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Abstract

Conjugated linoleic acids (CLAs) are polyunsaturated fatty acids primarily found in dairy products and ruminant ani-
mal products such as beef, lamb, and butter. Supplementation of CLAs has recently become popular among athletes
due to the variety of health-promoting effects, including improvements in physical performance. Preclinical and some
clinical studies have shown that CLAs can reduce inflammation and oxidative stress and favorably modulate body
composition and physical performance; however, the results of previously published clinical trials are mixed. Here,

we performed a comprehensive review of previously published clinical trials that assessed the role of CLAs in modu-
lating inflammation, oxidative stress, body composition, and select indices of physical performance, emphasizing

the molecular mechanisms governing these changes. The findings of our review demonstrate that the effect of sup-
plementation with CLAs on inflammation and oxidative stress is controversial, but this supplement can decrease
body fat mass and increase physical performance. Future well-designed randomized clinical trials are warranted

to determine the effectiveness of (1) specific doses of CLAs; (2) different dosing durations of CLAs; (3) various CLA
isomers, and the exact molecular mechanisms by which CLAs positively influence oxidative stress, inflammation, body
composition, and physical performance.
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Introduction
Exercise, whether recreational or competitive/profes-
sional, has become a key component of the lives of
individuals worldwide. This increased participation in
exercise has led to the recognition of sports as a funda-
mental international industry [1]. Nutrition has always
been closely associated with exercise and athletics, and
it is well established that diet and nutrient intake have a
direct impact on athletic and physical performance [2, 3].
In recent decades, the use of dietary supplements, includ-
ing minerals, vitamins, herbs or select botanicals, amino
acids, and other substances, has significantly increased
among athletes. This trend is largely driven by the goal of
favorably modulating body composition and enhancing
physical performance [4]. In general, a nutritional sup-
plement may improve an athlete’s performance by either
reducing or exacerbating cellular processes that impact
performance. Some of the processes that can be targeted
include excess oxidative stress and chronic inflamma-
tion, as well as alterations in body composition [5-7]. For
example, during strength training and moderate-to-long
duration aerobic exercise, there is a substantial increase
in the production of pro-inflammatory cytokines, such
as interleukin-6 (IL-6) and interleukin-8 (IL-8), as well as
the occurrence of oxidative stress [8]. Although the crea-
tion of inflammation and oxidative stress is necessary for
physiological adaptation to exercise, if it remains chroni-
cally high, it can negatively impact exercise performance
[8, 9]. Furthermore, previous studies have demonstrated
that certain nutritional supplements, such as CLAs at
a dosage of 1.2 mg/day for 12 weeks and creatine, can
effectively decrease body fat and enhance athletic perfor-
mance [10, 11]. Indeed, it may be advantageous to utilize
nutritional supplements that not only help mitigate oxi-
dative stress and inflammation but also have the potential
to improve body composition and enhance physical per-
formance. By targeting these aspects, athletes and indi-
viduals engaged in regular exercise may experience better
overall training outcomes and athletic achievements.
However, it’s essential to approach the use of supple-
ments with caution and under the guidance of qualified
healthcare professionals to ensure safety and efficacy.
CLAs, as a nutritional supplement, have gained popu-
larity among athletes due to their pleotropic positive
effects on human health [12]. CLA is a polyunsaturated
fatty acid predominantly found in dairy products and
ruminant animal-based foods such as beef, lamb, and
butter. Within the CLA family, there are approximately
28 different isomers [13]. The 18:2 cis-9, trans-11 (c9,
t11) isomer of CLA can be obtained from the bio-hydro-
genation of linoleic acid to stearic acid by ruminant bac-
teria. This process leads to an increase in the expression
of the linoleic isomerase enzyme in ruminant bacteria,
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resulting in the production of the c9, t11 isomer of CLA
[13]. The benefits of CLAs are thought to be elicited by
its two main isomers: ¢9, t11-CLA and trans-10, cis-12
(t10, c12) CLA [14, 15], (Fig. 1). Indeed, there are syn-
thetic methods for producing CLA, wherein linoleic acid-
rich oils like soybean, safflower, corn, and sunflower oil
are converted to CLA using an alkaline-catalyzed reac-
tion. This process allows for the production of CLA as a
dietary supplement and makes it more readily available
for use in various applications [16]. According to various
studies, the average daily intake of CLA is estimated to be
approximately 97.5 mg/day in the UK, 35 mg/day in Ger-
man women, 43 mg/day in German men, 37 mg/day in
Japanese individuals, 36 mg/day in the Brazilian popula-
tion, and 151-212 mg/day in Americans. These estimates
indicate variations in CLA consumption across different
regions and populations [17-19].

Five weeks of CLA supplementation (mixture of
39.4% 9, t11 and 38.5% t10, 12) has shown to increase
lipid peroxidation, but had no effect on biomarkers of
cardiovascular health, inflammation, or fasting blood
glucose and insulin [20]. Indeed, the effects of CLA
supplementation on body composition have shown
mixed results in different studies. Some studies have
demonstrated that taking CLA supplements can lead to
improvements in body composition by reducing body
fat percentage. However, there are also conflicting find-
ings from other studies that have not shown consistent
results in terms of body fat reduction [21-23]. Further-
more, certain studies on physical performance have
shown that doses of 1.6-8.6 g/day of CLA for 3 weeks
to 6 months can improve exercise outcomes, possi-
bly due to modulated levels of testosterone, increased
beta oxidation, or due to reductions in body fat per-
centage [22, 24, 25]. There is also evidence that CLAs
can mitigate excess oxidative stress and inflammation
[26-28], which may improve physical performance, but
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Fig. 1 Structure of main and specific isomers of CLA
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results of CLAs-mediated changes in oxidative stress
and inflammation are mixed. For example, in one study
supplementation with CLAs (contain 37.9% of ¢9, t11,
and 39% of t10, c12 isomers) in mice reduced inflam-
mation (by preventing nuclear factor kappa B (NF-«B)
activation) and ultimately reduced oxidative stress [28].
Moreover, an in vitro study demonstrated that CLA
(contain ¢9, t11 and t10, c12 isomers) in combination
with linoleic acid reduces oxidative stress to a greater
extent than essential fatty acids alone [29]. Also one
study showed that CLA administration (50:50 isomer
blend of ¢9, t11 and t10, c12) with 3 g/day dose after
2-months decreased inflammation and oxidative stress
markers include high sensitivity C-reactive protein (hs-
CRP) and malondialdehyde (MDA), and significantly
increased levels of the antioxidant Glutathione peroxi-
dase (GPx) in atherosclerosis patients, but had no effect
on circulating IL-6 [26].

Although numerous studies have been conducted to
assess the effects of CLAs on inflammation and oxida-
tive stress, body composition, and physical performance,
the outcomes have been inconsistent. While some stud-
ies reported positive results, others showed no signifi-
cant effect. Moreover, the specific molecular mechanisms
responsible for these potential effects have not been
fully elucidated. Therefore, the primary objective of this
review was to conduct a comprehensive examination of
the existing research on the impact of CLAs on inflam-
mation and oxidative stress, body composition, and
physical performance in human studies. The focus of this
review was to explore the underlying molecular mecha-
nisms responsible for any observed effects of CLAs in
these areas.

Search strategy

Google Scholar, Scopus, PubMed, and Web of Science
databases were searched to identify the relevant studies.
Our keywords include “CLA;” OR “Conjugated linoleic
acids,” OR “cis-9, trans-11-conjugated linoleic acid, OR
“cis-9, trans-11-CLA,” OR “t10, c12—conjugated linoleic
acid,” OR “t10, c12—CLA; in combination with “Inflam-
mation’;, “Oxidative stress”, “Body composition’, “Athletic
performance’, “Sport performance’, “Physical perfor-
mance’, “Anthropometric indices’, “anti-oxidant’, “Inflam-
matory indices”, and “inflammatory markers” were used
for an electronic search strategy. All the identified arti-
cles and review articles were reviewed. After that, the
eligible clinical trials were selected. Also, the articles that
mentioned the mechanism of the possible effect of CLA
on the mentioned factors were examined. However, we
declared that this study is a narrative review and not in a
systematic framework.
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CLA effects on inflammation and oxidative stress
Oxidative stress can occur both chronically and acutely.
It is a condition in which antioxidant enzyme defense
mechanisms fail to neutralize free radicals, especially
reactive oxygen species (ROS). This failure ultimately
leads to an imbalance between free radicals and antioxi-
dant defenses [30, 31]. Inflammation, which can exacer-
bate oxidative stress, is a complex physiological response
to harmful stimuli or toxins introduced into the body
[29, 32]. Moreover, inflammation can be induced by both
microbial and non-microbial pathogens, tissue or cellular
damage, or exposure to certain irritants [29, 32]. To com-
plement this point, it’s important to note that pro-inflam-
matory cytokine production can be upregulated when
cells are exposed to pro-oxidant agents [33]. During
prolonged and high-intensity exercise, skeletal muscles
experience increased tension, leading to micro-tears in
individual muscle fibers. These micro-tears subsequently
trigger the release of pro-inflammatory cytokines. This
cytokine release is essential for skeletal muscle recovery
from exercise. However, if inflammation remains elevated
chronically, it can result in a sustained state of excess
inflammation and oxidative stress. Ultimately, this con-
dition may hinder subsequent physical performance [34,
35]. Therefore, offering a solution to mitigate inflamma-
tion and oxidative stress in athletes could significantly
enhance their performance, and one of these strategies
involves the use of dietary supplements. One promising
supplementation strategy is the utilization of select iso-
mers of CLA, which has demonstrated anti-inflammatory
and antioxidant effects [25, 36]. Antioxidant supplements
have the potential to reduce oxidative stress through vari-
ous mechanisms, including activating free radical scaven-
gers, converting free radicals into inactive or less active
forms, or directly binding to receptors to decrease their
release [37].

The positive effects of some CLA isomer supple-
ments on controlling inflammation and immune system
responses have been demonstrated in several preclinical
studies and clinical trials [17, 38—40]. Different CLA iso-
mers have various effects on inflammation and oxidative
stress, as there is evidence to suggest that isomers ¢9 and
t11 have anti-inflammatory effects and contain approxi-
mately 80% of CLA available in natural sources, while
isomers t10 and c12 are responsible for promoting weight
loss [41, 42].

A study conducted in preclinical animal models dem-
onstrated that a 50:50 isomeric blend of c9, t11, and t10,
c12 CLA can reduce the production of pro-inflammatory
cytokines [43], However, it should be noted that these
effects have not been consistently demonstrated in all
studies. For instance, Mullen et al. showed that a daily
dose of 2.2 g of a 50:50 isomeric blend of c9, t11-CLA
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and t10, c12-CLA for 8 weeks had no significant effects
on inflammatory markers when compared to a placebo
[44]. In spontaneously hypertensive rats, CLA supple-
mentation (6% sunflower oil and 1.5% of CLA as a lipid
source) was found to reduce systemic inflammation,
as assessed by circulating levels of tumor necrosis fac-
tor-alpha (TNF-«), in comparison to the control group
(which received 7.5% sunflower oil as a lipid source) [45].
Moreover, in mice with colitis, administration of CLA
(c9, t11, and t10, c12 isomers in a 50/50 ratio) at doses
greater than 10 mg/day resulted in reduced inflammation
and oxidative stress [46].

In patients with chronic obstructive pulmonary dis-
ease (COPD), CLA supplementation at a dose of 3.2 g/
day for 6 weeks (c9, t11, and c12, t10 isomers in a 50/50
ratio) demonstrated a reduction in serum oxidative
stress-related factors, including MDA and matrix metal-
loproteinase-9 (MMP-9), compared to the placebo group
[27], The study suggested that these antioxidant effects
were likely a result of the anti-inflammatory properties of
CLA, which partly occur through the stimulation of per-
oxisome proliferator-activated receptors [27]. In another
study conducted by Eftekhari et al,, CLA supplementa-
tion using a 50:50 isomer blend of ¢9, t11, and t10, c12
at 3 g/day for 2 months resulted in decreased levels of
high sensitivity C-reactive protein (hs-CRP) and MDA,
while significantly increasing the levels of the antioxidant
Glutathione peroxidase (GPx) in atherosclerosis patients.
However, this supplementation had no effect on circulat-
ing levels of interleukin-6 (IL-6) [26]. Mohammadzadeh
et al. conducted a study showing that CLA supplementa-
tion, containing isomers 18:2 ¢9, t11, and 18:2 t10, c12 in
a 50/50 ratio, at a dose of 3 g/day for 6 weeks, was effec-
tive in reducing the levels of certain inflammatory factors
in patients with rectal cancer undergoing chemotherapy.
The study reported a decrease in the levels of high sen-
sitivity C-reactive protein (hs-CRP), tumor necrosis
factor-alpha (TNF-a), and matrix metalloproteinase-9
(MMP-9) [47]. Furthermore, it appears that CLA supple-
mentation, especially with ¢9, t11, and t10, c12 isomers,
has the potential to reduce inflammatory mediators in
cancer patients. However, more studies are required to
further clarify and demonstrate this effect conclusively
[48]. One study involving supplementation with CLA
containing c9, t11, and t10, c12 isomers in a 50:50 ratio at
a dose of 6.4 g/day in obese subjects for 12 weeks showed
an increase in C-reactive protein (CRP) and interleukin-6
(IL-6) levels relative to both the placebo group and the
lower dose CLA group (supplemented at a dose of 3.2 g/
day) [23]. Smedman et al. also showed that supplementa-
tion of CLA (containing ¢9,t11 and t10,c12 isomers), at a
dose of 4.2 g/day after 12 weeks, increased plasma CRP
but did not have a significant effect on TNF-a in healthy
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subjects [49]. These findings indicate that CLA (at a dose
above 3.5 g/day with t10, c12 isomer) may increase lev-
els of inflammatory and oxidative stress factors CRP and
insulin resistance [50].

Furthermore, one study have shown that CLA intake
lead to increase expression of glucose transporter 4
(GLUT-4) and peroxisome proliferator-activated recep-
tor gamma (PPAR-y) proteins in skeletal muscle dur-
ing exercise [51], which is thought to be due to the role
of PPAR-y in regulating glucose homeostasis and fat
metabolism, and also the interaction between PPAR-y
and GLUT-4 in insulin-mediated glucose uptake [52].
Similarly, CLA supplementation (specific isomers were
not identified) during strenuous exercise has shown
to reduce serum levels of high sensitivity C-reactive
protein (hs-CRP), matrix metalloproteinase-2 (MMP-
2), and tumor necrosis factor-alpha (TNF-«) when
compared to strenuous exercise alone [53], This sug-
gests that CLA may have anti-inflammatory and anti-
oxidant effects during all forms of exercise. However,
a previous meta-analysis indicated that supplemen-
tation with CLA (in all studies containing c9, t11 and
c12, t10 isomers in a 50/50 ratio) is associated with
elevated serum levels of CRP. Interestingly, it is also
related to decreased serum levels of TNF-a and Inter-
feron gamma (IFN-y). This suggests that the effects of
CLA on inflammatory markers may vary depending
on the specific marker measured, and more research is
needed to fully understand the mechanisms and poten-
tial implications of CLA supplementation on inflamma-
tion and immune responses [54]. In a study conducted
by Song et al. CLA supplementation for 12-week (c9,
tll and c12, t10 isomers in 50/50 ratio) in healthy
participants was shown to decrease circulating pro-
inflammatory IL-6 levels and increase circulating lev-
els of anti-inflammatory (IL-10), and it was concluded
that the anti-inflammatory effects of CLA appear to
be largely due to its 9, t11 isomer [55, 56]. In patients
with allergies, the ¢9, t11 isomer of the CLA supple-
ment for 12 weeks improved allergy symptoms and
reduced some inflammatory factors (i.e., TNF- a and
IL-5), while it increased IFN-y levels [57]. Moreover,
Joseph et al. showed that supplementation with 3.5 g/
day of CLA (contain 50:50 mixture of t10, c12 and ¢9,
t11) for 8 weeks in overweight and hyperlipidemic men
had no effect on factors associated with inflammation
and oxidative stress [58]. Due to the contradictory
results of the effects of CLAs on inflammation and oxi-
dative stress, the intake of this supplement to improve
these cellular processes cannot be easily recommended
and further studies are warranted. Table 1 shows the
effects of CLA supplementation on inflammation and
oxidative stress in human studies.
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There are three primary mechanisms by which CLAs
are thought to reduce inflammation and oxidative stress:
(1) CLA competes with linoleic acid in production of ara-
chidonic acid, which itself is a precursor to prostaglandin
E2, and thus CLA reduces the production of prostaglan-
dins, by affecting the expression of cyclooxygenase 2
enzyme [62]; (2) Possible inhibitory effects of ¢9, t11 CLA
isomer on type 1 T helper (Th1) cytokine secretion [63],
and alteration in membrane fluidity via an effect on the
concentration of essential fatty acids present in the phos-
pholipoid plasma membrane of lymphocytes; and (3)
Direct effects of CLA on the gene expression of TNF-a
and IL-1p [55]. Figure 2 shows the putative mechanisms
of action by which CLA may regulate inflammation and
oxidative stress; however, it should be noted that all these
mechanisms have been conclusively established.

CLA effects on body composition

In previous studies, the effects of CLA on body composi-
tion, especially its effects on body fat reduction and lean
body mass accrual have attracted the interest of supple-
ment manufacturers, dietitians, and athletes [10, 64].
Animal studies have shown that t10, c12 isomer of CLA
inhibits breast fat production and reduces milk fat in
ruminants [65, 66], and furthermore, the administration
of this isomer has been found to reduce body fat in ani-
mal studies [67-69]. Interestingly, some animal studies
have shown that CLA can reduce body fat in mice, while
having no effect on overall body weight [70, 71], which
may suggest there was a concomitant increase in lean
body mass.

In a study conducted on obese and overweight prepu-
bertal children, CLA supplementation (t10, c12 isomer)
was shown to decrease body fat (—0.5+2.1%) [72]. How-
ever, another study conducted in healthy adult women
showed that CLA supplementation (50:50 9, t11 and t10,
c12 isomers) at a dose of 3 g/day for 64 days had no sig-
nificant effect on body fat or fat free mass [73]. The Med-
stat Research and a study by Watras et al. showed that
12-weeks of CLA supplementation (39.2% c¢9, t11 and
38.5% t10, c12) reduced body fat by 20% in healthy men
and women [74], which could be due, in part, to the dura-
tion of the intervention, type of CLA composition, differ-
ences in the type and accuracy of the tools used for body
composition assessment, and the inherent participant
differences (i.e., genetic backgrounds). A study by Blank-
son et al. showed that 3 months of CLA supplementation
(contain equal parts of the c9, t11 isomer and the t10,
c12 isomer) at a dose of 3.4 g/day could decrease body
fat mass (—1.30+ 1.46 kg) [75], but there was no influence
on lean body mass; however, participants did exercise
throughout the supplementation period and this study
did not fully identify whether these effects were related to
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CLA supplementation alone or due a potential synergis-
tic effect with exercise.

MacRedmond et al. showed that 4.5 g/d of CLA (mix-
ture of 36.4% of ¢9, t11, and 37.0% of t10, c12) for 12
weeks reduced body weight and BMI in asthma patients,
which was associated with changes in circulating levels of
the adipokines leptin and adiponectin [61]. Supplemen-
tation with CLA at a dose of 3 g/day for 4 months has
shown to reduce hip circumference in obese and over-
weight women but have no effect on body weight, BMI,
or waist circumference [76]. In another study, supple-
mentation with CLA (isomers were not identified) for
24 months at a dose of 4.5 g/day in overweight individu-
als reduced body fat and lead to weight loss without any
reported adverse effects [77]. Moreover, 16 weeks of CLA
supplementation (8 g oil/d contain 6.4 g/d net CLA with-
out isomers identified) in obese women with diabetes
reduced BMI and total adipose mass, but had no effect
on lean body mass [78], which could potentially be due to
the effect of CLA on PPAR-y, as CLA is modest ligand for
PPAR-y [79]. A meta-analysis revealed that CLA supple-
mentation with a combination of ¢9, t11 and t10, c12 iso-
mers, in a ratio of 50-to-50, can reduce overall body fat
mass [80]. An additional meta-analysis showed that CLA
supplementation (containing a mixture of CLA isomers
particularly ¢9, t11 isomer in combination with t10, c12)
in obese and overweight individuals significantly reduced
select factors related to weight and body composition
such as BMI, fat mass and body weight and also caused
a gain in lean body mass, but had no influence on waist
circumference [81]. It has been shown that t10, c12 CLA
isomer can effect body composition by increasing fat oxi-
dation and lipolysis [56]. One study found that the ¢9, t11
isomer of CLA is more involved in the anabolic process
while the t10, c12 isomer is more involved in catabolic
processes such as fat oxidation and lipolysis [61]. Based
on the results of several human studies, supplementa-
tion with CLA or other weight loss supplements cannot
reduce body weight by more than 5%, and adhering to a
low-calorie diet with moderate physical activity is more
effective for weight loss than supplement therapy alone
[82—85]. Furthermore, it seems that the sample size, the
dose and CLA isomer used, the duration of the interven-
tion, the health status of the participants as well as the
type of placebo are effective in response to treatment and
are the cause of differences in the results of CLA supple-
mentation studies. Generally, more studies are needed to
determine the CLA effects on body composition changes
with accurate methods and better design to evaluate and
analyze these impacts in different conditions.

The putative mechanisms underlying altered body
composition with CLA include reduced lipogenesis
and increased lipolysis, increased expression of genes
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Fig. 2 Possible molecular mechanism of the effect of CLA supplementation on inflammation and oxidative stress. ARA, Arachidonic acid; PGE2,

prostaglandin E2; Cox-2, cyclooxygenase 2; Th1, type 1T helper

that interfere with the maturation of adipocytes [86],
increased fat oxidation via elevated activity of carnitine-
palmitoil-transferase-1 (CAT-1), reduced activity of lipo-
protein lipase, inhibition of adipocyte differentiation, and
increased activation of apoptotic pathways in adipose tis-
sue [21, 87, 88]. Furthermore, changes in body composi-
tion may be due to changes in energy intake as a result
of decreasing circulating concentrations appetite-related
hormones such as leptin [73, 89]. In addition, CLA has
shown to increase adiponectin, an anti-inflammatory
hormone that lowers gluconeogenesis, and reduces cir-
culating levels of leptin [77, 90]; however, one study
revealed that leptin and adiponectin levels were unaf-
fected by CLA supplementation [91]. Another plausible
mechanism by which CLA modulates body composition
and weight loss is related to PPARs, especially PPARY;,
as CLA can reduce the expression of lipogenesis-related
genes and decrease body fat by inhibiting PPARy [92].

CLA effects on physical performance

In recent years, supplementation with CLA and other
fatty acids by athletes has received significant attention,
given the influence of these supplements on favour-
ably modulating body composition, increasing VO2max,

decreasing glycogen breakdown, and ultimately improv-
ing physical performance [93, 94].

Animal studies have shown that CLA supplementation
can increase testosterone secretion, which can increase
energy expenditure by increasing mitochondrial biogene-
sis in skeletal muscle [95, 96]. CLA supplementation (iso-
mers were not identified) in mice has shown to increase
exercise capacity, improve physical performance, and
promote skeletal muscle hypertrophy [95]. Moreover,
CLA supplementation (only t10, c12 isomer) in mice has
improved running endurance via elevated beta-oxidation
in skeletal muscle-derived adipocytes and decreased
hepatic glycogen breakdown [97].

A comprehensive review concluded that previous
human studies have shown that administration of CLA
supplements in different doses (1.6—6.8 g/day), over a
period of 3-24 weeks, improves physical performance,
which was associated with changes in testosterone lev-
els [22]. Terasawa et al. showed that taking CLA supple-
ments (isomers were not identified) at a dose of 0.9 of a
gram/day for 2 weeks improved physical performance
and reduced exercise-induced fatigue in male athletes
[98]. Furthermore, CLA supplementation (78% total
CLA, with 37% of the oil as ¢9, t11 isomers and 37% as
t10, c12 isomers) for 6 weeks at a dose of 5.6 g/day had
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no effect on physical performance in young athletes, as
assessed by VO2 max, physical working capacity, and
gas exchange threshold [99]. In a similar study, 3 g/day
of CLA supplementation (contain 22.6% t10, c12; 23.6%
cl1,t13; 17.6% ¢9, t11; 16.6% t8, c10; 7.7% t9, t11 and t10,
t12; 11.9% other isomers) had no effect on physical per-
formance and body composition in female athletes [73].
Kreider et al. and Lambert et al. demonstrated similar
findings with 6.2 g/d and 3.9 g/d of CLA, and after 4 and
12-week intervention, respectively [25, 100]. Moreover,
Pina et al. showed that 8 weeks of CLA supplementation
at dose of 32 g/d (contain mixture of CLA isomers, pre-
dominantly the isomers ¢9, t11-50% and t10, c12-80%) in
combination with aerobic exercise in overweight women
did not have an effect on physical performance [101]. In
contrary, Colakoglu et al. showed that CLA administra-
tion at a dose of 3.6 g/d (isomers were not identified) in
combination with exercise (30 min daily; three times per
week) for 6 weeks improved physical performance and
body composition [102]. Pinkoski et al. also found that
supplementation (contain all types of CLA isomers espe-
cially 36.1% c9, t11 and 36.3% t10, c12 isomers) with CLA
at dose of 5 g/day for 7 weeks resulted in improved physi-
cal performance [103]. A possible reason for the CLA-
mediated improvements in physical performance is the
increase in fat oxidation during exercise [104].

As can be deduced from the results of various studies,
CLA supplementation with doses of 1.8-6 g/day and at
different times can be effective in improving endurance
performance if accompanied by physical activity [10, 25,
100]. One possible explanation is that there is a synergis-
tic effect of CLA supplementation with regular physical
activity for reducing body fat and increasing lean body
mass, which together could improve an athlete’s per-
formance. In general, several factors appear to mediate
responsiveness to CLA supplementation, including par-
ticipants’ health status, dose and type of CLA supplement
used, duration of intervention, level of physical activity,
and age. Therefore, to show the exact effects of CLA sup-
plementation on physical performance, future studies are
needed which account for potential confounding vari-
ables. Table 2 shows the effects of CLA supplementation
on body composition indices and athletic performance in
human studies.

The primary mechanisms through which CLA is likely
to have an effect on improving physical performance are
a change in testosterone levels [93] (as high testosterone
levels may increase muscle mass), increasing hematocrit
and hemoglobin concentrations (associated with ele-
vated erythropoietin levels), and elevating lactate trans-
port by increasing monocarboxylate transporter 1 and 4
enzyme activity in skeletal muscle (that lead to increase
exercise endurance via increasing the testosterone level)
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[107-110]. Currently, two mechanisms have been pro-
posed to explain the potential link between increased
testosterone and improved physical performance. Firstly,
in adipocytes, perilipin and hormone-sensitive lipase
(HSL) creates a protective layer on surface of lipid drop-
lets. Under stimulation, the two proteins become hyper-
phosphorylated and perilipin is displaced from lipid
droplets, allowing HSL to convert cholesterol esters to
free cholesterol. In Leydig cells, the same pathway can
stimulate testosterone production following CLA treat-
ment. Secondly, CLA can alter steroid formation by regu-
lating gene expression of specific enzymes and transport
proteins involved in synthetic testosterone production,
such as 17a-hydroxylase/17, 20 lyase (CYP17A1), which
converts progesterone to androstenedione. CYP17A1
expression may directly affect testosterone [111, 112].
Figure 3 shows the possible mechanisms by which CLA
supplementation may improve body composition and
physical performance.

CLA supplementation side effects

It appears that CLA supplementation is generally consid-
ered safe; however, some studies have reported adverse
effects, such as gastrointestinal discomfort, diarrhea,
fatigue, and nausea when CLA (a mixture of the two
main isomers ¢9, t11, and t10, c12) is taken orally [113].

Conclusion

Indeed, the effects of CLA supplementation on inflam-
mation and oxidative stress remain controversial, and
conclusive evidence regarding its ability to directly
mitigate excess oxidative stress and inflammation is
lacking. Similarly, the effects of CLA on body compo-
sition and sports performance are not entirely consist-
ent across studies. While some research suggests that
CLA may lead to a minimal increase in lean body mass
and a slight decrease in BMI, fat mass, and body weight
in obese and overweight subjects, the observed effects
may not be substantial. It is also important to consider
that the reduction in body fat mass and increase in
skeletal muscle mass with CLA supplementation could
contribute to improvements in physical performance.
In general, the positive effects of CLA observed in pre-
clinical animal studies tend to be more pronounced
than those in human cohorts. This discrepancy may
be attributed to various confounding factors in human
studies, such as variations in daily physical activity,
non-compliance with the exact supplement dosage,
and the participants’ baseline health conditions. To
obtain more conclusive findings, further well-designed
clinical trials are necessary. These trials should con-
sider specific durations, isomers, and doses of CLA to
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Fig. 3 Probably mechanisms that CLA may alter the body composition and physical performance. CAT-1, Carnitine-palmitoil-transferase-1; PGE2,
prostaglandin E2; Cox-2, cyclooxygenase 2; Th1, type 1T helper; LPL, lipoprotein lipase; PPARy, peroxisome proliferator-activated receptor y

better elucidate the exact effects of this supplement on
inflammation, oxidative stress, body composition, and
physical performance in human subjects.

Abbreviations

CLA Conjugated linoleic acids
MDA Malondialdehyde

FBG Fasting blood glucose
9, t11 Cis9, trans11

t10,c12  Trans 10,cis 12

HbATc Glycated hemoglobin A

hs-CRP High sensitivity C-reactive protein
NF-«B Nuclear factor kappa B

TAC Total antioxidant capacity

TNF-a Tumor necrosis factor-a

IFN-y Interferon gamma

GLUT-4 Glucose transporter 4

PPAR-y Peroxisome proliferator-activated receptor gamma

WC Waist circumference
CAT-1 Carnitine-palmitoil-transferase-1

Acknowledgements

We are so thankful to numerous colleagues with whom we have shared our
research on CLA and its cellular and molecular mechanisms in inflammation,
oxidative stress, and body composition who have helped us with valuable
comments.

Author contributions

The authors'responsibilities were as follows HDP, RID, MNS, PR, AARC, ZSC,
and NP: designed the research; NP, MM, ENE, WKA, SSM, ATJ, PR, and HDP
conducted the library search and wrote the manuscript; ENE, ATJ, and MM
designed table and figures, ZSC, PR, and NP participated in the drafting
and editing of the manuscript. All the authors read and approved the final
manuscript.

Funding
Not applicable.

Availability of data and materials
All data in the current review study are available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no financial and non-financial conflict of
interest.



Putera et al. Nutrition & Metabolism (2023) 20:35

Author details

'Department of Surgery, Faculty of Medicine, Lambung Mangkurat University,
Banjarmasin, South Kalimantan, Indonesia. 2Faculty of Sport, Universitas
Sebelas Maret, JI. Ir. Sutami, 36A, Kentingan, Surakarta, Indonesia. >Biological
Sciences and Sports Health Department, Faculty of Physical Education, Suez
Canal University, Ismailia, Egypt. *Azogues Campus Nursing Career, Health
and Behavior Research Group (HBR), Psychometry and Ethology Laboratory,
Catholic University of Cuenca, Azogues, Ecuador. >Department of Integrative
Physiology, University of Colorado Boulder, Boulder, CO, USA. °Department

of Health and Rehabilitation Sciences, College of Applied Medical Sciences,
Prince Sattam Bin Abdulaziz University, Al Kharj, Saudi Arabia. ’Department

of Physical Therapy, Kasr Al-Aini Hospital, Cairo University, Giza, Egypt. ®Depart-
ment of Therapeutic Pediatric Dentistry, Dean of the Faculty of International
Education, Tashkent State Dental Institute, Tashkent, Uzbekistan. “Department
of Scientific Affairs, Samarkand State Medical University, Amir Temur Street

18, Samarkand, Uzbekistan. '°Medical Laboratories Techniques Department,
Al-Mustagbal University College, Hilla, Babylon 51001, Iraq. ' Department

of Clinical Pharmacy, Faculty of Pharmacy, Kerman University of Medical Sci-
ences, Kerman, Iran. '“Social Development and Health Promotion Research
Center, Gonabad University of Medical Sciences, Gonabad, Iran. '*Depart-
ment of Clinical Nutrition, School of Nutritional Sciences and Dietetics, Tehran
University of Medical Sciences, Tehran, Iran. "*Health Sciences Research Center,
Torbat Heydariyeh University of Medical Sciences, Torbat-e Heydariyeh, Iran.

Received: 8 February 2023 Accepted: 25 August 2023
Published online: 29 August 2023

References

1. Peyman N, Rezai-Rad M, Tehrani H, Gholian-Aval M, Vahedian-Shahroodi
M, Miri HH. Digital media-based health intervention on the promotion
of women'’s physical activity: a quasi-experimental study. BMC Public
Health. 2018;18(1):1-7.

2. Molinero O, Médrquez S. Use of nutritional supplements in sports:
risks, knowledge, and behavioural-related factors. Nutr Hosp.
2009,24(2):128-34.

3. McDowall JA. Supplement use by young athletes. J Sports Sci Med.
2007,6(3):337.

4. Gahche J. Dietary supplement use among US adults has increased
since NHANES 11l (1988-1994): US Department of Health and Human
Services, Centers for Disease Control and ...; 2011.

5. Braun H, Koehler K, Geyer H, Kleinert J, Mester J, Schanzer W. Dietary
supplement use among elite young German athletes. Int J Sport Nutr
Exerc Metab. 2009;19(1):97-109.

6. Askari G, Ghiasvand R, Feizi A, Ghanadian SM, Karimian J. The effect of
quercetin supplementation on selected markers of inflammation and
oxidative stress. J Res Med Sci. 2012;17(7):637.

7. Pingitore A, Lima GPP, Mastorci F, Quinones A, lervasi G, Vassalle C.
Exercise and oxidative stress: potential effects of antioxidant dietary
strategies in sports. Nutrition. 2015;31(7-8):916-22.

8. Nieman D, Dumke C, Henson D, McAnulty S, McAnulty L, Lind R, et al.
Immune and oxidative changes during and following the Western
States Endurance Run. Int J Sports Med. 2003;24(07):541-7.

9. Nieman DC, Dumke CL, Henson DA, McAnulty SR, Gross SJ, Lind RH.
Muscle damage is linked to cytokine changes following a 160-km race.
Brain Behav Immun. 2005;19(5):398-403.

10. Thom E, Wadstein J, Gudmundsen O. Conjugated linoleic acid reduces
body fat in healthy exercising humans. J Int Med Res. 2001;29(5):392-6.

11. Mendes RR, Pires |, Oliveira A, Tirapegui J. Effects of creatine supple-
mentation on the performance and body composition of competitive
swimmers. J Nutr Biochem. 2004;15(8):473-8.

12. Bhattacharya A, Banu J, Rahman M, Causey J, Fernandes G. Biologi-
cal effects of conjugated linoleic acids in health and disease. J Nutr
Biochem. 2006;17(12):789-810.

13. den Hartigh LJ. Conjugated linoleic acid effects on cancer, obesity, and
atherosclerosis: a review of pre-clinical and human trials with current
perspectives. Nutrients. 2019;11(2):370.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.
31

32.

33

34,

Page 14 of 16

Griinari J, Corl B, Lacy S, Chouinard P, Nurmela K, Bauman D. Conjugated
linoleic acid is synthesized endogenously in lactating dairy cows by
A9-desaturase. J Nutr. 2000;130(9):2285-91.

Khan SA, Vanden Heuvel JP. Role of nuclear receptors in the regula-
tion of gene expression by dietary fatty acids (review). J Nutr Biochem.
2003;14(10):554-67.

Wang T, Chen Y, Dong T, Ma X, Wang L, Yu D, et al. Supercritical elec-
trocatalytic catalyst activation and its application in safflower seed

oil isomerisation to prepare conjugated linoleic acid. Int J Food Sci
Technol. 2021;56:3885-92.

Dilzer A, Park Y. Implication of conjugated linoleic acid (CLA) in human
health. Crit Rev Food Sci Nutr. 2012;52(6):488-513.

Nunes JC, Torres AG. Fatty acid and CLA composition of Brazilian dairy
products, and contribution to daily intake of CLA. J Food Compos Anal.
2010;23(8):782-9.

Fritsche J, Steinhart H. Amounts of conjugated linoleic acid (CLA) in
German foods and evaluation of daily intake. Z Lebensm Forsch A.
1998,206(2):77-82.

Raff M, Tholstrup T, Basu S, Nonboe P, Sarensen MT, Straarup EM. A diet
rich in conjugated linoleic acid and butter increases lipid peroxidation
but does not affect atherosclerotic, inflammatory, or diabetic risk mark-
ers in healthy young men. J Nutr. 2008;138(3):509-14.

LehnenTE, da Silva MR, Camacho A, Marcadenti A, Lehnen AM.

A review on effects of conjugated linoleic fatty acid (CLA) upon

body composition and energetic metabolism. J Int Soc Sports Nutr.
2015;12(1):1-11.

Kim'Y, Kim J, Whang K-Y, Park Y. Impact of conjugated linoleic acid (CLA)
on skeletal muscle metabolism. Lipids. 2016;51(2):159-78.

Steck SE, Chalecki AM, Miller P, Conway J, Austin GL, Hardin JW, et al.
Conjugated linoleic acid supplementation for twelve weeks increases
lean body mass in obese humans. J Nutr. 2007;137(5):1188-93.

Banni S, Petroni A, Blasevich M, Carta G, Angioni E, Murru E, et al.
Detection of conjugated C16 PUFAs in rat tissues as possible partial
beta-oxidation products of naturally occurring conjugated linoleic
acid and its metabolites. Biochim Biophys Acta BBA Mol Cell Biol Lipids.
2004;1682(1-3):120-7.

Kreider RB, Ferreira MP, Greenwood M, Wilson M, Almada AL. Effects of
conjugated linoleic acid supplementation during resistance training on
body composition, bone density, strength, and selected hematological
markers. J Strength Cond Res. 2002;16(3):325-34.

Eftekhari MH, Aliasghari F, Babaei-Beigi MA, Hasanzadeh J. Effect of
conjugated linoleic acid and omega-3 fatty acid supplementation on
inflammatory and oxidative stress markers in atherosclerotic patients.
ARYA Atheroscler. 2013;9(6):311.

Matin S, Nemati A, Ghobadi H, Alipanah-Moghadam R, Rezagholizadeh
L. The effect of conjugated linoleic acid on oxidative stress and matrix
metalloproteinases 2 and 9 in patients with COPD. Int J Chron Obstruct
Pulmon Dis. 2018;13:1449.

Park N-Y, Valacchi G, Lim Y. Effect of dietary conjugated linoleic acid
supplementation on early inflammatory responses during cutaneous
wound healing. Mediat Inflamm. 2010;2010:1-8.

Basirico L, Morera P, Dipasquale D, Troscher A, Bernabucci U. Com-
parison between conjugated linoleic acid and essential fatty acids in
preventing oxidative stress in bovine mammary epithelial cells. J Dairy
Sci. 2017;100(3):2299-309.

Preiser JC. Oxidative stress. J Parenter Enter Nutr. 2012;36(2):147-54.
Hadi V, Pahlavani N, Malekahmadi M, Nattagh-Eshtivani E, Navashenag
JG, Hadi S, et al. Nigella sativa in controlling Type 2 diabetes, cardiovas-
cular, and rheumatoid arthritis diseases: molecular aspects. J Res Med
Sci. 2021;26:20.

Ferrero-Miliani L, Nielsen O, Andersen P, Girardin S. Chronic inflamma-
tion: importance of NOD2 and NALP3 in interleukin-1{3 generation. Clin
Exp Immunol. 2007;147(2):227-35.

Spittle M, Hoenich NA, Handelman G, Adhikarla R, Homel P, Levin NW.
Oxidative stress and inflammation in hemodialysis patients. In: Improv-
ing prognosis for kidney disorders. Springer; 2002. p. 45-52.
Chatzinikolaou A, Fatouros IG, Gourgoulis V, Avloniti A, Jamurtas AZ,
Nikolaidis MG, et al. Time course of changes in performance and inflam-
matory responses after acute plyometric exercise. J Strength Cond Res.
2010;24(5):1389-98.



Putera et al. Nutrition & Metabolism

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

(2023) 20:35

Bedi A, Lynch EB, Sibilsky Enselman ER, Davis ME, DeWolf PD, Makki

TA, et al. Elevation in circulating biomarkers of cartilage damage and
inflammation in athletes with femoroacetabular impingement. Am J
Sports Med. 2013;41(11):2585-90.

Viladomiu M, Hontecillas R, Bassaganya-Riera J. Modulation of inflam-
mation and immunity by dietary conjugated linoleic acid. Eur J Pharma-
col. 2016;785:87-95.

Powers SK, Jackson MJ. Exercise-induced oxidative stress: cellular
mechanisms and impact on muscle force production. Physiol Rev.
2008;88(4):1243-76.

Bassaganya-Riera J, Hontecillas R, Beitz D. Colonic anti-inflammatory
mechanisms of conjugated linoleic acid. Clin Nutr. 2002;21(6):451-9.
Bassaganya-Riera J, Hontecillas R. Dietary CLA and n-3 PUFA in inflam-
matory bowel disease. Curr Opin Clin Nutr Metab Care. 2010;13(5):569.
YuY, Correll P, Heuvel JV. Conjugated linoleic acid decreases produc-
tion of pro-inflammatory products in macrophages: evidence for a
PPARy-dependent mechanism. Biochim Biophys Acta (BBA)-Mol Cell
Biol Lipids. 2002;1581(3):89-99.

Goedecke JH, Rae DE, Smuts CM, Lambert EV, O'Shea M. Conjugated
linoleic acid isomers, t10c12 and c9t11, are differentially incorpo-

rated into adipose tissue and skeletal muscle in humans. Lipids.
2009;44(11):983.

Reynolds C, Roche H. Conjugated linoleic acid and inflammatory

cell signaling. Prostaglandins Leukot Essent Fatty Acids (PLEFA).
2010;82(4-6):199-204.

Dipasquale D, Basiricod L, Morera P, Primi R, Troscher A, Bernabucci U.
Anti-inflammatory effects of conjugated linoleic acid isomers and
essential fatty acids in bovine mammary epithelial cells. Animal.
2018;12(10):2108-14.

Mullen A, Moloney F, Nugent AP, Doyle L, Cashman KD, Roche HM.
Conjugated linoleic acid supplementation reduces peripheral blood
mononuclear cell interleukin-2 production in healthy middle-aged
males. J Nutr Biochem. 2007;18(10):658-66.

Herndndez-Diaz G, Alexander-Aguilera A, Arzaba-Villalba A, Soto-Rod-
riguez |, Garcia HS. Effect of conjugated linoleic acid on body fat, tumor
necrosis factor alpha and resistin secretion in spontaneously hyperten-
sive rats. Prostaglandins Leukot Essent Fatty Acids. 2010;82(2-3):105-9.
ChenY, Yang B, Ross RP, Jin Y, Stanton C, Zhao J, et al. Orally admin-
istered CLA ameliorates DSS-induced colitis in mice via intestinal
barrier improvement, oxidative stress reduction, and inflamma-

tory cytokine and gut microbiota modulation. J Agric Food Chem.
2019,67(48):13282-98.

Mohammadzadeh M, Faramarzi E, Mahdavi R, Nasirimotlagh B,

Asghari JM. Effect of conjugated linoleic acid supplementation on
inflammatory factors and matrix metalloproteinase enzymes in rectal
cancer patients undergoing chemoradiotherapy. Integr Cancer Ther.
2013;12(6):496-502.

Dachev M, Bryndova J, Jakubek M, Moucka Z, Urban M. The effects of
conjugated linoleic acids on cancer. Processes. 2021;9(3):454.
Smedman A, Basu S, Jovinge S, Fredrikson GN, Vessby B. Conjugated
linoleic acid increased C-reactive protein in human subjects. Br J Nutr.
2005;94(5):791-5.

Risérus U, Basu S, Jovinge S, Fredrikson GN, Arnlév J, Vessby B. Sup-
plementation 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(15):1925-9.

Cho K, Song Y, Kwon D. Conjugated linoleic acid supplementation
enhances insulin sensitivity and peroxisome proliferator-activated
receptor gamma and glucose transporter type 4 protein expression in
the skeletal muscles of rats during endurance exercise. Iran J Basic Med
Sci. 2016;19(1):20.

Armoni M, Harel C, Karnieli E. Transcriptional regulation of the GLUT4
gene: from PPAR-y and FOXO1 to FFA and inflammation. Trends Endo-
crinol Metab. 2007;18(3):100-7.

Baghi AN, Mazani M, Nemati A, Amani M, Alamolhoda S, Mogadam RA.
Anti-inflammatory effects of conjugated linoleic acid on young athletic
males. JPMA J Pak Med Assoc. 2016;66(3):280-4.

Mazidi M, Karimi E, Rezaie P, Ferns GA. Effects of conjugated linoleic
acid supplementation on serum C-reactive protein: a systematic review
and meta-analysis of randomized controlled trials. Cardiovasc Ther.
2017;35(6):12275.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 150f 16

Song H, Grant |, Rotondo D, Mohede |, Sattar N, Heys S, et al. Effect of
CLA supplementation on immune function in young healthy volun-
teers. Eur J Clin Nutr. 2005;59(4):508-17.

Wang T, Lee HG. Advances in research on cis-9, trans-11 conjugated
linoleic acid: a major functional conjugated linoleic acid isomer. Crit
Rev Food Sci Nutr. 2015;55(5):720-31.

Turpeinen AM, Yiénen N, von Willebrand E, Basu S, Aro A. Immuno-
logical and metabolic effects of cis-9, trans-11-conjugated linoleic
acid in subjects with birch pollen allergy. Br J Nutr. 2008;100(1):112-9.
Joseph SV, Jacques H, Plourde M, Mitchell PL, McLeod RS, Jones PJ.
Conjugated linoleic acid supplementation for 8 weeks does not
affect body composition, lipid profile, or safety biomarkers in over-
weight, hyperlipidemic men. J Nutr. 2011;141(7):1286-91.
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 J. 2016;57(4):331-42.

Sluijs |, Plantinga Y, De Roos B, Mennen LI, Bots ML. Dietary sup-
plementation with cis-9, trans-11 conjugated linoleic acid and
aortic stiffness in overweight and obese adults. Am J Clin Nutr.
2010;91(1):175-83.

MacRedmond R, Singhera G, Attridge S, Bahzad M, Fava C, LaiY,

et al. Conjugated linoleic acid improves airway hyper-reactivity in
overweight mild asthmatics. Clin Exp Allergy. 2010;40(7):1071-8.
O'Shea M, Bassaganya-Riera J, Mohede IC. Immunomodula-

tory properties of conjugated linoleic acid. Am J Clin Nutr.
2004;79(6):11995-51206.

Mazidi M, Rezaie P, Ferns GA, Gao H-K. Impact of different types of tree
nut, peanut, and soy nut consumption on serum C-reactive protein
(CRP): a systematic review and meta-analysis of randomized controlled
clinical trials. Medicine. 2016;95(44):5165.

Von Soosten D, Meyer U, Piechotta M, Flachowsky G, Dénicke S. Effect
of conjugated linoleic acid supplementation on body composition,
body fat mobilization, protein accretion, and energy utilization in early
lactation dairy cows. J Dairy Sci. 2012;95(3):1222-39.

Hussein M, Harvatine K, Weerasinghe W, Sinclair L, Bauman D. CLA-
induced milk fat depression in lactating ewes is accompanied by
reduced expression of genes involved in mammary lipid synthesis.
Department of Animal Science at the New York State College of Agri-
culture and Life Sciences (A Statutory College of the State University of
New York) Cornell University; 2011. p. 214.

Roodbari AR, Towhidi A, Zhandi M, Rezayazdi K, Mianji GR, Dirandeh

E, et al. Effect of conjugated linoleic acid supplementation during

the transition period on plasma metabolites and productive and
reproductive performances in dairy cows. Anim Feed Sci Technol.
2016;219:294-303.

Kim JH, Pan JH, Park HG, Yoon HG, Kwon O-J, Kim TW, et al. Functional
comparison of esterified and free forms of conjugated linoleic acid

in high-fat-diet-induced obese C57BL/6J mice. J Agric Food Chem.
2010;58(21):11441-7.

Ferndndez-Figares |, Lachica M, Martin A, Nieto R, Gonzélez-Valero L,
Rodriguez-Lépez J, et al. Impact of dietary betaine and conjugated
linoleic acid on insulin sensitivity, protein and fat metabolism of obese
pigs. Animal. 2012;6(7):1058-67.

Martins SV, Lopes PA, Alves SP, Alfaia CM, Castro MF, Bessa RJ, et al.
Dietary CLA combined with palm oil or ovine fat differentially influ-
ences fatty acid deposition in tissues of obese Zucker rats. Lipids.
2012;47(1):47-58.

ParkY, Albright KJ, Liu W, Storkson JM, Cook ME, Pariza MW. Effect

of conjugated linoleic acid on body composition in mice. Lipids.
1997,32(8):853-8.

Park Y, Albright KJ, Storkson JM, Liu W, Cook ME, Pariza MW. Changes
in body composition in mice during feeding and withdrawal of conju-
gated linoleic acid. Lipids. 1999;34(3):243-8.

Racine NM, Watras AC, Carrel AL, Allen DB, McVean JJ, Clark RR, et al.
Effect of conjugated linoleic acid on body fat accretion in overweight
or obese children. Am J Clin Nutr. 2010;91(5):1157-64.

Zambell KL, Keim NL, Van Loan MD, Gale B, Benito P, Kelley DS, et al.
Conjugated linoleic acid supplementation in humans: effects on body
composition and energy expenditure. Lipids. 2000;35(7):777-82.



Putera et al. Nutrition & Metabolism

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

(2023) 20:35

Watras A, Buchholz A, Close R, Zhang Z, Schoeller D. The role of conjugated
linoleic acid in reducing body fat and preventing holiday weight gain. Int
J Obes. 2007;31(3):481-7.

Blankson H, Stakkestad JA, Fagertun H, Thom E, Wadstein J, Gudmundsen O.
Conjugated linoleic acid reduces body fat mass in overweight and obese
humans. J Nutr. 2000;130(12):2943-8.

Madry E, Chudzicka-Strugata |, Grabariska-Martyriska K, Malikowska K, Gre-
bowiec P, Lisowska A, et al. Twelve weeks CLA supplementation decreases
the hip circumference in overweight and obese women. A double-blind,
randomized, placebo-controlled trial. Acta Sci Pol Technol Aliment.
2016;15(1):107-13.

Gaullier J-M, Halse J, Haye K, Kristiansen K, Fagertun H, Vik H, et al. Supple-
mentation with conjugated linoleic acid for 24 months is well tolerated

by and reduces body fat mass in healthy, overweight humans. J Nutr.
2005;135(4):778-84.

Norris LE, Collene AL, Asp ML, Hsu JC, Liu L-F, Richardson JR, et al. Comparison
of dietary conjugated linoleic acid with safflower oil on body composition
in obese postmenopausal women with type 2 diabetes mellitus. Am J
Clin Nutr. 2009;90(3):468-76.

Iwaki M, Matsuda M, Maeda N, Funahashi T, Matsuzawa Y, Makishima M, et al.
Induction of adiponectin, a fat-derived antidiabetic and antiatherogenic
factor, by nuclear receptors. Diabetes. 2003;52(7):1655-63.

Whigham LD, Watras AC, Schoeller DA. Efficacy of conjugated linoleic

acid for reducing fat mass: a meta-analysis in humans. Am J Clin Nutr.
2007;85(5):1203-11.

Namazi N, Irandoost P, Larijani B, Azadbakht L. The effects of supplementa-
tion with conjugated linoleic acid on anthropometric indices and body
composition in overweight and obese subjects: a systematic review and
meta-analysis. Crit Rev Food Sci Nutr. 2019;59(17):2720-33.

Yancy WS Jr, Olsen MK, Guyton JR, Bakst RP, Westman EC. A low-
carbohydrate, ketogenic diet versus a low-fat diet to treat obesity

and hyperlipidemia: a randomized, controlled trial. Ann Intern Med.
2004;140(10):769-77.

Mahdavi R, Namazi N, Alizadeh M, Farajnia S. Effects of Nigella sativa oil with
a low-calorie diet on cardiometabolic risk factors in obese women: a
randomized controlled clinical trial. Food Funct. 2015:6(6):2041-8.

Steven S, Hollingsworth KG, Al-Mrabeh A, Avery L, Aribisala B, Caslake M, etal.
Very low-calorie diet and 6 months of weight stability in type 2 diabetes:
pathophysiological changes in responders and nonresponders. Diabetes
Care. 2016;39(5):808-15.

Onakpoya I, Posadzki PP, Watson LK, Davies LA, Ernst E. The efficacy of
long-term conjugated linoleic acid (CLA) supplementation on body com-
position in overweight and obese individuals: a systematic review and
meta-analysis of randomized clinical trials. Eur J Nutr. 2012,51(2):127-34.
Reardon M, Gobern S, Martinez K, Shen W, Reid T, McIntosh M. Oleic acid
attenuates trans-10, cis-12 conjugated linoleic acid-mediated inflamma-
tory gene expression in human adipocytes. Lipids. 2012;47(11):1043-51.
Mirand PP, Arnal-Bagnard M-AS, Mosoni L, Faulconnier Y, Chardigny J-M,
Chilliard Y. Cis-9, trans-11 and trans-10, cis-12 conjugated linoleic acid
isomers do not modify body composition in adult sedentary or exercised
rats. J Nutr. 2004;134(9):2263-9.

Churruca |, Ferndndez-Quintela A, Portillo MP. Conjugated linoleic acid
isomers: differences in metabolism and biological effects. BioFactors.
2009;35(1):105-11.

Medina EA, Horn WF, Keim NL, Havel PJ, Benito P, Kelley DS, et al. Conjugated
linoleic acid supplementation in humans: effects on circulating leptin
concentrations and appetite. Lipids. 2000;35(7):783-8.

Riserus U, Vessby B, Arner P, Zethelius B. Supplementation with trans 10

cis 12-conjugated linoleic acid induces hyperproinsulinaemia in obese
men: close association with impaired insulin sensitivity. Diabetologia.
2004,47(6):1016-9.

Gaullier J-M, Halse J, Haivik HO, Haye K, Syvertsen C, Nurminiemi M, et al.
Six months supplementation with conjugated linoleic acid induces
regional-specific fat mass decreases in overweight and obese. Br J Nutr.
2007;97(3):550-60.

Boschini RP, Garcia Junior JR.UCP2 and UCP3 genic expression: regulation by
food restriction, fasting and physical exercise. Braz J Nutr. 2005;18:753-64.
Barone R, Macaluso F, Catanese P Marino Gammazza A, Rizzuto L, Marozzi P,
et al. Endurance exercise and conjugated linoleic acid (CLA) supplementa-
tion up-regulate CYP17A1 and stimulate testosterone biosynthesis. PLOS
ONE. 2013;8(11):279686.

94.

95.

9.

97.

98.

99.

103.

105.

106.

107.

108.

110.

mn.

13

Page 16 of 16

Jeukendrup AE, Aldred S. Fat supplementation, health, and endurance
performance. Nutrition. 2004;20(7-8):678-88.

Barone R, Sangiorgi C, Marino Gammazza A, DAmico D, Salerno M, Cappello
F, et al. Effects of conjugated linoleic acid associated with endurance
exercise on muscle fibres and peroxisome proliferator-activated receptor y
coactivator 1 aisoforms. J Cell Physiol. 2017;232(5):1086-94.

UsuiT, Kajita K, Kajita T, Mori |, Hanamoto T, Ikeda T, et al. Elevated mitochon-
drial biogenesis in skeletal muscle is associated with testosterone-induced
body weight loss in male mice. FEBS Lett. 2014;588(10):1935-41.

Kim JH, Kim J, Park Y. Trans-10, cis-12 conjugated linoleic acid enhances
endurance capacity by increasing fatty acid oxidation and reducing
glycogen utilization in mice. Lipids. 2012;47(9):855-63.

Terasawa N, Okamoto K, Nakada K, Masuda K. Effect of conjugated linoleic
acid intake on endurance exercise performance and anti-fatigue in
Student Athletes. J Oleo Sci. 2017,66(7):723-33.

Jenkins ND, Buckner SL, Cochrane KC, Bergstrom HC, Goldsmith JA, Weir JP,
et al. CLA supplementation and aerobic exercise lower blood triacylg-
lycerol, but have no effect on peak oxygen uptake or cardiorespiratory
fatigue thresholds. Lipids. 2014;49(9):871-80.

Lambert EV, Goedecke JH, Bluett K, Heggie K, Claassen A, Rae DE, et al. Con-
jugated linoleic acid versus high-oleic acid sunflower oil: effects on energy
metabolism, glucose tolerance, blood lipids, appetite and body composi-
tion in regularly exercising individuals. Br J Nutr. 2007,97(5):1001-11.

Pina FLC, Ribeiro AS, Dodero SR, Barbosa DS, Cyrino ES, Tirapegui J. Conju-
gated linoleic acid supplementation does not maximize motor perfor-
mance and abdominal and trunk fat loss induced by aerobic training in
overweight women. Rev Nutr. 2016;29:785-95.

ColakogluS, Colakoglu M, Taneli F, Cetinoz F, Turkmen M. Cumulative effects
of conjugated linoleic acid and exercise on endurance development. J
Sports Med Phys Fitness. 2006;46:4.

Pinkoski C, Chilibeck PD, Candow DG, Esliger D, Ewaschuk JB, Facci M, et al.
The effects of conjugated linoleic acid supplementation during resistance
training. Med Sci Sports Exerc. 2006;38(2):339-48.

MizunoyaW, Haramizu S, Shibakusa T, Okabe Y, FushikiT. Dietary conjugated
linoleic acid increases endurance capacity and fat oxidation in mice dur-
ing exercise. Lipids. 2005;40(3):265-71.

Shahmirzadi FE, Ghavamzadeh S, ZamaniT. The effect of conjugated linoleic
acid supplementation on body composition, serum insulin and leptin in
obese adults. Arch Iran Med. 2019,22(5):255-61.

Tajmanesh M, Aryaeian N, Hosseini M, Mazaheri R, Kordi R. Conjugated lin-
oleic acid supplementation has no impact on aerobic capacity of healthy
young men. Lipids. 2015;50(8):805-9.

Storey A, Smith HK. Unique aspects of competitive weightlifting. Sports Med.
2012;42(9):769-90.

Tamaki T, Uchiyama S, Uchiyama Y, Akatsuka A, Roy RR, Edgerton VR. Ana-
bolic steroids increase exercise tolerance. Am J Physiol Endocrinol Metab.
2001;280(6):E973-81.

Enoki T, Yoshida Y, Lally J, Hatta H, Bonen A. Testosterone increases lactate
transport, monocarboxylate transporter (MCT) 1 and MCT4 in rat skeletal
muscle. J Physiol. 2006;577(1):433-43.

Bachman E, Travison TG, Basaria S, Davda MN, Guo W, Li M, et al. Testosterone
induces erythrocytosis via increased erythropoietin and suppressed hep-
cidin: evidence for a new erythropoietin/hemoglobin set point. J Gerontol
Ser A Biomed Sci Med Sci. 2014:69(6):725-35.

Weisser J, Landreh L, Séder O, Svechnikov K. Steroidogenesis and steroi-
dogenic gene expression in postnatal fetal rat Leydig cells. Mol Cell
Endocrinol. 2011;341(1-2):18-24.

Svechnikov K, Spatafora C, Svechnikova I, Tringali C, Soder O. Effects of
resveratrol analogs on steroidogenesis and mitochondrial function in rat
Leydig cells in vitro. J Appl Toxicol Int J. 2009;29(8):673-80.

Benjamin S, Prakasan P, Sreedharan S, Wright A-DG, Spener F. Pros and cons
of CLA consumption: an insight from clinical evidences. Nutr Metabol.
2015,12(1):1-21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	The effect of conjugated linoleic acids on inflammation, oxidative stress, body composition and physical performance: a comprehensive review of putative molecular mechanisms
	Abstract 
	Introduction
	Search strategy
	CLA effects on inflammation and oxidative stress
	CLA effects on body composition
	CLA effects on physical performance
	CLA supplementation side effects
	Conclusion
	Acknowledgements
	References


