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Efficacy of conjugated linoleic acid for reducing fat mass:

a meta-analysis in humans'?

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
amixture 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 effectindicated
that fat loss compared with placebo was —0.024kg - g CLA ™" - wk ™!
(P = 0.03). After adjustment to the median dose of 3.2 g CLA/,
CLA was effective and produced a reduction in fat mass for the CLA
group alone (0.05 *x 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 ata dose of 3.2 g/d, CLA produces a modest loss
in body fat in humans. Am J Clin Nutr 2007;85:1203-11.
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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 (¢9,t11), wheras in supplement forms CLA is typ-
ically sold as an equal mix of the 2 predominant isomers ¢9,¢11
and r10,c12.

Among the most controversial and highly studied physiologic
effects of CLA is the influence on body composition. Many
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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 10, c12 isomer has been identified as the one responsible for
decreasing body fat (7, 13, 14). Mechanisms by which the 710,
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 '®0 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/m?): 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 ¢9, 711 and 10, 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 amean BMI 0f 29.4 + 2.6 and mean age of 47.6 £ 7.1y.
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 0il/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 ¢9, ¢11 and ¢10, c¢12 isomers (17). Body
composition was measured by single frequency leg-to-leg BIA.

WHIGHAM ET AL

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
4750 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 ¢9, 11 and 110, 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),
299%£25m=11),272+*1.6(n=7),294£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 ¢9, r11 and 10, 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 given4.2 g CLA/d
(equal mix of ¢9, ¢11 and ¢10, 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 golive oilor 5.8 g
CLA (Tonalin, Pharmanutrients) with 3 g additional fatty acids
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for 28 d. The CLA contained =23% t10, ¢12;24% c11,t13; 18%
c9,111;17% 18, 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 ¢9, ¢11 and 10, c12 isomers; 2.7 g/d),
75% purified 110, 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 10, c12 groups, the mean (=SD) baseline age
was53 +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 ¢9,
t11 and 10, 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% ¢9, t11 and
36.8% 110, 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 +
0.5y,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 ¢9, 111 CLA (plus 1.5 g
high oleic acid sunflower oil); 3 g purified ¢9, 11 CLA; 1.5 g
purified 710, c12 CLA (plus 1.5 g high oleic acid sunflower oil);
or 3 g purified 710, c12 CLA consumed daily as triacylglycerols
in adairy beverage for 18 wk. The CLA isomers used were >80%
pure (Natural Lipids, Hovdebygda, Norway), so 1.2 gand 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
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for each group was the following: placebo, 27.7 £ 1.6; low ¢9,
t11,27.9 = 1.7;high ¢9,111,27.7 = 1.2;1low t10,¢12,28.4 £2.1;
and high 710, 12, 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 ¢9,t11 CLA (n = 13)
for 3 mo. The CLA contained 83.3% of the ¢9, r11 isomer,
providing 2.5 g of that isomer per day. The 710, ¢12 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 ¢9, 111 CLA groups, the
respective mean (=SD) baseline age was 56 = 6.0and 54 = 5.5y
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 ¢9, 11
and 710, ¢12 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
theirmean (£SD) ages were 45 +9.5,44.5 £ 10.7,48.0 £ 10.7y
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% ¢9, t11 and 36% 110, 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) were47 + 8y,
33 + 3, and 29 *+ 3%, respectively, for the placebo group (n =
19) and 45 = 6y, 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 ¢9, 111 (36.1%) and ¢10, 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 £ 6.2y, respectively. Nodifferences 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 (BMI128-32)
men and women 18 —65y 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%
¢9, t11 and 38% ¢10, 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 423 =+ 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 ¢9, 11 and 710, 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 £ 8y, 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 '*0 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 ¢9,¢11 and ¢10, ¢12 isomers).
The mean (£SD) age of subjects was 32 £ 7 y. The mean BMI

WHIGHAM ET AL

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 2050
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),2800% 1.6 (n=13),283 £ 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 CLAisomers). This protocol involved 8 wk on alow-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 O (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 O 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
B 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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FIGURE 1. Changes in fat mass from single-isomer conjugated linoleic acid studies.

RESULTS

Only 3 studies investigating single isomers conducted in hu-
mans were identified (24, 25, 28). The 10, ¢12 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 710, c12 is the
isomer that has the greatest effect on body fat. Therefore, we did
not include the treatment groups that only received ¢9, 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 (R? =
0.1771, P = 0.03), indicating that there was a dose effect with a
slope of —0.024 kg fat - g CLA™' - wk™'. 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 (R? = 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 fatloss 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 the CLA group alone (0.05 £ 0.05 kg/wk) and for the CLA group
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
0.018kg/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,

0.15
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8 -0.05 |
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£ 015
&
S 020 -
£ 025
£ o

-0.30

Total CLA dose (g/d)

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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FIGURE 3. Change in fat mass with increasing conjugated linoleic acid treatment length.

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
110, ¢12 and ¢9, 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

—to—— 31
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FIGURE 4. Mean (95% CI) rate of change in fat mass with conjugated
linoleic acid supplementation. Numbers are reference numbers. Error data
were not available where error bars are not shown. TG, triacylglycerols; FFA,
free fatty acids.

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/.

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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FIGURE 5. Mean (95% CI) rate of change in fat mass with conjugated
linoleic acid treatment compared with placebo. Numbers are reference num-
bers. Error data were not available where error bars are not shown. TG,
triacylglycerol; FFA, fatty acids.
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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
110, c12 isomer to be the efficacious isomer for body composition
(7, 13, 14). For most human studies, the 10, c12 isomer was
provided as an equal mix with the ¢9, 711 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 710, ¢12 and ¢9, 11 results in no severe adverse events, al-
though the one human study that used the 710, 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% Cls 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 in41 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) buthave
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
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supplemented with only the #10, c12 isomer for 12 wk, but not
with a mixed preparation of predominantly the ¢9, t11 and ¢10,
c12 isomers (24). In a later study, the same enriched ¢10, 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, ithas been suggested that CLA preparations enriched in
9, t11 and 110, 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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