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ABSTRACT
A previous study using a randomized, double-masked, placebocontrolled design found that supplementation with a minimum of
200 pg of chromium (in the form of chromium picolinate [CrPl) per
day can lead to significant improvement in body composition (as
measured by underwater testing using the displacement method).
The present study used a slmilar design ln which 122 subjects were
randomized to receive either CrP 400 pg (n = 62) or placebo (n =
60). To control caloric intake and expenditure (which was not done
in the first study), participants were required to monitor and maintain a log of their dally physical activity and caloric intake. Dual
energy x-ray absorptiometry measurements were taken before and
after the go-day period. Analysis of the prestudy data for the two
groups revealed no signlflcant differences in any of the initial body
composition variables studied. After controlling for differences in
caloric intalce and expenditure, as compared with the placebo group,
subjects in the active treatment group lost signifleantly more weight
(7.79 kg vs 1.81 kg, respectively) and fat mass (7.71 kg vs 1.63 kg,
respectively), and had a greater reduction in percent body fat
(6.30% vs 1.20%, respectively) without any loss of fat-free mass. A
more conservative analysis of eovariance revealed slmilar and statistically significant reductions in percent body fat and fat mass
without any loss of fat-free mass. It was concluded that this study
replicated earlier findings that supplementation with CrP can lead
to signlflcant improvements in body composition. Key words: chromium picollnate, body composition, fat mass, fat-free mass, dual
energy x-ray absorptiometry.
INTRODLJCTION

In a previous publication,’
the authors summarized their research on dietary chromium, an essential nutrient, reporting that its value in human
nutrition has been documented conclusively.’
They suggested that com-

Address correspondence to: Gilbert R. Kaats, PhD, Director, Health and Medical Research Foundation,
4900 Broadway, San Antonio, TX 78209.
Received for publication on January 6, 1998. Printed in the USA.
Reproduction in whole or part is not permitted.
OOll-393xmv$19.00
379

EFFECTS

OF CHROMIUM

PICOLINATE

SUPPLEMENTATION

ON BODY COMPOSITION

bining chromium with picolinic acid in the form of chromium picolinate
(CrP) could increase the bioavailability of CrP3-7 and, therefore, improve
insulin use. Because the deposition of body fat appears to be regulated to
some extent by insulin, ’ the authors reasoned that improvements in insulin use could lead to reductions in fat deposition. Enhancing the effects of
insulin can also have positive effects on muscle tissue, because insulin
directs amino acids into muscle cells where they are assembled into proteins through the effect of insulin on the cell’s genetic material. Insulin
also slows the breakdown or catabolism of body protein, with a net effect of
increasing the protein available for building tissue. Because chromium is
a cofactor to insulin, supplemental chromium offers the potential of facilitating the maintenance or addition of fat-free mass (FFM).’ Hence, if CrP
can lower insulin resistance, it can improve body composition, because
insulin resistance or deficiency results in impaired entry of glucose and
amino acids into muscle cells, increased catabolism of muscle protein, and
the potential acceleration of lipid deposition.“,”
To test these hypotheses, in the previous study’ the authors used a
randomized, double-masked, placebo-controlled protocol in which participants completed underwater testing (displacement method) at the beginning and end of a 72-day study. During the study, subjects consumed
either 0 pg, 200 kg, or 400 kg of CrP per day. Results of that study showed
a significant improvement in body composition with CrP supplementation,
with a specific reduction in excess body fat.
In addition to determining whether the body composition changes observed in the initial study could be replicated in this study, we sought to
answer three methodologic issues raised by the reviewers of the previous
manuscript: (1) Because supplementation with CrP affects appetite, metabolism, and daily activity levels, would the same results be achieved if
differences in caloric intake and energy expenditure were controlled or
factored out? (2) Would the results be replicated with other measures of
body composition, such as dual energy x-ray absorptiometry (DEXA),
which are at least as precise as underwater testing but less dependent on
the subject’s performance and practice effects on the unusual task of exhaling before going underwater? and (3) Because the relatively high dropout rate in the first study (29.7%) could have biased the findings through
selective attrition, would these same results occur if methods were used to
decrease the dropout rate?
To answer these questions, we controlled for differences in physical
activity and caloric intake, used DEXA testing to determine body composition, and used a methodologic technique to reduce the dropout rate.
SUBJECTS

AND METHODS

Subjects

A total of 130 subjects were enrolled in the study, 122 (93.8%; 17 men
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and 105 women; mean age, 42.3 years) of whom completed the testing.
Subjects were recruited from a variety of fitness and athletic clubs in San
Antonio and Houston, Texas, by fitness instructors and sales personnel
who provided information about the study to club members who either
participated themselves or recruited friends or relatives to participate. In
most cases, the fitness instructors were paid to monitor the subjects as
they progressed through the study to ensure that the subjects reported
their physical activity levels and caloric intake (tracked the data) and
completed the testing. All subjects were asked to consult with their personal physician before giving written informed consent.
Testing Equipment: Dual Energy X-Rag Absorptiometrg

A number of studies have shown that DEXA can accurately measure
fat and lean content in meat samples and animal carcasses12-15 and that
DEXA measurements of actual skeletal mass and total body calcium correlate highly with those taken by neutron activation analysis,16 with a
typical precision error for total body bone mineral content <1%.17 DEXA
has also been shown to be a precise method for assessing body composition
in obese and nonobese subjects.18’lg DEXA correlates highly with underwater weighing,20 deuterium dilution,21 and total body potassium.22 The
reliability of DEXA makes it possible to monitor the effects of relatively
short-term dietary restrictions and exercise on both regional and total body
composition. 23,24A recent review of the research on DEXA has led one
reviewer to conclude that DEXA is among the most accurate instruments
available today for critically analyzing body composition.25
DEXA provides a three-compartment model of body composition: fat,
lean tissue mass, and bone mineral content. Measurements are made using a constant potential energy source at 78 kVp and a K-edge filter (cerium) to achieve a congruent, stable, dual-energy beam with effective energies of 40 and 70 keV. The unit performs a series of transverse scans
moving from head to toe at l-cm intervals; the area being scanned is
approximately 60 x 200 cm. Data are collected for about 120 pixel elements
per transverse, with each pixel approximately 5 x 10 mm. Total body
measurements are completed in 10 to 20 minutes with a scan speed of 16
cm/s, or in 20 minutes with a scan speed of 8 cm/s. The R value (ratio of
low- to high-energy attenuation in soft tissue) ranges from 1.2 to 1.4.26
Procedure

To minimize the dropout rate, subjects were asked before signing the
informed consent form, to provide a $100 deposit by check or credit card,
which would not be processed unless the subject failed to complete the last
DEXA test and end-of-study questionnaire. Participants were advised that
return of their deposit was based solely on their completing the last tests
381
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no matter how well or poorly they adhered to the research protocol, as long
as they reported candidly on how much or how little they complied.
After completing an initial DEXA test, subjects were provided with a
report of their test results and randomly assigned a number from 1 to 130,
which corresponded to a bottle containing capsules with 400 pg of CrP or
placebo. None of the investigators, research technicians dispensing the
product, or participants knew which subject number corresponded to the
placebo or active product. An independent local pharmacist acted as
trustee for the study and randomly assigned subject numbers to bottles
that had been prelabeled with either an “X” or ‘Y” to correspond with
either active product or placebo.
Participants were provided with a workbook outlining the general
procedures for estimating caloric intake, nutritional information for common foods, and a log for calculating and recording daily calorie balances.
To monitor and adjust for differences in energy expenditure through physical activity throughout their waking hours, all subjects wore a pedometer
(same method as used in previous studies 27-2g)that reflected the number
of steps they took during each day or the step equivalents for activities in
which it was impractical to wear the unit. Subjects recorded the total
number of steps taken each day in the same daily log used to record their
caloric intake, which was subsequently used to adjust the subject’s net
change in body fat by using the following formula: *3500 calories = a
change of 1 lb of body fat. Subjects checked in at the research center on a
weekly basis to obtain a scale weight and to report their weekly physical
activity levels, estimated caloric intake, and any adverse effects (none were
reported).
On completion of the study and when all data were gathered and
entered in the computer system, the trustee opened an envelope supplied
by the manufacturer indicating which product was active and subsequently notified the senior investigator (GRK). All information was analyzed by the Department of Computing Resources at the University of
Texas Health Sciences Center at San Antonio, San Antonio, Texas, under
the supervision of the second author (KR). At the conclusion of the test
period, subjects completed the last body composition test, were provided
with their test results and deposit checks, and were asked to report how
many of the capsules were consumed each day as a cross-check of the
amount of product used. A subsequent analysis of these data revealed that
among participants receiving CrP, the average amount consumed was
357 kg/d.
Statistical Analysis

Comparisons were made between body composition variables for the
two groups at baseline using a two-tailed Student’s t test and between
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baseline and post tests for both groups using paired t-test analyses. Comparisons of changes in body composition variables from baseline to post
study were made using analysis of covariance (ANCOVA), which allows
differences in body composition changes between the two groups to be
adjusted statistically for individual differences in caloric intake and expenditure. Both caloric intake and expenditure were used as covariants
irrespective of whether or not they were significant. A final statistical
analysis was conducted using a direct adjustment of the data for caloric
intake and expenditure and using Student’s t test between the two groups.
Finally, comparisons were made between the changes occurring in the two
groups without making any adjustments for caloric intake or expenditure.
All data analyses were conducted at the University of Texas Health Sciences Center’s Department of Computing Resources.
RESULTS

Of the 130 subjects who were recruited for this study, only 8 failed to
complete the final test: 1 subject became pregnant and was asked to withdraw from the study, 3 moved from the area, 1 was ill during the posttesting period, and 3 were lost to follow-up. A comparison of the 122 subjects
who completed the study with the 8 subjects who did not revealed no
significant differences in any of the body composition variables.
Baseline characteristics for the 122 subjects who completed the study
are provided in Table I. No statistically significant differences in baseline
characteristics were observed between the active treatment and placebo
groups, suggesting that the randomization process was successful in providing two equivalent groups of subjects. Table II presents a comparison of
the within (baseline-ending) and between-group changes that occurred in
body composition variables in both the active treatment and placebo
groups over the test period. Both groups experienced significant withingroup reductions in scale weight (P < O.OOl),percent fat (P < O.OOl),and fat
mass (P c O.OOl>,although no statistically significant changes occurred in
fat-free mass in either group. A comparison of the between-group changes
revealed that, although the active treatment group achieved greater improvement in all body composition variables, the differences in fat-mass
reduction was the only change that reached statistical significance
(P = 0.023).
Using an ANCOVA to equate the groups for caloric intake and energy
expenditure, supplementation with CrP had an even greater significant
and positive effect on percent body fat (P = 0.03) and fat mass (P = O.Ol),
although the differences in scale weight and FFM did not reach statistical
significance. ANCOVA’s statistical adjustment of the data is based on calculated relationships between the variables and is a conservative statistic
that is insensitive to small changes. An alternative analysis is to apply the
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Table I. Mean (*SD) baseline demographic data for 122 subjects randomized to receive either
chromium picolinate (CrP) (n = 62) or placebo (n = 60).
BoUyFat

Age
(VI
;lapi;1’$0
!Nd)

41.1
43.5*
f 7.6
10.5

79.9f
85.5
i20.4
23.0

WI

Body-Mass Index
(kg/m*)

41.8f
42.4
+ 8.3
6.7

30.2
28.4*
+ 7.1
5.4

corrections for caloric intake and energy expenditure directly to the data
and then use Student’s t test to examine the differences between the two
groups. These analyses are presented in Table III. Using this approach
revealed even greater differences between the two groups, suggesting that,
as compared with the placebo group, the group receiving the active treatment had a significant reduction in scale weight (7.79 kg; P < O.OOl),
percent body fat (6.30%; P c O.OOl>,and fat mass (7.71 kg; P < 0.001). As
with ANCOVA, no statistically significant differences in FFM were observed in either group. Thus, regardless of the statistical approach used,
the findings from this study are highly consistent with, and provide a
replication of, the findings from our previous study as well as a recent
study of the effects of CrP supplementation in swimmers.30
DISCUSSION

It has been proposed that the positive effect of CrP on body composition is
through its ability to improve insulin use, thereby reducing fat deposition
and improving entry of glucose and amino acids into muscle cells. Although
the present study did not attempt to test this assertion, the findings are
consistent with this hypothesis, as are the findings of a recent study31 of
the lipogenic and antilipolytic effects of insulin in human adipocytes.

Table II. Within- and between-group comparisons of mean changes (*SD) in baseline and
end-of-study body composition variables for subjects receiving either chromium
picolinate (CrP) (n = 62) or placebo (n = 60) during a go-day test period.

FP(400
pg’d)
Placebo
C'P versusPlacebo
e

Weight
(kg)

Body fat
("A)

Fat Mass

-2.88* 3.50
to.001
-1.81* 2.99
to.001

-2.072 3.20
<O.OOl
-1.20f 2.90
=0.002

-2.81f 3.20
<O.OOl
-1.53f 2.80
<O.OOl

=0.240

=0.120

=0.023

* Student's
ttest for repeated measures.
t Student’s t test for independent samples.
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Table III. Within- and between-group comparisons of mean changes (*SD) in baseline and
end-of-study body composition variables for subjects receiving either chromium
picolinate (CrP) (n = 62) or placebo (n = 60) during a 90day test period. All data
are adjusted statistically for differences in caloric intake and expenditure.
Body Fat
(“4

Fat Mass
W

Fat-Free Mass
(kg)

“dp (400 pg’d)

-6;;yoi;.7

-771;o;.50

Fcebo

-1.20 f 2.9
=0.002

-1.53 * 2.80
<O.OOl

-0.07 * 2.20
=0.568
-0.29 f 2.00
=0.265

to.001

to.001

=0.568

CrPptversus Placebo
* Student’s t test for repeated measures.
t Student’s t test for independent samples

These researchers found that CrP completely reversed insulin stimulation
of fatty acid synthase activity. They concluded that, “Since fatty acid synthase is a key enzyme in de novo lipogenesis, this reflects a coordinated
activation of lipolysis and inhibition of lipogenesis with CrP treatment . . .
thereby inhibiting insulin-mediated
triglyceride storage.“31
In the present study, the greatest changes in body composition were
the result of reductions in body fat as revealed through DEXA. DEXA
testing is one of the few technologies for measuring body composition that
provides a direct physical measurement of adipose tissue. Hydrostatic testing, as well as most other measures of body composition, rely on estimating
a person’s body fat on the assumption that body density reflects the same
percentage of fat as found in cadaver studies used to validate densitometry.32 Furthermore, even hydrostatic testing does not actually measure a
person’s body volume to calculate body density-it
estimates body volume
from scale weights obtained in and out of water. Thus, even with hydrostatic weighing, body fat is derived from two different estimates, not from
a physical measurement
of adipose tissue. Of course, estimates derived
from hydrostatic testing can be affected by the person’s ability to exhale air
consistently while under water as well as variations in lung volume over
time, even when exhalation is consistent.
DEXA testing resolves these difficulties because obtaining the measurement requires that the person lie still on an open testing table for 15
to 20 minutes while the body is scanned. DEXA would seem to be the
preferred technology to use, because it is critical to reduce the variability
in testing when attempting to measure the efficacy of products or programs
that produce relatively small changes in body composition.
In the present study, no dropouts biased the results. The requirement
for subjects to provide a conditionally refundable deposit appears to have
made a dramatic difference in the number of subjects who completed the
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final testing, negating the need to use statistical controls, such as intention
to treat. Poststudy critique revealed that subjects viewed the requirement
to provide a deposit as reasonable, and such a requirement may have
eliminated subjects whose motivation to complete the final tests was minimal. Although the data are not definitive, the deposit requirement appears
to be an effective technique for obtaining final test data and is worthy of
further study.
The requirement for subjects to provide a conditionally refundable
deposit was based on the subject completing the study and an end-of-study
questionnaire and had nothing to do with how little or how much the
participant complied with the protocol. An equal number of subjects failing
to take the product in the placebo and active treatment groups does not, of
course, balance the effects across the groups. For example, a subject who
fails to take a product in the placebo group would have no effect on the
outcome measures because a placebo does not contain the active ingredient. However, failure of a subject to take a product in the active treatment
group would attenuate the effects that the active product could be having.
In fact, a completely noncompliant subject in an active treatment group
would actually be a placebo subject. Thus lack of compliance would, by its
very nature, attenuate differences between the two groups, stressing the
need to obtain accurate data on how much of a product a subject consumed.
The use of weekly check-ins and personal monitoring appears to have
provided more comprehensive data and reduced the amount of bias that a
lack of compliance could have on the outcome measures.
CONCLUSION

The findings of the present study suggest that supplementation with CrP
each day can lead to significant improvements in body composition, particularly when the changes are corrected for differences in caloric intake
and expenditure. In addition, the results of this study replicate the fmdings of a previous study, which suggest that the improvements observed
are evident with both underwater and DEXA testing technologies. Finally,
because an unusually high number of subjects (93.8%) completed the final
testing, requiring research subjects to provide a conditionally refundable
deposit (to be returned on completion of final testing) is a technique worthy
of further study.
Acknowledgments

This study has been supported financially by Nutrition 21, Inc., San Diego,
California. This research study was conducted at the Health and Medical
Research Foundation, San Antonio, and the Sports Medicine Institute,
Baylor College of Medicine, Houston, Texas.
386

G. R. RAATS

ET AL

1. Kaats GR, Blum K, Fisher JA, Adelman JA. Effects of chromium picolinate supplementation on body composition: A randomized, double-masked,
placebo-controlled’ study.
Cur-r Ther Res. 1996;57:747-756.
2. Anderson

RA. Chromium

and parenteral

nutrition. Nutrition.

1995;11(Suppl

3. Evans GW, Bowman TD. Chromium picolinate increases membrane
insulin internalization. J Znorg Biochem. 1992;46:243-253.
4. Evans GW, Press RI. Cholesterol
FASEB J. 1989;3:A761. Abstract.

and glucose lowering

1):83-86.

fluidity and rate of

effect of chromium

picolinate.

5. Evans GW, Roginski EE, Mertz W. Interaction with the glucose tolerance factor (GTF)
with insulin. Biochem Biophys Res Commun. 1973;50:718-722.
6. Evans GW. The effect of chromium picolinate on insulin controlled
mans. Znt J Biosocial Med Res. 1989;11:163-180.

parameters

7. Evans GW, Meyer LK. Lifespan
pyridine 2 carboxylate complex.

with a chromium-

J Adu Sci Res. 1994;1:19-23.

8. Felig P. Amino acid metabolism

in man. Annu Rev B&hem.

is increased

in rats supplemented

in hu-

1975;44:933-955.

9. Press RI, Geller J, Evans GW. The effect of chromium picolinate on serum cholesterol and
apolipoprotein fractions in human patients. West J Med. 1990;152:41-45.
Insulin resistance
10. Felig P. Insulin is the mediator of feeding-related thermogenesis:
and/or deficiency results in a thermogenic deficit which contributes to the pathogenesis
of obesity. Clin Physiol. 1984;4:267-273.
11. Page TG, Southern LL, Ward TL, Thompson DL Jr. Effect of chromium picolinate on
growth and sernm carcass traits of growing finishing pigs. JAnim Sci. 1993;71:656-662.
12. Haarbo J, Gotfredsen A, Hassager C, Christiansen C. Validation of body composition
dual energy x-ray absorptiometry (DEXA). Clin Physiol. 1991;11:331-341.

by

13. Svendsen OL, Haarbo J, Hassager C, Christiansen C. Accuracy of measurements of body
composition by dual energy x-ray absorptiometry in vivo. Am J Clin Nutr. 1993;57:605608.
14. Pintauro SJ, Nagy TR, Duthie CM, Goran MI. Cross-calibration of fat and lean measurements by dual energy x-ray absorptiometry to pig carcass analysis in the pediatric body
weight range. Am J Clin N&r. 1996;63:867-873.
15. Picaud JC, Rigo J, Nyamugabo K, et al. Evaluation of dual-energy x-ray absorptiometry
for body composition assessment in piglets and term human neonates. Am J Clin Nutr.
1996;58:839-845.
16. Pierson RN, Wang J, Thornton JC, et al. Bone mineral and body fat measurements by two
absorptiometry
systems: Comparisons with neutron activation analysis. Calcif Tissue
Znt. 1995;56:93-98.
17. Fried1 KE, DeLuca JP, Marchitelli LJ, Vogel JA. Reliability of body-fat estimations from
a four-compartment
model by using density, body water and bone mineral measurements. Am J Clin Nutr. 1991;55:764-770.
18. Tataranni PA, Ravussin E. Use of dual-energy x-ray absorptiometry
Am J Clin Nutr. 1995;62:730-734.
19. Wang ZM, Heschka

S, Pierson

RN, Heymsfield
387

SB. Systematic

in obese individuals.
organization

of body-

EFFECTS

OF CHROMIUM

PICOLINATE

SUPPLEMENTATION

ON BODY COMPOSITION

composition methodology: An overview with emphasis on component-based
J Clin Nutr. 1995;61:457-465.

methods. Am

20. Nord RH, Payne RK. Dual-energy x-ray absorptiometry
vs underwater weighingcomparison of strengths and weaknesses. Asia Pacific J Clin Nutr. 1995;4:173-175.
21. Jensen M, Kanaley J, Roust L, et al. Assessment of body composition with use of dualenergy x-ray absorptiometry: Evaluation and comparison with other methods. Mayo Clin
Proc. 1993;66:867-373.
22. Beshya SA, Freemantle C, Thomas E, et al. Comparison of measurements of body composition by total body potassium, bioimpedance analysis, and dual-energy x-ray absorptiometry in hypopituitary adults before and during and after growth hormone treatment.
Am J CZin Nub-. 1995;61:1186-1194.
23. VanLoan MD, Keim NL, Berg K, Mayclin PL. Evaluation of body composition by dual
energy x-ray absorptiometry and two different software packages. Med Sci Sports Exert.
1995;27:587-591.
24. Going SB, Massett MP, Hall MC, et al. Detection of small changes in body composition by
dual-energy x-ray absorptiometry. Am J Clin Nutr. 1993;57:845-850.
25. Pietrobelli A, Formica C, Wang Z, Heymsfield SF. Dual-energy x-ray absorptiometry body
composition model: Review of physical concepts. Am J Physiol. 1996;271:E941-E951.
26. Mazess RB, Barden HS, Bisek JP, Hanson J. Dual-energy x-ray absorptiometry for totalbody and regional bone-mineral and soft-tissue composition. Am J Clin Nutr. 1990;51:
1106-1112.
27. Kaats GR, Wise JA, Morin R, et al. Positive effects of nutritional supplements on body
composition biomarkers of aging during a weight loss program. J Am Nutr Assoc.
1998;1:1-12.
28. Kaats GR, Wise JA, Morin R, et al. Reductions in DEXA measurements of body fat with
different levels of involvement in a weight loss program using dietary supplements. JAm
Nutr Assoc. 1998. In press.
29. Kaats GR, Wise JA, Blum K, et al. The short-term therapeutic efficacy of treating obesity
with a plan of improved nutrition and moderate caloric restriction. Curr Ther Res. 1992;
51:261-274.
30. Bulbulian R, Pringle DD, Liddy MS. Chromium picolinate supplementation
female swimmers. Med Sci Sports Exert. 1996;28(Suppl5):Slll.
Abstract.

in male and

31. Dibling D, Zemel MB. Chromium picolinate antagonizes the lipogenic and antilipolytic
effects of insulin in human adipocytes. FASEB J. 1998;12:A505. Abstract.
32. Siri WE. Body composition from fluid spaces and density: Analysis of methods. In: Brozek
J, Henschel A, eds. Techniques for Measuring Body Composition. Washington, DC: National Academy Press; 1961:223-244.

388

