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Background & aims: Previous studies have supported positive roles of antioxidant supplements on
weight-loss. One antioxidant supplement is Alpha-lipoic acid. However, recommending ALA as an anti-
obesity supplement remains controversial. Accordingly, the purpose of the present study was to perform
a meta-analysis on the effects of ALA supplement on anthropometric indices among adult subjects.

Keywor‘.jsﬂ ) Methods: We searched five electronic databases till September 2016. Placebo-controlled clinical trials
gg’et?t'hpo‘c acid were included. Weighted Mean Difference (WMD) was pooled using a random-effects model.

Overw}éight Results: Findings of 12 included trials indicated that ALA supplement reduced body weight (WMD:
Weight-loss —0.69 kg; 95% CI: —1.27, —0.10; I*> = 0%) and BMI (WMD: —0.38 kg/m?; 95% Cl: —0.53, —0.24; I* = 0%)

significantly compared to the placebo group. However, its effects on Waist Circumference (WC) was not
significant (WMD: —0.30 cm; 95% CI: —1.18, 0.58; P= 17.8%). Stratification by health status indicated that
ALA decreased WC in unhealthy subjects (WMD: —2.00 cm; 95% ClI: —4.19, 0.19; I = 1.3%) more than
healthy individuals (0.03 cm; 95% CI: —0.69, 0.75; P = 0%).
Conclusions: The present study revealed that supplementation with ALA slightly but significantly
decreased body weight and BMI. Safe dosage for ALA is up to 1200 mg/day. However, it seems that ALA
cannot be cost-effective. Further studies are needed to clarify the effects of ALA on metabolic parameter
in unhealthy obese individuals.

© 2017 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction development of several non-communicable diseases (NCDs)

including type 2 diabetes, cardiovascular diseases, stroke and some

The increasing prevalence of obesity affects different pop-
ulations throughout the world [1]. Obesity can trigger the

Abbreviations: ALA, alpha lipoic acid; AMPK, AMP-activated protein kinase; BMI,
body mass index; CI, confidence interval; PPAR, peroxisome proliferator-activated
receptor; RCT, randomized clinical trial; NCDs, non-communicable diseases; SD,
standard deviations; WC, waist circumference; WMD, weighted mean difference.
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types of cancer [2]. Furthermore, it brings a high cost to societies
[3], results in reduced quality of life [4] and increases mortality and
various morbidity rates [5]. Obesity-related complications neces-
sitate the development of effective treatment strategies to decrease
risk for obesity associated disorders [6].

Common treatments (calorie restricted diets and exercise) for
managing body weight have been shown to be relatively unsuc-
cessful over a long time period [7—11]. To increase compliance and
adherence of obese subjects to calorie restricted diets and healthy
dietary recommendations, complementary therapies such as anti-
obesity supplements can be useful [6]. The pharmaceutical in-
dustry has attempted to develop effective weight loss products
with no common serious side effects to human health and well-
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being [12]. Since taking anti-obesity medications and supplements
has become increasingly popular among obese subjects, it is
important to evaluate the efficacy of available anti-obesity products
[13]. Evidence has supported beneficial effects of several antioxi-
dants supplements such as phenolic compounds (eg. quercetin,
myricetin, catechin, procyanidin, reserveratol), some vitamins and
minerals (eg. vitamin C, vitamin E, zinc, selenium) on weight-loss
and obesity complications [14,15]. Investigations on anti-obesity
characteristic of antioxidants have indicated that they can inhibit
adipocyte differentiation, reduce fat absorption from gastrointes-
tinal tract, suppress lipogenesis and cause apoptosis in adipocytes
[16]. Based on a review study, antioxidants can affect several re-
ceptors and enzymes including peroxisome proliferator-activated
receptors (PPAR), adenosine mono phosphate activated protein
kinase (AMPK), and mitogen-activated protein [16,17].

Antioxidant supplements have shown different efficacy on
obesity management. For instance, a meta-analysis demonstrated
that green tea catechin vs. placebo had a slight reduction (0.14 kg)
effect on body weight with no serious side effects. However, some
studies reported mild gastrointestinal problems following cate-
chin consumption [18]. Based on a clinical trial, zinc supplemen-
tation decreased body weight (1.7 kg) in obese children with no
adverse effects after 8 weeks [19]. According to a systematic re-
view, there are limited clinical trials with contrary results on
resveratrol, quercetin and hesperidin supplements in which their
anti-obesity effects were examined. The most reduction rate in
body mass index (BMI) following taking aforementioned supple-
ments was 1.3, 0.5, 0.2 kg/m?, respectively and they were well-
tolerated [20].

Another antioxidant supplement that has generated interest is
a-lipoic acid [21]. Alpha lipoic acid, or thiocitic acid, is an anti-
oxidant compound which contains sulfur and eight carbons, and
is a cofactor for mitochondrial respiratory enzymes [22]. The
human body can synthesize small amounts of ALA [23]. ALA can
scavenge free radicals, activate antioxidant systems, and also
affect inflammatory markers [22]. It also has unique characteristic.
The solubility rate of ALA in fat and water is similar. Moreover, it
has been reported that lipoate/dihydrolipoate system has a low
redox potential power. Therefore, ALA can play as a reduction for
oxidized forms of components with antioxidant properties and
neutralize reactive oxygen species. Thus, it called as antioxidant of
antioxidants. Additionally, most of clinical trials reported that ALA
is safe and well-tolerated [24]. Apart from its role in metabolic
processes, ALA can improve metabolic disorders, neuron degen-
eration, rheumatoid arthritis, diabetic polyneuropathy, and body
weight [21].

ALA can promote body weight and fat mass loss through its
ability to suppress hypothalamic AMP-activated protein kinase
(AMPK) and decrease dietary energy intake [25,26], reduce lipo-
protein lipase activity [23], increase energy expenditure [22,27],
lipolysis [28], and insulin sensitivity [29] and inhibit lipogenesis
[28]. Furthermore, clinical trials have revealed that ALA is safe and
no serious adverse effects have been reported yet [30,31].

Despite reported anti-obesity characteristics of ALA in some
clinical trials [22,28,30,32], several studies did not show positive
effects of ALA on weight reduction [33—35]. Therefore, taking an
ALA supplement to promote weight loss remains controversial.
Discrepancies in findings might be the result of differences in study
design, characteristics of study samples, dosage and duration of the
studies. To the best of our knowledge, no systematic review and
meta-analysis study evaluates anti-obesity effects of ALA. Accord-
ingly, the aim of the present study was to summarize the effects of
ALA on body weight, BMI, waist circumference (WC), and its effi-
cacy in adult subjects, using data from randomized clinical trials
(RCT).

2. Materials and methods
2.1. Databases and search strategy

The present meta-analysis was conducted and reported
based on the PRISMA guideline [36]. We searched PubMed/Medline
(www.pubmed.com), Scopus (www.scopus.com), Web of Science
(webofknowledge.com), the  Cochrane  Library  (www.
cochranelibrary.com) and Google Scholar (scholar.google.com)
electronic databases.

2.2. Study selection

Search terms included synonyms for exposure and outcomes as
follows: “alpha-lipoic acid” OR “alpha lipoic acid” OR “a-lipoic acid”
OR “a lipoic acid” OR “thiocitic acid” were combined with terms
related to obesity: “Obesity” OR “weight” OR “energy intake” OR
“appetite” OR “dietary intake” OR *“fullness” OR “hunger” OR
“satiety”. Strategy search in PubMed database was as follows:
(“alpha-lipoic acid”[tiab] OR “alpha lipoic acid”[tiab] OR “alpha-
lipoic acid”[tiab] OR “alpha lipoic acid”[tiab]) AND (obesity[tiab] OR
weight[tiab] OR appetite[tiab] OR “energy intake”[tiab] OR “dietary
intake”[tiab] OR “food intake”[tiab] OR “fullness”[tiab] OR “hun-
ger”[tiab] OR “satiety”[tiab]) AND (“1900/01/01”[PDAT]: “2016/09/
31"[PDAT]). Key terms were used in the primary search strategy and
in a subsequent medical subheading (MESH) and free terms search.
To identify publications not found from mentioned databases, the
reference lists of all eligible papers were investigated.

All studies found from electronic databases and reference lists
were entered into endnote software (EndNote X6, Thomson Cor-
poration, Stamford, USA) and duplicate studies were removed. Two
reviewers independently searched and entered studies to the
Endnote program. After screening possible related studies by title
and abstract based on inclusion and exclusion criteria, full texts of
eligible studies were evaluated by each reviewer independently
and reached consensus by discussion. Discussion about including a
paper was based on pre-determined inclusion and exclusion
criteria (see Section 2.3). If there was any disagreement in making
decision about the methodological quality score of a paper or any
discrepancy in data extraction, reviewers referred to a full text of
paper and re-assessment it. Where the two reviewers did not get a
consensus, they consulted with other reviewer and he (B.L) helped
to make a decision.

2.3. Inclusion and exclusion criteria

The search was restricted to placebo-controlled clinical trials
(either parallel or cross-over designs) with no language restriction
till September 2016. Studies that evaluated taking ALA in adults and
had placebo group were included. Other types of human studies
(cross-sectional, cohort studies), animal, In vitro studies, grey lit-
eratures (book chapters, abstracts in conferences, interviews) and
review papers were not included. Primary outcomes were body
weight and BMI; therefore clinical trials which report at least one of
these two parameters were included. Studies on the effects of ALA
in combination with other component were also excluded.

2.4. Data extraction

Two independent reviewers extracted data from the full-text
papers of eligible studies. Based on a pre-designed extracted
sheet, essential data were collected. Discrepancies in decisions
between two reviewers were resolved by discussion. Name of the
first author, publication year, gender, age, sample size per com-
parison group, duration of study, sample characteristics, study
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design and blinding, number of subjects lost to follow-up, daily
dosage, type of ALA, outcomes, body weight, BMI and WC before
and after the intervention, and adverse effects were extracted. Four
studies did not report Mean + SD of body weight, BMI or WC after
the intervention; therefore we contacted the corresponding au-
thors via e-mail to obtain sufficient data. Summary of included
studies is presented in Table 1.

2.5. Quality assessment (risk of bias assessment)

To evaluate study quality, the Jadad checklist [37] was filled out
by two independent reviewers for each eligible paper. The Jadad
checklist consists of three main items (randomization, blinding,
and description of dropouts). Clinical trials with score of 3 or more
were considered as high quality studies.

2.6. Data analysis

All data were presented as weighted mean differences (WMDs)
and standard deviations (SD) to present the size of ALA effect on
anthropometric indices. Body weight and BMI were considered as
primary outcomes, and WC and adverse effects of ALA were
considered as secondary outcomes to examine the differences be-
tween ALA and placebo groups. Meanwhile there were differences
in the study groups of the eligible studies and the treatment effects
could likely vary based on disease background, WMDs were pooled
in consideration with random-effects model using DerSimonian &
Laird. The heterogeneity was examined using the I square (1?) index.
P values less than 25%, between 25 and 50%, between 50 and 75%
and over 75% were considered as low, moderate, severe and highly
severe heterogeneity, respectively [38]. Subgroup analysis and
meta regression were conducted to identify causes of between-
study heterogeneity or the effects of different parameters on the
effect size.

Potential clinical sources of observed heterogeneity were
assessed based on the following categories: Baseline BMI, study
duration, mean age, dosage, healthy status, adjusting for con-
founding factors and study quality (total score, randomization,
blinding, drop out). The existence of publication bias was checked
with visual evaluation of funnel plot for mean differences against
study sample size and confirm with the Egger's regression model.
Fill and trim was used for correcting effect size whenever a publi-
cation bias was existed. To examine the effect of each clinical trial
on the pooled effect size, sensitivity analysis was conducted.
Furthermore, the Jadad scoring was used to assess selection, per-
formance, and detection and attrition bias in each included trial. All
data analyses were carried out using Stata 12.0 software (StataCorp
LP, College Station, TX).

3. Results
3.1. Study characteristics

After a primary search, we identified 2067 publications
(including 1220 duplications) and three studies were found from
Google Scholar and reference lists. In the title and abstract assess-
ment step, 788 irrelevant publications were found and excluded. In
the next step, the eligibility of 62 full texts was examined. After
excluding 50 publications, finally 12 clinical trials were included in
the systematic review and meta-analysis (Fig. 1). Reasons for
excluding studies in the step of full text evaluation were as follows:
irrelevant (n = 21), combination with other interventions (n = 3),
study on adolescent (n = 1), multiple publications (n = 5), studies
with no placebo group (n = 4), studies with missing data (n = 1) or
not including primary endpoints (n = 15). To obtain missing data,

we contacted the authors via email and three of six authors replied.
The aims of one study, that their authors did not reply, were not
changes in anthropometric indices. The baseline value for BMI was
reported in the paper. However, the changes from baseline or
values after the intervention were not reported. Therefore it was
excluded. Two studies [29,39] reported just BMI and the authors
did not reply to our emails about the body weight of participants at
baseline and at the end of study. Therefore, just BMI was extracted
from these two studies.

Characteristics of the 12 eligible trials are summarized in Table 1.
Most studies were conducted in Asian countries (n = 9)
[22,29,30,32—34,39—41] and the remaining studies were per-
formed in Spain [28], New Zealand [42]| and Germany [43]. Partic-
ipants were in the age range of 37 and 62 years. Most included
clinical trials evaluated the effects of ALA in both genders (n = 9).
Two studies included women only [28,33] and one study examined
men [22]. Baseline BMI of participants in each study showed that all
trials except one [41]| examined overweight and obese subjects
(BMI > 25 kg/m?). All papers assessed the effects of ALA alone
except the study by Huerta et al. [28]. They recommended calorie
restricted diets (—30% total energy expenditure) to both interven-
tion and placebo groups. Most studies were conducted on un-
healthy subjects (n = 10) and just two studies examined the effects
of ALA on healthy obese individuals [28,32].

Ranges of recommended dosage for ALA varied between 300
and 1800 mg/day, and duration of treatment was between 8 and 48
weeks. In most studies, it was recommended to take ALA before
meals. All trials except two [29,41], reported the effect of oral
supplementation with ALA. In two mentioned studies, ALA rec-
ommended intravenously in subjects with impaired glucose toler-
ance. Most studies reported crude values for the effect size, while
few studies (n = 4) [28,33,40,41] presented adjusted effect sizes for
confounding factors.

Only in three included studies [28,30,32], anthropometric
indices were considered as primary outcomes. For anthropometric
indices, all studies measured body weight, height, and WC, and
they were not based on self-reported information. However, the
method for WC measurement was not explained. Therefore, the
effect of the WC measurement on the overall effect size remained
unclear.

The number of studies in which each primary outcome included
was as follow: Body weight (n = 9) [22,28,30,32—34,40,42,44], BMI
(n=10)[22,28,30,32,33,39—44], WC (n = 5) [22,28,29,32,33]. Apart
from the aforementioned anthropometric indices, some clinical
trials reported additional indices such as body fat mass, hip
circumference and waist to hip ratio. Meanwhile, these indices
were reported in a few studies, this did not allow meta-analysis
and, thus they were not considered in the current meta-analysis.

3.2. Study quality and risk of bias findings

Quality score of each clinical trial is presented in Table 2. The
eligible papers had the quality score of 1-5 out of 5. Of 12 trials, 9
studies had high quality (score > 3) [22,28—30,32,33,40,42,44]. All
studies except one [39] were randomized, and the randomization
method was explained in five studies [22,32,33,40,42]. Blindness
was reported in nine studies [22,28—30,32,33,40,42,44], and in four
studies, presented information indicated that blinding was suffi-
cient [32,33,40,42]. All studies except two [22,34], reported
numbers of participants that dropped out and their reasons. Most
studies had randomization design. Therefore, selection bias cannot
be considerable. However, blinding was not performed for all
studies. Therefore, performance bias and detection bias existed.
Dropout rates in one study [44] were noticeable, and attrition bias
might also exist.



Table 1
Summaries of clinical trials included in the meta-analysis.
Author/year Subject (gender) Mean Mean Sample Sample Study design Other Dosage (mg/day)/ Time Duration Side effect Outcomes
age BMI size after (blinding) intervention number & form consumption (wk) (withdrawal)
(year) (kg/m?) drop out
Kim et al,, 2016 Overweight 40 284 22 20 R/P No 1200—-1800 30 min before 12 Skin eruption | Body weight
Stable patients Double Mean: 1620 + 290 each main meal (n=1) | Visceral fat
with schizophrenia 6 capsules -BMI
M/F (divided in 3 times) -Abdominal fat
-Subcutaneous fat
Huerta et al., Overweight and 38.5 32.8 54 42 R/P Hypocaloric 300/3 capsules 30 min before 10 Not reported | Body weight
2016 obese healthy women Double diet (—30% TEE) (divided in 3 times) each main meal | BMI
LWC
LHC
|Energy intake
Gargari et al., 2015 Women with 37 29 70 65 R/P No 1200/2 capsules 30 min before 8 Not reported  -Body weight
rheumatoid arthritis Double (divided in 2 times) breakfast & -WC
dinner
Mohammadi et al,, 2015 Men with spinal 38 27.8 58 58 R/P No 600/1 capsule 30 min before 12 Not clear 1 Body weight
cord injury Double breakfast | BMI
LWC
| Fat and energy
intake
Okanovi, 2014 Obese with T2D 62 31 60 60 No explanation No 600/1 capsule Not reported 20 Not clear | BMI
M/F
Manning et al., 2013 Metabolic syndrome 56 31 74 74 R/P No 600/1 capsule 30 min before 48 Not reported  -Body weight
subjects Double food (not clear) -BMI
M/F
Khabbazi et al., 2012 Patients with renal 54 255 63 52 R/P No 600/1 capsule 30 min before 8 Not clear -Body weight
disease Double breakfast -BMI
M/F
Ansar et al., 2011 Type 2 diabetes 50.5 28 57 47 R/P No 300/3 capsules 30 min before 8 Not clear -Body weight
M/F Double (divided in 3 times) each main meal
Koh et al,, 2011 Obese subjects 141 33 360 228 R/P No 1200 (6 tablets) 30 min before 20 1200/1800 | Body weight
M/F Double 1800 (9 tablets) each main meal Fever: 1 | BMI
divided in 3 times Epigastric LWC
soreness: 3; | Fat mass
Itching
sensation: 3
Zhang et al., 2010 Obese subjects with 52 30 35 22 R/P No 600/intravenously Once a day 2 Not clear -BMI
impaired glucose Double (with 250 mL (time was not -WC
tolerance normal saline) reported)
M/F
Xiang et al., 2010 Subjects with impaired 59 233 60 60 R/P No 600 Once a day 3 Not clear -BMI
fasting glucose Double Intravenously (time was not
M/F (with 250 mL reported)
0.9% sodium chloride)
Ziegler et al., 1997 Type 2 diabetes 58 - 73 56 R/P No 800 (4 tablets) Not reported 16 Not clear -Body weight
M/F Double

BMI: body mass index; WC:

waist circumference; HC:

hip circumference, HTN: hypertension; DM: diabetes mellitus; R/P: randomized/placebo; TEE: total energy expenditure.
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Records identified through database
— searching (n =2067): Additional records identified
PubMed (n=230) through other sources
S Cochran library (n=36) n=3)
B Scopus (n=266)
S.‘i_’ Web of Science (n=1535)
=]
c
[}
=
A 4 A 4
Records after duplicates removed
(n =850)
oo
=
c
[}
[}
‘G A 4
)
Articles assessed by title
and abstract
(n=850)
| Excluded:
7| Irrelevant (n =788)
A 4
Z
= Full-text articles assessed
‘& for eligibility
= (n=62)
A > Full-text articles excluded
.. . (n=50):
Stuc.hes‘ included in -Irrelevant (n=21)
qualitative synthesis - Study on adolescent (n=1)
. (n=12) -In combination with other
materials or intervention (n=3)
- Multiple publications (n=5)
- A - Studies with no placebo group
3 . . (n=4)
E StUd}eS ‘mcluded m -Study with missing data (n=1)
2 quantitative synthesis -Not include primary outcomes
= (meta-analysis) (n=15)
(n=12)

Fig. 1. Selection steps of included clinical trials.

3.3. Systematic review findings

Based on the current systematic review, four studies reported
positive effects of ALA on weight loss [22,28,30,32]. However, five
studies found that ALA cannot reduce weight considerably

Table 2
Metholodological quality scores for included studies using Jadad scale.

Study Randomization Blinding Description of Total

withdrawal score

Kim et al., 2016
Huerta et al.,, 2015
Gargari et al,, 2015
Mohammadi et al., 2015
Okanovi et al., 2014
Manning et al., 2013
Khabbazi et al., 2012
Ansar et al,, 2011
Koh et al., 2011
Zhang et al., 2010
Xiang et al., 2010
Ziegler et al., 1997

_ae = N = NN O NN ==
—= O = NONNO=N= =
_ o e 1 O o o O e
WNWUO =1l = WU ww

[33,34,40,42,44]. For BMI changes, four studies reported a signifi-
cant reduction in BMI in the ALA group compared to the placebo
group [22,28,32,39]; nevertheless BMI changes in several trials
were not significant [22,29,30,32,40—42]. Few studies assessed the
effects of ALA on WC [22,29,32,33,45]. Among them, three trials
reported favorable effects of ALA on reduction in WC [22,28,32].
Differences in baseline values, individual characteristics, disease
history, dosage and duration of study are possible factors that affect
such variants.

3.4. Adverse effects

In two trials, side effects for supplementation with ALA were
reported [30,32]. In the study by Koh et al., four subjects withdrew
due to itching and urticaria. In addition, four subjects reported fe-
ver and did not complete the study. It was observed in three and
one subjects who consumed 1800 and 1200 mg/day ALA, respec-
tively. Epigastria soreness was also reported in subjects taking
dosage of 1200 mg/day. However, only significant differences were
observed in itching sensation between the ALA and placebo groups
[32]. In the study by Kim et al., one subject withdrew due to skin
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Study

Kim et al (4wk) (2016)

%

Kim et al (8wk) (2016)

WMD (95% ClI) Weight
-0.33 (-8.10, 7.44) 0.57
-1.03 (-9.39, 7.33) 0.49

Kim et al (12wk) (2016)

Huerta et al (2016)

-2.08 (-10.94, 6.78) 0.44

Gaegari et al (2015)

-1.40 (-7.69, 4.89) 0.87

Mohammadi et al (2015)

-2.30 (-9.11, 4.51) 0.74

Manning et al (2013)

-2.80 (-10.11, 4.51) 0.64

Khabbazi et al (2012)

Ansar et al (2011)

Koh et al (1200mg/day) (2011)

Koh et al(1800mg/day) (2011)

2.20 (-2.61, 7.01) 1.48
-2.80 (-9.57, 3.97) 0.75
-3.66 (-9.99, 2.67) 0.86
-0.30 (-1.11, 0.51) 52.42

-1.06 (-2.00, -0.12) 39.15

Ziegler et al (1997)

Overall (I-squared = 0.0%, p = 0.929)

NOTE: Weights are from random effects analysis

-1.90 (-6.53, 2.73) 1.60

-0.69 (-1.27, -0.10) 100.00

I
-10.9

10.9

Fig. 2. Forest plot of weighted mean difference (WMD) in body weight between supplementation with alpha-lipoic acid and placebo group.

symptom after taking a mean daily dosage of 1620 mg. Further-
more, gastrointestinal disorders were reported [30]. However, re-
ported problems were mild and no one withdrew due to these
adverse effects. Among 12 included trials, three studies did not
report side effects for ALA [28,33,42] and in the remaining studies,
the adverse effect of ALA was unclear [22,29,34,39,40,44,46].

3.5. Quantitative synthesis

3.5.1. Body weight

This meta analysis was performed on 12 datasets of the 9
included studies. One study evaluated the effects of ALA over three
periods of time (after 4, 8 and 12 weeks) [30] and one study
assessed two different dosages of ALA (1200 and 1800 mg/day)
compared to the placebo group [32]. Therefore, the meta-analysis
overall consisted of 12 effect sizes.

The pooled WMD for the effects of ALA on body weight
compared to the placebo group was —0.69 kg (95% CI: —1.27, —0.10;
p = 0.02) with a minimum heterogeneity (> = 0%) (Fig. 2).

To examine the effect of each study on the pooled effect size, we
conducted a sensitivity analysis. There were two studies with
different design or measurement tools. One study evaluated the
effects of ALA supplement along with a low-calorie diet compared
to placebo and calorie restricted diet [28]. Sensitivity analysis
showed that this clinical trial did not alter the overall effect size
(WMD: —-0.67 kg; 95% CI: —1.2, —0.09). Besides in another trial due
to study sample (men with spinal cord injury), weight measure-
ment was different from other studies [22]. However, based on
sensitivity analysis this trial did not modify the pooled effect size
(WMD: —0.67 kg; 95% CI: —1.2, —0.08). Furthermore sensitivity

analysis revealed that Ziegler et al., study with considerable
dropout (n = 17) [44] did not have noticeable effect on the overall
weight changes (WMD: —0.66 kg; 95% CI: —1.2, —0.07).

For evaluation of the effects of study quality (score of <3, >3),
baseline BMI (25—30 kg/m? >30 kg/m?), age (<41, >41 years),
adjustment for confounding factors (yes, no), study duration
(<10 wk, >10 wk), healthy status (healthy, unhealthy), and dosage
(>600 mg/day, <600 mg/day) on body weight, subgroup analysis
was performed. Subgroup analysis for the total score of study
quality indicated that studies with low quality reported greater
weight loss following ALA supplementation compared to high
quality studies (WMD: —1.98 vs. —0.61 kg, respectively).

High quality studies indicated significant but slight weight loss
following supplementation with ALA (95% CI: —1.21, —0.01). There
were no considerable differences between overall effect size and
subtotal effect size (high quality studies). Furthermore, the effects
of each main item of the Jadad scale (randomization, blinding and
drop out) were examined. Findings indicated that both randomi-
zation (score of 2, less than 2) and blinding (score of 2, less than 2)
affected the effect size. WMD in studies with score of less than 2 for
each randomization and blinding item were —1.87 and —1.98 kg,
respectively compared to the overall effect size (WMD: —0.69 kg;
95% CI: —1.27, —0.10).

Subgroup analysis indicated that weight reduction in over-
weight subjects was more than obese individuals (WMD: —2.3 vs.
—0.59 kg, respectively). Our findings indicated that supplementa-
tion with ALA for less than 10 weeks was more efficient for weight
loss. Weight loss in studies that lasted less than 10 weeks (WMD:
—2.24 vs. —0.63 kg, respectively) was more than studies followed
for longer period. However, the effects of study duration on the
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Fig. 3. Forest plot of weighted mean difference (WMD) in body mass index between supplementation with alpha-lipoic acid and placebo group.

effect size were not significant (p = 0.13). Subgroup analysis based
on health status indicated that weight loss in unhealthy subjects
was more than that of healthy individuals (WMD: —1.34 vs.
—0.63 kg, respectively). ALA dosage equal or less than 600 mg/day
indicated more weight reduction compared to dosages more than
600 mg/day (WMD: -1.08 vs. —0.67 kg). However, a dos-
e—response analysis failed to indicate a significant association be-
tween dosage of ALA and reduction in body weight (coefficient of
correlation = —0.00031, p = 0.74). None of seven mentioned sub-
group analysis influenced the effect size significantly.

3.5.2. BMI

The quantitative analysis of BMI values (13 datasets) indicated a
significant reduction in BMI in the ALA group compared to the
placebo group (—0.39 kg/m?; 95% CI: —0.54, —0.24; I> = 0%) (Fig. 3).
To identify the effects of study characteristics on the effect size,
subgroup analysis was conducted based on the study quality,
baseline BMI, mean age, and adjustment for confounding factors,
health status, duration, and dosage. Subgroup analysis indicated
that none of mentioned parameters had considerable or significant
affect on the effect size.

3.5.3. Waist circumference

A forest plot of six datasets indicated nonsignificant reduction in
WC after taking ALA supplement compared to the placebo (WMD:
—0.30 cm; 95% CI: —1.18, 0.58; I* = 17.8%) (Fig. 4). The effects of
study duration, dosage, and participant's characteristics (baseline
BMI, mean age, and health status) on the effect size were assessed.
None of mentioned parameters affect the pooled effect size
significantly. However, after subgroup analysis for health status,

supplementation with ALA decreased WC in unhealthy subjects
(WMD: —2.00 cm; 95% ClI: —4.19, 0.19; I* = 1.3%; p = 0.36) more
than healthy individuals (WMD: 0.03 cm; 95% Cl: —0.69, 0.75;
> = 0%; p = 0.29). Health status subgroup also decreased the
observed heterogeneity more than other subgroups.

3.6. Publication bias

The funnel plot for the effects of ALA on body weight revealed a
symmetric pattern (Fig. 5a) that suggested no publication bias in
the meta-analysis for body weight. Besides, the Eggers regression
plot confirmed that no publication bias existed for body weight
(p = 0.11). Funnel plot for the effects of ALA on BMI value indicated
scare studies at the middle of the plot that revealed an asymmetry
(Fig. 5b). Eggers regression also confirms the publication bias
(p = 0.001). Therefore, the publication bias was corrected with trim
& fill. After correction effect size (WMD: —0.38 kg/m?; 95% CI:
—0.53, —0.24), one study was added as shown in square (Fig. 6).
Since a few studies reported WC, for evaluation publication bias,
Eggers regression was performed directly. Eggers regression indi-
cated that there is no publication bias for WC (p = 0.28).

4. Discussion

The present meta-analysis indicated that supplementation with
ALA can decrease body weight and BMI. However, ALA did not
decrease WC compared with the placebo group.

Results of this systematic review were in line with the previous
narrative review [47]. Supplementation with ALA had beneficial
effect on body weight based on the mentioned review. The
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Fig. 4. Forest plot of weighted mean difference (WMD) in waist circumference between supplementation with alpha-lipoic acid and placebo group.

observed reduction in body weight following supplementation
with ALA was too slight from a clinical point of view. Meanwhile, all
studies evaluated the effects of ALA with no other weight loss
intervention, the present systematic review revealed a pure effect
of ALA. Our findings revealed that supplementation with ALA on
body weight in overweight subjects was more effective than obese
individuals. Although from a clinical point of view, —2.2 kg weight
loss after approximately 9 weeks is not considerable. As it is pre-
sented in the current study, weight loss in unhealthy subjects is
more than healthy subjects. Hence ALA is an antioxidant supple-
ment, it can improve metabolic status and prevent NCDs [48,49].
However, due to the results of the present study, we cannot draw a
conclusion about the efficacy of ALA supplementation on metabolic
disorders. Based on our findings, for recommending ALA as an anti-
obesity supplement, low dosage (<600 mg/day) for a short period
of time (<10 weeks) is suggested for overweight subjects.

From a clinical point of view, changes in BMI value were slight.
Even after correcting the effect size using trim & fill, changes in the
pooled effect size were too slight. Due to different disease back-
grounds and insufficient studies on each gender, the effects of these
parameters on the influence of ALA on obesity management
remained unclear.

Waist circumference is a better indicator compared to other
anthropometric indices for predicting incidence of CVDs, metabolic
syndrome, type 2 diabetes, and specific cause mortality [50].
Limited studies reported WC changes following ALA supplemen-
tation. Based on our findings, the effect of ALA on WC was not
significant and also from a clinical point of view, ALA cannot be a
good choice for reduction in visceral adiposity. WC reduction of
approximately —0.3 cm through a period ranging from 2 to 20
weeks is too slight. It seems that there is no narrative systematic
review to summarize the effects of ALA on abdominal obesity and
comparison of our results was not possible. WC was reported in just
6 datasets of 12 included studies. It seems that missing WC value
led to nonsignificant effect of ALA on WC while the effects of ALA on
body weight and BMI were significant. The observed heterogeneity
for WC was low. Nevertheless for finding the heterogeneity sources
and attenuating their effects, we preferred meta regression due to
low numbers of included paper and insufficient studies in each
subgroup. Many factors could contribute to the observed hetero-
geneity. In the present systematic review, the influence of several
known subgroups on pooled effect size was assessed. After
considering the effect of health status, between-study heteroge-
neity for WC was attenuated. However, baseline BMI, mean age and
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dosage, duration and study quality did not reduce the heteroge-
neity as the same value for health status. In unhealthy subjects, WC
decreased (—2.0 cm) more compared to the unhealthy (0.3 cm)
individuals. However, this reduction was not considerable in a
clinical practice.

Lifestyle can play a major role in obesity treatment [51,52].
However, some clinical trials did not point to the maintenance of
usual dietary intake and physical activity level through the treat-
ment, and most studies did not adjust results for these parameters.
Therefore, the effects of life style and other confounding factors are
not clear. In the present study, meta regression for confounding
adjustment did not alter the pooled effect size. However, in the
clinical practice this issue should be considered because changes in
these parameters might blunt the effects of ALA supplement.

Precise mechanisms for anti-obesity effects of ALA have not
been identified yet. However, multiple potential mechanisms have
been suggested. ALA is a nutraceutical supplement that affects
several gene expression and cellular targets involved in feeding
behavior control, energy expenditure, lipogenesis, and fat oxidation
[21,47]. It has been proposed that ALA has main impacts on AMPK.
AMPK incorporates signals in the appetite regulation center and
affects food intake as well as energy expenditure [47]. It was re-
ported that ALA can reduce appetite and energy intake via reducing
hypothalamic AMPK activity pathway [53].

The results of the current systematic review in safety of ALA are
in line with earlier narrative reviews [47,54]. Our study indicated
that up to 1200 mg/day ALA had no serious side effects and was
well tolerated as this issue had been confirmed by previous short-
and long-term studies. Skin sensation and fever were two main
adverse effects that were reported in participants taking daily
dosage of 1800 mg/day.

The present meta-analysis had several limitations. The effects of
disease background and gender on the efficacy of ALA supplement
remained unclear. Due to insufficient studies we could not examine
the effects of ALA on other anthropometric indices. Furthermore in
most included studies, anthropometric indices were secondary
endpoints, and details about the measurements that can affect the
results were not explained. The strength of the current study was
the existence of low heterogeneity for body weight, BMI and WC
values as showed by the I? index. Moreover, subgroup analysis and
assessment of the study quality and its effect on the overall effect
sizes were evaluated.

5. Conclusion

The present meta-analysis on clinical trials revealed that sup-
plementation with ALA slightly but significantly decreased body
weight and BMI, whereas it had no effect on WC. Up to 1200 mg/
day of ALA did not show adverse effects, however for clinical
practice; it seems that ALA cannot be a cost-effective comple-
mentary therapy for obesity management. Due to its antioxidant
properties, it might have beneficial effects in subjects with disease
background. Further studies are needed to clarify the effects of ALA
on metabolic parameter to reveal the efficacy of this nutraceutical
supplement in unhealthy overweight and obese individuals.
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