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Abstract

This study assessed the effects of combined chromium picolinate (CP) and conjugated linoleic acid (CLA) supplementation on energy

restriction and exercise-induced changes in body composition, glucose metabolism, lipid lipoprotein profile and blood pressure in

overweight, premenopausal women. For 12 weeks, 35 women [age 36F1 years (meanFS.E.M.); BMI 28.0F0.5 kg/m2] were counseled to

consume a 2092 kJ/day (500 kcal/day) energy deficit diet and performed 30 min of moderate-intensity walking or jogging 5 days/week. The

women were randomly assigned to ingest either CP-CLA [400 Ag chromium (Cr), 1.8 g CLA in 2.4 g tonalin oil, n =19] or placebo (b0.1 Ag
Cr, 2.4 g canola oil, n=16). Compared to baseline, urinary Cr excretion increased 22-fold, plasma CLA isomer 18:2 (c9,t11) content

increased 79% and plasma CLA isomer 18:2 (t10,c12) became detectable in CP-CLA and were unchanged in Placebo. Over time, body

weight decreased 3.5F0.5% (CP-CLA �2.6F0.5; placebo �2.5F0.5 kg) and fat mass decreased 8.9F1.3% (CP-CLA �2.7F0.5, placebo

�2.4F0.5 kg), with no differences in responses between groups. Fasting blood hemoglobin A1c, plasma glucose and insulin, a homeostatic

assessment of insulin resistance, serum total cholesterol (CHOL), high-density lipoprotein cholesterol (HDL), low-density lipoprotein

cholesterol, triacylglycerol (TG), CHOL/HDL ratio, TG/HDL ratio and sitting systolic and diastolic blood pressures were not changed over

time or influenced by CP-CLA. The use of a combined CP and CLA supplement for 3 months does not affect diet- and exercise-induced

changes in weight and body composition or improve indexes of metabolic and cardiovascular health in young overweight women.

D 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Moderate energy restriction (2092–4184 kJ/day; 500–

1000 kcal/day) and aerobic exercise (z30 min/day on

z5 days/week) are considered central components of

effective programs to control body weight and maintain
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health [1]. Many people use dietary supplements to hopefully

achieve weight loss or enhance diet and exercise-induced

weight loss. Results from the Behavioral Risk Factor Survey

indicate that 14.3% of people trying to lose weight use

nonprescription weight loss products [2]. Chromium picoli-

nate (CP) and conjugated linoleic acid (CLA) are two

supplements promoted for use in weight control.

Claims that a dietary supplement effectively causes or

promotes a desired change in body composition, metabo-

lism or health should be supported by independent scientific

research. The 1997 Federal Trade Commission [3] ruling

that claims for CP can only be made if, bat the time the

representation is made, respondents possess and rely upon

competent and reliable scientific evidence that substantiates

the representationQ underscores the need for more research

to critically evaluate the efficacy of CP. Possible benefits of
ochemistry 19 (2008) 61–68
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chromium supplementation include increased lean body

mass, decreased body fat and increased resting energy

expenditure [4,5]. Chromium might also retard the loss of

lean body mass that usually accompanies weight loss [6].

However, as summarized in several reviews [5,7–9], the

majority of research indicates that chromium does not affect

body weight or body composition. Positive [10] and null

[11] results were reported regarding the effect of chromium

to decrease total cholesterol and low-density lipoprotein

cholesterol (LDL) and increase high-density lipoprotein

cholesterol (HDL) (also see reviews [5,7–9]). Limited

research indicates that chromium does not affect blood

pressure [12].

Conjugated linoleic acid is a term used to describe a

mixture of isomers either in the cis-9, trans-11 form or the

trans-10, cis-12 form [13]. CLA at doses ranging from 1.7–

6.8 g/day, especially the t10,c12 isomer, is suggested to

positively affect body composition (decreased fat mass and

increased fat-free mass) [13–15] and to possess anticarcino-

genic, antiatherogenic and antidiabetogenic properties

[13,16]. Other research with null results [17,18] raises

questions about the efficacy of CLA on these outcomes. The

short-term effect of CLA on blood lipid lipoprotein profile is

questioned by findings that supplementation for 12 weeks

did not affect plasma triacylglycerol (TG), cholesterol or

LDL or HDL concentrations [19].

Collectively, consensus is lacking with respect to

whether CP and CLA supplementation positively influence

changes in body composition and indexes of cardiovascular

and metabolic health. A novel research area is the combined

supplementation of CP-CLA. Recently, combined CP-CLA

supplementation was reported to decrease body weight and

fat mass and differentially affect plasma insulin in high-fat-

fed Balb C mice [20].

The purpose of this research project was to assess the

effects of a supplement containing CP and CLA on changes

in body weight, body composition and indexes of metabolic

(blood hemoglobin A1c, plasma glucose and insulin and a

homeostatic assessment of insulin resistance (HOMA-IR)]

and cardiovascular [maximal oxygen uptake capacity (VO2

maximum), lipid lipoprotein profile, blood pressure] health

in overweight and class I obese [body mass index (BMI) of

25–34 kg/m2] premenopausal women during a 12-week

period of moderate energy restriction and exercise interven-

tion. It was hypothesized that the women who consumed the

supplement would achieve greater body fat loss, fat-free

mass preservation and enhanced positive changes in indexes

of metabolic and cardiovascular health, compared to women

who consumed a placebo.
2. Methods and materials

2.1. Subjects

Fifty-nine overweight to moderately obese women (BMI

between 25–34 kg/m2) aged 21–50 years were recruited in
the communities of West Lafayette and Lafayette, IN, USA.

Prior to acceptance into the 14-week study, participants

signed an informed consent form, completed a medical

history questionnaire and gained written approval from their

primary healthcare provider. Also, a screening that included

a fasted blood sample to test for liver and kidney functions,

protein and iron status, blood glucose, electrolytes and a

urine sample to test for pregnancy was performed in order to

exclude women with medical conditions that might place

them at risk while participating in the study or interfere with

successful completion of the study protocol. The institu-

tional review board at Purdue University reviewed and

approved the study protocol, and each subject received a

monetary stipend for participating in the study.

Thirty-eight women (64%) completed the study. Of the

21 women who dropped out, 14 were in the placebo group,

and seven were in the CP-CLA group. Reasons for dropping

out included not having enough time to participate (n=5),

compliance issues (n=5), trying to get pregnant (n=2),

physician request (n=1), personal issues (n=1), nausea

possibly related to taking supplement (n=1) and other

unspecified reasons (n=6). Data from three women who

completed the study were excluded from analyses because

they were identified to be noncompliant with the prescribed

diet and exercise program (excessive exercise and weight

loss, n=2) or not consuming the CP-CLA supplement [low

urinary chromium (Cr) excretion and no change in plasma

CLA isomer profile, n=1]. Thus, the final sample size of

this study was 35 women (19 CP-CLA and 16 placebo).

Sample size calculations performed prior to starting the

study based on data from Blankson et al. [21] indicated that

n=11 subjects per group were theoretically required to

statistically confirm a differential body fat mass response of

3.2 kg (and a within-group variability of 2.4 kg) to

consuming CLA vs. placebo with 80% power at the

P=.05 level. Based on data from Kaats et al. [22], n=34

subjects per group would have been required to show a

differential response of body fat mass to consuming CP vs.

placebo with 80% power at the P=.05 level. A sample size

of n=16 per group was chosen to detect changes due to CP-

CLA, based on the assumption that the CLA in the

supplement would promote any differential body composi-

tion response. Subjects were purposefully overrecruited

(n=59) to account for an expected 25–35% dropout rate and

to achieve the minimum planned group size.

2.2. Experimental design and supplementation

This was a randomized, double-blind, placebo-controlled

study with a 2-week bbaselineQ period and a 12-week diet,

exercise and supplementation intervention period (designat-

ed weeks 1–12). The women were instructed to discontinue

taking medications and supplements not prescribed by their

doctors for 2 weeks prior to and throughout the study.

Randomized assignments to the placebo group or the CP-

CLA supplement group were made based on the date the

women qualified to participate in the study. The subjects
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were not matched based on any physical, metabolic or

lifestyle characteristic at the time of randomization. At

baseline, the women remained sedentary and did not

consume any experimental supplement. During the 12-week

intervention period, each woman received dietary counsel-

ing and instruction to perform moderate exercise and was

provided with the placebo or CP-CLA supplements to

consume daily. Testing and evaluations were done at

designated weeks, as described below, for each category.

2.3. Supplementation

During Weeks 1–12, each woman consumed, once daily

in the morning, three soft-gel capsules. Each CP-CLA

capsule was manufactured to contain 133 Ag Cr as CP and

0.59 g CLA in 0.8 g tonalin oil, and each placebo capsule,

b0.1 Ag Cr and 0.8 g canola oil. Thus, each subject was to

consume daily 400 Ag Cr and 1.8 g CLA (CP-CLA group)

or b0.3 Ag Cr and 2.4 g canola oil (placebo group). The

400 Ag Cr as CP is the same dose used by Kaats et al.

[22,23], and the 1.8-g CLA dose is similar to the 1.7 g-CLA

dose used by Blankson et al. [21] who reported efficacy with

respect to improved body composition. The CP-CLA and

placebo capsules were provided by Nutrition 21 (Purchase,

NY, USA), placed in coded bottles by a technician otherwise

not involved with the research project and provided to

the subjects in blinded fashion. All other research staff

remained blinded with respect to the subject’s group

assignment until after all testing and sample analyses were

completed. The certificate of chemical analysis of the

CP-CLA supplement provided by Nutrition 21 documented

that each capsule contained 149 Ag Cr and 0.64 g CLA. Gas-
liquid chromatography-based analyses of the supplements at

Purdue University, which was not quantitative, documented

that the CLA in the CP-CLA supplement was ~50%

18:2 (c9,t11) and 50% 18:2 (t10,c12) and that the canola oil

in the placebo supplement was void of CLA isomers.

2.4. Diet

Each subject’s energy requirement was determined to be

1.6 times their resting energy expenditure, estimated using

the Harris–Benedict equation for women [24]. After

baseline testing was completed, each subject received

dietary counseling based on the American Diabetes

Association/American Dietetic Association Exchange Lists

for Weight Management [25] to achieve a 2092 kJ/day

(500 kcal/day) energy deficit, with a macronutrient

distribution of 15–20% protein, 50–55% carbohydrate

and 30–35% fat. The subjects were provided with a listing

of allowable food exchanges, a scale to help with portion

sizes and were instructed to record each day the number of

exchanges from all foods and beverages consumed.

Detailed food records were kept by the subjects on three

nonconsecutive days during baseline and Intervention

Weeks 1–2 and 11–12. The energy and nutrient contents

of these records were estimated using Nutritionist Pro

software (Version 2.2, San Bruno, CA, USA). At baseline
only, a cutoff value of 1.0 times resting energy expenditure

was used to assess food record acceptance.

2.5. Exercise intervention

All women were instructed to perform 30 min of

unsupervised walking or jogging exercise at moderate-

intensity (rating of perceived exertion=12 on a scale of

6–20 [26]) 5 days/week. A daily log of exercise activities

was kept throughout the study.

At baseline and Week 12, the Stanford 3-mph treadmill

protocol was used to determine heart rate responses to graded

submaximal exercise, and maximum oxygen uptake was esti-

mated from American College of Sports Medicine equations

[26]. Blood pressure was recorded at rest, at 3-min intervals

during the exercise test and at 4 min post test.

2.6. Body composition

Fasting-state nude body weight (total weight minus robe

weight) was measured to F0.01 kg using an electronic scale

(model ES200L; Ohaus, Pine Brook, NJ, USA) at baseline

and Week 12. Height was measured using a wall-mounted

stadiometer to the nearest 0.1 cm without shoes. Body mass

index was calculated using the equation: [body weight (kg)/

height2 (m2)]. Whole body fat and fat-free masses were

measured at baseline and Week 12 using dual X-ray

absorptiometry (GE Lunar Prodigy with EnCORE software

version 5.60, Madison, WI, USA).

2.7. Blood and urine collection and analyses

Fasting-state blood samples were drawn from an

anticubital vein using venipuncture on 2 consecutive days

at baseline and Week 12 into tubes containing either heparin

or no anticoagulant; the samples were processed and

centrifuged at 3000g with refrigeration, and aliquots of the

plasma and serum, respectively, were stored at �808C.
Blood was also collected into EDTA tubes and kept at room

temperature on a mechanical rocker until sent to a

commercial laboratory (Mid-America Clinical Laboratory,

Indianapolis, IN, USA) for hemoglobin A1c analysis using

an immunoturbimetric assay on a COBAS INTREGRA

analyzer (Roche Diagnostic Systems, Indianapolis, IN,

USA). Plasma glucose concentration was measured by an

oxidase method on a COBAS Mira Plus analyzer. Plasma

insulin concentration was measured with an enzyme-linked

immunosorbent assay kit (Diagnostic Systems Laboratories,

Webster, TX, USA). The HOMA-IR, an index of insulin

sensitivity, was calculated using the equation: HOMA-

IR=405/[fasting glucose (mg/dl)d fasting insulin (AU/ml)]

[27] Serum total cholesterol (CHOL), HDL and TG

concentrations were measured using a COBAS analyzer.

Low-density lipoprotein cholesterol was calculated to equal

[CHOL�HDL�(TG/5)].
The plasma fatty acid profile was determined as

previously described [28]. Briefly, lipids were extracted

with chloroform/methanol (2:1, v/v) and the fatty acid

methyl esters prepared by sodium methoxide in methanol



Table 1

Dietary intakes at baseline and the start and end of 12-week period of diet and exercise-induced weight loss with or without CP and CLA supplementation

Placebo CP-CLA

Baseline Start End Baseline Start End

Energy4 (MJ/day) 8.63F0.57a 6.43F0.32b 6.52F0.38b 7.83F0.44a 6.59F0.36b 6.51F0.45b

Protein (g/day) 81F8 70F4 62F5 76F7 70F4 73F6

CHO (g/day) 245F15 237F15 254F19 229F12 229F17 219F18

Fat4 (g/day) 83F8a 38F2b 39F4b 76F7a 46F5b 47F7b

Fiber4 (g/day) 19F5a 23F2b 25F3b 16F1a 22F2b 23F2b

Chromium4 (Ag/day) 53F16a 70F11b 63F20b 26F6a 62F11b 62F13b

Values are meanFS.E.M. Means in a row with superscripts without a common letter differ.

4 P b.05 (significant effect of time).
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and analyzed by gas-liquid chromatography (HP 5890

series II, auto sampler 7673, HP 3365 ChemStation;

Hewlett-Packard, Avondale, PA, USA).

Twenty-four-hour urine collections were made on two

consecutive days during baseline and Intervention Weeks 1–

2 and 11–12. All urine samples were collected, processed

and stored using specialized procedures and supplies to

minimize contamination [29]. Chromium concentration was

measured using a graphite furnace atomic absorption

spectrophotometer (model HGA500, Perkin-Elmer) [30].

2.8. Statistics

Values are reported as meansFS.E.M. and are based on

samples sizes of n=16 in the placebo group and n=19 in the

CP-CLA group. Statistical significance was assigned at

Pb.05. Unpaired t tests were used to assess group differ-

ences at baseline. The main effect of time (diet+exercise)

and supplementation (CP-CLA vs. placebo) and the time by

supplement interactions were assessed using two-factor

repeated-measures analysis of variance. Statistical analyses

of data were done using JMP Statistical Discovery Software

(version 3, SAS Institute, Cary, NC, USA).
3. Results

At baseline, there were no differences between the

placebo and CP-CLA groups for any of the variables

reported below.
Table 2

Aerobic fitness and body composition

Placebo

Baseline Post

Aerobic Fitness

Heart rate, rest (bpm) 78F3 78F3

Heart rate4, 3 mph, 58 grade (bpm) 127F4 123F3

VO2 maximum4 (ml O2d kg BW�1d min�1) 35.7F0.9 39.5F1.6

VO2 maximum (ml O2d kg FFM�1d min�1) 63.2F1.7 67.7F2.8

Body composition

Body weight4 (kg) 73.4F1.6 70.9F1.9

Fat mass4 (kg) 29.2F1.4 26.8F1.5

Fat-free mass (kg) 41.5F1.1 41.5F1.0

Values are meanFS.E.M.

4 P b.05 (significant effect of time).
3.1. Dietary energy and nutrient intakes

Compared to baseline, at Weeks 1–2 and 11–12 of

intervention, dietary energy and fat intakes were lower,

protein and carbohydrates intakes were not different and

fiber and chromium intakes were higher in both groups,

with no differences between groups (Table 1).

3.2. Aerobic fitness

Resting heart rate was not changed over time for either

group (Table 2). Heart rate at 3 mph and 58 grade decreased,
consistent with a modest training response. VO2 maximum

increased over time when expressed in relation to body

weight, with no difference in response between groups. For

all subjects combined, VO2 maximum (ml O2d kg

BW�1dmin�1) increased by 8.3F3.1% (median 5.9%).

When expressed in relation to fat-free mass, the apparent

change in VO2 maximum (mean 4.2F3.0%, median 2.6%)

was not statistically significant (P=.16).

3.3. Supplement compliance

Urinary Cr excretion in the CP-CLA group increased

22-fold from baseline (Fig. 1). There was no change over

time in urinary Cr excretion in the placebo group. From

baseline to Week 12, plasma concentration of the 18:2 c9,t11

CLA isomer increased 79% (baseline 0.38F0.02%, post

0.60F0.03%, Pb.001), and the 18:2 t10,c12 CLA isomer

became detectable (baseline not detected; post 0.18F0.01%)

in the CP-CLA group and were unchanged in the placebo
CP-CLA

Change Baseline Post Change

0F3 79F2 76F2 �3F3

�4F3 127F3 123F3 �4F2

3.8F1.5 35.9F1.2 37.8F1.7 1.9F1.3

4.5F2.5 66.2F1.9 66.7F2.4 0.5F2.5

�2.5F0.5 75.4F2.3 72.8F2.5 �2.6F0.5

�2.4F0.5 32.0F1.7 29.3F1.8 �2.7F0.5

0F0.5 40.8F1.1 40.9F1.1 0.1F0.2



Fig. 1. Mean (FS.E.M.) 24-h urinary chromium excretion before (baseline)

and Weeks 1–2 (mid) and 11–12 (post) of a 12-week period of diet and

exercise-induced weight loss with (CP-CLA) or without (placebo) CP and

CLA supplementation. Chromium excretion at mid and post was higher in

the CP-CLA group than the placebo group; group-by-time, P b.0001.
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group (18:2 c9,t11 baseline 0.34F0.03%, post 0.29F0.04%;

18:2 t10,c12 not detectable at baseline and post). The other

fatty acid methyl esters identified in plasma did not change

over time in the control group and in the CP-CLA

supplementation group (data not shown).

3.4. Body composition

Over time, with the energy restriction and exercise

intervention, body weight and body fat decreased, and fat-

free mass was not changed in both groups, with no

differences in responses between groups (Table 2).

3.5. Metabolic and cardiovascular health indexes

A woman who has three or more of the following

components may be identified as having the metabolic syn-

drome: fasting plasma glucose z5.55 mmol/L (100 mg/dl),

fasting serum TG z1.69 mmol/L (150 mg/dl), fasting

serum HDL V1.29 mmol/L (50 mg/dl), resting systolic/

diastolic blood pressure z130/85 bpm and waist circum-

ference z88 cm (35 in.). Among all 35 subjects at baseline,

zero had elevated glucose, 13 (37%) had elevated TG, 11

(31%) had low HDL and zero had elevated blood pressure.
Table 3

Metabolic and cardiovascular health indexes

Placebo

Baseline

Glucose metabolism

Hemoglobin A1c (%) 5.1F0.1

Fasting plasma glucose (mmol/L) 4.3F0.1

Fasting plasma insulin (pmol/L) 61F7

HOMA-IR 0.86F0.14

Lipid lipoprotein profile

Total cholesterol (mmol/L) 5.74F0.31

HDL (mmol/L) 1.63F0.10

LDL (mmol/L) 3.41F0.18

TG (mmol/L) 1.55F0.19

Cholesterol:HDL 3.61F0.12

TG:HDL 2.22F0.26

Blood pressure

Resting diastolic (mmHg) 71F3

Resting systolic (mmHg) 110F2

Values are meanFS.E.M.
Waist circumference was not measured, and all of the

women were overweight or obese. Only four women had

both elevated TG and low HDL and would be classified as

having the metabolic syndrome if their waist circumference

was high.

Fasting hemoglobin A1c percentage, plasma glucose and

insulin, insulin sensitivity (HOMA-IR), CHOL, HDL, LDL,

TG, total cholesterol-to-HDL ratio and TG to HDL ratio and

diastolic and systolic blood pressures were not changed over

time or differentially affected by CP-CLA supplementation

(Table 3).
4. Discussion

The results from this study support that combined CP and

CLA supplementation for 12 weeks does not influence body

weight, body composition and the selected metabolic and

cardiovascular health indexes, in conjunction with a dietary

energy restriction and exercise program. Strengths of this

study included the randomized, placebo-controlled, double-

blind experimental design; documentation that the subjects

in the CP-CLA group consumed the supplements via the

22-fold increase in urinary chromium excretion and the

altered plasma CLA isomer profile and evidence that

the subjects complied with the diet and exercise programs

via decreased energy intake, body weight and heart rate

response to controlled-intensity exercise.

The foundation of the decision to test the efficacy of a

supplement containing both CP and CLA rests on the

literature supporting that these two supplements, indepen-

dently, positively influence body composition (CP: Refs.

[22,31]; CLA: Refs. [15,21,32,33]), glucose metabolism

(CP: Ref. [34]) and cardiovascular health (CP: Ref. [12];

CLA: Ref. [33]). It is important to note that not all research

supports the efficacy of these supplements (see below). The

report [20] that coadministration of chromium (as chromium

tricarnosinate) and CLA enhanced reductions in body
CP-CLA

Post Baseline Post

5.1F0.1 5.1F0.1 5.1F0.1

4.2F0.2 4.2F0.1 4.3F0.1

51F7 60F6 61F5

0.97F0.16 0.88F0.15 0.81F0.13

5.69F0.47 5.64F0.28 5.48F0.34

1.58F0.16 1.55F0.10 1.50F0.10

3.54F0.28 3.49F0.23 3.39F0.21

1.24F0.19 1.33F0.15 1.33F0.21

3.91F0.23 3.78F0.19 3.77F0.18

1.76F0.20 2.17F0.32 2.13F0.31

71F2 110F2 110F3

111F3 74F2 71F1
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weight and fat mass, compared to CLA only, in male Balb C

mice fed a high-fat (20% corn oil) diet, also supports this

decision, albeit retrospectively. Plasma glucose, insulin and

leptin were decreased in the mice given CLA alone and

increased when chromium was also given. These observa-

tions highlight the need for future studies to simultaneously

test the independent and combined effects of these supple-

ments in separate experimental groups. This type of study

with an expanded experimental design is also needed to

assess if combined chromium and CLA supplementation

might blunt or antagonize their independent effects, as

observed in the mice with the differential metabolic

responses to CLA with and without chromium [20].

This study assessed the efficacy of the CP-CLA

supplement while all subjects habitually consumed an

energy-restriction diet and regularly performed moderate-

intensity exercise. The findings that CP-CLA did not

enhance the body weight and fat mass losses achieved with

these recommended lifestyle behaviors supports similar

types of studies with CP or CLA supplementation alone.

Whigham et al. [35] reported no differential body weight or

body composition responses in obese men and women who

consumed either placebo or 6 g/day CLA over a 52-week

period. This year-long study included an initial 12-week

energy restriction weight loss phase (double-blind; primarily

liquid low-energy diet), a 16-week weight maintenance

phase (double-blind) and a 24-week open-label continuation

of weight maintenance. For CLA supplementation studies

that did not include energy restriction or exercise inter-

ventions, some studies support that CLA supplementation

results in decreased fat mass [15,21,32,33]. However, the

majority of studies support that CLA does not affect body

weight [18,32,36,37], fat mass [17,18,37,38] or fat-free

mass [18,21,37–39].

Based on a meta-analysis of 10 randomized, double-blind

and placebo-controlled CP supplementation studies, Pittler

et al. [5] concluded that CP had a favorable, albeit modest

(weighted mean difference �1.1 kg; 95% confidence

interval: �1.8 to �0.4 kg, n=489) effect on body weight

and no effect on lean body mass (weighted mean difference

0.4 kg; 95% confidence interval: �0.1 to 0.8 kg, n=416).

Pittler et al. cautioned that the effect of CP on body weight

was largely driven by the results from 1 [22] of the

10 studies, and that the clinical relevance of the effect is

debatable when compared to the implementation of im-

proved diet and exercise behaviors, a view shared by others

[4]. The apparent lack of effect of CP on body weight and

body composition is supported by findings from other

reviews of literature [7–9,40].

The apparent lack of diet- and exercise-induced changes

in the markers of metabolic and cardiovascular health

measured in this study was contrary to a priori expectations

but, in hindsight, plausible, based on the clinical normalcy

of the subject’s metabolic and cardiovascular markers at

baseline and the modest body weight and aerobic fitness

changes achieved. While overweight or obese, on a group
basis, these otherwise apparently healthy premenopausal

women did not display the features of the metabolic

syndrome. Our data support other shorter-term studies that

supplementation with CP ([41–43]) or CLA ([18,19,36]) is

not beneficial to people with clinically normal health

profiles and extend this view to include overweight and

obese premenopausal women who use moderate dietary

energy restriction and aerobic exercise practices. Indepen-

dent of the CP-CLA supplementation, these findings

support that improvements in indexes of metabolic and

cardiovascular health require greater (5–10%) reductions in

body weight and improvement in aerobic fitness than were

achieved and are more likely to occur in overweight women

who also manifest markers of the metabolic syndrome [1].

The results from the dietary records indicate that,

excluding the supplements, the women (n=35) consumed

~65 Ag Cr per day (~42 Ag/1000 kcal of energy intake)

during the intervention period. This amount of dietary Cr is

well above the 25 Ag/day adequate intake recommended by

the Institute of Medicine, Food and Nutrition Board [44]

and consumed by American women [45], but comparable to

controlled feeding diets previously developed by our

research group (~77 Ag Cr per day) [29]. While direct

analyses of the foods consumed by the subjects would be

needed to confirm these food record data, adequate dietary

chromium intake would likely negate the effects of a CP

supplement [4,7].

The length of intervention and quantities of CP and

CLA doses tested are additional issues of interest when

interpreting the results of this and other studies. The

12-week intervention period used for the current study is

comparable to most previous CP and CLA supplementation

trials but has been questioned as too short by researchers

interested in chromium [4] and CLA [46]. Limited CP [31]

and CLA [17] studies support the possibility that the

efficacy of CP and CLA supplements may require longer-

duration studies (N6 months). The 400 Ag/day Cr and

1.8 g/day CLA doses used in the current study are within

the 200–1000-Ag/day Cr and 1.5–6-g/day CLA doses

typically used in research. We are not aware of any

systematic evaluations of dose-dependent responses of CP

or CLA on the parameters measured in this study, and

consensus is apparently lacking on the boptimumQ doses of
Cr and CLA to use in clinical research.

It is important to note that while these groups of

overweight women achieved significant weight loss, it

was less than the approximate 4.5–5.0 kg expected to occur

over 12 weeks with a 2.1 MJ/day (500 kcal/day) energy

deficit. Results from the food records indicate that

overall, the women achieved an approximate 1.13 MJ/day

(270 kcal/day) energy deficit. This should, theoretically,

result in about 2.9-kg weight loss, which is close to the

2.5-kg weight loss achieved. The underachievement of the

prescribed energy deficit likely reflects the difficulties of

implementing a counseling-based diet plan with the

expectation of quick and successful compliance.
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5. Conclusion

The results of this study support that combined supple-

mentation of CP-CLA (400 Ag Cr and 1.8 g CLA) for

12 weeks by overweight but otherwise apparently healthy

premenopausal women, in conjunction with moderate

energy restriction and exercise, did not influence losses of

body weight and body fat, compared to women who

consumed a placebo. Independent of CP-CLA supplemen-

tation, the modest improvements in body weight (3.5%),

body fat (8.9%) and aerobic fitness (4.2%) achieved by the

women did not influence indexes of metabolic and

cardiovascular health, including the lipid lipoprotein profile,

glucose tolerance and blood pressure.
Acknowledgments

We thank the volunteers for their dedication to the

project. We also greatly appreciate the hard work of

W.W.C.’s research staff, especially Nadine Carnell, MS,

RD, who performed dietary counseling; Janet Green, who

coordinated the day-to-day scheduling and testing and Heidi

Iglay, April Stull and John Apolzan who provided technical

assistance. We are grateful for Noella Bryden who

performed the chromium analyses for this study.
References

[1] Jakicic JM, Clark K, Coleman E, Donnelly JE, Foreyt J, Melanson E,

et al. American College of Sports Medicine position stand. Appro-

priate intervention strategies for weight loss and prevention of weight

regain for adults. Med Sci Sports Exerc 2001;33(12):2145–56.

[2] Blanck HM, Khan LK, Serdula MK. Use of nonprescription weight

loss products: results from a multistate survey. JAMA 2001;286(8):

930–5.

[3] Federal-Trade-Commission, United States of America Before

Federal Trade Commission, Docket No. C-3767. Issued September

12, 1997.

[4] Anderson RA. Effects of chromium on body composition and weight

loss. Nutr Rev 1998;56(9):266–70.

[5] Pittler MH, Stevinson C, Ernst E. Chromium picolinate for reducing

body weight: meta-analysis of randomized trials. Int J Obes Relat

Metab Disord 2003;27(4):522–9.

[6] McCarty MF. The case for supplemental chromium and a survey

of clinical studies with chromium picolinate. J Appl Nutr 1991;43:

58–65.

[7] Lukaski HC. Chromium as a supplement. Annu Rev Nutr 1999;

19:279–302.

[8] Nissen SL, Sharp RL. Effect of dietary supplements on lean mass and

strength gains with resistance exercise: a meta-analysis. J Appl

Physiol 2003;94(2):651–9.

[9] Vincent JB. The potential value and toxicity of chromium picolinate

as a nutritional supplement, weight loss agent and muscle develop-

ment agent. Sports Med 2003;33(3):213–30.

[10] Press RI, Geller J, Evans GW. The effect of chromium picolinate on

serum cholesterol and apolipoprotein fractions in human subjects.

West J Med 1990;152(1):41–5.

[11] Mertz W. Chromium in human nutrition: a review. J Nutr 1993;

123(4):626–33.

[12] Kleefstra N, Houweling ST, Jansman FG, Groenier KH, Gans RO,

Meyboom-de Jong B, et al. Chromium treatment has no effect in

patients with poorly controlled, insulin-treated type 2 diabetes in an
obese Western population: a randomized, double-blind, placebo-

controlled trial. Diabetes Care 2006;29(3):521–5.

[13] Rainer L, Heiss CJ. Conjugated linoleic acid: health implications

and effects on body composition. J Am Diet Assoc 2004;104(6):

963–8 [quiz 1032].

[14] Pariza MW, Park Y, Cook ME. The biologically active isomers of

conjugated linoleic acid. Prog Lipid Res 2001;40(4):283–98.

[15] Gaullier JM, Halse J, Hoye K, Kristiansen K, Fagertun H, Vik H, et al.

Conjugated linoleic acid supplementation for 1 y reduces body fat

mass in healthy overweight humans. Am J Clin Nutr 2004;79(6):

1118–25.

[16] Larsen TM, Toubro S, Astrup A. Efficacy and safety of dietary

supplements containing CLA for the treatment of obesity: evidence

from animal and human studies. J Lipid Res 2003;44(12):2234–41.

[17] Kamphuis MM, Lejeune MP, Saris WH, Westerterp-Plantenga MS.

The effect of conjugated linoleic acid supplementation after weight

loss on body weight regain, body composition, and resting metabolic

rate in overweight subjects. Int J Obes Relat Metab Disord

2003;27(7):840–7.

[18] Zambell KL, Keim NL, Van Loan MD, Gale B, Benito P, Kelley

DS, et al. Conjugated linoleic acid supplementation in humans:

effects on body composition and energy expenditure. Lipids

2000;35(7):777–82.

[19] Benito P, Nelson GJ, Kelley DS, Bartolini G, Schmidt PC, Simon

V. The effect of conjugated linoleic acid on plasma lipoproteins

and tissue fatty acid composition in humans. Lipids 2001;36(3):

229–36.

[20] Bhattacharya A, Rahman MM, McCarter R, O’Shea M, Fernandes G.

Conjugated linoleic acid and chromium lower body weight and

visceral fat mass in high-fat-diet-fed mice. Lipids 2006;41(5):437–44.

[21] Blankson H, Stakkestad JA, Fagertun H, Thom E, Wadstein J,

Gudmundsen O. Conjugated linoleic acid reduces body fat mass in

overweight and obese humans. J Nutr 2000;130(12):2943–8.

[22] Kaats GR, Blum K, Fisher JA, Adelman JA. Effects of chromium

picolinate supplementation on body composition: a randomized,

double-masked, placebo-controlled study. Curr Ther Res 1996;

57:747–56.

[23] Kaats GR, Blum K, Pullin D, Keith SC, Wood R. A randomized,

double-masked, placebo-controlled study of the effects of chromium

picolinate supplementation on body composition: a replication and

extension of a previous study. Curr Ther Res 1998;59:379–88.

[24] Harris JA, Benedict FG. A biometric study of basal metabolism in

man. Washington (DC)7 Carnegie Institute of Washington; 1919.

[25] American Diabetes Association and the American Dietetic Associa-

tion. Exchange Lists for Weight Management. 2nd ed. Alexandria VA:

American Diabetes Association. Chicago, IL7 American Dietetic

Association; 2003.

[26] Barry E, Franklin A, editors. American College of Sports Medicine,

ACSM’s guidelines for exercise testing and prescription. 6th ed.

Philadelphia7 Lippincott Williams & Wilkins; 2000.

[27] Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from

oral glucose tolerance testing: comparison with the euglycemic insulin

clamp. Diabetes Care 1999;22(9):1462–70.

[28] Watkins BA, Li Y, Lippman HE, Reinwald S, Seifert MF. A test of

Ockham’s razor: implications of conjugated linoleic acid in bone

biology. Am J Clin Nutr 2004;79(6 Suppl):1175S–85S.

[29] Campbell WW, Joseph LJ, Davey SL, Cyr-Campbell D, Anderson RA,

Evans WJ. Effects of resistance training and chromium picolinate on

body composition and skeletal muscle in older men. J Appl Physiol

1999;86(1):29–39.

[30] Anderson RA, PolanskyMM, Bryden NA, Roginski EE, Patterson KY,

Veillon C, et al. Urinary chromium excretion of human subjects: effects

of chromium supplementation and glucose loading. Am J Clin Nutr

1982;36(6):1184–93.

[31] Bulbulian R, Pringle DD, Liddy MS. Chromium supplementation in

male and female swimmers. Med Sci Sports Exerc 1996;25:511

[abstr].



M.L. Diaz et al. / Journal of Nutritional Biochemistry 19 (2008) 61–6868
[32] Thom E, Wadstein J, Gudmundsen O. Conjugated linoleic acid

reduces body fat in healthy exercising humans. J Int Med Res 2001;

29(5):392–6.

[33] Gaullier JM, Halse J, Hoye K, Kristiansen K, Fagertun H, Vik H, et al.

Supplementation with conjugated linoleic acid for 24 months is well

tolerated by and reduces body fat mass in healthy, overweight humans.

J Nutr 2005;135(4):778–84.

[34] Anderson RA, Cheng N, Bryden NA, Polansky MM, Chi J, Feng J.

Elevated intakes of supplemental chromium improve glucose and

insulin variables in individuals with type 2 diabetes. Diabetes

1997;46(11):1786–91.

[35] Whigham LD, O’Shea M, Mohede IC, Walaski HP, Atkinson RL.

Safety profile of conjugated linoleic acid in a 12-month trial in obese

humans. Food Chem Toxicol 2004;42(10):1701–9.

[36] Smedman A, Vessby B. Conjugated linoleic acid supplementation in

humans — metabolic effects. Lipids 2001;36(8):773–81.

[37] Kreider RB, Ferreira MP, Greenwood M, Wilson M, Almada AL.

Effects of conjugated linoleic acid supplementation during resistance

training on body composition, bone density, strength, and selected

hematological markers. J Strength Cond Res 2002;16(3):325–34.

[38] Bevern G, Bye A, Hals O, et al. Safety of conjugated linoleic acid

(CLA) in overweight or obese volunteers. Eur J Lipid Sci Technol

2000;102:455–62.

[39] Mougios V, Matsakas A, Petridou A, Ring S, Sagredos A,

Melissopoulou A, et al. Effect of supplementation with conjugated
linoleic acid on human serum lipids and body fat. J Nutr Biochem

2001;12(10):585–94.

[40] Kobla HV, Volpe SL. Chromium, exercise, and body composition.

Crit Rev Food Sci Nutr 2000;40(4):291–308.

[41] Campbell WW, Joseph LJ, Anderson RA, Davey SL, Hinton J, Evans

WJ. Effects of resistive training and chromium picolinate on body

composition and skeletal muscle size in older women. Int J Sport Nutr

Exerc Metab 2002;12(2):125–35.

[42] Grant KE, Chandler RM, Castle AL, Ivy JL. Chromium and exercise

training: effect on obese women. Med Sci Sports Exerc 1997;29(8):

992–8.

[43] Trent LK, Thieding-Cancel D. Effects of chromium picolinate

on body composition. J Sports Med Phys Fitness 1995;35(4):

273–80.

[44] Institute of Medicine D, editor. Dietary Reference Intakes for

vitamin A, vitamin K, arsenic, boron, chromium, copper,

iodine, iron, manganese, molybdenum, nickel, silicon, vanadium,

and zinc. Washington (DC)7 National Academy Press; 2001.

p. 197–223.

[45] Anderson RA, Kozlovsky AS. Chromium intake, absorption and

excretion of subjects consuming self-selected diets. Am J Clin Nutr

1985;41(6):1177–83.

[46] Riserus U, Smedman A, Basu S, Vessby B. Metabolic effects of

conjugated linoleic acid in humans: the Swedish experience. Am J

Clin Nutr 2004;79(6 Suppl):1146S–8S.


	Chromium picolinate and conjugated linoleic acid do not synergistically influence diet- and exercise-induced changes in body composition and health indexes in overweight women
	Introduction
	Methods and materials
	Subjects
	Experimental design and supplementation
	Supplementation
	Diet
	Exercise intervention
	Body composition
	Blood and urine collection and analyses
	Statistics

	Results
	Dietary energy and nutrient intakes
	Aerobic fitness
	Supplement compliance
	Body composition
	Metabolic and cardiovascular health indexes

	Discussion
	Conclusion
	Acknowledgments
	References


