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Abstract

Alpha-lipoic acid (ALA) has various effects on health, one of which is its impact on lipid
levels in the blood. Preclinical studies have demonstrated this effect. Nonetheless, the
outcomes of clinical evaluations have been contradictory. Systematic reviews on this subject
have also yielded conflicting findings. This study conducted a systematic review and meta-
analysis of randomized controlled trials to evaluate the effects of ALA on changes in various
blood lipid levels. We discovered that ALA significantly reduced triglyceride (TG) levels (-
6.299 mgdL?® 95% CI -10.104 to -2.494); however, the studies contributing to this
significant finding were found to confer a high risk of bias. In contrast, no significant effects
were observed on the levels of total cholesterol (TC; 0.304 mgdL ! 95% CI -3.436 to 4.044),
High-density Lipoprotein (HDL; -1.460 mgdL™ 95% CI -5.445 to 2.525), or Low-density
Lipoprotein (LDL; 0.226 mgdL* 95% CI -0.711 to 1.163). Although the dose of ALA and
the duration of administration did not show statistically significant effects, it was observed
that ALA doses not exceeding 1,200 mg per day and administration for approximately 16
weeks were more effective in reducing TG levels. We discovered that our study also
contained research with small sample sizes and high degree of heterogeneity between
studies. These findings highlight the potential lipid-modifying consequence of ALA,
especially triglyceride-lowering effect, emphasizing the prominence of appropriate dosing
along with duration of treatment.

Keywords: Alpha-lipoic acid, triglycerides, cholesterol, cardiovascular diseases, systematic
review, meta-analysis

Introduction

The prevalence of dyslipidemia, characterized by abnormal lipid levels, is a well-known significant risk
determinant for cardiovascular diseases (Libby et al., 2009). From recent studies, there were significant
link between elevated triglycerides (TG) and increased risk of cardiovascular disease, in which the
pathophysiology seemed to be complicated with available treatment options (Miller et al., 2011). From

contemporary years, there has been exponential attention in dietary supplements which aid in lipid

*Corresponding Authors’ Email: *annymedrsu24@gmail.com 1

@0



https://doi.org/10.17501/24246778.2024.310
mailto:*dima_qutub@hotmail.com

Netsuksang et al., /Lipid-lowering Effect of Alpha-Lipoic Acid: A Systematic Review and Meta-analysis...... .......

management. Niacin and fish oil also plays role in lowering the lipid level in the blood, although some
concerns arise with these agents, for instance, fish oil also elevate low-density lipoprotein (LDL)
cholesterol while niacin can cause gastrointestinal upset, flushing, and hyperglycemia (Pashaj et al.,
2015). There is now a growing body of research studying dietary supplements with potential lipid-
lowering effects. Alpha-lipoic acid (ALA), also known as thioctic acid, is a substance that contained
eight carbon with a disulfide bond, found in both plants and animals. However, in humans, this
compound is produced in a miniscule amounts, making dietary intake essential, with sources including
meat, vegetables, and fruits . ALA is discovered in mitochondria and is necessary for the functioning
of enzymes involved in the citric acid cycle, which is crucial in cellular activity. In mitochondria, ALA
binds to the E2 subunit and acts as an organic molecule essential for the functioning of pyruvate
dehydrogenase and also a-ketoacid dehydrogenase complexes. It is also participated in metabolism of
lipid and glucose, functions as an antioxidant, reduces inflammation in the body, chelates heavy metals,
prevents LDL oxidation by free radicals in the bloodstream, and inhibits the enzyme HMG-CoA
reductase (Ghibu et al., 2009; Goraca et al., 2011; Salehi et al., 2019).

There are pre-clinical researches that probed the potential lipid-modifying effect of ALA (Asztalos et
al., 2007; Butler et al., 2009; Carrier et al., 2014; M. Y. Kim et al., 2011; Lee et al., 2008; Seo et al.,
2012). Recently, several studies have investigated the lipid-decreasing properties of ALA in human.
While few studies have found that ALA can reduce lipid levels, others have not shown significant
effects. This signify the inconsistencies from prior works. The presence of additional randomized
controlled trials (RCTs) may provide clearer evidence of ALA’s potential to lower lipid levels. This
study hopes to clarify disparities in prior work on the effects of ALA on lipid profiles by applying strict

inclusion criteria, with an emphasis on studies using oral administration.

Therefore, the purpose of this study is to conduct a systematic and up-to-date review of the literature to

assess the lipid-lowering effects of ALA and determine how dosage and duration affect these effects.

2. Materials and Methods

Literature Search

A inclusive literature inspection was demonstrated across various sources to identify randomized
controlled trials that scrutinized the effects of ALA on lipid profiles. The sources include Pubmed,
Scopus, Cochrane Library, Ovid, ScienceDirect, and GoogleScholar. Inclusion criteria was randomized
controlled trials in human with the age of 18 or more, analysis in blood lipid response including total
cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and/or low-density lipoprotein

(LDL) as primary or secondary endpoints, dose of ALA, publication in English, treatment period of at
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least 1 month, and oral ALA administration. Exclusion criteria include usage of other lipid-lowering
drugs or antioxidant known to interfere the ALA effect, multiple intervention (e.g., another supplement)
in the treatment arm, which does not exist in control arm, type of research as case report, abstract or
review, using the intravenous ALA, and measuring the cholesterol and triglyceride in subcutaneous

adipocyte.

Data Extraction

The author extracted data from the following aspects of the studies: the primary researcher, study title,
country of study, publication year, study population and location, sample size of the group receiving
ALA and the placebo or control division, age of participants, types of blood lipids measured, dose of
ALA used in each study, duration of the study, method of administration of ALA, and study outcomes,
which were evaluated based on levels of TC, TG, HDL, and LDL obtained from blood.

Quality Assessment

The quality of the chosen studies was estimated via the quality assessment tool according to the
Cochrane Handbook for Systematic Reviews of Interventions (version 6.4) published in 2023 (Higgins
et al., 2023). The assessment utilized the Cochrane risk-of-bias tool for randomized trials (RoB 2),
which is separated into five main topics to determine the risk of bias (Jonathan A C Sterne et al., 2019).
Each domain was assessed using a set of signalling questions, with possible responses being "yes,"

"probably yes," "probably no," "no," or "no information.". The responses to these signalling questions
were aggregated by the analysis software, which then determined the overall risk of bias in each topic.
The possible outcomes were low risk of bias, some concerns, or high risk of bias. Out of the 20 studies,
7 were recognized as low risk, 6 as containing some concerns, and 8 as high risk. The most frequent
issues were related to the randomization procedure and noncompliance from the purposed interventions,

particularly in older studies, as seen in Figure 1

Statistical Analysis

The pooled effect of continuous data was analysed using the weight mean difference (MD) to compare
outcomes and presented with Forest plot, with statistical significance indicated by the 95% confidence
interval (Cl). The random-effects model, specifically with the aid of the DerSimonian and Laird method,
was implemented for the calculations due to the expected heterogeneity among the included studies,
which could result from differences in study design, populations, ALA dosages, and outcome
measurements. Statistical heterogeneity was appraised by means of Cochrane Q and I2 statistic.
Subgroup analysis was conducted for exploration of potential sources in heterogeneity, provided there
were sufficient studies available. Sensitivity analysis was done to focus on specific groups of interest

based on the selected studies. We investigated the relationship between dose of ALA or duration of
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ALA administration with lipid change by polynomial regression. Publication bias was evaluated using
a Funnel plot, together with statistical tests conducted using Begg’s test and Egger’s test. The obtained
results were summarized following the guideline from Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) 2020. Data entry and analysis were performed using RStudio
program. Significance in statistical parameters was obtained with the significant level of p<0.05 while

other cut off, mainly p<0.1, was implemented for Begg’s test and Egger’s test.
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Figure 1: Risk of Bias 2 (RoB2) was used as assessment tool for the risk of bias. Each component of
assessment includes D1 to D5 as bias originating from the randomization process, bias due to deviations
from intended interventions, bias due to missing outcome data, bias in measurement of the outcome,

and bias in selection of the reported result. The summarized results are interpreted as low risk of bias
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(green), some concerns (yellow), or high risk of bias (red). From the figure, there were 7 studies, 6

studies, and 8 studies with low risk, some concerns, and high risk of bias respectively.

3. Results and Discussion

A complete list of 14,823 articles were recruited across multiple sources, including 5,124 studies from
PubMed, 638 from the Cochrane Library, 3,660 from Google Scholar, 2,196 from Scopus, 189 from
Ovid, and 3,016 from ScienceDirect. These studies were collected up until February 23, 2024. After
removing 2,506 duplicate articles, 12,317 articles remained for screening based on their titles and
abstracts. In this stage, 12,099 articles were excluded as they were not relevant to the study's focus,
leaving 218 articles for full-text screening according to inclusion criteria. There are 20 relevant studies
included in our study, as depicted in Figure 2.

Records identified through database searching
through 23 February 2024 (n = 14,823)

| Records after duplicates removed (n =12,317) |

—bi Articles excluded on the base of title & abstract (n = 12,099) E

l Full-text articles evaluated for eligibility (n = 218) |

198 Articles excluded for the following reasons

» 127 studies; population doesn’t match

7 studies; ALA IV

4 studies; Not RCT

45 studies; ALA along with other supplement(s) or medication
11 studies; No lipid measurement

6 studies; Cannot assess full paper

3 studies; Other languages
5 studies; Narrative review

20 Articles included

YV VYV VY YVYY

Figure 2: Steps and number of literatures from each screening process

We included 20 randomized, double-blinded, placebo-controlled studies conducted between 2006 and
2023, primarily in Iran, with others from South Korea, the United States, and various other countries.
This studies involved diverse participant groups, along with individuals with type 2 diabetes, obesity,
and various other health conditions. The administered doses of ALA scoped from 100 mg to 1,800 mg
per day, with most studies using 600 mg per day, over durations ranging from 1 month to 24 weeks.
The methods of ALA administration varied, with some studies specifying intake before meals and others
during or after meals. Notably, the literature by Koh et al., which explored the effects of ALA in
overweight participants, administered two different doses of ALA—1,200 mg and 1,800 mg per day.
Therefore, this study was split into two separate analyses, as seen in Table 1. Additionally, the study by

Atmaca et al. (Usta Atmaca & Akbas, 2017) was kept out from our analysis on an account of the
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deprived of information about the blood lipid levels in the control group, therefore determination of

lipid difference cannot be done.

Fraction of the studies comprised in our review reported comparisons of various blood lipid levels
before and after taking ALA or between lipid levels after taking ALA versus after taking a placebo.
However, these comparisons may not be entirely accurate and could lead to misunderstandings. To
determine whether alpha-lipoic acid effectively reduces lipid levels compared to a placebo, it is
necessary to compare the differences in lipid levels before and after ALA administration with the
differences in lipid levels before and after placebo administration. This approach ensures that any
reduction in lipid levels is genuinely due to ALA and not the placebo effect or other factors. Reanalysis
of these studies using the correct comparison method might yield results that are not statistically
significant or that differ from the original findings. Among the researches incorporated in this study,
only three researches conducted the correct type of comparison: Bobe et al, Khabbazi et al, and Koh et
al (Bobe et al., 2020; Khabbazi et al., 2012; Koh et al., 2011). This difference in analysis methods
contributed to the distinct findings of this article compared to other reviews on similar topic. Moreover,
from the literature consolidated in this article, we noticed that most of the studies had lipid changes
reported as secondary outcomes. This diminishes the reliability of the findings regarding the
consequence of ALA on different lipid types. The primary outcomes of each literature were used to
determine the sample size, and the reporting of secondary outcomes was not systematically planned in
all studies. As a result, the reliability of these secondary outcomes is more uncertain, which may be one

reason why the conclusions drawn from this review differ from those of previous studies.

A meta-analysis of 19 studies involving 1,379 participants found that ALA significantly reduced TG
levels with a mean difference of -6.299 mg/dL (95% CI: -10.104 to -2.494). However, the heterogeneity
among studies was very high (12 = 90%, p < 0.01). Subgroup analyses was done and depicted no
significant differences based on study quality, dosage, study duration, participant condition, or timing
of administration, with the significant value of TG in the subgroup of duration of more than 8 weeks
(not shown here). Sensitivity analysis performed by removing certain studies, particularly Okanovic et
al. (Okanovi¢ et al., 2015), affected the overall results, suggesting these studies had a significant
influence, as in Supplemental figure 1. Despite this, the overall findings remained robust, though the

high 12 indicates substantial variability between studies as in Figure 2B.
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Table 1: Patient characteristics and brief result of each studies

Study Countr Patient Sample Size Age of Participants Parameter( AL Duratio ALA Study Findings
y Group (ALA/Contro (Mean  (SD) A n of Administ on ALA Effects
1) Median (IQR)) Dos Study ration
e Method
(mg
)
Sun et al, China Age-related 32/30 65.78(7.93)/64.47(8.13) TC, TG, 600 3 Not Insignificant
2012 macular HDL, months reported effectin TC, TG,
degeneration LDL HDL, and LDL
(AMD) after ALA
compared to
before ALA
Usta Turkey Type 223/21 56.1(6.6)/36.3(7.5) TC, TG, 600 6 weeks 30 Insignificant
Atmaca & diabetes HDL, minutes effect in TC, TG,
Akbas, mellitus LDL before HDL, and LDL
2017 meal after ALA
compared to
before ALA
Khabbazi Iran End stage 31/32 53.83(13.29)/54.30(14. TC, TG, 600 8 weeks After No  significant
etal.,, 2012 renal disease 56) HDL, breakfast effectin TC, TG,
with regular LDL HDL, and LDL
hemodialysi after ALA
S compared to
after placebo
Kim et al., South Schizophren 10/12 40.5(6.65)/40.08(9.14) TC, TG 120 12 30 No  significant
2016 Korea ia 0 weeks minutes effect in TC and
before TG after ALA
meal compared to
after placebo
Chang etSouth End  stage 25/25 63(6)/66(7) TC 600 12 Not No  significant
al., 2007 Korea renal disease weeks reported effect in TC after
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Gianturco Italy Type 2717 61(7)/58(16) TC, TG, 400 4 weeks Not Significant effect
et al., 2009 diabetes HDL, reported in HDL but no
mellitus LDL significant effect
in TC and TG
after ALA
compared to
after placebo
Li et al,China Obese and103/103 44(39-47)/43(38-47) TC, TG, 120 8 weeks 30 No  significant
2017 overweight HDL 0 minutes effectin TC, TG,
patients before and HDL after
meal ALA compared
to before ALA
Mohamma Iran  Stroke 33/34 62.33(6.19)/64.23(8.01) TC, TG, 600 12 1 hour Significant
di et al, HDL, weeks before or reduction in TC,
2017 LDL 2 hoursTG, and LDL
after and significant
lunch elevation in HDL
after ALA
compared to
after placebo
Okanovi¢ Bosnia Type 2 30/30 64.4(1.87)/61.0(1.7) TG 600 20 Not Significant
etal, 2015 diabetes weeks reported reduction in TG
mellitus, after ALA
overweight, compared to
with after placebo
peripheral
neuropathy
Lukaszuk USA Type 213/7 53.14(5.9)/56(6.7) TC, TG, 600 13 30 Insignificant
et al., 2009 diabetes HDL, weeks minutes effectin TC, TG,
mellitus LDL before HDL, and LDL
meals  after ALA
compared to
after placebo
Mirtaheri  Iran  Female 33/32 36.09(8.77)/38.28(8.63) TC, TG, 120 8 weeks 30 Insignificant
etal.,, 2014 patients with HDL, 0 minutes effectin TC, TG,
rheumatoid LDL before HDL, and LDL
meals  after ALA
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arthritis  in compared to
remission before ALA
Elewa, Egypt End  stage 35/35 49.17(11.16)/46.94(8.6 TC, TG, 600 13 Not No  significant
2020 renal disease 7 HDL, weeks reported effectin TC, TG,
with regular LDL HDL, and LDL
hemodialysi after ALA
S compared to

control group

Aslfalah et Iran

Conceivable 30/30

30.96(5.09)/31.10(5.03) TC, TG, 100 8 weeks Not No

significant

al., 2020 female HDL, reported effect in TG after
potential for LDL ALA compared
gestational to after placebo
diabetes
mellitus
Baziar etlran  Type 2 35/35 52.66(4.81)/53.34(4.45) TC, TG, 120 8 weeks 30 Significant
al., 2020 diabetes HDL, 0 minutes reduction in TG
mellitus LDL before  but insignificant
meals changes in TC,
HDL, and LDL
before and after
ALA and
placebo
administration
Mohamadi Iran  Intensive  40/40 46.9(17.5)/53.0(19.4) TC, TG, 600 8weeks1 hour Significant
etal., 2022 care unit HDL, before  reductionin LDL
patients LDL lunch or after ALA
2 hours compared to
after before ALA
lunch
Gosselin et USA  Prediabetes 12/12 47.1(2.9) all patients  TC, TG, 600 1 Taken Insignificant
al., 2019 with HDL, month  with effect in TC, TG,
sedentary LDL meals  HDL, and LDL
life after ALA

administration

Bobe et al., USA
2020

Overweight 31/33

participants

38(10)/40(8)

TC, TG, 600 24
HDL,
LDL

weeks

30  min Insignificant
effect in TC, TG,
HDL, and LDL

before

meals
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with lots after ALA

of fluid

administration

Ahmadi etlran  Patients with 23/19 40.39(8.90)/43.68(3.52) TC, TG, 600 12 Not Significant
al., 2022 metabolic HDL, weeks reported decrement in TG
syndrome LDL and TC;
insignificant
effect in HDL
and LDL after
ALA compared
to placebo group
Divkovic et Bosnia Patients with 41/48 43(34-47)/37(28-46) TC, TG, 600 3 Not Significant LDL
al., 2023 low-grade HDL, months reported increment after
squamous LDL ALA compared
intraepitheli to placebo group
al lesions
73/74 41.6(1.1)/40.7(1.1)  TC, TG, 120 20 30 No significant
HDL 0 weeks minutes effect on TC,
before TG, and HDL
Koh et al., meals
2011 South  Obesity
Korea patient
82/73 41.4(1.0)/40.7(1.1)  TC, TG, 180 20 30 No significant
HDL 0 weeks minutes effect on TC,
before TG, and HDL
meals

10
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Control Experimental Control
Study Total Mean  SD Total Mean  SD Mean Difference ™MD 95%-Cl Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl
Sun YD 32 657 417400 30 155 32.9300 -8.120 (-26.775; 10.535] Sun YD 32 266 517100 30 532 629200 -2660 [-31.434; 26.114]
Khabbazi T 31 250204900 32 -1.23 27.7400 3.730 [-8.287, 15.747) Khabbazi T 31 522 31550 32 0.11 51.9000 5.110 [-16.025; 26.245]
Kim NW 10 1390 27.4900 12 -9.50 30.1300 23400 [-0.702; 47.502] Kim NW 10 -2290 672400 12 125 732800 -24.150 [-82.936, 34.636]
Chang JW 25 -6.00 334100 25 0.00 31.2200 6.000 [-23.924; 11.924] lori A 7 270 773100 7 -1500 40.2900 12.300 (-52.282, 76.882)
forl A 7 816265100 7 -6.25 347700 -1.910 [-34.300; 30.480) LIN 103 709 859200 103 17.71 116.9200 -10.620 [-38.641; 17.401)
UN 103 1160 228200 103 6.57 25.1400 1~ 5030 [-1527;11.587] Mohammadi V 33 -1679 501800 34 153 57.4200 -18.320 [-44.120; 7.480]
Mohammadi V 331754 39.3500 34 0.38 35.9500 -17.920 [-35.983; 0.143] Okanovic 30 13463 258000 30 4872 26.7500 -85.910 [-99.209; -72611]
Lukaszuk J 13 -560 36.8000 7 -2.40 10.0000 -3.200 [-24.532; 18.132] Lukaszuk J 13 -39.60 1932000 7 -7.10 53.8000 32.500 [-144.831; 79.831]
Mirtaheri £ 33 030 315700 32 594 335800 - -5.640 [-21.495; 10.215] Mirtaheri E 33 -303 730400 32 -003 529200 -3.000 [-33.939; 27.939]
Elewa HA 35.13.36 213500 35 -6.44 219600 - 6920 [-17.067; 3227] ElewaHA 35 809 152300 35 -7.29 142300 -0.800 [ -7.705; 6.105]
Asifalah H 30 729228100 30 -1.90 28.7800 9.190 [-3.951;22.331] Asifalah H 30 -2954 435500 30 511 556400 -34.650 [-59.934; -9.366]
Baziar N 35 817231600 35 -1.94 19.6000 =1 6230 [-16.282; 3.822] BaziarN 35 -2223 361100 35 -103 51.3200 21200 [-41989; -0.411)
Mohamadi A 40 220 84200 40 -1.00 83600 - 3200 [-0.477; 6.877) MohamadiA 40 000 315700 40 -930 275500 o 9.300 [ -3685; 22285]
Gosselin LE 12 840 17.1700 12 7.40 17.2100 1.000 [-12.755; 14.755] Gosselin LE 12 2390 132900 12 1620 13.4500 - 7.700 [ -2.998; 18.398]
Bobe G 31 -1.30 24.0000 33 -0.40 24.1000 - 0.900 [-12.689; 10889 Bobe G 31 -100 724000 33 800 746200 + -9.000 [-45.024; 27.024]
Anmadi M 23 -891335600 19 10.84 34.4600 1 -19.750 [-40.443; 0.943] AhmadiM 23 -3682 655800 19 6.16 74.5900 42980 [-85.912; -0.048]
Divkovic A 41 1933439900 48 0.39 412900 18.940 [ 1.114; 36.766] Divkovic A 41 088 807400 48 -355 63.9400 2670 [-27.956; 33296]
Koh EH 73 1015926600 73 1.68 90.6900 8.470 [-21.273; 38.213] Koh EH 73 339 23900 73 298 15400 0410 [ -0242; 1.062]
Koh EH 82 1195872400 73 1.68 90.6900 10.270 [-17.825; 38.365] Koh EH 82 308 20800 73 298 15400 0.100 [ -0472; 0672]
Random effects model 689 680 . 0304 [-3.436; 4.044] Random effects model 694 685 | 6299 [-10.104; -2.494]
Heterogeneity: I° = 34%, * = 182802, p = 0.08 T Heterogeneity: I’ = 90%, 1 = 158499, p < 0.01
40 20 0 20 40 1100 50 0 50 100
C D Experimental Control
Experimental Control Study Total Mean  SD Total Mean  SD Mean Difference MD 95%-Cl
Study Total Mean  SD Total Mean  SD Mean Difference MD 95%-Cl
Sun YD 32 -387 17.3400 30 -1.16 21.5200 -+ 2710 [-12477; 7.087)
Sun YD 32 464357700 30 3.09 31.3500 . 7730 [-24.447, 8987) Khabbazi T 31 217 50000 32 -3.00 26.3500 1 5.170 [ -4.128; 14.468]
Khabbazi T 31 240245800 32 089 7.3900 = 1510 [-7.517,10537] loriA 7 12,84 127700 7 -275 7.0000 - 15.590 [ 4.802; 26.378)
o A 72180225200 7 -160 296100 — 20200 [-47.758; 7358) LN 103 -348 88900 103 116 88900 = -4.640 [-7.068; -2.212]
Mohammadi V 33-1318 275900 34 1.5 31.1200 - 14330 28402, -0258) Mohammadi V 33 11.13 104900 34 0.80 8.3800 - 10.330 [ 5.775; 14.885]
Lukaszuk J 13 230187000 7 1.10 14.4000 - 1200 [-13535; 15.935]  Lukaszuk J 13 260 35000 7 -220 2.0000 - -0.400 [-2811; 2.011)
Mirtaher E 33 581261700 32 543 28.5400 - 0.380 [-12943; 13703]  Mintaheri E 33 305137400 32 -1.34 13.9200 I 1.710 [-8.436, 5.016]
Elewa HA 35 -11.86 216600 35 -4.98 224300 - 6.880 [-17.210; 3.450) ElewaHA 35 011 13400 35 -008 12100 0.190 [-0.408; 0.788]
Asifalah H 30 10.72 258900 30 -4.63 29.6600 - 15350 [ 1262,29438] AsifalahH 30 249 92000 30 170 9.4400 T 0790 [-3.927. 5507
Baziar N 35 217 230600 35 -0.28 16.6900 - -1.890 [-11.321; 7.541] BaziarN 35 -169 69300 35 -1.66 6.1200 + 0030 [-3.093; 3.033)
Mohamadi A 40 -270 341700 40 -0.60 40.6700 - -2.100 [-18.561; 14.361]  Mohamadi A 40 180 85500 40 -030 21100 - 2.100 [-0629; 4.829]
Gosselin LE 12 460 108000 12 -2.30 10.8400 - -2300 [-10.958; 6.358]  Gosselin LE 12 080 34200 12 -0.70 3.5000 * -0.100 [-2869; 2.669)
Bobe G 31 100228000 33 0.30 23.0000 - 0.700 [-10.525; 11.925] Bobe G 31 -210 7.8000 33 070 80000 i | -2.800 [-6672. 1.072]
Ahmadi M 23 800282700 19 3.42 268800 - - 411510 [-28230;, 5210] AhmadiM 23 096 68800 19 158 85800 1 -0620 [-5.394; 4.154)
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Random effects model 396 304 5 1460 [-5.445; 2525) KOhEH 82 318 20800 73 323 16200 0.050 [-0.634; 0.534)
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40 20 0 20 40 Random effects model 654 643 9 0.226 [-0.711; 1.163]

Heterogeneity: I = 68%, «* = 14182, p <0.01

Figure 2: Forest plot regarding pooled effect (mean difference) of ALA to TC (A), TG (B), HDL (C),
and LDL (D). There was a significant result of ALA to lower the TG levels in figure B, while TC, HDL,
and LDL did not show statistically significant difference of ALA effect.

The represented results of this study indicated that ALA significantly reduces TG levels, aligning with
the analysis conducted by Mousavi et al. (Mousavi et al., 2019) However, Mousavi’s study did not
specify whether the studies they included involved only oral administration or other methods, such as
intravenous route. When reviewing the studies included by Mousavi et al. and examining the forest plot
for changes in TG levels, three studies likely contributed to statistically significant results: Zhang et al.,
Salwa et al., and Okanovic et al. (EI-Nabarawy et al., 2011; Okanovi¢ et al., 2015; Zhang et al., 2011)
Among these, Zhang's study administered ALA intravenously for two weeks, which does not align with
our inclusion criteria. Salwa's study was not a randomized controlled trial and lacked baseline lipid data
before ALA administration. The Okanovic study, which was included in this meta-analysis, was
assessed as having a high risk of bias, particularly owing to subjects in randomization, deviation from

intended intervention, and selective reporting.

On the contrary, the article published by Haghighatdoost et al. (Haghighatdoost & Hariri, 2019) did not
find a statistically significant change in TG levels but did find significant reductions in TG in both
diabetic and non-diabetic patients when compared to placebo in a subgroup analysis. The differences
in results between this study and Haghighatdoost’s study may be attributed to disagreement regarding
inclusion criteria, including conglomeration of studies with both oral and intravenous administration of
ALA. Furthermore, when examining the forest plot, three studies likely influenced the overall effect

size: Zhang et al., Gianturco et al., and Mohammadi et al. (Gianturco et al., 2009; Mohammadi et al.,
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2017; Zhang et al., 2011) Gianturco's study involved a very small sample size of only seven participants
per group, and when analyzed with the correct method, the results were not statistically significant.
Mohammadi's study involved elderly stroke patients, who are typically on statins for secondary

prevention, which, may not indicated in study, might interfere with the influence of ALA on lipid levels.

The mechanism by which ALA reduces TG remains unclear. Studies on animals, for instance,
demonstrated by Butler et al. (Butler et al., 2009), have shown that ALA reduced appetite in mice,
leading to decreased TG levels. Another study by Fernandez et al. (Fernandez-Galilea et al., 2014) in
overweight women suggested that the reduction in TG could be due to the inhibition of lipid synthesis,
as indicated by the decrease in the DGATL1 enzyme involved in this process. Additionally, ALA was
found to enhance the AMPK signaling pathway, which regulates energy balance by reducing lipid
synthesis.

Analysis with the polynomial regression was conducted to examine the association between the dose of
ALA and the duration of intake on changes in various blood lipid levels. The p-values of the F-statistics,
which assess whether the regression models adequately explain the relationship between the
independent variables (dose of ALA or duration of administration) and the dependent variables (blood
lipid levels), did not significantly explain the association between the ALA dose and changes in blood
lipid levels, as seen in Figure 2 and Figure 3. However, the graphs show that the reduction in TG does
not vary much with doses of ALA up to 1,200 mg per day. Interestingly, the reduction of TG tends to
be less pronounced at 1,800 mg per day compared to doses of 1,200 mg or less. In analyzing the
relationship between the duration of ALA intake and changes in blood lipid levels, the result suggests
that the regression models did not significantly explain the connection between the duration of ALA
intake and variability in blood lipid levels. Nevertheless, the graphs indicated that the reduction in TG
was most pronounced when ALA was taken for approximately 16 weeks, with less reduction observed
for durations shorter or longer than 16 weeks.

(A)

Polynomial Regression Fit with Confidence intervals (B ) Polynomial Regression Fit witn Conficence intervals

TC Change
TG Change

(C) ALA dose (D) ALA dose

Polynomial Regression Fit with Confidence Intervais Polynamial Regressian Fit with Confidence intervas.

HDL Change
LDL Change

ALA dose ALA dose

12



Proceedings of the 6™ International Conference on Food, Nutrition, Health and Lifestyle,Vol.3,Issue.1,2024,pp.1-23

Figure 2: Display the analysis results using polynomial regression of the daily dose of ALA in
milligrams on the horizontal axis against the change in TC (A), TG (B), HDL (C), and LDL change (D)
in milligrams per deciliter on the vertical axis. The p-value indicated in each graph represents obtained
from polynomial regression analysis.
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Figure 3: Display the analysis results using polynomial regression of the duration of ALA
administration in weeks on the horizontal axis against the change in TC (A), TG (B), HDL (C), and
LDL change (D) in milligrams per deciliter on the vertical axis. The p-value indicated in each graph
represents obtained from polynomial regression analysis.

Meta-regression analysis in Mousavi’s study found no linear relationship between the dose or duration
of ALA administration and changes in lipid levels (Mousavi et al., 2019). Therefore, we considered
using polynomial regression to better capture nonlinear relationships. Although the results were not
statistically significant, they suggested that the optimal duration for TG reduction is around 16 weeks,
consistent with the subgroup analysis that indicated a significant reduction in TG with a study duration
of more than 8 weeks. This implies that extending ALA administration beyond 16 weeks may not
provide additional benefits, but aforementioned result requires further investigation. Regarding the dose
of ALA, polynomial regression analysis and the accompanying graphs indicated that doses of up to
1,200 mg per day showed minimal variation in TG reduction, suggesting that higher doses might not
yield additional TG-lowering benefits. Several studies that administered ALA at doses greater than 600
mg reported a high dropout rate among participants, which may be due to the side effect of ALA in
higher dosage. This could lead to missing data and affect the results. Studies conducted with higher
dose of ALA included in the studies also yielded a non-significant reduction in lipid profile, including
TG, which complied with our study. In spite of the conflicting findings, this study may point to a
possible advantage for patients with mild dyslipidemia or those at risk of cardiovascular disease as a
cost-effective alternative to standard lipid-lowering medicines. The outcomes are demonstrating once
more time the fact that ALA can be used in the form of a supplement for lipid-lowering therapy and in

conjunction with prescribed medications. While the lipid profile is being improved, ALA can be an
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additive to a therapy which is a very important one for people who are not able to achieve lipid control
through the standard therapies they are using. The redox-modulatory features of this molecule assist in
preventing oxidative stress and consequently in the improvement of vascular endothelial function. This
wide-spectrum natural substance with antioxidants, provides patients an innovative option to treat these

illnesses.

Our meta-analysis found that ALA did not significantly influence TC, HDL, and LDL levels (MD 0.304
(95% CI: -3.436 to 4.044), 0.226 (95% CI: -0.711 to 1.163), and -1.460 (95% CI: -5.445 to 2.525)
respectively), illustrated by Figure 2A, 2C, and 2D. Subgroup analyses revealed no significant

differences based on each characteristic (not shown here).

The changes in total cholesterol and LDL were not statistically significant, which contrasts with the
findings of the others (Haghighatdoost & Hariri, 2019; Mousavi et al., 2019). One reason for this
discrepancy could be the differences in inclusion and exclusion criteria, for example, the recruitment of
literatures with both oral and intravenous ALA administration, which have different pharmacokinetics
and pharmacodynamics. Additionally, differences in data analysis methods, as previously discussed,
may have contributed to varying results. Pre-clinical studies, such as the one by Ghelani et al. (Ghelani
et al., 2017), found that ALA increased HDL levels in mice, possibly due to its anti-inflammatory
effects, which reduce endothelial lipase and increase apolipoprotein A-l, a component of HDL.
However, most human studies, including this one, have not demonstrated a statistically significant

increase in HDL levels, despite some studies showing a trend toward increased HDL.

There was high order of heterogeneity observed among the researches, as predicted by the 12 statistic
for statistical heterogeneity, and methodological heterogeneity resulted from differences in study
populations and methods. The heterogeneity reported in this meta-analysis may raise from a result of
different study designs, demographic variables, changes in ALA supplementation dosage and duration,
and inconsistency in outcome measuring methodologies which may affect on the data generalizability.
Most studies focused on patients with conditions associated with dyslipidemia, but few specifically
conducted the direct potentials of ALA on lipid levels in individuals underlying hyperlipidemia without
other complications. Further research is demanded in the aforementioned subject to clarify the effects
of ALA on lipid levels.

For publication bias, it can be observed that the graphs are generally symmetrical. Furthermore, Begg’s
and Egger’s tests also yielded non-significant results. Overall, the graphs and statistical tests did not

indicate any clear evidence of publication bias (Supplemental figure 2).

There are some limitations. First, this study only investigated the oral administration of ALA, excluding

other routes such as intravenous administration, which could potentially alter the results due to different
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pharmacokinetic and pharmacodynamic effects. However, the authors considered the clinical
application, where oral administration might be more practical. If more studies involving intravenous
ALA that meet the study criteria become available, they could be included in future analyses. Second,
this study did not include research that was reported in non-English languages, limiting access to studies
from some countries, such as China. Third, the studies included did not specifically scrutinize the
outcomes of ALA on lipid metabolism or in populations contained elevated blood lipid levels without
other confounding factors such as lipid-lowering medications. Future studies should exclude
participants with potential confounding factors to better isolate the efficiency of ALA. Regarded the
suggestion for the future studies, authors suggested investigating the long-standing effects (e.g., more
than 24 weeks) of ALA on different types of lipids in blood in various populations to observe potential
long-term variability in each demographic group.

4. Conclusion

In conclusion, ALA has demonstrated a significant TG-lowering effect, with appropriate dosage of not
more than 1,200 mg per day for 16 weeks duration, making it a potential dietary supplement for
individuals at risk of cardiovascular diseases. With regard of our limitation, such as exclusion of non-
English studies and high heterogeneity between included studies, further studies are required to seek
the effect of ALA without other confounding medication and its long-standing capability for profitable

dosing regimens.
Declaration of Interest Statement.

The authors state that they pertain no conflict of interests.

References

Ahmadi, M., Keshavarz, S. A., & Abbasi, B. (2022). Effects of alpha lipoic acid

supplementation on serum lipid profile in patients with metabolic syndrome: A

15



Netsuksang et al., /Lipid-lowering Effect of Alpha-Lipoic Acid: A Systematic Review and Meta-analysis.......

randomized, double-blind, placebo-controlled clinical trial. ARYA Atherosclerosis,

18(4), Article 4. https://doi.org/10.22122/arya.2022.26181

Aslfalah, H., Jamilian, M., Ansarihadipour, H., Abdollahi, M., & Khosrowbeygi, A. (2020).
Effect of alpha-lipoic acid supplementation on the lipid profile and lipid ratios in
women with gestational diabetes mellitus: A clinical trial study. International Journal
of Reproductive Biomedicine, 18(12), Acrticle 12.

https://doi.org/10.18502/ijrm.v18i12.8024

Asztalos, B. F., Schaefer, E. J., Horvath, K. V., Yamashita, S., Miller, M., Franceschini, G.,
& Calabresi, L. (2007). Role of LCAT in HDL remodeling: Investigation of LCAT
deficiency states. Journal of Lipid Research, 48(3), Article 3.

https://doi.org/10.1194/jir. M600403-JLR200

Baziar, N., Nasli-Esfahani, E., Djafarian, K., Qorbani, M., Hedayati, M., Mishani, M. A,
Faghfoori, Z., Ahmaripour, N., & Hosseini, S. (2020). The Beneficial Effects of
Alpha Lipoic Acid Supplementation on Lp-PLA2 Mass and Its Distribution between
HDL and apoB-Containing Lipoproteins in Type 2 Diabetic Patients: A Randomized,
Double-Blind, Placebo-Controlled Trial. Oxidative Medicine and Cellular Longevity,

2020, 5850865. https://doi.org/10.1155/2020/5850865

Bobe, G., Michels, A. J., Zhang, W.-J., Purnell, J. Q., Woffendin, C., Pereira, C., Vita, J. A,
Thomas, N. O., Traber, M. G., Frei, B., & Hagen, T. M. (2020). A Randomized
Controlled Trial of Long-Term (R)-a-Lipoic Acid Supplementation Promotes Weight
Loss in Overweight or Obese Adults without Altering Baseline Elevated Plasma
Triglyceride Concentrations. The Journal of Nutrition, 150(9), 2336-2345.

https://doi.org/10.1093/jn/nxaa203

Butler, J. A., Hagen, T. M., & Moreau, R. (2009). Lipoic acid improves hypertriglyceridemia

by stimulating triacylglycerol clearance and downregulating liver triacylglycerol

16



Proceedings of the 6™ International Conference on Food, Nutrition, Health and Lifestyle,Vol.3,Issue.1,2024,pp.1-23

secretion. Archives of Biochemistry and Biophysics, 485(1), Article 1.

https://doi.org/10.1016/j.abb.2009.01.024

Carrier, B., Wen, S., Zigouras, S., Browne, R. W., Li, Z., Patel, M. S., Williamson, D. L., &
Rideout, T. C. (2014). Alpha-Lipoic Acid Reduces LDL-Particle Number and PCSK9
Concentrations in High-Fat Fed Obese Zucker Rats. PLOS ONE, 9(3), Article 3.

https://doi.org/10.1371/journal.pone.0090863

Chang, J. W., Lee, E. K., Kim, T. H., Min, W. K., Chun, S., Lee, K.-U., Kim, S. B, & Park,
J. S. (2007). Effects of alpha-lipoic acid on the plasma levels of asymmetric
dimethylarginine in diabetic end-stage renal disease patients on hemodialysis: A pilot
study. American Journal of Nephrology, 27(1), 70-74.

https://doi.org/10.1159/000099035

Divkovié, A., Karasalihovi¢, Z., Rumora Samarin, |., Sabitovi¢, D., Radi¢, K., Golub, N.,
Vujié, L., Rajkovié¢, M. G., & Vitali Cepo, D. (2023). Effect of Alpha Lipoic Acid
Supplementation on Oxidative Stress and Lipid Parameters in Women Diagnosed
with Low-Grade Squamous Intraepithelial Lesions (LSILs): A Double-Blind,
Randomized, Placebo-Controlled Trial. Antioxidants (Basel, Switzerland), 12(9),

1670. https://doi.org/10.3390/antiox12091670

Elewa, H. A. (2020). Role of alpha-lipoic acid in protection from cardiovascular events in
patients with hemodialysis. Journal of Bioscience and Applied Research, 6(3), 121—

132. https://doi.org/10.21608/jbaar.2020.106655

El-Nabarawy, S., Mohamed, M., Ahmed, M., & El-Arabi, G. (2011). a-Lipoic Acid
Ameliorates the Oxidative Status and Serum Iron in Diabetic Patients. J. Pharm.

Biomed. Sci, 1, 97-103.

17



Netsuksang et al., /Lipid-lowering Effect of Alpha-Lipoic Acid: A Systematic Review and Meta-analysis.......

Fernandez-Galilea, M., Pérez-Matute, P., Prieto-Hontoria, P. L., Sainz, N., Lépez-Yoldi, M.,
Houssier, M., Martinez, J. A., Langin, D., & Moreno-Aliaga, M. J. (2014). a-lipoic
acid reduces fatty acid esterification and lipogenesis in adipocytes from
overweight/obese subjects. Obesity, 22(10), Article 10.

https://doi.org/10.1002/0by.20846

Ghelani, H., Razmovski-Naumovski, V., & Nammi, S. (2017). Chronic treatment of (R)-o-
lipoic acid reduces blood glucose and lipid levels in high-fat diet and low-dose
streptozotocin-induced metabolic syndrome and type 2 diabetes in Sprague-Dawley
rats.  Pharmacology = Research &  Perspectives, 5(3), Article 3.

https://doi.org/10.1002/prp2.306

Ghibu, S., Richard, C., Vergely, C., Zeller, M., Cottin, Y., & Rochette, L. (2009). Antioxidant
properties of an endogenous thiol: Alpha-lipoic acid, useful in the prevention of
cardiovascular diseases. Journal of Cardiovascular Pharmacology, 54(5), Article 5.

https://doi.org/10.1097/fjc.0b013e3181be7554

Gianturco, V., Bellomo, A., D’Ottavio, E., Formosa, V., lori, A., Mancinella, M., Troisi, G.,
& Marigliano, V. (2009). Impact of therapy with alpha-lipoic acid (ALA) on the
oxidative stress in the controlled NIDDM: A possible preventive way against the
organ dysfunction? Archives of Gerontology and Geriatrics, 49 Suppl 1, 129-133.

https://doi.org/10.1016/j.archger.2009.09.022

Gorgca, A., Huk-Kolega, H., Piechota, A., Kleniewska, P., Ciejka, E., & Skibska, B. (2011).
Lipoic acid — biological activity and therapeutic potential. Pharmacological Reports,

63(4), Article 4. https://doi.org/10.1016/S1734-1140(11)70600-4

Gosselin, L. E., Chrapowitzky, L., & Rideout, T. C. (2019). Metabolic effects of a-lipoic acid
supplementation in pre-diabetics: A randomized, placebo-controlled pilot study.

Food & Function, 10(9), 5732-5738. https://doi.org/10.1039/c9fo00390h

18



Proceedings of the 6™ International Conference on Food, Nutrition, Health and Lifestyle,Vol.3,Issue.1,2024,pp.1-23

Haghighatdoost, F., & Hariri, M. (2019). Does alpha-lipoic acid affect lipid profile? A meta-
analysis and systematic review on randomized controlled trials. European Journal of

Pharmacology, 847, 1-10. https://doi.org/10.1016/j.ejphar.2019.01.001

Higgins, J., Thomas, J., Chandler, J., Cumpston, M., & Li, T. (2023). Cochrane Handbook for

Systematic Reviews of Interventions version 6.4 (updated August 2023). Cochrane.

Jonathan A C Sterne, Jelena Savovi¢, Matthew J Page, Roy G Elbers, Natalie S Blencowe,
Isabelle Boutron, Christopher J Cates, Hung-Yuan Cheng, Mark S Corbett, Sandra M
Eldridge, Jonathan R Emberson, Miguel A Herndn, Sally Hopewell, Asbjorn
Hrébjartsson, Daniela R Jungueira, Peter Jini, Jamie J Kirkham, Toby Lasserson,
Tianjing Li, ... Julian P T Higgins. (2019). RoB 2: A revised tool for assessing risk

of bias in randomised trials. BMJ, 366, 14898. https://doi.org/10.1136/bmj.14898

Khabbazi, T., Mahdavi, R., Safa, J., & Pour-Abdollahi, P. (2012). Effects of alpha-lipoic acid
supplementation on inflammation, oxidative stress, and serum lipid profile levels in
patients with end-stage renal disease on hemodialysis. Journal of Renal Nutrition:
The Official Journal of the Council on Renal Nutrition of the National Kidney

Foundation, 22(2), Article 2. https://doi.org/10.1053/j.jrn.2011.06.005

Kim, M. Y., Kim, E. J., Kim, Y.-N., Choi, C., & Lee, B.-H. (2011). Effects of a-lipoic acid
and L-carnosine supplementation on antioxidant activities and lipid profiles in rats.

Nutr Res Pract, 5(5), 421-428.

Kim, N. W., Song, Y.-M., Kim, E., Cho, H.-S., Cheon, K.-A., Kim, S. J., & Park, J. Y. (2016).
Adjunctive o-lipoic acid reduces weight gain compared with placebo at 12 weeks in
schizophrenic patients treated with atypical antipsychotics: A double-blind
randomized placebo-controlled study. International Clinical Psychopharmacology,

31(5), 265-274. https://doi.org/10.1097/Y1C.0000000000000132

19



Netsuksang et al., /Lipid-lowering Effect of Alpha-Lipoic Acid: A Systematic Review and Meta-analysis.......

Koh, E. H., Lee, W. J., Lee, S. A, Kim, E. H., Cho, E. H., Jeong, E., Kim, D. W., Kim, M.-
S., Park, J.-Y., Park, K.-G., Lee, H.-J,, Lee, 1.-K, Lim, S., Jang, H. C., Lee, K. H., &
Lee, K.-U. (2011). Effects of alpha-lipoic Acid on body weight in obese subjects. The
American Journal of Medicine, 124(2), Article 1.

https://doi.org/10.1016/j.amjmed.2010.08.005

Lee, C.-K,, Lee, E. Y., Kim, Y. G., Mun, S. H., Moon, H.-B., & Yoo, B. (2008). Alpha-lipoic
acid inhibits TNF-alpha induced NF-kappa B activation through blocking of
MEKK1-MKK4-IKK signaling cascades. International Immunopharmacology, 8(2),

362-370. https://doi.org/10.1016/j.intimp.2007.10.020

Li, N., Yan, W., Hu, X., Huang, Y., Wang, F., Zhang, W., Wang, Q., Wang, X., & Sun, K.
(2017). Effects of oral a-lipoic acid administration on body weight in overweight or
obese subjects: A crossover randomized, double-blind, placebo-controlled trial.

Clinical Endocrinology, 86(5), 680-687. https://doi.org/10.1111/cen.13303

Libby, P., Ridker, P. M., Hansson, G. K., & Leducq Transatlantic Network on
Atherothrombosis. (2009). Inflammation in atherosclerosis: From pathophysiology to
practice. Journal of the American College of Cardiology, 54(23), Article 23.

https://doi.org/10.1016/j.jacc.2009.09.009

Lukaszuk, J. M., Schultz, T. M., Prawitz, A. D., & Hofmann, E. (2009). Effects of R-Alpha
Lipoic Acid on HbAlc, Lipids and Blood Pressure in Type-2 Diabetics: A
Preliminary Study. Journal of Complementary and Integrative Medicine, 6(1).

https://doi.org/10.2202/1553-3840.1297

Miller, M., Stone, N. J., Ballantyne, C., Bittner, V., Criqui, M. H., Ginsberg, H. N., Goldberg,
A. C., Howard, W. J., Jacobson, M. S., Kris-Etherton, P. M., Lennie, T. A., Levi, M.,
Mazzone, T., & Pennathur, S. (2011). Triglycerides and Cardiovascular Disease.

Circulation, 123(20), 2292-2333. https://doi.org/10.1161/CIR.0b013e3182160726

20



Proceedings of the 6™ International Conference on Food, Nutrition, Health and Lifestyle,Vol.3,Issue.1,2024,pp.1-23

Mirtaheri, E., Pourghassem Gargari, B., Kolahi, S., Asghari-Jafar-abadi, M., & Hajalilou, M.
(2014). Effect of Alpha-lipoic Acid Supplementation on Serum Lipid Profile in

Women with Rheumatoid Arthritis. Nutr-Food-Sci-Res, 1(1), 11-18.

Mohamadi, A., Moravejolahkami, A. R., Askari, G., Tarrahi, M. J., Hajiesmaeili, M., &
Bahreini-Esfahani, N. (2022). Alpha-lipoic acid did not affect lipid profile and blood
pressure in critically ill patients: A randomized, double-blind clinical trial.
Mediterranean Journal of Nutrition and Metabolism, 15(3), 323-331.

https://doi.org/10.3233/MNM-211547

Mohammadi, V., Khorvash, F., Feizi, A., & Askari, G. (2017). The effect of alpha-lipoic acid
supplementation on anthropometric indices and food intake in patients who
experienced stroke: A randomized, double-blind, placebo-controlled clinical trial.
Journal of Research in Medical Sciences. The Official Journal of Isfahan University

of Medical Sciences, 22, 98. https://doi.org/10.4103/jrms.JRMS_1 17

Mousavi, S. M., Shab-Bidar, S., Kord-Varkaneh, H., Khorshidi, M., & Djafarian, K. (2019).
Effect of alpha-lipoic acid supplementation on lipid profile: A systematic review and
meta-analysis of controlled clinical trials. Nutrition (Burbank, Los Angeles County,

Calif.), 59, 121-130. https://doi.org/10.1016/j.nut.2018.08.004

Okanovié¢, A., Prnjavorac, B., Jusufovi¢, E., & Sejdinovié, R. (2015). Alpha-lipoic acid
reduces body weight and regulates triglycerides in obese patients with diabetes
mellitus. Medicinski Glasnik: Official Publication of the Medical Association of
Zenica-Doboj  Canton, Bosnia and  Herzegovina, 12(2), 122-127.

https://doi.org/10.17392/798-15

Pashaj, A., Xia, M., & Moreau, R. (2015). a-Lipoic acid as a triglyceride-lowering
nutraceutical. Canadian Journal of Physiology and Pharmacology, 93(12), 1029—

1041. https://doi.org/10.1139/cjpp-2014-0480

21



Netsuksang et al., /Lipid-lowering Effect of Alpha-Lipoic Acid: A Systematic Review and Meta-analysis.......

Salehi, B., Berkay Yilmaz, Y., Antika, G., Boyunegmez Tumer, T., Fawzi Mahomoodally,
M., Lobine, D., Akram, M., Riaz, M., Capanoglu, E., Sharopov, F., Martins, N., Cho,
W. C., & Sharifi-Rad, J. (2019). Insights on the Use of a-Lipoic Acid for Therapeutic

Purposes. Biomolecules, 9(8), Article 8. https://doi.org/10.3390/biom9080356

Seo,E. Y., Ha, A W., & Kim, W. K. (2012). a-Lipoic acid reduced weight gain and improved

the lipid profile in rats fed with high fat diet. Nutrition Research and Practice, 6(3),
Acrticle 3. https://doi.org/10.4162/nrp.2012.6.3.195

Sun, Y.-D., Dong, Y.-D., Fan, R., Zhai, L.-L., Bai, Y.-L., & Jia, L.-H. (2012). Effect of (R)-
a-lipoic acid supplementation on serum lipids and antioxidative ability in patients

with age-related macular degeneration. Annals of Nutrition & Metabolism, 60(4),

293-297. https://doi.org/10.1159/000338444

Usta Atmaca, H., & Akbas, F. (2017). THE EFFECT OF SHORT TERM ALPHA LIPOIC
ACID ADMINISTRATION ON ADIPONECTIN AND BODY WEIGHT IN TYPE

2 DIABETES MELLITUS PATIENTS. Acta Endocrinologica (Bucharest), 13(4),
461-466. https://doi.org/10.4183/aeb.2017.461

Zhang, Y., Han, P.,, Wu, N., He, B., Lu, Y., Li, S., Liu, Y., Zhao, S., Liu, L., & Li, Y. (2011).

Amelioration of lipid abnormalities by o-lipoic acid through antioxidative and anti-

inflammatory effects. Obesity (Silver Spring, Md.), 19(8),

1647-1653.
https://doi.org/10.1038/0by.2011.121

22



Proceedings of the 6™ International Conference on Food, Nutrition, Health and Lifestyle, Vol.3, Issue.1, 2024, pp. 1-26

Appendix

Include other supplementary details here

Study Mean Difference MD 95%-Cl P-value Tau2 Tau 12
Omitting Sun YD * -6.38 [-10.22;-2.563] <0.01 15.9520 3.9940 91%
Omitting Khabbazi T —. -6.65 [-10.52;-2.78] <0.01 15.9442 3.9930 91%
Omitting Kim NW el -6.23 [-10.05; -2.42] <0.01 15.8852 3.9856 91%
Omitting lori A - -6.38 [-10.20; -2.56] <0.01 15.9341 3.9917 91%
Omitting Li N - -6.23 [-10.08;-2.39] <0.01 15.9023 3.9878 91%
Omitting Mohammadi V —'— -6.04 [-9.88;-2.20] <0.01 157712 3.9713 91%
Omitting Okanovic 0.14 [-1.02; 1.30] 0.81 0.6529 0.8080 29%
Omitting Lukaszuk J —aa -6.28 [-10.09; -2.47] <0.01 159148 3.9893 91%
Omitting Mirtaheri E - -6.37 [-10.20; -2.53] <0.01 15.9503 3.9938 91%
Omitting Elewa HA + -7.20 [-11.31;-3.09] <0.01 16.1229 4.0153 91%
Omitting Aslfalah H —_— -5.60 [-9.40;-1.81] <0.01 15.2671 3.9073 90%
Omitting Baziar N - -5.80 [-9.64;-1.96] <0.01 155802 3.9472 91%
Omitting Mohamadi A . -7.34 [-11.27;-3.41] <0.01 15.8140 3.9767 91%
Omitting Gosselin LE —a. -7.56 [-11.53;-3.59] <0.01 15.8376 3.9796 91%
Omitting Bobe G + -6.28 [-10.12;-2.45] <0.01 15.9282 3.9910 91%
Omitting Ahmadi M —a 597 [-9.77;-217] <0.01 155815 3.9473 91%
Omitting Divkovic A — -6.45 [-10.29; -2.61] <0.01 15.9517 3.9940 91%
Omitting Koh EH — -12.87 [-24.19; -1.55] 0.03 395.3968 19.8846 91%
Omitting Koh EH — -12.85 [-24.21; -1.48] 0.03 399.5217 19.9880 91%
Random effects model : |<<> : | -6.30 [-10.10; -2.49] < 0.01 15.8499 3.9812 90%
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Supplemental Figure 1: Sensitivity analysis of the studies on TG levels by excluding each study one
by one and reanalyzing the outcomes. When the research conducted by Okanovic et al. was excluded,
the mean difference became 0.14 mg/dL, with a p-value of 0.81, pointing out no statistical
significance. This proposed that excluding this study may alter the overall outcome.
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Supplemental Figure 2: Funnel plot along with publication bias assessed by Egger’s and Begg’s test
of the effect of ALA to TC (A), TG (B), HDL (C), and LDL (D). The plot suggested that there was no
significant publication bias from these statistical tests.
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