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Abstract Over 50 years ago, chromium (Cr) was proposed to
be an essential trace element; however, recent studies indicate
that this status should be removed as the effects of Cr supple-
mentation appear to be pharmacological rather than nutrition-
al. The pharmacological basis for Cr's effects can explain the
inability of investigators to discover a biomarker for Cr status.
One potential biomarker has not been examined to date. Cr is
known to be mobilized in the body in response to insulin (or
insulin release in response to a glucose challenge), resulting in
an increase in urinary Cr excretion. The magnitude of increase
in urinary Cr loss as a function of dietary Cr intake was tested
as a potential biomarker for Cr. Zucker lean rats housed in
carefully controlled metal-free conditions were provided a
series of purified diets containing variable Cr contents (from
16 μg/kg diet to 2,000 μg/kg) for 23 weeks. The 16 μg/kg diet
contained less Cr than any diet examined to date. Urine
samples were collected before and after insulin and glucose
challenges (0, 2, 6, and 12 h postinjection). Urinary Cr levels
were analyzed by the standard method of addition using
graphite furnace atomic absorption. The rate of urinary Cr
loss after a glucose or insulin challenge was found to not be
dependent on the Cr content of the rats' diets. Blood iron levels
of the rats were also measured to determine if the addition of
Cr to the diet altered iron status. The Cr content of the diet was
found to have no affect on blood iron levels. Overall, the study
demonstrated that insulin-stimulated urinary Cr excretion can-
not be used as a biomarker for Cr status.
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Introduction

Despite chromium (Cr) being assumed to be an essential
element for over 50 years, the evidence for Cr's status is
ambiguous at best, particularly as no biomarker for Cr status
exists [1, 2]. Thus, one of the key concerns in the field of Cr
nutrition is the identification of a specific clinical measure of
the Cr nutritional status of an individual [1]. For example,
the summary of the NIH Office of Dietary Supplement's
Chromium and Diabetes Workshop identified three research
questions/directives that needed to be addressed. One was
“development and refinement of methodologies for assess-
ing Cr status” [3]. Studies of the supplementation of human
diets with Cr have led to disparate results. The differing
results have been postulated to reflect the variation in initial
Cr status of individuals in each study [1]. This Cr status
refers to the pool of utilizable Cr, not simply total Cr in the
blood or tissues. Previously, no procedure has been exam-
ined to test the pool of utilizable Cr, which limits the
interpretation of any study of Cr supplementation of human
subjects. For example, urinary and plasma Cr do not corre-
late with tissue Cr concentrations nor with plasma glucose,
insulin, or lipid levels [1]. In fact, recent studies have shown
that Cr cannot currently be considered an essential trace
element for mammals [4]. If Cr is not essential, then no
biomarker for Cr status should exist.

If Cr is an essential element, the lack of correlation found
in previous studies could result from the measurement of
urinary Cr levels rather than the extent of Cr mobilization in
response to an insulin or glucose challenge. This labora-
tory's studies with low-molecular-weight Cr-binding sub-
stance (LMWCr) may suggest a probe of the utilizable
pool of Cr (if such exists). LMWCr is a small, Cr-binding
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peptide that carries Cr from the tissue to the urine via the
bloodstream [5, 6]. According to our model for the role of
LMWCr in Cr transport [7], urinary LMWCr output should
change in response to increases in the blood concentration
of insulin or glucose, and this change should be a marker for
Cr status if Cr is an essential element. For example, insulin
and glucose challenges result in a movement of Cr from Cr
bound in the bloodstream to the protein transferrin to the
tissues, after which Cr is ultimately lost in the urine as
LMWCr [8–10]. Cr lost in response to an insulin or glucose
challenge is Cr that is being mobilized and should, there-
fore, reflect utilizable Cr. Hence, this laboratory has exam-
ined changes in the rate of urinary Cr excretion in response
to an insulin or glucose challenge.

Methods

Chemicals and Blood Variable Assays

Glucose and insulin (bovine, zinc) were obtained from
Sigma-Aldrich. The final concentrations of glucose and
insulin were prepared using doubly deionized water. Plasma
insulin was measured using an 125I RIA kit from MP Bio-
medicals. Gamma counting was performed using a Packard
Cobra II autogamma counter. Blood glucose levels were mea-
sured using a OneTouch glucose meter. Iron content was de-
termined using a modified colorimetric method for determining
nonheme iron concentration in biological samples [11].

Animals

Thirty-two male Zucker lean rats were obtained from
Charles River Laboratories International at 6 weeks of age.
(Male rats were chosen for consistency with previous stud-
ies, while the use of Zucker lean rats would allow for the
effects of health condition to subsequently be examined by
comparison of results with those of Zucker obese and
Zucker diabetic fatty rats if urinary Cr loss would prove to
be a potential biomarker for Cr status.) Rats were main-
tained at 22±2 °C and 40–60 % humidity with a 12-
h photoperiod and were acclimated for 2 weeks prior to
treatment. They were housed individually in specially con-
structed metal-free housing (vide infra) to prevent the intro-
duction of additional Cr into their diets. Rats were fed
specific diets and distilled water ad libitum for a 23-week
period prior to glucose and insulin challenges. Rats were
weighed, and food consumption was measured twice week-
ly; these results have been reported previously [4]. All diet
groups averaged approximately 225 g in body mass at the
start of the study; the average body masses of the groups at
the end of the study were all between 400 and 500 g and
statistically equivalent [4]. Diet did not affect body mass [4].

All procedures involving these animals were reviewed and
approved by the University of Alabama's Institutional Ani-
mal Care and Use Committee.

Treatment

Male Zucker lean rats were randomly separated into four
treatment groups, each containing eight rats as follows: (1)
rats on a purified AIN-93 G Cr-sufficient diet [Cr as KCr
(SO4)2·12H2O, the Cr source designated for the AIN-93 G
diet], (2) rats on the AIN-93 G diet, with Cr not included in
the mineral mix, (3) rats on the AIN-93 G Cr-sufficient diet
with an additional 200 μg Cr/kg [Cr as KCr(SO4)2·12H2O],
and (4) rats on the AIN-93 G Cr-sufficient diet with an
additional 1,000 μg Cr/kg [Cr as KCr(SO4)2·12H2O]. Puri-
fied AIN-93 G rodent diets and modified AIN-93 G diets
were obtained from Dyets (Bethlehem, PA, USA). Diets
were received in powder form. Cr content of the diets was
determined by graphite furnace atomic absorption spectros-
copy utilizing a PerkinElmer Analyst 400 atomic absorption
spectrometer equipped with an HGA-900 graphite furnace
and an AS-800 autosampler using a Cr hollow cathode as
previously described [4]. The values were AIN-93 G,
1,135 μg Cr/kg; AIN-93 G without mineral mix, 16 μg
Cr/kg; AIN-93 G+200 μg Cr/kg, 1,331 μg Cr/kg; and
AIN-93 G+1,000 μg Cr/kg, 2,080 μg Cr/kg [4]. All values
were close to anticipated values.

Housing

Housing in metal-free caging was performed as described
previously [4]. Briefly, Iris Buckle Up boxes were obtained
from Target; the boxes were approximately 18 cm high,
45 cm wide, and 28 cm long. These boxes are made of clear
plastic with a removable lid that attaches with latches on
both 28-cm sides of the boxes. Holes (4 mm in diameter)
were drilled with an electric hand drill in all five sides of the
box and in the lid using a square grid pattern with approx-
imately 5 cm between holes. Holes (4 mm in diameter) were
also drilled in the corners of the bottom of each box to
facilitate urine drainage. Shavings of plastic were removed
from the holes, and any rough spots were smoothed using
fine sandpaper. An additional hole was drilled in the lid with
an appropriate diameter to accommodate the tube of the
water bottles, and another hole was drilled in the lip of the
box to accommodate a hanging cage card holder. Tube tread
no. 116 wet area antifatigue mats were purchased from
General Mat Company. The matting is made of vinyl with
a tensile strength of 139 kg/cm and is flexible from −10 to
100 °C. The matting was cut with a knife to fit inside the
base of the boxes. Both the boxes and the matting could pass
through multiple cycles of a cage washing machine without
noticeable damage. As the boxes are similar in size to
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shoebox-type housing, they were kept on a standard rack for
animal cages. The cages were placed on absorbent bench
paper or newspaper. The rear of the cage was elevated ap-
proximately 1 cm using scrap pieces of the matting material
placed under the rear of the cage to ensure drainage of urine.

Food and Water

Wheaton clear straight-sided, wide-mouth glass jars (about
9 cm in diameter, 9.5 cm in height, 473 mL) and plastic lids
(89–400-mm screw cap size) were obtained from Fisher
Scientific and were used to hold food. A 5-cm diameter
circular opening was cut in the polyvinyl-lined plastic lids
to allow the animals access to food. To prevent the rats from
dumping the powdered food from the jars, a 2-cm thick
Plexiglas disk (about 7 cm in diameter) was placed on the
food. The disk had a 14-mm diameter circle cut out in the
center, with six other 14-mm diameter circles cut in a
hexagonal pattern around the center circle; the disks were
prepared by the University of Alabama College of Arts and
Sciences machine shop. To provide water, the stainless steel
tubes were removed from the water bottles and replaced
with glass tubes. The University of Alabama glass shop
cut and bent glass tubing of the appropriate diameter to
match the length and shape of the stainless steel tubes. To
prevent potential injury, the end of the tubing exposed to the
rats was fire polished.

Urine Collection

After 23 weeks on the diets, the rats were placed in meta-
bolic cages for 6 h prior to and removed 12 h after an
intravenous glucose challenge (1.25 mg glucose/kg body
mass). Urine was collected prior to injection and 2, 6, and
12 h post injection. The first 8 h of the urine collection
occurred during the dark period with the remainder occur-
ring during the photoperiod. The urine was transferred to
preweighed disposable centrifuge tubes and stored at −20 °
C. After continuing on the diet another 2 weeks, the rats
were placed in metabolic cages for 6 h prior to and removed
12 h after an intravenous insulin (five insulin units (bovine,
zinc) per kilogram of body mass) [12] challenge. Urine was
collected as described for the glucose challenge. Rats had
unrestricted access to food and water during the urine col-
lection period.

Cr Concentration in Urine

Each urine sample was digested with a mixture of ultra high
purity concentrated HNO3 (99.99 % trace element free) and
30 % H2O2. The digestion was continued with controlled
heating (subboiling) for 15 h. All glassware was acid washed.
Blank digestions were carried out in the same fashion. Cr

concentrations were determined utilizing a PerkinElmer Ana-
lyst 400 atomic absorption spectrometer equipped with HGA-
900 graphite furnace and an AS-800 autosampler using a Cr
hollow cathode lamp operating at 8 mA; a spectral bandwidth
of 0.8 nm was selected to isolate the light at 353.7 nm, with
operating conditions (temperature (degrees Celsius), ramp
time (seconds), hold time (seconds)): drying 1 (90, 45, 20),
drying 2 (140, 20, 20), ashing (800, 15, 15), atomization
(2,500, 0, 5), and cleaning (2,700, 1, 5). Other instrumental
parameters include cuvette: pyrolytic, carrier gas: argon (flow
250 mL/min), sample volume: 20 μL, and measurement
mode: peak area. Urine Cr concentrations were calculated
using the method of standard additions with samples spiked
with 10, 20, 30, and 50 μg/L of PerkinElmer Pure Atomic
Spectroscopy Standard 1,000 μg Cr/mL in HNO3. Fits of the
standard addition lines had r2 values >0.98, while each tripli-
cate point generally had standard deviations less than 2 %.

To test whether urine could be contaminated by feces in
the metabolic cages, 51Cr-containing rat feces (available
from previous work [13]) were used to line the urine and
feces collection component of the metabolic cage; a rat was
housed in the cage (with food and water) and urine was
collected. 51Cr content of the urine was then determined by
gamma counting. Contamination of the urine with Cr from
the feces was insignificant.

Statistical Analysis

Statistical analyses were performed using SPSS (SPSS, Chi-
cago, IL, USA). Data are represented graphically as average
values with standard error (SE) bars. Data were calculated
independently, tested for homogeneity of variance with
Levene's test and analyzed using univariate analysis of
variance and descriptive statistics. For eight animals per
group, an expected difference between two means would
be significant at the α=0.05 level and 1−β=0.01 if the
difference between the means is twice the standard devia-
tion; these values are reasonable based on the effects of
insulin on urinary Cr in Sprague–Dawley and Zucker obese
rats [10]. Blood insulin and blood glucose tolerance tests were
further analyzed for the area under each curve. Post hoc least
significant difference analyses were used to indicate signifi-
cant differences at a 95 % confidence level (p≤0.05). Area
under the curve was calculated using the trapezoid rule.

Results

Testing Urinary Cr Loss as a Biomarker

To better test whether urinary Cr in responses to a glucose or
insulin challenge can reflect Cr status, animals with a care-
fully controlled diet and environment need to be utilized.
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For example, one needs to be certain that the carbohydrate
content is consistent across diets, and the Cr content needs
to be known to a reasonable degree of accuracy. Thus, the
current study has been performed with rats on purified diets
which Cr contents have been measured by graphite furnace
atomic absorption and kept in metal-free cages. Only the Cr
content of the diets was varied. The diets range from a diet
with as low a Cr content as reasonably possible, 16 μg/kg
diet, to over 2,000 μg/kg diet, a pharmacologically relevant
amount of Cr. If Cr mobilized in response to insulin is to be
a biomarker, then the amount of Cr mobilized should be
saturable. In other words, the amount of mobilized Cr
should be comparable for rats on a standard diet to those
on a Cr-supplemented diet. However, if Cr is essential, Cr-
sufficient rats theoretically should be able to mobilize Cr
more efficiently than Cr-deficient rats. Thus, rats receiving
less Cr in their diet than required to maintain a proper pool
of utilizable Cr should excrete less Cr in the urine in re-
sponse to a glucose or insulin challenge. Whether Cr sup-
plementation of Cr-sufficient rats increases the amount of
readily available/mobilizable Cr or just increase Cr quanti-
ties in longer term stores has not been examined previously.

Urine samples after the rats were maintained for over 23
or 25 weeks on the diet reveal a distinct trend in the rates of
urinary Cr loss; as the Cr content of the diet increases, the
rate of Cr loss (expressed in ng Cr lost per hour) increases,
reflecting an increase in the Cr concentration of the urine
(Figs. 1 and 2). In response to glucose, urinary Cr loss rates
tend to increase for rats on the AIN-93 G diet with no added
Cr, the diet supplemented with the recommended amount of
Cr, and the diet supplemented with an additional 200 Cr μg/
kg diet (Fig. 1). This is the anticipated result based on the
previous studies with humans and rats described above. The
urinary Cr rates tend to return to baseline values by 12 h
after the challenge. However, the glucose challenge had no
response on the rates of urinary Cr loss in the rats receiving
the largest amount of Cr, the AIN-93 G diet with an addi-
tional 1 mg Cr/kg diet (Fig. 1). This situation appears to be
reminiscent of the study of Anderson et al. [14], where an
increase in urinary Cr loss was observed in individuals on a
self-selected diet but not for individuals supplemented with
200 μg Cr daily. Thus, a Cr intake apparently can be
achieved in humans and rats where the Cr transport system
is overwhelmed so that an insulin or glucose challenge
results in no apparent increase in urinary Cr loss. Over the
course of 12 h from the challenge, the rate of urinary Cr loss
is identical for all groups, as shown from identical areas
under the curve (AUC) (Fig. 3).

The response to the insulin challenge is nearly identical.
In response to insulin, urinary Cr loss rates tend to increase
for rats on the AIN-93 G diet with no added Cr, the diet
supplemented with the recommended amount of Cr, and the
diet supplemented with an additional 200 μg Cr/kg (Fig. 2).

This, again, is the anticipated result based on the previous
studies with humans and rats described above. The urinary
Cr rates actually tend to dip below baselines from 2 to 6 h
after the challenge, before tending to return to baseline
values by 12 h after the challenge. However, the insulin
challenge, again, had no response on the rates of urinary Cr
loss in the rats receiving the largest amount of Cr, the AIN-
93 G diet with an additional 1 mg Cr/kg diet (Fig. 2). Over
the course of 12 h from the challenge, the rate of urinary Cr
loss is identical for all groups, as shown from identical AUC
(Fig. 4).

The Cr content of the diets needs to be put in perspective.
For the diet with the lowest Cr content, 16 μg Cr/kg diet
corresponds to about 2.4 μg Cr/kg body mass/day (assum-
ing that a 100 g rat eats 15 g of food a day [15]). Assuming
an average body mass for a human of 65 kg, this corre-
sponds to approximately 1.6×102μg Cr/day. Thus, the diet
would be Cr-sufficient diet for humans, based on the AI of
30 μg/day [16]. The diet supplemented with 2 mg Cr/kg
corresponds to about 20 mg Cr/day for a 65-kg human in
this simple analysis (without potential corrections for sur-
face area, metabolism, etc.). Curiously, humans supplement-
ing their diet with 200 μg Cr/daily appear to have the Cr
transport system saturated with Cr so that no increase in
urinary Cr loss occurs with a glucose challenge while the
transport system in rats is overwhelmed by a proportionally
smaller Cr intake.

The SE in Figs. 1 and 2 are surprisingly large. However,
the magnitude of the error does not arise from the determi-
nation of the Cr concentrations but rather from the range of
individual response to the challenges. (One can readily note
in Fig. 1 the change in the standard deviation from the
baseline values to values after the challenges.) Figure 5
displays the effects of the insulin challenge on the eight
individual rats on the AIN-93 G diet containing the standard
quantity of Cr in the mineral mix. Note the wide variation in
responses between rats. This wide range in individual re-
sponse mirrors that observed for humans on self-selected
diets and self-selected diets supplemented with Cr reported
by Anderson et al. [17]; subjects on supplemented diets
displayed a much greater range of urinary Cr loss so that
“urinary Cr excretion after a glucose challenge was not
predictable” [14].

Effect of Supplemental Cr on Blood Plasma Iron
Concentrations

Given that Cr in the bloodstream can compete with ferric
ions for the metal-binding sites of transferrin, the effects of
Cr on the nonheme iron content of the blood plasma of the
rats were analyzed. The concentration of nonheme iron in
the blood plasma was not significantly affected by the
addition of Cr to the diet (Fig. 6). Given the AIN-93 G diet
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provides 35 mg of Fe per kilogram diet from its mineral mix
[18] (in addition to the Fe contents of the other components)
while the diet with the most Cr in this study contained
∼2 mg Cr/kg diet, a significant effect on plasma iron would
not be expected.

Discussion

The amount of Cr released in direct response to an insulin or
glucose challenge theoretically should reflect whether an
adequate amount of Cr is available for insulin potentiation,
i.e., reflect Cr status, assuming Cr is an essential element. In
humans, urine Cr levels have been shown to reflect Cr
intake [1, 14, 17]. Human serum Cr levels also reflect Cr
intake [19]; serum levels of Cr 90 min after a glucose
challenge correlate with Cr levels before the challenge

[19]. Human urine Cr concentrations do not correlate with
serum glucose, insulin, or lipid parameters or with age or
body mass [17]. Similarly, human urine Cr concentrations
after a glucose challenge have been reported to correlate
with Cr concentrations before the challenge for individuals
not taking a Cr supplement, although the data were not
presented [17]. An increase in urinary Cr excretion has been
reported for human subjects on self-selected diets in re-
sponse to a glucose challenge, while no effect was observed
for individuals taking a Cr supplement (200 μg Cr as CrCl3
for 3 months) [14]. Urinary Cr loss after a glucose challenge
was found not to be predictable and suggested to not reflect
Cr status [14]. Yet, the extent of movement of Cr to the urine
in response to a glucose challenge did change, from an
increase at normal Cr intake to no increase when supple-
mented with Cr (the inverse of the expected observation).
Also, in this study, the Cr intake of the individuals in the
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study was not established. Notably, self-selected American
diets have been shown to provide on average about 30 μg Cr
daily, a quantity that has been deemed an adequate intake
(AI) so that >98 % of individuals receiving this quantity
cannot be considered Cr deficient [16]. (This discussion
assumes that experiments were performed after circa 1978
when improvements in graphite furnace atomic absorption
techniques for determining tissue and body fluid concentra-
tions of Cr were improved and demonstrated that previous
values were orders of magnitude too high [20]).

The results from humans on self-selected diets are con-
sistent with studies of urinary Cr loss in subjects on diets
supplemented with a variety of varying carbohydrates [21].
The greater the increase in the amount of insulin in the blood

in response to the various carbohydrates, the more Cr was
lost in the urine [21]. Thus, Cr appears to be mobilized in
response to insulin, rather than directly to glucose or other
carbohydrates. A range of responses to the carbohydrates
was noted. Some of the subjects who, in response to the
diets, had the highest circulating blood insulin levels had
decreased abilities to mobilize Cr for excretion in the urine
(within 90 min); thus, a group of subjects with decreased
carbohydrate tolerance appeared to have decreased urinary
Cr loss [21]. The Cr content of the self-selected diets of
individuals in the study was not determined, and the sub-
jects do not appear to have been questioned about whether
they were consuming any Cr-containing supplements [21,
22]. Urinary Cr excretion after a glucose tolerance test does
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not differ between control men or hyperinsulinemic men or
differ between men on diets with differing high amylase
cornstarch contents [23]. Eight of 10 healthy individuals
have been found to have increased urinary Cr loss (nano-
gram of Cr per minute) for 4 h after an oral glucose toler-
ance test compared to the 4 h before the test, such that the
mean Cr loss was significantly greater after the test than
before, while no mean effect was observed for 13 diabetic
subjects [24]. Finally, Morris et al., conducting hyperinsuli-
nemic euglycemic clamp studies, have shown that increases
in blood insulin levels, not specifically blood glucose levels,
are responsible for a decrease in plasma Cr and an accom-
panying increases in urinary Cr loss [25], consistent with
their earlier studies demonstrating increased urinary Cr loss
after an oral glucose challenge [26]. Thus, humans appear to
increase urinary Cr loss in response to an increase in blood

insulin concentrations (whether from a carbohydrate or in-
sulin challenge) although the magnitude of the change
appears to be quite variable, including some individuals
who may not respond potentially as a result of decreased
glucose tolerance. Cr supplementation may eliminate the
effect, although the change from supplementation has been
noted in a single study.

Rats have been conclusively shown to increase Cr excre-
tion in response to an insulin or glucose challenge despite
one claim (where no data was presented) [27]. Nearly all Cr
(III) in the bloodstream is in the form of Cr transferrin [28].
Using radiolabeled 51Cr transferrin, Cr has been shown to be
transferred from the bloodstream to the tissues to the blood-
stream (presumably bound to the peptide LMWCr) and
then lost in the urine, again presumably as LMWCr
[8–10]. This movement of Cr(III) from the bloodstream
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to the urine is enhanced by insulin [8–10]. Insulin does
not appear to change the mechanism of Cr transfer or
rate of transfer but changes the amount of Cr mobilized from
the bloodstream [10].

Previously, the effects of these diets on the insulin sensi-
tivity of Zucker lean rats have been examined [4]. Rats on
the three AIN-93 G diets with added Cr had greater insulin
sensitivity than rats on the AIN-93 G diet without any added
Cr; insulin sensitivity increased as the amount of Cr in the
diet increased [4]. Given the large quantities of Cr involved,
this was clearly a pharmacological effect. Notably, the
results of this study cannot be correlated with the insulin
sensitivity of the rats. Rats with the greatest insulin sensi-
tivity (AIN-93 G diet+1 mg Cr/kg diet) had no tendency
toward increased urinary Cr loss in response to an insulin or
glucose challenge. In contrast, these rats appear to be re-
ceiving a quantity of Cr that overwhelms the system respon-
sible for increasing urinary Cr loss in response to either
challenge.

Given that the urinary Cr loss in response to glucose or
insulin is not decreased in the AIN-93 G diet with no added
Cr compared to the diet with the added Cr, this study
provides no evidence that using a diet with as low a Cr
content as reasonably possible generates Cr deficiency. This
is consistent with the associated study [4] that demonstrated
that this diet provided no observable ill health effects. Thus,
as no diet has been found that can actually generate Cr
deficiency in rats (or in humans [2, 5]), and no nutritional
evidence exists that Cr is an essential element. Additionally,
no biomolecules that bind Cr has been shown to perform an
essential function in a biological system. Thus, Cr cannot be
considered an essential trace element for mammals [2, 5].
Even if evidence existed that Cr was an essential element,
the range of individual responses to insulin and glucose
challenges in rats (this study) and humans [14] would pre-
clude the use of urinary Cr loss as a biomarker for Cr status.
Consequently, the establishment of a biomarker for Cr status
is probably impossible as the element cannot be shown to be
essential for health.

Conclusions

These studies demonstrate that urinary Cr excretion in re-
sponse to a glucose or insulin challenge cannot be used as a
biomarker for Cr status. Combined with previous studies
that have demonstrated the inability of tissue or body fluid
levels of Cr or any other experimental parameter to be
correlated with beneficial effects of Cr administration (so
that no biomarker for Cr status exists) and the failure of a
diet with as little Cr as reasonably possible to have any
deleterious effects, Cr can no longer be considered an es-
sential element.
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