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Abstract: Lipid peroxidation is believed to be the major biochemical alteration underling oxidant-induced cell injury in stress including 

numerous diseases. One of the natural molecules known to prevent or retardate oxidation is -lipoic acid ( -LA) thus, the lipoic 
acid/dihydrolipoic acid (LA/DHLA) redox couple has received considerable attention. Recent studies highlighted the potential of free LA 

and DHLA as powerful metabolic antioxidants that are able to scavenge the reactive oxygen species and to recycle other antioxidants. 
Our aim was to investigate the effects of -LA in the treatment of Italian pre-obese and obese patients. 

1612 people were enrolled and 1127 of them (445 men and 682 women, 18-60 age) met criteria and were screened in the study. 
According to body mass index (BMI), 53% of them were obese, and 43% were pre-obese. They were treated for 4 months with 800 

mg/day of -LA. In the pre-obese group, significant reductions (p<0.001) of weight (8%, in both gender), BMI (2 points), blood pressure, 
and abdominal circumference (female 6 cm, male 7 cm) were observed. In the obese group, significant reductions (p<0.001) of weight 

(9%, in both gender), BMI (female 3 point, male 4 point), blood pressure and abdominal circumference (female 9 cm, male 11 cm) were 
highlighted. 

Our study indicated that -LA is an ideal antioxidant candidate for the therapy of obesity related diseases. Further clinical studies should 
be considered to demonstrate the role and efficacy of -LA treatment. 
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INTRODUCTION 

 Despite its recognition as a healthcare issue on an epidemic 
scale, obesity remains largely an unsolved medical problem, and is 
a major contributor to the global burden of chronic diseases and 
disabilities. Obesity is a complex condition associated with increa-
sed risk of numerous diseases, including type 2 diabetes, hyper-
tension, stroke, cardiovascular disease, respiratory problems, and 
certain cancers (including endometrial, colon, gall bladder, prostate, 
kidney and postmenopausal breast cancer); obesity also has serious 
social and psychological consequences, such as low self-esteem and 
clinical depression, and affects all ages and socioeconomic groups 
[1]. The successful management of obesity is possible through 
lifestyle changes in diet and physical activity alone, athough low 
compliance with such regimes has inevitably prompted interest in 
the development of effective therapies, including gastrointestinal 
surgery and pharmacological interventions [2]. 

 The key causes of obesity are an unbalance energy expenditure 
with an increase food intake and reduced physical activity. A com-
plex physiological system balances energy intake and expenditure, 
which comprises afferent signals and efferent effectors. The energy 
homeostasis is maintained by the hypothalamus that receives infor-
mations related to energy surplus or shortage from the periphery, 
and controls food intake and energy expenditure. In the periphery, 
the AMP-activated protein kinase (AMPK) is a principal cellular 
regulator of lipid and glucose metabolism. It is the downstream 
component of a protein kinase cascade that is switched on by a rise 
in the AMP:ATP ratio [3]. AMPK functions as an energy sensor 
that controls the whole-body glucose homeostasis by regulating 
peripheral metabolism in skeletal muscle, liver, fat tissue, 
pancreatic -cells, and the hypothalamus. AMPK regulates energy 
balance by responding to nutrients and hormonal signals (including 
adiponectin and leptin). Leptin, an adipocyte-derived hormone, is a  
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principal mediator that signals the brain about the energy status. In 
addition, insulin and nutrients themselves, such as glucose and free 
fatty acids, also regulate food intake [3]. During nutrient depri-
vation, AMPK is activated in response to a reduction in cellular 
ATP:AMP ratio. This stimulates glucose uptake and lipid oxidation, 
producing energy and suppressing gluconeogenesis, fatty acid and 
cholesterol synthesis. 

 -Lipoic acid ( -LA, thioctic acid, 5-[1,2-dithiolan- 3-yl] 
pentanoic acid) occurs naturally in prokaryotic and eukaryotic cells 
and is an essential cofactor for mitochondrial respiratory enzymes. 

-LA is a potent free-radical scavenger that is absorbed from the 
diet, and is used as a nutrient supplement for this property [4,5]. 

 Recently -LA has been shown to have potent anti-obesity 
properties in animals by suppressing hypothalamic AMPK activity 
and causes profound weight loss in rodents by reducing food intake 
and enhancing energy expenditure [3]. 

 In the present study, the main goal was to investigate the 
beneficial effects of -LA on weight gain in pre-obese and obese 
patients. In addition, the purpose of the study was to assess the 
effect of -LA on body composition and pro-inflammatory para-
meters. 

SUBJECTS AND METHODS 

Subjects 

 1612 Caucasian Italian candidates were recruited and randomly 
selected among patients of Human Nutrition Division of the 
Azienda Ospedaliera San Camillo Forlanini (Rome, Italy). 1127 
candidates, 682 females and 445 males, met the criteria and 
completed the study. 

 Participation in the study included a complete medical history 
to gather informations about health status, current medications 
history, including supplements of vitamin and mineral, social 
habits, like alcohol drinking and smoking, physical activity (PA) 
and family history for chronic diseases.  
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 No individuals were taking any medication and none smoked. 
None of patients had a short life expectancy because of a metastatic 
malignancy or terminal HIV disease. 

 The subjects were classified as pre-obese and obese according 
to the WHO Technical Report [6].  

 The study received ethics committee approval. Information 
consenting was obtained from all patients before their enrolment in 
the study, according to Medical Ethics Committee Guidelines of the 
Hospital. 

Anthropometric Measurements 

 After a 12-h overnight fast, all subjects underwent anthropo-
metric evaluation. Anthropometric parameters were measured for 
all participants according to standard methods: body weight, height, 
hip and waist circumferences [7]. Candidates were instructed to 
take off their clothes and shoes before performing all the measure-
ments. Body weight (kg) was measured to the nearest 0.1 kg, using 
a balance scale (Invernizzi, Rome, Italy). Height (m) was measured 
using a stadiometer to the nearest 0.01 m (Invernizzi, Rome, Italy). 
Waist circumference was measured to the nearest 0.05 m using a 
flexible steel metric tape. Waist circumference was defined as the 
horizontal distance around the abdomen at the umbilicus.  

 Body mass index (BMI) was calculated using the formula: 

BMI=body weight (kg)/height (m
2
). 

Dual X-ray Absorptiometry (DXA)  

 Body composition was determined by means of Dual-X 
absorptiometry (DXA) (Lunar model DPX-IQ Lunar Corp., 
Madison) fan beam scanner, according to the previously described 
procedure [8]. The candidates were instructed not to exercise within 
24 h from the test. The candidates were given complete instructions 
on the testing procedure. They wore a standard cotton t-shirt, shorts 
and socks. They laid supine on the DXA, without moving for 20 
min when the DXA scan recorded their results. The coefficient of 
variation (CV%=100x SD/mean) intra and inter subjects ranged 
from 1% to 5%. The coefficient of variation for bone measurements 
was less than 1%; CVs on this instrument for five subjects scanned 
six times over a nine month period were 2.2% for fat mass and 
1.1% for lean body mass. The effective radiation dose from this 
procedure was about 0.01 mSv. 

Simplified Nutritional Appetite Questionnaire (SNAQ) 

 All subjects were asked to complete the SNAQ, an 4-item 
single-domain questionnaire. Responses were scored by using a 5-
point (A to E), labelled scale. The total SNAQ score was the sum of 
scores on the 4 items, with lower scores indicating deterioration in 
appetite. Possible scores ranged from 4 (worst) to 20 (best) [9].  

Frequency Physical Activity Questionnaire (FPAQ) 

 The Frequency Physical Activity Questionnaire (FPAQ) was 
performed to assess levels of physical activity (PA) in diverse 
domains, such as working activity, leisure time activity and 
sedentary activities, participation in organised sport, in an usual 
week, from a previously validated questionnaire [10]. Data were 
collected using a simple questionnaire, that grades the level of PA 
into three categories (sedentary, moderate and vigorous) based on 
the time spent on life activity or programmed physical exercise.To 
estimate vigorous PA we considered time/week spent on 20 min of 
intense PA. To estimate moderate PA we considered time/week 
spent on 60 min of moderate PA. To estimate sedentary PA we 
considered h/day spent on sedentary behaviours. 

Biochemical Assay  

 Early morning blood samples were taken from each individual 
for biochemical screening tests after a 12-hour overnight fast. All 

materials were immediately placed on ice. The plasma was obtained 
by centrifugation at 1600 x g for 10 min at 4° C. 

 Plasma concentrations of TNF-  and IL-6 were determined in 
duplicated using a high sensitivity commercial sandwich enzyme-
linked immunosorbent assay (ELISA) kit (Mabtech, Italy). All 
assay procedures were performed as described by the manufacturer. 
The lower limit of cytokine’s detection was 0.02 pg/mL for IL-6, 
and 0.06 pg/mL for TNF- . 

 Standard serum laboratory tests of erythrocyte sedimentation 
rate and C-reactive protein were performed at baseline and at after 
16 weeks. Blood biochemical analysis were carried out by the 
accredited Clinical Chemical Laboratories of the “Tor Vergata” 
Polyclinic (PTV) of Rome, Italy. 

Chemicals 

 -Lipoic acid (Liponax) was provide in clinical formulation by 
Segix Italia, S.r.l. 00040 Pomezia, Italy. 

Pharmacological Treatment 

 All patients were started on -Lipoic acid (800 mg/day) for 4 
months. 

Statistical Analysis 

 Statistical data analysis was performed using SPSS statistical 
package (SPSS/PC + Version 5.0. Chicago, L. 1992). Descriptive 
values were expressed as mean ± standard deviation (SD). The 
significance of the differences between means was calculated using 
Student’s t test. Differences with P values  0.05 were considered 
to be significant. 

RESULTS 

 Among 1612 candidate recruited for the study, a total of 485 
(30%) were excluded:126 candidates for age (0.4%<18 yrs, 
6.0%>60 yrs, 1.5% unknown age), and 359 candidates for missing 
data in any variables considered. Thus, a total of 1127 candidates 
completed the study (682 female, 445 male, 18-60 age range), and 
their data were eligible for data analysis. The mean age of the 
female group was 43.1±9.7 yrs. The female age distribution was as 
the followed: 5.1% in the range 18-20 yrs; 18.4% in the range 20-
30 yrs; 32.3% in the range 30-40 yrs; 34.1% in the range 40-50 yrs; 
10.1% in the range 50-60 yrs. The mean age of the male group was 
44.9±8.9 yrs. The male age distribution was as the followed: 4.3% 
in the range 18-20 yrs; 16.2% in the range 20-30 yrs; 33.1% in the 
range 30-40 yrs; 32.4% in the range 40-50 yrs; 14.0% in the range 
50-60 yrs. 

 At the baseline, we identified three groups through body mass 
index (BMI): 1) 52 non-obese subjects (50 female, 2 male), with 
BMI 25 kg/m

2
 (normal range18–25 kg/m

2
); 2) 480 pre-obese-obese 

patients with 25 BMI 30 kg/m
2
 (300 female, 180 male); 3) 595 

with BMI 30 kg/m
2
 (332 female, 263 male). According to body 

mass index (BMI), 4.6% were normal weight, 43% were pre-obese, 
and 53% were obese. 

 Body mass index, waist circumference, body composition, 
blood biochemical parameters, systemic inflammation, blood 
pressure, physical activity (PA) and SNAQ score were analysed for 
all the candidates.  

 All the subjects were treated for 4 month with 800 mg/day of -
LA. All of them were followed up for 4 months. -LA treatment 
reduced anthropometric, functional parameters and food intake. 

 Descriptive characteristics of all the patients (1127), at baseline 
(T0) and after treatment (T1), are listed in Table 1.  

 Significant reductions (P  0.05) of weight, systolic and 
diastolic blood pressure in all patients after treatment were obser- 
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Table 1. Body Composition Parameters by DXA in all 1127 

Patients Studied, at Baseline and 16 Weeks After -

LA Therapy 

Month  Parameters
°
 

0 4 

BMI (Kg/m2) 32 ±5,48 29±5,09 

Weight (Kg) 88 ± 17,27 81 ±15,53 * 

FM (%)  33.1 ± 3.4 30.5 ± 2.7* 

FFM (%)  66.9 ± 6.2 69.5 ± 4.3 

Waist circumference (cm) 105 ± 5,58 97 ± 14,29 

S.N.A.Q. 16 ± 2,47 13 ± 2,15 * 

Vigorous PA (time/week) 1.5 ± 0.8 1.6 ± 1.1 

Moderate PA (time/week) 1.8 ± 1.1 2.1 ± 1.2 

Sedentary behaviour (h/day) 5.2 ± 2.2 4.9 ± 1.8 

Systolic BP (mm Hg) 130± 15,06 124± 11,90 * 

Diastolic BP (mm Hg) 81± 8,75 77± 6,84  * 

°All values are the media ± SD. BMI= body mass index; FM%= Fat Mass %. FFM%= 

Fat Free Mass %. S.N.A.Q.= Simplified Nutritional Appetite Questionnaire; BP= blood 

pressure. Vigorous PA (Physical Activity = 20min). Moderate PA (Physical Activity = 

60min). *Reflects the significance of the differences within groups between baseline 

and month 4 after treatment determined with a paired t test (P 0.05). 

 

ved. However, when we divided the subjects according to BMI, 
different variations were observed. In the normal weight group, a 
reduction of 2 points of BMI was observed only among females, 
corresponding to a significant (p<0.05) decrease of weight (Table 
2). As shown in Table 3, in the pre-obese group, a significant 
reduction (p<0.05) of weight (8%, both genders), and waist 
circumference (6 cm in female, 7 cm in male) were observed. A 
decrease of 2 points of BMI, was highlighted. 

 As presented in Table 4, among the obese subjects significant 
reductions (p<0.001) of weight (9%, both genders), BMI (females 3 

point, males 4 point), blood pressure and waist circumference 
(female 9 cm, male 11 cm) were observed. 

 At baseline, according to the SNAQ score, the appetite was 
very good for 39% of females, and 38% of males; regular for 38% 
of females, and 37% of males; poor for 19% of females, and 20% of 
males; unknown for 4% of females, and 5% of males. After 4 
months of therapy, there was a significant (p<0.05) decrease in 
SNAQ score of 2 or 3 points for all the subjects. 

 Body composition characteristics by DXA, at baseline and 16 
weeks after therapy, of 52 normal-weight, 480 pre-obese, and 595 
obese patients, are given in Tables 1-4. After therapy, in pre-obese 
and obese groups, significant changes in body fat mass (Kg and %) 
were obtained.  

 Regarding physical activity (PA), as shown in Table 1, no 
significant changes between baseline and 16 weeks after therapy 
were observed. 

 The blood parameters of all groups are shown in Table 5. In all 
the groups, a significant decrease (P 0.05) in systemic inflam-
mation assessed by the erythrocyte sedimentation rate (ESR; 
mm/h), and CRP (mg/L) were observed. 

 A significant decrease in TNF-  plasma concentration was 
highlighted in the pre-obese (T0: 26±0.6; T1: 15±0.3, P 0.05), and 
obese groups (T0: 43±0.9; T1: 32±0.6, P 0.05). In the pre-obese 
group, a highly significant decrease in IL-6 plasma concentration 
(T0: 3.2±0.9; T1: 1.4±0.9, P 0.001) was obtained. The same effect 
was highlighted in the obese group (T0: 3.8±0.8; T1: 0.9±0.5, 
P 0.001). 

DISCUSSION  

 Obesity, a global epidemic recognized by international health 
organization (WHO) [11] is becoming the major cause of mortality 
and morbidity for associated clustering of metabolic disorders and 
cardiovascular diseases (CVD). According to the WHO criteria, 
33.4% of females and 39.5% of males were pre-obese (BMI > 25), 
and 31.4% of females and 14.6% of males were obese (BMI > 30). 

 Obesity, and glucose metabolism are intimately related to a low 
grade systemic inflammation, involving a number of pro-inflam-
matory cytokines produced by many cell types that also appear to 
be major regulators of adipose tissue metabolism [12,13]. 

 

 

Table 2. Body Composition Parameters by DXA in Patients with BMI<25 Kg/m
2
, at Baseline and 16 Weeks After -LA Therapy 

Women (50) Men (2) 

Month Month 

Parameters° 

0 4 0 4 

BMI (Kg/m2) 23 (20-24) 21 (18-29) 24 (24-24) 23 (23-23) 

Weight (Kg) 62 (48-70) 58 (46-76) * 70 (64-76) 66 (60-71) 

Waist circumference (cm) 85 (64-101) 80 (60-98) 92 (88-96) 86 (80-92) 

FM (%)  23.3 ± 1.4 22.3 ± 2.7 22.5 ± 4.2 21.7 ± 2.6 

FFM (%)  76.7 ± 2.2 77.7 ± 4.1 77.5 ± 3.1 78.5 ± 2.1 

S.N.A.Q. 14 (9-20) 13 (9-18) 16 (15-16) 13 (12-14) 

Systolic BP (mm Hg) 118 (90-145) 117 (90-145) 120 (120-120) 113 (110-115) 

Diastolic BP (mm Hg) 75 (60-90) 71 (40-85) 75 (70-80) 70 (70-70) 

°All values are the media ± SD. BMI= body mass index; FM%= Fat Mass %. FFM%= Fat Free Mass %. S.N.A.Q.= Simplified Nutritional Appetite Questionnaire; BP= blood 

pressure. *Reflects the significance of the differences within groups between baseline and month 4 after treatment determined with a paired t test (P 0.05). 
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Table 3. Body Composition Parameters by DXA in Patients with 25  BMI  30 Kg/m
2
, at Baseline and 16 Weeks After -LA 

Therapy  

Women (300) Men (180) 

Month Month 

Parameters* 

0 4 0 4 

BMI (Kg/m2) 28 (25-30) 26 (21-43) * 29 (25-30) 27 (22-31) * 

Weight (Kg) 74 (57-105) 68 (51-100) * 87 (59-107) 80 (48-100) * 

FM (%)  34.9 ± 2.6 32.1 ± 2.5 * 32.4 ± 4.2 29.5 ± 2.5 * 

FFM (%)  65.1 ± 1.7 67.9 ± 4.1 67.6 ± 5.6 70.5 ± 2.2 

Waist circumference (cm) 94 (64-125) 88 (60-119) * 105 (75-136) 98 (74-131) * 

S.N.A.Q. 15 (8-20) 13 (7-20) * 16 (9-20) 13 (8-20) * 

Systolic BP (mm Hg) 124 (85-180) 120 (80-170) 133 (110-180) 127 (100-175) 

Diastolic BP (mm Hg) 77 (50-110) 75 (60-100) 81 (65-105) 79 (60-90) 

°All values are the media ± SD. BMI= body mass index; FM%= Fat Mass %. FFM%= Fat Free Mass %. S.N.A.Q.= Simplified Nutritional Appetite Questionnaire; BP= blood 

pressure. *Reflects the significance of the differences within groups between baseline and month 4 after treatment determined with a paired t test (P 0.05). 

Table 4. Body Composition Parameters by DXA in Patients with BMI > 30 Kg/m
2
, at Baseline and 16 Weeks After -LA Therapy  

Women (332) Men (263) 

Month Month 

Parameters* 

0 4 0 4 

BMI (Kg/m2) 36 (30-60) 33 (20-53) * 36 (30-57) 32 (20-54) * 

Weight (Kg) 92 (66-154) 84 (56-135) * 105 (68-162) 95 (57-153) * 

FM (%)  42.9 ± 3.4 39.1 ± 2.6* 41.8 ± 2.4 38.1 ± 2.6* 

FFM (%)  57.1 ± 2.6 60.9 ± 1.6 58.2 ± 5.2 61.9 ± 2.3 

Waist circumference (cm) 110 (80-157) 101 (71-148) * 116 (88-206) 105 (19-180) * 

S.N.A.Q. 16 (9-20)  13 (6-20) * 16 (9-20) 13 (5-18) * 

Systolic BP (mm Hg) 131 (90-190) 125 (100-160) * 136 (105-190) 128 (100-160) * 

Diastolic BP (mm Hg) 81 (60-130) 78 (60-100) 85 (60-110) 79 (60-100) 

°All values are the media ± SD. BMI= body mass index; FM%= Fat Mass %. FFM%= Fat Free Mass %. S.N.A.Q.= Simplified Nutritional Appetite Questionnaire; BP= blood 

pressure. *Reflects the significance of the differences within groups between baseline and month 4 after treatment determined with a paired t test (P 0.05). 

Table 5. Blood Inflammatory Parameters at Baseline and 16 Weeks After -LA Therapy in Normal, Pre-Obese and Obese Patients 

Obese Group (n=595) Pre-Obese Group (n=480) Normal (n=52) 
Parameters

1
 

Baseline Week 16 Baseline Week 16 Baseline Week 16 

ESR (mm/h) 16.5±17.4 6.3±4.33 17.3±17.8 6.5±4.22 16.2±17.2 7.0±5.72 

CRP (mg/L) 6.6±17.2 1.8±2.93 5.3±10.3 1.6±1.7 3.0±21.9 2.0±3.5 

TNF-  (pg/L) 43±0.9 32±0.62 26±0.6 15±0.32 14±0.3 12±0.5 

IL-6 (pg/L) 3.8±0.8 0.9±0.53 3.2±0.9 1.4±0.93 1.6±0.6 1.3±0.9 

1All values are arithmetic  ± SD. 2Reflects the significance of the differences within groups between baseline and month 4 determined with a paired t test (P  0.05). 3 Reflects the 

significance of the differences within groups between baseline and month 4 determined with a paired t test (P  0.01). ESR, Erythrocyte Sedimentation Rate ; CRP, C-Reactive 

Protein. 
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 The chronic low grade sub-clinical inflammation has been 
suggested as a part of insulin-resistance syndrome and a large 
amount of data suggests a pathogenetic role in diabetes and diabetes 
mellitus associated CVD [14,15]. Obesity is a major underlying 
cause of the metabolic syndrome [16]. The mechanisms through 
which obesity elicits or exacerbates metabolic risk factors are not 
fully understood, although several recent studies suggest that adi-
pose tissue itself plays an important role. The metabolic syndrome 
is a constellation of abnormal glucose and lipid metabolism that has 
reached epidemic proportions over the past decades [17-19]. 
Patients with the metabolic syndrome are at considerable risk for 
developing atherosclerosis- related diseases, including a 2- to 4-fold 
increased risk of stroke and a 3- to 4-fold increased risk of myo-
cardial infarction compared with those without the metabolic 
syndrome [20]. 

 Recent studies suggest that pro-oxidative and pro-inflammatory 
processes play a significant role in the development of endothelial 
dysfunction and the progression of atherosclerosis. In fact, inflam-
matory markers are predictors of cardiovascular events and 
progression to type II diabetes in healthy individuals, as well as 
those with the metabolic syndrome, underscoring the link between 
inflammation, metabolic disorders, and cardiovascular disease. 
Chronic inflammation and an abnormal pro-oxidant state are both 
found in the metabolic syndrome and may play a role in its 
pathogenesis [21,22].  

 Treatment of metabolic syndrome consists of blood pressure 
reduction with standard antihypertensive drugs as well as diet, 
exercise, and weight loss [23]. 

 Weight reduction deserves first priority in individuals with 
abdominal obesity and the metabolic syndrome. Both weight reduc-
tion and maintenance of a lower weight are best achieved by a 
combination of reduced caloric intake and increased physical 
activity and the use of principles of behaviour change. The first aim 
of weight loss is to achieve a decline of about 7% to 10% from 
baseline total body weight during a period of 6 to 12 months. 

 The findings of the present study represent important directions 
for the future planning of programs designed to prevent obesity-
related diseases.  

 Our data, for the first time, highlight the effects of the treatment 
with 800 mg/day -lipoic acid ( -LA), on a large number of 
subjects classified normal, preo-bese and obese on the basis of their 
BMI, with or without metabolic disorders. 

 A-LA is a naturally occurring cofactor, an essential prosthetic 
group for vital dehydrogenases and is synthesized endogenously 
[24]. In rodent experimental models, administration of -LA was 
shown to: cause weight loss and prevent weight gain, by promoting 
satiety and increasing energy expenditure; ameliorate hyper-
glycemia and improve insulin sensitivity in insulin resistant states; 
improve atherogenic dyslipidemia and tissue steatosis; and lower 
blood pressure, which constitute the main components of the 
metabolic syndrome [25,26]. The principal physiologic mechanisms 
involved central and peripheral regulation of AMPK and 
modulation of PPAR- /  [27-29].  

 Beyond the metabolic syndrome and cardiovascular diseases, a 
number of studies over the years indicate the potential benefit of -
LA in a spectrum of conditions [30-32]. 

 It has been reported that -LA is significantly protonated at 
physiologic pH and readily crosses the cell membrane, where it is 
converted to DHLA in the relatively acidic intracellular milieu, 
creating an inwardly directed concentration gradient. Thus the 
intracellular concentration of -LA/DHLA may far exceed that of 
the plasma. The efficiency of therapy with lipoic acid in diabetes 
mellitus and neurodegenerative diseases is attribute to unique 
antioxidant properties of lipoate/dihydrolipoate system, i.e. ROS 
scavenging ability and significant influence on tissue concentrations 

of the reduced forms of other antioxidants, including one of the 
most powerful, GSH (lipoate as an antioxidant of antioxidants). 

 It is known that oxygen shock can trigger binding of signal 
molecules, like cytokines, to membrane receptors. In this situation, 
ROS are considered to be second messengers within the cells 
[33,34]. Binding of cytokines (TNF, IL-1) to a specific receptor 
triggers oxygen shock in the cell, resulting in a rise in cellular level 
of ROS, which transmit the signal to transcription factors, that 
activate expression of specific genes [35]. Literature data also 
indicate that lipoic acid effect depends on its dose. At low lipoate 
concentrations (1 μmol/l), it has been observed an increased cell 
proliferation rate (lipoate acted as a growth factor). At high con-
centrations (100 μmol/l), lipoic acid exhibited distinct antipro-
liferative effect [36]. It is not excluded that lipoic acid indeed has a 
dual nature, and its mechanism of action is more complex than first 
expected. This underlines significance of antioxidants in the 
therapy.  

 The results of the present study are interesting for several rea-
sons. First, after 4 months of treatment, a decline of weight loss of 
about 7% to 9%, due to a decrease of body fat mass, was achieved.  

 In addition, significant reductions of about 3 points of BMI and 
8 cm of waist circumference were obtained. The effects were more 
evident in the obese group of both genders. 

 Second, significant reduction of functional parameters, systolic 
and diastolic blood pressure were obtained. When overt 
hypertension is present without diabetes or chronic kidney disease, 
the goal for antihypertensive therapy is a blood pressure of <140/90 
mmHg. In the presence of diabetes or chronic kidney disease, the 
blood pressure goal is <130/80 mmHg. The goals are to reduce 
blood pressure, as much as possible, even in the absence of overt 
hypertension and to obtain other metabolic benefits from lifestyle 
changes. The antihypertensive mechanism of -LA is unclear but 
may involve reduction of oxidative stress, improvement in 
endothelial function, suppression of inflammatory cytokines and 
prevention of arterial neointimal hyperplasia. However, recent data 
reported that administration of irbesartan and/or -lipoic acid ( -
LA) to patients with the metabolic syndrome improves endothelial 
function and reduces proinflammatory markers, factors that are 
implicated in the pathogenesis of atherosclerosis and hypertension 
[37,38].  

 Third, after -LA treatment a significant reduction of SNAQ 
score was observed. Our findings suggest that a SNAQ score may 
identify persons with a significant weight loss and confirmed that it 
represents an efficient clinical tool to evaluate the efficacy of 
obesity treatment. 

 In our study, -LA therapy induced a rapid clinical response in 
obese and pre-obese patients through the reduction of the plasma 
concentration of pro-inflammatory cytokines. In our study, a 
significant reduction of TNF-  circulating amount was observed 
after treatment (Table 5). Moreover, due to the central role of IL-6 
in coordinating the mechanism of pro-inflammation pathway 
[39,40] the significant reduction of IL-6 circulating amount, after 
treatment, appears as an important goal for the clinical response of 
pre-obese and obese patients and prevention of chronic diseases.  

 Further studies are also necessary to understand the exact 
pathway linking the -LA therapy with the weight decrease and the 
changes in fat and lean mass, herein observed. This process 
possibly involves the inhibition of proteolysis and muscle cell cata-
bolism mediated by pro-inflammatory cytokines, and modulated by 

-LA therapy. Although larger study populations are needed to 
confirm this observation and clarify the possible role of -LA 
therapy on body composition regulation, our study highlights new 
findings. -LA could play a decisive role in the cross-talk between 
adipose tissue and skeletal muscle, mediated by the reduction of 
TNF-  and IL-6 production. 
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 In conclusion, our data indicated that -LA is an ideal 
antioxidant candidate for the therapy of obesity related diseases 
[41-43]. However, our study has some limitations that must be 
noted. First, it is possible that further differences might highlighted 
in the study. Long-term studies are required to determine whether 
this anti-obesity effects are maintained. 

 Second, supplementary objective measures for physical activity 
such as pedometers, and biomarkers should need to be addressed. 
The role of appetite, physical activities and life-style habits such as 
cigarette smoking, that have significant effects on body 
composition and metabolism, were evaluated in the present study. 
According to the study design, no change in life style habits and 
physical activity was referred. Limitation of the present study is 
represented by the lack of a nutritional intervention, through diet 
counselling and a regular physical activity. Personalized diet and 
physical activity planning should be performed and will be further 
investigated. 

 Third, the study involved a limited number of parameters to 
determine potential mechanisms by which -LA may be effective in 
obesity and related diseases. Moreover, studies on relationships 
between body composition and lipid profile, inflammation, renal 
and liver function will highlight the role and efficacy of -LA 
treatment. Further investigation should be scheduled to investigate 
the -LA effects on the biochemical parameters. 

 In addition, the design as an open prospective clinical trial is a 
limitation of our study. Further randomised controlled trials will be 
necessary to confirm these interesting data. 

 Treatment with -LA has beneficial effects on safety modu-
lating appetite, weight, circumferences and blood pressure levels. 
Hence, it seems that beneficial properties of -LA should not be 
questioned [44-46]. Due to its mechanism of action, as the 
suppression of AMPK [47,48], -LA represents a new target for 
obesity therapy.  

 Clinical outcome studies should be considered to determine the 
usefulness of these agents in the primary prevention of obesity-
related diseases. 
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ABBREVIATIONS 

AMPK = AMP-activated protein kinase 

BMI = Body mass index  

CRP = C-reactive protein  

CVD = Cardiovascular disease  

DXA = Dual X-ray absorptiometry  

ESR = Erythrocyte sedimentation rate  

FM = Fat mass  

FFM = Fat free mass  

FPAQ = Frequency physical activity questionnaire  

GSH = Glutathione  

H = Hip circumference  

WHO = World Health Organization 

IL-6 = Interleukin-6  

LA = -lipoic acid 

LA/DHLA = Lipoic acid/dihydrolipoic acid  

PA = Physical activity  

ROI = Abdominal region of interest  

ROS = Reacting oxygen species  

SNAQ = Simplified nutritional appetite questionnaire  

TNF-  = Tumor necrosis factor-alpha 
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