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Conjugated linoleic acid (CLA) is a geometrical isomer of linoleic acid, which has anti-inflammatory, anti-diabetic, anti-cancer, and anti-obesity properties. However, the studies reported inconstant results about the CLA-related effects on lipid profiles. As a result, meta-analysis and systematic review were performed to survey the CLA supplementation-related effect on lipid profile including high-density lipoprotein (HDL), low-density lipoprotein (LDL), total cholesterol (TC), and triglycerides (TG). To identify the relevant research, a systematic comprehensive search was initiated on the medical databases such as Scopus and PubMed/Medline until December 2022. The overall effect size was estimated by weighted mean difference (WMD) and 95% confidence interval (CI) in a random effect meta-analysis. In the final quantitative analysis, the meta-analysis considered 35 randomized controlled trials (RCTs) with 1,476 participants (707 controls and 769 cases). The pooled results demonstrated that CLA supplementation, compared with olive oil, significantly increased serum TG levels (WMD: 0.05 mmol/L; 95% CI: 0.01 to 0.1; p = 0.04; I2 = 0.0%, p = 0.91). With regard to TC level, CLA supplementation compared with placebo significantly reduced TC concentrations (WMD: −0.08 mmol/L; 95% CI: −0.14 to −0.02; p < 0.001; I2 = 82.4%). Moreover, the non-linear dose–response analysis indicated a decreasing trend of TC serum level from the 15th week of CLA supplementation compared with olive oil (Pnon-linearity = 0.01). The present meta-analysis and systematic review of 35 RCTs showed that the CLA intervention was able to raise the level of TG in comparison to olive oil; however, it can decrease TC level compared with placebo and olive oil.
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Introduction

Dyslipidemia is defined as lipid imbalance such as increased VLDL-C (very low-density lipoprotein-cholesterol), TG (triglycerides), and LDL-C (low-density lipoprotein-cholesterol) concentrations in addition to the reduction in HDL-C (high-density lipoprotein-cholesterol) concentration (1). According to a survey conducted by the United State National Health and Nutrition Examination, 53% of American adults had dyslipidemia (2). Moreover, based on the World Health Organization (WHO), dyslipidemia causes 4 million deaths during a year (1). Epidemiological studies have shown dyslipidemia as a remarkable risk factor in causing hypertension, endothelial dysfunction, primarily cardiovascular disease (CVD), and insulin resistance (3, 4). CVD has been predicted to kill more than 23 million people worldwide (approximately 30.5%) by 2030. CVD is also the main cause of weakness, illness, and death among the Asian population, accounting for nearly 50% of the death rate each year (5, 6). However, dyslipidemia can be corrected with appropriate lifestyle, medical intervention, or a combination of both (7).

It has facilitated the recognition of the fundamental role nutrition plays in the prevention, prognosis, and dyslipidemia treatment (8). Recently, there is an approving attitude toward the health-promoting properties of conjugated linoleic acids (CLAs) (9). CLA is a term that relates to a gaggle of points, and the geometrical isomers of linoleic acid found within some foods including meat, dairy, and ruminant animal fat (10). Conjugation of two bonds of CLA makes the main isomerase in dairy products which is cis9, trans11-18: 2, and other isomerases such as cis9, trans11, and trans10, cis12 are found in industrial dairy products (11). Humans consume 160 mg of CLA in their daily food intake (12). CLA form used in feeding trials is an alkaline isomerase which is a sort of linoleic acid present in vegetable oils containing 9c, 11 t, and 10 t, 12c at the same amount (13). Several health advantages have been investigated for CLA which are equivalent to anti-inflammatory, anti-obesity, anti-diabetic, and anti-cancer properties (14). C9, t11 accounts for 90% of CLA with anti-carcinogenic effects, whereas t10,c12 relates to lipid metabolism with nearly 10% (15). On the other hand, CLA reported some inverse effects on oxidative stress, insulin sensitivity, overweighting in men, and steatosis (16, 17).

Evidence shows a significant improvement in cardiovascular markers by using CLA in experimental studies (11). Moreover, studies demonstrated beneficial effects of CLAs on blood lipid profile (18). In animal studies, the role of CLA in declining body fat, improving lipid, and reversing the development of atherogenic lesions has been investigated (19–22). Kritchevsky et al. reported that supplementation rabbits with CLA decreased atherosclerosis lesions by 30% (13). Another experimental study showed that CLA feeding could significantly reduce LDL-c but not HDL-c (23). The results about the effects of CLA on lipid profile in humans are sparse, and inconclusive some of them showed a direct relationship and others showed a negative relationship. CLA supplementation caused a 60% reduction in TG and VLDL during 8 weeks in both healthy men and women (24). Moloney et al. illustrated that CLA supplementation in humans had a direct effect on HDL-c levels (16). Contrary to this, no changes in lipid profile were reported by other trials. Carvalho et al. indicated no changes in lipid profile after supplementing 3 g/day for 3 months in women with metabolic syndrome (25). Joseph et al. indicated no improvement in CVD markers in healthy men after 8 weeks of CLA intake (26). In addition to this, no effects on blood lipids were found in the Riserus study on obese men (17).

These inconsistencies may come from variations in duration and dose of CLA supplementation or feeding, metabolic status, gender of population, and sample size (27). Overall, it is necessary to summarize all the in-access evidence, applying a comprehensive meta-analysis. Accordingly, this meta-analysis was performed to summarize the available evidence on the effects of CLA supplementation on the levels of adults’ blood lipids.



Methods

The findings of the present meta-analysis were indicated by employing the preferred reporting items of the Systematic Review and Meta-Analysis (PRISMA) guidelines (28). The protocol of the study has been registered in the International Prospective Register of Systematic Reviews (PROSPERO) database (www.crd.York.ac.uk/PROSPERO, ID = CRD42023409278).


Search strategy

From inception to September 2023, a comprehensive and systematic search was conducted to identify the relevant studies across medical databases such as Scopus, PubMed/Medline, Google scholar, and EMBASE. The MESH and non-MESH terms applied include: (CLA OR “Linoleic Acid” OR “CLA fatty acid” OR “CLA” OR “trans-10 cis-12-conjugated linoleic acid” OR “conjugated linoleic acid” OR “cis-9 trans-11-conjugated linoleic acid”) AND (RCT OR “Single-Blind Method” OR OR “Cross-Over Studies” OR “Random Allocation” OR “Double-Blind Method” OR “Intervention Studies” OR “Clinical Trials as Topic”) AND (“Hyperlipidemias” OR “Cholesterol, HDL” OR “Lipoproteins, LDL” OR “Dyslipidemias” “Lipoproteins, HDL” OR “Cholesterol, LDL”). There are no language or release date restrictions. In addition, to prevent overlooking the relevant articles, we manually searched the reference lists regarding all relevant studies, even including review articles, published by major journals.



Eligibility criteria

The PICO criteria (intervention, population, study design, comparison, and outcome), regarding the current meta-analysis, are shown in Table 1. Two inspectors (CA, MA) investigated the online databases to find potentially relevant trials. A chief reviewer (HI) resolved any disputes regarding study selection. The criteria to include the eligible studies were as follows: (1) trials were performed on adults (age older than 18 years); (2) studies evaluated the effect of oral supplementation by conjugated linoleic acid (CLA), at least, on one of the below outputs: HDL, LDL, TC, and TG; and (3) Randomized controlled trials (RCTs) with parallel or crossover design compared with placebo. We excluded the studies that were case–control, cross-sectional, cohort studies, conference papers, and letters, which were conducted on lactating women, children, and pregnant women, and studies in which changes in outcome measures were not clearly or inappropriately reported.



TABLE 1 The population, intervention, comparison, outcome, and study design (PICO) criteria.
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Data extraction

Irrelevant studies were excluded by two independent authors through reviewing their abstracts and titles. All intervention details included the average age and gender of subjects, study design such as crossover or parallel, author’s first name, subjects’ health status, publication’s year, supplementation duration, and intervention details such as dosage and type of CLA supplement and location of study, and several individuals were included in the placebo and intervention groups. A spreadsheet was standardized to include the mean ± standard deviation and/or changes in the results such as TG, total cholesterol, LDL, and HDL levels before and after supplementation in both cases and controls. The result units, if reported differently, were all converted to the most employed units. A chief investigator (HA) resolved any disagreements.



Risk of bias

Two independent investigators (CA, MA) examined the bias risk by employing the Cochrane quality assessment tool for RCTs (29). This tool contains seven pre-specified criteria, namely, (a) selective reporting, (b) blinding of personnel and participants, (c) completeness of study outcome information, (d) allocation concealment, (e) random sequence generation, (f) other possible sources of biases, and (g) blinding of study outcome examination. According to this tool, we rated trials in three categories: high quality (low bias risk regarding all domains), fair (high bias risk regarding 1 item), and poor (high bias risk regarding >2 items).



Statistical analysis

We used Stata software (Stata Crop, College Station Texas, United States) version 14 for all statistical analyses. We used the SDs and mean differences of serum TC, TG, HDL, and LDL serum levels to calculate the overall effect size. DerSimonian and Laird random-effects models were employed to evaluate the overall effect sizes (30) and were expressed as mean differences and 95% confidence interval (CI). To calculate the within-group mean differences for each group, the final mean differences were subtracted from the baseline mean values. The following equation was employed to calculate the standard deviation (SD) of the mean differences: SD change = square root [(SD baseline) 2 + (SD final) 2 – (2 × 0.5 × SD baseline × SD final)] if they were not reported (31). To calculate SD, the following formula was utilized when the trials reported the standard error of the mean (S.E.M): S. D ¼ S.E.Mn (n is the number of subjects in each group). Eventually, two parameters, namely, 95% CI and weighted mean difference, (WMD) were reported as the overall effect size magnitude in a random-effects model. We applied I-square (I2) test with a significance level of p < 0.10, to determine heterogeneity among the results of included trials. The analyses of subgroups were performed by CLA dosage, trial duration, participants’ mean age, population’s health status, gender, and BMI of subjects to identify the probable heterogeneity source. To identify the impact of studies on the overall effect size, we implemented sensitivity analyses employing the leave-on-out method (i.e., one study was removed, and the analysis was repeated) (32). In addition, the non-linear effect of CLA supplement duration on outcome values was determined through fractional polynomial modeling (33). Egger’s test was used to detect the literature bias, which was conducted in 10 or more studies included in each outcome.



Grading the evidence

Regarding each meta-analysis, the GRADE approach was applied to score the evidence certainty (34).




Results


Study selection

A total of 3,221 citations were identified based on the primary databases (2,340 from Scopus, 879 from PubMed, and 2 from other sources). In total, 820 duplicates were eliminated, and 2,401 articles were left for more examination. Figure 1 indicates the common features of these articles in Summary. The examination of titles and abstracts resulted in excluding of 2,356 studies. The full text of 49 trials was evaluated, which led to exclude other 14 articles due to the following reasons: CLA was used for food fortification purposes (n = 9), no sufficient data were reported (n = 3), and the effects of CLA were evaluated in the presence of other ingredients (n = 2).

[image: Figure 1]

FIGURE 1
 Flow diagram of study selection.


Finally, we included 35 RCTs in the final quantitative analysis. Different placebos were used in these studies to better interpret the results; we divided the studies into three groups based on placebo, namely, CLA versus olive oil (n = 11) (17, 35–44), CLA versus omega-6 (n = 16) (16, 24, 26, 45–57), and CLA versus placebo (n = 8) (45, 58–64) and analyzed each separately.



Study characteristics

Table 2 presents the summary of general features regarding 35 eligible trials. In total, 1,476 participants, including 769 cases and 707 controls, took part in the trials. The publication of articles ranged from 2000 to 2021, which was performed in the United States (46, 49, 55, 56), Sweden Netherlands land (38), Norway (35–37), Korea (39, 40), Brazil (41), United Kingdom (44, 57), IRAN (45, 54, 58, 61–63), Canada (26), South Africa (50), Columbia (53), China (47, 64), Ireland (16, 24), Japan (48), Germany (52), Turkey (59, 60), and Greece (51). The participants’ mean age was between 21.5 and 63.8 years old. The duration of intervention ranged from 4 to 96 weeks, and the CLA supplement dosage was between 1 and 6 g/d. Six studies included only women (39, 41, 46, 52, 54, 60), 8 articles exclusively included men (7, 17, 26, 42, 43, 49, 58, 59), and the rest of them were performed on both genders.



TABLE 2 General characteristics of randomized, double-blind, placebo-controlled parallel trial.
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The assessment bias risk

The bias risk of assessment was conducted by two independent authors (CA and MA) for primary outcomes in 35 qualified RCTs. The summary results are shown in Supplementary Table S2. Based on this assessment, the criteria were only met by one trial regarding low bias risk in all domains (37), and five trials were graded as poor overall quality (41, 46, 61–63). Common biases were concealment of allocation and blinding (assessment of output). The rest of the trials had a fair quality, and for most of them, allocation concealment and blinding (outcome assessment) were unclear.




Effect of CLA supplement on TG serum level


CLA supplement versus olive oil

A total of 11 studies (13 effect size; one study used two different types of CLA supplement (37), and one trial used different CLA dosages (38)) including 414 subjects (case = 233 and control = 181) evaluated the effect of the CLA supplement versus olive oil on the levels of serum TG (17, 35–44). The resulting pooled from the random-effects model indicated that the CLA supplementation significantly increased the serum TG levels in proportion to olive oil (WMD: 0.05 mmol/L; 95% CI: 0.00 to 0.1; p = 0.04), with no degree of heterogeneity (I2 = 0.0%, p = 0.91) (Figure 2). Subgroup analysis demonstrated that this increment was observed in the following conditions: (1) dosage < 3.4 g/d (p = 0.02), (2) duration ≤12 weeks (p = 0.03), (3) age < 45 years old (p = 0.018), and BMI < 30 (p = 0.03). The detailed subgroup analysis is presented in Supplementary Table S1.
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FIGURE 2
 Forest plot for the effect of CLA supplementation versus olive oil on serum levels of TG, expressed as weighted mean differences between the intervention and control groups.




CLA supplement versus omega-6

Overall, 15 trials (18 effect size; one study reported outcomes in men and women separately (48), and two articles used two different types of CLA supplement (24, 26)) including 608 participants (intervention = 330, control = 278) reported the effect of supplementation with CLA compared with omega-6 on the level of serum TG (16, 24, 26, 45–56). The combination of effect sizes, obtained from the random-effects model, did not significantly result in changes regarding the levels of serum TG after CLA supplement versus omega-6 (WMD: −0.03 mmol/L; 95% CI: −0.08 to 0.01; p = 0.45), with a low degree of heterogeneity (I2 = 31.6%, p = 0.09; Supplementary Figure S1). Subgroup analysis indicated that CLA supplement compared with omega-6 could reduce TG serum levels under the following conditions: (1) age ≥ 35 years old (p < 0.001), (2) BMI ≥ 25 (p < 0.001), and in male subjects (p = 0.025).



CLA supplement versus placebo

The impact of CLA supplements versus placebo on serum levels of TG was indicated in 8 studies (9 effect size) with 410 subjects (45, 58–64). Polling the effect sizes by the random-effects model indicated no significant effect on serum TG after CLA supplementation (WMD: 0.02 mmol/L; 95% CI: −0.09 to 0.12; p = 0.73), with a low degree of heterogeneity (I2 = 32.6%, p = 0.15; Supplementary Figure S2). Furthermore, after subgroup analyses, no changes were observed in the pooled results.




Effect of CLA supplement on TC serum level


CLA supplement versus olive oil

In total, 10 trials (11 effect sizes), including 402 participants, evaluated the effect of CLA supplementation on the levels of serum TC (17, 35–37, 39–44). The levels of serum TC were not affected by CLA supplementation, compared to olive oil, regarding pooled results obtained from the random-effects model (WMD: −0.00 mmol/L; 95% CI: −0.06 to 0.05; p = 0.84), with no degree of heterogeneity (I2 = 0.0%, p = 0.97; Supplementary Figure S3). Moreover, the pooled results did not change across subgroup analyses.



CLA supplement versus omega-6

The pooled results from 15 trials (18 effect sizes) employing the random-effects model revealed that the alteration in serum TC was not significantly affected by CLA supplementation (WMD: −0.02 mmol/L; 95% CI: −0.15 to 0.12; p = 0.17) compared with omega-6. The studies showed a high heterogeneity level (I2 = 81.1%, p < 0.001; Supplementary Figure S4). Based on subgroup analyses, the potent heterogeneity sources were as follows: dosage of intervention (I2 = 10.5%, p = 0.34), trial duration (I2 = 17.5%, p = 0.29), mean age of participants (I2 = 0.0%, p = 0.63), subject’s BMI (I2 = 0.0%, p = 0.47), and gender (I2 = 0.0%, p = 0.92). The CLA supplementation caused a significant increase in the levels of serum TC in men (WMD: 0.07 mmol/L; 95% CI: 0.001 to 0.12; p = 0.0.04) compared with omega-6.



CLA supplement versus placebo

In total, 6 studies (with 7 treatment arms), involving 253 participants, evaluated the effect of CLA supplementation versus placebo on the levels of serum TC. The overall estimates indicated that TC significantly reduced between the intervention and placebo groups (WMD: −0.08 mmol/L; 95% CI: −0.14 to-0.02; p < 0.001) with a high heterogeneity between studies (I2 = 82.4%, p < 0.001) (Figure 3). By subgroup analyses, regarding the dosage of intervention (I2 = 0.0%, p = 0.99), duration of studies (I2 = 0.0%, p = 0.44), mean age of subjects (I2 = 0.0%, p = 0.72), and participant’s BMI (I2 = 0.0%, p = 0.49), the heterogeneity disappeared. The subgroup analyses indicated that the TC concentration declined significantly, as the introduction of >3 g/d CLA supplements (WMD: −0.08 mmol/L; 95% CI: −0.15 to-0.01; p = 0.0.01), lasted for ≥8 weeks (WMD: −0.22 mmol/L; 95% CI: −0.29 to-0.14; p < 0.001), was performed on individuals with a mean age of >25 years old (WMD: −0.21 mmol/L; 95% CI: −0.28 to −0.14; p < 0.001) and those who had BMI ≥ 25 (WMD: −0.20 mmol/L; 95% CI: −0.28 to −0.13; p < 0.001).
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FIGURE 3
 Forest plot for the effect of CLA supplementation versus placebo on serum levels of total cholesterol, expressed as weighted mean differences between the intervention and control groups.





Effect of CLA supplement on LDL serum level


CLA supplement versus olive oil

There were 10 trials (11 effect sizes) involving 402 participants that compared LDL serum levels between CLA supplementation and olive oil. The pooled effect size employing the random-effects model revealed that the serum LDL levels were not significantly affected by CLA supplementation in comparison to olive oil (WMD: 0.05 mmol/L; 95% CI: −0.03 to 0.13; p = 0.36), with no heterogeneity between trials (I2 = 0.0%, p = 0.97; Supplementary Figure S5). In addition, there were no significant changes after subgroup analyses.



CLA supplement versus omega-6

The effect of CLA supplementation on the levels of serum LDL, compared with omega-6, was investigated in 11 trials (13 effect sizes), and combining effect sizes from the random-effects model indicated no significant changes following the intervention (WMD: −0.06 mmol/L; 95% CI: −0.18 to 0.05; p = 0.36), with a significant heterogeneity degree (I2 = 61%, p = 0.002; Supplementary Figure S6). Based on subgroup analyses, the dosage of intervention (I2 = 0.0%, p = 0.98), the mean age of participants (I2 = 0.0%, p = 0.92), subject’s BMI (I2 = 0.0%, p = 0.53), and gender (I2 = 0.0%, p = 0.70) were the potent heterogeneity sources. Moreover, the analyses reported that CLA supplementation was able to reduce the levels of serum LDL in the trials that employed a low dose of CLA (WMD: −0.16 mmol/L; 95% CI: −0.29 to-0.03; p = 0.01) and was performed on people of ≥40 years old (WMD: −0.15 mmol/L; 95% CI: −0.27 to 0.02; p = 0.36).



CLA supplement versus placebo

Eight studies (with 9 effect sizes) revealed the effect of CLA supplementation on the levels of serum LDL compared with placebo. Pooling effect sizes regarding the random-effects model reported that the levels of serum LDL remained unchanged after intervention compared with placebo (WMD: −0.07 mmol/L; 95% CI: −0.29 to 0.14; p = 0.64), with a high grade of heterogeneity (I2 = 89.9%, p < 0.001; Supplementary Figure S7). The heterogeneity was diminished following subgroup analyses, according to the participant’s BMI (I2 = 0.0%, p = 0.50). The subgroup analyses also revealed a significant reduction in the levels of serum LDL after CLA dosage >3 g/d (WMD: −0.27 mmol/L; 95% CI: −0.51 to −0.03; p = 0.02).




Effect of CLA supplement on the level of HDL serum


CLA supplement versus olive oil

The effect of CLA supplementation on the levels of serum HDL compared with olive oil was reported in 10 trials (with 11 arm treatments). According to the random-effects model, the levels of serum HDL were not significantly changed (WMD: −0.03 mmol/L; 95% CI: −0.07 to 0.01; p = 0.40), with a low grade of heterogeneity (I2 = 35.6%, p = 0.11; Supplementary Figure S8). Based on the subgroup analyses, CLA supplementation can significantly reduce serum levels of HDL with the following conditions: (1) intervention dosage ≥3.4 g/d (WMD: −0.07 mmol/L; 95% CI: −0.11 to −0.03; p < 0.001), trial duration ≥12 weeks (WMD: −0.05 mmol/L; 95% CI: −0.08 to −0.01; p = 0.005), subject’s mean age ≥ 45 years old (WMD: −0.05 mmol/L; 95% CI: −0.08 to −0.01; p = 0.003), and men (WMD: −0.07 mmol/L; 95% CI: −0.11 to 0.02; p = 0.005). However, CLA can increase HDL in BMI ≥ 30 (WMD: 0.06 mmol/L; 95% CI: −0.10 to −0.02; p = 0.001).



CLA supplement versus omega-6

Thirteen trials (containing 15 effect sizes) investigated the effect of CLA supplementation on the levels of serum HDL compared with omega-6. According to the random-effects model, the pooling effect sizes revealed that the CLA supplementation did not significantly affect the levels of serum HDL compared with omega6 (WMD: −0.01 mmol/L; 95% CI: −0.03 to 0.00; p = 0.09), with a non-grade of heterogeneity (I2 = 0.0%, p = 0.88; Supplementary Figure S9). Moreover, the levels of HDL serum remained unchanged after subgroup analyses.



CLA supplement versus placebo

Overall, 7 studies with 8 intervention arms assessed the effect of CLA supplementation on HDL serum levels compared with placebo. The combination of effect sizes, regarding the random-effects model, demonstrated non-significant changes in HDL serum levels after intervention (WMD: −0.03 mmol/L; 95% CI: −0.05 to 0.12; p = 0.14), with a moderate grade of heterogeneity (I2 = 65.5%, p = 0.005; Supplementary Figure S10). The subgroup analysis showed the disappearance of between-study heterogeneity in trials using intervention dosage ≤3 g/d (I2 = 19.3%, p = 0.29), performed on participants of mean age of < 30 years old (I2 = 42.3%, p = 0.14), subject’s BMI< 25 (I2 = 49.8%, p = 0.11), and men (I2 = 0.0%, p = 0.80). Furthermore, this analysis reported a significant decline in the levels of serum HDL after intervention in trials which was performed on women (WMD: −0.75 mmol/L; 95% CI: −1.33 to −0.17; p = 0.01).



Dose–response analysis

Dose–response analysis was performed for all outcomes based on dose and duration, but only this analysis was significant for total cholesterol. Based on the dose–response analysis, a significant non-linear connection was represented between the duration of CLA supplementation compared with olive oil in total cholesterol serum reduction (Pnon-linearity = 0.01); the reduction trend of total cholesterol serum started from the 15th week (Figure 4).
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FIGURE 4
 Non-linear dose–response relations between CLA duration (week) and total cholesterol. The 95% CI is revealed in the shaded regions.




Sensitivity analysis

Each study was removed step-wise from the overall analysis, to determine the effect of individual studies on the combined effect size. No single study had a significant effect on the combined effect size of TG and the serum levels of TC, LDL, and HDL.



Publication bias

Egger’s regression tests refused to verify the publication bias for TG compared with olive oil (p = 0.34), TG versus omega-6 (p = 0.06), HDL compared with olive oil (p = 0.56), and TC in comparison to omega-6 (p = 0.55). However, publication bias was confirmed for TC compared with olive oil (p = 0.01) and TC versus omega-6 (p = 0.02), LDL compared with olive oil (p = 0.01), and LDL versus omega-6 (p = 0.002).



Grading the evidence

We applied the GRADE approach to rate the evidence certainty. According to the GRADE approach, the evidence certainty was scored very low to low for all outputs, as presented in Supplementary Table S3.




Discussion

The results of a pooled meta-analysis of 35 RCTs indicated that CLA consumption can increase the level of TG in comparison to olive oil; however, it can decrease TC level in comparison to placebo. This meta-analysis illustrated that CLA supplementation did not change HDL and LDL. As part of this review, a dose–response analysis indicated a significant non-linear connection between the duration of CLA supplementation compared with olive oil in total cholesterol serum reduction; the reduction trend of total cholesterol serum started from the 15th week. Our subgroup analysis revealed that CLA consumption in a dosage of less than 3.4 mg/d with duration of ≤12 weeks in individuals younger than 45 years and BMI <30 kg/m2 can significantly increase TG concentration in comparison to olive oil. In animal studies, CLA is reported to have hypotriglyceridemic and anti-atherosclerotic features (65). One trial showed that 8 weeks of CLA supplementation reduced plasma TG and VLDL cholesterol in men and women with normal concentrations of lipids in the blood (24). However, other studies have shown that various doses of CLA supplement form of naturally fortified foods or industrially produced supplements do not affect blood lipids (66, 67). Observed differences between CLA efficacy in animal and human studies may result from differences in supplement dose, duration, species-specific physiology, sex, or initial metabolic state of study samples (27). Mougios et al. (51) reported that 0.7 g/d CLA for 4 weeks caused a reduction in TG levels. Some studies indicated that CLA does not affect serum levels of TG (68). One study reported that CLA supplementation without exercise could lower triacylglycerol concentrations (24), but many studies failed to observe this effect (50, 69, 70). In most studies where CLA supplementation did not affect triglycerides, participants had normal serum triglyceride levels, so probably no changes were observed. On the other hand, olive oil is rich in MUFAs, terpenes, and phenols due to oleic acid, and studies have shown that consuming MUFA-rich dietary fats reduced serum triglyceride levels (71, 72). For this reason, in the current meta-analysis, CLA supplementation appears to increase serum triglyceride levels compared with olive oil.

Our study showed that CLA supplementation may reduce TC concentration when compared with placebo. Moreover, subgroup analysis also revealed that CLA consumption significantly reduced TC concentration in dosage of more than 3 mg/d with duration of ≥8 weeks in subjects older than 25 years and BMI ≥25 kg/m2. According to our results, TC levels did not significantly change among non-obese subjects but significantly reduced among obese and overweight subjects. The CLA supplementation in some animal studies lowered cholesterol levels, but in most human studies, total cholesterol and LDL-C were not significantly affected by CLA (11, 70). A recent study in 2022 found that fortifying yogurt with CLA had no significant effect on serum lipids (68). CLA isomers act as PPARγ ligands and enhance their activity. Since peroxisome proliferator-activated receptor gamma (PPAR-γ) is a critical transcription factor in hepatic lipid metabolism, CLA isomers act as PPARγ ligands and enhance its activity and lower serum total cholesterol (73, 74).

Our results represented that CLA supplementation showed no effect on levels of HDL and LDL. Our outcomes are consistent with preceding research that observed no impact of CLA supplementation on HDL and LDL. In most of these studies, subjects were normolipidemic. Subgroup analysis showed that CLA supplementation reduces the level of HDL serum compared with omega-6 and placebo in women. Warensjo et al. (75) indicated that women have significantly higher levels of delta-6 desaturase activities than men, and therefore, they might need higher doses of CLA supplementation than men. This may explain why studies on women showed no significant improvement in HDL-C after CLA supplementation. Furthermore, subgroup analysis showed decreased HDL-C serum concentrations after CLA supplementation in studies using olive oil in the control groups under the following conditions: in men aged ≥45 years, over 12 weeks of supplementation, and dosage ≥3.4 mg/day. A decrease in plasma HDL-C levels has been reported as a side effect of CLA supplementation (76), and Tholstrup and Riserus also reported that CLA supplementation lowered HDL-C levels (43, 77). However, in some research studies, the mixture of CLA isomers failed to affect HDL-C levels (78).

A current meta-analysis reported that CLA supplementation compared with studies that used omega-6 in their control group could only increase TC in men. Most studies have ignored the effects of these vegetable omega-6 oils as a placebo, which may further mislead the results. It has been reported that sunflower oil compared with CLA supplementation reduced serum levels of TC (79). CLA encodes enzymes involved in testosterone biosynthesis such as 17α-hydroxylase/17,20-lyase can upregulate genes, thereby increasing testosterone synthesis (80). Testosterone interference modulates the expression of lipid metabolism (81), which can explain the result.

Another result of the study was that in subjects over 45 years, CLA can reduce serum levels of LDL compared with the group that received omega-6. One study reported that rabbits fed by CLA had significantly lower LDL cholesterol, but no significant changes were observed in the HDL concentrations. In older adults (>45 years), CLA may lower LDL due to altered gene expression. Aging appears to increase the expression of multiple genes that intermediate the inflammatory process, such as the induction of interleukin-6 by NO synthase (iNOS) (82). CLA supplementation by suppressing the iNOS gene expression can reduce IL-6 (83). It should be noted that the mechanism of action of CLA on lipid profile is complex and is not yet fully understood. Moreover, no compromise is advised on CLA-recommended dosage, while the existing evidence proposed 3 g/d as the highly desirable (84).

To the best of our knowledge, it is the first graded, dose–response meta-analysis and systematic review, evaluating the effect of CLA supplementation on lipid profile. Meta-analyses and systematic reviews are at the forefront of clinical evidence (85). However, we observed between-study heterogeneity among the included studies, but subgroup analysis revealed potent heterogeneity sources. Furthermore, the dose–response analysis was another strength of the present review. The current study also had some limitations. Trials were performed on subjects with various health statuses, moreover trials used different doses and different mixtures of CLA isomers that could affect our results. Moreover, publication bias was found in the results for TC versus olive oil, TC versus omega-6, LDL versus olive oil, and LDL versus omega-6.



Conclusion

The meta-analysis and comprehensive systematic review of placebo-controlled and randomized clinical trials revealed that CLA supplement is not able to modify lipid profile, and it seems necessary to determine the optimal mixture of CLA isomers in people with different health statuses.
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