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Abstract

Objective: To examine the dose-dependent influence of oral alpha-lipoic acid (ALA)
supplementation on cardiometabolic risk factors in patients with type 2 diabetes (T2D).
Design: We followed the instructions outlined in the Cochrane Handbook for Systematic
Reviews of Interventions and the Grading of Recommendations, Assessment,
Development, and Evaluation Handbook to conduct our systematic review. The protocol
of the study was registered in PROSPERO (CRD42021260587).

Method: We searched PubMed, Scopus, and Web of Science to May 2021 for trials of oral
ALA supplementation in adults with T2D. The primary outcomes were HbATc, weight
loss, and LDL cholesterol (LDL-C). Secondary outcomes included fasting plasma glucose
(FPG), triglyceride (TG), C-reactive protein (CRP), and blood pressure. We conducted a
random-effects dose-response meta-analysis to calculate the mean difference (MD) and
95% Cl for each 500 mg/day oral ALA supplementation. We performed a nonlinear dose-
response meta-analysis using a restricted cubic spline.

Results: We included 16 trials with 1035 patients. Each 500 mg/day increase in oral

ALA supplementation significantly reduced HbA1c, body weight, CRP, FPG, and TG.
Dose-response meta-analyses indicated a linear decrement in body weight at ALA
supplementation of more than 600 mg/day (MDggg mg/gay- —0.30 kg, 95% CI: —0.04, —0.57).
A relatively J-shaped effect was seen for HbA1c (MD: —0.32%, 95% Cl: —0.45, —0.18).
Levels of FPG and LDL-C decreased up to 600 mg/day ALA intake. The point estimates
were below minimal clinically important difference thresholds for all outcomes.
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Conclusion: Despite significant improvements, the effects of oral ALA supplementation on
cardiometabolic risk factors in patients with T2D were not clinically important.
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Introduction

Diabetes mellitus epidemics and complications resulted
in major health problems and have contributed
tremendously to the global burden of mortality and
disability. The Global Burden of Disease Study 2013
identified diabetes mellitus as the ninth major cause of
reduced life expectancy (1).

Many studies have shown that type 2 diabetes is
associated with increased formation of free radicals and
decreased antioxidant potential, leading to oxidative
damage of cell components (2, 3, 4). Previous research
has shown that most patients with type 2 diabetes suffer
from dyslipoproteinemia (5), as defined by increased
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levels of total cholesterol (TC), triglycerides (TG), and
LDL cholesterol and reduced levels of HDL cholesterol
(5, 6). Increased formation of free radicals and decreased
antioxidant potential, coupled with lipid abnormalities,
are substantial risk factors for developing complications,
especially microvascular ones.

Even though many synthetic medications have been
created, none of the molecules is a complete treatment,
and prolonged use of some of these synthetic drugs can
have dangerous side effects (7). Using plants was reported
to be a beneficial alternative therapy to manage and treat
diabetes mellitus with little to no side effects compared to
oral synthetic oral antidiabetic medications (7, 8). Because
they are more effective at treating diabetes than Western
pharmaceutical drugs, many plants have garnered a lot of
attention (9).

Alpha-lipoic acid (ALA), also known as thioctic acid,
is a naturally occurring compound that is synthesized
enzymatically in plant and animal mitochondria from
octanoic acid and cysteine (10). ALA is considered as a
strong antioxidant that elicits its antioxidant effects by
clearing free radicals and chelating metal ions, as well as
acting on other antioxidants such as ascorbic acid and
vitamin E, and increasing the intracellular glutathione
levels (11, 12). ALA has gained considerable attention for
managing diabetic complications due to its antioxidant
properties. However, studies evaluating the effect of ALA
supplementation on cardiometabolic risk factors remain
controversial. While some studies found a significant effect
of supplementation of ALA on inflammatory markers (13,
14), serum lipids (11), and weight (15), others failed to find
such favourable effects (16, 17, 18).

Although previous reviews have investigated the effect
of ALA supplementation on cardiometabolic risk factors,
many of these reviews were conducted in non-type 2
diabetes patients with conflicting results (11, 13, 14). There
isonly one meta-analysis of intervention studies conducted
among patients with type 2 diabetes (16) that included
both oral and i.v. ALA supplementations. In addition, the
estimates of the effect of ALA supplementation, including
the certainty of the evidence for each estimate and the
magnitude of the observed impact based on the minimal
clinically important difference (MCID), have not been
evaluated. Furthermore, potential dose-dependent effects
of ALA supplementation on cardiometabolic risk factors in
patients with type 2 diabetes have not been evaluated.

Dose-response meta-analysis of differences in means is
a new statistical approach that can help evaluate the dose-
dependent effect of interventions on continuous outcomes
and thus can help present useful information needed

for decision-making (19). Due to lack of observational
studies addressing the association between ALA intake
and cardiometabolic risk factors, we did not include
observational studies in the present review. Therefore, we
performed a systematic review and dose-response meta-
analysis of randomized controlled trials (RCT) on the effect
of oral supplementation of ALA on cardiometabolic risk
factors in patients with type 2 diabetes.

Research design and methods

We followed instructions outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (20)
and the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) Handbook (21)
to conduct our systematic review. The present dose-
response meta-analysis has been reported following the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses: the PRISMA statement (22). The protocol
of the systematic review was registered in PROSPERO
(CRD42021260587).

Systematic search

To find potential eligible RCTs for inclusion in the present
review, we searched PubMed, Scopus, and Web of Science
from inception up to May 2021. We supplemented the
database search by manually reviewing the reference
lists of all existing related reviews. The search in the
databases and reference lists was not language restricted.
We combined keywords related to intervention, outcome,
and study design to find potential eligible RCTs. The
complete search strategy is described in Supplementary
Table 1 (see section on supplementary materials given at
the end of this article). A team of two reviewers (AT] and
A)) independently screened titles and abstracts according
to the predefined inclusion and exclusion criteria to
identify potential eligible trials. Differences between the
two reviewers were resolved by a third reviewer (SS-B). The
between-reviewer agreement at the full-text screening
stage was assessed and reported as Cohen’s kappa
coefficient (x) (23).

Study selection

We defined inclusion and exclusion criteria according to the
PICOS (population, intervention/exposure, comparator,
outcome, and study design) framework (Table 1). Published
human intervention studies were considered eligible for
inclusion in the present dose-response meta-analysis if
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Table 1 Criteria used for inclusion of randomized controlled trials.

Participants
Intervention

Comparator Placebo
Outcome
Study design Randomized controlled trials
Time/date Studies published up to 21 May 2021
Other English only

Full text only

Type 2 diabetes patients (men and women), 18 years and above, with any sample size
Oral supplementation of ALA >4 weeks

HbA1c, LDL-C, weight and BMI, FPG, SBP, DBP, HDL-C, TC, TG, and CRP

they had the following criteria: (1) human RCTs with a
minimum intervention period of 4 weeks, conducted in
adults with existing type 2 diabetes aged 18 years or older,
with or without cardiovascular conditions and regardless of
medication use or glucose concentration and HbAlc level;
(2) evaluated the effects of ALA supplementation orally,
with or without calorie restriction, physical activity, and
behavioral support, against a control group; (3) considered
change in body weight (weight and BMI), HbAlc, fasting
plasma glucose (FPG), systolic (SBP) and diastolic blood
pressure (DBP), LDL cholesterol, HDL cholesterol, TC, TG,
and C-reactive protein (CRP) as the outcome of interest;
(4) provided mean and s.D. of change in aforementioned
outcomes or reported sufficient information to estimate
thosevalues; and (5) provided dose of ALA supplementation
in the intervention group.

Trialswith nonrandomized design, quasi-experimental
studies, trials conducted in adolescents (under 18 years of
age), pregnant and lactating women, trials that did not
specify the amount of ALA consumption, trials that used
iv. ALA, and trials that compared the combined effects of
ALA and other supplements (e.g. ALA+vitamin E) were
excluded. We excluded trials that compared the combined
effects of ALA plus other supplements due to their potential
synergistic effects.

Outcomes

For the present review, we considered the change in
HbA1c, LDL cholesterol, SBF, and body weight as primary
outcomes. Secondary outcomes included change in TC,
HDL cholesterol, TG, DBP, and CRP. We also considered
a reduction in hypoglycemic medications and adverse
events as our secondary outcomes. Adverse events included
any undesirable events reported in primary trials such as
hypoglycemic events and gastrointestinal discomfort.

Data extraction

Two reviewers (AT] and AJ) independently and in
duplicate screened the full texts of eligible trials and

extracted the following data: author and year, population
location, study design and duration, characteristics of
the population (% female, mean age + S.D., baseline
BMI and body weight, health status), total sample size,
intervention characteristics (dose of ALA supplementation
in the intervention group), comparison group, calorie
restriction, physical activity, behavioral support, outcome
measures, and main results for the outcomes included.
Disagreements between the two reviewers were resolved
by a third reviewer (SS-B).

Risk of bias (quality) assessment

Two reviewers (AT] and AJ) independently and in
duplicate performed the risk of bias assessments using
the Cochrane risk of bias tool (20). An overall quality
score was given to the trials based on bias domains: low
risk of bias (<1/5 items were unknown and none were
high), some concerns (<2/5 items were unclear or at least
one high), and high risk of bias (>2/5 items were high).
Disagreements regarding the risk of bias assessment were
resolved by a third reviewer (SS-B).

Statistical analysis

We considered weighted mean difference (MD) and 95%
ClI of change in HbA1lc, LDL cholesterol, body weight, FPG,
SBP, DBP, HDL cholesterol, TC, TG, and CRP as the effect
size for reporting the results of the present study.

First, we calculated changes from baseline values in
each study. If the mean values and s.D.s of changes were
not available, we calculated these values by using data
from measures before and after the intervention, according
to the guidelines of the Cochrane Handbook (20). When
standard errors instead of s.D.s were presented, the former
was converted to s.D. If either S.D. or standard error was not
reported in the trials, we used the average s.D.s obtained
from other trials included in the meta-analysis (24). For
trials that reported median data instead of mean data,
we converted the former to mean data using standard
methods (25, 26).

© 2022 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-22-0322

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0
International License.

©0Ele


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0322
https://ec.bioscientifica.com

' Endocrine

W CONNECTIONS

Second, we used the method introduced by Crippa and
Orsini (19) to calculate MD and its corresponding standard
error of change in HbAlc, LDL cholesterol, weight, BMI,
FPG, SBP, DBP, HDL cholesterol, TC, TG, and CRP for each
500 mg/day oral ALA supplementation in the intervention
group relative to the control group in each trial. This
method requires the dose of ALA supplementation in each
study arm, the mean, and its corresponding s.D. of change
in primary and secondary outcomes in each study arm,
and the number of participants in each arm. Trial-specific
results were pooled using DerSimonian and Laird random-
effects model (27).

Based on our a priori protocol, we then performed a
series of predefined subgroup analyses based on baseline
weight (normal weight or overweight/obese), presence of
calorie restriction and physical activity in the intervention
program, and risk of bias assessment. We considered
subgroup differences credible based on eight criteria
introduced by the Instrument to assess the Credibility
of Effect Modification Analyses (ICEMAN) (28). P for
subgroup difference was generated using meta-regression
analysis. Influence analysis was carried out to test the
potential impact of each trial on the pooled effect size. The
potential for publication bias was tested using Egger’s test
(29), Begg’s test (30), and by inspection of the funnel plot
when >10 trials were available. We assessed heterogeneity
quantitatively using the I? statistic and performed a x> test
for homogeneity (Pycierogeneity > 0-10) (31).

Finally, we performed a dose-response meta-analysis
to clarify the shape of the effect of different doses of ALA
on primary and secondary outcomes. Nonlinear dose-
response associations were assessed with restricted cubic
splines with three knots at Harrell’s recommended centiles
(10%, 50%, 90%) (32). Statistical analyses were conducted
using STATA software version 16.1. A two-tailed P value of
less than 0.05 was considered significant.

Grading the evidence

We assessed the certainty of the evidence using the GRADE
approach (33). Pairs of authors (AJ and SS-B) independently
performed GRADE assessment. GRADE rates the certainty
of evidence as high, moderate, low, and very low. Detailed
information about the domains of the GRADE tool and
how to judge each domain are provided in Supplementary
Text 1. With regards to imprecision domain, we set the
MCID values as 0.5% for HbAlc; 1.6 mmol/L for FPG; 4.4
kg for body weight; 1.5 kg/m? for BMI; 0.26 mmol/L for TC;
0.10 mmol/L for LDL and HDL cholesterol; 0.09 mmol/L for
TG; 2 mmHg for SBP and DBP; and 0.5 mg/dL for CRP (34).

Results

Selection of studies for inclusion in
the meta-analysis

The primary search yielded 1137 studies from 3 databases
(PubMed, Scopus, and Web of Sciences). After removing
duplicates, 842 identified articles remained, of which,
756 were excluded during the review of title and abstract
(Supplementary Fig. 1). Full texts of the remaining 86
studies were obtained and assessed. Of those, 16 studies
met our criteria for inclusion in the meta-analysis. The
between-reviewer agreement for including studies was near
perfect (Cohen’s kappa=0.87) at the full-text screening
step. Supplementary Table 2 contains a summary of
the excluded articles based on full-text assessment with
reasons for exclusion.

Characteristics of primary trials included in the
dose-response meta-analysis

Table 2 summarizes the general characteristics of 16 studies
(15, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49)
with 1035 participants included in this dose-response
meta-analysis. In brief, the included RCTs had parallel
designs and were published from March 1997 to October
2020. Of the 16 included studies, 8 studies were conducted
in Asia (36, 40, 41, 42, 43, 45, 48, 50), 5 were conducted in
Europe (15, 35, 39, 47, 49), and 3 were conducted in the
United States (37, 44, 46). All trials included adult patients
with type 2 diabetes. The intervention duration ranged
from 4 weeks (47) to 52 weeks (35). The median sample
size was 65 participants (range 14-135). In all, 11 studies
reported on baseline glycemic control of patients (35, 36,
37,39, 42, 44, 45, 46, 47, 49, 50) while only 5 studies (35,
41, 46, 49, 50) reported the use of insulin by the subjects.
Only one study implemented calorie restriction (43)
and programmed physical activity (36) alongside ALA
supplementation. The daily doses of oral ALA ranged from
200 mg/day (40) to 1200 mg/day (36, 43). The duration
of diabetes ranged from 2 (37, 42) to over 20 (46) years.
No study reported on the change of medication during
the intervention period. Meanwhile, six studies (36, 40,
42, 43, 48, 50) reported minor adverse events, including
anorexia, diarrhea, heart burn, and other gastrointestinal
problems.

Risk of bias

All included studies were at low risk of bias in terms of
incomplete outcome data, selective reporting, and other
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Table 2 Characteristics of trials included in dose-response meta-analysis of alpha-lipoic acid supplementation in patients with

type 2 diabetes.

Age (mean Diabetes
+s.p.or  Study design duration
Reference, country Participants (n) range) (duration, week) (years) Intervention (dose) Control
Didangelos, 2020, Type 2 diabetes mellitus patients with >50 Parallel (52) 15 ALA (570) Placebo
Greece (35) diabetes duration and metformin
treatment for at least 4 years and HbA1C
between 6.5 and 7.5% (85)
Baziar, 2020, Non-insulin-dependent diabetes mellitus 40-60  Parallel (8) 3.6 ALA (1200 mg/day) Placebo
Iran (36) patients with a BMI between 18.5 and
29.9 kg/m?, aged between 40 and 60
years old, diagnosis of type 2 diabetes
mellitus for at least two years, and HbA1c
<7% (70)
Mendoza-Nufiez,  Type 2 diabetes mellitus patients with a 64+ 1 Parallel (26) 1-3 ALA (600 mg/day)  Placebo
2019, Mexico (37)  body mass indexBMI between <35 kg/m?,
mean age of 64 + 1 years, diagnosis of
type 2 diabetes mellitus for at least 2
years, and HbA1C < 7% (135)
Lee, 2017, Korea Type 2 diabetes patients between 20 and >50 Parallel (12) 12.6 ALA (600 mg/day)  Placebo
(38) 80 years, with HbA1c < 11% (75)
Derosa, 2016, Italy  18-75 years of age, with type 2 diabetes, 18-75  Parallel (12) Not reported ALA (600 mg/day)  Placebo
(39) HbA1c > 7%, and BMI > 25 and < 30 (NR)
kg/m? (105)
Al-Saber, 2016, Type 2 diabetes mellitus with HbA1c > 6.5 >40 Parallel (12) NR ALA (200 mg/day)  Placebo
Bahrain (40) and < 10%, between 20 and 75 years old,
BMI < 44 kg/m? (53)
Okanovi¢, 2015, Obese patients with type 2 diabetes >60 Parallel (20) NR ALA (600 mg/day)  Placebo
Bosnia and mellitus, BMI between 18.50 and 24.99
Herzegovina (15)  kg/m?, concentration of glucose between
4.4 and 6.1 mmol/L (60)
Udupa, 2013, India Type 2 diabetes mellitus patients between 21-65  Parallel (12) NR ALA (300 mg/day)  Placebo
(41) 21 and 65 years, with fasting blood sugar
between 110 and 250 mg/dL (50)
Porasuphatana, Type 2 diabetes mellitus patients. 44 +0.88 Parallel (26) 2.1 ALA (600 mg/day)  Placebo
2012, Thailand (42)  Inclusion criteria included glycemic status
and microalbuminuria (20-200 mg/dL)
(38)
Koh, 2011, Korea Type 2 diabetes mellitus obese subjects >35 Parallel (20) NR ALA (1200 mg/day) Placebo
(43) aged 18-65 years with a BMI > 30 kg/m?,
fasting plasma glucose concentration
> 126 mg/dL (98)
de Oliveira, 2011,  Type 2 diabetes mellitus patients ranging Parallel (16) NR ALA (600 mg/day)  Placebo
Brazil (44) in age from 38 to 75 years, at least 2
years since the diagnosis of diabetes,
HbA1C > 7%, (52)
Ansar, 2011, Type 2 diabetes mellitus adults with a 53 Parallel (8) 7 ALA (300 mg/day)  Placebo
Iran (45) mean age of 53 years, diabetes’ duration
> 1 year, and a fasting blood glucose
> 126 mg/dL (57)
Lukaszuk, 2009, Type 2 diabetics, 21-65 years, 21-65  Parallel (12) >1 ALA (600 mg/day)  Placebo
USA (46) nonpregnant or lactating (20)
Gianturco, 2009, Type 2 diabetes mellitus patients, >50 >50 Parallel (4) 5 ALA (400 mg/day)  Placebo
Italy (47) years, diabetes diagnosis at least 5 years,
HbATC < 7% (14)
Chang, 2007, Hemodialysis type 2 diabetes patients, >55 Parallel (12) NR ALA (600 mg/day)  Placebo
Korea (48) mean age of 64 years (50)
Ziegler, 1997, Type 2 diabetes mellitus patients, aged >55 Parallel (16) 15.2 ALA (800 mg/day)  Placebo
Germany (49) >18 and <70 years, (73)

sources of bias. Ten out of 16 studies were at low risk of bias
in terms of random sequence generation, 13 out 16 were at
low risk in terms of allocation concealment and blinding

of participants and personnel, and 9 out of 16 were at low
risk in terms of blinding of the outcome assessment. A
summary of the result is shown in Supplementary Table 3.
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Findings from this meta-analysis

Primary outcomes

Effect of ALA supplementation on HbA1c ALA
supplementation resulted in a significant reduction in
HbAlc for each 500 mg/day increase in the intervention
group compared with the control group based on the
analysis of 11 studies with 782 participants (35, 37, 39,
40, 41, 42, 43, 46, 48, 49, 50) (MD: -0.17%; 95% CI: —0.30
to —0.05, P=0.008) (Table 3 and Supplementary Fig. 2).
A substantial between-study heterogeneity was noted
(I?=91.5%, P< 0.001). In the sensitivity analysis, we
found that this association was influenced by the results
of three studies (39, 42, 43). When each of these studies
were excluded at a time from the analysis, the respective
pooled effect sizes became statistically nonsignificant
(Supplementary Table 4). There was a credible subgroup
difference, where trials of low risk of bias showed a
significant reduction (MD: —0.28%; 95% CI: —0.38 to
—0.18, P=0.009), but trials with a high risk of bias or
some concerns did not (P for subgroup difference < 0.009,
Supplementary Table 5).

Effect of ALA supplementation on weight loss Pooled
results from the random-effects model on 7 RCTs with 563
participants (15, 36, 37, 39, 43, 46, 50) showed that each
500 mg/day increase in ALA supplementation can result
in a significant reduction in BMI (MD: —-1.07 kg/m?; 95%
CI: -1.90 to —0.25, P=0.01) with substantial heterogeneity
between theeligible studies (I = 94.7%, Pp,cerogeneity < 0-0001)
(Table 3 and Supplementary Fig. 3). In the sensitivity
analysis, we found that this association was influenced
by the results of the study by Okanovic and colleagues

(15). When this study was excluded from the analysis,
the pooled effect size was not statistically significant
(MD: -1.08, 95% CI: -2.22, 0.05) (Supplementary Table
6). The subgroup analysis showed caloric restriction,
physical activity, and the risk of bias as potential sources of
heterogeneity (Supplementary Table 7).

Similarly, we observed a significant effect for each 500
mg/day increase in ALA supplementation on body weight
after combining 5 trials with 349 participants (39, 43, 45,
46,49) MD:-0.68 kg; 95% CI-0.71 to —0.64, P < 0.001) with
low heterogeneity (I2= 0.0%, P=0.94) (Supplementary Fig.
4). Sensitivity analysis showed that this association was
influenced by the results of one study (43) which, when
excluded from the analysis, rendered the pooled effect size
statistically nonsignificant (MD: —-0.53, 95% CI: -1.46,
0.41) (Supplementary Table 8). Subgroup analysis can
be found in Supplementary Table 9, with no evidence of
significant and credible effect modification.

Effect of ALA supplementation on LDL cholesterol A
nonsignificant effect for each 500 mg/day increase in
ALA supplementation was observed on LDL cholesterol
concentration after combining and analyzing 9 studies
with 524 participants (35, 36, 37, 39, 40, 44, 46, 47, 50)
(MD: -5.05 mg/dL; 95% CI: -12.93 to 2.82, P=0.21)
(Supplementary Fig. 5). The lack of association of ALA
with LDL was robust as it persisted in sensitivity analyses
excluding one study at a time (Supplementary Table
10). There was no credible difference across subgroups
(Supplementary Table 11).

Effect of ALA supplementation on SBP Again, a
nonsignificant effect for each 500 mg/day increase in

Table 3 Summary of the effect of supplementation with alpha-lipoic acid (each 500 mg/day) on levels of cardiometabolic risk

factors in patients with type 2 diabetes.

Clinically important?

Outcome Participants (studies) Mean difference (95% Cl) MCID value (>MCID) GRADE certainty
Primary outcomes
HbA1c (%) 782 (11) —0.17 (=0.30, —0.05) 0.5% No Moderate
BMI (kg/m?) 563 (7) —1.07 (-=1.90, —0.25) 1.5 kg/m? No Low
Body weight (kg) 349 (5) —0.68 (-0.71, —0.64) 4.4kg No Moderate
LDL cholesterol (mg/dL) 524 (9) —5.05(=12.93, 2.82) 3.87mg/dL  No Very low
SBP (mmHg) 388 (5) —1.71 (-5.48, 2.07) 2 mmHg No Very low
Secondary outcomes
C-reactive protein (mg/dL) 254 (3) —0.03 (—0.04, —0.01) 0.5 mg/dL No Low
DBP (mmHg) 388 (5) 1.03 (0.05, 2.02) 2 mmHg No Low
FPG (mg/dL) 620 (9) —6.08 (—9.74, —2.42) 29 mg/dL No Low
Triglyceride (mg/dL) 669 (10) -19.18(-38.19, -0.17) 8 mg/dL No Moderate
Total cholesterol (mg/dL) 659 (10) —3.57(-24.36,17.23) 10 mg/dL No Very low
HDL cholesterol (mg/dL) 609 (9) 0.71 (-0.41, 1.83) 3.87mg/dL  No Very low

DBP, diastolic blood pressure; FPG, fasting plasma glucose; MCID, minimal clinically important difference; SBP, systolic blood pressure.
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ALA supplementation was observed on SBP from the
analysis of 5 trials with 388 participants (35, 37, 46, 49, 50)
(MD: -1.71 mmHg; 95% CI: -5.48 to 2.07, P=0.38)
(Supplementary Fig. 6). The lack of association persisted
in sensitivity analyses excluding one study at a time
(Supplementary Table 12).

Secondary outcomes

Effect of ALA supplementation on CRP Pooled results
of 3 trials with 254 patients with type 2 diabetes (37,
39, 47) showed that each 500 mg/day increase in ALA
supplementation resulted in a significant reduction in
CRP concentration (MD: —0.03 mg/dL; 95% CI: —0.04
to —0.01, P<0.001) (Supplementary Fig. 7) without
heterogeneity between the included studies (12=42.3%,
Pheterogeneity = 0-18). Findings from the sensitivity analysis
showed that the significant inverse association was robust,
such that exclusion of each study at a time did not change
the pooled effect size (Supplementary Table 13).

Effect of ALA supplementation on DBP By combining
findings from 5 trials with 388 participants (35, 37, 46,
49, 50), we found a small increase in DBP with each 500
mg/day increase in ALA supplementation (MD: 1.03
mmHg; 95% CI: 0.05-2.02, P= 0.04) (Supplementary Fig.
8) without any heterogeneity (I2=0.0%, P=0.46). The
association with ALA was driven by two studies and did not
persist when these studies were excluded (Supplementary
Table 14). Results of the subgroup analyses can be found
in Supplementary Table 15, with no evidence of credible
subgroup differences.

Effect of ALA supplementation on FPG A pooled
analysis of 9 trials with 620 participants (15, 36, 37, 39,
40, 41, 42, 44, 45) reported a significant effect of ALA
supplementation on reduction of FPG for each 500
mg/day increase (MD: -6.08 mg/dL; 95% CI: -9.74
to -2.42, P=0.001), with substantial between-study
heterogeneity (12=94.2%, P< 0.001) (Supplementary Fig.
9). The significant inverse association was robust, such that
exclusion of each study at a time did not change the pooled
effect size based from the findings from the sensitivity
analysis (Supplementary Table 16). The subgroup analysis
showed the risk of bias partly explained the heterogeneity,
where a greater decrease was observed in the studies with a
low risk of bias (Supplementary Table 17).

Effect of ALA supplementation on TG Pooling the
results of 10 trials with 669 participants (15, 35, 36,

37, 39, 40, 44, 46, 47, 50) showed a significant effect for
each 500 mg/day increase in ALA supplementation in
reducing TG levels (MD: —19.18 mg/dL; 95% CI: —38.19 to
—-0.17, P=0.05) (Supplementary Fig. 10). The association
with ALA was driven by six studies (36, 37, 39, 40, 44,
46) and did not persist when these studies were excluded
(Supplementary Table 18). Subgroup analysis did not
show credible differences between groups (Supplementary
Table 19).

Effect of ALA supplementation on TC and HDL We
did not observe any statistical significant effect on serum
TC concentration (MD: -3.57 mg/dL; 95% CI: -24.36
to 17.23, P=0.74) for each 500 mg/day increase in ALA
supplementation (Supplementary Fig. 11) based on the
analysis of 10 studies (35, 36, 37, 39, 40, 44, 46, 47, 48, 50)
and HDL (MD: 0.71 mg/dL; 95% CI: —-0.41 to 1.83 mg/dL,
P=217) (Supplementary Fig. 12) based on the analysis of 9
studies with 524 participants (35, 36, 37, 39, 40, 44, 46, 47,
50). The lack of association of ALA with TC (Supplementary
Table 20) and HDL (Supplementary Table 22) persisted
in sensitivity analyses excluding one study at a time. The
credibility of subgroup difference was rated low and the
number of trials was very small.

Publication bias

Funnel plots and Egger’s regression tests indicated no
evidence of substantial publication bias for HbAlc
(P=0.70), BMI (P=0.54), weight (P=95), LDL cholesterol
(P= 0.52), CRP (P=86), DBP (P=0.54), TG (P= 0.96), TC
(P=0.37), HDL cholesterol (P= 0.39), and SBP (P=0.06).
However, there was evidence of a significant small-study
effect for FPG (P=0.04). The results for funnel plots are
indicated in Supplementary Figures 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, and 23.

Nonlinear dose-response meta-analyses

We performed a nonlinear dose-response meta-analysis
using a restricted cubic spline. Dose-response meta-
analysis indicated a linear reduction in body weight
up to ALA supplementation of 1800 mg/day (Fig. 1).
A J-shaped effect was seen for HbAlc, with the greatest
reduction at 300 mg/day (MD: -0.32%, 95% CI: -0.45,
—0.18; Fig. 2). We also found the greatest reductions for
FPG (MDgg0 mg/day: —9-2 mg/dL, 95% CI: -2.3, ~15.42) and
LDL cholesterol (MDggg mg/day: —7-8 mg/dL, 95% CI: -0.17,
—-13.28) at 600 mg/day, with the flattening of the curve at
higher intake (Fig. 2).

© 2022 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-22-0322

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0
International License.

©0Ele


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0322
https://ec.bioscientifica.com

' Endocrine

W CONNECTIONS

Adverse events

Overall, 6 out of 16 primary trials reported adverse events
after ALA supplementation in individuals with type 2
diabetes. One trial indicated that ALA was well tolerated
with only 1 person had complained of heartburn after 5
weeks of ALA supplementation (36). Furthermore, another
trial reported three minor adverse reactions including
gastrointestinal problems, wurological problems,
nervous problems (50). In the study earlier, in terms of
serious adverse events, three including one gastric cancer
in the ALA group and two duodenitis in the placebo group
were observed. Al-Saber and colleagues (40) reported
diverse adverse events with the most frequently reported

and

Body mass index

Mean Difference (kg/m2)

events being mild to moderate gastrointestinal. Again,
one patient in each group self-reported a mild event of
hypoglycemia, judged by the investigator to be not related
to ALA intake. Meanwhile, one serious adverse event of a
nasal abscess requiring hospitalization was reported by a
subject receiving ALA, which was reported not to be related
to the study product. Furthermore, another study reported
anorexia in one patient who voluntary dropped out of
the study, and skin rash among two subjects (42). Again,
in the same study, some patients reported a bitter taste
in the throat after swallowing ALA capsules. Moreover,
some adverse events including fever, headache, dizziness,
abdominal pain, palpitation, epigastric soreness, itching,
and urticarial were reported in another study, with itching
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sensation being the most common adverse event in
subjects treated with ALA which led to the withdrawal of
four subjects (43).

Grading the evidence

We applied the GRADE rating tool to rate the certainty
of evidence (Table 3 and Supplementary Table 24). For
primary outcomes, the certainty of the evidence was rated
moderate for HbAlcand body weight, low for BMI, and very
low for SBP and LDL cholesterol. For secondary outcomes,
the certainty of the evidence was rated moderate for serum
TG and low and very low for other outcomes. The effects of
ALA supplementation on cardiometabolic outcomes were
smaller than thresholds settled as MCID for all outcomes,
suggesting small and unimportant effects.

Discussion

Weincluded 16 RCTs with 1035 patients with type 2 diabetes
in this study. Pooled results from the random-effects models
showed that each 500 mg/day oral ALA supplementation
reduced HbAlc and body weight but did not affect LDL
cholesterol concentration. ALA supplementation reduced
CRP, FPG, serum TG, and DBP but had no effects on serum
TC and HDL cholesterol concentrations and SBP. Dose-
response meta-analyses indicated a strong linear decrement
in body weight at ALA supplementation of more than
600 mg/day, while a relatively J-shaped effect was seen
for HbAlc, with the greatest reduction at 300 mg/day.
Levels of FPG and LDL concentration decreased up to 600
mg/day ALA intake, with flattening of the curve thereafter.
The certainty of the evidence was rated moderate to very
low, with the point estimates well below MCID thresholds
for all outcomes. No serious adverse events were reported
in the original trials. To the best of our knowledge, our
study is the first dose-response meta-analysis of RCTs that
investigated the effect of oral ALA supplementation on
cardiometabolicrisk factors in patients with type 2 diabetes.

In line with our study, a previous meta-analysis
reported that ALA supplementation was effective for
short-term weight loss and reduction in BMI compared
with placebo in various populations including patients
with diabetes mellitus, metabolic syndrome, rheumatoid
arthritis, and nonalcoholic fatty liver disease (51). In line
with our findings, Rahimlou and colleagues also reported
a significant decrease in HbAlc, CRP, and FPG after ALA
supplementation in their study (52). Moreover, other
studies found that ALA supplementation had beneficial
effects on CRP levels (13, 14) and FPG (53). We did not

observe any effect of ALA supplementation on lipid profile,
including TC, LDL cholesterol, and HDL cholesterol
concentrations, which was in line with observations of
previous studies (16, 53). In contrast, serum TC and LDL
cholesterol levels significantly decreased following ALA
supplementation (11, 54).

Our study has its advantages over the previous
studies in terms of methodology. While in this study we
included only patients with type 2 diabetes, the previous
meta-analyses included patients with different health
outcomes (13, 53, 54) and with smaller sample sizes (51,
53, 54). Furthermore, others included both oral and iv.
interventions in their analyses (13, 52). Also, this study is
the first dose-response meta-analysis on the effect of ALA
among patients with type 2 diabetes.

Although we found statistically significant effects of
ALA supplementation on cardiometabolic risk factors,
these effects were smaller than MCID thresholds for all
our primary outcomes, suggesting small and unimportant
effects. For example, for HbAlc, the effect was —0.17%
(-0.30, —0.05), which was lower than the MCID threshold
for HbAlc (0.50%). Similar to our results, previous meta-
analyses did not observe any clinical effectiveness of ALA
supplementation on HbAlc (52), BMI and body weight
(51), despite statistical significance.

We performed prespecified subgroup analyses based
on the risk of bias and the presence or absence of calorie
restriction or physical activity in the intervention
program, and then identified potential credible differences
in the subgroups based on eight criteria introduced by the
ICEMAN tool (28). Although there were some significant
subgroup differences, the credibility of subgroup
differences was rated low due to very small number of trials
in the subgroups. The subgroup analyses indicated that the
size and the direction of the effects were generally the same
in the subgroup of the trials with a low risk of bias that
confirmed the robustness of the main findings. We also
found a significant subgroup difference for BMI, where one
trial that implemented calorie restriction indicated a large
reduction in body weight (MD: —4.79 kg/m?; 95% CI: -5.64
to -3.49); however, the credibility of subgroup difference
was rated low due to very small number of trials (n =1) in
that subgroup. Nevertheless, the combined effects of ALA
supplementation and calorie restriction on body weight
in patients with type 2 diabetes could be assessed in future
research.

We also found a large and important improvement
in LDL (MD: -15.39 mg/dL, 95% CI: -26.99, -3.78;
n=1) and HDL (MD: 19.49 mg/dL 95% CI: 10.69, 28.28;
n=1) in trials that were conducted on those without
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overweight/obesity. But there was no credible subgroup
difference and the number of trials was very small,
suggesting for further research.

Research from clinical studies suggests that ALA
mimics the action of insulin via the insulin cascade. Some
potential mechanisms have been shown to be associated
with the effect of ALA in decreasing blood glucose
including the upregulation of glucose transporters (GLUT
1 and GLUT4) (55) and via the phosphoinositide 3-kinase
pathway (56, 57). Evidence supports the recruitment of
GLUT4 by ALA from the Golgi body into the sarcolemma,
thereby stimulating glucose uptake in the skeletal muscle.
A cascade of substrate phosphorylation is known to be
triggered by the acute activation of insulin receptors
following ALA ingestion, which triggers the translocation
of glucose transporters (GLUT) from the cytoplasm to the
cell surface (58, 59). Moreover, ALA has been reported to
suppress gluconeogenesis in the liver (60) while increasing
glucose transport within the skeletal muscle (61).

The exact pathway of action of ALA in decreasing
weight and BMI has not been identified; however,
some potential mechanisms have been postulated. In
animal studies, ALA was suggested to lead to decreased
food consumption and enhanced energy usage via
inhibiting hypothalamus AMP-activated protein kinase
activity (62). In peripheral tissues, ALA leads to weight
reduction by increasing fat breakdown while inhibiting
its synthesis (63, 64). Furthermore, a prior investigation
on people with type 2 diabetes mellitus found that taking
ALA supplements increased muscular ATP production
via improving mitochondrial activity (65). Therefore,
increased peripheral glucose use and muscle ATP
production may help with weight management.

Chronic hyperglycemia is well known to favor the
production of reactive oxygen species (ROS), which in turn
leads to the deterioration of beta-cell function, leading
to increasing either insulin insensitivity or resistance,
thus worsening type 2 diabetes. Both ROS and diabetes
are associated with a wide range of inflammatory markers
such as CRP, TNF-a, and IL-6, and in chronic states, these
inflammatory markers may be elevated (66), particularly
via the nuclear factor-«B (NF-xB) activation pathway (67).
ALA and its reduced form (dihydrolipoic acid (DHLA))
have been shown to have a potent scavenging effect on
neutralizing a variety of ROS (55) via suppressing NF-«B
activation (68). Studies on cell lines have revealed that
ALA in physiologic quantities inhibits NF-kB nuclear
translocation, preventing its impact on target gene
expression later on (69). Also, the decreasing effect may
be associated directly with the antioxidant effect of ALA

or the effect of other antioxidants (vitamin E and ascorbic
acid) activated by its reduced form (DHLA) (70). Due to
its synergistic effects on other antioxidants, it has been
proposed that ALA may still have antioxidant benefits long
after being eliminated from the body (71).

High heterogeneity across trials might be explained
by different reasons such as the study sample, aims, and
durations diversity. Previous studies of ALA treatment
found improvements in LDL and TC (11, 54). We did not
find significant improvements in these metabolic indices
in the current study. One possible reason for the discordant
results may be the sample sizes or differences in the study
subjects. Participants in the previous studies were fewer
and suffering from different health conditions compared to
only diabetes mellitus in our study. Trial duration, diabetes
duration, and baseline glycemic control status might be
other effective factors that influenced the lipid-modulating
effect of ALA supplementation. While our study averaged
16 weeks in duration, a report from a previous study (11)
indicates supplementation duration of fewer than 12 weeks
results in a significant reduction in serum LDL.

Clinical implications

Several dietary intervention strategies have been proposed
to perform in patients with type 2 diabetes for improving
glycemic control and reducing levels of cardiometabolic
risk factors. People with type 2 diabetes may consume
several supplements, including ALA, without robust
evidence supporting their clinically important effects in
patients with type 2 diabetes. In this dose-response meta-
analysis of randomized trials, we indicated that the use of
ALA supplementation may be an effective intervention in
people with type 2 diabetes; however, its effects were small
and unimportant. Therefore, current evidence does not
support supplementation with ALA in patients with type
2 diabetes.

Limitations of the research

There are limitations in our meta-analysis that deserve
consideration. First, we had limited evidence for the effect
of ALA supplementation on some outcomes such as CRP;
thus, more research is needed on the effects of oral ALA
on inflammation. Second, we found that ALA resulted in a
more improvement of BMI in studies with some concerns
in terms of quality; thus, weight-reducing effects of ALA
supplementation should be interpreted with caution.
Third, we did not do trials of i.v. ALA on patients with type
2 diabetes; thus, our findings cannot be generalized to
those trials. Fourth, most studies included in the present
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review used a dose of 600 mg/day; thus, we had limited
evidence for the efficacy of ALA supplementation at a dose
larger than 600 mg/day.

Conclusions

Despite significant improvements, the effects of oral
ALA supplementation on cardiometabolic risk factors in
patients with type 2 diabetes were not clinically important.
Thus, our findings do not support its use in clinical practice
for patients with type 2 diabetes. The lack of clinical
importance, however, does not disprove its benefits,
as we observed statistically significant effects of ALA
supplementation on levels of cardiometabolic risk factors.
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