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Abstract

Prior meta-analytic investigations over a decade ago rather inconclusively indicated that conjugated linoleic acid (CLA) supplementation could
improve anthropometric and body composition indices in the general adult population. More recent investigations have emerged, and an up-to-
date systematic review and meta-analysis on this topic must be improved. Therefore, this investigation provides a comprehensive systematic
review and meta-analysis of randomised controlled trials (RCT) on the impact of CLA supplementation on anthropometric and body composition
(body mass (BM), BMI, waist circumference (WC), fat mass (FM), body fat percentage (BFP) and fat-free mass (FFM)) markers in adults. Online
databases search, including PubMed, Scopus, the Cochrane Library and Web of Science up to March 2022, were utilised to retrieve RCT
examining the effect of CLA supplementation on anthropometric and body composition markers in adults. Meta-analysis was carried out using a
random-effects model. The P index was used as an index of statistical heterogeneity of RCT. Among the initial 8351 studies identified from
electronic databases search, seventy RCT with ninety-six effect sizes involving 4159 participants were included for data analyses. The results of
random-effects modelling demonstrated that CLA supplementation significantly reduced BM (weighted mean difference (WMD): —0-35, 95 % CI
(=0-54, —0-15), P < 0-001), BMI (WMD: —0-15, 95 % CI (=0-24, —0-06), P=0-001), WC (WMD: —0-62, 95% CI (—1-04, —0-20), P=0-004), FM
(WMD: —0-44, 95 % CI (—0-66, —0-23), P < 0-001), BFP (WMD: —0-77 %, 95 % CI (—1-09, —0-45), P < 0-001) and increased FFM (WMD: 0-27, 95 %
CI (0-09, 0-45), P=0-003). The high-quality subgroup showed that CLA supplementation fails to change FM and BFP. However, according to
high-quality studies, CLA intake resulted in small but significant increases in FEM and decreases in BM and BMI. This meta-analysis study suggests
that CLA supplementation may result in a small but significant improvement in anthropometric and body composition markers in an adult
population. However, data from high-quality studies failed to show CLA’s body fat-lowering properties. Moreover, it should be noted that the
weight-loss properties of CLA were small and may not reach clinical importance.
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Obesity negatively influences overall health, adds significantly to
societal and economic burdens, and shows no signs of
slowing™”. Globally, millions of individuals maintain a sedentary
lifestyle and adhere to nutrient-poor and energy-dense diets,
which contributes to overweightness/obesity and increases the
risk for many non-communicable chronic diseases®?.
Therefore, the identification of alternative adiposity-reducing
strategies with the potential to prevent or alleviate the negative
consequences of obesity is warranted. Apart from lifestyle
modification, often considered the cornerstone of a weight
management programme %
now available touting anti-obesity properties”’'”. Among those,

, a wide range of supplements are

conjugated linoleic acid (CLA) has shown promise as a food
supplement to reduce adiposity in preventing overweightness
and obesity 112,

CLA have been investigated for various beneficial effects,
including cancer, atherosclerosis and obesity™>'®. Major
isomers of CLA are cis-9, trans-11 CLA (9, 11 CLA) and trans-
10, cis-12 CLA (10, 12 CLA)Y'7, which are found naturally in
ruminant animal food products® and are primary components
of widely consumed CLA weight-loss supplements"?2%,
Although humans can produce endogenous CLA, the blood
and tissue levels of CLA in non-supplemented individuals are
less?1?2. According to prior investigations, isomer 10, 12 CLA
seems to elicit the greatest beneficial effect on promoting weight
loss in animals and humans®-2>. One proposed explanation
behind CLA action may be stimulating apoptotic mechanisms
and regulating lipolytic pathways, both of which positively affect
body composition and weight loss in humans®®. A substantial
body of evidence also indicates that CLA promotes weight loss
by reducing fat cells’ size and altering fat cells’ evolution®”,
While future research needs to elucidate further the physiologi-
cal or other mechanisms behind CLA-induced altered fat cells,
the vast majority of literature on the role of CLA in managing
obesity utilises common measures for anthropometrics and body
composition, including body mass (BM), BMI, waist circum-
ference (WC) and body fat percentage (BFP)?%2? To this, a
series of recent well-controlled pharmacological investigations
have demonstrated conflicting results on the effectiveness of
CLA supplementation on these outcomes in adults"'!3?,

As noted, investigations on the association between CLA
supplementation with anthropometric and body composition
outcomes have sometimes been in agreement, which may be
due to various factors, including supplementation dosages, the
length of intervention and the health status of participants.
Although prior meta-analyses exist, such investigations targeted
special populations, including overweight and obese individ-
uals®!32 and those with metabolic syndrome®®. To the best of
our knowledge, two prior meta-analyses have been conducted
to determine the pooled effects of CLA supplementation on fat
and fat-free mass (FFM) in the general adult population®*3%,
However, these meta-analytic investigations, in particular, were
performed over a decade ago, and numerous relevant
randomised controlled trials (RCT) have been published since.
Therefore, we performed a comprehensive systematic review
and meta-analysis of the literature to date on the effects of CLA
supplementation on anthropometric and body composition
markers in adults.

Methods

This investigation was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
protocol®?,

Search strategy

A comprehensive literature search was performed for RCT that
investigated the efficacy of CLA supplementation on anthropo-
metric measurements and body composition indicators using
online databases, including PubMed/MEDLINE, Scopus, Web of
Science, and Cochrane Library up to March 2022. The following
MeSH and non-MeSH terms were applied in the search strategy:
(‘Conjugated linoleic acid’ OR ‘conjugated fatty acid’ OR ‘bovic
acid’ OR ‘rumenic acid’ OR ‘CLA’ AND Intervention OR
‘Intervention Study’ OR ‘Intervention Studies’ OR ‘controlled
trial’ OR ‘randomized” OR ‘randomized’ OR ‘random’ OR
‘randomly’ OR ‘placebo’ OR ‘clinical trial' OR ‘Trial’ OR
‘randomized controlled trial’ OR ‘randomized clinical trial’ OR
‘RCT” OR ‘blinded’ OR ‘double blind’ OR ‘double blinded” OR
‘trial’ OR ‘clinical trial’ OR ‘trials’ OR ‘Pragmatic Clinical Trial’ OR
‘Cross-Over Studies’ OR ‘Cross-Over” OR ‘Cross-Over Study’ OR
‘parallel’ OR ‘parallel study’ OR ‘parallel trial’).

No restrictions were placed in database searches for the date
of publication. Reference lists of all relevant studies were cross-
checked against database search results for overlooked
publications. All references were included in the Endnote
software (EndNote X21, Thomson Reuters, New York) for
screening, and duplicate citations and unpublished manuscripts
were removed.

Study selection and eligibility criteria

Titles and abstracts of all records from the initial search were
evaluated independently by two investigators. Studies were
selected for further analysis if they met the following criteria: (a)
original RCT with either parallel or crossover designs; (b) studies
that were done on adult participants (>18 years old); (¢) trials
investigating the impact of CLA supplementation on anthropo-
metric measurements (BM, BMI and WC) and body composition
indicators (fat mass (FM), BFP and FFM) in both intervention and
placebo groups; (d) studies that reported means and standard
deviations for each outcome or any other effect sizes by which
the calculation of means and standard deviation was possible.
Conversely, studies were excluded if: (a) the duration of
intervention was less than 4 weeks; (b) inadequate data on
the selected outcomes in intervention or control groups was
presented; (¢) they were observational, case reports, reviews,
letters to an editor, editorial articles, and in vitro studies and
animal experiments; (d) children or adolescents were enrolled,
and (e) no control group was apparent.

Data extraction

The data extraction was independently performed using a pre-
designed standardised electronic form (Excel, Microsoft Office).
The following information from each study were extracted: first
author’s name, year of publication, study location, total sample
size, numbers of cases (those who received CLA) and controls,
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participant’s demographic data (sex, mean age and BMD), the
health status of participants, study design, the intervention dose,
length of follow-up, and outcomes measured as mean and
standard deviation of selected end points at study baseline, post-
intervention, and/or changes between baseline and post-
intervention.

Quality and certainty assessment

A systematic bias assessment of the included studies was
performed using the Cochrane criteria®”. The quality of all
eligible studies was evaluated based on the following items:
random sequence generation, allocation concealment, reporting
bias, performance bias, detection bias, attrition bias and other
possible causes of bias. Based on the Cochrane Handbook
recommendation, studies were ranked as low (L), high risk of
bias (H) or unclear (U) regarding each field of bias®”. In
addition, the overall certainty of evidence across the studies was
evaluated based on the GRADE (Grading of Recommendations
Assessment, Development, and Evaluation) Working Group
guidelines. Subsequently, the quality of evidence was classified
into four categories: high, moderate, low and very low®®.

Data synthesis and statistical analysis

Data analysis was performed using STATA® version 14.0
(StataCorp.), and mean (sD) changes of outcomes were used
to estimate the overall effect size. Effect sizes for all variables are
reported as weighted mean differences (WMD) and 95 % CI
derived from random-effects models. A random-effects model
was selected to address significant heterogeneity between
studies for methodology, outcome measures and participant
characteristics. The P index was used as an index of statistical
heterogeneity of RCT. If the sp change following intervention
was not reported in studies, it was calculated based on the
formula provided by the Cochrane Collaboration® such that: sp
= square root [(sD baseline) 2 + (sD final) 2 — (2R X sD baseline x
sp final)], where the correlation coefficient (R) = 0-8. Statistical
heterogeneity between studies was assessed by Cochrane’s Q
test (significance point at P < 0-1) and the 7 index (significance
point at > 40 %).

The publication bias was assessed using visual inspection of
funnel plots and statistically using Egger’s regression and Begg’s
tests“?. Subgroup analyses were performed to find probable
sources of heterogeneity based on several predefined variables,
including duration of follow-up (>12 v. <12 weeks), intervention
dosage (=3 v. <3 g/d), participants” health condition (healthy v.
unhealthy), baseline values of BMI (normal v. overweight v. and
obese), sex (female v. male v. combined) and the quality of
studies (high ». moderate, v. high quality). Sensitivity analysis
was applied to detect if an overall effect size relied on the
outcomes of a particular RCT. To determine the non-linear dose—
response and linear meta-regression effects of CLA dosage (g/d)
as well as the duration of intervention on each marker, fractional
polynomial modelling was used. A P-value < 0-05 was

considered to be a statistically significant outcome.

Results
Study selection

The study selection process is illustrated in Fig. 1. A total of 8351
publications were found in the initial search. Of those, 2419 were
duplicates and thus removed from further consideration. After a
review of the remaining 5932 titles and abstracts, 104
publications were advanced for full-text examination. An
additional thirty-four studies were removed following full-text
scrutiny according to inclusion/exclusion criteria. Finally, sixty-
nine RCT with ninety-five effect sizes and 4159 participants met
the inclusion criteria for quantitative and qualitative analyses.

Study characteristics

The characteristics of the included RCT are outlined in Table 1.
Investigations were published between 2000 and 2020 and were
carried out in Europe@>i1-09)  Asja?3:30.0987)  Amerjca®8-109
Africa®%419) and Oceania®®”. Of the sixty-nine RCT, six were

63,65,92,93,98,103) aini
(6365929398103 'and the remaining

randomised crossover design
were of parallel design. Intervention dosages of CLA varied
between 1-0 and 6-8 g/d, and follow-up durations ranged from 4
to 104 weeks. Selected studies enrolled participants with
different health conditions; three studies enrolled patients with
diabetes®>7887; three investigated the effects of CLA supple-
mentation in individuals with hyperlipidemia®>%$19%  two
recruited patients with metabolic syndrome®”*? and individual
studies investigated the following health conditions: rheumatoid
arthritis®, hypertension®”, atherosclerosis”®, chronic obstetric
pulmonary disease” and benign breast disease®®. All remain-
ing studies were performed on apparently healthy individuals.
The vast majority of RCT were performed on both sexes, except
sixteen investigations that were conducted exclusively on
females550,55,72,82,84-86,89,9095,97,100-102,106) 11 seventeen on
males57-03:05.70.79.8891-93,103,105.100 The mean age of individuals
was between 18 and 63-3 years, with BMI ranging from 19 to 37-1
kg/m?. All sixty-nine included trials had an appropriately
controlled design, with the sole difference between control
and treatment groups being the CLA intervention.

Risk of bias assessment

Cochrane risk of bias results of included studies is shown in
Supplementary 1 and indicated that thirty-
three(5,30,41,44,46,47,51,53,57,59-62,65-70,72,80,81,89-93,95.98-100,103,100) ¢1jals

were considered to be at high risk for bias, nine-
teen(@2:43,50,52,54,56,58,63,76-79,82,83,94,96,102,104105 \yare deemed the

remaining  eight-
were at low risk of bias.

moderate risk of bias and the

een(23,45,48,4‘),55,64,71 ,73-75,84-88,97,101,107)

Meta-analysis results

Effects of conjugated linoleic acid supplementation on
anthropometric measurements. Combining eighty-three effect
sizes where CLA supplementation was compared with a placebo
control revealed a significant lowering effect of CLA supple-
mentation on BM (WMD: —0-34 kg, 95% CI (—=0-54, —0-15),
P<0-001). However, there was a significant between-study

ssaud Ais1anun abpriquie) Ag auljuo paystiand L98L00EZSYLLL000S/LL0L0L/BI0 10p//:sd1y


https://doi.org/10.1017/S0007114523001861
https://doi.org/10.1017/S0007114523001861

Nf British Journal of Nutrition

The effects of conjugated linoleic acid supplementation 409

( Studies excluded after duplicates

:L removal (n=2419)

5828articles were excluded after
evaluating the title and abstract: no

relevant to the subject

Records excluded

Not reported desired data (n=35)

Y )

N Records identified after databases search
(n=8351)
PubMed (3582), IST Web of Science (1991),
§ Scopus (2310) and the Cochrane library
i (468)
h=
=
Q
=
\4
g
'g Studies screened (n=5932)
5
1%}
N— >
)
B\. v
%o [ Full-text article for eligibility (n=104) ]
2
N— >
) g
=l v
Q
k=l
=
Q
= Studies included in systematic review:
(n=69)
—

Fig. 1. Flow chart of study selection for inclusion trials in the systematic review.

heterogeneity (P =427%, P<0-001) (Fig. 2(a)). The findings
from subgroup analyses showed that CLA consumption was
associated with decreased BM irrespective of the health
condition of participants and follow-up length. In addition,
BM was only reduced in overweight and obese individuals (as
defined by BMD) and female and both sexes and in those who
ingested 3 g/d or more of CLA. Weight-lowering effects of CLA
were shown in both high- and low-quality studies but not in low-
quality studies (Table 2).

Eighty effect sizes from seventy-seven included RCT reported
the effect of CLA supplementation on BMI and revealed a
significant reduction in BMI (WMD: —0-15 kg/m?, 95 % CI (—0-24,
—0-06), P=0-001) albeit with a significant between-study
heterogeneity (#=70-6%, P<0-001) (Fig. 2(b)). Subgroup
analyses demonstrated BMI values were significantly reduced
following CLA supplementation regardless of participant health
status and follow-up duration. As with BM, BMI was only
reduced in overweight and obese individuals and those who
ingested 3 g/d or more CLA. However, BMI only decreased in
high-quality studies subgroups (Table 2).

Overall, thirty-nine arms of included clinical trials inves-
tigated the effect of CLA supplementation on WC, and pooled
effect size showed a significant reduction in WC (WMD: —0-67
cm, 95 % CI (—1-10, —0-23), P = 0-002) with significant between-

study heterogeneity (2 =76:0%, P < 0-001) (Fig. 2(c)). Subgroup
analyses revealed that CLA supplementation resulted in a
significant reduction in WC among healthy participants, in those
with baseline BMI > 30 kg/m?, upon supplementing with 3 g/d
or more of CLA, and in cases where follow-up length was less
than 12 weeks. Regarding the quality of studies, CLA was the
cause of the WC decrease in moderate-quality studies (Table 2).

Effects of conjugated linoleic acid supplementation on body
composition indicators. Meta-analysis of forty-nine effect sizes
revealed a significant change in FM values after CLA intervention
(WMD: —0-46 kg, 95% CI (=0-68, —0-23), P<0-001) despite a
significant  heterogeneity between studies (7 =51-6%,
P<0-00D) (Fig. 2(d)). The findings of the subgroup analyses
showed that CLA consumption reduced FM regardless of the
intervention dosage and duration. However, CLA supplementa-
tion was associated with decreased FM only in healthy
individuals and those with a baseline BMI categorised as
overweight or obese. Furthermore, FM decreased in low- and
moderate-quality subgroups (Table 2).

A total of forty-three effect sizes (835 cases and 808
controls) investigated the effect of CLA supplementation on
BFP. Pooled data analysis indicated that BFP was significantly
reduced following CLA supplementation compared with
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Table 1. Characteristics of the included studies =
Sample
size Means age Means BMI Intervention
Trial Duration CLA dose
Studies Country Study design Participant Sex IG CG (week) IG CG IG CG (g/d) Control group
Zambell et al. 2000 USA Parallel, R, PC, Healthy F: 17 10 7 8 20-41 20-41 NR NR 3 Placebo
B
Berven et al. 2000 Norway Parallel, R, PC, Obese human volunteers M/F (F:17, 25 22 12 476 71 46-5 7 29-4 26 301 22 34 Placebo
DB M:30)
Blankson et al. Norway Parallel, R, PC, Overweight and obese human M/F (F:16, 12 10 12 472 135 44.4 132 297 25 28 24 1.7 Placebo
2000 (a) DB M:6)
Blankson et al. Norway Parallel, R, PC, Overweight and obese human M/F (F:13, 8 10 12 42-8 104 44.4 132 277 21 28 24 34 Placebo
2000 (b) DB M:5)
Blankson et al. 2000 (c) Norway Parallel, R, PC, Overweight and obese human M/F (F:15, 11 10 12 477 11-3 444 132 294 28 28 24 51 Placebo
DB M:6)
Blankson et al. Norway Parallel, R, PC, Overweight and obese human M/F (F:15, 1 10 12 44.3 127 44.4 132 30-3 29 28 24 68 Placebo
2000 (d) DB M:6)
Medina et al. 2000 USA Parallel, R, PC, Healthy F: 17 10 7 9 20-41 20-41 232 15 222 39 3 Placebo
B
Thom et al. 2001 Norway Parallel, R, PC, Healthy exercising humans M/F: 20 10 10 12 275 3 28 32 232 24 233 25 1.8 Placebo
DB
Mougios et al. 2001 Greece Parallel, R, PC, Healthy M/F (F:10, 10 12 8 224 1.7 22 1-3 238 2.7 22.7 33 1.4 Placebo o)
DB M:14) :
Riserus et al. 2001 Sweden Parallel, R, PC, Obese middle-aged men M: 24 14 10 4 54 57 52 78 32:2 34 317 19 4.2 Placebo z
DB U%
Riserus et al. 2002 (A)  Sweden Parallel, R, PC, Obese men with the metabolic syn- M: 38 19 19 12 51 71 53 10-1 301 1-8 302 1.8 34 Placebo =3
DB drome <
Riserus et al. 2002 (B) Sweden Parallel, R, PC, Obese men with the metabolic syn- M: 38 19 19 12 55 71 53 101 31.2 25 30-2 1.8 34 Placebo &
DB drome
Kreider et al. 2002 Egypt Parallel, R, PC, Resistance training M: 23 12 11 4 23 37 23 37 NR NR 6 Placebo
DB
Noone et al. 2002 (a) Ireland Parallel, R, PC, Healthy human subjects M/F (F:21, 16 18 8 33.22 11.78 32-31 10-86 2351 31 2335 335 3 Control diet
DB M:13)
Noone et al. 2002 (b) Ireland Parallel, R, PC, Healthy human subjects M/F (F:18, 17 18 8 28-58 608 3231 10-86 24.08 708 2335 335 3 Control diet
DB M:17)
Kamphuis et al. The Parallel, R, PC, Overweight subjects M/F (F:14, 14 13 13 409 5 395 77 256 11 26-1 14 1.8 Placebo
2003 (a) Netherl- DB M:13)
ands
Kamphuis et al. The Parallel, R, PC, Overweight subjects M/F (F:14, 13 14 13 36-2 76 34 91 26-2 1.7 257 1-4 36 Placebo
2003 (b) Netherl- DB M:13)
ands
Kamphuis et al. The Parallel, R, PC, Overweight subjects M/F (F:28, 27 27 13 39 7 37 9 278 1-6 278 1.4 36 Placebo
2003 Netherl- DB M:26)
ands
Malpuech-Brugére France Parallel, R, PC, Overweight M/F: 33 18 15 6 475 77 483 97 279 1.7 277 1.6 1.5 Placebo
et al. 2004 (a) DB
Malpuech-Brugére France Parallel, R, PC, Overweight M/F: 33 18 15 6 499 81 48-3 9.7 277 1.2 277 1.6 3 Placebo
et al. 2004 (b) DB
Malpuech-Brugére France Parallel, R, PC, Overweight M/F: 30 15 15 6 481 68 483 97 284 21 277 1.6 1.5 Placebo
et al. 2004 (c) DB
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Table 1. (Continued)

Sample
size Means age Means BMI Intervention
Trial Duration CLA dose
Studies Country Study design Participant Sex IG CG (week) IG CG IG CG (g/d) Control group
Malpuech-Brugére France Parallel, R, PC, Overweight M/F: 30 15 15 6 48-2 86 483 97 271 1-3 277 16 3 Placebo
et al. 2004 (d) DB
Riserus et al. 2004 Sweden Parallel, R, PC, Obese men M: 25 13 12 12 54 55 56 6 306 2 30-4 25 3 Placebo
DB
Gaullier et al. 2004 (a)  Norway Parallel, R, PC, Healthy overweight humans M/F (F:98, 61 59 52 44.5 107 45 9-5 281 15 277 1.7 4.5 Placebo
DB M:22)
Gaullier et al. 2004 (b)  Norway Parallel, R, PC, Healthy overweight humans M/F (F:98, 60 59 52 48 107 45 9-5 283 16 277 1.7 4.5 Placebo
DB M:21)
Riserus et al. 2004 (a)  Sweden Parallel, R, PC, Obese men M: 38 19 19 12 51 71 53 101 30-1 18 30-2 18 34 Control diet
DB =
Riserus et al. 2004 (b)  Sweden Parallel, R, PC, Obese men M: 38 19 19 12 55 71 53 101 31.2 25 30-2 18 34 Control diet g
DB %
Gaullier et al. 2005 (a)  Norway Parallel, R, PC, Healthy overweight humans M/F (F:69, 46 41 104 451 105 451 88 281 14 274 1.7 34 Placebo g‘
DB M:18) 7
Gaullier et al. 2005 (b)  Norway Parallel, R, PC, Healthy overweight humans M/F (F: 74, 47 M 104 48-6 10-6 451 88 28-3 1.5 27-4 1.7 34 Placebo Q
DB M:14) 8
Desroches et al. 2005  Canada Crossover, R,  Overweight and obese M: 17 17 17 4 366 124 366 124 312 4.4 31.2 44 4.22 Control diet =3
PC,B U%
Nugent et al. 2005 (a)  Ireland Parallel, R, PC, Healthy M/F:38 19 19 8 33-83 275 3223 242 232 268 233 2.56 3 Control diet %
DB e
Nugent et al. 2005 (b)  Ireland Parallel, R, PC, Healthy M/F: 36 17 19 8 2844 1.42 3223 242 241 2.52 233 2.56 3 Control diet =)
DB %
Colakoglu et al. 2006 Turkey Parallel, R, PC, Healthy F: 26 12 14 6 217 2 20-4 25 225 1.7 216 16 36 Control diet- )
(a) SB exercise %
Colakoglu et al. 2006 Turkey Parallel, R, PC, Healthy F: 18 11 7 6 204 17 21.9 2 233 12 208 1.6 36 Control diet a
() SB Zz
Pinkoski et al. 2006 Canada Parallel, R, PC, Resistance training M/F (F: 40, 38 38 7 252 595 2515 6-65 NR NR 5 Placebo %
DB M:36) g
Larsen et al. 2006 Norway Parallel, R, PC, Obese healthy subjects M/F (F:47, 40 43 52 434 84 417 82 28-35 28-35 34 Placebo o
DB M:36) =
Taylor et al. 2006 UK Parallel, R, PC, Healthy M/F: 40 21 19 12 45 6 47 8 33 3 33 3 4.5 Control diet 8
DB s
Adams et al. 2006 USA Parallel, R, PC, Resistance-trained men M: 28 15 13 4 434 6 438 4.2 303 4.4 30-4 46 32 Placebo
DB
Steck et al. 2007 (a) UK Parallel, R, PC, Healthy obese humans M/F (F:23, 16 16 12 363 89 34.9 8 327 18 32.7 1.9 32 Placebo
DB M:9)
Steck et al. 2007 (b) UK Parallel, R, PC, Healthy obese humans M/F (F:24, 16 16 12 34-1 89 34.9 8 327 17 32.7 1.9 6.4 Placebo
DB M:8)
Watras et al. 2007 Canada Parallel, R, PC, Healthy M/F (F:32, 22 18 24 34 8 32 7 276 18 28 22 32 Placebo
DB M:8)
Lambert et al. 2007 (a) South Parallel, R, PC, Regularly exercising M: 25 13 12 12 32 7 32 7 225 25 225 25 39 Control diet
Africa DB
Lambert et al. 2007 (b)  South Parallel, R, PC, Regularly exercising F: 37 14 13 12 32 7 32 7 24.2 21 24.2 21 39 Control diet
Africa DB
Nazare et al. 2007 France Parallel, R, PC, Healthy subjects M/F: 44 21 28 14 294 675 285 57 252 145 251 148 3.76 Placebo
DB

1%
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Table 1. (Continued) =
Sample
size Means age Means BMI Intervention
Trial Duration CLA dose
Studies Country Study design Participant Sex IG CG (week) IG CG IG CG (g/d) Control group
Gaullier et al. 2007 Norway Parallel, R, PC, Overweight and obese M/F (F:84, 55 50 24 458 10 487 92 305 104 302 104 34 Placebo
DB M:21)
Attar-Bashi etval. 2007  Australia Parallel, R, PC  Healthy M/F: 16 8 8 8 331 8-2 374 12:2 24 4.3 25 3-8 32 Placebo
Sneddon et al. 2008 (a) UK Crossover, R, Young lean M: 13 13 13 12 305 4.9 305 4.9 236 1.5 236 1.5 3 Placebo
PC, DB
Sneddon et al. 2008 (b) UK Crossover, R, Young obese M: 12 12 12 12 324 23 324 24 32:3 1.9 323 1.9 3 Placebo
PC, DB
Sneddon et al. 2008 (c) UK Crossover, R, Older lean M: 20 20 20 12 56-3 4.2 56-3 4.2 236 1.5 236 1.5 3 Placebo
PC, DB
Sneddon et al. 2008 (d) UK Crossover, R, Older obese M: 14 14 14 12 56-9 54 56-4 54 32 1.6 32 16 3 Placebo
PC, DB
Kim et al. 2008 Korea Parallel, R, PC, Healthy overweight women F: 27 15 12 12 26-33 94 29-5 108 2523 216 2647 18 3 Control diet
DB
Park et al. 2008 Korea Parallel, R, PC, Overweight and obese human M/F (F:27, 15 15 8 387 4.2 407 4 255 2 26-3 25 24 Placebo
DB M:3)
Aryaeian et al. 2008 Iran Parallel, R, PC, Rheumatoid arthritis M/F (F:38, 22 22 12 46-23 13.07 47-95 1114 27-18 099 2848 084 25 Placebo
DB M:6)
Raff et al. 2008 Denmark Parallel, R, PC, Healthy young men M: 38 18 20 5 257 4.2 26-1 36 22 19 225 21 5.5 Control diet @)
DB .
Goedecke et al. 2009 South Parallel, R, PC, Healthy M/F (F:15, 14 11 12 21-45 21-45 242 22 245 24 39 Placebo £~
Africa DB M:10) %@
Son et al. 2009 (a) China Parallel, R, PC, Women with high body fat mass F: 29 16 13 12 219 27 219 2.7 226 1.9 228 1.9 4.5 Placebo =
DB )
Son et al. 2009 (b) China Parallel, R, PC, Women with high body fat mass F: 32 16 16 12 219 27 219 2.7 21-8 11 225 1.7 45 Placebo- exer- &
DB cise
Norris et al. 2009 Germany Parallel, R, PC, Postmenopausal women with type 2 F: 55 22 33 16 594 73 60-1 73 371 72 36-3 6-1 64 Control diet
DB diabetes mellitus
Zhao et al. 2009 China Parallel, R, PC, Obesity-related hypertension M/F (F:36, 40 40 8 623 35 594 24 323 23 312 1.4 45 Control diet
DB M:44)
Tavakkoli Darestani Iran Parallel, R, PC, Postmenopausal F: 76 38 38 12 551 64 54-9 69 276 34 27 34 32 Placebo
etal. 2010 DB
Michishita et al. 2010 japan Parallel, R, PC, Healthy overweight humans M/F: 30 15 15 16 349 14 39-4 32 26-1 16 256 2 16 Amino acids
DB
Venkatramanan et al. Canada Crossover, R, Overweight, borderline hyperlipidemic ~ M/F (F:5, 15 15 8 46-6 2 46-6 2 NR NR 1.3 Control diet
2010 PC, SB individuals M:10)
Sluijs et al. 2010 Netherlands Parallel, R, PC, Overweight and obese adults M/F (F:179, 173 173 24 58 04 58-8 0-5 28 945 277 1275 4 Placebo
DB M:167)
MacRedmond et al. Canada Parallel, R, PC, Overweight mild asthmatics M/F (F:15, 15 13 12 32:2 87 299 38 27-8 4.5 273 36 4.5 Placebo
2010 DB M:13)
Brown et al. 2011 USA Paralrell, R, PC  Health in young women F: 18 9 9 8 20-40 20-40 19-30 19-30 117 Control diet
Joseph et al. 2011 (a)  Canada Crossover, R, Overweight, hyperlipidemic M: 27 27 27 8 18-60 18-60 315 4 313 4 35 Placebo
PC, DB
Joseph et al. 2011 (b) ~ Canada Crossover, R, Overweight, hyperlipidemic M: 27 27 27 8 18-60 18-60 314 4 313 4 35 Placebo
PC, DB
Plourde et al. 2011 (a) Canada Crossover, R,  Overweight, hyperlipidemic men M:27 27 27 8 44.8 78 44.8 78 309 47 309 4.7 35 Placebo
PC, DB
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Table 1. (Continued)

Sample
size Means age Means BMI Intervention
Trial Duration CLA dose
Studies Country Study design Participant Sex IG CG (week) IG CG IG CG (g/d) Control group
Plourde et al. 2011 (b)  Canada Crossover, R,  Overweight, hyperlipidemic men M:27 27 27 8 44.8 78 44.8 78 309 47 30-9 4.7 35 Placebo
PC, DB
Pfeuffer et al. 2011 Germany Parallel, R, PC, Obese male subjects M: 40 21 19 4 45-68 45-68 283 23 278 13 4.5 Control diet
DB
Chen et al. 2012 Taiwan Parallel, R, PC, Healthy M/F (F:42, 30 33 12 331 11 325 11 2756 245 28-:04 294 1.7 Placebo
DB M:21)
DeGuire et al. 2012 (a) Canada Parallel, R, PC, Healthy M:21 110 16 39 3 36 3 24.7 0-6 243 0-8 15 Placebo
DB
DeGuire et al. 2012 (b) Canada Parallel, R, PC, Healthy M: 20 10 10 16 35 4 36 3 258 0.7 24.3 0-8 3 Control diet
DB =
Rubin et al. 2012 (a) Germany Crossover, R, Middle-aged men M: 35 35 35 4 45-68 45-68 26 26 26-1 3 4.25 Control diet g
PC, DB %
Rubin et al. 2012 (b) Germany Crossover, R, Middle-aged men M:35 35 35 4 45-68 45-68 26 35 26-1 3 4.25 Control diet g‘
PC, DB iz
Bulut et al. 2013 Turkey Parallel, R, PC, Young men M: 18 9 9 4 19-31 19-31 275 26 26-8 1.9 3 Placebo Q
DB 8
Lopes et al. 2013 Brazil Parallel, R, PC, Healthy F. 28 14 14 16 29.37 7-8 27-86 4.74 2872 393 271 412 4 Placebo =3
DB U%
Shadman et al. 2013 Iran Parallel, R, PC, Overweight type2 diabetics M/F (F:21, 19 20 8 451 57 455 4.3 274 05 271 1.8 3 Placebo %
DB M:18) e
Lopez-Plaza et al. 2013 Spain Parallel, R, PC, Healthy overweight people M/F (F:29, 22 16 24 43 83 44.35 7-79 2844 1.08 2856 095 3 Placebo 5
DB M:9) %
Carvalho et al. 2013 Brazil Parallel, R, PC, Metabolic syndrome F: 14 7 7 12 40 1412 42 516 3253 21 32.3 216 3 Placebo o
DB 2
Eftekhari et al. 2013 Iran Parallel, R, PC  Atherosclerotic patients M/F: 57 29 28 8 52.79 1411 55-85 1413 24.02 276 2466 234 3 Control diet a
Tajmanesh etal. 2015  Iran Parallel, R, PC, Healthy young men M: 80 40 40 8 246 2:04 25 1.6 232 23 233 23 32 Placebo E
DB %
Ebrahimi-Mameghani Iran Parallel, R, PC, Non-alcoholic fatty liver disease M/F (F:33, 19 19 8 36-74 6-87 38-58 824 32.72 463 3527 346 3 Placebo g
etal. 2016 B M:5) 1)
Pina et al. 2016 Brasil Parallel, R, PC, Aerobic training in overweight women  F: 28 15 18 8 18-30 18-30 291 35 31.2 42 32 Placebo %
DB o3
Madry et al. 2016 Poland Parallel, R, PC, Obese F: 74 37 37 12 54 4 54 4 34 36 3536 4 3 Placebo =
DB
Ghobadi et al. 2016 Iran Parallel, R, PC, Patients with chronic obstructive pul- M: 93 45 45 6 63-6 10-94 61.64 106 24.91 3.54 24.84 296 32 Placebo
DB monary disease
Ribeiro et al. 2016 Brasil Parallel, R, PC, Obese women F: 28 15 18 8 2341 28 232 2:6 289 2:6 30-1 32 32 Placebo
DB
Abedi et al. 2018 Iran Parallel, R, PC, Non-alcoholic fatty liver disease M/F (F:32, M: 19 19 8 3674 6-87 38-58 824 3272 463 3527 346 3 Control diet
SB 6)
Rezvani et al. 2018 Iran Parallel, R, PC, Benign breast disease F: 46 23 28 13 32-86 6-89 31.91 6-42 2577 468 2575 537 1 Placebo
DB
Fouladi et al. 2018 (a)  Iran Parallel, R, PC  Overweight M/F (F:62, 58 56 12 365 30 35 29 276 29 277 2.98 3 Control diet
M:52)
Fouladi et al. 2018 (b)  Iran Parallel, R, PC  Overweight M/F (F:62, 57 56 12 35 30 35 29 276 2.74 277 2.98 3 Control diet
M:51)

87
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Table 1. (Continued)

Sample

Intervention

Means BMI

Means age

size

CLA dose

Trial Duration

Control group

(9/d)

IG CG IG

(week)

IG CG

Sex

Study design Participant

Country

Studies

Placebo

1.27 3

32.52

1.58

578 32.87

774 36.72

12 38.22

27

27

M/F (F:29,

Parallel, R, PC, Obese

Shahmirzadi et al. 2019 Iran

M:25)
M/F (F:40,

DB
Parallel, R, PC, Healthy adults

Placebo

32

264

41

12 253 4.3 252 4.4 26-4

33

32

China

Chang et al. 2020

M:25)
F: 62

DB
Parallel, R, PC, Obese or overweight

Placebo

7-58 3

35-36

34 35

54

12 54

30

32

Poland

Madry et al. 2020

DB

R, randomised; PC, placebo-control; DB, double-blind; M, male; F, female.

O. Asbaghi et al.

placebo (WMD: —0-76 %, 95 % CI (—=1-08, —0-44), P < 0-001)
albeit with a significant degree of heterogeneity between RCT
(P=66-6 %, P<0-001) (Fig. 2(e)). Subgroup analyses
revealed that CLA supplementation significantly reduced
BFP irrespective of participants’ health condition, baseline
BMI values, and intervention dosages and duration. BFP-
lowering effects of CLA are only seen in low-quality studies
(Table 2).

Forty-five effect sizes (975 cases and 939 controls) were
assessed for the effect of CLA supplementation on FFM. Meta-
analysis indicated that CLA supplementation significantly
increased FFM values in study participants (WMD: 0-27 kg,
95 % CI (0-09, 0-45), P=0-003). A significant between-studies
degree of heterogeneity was observed (P =47-6%, P <0-001)
(Fig. 2(f). Findings from subgroup analyses showed that CLA
consumption was associated with increased FFM in healthy
participants and in those with normal baseline BMI values upon
supplementing with 3 g/d or more of CLA and when the trial
duration was 12 weeks or more. Finally, FFM increases in high-
and low-quality studies (Table 2).

Publication bias. There was no evidence of publication bias in
RCT examining the effect of CLA supplementation for all
outcomes, including BM (P = 0-142 Egger’s test), BMI (P = 0-201
Egger’s test), WC (P=0-107 Egger’s test), FM (P = 0-055 Egger’s
test), BFP (P=0-059 Egger’s test) and FFM (P=0-601 Egger’s
test). Funnel plots further indicated no evidence of asymmetry
for the effects of CLA consumption on each outcome analysed in
this meta-analysis (online Supplementary 2).

Dose-response and meta-regression analyses. Dose—
response analyses showed that CLA supplementation signifi-
cantly altered BFP based on the intervention duration
(r=-1-41, P-non-linearity =0-04) in a non-linear manner.
No other significant non-linear dose-response associations
were observed for the remaining outcomes (online
Supplementary 3 and 4). A meta-regression analysis was
performed to assess the presence of any correlation between
intervention duration (weeks) and dose of CLA supplementa-
tion with BM, BMI, WC, FM, BFP and FFM values. However,
the meta-regression results demonstrated no significant linear
relationship between changes in BM, BMI, WC, FM, BFP and
FFM with the dose and duration of the intervention (online
Supplementary 5 and 6).

Grading of evidence. An evaluation of the quality of evidence
using the GRADE approach is presented in Table 3. For BM and
FFM, the quality of evidence was high since included RCT had a
low to moderate risk of bias with low statistical and clinical
heterogeneity and narrow CI. Moreover, moderate quality of
evidence was detected for BMI, WC, FM and BFP because of
existing very serious limitations for inconsistency (7 = 69-5 %,
P=750%, P=51-8%, and P=066-6% for heterogeneity,
respectively).
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The effects of conjugated linoleic acid supplementation

author

Zambell et al. 2000
Blankson et al. 2000 (a)
Blankson et al. 2000 (b)
Blankson et al. 2000 (c)
Blankson et al. 2000 (d)
Berven et al. 2000

Thom et al. 2001

Riserus et al. 2001
Mougios et al. 2001
Kreider et al. 2002
Noone et al. 2002 (a)
Noone et al. 2002 (b)
RISerus et al. 2002 (a)
RISerus et al. 2002 (b)
Kamphuis et al. 2003 (a)
Kamphuis et al. 2003 (b)
Kamphuis et al. 2003
Riserus et al. 2004
Malpuech-Brugére et al. 2004 (a)
Malpuech-Brugére et al. 2004 (b)
Malpuech-Brugeére et al. 2004 (c)
Malpuech-Brugére et al. 2004 (d)
Gaullier et al. 2004 (a)
Gaullier et al. 2004 (b)
Desroches et al. 2005
Nugent et al. 2005 (a)
Nugent et al. 2005 (b)
Gaullier et al. 2005 (a)
Gaullier et al. 2005 (b)
Colakoglu et al. 2006 (a)
Colakoglu et al. 2006 (b)
Adams et al. 2006
Taylor et al. 2006
Pinkoski et al. 2006
Larsen at al. 2006
Lambert et al. 2007 (a)
Lambert et al. 2007 (b)
Steck et al. 2007 (a)
Steck et al. 2007 (b)
Watras et al. 2007
Nazare et al. 2007
Gaullier et al. 2007
Sneddon et al.2008 (a)
Sneddon et al.2008 (b)
Sneddon et al.2008 (c)
Sneddon et al.2008 (d)
Kim et al. 2008

Park ct al. 2008

Raff et al. 2008
Goedecke et al. 2009
Son et al. 2009 (a)

Son et al. 2009 (b)
Norris et al. 2009

Zhao et al. 2009
MacRedmond et al. 2010
Michishita et al. 2010
Venkatramanan et al. 2010
Tavakkoli Darestani et al. 2010
Sluijs et al. 2010
Pfeuffer et al. 2011
Joseph et al. 2011 (a)
Joseph et al. 2011 (b)
DeGuire et al. 2012 (a)
DeGuire et al. 2012 (b)
Chen et al. 2012

Rubin et al. 2012 (a)
Rubin et al. 2012 (b)
Carvalho et al. 2013
Lopes et al. 2013
Lopez-Plaza et al. 2013
Shadman et al. 2013
Tajmanesh t al. 2015
Pina et al. 2016

Ribeiro et al. 2016
Ebrahimi-Mameghani et al. 2016
Madry et al. 2016
Ghobadi et al. 2016
Abedi et al. 2018
Rezvani et al. 2018
Fouladi et al. 2018 (a)
Fouladi et al. 2018 (b)
Shahmirzadi et al. 2019
Chang et al. 2020
Overall, DL (I’ = 42:7%, p = 0-000)
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(95% CI)
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Fig. 2. Forest plot detailing weighted mean difference and 95 % Cl for the effect of CLA supplementation on: (a) body weight (kg); (b) BMI (kg/m?); (c) WC (cm); (d) FM

-10

0

0

10

(kg); (e) BFP (%); and (f) FFM (kg). CLA, conjugated linoleic acid; WC, waist circumference; FM, fat mas; BFP, body fat percentage; FFM, fat-free mass.
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Medina et al. 2000
Blankson et al. 2000 (a)
Blankson et al. 2000 (b)
Blankson et al. 2000 (c)
Blankson et al. 2000 (d)
Berven et al. 2000
Riserus et al. 2001
Mougios et al. 2001
Noone et al. 2002 (a)
Noone et al. 2002 (b)
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RISerus et al. 2002 (b)
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Attar-Bashi etval. 2007
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Park et al. 2008
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Goedecke et al. 2009
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Norris et al. 2009

Zhao et al. 2009
MacRedmond et al. 2010
Michishita et al. 2010
Tavakkoli Darestani et al. 2010
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Pfeuffer et al. 2011
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Joseph et al. 2011 (b)
DeGuire et al. 2012 (a)
DeGuire et al. 2012 (b)
Chen ctal. 2012

Rubin et al. 2012 (a)
Rubin et al. 2012 (b)
Carvalho et al. 2013
Bulut et al. 2013
Lopez-Plaza et al. 2013
Shadman et al. 2013
Eftekhari et al. 2013
Tajmanesh t al. 2015
Pina et al. 2016
Ebrahimi-Mameghani et al. 2016
Madry et al. 2016
Ghobadi et al. 2016
Abedi et al. 2018
Rezvani et al. 2018
Fouladi et al. 2018 (a)
Fouladi et al. 2018 (b)
Shahmirzadi et al. 2019
Chang et al. 2020
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<015 (-1-79, 1-49)
026 (-1-62, 2:14)
-0-00 (-0-68, 0-68)
-0-30 (-1-00, 0-40)
-1.88 (-2:41, -1.35)
030 (-0-26, 0-86)
-0-16 (-0-25, -0-07)

%
Weight

0-19
0-42
0-44
0-37
0-34
2:28
0-39
0-30
023
0-11
225
2:53
1-23
0-97
2:47
2-12
1-65

0-60
0-60
1-80
176
1:09
0-29
0-17
215
0-12
312
3.07
128
155
0-05
325
3.09
335
323
0-63
0-89
0-29
0-55
0-75
1-06
325
1-16
0-22
0-61
0-53
2:97
2:65
2.58
2:58
2:04
1-91
0-84
0-34
0-37
0-24
0-40
137
0-52
0-87
128
0-22
0-28
0-59
0-85
0-28
0-22
117
112
1-56
1-47
100-00

Fig. 2. (Continued)
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author

Riserus et al. 2001
RISerus et al. 2002 (a)
RISerus et al. 2002 (b)
Riserus et al. 2004
Desroches et al. 2005
Colakoglu et al. 2006 (a)
Colakoglu et al. 2006 (b)
Larsen at al. 2006
Lambert et al. 2007 (a)
Lambert et al. 2007 (b)
Gaullier et al. 2007
Sneddon et al.2008 (a)
Sneddon et al.2008 (b)
Sneddon et al.2008 (c)
Sneddon et al.2008 (d)
Park et al. 2008

Son et al. 2009 (a)

Son et al. 2009 (b)
Norris et al. 2009
Zhao et al. 2009
Michishita et al. 2010

Sluijs et al. 2010
DeGuire et al. 2012 (a)
DeGuire et al. 2012 (b)
Rubin et al. 2012 (a)
Rubin et al. 2012 (b)
Carvalho et al. 2013
Bulut et al. 2013
Lopez-Plaza et al. 2013
Shadman et al. 2013
Tajmanesh t al. 2015
Pina et al. 2016

Madry et al. 2016
Abedi et al. 2018
Rezvani et al. 2018
Shahmirzadi et al. 2019
Chang et al. 2020

Tavakkoli Darestani et al. 2010

Ebrahimi-Mameghani et al. 2016

Overall, DL (I” = 76:0%, p = 0-000)

L 2

++

th

!

|

i ¢
+

r{—l—

e

*

il

Effect
(95% CI)

-1:30 (-5-78, 3-18)
-0-29 (-1-53, 0-95)
-0:94 (-2:02, 0-14)
-0-55 (-2:33, 1-23)
-0-60 (-4-88, 3-68)
-1-83 (-3-08, -0-58)
-3-39 (-4-96, -1-82)
0-30 (-2-28, 2-88)
1-00 (-2:27, 4-27)
-1:20 (-4-03, 1-63)
-1-40 (-3-12, 0-32)
0-50 (0-00, 1-00)
-0-07 (-0-70, 0-56)
-0-36 (-0-68, -0-04)
0-33 (-0-12, 0-78)
0-60 (-1-50, 2-70)
-1-40 (-3-22, 0-42)
0-70 (-1-12, 2-52)
0-30 (-0-15, 0-75)
-3-50 (-4-31, -2:69)
-0-80 (-3-53, 1-93)
-0:90 (-3-35, 1-55)
0-05 (-0-73, 0-83)
0-70 (-0-33, 1-73)
1-10 (0-05, 2:15)
0-20 (-5-21, 5-61)
1-10 (-4-31, 6:51)
1-88 (-4-11, 7-87)
-0-40 (-4-02, 3-22)
212 (-4-77, 0-53)
-255 (-5-27, 0-17)
0-20 (-1-34, 1-74)
-3-70 (-6-15, -1-25)
-0:26 (-3-73, 3-21)
-420 (-5-96, -2-44)
-0:26 (-5-00, 4-48)
0.05 (-4-23, 4-33)
212 (-4-41, 0-17)
0-10 (-2-05, 2-25)
-0-67 (-1-10, -0-24)

%
Weight

0-79
3.63
391
275
0-85
3-61
3.07
1-82
131
1-61
285
4-86
4-67
5.04
4.92
233
271
270
4.92
438
1-69
1-95
4-44
402
3.97
0-57
0-57
0-47
112
176
1-70
312
1-95
120
280
072
0-85
211
227

100-00

Fig. 2. (Continued)
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(d)

Effect %
author (95% CI) Weight
Zambell et al. 2000 J' -0-20 (-0-78, 0-38) 5-06
Blankson et al. 2000 (a) ———— -2-60 (-6-23, 1-03) 0-37
Blankson et al. 2000 (b) D a— -3-30 (-6-81, 0-21) 0-40
Blankson et al. 2000 (c) _.—L— -1.90 (-5-75, 1-95) 0-33
Blankson et al. 2000 (d) L : -2-80 (-7-26, 1-66) 0-25
Berven et al. 2000 —_—— -1-10 (-2-56, 0-36) 1-84
Mougios et al. 2001 -0-40 (-2-38, 1-58) 1-13
Kreider et al. 2002 0-40 (-2-79, 3-59) 0-48
Kamphuis et al. 2003 (a) 1 — 6-40 (3-08,9-72) 0-44
Kamphuis et al. 2003 (b) -0-40 (-3-86, 3-06) 0-41
Malpuech-Brugeére et al. 2004 (a) -0-40 (-1-19, 0-39) 3.94
Malpuech-Bruggére et al. 2004 (b) -0-90 (-1-97, 0-17) 2-82
Malpuech-Brugeére et al. 2004 (c) -0-10 (-1-35, 1-15) 2-30
Malpuech-Brugeére et al. 2004 (d) '.J' -1-10 (-2-07, -0-13) 3.17
Gaullier et al. 2004 (a) ——' -1:90 (-3-16, -0-64) 229
Gaullier et al. 2004 (b) —— : -2-60 (-3-87, -1-33) 224
Gaullier et al. 2005 (a) I--.— 0-80 (-0-65, 2-25) 1-86
Gaullier et al. 2005 (b) —|.— 0-00 (-1-45, 1-45) 1-86
Colakoglu et al. 2006 (a) ——rt— -1-62 (-4-71, 1-47) 0-51
Colakoglu et al. 2006 (b) . I -8-87 (-14-26, -3-48) 0-17
Pinkoski et al. 2006 B —— 3 — -1-60 (-4-96, 1-76) 0-43
Larsen at al. 2006 —— -0-60 (-2-94, 1-74) 0-84
Steck et al. 2007 (a) -0-23 (-0-51, 0-05) 6-71
Steck et al. 2007 (b) -0-31 (-0-64, 0-02) 6-46
Watras et al. 2007 -1-70 (-3-36, -0-04) 1-50
Nazare et al. 2007 : 0-50 (-1-76, 2-76) 0-89
Gaullier et al. 2007 1 -1-20 (-2-55, 0-15) 2-07
Sneddon et al.2008 (a) | 0-34 (-0-08, 0-76) 5-96
Sneddon et al.2008 (b) -0.17 (-0.61, 0-27) 5-87
Sneddon et al.2008 (c) -0-48 (-0-66, -0-30) 7-15
Sneddon et al.2008 (d) I 0-15 (-0-20, 0-50) 6-39
Kim et al. 2008 -0-38 (-1:37, 0-61) 3-09
Park et al. 2008 -0-50 (-2-38, 1-38) 1-23
Son et al. 2009 (a) -0-60 (-1-98, 0-78) 1-99
Son et al. 2009 (b) -0-60 (-1-94, 0-74) 2:09
Venkatramanan et al. 2010 -0-30 (-3-79, 3-19) 0-40
Tavakkoli Darestani et al. 2010 1 0-53 (-0-91, 1-97) 1-87
Brown et al. 2011 1 0-17 (-0-95, 1-29) 2-65
Joseph et al. 2011 (a) -0-20 (-5-44, 5-04) 0-18
Joseph et al. 2011 (b) $ -0-50 (-5-74, 4-74) 0-18
Chen et al. 2012 -0-39 (-1-99, 1-21) 1-59
Bulut et al. 2013 -2-40 (-5-36, 0-56) 0-55
Lopes et al. 2013 0-42 (-2-93, 3-77) 0-44
Lopez-Plaza et al. 2013 0-30 (-1-56, 2-16) 125
Fouladi et al. 2018 (a) —i— -1-40 (-3-79, 0-99) 0-81
Fouladi et al. 2018 (b) —— -2:70 (-5-01, -0-39) 0-86
Shahmirzadi et al. 2019 . : -2:35(-5-21,0-51) 0-59
Madry et al. 2020 _._I -1-65 (-3-10, -0-20) 1-86
Chang et al. 2020 0-10 (-1-19, 1-39) 2:20
Overall, DL (I2 =51:6%, p = 0-000) xl -0-46 (-0-69, -0-23) 100-00

| I |
-10 0 10

Fig. 2. (Continued)
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(e)

Effect %
author (95% CI) Weight
Zambell et al. 2000 -’- -0-72 (-1-28, -0-16) 498
Thom et al. 2001 —— 1 -5-00 (-6-21, -3-79) 321
Mougios et al. 2001 —I'r -0-20 (-2-59, 2-19) 1-39
Kreider et al. 2002 : 0-30 (-2-98, 3-58) 0-83
RISerus et al. 2002 (a) —_— -0-92 (-2-49, 0-65) 2-45
RISerus et al. 2002 (b) —_— -0-94 (-2-56, 0-68) 236
Kamphuis et al. 2003 (a) ¢ -0-60 (-4-10, 2-90) 0-74
Kamphuis et al. 2003 (b) :‘ -0-40 (-3-86, 3-06) 0-76
Riserus et al. 2004 I —r— 1-49 (-0-31, 3-29) 2-07
Malpuech-Brugere et al. 2004 (a) - -0-50 (-1-32, 0-32) 4-24
Malpuech-Brugere et al. 2004 (b) —1 -0-60 (-1-59, 0-39) 376
Malpuech-Brugere et al. 2004 (c) —‘—I' -1-70 (-2-79, -0-61) 3-49
Malpuech-Brugére et al. 2004 (d) + -0-90 (-1-83, 0-03) 393
Colakoglu et al. 2006 (a) —_—— -1-11 (-3-78, 1-56) 1-17
Colakoglu et al. 2006 (b) 1 -6:52 (-10-67, -2-37) 0-55
Taylor et al. 2006 —_——r -1-00 (-2-49, 0-49) 259
Pinkoski et al. 2006 _.—:— -1-80 (-4-61, 1-01) 1-08
Larsen at al. 2006 -0-30 (-2:73, 2-13) 1-35
Attar-Bashi etval. 2007 —1 0-90 (-6-82, 8-:62) 0-17
Lambert et al. 2007 (a) ; -0-10 (-3-82, 3-62) 0-67
Lambert et al. 2007 (b) -0-80 (-3-82, 2-22) 0-95
Watras et al. 2007 T -1-20 (-2-50, 0-10) 299
Gaullier et al. 2007 -0-90 (-2-36, 0-56) 2-66
Sneddon et al.2008 (a) 1 0-19 (-0-25, 0-63) 5-28
Sneddon et al.2008 (b) > -0-54 (-0-93, -0-15) 5-38
Sneddon et al.2008 (c) * -0-64 (-0-88, -0-40) 5-67
Sneddon et al.2008 (d) | 1@ 0-29 (-0-02, 0-60) 5-55
Park et al. 2008 — o -0-40 (-1-45, 0-65) 3-62
Goedecke et al. 2009 i -0-50 (-4-89, 3-89) 0-49
Michishita et al. 2010 : ¢ 1-40 (-3-48, 6-28) 0-41
Tavakkoli Darestani et al. 2010 0-00 (-1-26, 1-26) 3-08
Brown et al. 2011 0-07 (-1-08, 1-22) 3-35
Chen et al. 2012 -0-38 (-1-98, 1-22) 2-40
Carvalho et al. 2013 I -1-35 (-3-96, 1-26) 1-21
Lopes et al. 2013 1 -0-33 (-2:17, 1-51) 202
Lopez-Plaza et al. 2013 -0-29 (-2-61, 2-03) 1-45
Shadman et al. 2013 —_— -1-15 (-4-26, 1-96) 091
Ebrahimi-Mameghani et al. 2016 ———| -3-46 (-6:02, -0-90) 125
Abedi et al. 2018 _._: -3-46 (-6-02, -0-90) 125
Rezvani et al. 2018 —_—1— 0-40 (-2-21, 3-01) 1-21
Shahmirzadi et al. 2019 ——i—t= -1-64 (-3-66, 0-38) 1-77
Madry et al. 2020 ——t -1-35 (-2:90, 0-20) 2-49
Chang et al. 2020 —IQ— -0-10 (-1-49, 1-29) 2-80
Overall, DL (I2 =67-2%, p = 0-000) ¢ -0-76 (-1-09, -0-44) 100-00

| |
-10 0 10
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(f)

Effect %
author (95% CI) Weight
Zambell et al. 2000 *: -0-09 (-0-48, 0-30) 6-70
Blankson et al. 2000 (a) g 0-90 (-4-26, 6-06) 0-12
Blankson et al. 2000 (b) —t 1-40 (-4-20, 7-00) 0-10
Blankson et al. 2000 (c) L _ 0-70 (-5-31, 6:71) 0-09
Blankson et al. 2000 (d) ¢ 1-00 (-4-50, 6-50) 0-11
Berven et al. 2000 —:—0— 130 (-0-73, 3-33) 074
RISerus et al. 2002 (a) —_—— 0-59 (-1-12, 2:30) 1-01
RISerus et al. 2002 (b) —— 0-48 (-1-15, 2-11) 1-10
Kamphuis et al. 2003 (a) e 1-90 (-2-43, 6-23) 0-17
Kampbhuis et al. 2003 (b) - 0-90 (-3-46, 5:26) 0-17
Riserus et al. 2004 —‘—J- -1-08 (-2-94, 0-78) 0-87
Malpuech-Brugére et al. 2004 (a) 0-10 (-0-69, 0-89) 341
Malpuech-Brugeére et al. 2004 (b) | -0-90 (-1-79, -0-01) 2:92
Malpuech-Brugére et al. 2004 (c) -0-30 (-1-20, 0-60) 2-89
Malpuech-Brugére et al. 2004 (d) -0-10 (-0-92, 0-72) 3.23
Gaullier et al. 2004 (a) —tl— 0-70 (-1-33, 2-73) 0-74
Gaullier et al. 2004 (b) —'I.— 0-60 (-1-43, 2-63) 0-74
Gaullier et al. 2005 (a) :t 0-20 (-2-30, 2-70) 0-50
Gaullier et al. 2005 (b) 0-20 (-2-10, 2-50) 0-59
Colakoglu et al. 2006 (a) - 0-83 (0-09, 1-57) 3.72
Colakoglu et al. 2006 (b) —— 128 (0-21, 2:35) 2:22
Pinkoski et al. 2006 _J'._ 0-70 (-2-43, 3-83) 0-33
Larsen at al. 2006 b 0-50 (-2-72, 3-72) 0-31
Lambert et al. 2007 (a) 0-30 (-2-26, 2-86) 0-48
Lambert et al. 2007 (b) 0-30 (-1-78, 2:38) 0-71
Steck et al. 2007 (a) 0-32 (0.04, 0-60) 7-82
Steck et al. 2007 (b) 0-31 (0-10, 0-52) 8:48
Watras et al. 2007 0-00 (-0-71, 0-71) 3-88
Nazare et al. 2007 -0-20 (-4-24, 3-84) 0-20
Sneddon et al.2008 (a) 0-48 (0-16, 0-80) 7-34
Sneddon et al.2008 (b) 162 (1-15,2-09) 5-82
Sneddon et al.2008 (c) 0-32 (0-14, 0-50) 8-80
Sneddon et al.2008 (d) -0-46 (-0-80, -0-12) 7-17
Kim et al. 2008 0-25 (-0-60, 1-10) 3-09
Park et al. 2008 -0-20 (-1-66, 1:26) 1-34
Tavakkoli Darestani et al. 2010 1-12 (-0-11, 2-35) 1-79
Brown et al. 2011 0-48 (-0-39, 1-35) 3-00
Joseph et al. 2011 (a) -0-50 (-10-89, 9-89) 0-03
Joseph et al. 2011 (b) -0-00 (-10-39, 10-39) 0-03
Chen et al. 2012 -0-12 (-2-53, 2-29) 0-54
Bulut et al. 2013 0-30 (-0-76, 1-36) 2:24
Lopes et al. 2013 0-88 (-1-21, 2-97) 0-70
Lopez-Plaza et al. 2013 1-15 (-3-21, 5-51) 0-17
Shadman et al. 2013 1-65 (-1-46, 4-76) 0-33
Chang et al. 2020 0-60 (-0-23, 1-43) 3-22
Overall, DL (IZ =44-1%,p =0-001) 0-31 (0-13, 0-49) 100-00

Fig. 2. (Continued)
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Table 2. Subgroup analyses of CLA supplementation on anthropometric indices and body composition
Heterogeneity
Number of studies WMD 95 %ClI P P heterogeneity 12

Subgroup analyses of CLA supplementation on body weight (kg).

Overall effect 83 -0-34 -0-54, -0-15 <0-001 <0-001 42.7
Trial duration (week)

<12 33 -0-45 -0-70, —0-20 <0-001 0-927 0-0

>12 50 -0-33 -0-59, —0-08 0-010 <0-001 578
Health status

Healthy 72 -0-28 -0-47, —0-08 0-005 0-005 32:6

Unhealthy 11 -0-55 -0-94, -0-16 <0-001 0-184 251
Supplementation dose (g/d)

<3 35 -0-21 -0-51, 0-09 0-178 0-001 48-6

>3 48 -0-46 -0-68, —0-23 <0-001 0-081 22.7
Baseline BMI (kg/m2)

Normal (18-5-24-9) 22 -0-07 -0-39, 0-24 0-642 0-077 319

Overweight (25-29-9) 39 -0-57 -0-86, —0-29 <0-001 0-841 0-0

Obese (>30) 20 -0-36 -0-71, —0-01 0-041 <0-001 66-7
Sex

Female 15 -0-73 -1.15, —0-32 <0-001 0-202 22.7

Both 46 -0-26 -0-43, —0-08 0-004 0738 0-0

Male 22 -0-09 -0-41, 0-21 0-535 <0-001 58-3
Study quality (based on risk of bias)

Moderate quality 24 -0-60 -1.41, 0-20 0-144 0-995 0-0

Low quality 41 -0-25 -0-48, —0-02 0-029 <0-001 54.7

High quality 18 -0-69 -1.05, —0-33 <0-001 0-304 12:6
Subgroup analyses of CLA supplementation on BMI (kg/m2).

Overall effect 77 -0-15 -0-24, —0-06 0-001 <0-001 70-6
Trial duration (week)

<12 30 -0-17 -0-27, —0-07 0-001 0-987 0-0

>12 47 -0-16 -0-27, —0-04 0-005 <0-001 80-8
Health status

Healthy 65 -0-13 -0-22, —0-04 0-002 <0-001 60-4

Unhealthy 12 -0-18 -0-37, 0-00 0-060 0-001 614
Supplementation dose (g/d)

<3 36 -0-11 -0-23, 0-01 0-088 <0-001 64.7

>3 41 -0-17 -0-29, —0-06 0-003 <0-001 65-1
Baseline BMI (kg/m2)

Normal (18-5-24-9) 18 -0-02 -0-15, 0-10 0728 0-126 284

Overweight (25—29-9) 36 -0-17 -0-28, —0-06 0-002 0-120 219

Obese (>30) 21 -0-17 -0-34, —0-00 0-042 <0-001 85-6
Sex

Female 12 -0-56 -0-67, —0-46 <0-001 0-522 0-0

Both 44 -0-20 -0-33, —0-06 0-003 <0-001 572

Male 21 -0-04 -0-13, 0-04 0-354 <0-001 571
Study quality (based on risk of bias)

Moderate quality 22 -0-17 -0-42, 0-07 0-165 0-939 0-0

Low quality 39 -0-07 -0-16, 0-00 0-056 <0-001 598

High quality 16 -0-35 -0-62, —0-08 0-010 <0-001 755
Subgroup analyses of CLA supplementation on WC (cm).

Overall effect 39 -0-67 -1.10, -0-23 0-002 <0-001 76-0
Trial duration (week)

<12 14 -1-19 -2.20, -0-18 0-021 <0-001 703

>12 25 -0-19 -0-53, 0-16 0-288 <0-001 58-3
Health status

Healthy 32 -0-50 -0-92, —0-08 0018 <0-001 63-8

Unhealthy 7 -0-75 -2.03, 0-51 0-244 <0-001 879
Supplementation dose (g/d)

<3 18 -0-30 -0-79, 0-19 0-231 <0-001 657

>3 21 -0-75 -1.46, —0-05 0-035 <0-001 783
Baseline BMI (kg/m2)

Normal (18-5-24-9) 10 -0-46 -1-16, 0-23 0-190 <0-001 761

Overweight (25-29-9) 14 -0-49 -1.25, 0-26 0-198 0-058 395

Obese (>30) 15 -0-77 -1.54, —0-00 0-048 <0-001 844
Sex

Female 11 -1.48 -2:71, -0-24 0-019 <0-001 824

Both 12 -1.18 -2:25, -0-10 0-031 <0-001 754

Male 16 012 -0-16, 0-40 0-407 0-149 261
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Table 2. (Continued)

O. Asbaghi et al.

Heterogeneity
Number of studies WMD 95 %ClI P P heterogeneity 12

Study quality (based on risk of bias)

Moderate quality 9 -1.43 -2.79, -0.07 0-038 0-004 649

Low quality 19 -0-56 -1.17, 0-04 0-067 <0-001 83.9

High quality 11 -0-01 -0-44, 0-40 0-935 0-373 74
Subgroup analyses of CLA supplementation on FM (kg).

Overall effect 49 -0-46 -0-68, —0-23 <0-001 <0-001 516
Trial duration (week)

<12 16 -0-45 -0-77, -0-14 0-004 0-290 14.3

>12 33 -0-44 -0-71, -0-16 0-002 <0-001 60-7
Health status

Healthy 46 -0-46 -0-69, —0-23 <0-001 <0-001 54.6

Unhealthy 3 -0-34 -0-79, 0-10 0-127 0-810 0-0
Supplementation dose (g/d)

<3 23 -0-33 -0-63, —0-03 0-028 <0-001 591

>3 26 -0-60 -0-93, -0-26 <0-001 0-009 44.4
Baseline BMI (kg/m2)

Normal (18-5-24-9) 11 -0-29 -0-74, 0-16 0-210 0-006 591

Overweight (25-29-9) 28 -0-63 -1.09, -0-18 0-006 0-002 50-0

Obese (>30) 10 -0-27 -0-50, —0-03 0-024 0-102 385
Sex

Female 10 -0-47 -1.06, 0-12 0-122 0-060 44.9

Both 31 -0-67 -1.03, -0-32 <0-001 0-001 495

Male 8 -0-15 -0-47, 0-15 0-332 0-003 67-3
Study quality (based on risk of bias)

Moderate quality 10 -0-82 -1.45, —0-20 0-009 0739 0-0

Low quality 28 -0-50 -0-78, —0-22 <0-001 <0-001 677

High quality 11 -0-09 -0-57, 0-39 0718 0-788 0-0
Subgroup analyses of CLA supplementation on BFP (%).

Overall effect 43 -0-76 -1.08, —0-44 <0-001 <0-001 672
Trial duration (week)

<12 17 -0-91 -1.35, —0-47 <0-001 0-102 318

>12 27 -0-65 -1.06, —0-23 0-002 <0-001 737
Health status

Healthy 38 -0-76 -1.10, —0-42 <0-001 <0-001 707

Unhealthy 5 -0-90 -1.78, —0-02 0-044 0-932 0-0
Supplementation dose (g/d)

<3 25 -0-78 -1.18, -0-38 <0-001 <0-001 783

>3 18 -0-72 -1.19, -0-26 0-002 0-801 0-0
Baseline BMI (kg/m2)

Normal (18-5-24-9) 14 -1.08 -1.84, —0-32 0-005 <0-001 825

Overweight (25-29-9) 17 -0-63 -0-97, -0-29 <0-001 0-949 0-0

Obese (>30) 12 -0-80 -1.40, —0-20 0-009 <0-001 701
Sex

Female 10 -0-63 -1.22, —0-04 0-035 0-204 260

Both 24 -1.18 -1.73, -0-62 <0-001 <0-001 59.5

Male 9 -0-18 -0-62, 0-26 0-428 <0-001 76-0
Study quality (based on risk of bias)

Moderate quality 8 -0-56 -1.27, 015 0-122 0-951 0-0

Low quality 25 -0-87 -1.28, —0-46 <0-001 <0-001 79-6

High quality 10 -0-45 -1.06, 0-14 0-137 0-539 0-0
Subgroup analyses of CLA supplementation on FFM (kg).

Overall effect 45 0-27 0-09, 0-45 0-003 <0-001 47-6
Trial duration (week)

<12 14 0-07 -0-21, 0-35 0-630 0-094 343

>12 31 0-39 0-17, 0-61 <0-001 0-002 482
Health status

Healthy 40 0-30 0-11, 0-49 0-002 <0-001 498

Unhealthy 5 -0-07 -0-50, 0-36 0-747 0-396 32
Supplementation dose (g/d)

<3 19 017 -0-13, 0-49 0-274 <0-001 722

>3 26 0-31 0-17, 0-45 <0-001 0-882 0-0
Baseline BMI (kg/m2)

Normal (18-5-24-9) 9 0-35 0-15, 0-56 0-001 0-241 228

Overweight (25—29-9) 26 0-15 -0-11, 0-41 0-256 0-933 0-0

Obese (>30) 10 0-20 -0-24, 0-65 0-365 <0-001 844
Sex

Female 8 0-49 0-08, 0-91 0-019 0125 382
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Table 2. (Continued)
Heterogeneity
Number of studies WMD 95 %Cl P P heterogeneity 12
Both 26 0-25 0-10, 0-39 0-001 0-956 0-0
Male 11 0-23 -0-18, 0-65 0-273 <0-001 83-1
Study quality (based on risk of bias)
Moderate quality 8 0-28 -0-39, 0-96 0-408 0-981 0-0
Low quality 29 0-28 0-06, 0-50 0-011 <0-001 62:3
High quality 8 0-65 0-08, 1-22 0-026 0-987 0-0

CLA, conjugated linoleic acid; WMD, weighted mean differences; WC, waist circumferenc; FM, fat mass; BFP, body fat percentage; FFM, fat-free mass.

Bold value: significant effect (p<0.05).

Table 3. GRADE profile of CLA supplementation for on anthropometric indices and body composition

Outcomes Risk of bias Inconsistency Indirectness Imprecision Publication bias Quality of evidence
Body weight  No serious limitation ~ No serious limitation ~ No serious limitation ~ No serious limitation ~ No serious limitation @O
High
BMI No serious limitation ~ Serious limitation” No serious limitation ~ No serious limitation ~ No serious limitation @A
Moderate
WC No serious limitation ~ Serious limitation” No serious limitation ~ No serious limitation ~ No serious limitaton @@®@®O
Moderate
FM No serious limitation ~ Serious limitation” No serious limitation ~ No serious limitation ~ No serious limitation @A
Moderate
BFP No serious limitation ~ Serious limitation” No serious limitation ~ No serious limitation ~ No serious limitaton @@®@®O
Moderate
FFM No serious limitation  No serious limitation ~ No serious limitation ~ No serious limitation ~ No serious limitaton @®OD
High

GRADE, Grading of Recommendations Assessment, Development, and Evaluation; CLA, conjugated linoleic acid; WC, waist circumference; FM, fat mass; BFP, body fat percentage;

FFM, fat-free mass.

* There is significant heterogeneity for BMI (P = 70-6 %), WC (P =76-0 %), FM (P =51-6 %) and BFP (P =67-2%).

Sensitivity analysis

Sensitivity analysis revealed that no particular RCT significantly
influenced outcomes (BM, BMI, WC, FM, BFP and FFM)
compared with others in a given data set (pooled effect).

Discussion

This meta-analysis showed that CLA supplementation decreased
BM, BMI, WC, FM and BFP and increased FFM. It should be
noted that the weight-loss properties of CLA were small and may
not reach clinical importance. Based on subgroup analysis, CLA
supplementation reduced BM and BMI only in overweight/
obese individuals and those consuming more than 3 g/d of CLA.
Moreover, CLA supplementation decreased WC in obese
participants, dose >3 g/d and duration < 12 weeks. Regarding
body composition indices, CLA supplementation only reduced
FM in overweight/obese and in healthy participants. CLA intake
as a dietary supplement increased FFM in healthy participants,
normal BMI, dose >3 g/d and duration > 12 weeks. Body
composition improvement seems to be only statistically
significant in females, not men. Meanwhile, a subgroup based
on the quality of studies showed that high-quality studies failed
to show the fat loss effects of CLA supplementation. However,
high-quality studies showed a small but significant decrease in
BM and BMI and an increase in FFM. The time-response model
revealed that the optimal duration of CLA supplementation for

reducing BFP was around 6 to 7 weeks. Variability in body fat
distribution and susceptibility to obesity may explain this study’s
failure to show a similar dose-response relationship of CLA
supplementation with BFP, BM, BMI, WC, FM and FFM.

Numerous mechanisms of action in regulating body anthro-
pometrics and composition following ingestion of CLA have
been suggested, resulting from animal and human studies. For
example, CLA seems to enhance fat mobilisation and oxidation,
reduce the size of adipocytes, regulate lipolysis by adipocytes,
increase apoptosis in preadipocytes and adipocytes, reduce
adipocyte differentiation through interaction with PPAR-y, and
modulate cytokines-/adipokines-associated mechanisms"®.
Despite promising results in animal studies regarding an inverse
relationship between CLA and obesity, evidence in humans
supporting the role of CLA in reducing BM and improving
repartitioning of body fat and FFM is limited.

As noted, early meta-analytic work by Whigham ez al. (2007),
having focused on the effects of CLA supplementation on body
composition in the general adult population, indicated that by
pooling effect estimates of eighteen RCT, CLA ingestion
promoted moderate alterations in BF®*. Moreover, Schoeller
et al. (2009) conducted a meta-analytic study focused on
eighteen trials, illustrating a small increase in FFM following CLA
treatment®, Subsequent meta-analyses have focused on
specific population outcomes, such as those who are overweight
and/or obese, individuals with metabolic syndrome and
postmenopausal women. For instance, Onakpoya et al. (2012)
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performed a meta-analysis on a select number of studies (12 7)
and reported that consuming CLA for more than 6 months
resulted in small yet significant reductions in BM, BMI and FM,
along with no change in WC in overweight and obese and
individuals®?. Namazi et al. study (2019), working with thirteen
trials utilising overweight and obese participants, showed that
CLA slightly reduced BM, BMI, and FM and slightly increased
lean body mass. Yet, these authors similarly reported no
influence of CLA on WC measurements®V. A meta-analysis by
Kim et al. (2016) conducted on nine RCT in metabolic syndrome
patients showed BM and BMI improvements following CLA
consumption. However, neither body composition nor WC was
considered, thus limiting any direct comparisons between body
composition and anthropometric alterations®®. Lastly, a recent
meta-analysis (7 8) involving female participants performed by
Hamdallah et al. (2020) illustrated that consuming CLA for
between 6 and 16 weeks had moderate effects on BM, BMI and
total body fat, particularly in those classified as overweight/
obese and postmenopausal status"?,

In contrast with the meta-analyses mentioned above, the
present study’s findings analysing an accumulation of seventy
RCT demonstrated a small but significant efficacy for CLA
supplementation to reduce WC. Moreover, some previous
studies revealed that CLA could be a moderate anti-obesity
agent without generating clinically relevant effects. This effect
owes to CLA’s relatively limited reductions in BM (upwards of
5%) and FM (approaching 8 %), as noted in prior investiga-
tions1%8 110 Further, CLA administration might aid in targeted
FM reduction (e.g. central abdominal fat pattern) rather than a
more evenly distributed reduction of whole-body fat. Such
modest effects of CLA in addressing obesity may also be
advantageous when the risk of weight gain is heightened at
particular times of the year (e.g. social occasions, holi-
days, etc.).

It should be noted that RCT in this study frequently used
various types of vegetable oils as a placebo, including sunflower,
olive, soyabean, paraffin, rapeseed and safflower. These oils are
rich in MUFA and PUFA, like oleic acid, linoleic acid and a-
linolenic acid. Biohydrogenation of linoleic acid into CLA may
occur through the bacteria in the digestive tract and via the
mediation of vaccenic acid. While it is assumed that these oils
have supplementary or complementary effects which can
influence human health®'V| overall effect size differences
between CLA supplementation ». placebo may be muted in
certain RCT, and care should be taken in future investigations to
avoid such confounding variables. It is also worth noting that
type of CLA supplement (isomer or mixture) as well varies in RCT
where the trans-10 and cis-12 isomers of CLA are suggested to
induce catabolic effects, including enhanced lipolysis and fat
oxidation, while cis-9 and trans-11 are considered anabolic
agent®?,

Furthermore, applying different body composition measure-
ment methodologies in clinical trials (e.g. bioelectrical imped-
ance analysis v. dual-energy X-ray absorptiometry v. skinfold
calipers) may influence the interpretation and accuracy of
results. To alleviate such concerns, further clinical trials
comparing CLA supplement types and selecting gold standard
body composition methodologies should be undertaken.

While rare, a few RCT analysed in this meta-analysis reported
complications during or following CLA intervention, amongst
which gastrointestinal disorders were the most common.
However, such unwanted side effects were not serious in the
CLA dosage range reported in RCT, and generally, CLA appears
to be safe and well tolerated.

Of other note, CLA taken with other supplements, dietary
restriction and increased physical activity may further promote
the correction of anthropometric indices and body composition
in obese individuals""'?. For example, combining CLA with
y-oryzanol significantly reduced body fat in overweight Korean
female participants®®?. Another investigation on well-trained
young adults indicated that CLA along with creatine and whey
protein consumption enhanced strength gains and lean mass
following heavy resistance training"'®. Therefore, CLA intake
and other weight-reducing or body composition-modulating
treatments may provide additional benefits.

Although there is evidence outlining the small but significant
effects of CLA supplementations on body composition, little is
known about the impact of gender differences on body
composition changes induced following CLA consumption.
The gender-specific effect of different dietary interventions is
important because it is generally more difficult for females to lose
BM! Females are also likely to lose less BM than males during
a dietary intervention'® although they are more likely to adopt
and adhere to a diet initially"'>. Although the findings of the
gender differences in body composition changes induced by
CLA supplementation in humans are limited, our study showed
that CLA supplementation may be more beneficial in women
than men. Further studies are needed to evaluate the gender-
specific effects of CLA supplementation on body composition.

Strengths of this meta-analysis include a relatively large
number of RCT containing no observable publication bias,
suggesting overestimation of the relationship between CLA and
body composition indicators and/or anthropometric measure-
ments were avoided. Moreover, findings from sensitivity
analyses support the robustness of the results. Finally, the
quality of evidence was moderate to high. Limitations that should
be acknowledged include identifying the sources of hetero-
geneity for BFP needed to be elucidated, and individuals with
varying degrees of health status and other characteristics were
pooled for overall effect size analyses, thus contributing to a
rather heterogeneous sample. Heterogeneity was encountered,
perhaps due to various regimens, doses, types, duration, centre
settings and populations enrolled. Significant heterogeneity is a
serious limitation and should be included because it may
significantly undermine the validity of the result. Subgroup
analyses were performed to find probable sources of hetero-
geneity based on the duration of studies, intervention dosage,
participants’ health condition, obesity status and sex. However,
significant heterogeneity in all included variables remains a main
limitation in our findings. Moreover, the varying risk of bias in the
pool of studies is another main limitation of our analysis.
Although we conducted a subgroup analysis based on the
quality of studies to minimise the limitation, another drawback is
the devices used for body composition analysis in the included
studies. Different body composition assessment methods do not
always similarly reflect changes in body composition associated
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with weight loss. Finally, the present study has not been
registered in the PROSPERO; this could also be considered a
limitation.

In conclusion, CLA supplementation significantly, albeit
mildly, reduces obesity markers, including BM, BMI, WC and
FM, while enhancing FFM in an adult population. More
specifically, anthropometric measures (BM, BMI and WC)
improved following 3 g/d or more of CLA regardless of
intervention duration (except for WC, which favoured shorter
dosage durations of <12 weeks). In contrast, body composition
alterations (FM, FFM and BFP) improved regardless of
intervention dosage or duration (except for FFM, which favoured
CLA dosages 3 g/d or more and longer duration trials lasting >12
weeks). Certain additional participant characteristics such as
being overweight/obese (BM, BMI, WC and FM), noted as
having healthy status (FM and FFM) and having normal BMI
(FFM) further delineated the significance of overall effect size
results. It should be noted that the data from high-quality studies
failed to show the body fat-lowering properties of CLA. Also,
both overall effects and high-quality studies showed that CLA
supplementation resulted in weight loss. However, it should be
noted that the weight-loss properties of CLA were small and may
not reach clinical importance. It has been mentioned that the
minimal clinically important difference is classified as clinically
important and is considered the smallest effect required to
produce clinically important results™®. The data for minimal
clinically important difference regarding body composition are
limited; however, a wide range of studies have confirmed that
the risk of metabolic disorders could be decreased whenever
they saw reductions of 5% of initial weight711® Warkentin
et al. showed that weight reductions to achieve minimal
clinically important difference for most health-related quality-
of-life instruments are markedly higher than the conventional
threshold of 5% to 10%. Future investigations should also
determine the best combination of CLA with other anti-obesity
agents to promote additional benefits of health-related BM
parameters. Finally, to improve the continuity of results, the
composition of fatty acids in a placebo should be carefully
considered when investigating the effects of CLA in various
populations.
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