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Chromium is an essential nutrient involved in normal
carbohydrate and lipid metabolism. The chromium
requirement is postulated to increase with increased
glucose intolerance and diabetes. The objective of this
study was to test the hypothesis that the elevated
intake of supplemental chromium is involved in the
control of type 2 diabetes. Individuals being treated
for type 2 diabetes (180 men and women) were divided
randomly into three groups and supplemented with: 1)
placebo, 2~) 1.92 umol (100 ug) Cr as chromium picoli-
nate two times per day, or #) 9.6 umol (500 ug) Cr two
times per day. Subjects continued to take their normal
medications and were instructed not to change their
normal eating and living habits. HbAlc values improved
significantly after 2 months in the group receiving 19.2
umol (1,000 ug) Cr per day and was lower in both
chromium groups after 4 months (placebo, 8.5 ± 0.2%;
3.85 umol Cr, 7.5 ± 0.2%; 19.2 umol Cr, 6.6 ± 0.1%).
Fasting glucose was lower in the 19.2-umol group after
2 and 4 months (4-month values: placebo, 8.8 ± 0.3
mmol/1; 19.2 umol Cr, 7.1 ± 0.2 mmol/1). Two-hour glu-
cose values were also significantly lower for the sub-
jects consuming 19.2 umol supplemental Cr after both
2 and 4 months (4-month values: placebo, 12.3 ± 0.4
mmol/1; 19.2 umol Cr, 10.5 ± 0.2 mmol/1). Fasting and 2-
h insulin values decreased significantly in both groups
receiving supplemental chromium after 2 and 4 months.
Plasma total cholesterol also decreased after 4 months
in the subjects receiving 19.2 umol/day Cr. These data
demonstrate that supplemental chromium had signifi-
cant beneficial effects on HbAlc, glucose, insulin, and
cholesterol variables in subjects with type 2 diabetes.
The beneficial effects of chromium in individuals with
diabetes were observed at levels higher than the upper
limit of the Estimated Safe and Adequate Daily Dietary
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Conclusive evidence of the role of trivalent
chromium in human nutrition was reported in
1977 (1) when the severe diabetic symptoms of a
female patient on total parenteral nutrition were

alleviated by supplemental chromium. Diabetic symptoms, in
addition to elevated blood glucose, included unexpected
weight loss, impaired nerve conduction, and abnormal res-
piratory quotient that were refractory to exogenous insulin.
Upon the daily addition of 4.81 umol supplemental Cr to her
total parenteral nutrition solution for 2 weeks, the diabetic
symptoms were alleviated and the exogenous insulin require-
ment dropped from 45 U/day to zero. This work has been ver-
ified on many occasions and documented in the scientific lit-
erature on three occasions (2^4). Chromium is now routinely
added to total parenteral nutrition solutions (5). However, the
chromium concentrations in total parenteral nutrition solu-
tions may not be adequate, since the normalization of nerve
conduction occurred in a patient on home parenteral nutri-
tion after the administration of supplemental chromium (6).

Signs of chromium deficiency in humans are not limited to
subjects on total parenteral nutrition. Improvements in glucose
and/or lipid concentrations have been reported in children with
protein calorie malnutrition (7,8); the elderly (9); and indi-
viduals with type 1 and type 2 diabetes (10-13), hypoglycemia
(14,15), and marginally impaired glucose tolerance (16,17).

Individuals with diabetes have altered chromium metabo-
lism, compared with nondiabetic control subjects, with higher
chromium absorption but also greater chromium excretion
(18). Hair and tissue chromium levels of individuals with dia-
betes are lower than those of nondiabetic control subjects.
Depending on the stage of diabetes, individuals with diabetes
tend to lose the ability to convert chromium to a useable form
(18). Diabetic mice also lose the ability to convert inorganic
chromium to a useable form that potentiates insulin (19).

We conducted a double-blind placebo-controlled study
involving 180 people with type 2 diabetes to determine the role
of supplemental chromium in the control of diabetes. Our
hypothesis was that the elevated intake of supplemental
chromium is involved in the control of type 2 diabetes. The
study was conducted in China to obtain a relatively homoge-
neous study group free of nutrient supplementation.

RESEARCH DESIGN AND METHODS
Subjects. A total of 303 individuals being treated for diabetes at two hospitals in
Beijing, China, were screened to obtain 180 subjects meeting the selection crite-
ria. To be eligible for the study, subjects had to be free of disease other than type
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2 diabetes and 35-65 years of age and have a fasting blood glucose concentration
of 7.2-15.5 mmol/1, a 2-h blood glucose concentration of 9.4-16.7 mmol/1, and an
HbAlc level of 8.0-12.0%. Subjects were informed of the purpose of the study, that
there were no known risks associated with the study other than the minimal risks
associated with blood drawing, and that they were free to drop out of the study
with no effect on their present health care. Subjects were not reimbursed for their
participation. Subjects were motivated to participate because of the possible
benefits of the study. Compliance appeared to be very good and was assessed by
personal communication and pill count. The study was approved by the Beijing
Medical Review Committee with concurrence from the U.S. Department of Agri-
culture Human Studies Review Board.

A total of 180 individuals with diabetes were randomly divided into three
groups. Sixty subjects received placebo, 60 received 1.92 umol Cr as chromium
picolinate (furnished by Nutrition 21, San Diego, CA) 2 times per day, and the
remainder received 9.6 umol Cr as chromium picolinate twice per day. Subjects
were instructed to take one tablet in the morning and one in the evening between
meals. Subjects were also urged to maintain their normal eating and exercise
habits. Subjects continued their normal visits to monitor their diabetes. A fasting
blood sample and a blood sample after a 2-h glucose challenge (75 g glucose) were
obtained at the beginning of the study and after 2 and 4 months. Subjects were
middle-aged healthy subjects of normal height, weight, and BMI with diabetes for
<10 years (Table 1). Nineteen subjects did not complete all three testing dates, and
six subjects had missing values for at least one variable; their results were not
included in the final analyses. Data from these subjects were omitted to maintain
a complete homogeneous data set with all subjects represented during each
study period. Data for all subjects who completed all phases of the study were
included in all of the respective analyses, and there were no samples omitted. Of
the 155 subjects who were included in the final analyses, most of the subjects (92)
were taking sulfonylurea drugs (i.e., glibenclamide, glinclazid, glipizide). Sixty-nine
were on phenformin, 38 were on traditional Chinese medicines, 22 were on no
medication, and nine were on insulin. Several subjects were taking more than one
medication. Medications were constant during the study.

Study design was double blind and placebo controlled. Placebo tablets were
indistinguishable from those containing either level of chromium. Measured
chromium content of the placebo capsules was 0.01 ± 0.001 umol and was 2.04
± 0.16 and 11.0 ± 1.2 umol for the 1.92- and 9.6-umol capsules, respectively. Data
are means ± SD for six capsules from each batch. A crossover study design was
discarded because of the possible carryover effects of 1,000 ug Cr/day.

Glucose was analyzed by glucose oxidase method (20), and insulin was ana-
lyzed by radioimmunoassay (21). HbAlc values were measured using BioRad

HbAlc columns (BioRad, Richmond, CA). Total cholesterol was determined by
chemical hydrolysis (22), HDL cholesterol by phosphotungstate-Mg precipitation
(23), and triglycerides by direct enzymic measurement (24). Blood urea nitrogen
was determined by a direct method (25). Analyses presented were completed in
China. Several dozen samples were exchanged between the U.S. and China lab-
oratories to ensure accuracy and reproducibility of the data.

The variables HbAlc, total cholesterol, blood urea nitrogen, HDL cholesterol,
triglycerides, fasting and 2-h glucose, and insulin were analyzed as three-factor
repeated-measures mixed linear models, using PROC MIXED (SAS Institute, Cary,
NC). Since the variables were measured at 0,2, and 4 months for each subject,
repeated measures analyses were used. Several covariance structures were
modeled, and the unstructured model was found to fit best, except for triglyc-
erides and total cholesterol, where the compound symmetry model was best. For
HbAlc, cholesterol, and triglycerides, the log,0 transformed values fit the model
better and were used in the analyses. Data in the table and figures are means ±
SE for the nontransformed data.

RESULTS

Fasting blood glucose concentrations were significantly
lower in the group receiving 19.2 umol Cr daily after both 2
and 4 months (Fig. 1). Similar results were observed for
blood glucose concentrations 2 h after the ingestion of 75 g
glucose (Fig. 2). Fasting and 2-h glucose concentrations of the
subjects in the placebo group also decreased, but the
decreases in the subjects receiving 19.2 umol supplemental
Cr were much larger. The chromium x time interaction was
significant atP < 0.0001.

Fasting insulin concentrations were significantly lower in
the group receiving 3.85 umol Cr daily with a mean fasting
insulin concentration of 95 ± 2 pmol/1 after 4 months, which
was identical to that of the group receiving the higher level
of chromium, compared with 118 ± 3 pmol/1 in the placebo
group (Fig. 3). Fasting insulin concentrations were also sig-
nificantly lower after 2 months in both of the groups receiv-
ing supplemental chromium. Similar results were observed for
the insulin 2 h after a glucose challenge (Fig. 4). The fasting

TABLE 1
Characteristics of control and chromium-supplemented subjects at the beginning of the study

Height (meters)
All
Women
Men

Weight (kg)
All
Women
Men

BMI (kg/m2)
All
Women
Men

Duration of diabetes (years)
All
Women
Men

Age (years)
All
Women
Men

0

1.67 ± 0.01 (50)
1.61 ± 0.01 (17)
1.70 ± 0.01 (33)

69.1 ± 1.3
66.4 ± 2.5
70.5 ± 1.4

24.8 ± 0.5
25.8 ±1.1
24.3 ± 0.5

5.4 ± 0.7t
5.6 ± 1.0*
5.2 ± 0.9*t

55.5 ± 1.2
56.4 ± 1.8
55.1 ± 1.5

Supplemental chromium (umol/day)
3.85

1.67 ± 0.01 (53)
1.60 ± 0.01 (20)
1.71 ± 0.01 (33)

69.0 ± 1.5
63.4 ± 2.5
72.6 ± 1.5

25.0 ± 0.5
25.0 ± 0.9
25.0 ± 0.5

8.0 ± 1.0*
8.4 ± 1.6*
7.8 ± 1.2*

55.7 ± 1.2
53.8 ± 1.8
56.8 ± 1.7

19.2

1.65 ± 0.01 (52)
1.59 ± 0.01 (26)
1.70 ± 0.01 (26)

67.8 ± 1.4
63.4 ± 1.6
72.0 ± 1.8

24.8 ± 0.4
25.0 ± 0.6
24.6 ± 0.6

5.3 ± 0.7|
6.8 ± 1.1*
3.7 ± 0.7|

54.6 ± 1.4
54.1 ± 2.3
55.2 ± 1.8

Number in parentheses denotes number of subjects who completed all phases of the study and had no missing experimental analy-
ses. *fValues in the same row with different superscripts are significantly different a tP < 0.05.
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FIG. 1. Supplemental chromium effects on fasting serum glucose.
Chromium was taken in two doses between meals. There were 50 sub-
jects in placebo group, 53 in the 3.85-pmol group, and 52 in the 19.6-
umol group. Bars with different letters are significantly different
from other groups for the same time period at P < 0.05.

and 2-h insulin values of the placebo subjects also decreased
over the duration of the study, but the decreases in the
chromium groups were much larger. The chromium x time
interaction was also significant a tP < 0.0001.

Decreases in blood glucose and insulin concentrations
due to supplemental chromium (Figs. 1̂ 1) were reflected by
decreases in HbAlc values, with significant effects of
chromium in both chromium groups after 4 months and in the
19.2-umol group after 2 months (Fig. 5).

Supplemental chromium at 19.2 umol/day also led to
decreased total cholesterol (Fig. 6). The total cholesterol of
the men was higher than that of the women, and both sexes
responded to supplemental chromium similarly. There were
no chromium X sex or time X sex interactions. The
chromium X time interaction was significant at P < 0.02.
There were no significant effects of supplemental chromium
on HDL cholesterol, triglycerides, blood urea nitrogen,
weight, or BMI (data not shown).

DISCUSSION
These data demonstrate significant effects both statistically
and clinically of supplemental chromium at 3.85 and 19.2
umol/day on glucose and insulin variables in individuals
with type 2 diabetes. Improvements in fasting glucose and
insulin concentrations as well as those after a glucose chal-
lenge document the role of elevated intakes of supplemen-
tal chromium in the control of type 2 diabetes. The improve-
ments due to chromium are not due to changes in body
weight, since weight did not change significantly over the
duration of the study.

The chromium intake of these subjects is not known, but
total dietary chromium intake does not accurately reflect
chromium status since other factors affect chromium
requirements. For example, different forms of stress includ-
ing diet, exercise, and diabetes all increase chromium
requirements (26). Increased intake of simple sugars also
increases chromium losses (27). Urinary chromium losses are
correlated with the stress hormone cortisol (28), and
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FIG. 2. Supplemental chromium effects on 2-h glucose concentrations.
Subjects were given a 75-g glucose challenge at time 0, and blood was
drawn 2 h later. Conditions are described in Fig. 1.

chromium's effects on morbidity and immune function are
only observed in stressed animals (29).

There are no methods to predict chromium status. The
only method is to measure glucose, insulin, and lipid variables
before and after chromium supplementation. Chromium con-
centrations in blood, hair, urine, and other tissues or body flu-
ids have not been shown to reflect chromium status.

There have been several studies involving chromium sup-
plementation of people with diabetes. The results of these
studies are varied, but in retrospect may be consistent
(10-13,30-35). The majority of the studies involving daily
chromium supplementation with 4.81 umol Cr as chromium
chloride or less to individuals with diabetes reported no sig-
nificant consistent improvements (31-33). Improved glucose
tolerance and blood cholesterol were reported in roughly
half the subjects supplemented daily with 2.89-4.81 umol Cr
as chromium chloride (9-10). Mossop (12) reported significant
improvements in fasting blood glucose in 13 people being
treated for diabetes. Fasting blood glucose concentrations
decreased from 14.4 to 6.6 mmol/1 after 2 to 4 months of 11.5
umol supplemental Cr as chromium chloride daily. Fasting
blood glucose, glycosylated hemoglobin, total cholesterol,
and LDL cholesterol all improved significantly in 11 individ-
uals with type 2 diabetes who consumed 3.85 umol/day Cr as
chromium picolinate for 6 weeks (35). Ravina et al. (13) also
reported improved glucose control in 162 individuals with dia-
betes after daily chromium supplementation with 200 ug Cr
as chromium picolinate.

The reasons for the discrepancy in the response to sup-
plemental chromium appear to be due to the amount and form
of chromium consumed. In this study, we used chromium as
chromium picolinate, which is utilized more efficiently than
chromium chloride (36), used chromium twice per day, and
used higher levels than most previous studies. The beneficial
effects of 19.2 umol/day Cr, compared with 3.85 umol,
demonstrate that 3.85 umol Cr is not sufficient to elicit max-
imal significant improvements in diabetic subjects.

Chromium picolinate is a convenient form of chromium
that is used more efficiently than some other forms of
chromium. The active compound is chromium, not picolinate,
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FIG. 3. Supplemental chromium effects on fasting insulin concentra- FIG. 4. Supplemental chromium effects on 2-h insulin concentrations,
tions. Conditions are described in Fig. 1. Conditions are described in Fig. 2.

since other studies have shown beneficial effects of
chromium as chromium chloride. Chromium chloride is usu-
ally the least available of the chromium compounds tested
(36). Patients on total parenteral nutrition and individuals with
glucose intolerance, hypoglycemia, and diabetes have all
been shown to respond to chromium as CrCl3. Several dif-
ferent forms of chromium are likely to elicit similar effects but
at different intakes due to the varying absorption, transport,
and utilization of the different chromium compounds.

The measurement of glycated proteins, such as HbAlc, is the
most reliable method of assessing long-term glycemic control
in individuals with diabetes (37-42). HbAlc values were orig-
inally postulated to reflect the simple mean plasma glucose
level over a certain period, and considering the erythrocyte
life span, glycated hemoglobin was thought to be uniformly
accumulated in erythrocytes over 120 days. However, theo-
retical and experimental evidence demonstrates that fol-
lowing a consistent drop in blood glucose, HbAlc values
change rapidly in the first 1 to 2 months, followed by a
steady-state level after 4 months (41,42). Half of the HbAlc

level is determined by the plasma glucose values during the
preceding 1-month period and an additional 25% of the HbAlc
level in the preceding month (42). Therefore, 75% of the
HbAlc level is proportional to the changes in blood glucose
over the preceding 2 months. In our study, we saw a rapid
drop in HbAlc values in the first 2 months with HbAlc values
of 7.4 ± 0.2% for individuals receiving 19.2 umol Cr daily,
compared with 8.6 ± 0.2% for those receiving placebo. The
drop in HbAlc value in the group receiving 3.85 umol Cr daily
after 4 months was accompanied by a decrease in both fast-
ing and postprandial insulin, but differences in blood glu-
cose for the corresponding subjects were not significant.
However, there were significant drops from the glucose con-
centrations determined at the onset of the study. Similar
results were observed in both male and female subjects.

Changes in serum lipids in this study are consistent with
those observed in our previous studies (14,16,17), namely
that the effects of supplemental chromium are greater for glu-
cose and insulin than for lipid concentrations. The delayed
response of supplemental chromium on blood lipids is con-
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FIG. 5. Supplemental chromium effects on HbAlc values. Conditions are FIG. 6. Supplemental chromium effects on fasting serum cholesterol
described in Fig. 1. concentrations. Conditions are described in Fig. 1.
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sistent with the study of Abraham et al. (30) that reported no
significant effects of supplemental chromium on blood lipids
after 3 months but significant decreases in triglycerides and
increases in HDL cholesterol after 7-16 months. Similar
chromium effects were observed in nondiabetic control sub-
jects and individuals with diabetes.

We did not detect an effect of drug therapy for the control
of diabetes and response to supplemental chromium. Diabetic
therapy included, in addition to hypoglycemic drugs, tradi-
tional Chinese medicines, insulin, and diet alone. Ravina et al.
(13) also did not observe an effect of insulin, sulfonylurea, or
metformin on improvements in glucose control in diabetic
patients receiving 3.85 umol Cr as chromium picolinate. Sup-
plemental chromium (600 ug/day) was also shown to
increase the HDL cholesterol of men taking 3-blockers (43).
In a separate study, there was a larger effect of chromium on
blood lipids of subjects not taking thiazides (44). Martinez et
al. (45) also reported no clear effects of 200 ug Cr as
chromium chloride daily in women taking medications that
affect glucose tolerance but significant effects in 2-h blood glu-
cose concentrations in nonmedicated subjects.

The mechanism of action of chromium on the control of
blood glucose concentrations is the potentiation of insulin
action. In the presence of chromium in a useable form, much
lower levels of insulin are required. In the epididymal fat cell
assay, near maximal insulin response can be achieved by
adding chromium in a form that potentiates insulin (46). Inor-
ganic chromium is without effect in the epididymal fat cell
assay. Supplemental chromium leads to increased insulin
binding to cells due to increased insulin receptor number
(14). A direct binding of chromium to insulin is postulated
(47), and a direct binding of an insulin potentiating form of
chromium to insulin has been observed (48). Chromium was
also shown to affect (3-cell sensitivity measured in eugly-
cemic clamp studies (49). The overall effect of chromium is
to increase insulin sensitivity, which is associated with
decreased glucose intolerance, decreased risk factors asso-
ciated with cardiovascular diseases, improved immunity, and
increased life span (50).

Trivalent chromium, the form of chromium found in foods
and nutrient supplements, is considered one of the least
toxic nutrients. The reference dose established by the U.S.
Environmental Protection Agency for chromium is 350 times
the upper limit of the Estimated Safe and Adequate Daily
Dietary Intake of 3.85 umol (200 ug/day). The reference dose
is defined as "an estimate (with uncertainty spanning perhaps
an order of magnitude) of a daily exposure to the human
population, including sensitive subgroups, that is likely to be
without an appreciable risk of deleterious effects over a life-
time" (51). This conservative estimate of safe intake has a
much larger safety factor for trivalent chromium than almost
any other nutrient. The ratio of the reference dose to the
Estimated Safe and Adequate Daily Dietary Intake or the
Recommended Daily Allowance is 350 for chromium, com-
pared to <2 for zinc, roughly 2 for manganese, and 5-7 for sele-
nium (51). Anderson et al. (52) demonstrated a lack of toxi-
city of chromium chloride and chromium picolinate in rats at
levels several thousand times the upper limit of the estimated
safe and adequate daily dietary intake for humans (based on
body weight). There was no evidence of toxicity in this study,
and there have not been any reported toxic effects in any of
the human studies involving supplemental chromium.

In summary, supplemental chromium was shown to have
pronounced effects on glucose and insulin variables in indi-
viduals with type 2 diabetes. A total of 200 ug Cr daily (3.85
umol) did not appear to be sufficient for the reversal of dia-
betic symptoms over the 4-month duration of the study, since
larger consistent effects were observed in subjects receiving
1,000 ug (19.2 umol) supplemental Cr daily. Additional stud-
ies are needed to establish the form and amount of supple-
mental chromium required to elicit maximal responses in
individuals with diabetes and in the prevention of diabetes.
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