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Chromium Picolinate Intake and Risk of Type 2 Diabetes:
An Evidence-Based Review by the United States Food and

Drug Administration
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The labeling of both health claims that meet signifi-
cant scientific agreement (SSA) and qualified health
claims on conventional foods and dietary supplements
requires pre-market approval by the US Food and
Drug Administration (FDA). Approval by the FDA
involves, in part, a thorough review of the scientific
evidence to support an SSA or a qualified health
claim. This article discusses FDA’s evidence-based
review of the scientific evidence on the role of chro-
mium picolinate supplements in reducing the risk of
type 2 diabetes. Based on this evidence-based review,
FDA issued a letter of enforcement discretion for one
qualified health claim on chromium picolinate and
risk of insulin resistance, a surrogate endpoint for
type 2 diabetes. The agency concluded that the rela-
tionship between chromium picolinate intake and in-
sulin resistance is highly uncertain.
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INTRODUCTION

Chromium and Type 2 Diabetes

The relationship between chromium intake and glu-
cose metabolism was first reported in the 1950s, when
chromium-containing brewer’s yeast was reported to pre-
vent diabetes in laboratory animals.' Patients who were
deficient in chromium were reported to exhibit symptoms
or complications of type 2 diabetes (e.g., peripheral neu-
ropathy, impaired glucose removal, and elevated plasma
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free fatty acids).>* The provision of chromium to these
patients eliminated the symptoms and complications. While
chromium’s metabolic role in glucose metabolism is not
fully understood, it has been hypothesized that it serves as
a cofactor for insulin action.’

Health Claims

The Nutrition Labeling and Education Act (NLEA) of
1990 authorized the US Food and Drug Administration
(FDA) to allow statements on conventional foods and
dietary supplements that describe the relationship between a
substance (food or food component) and a disease (e.g.,
coronary heart disease, cancer, or type 2 diabetes) or health-
related condition. This relationship is called a health claim.
A health-related condition (e.g., hypertension) is a condition
that is essentially indistinguishable from a disease (e.g.,
coronary heart disease) and/or is a surrogate marker for risk
of a specific disease (e.g., serum cholesterol levels for
coronary heart disease). Health claims were first authorized
under the significant scientific agreement (SSA) standard, a
rigorous standard that requires a high level of confidence in
the validity of a substance-disease relationship.® Due to
court decisions dealing with health claims for dietary sup-
plements that raised First Amendment issues, and a major
initiative introduced by FDA in 2003, qualified health
claims were established for the labeling of conventional
foods and dietary supplements.” When credible evidence
falls short of the SSA standard, then health claims with
qualifying language about the level of scientific evidence
(qualified health claims) are issued through letters of en-
forcement discretion.” SSA and qualified health claims
pertain to disease risk reduction in the US population or a
target subgroup (e.g., women or the elderly) who do not
have the disease that is the subject of the claim.

Evidence-Based Review of Health Claims
A thorough review of the scientific evidence is a key

part of the process for evaluating an SSA or qualified
health claim. FDA reviews studies that must be submit-
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ted in petitions seeking a specific health claim. Through
a literature search, the agency identifies additional stud-
ies that are considered to be relevant to the petitioned
health claim. The agency separates individual reports of
human studies from other types of data and information.
FDA focuses its review on reports of human intervention
and observational studies.” In addition to individual re-
ports of human studies, the agency also considers other
types of data and information in its review, such as
meta-analyses, review articles, and animal and in vitro
studies. These other types of data and information can be
useful in assisting the agency in understanding the sci-
entific issues about the substance, the disease or health-
related condition, or both, but cannot by themselves
support a health claim relationship.

FDA evaluates the individual reports of human stud-
ies to determine whether any scientific conclusions can
be drawn from each study. The absence of critical factors
such as a control group or a statistical analysis means that
scientific conclusions cannot be drawn from the study.®’
Studies from which FDA cannot draw any scientific
conclusions about the health claim relationship are elim-
inated from further review.

Health claims involve reducing the risk of a disease
in people who do not already have the disease that is the
subject of the claim. Therefore, FDA considers evidence
from studies in individuals diagnosed with the disease
that is the subject of the health claim only if it is
scientifically appropriate to extrapolate to individuals
who do not have the disease.

FDA rates the relevant human intervention and ob-
servational studies for methodological quality.” This
quality rating is based on several criteria related to study
design (e.g., use of a placebo-controlled versus a non-
placebo-controlled group), data collection (e.g., type of
dietary assessment method), the quality of the statistical
analysis, the type of outcome measured (e.g., disease
incidence versus validated surrogate endpoint), and study
population characteristics other than relevance to the US
population (e.g., selection bias and whether important
information about the study subjects such as age or
smoking status was gathered and reported).

Finally, FDA evaluates the findings of the remaining
studies. The agency then ranks the strength of the total
body of publicly available evidence. The agency con-
ducts this ranking evaluation by considering the study
type (e.g., intervention, prospective cohort, case-control,
cross-sectional), the methodological quality rating as-
signed, the quantity of evidence (number of the various
types of studies and sample sizes), whether the body of
scientific evidence supports a health claim relationship
for the US population or target subgroup, whether study
results supporting the proposed claim have been repli-
cated, and the overall consistency of the total body of
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evidence.” Based on the totality of the scientific evi-
dence, FDA determines whether such evidence is credi-
ble to support the substance/disease relationship, and if it
is, either authorizes an SSA health claim or issues,
through a letter of enforcement discretion, a qualified
health claim that reflects the level of scientific evidence.

SURROGATE ENDPOINTS FOR TYPE 2
DIABETES

FDA uses surrogate endpoints that have been iden-
tified by the National Institutes of Health and FDA’s
Center for Drug Evaluation and Research as validated
biomarkers for predicting the risk of a disease. Blood
glucose concentration (fasting blood sugar and oral glu-
cose tolerance) and insulin resistance are identified as
surrogate endpoints for risk of type 2 diabetes. Insulin
resistance is assessed by various measurements of insulin
sensitivity, including the glycemic clamp method, ho-
meostasis model assessment, and the fasting insulin/
glucose ratio.

EVALUATION OF INTERVENTION STUDIES

Chromium Picolinate and Insulin Resistance

There have been five studies evaluating the effect of
chromium picolinate supplementation on the risk of
insulin resistance.'®'* Two of these studies were con-
ducted in individuals already diagnosed with diabe-
tes.'”"! FDA considers evidence from studies in individ-
uals already diagnosed with diabetes only if it is
scientifically appropriate to extrapolate to individuals
who do not have the disease. Because the mechanism(s)
by which chromium may affect glucose metabolism
and/or insulin response is hypothetical,’ it is not known
whether results from studies on the treatment of diabetes
with chromium picolinate can be extrapolated to risk
reduction of insulin resistance in individuals without
diabetes. Therefore, the agency could not draw any
scientific conclusions from these two studies about the
role of chromium picolinate in reducing the risk of
insulin resistance.

Gunton et al.'* and Amato et al.'* did not conduct
statistical analysis between the control and chromium
picolinate group. Statistical analysis between the two
groups is a critical factor because it provides the com-
parison between subjects consuming chromium picoli-
nate and those not consuming chromium picolinate to
determine whether there is a reduction in risk of insulin
resistance.” When statistical analyses are not performed
on the specific substance/disease relationship, it cannot
be determined whether there is a difference between the
two groups. As a result, these studies provided no infor-
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mation about how chromium picolinate may reduce the
risk of insulin resistance, and therefore no scientific
conclusions could be drawn from them.

There was one intervention study from which the
agency could draw scientific conclusions about the rela-
tionship between chromium picolinate intake and re-
duced risk of insulin resistance. Cefalu et al.'* was a
double-blind, randomized study found to be of moderate
methodological quality in which subjects at high risk for
diabetes (n = 14 or 15 per group) were provided a
placebo or 1000 mg/d of chromium picolinate for 8
months. Insulin resistance was evaluated by measuring
insulin sensitivity. Compared with the control group,
there was a significant increase in insulin sensitivity, and
therefore reduced insulin resistance, for subjects who
took the chromium picolinate supplement.

Because there are other forms of chromium that are
present in conventional foods and supplements (e.g.,
chromium chloride, chromium nicotinamide, yeast), the
agency reviewed studies that evaluated the relationship
between other forms of chromium and type 2 diabetes.
There were five studies measuring the effect of other
forms of chromium on risk of insulin resistance.'>'” One
study did not include a control group for evaluating the
relative effect of chromium,'” and therefore it could not
be determined whether changes in the endpoint of inter-
est were due to chromium or to unrelated and uncon-
trolled extraneous factors. One study used diabetic pa-
tients.'” Two studies did not conduct statistical analyses
between the control and chromium group.'*'® Therefore,
scientific conclusions could not be drawn from four of
the five studies.

One study was identified in which chromium chlo-
ride was provided to healthy subjects to evaluate its
effectiveness on reducing the risk of insulin resistance.'®
This study was found to be of moderate methodological
quality and did not show a statistically significant bene-
ficial effect of chromium chloride supplementation on
measures of insulin resistance.

Chromium Picolinate and Blood Sugar
Concentration

FDA identified 13 studies evaluating the effect of
chromium picolinate supplementation on blood glucose
concentrations.'>'*2%3% Eight of these studies were not
further reviewed because scientific conclusions could not
be drawn from them for the following reasons. Walker et
al.%° did not provide the data within the report; therefore,
the agency was not able to evaluate the reliability or the
statistical interpretation of the data. In three of the
studies, the subjects were already diagnosed with diabe-
tes.>!>* Two studies did not include a control group.>*?
Statistical analyses were not conducted between the
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chromium picolinate and control group in two stud-
165.12’26

Volpe et al.?’ conducted a 12-week, randomized
study that provided obese US women (n = 22 per group)
400 mg/d of chromium as chromium picolinate. This
study was found to be of moderate methodological qual-
ity. There was no statistically significant difference in
fasting blood sugar (FBS) or oral glucose tolerance test
(OGTT) between the chromium picolinate and the pla-
cebo group.

Boyd et al.?® was a 13-week, non-randomized study
in which healthy US men and women (n = 9 per group)
were given either a placebo or 1 g/d chromium picoli-
nate. This study was found to be of moderate method-
ological quality. There was no statistically significant
beneficial effect of chromium picolinate on FBS or
OGTT compared with the placebo control group.

A 12-week, randomized study by Joseph et al.”® was
conducted on US men and women who were healthy or
had glucose intolerance. This study was found to be of
moderate methodological quality. Subjects (n = 15 or 17
per group) received either a placebo or 924 mg/d of
chromium as chromium picolinate and underwent resis-
tance training twice weekly. There was no statistically
significant beneficial effect of chromium picolinate on
FBS compared with the control group.

Frauchiger et al.’® was a single-dose, crossover
design study in which young Swiss men (n = 13 per
group) were provided a placebo or 400 or 800 mg of
chromium as chromium picolinate 30 minutes prior to
the consumption of a test meal. This study was found to
be of moderate methodological quality. There was no
statistically significant beneficial effect (P < 0.05) in
OGTT when either 400 or 800 mg of chromium picoli-
nate was consumed.

Cefalu et al."* was a double-blind, randomized study
in which subjects at high risk for diabetes (n = 14 to 15
per group) were provided a placebo or 1000 mg/d of
chromium picolinate for 8 months. There was no statis-
tically beneficial effect of chromium picolinate on OGTT
compared with the control group.

FDA identified 29 studies evaluating the effect
of other forms of chromium on blood sugar
levels.'> 18253151 Four of these studies did not include a
control group for comparing the relative effect of chro-
mium.'”*'"3 Nine studies did not conduct statistical
analyses between the control and chromium
group.'>'®344% Ope study was conducted on hypoglyce-
mic patients to determine if chromium chloride had an
effect on blood glucose levels.*' The purpose of that
study, however, was to determine if chromium chloride
would increase low blood glucose to normal levels, and
therefore it did not address the proposed claim for a
reduction in risk of elevated blood glucose levels. Three
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studies were conducted in malnourished children in Jor-
dan, Turkey, and Egypt.**** Nutrient status and metab-
olism can be severely altered when an individual is
malnourished. For example, malnutrition can result in
lower blood glucose and insulin levels,** and therefore
the effect of a nutrient, such as chromium, on blood
sugar levels can be very different than the effect of the
same nutrient on healthy, well-nourished individuals.
Thus, scientific conclusions about the effect of other
forms of chromium on blood sugar levels in the general
US population could not be drawn from these 17 studies.

There have been 11 studies on healthy sub-
jects,'®27463% one study on individuals with glucose
intolerance,*” and one study on both healthy subjects and
those with hyperglycemia®® that evaluated the effect of
other forms of chromium (chromium chloride and chro-
mium nicotinate) on blood glucose levels. These studies
were found to be of moderate to high methodological
quality. None of the 12 studies in healthy subjects
showed a significant beneficial effect of chromium sup-
plementation on FBS and/or OGTT. The two studies in
individuals with glucose intolerance showed no signifi-
cant beneficial effect of chromium supplementation on
FBS.*>*3° One of the two studies showed a statistically
significant benefit for OGTT over a 4-hour period in
hyperglycemic individuals.*®

Chromium Picolinate and Type 2 Diabetes

No studies were identified by FDA that evaluated
the effect of chromium picolinate supplementation on the
incidence of type 2 diabetes. Thus, the only evidence to
support a relationship between chromium picolinate in-
take and risk of type 2 diabetes are the studies discussed
above that measured the effect of chromium picolinate
intake on two surrogate endpoints: insulin resistance and
blood sugar levels.

EVALUATION OF OBSERVATIONAL STUDIES

There have been no observational studies evaluating
the relationship between the intake of chromium picoli-
nate or other forms of chromium and risk of type 2
diabetes.

SUMMARY

In summary (Table 1), there was one intervention
study that showed a beneficial effect of chromium pico-
linate intake on risk of insulin resistance.'* One other
intervention study that provided chromium chloride
showed no beneficial effect on insulin resistance.'* None
of the five intervention studies showed a statistically
significant beneficial effect of chromium picolinate on

Nutrition Reviews®, Vol. 64, No. 8

FBS and/or OGTT.'*?3-2® Furthermore, none of the 10
intervention studies using other forms of chromium
showed a beneficial effect of on FBS or OGTT in
individuals with normal glucose tolerance,'®-346:47-50-54

Based on FDA’s evidence-based review, the agency
concluded that there is very limited credible evidence for
a qualified health claim for chromium picolinate and
reduced risk of insulin resistance, and therefore reduced
risk of type 2 diabetes. The findings of Cefalu et al.'*
have not been replicated, and replication of scientific
findings is important to substantiate results.’® For these
reasons, FDA concluded that the existence of a relation-
ship between chromium picolinate intake and reduced
risk of either insulin resistance or type 2 diabetes is
highly uncertain.

On August 25, 2005, FDA issued a letter of enforce-
ment discretion for the labeling of dietary supplements
with the following qualified health claim: “One small
study suggests that chromium picolinate may reduce the
risk of insulin resistance, and therefore possibly may
reduce the risk of type 2 diabetes. FDA concludes,
however, that the existence of such a relationship be-
tween chromium picolinate and either insulin resistance
or type 2 diabetes is highly uncertain.”®’ The agency
concluded that there was no credible evidence to suggest
that chromium picolinate intake may reduce the risk of
elevated blood glucose levels.
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