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Abstract 

BACKGROUND: Alpha lipoic acid (ALA) is considered a strong antioxidant with  
anti-inflammatory properties. Moreover, a number of previous studies have shown its  
lipid-lowering properties. Therefore, we designed this study to investigate the effects of ALA on 
lipid profile in patients with metabolic syndrome (MetS), which can lead to an increased risk of 
cardiovascular disease (CVD) and premature mortality. 

METHODS: A total 46 patients with MetS were randomly divided into two groups. They received 
either 600 mg ALA (n = 23) or 600 mg placebo (n = 23) for 12 weeks. The body weight, height, 
body mass index (BMI), waist circumference (WC), fasting blood sugar (FBS), hemoglobin  
A1C (HbA1c), and blood pressure (BP) were assessed at baseline of the study. Physical activity 
level and dietary intake were assessed at baseline and end of the study. Serum lipid profile 
including triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), and total cholesterol (TC) were measured before and after  
12 weeks of intervention. 

RESULTS: Baseline characteristics were similar in the ALA and placebo groups (P > 0.05). 
However, there were statistically significant differences in plasma levels of TG (-36.82  42.48 
versus 6.15  25.04 mg/dl, P = 0.001) and TC (-8.91  20.65 versus 10.84  22.97 mg/dl,  
P = 0.01) after 12 weeks between the ALA group and the placebo group. Yet, there were no 
statistically significant differences in plasma levels of HDL-C and LDL-C after 12 weeks between 
the ALA group and the placebo group. 

CONCLUSION: The results suggest that daily supplementation of 600 mg ALA for 12 weeks may 
improve the lipid profile in patients with MetS. 
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Introduction 
Metabolic syndrome (MetS) is one of the major health 
problems with an epidemic throughout the world.1 It 
is a pathophysiological state characterised by 
dysglycaemia, insulin resistance, dyslipidemia, central 
obesity, and hypertension.1 Despite the different 
definitions of MetS, three or more of the following 
components are generally necessary to diagnose the 
condition: high blood pressure (BP), large waist 
circumference (WC), high triglyceride (TG), low  
high-density lipoprotein cholesterol (HDL-C), and 
increased fasting blood sugar (FBS) concentration.2 
According to International Diabetes Federation (IDF) 
estimates, about 25% of the world's population have 
MetS, which varies across ethnicities and age groups.3 

Individuals with MetS have a 5-fold increased risk of 
type 2 diabetes mellitus (DM) and a 2-3-fold increased 
risk of cardiovascular diseases (CVDs) compared to 
the individuals without MetS.4 Since lipid profile 
imbalance is one of the important factors in the 
etiology of MetS, adopting different methods to 
balance lipid profile is one of the first therapeutic 
strategies for this complication. 
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Medicine,5 lifestyle modification,6 exercise,7 as 
well as the use of complementary therapies8 
including supplementation with some nutrients9 are 
among the appropriate solutions to balance the lipid 
profile in patients with MetS. 

In recent years, the lipid-lowering properties of a 
large number of nutraceuticals have been tested in 
accessible trials.10 Alpha lipoic acid (ALA) or 
thioctic acid is a necessary cofactor for 

mitochondrial -ketoglutarate dehydrogenase and 
pyruvate dehydrogenase.11 Both ALA and its active 
form (dihydrolipoic acid) are considered as strong 
antioxidants with the ability to regenerate other 
antioxidants such as vitamin E and ascorbic acid 
and raise the intracellular glutathione levels.12 In 
addition, previous studies have reported  
lipid-lowering properties for ALA by both direct 
effects and secondary responses related to the  
anti-obesity properties of this antioxidant.13,14 ALA 
may protect liver against TG accumulation, as well 
as increased blood cholesterol levels.15  

Several animal and human studies have reported 
possible effects of ALA on lipid profile, though 
their results are inconsistent. Carrier et al. showed 
that ALA could protect Zucker rats fed with a  
high-fat diet against diet-induced obesity and 
hypercholesterolemia.15 In another study by Miao et 
al., similar results were seen in Wister rats.14 
Although studying the effects of ALA on lipid 
profile is not a novel subject, considering that 
studies done on humans are restricted and ALA 
may play a major role in improving MetS, we 
designed this study to assess the effects of ALA on 
lipid profile in patients with MetS. For this purpose, 
we determined serum levels of lipid profile before 
and after the intervention. 

Materials and Methods 

Subjects: The size of the sample was determined 
based on the study by Huerta et al.16 for low-density 
lipoprotein (LDL). With power of 80% and  

 = 0.05, the size of the sample was calculated at 
least 21 patients in each group. For a possible 
dropout of 10% rate, the sample size was increased 
to 23 patients in each group. The subjects in this 
clinical trial were patients diagnosed with MetS. At 
least three of five factors are required for the 
diagnosis of MetS based on the National 
Cholesterol Education Program Adult Treatment 

Panel  (NCEP-ATP ) criteria.2 Diagnosis 

factors for MetS based on NCEP-ATP  are FBS 
≥ 100 mg/dl or on treatment for DM, BP ≥ 
130/85 mmHg, WC ≥ 102 cm for men and ≥ 88 

cm for women, TG ≥ 150 mg/dl or on treatment, 
and HDL-C < 40 mg/dl for men and < 50 mg/dl 
for women. The inclusion criteria were as follows:  
1) age range of 18 to 60 years, 2) willingness to 
continue the study, 3) controlled DM, 4) not having 
history of myocardial infarction (MI) and brain 
stroke during the previous year, and 5) not having 
CVDs and gastrointestinal disorders. The exclusion 
criteria were: 1) pregnancy and lactating,  
2) menopause, 3) MI, 4) brain stroke, 5) diagnosis of 
uncontrolled DM [hemoglobin A1C (HbA1c) level 
above 7%] during the study, 6) using any medication 
that may interfere with the study process (insulin or 
anti-diabetic drugs, levothyroxine), 7) consumption 
of less than 90% of the number of supplement or 
placebo, and 8) involvement in other clinical trial(s) 
during the past three months. 

Experimental design: This study was a randomized 
double-blind placebo-controlled clinical trial. In 
total, 46 patients with MetS were enrolled based on 
inclusion and exclusion criteria and according to the 

NCEP-ATP  panel whose disorders were 
diagnosed by an endocrinologist from the 
Endocrine and Metabolic Center of Shariati 
Hospital in Tehran, Iran. They were randomy 
divided into the ALA (n = 23) and placebo (n = 23) 
groups, and received either one capsule containing 
600 mg ALA supplement or placebo (filled with 
starch) for 12 weeks. Randomization was performed 
using a computer calculator based on even or odd 
random numbers by an independent statistician. 
Both patients and investigators were blinded to 
randomization. Both supplement and placebo (filled 
with starch) were prepared from Darou Darman 
Sepehr Company, Tehran. For blinding the study, 
the containers (placebo and ALA) were labeled by a 
person who was not involved in this research. 
Participants were followed up weekly for any side 
effects of ALA supplementation. At the end of the 
study, the remaining capsules were counted to 
evaluate the participants’ adherence. The 
participants who had consumed less than 90% of 
their capsules were excluded from the study.  

Demographic information and dietary and physical 
activity assessment: At the beginning of study, 
information on age, gender, education, and disease 
history was collected using a basal characteristic 
questionnaire with face to face interview. Food 
intake of the patients was assessed by three 24-hour 
recalls at the beginning and end of the study and 
then analyzed using Nutritionist-IV software (First 
Databank, San Bruno, CA, USA), modified version 
for Iranian foods. Furthermore, at the baseline and 
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end of the study, physical activity levels of the 
participants were evaluated using a short form of 
the International Physical Activity Questionnaire 
(IPAQ).17 

Anthropometric measurements and BP: Body weight was 
measured while wearing light clothing and without 
shoes, using a digital scale (Seca, Hamburg, Germany) 
to the nearest 0.1 kg. Height was also measured using 
a meter mounted to the wall (Seca, Hamburg, 
Germany) with 0.1 cm accuracy. Moreover, body mass 
index (BMI) was calculated via dividing the weight (kg) 
by the height squared (meters) and WC (cm) was 
measured midpoint between the iliac crest and the 
lowest rib. At beginning of the study, BP was 
measured after 15 minutes of rest with a 
sphygmomanometer, and the mean of two 
measurements was reported as individual BP. 

Biochemical measurements: At baseline and after  
12 weeks of intervention, 10 ml venous blood 
samples were taken after 12-hour overnight fasting. 
The serum samples were then frozen and stored at  

-70 C after centrifugation. Serum concentrations of 
total cholesterol (TC), TG, HDL-C, and LDL 
cholesterol (LDL-C) were measured using an 
enzymatic method. Moreover at beginning of the 
study, FBS was measured by enzymatic method and 
HbA1C was measured using the 
immunoturbidometric method with HbA1C kit 
(Roche Company, Tehran, Iran).  

Ethical consideration: The present study was 
approved by the Research Ethics Committee of 
Islamic Azad University, Science and Research 
Branch, Tehran (Code of Ethics: 

IR.IAU.SRB.REC.1396.82). The study protocol was 
also registered in ClinicalTrials.gov 
(NCT03589690). Informed consent was submitted 
by all subjects when they were enrolled.  

Statistical analysis: Per-protocol analysis was used 
to remove data from patients who did not comply 
with the protocol. All statistical analyses were done 
by SPSS software (version 24, IBM Corporation, 
Armonk, NY, USA). Continuous variables were 
shown as mean and standard deviation (SD), and 
categorical variables were presented as number and 
percentage. Normal distribution of the variables was 
tested using Shapiro-Wilk test. Furthermore, 
independent samples t-test or Mann-Whitney U test 
were employed to compare changes of the variables 
of the anthropometric, biochemical, and dietary 
intakes between the groups. To compare differences 
of the biochemical parameters before and after the 
intervention within the groups, paired samples t-test 
or Wilcoxon test was used, and to compare 
categorical variables between the groups, chi-square 

test (2 test) was used. To adjust the effects of 
confounding factors (baseline values of biochemical 
parameters), analysis of covariance (ANCOVA) was 

performed. In this study, P  0.05 was considered 
statistically significant.  

Results 

Figure 1 depicts the study flow diagram. Totally,  
46 patients with MetS were enrolled in the study.  
23 subjects were assigned to the supplement group 
and 23 subjects were assigned to the placebo group.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Flow diagram of the study 
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Four patients in the placebo group were 
excluded because of poor compliance (n = 1), 
immigration (n = 1), and discontinued intervention 

(n = 2) after 12 weeks. Finally, 23 subjects in the 
supplement group and 19 subjects in the placebo 
group completed the study. 

Baseline characteristics were similar in the study 
groups (Table 1). There were no statistically 
significant differences in the age, gender, weight, 
height, BMI, WC, physical activity level, lipid profile, 
systolic BP, diastolic BP, FBS, and HbA1C between 
the two groups before the intervention (P > 0.05).  

Table 2 shows dietary intake of the study  
groups (ALA and placebo) before the intervention, 
which was not significantly different between the 
two groups.  

Table 3 shows the mean  SD of lipid profile 
before and after intervention in the two groups. 
According to the within-group analysis, no 
statistically significant changes were observed in the 
placebo group (P > 0.05) in terms of lipid profile, 

while plasma levels of LDL-C (-8.08  14.20 mg/dl, 

P = 0.012) and TG (-36.82  42.48 mg/dl,  
P = 0.001) decreased significantly in the ALA 
group. There was a statistically significant difference 
between the ALA group and the placebo group in 

plasma levels of TG after 12 weeks (-36.82  42.48 

vs. 6.15  25.04 mg/dl, P = 0.001) (Figure 2).  
 

 
Figure 2. Triglyceride (TG) in subjects with metabolic 

syndrome (MetS) at baseline (white bars) and after 12 

weeks (purple bars) with intervention or control (
*
P < 0.05) 

 
Table 1. Baseline characteristics of participants before intervention 

Variable Intervention group (n = 23) Control group (n = 19) P 

Age (year) 40.39 ± 8.90 43.68 ± 3.52 0.11
a
 

Gender    

Men 7 (30.00) 5 (26.00) 0.76
b
 

Women 16 (70.00) 14 (74.00) 

Weight (kg) 96.58 ± 30.66 93.73 ± 16.81 0.74
c
 

Height (cm) 164.76 ± 8.55 161.61 ± 9.10 0.25
a
 

WC (cm) 113.30 ± 20.40 115.63 ± 9.49 0.32
c
 

BMI (kg/m
2
) 34.98 ± 8.26 35.35 ± 4.20 0.23

c
 

FBS (mg/dl) 107.78  46.04 96.84  31.23 0.38
a
 

SBP (mmHg) 138.04  17.17 129.74  20.30 0.15
a
 

DBP (mmHg) 88.70  10.02 87.53  10.44 0.71
a
 

HDL-C (mg/dl) 37.87  7.18 39.47  9.02 0.52
a
 

LDL-C (mg/dl) 118.74  28.37 120.05  26.23 0.87
a
 

TC (mg/dl) 165.00  32.93 171.95  33.29 0.54
a
 

TG (mg/dl) 187.21  71.07 184.31  67.59 0.89
a
 

HbA1C (%) 6.12  1.42 6.54  1.72 0.39
a
 

Physical activity
d
    

Low 13 (56.52) 8 (42.10) 0.63
b
 

Moderate 5 (21.73) 5 (26.31) 

High  5 (21.73) 6 (31.57) 

Data are presented as mean  standard deviation (SD) or number and percentage 
aP-value calculated using independent samples t-test; bP-value calculated using chi-square test; 
cP-value calculated using Mann-Whitney U test; dPhysical activity levels were classified 

according to the categorical scoring protocol of the short form of International Physical Activity 

Questionnaire (IPAQ)  

WC: Waist circumference; BMI: Body mass index; FBS: Fasting blood sugar; SBP: Systolic 

blood pressure; DBP: Diastolic blood pressure; HDL-C: High-density lipoprotein cholesterol; 

LDL-C: Low-density lipoprotein cholesterol; TG: Triglyceride; TC: Total cholesterol; HbA1C: 

Hemoglobin A1C. 
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Table 2. Dietary intakes of participants before intervention  

Variable Intervention group (n = 23) Control group (n = 19) P 

Total energy (Kcal/day) 2116.00 ± 582.53 2026.42 ± 502.83 0.59
a
 

Carbohydrate (g) 259.50 ± 86.47 288.48 ± 91.20 0.29
a
 

Protein (g) 80.12 ± 26.16 75.83 ± 21.65 0.57
a
 

Fat (g) 80.57 ± 22.53 65.90 ± 18.09 0.06
a
 

MUFA (g) 22.13 ± 6.90 18.50 ± 4.88 0.06
a
 

PUFA (g) 28.07 ± 9.33 21.98 ± 10.21 0.05
a
 

Vitamin C (mg/day) 86.44 ± 41.84 100.53 ± 63.00 0.65
b
 

Vitamin E (g/day) 2.68 ± 1.88 3.46 ± 2.93 0.37
b
 

Beta carotene (µg/day) 231.97 ± 173.59 611.07 ± 700.37 0.13
b
 

Selenium (µg/day) 0.83 ± 0.06 0.06 ± 0.02 0.34
b
 

Data are presented as mean  standard deviation (SD) 
aP-value calculated using independent samples t-test; bP-value calculated using Mann-Whitney U test 

MUFA: Monounsaturated fatty acids; PUFA: Polyunsaturated fatty acids  

 
 

Moreover, a statistically significant difference 
was observed between the ALA group and the 
placebo group in serum levels of TC after 12 weeks 

(-8.91  20.65 vs. 10.84  22.97 mg/dl, P = 0.01) 
(Figure 3).  
 

 
Figure 3. Total cholesterol (TC) in subjects with 

metabolic syndrome (MetS) at baseline (white bars) 

and after 12 weeks (purple bars) with intervention or 

control (
*
P < 0.05) 

 
On the contrary, there were no statistically 

significant differences between the two groups in 
HDL-C and LDL-C plasma levels after 12 weeks 
(Figures 4 and 5). 
 

 
Figure 4. Low-density lipoprotein cholesterol (LDL-C) 

in subjects with metabolic syndrome (MetS) at baseline 

(white bars) and after 12 weeks (purple bars) with 

intervention or control (
*
P < 0.05) 

Discussion 

In the current study, we recruited patients with 
MetS, who were randomly divided into two  
groups. There were no significant differences in the 
baseline characteristics and food intakes between 
the ALA and placebo groups at baseline. The study 
results indicated a significant decrease in plasma 
levels of TG and TC. However, no significant 
differences were observed in plasma levels of  
HDL-C and LDL-C between the ALA group and 
the placebo group. 

Table 3. Mean and standard deviation (SD) of lipid profile before and after intervention in both groups 

Variable Intervention group (n = 23) Control group (n = 19) P 

Before After P Before After P 
HDL-C (mg/dl) 37.87  7.18 38.83  6.54 0.390

a
 39.47  9.02 41.05  8.07 0.310

a
 0.760

c
 

LDL-C (mg/dl) 118.74  28.37 110.65  28.16 0.012
*
 120.05  26.23 123.47  27.48 0.400

b
 0.070

d
 

TG (mg/dl) 187.21  71.07 150.39  58.18 0.001
*
 184.31  67.59 190.47  80.02 0.290

b
 0.001


 

TC (mg/dl) 165.74  32.93 156.83  34.15 0.060
a
 171.95  33.29 182.79  35.52 0.070

a
 0.010


 

P-values obtained from paired samples t-test; **P-values obtained from Mann-Whitney U test; aP-values calculated using 

Wilcoxon test; bP-values calculated using paired samples t-test; cP-value obtained from independent samples t-test; dP-value 

calculated using Mann-Whitney U test; P-value < 0.05 was considered statistically significant 

HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; TG: Triglyceride; TC: Total cholesterol 
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Figure 5. High-density lipoprotein cholesterol  

(HDL-C) in subjects with metabolic syndrome (MetS) 

at baseline (white bars) and after 12 weeks (purple 

bars) with intervention or control (
*
P < 0.05) 

 
Although the beneficial effects of ALA on some 

diseases, as well as plasma levels of lipid profile 
have been previously studied,18,19 to our knowledge, 
this clinical trial was one of the first studies that 
investigated the effect of ALA supplementation on 
serum lipid profile in patients with MetS.  

ALA is a strong natural antioxidant produced by 
animals and humans. This antioxidant plays a major 
role in lipid metabolism in the liver, kidneys, and 
blood. It is also an essential cofactor of enzymes in 
energy metabolism.20 Recently, it has been shown 
that ALA may affect plasma lipid profile via 
influencing lipid metabolism.  

Our results showed a significant decrease in 
plasma levels of TG and TC between the groups. 
Our results are in line with those of Zhang et al. 
who indicated that 600 mg/day ALA for 2 weeks in 
obese subjects with impaired glucose tolerance 
(IGT) led to a significant decrease in the serum 
levels of TG and TC.21 Furthermore, positive 
effects of ALA supplementation on TG and TC 
have been shown in some other studies.14,15 On the 
contrary, de Oliveira et al. found no improvement 
in serum TG and TC levels.22  

The exact mechanisms through which ALA 
might affect TG are still unknown. The possible 
lipid-lowering mechanism of ALA may be associated 
with increased mitochondrial fatty acid beta-
oxidation by the activation of adenosine 
monophosphate-activated protein kinase (AMPK). 
The mentioned protein kinase suppresses lipogenesis 
(inhibition of acetyl-CoA carboxylase activity and 
fatty acid synthase).23 The next probable mechanism 
might be related to a decrease in plasma glucose 
level through ALA24 that helps to increase the level 
of cyclic adenosine monophosphate (cAMP),25 
which in turn reduces serum level of TG.23  

Some studies have suggested that ALA might 

improve TC or LDL through these mechanisms: (i) 
decreased activity of 3-hydroxy-3-methylglutaryl-
CoA (HMG-CoA) reductase and enhanced activity 
of lipoprotein lipase, (ii) expression of LDL 
receptor in the liver which causes the transmission 
of cholesterol to the liver and enhanced expression 
of apolipoprotein A,26 and (iii) increased serum 
levels of adiponectin which improve fatty acid  

-oxidation.27 In addition, some studies have also 
shown that ALA can down-regulate the hepatic 
expression of lipogenic genes such as carbohydrate 
responsive element binding protein (ChREBP) and 
sterol regulatory element binding protein-1c 
(SREBP1-c).28 In a study by Yang et al., it  
was demonstrated that fat-lowering effect of ALA 
might be associated with increased carnitine 
palmitoyltransferase-1 (CPT-1) and acyl-CoA 
oxidase (ACOX) expression.29  

 Our findings indicated no significant differences in 
plasma levels of HDL-C and LDL-C between the 
groups. Our results are in line with those of Huerta et 
al.16 who found no improvement in plasma levels of 
HDL-C and LDL-C between the groups after  
12 weeks. Several studies have also shown similar 
findings;22,30 however, some previous studies were 
inconsistent with our results.19,27 Inconsistent results of 
other studies with those of our study might be justified 
by less doses of ALA supplementation, shorter 
duration of intervention, and population diversity. 

Our study clearly had some limitations. One of 
the limitations of our study was inability to measure 
apolipoproteins. In addition, a healthy control group 
was not incorporated in our study to compare plasma 
levels of ALA and lipid profile between the patients 
with MetS and healthy individuals to achieve more 
reliable results. Compared to previous studies, 
however, suitable duration of intervention and being 
a double-blind and placebo-controlled study were the 
stenghts of our study. 

Conclusion 

The results of our study indicated that ALA 
compared to placebo led to significant differences 
in plasma levels of TG and TC but not serum 
HDL-C and LDL-C levels. Therefore, ALA may 
have positive effects on lipid profile in patients with 
MetS. Further studies with groups receiving 
different doses of ALA and large sample sizes are 
necessary to achieve more reliable results. 
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