T - The effect of conjugated
linoleic acid supplementation
on oxidative stress markers A
systematic review and meta-

analysis of randomized
controlled trials

by Hasni Syahida

Submission date: 21-Jun-2024 09:42AM (UTC+0700)

Submission ID: 2405347681

File name: tic_review_and_meta-analysis_of_randomized_controlled_trials.pdf (1.01M)
Word count: 5766

Character count: 31184



ResearchGate

Seediscussions, stats, and author profiles for this publication at: https:/ fwanw et/publication

The effect of conjugated linoleic acid supplementation on oxidative stress
markers: A systematic review and meta-analysis of randomized controlled
trials

Article in Clinical Nutrition ESPEN - April 2022

DN 1001006/ Lcines p 2022 04 004
CITATIONS READS
0 13

8 authors, including:

Wanich Suksatan Husna Dharma Putera
HRH Princess Chulabhorn College of Medical Science, Chulabhorn Royal Academy Universitas LambungMangkurat

141 PUBLICATIONS T45 CITATIONS 1 PUBLICATION O CITATIONS

SEE PROFILE SEE PROFILE

q Ali Thaeer Hammid

Imam Ja'afar al Sadig University

42 PUBLICATIONS 403 CITATIONS

SEE PROFILE

Some of the authors ef this publication are also working on these related projects:

Framct Peripherals, Components, and Applications of Allen-Bradley PLC View project
Prost Optimization and Control of Hydro Generation Scheduling using Hybrid Firefly Algorithm and Particle Swarm Optimization Technigues View project
Al cantentfalawing this page was uplaaded by anich Subksatan an 36 May 20Z:

The user has d enh nent of the downloaded file.




Clinical Nutrition ESPEN xxo0 {3000x) xxx

Contents lists available at ScienceDirect CLINICAL

NUTRITION
ESPEN =2

Clinical Nutrition ESPEN

journal homepage: http://www.clinicalnutritionespen.com

Meta-analysis

The effect of conjugated linoleic acid supplementation on oxidative
stress markers: A systematic review and meta-analysis of randomized
controlled trials

Wanich Suksatan “, Husna Dharma Putera ", Adnan Hashim Abdulkadhim ,
Ali Thaeer Hammid d Jamshid A. Ismailov ©', Behrooz Jannat ¢, Rezayat Parvizi ™ ",
Fatemeh Izadi "~

* Faculty of Nursing,. HRH Princess Chulabhom College of Medical Science, Chulabhorn Roval Academy, Bangkok, Thailand
"Dep{rr!men! of Surgery, Faculty of Medicine, Lambung Mangkurat University, Banjarmasin South Kalimantan, Indonesia

“ Department of Computer Engineering, Technical Engineering College, Al-Ayen University, Thi-Qar, Irag

d Computer Engineering Technigues Department, Faculty of Information Technology, Imam Jo'afar Al-Sadig University, Baghdad, Irag
“ Department of DKTF Internal Medicine, Samarkand State Medical Institute, Amir Temur Street 18, Samarkand, Uzbekistan
'Dep{rr!men! of Scientific Affairs, Tashkent State Dental Institute, Makhtumkuli Street 103, Tashkent, 100047, Uzbekistan

£ Halal Research Center of IRI, FDA, Tehran, Iran

" Cardiovascular Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

iDep(rr!men! of Clinical Nutrition, School of Nutrition and Food Science, Isfahan University of Medical Sciences, Isfahan, Iran

ARTICLE INFO SUMMARY

Article history:
Received 4 January 2022
Acrepted 3 April 2022

Background & aims: Recent trial studies have found that conjugated linoleic acid (CLA) supplementation
beneficially reduces oxidative stress markers but, there is no definitive consensus on this context. The
present systematic review and meta-analysis aimed to investigate the effect of CLA supplementation on
oxidative stress parameters.
Methods: We searched PubMed, Web of Science, Scopus, Cochrane Library, and Google Scholar databases
until September 2021 to identify randomized controlled trials (RCTs) assessing CLA supplementation
effects on oxidative markers including malondialdehyde (MDA), 8-isoprostanesF2« (8-iso-PGF2«), and
glutathione peroxidase (GPx). Summary estimates and corresponding 95% confidence intervals (Cl) were
derived via the DerSimonian and Laird method using a random-effects model.
Results: A total of 11 RCTs were included. The obtained results show that CLA supplementation caused a
significant decrease in MDA concentrations (Hedges's: —0.35; 95% Cl: —0.70 to —0.01, P = 0.04, F =621%,
n = 7), and also significantly increased 8-iso-PGF2« levels (Hedges's: 1.45; 95% Cl: 0.98 to 1.91, P<0.001,
P = 42.9% n = 4). However, the results showed that supplementation with CLA did not significantly
change the concentrations of GPx (Hedges's: 0.30; 95% Cl: —0.04 to 0.64, P = 0.08, F = 0.0% n = 3).
Conclusion: It seems this supplement can be used as a dietary supplement to improve oxidative stress
parameters. However, further studies are required to demonstrate present results.

© 2022 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.
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1. Introduction progression of chronic diseases like obesity, cancer, cardiovascular

diseases, diabetes, and neurological disorders [2—6G]. Under the

Oxidative stress reflects an imbalance between the production
of free radicals and the body's ability to detoxify the toxic effects
through antioxidants [1]. This condition is known to affect the
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physiologic condition, the antioxidant defense systems maintain
the oxidant-antioxidant balance by adjusting the altering levels of
oxidants [7]. Since antioxidants degenerate during this action, there
is a perennial need to reload their stores [ 8]. Oxidative stress could
be measured by several oxidative stress markers such as malon-
dialdehyde (MDA), total antioxidant capacity (TAC), xanthine oxi-
dase (X0), superoxide dismutase (SOD), and glutathione peroxidase
(GPx) [9]. Exogenous antioxidants are found in a variety of foods
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such as fruits, vegetables, spices, cereals, and extra virgin olive oil
that are effective in protection against oxidative stress and post-
prandial oxidative stress [10—12]. Recently, the role of dietary
supplements in the prevention of oxidative stress has been dis-
cussed [13,14].

Conjugated linoleic acid (CLA) consists of a group of positional
and geometrical isomers of conjugated dienoic octadecadienoate
(18:2) which is found predominantly in dairy and meat products
[15,16]. Cis-9, trans-11 CLA, and trans-10, cis-12 CLA is most
important isomers [17]. The beneficial effects of CLA supplemen-
tation on improving lipid profile [18], glycemic indices [18,19],
blood pressure [20], liver function [21], anthropometric indices [22]
and inflammation [23] have been well established. During the past
decades, several clinical trials have been carried out to evaluate the
role of CLA against oxidative stress [24—35]. Some studies indicated
positive effects of CLA on antioxidant status [26,29,35], while
others did not show such beneficial effects [28,34]. Since there is a
controversy over this claim, we conducted a systematic review and
meta-analysis on randomized controlled trials (RCTs) to evaluate
the effects of CLA supplementation on antioxidant indices,
including MDA, 8-isoprostanesF2a (8-iso-PGF2%), and GPx, to
determine whether CLA has a protective role against oxidative
stress or not.

2. Methods

The present meta-analysis was reported based on the Preferred
Reporting ltems of Systematic Reviews and Meta-Analysis
(PRISMA) statement guideline [36].

2.1. Search strategies

We carried out a systematic literature search of PubMed, Web
of Science, Scopus, Cochrane Library, and Google Scholar data-
bases to extract the randomized controlled trials (RCTs) pub-
lished until September 2021. No language restriction or other
filters were applied when searching the literature. The following
search strategy was run in the aforesaid databases: (“trans-10,
cis-12-conjugated linoleic acid” OR “cis-9, trans-11-conjugated
linoleic acid” OR “CLA fatty acid” OR "CLA" OR “conjugated
linoleic acid” OR “trans fatty acid” OR "TFA") AND ("Oxidative
stress” OR “TAC" OR "Total antioxidant capacity” OR “Malon-
dialdehyde” OR “MDA" OR “Glutathione peroxidase” OR GPx OR
GSH OR “Catalase” OR “Superoxide dismutase” OR SOD OR “Total
Oxidant Status” OR TOS OR “lipid peroxidation” OR TBARS OR
“Thiobarbituric acid reactive substances” OR “Glutathione
reductase” OR GR OR “Nitric oxide"” OR “reactive oxygen species”
OR ROS) AND (“Intervention Studies” OR “Intervention” OR
“Controlled trial" OR “Randomized” OR “Randomised” OR
“Random” OR “Randomly” OR “Placebo” OR “Assignment”). In
addition, to ensure we collected any other relevant papers, all
reference lists of eligible studies, previous review articles, and
trial registry platforms were searched.

2.2, Study selection

All studies found from electronic databases and reference lists
were entered into endnote software (EndMote X6, Thomson Cor-
poration, Stamford, USA) and duplicate studies were removed.
Then, two authors independently read the titles and abstracts of
studies to exclude those that were not relevant. The full texts of
the remaining articles were read to determine if they met the
study inclusion criteria. To identify eligible studies the following
criteria were used: (1) RCTs (either parallel or cross-over design),
(2) adult individuals (over 18 years old), (3) studies in which the
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participants were treated with CLA supplementation in compar-
ison to a control group whose participants received placebo or no
supplementation at all, (4) reported antioxidant indices (MDA, 8-
iso-PGF2a, and GPx) in both CLA and control groups before and
after the intervention. Exclusion criteria were (1) studies with CLA
supplementation in combination with other nutrients, (2) studies
with insufficient data at baseline and final level of selected out-
comes in the control and intervention groups, (3) animal studies,
reviews, and letters to editors, and (4) trials with follow up less
than 2 weeks. When multiple publications for the same study
were found, the most recent publication was used. Any discrep-
ancies raised between reviewers were resolved by a panel
discussion.

2.3, Data extraction and quality assessment

All eligible studies were reviewed, and the following data were
extracted using a predefined, standardized, electronic data
extraction form: first author's name, year of publication, study
location, study duration, gender, mean age, and mean body mass
index (BMI) of participants, study design, the health status of par-
ticipants, total sample size, the dose of CLA supplementation and
baseline and endpoint levels of oxidative stress parameters. When
our interest data were not reported in the papers, we contacted the
authors via email to obtain missing data.

Study quality was assessed by the Cochrane collaboration
modified tool [37]. This scale assesses the risk of bias in the trials
according to random sequence generation and allocation conceal-
ment, blinding of the participants, personnel and outcome assess-
ment, incomplete outcome data, selective reporting, and other
biases. Each domain was considered “Low risk of bias” when the
true effect of the outcome is not likely to be affected, “Unclear risk
of bias” when the study did not report enough information to
permit judgment, and “High risk of bias” when the true effect of the
outcome is likely affected. Two of the authors independently per-
formed the data extraction, and quality assessment, with dis-
agreements resolved by discussion.

24, Statistical analysis

Statistical analyses were carried out using the STATA software
(version 11.0; Stata Corporation). All data were collected as
means + standard deviation (SD) for each variable to estimate the
pooled effects. In studies that mean changes were not directly
reported in intervention and control groups, it was calculated by
the difference of the post-intervention data from the baseline
values. In this case, the SD of the mean difference was calculated
based on the Follmann method [38], using a correlation coefficient
of 0.5. When standard error (SE) was reported in place of 5D, we
converted it to SD as SD=5E = sqrt (n) where n = number of
subjects in each group. Weighted mean difference (WMD) with
95% Cl was used for pooling data to determine effect sizes. The
random-effect model was used to report the pooled effect sizes
using 95% Cl. Heterogeneity among studies was assessed by the
statistic [1‘2 0—30%, <30%—60%, and more than 60% indicated low,
moderate, and high heterogeneity, respectively). To find possible
sources of heterogeneity, subgroup analysis was conducted ac-
cording to participant mean age, CLA dosage, and duration of
intervention. To investigate whether the results of the meta-
analysis were dependent on a particular trial or group of trials,
we recomputed the meta-analysis statistic after omitting one
study at a time (sensitivity analysis). The possibility of publication
bias was also explored using Egger's linear regression [39] and
Begg's rank-correlation methods [40]. All tests were two-tailed
and p < 0.05 indicated statistical significance.
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3. Results
3.1. Flow and characteristics of included studies

A flow chart showing the study extraction is presented in Fig. 1.
Throughout the initial search strategy, we identified 2301 articles
but finally, eleven RCTs [26—35,41] met the inclusion criteria and
were included in the final meta-analysis.

3.2. Population and study characteristics

The included studies were published between 2000 and 2017
and reported data on 485 subjects. The design of all the included
studies was parallel, and all were performed in Iran, Germany,
Sweden, Finland, and Korea. The participants’ mean age ranged
from 33 to 60 years. All studies were conducted on both genders,
except for two studies performed exclusively on women and men.
The CLA does range from 2 g to 4.5 g/day, and the intervention
duration ranged from 4 to 12 weeks. The target population for three
of the studies was overweight, obese, or healthy subjects, and for
the other studies patients with non-alcoholic fatty liver disease,
metabolic syndrome, rheumatoid arthritis, atherosclerotic disease,
chronic obstructive pulmonary disease, birch pollen allergy, type 2
diabetes, and rectal cancer. The basic characteristics of these trials
are summarized in Table 1.
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3.3. Risk of bias and quality of evidence

According to the Cochrane risk of bias tool, seven trials were
classified as good quality and four as fair quality. Table 2 presents
details of the study quality assessment of the included studies.

34. Effect of CLA supplementation on concentration of MDA

The effect of CLA supplementation on serum CLA levels was
investigated in seven trials [26—29,31,34,41]. Using the random-
effects model, the pooling of the effect sizes reveal a significant
reduction in serum MDA levels after CLA supplementation
compared to the placebo (Hedges's: —0.35; 95% Cl: —0.70 to —0.01,
P = 0.04), with high heterogeneity (> = 62.1%, P = 0.01) (Fig. 2).
Subgroup analysis based on CLA dosage, and participants’ age
reduced the heterogeneity. However, the effect of CLA supple-
mentation on MDA was not significant in all subsets (Table 3).

3.5. Effect of CLA supplementation on concentration of 8-iso-PGF2n

Combining findings from 4 studies [27,32,33,35], a significant
increase in the 8-iso-PGF2« levels (Hedges's: 1.45; 95% Cl: 0.98 to
1.91,P°0.001) was detected after CLA supplementation than placebo
consumption, with a moderate between-study heterogeneity
[1‘2 =429% P =015)(Fg 3). Subgroup analysis by the participants’

Articles removed by title/abstract

(n=632)

Articles removed after full-text
review (n=6):

Duplicate data (n=1)

Multiple intervention (n=2)

Studies without clear data and
tables (n=3)

=
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g databases searching (n=2301)
=
=
o
=
_J L
Records after duplicates removed (n=1652)
B8O
g
=
g 3
g
w Records screened (n=649) /
k.
Full-text articles assessed for
Z eligibility (n=17)
z \
i
b
L
S Included studies in qualitative
synthesis (n=11)
T 1
E
° Included studies in
= quantitative synthesis (meta-
analysis) (n=11)

Fig. 1. PRISMA flow diagram of study selection process.
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Table 1
Characteristics of included trials.
First author Country  Total Gender Age BMI RCT Follow-up  Health status Intervention of Intervention Investigated
(publication year) Sample (mean) (mean) design experimental of control outcomes
size group group
Basu et al. (2000)  Sweden 53 Both 45.4 251 parallel 12 weeks  Healthy subjects 42 gr CLA placebo MDA, u-
8-is0-PGFa,

Risérus (2004) Sweden 25 Both 55 30 parallel 12 weeks Patients with 3or CLA placebo u-8-is0-PGFy,
metabolic syndrome

Shadman {2013) ran 37 Both 46 28 parallel 8 weeks Type 2 diabetes 3or CLA placebo MDA
patients

Aryaeian (2009) ran 44 Both 47 28 parallel 12 weeks Patients with 2.5gr CLA placebo MDA, GPX
rheumatoid Arthritis

Eftekhari (2013) ran 57 both 54 24 parallel 8 weeks Atherosclerotic 3or CLA placebo MDA, GPX
patients

Pleuffer (2011) Germany 42 men 57 28 parallel 4 weeks Overweight and 45gr CLA placebo u-8-is0-PGFy,
obese participants

Ebrahimi- Iran 38 female 35 33 parallel 8 weeks Obese patients with 3grCLA placebo MDA

Mameghani non-alcoholic fatty
(2016) liver disease

Matin (2018) Iran a0 Both 60 NR parallel 6 weeks patients with Chronic ~ 3.2gr CLA placebo MDA
obstructive
pulmonary disease

Kim (2012) Korea 29 Both 40 25.5 parallel 8 weeks Healthy overweight/  24gr CLA placebo GPX
obese individuals

Faramarzi (2017)  Iran 32 Both 60 24 parallel 6 weeks Rectal cancer patients 3 gr CLA placebo MDA

Turpeinen (2008)  Finland 38 Both 33 MR parallel 12 weeks  Subjects with birch 2gr CLA placebo u-8-is0-PGFay

pollen allergy

Abbreviations: RCT, randomized controlled trial; BMI, body mass index; MDA, Malondialdehyde; u-8-iso-PGFa,, Urinary 8-lso-Prostaglandin F2o: GPX, Glutathione peroxi-

dase, NR, not reported.

Table 2
Quality assessment of included studies based on Cochrane guidelines.

Study Random Allocation Blinding of Blinding of Incomplete Selective Other sources Score Overall
sequence concealment participants, outcome outcome outcome of bias quality
generation personnel assessment data reporting

Basu (2000) L u L H L u L 4 Good

Risérus (2004) L u L H L u L 4 Good

Shadman (2013) L u L H L u L 4 Good

Aryaeian (2009) L L L H L u u 4 Good

Eftekhari (2013) L L H H L u u 3 Fair

Ffeuffer (2011) L u L H L u L 4 Good

Ebrahimi-Mameghani (2016) L L H H L u L 4 Good

Matin (2018) H u L H L u L 3 Fair

Kim (2012) L u L H u u L 3 Fair

Faramarzi (2017) L L L H L u L 5 Good

Turpeinen (2008) L u u H L u L 3 Fair

U, unclear risk of bias; L, low nisk of bias; H, high risk of bias.

age, CLA dosage, and duration of intervention removed between-
study heterogeneity. Significant increases in the B8-iso-PGF2a
levels were observed in all subgroups (Table 3).

3.6. Effect of CLA supplementation on concentration of GPx

The effect of CLA supplementation on the GPx level was exam-
ined in three clinical trials [26,29,30]. Meta-analysis could not show
any beneficial effect of CLA supplementation on GPx levels
(Hedges's: 0.30; 95% Cl: —0.04 to 0.64, P = 0.08), with no hetero-
geneity (I° = 0.0%, P = 0.90) (Fig. 4). We could not perform sub-
group analysis due to a lack of sufficient study.

3.7. Sensitivity analysis

The sensitivity analysis, in which one study at a time was
omitted, demonstrated that with the removal of the study by
Aryaeian et al. [26] (Hedges's: —0.27; 95% Cl: —0.64 to 0.09), Efte-
kkhari et al. [29](Hedges's: —0.36; 95% Cl: —0.78 to 0.04), Ebrahimi-
Mameghani et al. [28] (Hedges's: —0.36; 95% Cl: —0.76 to 0.04),

Faramarzi et al. [41](Hedges's: —0.37; 95% Cl: —0.76 to 0.02) and
Matin et al. [31](Hedges's: —0.23; 95% Cl: —0.53 to 0.07), the effect
of CLA on MDA became non-significant. The removal of the
remaining studies, one by one, did not substantially change the
effect of CLA supplementation on 8-iso-PGF2x, and GPx levels.

3.8. Publication bias

Mo evidence of publication bias was shown for the meta-
analysis of the MDA (Begg's test, P = 0.29 and Egger's test,
P = 0.18), 8-iso-PGF2« (Begg's test, P = 049 and Egger's test,
P = 0.48), and GPx (Begg's test, P = 0.60 and Egger's test, P = 0.44),
using asymmetry tests.

4. Discussion

According to electronic database search results, our system-
atic review and meta-analysis is the first one which summarized
CLA effect on selected oxidative stress mediators. In the present
meta-analysis, we clarified that CLA supplementation
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Fig. 2. Forest plot of the effects of conjugated linoleic acid supplementation on malondialdehyde.

significantly improved MDA and 8-iso-PGF2x levels, but did not
affect GPx levels in adults. The subgroup analysis shows that the
results of the current meta-analysis about the MDA is conclusive.
These conflicting results may be due to the small number of
studies. In addition, given that the biological activities of CLA
probably need a certain serum concentration, it can be inferred
that sufficient duration of intervention might be necessary to
observe its effects.

Oxidative stress is outlined as an alteration in the pro-oxi-
dant—antioxidant balance in favor of ROS overload that leads to
cellular damage. It has been proposed that pro-oxidative statusis a

Table 3
Subgroup analyses of the effects of conjugated linoleic acid consumption on
malondialdehyde, and 8-isoprostanesF2z concentrations.

Sub-grouped  Number WMD  95% Cl Heterogeneity P value’
by of trials (1%)
MDA
Duration of treatment
=8 weeks 5 0.31 0.75t00.13  663% 0.16
=8 weeks 2 0.46 1.26to0.34  746% 0.26
Dosage
=3 gfday 5 027 0.64t00.10 449% 0.15
=3 gfday 2 0.52 1.39t00.34  844% 0.23
Age
=45 2 0.16 056t0 025 00% 0.07
=45 5 0.42 0.89t00.04  707% 0.44
u-8-i50-PGFs,
Duration of treatment
=8 weeks 2 1.75 0.87 to 263 50.0% “0.001
=8 weeks 2 1.20 0.76 to 164 0.0% “0.001
Dosage
=3 gfday 2 1.31 0.78 to 1.85 0.0% “0.001
=3 gfday 2 1.61 0.56 to 267 79.9% “0.001
Age
=45 2 1.20 0.76 to 164 0.0% “0.001
=45 2 1.75 0.87 to 263 50.0% “0.001

Abbreviations: MDA, Malondialdehyde; u-8-iso-PGF;,, Urinary 8-lso-Prostaglandin
F2o
* P effect size, calculated by Random-effects model.

w

critical driver in the pathogenesis and progression of many chronic
diseases, including cancer, cardiovascular disease, lung disease, and
chronic kidney disease [42—44]. Thus oxidative stress bring major
cost to the economy and health care systems, especially in devel-
oping countries [45,46]. In recent years dietary supplements have
been proposed to manage oxidative stress [47—49]. In this regard,
CLA has attracted significant attention, both in the scientific and
consumer societies [31,50,51].

Precise biological mechanisms for the antioxidant effects of CLA
have not yet been established. However, several possible mecha-
nisms have been suggested. Nuclear factor-kb (NFkb) is a tran-
scription factor which is modified by the redox state of the cell and
is involved in cellular responses to oxidative stress status and ROS-
producing agents such as tumor necrosis factor-o (TNF-a). CLA in-
hibits TNF-2 induced activation of human T cell NF- Kb which ex-
plains its potent antioxidant activity. Inhibition of NF- Kb could
prevent oxidative modification of LDL, which postpone the pro-
gression of atherogenesis. Also, the mechanism of the antioxidative
action of CLA might be involved with the regulation of the Nrf 2-
ARE pathway and the enhancement of antioxidant enzyme activ-
ities. Nrf2 trans-activation promotes the up-regulation of antioxi-
dant genes responsible for the expression of antioxidant enzymes.
Therefore, CLA increases the total antioxidant capacity by
increasing the intracellular antioxidants such as glutathione, uric
acid, and improving the expression of intracellular antioxidant
enzymes such as superoxide dismutase, catalase, and glutathione
peroxidase [26,28,29,52].

CLA is likely safe when taken by mouth in amounts found in
foods and is possibly safe when taken by mouth in medicinal
amounts (larger amounts than those found in food). However, it
might cause side effects such as stomach upset, diarrhea, nausea,
and fatigue. In addition, The dietary intake of CLA could enhance
immune responses, as well as reduce the adverse effects of medi-
ated catabolism [53].

This meta-analysis has some limitations. The number of
eligible RCTs included was low, and most of them included a
modest number of participants. Various doses of CLA were
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Fig. 3. Forest plot of the effects of conjugated linoleic acid supplementation on 8-isoprostanesF2a.
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Fig. 4. Forest plot of the effects of conjugated linoleic acid supplementation on glutathione peroxidase.

administered for intervention in the included studies. Various
methods were also applied to determine the levels of oxidative
stress markers and activity of enzymes, which may affect the re-
sults. Finally, confounding factors and their influence were not
reported and analyzed in the majority of trials, precluding their
analysis in our study. We suggest that future suggest should
consider the influence of confounding factors such as physical
activity and smoking status.

5. Conclusion

In summary, the current meta-analysis showed a promising
action of CLA supplementation for improving MDA and 8-iso-
PGF2x levels in adults We Suggest more clinical trials with various
durations and dosages in subjects with different health statuses to
clarify the efficacy of CLA on markers of oxidative stress and ant
oxidative capacity.




W. Suksatan, HD. Putera, AH. Abdulkadhim et al

Grants and funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Author contribution

Eland PR carried out the concept, design, and drafting of this
study. FI searched databases, screened articles and extracted data.
PR performed the acquisition, analysis, and interpretation of data.
El, PR, and WS critically revised the manuscript. All authors
approved the final version of the manuscript. FI and PR are the
guarantors of this study.

Declaration of competing interest

The authors declare no conflict of interest.

Acknowledgments

MNone.

References

[1] Liguori L Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, et al. Oxidative
stress, aging, and diseases. Clin Interv Aging 2018;13:757.

[2] Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arcoraci V, et al

Oxidative stress: harms and benefits for human health. Oxid Med Cell Longev

2017:2017.

Huang W], Zhang X, Chen WW. Role of oxidative stress in Alzheimer's disease,

Biomed Rep 2016;4:519-22,

[4] Forstermann U, Xia N, Li H. Roles of vascular oxidative stress and nitric oxide

in the pathogenesis of atherosclerosis. Circ Res 2017;120:713-35.

[5] Sangeetha T, Chen Y, Sasidharan S. Oxidative stress and aging and medicinal

plants as antiaging agents. | Compl Med Res 2020;11:1-5.

Mohamad Kamal N, Loo |, Goon |, Damanhuri H, Sharip S, Saini S, et al

Oxidative stress biomarkers in bipolar disorder with suicidal behavior: a

systematic review. | Pharm Negat Results 2019;10,

Gutteridge JM, Halliwell B. Mini-Review: oxidative stress, redox stress or

redox success? Biochem Biophys Res Commun 2018;502:183—6,

[8] Ahmad KA, Yuan Yuan D, Nawaz W, Ze H, Zhuo CX, Talal B, et al. Antioxidant

therapy for management of oxidative stress induced hypertension. Free Radic

Res 2017:51:428—38.

Jebur A Mokhamer M, El-Demerdash F. A Review on oxidative stress and role

of antioxidants in diabetes mellitus. Austin Endocrinol Diabetes Case Rep

2016:1:1006.

[10] Gilcin L Antioxidant activity of food constituents: an overview. Arch Toxicol
2012:86:345-91.

[11] Moon J-K, Shibamoto T. Antioxidant assays for plant and food components.
] Agric Food Chem 2009;57:1655—66,

[12] Rice-Evans C, Miller N. Antioxidant activities of flavonoids as bioactive com-
ponents of food. Biochem Soc Trans 1996; 24:790—4,

[13] Tamtaji OR, Milajerdi A, Reiner £, Asemi £, Dadgostar E, Heidari-Soureshjani R,
et al. A systematic review and meta-analysis: the effects of probiotic sup-
plementation on metabolic profile in patients with neurological disorders.
Compl Ther Med 2020;53:102507,

[14] Tabrizi R, Tamtaji OR, Lankarani KB, Mirhosseini N, Akbari M, Dadgostar E,
et al. The effects of resveratrol supplementation on biomarkers of inflam-
mation and oxidative stress among patients with metabolic syndrome and
related disorders: a systematic review and meta-analysis of randomized
controlled trials. Food Funct 2018;9:6116—-28.

[15] Minieri 5, Sofi F, Mannelli F, Messini A, Piras S, Bucconi A, Milk and conju-
gated linoleic acid: a review of the effects on human health. Top Clin Nutr
2020:35:320-8.

[16] Gong M, Wei W, Hu Y, Jin Q, Wang X. Structure determination of conjugated
linoleic and linolenic acids. | Chromatogr B 2020:122292,

[17] Christie WW. Analysis of conjugated linoleic acid: an overview. Adv Conju-
gated Linoleic Acid Res 2020:1-12,

[18] Kim B, Lim HR, Lee H, Lee H, Kang W, Kim E. The effects of conjugated linoleic
acid (CLA) on metabolic syndrome patients: a systematic review and meta-
analysis. | Funct Foods 2016;25:588—098,

[19] Reza Rahbar A, Ostovar A, Derakhshandeh-Rishehri 5-M, Janani L, Rahbar A
Effect of conjugated linoleic acid as a supplement or enrichment in foods on
blood glucose and waist circumference in humans: a metaanalysis. Endocrine,
metabolic & immune disorders-drug targets (formedy curent drug targets-
immune. Endocr Metab Disord 2017;17:5-18.

[3

6

[7

[9

Clinical Nutrition ESPEN xxx {xxxx) xao0

[20] Yang ). Wang H-P, Zhou L-M, Zhou L, Chen T, Qin L-Q. Effect of conjugated
linoleic acid on blood pressure: a meta-analysis of randomized, double-blind
placebo-controlled trials. Lipids Health Dis 2015;14:1-6.

[21] Mirzaii S, Mansourian M, Derakhshandeh-Rishehn 5-M, Kelishadi R, Heidari-
Beni M. Association of conjugated linoleic acid consumption and liver en-
zymes in human studies: a systematic review and meta-analysis of random-
ized controlled clinical trials. Nutrition 2016;32:166-73.

[22] Namazi N, Irandoost P, Larijani B, Azadbakht L. The effects of supplementation
with conjugated linoleic acid on anthropometric indices and body composi-
tion in overweight and obese subjects: a systematic review and meta-analysis.
Crit Rev Food Sd Nutr 2019;59:2720-33.

[23] Haghighatdoost F, Nobakht M. Gh BF. Effect of conjugated linoleic acid on
blood inflammatory markers: a systematic review and meta-analysis on
randomized controlled trials. Eur | Clin Nutr 2018;72:1071—-82,

[24] Basu S, Smedman A, Vessby B. Conjugated linoleic acid induces lipid peroxi-
dation in humans. FEBS Lett 2000;468:33—6.

[25] Risérus U, Basu S, Jovinge S, Fredrkson GN, Arnlov ), Vessby B. Supplemen-
tation with conjugated linoleic acid causes isomer-dependent oxidative stress
and elevated C-reactive protein: a potential link to fatty acid-induced insulin
resistance. Circulation 2002;106:1925-9,

[26] Aryaeian N, Djalali M, Shahram F, Djazayeri A, Eshragian M, Nadery N, et al
The effect of conjugated linoleic acids, vitamin e and their combination on
lipid peroxidation in active rheumatoid arthritis. lran | Public Health 2009;38:
7989,

[27] Basu S, Riserus U, Turpeinen A, Vessby B. Conjugated linoleic acid induces
lipid peroxidation in men with abdominal obesity. Clin Sd 2000;99:511-6.

[28] Ebrahimi-Mameghani M, Jamali H, Mahdavi R Kakaei F, Abedi R, Kabir-
Mamdooh B. Conjugated linoleic acid improves glycemic response, lipid
profile, and oxidative stress in obese patients with non-alcoholic fatty liver
disease: a randomized controlled clinical trial. Croat Med | 2016;57:
33142

[29] Eftekhari MH, Aliasghari F, Babaei-Beigi MA, Hasanzadeh ). Effect of conju-
gated linoleic acid and omega-3 fatty acid supplementation on inflammatory
and oxidative stress markers in atherosclerotic patients. ARYA atherosclerosis
2013:9:311.

[30] Kim ], Paik H-D, Shin M-J, Park E Eight weeks of conjugated linoleic acid
supplementation has no effect on antioxidant status in healthy overweight/
obese Korean individuals, Eur | Nutr 2012;51:135-41.

[31] Matin S, Nemati A, Ghobadi H, Alipanah-Moghadam R, Rezagholizadeh L. The
effect of conjugated linoleic acid on oxidative stress and matrix metal-
loproteinases 2 and 9 in patients with COPD. Int ] Chronic Obstr Pulm Dis
2018:13:1449,

[32] Pfeuffer M, Fielitz K, Laue C, Winkler P, Rubin D, Helwig U, et al. CLA does not
impair endothelial function and decreases body weight as compared with
safflower oil in overweight and obese male subjects. | Am Coll Nutr 2011:30:
19-28,

[33] Risérus U, Vessby B, Arnlov ], Basu 5. Effects of cis-9, trans-11 conjugated
linoleic acid supplementation on insulin sensitivity, lipid peroxidation, and
proinflammatory markers in obese men. Am | Clin Nutr 2004;80:279—83,

[34] Shadman Z, Taleban FA, Saadat N, Hedayati M. Effect of conjugated linoleic
acid and vitamin E on glycemic control, body composition, and inflammatory
markers in overweight type 2 diabetics. | Diabetes Metab Disord 2013;12:
1-9.

[35] Turpeinen AM, Ylonen N, von Willebrand E, Basu S, Aro A, Immunological and
metabolic effects of cis-9, trans-11-conjugated linoleic acid in subjects with
birch pollen allergy. Br | Nutr 2008;100:112-9,

[36] Liberati A, Altman DG, Tetzlaff |, Mulrow C, Getzsche PC, loannidis |P, et al. The
PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and elaboration.
Ann Intern Med 2009;151. W-65-W-94,

[37] Higgins JP, Altman DG, Getzsche PC Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration's tool for assessing risk of bias in randomised trials.
BM] 2011;343:d5928.

[38] Follmann D, Elliott P, Suh [, Cutler |. Varance imputation for overviews of
clinical trials with continuous response. | Clin Epidemiol 1992:45:769—73,

[39] Egzer M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by
a simple, graphical test. BM] 1997:315:629—34,

[40] Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics 1994: 1088—101,

[41] Faramarzi E, Mahdavi R, Mohammad-Zadeh M, Nasirimotlagh B, Sanaie 5.
Effect of conjugated linoleic acid supplementation on quality of life in rectal
cancer patients undergoing preoperative Chemoradiotherapy. Pakistan | Med
Sci 2017;33:383.

[42] Sies H. Oxidative stress: concept and some practical aspects. Antioxidants
2020;9:852.

[43] Pisoschi AM, Pop A, lordache F, Stanca L, Predoi G, Serban Al Oxidative stress
mitigation by antioxidants-an overview on their chemistry and influences on
health status. Eur ] Med Chem 2021;209:112891,

[44] Dubois-Deruy E, Peugnet V, Turkieh A, Pinet F. Oxidative stress in cardio-
vascular diseases. Antioxidants 2020;9:864,

[45] Rains JL, Jain SK. Oxidative stress, insulin signaling, and diabetes. Free Radic
Biol Med 2011;50:567—75.

[46] Fernandez-Sanchez A, Madrigal-Santillin E, Bautista M, Esquivel-Soto ], Mo-
rales-Gonzalez A, Esquivel-Chirino C, et al. Inflammation, oxidative stress, and
obesity. Int ] Mol Sci 2011;12:3117-32,




W. Suksatan, H.D. Putera, A H. Abdulkadhim et al.

[47] Akbari A, Mobini GR, Agah 5, Morvaridzadeh M, Omidi A Potter E, et al. Co
enzyme Q10 supplementation and oxidative stress parameters: a systematic
review and meta-analysis of dinical trdals. Eur | Clin Pharmacol 2020:76:
1483949,

Tabrizi R, Vakili 5, Akbari M, Mirhosseini N, Lankarani KB, Rahimi M, et al. The

effects of curcumin-containing supplements on biomarkers of inflammation

and oxidative stress: a systematic review and meta-analysis of randomized
controlled trials. Phytother Res 2019;33:253—62,

[49] Askari G, Aghajani M, Salehi M, Najafgholizadeh A, Keshavarzpour Z, Fadel A,
et al. The effects of ginger supplementation on biomarkers of inflammation
and oxidative stress in adults: a systematic review and meta-analysis of
randomized controlled trials. | Herb Med 2020;22:100364.

[48

[50]

[51]

Clinical Nutrition ESPEN xax {xao) aooc

Chen PB, Park Y. Conjugated linoleic acid in human health: effects on weight
control. Nutr Prev Treat Abdom Obes 2019:355-82,

Faramarzi E, Mohammadzadeh M, Sanaie S, Andersen V, Mahdavi R. Effects of
conjugated linoleic acid supplementation on serum leptin levels, oxidative
stress factors and tumor marker in rectal cancer patients undergoing preop
erative chemoradiotherapy. Mediterr | Nutr Metabol 2021:1-9,

[52] Arab K, Rossary A, Soulere L, Steghens J-P. Conjugated linoleic acid, unlike

53]

other unsaturated fatty acids, strongly induces glutathione synthesis without
any lipoperoxidation. Br | Nutr 2006;96:811-9,

Haugen M, Vikse R, Alexander |. CLA {Conjugated linoleic acid) and adverse
health effects: a review of the relevant literature. Norw Inst Public Health
2003:33:49-60.




T - The effect of conjugated linoleic acid supplementation on

oxidative stress markers A systematic review and meta-

analysis of randomized controlled trials

ORIGINALITY REPORT

166 13¢ 19  «

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Parivash Shekarchizadeh-Esfahani, Bahar
Hassani, Neda Roshanravan, Nasim Sorraya.
"Systematic review and meta-analysis of
randomised, controlled trials on the effects of
garlic supplementation on serum adiponectin
and leptin levels", International Journal of
Clinical Practice, 2021

Publication

3%

eprints.kums.ac.ir

Internet Source

3%

pubag.nal.usda.gov

Internet Source

2%

Sanaz Mehrabani, Arman Arab, Hamed
Mohammadi, Reza Amani. "The effect of
cocoa consumption on markers of oxidative
stress: A systematic review and meta-analysis
of interventional studies", Complementary
Therapies in Medicine, 2020

Publication

2%




Esmaeil Yousefi Rad, Elham Eslampour,
Ebrahim Falahi, Mahnaz Mardani, Azita
Hekmatdoost, Omid Asbaghi, Somayeh
Saboori. "Effects of carnitine supplementation
on liver aminotransferase enzymes: A
systematic review and meta-analysis of
randomized controlled clinical trials", Indian
Journal of Gastroenterology, 2019

Publication

2%

translateyar.ir

Internet Source

2%

pericles.pericles-prod.literatumonline.com

Internet Source

2%

Exclude quotes On Exclude matches <2%

Exclude bibliography On



