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Abstract

Introduction Numerous supplements containing conju-
gated linoleic acid (CLA) are presently being promoted for
body weight reduction. The aim of this systematic review
is to evaluate the evidence for or against the long-term
efficacy of CLA.

Methods Electronic searches were conducted to identify
relevant randomized clinical trials (RCTs). No restrictions
in age, time, or language were imposed. Studies had to be
at least 6 months in duration. Three reviewers indepen-
dently determined the eligibility of studies. Two reviewers
independently extracted data and assessed the reporting
quality of all RCTs.

Results Fifteen RCTs were identified, and seven were
included. Four of the included RCTs had serious flaws in
the reporting of their methodology. A meta-analysis
revealed a statistically significant difference in weight loss
favouring CLA over placebo (mean difference: —0.70 kg;
95% confidence interval: —1.09, —0.32). Our meta-analy-
sis also revealed a small significant difference in fat loss
favouring CLA over placebo (MD: —1.33 kg; 95% CI:
—1.79, —0.86; > = 54%). The magnitude of these effects
is small, and the clinical relevance is uncertain. Adverse
events included constipation, diarrhea, and soft stools.
Conclusion The evidence from RCTs does not convinc-
ingly show that CLA intake generates any clinically rele-
vant effects on body composition on the long term.
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Introduction

The prevalence of overweight and obesity has increased
dramatically over the last few decades [1]. Different weight
management options are available, and a variety of dietary
supplements is being sold as slimming aids. However, the
efficacy of some of these supplements is not proven. One
such supplement is conjugated linoleic acid (CLA).

Conjugated linoleic acid is a group of isomers of linoleic
acid which are linked by the presence of conjugated dienes
[2]. Conjugated linoleic acid occurs naturally and can be
found in the fat of ruminant animals. Meat and dairy
products also contain moderate amounts of CLA [3]. Con-
jugated linoleic acid has been reported to possess biologic
properties, including anticarcinogenic functions, as well as
causes changes in human body composition [4]. Some
authors have suggested that the ingestion of CLA results in
weight reduction via decreasing the size of adipocytes, as
well as modifying adipocyte differentiation [5]. Conjugated
linoleic acid has also been purported to stimulate apoptotic
mechanisms, as well as regulate lipid metabolism [6]. CLA
has been demonstrated to have beneficial effects on body
composition in animals, as well as in humans [7].

Several studies have linked CLA supplementation with
reduction in body weight and fat mass in humans [4, 7, 8],
and a previous systematic review report concluded that
long-term randomized clinical trials evaluating the safety
and efficacy of this dietary supplement are needed [8]. A
number of long-term human trials involving investigating
the effects of CLA supplementation on body composition
have been conducted.
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The objective of this systematic review is to critically
evaluate the evidence from long-term RCTs investigating
the efficacy of CLA supplementation for weight reduction.

Methods

We conducted electronic searches in the following dat-
abases: Medline, Embase, Amed, Cinahl, The Cochrane
Library, Clinical Trials Database, and the ISI Web of
Science. Each database was searched from inception up
until October 2010. The search terms used included anti-
obesity agent, appetite depressant, overweight, obesity,
weight loss, slimming, body weight, body fat, adiposity,
BMI, Conjugated linoleic acid, CLA, Conjugated fatty
acid, Bovinic acid, Rumenic acid, and derivatives of these.
We also searched the Internet for relevant conference
proceedings and hand-searched relevant medical journals,
and our own files. The bibliographies of all located articles
were also searched. No age, gender, or language restric-
tions were imposed.

Only randomized, double-blind, placebo-controlled tri-
als (RCTs) were included in this review. To be considered
for inclusion, RCTs had to test the efficacy of orally
administered CLA or any of its salts for body weight
reduction in overweight or obese human volunteers.
Included studies also had to report body weight or body
composition as an outcome measure. Trials testing CLA as
part of a combination supplement, i.e., dietary interven-
tions containing other supplements in addition to CLA,
were excluded from the review. Studies also had to be at
least 6 months in duration.

Three reviewers (IJO, LKW, and LAD) independently
assessed the eligibility of studies. Data were extracted by
two reviewers (IJO and PPP) according to patient charac-
teristics, interventions, and results. The reporting quality of
all included studies was assessed by the use of a quality
assessment checklist adapted from the Consolidated Stan-
dard of Reporting Trials (CONSORT) guidelines [9, 10].
Disagreements were resolved through discussion.

Data were presented as means with standard deviations.
Mean changes in body weight, body fat, waist circumfer-
ence, and body mass index (BMI) were used as common
endpoints to assess the differences between CLA and pla-
cebo groups. Using standard meta-analysis software [11],
we calculated mean differences (MD) and 95% confidence
intervals (CI) for studies with adequate data for statistical
pooling. The I? statistics were used to assess for statistical
heterogeneity among studies, with values of 25, 50, and
75% indicating low, medium, and high statistical hetero-
geneity, respectively. We also carried out sensitivity and
subgroup analyses to test the robustness of overall analysis.
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Results

Our electronic searches returned 2,864 “hits”, of which 15
potentially relevant articles were identified (Fig. 1). One
article was excluded because it was reported open trial
[12], and another because it referred to single-blind study
[13]. Three articles were excluded because they included
normal-weight individuals [14—16], one because it was not
randomized [17], and another because body weight was
not reported as an outcome [18]. Finally, one study was
excluded because it was a duplicate of an RCT already
included [19]. Thus, 7 RCTs [20-26] including a total of
974 participants met our inclusion criteria and were
included.

Three of the RCTs were conducted in two centers
[20-22], while the remaining were single-centered studies
[23-26]. The key characteristics of these RCTs are sum-
marized in Tables 1 and 2. There was some variation in the
reporting quality of the included RCTs (Table 1). Only 3
RCTs reported adequate randomization procedures [21, 22,
24], and only two reported appropriate allocation con-
cealment [21, 22]. One RCT did not include a sample size
calculation [26], 4 RCTs did not report appropriate blind-
ing of care providers [20, 23, 25, 26], and 3 studies did not
mention adequate blinding of patients [23, 25, 26]. Two
RCTs did not report intention-to-treat (ITT) analyses [25,
26].

All the RCTs except one [20] incorporated some form of
lifestyle adjustment into their treatment. One RCT [21]

2864 references retrieved

e 2849 citations excluded based on title/abstract;
mainly because they did not investigate a food
supplement for weight loss, unsuitable study
design, or were <6months in duration

15 full texts retrieved for
more detailed evaluation
of the articles

8articles excluded for the following reasons:
Open trial: 1
Single blinded: 1
Involved normal weight subjects: 3
Not randomized: 1
Did not report body weight as an outcome: 1
Duplicate: 1

7 randomized clinical
trials included

Fig. 1 Flow chart showing the process for the inclusion of random-
ized clinical trials
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Table 2 Main results of CLA RCTs

First CLA daily Randomized/ Age (years)  Body weight at  Treatment Main results; reported as means Adverse events
author dosage and analyzed baseline (kg) duration with standard deviations (AE)
year formulation (months)
Gaullier 3,400 mg 118/105 48.7 £ 9.2 88.2 £ 9.7 6 Mean weight loss was Constipation,
[20] c9t11 (CLA) (CLA) 0.9 £ 3.9 kg and diarrhea,
45.8 + 10 874 +9.8 0.0 &+ 3.3 kg for CLA and myocardial
(PLA) (PLA) PLA groups, respectively infarction
Gaullier 4,500 mg 180/180 445 £10.7 81.0=£93 12 Mean weight loss was Musculoskeletal
[217* Unspecified (CLA-F) (CLA-F) 1.1 £ 3.7 kg, 1.8 &+ 3.4 kg, ailments,
480 + 107 807 +£95 and 0.2 £+ 2.9 kg for CLA-F, gastrointestinal
(CLA-T) (CLA-T) CLA-T, and PLA groups, symptoms
450£95  80.1+ 9.4 respectively
(PLA) (PLA)
Larsen 3,400 mg 101/83 18-65 for all 82.6 = 9.5 12 Mean weight gain was Soft stools,
[22] c9,t11; subjects (CLA) 4.0 + 5.6 kg and stomach pain
t10.c12 88.5 + 12.0 40+£5.0 kg for CLA and
(PLA) PLA groups, respectively
Racine 2,400 mg 62/53 8.6-8.8 43.8-45.6 7+0.5 Mean weight gain was Gastrointestinal
[23] c9.t11: (CLA) (CLA) 3.2 + 1.9 kg and symptoms
t10,c12 8.1-93 (PLA 38.1 to 42.9 3.7 % 2.3 kg for CLA and
(PLA) PLA groups, respectively
Sluijs [24] 4000 mg 401/346 58 £.04 85.6 £ 09 6 Mean weight gain was Gastrointestinal
c9.t11: (CLA) (CLA) 0.21 £+ 2.9 kg and symptoms
t10,c12 588 +0.5 g524+ 10 0.65 + 2.1 kg for CLA and
(PLA) (PLA) PLA groups, respectively
Watras 4,000 mg 48/40 34.0 +£ 8.0 80.0 £ 9.1 6 Mean weight loss was No significant
[25] c9,t11; (CLA) (CLA) 0.6 + 2.5 kg in CLA; mean AE relating to
c10.t12 320+ 70 79.0 + 10.9 weight gain was 1.1 + 3.2 kg trial
(PLA) (PLA) for PLA participation
Whigham 6,000 mg 64/50 434 + 4.8 934 £ 138kg 7 No significant differences in AE were lower in
[261° c9.t11; (CLA) (CLA) body composition between the CLA group
c10.t12 412 £59 91.4 + 125 kg CLA and PLA compared to
(PLA) (PLA) PLA

CLA conjugated linoleic acid, CLA-F CLA-free fatty acids, CLA-T CLA-triacylglycerols, PLA placebo, ¢, cis-,trans-isomers

% Study was a 3-arm trial and had two variations of CLA compared against PLA; each CLA group was compared with the PLA group in the
meta-analyses

® Study was 12 months in duration but was only double-blinded for the first 7 months

included exercise into the trial regimen, while 3 RCTs [22,
24, 25] reported caloric intakes for participants ranging
from 1,750 to 2,500 kcal/day. Another RCT [26] reported
daily caloric intakes of 25-30 kcal/kg/day for study par-
ticipants, while participants in 1 RCT [23] were offered
dietary advice. Overall, the RCTs reported that there were
no significant differences between CLA and placebo
groups in daily caloric intake.

Two RCTs [20, 21] measured the body weight of par-
ticipants using digital scales, and another two [23, 25] used
calibrated beam balance platform scale. One RCT [22]
reported using a calibrated electronic weighing scale. In
one RCT [24], the equipment used to determine body
weight was not specified.

@ Springer

Six RCTs [20-23, 25, 26] reported the methods used to
determine body fat composition. Five of these RCTs [20-23,
25] utilized dual-energy X-ray absorptiometry (DXA) to
measure body fat, while one RCT [26] used bioelectric
impedance analysis (BIA). Three of the RCTs [20-22]
reported using the LUNAR PRODIGY software in addition
to DXA. One RCT [24] did not report body fat as an outcome
and hence did not report any method for measuring body fat.

One RCT did not provide information for computation
of data for meta-analysis [26]. The investigators merely
reported that there was no significant difference in body
composition between CLA and placebo at the end of the
trial. There was no documentation of p values, or of the
participant final weight characteristics.
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A forest plot (fixed effect model) of 6 RCTs which
provided suitable data for statistical pooling (Fig. 2)
revealed a small significant difference in weight loss
favouring CLA over placebo (MD: —0.70 kg; 95% CI:
—1.09, —0.32; P = 0%). This equates to a weight loss of
about 0.91% in the CLA group compared with placebo. A
funnel plot of the 7 individual trials (Fig. 3) suggests
symmetry as the studies are distributed around the mean
difference for all the RCTs, but this does not necessarily
rule out publication bias against the null hypothesis. A
meta-analysis excluding the RCT which involved children
[24] revealed a small significant difference in body weight
favouring CLA over placebo (MD: —0.99 kg; 95% CI:
—1.55, —0.43; P = 0%). Further meta-analysis involving
three RCTs with good reporting quality (based on adequate
randomization and allocation concealment) [21, 22, 24]
revealed a non-significant difference in weight loss
between CLA and placebo (MD: —0.66 kg; 95% CI: —1.1,
0.21; I* = 19%).

A meta-analysis of 6 trials (Fig. 4) with 520 participants
revealed a small significant difference in fat loss favouring
CLA over placebo (MD: —1.33 kg; 95% CI: —1.79, —0.86;
PP = 54%), while a forest plot of RCTs (Fig. 5) with 534
participants revealed a non-significant difference in waist
circumference between CLA and placebo (MD: —0.12 cm;
95% CI: —0.82, 0.58; P = 0%). Finally, a meta-analysis of
6 trials with 783 participants (Fig. 6) revealed a small
significant difference in BMI favouring CLA over placebo
(MD: —0.30 kg/m?; 95% CI: —0.44, —0.16; I* = 31%).

All the RCTs reported adverse events. These included
diarrhea, soft stools, stomach pain, musculoskeletal
symptoms, and myocardial infarction (MI). In one RCT,
adverse events were reported to be less in the CLA group
than in the placebo group [26]. In total, there were 170
dropouts/attrition, with 76 in the CLA group and 71 in the
placebo. For the remaining 23 participants who dropped
out from 3 RCTs [20, 23, 25], their treatment groups were
not specified. All RCTs reported no significant difference
in dropouts/attrition between the CLA and placebo groups.

There was a variation in the dosages and composition of
the CLA used among the RCTs. The dosages ranged from
24 to 6 g daily [23, 26]. All RCTs except one [24]

provided CLA in capsules. While the CLA used in 5 RCTs
comprised of 2 isomers, namely cis-9,trans-11 and trans-
10,cis-12 (¢9,t11;t10,c12) [19-23], one RCT employed the
single isomer, c9,t11 [20]. The composition of the CLA in
one RCT was not specified, and in this same RCT, the CLA
was conjugated to free fatty acids and triacylglycerol [21].
Of the 5 RCTs with 2 isomers, all had almost equal con-
centrations of both isomers except one RCT where the
c9,tl1 isomer was predominant [24]. A dose-response
curve (Fig. 7) did not reveal a significant relationship
between dosage and weight loss (p > 0.05).

All the RCTs also reported the composition of their
placebos. Three RCTs [20-22] had olive oil as placebo,
while another two [23, 25] used safflower oil. One RCT [24]
reported their placebo as being composed of palm oil and
soybean, and another [26] used high-oleic sunflower oil as
placebo. In general, all the RCTs reported that there were no
statistical differences in baseline indices in body weight
between the participants in the CLA and placebo groups.

All included RCTs except one [26] provided informa-
tion regarding compliance of the study participants. In two
RCTs, compliance was >75% [23, 25]. The other 4 RCTs
reported compliance rates ranging from 88 to 97% among
completers [20-22, 24]. In general, the RCTs reported no
significant difference in compliance rates between the CLA
and placebo groups.
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Fig. 3 Funnel plot of comparison of the effect of CLA supplemen-
tation on body weight

Fig, 2 Forest plo[ of effect of CLA Placeho Mean Difference Mean Difference
CLA on body weight (kg) Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gaullier 2004a 1.1 37 61 -02 3 59 10.2% -0.90[-2.10,0.30] -
Gaullier 2004k -1.8 3.4 60 -02 3 59 11.2% -1.60[-2.75,-0.45] ——
Gaullier 2007 -0.9 39 55 0 33 50 T.8% -0.90[-2.28, 048] =T
Larsen 2006 4 56 40 4 5 43  28% 0.00[-2.29,2.29] 1
Racine 2010 3219 28 37 23 25 11.3% -0.50[-1.64,0.64) e
Sluijs 2010 0.21 29 173 065 21 173 521% -0.44[-097,009] =
VWatras 2007 06 25 22 11 32 18 45% -1.70[3.51,011) —
Total (95% CI) 439 427 100.0% -.0.70[-1.09,-0.32] 4
Heterogeneity: Chi*= 5.09, df= 6 (P=0.53); F=0% E‘I 0 }5 b % IUI
Testfor overall effect Z= 3.58 (P =0.0003) Favours CLA Favours Placeho
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CLA Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gaullier 20043 1.7 3 61 02 33 59 16.9% -1.90[3.03,-0.77] —a=
Gaullier 2004k -24 3 60 02 33 59 16.8% -2.60[-3.73,-1.47] -
Gaullier 2007 -1 34 55 0.2 33 50 131% -1.20[2.48,0.08) e
Larsen 2006 213 499 40 273 492 43 47% -060[2.73,1.53) o
Racine 2010 0e 14 28 1.8 1.3 25 40.7% -1.00[-1.73,-0.27] e
Watras 2007 1. 22 22 07 3 18  78% 0.30[1.36,1.96) ——
Total (95% CI) 266 254 100.0% -1.33[-1.79,-0.86] 4
Heterogeneity. Chi*= 10,77, df= 5 (P = 0.06), F= 54% k I5 S % 10:

Testfor overall effect Z= 5.60 (P < 0.00001) st B et

Fig. 4 Forest plot of the effect of CLA supplementation on body fat (kg)

Fig. 5 Forest plot of the effect CLA Placebo Mean Difference Mean Difference
of CLA supplementation on Study or Subgroup _ Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
S Gaullier 2007 26 5 65 13 49 50 136% -130(3.19, 059
waist circumference (cm) Larsen 2006 42 59 40 4 B7 43 67% 0.20[251,291)
Sluijs 2010 084 41 173 079 33 173 797% 0.05[0.73,083
Total (95% CI) 268 266 100.0% -0.12[-0.82,0.58]

Heterogeneity. Chi*=1.72,df= 2 (P = 0.42); F= 0% k t é

Testfor overall effect Z= 0.35 (P = 0.73) L S .

Fig. 6 Forest p]o[ of the effect CLA Placebo Mean Difference Mean Difference
of CLA supplementation on Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
BMI (kg/mZ) Gaullier 2004a -0.4 1.2 B1 0 1 59 124% -040[0.79,-0.01] -
Gaullier 2004b -06 1.2 60 0 1 59 123% -060[1.00,-0.20] Eeq
Gaullier 2007 -0.3 13 55 0 09 50 107% -030[0.72,012] =
Racine 2010 05 08 28 1.1 14 25 7.0% -0.60[-1.12,-0.08] 1
Sluijs 2010 008 11 173 022 0B6 173 528% -014[0.33 005 q
Watras 2007 -02 09 22 04 11 18 48% -0.60[1.23,0.03] g
Total (95% CI) 399 384 100.0% -0.30[-0.44, -0.16] |
Heterogeneity. Chi*= 7.26, df=5 (P=0.20); F= 31% E,J 0 ‘ls é 105

Test for overall effect: Z= 4.24 (P = 0.0001) Favlju,g CLA Favours Placebo

Dose effect of CLA on Body Weight relevant, as it does not equate to at least a 5% loss in body

181 .17 weight from baseline [27].

1.6 ¢ 16 Our meta-analysis also suggested that CLA intake gen-
~ 1.4 erates a small significant decrease in body fat and BMI, but
X {5/ no significant decrease in waist circumference. Our find-
g . ings corroborate those of a previous review which sug-
- *09 *09 gested that CLA has modest effects on body composition
% 081 [4]. Our results also confirm an earlier review which con-
'g 0.61 .05 cluded that CLA intake has no clinically relevant effects on

0.4 1 044 body composition [8]. In contrast to these previous reports

0.2 [4, 8], however, our analyses involved only overweight and

0 ' ' e ' ' obese individuals, and we also assessed and accounted for
0 1 2 3 4 5 the reporting quality of the included trials. Furthermore,
Dosage (9) this review involved only trials with at least 6-month

duration, including 2 RCTs that were not available for the
previous reviews [23, 24].

Conjugated linoleic acid is thought to influence body
composition via a variety of mechanisms. These include
reduction in lipid accumulation through its effect on lipo-
protein lipase and stearoyl coenzyme A desaturase [4], as
well as activation of PPAR receptors and stimulation of the

Fig. 7 Effect of dosage of CLA on body weight. The coefficient of
correlation was 0.53, with p > 0.05

Discussion

The main objective of this review was to evaluate the
evidence for or against the use of CLA as a weight-

reducing agent. Our main meta-analysis suggests that CLA
intake generates a statistically significant decrease in body
weight when compared with placebo. The magnitude of the
effect is, however, small and does not seem clinically

@ Springer

production of proinflammatory cytokines [8]. However, the
findings from our meta-analyses do not indicate that these
effects cause any clinically relevant effects on human body
composition.
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A number of RCTs had serious flaws in the reporting of
their methodology, such as randomization and allocation
concealment (see Table 1). The failure of the authors to
provide information regarding these important aspects of
the RCTs limits the internal and external validity of the
study results. Though 5 RCTs [20-24] reported performing
ITT analysis, there was also some variation in how this
analysis was conducted (and reported) among the RCTs.
While 2 RCTs [21, 23] included all participants irrespec-
tive of when they dropped out from the trial in their
analysis, subjects in the other RCTs were not included in
the ITT analysis due to dropout halfway into the trial [20,
22], or failure to turn up at the last follow-up visit [24]. The
lack of ITT analysis or failure to analyze all randomized
participants in ITT analysis limits the robustness of the
overall analyses of these RCTs [28, 29].

There were differences in the dosages and composition
of CLA administered to participants in the included RCTs.
It is not clear whether the differences in dosages influenced
the effects of CLA on body composition. It is also unclear
the extent to which the difference in isomer combination
affected body weight. CLA is present in meat, dairy
products, as well as in vegetable oil [3, 30, 31], and it is
plausible to think that participants in RCTs could have
ingested CLAs that were not prescribed as capsules. This
could have blunted any differences in body composition
which may have been observed between the CLA and
placebo groups at the end of the studies. These uncertain-
ties seem corroborated by our dose-response curve (see
Fig. 7).

Reductions in daily caloric intake, as well as increased
physical activity, are essential for effective weight loss, and
there is sufficient evidence which shows that low-caloric
diet facilitates long-term weight loss [32]. This was evident
in one included RCT where the participants had an 8-week
run-in trial period with restricted caloric intake [22]. The
participants lost between at least 8% body weight from
baseline during this period, but all regained weight during
the intervention period when they had normal daily caloric
intakes. This raises the possibility that the adjustment in
lifestyle factors may have been responsible for the weight
loss reported in some of the RCTs.

Though all included RCTs gave information relating to
adverse events, there were variations in the frequency as
well as the severity of these events. While gastrointestinal
symptoms were reported to be more common in the CLA
groups in 5 RCTs [20-24], one included RCT reported no
adverse event relating to the intake of CLA [25], and the
other RCT reported fewer adverse events in the CLA group
compared with placebo [26]. Though MI relating to CLA
intake was reported as an adverse event in one RCT [20],
obesity itself has been described as a risk factor for MI
[33]. Considering the inconsistencies in the reports of

adverse events among the RCTs, it might be advisable for
future trial investigators to incorporate surveillance strat-
egies (extending beyond the duration of intervention itself)
into their trial designs to monitor for adverse events over
the long term.

This review has several limitations. Though we
employed a robust strategy to search electronic and non-
electronic sources, we may not have identified all long-
term RCTs involving CLA supplementation for weight
reduction, and the number of RCTs that were included in
the review is few. Furthermore, there are discrepancies in
the reporting quality of the included RCTs. These factors
render our conclusions less secure than we had hoped them
to be.

Conclusion

The evidence from RCTs fails to convincingly demonstrate
that CLA supplementation generates any clinically relevant
effects on body composition on the long term.
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