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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

HbA1C: 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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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 

of patients with non-proliferative diabetic retinopathy and macular 
edema but reduced the number of IVB injections and HbA1C levels.

Keywords: Central foveal thickness; Chromium polynicotinate; Dia-
betic retinopathy; Intravitreal bevacizumab; Visual acuity
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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).

	 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  

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

HbA1C, % 7.40 ± 1.15 7.84 ± 0.94 0.250

logMARbase 0.61 ± 0.22 0.59 ± 0.13 0.412

CFTbase ,μm 483.01 ± 143.46 548.62 ± 137.01 0.076

Table 1:  The baseline clinical characteristics of the patients.
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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 HbA1c, 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).

	 The average baseline CFT was 483.01 ± 143.46 μm for Chromi-
um group which significantly decreased to 374.13 ± 89.43 μm (first 
month, P<0.001), 347.70 ± 60.68 μm (second month, P<0.001), 
337.59 ± 45.59 μm (third month, P<0.001), 323.42 ± 38.52 μm (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 μm to 423.54 ± 95.57 μm, 394.73 ± 
75.64 μm, 367.88 ± 67.20 μm and 359.17 ± 58.66 μm, 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).

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 μg/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-γ, IRS-1, 
and NF-κB 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  

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).

Figure 2: Mean CFT trend in follow up visit showed a significant decrease compared 
to baseline in both Chromium and control group.
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relevant metabolic biomarkers, and they found chromium decreased 
levels of fasting plasma glucose, hemoglobin A1c, 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 μg/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 μg and 200 μg 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 50μg 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 
HbA1C 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.
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