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Abstract

Background and objective Stroke is a devastating condition with long-term comorbidities including metabolic abnormalities.
Alpha lipoic acid (ALA), with its antioxidant properties, might improve metabolic status of patients, though current evidence is
still inclusive. This systematic review of randomized controlled trials (RCTs) was conducted to summarize the existing evidence
regarding the effects of ALA supplementation on fasting glucose and lipid profiles among patients with stroke.

Methods We searched Cochrane Library, EMBASE, MEDLINE, and Web of Science from 1990 until April 5th, 2018. The
relevant randomized-controlled articles, based on defined key words, were included in the analyses. Two independent researchers
investigated study eligibility, extracted data, and assessed the risk of bias for included studies. Heterogeneity among included
studies was tested using Q-test and I? statistics. Random-effects models were applied to pool the data and standardized mean
differences (WMD) were considered as summary effect size.

Results A total of five studies (140 patients in each intervention group) were included in our meta-analysis. The findings showed
that ALA supplementation significantly decreased fasting glucose levels (WMD —36.93 mg/dL; 95% CI, —65.58, —8.28; P=
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0.01; I* =85.0%) in patients with stroke. We found no significant effect of ALA supplementation on triglycerides (WMD
—7.45 mg/dL; 95% CI, —51.35, 36.45; P=0.739; = 83.9%), total cholesterol (WMD —23.23 mg/dL; 95% CI, —48.07, 1.62;
P=0.067; I> =80.5%), LDL-cholesterol (WMD —10.46 mg/dL; 95% CI, —21.01, 0.09; P=0.052; > =47.4%) and HDL-
cholesterol levels (WMD —3.02 mg/dL; 95% CI, —20.18, 14.14; P =0.730; | 85.8%).

Conclusions This meta-analysis suggested the beneficial impacts of ALA supplementation in improving fasting glucose of

patients diagnosed with stroke.

Keywords Alpha-lipoic acid - Lipid profiles - Stroke - Meta-analysis

Introduction

Stroke is a chronic devastating condition and one of the major
causes of mortality worldwide [1]. The 2012 Behavioral Risk
Factor Surveillance System (CDC) data showed that the prev-
alence of stroke among adults was 2.9% [2]. One of the
common types of stroke, cerebral ischemia/reperfusion (I/R)
injury involves different pathophysiological mechanisms in-
cluding excitatory neurotransmitters release, increased intra-
cellular Ca®* levels, elevated inflammation and oxidative
stress, and apoptosis [3—5]. Moreover, oxidative stress, which
plays an important role in the pathogenesis of cerebral I/R
injury [6], is produced by an imbalance between the produc-
tion of reactive oxygen species (ROS) in the body and their
effective removal by endogenous scavenger enzymes and
protective antioxidants [7]. In addition, other risk factors of
stroke are diabetes, hypertension, and hyperlipidemia which
all have inflammation and oxidative stress as their main-
stream causes [8—11].

Alpha-lipoic acid (ALA) is an antioxidant with many
biological functions including reducing inflammation,
scavenging ROS, chelating the transitional metal ions,
and modulating the signal transduction of nuclear factor
[12]. Several human trials have evaluated the possible
lowering effects of ALA on fasting glucose and lipid pro-
files with inconclusive results. In a study by Zhao et al.
[13], ALA supplementation for 3 weeks significantly re-
duced fasting glucose, triglycerides, and total- and LDL-
cholesterol levels in patients had diagnosed with acute
cerebral infarction. In another study, 12-week supplemen-
tation with 600 mg ALA had beneficial lowering effects
on lipid profiles in patients who had experienced a stroke
[14]. Despite reported anti-diabetic and anti-lipidemic ef-
fects of ALA supplementation in some randomized clini-
cal trials (RCTs) [15-17], differences in study design,
characteristics of study population, dosage of ALA used
and duration of the interventions led to reported discrep-
ant findings [18, 19]. In order to address the discrepancies
among existing evidence determining whether ALA sup-
plementation has a causal effect on fasting glucose and
lipid profiles among patients with stroke, we aimed to
systematically review these evidence and summarize the
available findings in a meta-analysis.

@ Springer

Materials and methods
Methods
Search strategy

This study was designed and conducted using the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline. We searched sys-
tematically different electronic databases including
Cochrane Library, EMBASE, MEDLINE, and Web of
Science databases from 1990 until April 2018. The au-
thors used the following MeSH and text keywords to
identify relevant RCTs have investigated the effect of
ALA supplementation on fasting glucose and lipid: pa-
tients [“stoke” OR “cerebrovascular accident (CVA)” OR
“cerebrovascular”], intervention [“alpha-lipoic acid
(ALA)” OR “Acid, alpha-Lipoic” OR * Lipoic Acid”
OR “o-lipoic acid” AND “supplementation” OR “in-
take”], and outcomes [“fasting plasma glucose (FPG)”
OR “glucose” “triglycerides” OR “total cholesterol” OR
“low-density lipoprotein (LDL-cholesterol)” OR “LDL-
C” OR “high density lipoprotein-cholesterol (HDL-cho-
lesterol)” OR “HDL-C”]. Additionally, we searched the
references of previously published systematic reviews
and meta-analyses in this area and we communicated with
related experts and research centers to detect any potential
citation that was not captured based on the online
searches. The authors included trials published in English.

Study selection

Two independent authors (RT, MA) screened selected tri-
als in a two-step process before including them in the
meta-analysis. In the first step, researchers reviewed the
title and/or abstract to remove the duplicate studies and to
determine whether selected trials are potentially eligible
for this meta-analysis. In the second step, the full-texts of
related RCTs were retrieved to evaluate the details based
on the inclusion and exclusion criteria. In the case of a
discrepancy among the authors, a third author (ZA) was
discussed or it was resolved by consensus.
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Fig. 1 Literature search and Articles identified through
electronic database search (n=196)
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Articles excluded (n=10):

1. Animal studies (n=4)

2. Not stroke patients (n=2)

3. No use of Alpha-lipoic acid (n=2)
4. In vitro studies (n=2)

Studies included in

this study (n=5)

RCTs were selected for further analysis when they met
the inclusion criteria including: being an original human
RCT (either a parallel or crossover), the target subjects
were patients with stroke, the intervention group received
ALA supplements, being a placebo-controlled trial, the
mean changes and standard deviations (SD) showing the
effect of ALA on fasting glucose and lipid profiles includ-
ing triglycerides, total-, LDL- and HDL-cholesterol could
be extracted from selected RCT for both intervention and
placebo groups. Non-RCTs, clinical trials without control
groups, trial protocols without results, and the RCTs did
not fulfill the least quality assessment value were exclud-
ed from this meta-analysis.

Data extraction and quality assessment

Quality assessment and data extraction were done using
Cochrane Collaboration risk of bias tool and standard excel
sheets, 2008 by two independent authors (RT and MA).
Applying Cochrane tool, the quality of the selected RCTs
was evaluated considering the following features: “ran-
domization generation, allocation concealment, blinding

of participants and outcome assessors, incomplete outcome
data, selective outcome reporting, and other probable
sources of bias”. The data collected from each study in-
cluded first authors’ name, year of publication, partici-
pants’ age, the location of study, the method of study, total
sample size, number of subjects in intervention and place-
bo groups, dose of intervention, duration of intervention,
type of intervention and placebo, the mean and SD for
fasting glucose, triglycerides, total-, LDL-, and HDL-
cholesterol concentrations. Any discrepancy was resolved
through discussion with a third author (ZA or A.BH).

Statistical methods

All statistical analyses were done using STATA version 12.0
(Stata Corp, College Station, TX) and RevMan V.5.3 software
(Cochrane Collaboration, Oxford, UK). Cochran’s Q test
(with a P value of <0.1) and I-square test (> 50% considered
as homogenous) were used to demonstrate the significance of
heterogeneity among included studies. Due to heterogeneity
among included studies, random-effect models were applied
in this meta-analysis. The weighted mean differences (WMD)
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were applied to evaluate the effect of each individual study

Fig. 2 The methodological quality of included studies (risk of bias)

and 95% confidence intervals for indicating effect sizes in
on the pooled WMD using leave-one-out method. Subgroup
analyses were performed to detect the source of heterogeneity.
The subgroup analyses were conducted based on the follow-

ing suspected potential variables: duration of the study
(>4 weeks vs. <4 weeks) and total sample size (=30 subjects
vs. <30 subjects). Begg’s rank correlation and Egger’s test

the outcomes measured. P value less than 0.05 were consid-

were conducted to verify any possible publication bias for
ered as statistically significance level.
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Fig. 3 a-e. Meta-analysis glycemic control standardized mean differences estimates for (a) fasting glucose, (b) for triglycerides, (¢) for total cholesterol,
(d) for LDL-cholesterol, and (e) for HDL-cholesterol in alpha-lipoic acid supplements and placebo groups (CI=95%)

Results
Characteristics of included studies

Our initial search identified 196 potential papers, after screen-
ing for our inclusion criteria and performing quality assess-
ment, finally five studies were incorporated in this meta-anal-
ysis. Figure 1 illustrates the step by step process of studies
selection. Two studies were double-blinded and the other three
were randomized placebo-controlled trials. The effects of

ALA supplementation on fasting glucose and HDL-
cholesterol were individually investigated in three RCTs and
lipid profiles (triglycerides, total- and LDL- cholesterol) were
individually investigated in four RCTs. The sample size in
each group (intervention/ placebo) varied from 14 to 46 indi-
viduals. Duration of the study ranged from 2 to 12 weeks. The
detailed characteristics of included RCTs have been presented
in Table 1.

The quality of included clinical trials was judged by two
authors, using Cochrane Collaboration risk of bias tool which

@ Springer
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Table 3  The assess of contribution one by one trials in association between alpha-lipoic acid supplementation and fasting glucose and lipid profiles using sensitivity analysis

Post-sensitivity analysis

Upper & lower of effect size

Pre-sensitivity analysis

Variable

95% CI Excluded studies

Pooled WMD (random effect)

95% CI

No. of studies included Pooled WMD (random effect)

Oprea

—84.05, 7.50

—38.26

Upper

—65.58, —8.28

-36.93

Glucose

Mohammadi 2018

Zhao

—49.66
12.86

Lower

—75.95,-23.38
—22.55,48.28
—74.49, 2991
—27.64, 0.61
-56.13, 0.14

Upper

—51.35, 36.45

=745

4

Triglycerides

Manolescu
Zhao

—22.29

Lower

—13.51

Upper

—48.07, 1.62

—23.23

4

Total cholesterol

Oprea

-27.99
-5.49

Lower

Mohammadi 2017

Manolescu

—21.44, 10.44
-25.09, —2.21

Upper

-21.01, 0.09

—-10.46

4

LDL-cholesterol

—13.65
0.65

Lower

Manolescu

—20.35, 21.66

Upper

—20.18, 14.14

-3.02

3

HDL-cholesterol

Mohammadi 2017

-11.39

Lower

-21.77,-1.02

is shown in Fig. 2. The findings of risk of bias assessment
indicated that 2 studies were at unclear risk of bias, and 3 studies
were at high risk bias based on the judgments of author.

Effects of ALA supplementation on fasting glucose
and lipid profiles

The pooled effect sizes for different outcomes, using random-
effect model, indicated that ALA supplementation significant-
ly decreased fasting glucose concentrations (WMD
-36.93 mg/dL; 95% CI, —65.58, —8.28; P=0.01; I* =
85.0%) (Fig. 3 & Table 2).

Serum triglyceride WMD —7.45 mg/dL; 95% CI, —51.35,
36.45; P=0.739; I =83.9%), total cholesterol (WMD
—23.23 mg/dL; 95% CI, —48.07, 1.62; P=0.067; I* = 80.5%),
LDL-cholesterol (WMD —10.46 mg/dL; 95% CI, —21.01, 0.09;
P=0.052; I’ =47.4%), and HDL-cholesterol levels (WMD
-3.02 mg/dL; 95% CI, —20.18, 14.14; P=0.730; I* = 85.8%)
were not significantly affected by ALA supplementation (Fig.
3). Detailed meta-analysis results for the effects of ALA supple-
mentation on fasting glucose and lipid profiles at baseline and
the end of follow-up in both intervention and control groups
have been summarized in Table 2.

Sensitivity analyses did not reveal any significant difference
in the pooled WMD for the effect of ALA on triglycerides and
total cholesterol, indicating the removal of each study was not a
significant influence on the findings of meta-analysis and the
results were robust. However, we found that the pooled WMD
for fasting glucose differed significantly between the pre-
sensitivity WMD (—=36.93 mg/dL; 95% CI, —65.58, —8.28)
and post-sensitivity WMD (—38.26 mg/dL; 95% CI, —84.05,
7.50) when Oprea et al. [35] study was removed. For LDL-
cholesterol, we also observed significant difference between
the pre-sensitivity pooled WMD (=10.46 mg/dL; 95% CI,
—21.01, 0.09) and post-sensitivity pooled WMD (—13.65 mg/
dL; 95% CI, —25.09, —2.21) after removing Manolescu et al.
[20] study. Also, we found for HDL-cholesterol a significant
difference between the pre-sensitivity pooled WMD
(=3.02 mg/dL; 95% CI, —20.18, 14.14) and post-sensitivity
pooled WMD (—11.39 mg/dL; 95% CI, —21.77, —1.02) after
removing Mohammadi et al. [14] study (Table 3).

The finding of subgroup analysis based on sample size indi-
cated that ALA supplementation led to a significant greater pro-
motion in triglycerides levels in the strata <30 subjects (WMD
31.08 mg/dL; 95% CI, 6.32, 55.85, I 0.0) compared with the
strata >30 subjects (WMD 0.57; 95% CI, —1.19, 1.32, I 80.6).

Subgroup analysis showed a significant greater reduction
in total cholesterol concentrations using the clinical trials with
>30 subjects (WMD —35.42 mg/dL; 95% CI, —68.62, —2.23,
I”: 88.5) compared with <30 subjects (WMD —6.57 mg/dL;
95% CI, —29.25, 16.10, I*: 0.0). Similarly, ALA supplemen-
tation showed greater reduction in LDL-cholesterol levels in
the subgroup with >30 subjects (WMD —17.69 mg/dL; 95%

@ Springer
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CL, -30.09, —5.29, 1: 0.0) compared with the trials <30 sub-
jects (WMD 8.45 mg/dL; 95% CI, —11.62, 28.52, % 0.0).
The detailed results of subgroup analyses have been present-
ed in Table 4.

Publication bias

Begg’s and Egger’s tests showed no significant publication
bias assessing the effects of ALA on fasting glucose
(Begg’s: Z=-0.52, P=0.60 and Egger’s: B=-4.59, P=
0.28), triglycerides (Begg’s: Z=-0.68, P=0.49 and Egger’s:
B=-2.68, P=0.71), total cholesterol (Begg’s: Z=0.00, P=
1.00 and Egger’s: B=4.71, P=0.15), and LDL-cholesterol
(Begg’s: Z=10.68, P=0.49 and Egger’s: B=1.61, P=0.56).

But, there was evidence of the possible publication bias on
the effects of ALA supplements on HDL-cholesterol (Begg’s:
Z.=-0.52,P =0.60 and Egger’s: B =-4.20, P = 0.02). Therefore,
we used non parametric method (Duval and Tweedie) to include
the results of censored studies. The results showed that pooled
effect sizes changed significantly for HDL-cholesterol between
pre and post including the results of censored trials.

Discussion

The findings of current meta-analysis depict that ALA supple-
mentation significantly decreased serum glucose and total cho-
lesterol levels and might improve metabolic profile of patients
recovered from stroke. To our best knowledge, this is the first
meta-analysis of RCTs evaluating the effect of ALA supplemen-
tation on fasting glucose and lipid profiles in patients with stroke.

Effects of ALA supplementation on fasting glucose

Therapeutic lifestyle modification as an acceptable strategy to
control chronic disease risk factors including dyslipidemia
and hyperglycemia has not been a totally successful approach
due to poor adherence and persistence [21, 22]. Current meta-
analysis showed significant lowering effect of ALA supple-
mentation on serum glucose levels in patients with stroke.
Data on the effects of ALA supplementation on glycemic
control are limited; few studies have evaluated the beneficial
effects of antioxidants supplementation on glycemic control in
patients diagnosed with metabolic disorders. In a meta-
analysis conducted by Tabrizi et al. [23], selenium supplemen-
tation led to a significant reduction in insulin concentrations
and improved insulin sensitivity in patients with metabolic
syndrome and related disorders, though no significant effect
on fasting glucose and HOMA-IR was reported. Moreover, in
a systematic review conducted by Cruz et al. [24], zinc sup-
plementation significantly improved insulin sensitivity in
obese subjects. In another clinical trial, taking ascorbic acid
by diabetic patients significantly decreased fasting glucose

levels [25]. Although, coenzyme Q10 supplementation to pa-
tients with diabetes did not affect glycemic control [26]. The
beneficial effects of ALA supplementation on lowering
fasting glucose may be related to its role in modulating aden-
osine monophosphate-activated protein kinase (AMPK) [27].
ALA intake has been shown to decrease fasting glucose levels
by activating AMPK in skeletal muscle [28] and beta-cells
[29].

Effects of ALA supplementation on lipid profiles

The results of current meta-analysis revealed that ALA sup-
plementation might be effective in lowering total cholesterol
levels in patients with stroke. Zhao et al. [13] demonstrated the
beneficial effects of ALA supplementation for 3 weeks, in
significantly decreasing serum triglycerides, total- and LDL-
cholesterol levels among patients diagnosed with acute cere-
bral infarction. Moreover, a 12-week supplementation with
600 mg ALA by patients experienced a stroke showed lower-
ing impact on lipid profiles [14]. There are still studies with
discrepant results. Li et al. [18] did not find any significant
reduction in lipid profile of overweight individuals following
ALA supplementation (1200 mg/day) for 8 weeks. Moreover,
ALA supplementation at a dosage of 600 mg/day for 8 weeks
to hemodialysis patients did not improve their lipid profiles
[30]. Different geographical latitudes where study conducted
might further complicate the effect of ALA supplementation
on lipid profiles. In addition, study design, sample size, base-
line circulating levels of ALA, different dosages of ALA used
along with characteristics of study participants, including co-
morbidities might explain the discrepancies among existing
studies. If exists, the beneficial effects of ALA intake on lipid
profiles may be related to elevating AMPK activity in periph-
eral tissues including skeletal muscle which directly inhibits
fatty acid synthesis, while concomitantly increases [3-
oxidation of fatty acids as well [31, 32]. Furthermore, gene
expression of the two rate-limiting enzymes in fatty acid syn-
thesis, acetyl-CoA carboxylase and fatty acid synthase de-
creases in response to ALA administration [31, 33].
Moreover, a remarkable reduction in plasma proportion
convertase subtilisin/kexin type 9 concentrations and an ele-
vation in hepatic LDL receptor protein, following ALA sup-
plementation, may decrease total cholesterol levels [34].
There are several strengths for this study. All included stud-
ies were placebo-controlled randomized trials with acceptable
methodological quality and the least probable chance of bias.
Further, we relied on independent judgment in which different
reviewers independently performed the systematic review
process. The current study had a few limitations. We were
unable to evaluate the dose-response association between sup-
plementation and metabolic profiles. One of the major limita-
tions of the study was the inclusion of studies with relatively
small sample size that could influence type-2 statistical error.
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Conclusions

Overall, this meta-analysis demonstrated the beneficial effects
of ALA supplementation for improving metabolic abnormal-
ities in patients have recovered from stroke. In order to im-
prove stroke, additional prospective studies regarding the ef-
fect of ALA supplementation on fasting glucose and lipid
profiles with a proper dosage range are necessary.
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