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ABSTRACT

Fifteen women softball athletes were randomly divided into
2 groups, the chromium treatment group (n 5 8) and the
placebo control group (n 5 7) to examine the effect of chro-
mium, in the form of chromium picolinate (CrPic) supple-
mentation, on muscular strength, body composition (body
weight, percent body fat, and lean body mass), and urinary
excretion. The CrPic supplementation consisted of a 500 ug
dosage taken once per day. All participants trained 3 times
per week with 2–3 sets of 8–12 repetitions at 80% of 1 rep-
etition maximum (1RM) using variable resistance machines
and free weights. No significant (p , 0.05) differences in
muscular strength or body composition were found after 6
weeks of resistance training. In addition, chromium excre-
tion (mg per 24 every hours) was examined and increased
significantly with the treatment group after the 6-week pe-
riod.
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Introduction

Chromium is an essential trace mineral that is found
in a balanced diet (3). In 1989, the National Re-

search Council set the intake for chromium at 50–200
mg per day (14), although approximately 90% of the
population may be consuming less than the recom-
mended amounts (4). In addition, chromium is diffi-
cult to absorb, with a range of 0.5–2.0% of the total
amount present (14). Chromium functions in carbo-
hydrate and lipid metabolism by potentiating the ef-
fects of insulin (11). The exact mechanism whereby
chromium participates in the function of insulin re-
mains obscure (5, 6).

Some investigators suggest that urinary losses of
chromium may be increased during strenuous exercise
(2), a situation that may have implications for athletes.
Many athletes today consume nutritional ergogenic
substances such as creatine, vitamins, and minerals in
an attempt to increase muscle mass, oxygen capacity,
strength, and energy (18). Chromium picolinate
(CrPic) supplements have been vigorously promoted
by manufacturers as a safe alternative to steroids for
persons undergoing strength training and for body
builders (6). CrPic is being marketed as a product to
reduce body fat and increase muscle mass (15). How-
ever, the effect of CrPic supplementation in athletes
has not been adequately examined, and no conclusive
data exist that implicate the relationship of CrPic sup-
plementation to performance variables such as
strength or aerobic power (16).

Evans (8) reported that CrPic supplementation of
200 mg per day resulted in increased lean body mass
and decreased body fat in young men participating in
a resistance-training program for 6 weeks. Hasten et
al. (11) found that college women increased their body
weight as a result of a 12-week resistive-training pro-
gram when supplemented with CrPic compared with
a nonsupplemented control group. However, Clarkson
(6) stated that the ambiguous results may be due to
questionable methodology. Clarkson (6) also noted
that Evans (8) estimated body fat and lean body mass
by skinfold measurements, rather than assessing body
composition by more accurate measurement tech-
niques such as hydrostatic weighing. Also, Evans (8)
did not assess strength changes, and Hasten et al. (11)
did not assess initial chromium levels, which might
account for the increase in body weight in the women.

Studies examining the anthropometric and perfor-
mance effects of CrPic are limited.

Hallmark (10) found no significant differences in
muscle strength, body composition, and chromium ex-
cretion in 16 untrained men who ingested 200 mg of
CrPic unaccompanied by food. Walker (16) examined
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Figure 1. Total 1RM strength values (kg) for chromium
and placebo groups at baseline and after 6 weeks of
resistance training. Total body strength is the sum of the
leg press, leg curl, lat pull-down, incline press, and bicep
curl. No groups differed significantly, p . 0.05.

Figure 2. Body weight for chromium and placebo groups
at baseline and after 6 weeks of resistance training. No
groups differed significantly, p . 0.05.

the effects of 200 mg of CrPic in 20 men college wres-
tlers and found no significant changes in body com-
position and neuromuscular performance variables
over 14 weeks.

Currently, no data exist regarding CrPic supple-
mentation of more than 200 mg per day during a pre-
season resistance-training program in women athletes.
The purpose of this study was to assess the effects of
500 mg of CrPic on muscular strength and body com-
position in women athletes over a 6-week period. Uri-
nary chromium excretion levels were also measured to
determine if chromium losses were greater in CrPic-
supplemented athletes.

Methods
Subjects
Fifteen members of a division I university women’s
softball team volunteered to participate in the study.
All participants read and signed informed consent
documents and the study was approved by the uni-
versity’s Institutional Review Board. The participants
ranged in age from 17 to 21 years (mean 5 19.6),

weighed between 47.8 and 82.5 kg (mean 5 72.0 kg),
and had an average body fat of 20.5%. The partici-
pants were 6 weeks into their preseason resistance-
training program at the start of the 6-week period of
CrPic supplementation.

Procedures

The softball players were randomly assigned, in a dou-
ble blind fashion, to receive either the CrPic supple-
ment (n 5 8) or the placebo supplement (n 5 7) con-
taining lactose in capsule form (10). The daily CrPic
supplement (Nutrition 21, San Diego, CA) contained
500 mg of Cr13 as CrPic. To enhance compliance, the
participants completed a daily checklist after ingestion
of each capsule. They were given a 7-day supply of
CrPic capsules or placebo capsules each week
throughout the 6 weeks of the study.

Diet Records

In addition to taking the capsules, the participants
completed diet logs on 3 consecutive weekdays (10).
These logs were reviewed by the investigator before
the training to estimate the chromium intake. Partici-
pants recorded dates and serving sizes of all foods and
beverages consumed. The initial diet records were re-
turned so that the participants could try to match the
diet for 3 days before the sixth-week urine collection.

Strength Testing

One repetition maximums (1RM) were measured ap-
proximately 1 week before the start of a 6-week resis-
tance-training program on Cybex weight machines
and free weights (Cybex, Owetonna, MN). The 1RM
was defined as the maximal resistance that could be
moved a single time through the full range of motion
(10). After a warm-up, the 1RM test was conducted to
determine a baseline for upper and lower strength for
the (a) leg press, (b) leg curl, (c) lat pull-down, (d)
incline press, and (e) seated 1-arm dumbbell curl. The
initial resistance was set at a level estimated to be 40–
60% of the participant’s perceived 1RM and progres-
sively increased until only a single lift was possible.
Each performer was allowed up to 4 trials with ade-
quate rest between trials to achieve a peak 1RM.

Resistance-Training Program

The participants trained 3 days per week on noncon-
secutive days for 6 weeks using Cybex machines and
free weights. They performed 2 or 3 sets of 8–12 rep-
etitions consisting of various exercises including the (a)
leg press, (b) leg curl, (c) lunges, (d) back extensions,
(e) modular chin-ups, (f) biceps curls, (g) triceps kick-
backs, and (h) rotary torso exercises. The starting re-
sistance for each player was 80% of her 1RM. Each 2-
hour session was directly supervised by the universi-
ty’s strength coach and assistant softball coaches in or-
der to monitor compliance and enhance motivation.
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Table 1. Means (SD) for muscular strength, body weight, percent body fat, lean body mass, and urinary excretion in the
pretest and posttest of the chromium picolinate (CrPic) group and the placebo group.

CrPic group
(n 5 8)

Pretest Posttest

Placebo group
(n 5 7)

Pretest Posttest

Muscular strength (kg)

Body weight (kg)

Percent body fat (%)

Lean body mass (kg)

Urinary excretion (mg/L)

289.125
(51.429)
64.135

(10.639)
18.750
(5.175)
51.331
(6.225)

,0.100
(0.0000)

395.750
(59.464)
63.741

(11.208)
15.871
(6.749)
53.116
(6.731)
1.857

(3.427)

333.571
(39.832)
71.963
(9.392)
22.571
(2.440)
55.766
(7.210)

,0.100
(0.0000)

410.000
(61.506)
72.324

(10.230)
22.000
(4.619)
56.109
(6.264)
0.229

(0.2210)

Hydrostatic Weighing
Standard hydrostatic weighing techniques were em-
ployed to obtain estimates of percent body fat and lean
body mass (1). Body fat was assessed both before and
after the 6-week resistance-training program. Body
density was calculated from the average of the 2 high-
est of 5 underwater weights and corrected for esti-
mated residual lung volume (17). Body fat percentages
were determined from body density based on an equa-
tion specifically derived for young women (13).

Urinary Chromium
A 24-hour urine sample was collected from each par-
ticipant prior to and again at the completion of the 6
weeks. Baseline samples were collected on a day with
no exercise 1 week before the start of the CrPic sup-
plementation. Participants collected a 24-hour urine
sample after the first void of the following morning.
All urine samples were collected in 3.5-L polyethylene,
leak-resistant containers. The urine samples were re-
frigerated and later analyzed at Lab Corporation in
Burlington, North Carolina. Urinary chromium deter-
minations were performed using graphite furnace
atomic spectrometry (Model 5100, Perkin-Elmer, Nor-
walk, Connecticut). The concentrations of chromium in
the specimens were calculated from a standard curve,
with a sensitivity of detection at 0.5 mg·L21.

Data Analysis
The statistical analysis consisted of 4 2-way analyses
of variance (ANOVAS) [supplementation (Cr/placebo)
3 time (pretest/posttest)], with repeated measures on
the time factor to examine muscular strength, body
weight, % body fat, and lean body mass, respectively,
before and after the 6-week period of training with
Cr/placebo supplementation. In addition, the non-
parametric Wilcoxon signed rank test for comparing
related samples was conducted on urinary excretion.

All analyses were conducted using the StatView Sta-
tistical program (SAS Institute, Inc., Cary, NC) and set
at the p 5 0.05 level.

Results
The 2-way ANOVA with supplementation (Cr/place-
bo) as the first factor and time (pretest/posttest) as the
repeated-measures factor for muscular strength
showed no significant difference between the CrPic
group and the placebo group, F(1, 13) 5 0.878, p 5
0.3659. The analysis revealed a significant repeated
measure factor for both groups F(1, 13) 5 102.107, p
, 0.0001, which would be expected after 6 weeks of
resistance training. Although both groups showed sig-
nificant increases in muscular strength (106.625 kg in
the CrPic group and 76.429 kg in the placebo group),
there were no significant differences between the
groups, indicating the increase was most likely due to
the training program and not the supplementation
treatment. Means and standard deviations are
presented in Table 1 and graphically displayed in Fig-
ure 1.

The 2-way ANOVA [treatment (Cr/placebo) 3 time
(pretest/posttest)] with repeated measures on the sec-
ond factor for body weight showed no significant dif-
ference between the CrPic group and the placebo, F(1,
13) 5 0.556, p 5 0.2348, or between the repeated mea-
sure factor, F(1, 13) 5 1.534, p 5 0.4969. The CrPic
group experienced a 0.394% decrease in body weight,
whereas the placebo group increased in body weight
by 0.361%. Means and SD for body weight are
presented in Table 1 and graphically displayed in Fig-
ure 2.

The 2-way ANOVA [treatment (Cr/placebo) 3 time
(pretest/posttest)] with repeated measures on the sec-
ond factor for percent body fat showed no significant
difference between the CrPic group and the placebo



164 Livolsi, Adams, and Laguna

Figure 3. Percent body fat for chromium and placebo
groups at baseline and after 6 weeks of resistance training.
No groups differed significantly, p . 0.05.

Figure 4. Lean body mass for chromium and placebo
groups at baseline and after 6 weeks of resistance training.
No groups differed significantly, p . 0.05.

Figure 5. Urinary excretion for chromium and placebo
groups at baseline and after 6 weeks of resistance training.
No groups differed significantly, p . 0.05.

group, F(1, 13) 5 3.886, p 5 0.0704, or between the
repeated measure factor, F(1, 13) 5 2.462, p 5 0.1406.
The change in body fat during the 6 weeks was 2.87%
in the CrPic group and 0.571% for the placebo group.
Means and SD for body fat are presented in Table 1
and graphically displayed in Figure 3.

The 2-way ANOVA [treatment Cr/placebo) 3 time
(pretest/posttest)] with repeated measures on the sec-
ond factor for lean body mass showed no significant
difference between the CrPic group and the placebo,
F(1,13) 5 1.815, p 5 0.2009, or between the repeated
measure factor, F(1,13) 5 0.274, p 5 0.6094. Over the
6-week period the CrPic group increased their lean
body mass by 1.78% vs. the placebo group, which only
increased their lean body mass by 0.343%. Means and
SD for lean body mass are presented in Table 1 and
graphically displayed in Figure 4.

The nonparametric Wilcoxon signed rank test for
comparing related samples with skewed data for uri-
nary excretion revealed a significant difference for the
CrPic group between the pretest and posttest, z 5
22.521, p 5 0.0117, but not for the placebo group, z 5
20.982, p 5 0.5647 (Table 1; Figure 5).

Discussion
We investigated the effects of CrPic supplementation
during resistance training when the supplement was
taken daily by women athletes for 6 weeks.

Chromium supplementation, as a potentiator of in-
sulin action (11), would be expected to increase the
muscle cells’ amino acid uptake. Hypothetically, an in-
crease in muscle mass would influence body compo-
sition and result in increased muscle strength (10).
More recently research has focused on determining
whether CrPic supplementation can magnify the pos-
itive effects of resistance training on body composition
and performance in healthy populations (16). In the
present study, CrPic supplementation was ineffective
in bringing about changes in body composition or
strength during this 6-week resistance-training pro-
gram. These results are in agreement with previous
research on chromium supplementation (7, 10, 11, 16).
Hallmark et al. (10) found no significant differences in
muscle strength, body composition, and chromium ex-
cretion in 16 untrained men after ingesting 200 mg of
CrPic without food. Walker et al. (16) recently reported
that CrPic supplementation coupled with a preseason
resistance-training program in men college wrestlers
did not result in significant changes in body compo-
sition or performance variables over 14 weeks.

The present investigators found no significant
changes in body weight in either the CrPic or placebo
groups after 6 weeks of resistance training. However,
Grant (9) found that body weights increased signifi-
cantly in obese women who ingested 400 mg per day
of CrPic without exercise for 9 weeks. This is note-
worthy as CrPic is generally associated with weight
loss and suggests that without exercise, CrPic may re-
sult in weight gain (9).

The results of the current investigation do not
agree entirely with previous studies. Evans (8) showed
that CrPic supplementation of 200 mg per day in men
resulted in a significant increase in lean body mass
and decrease in body fat (8). In contrast, the results of
the present study with women did not show signifi-
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cant body fat changes or strength changes due to CrPic
supplementation. Hasten (11) found that women, but
not men, college students increased body weight when
supplemented with CrPic compared with unsupple-
mented controls as a result of 12 weeks of resistive-
exercise training.

The women in the present study showed no sig-
nificant changes in body fat or strength that could be
attributed to 6 weeks of CrPic supplementation. The
overall changes in body fat and strength experienced
by both groups appear to have resulted solely from
weight training for 6 weeks, thus confirming the re-
sults of Clancy et al. (7).

Therefore, the suggestions that chromium supple-
mentation enhances muscle development beyond that
of strength training was not supported by the results
of this study.

Most beginning strength trainees experience quite
dramatic initial results regardless of outside factors
(11). The women athletes in this study had been doing
resistance training for 6 weeks prior to the start of this
study. CrPic may exert effects on those who have been
training for longer periods of time (11). Six of the 8
CrPic participants in the present study increased their
chromium excretion by at least 0.5 mg per 24 hours,
whereas only 2 of the 7 participants in the placebo
group met or exceeded this level. The other 5 softball
players in the placebo group failed to increase their
chromium values above the 0.1 mg per 24-hour detect-
ability level. Possibly, the 8 athletes in the combined
CrPic and placebo groups who increased their urinary
Cr excretion values did not stress themselves suffi-
ciently during the training sessions in order to require
mobilization of chromium stores (7). However, because
the training regimens for both groups were the same,
it is likely that the higher urinary increases in the
CrPic group resulted from the CrPic supplement.

Hallmark et al. (10) found that their participants
receiving the CrPic supplements had greater urinary
chromium losses than did those in the placebo group.
This is consistent with previous studies showing an
increase in urinary chromium losses when daily chro-
mium intakes are greater than 40 mg per day (4).

One of the original 15 softball players was removed
from the present study because of a toxic urinary chro-
mium level of 15.9 mg·L21 of urine. The lab technician
(Lab Corporation, Burlington, North Carolina) stated
that the toxicity may have been due to the insertion of
a tongue ring worn by the player, since she was not
exposed to hexavalent (Cr16) in any other setting.
Hexavalent chromium is the toxic form of chromium
and can afflict people who work in steel factories.

The investigators conclude that a CrPic dosage of
500 mg per day given to softball players during pre-
season training increases chromium urinary excretion
but does not affect strength or body composition over
6 weeks of resistance training. Future studies should

investigate resistance-training programs lasting longer
than 6 weeks. Also, research is needed to determine if
chromium supplementation would benefit women
who are active in aerobic activities.

Practical Applications

The investigators found that women athletes who un-
dergo a 6-week resistance-training program while in-
gesting CrPic show no significant increases in strength
or decreases in body fat. Due to marginal chromium
intakes, athletes may have an increased requirement
for dietary chromium (12). A negative chromium bal-
ance in athletes eating freely is common since intake/
absorption and excretion rates may be nearly the same
(12).

It should be noted that chromium is a nutrient, not
a drug. Although CrPic may assist in the potentiation
of insulin, it is unlikely that increased muscle mass
will occur following CrPic supplementation regardless
of the training regimen. Coaches and strength condi-
tioning specialists need to educate athletes on nutri-
tional supplementation during preseason and in-sea-
son training.
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