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ABSTRACT

Type 2 diabetes mellitus (T2DM) is a serious public health problem accompanies with several
complications. This study was conducted to evaluate the effects of chromium picolinate
(CrPic) supplementation on the glycemic status and lipid profile in patients with T2DM.

The patients with T2DM (n = 52) were randomly allocated into 2 groups. One group received
400 pg CrPic per day and the other group took placebo; the intervention duration was 8
weeks. Anthropometric indices and metabolic factors were measured at the beginning, and
at end of the study. The patients were recommended not to change their normal diet, life
style and medication. No significant changes were observed for weight, body mass index,
and fasting blood glucose (FBG) in both groups; while intra-groups changes in homeostatic
model assessment for insulin resistance (HOMA-IR) value was significant (p < 0.05).

Results of analysis of covariance showed that there were significance differences between
groups in total cholesterol, low density lipoprotein cholesterol and HOMA-IR at the end of
the intervention adjusting for baseline levels (p = 0.035, 0.030 and < 0.001, respectively).

In this study, oral supplementation with 400 pg CrPic for eight weeks did not alter FBG
concentration as well as anthropometric parameters in individuals with T2DM. However, the
modest beneficial effects of chromium supplementation on insulin resistance as indicated by
HOMA-IR and lipid profile were found.
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Type 2 diabetes mellitus (T2DM) remains a serious public health problem, with high rates of
morbidity and mortality in low- or middle-income countries [1]. The prevalence of T2DM is
increasing at an alarming rate, so that the number of Iranian adults suffering from diabetes
was more than four millions in 2011 and has been raised by 35% over the past years [2]. This
chronic disease results from defects in insulin secretion and/or peripheral insulin resistance,
that both deteriorate glycemic control [3].

The Diabetes Control and Complication Trial reported that tight blood glucose control
noticeably slows the complications of diabetes; therefore many diabetic patients struggle to
manage their blood glucose levels with existing treatments [4]. Furthermore, it is imperative
to identify some preventive strategies to decrease the risk of diabetes and its complications.

Recently the dietary supplements including chromium were used to manage T2DM and
improve glycemic control [5]. Chromium as an essential element is found in foods and
dietary supplements that plays an important role in insulin function and glucose metabolism
in mammalian [6]. There is evidence that in diabetic patients, subclinical chromium
deficiency is associated with elevated blood glucose, insulin, and lipid levels that may
adversely affect the management of diabetes [7] and its repletion after experimental dietary
depletion led to improvement in glycemic status [8]. Chromium with the mechanism

that expands insulin cell signaling through the low molecular weight chromium-binding
substance increases the sensitivity of insulin receptors in the plasma membrane and
improves glycemic control [9]. Some studies have shown that chromium could improve both
glucose and insulin metabolism [3,10]. however, some studies reported no beneficial effect
for chromium in T2DM patients [11-13]. Given that the content of the human diet is poor in
terms of chromium and based on contradictory evidence regarding the effects of chromium,
the present study was conducted to evaluate the effects of this supplement on fasting blood
glucose (FBG), cholesterol, lipoproteins, insulin and Insulin resistance in T2DM patients.

This study was a randomized, double-blind, placebo-controlled clinical trial which conducted
on the patients who referred to the institute of Endocrine and Metabolism of Iran University
of Medical Sciences. Approval was obtained from the ethical committee of Iran University of
Medical Sciences (ethic code: IR.IUMS.REC 84.181) in accordance with Helsinki Declaration
and a written informed consent was signed by all participants or their companions if they
were illiterate. Patients were informed that supplements have no side effect and they are free
to leave the study if they were unwilling to follow the intervention.

Subjects

We designed our study based on CONSORT statement for randomized clinical trials [14]. To
calculate sample size, based on a = 0.05, effect size 80%, and a power of 90%, 25 persons
have been estimated for each group [15]; however due to drop-out, 52 subjects with T2DM
were recruited that 41 of them completed the study.

Inclusion criteria were patients over 40 years old with a documented history of T2DM for
more than six months without any other chronic diseases, without the background of thyroid,
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liver, and any chronic diseases or under medical therapy for hyperlipidemia, not being
pregnant or lactating, not consumption of any other supplements (antioxidants, minerals

or vitamins, omega 3, and carnitine) or herbal medicines. The reluctance to follow up the
study or occurrence of diabetes complications were considered as exclusion criteria. The
patients were recommended not to change their routine diet and physical activity. Block
randomization was done using Random Allocation Software to assign patients into 2 parallel
groups with 4 participants in each block basis on age and sex. Following allocation, another
person who was not involved in the study gave the supplements (indicated with code A and B)
to patients.

Intervention

Subjects were randomly assigned to the chromium group (n = 22) who received two tablet of
chromium picolinate (each one contained 200 pg chromium picolinate [CrPic]) (21st Century
Health Care, Inc., Tempe, AZ, USA) per day and the control group (n =19) who took placebo
(starch). Patients were requested to consume one supplement/placebo with lunch and the
other with dinner every day for eight weeks. Supplement and placebo were quite similar in
size, shape and color. World Health Organization considered that supplementation with
chromium should not exceed 250 pg/day [16], however across studies; doses of 400 or 1,000
pg/day appear to be safe and have had greater effects than lower doses [17]. Therefore we
decided to investigate the effects of 400 pg/day of this supplement. Adherence of participants
was assessed biweekly via telephone interview and they were asked to return the remained
supplements at the end of intervention.

Anthropometric and dietary intakes assessments

Anthropometric indices were measured in light clothing and without shoes before and after
the intervention. Body weight and height were measured in the fasting state using Seca
scale (Seca, Hamburg, Germany) and a stadiometer attached to the scale, respectively. Body
mass index (BMI) was calculated on the basis of weight (kg) divided by the square of height
(m). Dietary intakes including energy, macronutrients (fiber, carbohydrate, protein, fat,
cholesterol, saturated-, monounsaturated- and polyunsaturated fatty acids) and chromium
were assessed by a 24-h recall questionnaire and were analyzed by Nutritionist IV software
which modified for Iranian foods.

Sample collection and laboratory assessment

Approximately 5 mL of venous blood were obtained from all participants after a 12-14 hours
overnight fasting. Blood specimens were poured into two tubes, one for provision serum
(blood samples were centrifuged 10 minutes at 2500 r.p.m.) and the other one for measuring
FBG (using enzymatic kits [Pars Azmoon Co., Tehran, Iran]). Serums were frozen at ~-80°C
until analysis time.

Total cholesterol, high density lipoprotein cholesterol (HDL-C) and triglyceride levels in
serum were measured by enzymatic kits (Pars Azmoon Co.). Serum chromium concentration
was determined using flame atomic absorption spectrometry. Low density lipoprotein
cholesterol (LDL-C) was calculated using the Friedwald equation because the triglyceride
concentration of patients was less than 400 mg/dL. Insulin resistance calculated using the
relevant equation homeostatic model assessment for insulin resistance (HOMA-IR) = FBG
(mg/dL) x fasting insulin (pU/mL)/405 [18]. All assessments were done at baseline and at the
end of intervention.
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Statistical analysis

Data were analyzed using SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA). Continuous
variables were expressed as mean + standard deviation and categorical variables as frequency
and percentage. Normality distribution was evaluated by Kolmogorov-Smirnov test.
Comparisons of variables between two groups at baseline were assessed through independent
t-test and Mann-Whitney tests and at the end of intervention were evaluated using analysis

of covariance (ANCOVA) after adjustment of dietary intakes and baseline amounts of each
variable. Changes in biomarkers from the baseline to endpoint were compared within groups
by paired sample/Wilcoxon tests and between groups by independent t-test. All significant
tests were 2-tailed, and p-values under 0.05 were considered statistically significant.

RESULTS

Out of 214 assessed patients at the beginning of the study, 52 of them were recruited in the
present randomized clinical trial. As shown in Figure 1, 41 patients (22 in chromium group
and 19 in placebo group) completed the study. No adverse effects or symptoms were reported
by participants in both groups. There was no a significant difference between chromium and
placebo groups in regard to age, sex, weight, height and BMI at the entry (Table 1).

After intervention, BMI and its changes had no meaningful differences between two groups;
also, within groups' changes were not statistically meaningful. Energy, macronutrients
(carbohydrates, proteins, total fats (cholesterol, saturated-, monounsaturated- and
polyunsaturated fatty acids)), fiber and chromium intakes of participants has been presented
in Table 2. Comparison of dietary intakes indicated no significant differences between or
within groups (p > 0.05).

m ‘ Initially assessed (n = 214)

Excluded (n =162)

- Not matched inclusion criteria (n = 116)
- Declined to participate (n = 34)

- Other reasons (n =12)

y

‘ Randomized (n = 52) ‘

|

Chromium group (n = 26) ‘

l

Placebo group (n = 26)

Allocation ‘

v
Lost to follow-up (n = 4)

- Withdrew (n = 3)

- Low compliance rate (n =1)

A 4
Lost to follow-up (n =7)

- Withdrew (n = 4)

- Low compliance rate (n = 3)

.

Analysed (n =19)

v

Analysed (n = 22)

‘ Analysis ‘

Figure 1. CONSORT flowchart of study.
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Table 1. Baseline characteristics of patients with type 2 diabetes mellitus

Variables Chromium group (n = 22) Placebo group (n =19) p value
Sex, female 19 (86.3) 15 (78.9) NS
Age 50.4 = 6.0 51.4 + 6.0 NS
Weight 77.3+£10.4 76.6 = 8.8 NS
Height 164.2 + 8.4 163.1+5.1 NS
BMI 28.7+5.0 28.8 5.7 NS

Data are presented as number (percent) for sex and mean + standard deviation for other variables. Data were
analyzed using Fisher exact test for sex and Independent t-test for other variables.
NS, not significant; BMI, body mass index.

The levels of evaluated biomarkers as shown in Table 3 had non-significant differences
between two groups at the baseline and the end of intervention. However comparison the
changes of total cholesterol, LDL-C and HOMA-IR between two groups at the end of the
intervention was significant (p = 0.035, 0.030 and < 0.001, respectively). Also, changes
in levels of FBG, Insulin, triglyceride, HDL-C and chromium between groups were not

significant (p > 0.05).

Table 2. Dietary intakes of patients with type 2 diabetes mellitus

Variables Chromium group (n = 22) Placebo group (n =19) p value® p valuef
Baseline Endpoint Baseline Endpoint
Energy (kcal) 1,584.1 + 368.1 1,528.4 + 601.1 1,579.0 £ 633.0 1,536.4 + 531.0 NS NS
Carbohydrate (g) 230.9 = 87.6 223.2 +131.3 235.9 £130.8 230.7 +£103.3 NS NS
Protein (g) 66.9 = 27.8 61.3 £ 21.3 62.6 +23.0 62.7 +24.0 NS NS
Fat (g) 46.1 +24.0 40.0 +20.0 43.0 +20.0 47.0 +25.0 NS NS
Cholesterol (mg) 196.9 +12.0 2920.3 +25.9 199.5 + 21.4 169.8 +11.6 NS NS
SFA (g) 13.0 9.0 26.7 +7.0 10.8 + 6.0 12.6 + 9.0 NS* NS*
MUFA (g) 6.1+5.1 5.3+3.8 51+3.7 6.1+5.0 NS NS
PUFA (g) 2.5+1.7 31+3.3 3.3£4.0 31+2.0 NS* NS*
Chromium (pg) 0.4+0.4 0.4+0.5 0.3+0.2 0.3+0.4 NS NS
Fiber (g) 7.7+4.9 6.5+5.1 7.0+4.9 8.0+4.7 NS NS

Data are presented as mean = standard deviation.

NS, not significant; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.
Between groups comparisons of *baseline and Tendpoint using independent t-test except indicated with *which analyzed by Mann-Whitney test.

Table 3. Metabolic biomarkers of patients with type 2 diabetes mellitus before and after the intervention

Variables Chromium group (n = 22) Placebo group (n =19) p value™ p value* p value’
Baseline Endpoint  pvalue®  Changes Baseline Endpoint  pvalue®  Changes

Cholesterol 210.1 £ 48.2 182.1 £ 37.4 0.002 -28.0+37.0 199.0 +48.2 194.6 + 30.4 NS -4.4 +31.9 NS NS 0.035

(mg/dL)

Triglyceride 153.2 = 51.3 138.4 + 64.0 NS -14.8 = 60.4 179.7 £ 146.5 142.1 £ 52.5 NS -37.6 £136.0 NS NS NS

(mg/dL)

LDL-C (mg/dL) 139.4 +46.3 109.6 = 41.1 0.002 -29.7+40.4 188.7 + 33.7 192.0 = 30.1 NS 3.3+34.6 NS NS 0.030

HDL-C (mg/dL) 39.8+9.6 42.0 +11.5 NS 21+10.6 453+9.0 44.0+9.9 NS -1.3+9.2 NS NS NS

FBG (mg/dL) 189.4 + 71.3 158.1 + 65.0 NS -31.3+81.4  204.8+68.5  178.2:+50.1 NS  -926.6+59.2 NS NS NS

Insulin (UU/mL) 9.9+7.0 7.5+3.3 NS* -2.5+6.8 7.4 +3.4 7.0 +4.3 NS -0.4 £4.0 NS* NS NS

HOMA-IR 4.6 +1.2 2.9+0.5 0.041 -1.7+0.3 3.7+0.6 31+0.5 NS -0.7+£0.3 NS NS <0.001

Chromium (ug/L)  2.3+0.9 2.6+0.9 NS 0.4+14 2.2+0.6 2.5+0.6 NS 0.3+0.9 NS NS NS

Data are presented as mean = standard deviation.

NS, not significant; LDL-C, low-density lipoprotein; HDL-C, high-density lipoprotein; FBG, fasting blood glucose; HOMA-IR, homeostatic model assessment for

insulin resistance.

*Within groups' analysis by paired t-test except indicated with which analyzed by Wilcoxon test. TBetween groups' comparisons at baseline by independent t-test
except indicated with which analyzed by Mann-Whitney test. YANCOVA for between groups analysis after adjustment of dietary intakes and baseline levels of

each variable, Sindependent t-test for between groups' changes analyses.
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In the present study following supplementation of 400 pg/day CrPic for eight weeks in
T2DM, total cholesterol, LDL-C and insulin resistance decreased significantly. However, no
significant change was observed in the amounts of FBG, triglyceride and HDL-C, as well as
weight and BMI.

Similar to our findings a recent study did not indicate any reduction in body weight and BMI in
diabetic patients [19]. Briefly, the available evidence is not sufficient to establish the beneficial
effects of chromium in patients with different BMI ranges with or without diabetes [20,21].

Although chromium supplementation was associated with decrease of FBG levels in diabetic
patients [1], in the present study CrPic supplementation failed to affect the blood glucose
levels while decreased HOMA-IR values. Considering chemistry and pharmacology of
chromium, it was a safe nutrient for supplementation in T2DM [22]. Chromium is suggested
as one of the supplements for controlling blood sugar which may be responsible for reducing
myocellular lipids and enhance insulin sensitivity in subjects with T2DM [23]. Several
hypothesis have explained the role of chromium in glucose/insulin metabolism. Chromium
could play an important role in glucose transportation including impact on the main glucose
transporter i.e. GLUT-4 [24]. Although the mechanisms of chromium action are unclear, it
seems to stimulate the activity of insulin receptor kinases in the plasma membrane [25,20].
Furthermore, chromium may improve insulin receptor mRNA synthesis and increase the
synthesis of insulin-like growth factor receptors [27].

While several researchers indicated a positive effect of chromium supplementation in type

2 diabetic patients [23,28]; some studies failed to show the beneficial effect of chromium
supplementation in diabetes [11,12,29]. In term of glycemic control, our findings seem to
contradict those found by Paiva et al. [3] which demonstrated a significant reduction in
fasting glucose concentration. However, those patients received 600 pg CrPic/day which was
a greater dose than used in our study.

Some studies have shown the benefits of supplementation with chromium for glycemic
control of subjects with T2DM. Martin et al. [30] concluded that supplementation with 1,000
g of CrPic for 6 months significantly improved insulin sensitivity and glycemic control,
which the dose and the duration are greater than the present research. Komorowski and
Juturu [31] found no benefits with regard to insulin sensitivity or glucose and lipid levels in
40 subjects with impaired glucose tolerance after 3 months of supplementation with 800 pg/
day of CrPic. Inconclusive results on chromium supplementation and reduction of blood
glucose and fasting insulin were also observed in a meta-analysis by Althuis et al. [32].

The reasons for the inconsistent findings may be attributed in part to the duration of the
supplementation, the type of formulation, doses of supplements, and also the differences in
disease condition, i.e., glucose intolerance status of the subjects [23,33].

In addition to its role in glucose metabolism, chromium supplementation has been shown to
improve the lipid profile in particular the triglycerides concentration [6,34]. However, we did
not observe any differences in the levels of triglyceride and HDL-C following CrPic treatment.
These findings are supported by previous studies which evaluated the effect of chromium
supplementation on lipid profile [9,35,36]. The inconsistency of CrPic impact on lipid profile
may be explained in part by the fact that not all of the patients had the dyslipidemia.
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In order to better monitoring the effects of crucial trace elements which related to T2DM, it
is suggested that their levels in bio fluids should be measured. A lower levels of chromium
has been reported in diabetic patients compared to healthy controls [37]. However due to the
lack of an accurate diagnostic test, identifying individuals with deficiency is difficult [38].

To now there is no international acceptable value or range for the serum/plasma chromium
concentration in the general population [39]. In this regard, studies reporting blood levels
of chromium in large populations are sparse. However to investigate the effects of changes
in chromium values, we measured the serum levels of chromium; the mean of chromium
concentration in our population was 2.3 + 0.9 and 2.2 + 0.6 pg/L in chromium and placebo
groups, respectively; that was higher than the previously reported values [40].

In spite of the finding of Anderson et al. [8] which reported that chromium repletion after
experimental dietary depletion led to improved glycemic status, in the present study the
increased serum concentration of chromium was not associated with improvement in
glycemic status nor amelioration of triglyceride levels. We hypothesized that the lack of
effects of chromium is due to the fact that the increase occurred in serum levels was not
statistically meaningful, thus it was not sufficient to exert extra remarkable benefits. It is
also possible that in patients with lower chromium concentrations the supplementation
would result in beneficial effects [41]. Chromium concentration in serum has been elevated
in both groups, however it was not significant. This increment is related to the consumption
of chromium in the supplement group; also considering diet carbohydrate can reduce the
chromium concentration [42] the elevation may be in part due to the insignificant reduction
in carbohydrate intake in chromium and placebo groups.

The strengths of our study included the measurement of serum chromium levels; however
there are a few limitations to be considered including the lack of information on the serum
levels of other minerals supposed to affect T2DM such as magnesium as well as zinc. Thus
their relationship and/or interaction with chromium and glucose homeostasis remained to be
investigated. Also the sample size may not have been sufficient to detect differences between
groups. Thus, further studies evaluating the effects of different doses and duration are
necessary to better understand the effect of chromium supplementation on lipid metabolism
in patients with T2DM.

In conclusion this study showed that supplementation of 400 pg CrPic resulted in no
improvement in body weight and BMI. However, CrPic could attenuate LDL-C, total
cholesterol, and HOMA-IR significantly; while no significant was occurred in FBG levels.
It seems that CrPic supplementation might help T2DM patients to improve the disease-
associated disturbance of lipid profile and insulin resistance.

We hereby acknowledge our sincere gratitude to all the staff of Endocrine and Metabolism
Institute of Iran University of Medical Science for their support and cooperation. We also thank
the Research vice-chancellor of Iran University of Medical Sciences due to financial supports.
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