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W E I G H T  L O S S  F O R M U L A

M A X I M U M  S T R E N G T H

L I P O L E S S
Combines two powerful and clinically proven 
ingredients in an innovative time release soft 
gel capsule.

* These statements have not been evaluated by the Food and Drug Administration. 
   This product is not intended to diagnose, treat, cure or prevent any disease.

Greenselect PhytosomeTM is a caffeine 
free standardized green tea extract that 
is supported by two independent human 
clincial studies that demonstrate its 
beneficial effects on weight management, 
and on general health when 
associated to diet. 

Greenselect PhytosomeTM has been shown to help produce 
significant weight loss in overweight test subjects. The oral 
consumption of 300 mg a day, combined with a reduced-calorie 
diet resulted in an average of 30 lbs weight loss in 90 days.*

Clarinol® CLA is a natural ingredient 
for weight management that has been 
shown to help reshape bodies by reducing 
body fat* and building lean muscle mass in 8 
to 12 weeks* when combined with a balanced 
diet and exercise program.
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Supplement Facts

Other Ingredients: Soft Gel Capsule (Gelatin, 
glycerine, polysorbate 80, purified water)

Serving size 3 soft gels
Servings per container 20

Amount Per Serving % Daily Value

Conjugated Linoleic Acid  3000 mg
[Clarinol® CLA standardized for 78%
conjugated linoleic acid]

Green tea (Camellia Sinenses) leaf 
extract  300 mg
[Greenselect PhytosomeTM caffeine free
standardized green tea extract]

†

†

† Percent Daily Value not established.
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Human Nutrition and Metabolism

Conjugated Linoleic Acid Reduces Body Fat Mass in Overweight and
Obese Humans1

Henrietta Blankson, Jacob A. Stakkestad,* Hans Fagertun,† Erling Thom,** Jan Wadstein‡

and Ola Gudmundsen2

Scandinavian Clinical Research AS, N-2027 Kjeller, Norway; **Parexel Medstat AS, Lillestrøm, Norway;
†Scandinavian Statistical Services AS, N-2027 Kjeller, Norway; *Cecor AS, Haugesund, Norway;
and ‡Natural AS, Oslo, Norway

ABSTRACT Conjugated linoleic acid (CLA) has been shown to reduce body fat mass (BFM) in animals. To
investigate the dose-response relationships of conjugated linoleic acid with regard to BFM in humans, a random-
ized, double-blind study including 60 overweight or obese volunteers (body mass index 25–35 kg/m2) was
performed. The subjects were divided into five groups receiving placebo (9 g olive oil), 1.7, 3.4, 5.1 or 6.8 g
conjugated linoleic acid per day for 12 wk, respectively. Dual-energy X-ray absorptiometry was used to measure
body composition [measurements at wk 0 (baseline), 6 and 12]. Of the 60 subjects, 47 completed the study. Eight
subjects withdrew from the study due to adverse events; however, no differences among treatment groups were
found regarding adverse events. Repeated-measures analysis showed that a significantly higher reduction in BFM
was found in the conjugated linoleic acid groups compared with the placebo group (P 5 0.03). The reduction of
body fat within the groups was significant for the 3.4 and 6.8 g CLA groups (P 5 0.05 and P 5 0.02, respectively).
No significant differences among the groups were observed in lean body mass, body mass index, blood safety
variables or blood lipids. The data suggest that conjugated linoleic acid may reduce BFM in humans and that no
additional effect on BFM is achieved with doses . 3.4 g CLA/d. J. Nutr. 130: 2943–2948, 2000.

KEY WORDS: ● conjugated linoleic acid ● body composition ● body fat mass ● lean body mass
● humans

Conjugated linoleic acid (CLA)3 is a term used to describe
positional or geometrical derivatives of linoleic acid contain-
ing conjugated double bonds. The natural source of this poly-
unsaturated conjugated fatty acid is microbial isomerization of
dietary linoleic acid (Chin et al. 1994). CLA (mainly cis-9,
trans-11 but also trans-10, cis-12 and other isomers) is readily
formed in the first biohydrogenation step of linoleic acid by
the action of linoleic acid isomerase of the bacterium Butyri-
vibrio fibrisolvens (Kepler et al. 1970 and 1971).

Consistent and convincing effects of CLA on body com-
position have been documented in several animal models, i.e.,
CLA has been shown to reduce body fat and to increase lean
body mass (LBM) in pigs (Dugan et al. 1997), mice (Pariza et
al. 1996, Park et al. 1997), rats and chicks (Pariza et al. 1996).
The CLA-induced changes have been linked to increased
lipolysis in adipocytes and enhanced fatty acid oxidation in
both adipocytes and skeletal muscle cells (Pariza et al. 1997,
Park et al. 1999b). Park et al. (1999a) showed that in mice,
dietary CLA significantly increased total carnitine palmitoyl-
transferase activity in both fat pad and skeletal muscle, but not

in the liver. In addition, hormone sensitive lipase activity was
increased in adipocytes from CLA-fed mice (Pariza et al.
1997). In 3T3-L1 adipocytes, CLA reduced heparin-releasable
lipoprotein lipase activity and intracellular concentration of
triacylglycerol and glycerol (Park et al. 1997).

The consistent and well-documented data from both ani-
mal and in vitro studies have led to an increased interest in
whether CLA exhibits the same fat-to-lean body mass repar-
titioning property in humans. The scope of this study was to
investigate the putative beneficial effects of CLA on over-
weight or obese humans in relation to body fat mass (BFM),
LBM, weight reductions and blood lipids.

SUBJECTS AND METHODS

Subjects. Subjects participating in the study were healthy men
and women recruited after an announcement in the local newspaper
at the study site. The subjects were referred to the research center
(CECOR AS, Haugesund, Norway).

Inclusion criteria. All subjects were .18 y old and had a body
mass index (BMI) . 25 kg/m2 and , 35 kg/m2. The range for BMI
was chosen in accordance with the World Health Organization
definition for grading overweight and obesity (WHO 1997).

Exclusion criteria. Subjects who had used drug therapy for
weight loss the previous week, subjects using adrenergic stimulating
medication or undergoing insulin treatment, or subjects with any
unstable medical or psychiatric illness or with any clinical condition

1 Supported by a grant from Natural Limited, Hovdebygda, Norway.
2 To whom correspondence should be addressed. E-mail: ola@scr.no
3 Abbreviations used: BFM, body fat mass; BMI, body mass index; CLA,

conjugated linoleic acid; DXA, dual-energy X-ray absorptiometry; LBM, lean body
mass; VAS, visual analog scale.
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that rendered the subject unfit to participate were excluded from the
study. In addition, pregnant lactating women were excluded.

Ethics. Approval from the Regional Ethics Committee was
given before the onset of the study. Written informed consent was
obtained from all participating volunteers. The study was conducted
in agreement with the current version of the declaration of Helsinki.

Study design. The trial was performed as a single-center, ran-
domized, double-blind, placebo-controlled study with five parallel
groups. Precise sample size estimation was problematic due to the
limited data available. Sixty subjects were allocated to two strata,
men or women in the ratios of 1/3 (n 5 20) and 2/3 (n 5 40),
respectively, and within strata randomized to placebo (9 g olive oil)
or 1.7, 3.4, 5.1 or 6.8 g CLA/d. The daily dosage was divided into
three doses taken at breakfast, lunch and dinner. The treatment
lasted for 12 wk. To ensure the double-blinding, a double-dummy
technique was used. Each subject received four boxes (marked A, B,
C and D) containing either placebo or CLA capsules. The subjects
took one capsule from each of the four boxes at each intake. Thus, in
the highest dosage group, all boxes contained CLA capsules and in
the placebo group, all boxes contained placebo capsules. The total
intake was 12 capsules per day for each subject. The active capsules
contained 750 mg oil of which 75% was CLA (Tonalin, Natural
Lipids, Norway). The CLA preparation consisted of equal parts of the
cis-9, trans-11 isomer and the trans-10, cis-12 isomer. As placebo,
olive oil capsules were chosen because this oil is regarded as relatively
inactive in this context. All capsules were opaque soft gel capsules of
identical appearance. Both active capsules and placebo capsules were
supplied by Natural Lipids, Hovdebygda, Norway.

Clinical assessment. The study required three visits to the clinic.
Measurements of BFM, LBM (total mass minus both fat mass and
bone mineral content), weight, blood pressure, heart rate and record-
ing of possible confounding factors such as physical exercise were
made at each visit. Blood samples for safety assessment and physical
examinations were scheduled for the first and third visit. In addition,
baseline characteristics and demographic data such as gender, height,
smoking and alcohol consumption were recorded on the first visit.
Adverse events were monitored throughout the study. For every
adverse event, a rating of severity, frequency, drug relation, action
taken and subject outcome was recorded. Compliance during the trial
was expressed as the discrepancy between the expected number of
capsules taken and the actual number of capsules used, divided by the
expected number of capsules taken. Blood samples were analyzed by
validated methods at a commercial clinical laboratory accredited for
all tests performed (Fürst Medical Laboratory, Oslo, Norway). The
following blood variables were analyzed: hemoglobin, erythrocytes,
white blood cells, platelets, serum creatinine, calcium, sodium, chlo-
ride, potassium, serum creatine phosphokinase, lactate dehydroge-
nase, alanine transaminase, aspartate transaminase, serum ferritine,
g-glutamyl transferase, bilirubin, glucosylated hemoglobin A1c, serum
lipase (activity), triglycerides, total cholesterol, LDL cholesterol,
HDL cholesterol and lipoprotein (a).

Measurement of body composition. Dual-energy X-ray absorpti-
ometry (DXA) was used to measure body composition. The DXA
measurement was performed with a Hologic QDR-2000, (Hologic,
Waltham, MA).

Self-evaluation of quality of life. Possible treatment effects on
working capacity, general vitality and some other aspects of quality of
life were assessed by a quality of life questionnaire using visual analog
scales (VAS) of 100 mm. The VAS registration was comprised of
seven questions related to sleep, gain from training, appetite, mood,
stress, working capacity and leisure activity during the last 14 d. The
subjects assessed these questions twice during the study (at baseline
and at 12 wk).The subjects were asked to score the different catego-
ries by putting a mark between the end points [not at all satisfied (0
mm) or completely satisfied (100 mm)]. Scores at baseline were then
compared with scores after 12 wk by taking the difference between
the wk 0 (baseline) and the wk 12 values for each category. This
difference was used for the statistical analysis.

Physical training. The subjects received an offer by a local
training center in Haugesund to follow a standard training program.
The training was registered as light (without sweat) or intensive
(with sweat).

Statistical analysis. Means were used for estimation of the
expected value for continuously distributed variables, and are given
with SD and number of subjects. Most variables, including main
variables, were considered normally distributed; thus parametric
methods were used for estimation and statistical significance testing.
Frequency rates were used for estimation of categorical variables.
Changes from wk 0 to 6 and from wk 0 to 12 within treatment groups
were tested with a paired t test; however, in some cases in which a
large proportion of subjects showed no change, the Sign test or
Wilcoxon Rank-Sum test was used. Differences among the five treat-
ment groups were analyzed with ANOVA test (demographic and
clinical variables at inclusion), repeated-measures ANOVA (clinical
variable differences between wk 0 and 6 or 12) and analysis of
covariance (laboratory variables measured at wk 0 and 6 with wk 0
value as cofactor). The null hypothesis stated equal changes between
treatment groups vs. at least one of the active groups different from
placebo. Dunnett’s test was used for testing each of the four active
groups pair wise against placebo, controlling for type-I error. Cate-
gorical variables were analyzed using Fisher’s exact test. A P-value
# 0.05 was regarded as significant, and all tests were performed
two-sided. The statistical analyses were performed using the Statisti-
cal Analysis Systems version 6.12 (SAS Institute, Cary, NC).

Subjects with two visits or more (at least wk 0 and 6) were
included in the main analysis, whereas subjects with only the wk 0
visit were not included. A few subjects missed some of the wk 6
values. For these subjects, values were interpolated by taking the
mean of the wk 0 and 12 values. Last-value-carried-forward was not
applied here because the number of subject visits was limited.

RESULTS

Background. The number of subjects included in the
study was 60 (5 3 12 subjects). The data analyzed in the main
analysis were from 52 subjects because 8 subjects withdrew
during the first 6 wk of the study. There were no differences in
baseline registrations of height, weight and BMI or in demo-
graphic variables such as gender, age, smoking and alcohol
habits when subjects included in the main analyses were
examined (Table 1). Moreover, demographic data and base-
line characteristics of the eight subjects that withdrew were
not different from the data obtained from the main analyses.
Five subjects withdrew from the study between wk 6 and 12;
these subjects were not included in the analyses performed for
the final visit. Thus, 47 of 60 subjects completed the study.
The reasons for subject withdrawals from the study were ad-
verse events for eight subjects and five subjects did not return
even after reminders (Fig. 1). The rates of adverse events did
not differ significantly among treatment groups.

Compliance for subjects in the main analysis (52 subjects),
when still present in the study, were 87, 82, 84, 85 and 88% in
the 0, 1.7, 3.4, 5.1 and the 6.8 g CLA groups, respectively. The
total compliance rates for the 47 subjects that concluded the
study were 88, 77, 89, 85 and 81 for the 0, 1.7, 3.4, 5.1 and the
6.8 g CLA groups, respectively. No significant differences
among groups regarding withdrawal or total compliance rates
were observed.

Effects of CLA on weight and body composition. None of
the groups had a significant reduction in weight or BMI after
12 wk of treatment (Table 2). No differences were observed
among the different treatment groups for these variables. How-
ever, when BFM over the course of the study was analyzed
(Table 3), differences among treatment groups were found.
When active groups were tested pairwise against placebo,
significant differences in favor of the 1.7, 3.4 and 6.8 g CLA
groups were found. Within the different groups, a significant
reduction in BFM was found in the 3.4 and 6.8 g CLA groups
(Table 3) after 12 wk of treatment.

No difference was found among the five treatment groups in
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LBM, although the increased LBM seen within all CLA groups
was not seen in the placebo group (Table 3). However, only
the 6.8 g CLA group showed a significant increase in LBM
from wk 0 (baseline) to wk 12 (Table 3)(Fig. 2).

The 6.8 g CLA group was the only group with significant
increases in the number of hours of intensive training during
the study, whereas the 5.1 g CLA group showed a significant
decrease in light training during the study (Table 4). No
significant differences were found among the groups regarding
either intensive or light training.

Clinical laboratory analyses and vital sign observations.
Blood samples were analyzed to monitor safety and effects of
the CLA treatment. Some changes were observed within each
group. In the placebo group, a significant increase in glucose
after 12 wk was found (P 5 0.02). In all CLA-treated groups,
significant reductions in blood lipids (total cholesterol, HDL
cholesterol or LDL cholesterol) were found (Table 5). Addi-
tionally, a significant increase in potassium (P 5 0.02), and a
decrease in serum creatinine (P 5 0.004) and platelets (P
5 0.02) were found in the 3.4 g CLA group. In the 5.1 g CLA
group, significant reductions in serum creatinine (P 5 0.05)
and bilirubin (P 5 0.05) were found. A significant reduction
in creatine-phosphokinase (P 5 0.03) was found in the 6.8 g
CLA group. None of these changes, however, were considered
clinically important.

TABLE 1

Demographic data and baseline characteristics1

Gender

Age Height Weight BMIF M

K n y cm kg kg/m2

Placebo 10 8 2 44.4 6 13.2 169 6 9 79.8 6 6.0 28.0 6 2.4
CLA 1.7 g 12 8 4 47.2 6 13.5 173 6 10 88.6 6 10.4 29.7 6 2.5
CLA 3.4 g 8 5 3 42.8 6 10.4 174 6 7 83.6 6 8.2 27.7 6 2.1
CLA 5.1 g 11 7 4 47.7 6 11.3 171 6 11 86.2 6 14.6 29.4 6 2.6
CLA 6.8 g 11 7 4 44.3 6 12.7 172 6 8 90.1 6 13.5 30.3 6 2.9

1 Demographic data and baseline characteristics were recorded at the first visit (wk 0). The values for age, height, weight and body mass index
(BMI) are given as means 6 SD. None of these characteristics were different among the groups at study start (ANOVA F-test).

FIGURE 1 Disposition of subjects (n 5 60) during the study. Eight
subjects withdrew during the first 6 wk and 5 subjects withdrew be-
tween wk 6 and 12. Forty-seven subjects completed the study. Only
subjects with two visits or more [at least wk 0 (baseline) and 6] were
included in the main analysis.

TABLE 2

Body weight and body mass index (BMI) of obese and overweight men and women given placebo or varying amounts of CLA1,2

Treatment group n

Week

D, wk 0–120 6 12

Weight, kg
Placebo 8 80.8 6 6.4 81.3 6 7.0 82.2 6 7.3 1.4 6 1.9
CLA 1.7 g 11 87.8 6 10.4 87.7 6 10.0 87.4 6 9.0 20.4 6 2.6
CLA 3.4 g 7 82.6 6 8.3 82.9 6 8.6 82.2 6 9.5 20.4 6 1.7
CLA 5.1 g 11 86.2 6 14.6 86.8 6 14.8 86.1 6 15.0 20.1 6 0.9
CLA 6.8 g 10 89.4 6 14.0 89.1 6 14.6 88.6 6 13.7 20.8 6 2.0

BMI, kg/m2

Placebo 8 28.1 6 2.4 28.3 6 2.5 28.6 6 2.6 0.5 6 0.7
CLA 1.7 g 11 29.9 6 2.5 29.9 6 2.5 29.8 6 2.3 20.1 6 0.9
CLA 3.4 g 7 27.2 6 1.6 27.3 6 1.5 27.1 6 1.9 20.2 6 0.5
CLA 5.1 g 11 29.4 6 2.6 29.6 6 2.7 29.4 6 2.7 20.0 6 0.3
CLA 6.8 g 10 30.4 6 3.0 30.3 6 3.0 30.2 6 2.8 20.3 6 0.7

1 Each value is the mean 6 SD. None of the changes within the groups or the differences among the groups were significant.
2 Measurements of weight and body mass index (BMI) were made at each visit (wk 0, 6 and 12).
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No clinically important changes were found in heart rate or
blood pressure over the course of the study. Among the dose
groups, there were no differences in safety variables.

Adverse events. The frequency of adverse events in the
original 60 subjects was 60% (36/60), and no significant dif-
ferences among the different treatment groups were observed.
In eight subjects, adverse events resulted in subject withdraw-
als, but the treatment groups did not differ significantly re-
garding rate of withdrawal related to adverse event. One of
these adverse events was serious because the subject was hos-
pitalized due to a relapse of asthma, but this adverse event was
not judged to be drug related (the subject was in the 3.4 g CLA
group). Of all adverse events reported, one was considered to
be severe (fatigue); the remainder were of a mild-to-moderate
character. The most frequent adverse events were gastrointes-

tinal symptoms. These events could be drug related. The
numbers of possibly drug related adverse events were 3, 5, 9, 8
and 11 in the placebo, 1.7, 3.4, 5.1 and 6.8 g CLA groups,
respectively. Of these 36 adverse events, 20 were gastrointes-
tinal symptoms. Altogether, 55% of the adverse events were
considered to have a possible connection to the study treat-
ment. No difference was found among the groups regarding the
frequency of possible drug-related events.

As pointed out above, adverse events resulted in eight
subject withdrawals; seven of these were in active treatment
groups and one in the placebo treatment group. The other
subjects had transient adverse events that disappeared during
continuous treatment without any dose adjustments.

Quality of life. The VAS assessed possible treatment
effects on some aspects of the quality of life. Positive changes
i.e., a subjective experience of improvement of the conditions
monitored by the VAS were observed only in the CLA-treated
groups (Table 6).

DISCUSSION

The present data indicate that consumption of CLA re-
duces BFM in overweight and moderately obese healthy vol-
unteers. A significant reduction in BFM was found in the 3.4
and 6.8 g CLA groups. Moreover, when testing the active
groups pairwise against placebo, the 1.7, 3.4 and 6.8 g CLA
groups were different from the placebo group. These results are
in contrast to those of Atkinson (1999), who did not find any
differences between the CLA group (2.7 g CLA) and the
placebo group in a 6-mo placebo-controlled, randomized, dou-
ble-blind study in obese volunteers. However, some studies
have been performed in subjects of normal weight that dem-
onstrate an effect of CLA on body composition. In a placebo-
controlled, double-blind trial by Vessby and Smedman (1999),
the reduction of body fat after 12 wk of treatment with 4.2 g
CLA/d was 1.2% (P , 0.0001). On the other hand, Kreider
[reviewed in Doyle (1998)] did not find that CLA affected
body fat in weight lifters with an initially low body fat per-
centage (14%). However, CLA had a positive effect on muscle
strength and the ability to handle training and immune stress.
This is interesting because the only group in this study that

TABLE 3

Body fat mass (BFM) and lean body mass (LBM) of obese and overweight men
and women given placebo or varying amounts of CLA1

Treatment group n

Week

D, wk 0–120 6 12

BFM, kg
Placebo 8 30.8 6 6.0 31.0 6 5.9 32.3 6 7.4 1.47 6 2.43
CLA 1.7 g 11 34.4 6 6.9 34.3 6 7.3 33.3 6 6.1 21.15 6 2.691

CLA 3.4 g 7 30.1 6 4.8 29.4 6 5.0 28.3 6 5.1 21.73 6 1.901*
CLA 5.1 g 11 33.6 6 7.2 33.7 6 7.2 33.2 6 7.2 20.43 6 1.74
CLA 6.8 g 10 34.7 6 9.7 34.4 6 9.7 33.4 6 8.9 21.30 6 1.461*

LBM, kg
Placebo 8 45.7 6 8.9 45.9 6 9.0 45.6 6 9.8 20.05 6 2.43
CLA 1.7 g 11 48.7 6 10.3 48.8 6 10.5 49.5 6 9.7 0.87 6 1.57
CLA 3.4 g 7 47.8 6 9.3 48.3 6 9.6 49.1 6 9.8 1.26 6 2.17
CLA 5.1 g 11 48.0 6 12.4 48.5 6 12.7 48.6 6 12.9 0.54 6 1.44
CLA 6.8 g 10 50.1 6 11.1 50.1 6 11.6 51.0 6 10.6 0.88 6 1.06*

1 Each value is the mean 6 SD. Significant changes within each group are marked with *(P # 0.05) and difference between a CLA group and
placebo is marked with 1(P # 0.05). Taken together, the data show a significant reduction in BFM in the CLA-treated groups compared with the
placebo group (P 5 0.03).

FIGURE 2 Body fat mass and lean body mass in obese and
overweight men and women given placebo or varying amounts of CLA.
Body fat mass and lean body mass were measured by dual-energy
X-ray absorptiometry at wk 0 and 12 and expressed as the difference
between the values at wk 0 and 12. *P # 0.05 for significance of
difference between CLA treatment group and placebo group.
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TABLE 4

Average training hours of obese and overweight men and women given placebo or varying amounts of CLA

Treatment group n

Week

D, wk 0–120 6 12

Intensive training, h
Placebo 8 1.0 6 0.9 2.4 6 2.3 0.9 6 0.8 20.1 6 1.3
CLA 1.7 g 11 0.6 6 1.3 0.7 6 0.8 0.2 6 0.4 20.4 6 1.1
CLA 3.4 g 7 0.3 6 0.8 0.3 6 0.8 1.3 6 2.2 1.0 6 1.5
CLA 5.1 g 11 0.3 6 0.6 1.9 6 2.5 1.6 6 2.2 1.3 6 2.4
CLA 6.8 g 10 0.5 6 1.3 1.1 6 1.7 1.7 6 1.6 1.2 6 1.3*

Light training, h
Placebo 8 1.5 6 1.4 3.9 6 6.7 1.4 6 1.2 20.1 6 1.1
CLA 1.7 g 11 3.1 6 2.4 3.2 6 4.3 3.3 6 4.1 0.2 6 3.9
CLA 3.4 g 7 2.3 6 3.3 2.6 6 2.4 2.1 6 2.6 20.2 6 3.3
CLA 5.1 g 11 3.5 6 2.6 3.2 6 3.1 1.8 6 2.4 21.7 6 2.2*
CLA 6.8 g 10 1.8 6 1.5 2.6 6 2.0 2.2 6 2.6 0.4 6 3.3

1 A specialized training program was designed for the subjects at a local training center. The amount of training of each subject was recorded and
grouped as hours of intensive or light training. Each value is the mean 6 SD. No differences were observed among the treatment groups for either
intensive or light training hours. * P # 0.03 for significance of change from wk 0 to 12 within the treatment group.

TABLE 5

Serum lipase activity and blood lipids of obese and overweight men and women given placebo or varying levels of CLA1

Registration
Placebo
n 5 8

CLA 1.7 g
n 5 11

CLA 3.4 g
n 5 7

CLA 5.1 g
n 5 11

CLA 6.8 g
n 5 10

D, wk 0–12

Triglycerides, mmol/L 0.07 6 0.3 0.09 6 0.4 0 6 0.5 0.04 6 0.6 0.04 6 0.3
Total cholesterol, mmol/L 20.3 6 0.9 20.4 6 0.5* 20.4 6 0.3* 20.2 6 0.6 20.2 6 0.6
LDL cholesterol, mmol/L 20.2 6 0.8 20.3 6 0.4* 20.3 6 0.3* 20.1 6 0.7 20.1 6 0.5
HDL cholesterol, mmol/L 20.1 6 0.2 20.1 6 0.11 20.1 6 0* 20.1 6 0.1* 20.2 6 0.21

Serum lipase activity, U/L 0 6 21 0 6 13.3 25 6 22.6 21 6 10.8 24 6 20.4
Lipoprotein (a), mg/L 2 6 74.9 22 6 45.9 13 6 34.1 2 6 49.1 22 6 41.1

1 Blood lipid analyses were performed at baseline and wk 12. The difference from wk 0 to 12 is the mean 6 SD. * P # 0.05 for significance of change
from wk 0 to 12 within the treatment group; 1 P , 0.01 for significance of change from wk 0 to 12 within the treatment group.

TABLE 6

Subject visual analog scales (VAS) registrations in obese and overweight men and women given placebo or varying levels of CLA1

Registration

Mean change from baseline

Placebo CLA 1.7 g CLA 3.4 g CLA 5.1 g CLA 6.8 g

mm

Sleep 4.5 6 22.9 (8) 27.6 6 11.1 (11)* 28.3 6 21.0 (7) 23.8 6 8.8 (11) 23.6 6 3.6 (10)**
Gain from training 23.8 6 22.5 (8) 26.5 6 10.5 (11) 210.9 6 14.3 (7)* 27.0 6 15.9 (11) 21.6 6 14.3 (10)
Appetite 22.1 6 5.6 (8) 21.7 6 4.3 (11) 26.7 6 3.1 (7)† 21.2 6 3.7 (11) 22.7 6 3.6 (10)*
Mood 23.5 6 5.6 (8) 0.5 6 11.9 (11) 26.6 6 2.4 (7)† 21.7 6 3.7 (11) 22.5 6 4.0 (10)
Stress 18.8 6 31.9 (8) 214.9 6 25.0 (11)** 24.6 6 2.6 (7)** 29.7 6 20.9 (11)* 29.2 6 12.0 (10)
Working capacity 26.8 6 9.3 (6) 23.1 6 3.8 (10)* 24.5 6 1.9 (10)** 21.8 6 4.6 (10) 24.7 6 5.4 (10)*
Leisure activity 213.0 6 15.1 (6) 23.1 6 3.6 (10)* 22.7 6 7.7 (6) 27.2 6 7.2 (10)* 28.9 6 16.1 (10)

1 The individual assessments of questions related to sleep, gain from training, appetite, humor, stress, working capacity and leisure activity during
the last 14 d were recorded at wk 0 (baseline) and wk 12. The subjects were asked to score the different categories by putting a mark between the
endpoints [0 mm (not at all satisfied) and 100 mm (completely satisfied)]. The difference from wk 0 to 12 is given as the mean 6 SD with the number
of subjects in parentheses. * P # 0.05 for significance of change from wk 0 to 12 within the treatment groups; ** P , 0.01 for significance of change
from wk 0 to 12 within the treatment groups; † P , 0.001 for significance of change from wk 0 to 12 within the treatment groups.
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had a significant increase in LBM was the group that had
intensified their training. Whether the increased LBM is an
effect of the increased training activities or an effect of CLA
intake is difficult to decide. However, a small, albeit not
significant increase was seen in all CLA-treated groups.

The CLA preparation used in this study contained equal
amounts of the cis-9, trans-11 isomer and the trans-10, cis-12
isomer. The effects of CLA presented in this study could
therefore result from either or both of these isomers. The cis-9,
trans-11 isomer has been regarded as the biologically most
active isomer because of its abundance relative to the other
isomers in biological membranes of mice and rats (Ha et al.
1990, Ip et al. 1991). However, the trans-10, cis-12 isomer has
been associated with reduced BFM and enhanced body protein
in mice, whereas no such changes in body composition have
been found due to the cis-9, trans-11 isomer (Park et al.
1999b). Furthermore, the trans-10, cis-12 isomer, but not the
cis-9, trans-11 isomer has been found to reduce lipoprotein
lipase activity, intracellular triacylglycerol and glycerol, and to
enhance glycerol release into the medium in cultured 3T3-L1
adipocytes (Park et al. 1999b). Interestingly, the ratio of cis-9,
trans-12 and trans-10, cis-12 varies dependent on the tissue
(Park et al. 1995). This means that individual CLA isomers
may trigger different responses in different tissues. Thus, the
effect of CLA on LBM may be uncoupled from the effect of
CLA on BFM.

In this study, blood CLA levels were not measured. This
may be of importance because the subjects may vary with
respect to the quantity of CLA-rich food they ingest per day.

An effect of CLA on early arteriosclerosis, concomitant
with a reduction in plasma total and LDL cholesterol levels,
was reported in rabbits (Lee et al. 1994) and hamsters (Nico-
losi et al. 1993). Clinically important reductions in total or
LDL cholesterol were not seen in this study. It may be that the
treatment period was too short for such reductions to appear,
but divergent responses in different species and the initial level
of cholesterol may also play a role.

A reduction in the HDL level was found in all the CLA-
treated groups after 12 wk of treatment. This reduction might
be of importance and should be investigated in future studies.
In addition, the reduced LDL cholesterol level found in the 1.7
and 3.4 g CLA-treated groups after 12 wk might be of some
importance.

Both withdrawal rates and the occurrence of adverse events
were quite high in the study. This may be caused by the
number of capsules that were to be taken each day (12 cap-
sules). As reported by Vessby and Smedman (1999), the dom-
inant nuisances reported were of gastrointestinal origin. These
events could have been caused by the capsules or the oil per se
rather than the high content of CLA.

In general, the subjects in the present trial participated with
the goal of improving some aspect of their quality of life. These
results may be of importance, and future CLA studies should
include validated measurements to investigate further the ef-
fects of CLA on general well-being.

In conclusion, we want to emphasize that the beneficial
effects of CLA with regard to BFM and LBM are promising.

The number of subjects in this study was relatively small and
may thus be a limiting factor in reaching general conclusions.
However, at present, a dose of 3.4 g CLA/d for 12 wk seems to
be sufficient to reduce BFM significantly in overweight and
obese humans. A conclusion regarding the optimal dose of
CLA and duration of treatment cannot be made on the basis
of these limited data, but the current data provide a solid
platform for future studies.
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ABSTRACT Isomers of conjugated linoleic acid (CLA) are found in beef, lamb and dairy products. Diets containing
CLA reduce adipose mass in various depots of experimental animals. In addition, CLA delays the onset of diabetes
in the ZDF rat model for obesity-linked type 2 diabetes mellitus. We hypothesize that there would be an inverse
association of CLA with body weight and serum leptin in subjects with type 2 diabetes mellitus. In this double-blind
study, subjects with type 2 diabetes mellitus were randomized into one of two groups receiving either a supplement
containing mixed CLA isomers (CLA-mix; 8.0 g daily, 76% pure CLA; n � 12) or a supplement containing safflower
oil (placebo; 8.0 g daily safflower oil, n � 9) for 8 wk. The isomers of CLA in the CLA-mix supplement were primarily
c9t11-CLA (�37%) and t10c12-CLA (�39%) in free fatty acid form. Plasma levels of CLA were inversely associated
with body weight (P � 0.05) and serum leptin levels (P � 0.05). When levels of plasma t10c12-CLA isomer were
correlated with changes in body weight or serum leptin, t10c12-CLA, but not c9t11-CLA, was inversely associated
with body weights (P � 0.05) and serum leptin (P � 0.02). These findings strongly suggest that the t10c12-CLA
isomer may be the bioactive isomer of CLA to influence the body weight changes observed in subjects with type
2 diabetes. Future studies are needed to determine a causal relationship, if any, of t10c12-CLA or c9t11-CLA to
modulate body weight and composition in subjects with type 2 diabetes. Furthermore, determining the ability of
CLA isomers to influence glucose and lipid metabolism as well as markers of insulin sensitivity is imperative to
understanding the role of CLA to aid in the management of type 2 diabetes and other related conditions of insulin
resistance. J. Nutr. 133: 257S–260S, 2003.

KEY WORDS: ● conjugated linoleic acid ● body weight ● leptin ● type 2 diabetes mellitus

Conjugated linoleic acid (CLA) refers to a group of poly-
unsaturated fatty acids (PUFA) that exist as positional and
stereoisomers of conjugated dienoic octadecadienoate (18:2).
The predominant isomer in foods is the c9t11-CLA isomer
(1,2) (also called “rumenic acid”) (3) followed by 7,9-CLA
(c/t), 11,13-CLA (c/t), 8,10-CLA (c/t) then t10c12-CLA
isomer (1). CLA is found primarily in foods such as beef, lamb
and dairy foods (2,4,5). A synthetic mixture of CLA (referred
to as CLA-mix) may also be found in nutritional supplements
and is composed primarily of the c9t11-CLA and the t10c12-
CLA isomers (Fig. 1).

Conjugated linoleic acid alters adipose tissue distribution

The conjugated fatty acids, or CLA, reduce adiposity in
normoglycemic (nondiabetic) individuals as well as experi-
mental animals including mice, rats, and pigs (6–8). Total
adipose tissue mass was reduced by over 50% in mice fed a diet
containing CLA-mix (1.0 wt %) compared to mice fed a
control diet (without CLA). The reduction of adiposity by
dietary CLA could be sustained in mice even after CLA was
removed from the diet (9). Subsequent studies in nonobese
mice demonstrated that some depots of fat mass were more
sensitive than others to the effects of CLA. Diets with CLA-
mix were especially effective in reducing adipose tissue mass in
retroperitoneal and epididymal white adipose tissues (10–12)
as well as brown adipose tissue (11).

There appears to be an isomer-specific effect of CLA on
adiposity. t10c12-CLA is much more effective at lowering
adipose tissue mass than the c9t11-CLA isomer in mice (13).
In addition, t10c12-CLA is the effective isomer for modulat-
ing gene expression in cultured 3T3-L1 preadipocytes (14).
The ability of CLA to reduce adipose tissue mass occurs

1 Presented as part of the symposium “Dairy Product Components and
Weight Regulation” given at the 2002 Experimental Biology meeting on April 21,
2002, New Orleans, LA. The symposium was sponsored in part by Dairy Man-
agement Inc. and General Mills, Inc. The proceedings are published as a supple-
ment to The Journal of Nutrition. Guest editors for the symposium were Dorothy
Teegarden, Department of Foods and Nutrition, Purdue University, West Lafay-
ette, IN, and Michael B. Zemel, Departments of Nutrition and Medicine, The
University of Tennessee, Knoxville, TN.

2 Supported by Pharmanutrients, Inc. (Lake Bluff, IL) and Natural, Inc. (Chi-
cago, IL).

3 To whom correspondence should be addressed. E-mail: belury.1@osu.edu.
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regardless of food intake or fat level (total fat level, 6.5–20.0
wt %) in growing mice so that feed efficiency is affected (6,9).
Furthermore, CLA reduces leptin in diabetic (ZDF) rats (15),
nondiabetic mice (11) and humans with type 2 diabetes (Be-
lury, M. A., unpublished data). Because leptin is a hormone
secreted by adipose tissue that regulates food intake, it may be
of significance to note that dietary CLA reduces food intake in
mice and rats (7,16). However, supplementation with CLA in
nonobese humans (3.0 g/d) has a modest and transient effect
on leptin and had no effect on food intake (17). There is a
possibility that a higher dose of CLA and/or longer duration of
supplementation of CLA may affect food intake but this is yet
to be determined.

Although most studies using nonobese or growing animal
models have shown that dietary CLA lowers adipose tissue
mass, not all studies show such an inverse relationship be-
tween dietary CLA and adipose tissue mass. Obese Zucker rats
(8), but not diabetic fatty Zucker (ZDF) rats (12), exhibit an
adipose-enhancing effect of dietary CLA-mix (8). In
C57BL/6J mice, a mouse model for obesity and insulin resis-
tance, long-term feeding with CLA-mix (1.0% CLA for 8 mo)
leads to the formation of lipodystrophy, resulting in complete
ablation of brown adipose tissue, increased fat accumulation in
the liver and reduced leptin. Eventually, the lipodystrophic
mice fed CLA developed insulin resistance (11). However,
others have found this effect was transient (18). Mice
(C57BLK Leprdbdb/leprdbdb) fed for 12 wk with CLA-mix diets
exhibited induction of insulin resistance after 5 wk of feeding
but a restoration of insulin sensitivity by 11 wk (18). These
data suggest the effect of CLA on adiposity may be dependent
on preexisting adiposity and/or insulin sensitivity.

In adult humans, the association of supplementation with
CLA-mix and reductions of body weight or adipose tissue mass
has been demonstrated in some (19–21) but not all (22,23)
studies. In one study, overweight or obese human subjects
supplemented with CLA-mix (3.4–6.0 g/d) for 12 wk exhib-
ited a significant reduction of fat mass (20), whereas another
study showed no such benefit of CLA supplementation (23).
More recent studies have demonstrated that CLA supplemen-
tation reduces body weight, leptin and/or body adiposity in
people (19,21; Belury, M. A., unpublished data). It is likely
that dose, duration (short- vs. long-term) and the isomeric
composition of CLA will each impact the ability of CLA to
affect obesity in humans. In addition, how strain-, species-,
age- and sex-specific effects of various isomers of CLA to
influence adipose tissue accumulation, either in obese humans
or those seeking to prevent adipose gain, is yet to be deter-
mined. Furthermore, a well-controlled study to determine the

role of CLA in altering the distribution of adipose tissue (e.g.,
intraabdominal vs. subcutaneous fat) using validated methods
has yet to be reported.

Conjugated linoleic acid affects body weight in human
subjects with type 2 diabetes

Several risk factors for developing type 2 diabetes have
been identified, including obesity, impaired glucose tolerance,
some ethnicities (e.g., African-American, Asian, Pacific Is-
landers and Native American), advancing age, gestational
diabetes, a positive family history of type 2 diabetes and lipid
abnormalities. Central to all of these risk factors is the influ-
ence of obesity. In fact, lifestyle intervention resulting in a
modest reduction of body weight (�7%) was associated with a
58% reduction in the incidence of diabetes in a cohort of
people who were considered at high risk for developing this
disease (24).

Previous studies from our laboratory demonstrated that
CLA delays the onset of diabetes in the ZDF rat model.
Therefore, we designed a study to elucidate the relationship of
CLA to improvements in the management of type 2 diabetes
mellitus in humans (Belury, M. A., unpublished results). Cri-
teria for enrollment in this study included the requirement
that subjects were not currently using medication for glucose
control. The study was double blinded, where subjects were
randomized in a block design according to fasting blood glu-
cose values for either CLA supplementation (n � 11; 6.0 g/d)
or safflower placebo supplementation (n � 10) for a duration
of 8 wk. The CLA-mix supplement was composed of c9t11-
CLA (�37%), t10c12-CLA (�39%), palmitic (6%), stearic
(4%), oleic and linoleic (15%) acids in free fatty acid form.

Dietary intake of energy and fat quantity and quality were
measured by use of a 3-d diet record followed by four repeated
measures using a 24-h recall analysis. Dietary records were
analyzed with the Minnesota Database (University of Minne-
sota, St. Paul, MN). Dietary intake of energy (kcal), fat (%
kcal) or fat quality were similar between treatment groups at
baseline. Subjects were instructed to maintain a healthy diet
using the Food Guide Pyramid as a guide and were asked not
to change their diet or activity habits for the 8-wk interven-
tion period. There was no significant change in dietary energy
or fat calories between week 0 and week 8 for either group.
Compliance of subjects for pill consumption was reported to be
�80–100% for pills consumed for all subjects in either group.
Through use of a plasma biomarker for compliance, the accu-
mulation of the t10c12-CLA isomer in plasma was significant
(P � 0.05) for subjects supplemented with CLA (data not
shown). In addition to measuring body weight and dietary
composition, serum leptin was measured by radioimmunoassay
(LINCO, St. Charles, MO). By week 8, supplementation with
CLA (6.0 g CLA/d) was associated with decreases in fasting
plasma glucose in nine out of 11 (81%) subjects on CLA
supplementation and two out of 10 (20%) subjects on safflower
supplementation.

When the level of CLA that accumulated in plasma was
correlated with the change in body weight, there was a signif-
icant inverse correlation (r � �0.4234; P � 0.05) (Fig. 2). In
addition, the plasma level of CLA was significantly inversely
correlated with serum leptin (r � �0.4275; P � 0.05). Be-
cause the c9t11-CLA isomer is the predominant isomer found
in foods such as beef, lamb and dairy foods, we determined the
association of this isomer in plasma to changes in body weight
or serum leptin. Associations of plasma c9t11-CLA to body
weight or serum leptin were not significant (r � �0.2873 and
r � �0.3224, respectively; data not shown). Because the

FIGURE 1 Structures of c9t11-CLA and t10c12-CLA.
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t10c12-CLA isomer has been shown to be the bioactive isomer
to reduce adipose tissue in experimental animals, we deter-
mined the correlation coefficient of changes in body weight
and leptin vs. t10c12-CLA levels in plasma.

In contrast to findings with the c9t11-CLA levels in
plasma, the correlation coefficients for the t10c12-CLA isomer
vs. changes in body weight or serum leptin were significant
(body weight, r � �0.4309; P � 0.05; leptin, r � �0.5260, P
� 0.02) (Fig. 3). Furthermore, the coefficients were stronger
than the relationship for total plasma CLA to either body
weight or serum leptin. These data suggest the lower body
weights and serum leptin values in the subjects supplemented
with CLA are attributed to the accumulation of the t10c12-
CLA isomer in the plasma.

Unfortunately, body fat mass and distribution were not
measured in this study. However, a recent study suggests a
lowering of abdominal adiposity where there was an inverse
relationship between supplementation with CLA-mix (4.2
g/d) for 12 wk and sagittal abdominal diameter (25) in over-
weight subjects. It is possible that the changes in serum leptin
values that we observed may simply reflect a reduction in
adipose tissue mass; however, leptin secretion may be more
highly associated with reduced subcutaneous, not intraab-
dominal, adipose tissue mass (26). Of further note, a second
neuroendocrine hormone, adiponectin, may be highly and
inversely correlated to intraabdominal adipose mass (27). Un-
fortunately, we did not measure abdominal fat mass or adi-
ponectin in this study, although future studies are warranted
with such an analysis.

Summary

The intake of dairy foods has been shown to be correlated
with reduced body fat and enhanced insulin sensitivity in
various cohorts. A potential group of bioactive compounds
that could explain these effects might be CLA. However, our
data suggest that there is a stronger correlative of the t10c12-
CLA isomer than the naturally occurring rumenic acid (c9t11-
CLA). Further work is needed to address the specific actions of
the t10c12-CLA vs. c9t11-CLA isomers in the management of
body weight in subjects with type 2 diabetes. In addition to
determining the influence of CLA to reduce intraabdominal
adiposity, it is important to determine the extent that favor-
able modifications of adipose tissue (e.g., reduction and/or
redistribution) by CLA or various CLA isomers may affect
glucose and lipid metabolism as well as insulin sensitivity in
subjects with type 2 diabetes mellitus.
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Conjugated linoleic acid supplementation for 1 y reduces body fat
mass in healthy overweight humans1–3

Jean-Michel Gaullier, Johan Halse, Kjetil Høye, Knut Kristiansen, Hans Fagertun, Hogne Vik, and Ola Gudmundsen

ABSTRACT
Background: Short-term trials showed that conjugated linoleic acid
(CLA) may reduce body fat mass (BFM) and increase lean body
mass (LBM), but the long-term effect of CLA was not examined.
Objective: The objective of the study was to ascertain the 1-y effect
of CLA on body composition and safety in healthy overweight
adults consuming an ad libitum diet.
Design: Male and female volunteers (n � 180) with body mass
indexes (in kg/m2) of 25–30 were included in a double-blind,
placebo-controlled study. Subjects were randomly assigned to 3
groups: CLA–free fatty acid (FFA), CLA-triacylglycerol, or placebo
(olive oil). Change in BFM, as measured by dual-energy X-ray
absorptiometry, was the primary outcome. Secondary outcomes in-
cluded the effects of CLA on LBM, adverse events, and safety
variables.
Results: Mean (�SD) BFM in the CLA-triacylglycerol and CLA-
FFA groups was 8.7� 9.1% and 6.9� 9.1%, respectively, lower
than that in the placebo group (P � 0.001). Subjects receiving CLA-
FFA had 1.8� 4.3% greater LBM than did subjects receiving pla-
cebo (P� 0.002). These changes were not associated with diet or
exercise. LDL increased in the CLA-FFA group (P � 0.008), HDL
decreased in the CLA-triacylglycerol group (P � 0.003), and li-
poprotein(a) increased in both CLA groups (P� 0.001) compared
with month 0. Fasting blood glucose concentrations remained un-
changed in all 3 groups. Glycated hemoglobin rose in all groups from
month 0 concentrations, but there was no significant difference be-
tween groups. Adverse events did not differ significantly between
groups.
Conclusion: Long-term supplementation with CLA-FFA or CLA-
triacylglycerol reduces BFM in healthy overweight adults. Am
J Clin Nutr 2004;79:1118–25.

KEY WORDS Conjugated linoleic acid, body fat mass, lean
body mass, weight, body mass index, dual-energy X-ray absorpti-
ometry, overweight, humans

INTRODUCTION

Conjugated linoleic acid (CLA) is a mixture of linoleic acid
isomers with conjugated double bonds. CLA was first identified
when extracts from fried beef were found to be anticarcinogenic
(1). This effect was confirmed in animal and in vitro models of
carcinogenesis (2–7). Later studies in animals showed other ben-
eficial health roles for CLA, including protection against arte-
riosclerosis (8, 9), immune stimulation (10, 11), and the normal-
ization of impaired glucose tolerance and improvement of

hyperinsulinemia in ZDF rats (12). Numerous studies in mice,
rats, hamsters, rabbits, and pigs showed that CLA supplementa-
tion causes changes in body composition, such as a reduction in
body fat mass (BFM) and an increase in lean body mass (LBM;
13–23).

In humans, only short-term clinical studies with small num-
bers of subjects have been conducted with CLA (24). Some CLA
studies performed with a mixture of the bioactive isomerscis-9,
trans-11 andtrans-10,cis-12, showed reductions in BFM and in
some cases increases in LBM (25–27). Other short-term studies
performed with the use of different methods and technology,
such as body-composition measurements, daily dosage, CLA
composition, and study design, did not show any effects on body
composition (28–32), which raises questions about the consis-
tency of the effects of CLA on BFM and LBM in humans. After
correction for differences in metabolic rate, similar effects
are observed in humans and in mice, which suggests that the
mechanisms for reducing BFM in animals and humans may be
similar (33).

Previous short-term studies concluded that CLA supplemen-
tation was safe. The only adverse events (AEs) reported in these
studies were gastrointestinal complaints (25, 27). Two published
clinical studies showed that CLA may induce lipid peroxidation
(34,35).Riserusetal (32,36)showed thatapreparationwithhigh
concentrations of thetrans-10, cis-12 CLA isomer causes in-
creases in F2-isoprostane excretion and in insulin resistance in
men with the metabolic syndrome. Men with the metabolic syn-
drome receiving a mixture of the 2 isomers (cis-9, trans-11 and
trans-10, cis-12) had greater F2-isoprostane excretion than did
those in the placebo group, but the CLA mixture had no effect on
insulin resistance (32, 36).

The present study was designed primarily to investigate the
long-term effects of CLA (as a 50:50 mixture ofcis-9, trans-11
andtrans-10,cis-12 isomers)onBFMandLBMina randomized,
double-blind, placebo-controlled study. Because CLA is mar-
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keted either as triacylglycerol or free fatty acids (FFA), we also
wanted to ascertain whether either of the 2 forms of CLA is more
efficacious and to evaluate the safety of both CLA forms in a
study of longer duration.

SUBJECTS AND METHODS

Subjects

Healthy volunteer men and women (n � 180) aged 18–65 y
and with a body mass index (BMI; in kg/m2) of 25–30 were
recruited by 2 research centers (Betanien Medical Center, Oslo,
n � 100; Helsetorget Medical Center, Elverum, Norway, n �
80). All subjects gave written informed consent before inclusion
in the study. Subjects could not be included in the study if they
were receiving drug therapy, consuming a special diet, or taking
dietary substitutes for weight loss; in addition, the female sub-
jects were excluded if they were pregnant or lactating. Subjects
with type 1 or type 2 diabetes according to American Diabetes
Association criteria (37) were also excluded from the study.
Subjects with renal, liver, pancreatic, or chronic inflammatory or
infectious diseases; hypertension; cardiac failure; or malignant
tumors were excluded. Subjects who had active thyroid disease
or who were receiving thyroid hormone substitution, subjects
taking adrenergic agonists, subjects with known or suspected
drug or alcohol abuse or with any clinical condition rendering
them unfit to participate, and as subjects who did not sign the
informed-consent document were also excluded from participa-
tion. The study was approved by the Region I (East Norway)
Ethics Committee and conducted in agreement with the Decla-
ration of Helsinki of 1975 as revised in 1983 and in accordance
with the International Conference on Harmonization guidelines.

Study design

This was a randomized, double-blind, placebo-controlled
study stratified only by center. The subjects were randomly as-
signed to receive either 4.5 g olive oil (placebo, n � 59), 4.5 g
80% CLA-FFA (3.6 g active CLA isomers, n � 61), or 4.5 g 76%
CLA-triacylglycerol (3.4 g active isomers, n � 60). The fatty
acid composition of CLA-FFA and CLA-triacylglycerol is
shown in Table 1. Each supplement was prepared from a single
batch. Daily doses were taken as 6 opaque, soft gel capsules, all
identical in taste and in appearance (Natural Lipids, Hovde-

bygda, Norway). The eligible subjects were randomly assigned
to treatment with the use of a simple block randomization (12
subjects per block). Both centers followed the study’s random-
ization procedure and did not break the code at any time of the
study. The randomization list was kept confidential and was
opened only after the closure of the database. Because the pur-
pose of the study was to follow the effects of CLA on body
composition in healthy overweight subjects consuming an ad
libitum diet, no restrictions in lifestyle or in caloric intake were
implemented. However, at the start of the study, the study nurse
gave the subjects dietary advice of a general nature and exercise
recommendations on request.

Clinical assessments

Characteristics (including smoking and drinking habits) and
demographic data were recorded when subjects entered the study
(at month 0). Weight, BMI, vital signs, and AEs were recorded
every 3 mo, and serious AEs were monitored continuously through-
out the study. Body composition was analyzed at months 0, 6, 9, and
12. Blood samples were obtained from fasting subjects between
0800 and 0900 and were analyzed in accredited laboratories (Fürst
Laboratory and Aker University Hospital, Oslo) at 0, 3, and 12 mo.
Analyses were performed in serum samples for the following
variables: alanine aminotransferase, aspartate aminotransferase,
hemoglobin,bilirubin,chloride, creatinephosphokinase, creatinine,
erythrocytes, �-glutamyltransferase, leukocytes, potassium, so-
dium, thyroid-stimulating hormone, thrombocytes, thyroxin, gly-
cated hemoglobin (Hb Alc), glucose, HDL and LDL cholesterol,
total cholesterol, insulin-like growth factor 1, insulin, insulin
C-peptide, leptin, lipoprotein(a) [Lp(a)], and triacylglycerols. The
LDL concentration was calculated (38). Compliance was measured
every 3 mo by a comparison of the number of unused capsules with
the number of capsules that should have been used. A subject was
considered compliant when he or she took �75% of the supplement
provided.

Diet and exercise

Diet and exercise were assessed at 0, 6, and 12 mo. Each
participant was given detailed instruction on how to complete a
questionnaire (a total of 418 questions). All returned question-
naires were reviewed by the medical staff and a clinical nutri-
tionist. Each subject completed diet records for 14 consecutive
days before the visit at the medical center, according to a previ-
ously evaluated and validated method (39). This method pro-
vides information on the quantity and types of food consumed.
Completed questionnaires were returned by 81.7% of the sub-
jects. Nonresponders were defined as subjects who failed to
complete or did not return 1 of the 3 questionnaires on at least one
occasion. The nonresponders were evenly distributed among all
groups (placebo group: n � 13; CLA-FFA group: n � 11; and
CLA-triacylglycerol group: n � 9). A specially designed soft-
ware program, BEREGN (Oslo University, Norway), was used to
convert the food intake to caloric intake. Exercise was assessed as
the product of the number of 20-min training sessions per week and
their intensity (high or low), according to a validated method (40).

Measurement of body composition and body weight

Dual-energy X-ray absorptiometry (DXA; Lunar Radiation
Corp, Madison, WI) was used to determine body composition
with LUNAR PRODIGY software (version 5.6; Lunar Radiation

TABLE 1
Capsule composition of the free fatty acid (FFA) and triacylglycerol forms
of conjugated linoleic acid (CLA)1

Ingredient CLA-FFA CLA-triacylglycerol

Fatty acid composition (g/100 g
fatty acid)

16:0 1.3 2.7
18:0 2.3 2.6
18:1 9.4 10.6
18:2 0.7 0.9
Others 2.3 3.3
CLA isomers

Total CLA 84 80
cis-9, trans-11 39 38
trans-10, cis-12 41 38

1 Materials and analyses (gas chromatography columns) provided by
Natural Lipids, Hovdebygda, Norway.
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Corp). At month 0, the Oslo center used the Lunar IQ absorpti-
ometer, but, before the 6-mo visit, a change was made to the
Lunar Prodigy model because of mechanical problems with the
Lunar IQ model. Data from the Oslo center at month 0 were
therefore adjusted by a factor of 4.5% by using a sample of
placebo-treated subjects (5 F, 4 M; age �50 y) who had no weight
change between 0 and 6 mo and by assuming no BFM change, as
was observed in a matching group of placebo-treated subjects at
the Elverum center.

Repeated measurements (n � 20) performed with the use of a
Hologic whole-body phantom (WB-1406; Hologic Inc,
Waltham, MA) at each medical center showed no significant
difference between the centers. The subjects were weighed on
digital scales (TBF-305; Tanita, Yiewsley, United Kingdom) in
their underwear. No subtractions for clothes were performed.

Statistical analysis

Results are shown as means � SDs in the tables and as means
and 95% CIs in the figure. The primary outcome variable was the
change in BFM, as ascertained with the use of DXA. A test power
of 80% was planned, on the basis of a relative difference in BFM
reduction between each CLA group and placebo of �1 � SD.
Testing between the 3 treatment groups to investigate compara-
bility at 0 mo was done by using analysis of variance (treatment
and center as factors). Comparisons between treatment groups
with regard to changes between month 0 and month 12 for DXA
variables and weight were performed by using analysis of co-
variance (treatment, center, and sex as factors; month 0 value,
total energy intake, exercise, and drug � energy intake and
drug � training score interactions as covariates). The model was
chosen to avoid potential regression-to-the-mean effects, and
hence a nonsignificant higher BFM in the CLA-triacylglycerol
group at 0 mo was adjusted for by using potential covariates. The
variables were normally distributed, and no transformations
were performed before analysis. Tukey’s test was applied for
pairwise comparisons of changes in all 3 groups between month
0 and month 12 (41). Because treatment groups interacted with
effect over time, differences from month 0 to month 12 within
treatment groups were tested by using a paired t test. Categorical
variables were analyzed by using Fisher’s exact test (42). Ac-
cording to Fisher’s linear discriminant function (43), the median
BFM decreased by �4.5% from month 0 to month 12. A subject
was thus categorized as a treatment responder on the basis of a
BFM reduction �4.5% and as a nonresponder on the basis of a
BFM reduction of �4.5%. The intention-to-treat criterion was
applied by extrapolating results from month 0 (n � 180), 3 (n �
167), 6 (n � 159), or 9 (n � 158) to month 12 (n � 157) for the
efficacy variables (DXA measurements and weight) relating to
the 180 subjects who were randomly assigned. DXA measure-
ments were performed at months 0, 6, 9, and 12, and the last value
carried forward was therefore applied to missing DXA data from
months 6–12. A significance level of 5% was used in tests, and
all tests were two-tailed.

RESULTS

Study subjects

Of the original 180 subjects, 157 (87.2%) completed the study.
Ten subjects withdrew from the study because of AEs and 1 did
so because of pregnancy, and the remaining subjects withdrew

for reasons other than AEs. Compliance was 88.3% in the pla-
cebo group, 88.1% in the CLA-FFA group, and 90.8% in the
CLA-triacylglycerol group. Withdrawal rates were also similar
in all groups (placebo, n � 9; CLA-FFA, n � 9; CLA-
triacylglycerol, n � 5). There were no differences in age, alcohol
use, tobacco use, or exercise between the groups at month 0
(Table 2), nor were there differences between the groups in
medical history.

Effects of CLA on weight and BMI

There were no differences between the groups for either
weight or BMI at month 0 (Table 3). Compared with month 0,
body weight and BMI decreased significantly in both CLA
groups during 12 mo of supplementation (CLA-FFA: P � 0.02;
CLA-triacylglycerol: P � 0.001), whereas there was no change
in the placebo group (P � 0.59). The reductions in weight and
BMI in the CLA-triacylglycerol group were significantly differ-
ent from those in the placebo group (P � 0.05), but weight and
BMI reductions in the CLA-FFA group did not differ signifi-
cantly from those in the placebo group (P � 0.05). The effects of
CLA-triacylglycerol on weight and BMI did not differ signifi-
cantly from the effects of CLA-FFA (P � 0.05; data not shown).

Effects of CLA on body composition

BFM and LBM did not differ between the groups at month 0
(Table 3). After 12 mo, BFM was significantly (P � 0.05) lower
in both groups of CLA-supplemented subjects than in placebo-
supplemented subjects (Table 3). In fact, this significant reduc-
tion in BFM was observed after 6 mo of supplementation with
CLA-FFA and CLA-triacylglycerol. This difference between the
CLA groups and the placebo group was progressively higher
through the last 6 mo of the study (P � 0.05; Figure 1). Com-
pared with month 0 values, BFM was significantly different in
the CLA-FFA and CLA-triacylglycerol groups at months 6, 9,
and 12 (P � 0.001), whereas that in the placebo group remained
unchanged (P � 0.56). CLA-triacylglyerol was not significantly
more efficient in reducing BFM than was CLA-FFA (P � 0.05).
A discriminant analysis showed that the best responders to CLA
(�4.5% BFM reduction) were women and subjects with a higher
BMI at month 0. After 12 mo of supplementation, the CLA-FFA
group had significantly higher LBM than did the placebo group
(P � 0.05), whereas LBM in the CLA-triacylglycerol group did
not differ significantly from that in the placebo group (P � 0.05;
Table 3). Within-group analyses showed significant increases

TABLE 2
Characteristics of the study population at month 01

Placebo CLA-FFA CLA-triacylglycerol P

Sex 0.72
Male (n) 12 10 9
Female (n) 47 51 51

Age (y) 45 � 9.52 44.5 � 10.7 48.0 � 10.7 0.35
Alcohol use (%)3 71 69 61 0.69
Tobacco use (%)3 20 32 17 0.23
Exercise (%)4 52 51 50 0.77

1 CLA, conjugated linoleic acid; FFA, free fatty acid.
2 x� � SD (all such values); recorded within 2 wk of subject’s inclusion

in the study.
3 The percentage of subjects who answered these questions positively.
4 The percentage of subjects training �1 time/wk with sweating.
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from month 0 in LBM in subjects given CLA-FFA (P � 0.009)
or CLA-triacylglycerol (P � 0.008), but there was no significant
change in the placebo group (P � 0.81). Changes in LBM did not
differ significantly between the 2 CLA groups (P � 0.05; data not
shown). Whereas the bone mineral mass (BMM) of the CLA-
triacylglycerol group was lower than that of the placebo and
CLA-FFA groups at month 0 (P � 0.05), there was no significant
difference in BMM between any of the groups at month 12 (P �
0.62; Table 3). The CLA-FFA group had a small reduction in

BMM from month 0 to month 12 (P � 0.01), but BMM did not
change significantly in the placebo group (P � 0.55) or CLA-
triacylglycerol group (P � 0.47) from month 0 to month 12.

Diet and exercise

There were no differences between the 3 groups at month 0 or
month 12, but caloric intake decreased significantly in all groups
compared with month 0 (Table 3). Exercise estimates remained
unchanged between month 0 and month 12 and were unchanged
within each group and between the groups (P � 0.23; Table 3).

Safety

There were no significant between- or within-group differ-
ences at month 12 for the following clinical chemistry variables:
bilirubin, chloride, creatine phosphokinase, creatinin, erythro-
cytes, �-glutamyltransferase, thyroid-stimulating hormone, thy-
roxin, insulin-like growth hormone 1, insulin, and insulin
C-peptide (data not shown). Hemoglobin, potassium, sodium,
and leptin concentrations also did not differ significantly be-
tween the groups at month 12, but there were significant within-
group changes from the values at month 0: CLA-triacylglycerol
lowered both hemoglobin and leptin (P � 0.05), the sodium
concentrations were higher in the placebo and CLA-
triacylglycerol groups (P � 0.05), and the potassium concentra-
tions were higher in all 3 groups (P � 0.05) (data not shown).

There were no significant differences in Hb A1c concentra-
tions between the groups, but all 3 groups had significantly
higher Hb A1c concentrations than at month 0 (Table 4). All
subjects had normal values for fasting blood glucose at month 0
and month 12, and fasting blood glucose concentrations did not
differ significantly between the groups at month 12 (Table 4).

Triacylglycerol and total cholesterol concentrations did not
differ significantly between the groups at month 12 (Table 4).
HDL-cholesterol concentrations also did not differ significantly
between the groups at month 12, but, in the CLA-triacylglycerol
group, HDL cholesterol decreased from the month 0 values.

TABLE 3
Body weight, body composition, daily caloric intake, and exercise measurements in subjects taking either placebo (olive oil), CLA-FFA, or CLA-
triacylglycerol at month 0 and month 121

Placebo group (n � 59) CLA-FFA group (n � 61) CLA-triacylglycerol group (n � 60)

Month 0 Month 12 � 12 � 0 Month 0 Month 12 � 12 � 0 Month 0 Month 12 � 12 � 0

Body weight (kg) 80.1 � 9.4 80.4 � 10.5 0.2 � 3.0 81.0 � 9.3 79.9 � 9.5 �1.1 � 3.72 80.7 � 9.5 78.9 � 9.9 �1.8 � 3.42,3

BMI (kg/m2) 27.7 � 1.7 27.7 � 1.8 0.0 � 1.0 28.1 � 1.5 27.7 � 1.7 �0.4 � 1.22 28.3 � 1.6 27.6 � 1.6 �0.6 � 1.22,3

BFM (kg) 30.2 � 5.7 30.4 � 5.6 0.2 � 3.3 31.6 � 5.2 29.9 � 5.6 �1.7 � 3.02,3 31.6 � 5.6 29.2 � 5.5 �2.4 � 3.02,3

LBM (kg) 47.1 � 9.6 47.1 � 9.6 0.0 � 1.5 46.5 � 8.5 47.2 � 7.8 0.7 � 2.02,3 46.4 � 8.4 47.0 � 8.0 0.6 � 1.82

BMM (kg) 2.82 � 0.48 2.83 � 0.51 0.01 � 0.12 2.88 � 0.43 2.84 � 0.44 �0.04 � 0.112 2.72 � 0.42 2.71 � 0.47 �0.01 � 0.12
Diet (kcal/d)4 1926 � 441 1758 � 446 �168.1 � 3842 2045 � 578 1761 � 462 �283.8 � 4452 2018 � 592 1745 � 436 �273.8 � 5252

Capsules (kcal/d) 0.0 35.8 35.8 0.0 35.7 35.7 0.0 36.8 36.8
Exercise5 4.6 � 3.3 5.0 � 3.4 0.4 � 2.7 4.0 � 3.3 4.5 � 3.2 0.5 � 3.0 3.9 � 2.5 3.8 � 2.1 0.0 � 3.1

1 All values are x� � SD. CLA, conjugated linoleic acid; FFA, free fatty acid; BFM, body fat mass; LBM, lean body mass; BMM, bone mineral mass; �,
change. There was no significant difference between the groups at month 0 (except for BMM in the CLA-triacylglycerol group as compared with the placebo
and CLA-FFA groups).

2 Change from month 0 to month 12 within the groups was significant, P � 0.05 (paired t test).
3 Change within the CLA group was significantly different from that within the placebo group, P � 0.05 (Tukey’s t test).
4 Daily caloric intake from capsules was calculated as (4.5 g oil � 9 kcal/g � 40.5 kcal/d) � (compliance/group).
5 Assessed as the product of the number of 20-min training sessions and their intensity (high or low) and expressed in arbitrary units.

FIGURE 1. Mean (95% CI) percentage change in body fat mass (BFM)
in subjects taking placebo (E), CLA-free fatty acids (FFA; �), or CLA-
triacylglycerol (‚) for 12 mo. All values were measured at the same points
(ie, 0, 6, 9, and 12 mo) in all 3 groups. Intervals not including 0 are significant
within the group. Between-group comparisons of changes from month 0 in
DXA and weight variables were performed by using ANCOVA (treatment,
center, and sex as factors; month 0 value, total energy intake, exercise, and
drug � energy intake and drug � training score interactions as covariates).
A significant time � treatment interaction was found (P � 0.001). Differ-
ences between both CLA groups and the placebo group were significant at 6,
9, and 12 mo (P � 0.05). There was no difference between the CLA-FFA and
CLA-triacylglycerol groups (P � 0.05).

CLA REDUCES BODY FAT MASS IN OVERWEIGHT HUMANS 1121

 by guest on January 7, 2018
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


There was no significant difference in HDL-cholesterol concen-
trations in the CLA-FFA group from the month 0 values or the
concentrations in the placebo group (Table 4).

Lp(a) concentrations were higher in the CLA-FFA group than
in the placebo group after 12 mo and were higher in both CLA
groups than at month 0 (Table 4). Leukocyte counts did not differ
significantly between the CLA groups and the placebo group at
month 12, but both CLA groups had higher leukocyte counts at
month 12 than at month 0 (Table 4). Thrombocytes were signif-
icantly higher in the CLA-FFA group at month 12 than at month
0 and than in the placebo group, whereas CLA-triacylglycerol
had no effect on thrombocytes at month 12 or in comparison with
placebo (Table 4). Alanine aminotransferase concentrations did
not differ significantly between the groups at month 12 (Table 4).
Aspartate aminotransferase concentrations in the CLA-FFA
group were significantly higher at month 12 than at month 0 and
in comparison with the placebo group, whereas CLA-
triacylglycerol had no effect on aspartate aminotransferase at
month 0 or in comparison with placebo (Table 4).

Systolic and diastolic blood pressures decreased in all groups
between month 0 and month 12, but these changes did not differ
significantly between the groups (data not shown). Heart rate did
not differ significantly between the groups, but heart rate in the
CLA-triacylglycerol group at month 12 was significantly lower
than that at month 0 (P � 0.02). Heart rate was unchanged in the
CLA-FFA and placebo groups (data not shown).

Adverse events

AEs were reported by 68% of all randomly assigned subjects
and with similar frequency in all 3 study groups (P � 0.68). Of
264 single events, the investigators considered 30 to be drug
related. The drug-related AEs were evenly distributed among the
3 study arms. All AEs were rated as either “mild” or “moderate,”
and the symptoms were transient. Ten subjects (5.5% of the total)
left the study because of musculoskeletal ailments or gastroin-

testinal symptoms such as abdominal discomfort, diarrhea, or
nausea. The gastrointestinal events were judged by the study
investigators as probably related to the tested drug. Abdominal
discomfort or pain, loose stools, and dyspepsia were the most
frequently reported drug-related AEs. Three subjects experi-
enced serious AEs not related to the use of study drugs: 2 had
accidents requiring hospitalization, and 1 underwent surgical
correction of a genital prolapse.

DISCUSSION

This is the first clinical study documenting the long-term (12
mo) safety and efficacy of CLA supplementation in healthy over-
weight subjects consuming an ad libitum diet and without spe-
cific lifestyle restrictions. In the present study, DXA technology
was used to assess changes in body composition. This method has
been thoroughly evaluated, even in subjects with small changes
in body weight (44).

Supplementation with CLA, either as FFA or triacylglycerol,
for 12 mo significantly lowered BFM in comparison with BFM
in the placebo group and tended to induce higher LBM. The
results of this study corroborate and expand on the findings of
previous short-term studies that suggested that CLA reduces
BFM and increases or maintains LBM (24–27). The 2 CLA
forms, CLA-FFA and CLA-triacylglycerol, were equally effica-
cious in BFM reduction. Best-responder analysis in subjects with
a BMI from 25 to 30 suggests that the effect is greatest in those
with the highest BMI and in women, who have a relatively
greater contribution of fat mass to body weight than do men. This
may explain why obese subjects in a short-term study had larger
BFM reduction than did our study subjects (25).

The mechanism or mechanisms by which CLA decreases
BFM and increases LBM are not completely understood. CLA is
known to accumulate in tissues of animals and humans, where it
is readily metabolized. In vitro and in vivo studies suggested that

TABLE 4
Laboratory blood analyses for subjects taking either placebo (olive oil), CLA-FFA, or CLA-triacylglycerol at month 0 and month 121

Placebo group (n � 59) CLA-FFA group (n � 61) CLA-triacylglycerol group (n � 60)

Month 0 Month 12 � 12 � 0 Month 0 Month 12 � 12 � 0 Month 0 Month 12 � 12 � 0

Hb A1c (%) 5.4 � 0.31 5.6 � 0.21 0.16 � 0.282 5.5 � 0.26 5.7 � 0.3 0.21 � 0.232 5.5 � 0.25 5.6 � 0.26 0.14 � 0.222

Glucose (mmol/L) 5.1 � 0.42 5.1 � 0.43 �0.10 � 0.44 5.1 � 0.53 5.2 � 0.75 0.08 � 0.60 5.1 � 0.49 5.1 � 0.58 �0.05 � 0.44

Triacylglycerol

(mmol/L)

1.29 � 0.58 1.24 � 0.6 �0.02 � 0.47 1.39 � 0.81 1.46 � 1.13 0.01 � 0.77 1.29 � 0.58 1.38 � 0.72 0.08 � 0.61

Total cholesterol

(mmol/L)

5.9 � 1.27 5.7 � 1.09 �0.03 � 0.82 5.4 � 0.94 5.5 � 1.00 0.15 � 0.64 5.7 � 0.94 5.7 � 0.94 �0.04 � 0.68

HDL cholesterol

(mmol/L)

1.5 � 0.38 1.5 � 0.45 0.00 � 0.27 1.4 � 0.32 1.4 � 0.38 �0.03 � 0.24 1.5 � 0.34 1.4 � 0.33 �0.09 � 0.232

LDL cholesterol

(mmol/L)

3.3 � 0.80 3.6 � 0.97 �0.03 � 0.75 3.6 � 0.97 3.5 � 0.84 0.22 � 0.582 3.7 � 1.15 3.6 � 0.85 0.02 � 0.63

Lp(a) (mg/L) 275.5 � 256 261 � 235 6.6 � 46.6 321 � 390 346.8 � 448 39.5 � 71.62,3 244.1 � 267 284.8 � 292 33.1 � 66.62

Leukocytes (109/L) 5.8 � 1.61 5.9 � 1.77 0.02 � 1.26 5.6 � 1.63 6.5 � 1.71 0.47 � 1.52 5.3 � 1.62 6.0 � 1.69 0.51 � 1.122

Thrombocytes

(109/L)

258.2 � 56.2 259.1 � 54.7 �0.24 � 25.3 265.7 � 61.4 280.1 � 65.5 15.1 � 24.42,3 263.9 � 62.9 272.5 � 68.3 7.36 � 31.4

ALT (U/L) 26.2 � 13.1 26.4 � 12.3 0.30 � 11.06 24.3 � 14.3 26.6 � 14.7 1.71 � 11.8 23.9 � 9.7 24.9 � 12.2 0.73 � 10.41

AST (U/L) 23.6 � 8.0 23.2 � 5.2 �0.32 � 5.06 22.4 � 5.5 24.8 � 8.2 2.35 � 7.002,3 23.1 � 5.3 23.4 � 5.9 0.25 � 5.33

1 All values are x� � SD. CLA, conjugated linoleic acid; FFA, free fatty acid; �, change; Hb A1c, glycated hemoglobin; Lp(a), lipoprotein(a); ALT, alanine
aminotransferase; AST, aspartate aminotransferase. There were no significant differences between the groups at month 0.

2 Change from month 0 to month 12 within the group was significant, P � 0.05 (paired t test).
3 Change within the CLA group was significantly different from that within the placebo group, P � 0.05 (Tukey’s t test).
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the ability of CLA to reduce adipose tissue could be explained by
one or more of the following mechanisms: the induction of adi-
pocyte apoptosis (45), reduced accumulation of fatty acids in
adipocytes due to an inhibition of lipoprotein lipase and increase
in carnitine palmityltransferase (46), the binding to peroxisome
proliferator-activated receptor � present in fat tissue and modi-
fication of the signaling cascade to down-regulate the expression
of leptin (47) and the prevention of the triacylglycerol accumu-
lation in adipocytes (48), or the modification of the energy ex-
penditure, the metabolic rate, or both (22, 33).

A small decrease in BMM observed in the DXA analysis of the
CLA-FFA–supplemented subjects is not readily explained by
site differences and group differences in BMM. This decrease
borders on the smallest possible difference observable with DXA
technology.

Daily caloric intake did not differ significantly between
groups at either month 0 or month 12, and, in accordance with the
intention of the study, a small reduction in caloric intake was
observed during the study in all 3 groups. This strongly suggests
that the observed effects of CLA on body composition (ie, BFM
and LBM) were independent of diet. In addition, the observed
decrease in daily energy intake from diet may result in part from
a compensation for the energy intake from capsules, from a
reduced appetite, or both. It is also likely from the narrowing of
variance and closeness of mean caloric intake after 12 mo that a
learning effect may be present in the recording of the food intake,
as was observed in other studies (39). Exercise, another possible
confounder, did not differ significantly between the groups, and
therefore it most likely did not play a role in the body-
composition changes observed in the CLA groups.

The current study monitored the long-term safety of CLA
supplementation in healthy, overweight subjects over a 12-mo
period. High compliance and a low dropout rate indicate good
tolerance of CLA supplementation. Only 11.4% of the reported
AEs were related to the supplementation. These AEs were mostly
gastrointestinal, as were most of the AEs reported in previous
short-term studies (25, 27, 49, 50), and likely resulted from the
daily ingestion of oil or of the gelatin capsules alone. The lack of
difference in AE reports between the CLA groups and the placebo
group indicates that CLA was tolerated as well as was olive oil.

Previous short-term clinical studies showed that the effect of
CLA on blood lipids was diverse, including a reduction of HDL
(25, 32), a reduction of VLDL without effect on HDL or LDL
(51), and no effect on cholesterol lipids (27). In the current study,
we observed no effect on total cholesterol or triacylglycerol
concentrations, but the CLA-triacylglycerol group had lower
HDL concentrations and the CLA-FFA group had higher LDL
than at the start of the study. The changes in these measures,
however, were small, within the normal range, and not signifi-
cantly different from the values in the placebo group. The intro-
duction of the mean values of LDL, HDL, age, sex, blood pres-
sure, diabetes, and smoking after 12-mo CLA supplementation,
as taken from a table of values from the Framingham Study (52),
showed that the cardiovascular disease (CVD) risk prediction
scores in 10 y in the CLA-FFA group (�3.6%) and in the CLA-
triacylglycerol group (�3.3%) are lower than those in an average
population (�5%) matched for age and sex. Furthermore, when
LDL and HDL are examined independently in the Framingham
Study table, there is no increase in CVD risk.

At month 12, both CLA forms had higher Lp(a) concentrations
than did placebo and than at month 0. Elevated Lp(a) concentra-

tion is thought to be a risk factor for CVD, but the use of Lp(a) as
a routine test has been questioned (53). In addition, at month 12,
the CLA-FFA group had higher leukocytes and thrombocytes
than did the placebo and than at month 0, whereas the CLA-
triacylglycerol group had higher leukocytes than at month 0. As
observed with the lipid profiles, the mean values for these
changes were not outside of the normal range. Higher Lp(a)
concentrations and numbers of leukocyte and thrombocyte sug-
gest that CLA may increase CVD risk and may promote an
inflammatory response. Previous studies on the effect of CLA on
CVD risk have been divergent. A proatherogenic effect of CLA
mixture has been shown in mice (54), and LDL and apolipopro-
tein B concentrations higher than those in the placebo group have
been reported in persons supplemented with CLA (26). Other
studies showed a reduction in atherosclerosis in rabbits (55), an
anti-inflammatory role for CLA in animals (56–58), and an en-
hancement in immune response in animals and humans with
CLA (10, 11, 59–61).

Epidemiologic studies showed that higher weight (62), greater
BMI (63), and greater fat mass (64) are all related to increased
CVD and all-cause mortality. In contrast, intentional weight loss
is associated with reduced mortality (65). In the present study, no
reduction in CVD risk factors other than the changes in vital signs
were observed, despite a significant reduction in body fat mass.
Further studies with appropriate endpoints and design (eg, larger
population and longer time) are required to investigate the effect
of CLA on CVD risk factors other than BFM, weight, and BMI.

Previous studies by Riserus et al (32) showed that supplemen-
tation with 2.6 g pure trans-10, cis-12 isomer for 12 wk increased
insulin resistance in a male population with metabolic syndrome,
whereas the men who were supplemented with a mixture of CLA
isomers (1.20 g cis-9, trans-11 and 1.22 g trans-10, cis-12 iso-
mers), which is similar to the supplement used in the present
study (1.31 g cis-9, trans-11 and 1.39 g trans-10, cis-12), had no
significant increase in insulin resistance. In the current study,
fasting serum glucose concentrations were not affected by CLA
supplementation, but there was a slight increase in Hb A1c con-
centrations in all 3 groups. The fact that the placebo group Hb A1c

values did not differ from those of the other 2 groups suggests that
the higher Hb Alc concentrations were not mediated by CLA. All
study subjects had fasting serum glucose concentrations within
the normal range throughout the study, according to the Ameri-
can Diabetes Association criteria, which indicates that CLA sup-
plementation was not diabetogenic in this population of healthy
subjects.

In a similar study, Basu et al (35) showed that men with the
metabolic syndrome had an increase in F2-isoprostane excretion
after supplementation with 4.2 g mixed CLA isomers that re-
turned to baseline 2 wk after the CLA supplementation stopped,
without effect on serum �- and �-tocopherol concentrations or on
urinary 2,3-dinor-thromboxane B2 excretion. These findings
suggest that CLA may induce lipid peroxidation, but the long-
term effects of lipid peroxidation are not known. The current
study was not designed to measure lipid peroxidation, and there-
fore it is not possible at this time to ascertain the role of CLA in
oxidative stress in healthy overweight people.

In conclusion, a CLA mixture containing 80% trans-10, cis-12
and cis-9, trans-11 isomers, administered either in the triacyl-
glycerol or FFA form to healthy overweight adults for 1 y, results

CLA REDUCES BODY FAT MASS IN OVERWEIGHT HUMANS 1123

 by guest on January 7, 2018
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


in a significant decrease in BFM. Future studies are needed to
address the role of CLA in CVD, diabetes, and oxidative stress.
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Letters to the Editor

Effect of changes in fruit and vegetable intake on
plasma antioxidant defenses in humans

Dear Sir:

In a recent issue of the Journal, Dragsted et al (1) investigated
whether fruit and vegetable intake affects biomarkers of oxidative
stress or antioxidant defenses. They conducted a well-designed,
25-d, randomized, partly blinded intervention trial. Some of their
conclusions related to an apparent lack of effect on markers of total
antioxidant capacity [TAC; namely, the ferric-reducing ability of
plasma (FRAP) and Trolox-equivalent antioxidant capacity
(TEAC)], most of the enzymatic antioxidant defenses (superoxide
dismutase, catalase, glutathione reductase, and glutathione
S-transferase), and lipid oxidation (isoprostanes and malondialde-
hyde) in the fruit and vegetable (fruveg) group compared with the
placebo group.

TAC measurement, representing the cumulative action of all
electron-donating antioxidants present in body fluids, is increasingly
being used to monitor redox status in vivo in intervention, bioavail-
ability, and epidemiologic studies (2, 3). However, different studies
have indicated that there may be a physiologic modulation of the
redox status of body fluids (4, 5), and results from the SU.VI.MAX
intervention trial indicate the importance of baseline plasma con-
centrations on the effectiveness of antioxidant supplementation (6).
Therefore, dietary effects on the redox status of healthy subjects may
be small and difficult to discern, especially if nonoptimized assay
conditions are used. We suggest that the lack of significant variation
in plasma antioxidant defenses observed by Dragsted et al may be a
consequence of these factors. First, the dietary change failed to
modify the redox status of the healthy subjects during the experi-
mental period (see Table 6 in reference 1) and, second, the plasma
TAC data could have been adversely affected by suboptimal mea-
surement conditions.

The data of Dragsted et al clearly show that none of the measured
redox markers were affected by the withdrawal of fruit and vegeta-
bles from the control diet. A decrease in plasma antioxidant concen-
trations was observed only with vitamin C and carotenoids, which in
humans are modest contributors to plasma TAC (7, 8). We speculate
that this indicates that 25 d was not an adequate time period to impair
plasma TAC in healthy subjects. Because of the ability to cope with
light dietary stress, plasma antioxidant defenses may need �25 d or
specific and stronger dietary stresses, such as a high-fat diet, to be
challenged significantly. We believe that the lack of change in
plasma TAC concentrations in the placebo and fruveg groups could
have been due to a physiologic regulatory mechanism that in the
short term buffers against significant variation in plasma TAC in
healthy young subjects (26 � 6 y for the fruveg group and 29 � 8 y
for the placebo group).

The lack of observed changes in plasma FRAP and TEAC could
also be the result of a decrease in the sensitivity of the TAC mea-
surements as the result of nonoptimized assay techniques. The wave-
length used by Dragsted et al to measure both FRAP and TEAC was

620 nm. The correct reference wavelengths are 595 nm for the FRAP
assay and 734 nm for the TEAC assay (9, 10). Experiments con-
ducted in our laboratories indicate that measurement at 620 nm
results in a decrease in sensitivity of �40% and 66% for TEAC and
FRAP, respectively. This is borne out by the uncharacteristically
high CVs (16.6% and 8.8%, respectively, for TEAC and FRAP)
obtained by Dragsted et al compared with reference studies (9, 10).
The difference in vitamin C concentration between the fruveg and
the placebo group at the end of the supplementation period was �60
�mol/L (Figure 2 in reference 1). The expected relative difference in
TAC, based on the stoichiometry of ascorbic acid, should have been
�10% for FRAP (10). This small, but generally discernable, effect
on TAC, may have been masked by the reduced sensitivity of the
TAC protocols applied in this study.

In conclusion, this interesting and valuable study by Dragsted et
al (1) highlights both a requirement for optimized assay conditions
and the need to consider the possibility of dynamic mechanisms of
control of the body’s redox defenses when designing human inter-
vention studies with dietary antioxidants. Measurements of TAC
(the sum of the parts) and of single antioxidants (parts of the sum) are
useful biomonitoring tools in supplementation and health-related
studies of redox balance. However, an understanding of the physi-
ologic mechanisms of control of the body’s redox defenses is an
important issue that must be addressed to clarify the role of dietary
antioxidants in disease prevention.

None of the authors had any conflict of interest.
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Reply to M Serafini et al

Dear Sir:

We appreciate the comments on our paper (1) made by Serafini et
al, who highlight some important problems in the interpretation and
power of biomarker-based human intervention studies. Serafini et
al’s letter contains 2 major points of criticism. The first concerns the
possibility that our intervention period of 25 d was insufficient to
observe a change in fasting measures of antioxidant capacity without
an added dietary oxidant stress, such as increased fat. Relatively few
human intervention studies have actually been able to show differ-
ences in antioxidant capacity, and as far as we are aware, all of these
found only postprandial effects. This is the case for studies of tea and
chocolate, which have been shown to result in short-term increases
in markers of antioxidant capacity equivalent to the increased plasma
concentration of catechins (2–6). The tomato study mentioned by
Serafini et al also came to this conclusion (7). In another study, the
intervention of 20–25% changes in fat or total energy intake for 12
wk was insufficient to elicit observable changes in plasma antioxi-
dant capacity (8).

Thus, we can speculate that prolonged dietary changes are nec-
essary to affect antioxidant capacity. For example, the lifestyle fac-
tors leading to type 2 diabetes also result in chronic decreases in
plasma antioxidant capacity, apparently as the result of changes in

uric acid metabolism (9, 10). Whether fruit and vegetables would
counteract this effect in the long run remains to be investigated.
Therefore, our conclusion that a large intake of fruit and vegetables
does not affect fasting plasma measures of antioxidant capacity
seems valid and in accordance with the literature.

The second criticism concerns our method for measuring plasma
antioxidant capacity. According to Serafini et al, an increase in the
measurement error may have resulted in our failure to detect minor
changes, such as the 10% change calculated from the drop in ascor-
bate concentrations. Our automated assay of the ferric-reducing abil-
ity of plasma (FRAP) and Trolox-equivalent antioxidant capacity
(TEAC) was optimized within the boundaries of our equipment, eg,
with the absorbance filters available. This decreased sensitivity off-
set the absolute values of TEAC and increased intra-assay variability
compared with the same assays on other equipment. We agree that
the intra-day CV of our standard plasma sample was high and un-
derstand the concerns of Serafini et al. We have reinvestigated the
cause of this and found that other samples and our calibrators had
much lower variability, indicating some unidentified problem with
our standard plasma. In these other samples, our intra-assay variation
was still higher (6.7% for TEAC and 3.9% for FRAP) than the
reference values cited in the literature (11, 12). However, this is
unlikely to have caused a type I error in our study because the
interindividual variability in FRAP and TEAC was still much higher
than the assay variability. The measurement error therefore has rel-
atively little influence on the actual power to detect differences. We
observed an overall interindividual CV at baseline of 11.2% for
TEAC (x� � SD: 885 � 99 �mol/L) and 22.5% for FRAP (x� � SD:
693 � 156 �mol/L) in the fasting samples (n � 43). In the postpran-
dial samples, the variation was 17.0% and 26.7% (n � 28), respec-
tively. In papers by others, including those cited by Serafini et al, the
interindividual CVs for plasma antioxidant activities are variable but
similar to ours, eg, 20.6% for FRAP [n � 141 (11)], 21.7% for total
radical-trapping antioxidant potential [n � 11 (7)], 9.6% for TEAC
[n � 312 (12)], and 18.3% for oxygen radical absorbance capacity
[n � 60 (13)].

In our study (1), we tried to increase power by looking at the time
course during the intervention with a repeated-samples analysis of
covariance (ANCOVA) that used each volunteer’s value at baseline
as a covariate. In this analysis, the analytic error becomes more
important for the power because the interindividual differences are
balanced out. However, it still depends on the intraindividual (inter-
day) variation, which in our study was 9.3% for FRAP and 11% for
TEAC. This leads to a power of 70% to detect a significant 10%
change in TEAC or FRAP [determined by G-power (14) as a post hoc
analysis]. In addition to the values at baseline and at the end of
intervention (25 d), we measured plasma antioxidant capacity 3, 9,
and 16 d after the start of the intervention and 8 and 29 d after the
volunteers had resumed their habitual diet. As seen in Figure 1, there
is no indication of deviations from the initial or post-intervention
values, as we also confirmed by repeated-samples ANCOVA. In the
case of FRAP, the known difference of 25% between men and
women (11) was readily observable at all time points, which indi-
cates to us that we would have seen some indication of a 10% change
in fasting blood samples. Moreover, the groups with higher initial
values were stable throughout.

In conclusion to this point, we agree that our assay sensitivity was
probably not optimal and that our absolute values for TEAC may
have been offset by the shortcomings of our automated equipment.
However, we disagree that this seriously affected our power to detect
a real change in measures of antioxidant capacity. The major source
of noise in the measurement of plasma antioxidant capacity is the
interindividual variation, which was similar in our study to that
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observed by others, including the cited reference studies. Conse-
quently, we still conclude that there was no significant effect of fruit
and vegetables on fasting plasma antioxidant capacity within the
25-d study period.

None of the authors had any conflict of interest related to the results and
discussion published in this letter.
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FIGURE 1. Mean (�SE) ferric-reducing ability of plasma (FRAP) and fasting plasma Trolox-equivalent antioxidant capacity (TEAC) determined according
to reference 1 in samples collected before (day 0), during (days 3–25), and after (days 33 and 54) intervention with 600 g fruits and vegetables (�); a
corresponding supplement containing nutrients, vitamins, and minerals (Œ); or a placebo pill plus an energy-balancing drink (■ ). The start and end of the
intervention are marked with vertical arrows. None of the groups differed significantly at any time point by repeated-samples analysis of covariance.
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Body mass index and survival in incident dialysis
patients: the answer depends on the question

Dear Sir:

In a recent issue of the journal, Johansen et al (1) examined an
important question—What is the association of body size with sur-
vival adjusted for muscle mass in incident dialysis patients? How-
ever, there are really 3 questions: 1) What is the independent asso-
ciation between muscle mass and mortality, 2) What is the
independent association between BMI and mortality, and 3) How
does mortality vary across different levels of BMI and muscle mass
combined. Based on the answer to the question posed by Johansen et
al, inferences on whether body composition influences the survival
of incident dialysis patients with a high BMI could not be drawn.

We reexamined the data from our earlier study (2), which the
authors graciously discussed. Details on study population, inclusion
criteria, data collection, and statistical methods were described ear-
lier (2). In 70 028 incident hemodialysis patients in the United States,
from 1 January 1995 to 31 December 1999, the associations of BMI
categories described by Johansen et al with survival were examined
in a multivariable parameteric proportional hazards survival model
adjusted for urinary creatinine, demographics, comorbid conditions,
serum albumin, and functional status. The results (Figure 1) are
similar to those reported by Johansen et al.

To further examine the influence of body composition on survival
in high-BMI patients, each of the BMI groups was divided into
groups on the basis of muscle mass: low (urinary creatinine �25th
percentile, ie, �0.55 g/d), normal, or high (urinary creatinine �0.55
g/d) subgroups. The hazard ratios from the multivariable param-
eteric proportional hazards survival model, adjusted for all of the
above factors except urinary creatinine, are presented in Figure 2.

At first glance, Figures 1 and 2 appear contradictory, but, in
reality, they are not. Adjustment for urinary creatinine in the multi-
variable model (Figure 1) does not mean that the hazard of death is
constant across the spectrum of urinary creatinine values in any
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given BMI group (Figure 2). Whether the association of BMI with
survival is confounded by muscle mass is examined in Figure 1.
Whether those with a large body size but low muscle mass have a
survival advantage over “healthy” patients with a normal BMI and a
normal or high muscle mass is examined in Figure 2.

In our study we summarized the findings in Figure 2 as “the
survival advantage conferred by high BMI in dialysis patients is
limited to patients with normal or high muscle mass.” We understand
the concerns of Johansen et al that this could be construed as inde-
pendence. We rephrase our conclusions as follows. Patients with a

FIGURE 1. Association of body size with survival in incident hemodialysis patients. Reference BMI: 22 to �25.

FIGURE 2. Association of body composition with survival in incident hemodialysis patients. Reference group: 22 to �25, with urinary creatinine �0.55
g/d. , urinary creatinine � 0.55 g/d; �, urinary creatinine � 0.55 g/d.
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high BMI and low muscle mass have a higher mortality than do
“healthy” incident dialysis patients with a normal BMI and normal
or high muscle mass. On the other hand, patients with a high BMI and
normal or high muscle mass have a lower mortality than do “healthy”
incident dialysis patients with a normal BMI and normal or high
muscle mass. Thus, compared with “healthy” incident dialysis pa-
tients with a normal BMI and normal or high muscle mass, those with
a high BMI have a lower mortality only if their muscle mass is
normal or high.

In conclusion, the questions addressed in the 2 studies were re-
lated but had different emphases. We absolutely agree with Johansen
et al that body size is an important determinant of survival in incident
dialysis patients. However, we stand by our earlier conclusion that,
in incident dialysis patients, body size and body composition influ-
ence survival. In incident dialysis patients, adiposity confers a sur-
vival advantage over undernutrition, but higher muscle mass is better
than higher body fat. We agree that, given the current data, incident
dialysis patients should not be encouraged to lose weight but should
be encouraged to increase muscle mass rather than fat mass.

None of the authors had a conflict of interest.
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Reply to S Beddhu et al

Dear Sir:

We appreciate the comments of Beddhu et al regarding our recent
publication that examined the relation between body size and out-
comes among incident hemodialysis patients (1). In particular, we
agree with the idea that body composition, and perhaps muscle mass
in particular, is important to consider for patients receiving dialysis.
However, it is important that, in our discussion of the “best” way to
adjust for muscle mass in these patients, we not lose sight of the
larger issues at hand. First, although analyses using large data sets are
often constrained to the use of body mass index or similar weight-
for-height indexes as the primary indicator of body size, they are

fundamentally not the best measures of body composition. The best
way to address the contribution of muscle mass to survival among
incident hemodialysis patients would be to measure muscle mass
itself. Although this is not possible in large cohorts that can be
established with the use of data from the US Renal Data System,
body composition can be measured directly in smaller cohorts and
the results used to determine which components are most important
to patient survival.

Second, survival is only part of the story when it comes to asso-
ciations between body composition and outcomes in patients receiv-
ing hemodialysis. Body fat mass and muscle mass could each be
related in important ways to quality of life in these patients. For
example, a larger muscle area is related to greater strength and
improved physical performance (2). Conversely, it is possible that
greater fat mass is associated with greater difficulty with physical
activity and activities of daily living. These associations need further
study before anyone can assign muscle or fat as “more important” in
this patient population.

Neither of the authors had a conflict of interest.
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Diet and risk of ischemic heart disease in India

Dear Sir:

We would like to point out some problems with the interesting
article by Rastogi et al (1) that was recently published in the Journal.
In this study, only 12% of the subjects were women; the remaining
88% were men. Generally speaking, in India, men are not involved
in cooking. Hence, the men in this study may not have been able to
correctly specify the amount of cooking oil that would be used.

In Table 4, there are some factors that were not significant in the
univariate analysis but that were significant in the multivariate anal-
ysis because of an interaction among the variables. A better way of
presenting these data would have been to present data for only those
variables that were significant in the univariate analysis and then
subjected to multivariate analysis to determine the variation in rel-
ative risk. Another problem with the study was that type of person-
ality and stress were not taken into consideration, which may have
confounded the results.

None of the authors had a conflict of interest.

536 LETTERS TO THE EDITOR



Thomas V Chacko
SL Ravi Shankar

Anil C Mathew
R Rajkumar

M Saira Banu

Department of Community Medicine
PSG Institute of Medical Sciences and Research
Peelamedu, Coimbatore 641004
India
E-mail: drslravishankar@yahoo.co.in

REFERENCE
1. Rastogi T, Reddy KS, Vaz M, et al. Diet and risk of ischemic heart

disease in India. Am J Clin Nutr 2004;79:582–92.

Reply to TV Chacko et al

Dear Sir:

We appreciate the comments provided by Chacko et al regarding
our recent article on diet and risk of ischemic heart disease in India
(1). Most of our study participants were indeed men, despite the fact
that we recruited only incident myocardial infarction cases from 8
different hospitals in New Delhi and Bangalore. Although it is true
that women in India are primarily involved in cooking foods, we
qualitatively observed that men are often involved in the shopping
for food items, particularly those items purchased in bulk, such as
flour, rice, and cooking oils. Thus, men are knowledgeable about the
oils used in food preparation. Moreover, our analysis did not con-
sider the amount of oil used in cooking but simply the type of oil
used.

Concerning the comment about Table 4, it is important to consider
the possibility that some variables may not have been significant in
the univariate analyses because of confounding. Ignoring variables
that are not significant in univariate analyses from further consider-
ation could, thus, lead to biased results. Because this was one of the
first epidemiologic studies of diet and heart disease in India, we
believed it prudent to present the findings for all food groups because
these preliminary findings could stimulate further research.

Stress is an important factor in coronary heart disease risk. Un-
fortunately, we did not have the opportunity to examine the associ-
ation between stress and risk of coronary heart disease in our study.
However, we believe it unlikely that stress would have confounded
our results because the diets of individuals in our study population
were determined, to a large extent, by the overall dietary pattern of
their families.

None of the authors had a conflict of interest.
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Serum cholesterol and visuomotor speed: inverse
or direct association?

Dear Sir:

The article by Zhang et al (1) contains an apparent contradiction
in its findings. In the abstract, the authors first state that “�we found
inverse linear associations of serum total cholesterol and non-HDL
cholesterol with visuomotor speed�”. However, the conclusion of
the abstract then states, “Low serum total cholesterol and non-HDL
cholesterol are associated with slow visuomotor speed�,” which
implies a direct, not an inverse, association. Similarly, a portion of
the title of the article, “Serum cholesterol concentrations are asso-
ciated with visuomotor speed,” and the statement in the discussion
that “�we documented that low serum TC [total cholesterol] and low
serum NHDLC [non-HDL cholesterol] concentrations are signifi-
cantly associated with slow visuomotor speed�” imply a direct as-
sociation.

The source of the confusion is the incorrect way in which Zhang
et al define “visuomotor speed.” They state that “Visuomotor speed
was measured by the SRT [simple reaction time] test.” and that “The
measured response was the latency (in ms)�”. Consistent with this
definition, their Table 2 reports latency values in ms under the head-
ing “Visuomotor speed.” However, the term “speed” refers to rate of
response, conventionally defined as distance traveled divided by
time (2); thus, visuomotor speed would be the reciprocal of latency
(ms�1), not latency itself. In the first statement quoted above in
which Zhang et al declare their finding an inverse relation, they use
“visuomotor speed” as they have incorrectly defined it, namely as
latency. However, in the remaining quoted statements, they seem to
be using it in its conventional and correct sense, as the reciprocal of
latency. Hence, their statements appear contradictory.

The solution is to consistently use the term “visuomotor speed” to
refer to the reciprocal of latency. Then their finding, when clearly
stated, is that the higher the cholesterol concentration, the higher the
visuomotor speed—a direct association. This is an interesting and
provocative finding. It would be regrettable if their inconsistent use
of an incorrect definition prevented this important finding from
being readily appreciated.

The author had no conflict of interest to declare.
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Reply to SL Black

Dear Sir:

We appreciate Black’s comments and thank him for providing a
detailed explanation. It is true that many neuropsychological tests
involve timed responses, such that longer response latencies corre-
spond to poorer performance (1). In describing test results, however,
there is a tendency to refer to the “speed” of the subject’s response,
which is essentially the inverse of response latency. Black’s sugges-
tion that data be scored and reported as the inverse of response
latency, corresponding more directly to the concept of speed, is quite
appropriate and would have enabled us to avoid confusion among
readers (2).
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Erratum

Gaullier J-M, Halse J, Høye K, et al. Conjugated linoleic acid supplementation for 1 y reduces body fat mass in
healthy overweight humans. Am J Clin Nutr 2004:79:1118-25.

In Table 4 of this article, the Month 0 LDL-cholesterol concentrations are incorrect. The correct concentrations
(all in mmol/L) are as follows: Placebo group, 3.7 � 1.15; CLA-FFA group, 3.3 � 0.80; and CLA-triacylglycerol
group, 3.6 � 0.97.

Erratum

Lee S, Janssen I, Heymsfield SB, Ross R. Relation between whole-body and regional measures of human skeletal
muscle. Am J Clin Nutr 2004;80:1215–21.

The first author’s name is incorrectly printed in the journal. It should appear as SoJung Lee.
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Efficacy of conjugated linoleic acid for reducing fat mass:
a meta-analysis in humans1,2

Leah D Whigham, Abigail C Watras, and Dale A Schoeller

ABSTRACT
Background: Conjugated linoleic acid (CLA) has been shown to be
an effective supplement for reducing fat mass in animals, whereas
results in humans have been inconsistent.
Objective: This is a meta-analysis of human studies in which CLA
was provided as a dietary supplement to test its efficacy in reducing
fat mass.
Design: We searched the PubMed database (National Library of
Medicine, Bethesda, MD) and references from the resulting search to
identify studies in which CLA was provided to humans in random-
ized, double-blinded, placebo-controlled trials and in which body
composition was assessed by using a validated technique.
Results: We identified 18 eligible studies. Of these, 3 were single-
isomer studies, and results comparing CLA isomers were inconclu-
sive. We compared the length of treatment by using studies in which
a mixture of purified isomers were used and those in which purified
trans-10,cis-12 isomers were used. This comparison indicated that
the effect of CLA was linear for up to 6 mo and then slowly ap-
proached an asymptote at 2 y. An analysis of the dose effect indicated
that fat loss compared with placebo was �0.024 kg · g CLA�1 · wk�1

(P � 0.03). After adjustment to the median dose of 3.2 g CLA/d,
CLA was effective and produced a reduction in fat mass for the CLA
group alone (0.05 � 0.05 kg/wk; P � 0.001) and for the CLA group
compared with placebo (0.09 � 0.08 kg/wk; P � 0.001)
Conclusion: Given at a dose of 3.2 g/d, CLA produces a modest loss
in body fat in humans. Am J Clin Nutr 2007;85:1203–11.

KEY WORDS Body composition, obesity, weight loss, con-
jugated linoleic acid

INTRODUCTION

Conjugated linoleic acid (CLA) refers to a group of positional
and geometric isomers of linoleic acid that are characterized by
the presence of conjugated dienes. CLA is a natural, but minor,
component of fats from ruminant animals that enters the human
diet primarily in meat and dairy products (1). CLA has been
shown to have many biological effects, including anticarcinoge-
nisis, antiatherogenesis, immune modulation, and changes in
body composition, and is commercially available as an over-the-
counter supplement (2). In nature, the most abundant isomer is
cis-9,trans-11 (c9,t11), wheras in supplement forms CLA is typ-
ically sold as an equal mix of the 2 predominant isomers c9,t11
and t10,c12.

Among the most controversial and highly studied physiologic
effects of CLA is the influence on body composition. Many

animal studies have investigated the effect of CLA on body
composition, and although results vary by species, most find that
CLA reduces body fat. Mice are most responsive, with treated
animals having 60% less total body fat than controls (3). CLA
treatment reduced individual fat depots compared with controls
by as much as 88% and 61% in retroperitoneal and epididymal
fat, respectively, in one study (4) and by �50% in each of those
depots in another study (5). In pigs, CLA has resulted in 6–25%
less total body fat (reviewed in 6). In hamsters, CLA has resulted
in 9% (7) to 24% (8) less epididymal fat, 44% less subcutaneous
fat (8), and 58% less perirenal fat (9). In rats, some studies
have shown no effect of CLA on overall body composition
(10, 11), whereas others have shown that feeding CLA from
selectively hydrogenated soybean oil resulted in 23% lower
total body fat (12).

Animal studies in which specific CLA isomers were used have
shown that the effects on body composition are isomer specific.
The t10, c12 isomer has been identified as the one responsible for
decreasing body fat (7, 13, 14). Mechanisms by which the t10,
c12 isomer affects body fat include reduction of lipid accu-
mulation by adipocytes mediated through effects on lipopro-
tein lipase and stearoyl-coenzyme A (Co A) desaturase
(reviewed in 15).

On the basis of the effect of CLA in animal studies, there was
great potential for CLA to have a beneficial effect on body com-
position in humans. Of the human CLA trials to date, however,
results have been mixed. There have been 18 studies looking at
the effect of CLA on weight loss to date: 7 reported decreases in
body fat (16–22) and 10 reported no statistical effect (23–32).
The open-label component of one study had no concurrent pla-
cebo group but did report a significant fat loss from baseline (33).
Three studies investigated the effect of CLA on weight and fat
regain or maintenance after weight loss on an energy-restricted
diet and found no effect of CLA on those parameters (34–36).
Because these studies have differed with respect to isomer, dose,
and study duration, the purpose of the present meta-analysis was
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to investigate the influence of these factors on the efficacy of
CLA as a treatment for improving body composition.

MATERIALS AND METHODS

Studies used

Selection criteria for the present meta-analysis included lon-
gitudinal randomized, double-blind, placebo-controlled human
clinical trials of CLA in normal weight, overweight, and obese
individuals of any age in which information on CLA dose and
source or isomer composition were provided. The study by
Zambell et al (37) was not included because it was not double-
blind. We only included studies in which body-composition data
were obtained by using validated techniques such as dual-energy
X-ray absorptiometry (DXA), hydrodensitometry, skin-fold
thickness, bioimpedence analysis (BIA), air-displacement pleth-
ysmography, or total body water by 18O isotope dilution. One
study that used near infrared interactance was not included (38)
because this method has not proven to be a consistently accurate
and precise method of measuring body composition (39). On the
basis of these criteria, we identified 18 weight-loss studies and 2
weight-regain or -maintenance studies for inclusion.

Weight-loss studies

In the Atkinson et al (26) study, the subjects were selected on
the basis of being overweight or obese [body mass index (BMI;
in kg/m2): 27 to 40] and included men and women 20–50 y of
age. Eighty subjects were randomly assigned, but 9 dropped out
before the 6-mo follow-up visit. Of the 71 subjects included in the
analysis, 36 were in the placebo group (18 women, 18 men) and
had a mean (�SD) baseline BMI of 32.7 � 2.3 and mean age of
40.3 � 8.2 y. Thirty-five subjects (23 women, 12 men) were in
the CLA group and had a mean BMI of 33.3 � 3.2 and mean age
of 42.5 � 6.5 y (personal communication, RL Atkinson). No
significant differences in values for age, height, weight, and BMI
were observed between the groups at baseline. The subjects were
instructed to take one capsule 3 times each day (before breakfast,
lunch, and dinner) so that they received 3 g safflower oil or 90%
pure CLA (2.7 g active isomers) daily for 26 wk. The CLA
provided an equal mixture of the c9, t11 and t10, c12 isomers
(Natural Nutrition, Hovdebygda, Norway). Body composition
was measured by hydrodensitometry.

For the Berven et al (23) study, the subjects were selected on
the basis of being overweight or obese (BMI: 27.5 to 39) and
included men and women aged �18 y. Sixty subjects were ran-
domly assigned, but 5 dropped out and 8 more were excluded due
to poor compliance. Of the 47 subjects included in the analysis,
22 were in the placebo group (8 women, 14 men) and had a mean
(�SD) BMI of 30.1 � 2.2 and mean age of 46.5 � 7.0 y.
Twenty-five subjects (9 women, 16 men) were in the CLA group
and had a mean BMI of 29.4 � 2.6 and mean age of 47.6 � 7.1 y.
No significant differences in values for age, height, weight, and
BMI were observed between the groups at baseline. The subjects
were instructed to take 2 capsules 3 times each day (before
breakfast, lunch, and dinner) so that they received either 4.5 g
olive oil or 4.5 g olive oil/CLA mix at 75% (3.4 g CLA) daily for
12 wk. No isomer mix data were reported, but the CLA was the
Tonalin brand from Natural, which is reported elsewhere to be an
equal mixture of the c9, t11 and t10, c12 isomers (17). Body
composition was measured by single frequency leg-to-leg BIA.

In the Blankson et al (16) study, the subjects were selected on
the basis of being overweight and obese (BMI: 25 to 35) men and
women aged �18 y. The subjects were instructed to take
4 750 mg capsules 3 times each day (before breakfast, lunch, and
dinner) for 12 wk so that they received either 9 g olive oil (pla-
cebo) or one of 4 doses of CLA (1.7, 3.4, 5.1, or 6.8 g CLA
isomers/d) in a total of 9 g oil. No isomer mix data were reported,
but the CLA was the Tonalin brand from Natural, which is re-
ported elsewhere to be an equal mixture of the c9, t11 and t10, c12
isomers (17). Sixty subjects were randomly assigned, 8 subjects
withdrew in the first 6 wk, and 5 additional subjects withdrew
between weeks 6 and 12. Of the 47 subjects still included at 12
wk, the mean (�SD) baseline BMI was 28.1 � 2.4 (n � 8),
29.9 � 2.5 (n � 11), 27.2 � 1.6 (n � 7), 29.4 � 2.6 (n � 11), and
30.4 � 3.0 (n � 10) for the placebo and CLA groups in increasing
dose order, respectively. No significant differences in age,
height, weight, and BMI were observed at baseline between the
52 subjects still included at 6 wk. Body composition was
measured by DXA.

The study by Mougios et al (18) was a double-blind, placebo-
controlled trial; however, there was no express statement regard-
ing randomization between treatment groups. Twenty-four sub-
jects (14 men, 10 women) were selected on the basis of not being
obese (BMI � 30) and were in the age range of 19–24 y. The
subjects consumed 2 capsules/d for 4 wk and 4 capsules/d for the
next 4 wk. Capsules contained either soybean oil (placebo) or a
70% equal mix of c9, t11 and t10, c12 isomers of CLA
(TrofoCell, Hamburg, Germany) for a total of 0.7 g and 1.4 g of
CLA isomers, respectively, for the 2 phases of the study. For the
purpose of our analyses, we used the average dose of 1.05 g CLA
for 8 wk. Results from the study represent 22 subjects (13 men,
9 women), 10 from the CLA group and 12 from the placebo
group. No significant differences in age, BMI, body fat, or fat
mass were observed between groups at baseline. The respective
mean (�SD) baseline ages and BMIs were 22.0 � 1.3 y and 22.7
� 3.3 for the placebo group and 22.4 � 1.7 y and 23.8 � 2.7 for
the CLA group. Body composition was measured by skin-fold
thickness (10 sites).

Fifty-three subjects (27 men, 26 women) between the ages of
23 and 63 y were included in the study by Smedman et al (19).
After a 2-wk run-in period during which all subjects were given
placebo capsules (olive oil), the subjects were given 4.2 g CLA/d
(equal mix of c9, t11 and t10, c12 isomers) or placebo for 12 wk.
Although the article is not explicit, we made the assumption that
4.2 g is the amount of CLA isomers, not total oil, in the capsules.
The capsules were provided by Natural Ltd (Oslo, Norway). No
significant differences were observed between the placebo and
CLA groups at baseline in mean (�SD) age (47.6 � 10.2 and
42.8 � 13.1, respectively), BMI (24.5 � 4.3 and 25.5 � 3.9,
respectively), or body fat percentage (29.6 � 6.9% and 29.3 �
7.1%, respectively). Body composition was measured by skin-
fold thickness measurements and multifrequency BIA.

The trial by Kreider et al (27) included 23 experienced
resistance-trained men (�1 y training, current training of
�3 h/wk). At baseline, the subjects had a mean (�SEM) age of
23 � 0.8 y, weight of 80.6 � 2 kg, height of 179 � 1 cm, and
percentage body fat of 15.5 � 1%. The subjects were paired
according to total body mass, fat-free mass, years of training,
hours per week of resistance training, and training program type
or volume. The subjects received daily either 9 g olive oil or 5.8 g
CLA (Tonalin, Pharmanutrients) with 3 g additional fatty acids
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for 28 d. The CLA contained �23% t10, c12; 24% c11, t13; 18%
c9, t11; 17% t8, c10; and other isomers. Subjects were instructed
to ingest capsules with 3 meals each day. Body composition was
measured by DXA.

Sixty men were selected for the Riserus et al (24) study on the
basis of being abdominally obese (waist girth �102 cm), having
a BMI 27 to 39, and being in the age range of 35–65 y. After a
4-wk run-in period, the subjects received 3.4 g daily of either
80% CLA (equal mix of c9, t11 and t10, c12 isomers; 2.7 g/d),
75% purified t10, c12 CLA (2.5 g/d), or placebo for 12 wk. The
capsules were prepared by Natural Lipids (Hovdebygda, Nor-
way). The content of the placebo capsules was not provided in the
article. Fifty-seven subjects were included in the final data anal-
yses. No significant differences in any of the baseline character-
istics measured were observed between the groups. For the pla-
cebo, CLA, and t10, c12 groups, the mean (�SD) baseline age
was 53 � 10.1, 51 � 7.1, 55 � 7.1 y and the mean (�SD) baseline
BMI was 30.2 � 1.8, 30.1 � 1.8, and 31.2 � 2.5, respectively.
Body composition was measured by BIA by using a multifre-
quency analyzer.

The study by Petridou et al (29) was a randomized, double-
blind, crossover trial. Seventeen sedentary women were selected
on the basis of not being obese (BMI � 30) and were in the age
range of 19–24 y. The subjects received six 500-mg capsules/d
containing either soybean oil (placebo) or 70% equal mix of c9,
t11 and t10, c12 isomers of CLA (TrofoCell, Hamburg, Ger-
many) for a total of 2.1 g CLA isomers daily. The subjects
received the placebo and CLA for 45 d each with no washout
period in between. Sixteen subjects completed the study (9 in the
CLA-placebo group, 7 in the placebo-CLA group). The mean
(�SD) age of subjects was 22.3 � 1.8 y. The mean (�SD)
baseline BMI was 23.1 � 2.4 for the CLA-placebo group and
23.7 � 2.9 for the placebo-CLA group. Body composition was
measured by skin fold thickness measurements (10 sites).

The subjects in the Eyjolfson et al (30) study were selected on
the basis of being sedentary. Sixteen subjects (12 women, 4 men)
were randomly assigned and instructed to take 4 capsules daily
(one each with breakfast, lunch, dinner, and a light evening
snack) for 8 wk so that they received either 4 g/d safflower oil
(placebo) or 75% CLA (3 g active isomers/d; 35.5% c9, t11 and
36.8% t10, c12). The mean (�SEM) baseline age, BMI, and
percentage body fat were 21.6 � 0.8 y, 28.4 � 3.0, and 25.7 �
3.8%, respectively, for the placebo group (n � 6) and 21.4 �
0.5 y, 26.9 � 1.5, 25.6 � 2.8%, respectively, for the CLA group
(n � 10). Body composition was measured by BIA.

Ninety subjects (45 men, 45 women) were selected for the
study by Malpuech-Brugere et al (25) on the basis of being
overweight (BMI: 25–30) and were in the age range of 35–65 y.
During a 6-wk run-in period, the subjects consumed a dairy
beverage daily containing 3 g high oleic acid sunflower oil. The
subjects were then randomly assigned to 1 of 5 groups: 3 g high
oleic acid sunflower oil; 1.5 g purified c9, t11 CLA (plus 1.5 g
high oleic acid sunflower oil); 3 g purified c9, t11 CLA; 1.5 g
purified t10, c12 CLA (plus 1.5 g high oleic acid sunflower oil);
or 3 g purified t10, c12 CLA consumed daily as triacylglycerols
in a dairy beverage for 18 wk. The CLA isomers used were �80%
pure (Natural Lipids, Hovdebygda, Norway), so 1.2 g and 2.4 g
were used for dose calculations in these analyses. At baseline
(end of run-in period), there was no difference in sex ratio, age,
weight, BMI, fat and lean body mass, and daily energy intake
between the treatment groups. The mean (�SD) baseline BMI

for each group was the following: placebo, 27.7 � 1.6; low c9,
t11, 27.9 � 1.7; high c9, t11, 27.7 � 1.2; low t10, c12, 28.4 � 2.1;
and high t10, c12, 27.1 � 1.3. Body composition was measured
by DXA.

Twenty-five men were selected for another study conducted
by Riserus et al (28) on the basis of being abdominally obese
(waist girth �102 cm), having a BMI between 27 and 35, and
being in the age range of 35–65 y. The subjects received 3 g/d of
either placebo (olive oil, n � 12) or purified c9, t11 CLA (n � 13)
for 3 mo. The CLA contained 83.3% of the c9, t11 isomer,
providing 2.5 g of that isomer per day. The t10, c12 isomer was
present at 7.3%, or 0.2 g/d. The capsules were prepared by Nat-
ural Lipids (Hovdebygda, Norway). No significant differences in
any of the baseline characteristics measured were observed be-
tween the groups. For the placebo and c9, t11 CLA groups, the
respective mean (�SD) baseline age was 56 � 6.0 and 54 � 5.5 y
and the respective mean (�SD) baseline BMI were 30.4 � 2.5
and 30.6 � 2.0. Body composition was measured by BIA by
using a multifrequency analyzer.

The subjects for the Gaullier et al (17) study were selected on
the basis of being overweight (BMI: 25–30) men and women
18–65 y of age. The subjects were instructed to take 6 capsules
daily so that they received a total of either 4.5 g olive oil (pla-
cebo), 4.5 g 80% CLA in the free fatty acid (FFA) form (3.6 g
active CLA isomers), or 4.5 g 76% CLA in the triacylglycerol
form (3.4 g active CLA isomers) for 12 mo. Herein, this study
was used as 2 separate CLA treatment groups for our analyses.
The CLA contained approximately equal amounts of the c9, t11
and t10, c12 isomers. One-hundred eighty subjects were ran-
domly assigned. Their mean (�SD) BMIs at baseline were
27.7 � 1.7 (n � 59; 12 men, 47 women), 28.1 � 1.5 (n � 61; 10
men, 51 women), and 28.3 � 1.6 (n � 60; 9 men, 51 women), and
their mean (�SD) ages were 45 � 9.5, 44.5 � 10.7, 48.0 � 10.7 y
for the placebo, FFA, and triacylglycerol groups, respectively.
No differences in weight, BMI, age, alcohol use, tobacco use,
exercise, or medical history were observed between the groups at
baseline. Body composition was measured by DXA.

A further study by Gaullier et al (33) was an extension of the
previous study (17). After the 12-mo randomized, double-blind,
placebo controlled trial, 134 of the 157 subjects were included in
an open-label study for an additional 12 mo. All subjects were
supplemented with 4.5 g CLA in the triacylglycerol form (3.4 g
active CLA isomers; Natural Lipids). Forty-seven subjects had
previously been supplemented with the triacylglycerol form, 46
had been supplemented with the FFA form, and 41 had received
the placebo. Because there was no placebo group in the second
year, results from the second year were used only in the analysis
of treatment length. Body composition was measured by DXA.

Forty men were selected for the study by Taylor et al (31) on
the basis of being 35–60 y old, having a BMI � 27, and having
no diabetes, hypertension, or cardiovascular disease. The sub-
jects were instructed to take 4.5 g/d of olive oil (placebo) or CLA
(35% c9, t11 and 36% t10, c12; ie, 3.2 g CLA isomers/d) for 12
wk. The capsules were supplied by Natural Lipids (Hovdebygda,
Norway). No significant differences were observed between pla-
cebo and CLA groups at baseline. The mean (�SD) baseline age,
BMI, and percentage body fat (measured by BIA) were 47 � 8 y,
33 � 3, and 29 � 3%, respectively, for the placebo group (n �
19) and 45 � 6 y, 33 � 3, 28 � 4%, respectively, for the CLA
group (n � 21). Body composition was measured by skin fold
thickness measurements (7 sites) and tetrapolar BIA.
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Eighty-five subjects in the study by Pinkoski et al (22) were
randomly assigned to receive 5 g CLA/d in seven 1-g capsules or
7 g sunflower oil/d (placebo). The CLA supplement contained
equal amounts of the c9, t11 (36.1%) and t10, c12 (36.3%) iso-
mers. Seventy-six subjects completed the study. The mean
(�SD) baseline characteristics of the males and females in the
placebo and CLA groups were the following: BMI of 25.2, 24.4,
26.8, and 23.8; and age 23.9 � 4.1, 26.4 � 9.2, 26.6 � 5.7, and
23.8 � 6.2 y, respectively. No differences in any of the dependent
variables were observed between the treatment groups at base-
line. The subjects participated in a resistance training program
concurrently with the 7-wk supplementation period. The study
also included a subset of subjects who participated in a crossover
study, but these data were not included in the meta-analysis.
Body composition was measured by air-displacement plethys-
mography.

The subjects for another study by Gaullier et al (20) were
selected on the basis of being overweight and obese (BMI 28–32)
men and women 18–65 y of age. The subjects received either 3.4
g/d of CLA (4.5 g Clarinol brand; Lipid Nutrition, division of
Loders Croklaan, The Netherlands; n � 59) or placebo (4.5 g
olive oil, n � 59). The CLA oil was a mixture containing 37.5%
c9, t11 and 38% t10, c12. The rest of the mixture was made of
other fatty acids (containing �2% of unsaturated fatty acids in
the trans, trans conformation, �7% of saturated fatty acids, and
�1% in free fatty acids). One-hundred fifteen subjects were
randomly assigned; 105 (21 men, 84 women) completed the
6-mo study; 83 completed the study with �70% pill count com-
pliance (data from these subjects were used for the present meta-
analysis). The subjects were on an ad libitum diet, and no restric-
tions in lifestyle or in caloric intake were implemented. However,
on request, the study nurse gave the subjects dietary advice and
exercise recommendations of a general nature at the beginning of
the study. No significant differences were observed between the
placebo and CLA groups at baseline in mean (�SD) age (48.7 �
9.2 and 45.8 � 10.0 y, respectively), BMI (30.2 � 1.4 and
30.5 � 1.4, respectively), or body fat percentage (42.2 � 5.6%
and 42.3 � 6.1%, respectively). Body composition was
measured by DXA.

Forty-eight subjects were selected for the Watras et al (21) on
the basis of being overweight (BMI: 25 to 30) but otherwise
healthy and were in the age range of 18–44 y. The subjects
received four 1-g capsules daily for 180 d that contained either
safflower oil (placebo) or 80% equal mix of c9, t11 and t10, c12
isomers of CLA for a total of 3.4 g CLA isomers/d. Forty subjects
completed the study (18 in the placebo group, 22 in the CLA
group). No significant differences were observed between the
placebo and CLA groups at baseline in mean (�SD) age (32 �
7 and 34 � 8 y, respectively), BMI (28 � 2.2 and 27.6 � 1.8,
respectively), or body fat percentage (36.0 � 4.2% and 33.6 �
7.4%, respectively). Body composition was measured by the
4-compartment model including body density by hydrodensito-
metry, body mineral by DXA, and body water by 18O isotope
dilution.

Sixty-four subjects were selected for the Lambert et al (32)
study on the basis of being nonobese (BMI � 30), healthy men
and women between the ages of 21 and 45 y who exercised �3
times/wk for �6 mo. Sixty-two subjects completed the trial. The
subjects received 3.9 g/d of placebo or CLA supplement (2.57 g
active CLA isomers/d; equal mix of c9, t11 and t10, c12 isomers).
The mean (�SD) age of subjects was 32 � 7 y. The mean BMI

for men was 22.5 � 2.5 and for women was 24.2 � 2.1. Body
composition was measured by DXA.

Weight regain studies

Of the 3 studies published to date investigating the effect of
CLA on weight regain or maintenance after weight loss (34–36),
only 2 (34, 35) have been published with sufficient body-
composition detail to include in the meta-analysis.

Subjects for the Kamphuis et al (34) study were selected on the
basis of being overweight (BMI: 25–30) men and women 20–50
y of age. The subjects were prescribed a very-low-calorie diet
(2.1 MJ) for 3 wk before supplementation. They were then ran-
domly assigned to receive 1.8 g oleic acid, 1.8 g CLA, 3.6 g oleic
acid, or 3.6 g CLA daily for 13 wk (TonalinTM brand, Hovde-
bygda, Norway; 75% CLA in the triacylglycerol form). Although
the publication is not explicit, we made the assumption that 1.8
and 3.6 g are the amounts of CLA isomers, not total oil, in the
capsules. The subjects were instructed to ingest capsules before
breakfast, lunch, and dinner. For the low-dose CLA, low-dose
placebo, high-dose CLA, and high-dose placebo, the mean
(�SD) BMIs before the very-low-calorie diet were 27.6 � 1.1
(n � 14), 28.0 � 1.6 (n � 13), 28.3 � 1.7 (n � 13), and 27.6 �
1.5 (n � 14), respectively, and after the very-low-calorie diet at
the beginning of the intervention the BMIs were 25.6 � 1.1,
26.1 � 1.4, 26.2 � 1.7, and 25.7 � 1.4, respectively. No signif-
icant differences in age, body weight, BMI, or percentage body
fat were observed between the groups at the start of the study.
Body composition was measured by hydrodensitometry and
deuterium dilution.

The subjects for the Larsen et al (35) study were selected on the
basis of being overweight and obese (BMI: 28–35) men and
women 18–65 y of age. The subjects were prescribed a low-
calorie diet (3.3–4.2 MJ) for 8 wk before supplementation. The
subjects that lost �8% of their initial body weight were then
randomly assigned to receive 4.5 g olive oil or CLA daily for 13
wk (TonalinTM brand; 80% CLA in the triacylglycerol form;
3.4 g CLA isomers). This protocol involved 8 wk on a low-calorie
diet before the 52-wk intervention with CLA or placebo. Al-
though body weight, BMI, body fat mass, and fat free mass were
significantly higher in the placebo group than in the CLA group
at weeks �8 (before the low-calorie diet) and 0 (baseline), the
percentage body fat mass was not significantly different between
groups at weeks �8 or 0, nor was the change from week �8 to
week 0 significantly different for any of these variables. Body
composition was measured by DXA.

Statistical analyses

Each treatment group was used as a single data point without
weighting. The effect of dose was assessed by using least-squares
linear regression analysis. The original authors’ 95% CIs were
used in the meta-analysis if provided or were calculated from the
published SD and the sample size. Several publications did not
provide enough data to calculate the 95% CI, as indicated on the
appropriate figure. Fat loss data were used as published for the
meta-analysis. A second analysis was then performed with ad-
justment for doses of CLA that differed from 3.2 g/d by using the
� coefficient from the linear regression of fat loss on dose. Sta-
tistical significance was set at P � 0.05. Data are presented as
means � SDs unless otherwise indicated.
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RESULTS

Only 3 studies investigating single isomers conducted in hu-
mans were identified (24, 25, 28). The t10, c12 isomer had no
significant effect (Figure 1) in one group given a low dose (26),
but decreased body fat in the other 2 groups (24, 25). No con-
clusion can be reached on the specificity of the isomers for fat
loss based on these 3 human studies. However, as indicated in the
introduction, animal studies have shown that t10, c12 is the
isomer that has the greatest effect on body fat. Therefore, we did
not include the treatment groups that only received c9, t11 CLA
isomers in the following analyses (25, 28).

The effect of dose was investigated by plotting the change in
fat mass (kg/wk) against the dose of CLA (g/d). The change in fat
mass represented the difference between the CLA and placebo
groups from baseline (Figure 2). One study was found to be an
outlier based on the residual being �2 times the SEE and was not
included in the regression analysis (27). The results at 2 y from
the Gaullier et al (33) study were not included because there was
no placebo group for calculating relative change in fat mass
during the second year. The regression was significant (R2 �
0.1771, P � 0.03), indicating that there was a dose effect with a
slope of �0.024 kg fat · g CLA�1 · wk�1. When fat loss of the
CLA group alone (not relative to placebo) was expressed
as kg/wk against the dose of CLA in grams per day (data not
shown), the effect was not significant (R2 � 0.053).

The change in fat mass in the CLA treated group was plotted
against the length of the study (Figure 3). The 2 data points
available at the 104-wk time point are from a single study (33)
and represent subjects who were taking CLA as either FFA or
triacylglycerols for the first 52 wk and CLA as triacylglycerols
for the second 52 wk. The change in fat mass expressed as kg/wk
(to normalize for the length of the treatment) is shown in
Figure 4 for the CLA group alone and Figure 5 for the fat loss
in the CLA group relative to the placebo control. The average fat
loss is 0.05 � 0.05 kg/wk (P � 0.001) for the CLA group alone
and 0.09 � 0.08 kg/wk (P � 0.001) for the fat loss compared with
the placebo control group. Considering the plateau effect of CLA
over time (Figure 3), the data from 104 wk was not included in
Figures 4 and 5.

Data shown in Figures 4 and 5 were derived by using CLA at
various doses from 1 to 6.8 g/d and thus are influenced by the dose
effect shown in Figure 2. When the fat loss (in kg/wk) was adjusted

by linear regression to the mean dose of 3.2 g/d, the average fat loss
for theCLAgroupalone(0.05�0.05kg/wk)andfor theCLAgroup
relative to placebo (0.09 � 0.07 kg/wk) were not significantly dif-
ferent from those calculated for each individual dose.

In addition to the above fat loss CLA trials, 2 studies have been
published in which CLA and placebo were provided to test
whether CLA could prevent or reduce fat regain after weight loss
(34, 35). Analysis of these 2 studies indicated the average fat loss
for the CLA group alone was 0.007 kg/wk (95% CI: �0.053,
0.039 kg/wk) and for the CLA group relative to placebo was
0.018 kg/wk (95% CI: �0.076, 0.040 kg/wk). Although the trend
for CLA was favorable, it was much smaller than the effect
reported above for fat loss and was not statistically significant.

DISCUSSION

Despite the multitude of human clinical trials testing the effect
of CLA on body composition, the effect of CLA has been con-
troversial because significant effects of CLA on body fat have not
been consistently reported. Our analyses combine the varied
study results to draw conclusions about the body of evidence as
a whole. In our analyses, we were able to focus the studies to
show that CLA does indeed cause a modest, but significant,
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FIGURE 1. Changes in fat mass from single-isomer conjugated linoleic acid studies.
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FIGURE 2. The effect of conjugated linoleic acid (CLA) dose on rate of
change in fat mass. The rate of change in fat mass due to CLA dose was
calculated relative to that obtained with placebo. The encircled data point
from the study by Kreider et al (27) qualifies as an outlier and was not
included in the regression analysis. The results from the Gaullier et al (33)
study were excluded because of a lack of placebo group for 2-y comparison.
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reduction in fat loss of about 0.09 kg/wk relative to subjects in
placebo groups. Although this effect is seemingly of little con-
sequence, it is larger than and in the opposite direction to the
current trend for Americans to gain an average of 0.4 kg total
weight each year (0.009 kg/wk) (40).

As shown in Figure 2, an analysis of multiple studies indicates
that there is a significant CLA dose effect in humans. In the one
human study in which doses were directly compared, however, a
dose of 3.4 g/d resulted in a weight loss of 0.14 kg/wk, whereas
the 6.8 g/d dose resulted in a weight loss of 0.11 kg/wk (16). The
failure to show a dose effect in this single study compared with
the cumulative data from multiple studies reflects the inherent
variability of fat loss in free-living humans. The highest dose
provided in a human trial to date is 6.8 g/d (50:50 mixture of the
t10, c12 and c9, t11 isomers) (16). There is insufficient human
data to determine whether higher doses will produce more weight
loss. Based on animal studies, it is possible that doses higher than
6.8 g CLA/d would produce additional fat loss. It is difficult to
predict, however, because it is not obvious how to scale the doses
between mice and humans. In animal studies that showed larger

relative effects on fat mass than those we summarize here for
human studies, doses have been provided in the range of 0.1% to
1% of the diet as CLA. Based on dose per body weight, these
doses in a mouse provide 0.2 to 3 g/kg and are much larger than
the 0.015 to 0.1 g/kg doses used in these human studies. On the
basis of percentage energy intake, however, the 0.1% to 1% of
diet doses in the mouse corresponds to doses between 0.2% and
2% of energy and would translate to adult human doses between
0.5 and 5 g CLA/d.

Most CLA studies reviewed were �12 wk in length. Overall,
fat loss was nearly linear for the first 6 mo of treatment and then
began decelerate and to approach an asymptote, based largely on
the single 2 y study (33). In contrast, most control groups would
be predicted to gain a small amount of fat mass during a 2-y
interval, so preventing gains in fat mass during long-term CLA
treatment has a potential health advantage. Unfortunately, this
single 2-y study was performed open label and did not include a
placebo group for the second year (33). Therefore, it is not possible
to reach definitive conclusions about potential body-composition
benefits of CLA consumption for longer periods of time.
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Very few data are available on individual CLA isomers and
body composition. The results of the 3 single isomer studies,
however, are not inconsistent with animal studies showing the
t10, c12 isomer to be the efficacious isomer for body composition
(7, 13, 14). For most human studies, the t10, c12 isomer was
provided as an equal mix with the c9, t11 isomer. There are
inadequate data to indicate an ideal mix of isomers for body
composition, but the data available to date indicate that a mixture
of t10, c12 and c9, t11 results in no severe adverse events, al-
though the one human study that used the t10, c12 isomer alone
did result in transient insulin resistance within 12 wk (24).

We separately analyzed 2 studies that were designed to look at
the effect of CLA on body composition during the regain phase
that is typically experienced after weight loss on an energy-
restricted diet. Both studies found no effect of CLA on fat and
total weight during weight regain (34, 35), although one study
found that CLA significantly increased fat-free mass (34). Based
on these limited data, it is not possible to draw any conclusions
at this time regarding the effect of CLA on long-term weight
maintenance because the 95% CIs are large and include fat loss
and gain. Further studies to test the efficacy of CLA during regain
are needed.

Our findings indicate that the 10 human studies that showed no
statistically significant effect of CLA on fat mass lacked statis-
tical power because the treatment duration was too short, there
were too few subjects, or both. For example, based on the average
difference in change in fat mass of 0.09 kg/wk between CLA
treatment and placebo, the expected difference at 12 wk would be
1.1 kg. Because the average SD for within-individual change in
fat mass was 2.6 kg, it is estimated that it would require 44
participants in each group to have an 80% power to detect this
change with a P � 0.05. Thus, it is not surprising that only a
portion of the previous studies found statistically significant dif-
ferences in fat mass.

Although no severe adverse events have been related to the use
of CLA, there are reports of effects of CLA on several risk factors
for chronic disease (reviewed in 41 and 42). CLA has been shown
to slightly increase biomarkers of inflammatory disease (usually
within the published normal values), including C-reactive pro-
tein (43), white blood cell counts (33, 35), and blood and urinary
isoprostanes (24). Elevations of these biomarkers have been sug-
gested to be indicators of inflammatory disease (44–46) but have
also been shown to be antiinflammatory (47). In addition, al-
though CLA does increase these suggested biomarkers of inflam-
mation, animal studies strongly suggest that CLA is not proin-
flammatory but antiinflammatory. CLA decreased and reversed
atherosclerosis (48–50), decreased antigen-induced airway hy-
persensitivity (51–52) and improved airway response in humans
(53), increased life expectancy in a mouse lupus model (54),
decreased inflammation in a model of arthritis (55), decreased
bowel inflammation in a pig model (56), and reduced endotoxin-
induced (57) and cancer-induced (58) cachexia in many animal
models. Thus, although CLA has been shown to cause a modest
increase in inflammatory markers, it has also been shown to
decrease inflammatory disease in several models. The relevance
of these elevated biomarkers of inflammation taking into account
the decrease in inflammatory disease remains to be determined.

CLA has also been reported to increase insulin resistance (24,
28, 59). This has been most notable in studies of short duration
(59), those that used single isomers (24, 28), or both. For exam-
ple, in one study, insulin resistance was reported in individuals

supplemented with only the t10, c12 isomer for 12 wk, but not
with a mixed preparation of predominantly the c9, t11 and t10,
c12 isomers (24). In a later study, the same enriched t10, c12
supplement was given for 18 wk and did not result in insulin
resistance (25). Many studies either have not found significant
changes in fasting glucose or insulin or in measures of insulin
sensitivity (17, 19, 25, 27, 31, 32, 34–36, 60–67) or have found
an improvement (30, 35, 62). With regard to both safety and
efficacy, it has been suggested that CLA preparations enriched in
c9, t11 and t10, c12 isomers are preferable to preparations con-
taining 4 isomers (41), and this may also be true compared with
single isomer preparations. Further investigation into the safety
of CLA is warranted.

In conclusion, when the body of evidence is considered as
a whole, CLA does have a beneficial effect on human body
composition. Although this effect is modest, it could be im-
portant if accumulated over time, especially in an environ-
ment where continuous, gradual weight gain is the norm in the
adult population.
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Six months supplementation with conjugated linoleic acid induces

regional-specific fat mass decreases in overweight and obese
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1Link Medical Research AS, Gåsevikveien 8, N-2027 Kjeller, Norway
2Diabetes and Overweight Clinic, Pilestredet Park 7, N-0176 Oslo, Norway
3Hedmark Medical Center, Grønnegata 54, PO Box 3, N-2303 Hamar, Norway
4Lipid Nutrition, division of Loders Croklaan, PO Box 4, 1520 AA, Wormerveer, The Netherlands

(Received 31 March 2006 – Revised 23 August 2006 – Accepted 17 October 2006)

Long-term supplementation with conjugated linoleic acid (CLA) reduces body fat mass (BFM) and increases or maintains lean body mass (LBM).

However, the regional effect of CLA was not studied. The study aimed to evaluate the effect of CLA per region and safety in healthy, overweight

and obese adults. A total of 118 subjects (BMI: 28–32 kg/m2) were included in a double blind, placebo-controlled trial. Subjects were randomised

into two groups supplemented with either 3·4 g/d CLA or placebo for 6 months. CLA significantly decreased BFM at month 3 (D ¼ 20·9 %,

P¼0·016) and at month 6 (D ¼ 23·4 %, P¼0·043) compared with placebo. The reduction in fat mass was located mostly in the legs

(D ¼ 20·8 kg, P,0·001), and in women (D ¼ 21·3 kg, P¼0·046) with BMI .30 kg/m2 (D ¼ 21·9 kg, P¼0·011), compared with placebo.

The waist–hip ratio decreased significantly (P¼0·043) compared with placebo. LBM increased (D ¼ þ0·5 kg, P¼0·049) within the CLA

group. Bone mineral content was not affected (P¼0·70). All changes were independent of diet and physical exercise. Safety parameters including

blood lipids, inflammatory and diabetogenic markers remained within the normal range. Adverse events did not differ between the groups. It is

concluded that supplementation with CLA in healthy, overweight and obese adults decreases BFM in specific regions and is well tolerated.

Conjugated linoleic acid: Body composition: Overweight: Obesity

Conjugated linoleic acid (CLA), which refers to a mixture of
linoleic acid isomers containing conjugated double bonds, has
been shown in animal models to share several potential health
benefits including positively influencing body composition,
reducing atherosclerosis biomarkers, reducing cancer risk, dia-
betes management, reducing inflammation and positively
influencing the immune response (Zu & Schut, 1992;
Cook et al. 1993; Ip et al. 1994; Lee et al. 1994; Miller
et al. 1994; Liew et al. 1995; Schonberg & Krokan, 1995;
Wong et al. 1997; Cunningham et al. 1997; Dugan et al.
1997; Nicolosi et al. 1997; Houseknecht et al. 1998; West
et al. 1998; DeLany et al. 1999; Park et al. 1999; Gavino
et al. 2000; Szymczyk et al. 2001; Rahman et al. 2001;
Akahoshi et al. 2002; Corino et al. 2002; Bassaganya-Riera
et al. 2003, 2004; Ostrowska et al. 2003; Bhattacharya et al.
2005; Wargent et al. 2005).

In humans, CLA has been tested extensively for its ability
to modify body composition (Lowery et al. 1998; Atkinson,
1999; Berven et al. 2000; Blankson et al. 2000; Riserus
et al. 2001; Thom et al. 2001; Kreider et al. 2002; Gaullier
et al. 2004, 2005). When the studies were performed with

reliable body composition measurement methodology (e.g.
dual-energy X-ray absorptiometry (DEXA) scan) together
with the mixture containing mainly the two bioactive isomers
cis-9,trans-11 and trans-10,cis-12 CLA (Gaullier et al. 2002),
CLA reduced body fat mass (BFM) in humans at the same
time as lean body mass (LBM) was preserved (Gaullier et al.
2004, 2005). However, it was not shown whether BFM was
reduced equally in the whole body or if the reduction was
restricted to some regions. This finding could be of importance
since abdominal obesity has been associated with increased
risk of CVD (Reaven, 2005).

Other studies with supplementation of the two bioactive CLA
isomers in humans showed that CLA is able to stimulate the
immune response (Albers et al. 2003; Song et al. 2005),
improves insulin sensitivity in sedentary individuals (Eyjolfson
et al. 2004) and beneficially modifies lipid metabolism (Noone
et al. 2002). Human studies on type 2 diabetics showed conflict-
ing results (Belury et al. 2000, 2003; Moloney et al. 2004). The
reported negative effect on insulin sensitivity in one of the trials
with type 2 diabetic patients might, however, have been due to
the fact that there was a bias in glucose tolerance between
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placebo and the CLA group at the start of the trial and not due to
CLA intake per se (Moloney et al. 2004). No acute toxic adverse
events (AE) were reported in any of the trials. When reported, the
AE were of mild character and were associated mostly with gas-
trointestinal disturbances (Berven et al. 2000; Blankson et al.
2000; Gaullier et al. 2004, 2005). In another controlled study,
the incidence of AE was lower in the CLA-treated group as com-
pared with the control group (Whigham et al. 2004). However,
other studies showed that the mixture of the two bioactive iso-
mers of CLA could increase markers of lipid peroxidation in
healthy subjects (Basu et al. 2000a), even though pathological
alterations were not reported (Basu et al. 2000b). When sup-
plemented independently in high concentration of either the
trans-10,cis-12 CLA or the cis-9,trans-11 CLA, these single iso-
mers increased insulin resistance in subjects with the metabolic
syndrome (Riserus et al. 2002a, 2004b), whereas the mixture of
both isomers did not affect insulin sensitivity of subjects with
metabolic syndrome (Riserus et al. 2002a), and improved this
in sedentary men (Eyjolfson et al. 2004). To date, only the mix-
ture of both bioactive isomers, but not the high concentrated
single isomers, is accessible commercially to all. It was therefore
necessary to investigate how supplementation of a commercial
mixture of CLA affects blood safety parameters including
inflammation and diabetes markers in a long-term study to deter-
mine the safety of CLA in human.

The primary objective of the present study was thus to
assess the localisation of the BFM reduction in overweight
and moderately obese subjects during a 6-month CLA sup-
plementation, and secondarily to determine if CLA sup-
plementation was safe.

Subjects and methods

Subjects

A total of 118 healthy male and female volunteers 18–65
years of age, with BMI of 28–32 kg/m2, were recruited by
two research centres (Diabetes and Overweight Clinic,
Specialist Medical Center, Oslo, Norway, n 50; and the Hed-
mark Medical Center, Hamar, Norway, n 68). All subjects
signed an informed consent form before inclusion in the study.

Exclusion criteria included drug therapy, special diet or taking
dietary substitutes for weight loss 2 weeks prior to the start of the
study. CLA consumption in the form of supplements during the
last 3 months prior to the study, pregnant and lactating women,
type 1 diabetes or those with untreated type 2 diabetes mellitus,
those with a history of hypertension, renal, liver, pancreatic or
chronic inflammatory/infectious diseases, cardiac failure or
malignant tumours, those with active thyroid disease or receiv-
ing thyroid hormone substitution, adrenergic agonist use and
volunteers with known/suspected drug or alcohol abuse or
with any clinical condition rendering them unfit to participate
were also excluded from participation.

Ethics

The regional Ethics Committee and the local authorities
approved the study before it started. The study was conducted
in agreement with the Declaration of Helsinki of 1975 as
amended in 2000, and in accordance with the International
Conference on Harmonization (ICH) guidelines.

Study design

This study had a parallel design with two arms, double-blinded,
randomised, and placebo-controlled. The subjects were random-
ised to either CLA 3·4 g/d (4·5 g of Clarinole, Lipid Nutrition,
Division of Loders Croklaan, The Netherlands, n 59) or placebo
(4·5 g of olive oil, n 59) corresponding to six opaque soft gel cap-
sules, all identical in taste and in appearance. The CLA oil was a
mixture containing 37·5 % cis-9,trans-11 and 38 % trans-10,cis-
12. The rest of the mixture was made of other fatty acids (con-
taining , 2 % of trans,trans, ,7 % of saturated fatty acids
and ,1 % of NFA). The subjects were on ad libitum diet, and
no restrictions in lifestyle or caloric intake were implemented.
However, on request, the study nurse gave the subjects dietary
advice and exercise recommendations of a general nature at
the beginning of the study.

Clinical assessments

Baseline characteristics and demographic data were recorded
by the medical staff when entering the study to evaluate the
eligibility of the participants. Smoking habits were divided
into four categories (No, Yes: 1–10 cigarettes, 11–19 ciga-
rettes and $20 cigarettes per day), whereas alcohol drinking
habits were divided into five categories (No, Yes: 1–7 units,
8–14 units, 15–25 units and . 25 units per day) with one
unit of alcohol defined as 12 g, or one shot (30 ml), one
glass of wine (12 ml) or one glass of beer (30 ml). Weight,
BMI and vital signs were recorded every 3 months. Twelve-
hour fasting blood samples were analysed for adiponectin,
alkaline phosphatase (ALP), alanine amino transferase
(ALAT), aspartate amino transferase (ASAT), C-reactive pro-
tein (CRP), creatinine, erythrocytes, g-glutamyltransferase,
glucose, glucohaemoglobin (HbAlc), HDL-cholesterol, Hb,
leucocytes, LDL-cholesterol, insulin, insulin c-peptide,
leptin, lipoprotein a (Lp(a)), thrombocytes/platelets, total
cholesterol, triacylglycerols and white blood cells. All ana-
lyses were performed in accredited laboratories (Fürst Labora-
tory and Aker University Hospital, Oslo, Norway) at baseline
and at 6 months. Analsyses of cytokines (interleukin (IL)-1b),
IL-6, IL-8 and tumour necrosis factor-a were performed in a
third laboratory (Bioceros, Utrecht, The Netherlands). Compli-
ance was measured every 3 months by counting the returned
unused capsules, and compared with the number of capsules
that should have been used. A subject was considered compli-
ant when taking $70 % of the administered supplement.

Adverse events

An AE was defined as any unfavourable, unintended event (or
symptom) reported by a subject or observed by the investi-
gator during the study. All AE were recorded with information
about the nature, severity, frequency, onset date, duration and
action taken regarding study products. The investigators also
classified each AE as serious or non-serious. A serious AE
was defined as any untoward medical occurrence that resulted
in death, was life-threatening, required subject hospitalisation
or prolongation of existing hospitalisation, or resulted in per-
sistent or significant disability or incapacity. AE were
recorded every 3 months, while serious AE were monitored
continuously throughout the study. The AE did not necessarily
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have a causal relationship with the study product. It was up to
the investigators to evaluate the relationship of the AE to the
study product in a double blind manner (without code break-
ing of the randomisation list). Their evaluation was based on
previous studies as well as their general practice.

Diet and exercise

Diet and exercise were assessed at baseline and at 6 months.
During about 1 h prior to the visit to the medical centre,
each participant completed diet and exercise forms covering
a period of fourteen consecutive days according to a pre-
viously evaluated and validated method (Nes et al. 1992).
The method provides information on quantity and type of
food consumed during the period as described previously
(Gaullier et al. 2004), using a specially designed software pro-
gram BEREGN (Oslo University, Norway). The participation
rate was high (81·7 %), and the non-responders included n 6 in
the CLA group and n 14 in the placebo group. Exercise was
assessed as the mean score of the number of training sessions
per week with intensity (each subject was categorised accord-
ing to the following scale: no exercise, score ¼ 0; exercise 1
time/week without sweat, score ¼ 1; exercise 2–3 times/
week without sweat, score ¼ 2; exercise .3 times/week with-
out sweat, score ¼ 3; exercise 1 time/week with sweat,
score ¼ 4; exercise 2–3 times/week with sweat, score ¼ 5;
exercise .3 times/week with sweat, score ¼ 6).

Measurement of body composition, body weight and
anthropometric variables

Dual-energy X-ray absorptiometry (DEXA) was used to deter-
mine body composition (Lunar Prodigy, software version 6.0,
Madison, WI). Measurements provided masses for the whole
body in terms of fat (FBM), muscles and water together as
LBM, and bone mineral content (BMC). In addition, regional
masses in terms of fat were provided in the arm (AFM), in the
abdomen (TFM) and in the legs (LFM).

The Hologic spine phantom was used for daily quality control
assessment (CV consistently around 0·5 %). For weekly assess-
ment, the Hologic whole body phantom 162 was used. This
phantom has a total weight of 27·8 kg and consists of five
sheets of polyethylene shaped in a pyramidal fashion. In the
lower sheet, an aluminium body-shaped figure is embedded
and sealed off by a polyvinyl sheet. CV for the surrogates of
fat mass, LBM and BMC were 0·7, 0·7 and 0·9 %, respectively.

The subjects were weighed on digital scales (TBF-305,
Tanita, UK) in their underwear. No subtractions for clothes
were performed. Height was measured using wall-fixed Har-
penden stadiometers (Holtain, UK) (CV ,0·2 %). BMI was
calculated as the ratio of the weight in kg by the square of
the size expressed in metres. Waist and hip were measured
as previously described (Hall & Young, 1989).

Statistical analysis

Results are shown as means and standard deviation (SD) (see
tables). The primary variable was the change of BFM as deter-
mined by DEXA. A test power of 90 % was planned, based on
a relative difference in BFM reduction between each CLA
group and placebo of at least 1 £ SD. Testing between both

groups to investigate comparability at baseline was applied
using an overall F test. Differences from baseline to month
6 within the groups were tested using a paired t test for nor-
mally distributed variables. Categorical variables were ana-
lysed using Fisher’s exact test or a x2 test. Comparisons
between treatment groups regarding change from baseline in
DEXA and weight variable were performed using analysis
of covariance, with treatment, centre and gender as factors;
baseline value, total energy intake, exercise, and interaction
treatment £ energy intake and treatment £ training score as
covariates. A significance level of 5 % was used in tests, and
all tests were two-tailed. The software used to perform these
analyses was SAS for Windows (version 8.2).

Statistical analyses for efficacy and safety parameters were
performed on all subjects with at least one post-baseline visit
in a subpopulation (n 105) defined as the intention to treat popu-
lation. The principle of last-value-carried-forward was applied
to this population for efficacy variables only. In addition, stati-
stical analyses for efficacy on the main parameters were per-
formed on the per protocol (PP) population including subjects
who completed all visits and with compliance $70 % (n 83).

Results

Study subjects

A total of 118 subjects were randomised and 93 completed the
study (78·8 %), with similar rates of withdrawal in both groups
(n 12 for CLA, and n 13 for placebo, P¼0·37; Fig. 1). Two
subjects in the CLA group discontinued the study because of
AE, one left the trial after removal of a malignant breast
cancer incidentally discovered, and the other subject suffered
from constipation. In the whole population (n 118), both
groups were similar at baseline in gender, age, alcohol use
and physical exercise (data not shown).

Out of 118 subjects, thirteen subjects discontinued the study
prior to the second visit (month 3). Since no data were avail-
able for these subjects, they were excluded from all analyses.
Both groups had similar baseline characteristics in the remain-
ing population (n 105; Table 1). Compliance at month 6 was
96·7 % (SD 16·7) and 97·8 % (SD 17·1) in the placebo group
and in the CLA group, respectively.

Out of the 105 subjects, twelve subjects discontinued the
study prior to the third visit (month 6), whereas ten of the
remaining subjects had a compliance lower than 70 % as
described in the protocol. Therefore, eighty-three subjects
completed the study according to the protocol and is defined
here as the PP population. Both groups of the PP population

Randomized
(n=118)

CLA
(n=59)

Placebo
(n=59)

Study
completed

(n=47)

Drop out
(n=12)

Study
completed

(n=46)

Drop out
(n=13)

Compliance > 70%
(n=42)

Compliance > 70%
(n=41)

Fig. 1. Study population.
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(n 42 for CLA and n 41 for placebo) were similar at baseline
and had compliance at month 6 of 99·2 % (SD 14·6) in the
placebo group and 99·2 % (SD 13·3) in the CLA group.

Effects of CLA on body composition

BFM that did not differ significantly between the groups at
baseline (P¼0·69) was significantly reduced by 3·4 % after 6
months supplementation with CLA compared with placebo

(n 105, D ¼ 21·2 kg, P¼0·043) (Table 2). This difference
between the groups was also observed when the fat mass
was measured as the percentage of the whole body weight
(n 105, D ¼ 20·9 %, P¼0·028). The decreases in BFM and
fat mass percentage were already significantly higher (n 105,
D ¼ 20·3 kg, P¼0·016 and D ¼ 20·2 %, P¼0·040, respect-
ively) in the CLA group as compared with the placebo
group after 3 months supplementation. Compared with base-
line, the CLA group had significantly reduced BFM at
month 6 (n 55, D ¼ 21·0 kg, P¼0·036), and body fat per-
centage (n 55, D ¼ 21·0 %, P¼0·009), whereas the BFM
and body fat percentage in the placebo group remained
unchanged compared with baseline (n 50, D ¼ þ0·2 kg,
P¼0·64, and D ¼ 20·1 %, P¼0·77, respectively; Table 2).
CLA was more efficient in women (n 84, D ¼ 21·3 kg,
P¼0·046) than in men (n 21, D ¼ 20·7 kg, P ¼ 0·61) when
compared with placebo, and more efficient for subjects with
BMI $30 kg/m2 (n 63, D ¼ 21·3 kg, P¼0·011) than for sub-
jects with BMI ,30 kg/m2 (n 42, D ¼ 20·3 kg, P¼0·92).

After 6 months supplementation, the difference in LBM
between the CLA group and the placebo group was not stat-
istically significant (n 105, D ¼ þ0·4 kg, P¼0·22; Table 2).
However, within-group analyses revealed a significant
increase in LBM in subjects supplemented with CLA (n 55,
D ¼ þ0·4 kg, P¼0·049), and slight but not significant
change in the placebo group (n 50, D ¼ þ0·1 kg, P¼0·62;
Table 2).

There was no difference in BMC between the groups (n 105,
P¼0·70; Table 2), and no changes within both groups from
baseline to month 6 (n 55 CLA, P¼0·36; n 50 placebo,
P¼0·49).

Table 1. Baseline characteristics of study population (n 105)

Placebo (n 50) CLA (n 55)

Mean SD Mean SD P value

Gender
Male 10 11 1·0
Female 40 44 0·12

Age (years)* 48·7 9·2 45·8 10·0 0·25
Height (cm)* 169·7 8·1 170·0 8·8 0·64
Alcohol use (%)† 68·0 63·6 0·48
Tobacco use (%)† 10·0 14·5 0·54
Exercise (%)‡

No exercise 26·0 23·6
Exercise without sweat 20·0 23·6
Exercise with sweat 54·0 52·7

CLA, conjugated linoleic acid.
* Values for age and height are given as means with their standard deviation, and

were recorded within 2 weeks of subjects’ inclusion in the study.
† Alcohol and tobacco use are expressed as the percentage of the subjects who

answered positively to these questions (%Yes).
‡ Exercise is expressed as the percentage of subjects with no training or training

at least once a week at low intensity (% without sweating) and high intensity
(% with sweating).

Table 2. Body composition, total and regional fat mass

(Mean values and standard deviations)

Month 0 (n 105) Month 3 (n 105) Month 6 (n 105) D6–0 (n 105) D 6–0 (n 83)

Group* Mean SD Mean SD Mean SD Mean SD Mean SD

BFM (%)
CLA 42·3 6·1 42·0 6·1 41·3 6·2 21·0 2·7† 21·4 2·8†
Placebo 42·2 5·6 42·1 5·7 42·1 6·1 20·1 2·2‡ þ0·2 2·0‡

BFM (kg)
CLA 35·9 4·7 35·5 5·1 34·9 5·7 21·0 3·4† 21·5 3·6†
Placebo 35·5 5·4 35·4 5·5 35·7 5·9 þ0·2 2·3‡ þ0·5 2·2‡

AFM (kg)
CLA 5·1 1·4 5·1 1·6 4·9 1·6 20·3 1·2 20·3 1·2
Placebo 5·2 1·7 5·0 1·3 4·9 1·4 20·4 1·1† 20·3 1·0

LFM (kg)
CLA 11·2 2·8 1·9 2·6 1·7 2·7 20·5 1·2† 20·7 1·3†
Placebo 11·3 2·4 11·4 2·4 11·6 2·7 þ0·3 1·0‡ þ0·3 1·0‡

TFM (kg)
CLA 18·6 2·4 18·6 2·5 18·4 2·9 20·2 2·0 20·4 2·2
Placebo 18·1 2·7 18·0 2·6 18·3 2·9 þ0·3 1·6 þ0·5 1·6

LBM (kg)
CLA 49·6 9·9 49·7 9·7 5·1 9·5 þ0·5 1·9† þ0·6 1·9
Placebo 49·1 8·4 49·0 9·0 49·2 8·3 þ0·1 1·4 þ0·2 1·5

BMC (kg)
CLA 2·9 0·5 2·9 0·5 2·9 0·5 0·0 0·1 0·0 0·1
Placebo 2·8 0·5 2·8 0·5 2·8 0·5 0·0 0·1 0·0 0·1

BFM, body fat mass; CLA, conjugated linoleic acid; AFM, fat mass in the arms; LFM, fat mass in the legs; TFM, fat mass in the abdomen; LBM, lean
body mass, BMC, bone mineral content.

* n 55 and n 50 in the CLA group and placebo group, respectively, in the main population. n 42 and n 41 in the CLA group and placebo group, respect-
ively, in the per protocol population.

† Difference within the groups between month 6 and month 0 (analysis of variance paired t test, P,0·05).
‡ Difference between the groups (analysis of covariance test, P,0·05).
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Analyses of the PP population confirmed the analyses
obtained for the main population, but in general changes
were more pronounced in the PP population (Table 2). In par-
ticular, the PP population demonstrated a significant reduction
in BFM by 25·6 % (n 83, D ¼ 22·0 kg, P¼0·005) for the
CLA group when compared with the placebo group.
Reduction of the BFM was already observed after 3 months
(n 42, D ¼ 20·7 kg, P¼0·034) in the CLA-supplemented
group (data not shown). In the PP population, CLA was also
more efficient in women (n 65, D ¼ 22·1 kg, P¼0·005)
than in men (n 18, D ¼ 21·1 kg, P ¼ 0·513).

Localisation of the decrease in body fat mass

Fat mass did not differ significantly between the groups at
baseline either in the arms (n 105, AFM, P¼0·83), in the
abdomen (n 105, TFM, P¼0·25) or in the legs (n 105,
LFM, P¼0·77; Table 2). After 6 months of supplementation,
the CLA significantly reduced the LFM compared with pla-
cebo (n 105, D ¼ 20·8 kg, P,0·001), but not the ALM
(n 105, D ¼ þ0·1 kg P¼0·43) nor the TFM (n 105,
D ¼ 20·5 kg P¼0·18; Table 2). Compared with baseline,
CLA did not change the AFM (n 55, D ¼ 20·3 kg, P¼0·12)
or TFM (n 55, D ¼ 20·2 kg, P¼0·47), but reduced the LFM
(n 55, D ¼ 20·5 kg, P¼0·005) at month 6, while a reduction
of AFM (n 50, D ¼ 20·4 kg, P¼0·027) only was observed in
the placebo group (Table 2). The reduction of LFM in the
CLA group was mainly seen in women (n 84, D ¼ 21·0 kg,
P,0·001).

Analyses in the PP population also showed a reduction in
LFM which was significantly higher in the CLA group as
compared with the placebo group (n 83, D ¼ 21·0 kg,
P¼0·003), and a tendency for a higher reduction in the abdo-
men (n 83, D ¼ 20·9 kg P¼0·068; Table 2). In addition, CLA
was more efficient in reducing LFM in women (n 84,
D ¼ 21·2 kg, P,0·001) and in adults with BMI $30 kg/m2

(n 63, D ¼ 21·4 kg, P,0·001).

Effects of CLA on weight and BMI

There was no statistical difference between the study groups at
baseline either for weight (n 105, P¼0·63) or for BMI (n 105,
P¼0·25; Table 3). After 6 months of supplementation, there
was no significant difference between the groups in weight
(n 105, D ¼ 20·9 kg, P¼0·15) and BMI (n 105, D ¼ 20·3,
P¼0·19; Table 3). Compared with baseline, neither group
had changes in body weight (n 105; CLA, D ¼ 20·9 kg,
P¼0·10; placebo, D ¼ 0·0 kg, P¼0·096) and BMI (n 105;
CLA, D ¼ 20·3, P¼0·07; placebo, D ¼ 0·0, P¼0·86) after
6 months of supplementation (Table 3). However, individuals
with a BMI $30 kg/m2 lost weight (n 63, D ¼ 21·9 kg,
P¼0·020) and their BMI decreased significantly (n 63,
D ¼ 20·6, P¼0·031) after CLA intake compared with
placebo.

The PP analyses showed a tendency towards a difference
between the groups after 6 months of supplementation in
terms of weight (n 83, D ¼ 21·5 kg, P¼0·056) and BMI (n
83, D ¼ 20·6, P¼0·062; Table 3). Changes from baseline

Table 3. Body weight, anthropometric measurements, daily caloric intake and exercise measurements

(Mean values and standard deviations)

Month 0 (n 105) Month 3 (n 105) Month 6 (n 105) D 6–0 (n 105) D 6–0 (n 83)

Group* Mean SD Mean SD Mean SD Mean SD Mean SD

Body weight (kg)
CLA 88·2 9·7 87·8 1·0 87·3 1·4 20·9 3·9 21·2 4·2
Placebo 87·4 9·8 87·7 1·3 87·4 1·1 0·0 3·3 þ0·3 2·3

BMI (kg/m2)
CLA 3·5 1·4 3·4 1·7 3·2 2·0 20·3 1·3 20·5 1·5†
Placebo 3·2 1·4 3·4 1·6 3·2 1·7 0·0 0·9 þ0·1 0·9

Waist (cm)
CLA 99·3 7·5 97·4 7·5 96·6 7·4 22·6 5·0† 23·1 5·4†
Placebo 98·5 7·1 98·0 7·2 97·2 6·1 21·3 4·9 20·9 4·4

Hip (cm)
CLA 111·1 5·0 11·1 6·0 109·7 6·2 21·4 3·9† 21·1 4·1
Placebo 11·5 5·5 109·6 4·8 109·8 6·3 20·6 3·8 20·6 3·8

Wist–hip ratio
CLA 0·9 0·1 0·9 0·1 0·9 0·1 20·02 0·06† 20·02 0·06†
Placebo 0·9 0·1 0·9 0·1 0·9 0·1 20·01 0·05‡ 20·01 0·05

Diet (kJ/d)§
CLA 8825 2953 ND ND 7883 2940 2526 2242 2516 2273
Placebo 8893 2604 ND ND 7719 2204 21436 2145† 21421 2159†

Exercise{
CLA (a.u.) 3·27 2·24 ND ND 2·66 2·39 20·62 2·45 20·48 2·36
Placebo 3·30 2·42 ND ND 2·94 2·36 20·33 2·25 20·35 2·23

CLA, conjugated linoleic acid; ND, not determined.
*n 55 and n 50 in the CLA group and placebo group, respectively, in the main population. n 42 and n 41 in the CLA group and placebo group, respectively, in the per protocol

population.
† Difference within the groups between month 6 and month 0 (analysis of variance paired t test, P,0·05).
‡ Difference between the groups (analysis of covariance P,0·05).
§ Diet is expressed as the total energy intake per day.
{Exercise was assessed as the product of the number of training sessions per week with intensity (with or without sweat) and was expressed in arbitrary units (a.u.).
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in the PP population showed a decrease in BMI in the CLA
group (n 42, D ¼ 20·5, P¼0·040), but not in the placebo
group (n 41, D ¼ þ0·1, P¼0·71).

Effects of CLA on anthropometric parameters
of the waist and hip

There was no statistical difference between the study groups
(n 105) at baseline either for waist size (P¼0·54), hip size
(P¼0·54) or waist–hip ratio (P¼0·80) (Table 3). After 6
months supplementation, there was a higher reduction in the
waist–hip ratio in the CLA group as compared with the pla-
cebo group (n 105, D ¼ 20·01, P¼0·043; Table 3). Compared
with baseline, the CLA group (n 55) had a reduction in waist
size (D ¼ 22·6 cm, P,0·001), hip size (D ¼ 21·4, P¼0·009)
and waist–hip ratio (D ¼ 20·02, P¼0·042), whereas there
were no significant changes within the placebo group (n 50;
waist, D ¼ 21·3 cm, P¼0·065; hip, D ¼ 20·6 cm, P¼0·23;
waist–hip ratio, D ¼ 20·01, P¼0·27; Table 3).

The analyses in the PP population showed that CLA signifi-
cantly decreased waist size (n 42, D ¼ 23·1 cm, P,0·001)
and waist–hip ratio (n 42, D ¼ 20·02, P¼0·018), but not
hip size (n 42, D ¼ 21·1 cm, P¼0·084), from baseline to
month 6 (Table 3). There was no difference between the
groups at month 6 for any of the anthropometric parameters
(data not shown).

Diet and exercise

Caloric intake decreased significantly in the placebo group but
not in the CLA group compared with baseline (Table 3). How-
ever, there were no differences between the groups either at
baseline or after 6 months (n 105, D ¼ þ910 kJ/d, P¼0·22).
Physical exercise evaluations remained unchanged between
baseline and month 6 within both group (Table 3), and there
was no difference between the groups (n 105, D ¼ þ0·29 arbi-
trary units, P¼0·73).

The same results were noted in the PP population (n 83;
Table 3).

Safety

All laboratory parameters were similar between both
groups at baseline (n 105). CLA did not alter clinically
any of the following analysed clinical chemistry vari-
ables: ALAT (D¼20·20 ^ 13·64 U/l, P¼0·92), ALP
(D¼þ2·66 ^ 12·67 U/l, P¼0·14), ASAT (D¼21·14 ^ 7·91U/l,
P¼0·32), creatinine (D ¼ 214·88 ^ 9·18mmol/l, P,0·001;
no difference from the placebo group P¼0·99), erythrocytes
(D ¼ 20·06 ^ 0·18 £ 1012/l, P¼0·04; no difference from the
placebo group P¼0·23), Hb (D ¼ 20·23 ^ 0·60 g/100 ml,
P¼0·013; no difference from the placebo group P¼0·42) and
thrombocytes (D ¼ 23·85 ^ 38·09 109/l, P¼0·27).

Comparison of the diabetes markers and weight-associated
hormones between groups demonstrated no significant differ-
ences in changes in fasting glucose (P¼0·40), HbA1c
(P¼0·28), fasting insulin (P¼0·93), insulin c-peptide
(P¼0·48), leptin (P¼0·50) and adiponectin (P¼0·72) levels
(Table 4). After 6 months supplementation with CLA, there
were marginal, but significant increases in insulin c-peptide
levels (P¼0·017). However, the increase in insulin c-peptide

remained within the normal range. Only one subject in the
CLA group and two in the placebo group had an increase in
insulin c-peptide level above the normal range values from
baseline to 6 months. Glucose (P,0·001) and HbAlc levels
(P¼0·047) decreased compared with baseline. In the placebo
group, only glucose levels decreased from baseline to month
6 (P,0·001) (Table 4).

Comparison of the blood lipids between the groups demon-
strated no significant differences in Lp(a) (P¼0·97), total
cholesterol (P¼0·32), HDL cholesterol (P¼0·28), LDL
cholesterol (P¼0·19) and triacylglycerol (P¼0·22) levels
(Table 5). After 6 months with CLA supplementation there
were also marginal, but significant increases in Lp(a) levels
in both the CLA group (P¼0·017) and the placebo group
(P¼0·020), whereas HDL cholesterol levels decreased in the
CLA group (P¼0·030) compared with baseline (Table 5),
but these changes remained within the normal range.
Twenty subjects with Lp(a) levels significantly above the
normal range at baseline (n 13 and n 7 in the CLA group
and the placebo group, respectively) maintained or slightly
increased their level of Lp(a) during the study. Finally, one
subject from the CLA group had a decrease in HDL choles-
terol level to below the normal range at month 6.

Comparison of the laboratory inflammation markers between
groups demonstrated no differences in IL-6 (P¼0·65), IL-8
(P¼0·47), tumour necrosis factor-a (P¼0·61) and leucocyte
(P¼0·07) levels from baseline to month 6, whereas differences
in CRP levels were significantly higher but remained within
normal limits in the CLA group compared with the placebo
group at month 6 (P¼0·011) (Table 6). IL-1b levels were too
low to be detected both at baseline and at month 6. Six
months supplementation with CLA increased CRP levels
within the normal range (P¼0·004) as compared with baseline,
but not the other inflammation markers (Table 6). Three
subjects in the CLA group and one subject in the placebo
group increased their CRP levels above the normal range at
month 6.

Adverse events

AE were reported by 37 % of all randomised subjects, with
similar frequencies in both study groups (P¼0·85). Of 58
single events, the investigators considered five of them related
to supplementation (n 4 in the CLA group and n 1 in the pla-
cebo group) when the study code was still not broken. Of
these, one event (diarrhoea) was classified as ‘probable’ and
the rest as ‘possible’. All AE were rated as either ‘mild’ or
‘moderate’, and were most likely to occur within the gastro-
intestinal and musculoskeletal systems. The registration of
infections reflected a well-known seasonal pattern.

As reported above, two subjects (1·7 % of the total) left the trial
due to AE, one case of incidentally discovered breast cancer
considered unrelated to supplementation, and one case of
constipation ‘possibly’ related to CLA supplementation.

Study supplementation was temporarily interrupted in
another three subjects. One male subject suffered an acute
myocardial infarction of moderate severity. The serious AE
was considered as ‘possibly’ related to supplementation
without breaking the study code. However, the subject rejoined
the study a short time after recovery and completed it according
to the protocol. After unblinding the study, it was found that the
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subject was supplemented with CLA. The second subject suf-
fered a rash that was not judged related to supplementation.
The third subject supplemented with placebo was suffering
from a hernia. The investigators chose to reintroduce the three
subjects once recovery was established, and all three continued
until the scheduled end of the study.

Discussion

In the present study with overweight and moderately obese
subjects, we observed an approximately 3·4 % decrease in
BFM after 6 months of supplementation in the main popu-
lation, and an approximately 5·6 % decrease in BFM in the

Table 5. Laboratory blood lipid analyses (n 105)

(Mean values and standard deviations)

Month 0 Month 6 D 6–0

Group* Mean SD Mean SD Mean SD

Lp(a) (mg)
CLA 364·3 541·9 386·0 561·2 þ29·6 85·4†
Placebo 257·1 281·0 280·0 316·3 þ23·6 68·6†

Total cholesterol (mmol/l)
CLA 5·51 1·12 5·31 1·21 20·18 0·80
Placebo 5·65 1·00 5·58 1·00 20·06 0·71

HDL cholesterol (mmol/l)
CLA 1·50 0·32 1·43 0·33 20·06 0·18†
Placebo 1·58 0·38 1·55 0·35 20·03 0·18

LDL cholesterol (mmol/l)
CLA 3·60 0·97 3·40 1·00 20·15 0·65
Placebo 3·72 0·95 3·69 0·89 20·03 0·63

Triacylglycerol (mmol/l)
CLA 1·35 0·61 1·34 0·71 20·02 0·55
Placebo 1·16 0·51 1·20 0·56 þ0·03 0·36

Lp(a), lipoprotein (a); CLA, conjugated linoleic acid; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
Normal range levels are the following: Lp(a), ,500 mg/l; total cholesterol, 3·1–8·5 mmol/l; HDL cholesterol, 1·0–2·2 mmol/l for women and

0·8–2·0 mmol/l for men; LDL cholesterol, 1·6–5·7 mmol/l; triacylglycerol, ,2·10 mmol/l.
* In the main population, n 55 and n 50 in the CLA group and placebo group at month 0, respectively; n 50 and n 49 in the CLA group and

placebo group at month 6, respectively, for all parameters.
† Difference within the groups between month 6 and month 0 (analysis of variance paired t test, P,0·05).

Table 4. Laboratory glucose, glucohaemoglobin (HbA1c) and hormone analyses (n 105)

(Mean values and standard deviations)

Month 0 Month 6 D 6–0

Group* Mean SD Mean SD Mean SD

Glucose (mmol/l)
CLA 5·56 0·72 5·11 0·57 20·48 0·81†
Placebo 5·48 0·72 5·08 0·68 20·40 0·74†

HbA1c (%)
CLA 5·43 0·25 5·37 0·29 20·06 0·20†
Placebo 5·45 0·29 5·34 0·27 20·10 0·21†

Insulin (pmol/l)
CLA 108·6 98·3 96·9 43·2 23·2 33·6
Placebo 93·6 35·7 103·3 72·2 þ8·7 72·3

Insulin c-peptide (pmol/l)
CLA 726·9 380·3 764·6 262·0 þ67·9 187·4†
Placebo 690·4 230·4 781·5 363·1 þ78·4 377·4

Leptin (pmol/l)
CLA 1549 778 1386 693 282 664
Placebo 1528 739 1473 718 23·5 490

Adiponectin (mg/l)
CLA 11·7 4·6 11·7 4·9 20·17 2·3
Placebo 11·1 5·3 10·5 4·9 20·32 2·1

CLA, conjugated linoleic acid.
Normal range levels are the following: glucose, 3·5–6·0 mmol/l; HbA1c, 5·0–6·0 %; insulin, ,200 pmol/l; insulin c-peptide, 220–1400 pmol/l;

leptin (not defined for these BMI); adiponectin, 4·5–22·4 mg/l.
* In the main population, n 55 and n 50 in the CLA group and placebo group at month 0, respectively; n 50 and n 48 in the CLA group and

placebo group at month 6, respectively, for glucose. n 55 and n 50 in the CLA group and placebo group at month 0, respectively; and n
49 for both groups at month 6, for HbA1c. n 55 and n 50 in the CLA group and placebo group at month 0, respectively; and n 47 for both
groups at month 6, for insulin, insulin c-peptide, leptin and adiponectin.

† Difference within the groups between month 6 and month 0 (analysis of variance paired t test, P,0·05).
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PP population compared with placebo. These reductions were
thus similar to the reductions observed at 6 months in the pre-
vious study performed with CLA containing the same amount
of both active isomers trans-10,cis-12 and cis-9,trans-11
(Gaullier et al. 2004). Fat mass might decrease even further
up to about 9 % after 1–2 years as observed previously in
overweight subjects (Gaullier et al. 2004, 2005). In addition,
the current study confirmed the previous observation (Blank-
son et al. 2000) indicating that the reduction in BFM was
already significant after 3 months of supplementation. In
both studies, the best responders were women, and subjects
with the highest BMI at the start of the study. However, the
efficacy of CLA by gender should be interpreted with care
since only one man for every four women participated in
these studies, thus reducing the probability of observing
small but significant body composition changes in men.

The current study is the first to report that the reduction of
BFM occurred mostly in the legs and that CLA had a tendency
to decrease the amount of abdominal fat mass, which is in line
with the observed significant decrease in the waist–hip ratio.
The decrease in fat mass in the legs was observed especially
in women, probably due to their gynoid fat distribution
(Kirchengast et al. 1998). On the other hand, men (Mueller
& Joos, 1985) and women with several weight loss/regain
cycles (Wallner et al. 2004) mostly accumulate fat in the
abdomen. In the current study, CLA had a tendency to
reduce abdominal fat as supported by a concomitant reduction
in the waist–hip ratio. Whereas the clinical importance of the

reduction in leg fat mass is unclear and probably does not
influence risks of developing CVD in the future (Hara et al.
2004), the reduction in abdominal fat and in the waist–hip
ratio may both represent independent indicators of a possible
reduction in risks for CVD (Reaven, 2005; Yusuf et al. 2005).

The reduction in BFM was accompanied by maintenance or
increase in LBM for a 6-month period in the current study
when compared between the groups or within the CLA group,
respectively. This LBM may even increase further with time,
as seen previously (Gaullier et al. 2004). Loss of fat mass with-
out loss of LBM confers on CLA a unique feature as compared
with other weight-reducing agents or physical exercise (Zach-
wieja et al. 2001; Cox et al. 2003). Maintenance of LBM may
help in maintaining energy expenditure, thus preventing regain-
ing body weight, as suggested in our previous study (Gaullier
et al. 2005). Lack of effect on body mineral mass does not
necessarily mean that CLA does not affect it at all, but it
might be that the period of investigation was too short (even
though an effect on BMC was not seen in a 2-year study either
(Gaullier et al. 2005)) or that variations are under the limits of
detection of the DEXA. In addition, susceptible populations
with decreased BMC were not investigated in this study.

The present study is the third confirmation in the published
literature that CLA supplementation changes body compo-
sition in healthy, overweight and/or obese subjects on unrest-
ricted diets and without specific lifestyle restrictions. The
reasons why previous studies did not manage to document
the efficiency of CLA in body composition may be due
either to the use of other and possibly less reliable technol-
ogies than the sensitive DEXA technology (Tylavsky et al.
2003), to the use of blends of multiple CLA isomers that are
not representative of the 50:50 mixture of the two main iso-
mers used in this study or/and the studies were carried out
with not enough power (Berven et al. 2000; Zambell et al.
2000; Noone et al. 2002). Although measurement of regional
body composition by DEXA technology is commonly used,
questions has been raised concerning the accuracy of measur-
ing changes in abdominal fat mass (Salamone et al. 2000).
However, recent publications suggest that this error is very
small (Glickman et al. 2004; Woodhouse et al. 2004) and
may partly be due to experimental conditions as well as differ-
ences in DEXA hardware and software between manufacturers
to the advantage of Lunar Prodigy (Soriano et al. 2004; Aasen
et al. 2006). In the present study, a high number of partici-
pants with a relatively narrow BMI range and measurement
under similar conditions on the same apparatus would tend
to minimise the importance of this error.

Physical exercise and daily caloric intake, both possible
confounders, were not different between the groups either at
baseline or after 6 months. In accordance with previous
studies (Gaullier et al. 2004, 2005), a modest reduction in
caloric intake in both groups (but not significant in the CLA
group) was observed during the study. The amount of physical
exercise was also slightly reduced, but non-significantly,
suggesting that changes in diet or exercise did not play a
role in the body composition changes observed during CLA
supplementation.

The results of this study confirmed and expanded on the
findings of the previous studies: CLA reduces BFM in specific
regions of the body and maintains or increases LBM
(Berven et al. 2000).

Table 6. Laboratory inflammation analyses (n 105)

(Mean values and standard deviations)

Month 0 Month 6 D6–0

Group* Mean SD Mean SD Mean SD

IL-6 (ng/l)
CLA 0·31 0·15 0·43 0·41 þ0·14 0·41
Placebo 0·42 0·48 0·43 0·43 þ0·05 0·45

IL-8 (ng/l)
CLA 3·65 1·42 4·57 4·03 þ0·92 3·97
Placebo 5·10 3·41 5·99 3·02 þ0·94 3·63

TNF-a (ng/l)
CLA 5·96 1·68 5·96 1·41 0·00 1·62
Placebo 6·21 1·54 5·93 1·52 20·25 1·49

CRP (mg/l)
CLA 2·93 2·87 4·46 4·81 þ1·46 3·43†
Placebo 3·22 3·29 3·14 2·71 20·06 3·20‡

Leucocytes (109/l)
CLA 5·95 1·62 6·16 1·55 þ0·21 1·11
Placebo 5·50 0·82 5·47 1·55 20·04 1·39

IL, interleukin; CLA, conjugated linoleic acid; TNF-a, tumour necrosis factor-a;
CRP, C-reactive protein.

Normal range levels are the following: IL-6, 0·1–10·73 pg/ml; IL-8, 2·5–7·8 pg/ml;
TNF-a, 0–2·1 pg/ml; CRP, ,10 mg/l; leucocytes, 3·3–11·0 £ 109/l.

* In the main population, n 35 and n 32 in the CLA group and placebo group at
month 0, respectively; n 33 and n 29 in the CLA group and placebo group at
month 6, respectively, for IL-6. n 47 and n 45 in the CLA group and placebo
group, respectively, at months 0 and 6 for IL-8 and TNF-a. n 55 and n 50 in the
CLA group and placebo group at month 0, respectively, whereas n 50 and n 49
in the CLA group and the placebo group at month 6, respectively, for CRP. n 55
and n 50 in the CLA group and placebo group at month 0, respectively, whereas
n 48 and n 49 in the CLA group and the placebo group at month 6, respectively,
for leucocytes.

† Difference within the groups between month 6 and month 0 (analyis of variance
paired t test, P,0·05).

‡ Difference between the groups (analysis of covariance test or Wilcoxon test,
P,0·05).
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The mechanism(s) by which CLA decreases BFM and
maintains or increases LBM is still an active area of research.
It is known that CLA is readily metabolised in tissues of ani-
mals and humans where it accumulates and may thus (1)
induce adipocyte apoptosis (Evans et al. 2000); (2) inhibit
the lipoprotein lipase and increase the carnitine palmitoyl-
transferase resulting in a reduced accumulation of fatty acids
in adipocytes (Park & Pariza, 2001); (3) bind to peroxisome
proliferator-activated receptor-g present in fat tissue and
downregulate the expression of leptin (Kallen & Lazar,
1996), and prevent the accumulation of triacylglycerol in adi-
pocytes (Granlud et al. 2003); or (4) modify energy expendi-
ture and the metabolic rate (West et al. 1998; Terpstra, 2001).
In previous studies, leptin levels were shown to reduce accord-
ing to the BFM reduction (Gaullier et al. 2004, 2005), whereas
the leptin levels in the current study did not decrease signifi-
cantly in the CLA group. However, one subject from the
CLA group had, similarly to an increase of weight of 5 kg,
an increase in leptin level that might have altered the mean
result of leptin in the CLA group. Therefore, the third mechan-
istic hypothesis involving peroxisome proliferator-activated
receptor-g may still be valid.

The current study also corroborated the previous long-term
studies with high compliance and low drop-out rates, indicat-
ing that CLA supplementation was well tolerated (Gaullier
et al. 2004, 2005). A very low percentage of the AE were
related to CLA supplementation. These AE were mostly gas-
trointestinal and musculoskeletal, as observed previously
(Vessby & Smedman, 1999; Blankson et al. 2000; Berven
et al. 2000; Thom et al. 2001; Gaullier et al. 2004, 2005).
The absence of a difference between the groups indicated
that CLA was as safe as olive oil.

None of the blood lipids or inflammatory blood chemical mar-
kers were affected except HDL and CRP. A small reduction in
HDL and an increase in CRP were observed within the CLA
group. However, both changes were within normal ranges.
This is in line with earlier findings showing that the CLA
50:50 mixture did not affect CRP levels in healthy subjects
and in patients with metabolic syndrome and type 2 diabetes
(Riserus et al. 2002b; Moloney et al. 2004; Tricon et al. 2004;
Song et al. 2005). Lp(a) and leucocyte levels were not signifi-
cantly affected in the current study when compared with pla-
cebo, which corroborates the findings of three other studies
(Berven et al. 2000; Blankson et al. 2000; Moloney et al.
2004). In contrast, two other studies showed an increase in
Lp(a) (Gaullier et al. 2004, 2005). Cytokines IL-6, IL-8 and
tumour necrosis factor-a were not modified, as observed in
two other studies (Riserus et al. 2002b; Ramakers et al. 2005).
Furthermore, a previous study has shown that CLA decreases
fibrinogen levels in diabetics (Moloney et al. 2004). Thus,
taken together, the results suggest that the CLA mixture used
in this study does not seem to change the risk for CVD.

It has previously been reported that CLA could induce lipid
peroxidation (Basu et al. 2000a,b), and that each of the bio-
active CLA isomers could contribute to the increased insulin
resistance in subjects with the metabolic syndrome due to
increased lipid peroxidation and inflammation (Riserus et al.
2002a,b, 2004a,b). In the present study, and with the excep-
tion of a small increase in insulin c-peptide level within the
normal range, all indices of glucose metabolism including
fasting glucose and insulin levels were reduced rather than

increased, indicating that CLA supplementation was not dia-
betogenic in this population of overweight and moderately
obese subjects at high risk of developing metabolic syndrome
or diabetes.

Only appropriately designed long-term studies will unravel
the potential benefits of CLA supplementation in obese sub-
jects. We conclude, however, that CLA seems to be safe
and well tolerated. The regionalised reduction in fat mass is
encouraging and may represent an attractive dietary sup-
plement, especially, but not exclusively, for women with
high BMI.
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Abstract
A recently developed oral formulation in the form of coated 
tablets (Monoselect Camellia®) (MonCam) containing highly 
bioavailable green tea extract (GreenSelect® Phytosome) 
was tested in obese subjects (n=100) of both genders on 
a hypocaloric diet. Fifty subjects were assigned to the green 
tea extract plus hypocaloric diet, while the other 50 subjects 
followed the hypocaloric diet only. After 90 days of treatment, 
significant weight loss and decreased body mass index (BMI) 
were observed in the group taking the herbal extract (14-kg loss 
in the green tea group compared to a 5-kg loss in the diet-only 
group); waistline was reduced only in male subjects. Besides 
the effect on weight and BMI, biochemical parameters (LDL-, 
HDL-, and total cholesterol, triglycerides, growth hormone, 
insulin-like growth factor-1, insulin, and cortisol) were improved 
in both groups. Leptin, not tested in the diet-only group, was 
reduced in patients taking MonCam. Taking into consideration 
the high safety profile of the product and the total absence of 
adverse effects observed during and after the trial, MonCam 
appears to be a safe and effective tool for weight loss.
(Altern Med Rev 2009;14(2):154-160)

Introduction
Recent clinical studies have demonstrated that 

catechin derivatives, mainly in gallate form obtained 
by extracting the aerial, unfermented parts of Camel-
lia sinensis L. (green tea), can increase basal energy 

expenditure by as much as four percent after oral ad-
ministration of the extract containing at least 270 mg of 
epigallocatechin gallate.1 This thermogenic action has 
been investigated by several authors and demonstrates 
a weight loss effect.1-3

Green Tea Extract
Composition and Active Ingredients

The active ingredients in unfermented green 
tea leaves are polyphenolic structures belonging to the 
flavonol family. These flavonols, easily identified by high 
performance liquid chromatograph-mass spectropho-
tometry (HPLC-MS), are epigallocatechin, catechin, 
epigallocatechin-3-O-gallate (EGCG), gallocatechin-3-
O-gallate, epigallo-3-O-methylgallate, and epicatechin-
3-O-gallate. This group of compounds is commonly 
referred to as “green tea catechins.” 4
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Group n BMI (%)
A 30** -5

B 30** -12*

* p<0.001 day 90 compared to baseline
**15 male and 15 female subjects per group

n Group Weight (kg)
Baseline 45 Days 90 Days

50 A 95.086 ± 16.377 93.138 ± 15.977 90.490 ± 15.388

50 B 96.142 ± 18.012 90.128 ± 16.651 82.298 ± 15.326*

*p<0.001 for difference between baseline and day 90
Group A: hypocaloric diet; Group B: hypocaloric diet and 150 mg MonCam twice daily

Group A: hypocaloric diet; Group B: hypocaloric diet  
and 150 mg MonCam twice daily

Table 1. Weight Variation (Average ± SD) in Overweight Subjects after 45 
and 90 Days of Treatment

Table 2A. BMI Variation (%) after 90 Days 
of Treatment

Mechanisms of Action
From a pharmacological standpoint, EGCG 

has engendered the most interest, with many green tea 
extracts standardized to contain a certain percent of this 
catechin.4 EGCG in its pure form is under  investigation 
for its antiangiogenic, antimetastatic, and antiviral prop-
erties.5 Other mechanisms of action associated with 
EGCG include antioxidant, 5-α-reductase inhibition,6 
and antibacterial activity (against Helicobacter pylori7 
and Streptococcus mutans responsible for tooth decay).8

Green Tea Catechins and Weight Loss
Most common natural and synthetic treat-

ments for weight loss target calorie reduction (appetite 
suppressants, enzyme inhibitors, natural fibers, etc). 
Weight loss can also be achieved by increasing daily 
energy expenditure.9-12 Substances such as EGCG are 
believed to increase caloric consumption by increasing 
thermogenesis.13

An increase in energy expenditure can be 
achieved by increasing physical activity through  
exercise. In theory there are other ways to increase  
energy expenditure. Thermogenesis, the production of 
body heat, is linked to oxidation of body fat and is con-
trolled mainly by the sympathetic nervous system. The 
sympathetic nervous system uses biogenic amines such 
as the neurotransmitter norepinephrine (NE) and self-
modulates by activating enzymes such as mono amine 
oxidase (MAO) or catechol-O-methyl transferase 
(COMT). These enzymes inactivate norepinephrine 
involved in the reduction of thermogenesis. Blocking 
these inhibitory enzymes favors NE’s thermogenic role. 
MAO and COMT inhibition in vivo can be studied by 
determining the urinary excretion of NE, which is in-
creased by enzyme inhibition.14-17

In 1999, Dulloo et al demonstrated in a con-
trolled study that oral administration of 270 mg EGCG 
(in a standardized green tea extract) produced a four-
percent increase in energy expenditure, a 3.4-percent 
reduction in respiratory quotient, a 35-percent increase 
in fat oxidation, and a 40-percent increase in urinary 
NE concentration compared to baseline.1 These results 
are probably due to EGCG inhibition of the enzymes 
responsible for NE’s catabolism. The effect of EGCG 
is supported by a recent human study showing COMT 
inhibition by EGCG.10

All gallate-catechins of green tea possess 
COMT-inhibitory activity; this activity is highest for 
EGCG and is evident at nM concentrations. EGCG is a 
non-competitive inhibitor with an IC50 of 70nM.18,19
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Group A: hypocaloric diet; Group B: hypocaloric diet and 150 mg MonCam twice daily

Table 2B. Waistline Variation (% Change from Baseline) after 90 Days of Treatment

Group Total subjects WLa (%) Male subjects WLm (%)
A 50 -5 22 -7

B 50 -10 29 -14*

*p<0.001 at day 90 compared to baseline
(WLa = all subjects; WLm = male subjects)

Group A: hypocaloric diet; Group B: hypocaloric diet and 
150 mg MonCam twice daily

Table 3. Plasma TC, BS, TT (%) at Baseline 
and after 90 Days of Treatment

n Group TC (%) BS (%) TT (%)
30** A -10 -8 -20

30** B -25* -10 -33*

*p<0.001 for difference between baseline and day 90
**15 male and 15 female subjects per group

Absorption of Green Tea Catechins
Despite the large amount of pharmacological 

and clinical data on the effects of naturally occurring 
polyphenols on animal and human health, these mol-
ecules are poorly absorbed orally. Oral consumption of 
purified plant polyphenols is also typically poor.

Being complexed with phospholipids, whose 
polar heads react well with the polyphenol’s hydroxy 
(OH) groups, leads to the formation of stable complex-
es called phytosomes that show increased bioavailability 
of the polyphenolic fraction after oral administration. 
Phytosomes are often at least 3-5 times more bioavail-
able measured by area under the curve (AUC) than the 
free form botanical.20,21

A clinical study compared the absorption of 
non-complexed green tea (GreenSelect; standardized 
to contain 60% polyphenols; 40% EGCG) and green 
tea as a phytosome (GreenSelect Phytosome). After 

oral administration of GreenSelect to healthy sub-
jects (n=12), EGCG reached maximum concentra-
tion (Cmax) of 0.8 µg/mL after two hours. After oral 
consumption of an equal dose of the same green tea 
extract complexed with phospholipids (Greenselect 
Phytosome) (n=12), Cmax was 1.9 µg/mL after two 
hours. The AUC value for the phytosome was three 
times greater than free form green tea. Furthermore, 
following administration of non-complexed green 
tea, EGCG cannot be traced in plasma four hours af-
ter oral administration. On the contrary, after admin-
istration of the phytosome, the EGCG plasma values 
after four hours were superior to the Cmax of the free 
form at two hours (Cmax=0.8 µg/mL).22

Materials and Methods
Monoselect Camellia (MonCam) (150-mg 

tablets) containing GreenSelect Phytosome (Indena; 
Milan, Italy) was used for the study. The product was 
developed by Velleja Research (Pontenure, Piacenza, 
Italy) and manufactured by SIIT (Trezzano S/N, Mi-
lan, Italy).

In a multicenter clinical trial, MonCam was 
studied on 100 overweight subjects (20- to 40-percent 
over ideal weight; 44 women and 56 men, ages 25-60). 
Subjects were randomly divided into two groups (A and 
B) of 50 subjects each. The subjects were enrolled by the 
Clinic of Allergology and Clinical Immunology (Rome, 
Italy), the Centro Polispecialistico di Ricerca (Rome, 
Italy), and the Terme di Fontecchio, Citta’ di Castello 
(Perugia, Italy) between June 2007 and February 2008.
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Group A: hypocaloric diet; Group B: hypocaloric diet and 
150 mg MonCam twice daily

Table 4. Plasma LDL, HDL, GH Percentage 
Change between Baseline and Day 90

n Group LDL (%) HDL (%) GH (%)
10 A -9.33 +10 +20

10 B -20.45 +21.43 +321**

**p<0.001 for difference between baseline and day 90

Group A: hypocaloric diet; Group B: hypocaloric diet and 150 mg 
MonCam twice daily

Table 5. Percentage Differences between Baseline and 
Day 90 for Plasma IGF-1, Insulin, and Cortisol

n Group IGF-1 (%) Insulin (%) Cortisol (%)
10 A +14.79 -16.77 -13.33

10 B +24.29* -36.84* -23.68*

*p<0.05 for difference between baseline and day 90

Group A followed a balanced hypocaloric 
diet (about 1,850 and 1,350 calories daily for men and 
women, respectively). In addition to the same hypocal-
oric diet, subjects in group B received 150 mg MonCam 
twice daily.

At the beginning of the study, group A (23 
women, 27 men) presented an average weight of 95.1 
kg (standard deviation [SD] ± 16.38), while group B 
(21 women, 29 men) presented an average weight of 
96.1 kg (SD ± 18.01). The high SD is partially due to 
both groups being composed of male and female sub-
populations with significantly different average weights. 
At enrollment, the weight range for men and women 
was 80-120 kg and 60-100 kg, respectively. Thus, the 
weight variation was ample even within the same gender 
groupings, also contributing to the relatively high SD. 
Another factor contributing to the high SD was that the 
initial absolute weight was not considered a selection 
criterion; rather, subjects were selected whose weight 

was considerably different from optimal weight. This 
clinical design allows for more realistic data collection 
and represents a Gaussian distribution of weights in an 
obese population.

The protocol, approved by the Territory  
Ethics Committee, was meant to establish the effective-
ness of MonCam plus a low-calorie diet compared to a 
low-caloric diet alone for weight loss.

Body weight was measured on subjects at 
baseline and after 45 and 90 days of treatment. Oth-
er parameters measured at baseline and after 90 days  
include body mass index (BMI; 30 subjects/per group),  
waistline (WL; 50 subjects/group), total cholesterol 

(TC; 30 subjects/group), fasting blood sugar 
(BS; 30 subjects/group), and total triglycer-
ides (TT; 30 subjects/group). LDL-cholester-
ol, HDL-cholesterol, growth hormone (GH), 
insulin-like growth factor-1 (IGF-1), insulin, 
cortisol, and leptin were analyzed at baseline 
and after 90 days in 10 subjects/group (body 
weight 90-150 kg; BMI 28-36; selected to 
avoid wide SD).

Study exclusion criteria in-
cluded age < 25 or > 60, diabetes, his-
tory of a myocardial infarction in the past 
two years, endocrine-associated obesity,  
thyroid pathology, pregnancy or breastfeed-
ing, severe hypertension, use of sex hormones  

(except oral contraceptives for which the doses  
remained unchanged), and failure to sign the informed 
consent form.

Regarding statistical analysis, the raw 
data was analyzed using “Graph Pad Soft-
ware” and the unpaired t test results provided.  
Statistical analysis comparing percentage values was 
done by the Mann-Whitney U test.

Results
Group A (diet-only group) had an average 

body weight of 95.086 kg at baseline, 93.138 kg at 45 
days, and 90.49 kg at 90 days. Group B (MonCam-
plus-diet group) had an average weight of 96.142 kg at 
baseline, 90.128 kg at 45 days, and 82.298 kg at 90 days 
(Table 1).
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Table 6. Plasma Leptin (mmol/L) in 10 Subjects from Group B (Hypocaloric Diet plus 
MonCam) Measured at Baseline and 90 Days

Patient      Gender Baseline Weight(kg)  Weight (90 days) (kg) Leptin 
(t=0)  

Leptin 
(t=90)

SE M 94.0 80.2 0.25 0.10

GG M 100.0 83.7 0.23 0.12

PF M 103.0 87.2 0.64 0.21

RT M 98.5 84.6 0.61 0.15

SD M 101.4 83.5 0.45 0.23

FD M 103.1 86.5 0.62 0.37

SL F 96.0 87.1 0.95 0.20

RB F 101.0 87.4 1.05 0.90

MS F 99.0 83.6 0.43 0.10

IR F 95.2 84.2 0.91 0.37

Although analysis indicated statistically 
non-significant differences between the weight of the 
two groups at baseline and after 45 days, a significant  
decrease in body weight of group B was evident at 90 
days compared to baseline. 

Tables 2A and 2B indicate that BMI and WL 
were not significantly altered in group A at 90 days  
compared to baseline. On the other hand, BMI was 
significantly reduced by 12 percent and WL non-sig-
nificantly reduced by 10 percent in group B at 90 days 
compared to baseline.

The male subpopulation in group B experi-
enced a statistically significant 14-percent decrease 
in waist circumference on day 90 relative to baseline 
(WLm; Table 2B).

The difference between WLa (all subjects) and 
WLm (male subjects) can be attributed to the different 
anatomical distribution of the fat mass. It is more likely 
for fat to be localized predominantly in the abdominal 
area in obese male subjects compared to obese female 
subjects.

Measurements of total cholesterol, fasting 
blood sugar, and total triglycerides (Table 3) were made 
on 30 subjects per group, equally subdivided between 
men and women: TC, BS, and TT were decreased 10-, 

8-, and 20 percent, respectively, in group A, and 25-, 10-, 
and 33 percent, respectively, in Group B. The decrease 
in TC and TT of Group B was statistically significant at 
90 days compared to baseline levels.

At days 0 and 90, 10 subjects in each group 
were selected on the basis of body weight (90-105 kg) 
and BMI (28-36) for plasma analysis of LDL- and 
HDL-cholesterol, GH, IGF-1, insulin, and cortisol 
(Tables 4 and 5).

Group A (hypocaloric diet) demonstrated a 
reduction in LDL (from 130 ± 21 mg/L to 118 ± 22), 
an increase in HDL (from 40 ± 5 mg/L to 44 ± 7), an 
increase in GH (from 4.0 ± 2.2 µg/L to 4.8 ± 3.1), an 
increase in IGF-1 (from 142 ± 28 µg/L to 163 ± 35), a 
decrease in insulin (from 18 ± 2 mU/L to 15 ± 3), and a 
decrease in cortisol (from 150 ± 30 µg/L to 130 ± 15).

Group B (hypocaloric diet plus MonCam) 
demonstrated a reduction in LDL (from 132 ± 25 
mg/L to 105 ± 15), an increase in HDL (from 42 ± 
6 mg/L to 51 ± 7), an increase in GH (from 3.8 ± 1.5 
µg/L to 12.2 ± 4.1), an increase in IGF-1 (from 140 ± 
25 µg/L to 174 ± 28), a decrease in insulin (from 19 
± 3 mU/L to 12 ± 5) and a decreased cortisol (from 
152 ± 37 µg/L to 116 ± 25). These results, although 
demonstrating a trend toward greater improvement in 
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group B compared to group A, were not statistically  
significant, probably due to the small sample size. 
Only the increase in GH was found to be statistically  
significant when comparing the two groups.

As shown in Table 6, subjects given MonCam 
(n=10) demonstrated a downward trend in leptin.  
Leptin values, determined according to Abdullah et 
al,23 in 10 subjects from group B were lower after 90 
days than at baseline. Although these data are prelimi-
nary, characterized by a small sample size and lack of  
controls, a possible relationship between weight loss 
and plasma leptin reduction is indicated.

Conclusions
The study’s objective was to clinically evaluate 

the effect of MonCam (a preparation containing a stan-
dardized green tea extract complexed with phospholip-
ids) plus a hypocaloric diet compared to a hypocaloric 
diet alone for weight loss, changes in BMI, and lab val-
ues associated with obesity. Oral consumption of 150 
mg MonCam twice daily along with a hypocaloric diet 
resulted in significant weight loss after 90 days (14 kg) 
compared to the diet-only group (5 kg).

Other potential variables between groups 
should be considered; for example, it is possible that in-
dividuals given an oral treatment targeted to enhance 
weight loss might have followed the diet more strictly. 
However, all subjects were asked to keep a daily diet re-
cord (90% complied), and records show equally strict 
observance of the criteria for both groups.

The subjects in group B demonstrated greater 
improvement in BMI (12 percent compared to five per-
cent in the diet-only group). Furthermore, male subjects 
treated with MonCam showed a 14-percent waistline 
reduction compared to a seven-percent reduction in the 
diet-only subjects. This latter result was obtained by 
examining the male subgroup only; waistline reduction 
in the entire population was not statistically significant. 
This difference is hypothesized to be due to different fat 
mass distribution in male and female subjects. In males, 
fat mass is mainly distributed in the abdominal region, 
rendering the waistline highly affected by weight loss. 
In females, fat mass is often localized in the hips and 
thighs; therefore, weight loss is not as likely to cause a 
reduction in waist circumference.

Diet-plus-MonCam positively influenced lipid 
profiles as demonstrated by plasma total cholesterol 
and triglycerides. Results relevant to weight loss were 
also obtained when comparing LDL, HDL, GH, IGF-
1, insulin, and cortisol levels in both groups. The most 
dramatic differences were noted in growth hormone. 
Group B demonstrated more than a three-fold increase 
(321% increase) from baseline, compared to a 20-per-
cent increase in group A.

Although lacking in control values, plasma lep-
tin in group B decreased between baseline and day 90, 
demonstrating a possible relationship with weight loss. 
In the 10 subjects analyzed, leptin decreased, up to 70-
80 percent in a few cases. Because leptin was not mea-
sured in group A, it is impossible to know how much of 
the effect was from diet compared to green tea.

Considering the high safety profile (oral LD50 
>4,000 mg/kg; no toxicity in sub-chronic and chronic 
toxicological investigations; Indena S.p.A., Milan, It-
aly; internal file) of the active ingredient (Greenselect 
 Phytosome) used in the formulation and the absence 
of relevant side effects in treated subjects compared to 
untreated subjects, the product can be considered a safe 
and effective tool for weight loss and impacting obesity-
related risk factors.

Additional studies are needed to determine 
whether the product demonstrates an anti-obesity  
effect without the hypocaloric diet. Moreover, the 
mechanism of action of the formulation’s effect on lipid 
profiles, leptin, and other biochemical markers linked to 
obesity needs to be investigated.
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Abstract

Background: Most subjects regain weight after weight loss due to compensatory adaptations finalized to maintain
stable body energy stores. Green tea (GT) preparations, which help maintain energy expenditure while dieting could
be a useful strategy to facilitate weight maintenance. The usefulness of GT preparations in weight maintenance has
been poorly studied so far with conflicting results. This study evaluated if a supplement of GSP and piperine helps
obese women to maintain the weight loss obtained with a 3-month lifestyle intervention.

Methods: In a randomized placebo-controlled study, we examined whether a highly bioavailable GT extract may
counteract weight regain after weight loss. Forty obese women (age 50.1 ± 10.1 years, Body Mass Index (BMI)
36.3 ± 2.7 kg/m2) underwent a 3-month lifestyle intervention. At the end of the intervention, the women were
randomized in two groups for the weight-maintenance phase: 20 of them were prescribed twice a day, for 3 months,
with a formula containing 150 mg/dose of Greenselect Phytosome® and 15 mg/dose of pure piperine (GSP group),
and 20 were given placebo (P group). Anthropometric measures and body composition were measured before (V-3)
and after lifestyle intervention (V0), 1 (V1), 2 (V2), and 3 (V3) months after prescribing supplements and 3 months
following the discontinuation of supplements (V6).

Results: Lifestyle intervention induced a significant weight reduction in both groups with similar weight change
(−6.2 ± 2.6 in GSP group vs. −4.8 ± 3.1 % in P group). In the GSP group, V1 in comparison to V0, had further reduction
in weight and fat mass, which remained stable at V2 and V3 and increased at V6. In the P group, weight and fat mass
increased from V2 onwards. Weight changes in GSP group and P group from V0 to V3 were −1.0 kg (95 % CI −2.5
to +0.5) and + 0.3 kg (95 % CI −0.9 to +1.6), respectively.
The proportion of women with weight loss≥ 5 % was greater in the GSP group than in the P group (75 % vs. 45 % at
V1, and 60 % vs. 30 % at V6, p < 0.05 for both groups).

Conclusions: Greenselect Phytosome® devoid of caffeine may have a clinical potential for the maintenance of weight
after intentional weight loss.
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Background
Genetic, epidemiological, and physiological studies indi-
cate that body weight is highly regulated, and the
increasing prevalence of obesity reflects the interactions
of genes favoring energy conservation and storage in an
environment that enables access to food calories and a
more sedentary lifestyle. Weight loss can be achieved by
reducing energy intake and at the same time sustaining
energy expenditure. Although weight loss interventions
usually lead to weight loss shortly after intervention,
majority of subjects once again regain weight after the
intervention due to compensatory adaptations finalized
to maintain stable body energy stores. The physiological
adaptation to weight loss involves several biological
pathways mediating the utilization and storage of energy
and the regulation of appetite [1]. In both, lean and
obese individuals, maintenance of a 10 % or greater re-
duction in body weight is associated with a decline in
24-hour energy expenditure of approximately 20–25 %
[2]. The restraint of the decline in energy expenditure
while dieting along with GT preparations could be a use-
ful strategy to facilitate weight maintenance. GT contains
a complex mixture of polyphenolic compounds belong-
ing to the family of catechins, mainly epigallocatechin
gallate, which are responsible for most of the pharmaco-
logical activity of GT. The principal mechanisms of GT
are stimulation of fat oxidation through up-regulation of
lipid-metabolizing enzymes and an increase in norepin-
ephrine levels and energy expenditure through inhibition
of catechol-O-methyltransferase [3].
The ability of GT preparations assisting weight loss

was evaluated in a Cochrane Systematic Review that
included 14 randomized controlled trials [4]. This review
concluded that the weight loss produced by GT prepara-
tions is unlikely to be clinically relevant since it was not
statistically significant in majority of the studies. How-
ever, the usefulness of GT preparations in weight main-
tenance has been poorly studied so far with conflicting
results [4].
Despite the wide “nutraceutical” use of GT, pharmaco-

logical and clinical data show that these molecules are
poorly absorbed orally. Formulation with phospholipids
(Phytosome strategy) however, has shown increased ab-
sorption with some classes of natural products, includ-
ing polyphenolics. Thus, the absorption of Greenselect
Phytosome® (GSP) is about 3-fold higher compared to
the unformulated extract [5], and GSP was also shown
to reduce body weight in subjects with obesity and meta-
bolic syndrome [6, 7]. Currently, a new formulation of
GSP combined with piperine, a thermogenic agent, has
been developed. This new formulation increases the
absorption of various phenolics [8] and enhances the
pharmacodynamics of GSP. This study evaluated whether
dietary supplements of GSP and piperine help obese

women to maintain the weight loss obtained with a
3-month lifestyle intervention.

Methods
Study participants
The study sample consisted of 40 obese Caucasian
women who were recruited from those patients referred
to the IRCCS Istituto Auxologico Italiano for a weight-
loss lifestyle intervention. Women with uncontrolled
hypertension and history of cardiovascular or cerebro-
vascular events were excluded from the study. Sample
size was calculated assuming a ≥5 % weight loss would
be the outcome obtained with 3 months of lifestyle
intervention. The effective size of the study group was
calculated for a binomial test irrespective of weight
loss ≥5 %, looking for at least a difference of 25 % be-
tween the proportion of women reaching this goal in the
placebo and treatment group. We designed our trial with
an alpha error of 5 % and a power of 95 %. Calculation
was performed using G*Power 3.1, obtaining a sample size
of 42 subjects, that was rounded to 20 women for
each group.
The Ethics Committee of the Istituto Auxologico

Italiano approved the study, and all subjects gave their
informed consent after we provided a full explanation of
the study.

Intervention
All obese women completed a 3-month lifestyle interven-
tion. At the end of the intervention, women were randomly
assigned to two groups for the weight-maintenance phase:
20 of them were prescribed supplements twice a day for
3 months and were named GSP group. This included
Globes® (Pharmextracta, Pontenure, Piacenza, Italy), an
enteric coated formulation containing 150 mg/dose of
Greenselect Phytosome®. Greenselect Phytosome® is a
highly standardized extract of Camellia sinensis, titrated
as > 60 % polyphenols and > 40 % in epigallocatechin-O-
gallate, complexed with soy distearoylphosphatidylcholine,
and pure piperine (15 mg/dose) from Piper nigrum L. The
remaining 20 were designated as the P group and received
placebo twice a day for 3 months, which was undistin-
guishable from the active in terms of size, shape, taste,
odor, primary and secondary packaging. Tested dietary
supplements and placebo were both manufactured in
S.I.I.T. srl (Trezzano S/N, Milan, Italy). Randomization was
done using the sealed envelope system and compliance
was checked by counting the left-over and returned cap-
sules. The whole trial was conducted in blind, including
the subjects and the dietician who collected anthropo-
metric measures and assessed the adherence to diet during
dietary supplements and follow-up visits. All women
attended a monthly clinical visit while they were taking

Gilardini et al. BMC Complementary and Alternative Medicine  (2016) 16:233 Page 2 of 7



dietary supplements and 3 months after the end of the sup-
plement intake (Fig. 1).
Lifestyle intervention consisted of weekly individual

sessions for nutritional education, advice reinforcement
on exercise activity and peer group psychological
support. A self-monitor diary, which included details of
food consumption, daily physical activity and emotional
reactions, was used as a tool for education and rein-
forcement. Daily caloric requirement was calculated
using the Harris-Benedict equation and an individual ac-
tivity factor. A diet based on a 500-kcal/d deficit from
the individual estimated caloric requirement was pre-
scribed. The diet, which was high in vegetables, low in
salt and simple sugars consisted of 25 % of total energy
intake as protein, 20 % as fat and 55 % as carbohydrate.
Fresh foods, at least three fish meals per week and
avoiding alcohol, were recommended. The prescribed
physical activity program was 210 min per week consist-
ing of 70 % moderate-intensity aerobic physical activity
and 30 % muscle-strengthening activities. The patient’s
dietary compliance and the average weekly level of phys-
ical activity were recorded at each session. Diet history
and levels of physical activity were collected before and
after the 3-month lifestyle intervention. Food energy and
nutrient intake was calculated using a computerized
database and analysis program (Dietosystem version 3.0;
DS Medica S.r.l., Milan, Italy). Physical activity was
assessed using the short version of the International
physical activity questionnaire (IPAQ) that computes the
Metabolic Equivalent (MET: time spent in physical activ-
ity, expressed in minutes per week) [9].
At the end of the 3-month lifestyle intervention,

women were encouraged to continue with the same diet
and physical activity program recommended during life-
style intervention.

Outcome measures
The primary outcome was the proportion of women
with ≥ 5 % weight loss during dietary supplements and

three months after their discontinuation in GSP and pla-
cebo group.
The secondary outcomes were the changes in weight

and fat mass during the intake of dietary supplements
and three months after their discontinuation in GSP and
placebo group.
Further outcomes were changes in blood pressure and

heart rate during the intake of dietary supplements and
three months after their discontinuation in GSP and pla-
cebo group.

Measurements
Anthropometric measures, body composition, blood
pressure (BP) and heart rate were measured at V-3, V0,
V1, V2, V3, and V6. Anthropometry was measured using
a body composition analyzer, which measures weight,
height and Body Mass Index (BMI) with joined function
of body fat analysis (Biki 300, Jawon Medical, Korea).
Waist circumference was measured at the level of the
umbilicus. At V0, V3 and V6, the women’s adherence to
the diet was recorded by the dietician using a short
questionnaire (9 items) that provided a score ranging
from 0 to 18, where lower values indicate better adher-
ence (Additional file 1). Three BP measurements sepa-
rated by 5 min were obtained in sitting position at each
visit and mean values were used for the analysis.

Statistical analysis
Analysis of variance was used to compare differences
among groups. Frequencies were compared using a χ2 test.
Paired t-test was used to compare a) differences between
variables at V0 vs. V-3 in each group (Table 1), b) differ-
ences between weight and fat mass at V0 vs. V-3, at V1 vs.
V0, at V2 vs. V1, at V3 vs. V2 and at V6 vs. V3 (Fig. 3).
Logistic regression analysis was used to evaluate the prob-
ability to have a weight reduction ≥5 % with Globes® with
respect to placebo. A probability value < 0.05 was consid-
ered significant. Data are given as the means ± SD. All
analyses were performed using SPSS version 22.0 (SPSS,
Chicago, IL, US).

Results
The adherence to dietary supplements was complete in
both groups and all subjects completed the study. The
flow of patients in the study is shown in Fig. 2. Table 1
shows the characteristics of obese women belonging to
GSP and P groups before (V-3) and after the 3-month
lifestyle intervention (V0). No differences were observed
between the two groups at V-3 except for the energy
intake that was greater in the GSP group than in the
P group. At V0, the energy intake decreased and physical
activity increased in both groups (Additional file 2). The
intervention induced a significant weight reduction in
both groups with similar weight changes (−6.2 ± 2.6 in

Fig. 1 Study design
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GSP group vs. −4.8 ± 3.1 % in P group, NS). At V0
anthropometric measures, BP and heart rate were similar
in both groups.
Changes in weight and fat mass during the study

period are depicted in Fig. 3. At the first month of

dietary supplements (V1), the GSP group showed a fur-
ther reduction in weight and fat mass that remained stable
at V2 and V3 and increased three months after discon-
tinuation of the supplements (V6). In the P group, weight
and fat mass started to increase at V2. Weight change

Table 1 Characteristics of obese women of GSP and P group before and after the 3-month lifestyle intervention

GSP group (n = 20) P group (n = 20)

V-3 V0 V-3 V0

Age, years 47.6 ± 10.3 - 52.6 ± 9.6 -

Hypertension, % 10 - 35 -

Diabetes, % 5 - 15 -

Weight, kg 94.3 ± 9.8 88.4 ± 9.1** 90.6 ± 6.6 86.3 ± 5.6**

Waist circumference, cm 112.5 ± 10.0 107.1 ± 10.1** 113.9 ± 5.4 110.3 ± 5.7**

Fat mass, kg 43.0 ± 5.8 40.9 ± 5.7** 41.9 ± 3.5 40.7 ± 3.5*

Fat mass/soft lean mass, ratio 0.98 ± 0.10 0.96 ± 0.11 1.0 ± 0.09 0.99 ± 0.08

Systolic BP, mmHg 126.0 ± 13.9 120.5 ± 10.7* 123.7 ± 10.9 119.2 ± 8.6

Diastolic BP, mmHg 79.0 ± 6.4 77.2 ± 4.7 79.5 ± 6.8 77.5 ± 5.3

Heart rate, beats/min 73.8 ± 8.6 73.1 ± 6.9 73.4 ± 9.1 70.7 ± 6.7*

V-3: before lifestyle intervention. V0: after the 3-month lifestyle intervention-start of dietary supplements. *p < 0.05, **p < 0.0001 compared to V-3. Comparisons
between GSP and P group were NS at –V3 and at V0

Fig. 2 Flow of patients in the study
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from V0 toV3 was −1.0 kg (95 % CI −2.5 to +0.5) in the
GSP group and + 0.3 kg (95 % CI −0.9 to +1.6) in the
P group.
The adherence to the diet progressively decreased in

both groups from V0 to V6. Scores in GSP group were
5.4 ± 3.9 at V3, 2.2 ± 1.3 at V0 (p < 0.05 for V3 vs. V0),
and 6.4 ± 4.9 at V6 (p = NS for V3 vs. V6). The scores in
P group were 5.2 ± 4.0 at V3, 2.8 ± 1.6 at V0 (p < 0.05 for
V3 vs. V0), and 7.8 ± 3.3 at V6 (p < 0.05 for V3 vs. V6).
Advices on physical activity were apparently followed in
both groups because fat-free mass remained stable from
V0 to V6: scores in GSP group were 54.1 ± 3.3 % at V3,
53.8 ± 2.7 % at V0 (p =NS for V3 vs. V0), and 54.6 ± 3.8 %
at V6 (p =NS for V0 and V3). In the P group, the scores
were 52.6 ± 2.9 at V3, 53.0 ± 2.1 at V0 (p < 0.05 for V3
vs. V0) and 53.2 ± 5.1 at V6 (p < 0.05 when compared
to V0 and V3).
Blood pressure and heart rate remained stable from

V0 to V6 in both groups (data not shown).
The proportion of obese women who maintained a

weight loss ≥ 5 % was greater in the GSP than in the
P group (75 % vs. 45 % at V1 and 60 % vs. 30 % at
V6, p < 0.05 for both). The logistic regression analysis
demonstrated a significantly higher probability to main-
tain a ≥5 % weight loss at V1 and V6 in the GSP group
than in the P group (Fig. 4).

Discussion
Results of this study indicate that after a weight loss
intervention, obese women supplemented with GSP are

more likely to maintain the reduction in body weight
achieved with the diet than those receiving placebo. In-
deed, we observed that weight and fat mass decreased
during the first month of dietary supplements with GSP
and then remained stable during the period of supple-
ment intake despite the decrease in the adherence to the
diet. Conversely, the weight and fat mass of women be-
longing to the P group started to rise one month after
the end of the lifestyle intervention. The trend to return
to the pre-body fatness is an expected event after suc-
cessful weight loss because of the occurrence of coordin-
ate actions of behavioral, metabolic, neuroendocrine,
and autonomic responses that are designed to maintain
body energy stores [2]. GT has been shown to stimulate
daily energy expenditure by 4–4.8 % [10, 11], particularly
under conditions of elevated sympathetic tone [12] such
as obesity. GSP may be therefore more useful to offset
the reduction in energy expenditure caused by the adap-
tive thermogenesis when given in association with a
weight loss program. In fact, during a low calorie diet
and adequate physical activity, the increase in the daily
energy expenditure induced by GSP might not be effect-
ive enough due to the overriding effects of the initial
changes in diet and physical activity. This finding is
likely to explain the modest effects of GT on weight loss
reported in the majority of randomized intervention
studies [4, 13].
Few studies reported the effects of GT extracts on

weight maintenance after a period of weight loss in over-
weight and moderately obese subjects. In a study by
Kovasc et al., a 4-week weight loss period with a very
low caloric diet was followed by a 13-week weight main-
tenance period in which, the subjects consumed their
habitual diet and received GT-caffeine mixture or pla-
cebo. No significant differences in body weight regain
were observed between the GT and placebo group how-
ever, a higher weight regain was observed in high caf-
feine consumers [14]. In another study, the same group
confirmed that GT–caffeine mixtures may induce fur-
ther weight reductions during the weight maintenance

Fig. 3 Weight (left panel) and fat mass (right panel) in GSP group (solid line) and P group (dashed line) at V-3, 0, 1, 2, 3 and 6; p values indicate
differences between values at a defined visit and the preceding visit within each group. If the difference is not significant, the p value is not indicated

Fig. 4 Effect of Greenselect Phytosome® compared to placebo on
the probability to maintain a ≥5 % weight loss at V1, 2, 3 and 6
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period only in low-level caffeine consumers [15]. These
studies are not comparable to our study that utilized a
GSP preparation devoid of caffeine, but with active poly-
phenols complexed with soy phospholipids and piperine
to enhance bioavailability and stimulate thermogenesis.
We observed that the effect of Globes® on body fatness

disappears after its discontinuation. This pattern does
not seem be due to a lower adherence to lifestyle recom-
mendations, because in GSP group the adherence to the
diet and fat-free mass (proxy of physical activity) were
similar between the end of the intake of dietary supple-
ments and follow-up. If we consider that the decline of
energy expenditure occurring after weight loss persists
for at least one year [2], it can be assumed that GSP
preparations should be taken for several months after
the intensive phase of a diet to favor weight mainten-
ance. This remains a hypothesis because energy expend-
iture was not assessed in this study. Future research
having energy expenditure and respiratory quotient as
primary endpoints would perhaps shed light on the
mechanisms by which Globes® affect body fatness.
Finally, we emphasize that dietary supplements with

Globes® did not affect blood pressure and heart rate
levels, suggesting that the increase in sympathetic
activity induced by GSP was not associated to significant
cardiovascular changes.

Conclusion
We believe that GSP extracts devoid of caffeine may
have a clinical potential for the maintenance of weight
after the intentional weight loss. More prolonged ran-
domized studies are needed to confirm these effects and
evaluate the dose of GSP required to achieve expected
results.
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