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OBJECTIVE — Chromium picolinate (CrPic) supplementation has been suggested to improve glycemia, but there are conflicting reports on efficacy. We sought to determine the effect
of CrPic on insulin sensitivity, glycemic control, and body composition in subjects with type 2
diabetes.
RESEARCH DESIGN AND METHODS — Thirty-seven subjects with type 2 diabetes
were evaluated. After baseline, subjects were placed on a sulfonylurea (glipizide gastrointestinal
therapeutic system 5 mg/day) with placebo for 3 months. Subjects were then randomized in a
double-blind fashion to receive either the sulfonylurea plus placebo (n ⫽ 12) or the sulfonylurea
plus 1,000 g Cr as CrPic (n ⫽ 17) for 6 months. Body composition, insulin sensitivity, and
glycemic control were determined at baseline, end of the 3-month single-blind placebo phase,
and end of study.
RESULTS — Subjects randomized to sulfonylurea/placebo, as opposed to those randomized
to sulfonylurea/CrPic, had a significant increase in body weight (2.2 kg, P ⬍ 0.001 vs. 0.9 kg, P ⫽
0.11), percent body fat (1.17%, P ⬍ 0.001 vs. 0.12%, P ⫽ 0.7), and total abdominal fat (32.5
cm2, P ⬍ 0.05 vs. 12.2 cm2, P ⬍ 0.10) from baseline. Subjects randomized to sulfonylurea/CrPic
had significant improvements in insulin sensitivity corrected for fat-free mass (28.8, P ⬍ 0.05 vs.
15.9, P ⫽ 0.4), GHb (⫺1.16%, P ⬍ 0.005 vs. ⫺0.4%, P ⫽ 0.3), and free fatty acids (⫺0.2
mmol/l, P ⬍ 0.001 vs. ⫺0.12 mmol/l, P ⬍ 0.03) as opposed to sulfonylurea/placebo.
CONCLUSIONS — This study demonstrates that CrPic supplementation in subjects with
type 2 diabetes who are taking sulfonylurea agents significantly improves insulin sensitivity and
glucose control. Further, CrPic supplementation significantly attenuated body weight gain and
visceral fat accumulation compared with the placebo group.
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T

he primary strategy to improve metabolic control in patients with type 2
diabetes consists of lifestyle modification combined with pharmacologic intervention (1). However, alternative
strategies, e.g., nutritional supplementa-

tion with over-the-counter agents, are extensively practiced by a large number of
patients and are frequently undertaken
without first informing the medical provider. According to the Food and Drug
Administration, there are more than
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29,000 different nutritional supplements
available to consumers, and Americans
spend over 12 billion dollars per year on
these supplements (2,3). Unfortunately,
considerable controversy exists regarding
use of dietary supplements in subjects
with diabetes because efficacy data for
many of the supplements consist of only
uncontrolled studies and anecdotal reports. As such, there is a paucity of data in
humans in regard to the effect of most
commercially available supplements to
improve metabolic abnormalities.
One supplement that has attracted
considerable clinical interest is chromium
(4). However, routine use of chromium in
subjects with diabetes is not currently recommended, and the most recent 2006
Clinical Practice Recommendations from
the American Diabetes Association stated
that “the existence of a relationship between chromium picolinate and either insulin resistance or type 2 diabetes was
highly uncertain” (5). Interestingly, such
statements have not deterred its use, and
chromium supplementation by the general public and in subjects with diabetes
in particular has surpassed our ability as a
scientific community to provide evidence
regarding its safety and efficacy. In part,
the controversy surrounding chromium
supplementation stems from the lack of
definitive randomized trials, the lack of
“gold standard” techniques to assess glucose metabolism in the studies reported,
the use of differing doses and formulation, and the study of heterogeneous
study populations (4). As such, conflicting data have been reported that have
contributed greatly to the confusion
among healthcare providers concerning
chromium supplementation. To provide
a comprehensive clinical evaluation of
chromium, we conducted a randomized,
double-blind, placebo-controlled trial in
subjects with type 2 diabetes and over a
10-month period of observation, used established techniques to assess changes in
insulin sensitivity, body composition,
and glycemic control.
DIABETES CARE, VOLUME 29, NUMBER 8, AUGUST 2006

Martin and Associates
RESEARCH DESIGN AND
METHODS — Subjects aged 25–75
years with type 2 diabetes diagnosed at
least 6 months earlier were evaluated. All
subjects had been previously maintained
on dietary therapy only or on low dose of
oral antidiabetic agents for a minimum of
2 months. They were required to have a
fasting plasma glucose ⱖ125 mg/dl but
⬍170 mg/dl at time of screening. Subjects
on medications known to affect glucose
metabolism were excluded. All procedures were approved and conducted in
strict compliance with institutional human research guidelines.
The study was double blinded, randomized, and placebo controlled. It consisted of a 4-week washout period
(baseline) and a 12-week period of treatment with glipizide gastrointestinal therapeutic system (GITS) (Glucotrol XL)
only (period 1), followed by a 24-week
period of either glipizide GITS with placebo or glipizide GITS with 1,000 g of
chromium as chromium picolinate
(CrPic) (Period 2; Fig. 1A). A sulfonylurea, i.e., glipizide GITS, was provided to
all subjects for several reasons. First, due
to the long-term period of observation
from screening, e.g., 10 months, it was
not desirable to have hyperglycemic subjects remain on placebo only. Thus, an
agent from an established antidiabetic
drug class, i.e., sulfonylurea, was provided to all subjects as monotherapy. Secondly, as the objective was to evaluate the
effect of chromium on insulin sensitivity,
use of agents such as thiazolidindiones or
biguanides would have provided additional confounders. Therefore, the study
design allowed for a stable baseline to be
obtained on all subjects while on an accepted therapy before assessing the effect
of supplemental chromium (Fig. 1A).
Study stages
Baseline (weeks 1–5). After entry criteria had been met, subjects were instructed
on a weight maintenance diet and home
blood glucose monitoring, and oral
agents (if applicable) were discontinued.
At the end of the 4-week baseline, GHb,
urinary chromium, and oral glucose tolerance tests (OGTTs) were assessed. Body
fat distribution was assessed with computed tomography and dual-energy X-ray
absorptiometry (DEXA) scans. Insulin
sensitivity was assessed with hyperinsulinemic-euglycemic clamps.
Period 1 (sulfonylurea/placebo phase):
end of week 5–17. After baseline, the
subjects were randomized and had treatDIABETES CARE, VOLUME 29, NUMBER 8, AUGUST 2006

Figure 1—Study design (A) and study flow and numbers (B) for each study period.

ment initiated with glipizide GITS at 5
mg/day plus two placebo capsules. Subjects returned to the clinic monthly. At
week 16, a repeat inpatient stay was conducted for assessment of body composition, urinary chromium excretion, free
fatty acid (FFA) levels, and insulin sensitivity. At week 17, a second OGTT was
assessed. After completion of period 1,
subjects randomized to receive chromium continued with glipizide GITS
once daily but were given two 500-g
CrPic capsules to take daily, one in the
morning and the other in the evening.
Those randomized to placebo were instructed to continue to take glipizide
GITS daily plus the two placebo capsules.
The placebo capsule and chromium sup-

plement were identical in physical characteristics.
Period 2 (sulfonylurea/placebo versus
sulfonylurea/CrPic): end of week 17 to
week 41. Subjects were evaluated
monthly. At week 40, a repeat inpatient
stay was conducted for assessment of
body composition, urinary chromium excretion, FFA levels, and insulin sensitivity. At week 41, OGTT was repeated.
Variables
Insulin sensitivity. Hyperinsulinemiceuglycemic clamps were used to assess insulin sensitivity after a 10-h overnight fast
(6). During the morning of the test, volunteers had an antecubital vein catheterized for infusion purposes, and a second
1827
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catheter was placed in a dorsal vein of the
hand of the contralateral arm for blood
sampling. The hand was warmed in a
heated box (air temperature held at 55°C)
to produce arterialized venous blood
samples (7). Insulin was administered as a
primed-continuous infusion at a rate of
40 mU 䡠 m⫺2 䡠 min⫺1 for 120 min. Plasma
glucose was measured every 5 min, and
dextrose (20%) was infused at variable
rates (adjusted every 5 min) to maintain
fasting glucose concentrations. The
steady-state insulin levels achieved during the three clamps over the study period
were not significantly different between
control and CrPic randomized groups
(means ⫾ SD; 636 ⫾ 126 vs. 612 ⫾ 180
pmol/l, respectively; P ⫽ NS). In addition, no differences in the steady-state
glucose levels were observed during the
clamps over the study period between
control and CrPic randomized groups
(95.4 ⫾ 4.2 vs. 96.0 ⫾ 4.1 mg/dl, respectively; P ⫽ NS). Whole-body insulinmediated glucose disposal was calculated
as described (6,8,9). Before and during
the last hour of the clamp, resting energy
expenditure and respiratory quotient
were assessed for each subject by indirect
calorimetry for 45 min using the ventilated hood technique and substrate oxidation calculated as described (10).
Urinary chromium excretion. Urine
samples were collected in prescreened
urine collection cups and sent to the Centers for Disease Control and Prevention
Environmental Health Laboratory frozen
on dry ice. The samples were analyzed for
chromium in accordance with Centers for
Disease Control and Prevention urine
chromium method 0485A by means of
graphite furnace atomic absorption spectrometry (model 4100-ZL with Zeeman
background correction) (11). Matrixmatched calibration method was used,
which resulted in an analytical limit of
detection of 0.3 g/l.
Body composition. Total abdominal, intra-abdominal, and subcutaneous fat distribution at the level of the umbilicus was
assessed by computed tomography.
DEXA was used to measure body fat.
Chemistries. Glucose was measured using Yellow Springs Instruments model
2300 (Yellow Springs, OH). Glucose tolerance was assessed by performing a standard
75-g challenge with determination of glucose and insulin levels at 0, 0.5, 1, 1.5, 2,
and 3 h after challenge. Total GHb was determined by automated affinity highpressure liquid chromatography (12).
C-peptide was analyzed using a kit from Di1828

agnostic Products (San Diego, CA). Insulin
and adiponectin were assessed with radioimmunoassay (Linco, St. Charles, MO).
FFAs and triglycerides were measured using an enzymatic method on a Beckman
Coulter Synchron CX5 and CX7 (Brea, CA),
respectively.
Statistical analysis
Baseline was taken as the parameters obtained through end of week 5 and before
period 1. Change from baseline was defined as value at time t minus value observed during baseline for all response
measures. Insulin was log transformed for
analysis of change from baseline; however, untransformed values were used in
calculating change in integrated insulin
response to oral glucose tolerance. Integrated response for insulin and glucose
was calculated based on trapezoid
method applied to the data series, corrected for the response value measured 5
min before the glucose tolerance.
To evaluate treatment effect on
change in response (plasma glucose, insulin [log transformed]), GHb, and the
derived measures of glucose disposal during clamp, relative to baseline levels, repeated-measures models were employed.
These models included “week” and “treatment” in a factorial structure as fixed effects and the value of the response
variable observed at baseline as a covariate. Week was considered as repeated factor with dependencies modeled by
unstructured covariance matrix. In the
model, treatment and week were considered main effects with the interaction
term included. The approximate F tests
and denominator degrees of freedom
were based on a Kenward-Roger method.
Tests of model means for change in response (from baseline) at given time
points are tests of the null hypothesis of
no change over time. Tests of differences
in estimated treatment group means at a
given time point address the hypothesis of
no treatment effect at that time (an interaction effect slice). Statistical significance
for these tests is reported relative to a twosided 5% type 1 error rate. All analyses
were carried out using the statistical software system SAS, version 9.1.2 (Cary,
NC).
RESULTS — Figure 1 demonstrates
study design, subject flow, and numbers
for each study period. A total of 25 subjects (17 men and 8 women) completed
the protocol. Subjects that were randomized had an average age of 59.7 ⫾ 8 years,

GHb of 9.7 ⫾ 0.5%, fasting glucose of
170 ⫾ 10 mg/dl, BMI of 30 ⫾ 0.8 kg/m2,
body weight of 86.9 ⫾ 3.1 kg, and wholebody glucose disposal (by clamp) of
214.7 ⫾ 22.5 mg/min.
Chromium status
Mean urinary chromium levels for all subjects were determined to be at the lower
limits of detection at study initiation
(⬍0.3 g/l). At end of period 1, mean
chromium excretion in all subjects remained ⬍0.3 g/l. However, at end of
period 2, urinary chromium levels were
significantly increased in those subjects
randomized to CrPic versus placebo
(6.0 ⫾ 4.5 vs. ⬍0.3 g/l, P ⬍ 0.01).
Metabolic and physiologic
parameters
The initiation of the sulfonylurea in period 1
resulted in a significant change in fasting
glucose in all subjects (Table 1). At the end
of period 2 and when compared with baseline, subjects randomized to the sulfonylurea/CrPic had significantly lower fasting
glucose as opposed to those randomized to
sulfonylurea/placebo. There was a mean decrease in GHb in all subjects at end of period
1. At end of period 2 and when compared
with baseline, subjects randomized to receive CrPic maintained the significant decrease in GHb as opposed to those
randomized to sulfonylurea/placebo (Table
1). Both the total glucose area under the
curve (AUC) and the glucose AUC from the
fasting glucose at time 0 (AUC-B), derived
from the OGTT, were significantly decreased in all subjects at end of period 1.
Total glucose AUC remained significantly
decreased in both groups at end of study
when compared with baseline, but the decrease appeared to be greater in those randomized to CrPic (Table 1). Glucose AUC-B
remained significantly decreased only for
the CrPic group at end of study. When compared with the baseline, subjects randomized to sulfonylurea/CrPic had significant
improvements in insulin sensitivity as opposed to those randomized to sulfonylurea/
placebo (Table 1). Insulin AUC and AUC-B,
derived from the OGTT, were higher in all
subjects at end of period 1 when compared
with baseline. There appeared to be no further increase in either treatment group at
study end. There was no treatment effect for
respiratory quotient, resting energy expenditure, adiponectin, or C-peptide levels.
FFA levels decreased significantly in both
the placebo and CrPic treatment groups;
however, the drop in FFA levels was greater
DIABETES CARE, VOLUME 29, NUMBER 8, AUGUST 2006
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Table 1—Changes observed from baseline for metabolic and phenotypic parameters
Period 1

Period 2

Sulfonylurea ⫹ placebo
Glycemia
Fasting glucose (mg/dl)
GHb (%)
Glucose AUC
Glucose AUC-B
Insulin
Glucose disposal (mg/min per fat-free mass)
Insulin AUC
Insulin AUC-B
Fasting C-peptide (ng/ml)
Indirect calorimetry
Respiratory quotient
REE
DEXA scans
% fat
Fat-free mass
Lipids/adipocytokines
FFAs (mmol/l)
Triglycerides (mg/dl)
Log (Triglycerides)
Adiponectin (mg/ml)

Sulfonylurea ⫹ placebo

⫺19.98 ⫾ 5.33
⫺1.07 ⫾ 0.26
⫺7,794 ⫾ 1238
⫺2,531 ⫾ 873

0.0009
0.0006
0.0001
0.008

⫺11.33 ⫾ 8.03
⫺0.44 ⫾ 0.43
⫺6,454 ⫾ 2289
⫺2,501 ⫾ 1412

21.9 ⫾ 11.8
3,460 ⫾ 522
2,604 ⫾ 518
⫺0.007 ⫾ 0.030

NS
0.0001
0.0001
NS

15.9 ⫾ 18.5
2,969 ⫾ 1102
1,618 ⫾ 754
0.136 ⫾ 0.111
⫺0.006 ⫾ 0.010
59.43 ⫾ 40.3

Sulfonylurea ⫹ CrPic
⫺31.00 ⫾ 7.37
⫺1.16 ⫾ 0.38
⫺11,131 ⫾ 2108
⫺3,981 ⫾ 1269

0.0002
0.0049
0.0001
0.0043

NS
0.013
0.042
NS

28.9 ⫾ 11.3
3,498 ⫾ 985
2,022 ⫾ 657
0.173 ⫾ 0.093

0.0209
0.0016
0.0052
NS

NS
NS

0.005 ⫾ 0.009
29.14 ⫾ 36.4

NS
NS

NS
NS
0.0092
NS

0.005 ⫾ 0.006
53.74 ⫾ 28.1

NS
NS

0.22 ⫾ 0.44
0.59 ⫾ 0.40

NS
NS

1.17 ⫾ 0.31
0.68 ⫾ 0.46

0.0008
NS

0.12 ⫾ 0.35
1.07 ⫾ 0.44

NS
0.0227

⫺0.12 ⫾ 0.05
11.43 ⫾ 13.04
0.09 ⫾ 0.07
2.06 ⫾ 0.60

0.018
NS
NS
0.002

⫺0.12 ⫾ 0.05
3.68 ⫾ 18.86
0.06 ⫾ 0.090
0.74 ⫾ 0.75

0.028
NS
NS
NS

⫺0.20 ⫾ 0.05
30.32 ⫾ 18.19
0.13 ⫾ 0.087
0.93 ⫾ 0.702

0.0007
NS
NS
NS

Data are means ⫾ SE or P values. REE, resting energy expenditure.

in the subjects randomized to receive CrPic
(Table 1).
Body weight and body fat
distribution
During period 1, subjects gained an average of 0.9 kg in body weight from baseline
(Fig. 2A). During period 2, subjects randomized to sulfonylurea/placebo, as opposed to those randomized to
sulfonylurea/CrPic, had significant increases in both body weight (Fig. 2A) and
percent body fat (Table 1) from baseline.
In addition, there were significant increases in fat-free mass in subjects randomized to sulfonylurea/CrPic as
opposed to sulfonylurea/placebo (Table
1). Subjects randomized to sulfonylurea/
placebo, as opposed to those randomized
to sulfonylurea/CrPic, had significant increases in total abdominal, visceral, and
abdominal subcutaneous fat from baseline (Fig. 2B).
CONCLUSIONS — The major findings of this study were that the addition of
CrPic to a regimen consisting of a sulfonylurea in subjects with type 2 diabetes
improved glycemic control, increased insulin sensitivity, and significantly attenuated body weight gain as opposed to
subjects maintained on a sulfonylurea
DIABETES CARE, VOLUME 29, NUMBER 8, AUGUST 2006

Figure 2—A: Body weight changes for all subjects over the treatment period. 䢇, placebo; 䡺,
CrPic. B: Abdominal fat distribution for all subjects over the treatment period. p, control; f,
CrPic. *P ⬍ 0.05; **P ⬍ 0.01. Data are means⫾ SE.
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only. Specifically, the results from the
DEXA and computed tomography scans
demonstrated less increase in percent
body fat and less accumulation of visceral,
subcutaneous, and total abdominal fat in
those subjects randomized to CrPic. The
data suggests that CrPic supplementation
may favorably modulate factors promoting weight gain commonly observed with
improvement in glycemic control.
The study design allowed for insulin
sensitivity to be first assessed at baseline
while subjects were on no pharmacologic
therapy and then after 3 months, during
which time all subjects were on an accepted form of therapy. As an improvement in insulin action may be seen with
sulfonylureas over time, most likely secondary to an improvement in glycemia
(13,14), the 3-month time period has
been shown by our group to provide a
stable baseline for oral sulfonylurea therapy and formed the rationale for the study
design (13,15). A third assessment for insulin sensitivity was then obtained after
CrPic or placebo was added in a doubleblinded fashion while all subjects continued the sulfonylurea. With this design,
we observed that subjects randomized to
CrPic, as opposed to placebo, had significant improvements in insulin sensitivity
from baseline. To the best of our knowledge, this is the first reported study that
assessed the effect of chromium on insulin action in subjects with type 2 diabetes
with use of techniques as precise as hyperinsulinemic-euglycemic clamps. Previously, we had demonstrated an increase in
insulin sensitivity in obese subjects with
1,000 g of CrPic with use of the modified
minimal model (35). The differences in
weight gain between treatment groups do
provide a confounder in the interpretation
of the insulin sensitivity data. However, the
glucose disposal was expressed relative to
fat-free mass, and despite some weight gain
in the sulfonylurea/CrPic group, insulin
sensitivity was shown to significantly increase from baseline.
The effects on body weight and fat
distribution noted in this study were not
expected based on published reports,
suggesting that chromium has variable effects on body weight and composition in
patients with diabetes (16 –26). Of eight
double-blind, placebo-controlled trials in
individuals without diabetes, chromium
supplementation showed decrease in
weight and fat in three larger studies (16 –
19,22,23,25,26). These results generally
support the view that chromium supplementation has at best modest effects on
1830

body weight or composition in individuals with diabetes.
There are major differences between
the reported studies evaluating weight effects with CrPic and the present study.
First, prior studies had the primary goal of
assessing weight loss, which was markedly different from the goal of the present
study to evaluate insulin action. Our expectations did not include observing
weight loss. In contrast, we assessed a
population for which weight gain would
not be unexpected given the improvement in glycemia with use of the specific
oral agents (27,28). Thus, we observed an
attenuation in weight gain with CrPic
supplementation over time, not weight
loss. Secondly, most of the prior studies
addressing body weight were of relatively
short duration and did not use more precise techniques for assessment of body fat.
The present study evaluated subjects for 10
months and verified the clinic weight
changes with two other independent and
objective measures, i.e., DEXA and computed tomography. The mechanism by
which CrPic attenuated weight gain is not
known. It is well recognized that energy intake needs to match energy output, i.e., energy expenditure, to maintain a stable body
weight (29,30). However, neither measures
of physical activity nor food intake were assessed in this study. Therefore, it is currently unknown whether the attenuation of
weight gain from CrPic supplementation
was secondary to modulation of either energy intake or expenditure.
For humans, the National Academy
of Sciences has proposed that the normal
intake of chromium should serve as the
adequate intake of 20 g for women and
30 g for men over 50 years of age and 25
g for women and 35 g for men 19 –50
years (31). Assuming an average 75-kg
body mass, this would relate to an intake
of elemental chromium ranging from
0.27 to 0.47 g/kg. At daily dietary intakes of 10 g, chromium absorption is
⬃2%, and at intakes of 40 g, it is 0.5%
(32). This leads to absorption of ⬃0.2 g
per day, which appears to be a minimal
basal level. The form of chromium also
influences the absorption. Absorption of
chromium from chromium chloride is
usually in the region of 0.4%, and chromium from CrPic has been reported to
range from 0.7 to 5.2% (33,34). Given the
range of body weights of subjects in the
present study, intake of chromium
ranged from 10 to 13 g/kg.
Another major difference in the
present study compared with prior stud-

ies is the dose of CrPic. We demonstrated
improved insulin sensitivity with 1,000
g/day of chromium as CrPic. This dose
was selected based on prior experience
and from previously reported studies
(21,35). In addition, this dose, in controlled clinical trials, has not been observed to result in any adverse effects
(21,35,36). A recent study that evaluated
much lower daily doses (⬃100 g/day of
elemental chromium as CrPic) reported
negative results in individuals with impaired glucose tolerance (37,38). In addition, Kleefstra et al. (39) evaluated 1,000
g/day of chromium as CrPic and reported no significant benefit in obese patients with type 2 diabetes. However, in
that study, patient selection differed
greatly from the present study. 1) Subjects
were more obese (BMI means ranging
from 33 to 35 kg/m2) and were on highdose insulin therapy (mean daily dose
ranged from 78 to 105 units/day). 2) Subjects were more advanced in their disease
process (mean diabetes duration range
10.9⫺18.4 years). 3) Subjects were taking other medications in addition to insulin, as it was stated that “no changes were
made in cholesterol-reducing, blood
pressure–lowering, or oral hypoglycemic
agents during the study period” (39). As
we had excluded subjects on medications
known to affect carbohydrate metabolism, ⬃30% of the subjects as reported by
Kleefstra et al. (39) were on metformin in
addition to insulin (N. Kleefstra, personal
communication). Therefore, based on the
above factors including duration of observation, higher dose of elemental chromium, subject selection, and techniques
assessed, this study differed greatly from
prior studies.
In summary, our study demonstrated
that subjects with type 2 diabetes randomized to CrPic as opposed to placebo had
significant attenuation in body weight gain,
body fat distribution changes, improved
glycemic control, and enhanced insulin
sensitivity. The mechanisms for these
findings are not precisely known, but
clinical research studies addressing dietary intake, skeletal muscle fat oxidation,
and insulin signaling are ongoing.
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