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Background: Chromium supplementations (Cr) have been shown to exert beneficial effects in the 
management of type-2 diabetes. Prevalence of Cr deficiency in pre-diabetic patients is not well-understood, 
therefore, the aim of this study was to evaluate the extent of this prevalence.
Materials and Methods: In this cross-sectional descriptive study, 132 pre-diabetic patients were recruited. 
The participants were randomly selected from those who referred to the Shariati Hospital in Isfahan, Iran. 
Blood samples are collected for measurement of Cr, insulin, fasting blood sugar (FBS), and two-hour post-
load plasma glucose. The body mass index (BMI) was calculated. Determination of Cr was carried out by 
atomic absorption spectrometry. 
Results: Thirty-four (31.5%) patients had Cr deficiency and 74 (68.5%) patients had normal Cr. There was 
no significant difference between sex, age groups (<50 years and ≥50 years) and between patients with 
and without a family history of diabetes in both the groups. No significant differences in age, BMI, FBS or 
insulin were observed between two groups. In the group with a normal level of Cr, there was a significant 
reversed correlation between the Cr level and age, but no significant correlation existed between the Cr 
level and other factors in both groups.
Conclusion: The levels of Cr deficiency are relatively common in patients with pre-diabetes, and it 
is necessary to screen patients with diabetes and pre-diabetes according to the American Diabetes 
Association guidelines, with regard to the Cr level and action should be taken to eliminate the Cr 
deficiency in these patients.
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INTRODUCTION

Diabetes mellitus, a well-known endocrine metabolic 
disorder, is a disease characterized by high levels 
of blood glucose and multiple tissue complications, 
resulting in nephropathy, neuropathy, and 
retinopathy.[1] Impaired glucose tolerance (IGT), 
impaired fasting glucose (IFG), and metabolic 
syndrome are considered precursors to type 2 
diabetes mellitus.[2] The presence of IGT and IFG 
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is called pre-diabetes.[3] A significant increase in 
the costs of long-term treatment of diabetes and its 
complications is felt.[4] Although pharmacotherapy 
can reduce the risk of type 2 diabetes,[5] their cost 
and potential adverse effects can be objectionable 
to patients who do not yet have the actual 
disease.[6] Intensive diet and lifestyle changes can 
have an important role in diabetes prevention.[7] 
Chromium (Cr) may help people with type 2 diabetes 
by improving insulin resistance and increasing 
the body’s sensitivity to insulin.[3] Cr is considered 
an essential element for humans.[8] A diet lacking 
in this element may result in the development of 
diabetes mellitus.[8]

Cr is required for normal carbohydrate, protein, 
and lipid metabolism and its deficiency has 
been implicated as one of the causes of diabetes 
mellitus.[9,10] Most of the current knowledge on 
the effects of Cr on glucose homeostasis comes 
from clinical studies examining the effect of Cr 
supplementation on glucose intolerance and insulin 
resistance. Results from these studies have been 
inconclusive.[11,12]

In the present research, with regard to diabetes 
prevalence and a need to give special attention to 
its prevention and the effect of Cr on diabetes, we 
investigate the effect of the Cr level in the prediction 
of diabetes in pre-diabetic patients.

MATERIALS AND METHODS

This cross-sectional descriptive study was designed 
to evaluate the effect of the Cr level on the prediction 
of diabetes in pre-diabetic patients. The study was 
conducted in 2012, and 132 pre-diabetic patients, with 
the mean age of 52.8 ± 13.3 years, were recruited.

The participants were randomly selected from those 
who referred to the Shariati Hospital (Isfahan, 
Iran). The allocation was conducted using random 
numbers generated by the computer, using the 
participants’ record numbers in the clinic. The 
blood tests used to measure plasma glucose and 
diagnose pre-diabetes included a fasting plasma 
glucose (FBS) test and a glucose tolerance test. 
Individuals with a fasting plasma glucose level 
between 100 and 125 mg/dl were referred to as 
having impaired fasting glucose. Individuals with 
plasma glucose levels of 140-199 mg/dl after a two-
hour oral glucose tolerance test were referred to as 
having impaired glucose tolerance.[13] Patients were 
excluded if they were taking antidiabetic drugs or 
Cr supplementation. The demographic details were 
taken from the participants and their parents. This 

study protocol was approved by the Medical Ethics 
Committee of the Islamic Azad University.

All measurements were made by a trained team of 
general physicians and nurses under the supervision 
of the same pediatrician. Anthropometric and 
biochemical measurements were conducted using 
calibrated instruments and standard protocols after 
participant selection. Fasting venous blood samples 
were collected from participants to measure the 
biochemical factors. Blood glucose was determined 
using the glucose oxidase assay and insulin 
levels were determined using the enzyme-linked 
immunosorbent assay (ELISA). A two-hour post-
load plasma glucose test (2 hpp) was performed 
twice by venous blood sampling (in a fasting state 
and two hours after drinking a glucose solution) in 
all participants. Determination of Cr was carried 
out by atomic absorption spectrometry (Agilent, 
USA).[14] Calculation of body mass index (BMI) was 
done by dividing weight (in kilograms) by height (in 
meters squared).

Statistical analyses were performed using SPSS 
program (Version 15, Chicago, IL, USA). The data 
were presented as means with standard deviation 
(SD). The chi-square and Fisher tests were used for 
all comparisons between the qualitative data and the 
T test was applied to compare the quantitative data. 
The Pearson›s correlation was used for investigation 
of the studied factors and Cr levels. A P-value of <0.05 
was considered to be statistically significant.

RESULTS

In this study, 132 patients were investigated but 
24 patients didn’t complete their laboratory studies 
and were not included in the final statistical analyses. 
The mean and standard deviation of serum Cr was 
1.08 ± 1.06 µg/L. Thirty-four (31.5%) patients had 
Cr deficiency and 74 (68.5%) patients had normal 
Cr. Table 1 illustrates that there is no significant 
difference between men and women, between the 
investigated age groups (<50 years and ≥50 years), 
and between patients with and without a family 
history of diabetes, in both the groups.

According to the findings, as shown in Table 2 and 
Figures 1-3, no significant difference was observed 
in age and BMI, as well as FBS and insulin, between 
the two groups. Cr deficiency occured at higher levels 
of FBS and BMI, but at older ages they were not 
statistically significant. 

Findings on the correlation between Cr and the 
biochemical factors of blood in the normal Cr and the 
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Cr-deficiency groups are summarized in Table 3 and 
Figures 4-7. In the group with a normal level of Cr, 
there was a significant reversed correlation between 
the Cr level and age, but no significant correlation 
existed between the Cr level and other factors in 
both groups. 

DISCUSSION

Chromium is believed to be an insulin-sensitizing 
agent and may facilitate insulin attachment to the 
insulin receptor.[15] Cr may improve insulin sensitivity 
by activating the insulin receptor tyrosine kinase, 
an effect that has been shown in rats,[16] and also by 
inhibiting phosphotyrosine phosphatase, which is a 
rat homolog of human tyrosine phosphatase, which 
inactivates the activated (phosphorylated) insulin 

receptor. Thus, Cr may promote phosphorylation, and 
hence, the activation of the insulin receptor, leading 
to an improvement in insulin sensitivity.[16] 

One of the reviews has identified 16 studies on Cr 
supplementation in patients with type 2 diabetes. 

Figure 1: The Cr levels (µg/L) based on sex in two normal Cr and 
Cr‑deficiency groups

Figure 2: The Cr levels (µg/L) based on age in two normal Cr and 
Cr‑deficiency groups

Figure 3: The Cr levels (µg/L) based on family history of diabetes in 
two normal Cr and Cr‑deficiency groups

Table 2: Biochemical and anthropometric variables in two normal 
Cr and Cr-deficiency groups
Variable Group mean ± SD P-value

Age Normal Cr 51.54±13.92 0.153
Cr deficiency 55.47±11.37

FBS Normal Cr 107.57±8.51 0.626
Cr deficiency 108.47±9.76

BMI Normal Cr 29.62±4.62 0.189
Cr deficiency 28.18±6.14

Insulin Normal Cr 15.01±24.55 0.981
Cr deficiency 14.86±21.76

The results are expressed as mean values ± standard deviation (SD), P-values are 
significant P < 0.05

Table 3: Correlation between Cr level and biochemical 
and anthropometric variables in two normal Cr and CrMean 
of age in two-deficiency groups
Variable Group Pearson’s 

correlation
P-value

Age Normal Cr –0.276 0.017
Cr deficiency 0.102 0.565

Two-hour post load 
plasma glucose

Normal Cr 0.038 0.774
Cr deficiency –0.218 0.370

BMI Normal Cr 0.224 0.055
Cr deficiency –0.071 0.689

FBS Normal Cr –0.069 0.558
Cr deficiency 0.276 0.114

Insulin Normal Cr –0.106 0.509
Cr deficiency –0.268 0.217

P-values are significant P < 0.05

Table 1: The Cr levels (µg/L) based on sex, age, and family 
history of diabetes in two normal Cr and Cr-deficiency groups
Group Anthropometric variable Mean ± SD P-value
Normal Cr Female 1.56±1.01 0.509

Male 1.39±1.1
Cr deficiency Female 0.15±0.11 0.349

Male 0.19±0.12
Normal Cr <50 years 1.79±1.32 0.083

≥50 years 1.31±0.75
Cr deficiency <50 years 0.15±0.10 0.952

≥50 years 0.17±0.12
Normal Cr Without a family history 

of diabetes
1.47±0.91 0.733

With a family history 
of diabetes

1.55±1.19

Cr deficiency Without a family history 
of diabetes

0.17±0.12 0.789

With a family history 
of diabetes

0.16±0.11

The results are expressed as mean values ± standard deviation (SD), P-values are 
significant P < 0.05
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Of these studies, 13 show a significant improvement 
in glucose, insulin, and lipid concentrations. These 
studies include a total of 502 patients. There are three 
studies, with a total of 55 subjects, in which no effect 
has been found.[17] Cr has a positive effect on glucose 
tolerance and diabetes, but all the studies do not 
involve these effects for a number of reasons. First of 
all, human studies include subjects of diverse genetic 
and nutritional backgrounds, living in environments 
of varying degrees of stress, all of which may affect 
Cr metabolism.[18] Varying results of supplemental Cr 
may also be due to the diet, selection of subjects, the 
duration of the study, as also the amount and type of 
supplemental Cr. In addition, response to Cr is related 
to the degree of glucose intolerance. Subjects with 
better glucose tolerance, who do not need additional 
Cr, do not respond to supplemental Cr.[19]

The study by Tripathy et al.[20] was conducted on 30 
type-2 diabetic subjects and 30 age-matched control 
subjects within the age range of 40-55 years. Glucose 
and Cr were analyzed in the fasting serum of all the 
subjects. Diabetic subjects had significantly lower 
serum concentrations of Cr as compared to the controls 
and exhibited a significant increase in serum glucose 
levels. The serum levels of glucose were found to be 
negatively correlated to the serum levels of Cr of 
diabetic patients. The lower serum levels of Cr in 
diabetics compared to control patients could due to 
the poor glycemic control.[20] Cr supplementation had 
variable effects on the body weight of patients with 
diabetes.[21,22] One study of patients with diabetes using 
Cr indicated no significant effects on either body weight 
or BMI,[21] while of the eight double-blind, placebo-

controlled trials in individuals without diabetes, Cr 
supplementation showed a decrease in weight and fat 
in three larger studies.[22] Ding et al.[23] revealed that 
serum Cr was similar in women and men, while in 
the results of the Ravina et al.[24] study, the blood Cr 
level was lower in women than in men. In the present 
study, the number of women with Cr deficiency was 
more than men, which was consistent with the Ding 
et al.[23] study. The difference in the results could be 
due to differences in nutrition and geographic area. 
Duncan et al.[25] concluded that increasing age and 
family history of diabetes led to insulin resistance in 
diabetic patients, due to reduction in blood levels of Cr. 
In our study, in patients with a deficiency of Cr, the 
number of patients ≥50 years old and with a family 
history of diabetes was more than the others, however, 
it was not significant. Based on the results achieved 
from this study, the number of pre-diabetic patients 
with deficiency of Cr than patients with normal level 
of Cr was not negligible, and it could be seen as a 
warning for the onset of diabetes.

According to the effect of varying factors, including 
nutrition, race and environment played a role in 
diabetes. This was suggested, and further studies 
should be conducted, with larger sample sizes. Risk 
factors for diabetes investigate in the future also.

CONCLUSION

With regard to the Cr deficiency in pre-diabetes 
patients and the effect of this element on blood glucose 
and insulin sensitivity, screening for pre-diabetic 
should be done (according to the American Diabetes 

Figure 4: Mean of age in two normal Cr and Cr‑deficiency groups

Figure 5: Mean of FBS in two normal Cr and Cr‑deficiency groups

Figure 6: Mean of BMI in two normal Cr and Cr‑deficiency groups

Figure 7: Mean of insulin in two normal Cr and Cr‑deficiency groups
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Association) and the levels of Cr be investigated in 
these patients in order to perform the appropriate 
action for the removal of Cr deficiency and prediction 
of diabetes.
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