098/
https://pubmed.ncbi.nlm.nih.gov/28677892/
https://pubmed.ncbi.nlm.nih.gov/28677892/
https://pubmed.ncbi.nlm.nih.gov/28677892/
https://pubmed.ncbi.nlm.nih.gov/19027847/
https://pubmed.ncbi.nlm.nih.gov/19027847/
https://pubmed.ncbi.nlm.nih.gov/19027847/
https://pubmed.ncbi.nlm.nih.gov/19027847/
https://pubmed.ncbi.nlm.nih.gov/19027847/
https://pubmed.ncbi.nlm.nih.gov/24959784/
https://pubmed.ncbi.nlm.nih.gov/24959784/
https://pubmed.ncbi.nlm.nih.gov/24959784/
https://pubmed.ncbi.nlm.nih.gov/30915353/
https://pubmed.ncbi.nlm.nih.gov/30915353/
https://pubmed.ncbi.nlm.nih.gov/30915353/
https://pubmed.ncbi.nlm.nih.gov/17303791/
https://pubmed.ncbi.nlm.nih.gov/17303791/
https://pubmed.ncbi.nlm.nih.gov/17303791/
https://pubmed.ncbi.nlm.nih.gov/17303791/
https://pubmed.ncbi.nlm.nih.gov/29021369/
https://pubmed.ncbi.nlm.nih.gov/29021369/
https://www.fda.gov/food/food-labeling-nutrition/qualified-health-claims-letters-enforcement-discretion
https://www.fda.gov/food/food-labeling-nutrition/qualified-health-claims-letters-enforcement-discretion
https://pubmed.ncbi.nlm.nih.gov/17109600/
https://pubmed.ncbi.nlm.nih.gov/17109600/
https://pubmed.ncbi.nlm.nih.gov/17109600/

Advances In Industrial Biotechnology | ISSN: 2639-5665

Advances In Microbiology Research | ISSN: 2689-694X

Archives Of Surgery And Surgical Education | ISSN: 2689-3126

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X
Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594
Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562
Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608
Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751
Journal Of Aquaculture & Fisheries | [ISSN: 2576-5523

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546

Journal Of Cardiology Study & Research | ISSN: 2640-768X

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844
Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801
Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978
Journal Of Cytology & Tissue Biology | ISSN: 2378-9107

Journal Of Dairy Research & Technology | ISSN: 2688-9315

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783

Journal Of Diabetes & Metabolic Disorders | [ISSN: 2381-201X

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798
Journal Of Environmental Science Current Research | ISSN: 2643-5020
Journal Of Food Science & Nutrition | ISSN: 2470-1076

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999
Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044
Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419
Journal Of Obesity & Weight Loss | ISSN: 2473-7372

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649
Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670
Journal Of Plant Science Current Research | ISSN: 2639-3743

Journal Of Practical & Professional Nursing | ISSN: 2639-5681

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177
Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574
Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060
Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284

Journal Of Toxicology Current Research | ISSN: 2639-3735

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | ISSN: 2573-0193

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829

Trends In Anatomy & Physiology | ISSN: 2640-7752

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us
http://www.heraldopenaccess.us/


mailto:info@heraldsopenaccess.us
http://www.heraldopenaccess.us/
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

	_GoBack

