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Abstract: Background: Many studies have investigated the effect of alpha-lipoic acid (ALA) supplementation on lipid profile, and different
results have been obtained from these studies. The current systematic review and dose-response meta-analysis was conducted to achive a
strong conclusion about the effect of ALA supplementation on lipid profile including total cholesterol (TC), low- and high-density lipoprotein
cholesterol (LDL, HDL) and triglycerides (TG). Methods: A systematic search was performed in PubMed, SCOPUS, ProQuest and Embase for
randomized placebo-controlled human trials that examined the effect of ALA supplementation on lipid profile up to November 2020. The dose
and duration of ALA supplementation for included studies were ranged between 300–1200 mg/d and 2–16 weeks respectively. Weighted mean
differences (WMD) and 95% confidence intervals (CIs) were used to evaluate the effect size. Cochran’s Q and I2 tests were also used to assess
between-study’s heterogeneity. In addition, subgroup analysis was performed to investigate potential sources of heterogeneity. Dose-response
relationship was done using fractional polynomial modeling. Results: Among all eligible studies, 12 studies with a total number of
548 participants were selected. ALA caused a significant reduction on TC (WMD): �10.78 mg/dl, 95% CI: �20.81, �0.74, P=0.002),
LDL (WMD: �10.88 mg/dl, 95% CI: �19.52, �2.24, P=0.014) and TG (WMD: �31.02 mg/dl, 95% CI: �49.63, �12.42, P<0.001). There
was also a non-significant increaes in HDL concentrations. In addition, dose-response analysis showed a positive association between LDL
(Pnon-linearity=0.026), TG (Pnon-linearity<0.001) and duration of intervention in a non-linear model. Conclusion: The present meta-analysis revealed
the beneficial effects of ALA supplementation on TC, LDL and TG levels. Moreover, the beneficial effects of ALA supplementation on LDL and TG
levels was duration-dependent.
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Abbreviations

CVD: cardiovascular disease; ALA: Alpha-lipoic acid; LPL:
lipoprotein lipase; LCAT: lecithin cholesterol acyltrans-
ferase; VLDL: very low-density lipoprotein; FAS: fatty acid
synthase; ACC: acetyl-CoA carboxylase; RCT: randomized
controlled trial; WMD: weighted mean difference; SD:
Standard Deviation; CI: Confidence Intervals.

Introduction

Metabolic disorders are a set of pathophysiological condi-
tions that result frommetabolismabnormalities andenergy

imbalance [1]. Metabolic disorders increase cellular
dysfunction, redox imbalance and lead to pre-oxidative
status.Oxidative and inflammatory conditions are the basis
of several diseases such as diabetes, cardiovascular compli-
cations, and tumor development. Therefore, investigating
the clear link between oxidative stress andmetabolic disor-
ders can be effective and useful in the prevention and treat-
mentofdiseases [2]. Lipidprofilemanagement and lifestyle
modification are effective in primary and secondary
prevention of metabolic disorders such as cardiovascular
diseases (CVD). Therefore, it is necessary to pay much
attention to dietary supplements such as alpha-lipoic acid
(ALA) and reveal their possible beneficial role in treatment
of dyslipidemia [3, 4].
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ALA, as a potent antioxidant, corrects lipid metabolism
disturbances. As a sulfur containing compound, ALA is
synthesizednaturally inhumanbodyby lipoic acid synthase
11 in a very small amounts [5, 6]. ALA, also known as
Thioctic acid, is chemically structured as 1, 2-dithiolane-3-
pentanoic acid (C8H14O2S2); it has also two different
enantiomers, including active isomer (R) and isomer (S).
R-ALA, in the form of lipoyl lysine, is found in several ani-
mal foods in low amounts and daily consumption of ALA
in these foods (e.g. heart, muscles, liver, and kidneys) is
relatively low to achieve a healing effect [7]. Previous
studies have proven the functions of ALA in neutralizing
reactive oxygen species (ROS), regenerating endogenous
antioxidants such as vitamins C, E, and glutathione
(GSH), chelating metal ions, and repairing proteins that
are damaged due to oxidation [6, 8].

Beside its anti-oxidative and anti-inflammatory proper-
ties, it is also involved in fat metabolism adipogenesis
inhibition [4]. Evidence indicates that it exhibits favorable
lipid-lowering responses through severalmechanisms such
as: inhibition of hypothalamic adenosine mono-phosphate
(AMP)-activated protein kinase (AMPK) to reduce food
intake (anti-obesity properties), stimulation of energy
expenditure by regulating expression of uncoupling protein
1, inhibition of fatty acid synthesis, modulating hepatic
βoxidation of fatty acids anddecreasing hepatic lipogenesis
[9]. In a study, ALA, caused a significant reduction in LDL
and TC among high-cholesterol, high-fructose diet fed
rabbits [10]. It seems that lipid lowering effects of ALA
are generally, attributed to hepatic β-oxidation and free
radical scavenging activities (Figure 1).

There are many RCT studies with inconsistent results
about the effects of ALA administration on lipid profile.
There is only one meta-analysis study that examined the
effects ofALA supplementation on lipid profilewith 11 trials
[11]; while in the current study, as an updated systematic
study and meta-analysis, we evaluated the effects of ALA
supplementation on lipid profile in a dose-response
manner.

Method

This study is reported based on the Preferred Reporting
Items for Systematic Reviews andMeta-Analysis (PRISMA)
checklist (Table E1 in electronic supplementary material,
ESM 1.

Search strategy

A systematic search on PubMed, SCOPUS, ProQuest, and
Embase for randomized placebo-controlled human trials

was performed with no language restrictions; the studies
that examined the effect of ALA supplementation on lipid
profile up to November 2020 were included. A sample
search strategy for PubMed database was as follows:
“Alpha-lipoic acid”OR “α lipoic acid” AND “serum lipids”
OR “plasma lipids” OR “low-density lipoprotein choles-
terol”OR“LDL”OR“high-density lipoprotein cholesterol”
OR “HDL” OR “total cholesterol” OR “TC” OR “triglyc-
eride” OR “TG”. Hand-searching was performed using a
reference list of all related articles, previous review studies,
and meta-analysis. The study was carried out using the
PICO(Population, Intervention, comparator, andoutcome)
design. PICO stands for Population (general adult popula-
tions), Intervention (supplementation with ALA), Compar-
ison (with control or placebo groups), and outcomes
(changes in TC, LDL, HDL and TG) (Table E2 in ESM 1).

Eligibility criteria and study selection

Published articles with the following criteria were included
in the current study: (1) Randomized placebo-controlled
trials (either crossover or parallel design) that were con-
ducted among adults (18 years or older), (2) Studies that
administered only ALA, and (3) Studies that reported TC,
LDL, HDL and TG levels before and after the intervention.
If several studies with the same data set were recognized,
only the most complete one was included in this meta-
analysis. The studies with observational, experimental
and in vitro design, reviews, grey literature (comments,
book chapters, letters, conference papers, and seminars)
and the studies that were conducted among children and
pregnant women were excluded. Search results and litera-
ture review uploaded to EndNote software (X8 version,
for Windows, Thomson Reuters). Retrieved citations were
merged and the duplicates were removed. Two indepen-
dent authors evaluated and reviewed all of the selected
articles according to their title, abstract and then full-text
for possible eligibility. Finally, the articles which did not
meet the eligibility criteria were excluded. The full text of
the relevant manuscripts were retrieved and evaluated.
Any disagreement between the researchers was discussed
and resolved.

Data extraction

Two independent researchers screened the full text of
selected eligible articles, and extracted the following char-
acteristics: name of the first author, geographical area, year
of publication, sample size, age and sex of participants,
study design, the health status of participants, duration of
intervention, ALA dosage, number of study participants in
placebo and treatment groups, baseline BMI of participants
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and the outcomes (mean and standard deviation (SD) of the
TC, LDL, HDL and TG).

Quality assessment

Two researchers separately evaluated the quality of
selected studies according to theCochrane risk-of-bias tool.
This tool is composed of following items: random sequence
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment,
incomplete outcome data, and selective reporting. Accord-
ing to the Cochrane tool, the studies were classified into
three categories: “low”, “high” or “unclear” risk of bias.
The quality of each study is considered “good”, “fair” and
“weak”when it has at least 3, 2 and less than 2 low-risk bias
items respectively. Detailed explanations of the study qual-
ity are shown in Figure 2. Moreover, the details of quality
assessment of included studies are presented in Table E3
in ESM 1.

Data synthesis and statistical analysis

We examined the effect of ALA supplementation on TC,
LDL, HDL and TG levels in mg to deciliter. To evaluate
theoverall effect sizes in themeta-analysis, themeandiffer-
ences and SD of the lipid profile between the intervention
and control groups were used. The effect size was defined
as the mean weighted mean difference (WMD) and

95% CI. The non-linear potential effects of ALA duration
and dosage of intervention on lipid profile were examined
using fractional polynomial modeling. Cochrane Q and
I-square (I2) tests were used to determine the heterogeneity
within and between the study. I2 values of less than 25%,
25%–50% and more than 50% were considered as no
heterogeneity, moderate heterogeneity and high hetero-
geneity levels. P-values less than 0.1 and/or I2 more than
50% were representative of significant heterogeneities.
Subgroup analysis was performed to identify the potential
sources of heterogeneity. Sensitivity analysis was per-
formed to evaluate the effect of each study on the overall
outcome according to the duration of intervention, ALA
dosage, and baseline values of lipid profile, health status,
sample size, region, sex, and quality of the study. Also,
Egger’s and Begg’s regression tests with corresponding
funnel plots were used to evaluate the publication bias.
Statistical analyzes were performed using software Stata
version 13 and P-values less than 0.05 were considered
statistically significant.

Results

Search results

A total of 847 studies identified through searching in
electronic databases. After removing 467 duplicates and

Figure 1. The role alpha-lipoic acid in fat metabolism (LPL: Lipoprotein lipase; LACT: Lecithin-cholesterol acyltransferase; LDL: Low density
cholesterol; Apo A: Apo protein A; ACC: Acetyl-CoA carboxylase; FAS: Fatty acid synthase; AMPK: AMP-activated protein kinase; CPT: Carnitine
palmitoyl transferase I; TC: Total cholesterol; TG: Triglycerides).

Int J Vitam Nutr Res (2023), 93 (4), 352–361 �2021 Hogrefe

354 M. Mahmoudinezhad & M. A. Farhangi, ALA and lipids



screening the remained studies, 428 studies were excluded
according to title and abstract. Finally, 12 studies met the
inclusion criteria and were included into the analysis. This
process has been provided in Figure 3.

Study features

The study characteristics of 12 eligible articles are pre-
sented in Table 1. A total of 548 participants were included
in the present meta-analysis aged between 14 and 70 years
old. All studieswere conducted among both genders except
one study that included justmen [12]. Includedstudieswere
randomized, double-blinded, placebo-controlled trials that
were performed between 2008 and 2020 and the majority
of included studies were conducted in Iran [8, 9, 13] and
China [10, 14, 15]. The ALA dosage was ranged from
300 [15, 16] to 1200 [8]mg/day and the duration of supple-
mentation varied from 2 [10] up to 16 [17] weeks. The
included studies weremostly performed among apparently
healthy individuals except some of them that were
performed among patients with type 2 diabetes [8, 12, 15,
16, 18], stroke [9], schizophrenia [6], end stage renal dis-
eases [13], age-related macular degeneration (AMD) [14]
and obesity [10].

The results of the meta-analysis of the effects
of ALA supplementation on TC
Overall, eleven study that included 518 participants evalu-
ated the effect of ALA supplementation on TC level [6, 8,
9, 10, 13, 14, 15, 17, 18, 19]. The effect size and the forest plot
of the related random effect analysis is presented in
Figure 4A. According to the results ALA supplementation

was associated with 10.78 mg/dl reduction in blood TC
(WMD: �10.78 mg/dl, 95% CI: �20.81, �0.74, P=0.002;
I2=63.6%, P=0.002) (Figure 4A). According to the
Table E4 in ESM 1, study duration, dose, sample size, geo-
graphical locations and quality of studies were identified
as possible sources of heterogeneity. It has been shown that
the studies with supplementation period of more than
10 weeks, lower doses of ALA administration, and those
which were conducted in USA had 0% heterogeneity.

The results of the meta-analysis of the effects
of ALA supplementation on LDL
Totally 518 individuals were included from 11 studies that
evaluated the effect of ALA supplementation on LDL
[6, 8, 9, 10, 12, 13, 14, 15, 17, 18, 19]. The related forest
plot is provided in Figure 4B. Significant reduction in
LDL was attributed to ALA supplementation (WMD:
�10.88 mg/dl, 95% CI: �19.52, �2.24, P=0.014;
I2=78.1%, P=0.000) (Figure 4B). According to the sub-
grouping analysis, study duration, dosage of intervention,
sample type, health status, geographical locations and qual-
ity were potent heterogeneity sources (Table E5 in ESM 1).

The results of the meta-analysis of the effects
of ALA supplementation on HDL
Similarly, 11 studied that evaluated the effect of ALA
supplementation on HDL with 518 participants were
analyzed [6, 8, 9, 10, 12, 13, 14, 15], 17, 18, 19] and effect
size of included studies are shown in Figure 3C (WMD:
2.82 mg/dl, 95% CI: �0.69, 6.40, P<0.001; I2=85.7%,
p<0.001) (Figure 4C). The results of subgrouping
(Table E6 in ESM 1) revealed that study duration, supple-
mentation dosage, health status, sample size, location,

Figure 2. COCHRANE’s tool for assessing risk of bias.

�2021 Hogrefe Int J Vitam Nutr Res (2023), 93 (4), 352–361

M. Mahmoudinezhad & M. A. Farhangi, ALA and lipids 355



design and quality of the study were hetrogeneity sources.
Furthermore, the studies that were performed among dia-
betic patinets or those that were performed in USA had
reduced heterogeneity level.

The results of the meta-analysis of the effects
of ALA supplementation on TG
Results indicated that ALA supplementation signifi-
cantly reduced TG level (WMD: �31.02 mg/dl, 95% CI:
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Figure 3. Flow diagram of study screening and selection process.
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�49.63,�12.42, P<0.001; I2=78.1%, p<0.001; Figure 4D).
Moreover, duration of the study, ALA dosage, sample
type, health status, sample size, design, location and quality
of included studies were recognized as sources of hetero-
geneity (Table E7 in ESM 1).

The results of dose-response meta-analysis for the
association between the dose and duration of ALA
supplementation against lipid profile
The results of the association between ALA dosage and
duration with lipid profile in a dose-responsive manner
are presented in Figure 5 AH. Following dose-response
analysis, ALA administration caused a decline in LDL
(Pnon-linearity=0.026) and TG (Pnon-linearity<0.001) depend-
ing on the duration of the intervention in a non-linear
model. No evidence of non-linearity for other parameters
were observed.

Publication bias
Egger’s and begg’s tests were employed to identify publica-
tion bias for the included studies. No publication bias
was reported for TC (Begg’s test, P=0.815; Egger’s test,
P=0.743), LDL (Begg’s test, P=0.815; Egger’s test,
P=0.925) and HDL (Begg’s test, P=0.586; Egger’s test,
P=0.575) (Figure E1 in ESM 1). Although the results of
Begg’s test showed no publication bias for TG (P=0.217),
but because of significant level for Egger’s test (P=0.005),
we performed fill and trim analysis (Figure E2 in ESM 1)
and the effect size of random effect model was as follows:
WMD: �54.106, OR:�73.084, �35.128; P<0.001.

Discussion

The statistical analysis revealed a favorable effect of ALA
supplementationin on lipid profile. The findings indicated
that ALA consumption caused a significant reduction in
TC, LDL, TG levels among different health status. A non-
significant increase in HDL values was also observed. In
line with our meta-analysis, El-Farok et al [20] and Amom
et al [21] reported that ALA consumption contributed to
improvement of TC and LDL. It seems that cholestrol-low-
ering effcet of ALA is associated with a decreased level of
plasma PCSK9, increased lipoprotein lipase (LPL), lecithin
cholesterol acyl transferase (LCAT)andhepaticLDLrecep-
tor protein activities [22, 23, 24]. Anothermechanism is the
elevated level of apo-protein A and adiponectin syntheses
which improve free fatty acid β-oxidation [9, 22]. Similarly,
this findingwas repeated in animalmodel carriedout by Ide
et al too [25]. In contrast, Sun et al [14] and Baziar et al [8]
failed to show a significant effect of 600 and 1200 mg
ALA consumption on TC and LDL levels [8].

(A)

(B)

(C)

(D)

Figure 4. The forest plot showing the weighted mean difference
(WMD) of the effect of ALA on cholesterol (A), LDL-C (B), HDL-C (C) and
TG (D).
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(A) (B)

(C) (D)

(E) (F)

(G) (H)

Figure 5. Dose-response association between the ALA dosage and duration with the study outcomes [TC (A, B); LDL-C (C, D) HDL-C (E, F) and TG
(G, H)]. Linear relation (solid line) and 95% CI (gray area) of mean difference in study outcomes by 1 mg/d increment in ALA dosage or 1 week
increment in ALA treatment duration.
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Moreover, similar to our study, Mohammadi et al.
showed a significant decreased level of TG by 600 mg
ALA adminstration in patients with stroke [9]. Prior studies
showed that ALAmay protect the liver against TG accumu-
lation through down-regulation of hepatic acetyl-CoA
carboxylase (ACC) and fatty acid synthase (FAS) expres-
sion; as a consequence, lipogenesis suppresses and expres-
sion of carnitine palmitoyl transferase Ia increases [26, 27].
Moreover, ALA administartion might be associated with
inhibition of AMPK and ACC activity [28].

Our findings indicated a positive effect of ALA on serum
HDL levelwhichwasnot significant. Although several stud-
ies have shown a significant effect of ALA on increasing
level of HDL [13], there are some studies that reported no
significant change in HDL level due to ALA treatment
[14]. The uderlying pathways involved in the effects of
ALA on serum HDL is not clear. However, evidence indi-
cates that inflammatory status may promote overexpres-
sion of endothelial lipase and redcued HDL level in mice
[29, 30, 31].

These lipid modulating effects of ALA have been imple-
mented through several mechanisms. So it seems logical
to use it as a adjunct treatment in treating dyslipidemia. In
addition, dose-responsive analysis revealed a significant
association ofLDLandTG levelwith the periodof interven-
tion in a non-linear model. It has been demonstrated that
ALA supplemetation, up to 12week, can improve LDL level
while intervention period of more than 12 weeks has not
beneficial effects in reducing LDL.

The current meta-analysis is the first comprehensive,
dose-responsive and up to date study that evaluated the
effects of ALA administration on lipid profile. The results
were also subgrouped according to numerous factors
including health status, sample type, age, gender and the
study quality for finding the possible heterogeneity sources.
However, the significant heterogeneity of the included
studies limits the generalizability of our results.

Conclusion

The current study showed that ALA supplementation may
have positive significant effects on LDL and TG concentra-
tions. So it can be suggested as a add-on treatment in
therapeutic protocol of patients with lipid disorders. Also,
duration of supplementation with this compound is crucial
to exert its beneficial effects on LDL and TG levels.
Conducting additional studies with larger sample sizes in
different populations is needed to shed the light in this
concept.

Electronic supplementary material

The electronic supplementary material (ESM) is available
with the online version of the article at https://doi.org/
10.1024/0300-9831/a000732
ESM 1.PRISMAChecklist (Table E1), Search strategies and
the number of records according to different electronic
database (Table E2), Quality of bias assessment of the
included studies according to the Cochrane guidelines
(Table E3), Results of subgroup analyses for the effects of
ALAon serumTCconcentrations according to intervention
or participant characteristics (Table E4), Results of
subgroup analyses for the effects of ALAonLDL-C concen-
trations according to intervention or participant character-
istics (TableE5),Resultsof subgroupanalyses for theeffects
of ALA on HDL-C values according to intervention or par-
ticipant characteristics (Table E6), Results of subgroup
analyses for the effects of ALA on TG values according to
intervention or participant characteristics (Table E7),
Begg’s funnel plot (with pseudo 95%CIs) of theWMD ver-
sus the se (WMD) for studies evaluating the association
between ALA supplementation and (A) TC (B) LDL-C (C)
HDL-C and (D) TG values. CI, confidence interval; WMD,
weighted mean difference (Figure E1), Filled funnel plot
with pseudo 95% confidence limits for studies evaluating
the association between ALA supplementation and TG
values (WMD: �54.106, CI: �73.084, �35.128; P<0.001)
(Figure E2).
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