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Abstract

Background: Dietary supplement use is widespread in the United States. Although it has been suggested in both in vitro

and small in vivo human studies that chromium has potentially beneficial effects in type 2 diabetes (T2D), chromium

supplementation in diabetes has not been investigated at the population level.

Objective: The objective of this study was to examine the use and potential benefits of chromium supplementation in T2D

by examining NHANES data.

Methods:An individual was defined as having diabetes if he or she had a glycated hemoglobin (HbA1c) value of$6.5%, or

reported having been diagnosed with diabetes. Data on all consumed dietary supplements from the NHANES database

were analyzed, with the OR of having diabetes as the main outcome of interest based on chromium supplement use.

Results: The NHANES for the years 1999–2010 included information on 62,160 individuals. After filtering the database for

the required covariates (gender, ethnicity, socioeconomic status, body mass index, diabetes diagnosis, supplement

usage, and laboratory HbA1c values), and when restricted to adults, the study cohort included 28,539 people. A total of

58.3% of people reported consuming a dietary supplement in the previous 30 d, 28.8% reported consuming a dietary

supplement that contained chromium, and 0.7% consumed supplements that had ‘‘chromium’’ in the title. Compared

with nonusers, the odds of having T2D (HbA1c $6.5%) were lower in persons who consumed chromium-containing

supplements within the previous 30 d than in thosewho did not (OR: 0.73; 95%CI: 0.62, 0.86; P = 0.001). Supplement use

alone (without chromium) did not influence the odds of having T2D (OR: 0.89; 95% CI: 0.77, 1.03; P = 0.11).

Conclusions: Over one-half the adult US population consumes nutritional supplements, and over one-quarter consumes

supplemental chromium. The odds of having T2D were lower in those who, in the previous 30 d, had consumed

supplements containing chromium. Given the magnitude of exposure, studies on safety and efficacy are

warranted. J Nutr 2015;145:2675–82.
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Introduction

In 2012, the CDC estimated that 29.1 million Americans had
diabetes, accounting for 12.3% of the adult population (1).
Modifiable social and behavioral factors, such as adopting dif-
ferent dietary patterns and consuming nutritional supplements
aimed at preventing or controlling type 2 diabetes (T2D)7, have

been a field of interest to address this public health burden (2).
Although there are multiple classes of pharmacologic agents
approved for diabetes treatment, many persons use nutritional
supplements to help manage their diabetes, as well as a myriad of
other conditions. In 2007, Americans spent nearly $34 billion of
their personal money on complementary and alternative medi-
cines, including dietary supplements (3). a-Lipoic acid, banaba,
bitter lemon, blonde psyllium, cinnamon, dandelion, fenugreek,
ginseng, gymnema sylvestre, milk thistle, nopal from the prickly
pear, vanadium, and others are among the many dietary sup-
plements with purported benefit in T2D, despite the low level
of evidence to support effectiveness or safety (4). Nutritional
substances, when taken to excess or for extended periods of time,
may have adverse effects.

Many people appear to use chromium supplements for
glycemia despite the fact that randomized clinical trials have
generally not demonstrated differences in fasting glucose or
oral glucose tolerance between chromium picolinate– and
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placebo-treated groups (5–9), and meta-analysis of published
investigations likewise does not support clinical use (10–13).
Chromium was previously classified as an essential trace
element, important in carbohydrate, lipid, and protein metab-
olism, because when it is deficient, it might lead to glucose
intolerance and insulin resistance (6, 14, 15). Historically, the
nutritional importance of chromium was initially described
in 1957 when rodents provided a diet lacking chromium be-
came unable to adequately metabolize glucose, but when chro-
mium was supplemented in the form of brewer�s yeast, glucose
metabolism was restored. The chromium-dependent molecule
responsible for the restoration of glucose metabolism was
initially named glucose tolerance factor (16), although, if
existent, identification of glucose tolerance factor and mode
of action remains elusive (17). The essentiality of chromium for
humans was subsequently described in a patient who received
total parenteral nutrition and developed glucose intolerance,
weight loss, and peripheral neuropathy, a condition that was
unresponsive to insulin, but that was resolved with the admin-
istration of chromium (18). Additional reports of patients receiv-
ing total parenteral nutrition who developed T2D, which was
resolved with chromium replacement, supported the essential
status (19, 20). However, the essential function of chromium
remains incompletely substantiated and the European Food
Safety Authority expert scientific panel and others currently do
not support continued essential classification (17, 21).

There are no large or long-term studies, to our knowledge,
evaluating the efficacy or safety of chromium in treating or
preventing T2D in humans. To this end, we examined theNHANES
database, created and administered by the CDC (22, 23), to describe
the proportion of Americans who are consuming dietary supple-
ments containing chromium, and how this affects T2D prevalence.

Methods

To investigate the relation between dietary chromium supplement use
and T2D, we examined the publicly available NHANES database for the

years 1999 through 2010 (23). The NHANES database contains

extensive individual-level information on demographic and socioeco-

nomic information, family history, dietary habits, chronic diseases,
infectious diseases, mental health, biochemical laboratory data, and

more (22).

Diabetes status was defined in 2 ways. In the first method, T2D was
defined on the basis of HbA1c values only (T2D-M1), with an HbA1c

value <6.5% (47.5 mmol/mol) coded as ‘‘0’’ or nondiabetic and a value

$6.5% coded as ‘‘1’’ or diabetic, as recommended by the US Department

of Health and Human Services and the NIH (24), because many
individuals with T2D may be undiagnosed. In the second method, T2D

was defined on the basis of both HbA1c values and doctor diagnosis

(T2D-M2). In the T2D-M2 method, if individuals reported that a doctor

had ever told them they have diabetes or they had an HbA1c value
$6.5%, they were defined as having diabetes, whereas to be categorized

as nondiabetic, a person needed to have never been diagnosed as diabetic

by a doctor and have an HbA1c value <6.5%. With the different coding
strategies, there are necessarily a higher proportion of people classified as

diabetic in the second method than in the first. We did not run statistical

analyses to test whether there were differences between groups (T2D-M1

and T2D-M2) because, by definition, some overlap occurs between
groups. Restricted and broader definitions of diabetes were used in

sensitivity analysis to increase robustness of results, ensuring general

findings were consistent regardless of the disease definitions, and not

artifacts of potential misclassification. Summary statistics of demo-
graphics and other variables are presented as mean values and 95% CIs

or proportions (%) of the sample (n).
To quantify the number of people using dietary chromium sup-

plements on at least a semiregular basis, we collected full dietary

supplement information from the NHANES database, and extracted

information from all dietary supplements that contained chromium

(NHANES supplement use data are provided as the number of supple-

ments taken in the past 30 d at the time of NHANES interview). In the

NHANES database, information is provided for the name of each dietary

supplement consumed by an individual in the previous 30 d, along with

frequency of use, the ingredients for each supplement, and the quantity

of each ingredient in the supplement. Individual ingredients in any

supplement could span in quantity from a primary ingredient (e.g., iron

in an iron supplement) to minute amounts. With this data, we calculated

the quantity of chromium consumed in any of its varieties from all

consumed dietary supplements over the 30 d period. We did not estimate

nonsupplement dietary chromium consumption. Awide variety of chro-

mium supplement consumption values was created with the use of this

method, ranging from individuals who consumed a single dietary

supplement with a small amount of chromium only once in the 30 d

period, to individuals who consumed multiple dietary supplements with

high chromium quantities multiple times in the 30 d period. Two subsets

of dietary supplements were then created: those whose ingredients list

included chromium and those supplements that contained the word

‘‘chromium’’ in its title (by definition, a subset of the former group). This

was in order to separate out individuals actively seeking chromium

supplementation (those taking supplements with ‘‘chromium’’ in the

title) and those simply consuming the chromium from a multivitamin or

a supplement whose main purpose may not be chromium supplemen-

tation (with chromium appearing only in the ingredients list). Informa-

tion on participant age, gender, BMI, ethnicity, and socioeconomic status

(SES) was also collected. SES was coded as the ratio of family income to

poverty, with values below 1.00 representing household income below

poverty. All analyses were restricted to individuals $18 y of age.

Logistic regression analyses were performed with independent vari-

ables in the model categorized in the following manner, with an asterisk

denoting the baseline referent category for analyses: Gender (male = 0*,

and female = 1); age (18–29, 30–49*, 50–69, and $70); ethnicity (non-

Hispanic white*, Mexican American, other Hispanic, non-Hispanic

black, and other); BMI (in kg/m2; <18.5, 18.5–24.9*, 25–29.9, and

$30); and SES (categorized by quartiles, with lowest 25% as baseline

category).

We investigated the association between diabetes prevalence and

chromium supplementation as a dichotomous variable (did or did not

take chromium), and explored several dose-response models. Logistic

regression analysis was performed with the chromium variable dichot-

omized at 2000 mg of consumed chromium from supplements in 30 d. In

this way, we considered people who took no chromium, only the small

amounts of chromium typically found in a daily multivitamin, and larger

amounts, which could potentially be viewed as more purposeful usage.

To take into consideration the possibility that people who consume any

type of dietary supplement may be less likely than others to have T2D to

begin with, we further categorized consumption habits in the following

manner: did not take any supplement, took at least one supplement but

not one containing chromium, and took at least one supplement

containing chromium. By doing this, we disentangled the confounding

effects of overall supplement use on diabetes. We also evaluated diabetes

prevalence based on chromium supplement use spanning 30 d, catego-

rized as: 0 mg, >0–1999 mg, 2000–5999 mg, 6000–11,999 mg, and

$12,000 mg Cr/30 d, as a reflection of the total range of chromium

intake.

The survey package -svy- in Stata 13 was used, and data were

weighted according to the NHANES recommended guidelines for

database analysis (25). All logistic regression coefficients are presented

as ORs (95% CIs), and reported P values were 2-tailed and based on an

a = 0.05. Regression coefficients were identified as having a significant

relation with the outcome variable, T2D status, if their P value was

#0.05. Interactions between the main independent variable of interest

(chromium supplementation) and other independent variables were
investigated, but none of significance was identified.
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Results

The NHANES database for the years 1999–2010 included
information on 62,160 individuals. Of the entire population,
55.2% of people reported consuming at least one dietary
supplement in the previous 30 d, and 26.8% of all people took
a supplement that contained chromium, whereas 0.6% took a
supplement that had ‘‘chromium’’ in its name. After filtering the
database for individuals who had the full complement of data in
the required variables (gender, ethnicity, BMI, SES, diabetes
diagnosis, chromium supplement usage, and laboratory HbA1c
values), the sample population included 35,998 individuals in
total, because some data, such as laboratory HbA1c values, are
collected for only a representative subsample of the yearly
sample, and 28,539 when restricted to adults aged $18 y,
representing the study cohort. With the use of the T2D-M2
definition of diabetes, the sample size is slightly smaller, with
28,211 observations, because less data was available on whether
or not a doctor had ever diagnosed a participant with diabetes.
Descriptive statistics of the sample population are presented in
Tables 1 and 2. The study cohort was 51.7% female, with a
mean age of 45.3 y and mean HbA1c of 5.5%.

Of those in the study cohort, 58.3% reported consuming a
dietary supplement in the previous 30 d, 28.8% reported con-
suming a dietary supplement that contained at least some
chromium, and 0.7% consumed supplements that had ‘‘chro-
mium’’ in the title, similar to the total sample. A total of 49.4%
of persons who reported taking a dietary supplement used a
supplement that contained chromium (Table 1). Because of the
small number of individuals intentionally taking chromium sup-
plements in our sample, additional analysis was not performed
on this subset with the use of named chromium supplements. A
total of 25.9% of individuals with diabetes based on HbA1c
values $6.5% (T2D-M1) reported taking a supplement with
chromium included in its ingredients, and 1.9% reported taking
a supplement with chromium by name. Similarly, 25.6% of
people with diabetes based on the T2D-M2 definition took
supplements with chromium in the ingredients list, and 2.0%
reported the use of a supplement with chromium in its name.

Diabetes prevalence and chromium supplement use in the
study population. Diabetes prevalence was 6.4% based on

HbA1c alone, or 8.9% by self-report and/or HbA1c (as defined
by T2D-M1 and T2D-M2, respectively) (Table 1). For those
who did not take any supplements, the proportion of the sample
population with diabetes was 6.7% and 8.9% for T2D-M1 and
T2D-M2, respectively (data not shown). In persons who took
any type of dietary supplement, 6.1% and 8.8% had diabetes as
defined by T2D-M1 and T2D-M2, respectively, with no differ-
ence between dietary supplement users and nonusers (T2D-M1:
P = 0.64; T2D-M2: P = 0.56). The proportion of people with
diabetes among those who took a supplement containing
chromium was 5.7% and 8.5% for T2D-M1 and T2D-M2,
respectively, again with no difference between users of a
chromium-containing supplement and non-users of supplements
(T2D-M1: P = 0.55; T2D-M2: P = 0.37,). Furthermore, for those
individuals who had diabetes, 55.8% and 58.1% consumed
some type of dietary supplement based on T2D-M1 and T2D-
M2 definitions, respectively, whereas 25.6% and 27.6% con-
sumed a supplement containing chromium (Table 2).

The proportion of people reporting the highest dosage range
($12,000 mg Cr/30 d) was larger in those with diabetes (both
T2D-M1 and T2D-M2) than without in all populations,
suggesting a tendency for people with diabetes to consume
larger amounts of chromium. This dosage category captures
0.8% of the population (95% CI for mean proportion of
individuals in the $12,000 mg Cr/30 d dosage category: 0.6,
0.9). For the entire subpopulation, when the highest dosage
category was combined with the next-lowest dosage category
(6000–11,999 mg Cr/30 d), a larger proportion of persons with
diabetes than without diabetes were in this category, represent-
ing ;2.8% of the population (95% CI for the proportion of
individuals in the $6000 mg Cr/30 d dosage category: 2.6, 3.1)
(Table 3). Likewise, for the subpopulation of individuals who
consumed at least one supplement of any kind, a greater
proportion of people described as having diabetes consumed
$6000 mg Cr/30 d, representing 4.9% of the population (95%
CI for the proportion of individuals using at least one supple-
ment of any kind who consumed $6000 mg Cr/30 d: 4.4, 5.3).

Chromium supplement use and diabetes. While controlling
for gender, age, ethnicity, BMI, SES, and the use of any type of
dietary supplement besides chromium, persons using chro-
mium supplements had lower odds of having diabetes than did

TABLE 1 Descriptive statistics of the NHANES full subsample population and the population of
individuals who consumed at least one supplement of any kind1

Variable Total Male Female

Entire subpopulation (n = 28,539)

Proportion of participants — 48.3 (47.8, 48.9) 51. 7 (51.1, 52.2)

Age,1 y 45.3 (44.9, 45.8) 44.6 (44.1, 45.5) 46.0 (45.5, 46.5)

HbA1c1 5.49 (5.47, 5.51) 5.52 (5.50, 5.55) 5.46 (5.44, 5.48)

T2D-M12 6.4 (6.0, 6.9) 7.0 (6.4, 7.5) 5.8 (5.3, 6.3)

T2D-M22 8.9 (8.4, 9.4) 9.3 (8.7, 9.9) 8.4 (7.8, 9.1)

Any supplement taken2 58.3 (57.2, 59.3) 53.0 (51.6, 54.3) 63.3 (62.1, 64.6)

Chromium taken2 28.8 (27.8, 29.8) 28.7 (27.4, 29.9) 28.9 (27.8, 30.0)

Chromium taken by name2,3 0.7 (0.5, 0.8) 0.6 (0.5, 0.9) 0.7 (0.6, 0.9)

At least 1 supplement taken (n = 15,103)

Chromium taken2 49.4 (47.9, 50.8) 54.1 (52.3, 56.0) 45.7 (44.0, 47.3)

Chromium taken by name2,3 1.2 (0.9, 1.4) 1.2 (0.9, 1.6) 1.1 (0.9, 1.5)

1 Values for age are means (95% CIs); all other values are percentages (95% CIs). HbA1c, glycated hemoglobin; T2D-M1, type 2 diabetes

defined on the basis of HbA1c values only; T2D-M2, type 2 diabetes defined by both HbA1c values and doctor diagnosis.
2 Presented as a proportion of the full subpopulation with 95% CIs.
3 Represents the population that consumed a supplement that had the word ‘‘chromium’’ in its name.
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nonusers (either no supplement use or use supplements without
chromium). (Table 4). Graphic representation of the associa-
tions between both T2D-M1 and T2D-M2 and differing levels of
chromium supplementation can be found in Figure 1. Compared
with the population that did not take any supplements, the odds
of having an HbA1c value $6.5% (T1D-M1) were nearly 27%
lower for those who reported taking a supplement that
contained chromium in the previous 30 d (OR: 0.73; 95% CI:
0.62, 0.86; P < 0.001) (Analysis 1A, Table 4). In contrast, there
were no significant differences in the odds of having diabetes
(T2D-M1) when comparing persons who consumed any type of
dietary supplement not containing chromium with those not
consuming any supplement (OR: 0.89; CI: 0.77, 1.03; P = 0.11).
Similarly, chromium supplement use was associated with lower
odds of having diabetes based on HbA1c values and/or self-
reporting (T2D-M2 diabetes definition) compared with no
supplement use (OR: 0.81; 95% CI: 0.71, 0.91; P = 0.001),
but no difference was observed when comparing individuals
who consumed supplements not containing chromium with
nonusers of supplements (OR: 0.95; 95% CI: 0.82, 1.08; P =
0.42) (Analysis 1B, Table 4).

Persons consuming $2,000 mg Cr/30 d had lower odds of
having diabetes (T2D-M1) than did those who consumed no
dietary supplements (OR: 0.72; 95% CI: 0.60, 0.87; P = 0.001).
Likewise, when comparing those consuming >0 mg but <2000
mg Cr/30 d to those who consumed no supplements of any kind,
the odds of having diabetes (T2D-M1) were lower for those
consuming supplements (OR: 0.75; 95% CI: 0.60, 0.93; P =
0.01). In contrast, the odds of having diabetes (T2D-M1) did not
differ between persons who consumed a supplement not con-
taining chromium and those who took no supplements at all
(OR: 0.89; 95%CI: 0.77, 1.03; P = 0.11) (Analysis 1C, Table 4).
Persons who consumed $2000 mg Cr/30 d had lower odds of
having diabetes (T2D-M2) than did people who consumed no
dietary supplements (OR: 0.83; 95% CI: 0.72, 0.96; P = 0.01);
moreover, those who consumed >0 mg but <2000 mg Cr/30 d
also had lower odds of having T2D-M2 than did those who took
no supplements (OR: 0.78; 95% CI: 0.66, 0.92; P = 0.004)
(Analysis 1D, Table 4). Finally, no difference in the odds of
having diabetes (T2D-M2) was observed when comparing the

use of nonchromium-containing supplements with no supple-
ment use (OR: 0.95; 95% CI: 0.82, 1.09; P = 0.42).

Comparing odds of having diabetes in the subpopulation
using at least one supplement: Supplements with varying
amounts of chromium compared with supplements without
chromium. Because persons using supplements may be inherently
healthier than nonusers, we repeated analysis while considering
only those people who consumed at least one supplement of any
kind in the previous 30 d. In this population of 15,103 persons,
lower odds of having diabetes (T2D-M1)were once again observed
for those who had consumed chromium in a supplement compared
with persons using any supplements without chromium (OR: 0.83;
95% CI: 0.69, 0.99; P = 0.046) (Analysis 2A, Table 5); the same
relation for the T2D-M2 definition of diabetes was negatively
trending (OR 0.86, 95% CI: 0.74, 1.01; P = 0.06) (Analysis 2B,
Table 5). These associations can also be found in Figure 1.

When considering supplementation of $2,000 mg Cr/30 d in
the limited subset of individuals who consumed at least one
dietary supplement of any kind, a similar, albeit nonsignificant
negative trend was found between diabetes (T2D-M1) and
chromium supplement use for those using a higher dose of
chromium compared with persons who took at least one
supplement of any kind that did not include chromium (OR:
0.82; 95% CI: 0.66, 1.02; P = 0.08). No significant difference
was observed between individuals who consumed >0 mg but
<2000 mg Cr/30 d and the same population of supplement users
(OR: 0.84; 95% CI: 0.67, 1.06; P = 0.14) (Analysis 2C, Table 5).
For the T2D-M2 definition, no difference was observed between
those who consumed $2000 mg Cr/30 d and supplement users
who consumed no chromium (OR: 0.89; 95% CI: 0.73, 1.07;
P = 0.21). Finally, persons who consumed >0 mg but < 2000 mg
Cr/30 d had lower odds of having diabetes (T2D-M2) than did
people who consumed no chromium from supplements (OR:
0.82; 95% CI: 0.69, 0.99; P = 0.03) (Analysis 2D, Table 5).

Consideration of confounding factors. In the whole study
cohort, women had lower odds of having diabetes than did men,

TABLE 2 Proportion of population consuming dietary supple-
ments across T2D-M1 and T2D-M2 diabetes definitions1

Supplement use
T2D-M1 diabetes

(n = 2878)
T2D-M2 diabetes

(n = 3850)

Any supplement taken

No 44.2 (41.4, 47.0) 41.9 (39.4, 44.5)

Yes 55.8 (53.0, 58.6) 58.1 (55.5, 60.7)

Supplement with chromium taken

No 74.4 (71.5, 76.7) 72.4 (70.2, 74.6)

Yes 25.6 (23.3, 28.5) 27.6 (25.4, 29.8)

Supplement with chromium taken,

if at least 1 supplement taken

No 53.9 (49.4, 58.3) 52.8 (49.0, 56.5)

Yes 46.1 (41.7, 50.6) 47.2 (43.5, 51.0)

Supplement taken with

chromium in name

No 0.6 (0.5, 0.7) 0.5 (0.4, 0.7)

Yes 1.9 (1.1, 2.8) 2.0 (1.3, 2.7)

1 Values are % (95% CI). HbA1c, glycated hemoglobin; T2D-M1, type 2 diabetes

defined on the basis of HbA1c values only; T2D-M2, type 2 diabetes defined by both

HbA1c values and doctor diagnosis.

TABLE 3 Proportion of people with diabetes across differing
chromium exposure levels for the full subpopulation and the
subpopulation that consumed at least one supplement of any kind1

Chromium dosage, mg/30 d % of total

T2D-M1 T2D-M2

No Yes No Yes

Full subpopulation (n = 28,539)

0 71.2 71 74 71.1 73

0.1–1999 12.6 12.7 11.2 12.7 11.3

2000–5999 13.4 13.5 11.8 13.4 12.8

6000–11,999 2.1 2.1 1.8 2.1 1.8

.12,000 0.8 0.7 1.2 0.7 1.1

$6000 2.8 2.8 3 2.9 2.9

At least one supplement

taken (n = 15,103)

0 50.6 50.4 53.9 50.5 52.6

0.1–1999 21.6 21.7 19.9 21.7 19.8

2000–5999 22.9 23 20.9 23 22.5

6000–11,999 3.5 3.6 3.2 3.5 3.1

.12,000 1.3 1.3 2.1 1.3 2

$6000 4.9 4.9 5.3 4.8 5.1

1 Values are percentages. HbA1c, glycated hemoglobin; T2D-M1, type 2 diabetes

defined on the basis of HbA1c values only; T2D-M2, type 2 diabetes defined by both

HbA1c values and doctor diagnosis.
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and compared with the referent age category (30–49 y),
younger people had much lower odds of having diabetes,
whereas older individuals showed progressively higher odds.
All ethnicities had higher odds of having diabetes than did non-
Hispanic whites. With the normal BMI value of 18.5–24.9 as a
referent, underweight individuals had significantly lower
odds of having diabetes, whereas overweight and obese people
had respectively higher odds. Although individuals in the
25% to <50% SES category showed no significant deviation
from the referent category of 0% to <25%, an increasing
income-to-poverty ratio was associated with significantly
reduced odds of having diabetes. Detailed results of the
logistic regression analyses are presented in Table 4. Because
of the marked similarity in the logistic regression coefficients
for gender, age, ethnicity, BMI, and SES across analyses,
these data are presented only for Analysis 1A. There was no
significant effect from these covariates on the relation
between chromium supplement use and diabetes status by
either definition. Likewise, in the subpopulation of indi-
viduals who consumed at least one supplement of any kind,
trends for all other explanatory variables were similar to
those in the whole sample population.

Discussion

Given the large number of US adults with T2D and also
reporting consuming dietary supplements, we were interested in
determining what the potential impact of chromium supple-
mentation may be on T2D at the population level. Although
numerous studies have been conducted to evaluate the potential
role of chromium on glucose metabolism, they have largely been
conducted in vitro, in preclinical models, or in human cohorts of
small sample sizes. Our present analysis shows that nutritional
supplement use is widespread, with over 58% of the US popu-
lation, as captured by the NHANES survey, reporting nutritional
supplement use. The prevalence of diabetes among them is
between 6% and 9%, which is concordant to the recently
reported prevalence of diabetes (26). Furthermore, over one-
quarter of the adult population (28.8%) reported consuming a
dietary supplement that contains at least some chromium, and
0.7% consumed supplements that had ‘‘chromium’’ in the title,
representing a substantial number of persons, given the ;250
million adults$18 y of age in the United States. Although we did
not go into deeper analysis of intentional chromium use (defined
in this study by the consumption of a dietary supplement that
has ‘‘chromium’’ in its title) because of a small sample size within
NHANES, we found that intentional chromium use was reported
by 0.6% of nondiabetics in our study and by 1.9–2.0% of those
with diabetes, depending on the criteria for identifying those with
disease (T2D-M1 and T2D-M2), translating into;5.7 million US
adults with diabetes.

When considering the entire NHANES population as a
whole, the proportion of individuals with diabetes was similar
between those who consumed no supplements, those who
consumed a supplement of any kind, and those who consumed a
supplement containing chromium. However, when taking into
account socioeconomic, demographic, and BMI information,
persons who took dietary supplements containing chromium
had significantly lower odds of having T2D than 1) those who
did not take any type of dietary supplement, and 2) those who
took any type of supplement that did not contain chromium. We
did not find that persons taking supplements without chromium
had lower odds of having diabetes than did those with no
supplement use. To reduce the possibility that using chromium
supplements might show lower odds of having diabetes because
supplement users may be more likely to be healthy than non-
users, we compared people who consumed dietary supplements
containing chromium with those who consumed dietary sup-
plements without chromium. Again, we found that people using
supplements with chromium had lower odds of having diabetes
than did those using supplements without chromium. However,
no dose-response relation between supplementation with >2000mg
Cr/30 d and diabetes was found. This may be due to low sta-
tistical power in the higher levels of chromium supplementation
obtained from the NHANES database, making comparison of
the relations between diabetes and supplement use of$2,000 mg
Cr/30 d difficult to disentangle. Alternatively, there may be a
biological threshold underlying this finding, in which an ade-
quate level of chromium consumption may be enough to im-
prove the odds of not having diabetes, but for which further
consumption offers no additional benefits.

Neither the Institute of Medicine nor the Agency for Toxic
Substances and Diseases Registry have established a safe upper
intake level for chromium, and the NIH Office of Dietary
Supplements notes that the efficacy and safety of chromium
supplements need more investigation. Given the large number of
US adults currently taking chromium supplements, an equally

TABLE 4 Multivariable logistic regression analyses of the effect
of chromium supplementation on diabetes in the full subpopula-
tion1

Predictor variable OR SE (95% CI) P . t

Analysis 1A, T2D-M1 (n = 28,539)

Supplement, yes; chromium, yes 0.73 0.06 (0.62, 0.86) ,0.001

Supplement, yes; chromium, no 0.89 0.06 (0.77, 1.03) 0.11

Female 0.71 0.04 (0.64, 0.79) ,0.001

Age category

18–29 y 0.24 0.04 (0.17, 0.32) ,0.001

50–70 y 4.15 0.38 (3.46, 4.98) ,0.001

$70 y 5.56 0.45 (4.73, 6.54) ,0.001

Ethnicity

Mexican American 1.99 0.17 (1.68, 2.36) ,0.001

Other Hispanic 1.78 0.29 (1.28, 2.46) ,0.001

Non-Hispanic black 1.95 0.15 (1.68, 2.26) ,0.001

Other 2.58 0.36 (1.95, 3.40) ,0.001

BMI category

,18.5 kg/m2 0.14 0.07 (0.06, 0.36) ,0.001

25 to ,30 kg/m2 1.73 0.17 (1.43, 2.10) ,0.001

$30 kg/m2 4.799 0.46 (3.96, 5.79) ,0.001

SES category

25 to ,50% 1.07 0.10 (0.90, 1.28) 0.43

50 to ,75% 0.81 0.06 (0.70, 0.93) 0.004

75–100% 0.60 0.05 (0.52, 0.72) ,0.001

Analysis 1B, T2D-M2 (n = 28,211)

Supplement, yes; chromium, yes 0.81 0.05 (0.71, 0.91) 0.001

Supplement, yes; chromium, no 0.95 0.07 (0.82, 1.08) 0.42

Analysis 1 C, T2D-M1 (n = 28,539)

Supplement, yes; chromium, $2000 μg/30 d 0.72 0.07 (0.60, 0.87) 0.001

Supplement, yes; chromium, ,2000 μg/30 d 0.75 0.08 (0.60, 0.93) 0.01

Supplement, yes; chromium, no 0.89 0.06 (0.77, 1.03) 0.11

Analysis 1D, T2D-M2 (n = 28,211)

Supplement, yes; chromium, $2000 μg/30 d 0.83 0.06 (0.72, 0.96) 0.01

Supplement, yes; chromium, ,2000 μg/30 d 0.78 0.07 (0.66, 0.92) 0.004

Supplement, yes; chromium, no 0.95 0.07 (0.82, 1.09) 0.42

1 HbA1c, glycated hemoglobin; SES, socioeconomic status; T2D-M1, type 2 diabetes

defined on the basis of HbA1c values only; T2D-M2, type 2 diabetes defined by both

HbA1c values and doctor diagnosis.
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important question is the safety profile and thresholds of
chromium in a nondeficient population. Mice fed chromium
picolinate in doses up to 50,000 ppm for 2 y did not exhibit
deleterious effects (27). Safety in rodents does not ensure safety
in humans. Small human trials have evaluated the efficacy of
chromium at doses of 200–1000 mg/d, with potential improve-
ment in insulin sensitivity and glucose, no alterations in blood
chemistries and hematologic variables, and no serious adverse
effects in the small numbers of participants studied over the
relatively short duration of administration, which generally sup-
ports use (6, 12, 28–30). The US National Academy of Sciences
initially established an estimated safe and adequate daily intake
for chromium of 50–200 mg (31). The recommended DRIs for
chromium were established in 2001, with insufficient data to
establish RDA, but providing Adequate Intake of 25–35 mg/d
based on average intakes of chromium from food (32, 33).

Chromium may play a role in carbohydrate, lipid, and
protein metabolism (6, 14, 15), but it is often marketed by
dietary supplement companies for improving insulin sensitivity.
We found more people with diabetes using chromium supple-
ments, consistent with perceived (albeit poorly substantiated)
indicated use. Chromium deficiency had been suggested as
causing abnormal glucose metabolism, which can be corrected
with replacement (34), and it has been suggested as improving
insulin action (35). Although it has been shown that individuals
who were parenterally deprived of trivalent chromium can
develop insulin resistance and diabetes, there is no evidence that
those with T2D develop clinically relevant chromium defi-
ciencies, or that chromium supplementation in those who are
replete provides additional benefit (36). It remains controversial
whether or not chromium should be recommended for glycemic
control in people with diabetes (2, 14), and chromium supple-
mentation is not recommended by the American Diabetes
Association (37). Multiple studies suggest that chromium
supplementation might improve carbohydrate and lipid metab-
olism, yet the results have been inconsistent (2, 11, 13, 36, 38),
potentially as a result of lack of adequate control groups (39, 40)
or lack of statistical comparison between the chromium and
control groups (41, 42), variations in the subject�s insulin

resistance or diabetic status (36, 43), nutritional status, and
formulation, and dosage of chromium (44). Multiple controlled
studies find no benefit in fasting glucose or oral glucose tolerance
with chromium picolinate dosed between 400–1000 mg/d over
3–8 mo in persons without diabetes (5–9, 11). However, although
glycemia improved in some studies of patients with T2D (30),
meta-analyses showed no improvement in fasting glucose with
chromium supplementation in those with diabetes (45). Notably,
to our knowledge, there are no studies performed that investi-
gate the long term health effects of chromium supplementation on
glycemia (45).

Chromium can be found in our environment in different
oxidation states as metallic, trivalent, and hexavalent forms.
Trivalent chromium is the potentially biologically active form
found in foods and nutritional supplements, which are available
as chromium chloride, chromium nicotinate, chromium picoli-
nate, high-chromium yeast, and chromium citrate, with different
profiles of absorption and bioavailability. Chromium in general

TABLE 5 Multivariable logistic regression analyses of the effect
of chromium supplementation on diabetes in the subpopulation of
individuals who consumed at least one dietary supplement of any
kind1

Predictor variable OR SE (95% CI) P . t

Analysis 2A, T2D-M1 (n = 15,103)

Chromium, yes 0.83 0.08 (0.69, 0.99) 0.046

Analysis 2B, T2D-M2 (n = 14,893)

Chromium, yes 0.86 0.07 (0.74, 1.02) 0.06

Analysis 2C, T2D-M1 (n = 15,103)

Chromium, $2000 μg/30 d 0.82 0.09 (0.66, 1.02) 0.08

Chromium, ,2000 μg/30 d 0.84 0.10 (0.67, 1.06) 0.14

Analysis 2D, T2D-M2 (n = 14,893)

Chromium, $2000 μg/30 d 0.89 0.09 (0.73, 1.07) 0.21

Chromium, ,2000 μg/30 d 0.82 0.07 (0.69, 0.99) 0.03

1 HbA1c, glycated hemoglobin; T2D-M1, type 2 diabetes defined on the basis of

HbA1c values only; T2D-M2, type 2 diabetes defined by both HbA1c values and doctor

diagnosis.

FIGURE 1 The effect of varying levels of

dietary chromium supplement use on the odds

of having diabetes as defined by both HbA1c

values and physician diagnosis. Associations

between categorical variables for analyses with

the use of the full population (analyses 1A, 1B,

1C, and 1D; n = 28,539) are in comparison with

persons who consumed no dietary supplement

of any kind. Associations between categorical

variables for analyses with the use of the sub-

population (analyses 2A and 2B; n = 15,103) of

people who consumed at least one dietary

supplement of any kind are in comparison with

people who consumed dietary supplements

containing no chromium. M1 and M2 are in

reference to T2D-M1 and T2D-M2, respec-

tively. HbA1c, glycated hemoglobin; T2D-M1,

type 2 diabetes defined on the basis of HbA1c

values only; T2D-M2, type 2 diabetes defined

by both HbA1c values and doctor diagnosis.

2680 McIver et al.



has poor bioavailability (46), with absorption ranging from 0.4%
to 2.8%, although the bioavailability of some chromium salts
may be higher. Once absorbed, chromium is distributed through-
out the body, and can be found in the liver, kidney, spleen, and
bone (14, 32). Chromium is transported by transferrin and the
oligopeptide low–molecular weight chromium-binding substance,
or chromodulin, which has been suggested as binding chromic
ions in response to an insulin-mediated chromic ion influx, and, in
turn, as binding to the insulin-stimulated receptor to further ac-
tivate its tyrosine kinase activity (47). Alternatively, chromium
has been postulated as improving insulin sensitivity by reducing
hepatic and muscle intracellular lipid accumulation and/or activa-
tion of glucose transporter 4 trafficking (48, 49). Coadministered
anions (for example picolinate, nicotinate, or propionate) might
also have biological properties.

In vitro studies suggest a mutagenic potential of trivalent
chromium, with genotoxic properties at extremely high doses;
however, these effects have not been confirmed in vivo (28).
There are case reports of serious adverse events including kidney
failure (50, 51) and rhabdomyolysis (52), but causality is unclear
and events were presumably due to high doses of chromium.
Hexavalent chromium results from industrial pollution and is
considered toxic.

We acknowledge that a limitation of the NHANES database
as a cross-sectional study tool is that individuals who were
undiagnosed with diabetes, previously had T2D, or may have
mild diabetes, and who, on the date of blood collection, had an
HbA1c value <6.5%, are not identified as having diabetes.
Although this limitation may create some misclassification bias,
we estimate that the effect is small because of the robustness and
analytic stability of HbA1c values, which have been shown to
accurately reflect glycemia in the preceding weeks to months
(53). We also acknowledge that we used a single determination
of HbA1c for classification, and that the American Diabetes
Association recommends confirmation by repeat testing (54).
However, multiple secondary analysis of ORs for diabetes were
consistent with rates published by the CDC, validating the
classifications and manipulations of the data set. For example,
we also found that diabetes is more prevalent in ethnic minor-
ities, older age groups, and those with a higher BMI, as has been
documented previously (26). Additionally, energy intake, energy
expenditure, and physical activity are important to consider
in T2D risk, but are considered unreliable in the NHANES
database (55), so we forego these considerations, because there
are no reliable alternatives for this population.

In summary, we showed chromium supplementation in adults
to be associated with significantly lower odds of an individual
having diabetes. Although causality cannot be determined, this
study provides strong evidence that a large-scale study to deter-
mine the causal effect of chromium on diabetes is warranted. A
very important matter that requires attention is that a substan-
tial proportion of the US population is taking over-the-counter
supplements that include chromium, and at a population level,
many specifically are using chromium by name in their supple-
ments. Clinical safety and efficacy data for chromium supple-
mentation for improved insulin sensitivity and glycemic lowering
is lacking. To support widespread use for diabetes treatment or
prevention, and given the prevalence of current use, clinical trials
adequately powered and aimed at evaluating safety and efficacy
may be warranted.
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