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Abstract: Alpha-lipoicacid (ALA) is a natural short-chain fatty acid that has attracted great attention in
recent years as an antioxidant molecule. However, some concerns have been recently raised regarding
its safety profile. To address the issue, we aimed to assess ALA safety profile through a systematic
review of the literature and a meta-analysis of the available randomized placebo-controlled clinical
studies. The literature search included EMBASE, PubMed Medline, SCOPUS, Google Scholar, and ISI
Web of Science by Clarivate databases up to 15th August 2020. Data were pooled from 71 clinical
studies, comprising 155 treatment arms, which included 4749 subjects with 2558 subjects treated with
ALA and 2294 assigned to placebo. A meta-analysis of extracted data suggested that supplementation
with ALA was not associated with an increased risk of any treatment-emergent adverse event

Antioxidants 2020, 9, 1011; doi:10.3390/antiox9101011 www.mdpi.com/journal/antioxidants


http://www.mdpi.com/journal/antioxidants
http://www.mdpi.com
https://orcid.org/0000-0001-7853-0042
https://orcid.org/0000-0002-9549-8504
https://orcid.org/0000-0002-2577-0242
https://orcid.org/0000-0002-7162-3323
https://orcid.org/0000-0001-9158-4467
https://orcid.org/0000-0002-7226-1926
https://orcid.org/0000-0002-4367-3884
http://dx.doi.org/10.3390/antiox9101011
http://www.mdpi.com/journal/antioxidants
https://www.mdpi.com/2076-3921/9/10/1011?type=check_update&version=3

Antioxidants 2020, 9, 1011 2 of 33

(all p > 0.05). ALA supplementation was safe, even in subsets of studies categorized according to
smoking habit, cardiovascular disease, presence of diabetes, pregnancy status, neurological disorders,
rheumatic affections, severe renal impairment, and status of children/adolescents at baseline.

Keywords: o-lipoic acid; thioctic acid; dietary supplement; safety; meta-analysis

1. Introduction

Alpha-lipoic acid (1, 2-dithiolane-3-pentanoic acid; ALA) or thioctic acid is a natural short-chain
fatty acid that has attracted great attention in recent years as an antioxidant molecule, being largely
used worldwide as a dietary supplement [1].

Previous investigations revealed that ALA can affect central and peripheral modulation
of 5’-adenosine-monophosphate-activated protein kinase. Furthermore, it activates peroxisome
proliferator-activated receptor (PPAR) alpha and gamma (PPAR-y), modulates PPAR-regulated genes
and upregulates the expression of PPAR-y messenger ribonucleic acid (mRNA) and other proteins
in the cardiac tissue and aorta smooth muscle [2,3]. Hence, ALA antioxidant activity is potentially
able to promote weight loss and blood pressure control and ameliorate atherogenic dyslipidemia and
insulin resistance [3]. For example, in obese patients with non-alcoholic fatty liver disease (NAFLD),
ALA supplementation was shown to reduce adipokine concentrations and improve liver steatosis
grade [4,5]. However, some concerns have been recently raised regarding ALA safety profile, after
some reports suggesting a direct causal link between its use and insulin autoimmune syndrome
(IAS, also known as Hirata’s disease) due to its sulfthydryl group [6]. Indeed, in about 50% of cases,
IAS development is associated with drugs or dietary supplement containing a sulphur or sulthydryl
group. These cases are closely related to certain specific antigens of the major histocompatibility complex
(MHC), which are more common in populations where IAS incidence is higher [7]. It is hypothesised
that ALA might cause the development of antibodies to insulin and lead to a hypoglycaemic syndrome
in predisposed subjects, even though evidence are inconclusive [8].

In a recent study that performed a preliminary analysis of spontaneous reports of suspected
adverse reactions (ARs), ALA-containing natural products have also been associated with skin and
gastrointestinal disorders, such as urticaria and abdominal pain [9].

To address safety issues related to ALA supplementation, we aimed to perform a systematic review
of the literature and a meta-analysis of the available randomized placebo-controlled clinical trials.

2. Materials and Methods

The study was designed according to guidelines of the 2009 preferred reporting items for systematic
reviews and meta-analysis (PRISMA) statement [10], and was registered in the PROSPERO database
(Registration number CRD42020159028).

Due to the study design, neither Institutional Review Board (IRB) approval, nor patient informed
consent were required. PRISMA Checklist was reported in supplementary file A.

2.1. Search Strategy

EMBASE, PubMed Medline, SCOPUS, Google Scholar and ISI Web of Science by Clarivate
databases were searched, with no language restriction, using the following search terms:
(“Alpha-lipoic acid” OR “Alpha lipoic acid” OR “o-lipoic acid” OR “« lipoic acid” OR “ALA”
OR “A-LA” OR “Lipoic acid” OR “Thioctic acid” OR “Tioctic acid” OR “Thioctacid”) AND (“Clinical
trial” OR “Clinical study”). The wild-card term “*” was used to increase the sensitivity of the search
strategy, which was limited to studies in humans. The reference list of identified papers was manually
checked for additional relevant articles. Additional searches included references of review articles on
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that issue, and abstracts from selected congresses on the subject of the meta-analysis. Literature was
searched from inception to 15th August 2020.

All paper abstracts were firstly screened by two independent reviewers (F.F. and M.R.) to remove
ineligible articles. The remaining articles were obtained in full-text and assessed again by the same
two researchers who evaluated each article independently and carried out data extraction and quality
assessment. Disagreements were resolved by discussion with a third party (A.EG.C.).

2.2. Study Selection Criteria

Original studies were included if they met the following criteria: (i) being a clinical trial with either
parallel or cross-over design, (ii) having an appropriate controlled design for ALA supplementation,
(iii) blinding participants to intervention, (iv) testing the safety of ALA, (v) reporting treatment-emergent
adverse events.

Exclusion criteria were: (i) lack of randomisation for treatment allocation, (ii) lack of a control
group receiving placebo (iii) lack of sufficient information about the prevalence and nature of the
adverse events. Studies were also excluded if they contained overlapping subjects with other studies.

2.3. Data Extraction

Data abstracted from eligible studies were: (i) first author’s name; (ii) year of publication;
(iii) study location; (iv) study design; (v) follow-up; (vi) main inclusion criteria and underlying disease;
(vii) study groups; (viii) number of participants in the active and control group; (ix) age and sex of
study participants; (x) treatment-emergent adverse events occurred during the trials. Missing or
unpublished data were sought by trying to contact authors via e-mail and repeated messages were
sent in case of no response. Extracted data were reviewed by the principal investigator before the final
analysis, and doubts were resolved by mutual agreement among the authors.

2.4. Quality Assessment

A systematic assessment of risk of bias in the included studies was performed using the
Cochrane criteria [11]. The following items were used: adequacy of sequence generation, allocation
concealment, blinding addressing of dropouts (incomplete outcome data), selective outcome reporting,
and other probable sources of bias [12]. Overall evidence was qualified using the Grading of
Recommendations, Assessment, Development, and Evaluations (GRADE) system [13]. Risk-of-bias
assessment was performed independently by two reviewers; disagreements were resolved by a
consensus-based discussion.

2.5. Data Synthesis

Meta-analysis was conducted using Comprehensive Meta-Analysis (CMA) V3 software
(Biostat, NJ) [14].

Outcomes were treatment-emergent adverse events (AEs) occurring during the trials. In particular,
data extracted from the studies included hypoglycaemic episodes, gastrointestinal AEs (e.g., heartburn,
gastric complaints, nausea, gastrointestinal complications, duodenitis, and abdominal bloating),
neurological AEs (e.g., headache, foggy thinking, drowsiness, leg weakness, legs periodic numbness
and tingling, tingling in toe and fingers and intermittent bilateral toe numbness), psychiatric disorders
(e.g., bipolar disorders, irritability, poor sleeping), musculoskeletal AEs (e.g., neck pain, lower back
pain, and spasms), skin AEs (e.g., skin rash, disseminated maculopapular rash, itching sensation and
urticaria), infections (e.g., laryngitis, pneumonia and yeast infections), cardiovascular (CV) system AEs
(e.g., increase in arterial blood pressure, palpitations, myocardial infarction, heart rate and rhythm
disorders, and heart valve disorders), hospitalisation and death.

The analysis was performed by excluding studies with zero events in both arms. If one or more
outcomes could not be extracted from a study, the study was removed only from the analysis involving
those outcomes. To avoid a double-counting problem, in trials comparing multiple treatment arms
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versus a single control group, the number of subjects in the control group was divided by the required
comparisons [15].

To reduce the risk of bias due to effect dilution, the meta-analysis was performed considering
per-protocol (PP) population.

Studies’ findings were combined using a fixed-effect model since the low level of inter-study
heterogeneity, which was quantitatively assessed using the Higgins index (I?) [16]. Effect sizes were
expressed as odds ratio (OR) and 95% confidence interval (95% CI) [17]. Finally, sensitivity analysis
was conducted to account for the risk of bias. A leave-one-out method was used (i.e., one study was
removed at a time and the analysis was repeated) [18].

Two-sided p-values < 0.05 were considered as statistically significant for all tests.

2.6. Additional Analysis

Subgroup analyses were carried out by presence of smoking habit, pregnancy, CV disease, diabetes,
rheumatic disorders, neurological disorders, severe renal impairment, and status of children/adolescent
at baseline.

2.7. Publication Biases

Potential publication biases were explored using visual inspection of Begg’s funnel plot asymmetry,
Begg’s rank correlation test, and Egger’s weighted regression test [19]. Two-sided p-values < 0.05 were
considered statistically significant for the tests.

3. Results

3.1. Flow and Characteristics of the Included Studies

After database searches performed strictly according to inclusion and exclusion criteria,
962 published articles were identified, and their abstracts reviewed. Of these, 359 did not report
original data. Furthermore, 393 articles were excluded because they did not meet the inclusion criteria.
Thus, 210 articles were carefully assessed and reviewed. Additional 139 papers were excluded due
to being pre-print papers (1 = 2), study protocols (n = 6), reporting data from studies lacking of an
appropriate placebo-controlled design for the supplementation (n = 64), lacking of randomisation
(n =5), testing the acute effect of ALA supplementation (1 = 7), testing ALA supplementation combined
in nutraceutical compounds (n = 27), testing intravenous treatment with ALA (n = 11), testing topical
treatment with ALA (n = 4), lacking sufficient information about the nature of the adverse events
(n =9), or reporting data overlapped with other publications (1 = 4) (Supplementary file B). Finally,
71 studies were eligible and included in the systematic review [20-90]. The study selection process is
shown in Figure 1.

Data were pooled from 71 randomized placebo-controlled clinical studies, comprising 155
treatment arms (82 active arms and 73 control arms). The studies included 4749 subjects, with 2558
receiving treatment with ALA and 2294 subjects assigned to placebo. For reasons independent of the
tested supplementation (i.e., withdrawal of informed consent and personal problems), 510 subjects
prematurely terminated the trials in which they were enrolled. Then, the meta-analysis was performed
considering the other subjects (i.e., PP population).
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Figure 1. Flow chart of the number of studies identified and included in the systematic review.

50f 33

Eligible studies were published between 1982 and 2020 and were conducted in different locations
across all continents. Follow-up periods ranged between 8 days and 4 years and several ALA regimens
were tested. Selected clinical trials were designed with cross-over or parallel-group and enrolled
pregnant women with gestational diabetes, children and/or adolescent, overall healthy subjects or
subjects with minor or major underlying diseases (e.g., diabetes, CVD, rheumatic affections, neurological

disorders, severe renal impairment).
Included clinical studies were fully or partially carried out independently and funded by the
National Institutes of Health (n = 7), Health Ministries (n = 2), University Institutes (n = 42), Research
Hospitals (n = 2), Private Research Institutes (n = 2), Scientific Societies (n = 3), Private Foundations
(n = 8), or were financially supported by industries (n = 7).
The main characteristics of the evaluated studies are summarized in Table 1.
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. . - Enrolled Age
Author, Year Location Study Design "l]";eartt?iel;t Malgrl::ldﬁﬂi:‘n lC)rilterla and Study Group Subjects (years; [11:/[(?’}6;]
uratio: erlying Disease P mean + SD) o
. . . 600 mg/da
Ahmadi, Randomized, single-blind, End-stage renal disease on haemodialysis oc—lipoi%/ aci)(li 20 48.8 +11.2 14 (70)
2013 [20] Iran placebo—con‘fro.lled, parallel-group, 2 months (>2 times/week for >1 year)
clinical study Placebo 24 489 + 125 9 (38)
. . 300 mg/da
Randomized, double-blind, Type 2 diabetes mellitus - mg/aay 29 49+9.1 6 (21)
Ansar, 2011 [21] Iran placebo-controlled, parallel-group, 8 weeks prPG > 126 mg/dL «-lipoic acid
clinical study Placebo 28 51.8+83 8(29)
Randomized, double-blind, 10(_) mg/ daY 30 30.96 + 0.93 0(0)
Aslfalah, Iran lacebo-controlled, Ilel- 8 weeks Gestational diabetes mellitus eclipoic acid
2019a [22] placebo-controlled, parallel-group,
clinical study Placebo 30 31.1+0.92 0(0)
Randomized, double-blind, 10(,) mg/ da.y 30 30.96 + 0.93 0(0)
Aslfalah, Iran lacebo-controlled, llel-: 8 weeks Gestational diabetes mellitus a-lipoic acid
2019b [23] placebo-controlled, parallel-group,
clinical study Placebo 30 31.1+092 0(0)
Baumgartner, Randomized, double-blind, Impaired glucose tolerance or 6010 mg/ da.y
2017 [24] " TheNetherlands placebo-controlled, crossover, 4 weeks non-insulin-dependent type 2 diabetes oclipoic acid 20 63.1+5.8 16 (80)
clinical study BMI > 20 kg/m? and <35 kg/m? Placebo
) Randomized, double-blind, Non-insulin-dependent diabetes mellitus 12(1)_0 mg/ d?{ 35 52.66 + 4.81 15 (43)
Baziar, 2020 [25] Iran placebo-controlled, parallel-group, 8 weeks HbAlc < 7% a-lipoic acl
clinical study BMI > 18.5 kg/m? and <29.9 kg/m? Placebo 35 53.34 + 4.45 16 (46)
United States of Randomized, double-blind, Sedentary lifestyle 609 m-g/da‘y 40 38+10* 12 (39) *
Bobe, 2020 [26] America placebo-controlled, parallel-group, 24 weeks BMI > 27 kg/m? eclipoic acid
clinical study TG > 150 mg/dL
FPG < 125 mg/dL
Placebo 41 40+8 16 (48) *
Primary tunnel carpal syndrome
Boriani, Randomized, double-blind, at least one of the following findings: 8?10 mg/ da')(/i 32 573 +12 13 (41)
2017 [27] Italy placebo-controlled, parallel-group, 40 days anaesthesia or paraesthesia in the median nerve a-ipoic act
clinical study territory, positive Tinel sign, Phalen or reverse
Phalen manoeuvres, and positive nerve
conduction studies irrespective of severity
Placebo 32 58.5 + 11 9 (28)
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. . - Enrolled Age
Author, Year Location Study Design Treatm.ent Main IncluS{on Cr.lterla and Study Group Subjects (years; Mile
Duration Underlying Disease [n (%)]
(n) mean + SD)
Carbone Randomized, double-blind, ] 8010 mg/ da}(’i 22 NA NA
2009 [28]/ Italy placebo-controlled, parallel-group, 8 weeks Burning mouth syndrome ipoicad
clinical study Placebo 22 NA NA
Cavalcanti Randomized, double-blind, ) 60(_) mg/ da.y
2009 [29] ! Brazil placebo-controlled, crossover, 30 days Burning mouth syndrome a-lipoic acid 38 63.1 (36-78) S 4(11)
clinical study Placebo
800 mg/day
a-lipoic acid during the
. Randomized, double-blind, ; - . : first year and 400 7 33 (26-43) ° 2 (29)
Durastanti, Relapsing-remitting multiple sclerosis ¥
2016 [30] Italy placebo—c'ontro%le-d, parallel-group, 2 years psing EDSS sc§re < 32 mg/day a-lipoic acid
pilot clinical study during the second year
28.5
Placebo 6 (22.5-44.3) ° 1(17)
. . 600 mg/da
El Amrousy, Jy— Randomized, double-blind, 3 h Obese healthy children and adolescents oc—lipoi%/ aci}(li 40 123+15 16 (40)
2020 [31] gYP placebo-controlled, parallel-group, months BMI > 95th percentile for age and sex
clinical study Placebo 40 124+14 18 (45)
. . 1200 mg/day
. Randomized, double-blind, Lo 15 41.2+10.51 7 (47)
F;éi;d[i?]l’ Unlfries:ia;faes of placebo-controlled, parallel-group, 6 weeks Unilateral acute optic neuritis «-lipoic acid
’ clinical study Placebo 16 36.1 +9.84 4(25)
Femiano Randomized, double-blind, ' 600 mg/day 30
2002 [33]’ Spain placebo-controlled, parallel-group, 2 months Burning mouth syndrome eclipoic acid 45 (22-68) § 18 (30)
o clinical study Placebo 30
Georgakouli Randomized, double-blind, 60(,) mg/ da‘y
201% [34] ! Greece placebo-controlled, crossover, 4 weeks Healthy status ovlipoic acid 8 384+56 8 (100)
: clinical study Placebo
] o 400 mg/day
Gianturco, Hal Randomized, double-blind, 4 ek Diabetes mellitus oclipoic acid 7 61+7 4 (57)
2009 [35] y placebo—con‘fro.lled, parallel-group, weeks HbAlc < 7%
clinical study Placebo 7 58 + 16 4(57)
600 mg/day
a-lipoic acid during the
first week; 1200 mg/day
Randomized, double-blind, Fibromyalgia a-lipoic acid du'rlng the 5 5(19
Gilron, 2020 [36] Canada placebo-controlled, crossover, 5 weeks daily moderate pain (>4/10 on a NRS) for >3 second wle.ekc 180(_) 27 57 (25-74) 3 19
clinical study months mg/day «-lipoic acid

during the third and
the fourth weeks

Placebo
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. . - Enrolled Age
Author, Year Location Study Design Treatm.ent Main IncluS{on Cr.lterla and Study Group Subjects (years; Male
Duration Underlying Disease [n (%)]
(n) mean + SD)
. . : 600 mg/day
. . Randomized, double-blind, Sedentary lifestyle
Gosselin, United States of ’ ’ ¥ esty “lipoic aci
2019 [37] m A?meriacae S0 placebo-controlled, crossover, 1 month FPG > 100 mg/dL and <125 mg/dL a-lipoic acid 12 471429 4(33)
clinical study BMI > 25 kg/m? and <40 kg/m? Placebo
. : 1800 mg/da
. Randomized, double-blind, : i i Y 122 55+ 11 66 (54)
United States of 4 ’ Cancer patients receiving chemotherapy with a-lipoic acid
Guo, 2014 [38] America placebo-controlled, parallel-group, 24 weeks cisplatin or oxaliplatin p
clinical study Placebo 121 57 +12 63 (52)
. . . 600 mg/da "
Haghighian, | Randomized, triple-blind, 12 week Idiopathic asthenozoospermia oc—lipoi%/ aci}él 24 3298 +£5.35 24 (100)
2015 [39] ran placebo—cont.ro.lled, parallel-group, weeks BMI < 30 kg/m?
clinical study Placebo 24 3412 +£4.79* 24 (100)
. . 2700 mg/da
Hejazi, 2018 [40] Randomized, double-blind, 10 davs Candidates for enteral feeding and expected to a—lipoicg/aci()i, 40 51.2+17 17 (43)
Jjazi, Iran placebo—cont'r(?lled, parallel-group, Yy stay in the intensive care unit for >7 days
clinical study Placebo 40 574 +19 25 (63)
600-1200 mg/day
Huang, United States of Randomized, double-blind, h Pubertal or postpubertal adolescents with type (14_21' mg/ kg{ day) 30 14+24 13 (43)
2008 [41] America placebo—con‘frqlled, parallel-group, 3 months 1 diabetes aclipoic acid
clinical study Placebo 10 15+19 7 (70)
. . 300 mg/da
Huerta, sonin Randomized, double-blind, Sedentary lifestyle et 6 355+ 8.4 00
2016 [42] P placebo—con‘fro.lled, parallel-group, 10 weeks BMI > 27.5 kg/mz and <40 kg/mz
clinical study Placebo 6 418+ 6.6 0(0)
Huerta ) Randomized, double-blind, Healthy status 30(_) mg/ da.y 2 39+ 8% 0(0)
2015 43’] Spain placebo-controlled, parallel-group, 10 weeks regular menstrual cycles oclipoic acid
clinical study BMI > 27.5 kg/m? and <40 kg/m? Placebo 31 38+7* 0(0)
1800 mg/day 18 621+3 10 (56)
a-lipoic acid
Randomized, double-blind, 1200 mg/day
Jacob, 1999 [44] Germany placebo-controlled, parallel-group, 4 weeks Well-controlled type 2 diabetes mellitus -lipoic acid 18 60922 11(61)
clinical study .
600 mg/day 19 58.1+2.8 10 (53)
a-lipoic acid
Placebo 19 604 +24 12 (63)
Jamshidi Randomized, double-blind, 60(,) mg/ da.y
2020 [4:;]/ Iran placebo-controlled, crossover, 8 weeks f3-thalassemia major a-lipoic acid 20 235 + 547 13 (65)
’ clinical study Placebo
HIV infection 900 mg/d
. ) Randomized, double-blind HIV-RNA viral load > 10.000 copies/cm3 me/day 18 472468
ariwalla, ted States of 4 / P lipoi i e =0
goo‘év[%] Uni Ae mgriac:s © placebo-controlled, parallel-group, 6 months despite HAART a-lipoic acid 29 (88)
clinical study CD4+ cell count > 50 cells/mm?
Placebo 15 437 +7.6
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. . I Enrolled Age
. Mal
Author, Year Location Study Design Treatm.ent Main IncluS{on Cr.lterla and Study Group Subjects (years; i N
Duration Underlying Disease @ mean = SD) [n (%)]
. . 600 mg/da
Khabbazi, Randomized, double-blind, 5 Patients with end-stage renal disease on oc—lipoi%/ aci)(li 31 53.83 +13.29 16 (52)
2012 [47] Iran placebo-controlled, parallel-group, 8 weeks haemodialysis
clinical study Placebo 32 54.04 + 13.96 18 (56)
Khalili Randomized, double-blind, . . . . 120.0 mg/dag{f 15 323+62* 5(42)*
2017 [48/] Iran placebo-controlled, parallel-group, 12 weeks Relapsing-remitting multiple sclerosis «-lipoic aci
clinical study Placebo 16 322+105*% 1(8)*
— Randomized, double-blind, ' » , , 1200 mefday 2 314+62% 7@27)
2014 [4(;,] Iran placebo-controlled, parallel-group, 12 weeks Relapsing-remitting multiple sclerosis a-lipoic acis
clinical study Placebo 34 287 +9* 9 (26)
Randomized, double-blind, _ 1200 mg/day 2 80.6 % 6.5 8 (31)
Kim, 2020 [50] South Korea placebo-controlled, parallel-group, 18 months Geographic atrophy a-lipoic aci
clinical study Placebo 27 79+7 11 (41)
Randomized, double-blind, Chronic schizophrenia in rehabilitation 600711,809 mg{ gay 10 40.5 + 6.65 4 (40)
Kim, 2016 [51] South Korea placebo-controlled, parallel-group, 12 weeks significant weight gain after starting treatment a-lipoic ac
clinical study with atypical antipsychotics Placebo 12 40.08 +9.14 7 (58)
1800 mg/day 120 414+1 82 (68)
blic of Randomized, double-blind, BMI > 30 kg/m? or BMI > 27.5 kg/m? and <40 o-lipoic acid
Koh, 2011 [52] Reiu 1co placebo-controlled, parallel-group, 20 weeks kg/m? if hypertension, diabetes mellitus and/or 1200 mg/day
orea clinical study hypercholesterolemia coexisted «-lipoic acid 120 416+ 1.1 79 (66)
Placebo 120 407 +1.1 74 (62)
Lampitella Randomized, double-blind, . . 6010 mg/da}é 20 NA NA
2005 [53] ! Italy placebo-controlled, parallel-group, 6 months Type 2 diabetes mellitus -lipoic ac
- clinical study Placebo 20 NA NA
Revublic of Randomized, double-blind, 600-1200 mg/day 6 6437 +78 27 (59)
Lee, 2017 [54] e%ore; o placebo-controlled, parallel-group, 24 weeks Diabetic cardiac autonomic neuropathy o-lipoic acid
clinical study Placebo 45 624 +£9.1 20 (44)
Multiple sclerosis disability progression in 1 d
United States of Randomized, double-blind, absence of clinical relapse for 5 years ?,0 mg/ aé’ 11 558 + 5.7 5 (45)
Loy, 2018 [55] Ameri placebo-controlled, parallel-group, 2 years EDSS < 6.0 g-ipoic act
merica . s .1 . .
pilot clinical study ability to walk > 25 feet without aid
Placebo 10 55.7 + 4.1 5 (50)
Lépez-D'alessandro Randomized, double-blind, 600 g/day a-lipoic acid 20 NA NA
g ’ Argentina lacebo-controlled, parallel-group, 2 months Burning mouth syndrome
2011 [56] P ; Bronp Placebo 60 NA NA

clinical study
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. . I Enrolled Age
Author, Year Location Study Design Treatm.ent Main IncluS{on Cr.lterla and Study Group Subjects (years; Male
Duration Underlying Disease [n (%)]
(n) mean + SD)
Lépez-Jornet, Randomized, double-blind, 80(') mg/day 30
2%09 [57] / Spain placebo-controlled, parallel-group, 8 weeks Burning mouth syndrome a-lipoic acid 64.37 + 11.61 6 (10)
clinical study Placebo 30
Randomized, double-blind, 600 mg/day 2 37.46 + 1343 4(15)
Magis, 2007 [58] Belgium placebo-controlled, parallel-group, 3 months Migraine with or without aura o-lipoic acid
clinical study Placebo 18 38.94 + 8.05 2(11)
Manning, Randomized, double-blind, ' 6(19 mg/ da{i 34 55+ 10 14 (41)
2013 [59] New Zeland placebo-controlled, parallel-group, 1year Metabolic syndrome a-lipoic act
clinical study Placebo 40 57+9 15 (38)
Marfella, Randomized, double-blind, ) 6010 mg/ da.}(/i 24 63.7 + 6.5 0(0)
2016 [60] Ttaly placebo-controlled, parallel-group, 12 months Takotsubo cadiomyopathy a-lipoic acl
clinical study Placebo 24 639 +£52 0(0)
Marshall, United Randomized, double-blind, 3010 mg/ da}(’i 20 50.7 + 1.9 17 (85)
1982 [61] Kingdom placebo—contro]led/ parallel-group/ 24 weeks Alcohol related liver disease &-lIpoic acl
clinical study Placebo 20 464 +2.7 15 (75)
201(.) mg/ da.fj 10 17.7 £9.6 6 (60)
Sickle cell disease &-lipoic aci
Placebo 10 17+ 11 5 (50)
Randomized, double-blind,
Martins, X 4 ’ 200 mg/day
200 [62] Brazil placebo—cont-rqlled, parallel-group, 3 months Sickle cell trait oclipoic acid 10 313+ 154 2 (20)
clinical study
Placebo 10 29.7 +10.8 2 (20)
200 mg/day
Healthy status a-lipoic acid 10 85211 4¢40)
Placebo 10 23311 3 (30)
Mendes, Randomized, double-blind, ) ) 60(,) mg/ da.y 32 NA NA
2014 [63] Brazil placebo-controlled, parallel-group, 12 weeks Arterial hypertension o-lipoic acid
clinical study Placebo 28 NA NA
Type 2 diabetes mellitus without complications d
Mendoza-Nufez, . Randomized, double-blind, or comorbidity, treated with two tablets of 6010 mg/ a{; 50 63+£1% NA
2019 [64] Mexico placebo-controlled, parallel-group, 6 months glibenclamide/metformin (5/500 mg) per day -lpoic acl
clinical study BMI < 35 kg/m?
sedentary lifestyle Placebo 50 64+1* NA
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. . - Enrolled Age
Author, Year Location Study Design geittzeit Malgrlllzlcelrl;s;cr)‘n IC)rilst:;lsz and Study Group Subjects (years; [Il:/[(i}e;]
uratiol ying (n) mean + SD) ’
Mirtaheri Randomized, double-blind, 12?.0 mg/ d'f‘é’ 35 36.09 =877 * 0(0)
2014 [(,5]' Iran placebo-controlled, parallel-group, 8 weeks Rheumatoid arthritis «-lipoic aci
clinical study Placebo 35 38.28 + 8.63 * 0(0)
. . 600 mg/da;
Mohammadi, Randomized, double-blind, Previous thrombotic or embolic stroke o-li oi%/aci}(i{ 40 62.33 £6.19 NA
2018 [66] Iran placebo-controlled, parallel-group, 12 weeks BMI > 18.5 kg/m? and <35 kg/m? P
clinical study B B Placebo 40 64.23 + 8.01 NA
. . 600 mg/da
Mohammadi, Randomized, double-blind, Spinal cord injury since > 1 year oli oi%/ aci};l 28 39 £ 6.44 28 (100)
2015 [67] Iran placebo-controlled, parallel-group, 12 weeks BMI > 18.5 kg/m? P
clinical study B Placebo 30 36.8 £7.48 30 (100)
Randomized, double-blind, . 6010 mg/ da.}(/i 26 43 +9 15 (58)
Mollo, 2012 [68] Ttaly placebo-controlled, parallel-group, 5 weeks Type 1 diabetes o-lipoic act
clinical study Placebo 25 46 +11 12 (48)
. . 600 mg/day
. Randomized, double-blind, .o 10 4531 1 (10)
MO;S;%, [(é;l]lzar’ Mexico placebo-controlled, parallel-group, 3 months Idiopathic carpal tunnel syndrome aclipoic acid
clinical study Placebo 10 4841 1(10)
. . 600 mg/day
s Randomized, double-blind, o8 : 30
Palaz%(l); ?;()“]Chel, Spain placebo-controlled, parallel-group, 2 months Burning mouth syndrome aelipoicadd 6213 (36-86) ¢ °®
clinical study Placebo 30
1200 mg/day 7 47.07 +2.18 1(14)
«-lipoic acid
900 mg/day
L : 7 44 +2 1(14
P h Randomized, double-blind, «-lipoic acid 149
orasuphatana, Thailand placebo-controlled, parallel-group, 6 months Type 2 diabetes mellitus with microalbuminuria 600 d
2012{71] inical stud ms/day 8 457+ 1.68 3(39)
clinical study a-lipoic acid o
300 mg/day 8 25+112 4(50)
«-lipoic acid
Placebo 8 429 +2.52 1(13)
Pourghasem Randomized, double-blind, Rheumatoid arthritis 12(1)_0 mg/ d?c}ll 35 36.1 + 8.8 0(0)
Gargari, Iran placebo-controlled, parallel-group, 8 weeks DAS28 < 5.1 a-lipoic act
2014 [72] clinical study BMI < 40 kg/m2 Placebo 35 383 +£8.6 0(0)
. . 1200 mg/da
Rahmanabadi, Randomized, double-blind, Non-alcoholic fatty liver disease oli oicg/acig 25 40.28 +5.5 13 (52)
2019 [4] Iran placebo-controlled, parallel-group, 12 weeks BMI > 30 kg/m? and <40 kg/m> p
clinical study Placebo 25 37.52 £9.67 14 (56)
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Table 1. Cont.

12 0f 33

. . I Enrolled Age
Author, Year Location Study Design Treatm.ent Main IncluS{on Cr.lterla and Study Group Subjects (years; Mile
Duration Underlying Disease [n (%)]
(n) mean + SD)
. ; 1800 mg/da
Ruhnau, G Randomized, double-blind, Type 2 diabetes mellitus with distal symmetrical oc—lipoiég/acigl, 12 60.5 +6.9 6 (50)
1999 [73] ermany placebo—con‘fro.lled, parallel-group, 3 weeks polyneuropathy
clinical study Placebo 12 62.1 +4.5 6 (50)
. . 600 mg/da
Randomized, double-blind, . L v mg/day 30 59.3 + 10.47 21 (70)
Safa, 2014 [74] Iran placebo-controlled, parallel-group, 12 months End-stage renal dlsr?osr?t?\rsl haemodialysis > 6 oclipoic acid
clinical study Placebo 31 55.2 +13.43 21 (68)
. . . 1200 mg/da;
Sammour, Eovot Randomized, triple-blind, 6 K Primary caesarean section in singleton term oc—lipoif/acic}ll 51 253+£51 0(0)
2019 [75] 8YP placebo—cont.ro.lled, parallel-group, weeks pregnancy
clinical study Placebo 51 251+54 0(0)
Randomized, double-blind, Paroxysmal, symptomatic atrial fibrillation > 6 60(,) mg/ da.y 33 58.8 + 6.7 15 (45)
Sardu, 2017 [76] Ttaly placebo-controlled, parallel-group, 12 months months refractory to >1 class 1-3 antiarrhythmic a-lipoic acid
clinical study drugs and treated with catheter ablation Placebo 40 61.5+8.1 23 (58)
. . 800 mg/da
Scaramuzza, Ital Randomized, double-blind, 6 b Type 1 diabetes a-lip oi%/aci)(,i 25 16.1 +3.1 15 (60)
2015 [77] ¥ placebo—c'ontroue'd, parallel-group, months endothelial dysfunction
pilot clinical study Placebo 27 16 +34 16 (59)
. . 300 mg/day
. Randomized, double-blind, Lo 15 46 +15 5(33)
Sola, 2005 [78] Umt:ii:;zd of placebo-controlled, parallel-group, 4 weeks Metabolic syndrome a-lipoic acid
clinical study Placebo 14 44 £13 6 (43)
. . 1200 mg/da
Spain, 2017 [79] United Stated of Randomized, double-blind, 2 vears Multiple sclerosis disability progression in oc—lipoicg/aciéll 27 579 £6.7 11 (41)
pai, America placebo—cont.r(?lled, parallel-group, Y absence of clinical relapse for 5 years
clinical study Placebo 24 59.7+6 9 (38)
Randomized, blind, 600 mg/day ) 658479 11 (35)
Sun, 2012 [80] China placebo-controlled, parallel-group, 3 months Dry form of age-related macular degeneration eclipoic acid
clinical study Placebo 30 645+ 8.1 10 (33)
Tromba Randomized, double-blind, 809 mg/ da.y 34 115+19* 16 (50) *
2019 [81i Italy placebo-controlled, parallel-group, 12 weeks BMI > 85th percentile for age and sex o-lipoic acid
clinical study Placebo 33 11.1+21* 20 (63) *
. . 300 mg/da
Udupa, o Randomized, double-blind, 00 dave Type 2 diabetes mellitus oc_hpoi‘i/ ad{’i 25 535+ 1.4 12 (48)
2013 [82] ndia placebo—con‘frglled, parallel-group, y! FGP > 110 mg/dL and <250 mg/dL
clinical study Placebo 25 53.8 £2.1 15 (60)
. . 600 mg/da
Vincent, United States of Randomized, double-blind, 3 h ABI > 0.3 and <0.9 oc—lipoi%/ aci}::{ 16 751+82 9 (56)
2007 [83] America placebo-controlled, parallel-group, months claudication pain with walking
clinical study Placebo 12 70.7 £ 18.9 6 (50)
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. . - Enrolled Age
Author, Year Location Study Design Treatm.ent Main IncluS{on Cr.lterla and Study Group Subjects (years; Mile
Duration Underlying Disease [n (%)]
(n) mean + SD)
2400 mg/da
ed ; Randomized, double-blind, Multivle sclero “_hpoicg/a oot 8 445 (34-56) § 0(0)
Yadav, 2005 [84] UmtAe St.ates o placebo-controlled, parallel-group, 14 days E]lDlShSp € s¢ e<ro75155
merica pilot clinical study score = /. 1290 rgg/ dfiy 16 NA 2(13)
a-lipoic acid
Placebo 9 50 (36-66) § 2(22)
Randomized, double-blind, BMI > 25 kg/m? 12?,0 mg/ da_‘()i’
Yan, 2013 [85] China placebo-controlled, crossover, 8 weeks >1 of borderline hypertension, dyslipidemia, or o-lipoic act 103 NA NA
clinical study impaired FPG Placebo
Zembron-Lacn Randomized, double-blind, 120,0 mg/ dfly
2013 [86] Y Poland placebo-controlled, crossover, 10 days Healthy status o-lipoic acid 16 20.7 + 0.9 16 (100)
clinical study Placebo
Physical education students d
Zembron-Lacny, Randomized, double-blind, healthy status 12?,0 mg/ ay
2009 [87] Poland placebo-controlled, crossover, 8 days forced training experience oclipoic acid 13 255+ 6 13 (100)
clinical study 23 years Placebo
Type 1 or 2 diabetes (duration >1 year)
stage 1 or 2a distal symmetric sensorimotor
polyneuropathy due to diabetes
Canada, Croatia, Randomized, double-blind, stable insulin regimen d
Ziegler, Denmark, placebo-controlled, parallel-group, NIS|1j+7 > 2 6(10 mg/ a)é 231 53.3+83 152 (66)
2011 [88] France, Italy, clinical study 4 years one of the following abnormalities: abnormal a-lipoic act
Spain, nerve conduction attributes in two separate
The Netherlands, nerves > 99th percentile for distal latency or
United <1st percentile for nerve conduction velocity or
Kingdom, amplitude OR HRBD 2 1st percentile or TSS in
United States of the feet< 5
America
Placebo 225 53976 154 (67)
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Table 1. Cont.
. . - Enrolled Age

Author, Year Location Study Design Treatm.ent Main IncluS{on Cr.lterla and Study Group Subjects (years; Mile
Duration Underlying Disease @ mean = SD) [n (%)]

Type 1 or 2 diabetes 1800 mg/day 46 59 +9 19 (41)

o «-lipoic acid
. . HbAlc < 10%

Ziegler, Israel and 1 R;ndormzel(li, CcllOublel-lbimd, symptomatic distal symmetric polyneuropathy 1200 mg/day 47 50 4 12 19 (40

2006 [89] Russia placebo-controlled, parallel-group, 5 weeks due to diabetes oc-lipoic acid - (40)
clinical study
185>7.5 600 mg/da
NIS =2 i aciﬁ 45 56 + 12 20 (44)
absent or decreased pain sensation according to P
pin-prick test Placebo 43 57 £11 15 (35)

* data refer to safety population; § data reported as median (variation range); ° data reported as median (interquartile range); * data reported as mean; ABI = Ankle brachial index;
BMI = Body mass index; CVD = Cardiovascular disease; DAS28 = Disease activity score in 28 joints; EDSS = Expanded disability status scale; HIV = Human immunodeficiency virus;
HRBD = Heart rate during deep breathing; NA = Not available; NIS 1| = Neuropathy impairment score — subscore for lower limbs; NISj; 1+7 = Neuropathy impairment score—subscore

for lower limbs and seven nerve conduction tests score; NRS = Numerical rating scale; FPG = Fasting plasma glucose; TSS = Total symptom score.
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3.2. Risk of Bias Assessment

Almost all of the included studies were characterized by sufficient information regarding sequence
generation, allocation concealment, personal and outcome assessments, incomplete outcome data,
and selective outcome reporting. Details of the quality of bias assessment are reported in Table 2.

Table 2. Quality of bias assessment of the included studies according to Cochrane guidelines.

Blinding to
.. . Other
. Participants, Incomplete Selective .
Sequence Allocation Potential
Author, Year . Personnel and Outcome Outcome
Generation  Concealment . Threats to
Outcome Data Reporting . 1.
Validity
Assessment

Ahmadi,

2013 [20] L L H L L U
Ansar, 2011 [21] L L L L U L

Aslfalah,

2019a [22] L L L L L L

Aslfalah,

2019b [23] L L L L L L
Baumgartner,

2017 [24] L L L L L L

Baziar, 2020 [25]
Bobe, 2020 [26]
Boriani,

2017 [27] L L L L L L

Carbone,

2009 [25] L L L L L L

Cavalcanti,

2009 [29] L L L L L L
Durastanti,

2016 [30] L L L U U U
El Amrousy,

2020 [31] L L L L L L
Falardeau,

2019 [32] L L L L L L

Femiano,

2002 [33] U L L L U U

Georgakouli,
2018 [34] L L L L L L
Gianturco,

2009 [35] L L L L U L
Gilron, 2020 [36] L L L L L L

Gosselin,

2019 [37] L L L L L L

Guo, 2014 [38] L L L L L L
Haghighian,

2015 [39] L L L L L L
Hejazi, 2018 [40] L L L L L L
Huang, 2008 [41]

Huerta,
2016 [42] L L L L L L
Huerta, L L L L L L

2015 [43]
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Table 2. Cont.

Blinding to
.. . Other
. Participants, Incomplete Selective .
Sequence Allocation Potential
Author, Year . Personnel and Outcome Outcome
Generation  Concealment . Threats to
Outcome Data Reporting . 1.
Validity
Assessment
Jacob, 1999 [44] L L L L U H

Jamshidi,

2020 [45] L L L L L L

Jariwalla,

2008 [46] L L L L U H

Khabbazi,

2012 [47] L L L L L L
Khalili, 2017 [48] L L L L L L
Khalili, 2014 [49] L L L L L L

Kim, 2020 [50] L L L L L L

Kim, 2016 [51] L L L L L L

Koh, 2011 [52] L L L L L L
Lampitella,

2005 [53] L U U L L U
Lee, 2017 [54] L L L L
Loy, 2018 [55] L L L L L L

Lépez-
D’Alessandro, L L L H H U

2011 [56]

Lépez-Jornet,
2009 [57] L L L L L L
Magis, 2007 [58] L L L L L L

Manning,

2013 [59] L L L L L L

Marfella,

2016 [60] L L U L L U

Marshall,

1982 [61] L L L L L L

Martins,

2009 [62] L L U L L U

Mendes,

2014 [63] L L L L H U

Mendoza-

Nunez, 2019 [64] L L L L L L

Mirtaheri,

2014 [65] L L L L L L
Mohammadi,

2018 [66] L L L L L L
Mohammadi,

2015 [67] L L L L L L
Mollo, 2012 [68] L L L L L L
Monroy Guizar,

2018 [69] L L L L L L

Palacios-

Sanchez, L L L L L L

2015 [70]
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Table 2. Cont.

Blinding to
.. . Other
. Participants, Incomplete Selective .
Sequence Allocation Potential
Author, Year . Personnel and Outcome Outcome
Generation  Concealment . Threats to
Outcome Data Reporting . 1.
Validity
Assessment
Porasuphatana,
2012 [71] L L L L L H
Pourghasem
Gargari, L L L L L L
2014 [72]
Rahmanabadi,
2019 [4] L L L L L L
Ruhnau,
1999 [73] L L L L L L
Safa, 2014 [74] L L L L L L
Sammour,
2019 [75] L L L L L L
Sardu, 2017 [76] L L L L L L
Scaramuzza,
2015 [77] L L L L L L
Sola, 2005 [78] L L L L L L
Spain, 2017 [79] L L L
Sun, 2012 [80] U U U
Tromba,
2019 [81] L L L L L L
Udupa,
2013 [83] L L L L L L
Vincent,
2007 [83] L L L L L L
Yadav, 2005 [84] L L L L L L
Yan, 2013 [85]
Zembron-
Lacny, 2013 [86] L L L L L L
Zembron-
Lacny, 2009 [87] L L L L L L
Ziegler, 2011 [88] L L L L L L
Ziegler, 2006 [89] L L L L

H = High risk of bias; L = Low risk of bias; U = Unclear risk of bias.

The quality of evidence for each outcome across all the studies was considered high in accordance
with the GRADE approach.

3.3. Primary Outcomes

3.3.1. Hypoglycaemic Episodes

Symptoms defined as ‘similar to hypoglycaemic episodes” were reported only by Jacob et al. and
were exclusively experienced by subjects randomized to placebo. Authors did not report if an attempt
for treatment rechallenging was made during the trial [44].



Antioxidants 2020, 9, 1011 18 of 33

3.3.2. Gastrointestinal AEs

Meta-analysis of extracted data suggested that supplementation with ALA was not associated
with an increased risk of gastrointestinal AEs (OR = 1.32, 95% CI 0.97 to 1.78; p = 0.073; ? = 0%)
(Figure 2). The finding was robust in the leave-one-out sensitivity analysis (Figure S1).

Gastrointestinal AEs

Study name Statistics for each study Odds ratio and 95%Cl

Odds Lower Upper

ratio limit limit Z-Value p-Value
Baziar, 2020 2913 0,115 74,063 0,648 0,517
Bobe, 2020 0,971 0,058 16,163 -0,020 0,984
Boriani, 2017 1,000 0,060 16,713 0,000 1,000
Cavalcanti, 2009 3,100 0,579 16,586 1,322 0,186
Gilron, 2020 2,841 0500 16,138 1,178 0,239
Koh, 2011 (Highest dosage) 0,448 0,027 7,353 -0,562 0,574
Koh, 2011 (Lowest dosage) 1,156 0,334 4,006 0,229 0,819 —_—
Lee, 2017 0,907 0,055 14,997 -0,068 0,946
Lopez-Jornet, 2009 2,106 0,081 54,976 0,448 0,654
Mohammadi, 2018 3,078 0,122 77,905 0,682 0,495
Sammour, 2019 1,531 0,245 9,574 0,456 0,649
Scaramuzza, 2015 1,705 0,260 11,156 0,556 0,578
Spain, 2017 3,000 0,116 77,311 0,663 0,508
Vincent, 2007 2419 0,090 64,695 0,527 0,598
Yadav, 2005 (Highest dosage) 9,000 0,340 238,210 1,315 0,189
Yadav, 2005 (Lowest dosage) 1,875 0,150 23,396 0,488 0,625
Yan, 2013 0,716 0,238 2,151 -0,596 0,551 —
Zegler, 2011 1,081 0,733 1,595 0,393 0,695 E 3
Zegler, 2006 (Highest dosage) 80,040 4,437 1443,778 2,970 0,003
Ziegler, 2006 (Mid dosage) 10,915 0,607 196,208 1,622 0,105
Zegler, 2006 (Lowest dosage) 5,649 0,303 105,347 1,160 0,246

1,318 0,974 1,784 1,791 0,073 >

0,01 0,1 1 10 100

Favours ALA  Favours Placebo

Figure 2. Forest plot for the risk of gastrointestinal adverse events (AEs) following alpha-lipoic acid
(ALA) supplementation versus placebo.

Visually, the funnel plot of standard error by log OR was slightly asymmetric (Figure S2).
This asymmetry was imputed to eight potentially missing studies on the left-side of the plot, which
reduced the estimated effect size to 1.12 (95% CI 0.84 to 1.49). Egger’s linear regression and Begg’s
rank correlation confirmed the presence of publication bias for the analysis (p < 0.05).

3.3.3. Neurological AEs

Meta-analysis of extracted data suggested that supplementation with ALA was not associated
with an increased risk of neurological AEs (OR = 1.53,95% CI 0.88 to 2.63; p = 0.129; I? = 0%) (Figure 3).
The finding was robust in the leave-one-out sensitivity analysis (Figure S3).

Visually, the funnel plot of standard error by log OR was slightly asymmetric (Figure S4).
This asymmetry was imputed to 4 potentially missing studies on the left-side of the plot, which reduced
the estimated effect size to 1.26 (95% CI 0.76 to 2.10). However, neither Egger’s linear regression
nor Begg’s rank correlation confirmed the presence of publication bias for the analysis (p > 0.05 for
both tests).
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Neurological AEs

Study name

Bobe, 2020

Boriani, 2017

Cavalcanti, 2009

Falardeau, 2019

Gilron, 2020

Jariwalla, 2008

Khalili, 2014

Khalili, 2017

Koh, 2011 (Highest dosage)
Koh, 2011 (Lowest dosage)
Lee, 2017

Mohammadi, 2018

Yadav, 2005 (Highest dosage)
Yadav, 2005 (Lowest dosage)
Yan, 2013

Ziegler, 2006 (Highest dosage)
Ziegler, 2006 (Lowest dosage)
Ziegler, 2006 (Mid dosage)

Statistics for each study

Odds Lower Upper

ratio  limit limit

0,315 0,012 7,999 -0,700
1,000 0,060 16,713 0,000
5161 0,570 46,726 1,460
0,857 0,205 3579 -0,211
1,474 0432 5027 0619
3,000 0,126 71,311 0,680
2,500 0,214 29,254 0,730
2,000 0,159 25115 0,537
1,390 0,268 7,209 0,392
1,013 0,089 11,507 0,010
2,793 0,111 70,545 0,623
3,078 0,122 77,905 0,682
5444 0,206 144,102 1,014
1,957 0,078 49,264 0,408
0,192 0,009 4,044 -1,062
3,843 0,200 73,885 0,893
1,667 0,076 36,775 0,324
1,703 0,077 37,456 0,338
1,526 0,884 2634 1,517

Z-Value p-Value

0,484
1,000
0,144
0,833
0,536
0,497
0,465
0,591
0,695
0,992
0,533
0,495
0,311
0,683
0,288
0,372
0,746
0,736
0,129

Odds ratio and 95%CI

>
0,01 0,1 1 10 100

Favours ALA  Favours Placebo

Figure 3. Forest plot for the risk of neurological AEs following ALA supplementation versus placebo.

3.3.4. Psychiatric Disorders

Meta-analysis of extracted data suggested that supplementation with ALA was not associated
with an increased risk of psychiatric disorders (OR = 1.13, 95% CI 0.64 to 1.99; p = 0.668; I? = 0%)
(Figure 4). The finding was robust in the leave-one-out sensitivity analysis (Figure S5).

Psychiatric AEs

Study name

Statistics for each study

Odds Lower Upper

ratio

Bobe, 2020 5,145
Yan, 2013 5,000
Ziegler, 2011 1,014

1,131

limit limit

0,238 111,087
0,237 105,578
0,566 1,817
0,644 1,986

Z-Value p-Value

1,045
1,034
0,048
0,429

0,296
0,301
0,962
0,668

Odds ratio and 95% CI

s

0,01 01 1 10 100

Favours ALA  Favours Placebo

Figure 4. Forest plot for the risk of psychiatric AEs following ALA supplementation versus placebo.

Visually, the funnel plot of standard error by log OR was slightly asymmetric (Figure S6).

This asymmetry was imputed to two potentially missing studies on the left-side of the plot, which
reduced the estimated effect size to 1.01 (95% CI 0.59 to 1.75). Egger’s linear regression confirmed the
presence of publication bias for the analysis (p < 0.01), though Begg’s rank correlation did not.

3.3.5. Musculoskeletal AEs

Meta-analysis of extracted data suggested that supplementation with ALA was not associated
with an increased risk of musculoskeletal AEs (OR = 0.76, 95% CI 0.22 to 2.64; p = 0.666; 2 = 0%)
(Figure 5). The finding was robust in the leave-one-out sensitivity analysis (Figure S7).
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Musculoskeletal AEs

Study name Statistics for each study Odds ratio and 95%CI

Odds Lower Upper

ratio  limit limit Z-Value p-Value
Bobe, 2020 3,000 0,118 76,161 0,666 0,506 L
Falardeau, 2019 0462 0,071 2994 -0810 0418 B
Gilron, 2020 0,321 0,013 8241 -0686 0,493 L
Yadav, 2005 (Highest dosage) 1,615 0,051 51,106 0,272 0,786 L
Yadav, 2005 (Lowest dosage) 1,080 0,037 31,629 0,045 0,964

0,761 0220 2635 -0431 0,666

0,01 0,1 1 10 100
Favours ALA  Favours Placebo

Figure 5. Forest plot for the risk of musculoskeletal AEs following ALA supplementation versus placebo.

Visually, the funnel plot of standard error by log OR was slightly asymmetric (Figure S8).
This asymmetry was imputed to 2 potentially missing studies on the left-side of the plot, which
reduced the estimated effect size to 0.50 (95% CI 0.17 to 1.51). However, neither Egger’s linear regression
nor Begg’s rank correlation confirmed the presence of publication bias for the analysis (p > 0.05 for
both tests).

3.3.6. Skin AEs

Meta-analysis of extracted data suggested that supplementation with ALA was not associated
with an increased risk of skin AEs (OR = 1.13, 95% CI 0.82 to 1.56; p = 0.469; 1> = 33.6%) (Figure 6).
The finding was robust in the leave-one-out sensitivity analysis (Figure S9).

Skin AEs

Study name Statistics for each study Odds ratio and 95%Cl

Odds Lower Upper
ratio limit limit Z-Value p-Value

Boriani, 2017 3,207 0,315 32,604 0985 0,325
Cavalcanti, 2009 0,297 0,012 7543 -0,736 0,462
Falardeau, 2019 1,071 0,061 18,820 0,047 0,962
Kim, 2016 3,353 0,120 93,835 0,712 0,477
Koh, 2011 (Highest dosage) 2,821 0,899 8850 1,778 0,075 e
Koh, 2011 (Lowest dosage) 4,153 1,155 14,927 2,181 0,029 —
Porasuphatana, 2012 1,545 0,067 35431 0272 0,785
Yadav, 2005 (Highest dosage) 1,615 0,051 51,106 0272 0,786
Yan, 2013 3,141 0,822 11,997 1,674 0,094
Ziegler, 2011 0,809 05553 1,184 -1,093 0,275 1
1,127 0815 1,559 0,724 0,469

0,01 0,1 1 10 100

Favours ALA  Favours Placebo

Figure 6. Forest plot for the risk of skin AEs following ALA supplementation versus placebo.

Visually, the funnel plot of standard error by log OR was slightly asymmetric (Figure S10).
This asymmetry was imputed to four potentially missing studies on the left-side of the plot, which
reduced the estimated effect size to 0.92 (95% CI 0.68 to 1.24). However, neither Egger’s linear regression
nor Begg’s rank correlation confirmed the presence of publication bias for the analysis (p > 0.05 for
both tests).

3.3.7. Infections

Meta-analysis of extracted data suggested that supplementation with ALA was not associated
with an increased risk of infections (OR = 0.93, 95% CI 0.18 to 4.65; p = 0.925; I> = 0%) (Figure 7).
The finding was robust in the leave-one-out sensitivity analysis (Figure S11).
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Infections
Study name Statistics for each study Odds ratio and 95%Cl
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Falardeau, 2019 0,310 0,028 3,364 -0,963 0,335 -
Koh, 2011 (Highest dosage) 3,316 0,167 65,718 0,787 0,432 L
Koh, 2011 (Lowest dosage) 1,547 0,062 38,803 0,265 0,791 L
0926 0,184 4647 -0094 0925 -

0,01 0,1 1 10 100

Favours ALA  Favours Placebo

Figure 7. Forest plot for the risk of infections following ALA supplementation versus placebo.

Visually, the funnel plot of standard error by log OR was slightly asymmetric (Figure S12).
This asymmetry was imputed to two potentially missing studies on the left-side of the plot, which
reduced the estimated effect size to 0.31 (95% CI1 0.08 to 1.13). However, neither Egger’s linear regression
nor Begg’s rank correlation confirmed the presence of publication bias for the analysis (p > 0.05 for
both tests).

3.3.8. CV System AEs

Meta-analysis of extracted data suggested that supplementation with ALA was not associated
with an increased risk of CV system AEs (OR = 1.25, 95% CI 0.84 to 1.85; p = 0.276; I? = 15.8%) (Figure 8).
The finding was robust in the leave-one-out sensitivity analysis (Figure S13).

CV system AEs
Study name Statistics for each study Odds ratio and 95%ClI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Cavalcanti, 2009 0,914 0,055 15231 -0,062 0,950

Koh, 2011 (Highest dosage) 0,149 0,006 3,733 -1,159 0,247
Koh, 2011 (Lowest dosage) 0,244 0,021 2771 -1,138 0,255

Marfella, 2016 0,191 0,009 4214 -1,049 0,294
Ruhnau, 1999 0,333 0,012 9,068 -0652 0515
Zegler, 2011 1441 0950 2,186 1,720 0,085
1247 0,838 1,854 1,089 0276 E

0,01 0,1 1 10 100

Favours ALA  Favours Placebo

Figure 8. Forest plot for the risk of CV system AEs following ALA supplementation versus placebo.

Visually, the funnel plot of standard error by log OR was slightly asymmetric (Figure S14).
This asymmetry was imputed to three potentially missing studies on the right-side of the plot, which
increased the estimated effect size to 1.40 (95% CI 0.95 to 2.05). Egger’s linear regression confirmed the
presence of publication bias for the analysis (p < 0.01), though Begg’s rank correlation did not.

3.3.9. Hospitalisation

Meta-analysis of extracted data suggested that supplementation with ALA was not associated
with an increased risk of hospitalisation (OR = 5.66, 95% CI 0.64 to 49.85; p = 0.119; 2 = 0%) (Figure 9).
The finding was robust in the leave-one-out sensitivity analysis (Figure 515).
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Study name

Statistics for each study

Odds Lower

ratio
Bobe, 2020 5,145
Khabbazi, 2012 6,224
5,657

limit

Upper
limit
0,238 111,087
0,285 135,784
0,642 49,849

Z-Value p-Value

1,045
1,163
1,561

0,296
0,245
0,119

Odds ratio and 95% ClI

0,01 0,1 1 10 100

Favours ALA  Favours Placebo

Figure 9. Forest plot for the risk of hospitalisation following ALA supplementation versus placebo.

3.3.10. Death

Meta-analysis of extracted data suggested that supplementation with ALA was not associated with
an increased risk of death (OR = 0.56, 95% CI 0.21 to 1.48; p = 0.242; I> = 0%) (Figure 10). The finding
was robust in the leave-one-out sensitivity analysis (Figure 516).

Death

Statistics for each study

Odds Lower Upper

Study name

ratio
Guo, 2014 0,529
Hejazi, 2018 0,487
Khabbazi, 2012 0,215
Kim, 2020 0,376
Mohammadi, 2018 0,777

0,558

limit

0,046
0,042
0,010
0,015
0,192
0,210

limit

6,109
5,599
4,690
9,679
3,142
1,483

Z-Value p-Value

-0,510
-0,577
-0,977
-0,590
-0,354
-1,169

0,610
0,564
0,328
0,555
0,724
0,242

Odds ratio and 95% CI

0,01 0,1 1 10 100

Favours ALA  Favours Placebo

Figure 10. Forest plot for the risk of death following ALA supplementation versus placebo.

Visually, the funnel plot of standard error by log OR was slightly asymmetric (Figure S517).
This asymmetry was imputed to three potentially missing studies on the right-side of the plot, which
increased the estimated effect size to 0.71 (95% CI 0.31 to 1.64). Egger’s linear regression correlation
confirmed the presence of publication bias for the analysis (p = 0.03), though Begg’s rank correlation

did not.

3.4. Additional Analyses

Supplementation with ALA was not associated with a significant increased risk of any AE
in subsets of studies classified by smoking habit, CV disease, diabetes, pregnancy, neurological
disorders, rheumatic affections, and severe renal impairment at baseline (Table 3). Furthermore,
ALA supplementation was safe in children (Table 3). The findings were robust in the leave-one-out

sensitivity analysis.
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Table 3. Subgroup analyses for the risk of treatment-emergent AEs, stratified by smoking habit, cardiovascular disease, presence of diabetes, pregnancy, neurological

disorders, rheumatic affections, age, and severe renal impairment at baseline.

Smokine Habit Cardiovascular Diabetes Preenanc Neurological Rheumatic Children and/or Severe Renal
AEs 8 Disease 8 Y Disorders Affections Adolescents Impairment
Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No
Number of reported
" AEs (active -/- 4/2 2/0 97/88  137/77  17/14 3/2 180/97  144/76 -/ 5/2 4/3 3/2 180/97 /- 94/81
ﬁ arm/placebo arm)
Té Odd ratio - 1.192 2734 1.103 1.267 1.155 1.531 1.313 1.295 - 2.841 1.433 1.705 1.309 - 1.158
E 95% CI (lower limit; ) 0.265; 0.273; 0.781; 0.879; 0.540; 0.245; 0966, 0.897; 0.500;,  0.300;  0.260; 0.964: 1.779 ) 0.811;
.g upper limit) 5361 27383  1.558 1.827 2.468 9.574 1.784 1.869 16.138  6.833  11.156 R 1.653
% Z-value - 0.229 0.856 0.556 1.268 0.371 0.456 1.740 1.382 - 1.178 0.451 0.556 1.724 - 0.809
© 12 (%) - 0 0 0 50 0 0 0 48 - 0 0 0 0 - 0
P-value - 0.819 0.392 0.578 0.205 0.711 0.649 0.082 0.167 - 0.239 0.652 0.578 0.085 - 0.418
Number of reported
AEs (active -/- 6/2 1/0 19/18 10/0 18/14 -/ 50/23 25/9 -/ 8/6 0/1 -/ 50/23 -/- 22/16
ﬁ arm/placebo arm)
= Odd ratio - 1.024 3.078 1.153 2.368 1.268 - 1.526 1.718 - 1.474 0.315 - 1.526 - 3.078
=
0 95% CI (lower limit; ) 0.236; 0.122; 0.544; 0.884; 0.552; ) 0.884; 0.742; ) 0.432; 0.012; ) 0.884: 2.634 ) 0.122;
Tq upper limit) 4.442 77.905 2.442 2.634 2914 2.634 3.977 5.027 7.999 R 77.905
=4
Z Z-value - 0.032 0.682 0.371 1517 0.560 - 1517 1.264 - 0.619  -0.700 - 1.517 - 0.682
12 (%) - 0 0 0 0 0 - 0 0 - 0 0 - 0 - 0
P-value - 0.974 0.495 0.711 0.129 0.575 - 0.129 0.206 - 0.536 0.484 - 0.129 - 0.495
Number of reported
AEs (active -/- 2/0 /- 30/25 26/25 4/0 -/ 30/25 26/25 -/ /- 2/0 -/- 30/25 /- 28/25
2 arm/placebo arm)
i Odd ratio - 5.145 - 1.131 1.014 5.071 - 1.131 1.014 - - 5.145 - 1.131 - 1.073
}‘E 95% CI (lower limit; ) 0.238; 0.644;  0.566;  0.582; 0.644;  0.566; ) ) 0.238; 0.644: 1.986 ) 0.605;
5 upper limit) 111.087 1.986 1.817  44.174 1.986 1.817 111.087 A 1.903
>
& Z-value - 1.045 - 0.429 0.048 1.470 - 0.429 0.048 - - 1.045 - 0.429 - 0.242
12 (%) - 0 - 0 0 0 - 0 0 - - 0 - 0 - 0
P-value - 0.296 - 0.668 0.962 0.142 - 0.668 0.962 - - 0.296 - 0.668 - 0.809
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Smokine Habit Cardiovascular Diabetes Pregnanc Neurological Rheumatic Children and/or Severe Renal
AEs & Disease & y Disorders Affections Adolescents Impairment
Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No
Number of reported
" AEs (active -/- 1/0 -/- 3/5 -/- 3/4 -/- 5/5 4/4 -/- 0/1 1/0 -/- 5/5 -/- 3/5
ﬁ arm/placebo arm)
g Odd ratio - 3.000 - 0.625 - 0.738 - 0.761 0.683 - 0.321 3.000 - 0.761 - 0.625
% 95% CI (lower limit; } 0.118; } 0.147; } 0.146; ) 0.220;  0.156; ) 0.013;  0.118; ) 0.220; } 0.147;
% upper limit) 76.161 2.661 3.723 2.635 2.997 8.241  76.161 2.635 2.661
§ Z-value - 0.666 - —-0.636 - —-0.368 - —-0.431 -0.505 - —-0.686  0.666 - —-0.431 - —-0.636
= % (%) - 0 - 0 - 0 - 0 0 - 0 0 - 0 - 0
P-value - 0.506 - 0.525 - 0.713 - 0.666 0.614 - 0.493 0.506 - 0.666 - 0.525
Number of reported
AEs (active -/- 21/4 -/- 92/94 83/90 14/6 -/- 139/103  83/91 1/0 -/- -/- -/- 139/103 2/0 104/95
arm/placebo arm)
" Odd ratio - 2.821 - 0.912 0.816 2.258 - 1.127 0.819 3.353 - - - 1.127 1.545 0.932
&2
2 95% CI (lower limit; B 0.899; B 0.635; 0.559; 0.851; ) 0.815; 0.563; 0.120; B ~ . 0.815: 1.559 0.067; 0.653;
g upper limit) 8.850 1.308 1.191 5.992 1.559 1.192  93.835 T 35431 1.331
%)
Z-value - 1.778 - -0.502 -1.052 1.636 - 0.724 —1.041 0.712 - - - 0.724 0.272 —0.387
% (%) - 0 - 29 0 0 - 34 0 0 - - - 34 0 36
P-value - 0.075 - 0.616 0.293 0.102 - 0.469 0.298 0.477 - - - 0.469 0.785 0.699
Number of reported
AEs (active -/- 3/0 -/- 1/3 -/- 1/3 -/- 5/3 1/3 -/- -/- -/- -/- 5/3 -/- 4/3
arm/placebo arm)
2 Odd ratio - 3.316 - 0.310 - 0.310 - 0.926 0.310 - - - - 0.926 - 0.780
£ 95% CI (lower limit; ] 0.167; i 0.028; i 0.028; ] 0184;  0.028; ] i i ] 0184 4,647 i 0.121;
ug upper limit) 65.718 3.364 3.364 4.647 3.364 T 5.028
Z-value - 0.787 - —-0.963 - —-0.963 - —0.094 -0.963 - - - - —0.094 - —-0.262
12 (%) - 0 - 0 - 0 - 0 0 - - - - 0 - 32

P-value - 0.432 - 0.335 - 0.335 - 0.925 0.335 - - - - 0.925 - 0.793
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Smokine Habit Cardiovascular Diabetes Pregnanc Neurological Rheumatic Children and/or Severe Renal
AEs & Disease & y Disorders Affections Adolescents Impairment
Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No
Number of reported
AEs (active -/- 0/1 0/2 71/53 71/54 1/3 -/- 73/60 71/54 -/- -/- 0/1 -/- 73/60 -/- 71/57
arm/placebo arm)
v
ﬁ Odd ratio - 0.149 0.191 1.441 1.409 0.450 - 1.247 1.409 - - 0.333 - 1.247 - 1.313
E 95% CI (lower limit; } 0.006; 0.009; 0.950; 0.932; 0.056; ) 0.838;,  0.932; ) } 0.012; ) 0.838: 1.854 } 0.875;
2, upper limit) 3.733 4.214 2.186 2.130 3.608 1.854 2.130 9.068 R 1.972
»
a Z-value - -1.159 -1.049 1.720 1.625 -0.752 - 1.089 1.625 - - —0.652 - 1.089 - 1.314
% (%) - 0 0 0 0 0 - 16 0 - - 0 - 16 - 27
P-value - 0.247 0.294 0.085 0.104 0.452 - 0.276 0.104 - - 0.515 - 0.276 - 0.189
Number of reported
AEs (active -/- 4/0 -/- 2/0 -/- 2/0 -/- 4/0 -/- -/- -/- 2/0 -/- 4/0 2/0 2/0
o arm/placebo arm)
1
k= Odd ratio - 5.657 - 5.145 - 5.145 - 5.657 - - - 5.145 - 5.657 6.224 5.145
2
s 95% CI (lower limit; . 0.642; ) 0.238; ) 0.238; ) 0.642; ) ) } 0.238; ) 0.642: 49 849 0.285;  0.238;
;L upper limit) 49.849 111.087 111.087 49.849 111.087 R 135.784 111.087
é Z-value - 1.561 - 1.045 - 1.045 - 1.561 - - - 1.045 - 1.561 1.163 1.045
12 (%) - 0 - 0 - 0 - 0 - - - 0 - 0 0 0
P-value - 0.119 - 0.296 - 0.296 - 0.119 - - - 0.296 - 0.119 0.245 0.296
Number of reported
AEs (active -/- 0/2 4/5 -/- -/- 1/2 -/- 6/12 1/3 -/- -/- -/- -/- 6/12 0/2 6/9
arm/placebo arm)
- Odd ratio - 0.215 0.777 - - 0.529 - 0.558 0.468 - - - - 0.558 0.215 0.657
EE 95% CI (lower limit; ) 0.010;  0.192; ) ) 0.046; ) 0.210;  0.066; } } ) 0.210; 1.483 0.010; 0.222;
A upper limit) 4.690 3.142 6.109 1.483 3.300 I 4.690 1.947
Z-value - -0.977 -0.354 - - -0.510 - -1.169 -0.762 - - - - -1.169 -0.977 -0.758
% (%) - 0 0 - - 0 - 0 0 - - - - 0 0 0
P-value - 0.328 0.724 - - 0.610 - 0.242 0.446 - - - - 0.242 0.328 0.448

AEs = Adverse events; CI = Confidence Intervals.
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4. Discussion

In the last years, the number of individuals assuming dietary supplements has been steadily
increased worldwide [90,91]. Reasons for dietary supplements’ use widely varies across the countries:
in Europe, it is just limited to general health and well-being, while other countries permit use for
medicinal purposes [92].

Considering that dietary supplement production and marketing are usually not strictly subjected
to rigid rules as drugs are, there is a need for more data in order to confirm their safe use in the general
population and frail subjects.

Pooling data from 71 randomized placebo-controlled clinical studies, this meta-analysis suggests
that antioxidant supplementation with ALA was not associated with an increased risk of any
treatment-emergent AE. Of note, statistical significance was not even achieved in subsets of studies
categorized according to smoking habit, CV disease, presence of diabetes, pregnancy status, neurological
disorders, rheumatic affections, renal impairment, and status of children/adolescent.

From a certain point of view, the current analysis strengthens findings from a large observational
study considering outcomes data of 610 expectant mothers and their newborns that concluded
ALA supplementation is safe in pregnancy even when administered at high doses [93].

These findings are particularly important because they encourage ALA use in a number of
conditions in which ALA is actually proven to be effective. As a matter of fact, even though
ALA supplementation has already been demonstrated to influence a broad spectrum of metabolic
pathways including inflammation and glucose homeostasis [94-96], to the best of our knowledge this
is the first time that ALA safety profile has been comprehensively evaluated through a pooled analysis
of randomized placebo-controlled clinical studies.

Once ALA safety has been established, clinical factors for predicting treatment response should
be an objective for future investigations, in order to identify the patient group that might benefit from
ALA supplementation the most.

In the past, several meta-analyses showed that ALA supplementation significantly improves both
positive neuropathic symptoms and neuropathic deficits to a clinically meaningful degree in diabetic
patients with symptomatic polyneuropathy [97-99]. Furthermore, ALA was shown to promote weight
loss in adults and obese children and adolescents [100,101].

Despite its strengths, this systematic review and meta-analysis has some limitations that mostly
inherits from the included clinical studies. First, the effect size on the risk of hypoglycaemic episodes
may be affected by variations in the underlying hypoglycaemic therapy in clinical trials enrolling
diabetic patients. In fact, the well-recognized euglycaemic effect of ALA may require the adjustment of
antidiabetic agents and insulin doses in patients taking antidiabetic drugs [101]. Second, gastrointestinal
and CV system AEs included several nosological entities, justifying the probable presence of publication
biases for the analysis. However, this limitation is strongly conditioned by the way the AEs were
reported in the individual clinical trials. Indeed, most of the studies included in the meta-analysis
report the cumulative incidence of gastrointestinal and CV system AEs, without regard to specific
type of AEs. Third, AEs were difficult to identify when they were represented by exacerbations
of the underlying disease for which ALA was tested (e.g., leg cramps in patients with peripheral
polyneuropathy). Moreover, clinical trials testing different ALA regimens often reported the cumulative
number of AEs for the supplementation versus placebo. As a result, a sub-analysis by ALA daily dose
was not provided. Furthermore, different ALA formulations were tested across the included clinical
studies. Despite this, heterogeneity was low for all assessed outcomes, proving that the results were
reliable for the whole population and the considered sub-groups [102]. Finally, as per other dietary
supplements, a relatively large number of studies have been carried out with open design and/or
without a control group, so that they could not be included in a well-carried out meta-analysis.

Future research is needed to understand if sporadic adverse events associated with ALA use are
related to the production quality of the used supplements, to other components of mixed supplements
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and/or to concomitant treatments or diseases, while long-term safety has been already assessed in the
NATHAN (Neurological Assessment of Thioctic Acid in Diabetic Neuropathy) 1 trial [84].

5. Conclusions

Pooling data from the available randomized placebo-controlled clinical studies, the current
meta-analysis provides data in support of the safety of the use of ALA to improve health outcomes in
overall healthy individuals and in patients affected by other diseases.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3921/9/10/1011/s1,
Figure S1: Plots showing leave-one-out sensitivity analysis for the risk of gastrointestinal AEs following
ALA supplementation versus placebo, Figure S2: Funnel plot detailing publication bias for the risk of
gastrointestinal AEs following ALA supplementation versus placebo, Figure S3: Plot showing leave-one-out
sensitivity analysis for the risk of neurological AEs following ALA supplementation versus placebo, Figure S4:
Funnel plot detailing publication bias for the risk of neurological AEs following ALA supplementation versus
placebo, Figure S5: Plot showing leave-one-out sensitivity analysis for the risk of psychiatric disorders following
ALA supplementation versus placebo, Figure S6: Plot showing leave-one-out sensitivity analysis for the risk of
musculoskeletal AEs following ALA supplementation versus placebo, Figure S7: Funnel plot detailing publication
bias for the risk of musculoskeletal AEs following ALA supplementation versus placebo, Figure S8: Plot showing
leave-one-out sensitivity analysis for the risk of skin AEs following ALA supplementation versus placebo,
Figure S9: Funnel plot detailing publication bias for the risk of skin AEs following ALA supplementation
versus placebo, Figure S10: Plot showing leave-one-out sensitivity analysis for the risk of infections following
ALA supplementation versus placebo, Figure S11: Funnel plot detailing publication bias for the risk of infections
following ALA supplementation versus placebo, Figure S12: Plot showing leave-one-out sensitivity analysis for
the risk of CV system AEs following ALA supplementation versus placebo, Figure S13: Funnel plot detailing
publication bias for the risk of CV system AEs following ALA supplementation versus placebo, Figure S14:
Plot showing leave-one-out sensitivity analysis for the risk of hospitalisation following ALA supplementation
versus placebo, Figure S15: Plot showing leave-one-out sensitivity analysis for the risk of death following
ALA supplementation versus placebo, Figure S16: Funnel plot detailing publication bias for the risk of death
following ALA supplementation versus placebo, File A: PRISMA Checklist, File B: Studies excluded from the
systematic review after assessment.
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