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Abstract: Development of chronic complications in type 2 diabetes mellitus (T2DM), namely cardiac automonic neuropathy 

(CAN), had been implicated as an independent risk factor for cardiovascular mortality. This paper presents the results obtained 

during the study of possible alpha-lipoic acid (ALA) impact on the state of insulin resistance (IR), the content of some pro- and 

anti-inflammatory factors in patients with T2DM and definite stage of CAN. Our study involved 33 persons with diagnosed 

T2DM and definite CAN, which were allocated to one of two groups. The control group (15 patients) received standard 

hypoglycemic treatment, whereas the intervention group (18 patients) received ALA 600 mg in film-coated tablets/q.d. in 

addition to standard therapy. Treatment period was 3 months in duration. Levels of glycated hemoglobin A1c, glucose, 

immunoreactive insulin (IRI), leptin, interleukin (IL) IL-6 and IL-8, high sensitivity C-reactive protein (hs-CRP), tumor 

necrosis factor-alpha (TNF-alpha) in the blood were measured. TNF-alpha/IL-10 ratio and Homeostasis model assessment IR 

(HOMA-IR) were calculated. The significant reduction in glucose, IRI, leptin concentration and HOMA-IR parameters; 

decrease in the pro-inflammatory link activity, namely hs-CRP, TNF-alpha, IL-6 and IL-8 levels, TNF-alpha/IL-10 ratio, with 

no changes in IL-10 content after 3 months of treatment was found. The results of our study demonstrated the decrease in the 

pro-inflammatory link activity after treatment and allow us to consider ALA as one of the promising drug for complex 

treatment of definite stage of CAN in patients with T2DM. 
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1. Introduction 

Cardiac autonomic neuropathy (CAN) is one of the most 

frequent type of autonomic neuropathy, that was defined by 

the Toronto consensus panel as the impairment of 

cardiovascular autonomic control among patients with 

diagnosed diabetes mellitus (DM) following the exclusion of 

other causes [1, 2]. Diabetic CAN is an independent risk 

factor for major cardiovascular events, development of heart 

arrhythmias, silent myocardial ischaemia, sudden cardiac 

death and cardiovascular mortality. Development of CAN in 

type 2 DM (T2DM) is associated with resting tachycardia, 

decreased tolerance to the physical loadings, orthostatic 

hypotension (OH), “silent” myocardial infarction, long QT 

and sudden arrhythmic death syndrome [1, 3-7]. 

Therefore, screening for CAN is important for predicting 

the prognosis of patients with DM and formulation of new 

effective treatment strategy is extremely important too. The 

impetus for this work was prompted by the hypothesis that 
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physiological antioxidants, including alpha-lipoic acid (ALA), 

a powerful lipophilic “trap” of free radicals, promote the 

prevention of neurovascular disorders, provide the basis for 

the pathogenetically-based application of ALA in the 

treatment of diabetic angio-, neuropathy, in particular 

including diabetic CAN. 

The results of Deutsche Kardiale Autonome Neurophathie 

(DEKAN) study demonstrated that treatment with ALA, 

using a well-tolerated dose of 800 mg/day orally during four 

months was associated with improvement of heart rate 

variability (HRV) parameters [8, 9]. Despite the data that 

ALA seems to be promising drug to improve HRV, 

neuropathic symptoms, trials aimed to evaluate features of 

ALA among patients with DM without diagnosed chronic 

heart diseases are few, and obtained results do not confirm its 

effectiveness [9, 10]. The effects of ALA upon endothelial 

function and markers of oxidative stress (OS) were age 

dependent. In contrast, a review of many clinical trials using 

chronic antioxidant therapy was not able to demonstrate the 

benefits for cardiovascular diseases [10]. 

This study focused on determining whether ALA has a 

potential impact on inflammation, glycaemic control, insulin 

resistance (IR) parameters in patients with definite CAN and 

T2DM. 

2. Materials and Methods 

2.1. Patient Characteristics 

This study was designed as an open-label comparative 

controlled study. A total of 33 T2DM patients with definite 

CAN aged between 50-59 yrs., DM duration between 1-6 yrs. 

with glycated hemoglobin A1c (HbA1c) level of 7.03±0.13% 

and median body mass index (BMI) 27.1±0.32 kg/m
2
 were 

enrolled. For purposes of the study patients were allocated to 

two groups: the control group (15 patients) received standard 

hypoglycemic treatment, whereas the intrevention group (18 

patients) received ALA 600 mg in film-coated tablets/q.d. in 

addition to standard therapy. Treatment period was 3 months 

in duration. The age, sex distribution in the two groups was 

similar, as well as BMI and duration of DM, which made 

groups homogeneous as possible. Clinical characteristics of 

patients are presented in Table 1. 

Table 1. Clinical characteristics of patients. 

Parameter 

Patients with T2DM and definite CAN (n = 33) 

Control (n=15) Intervention (n=18) 

Group 1 Group 2 

Age (years) 55.33±0.95 54.83±0.87 

Gender   

Male (%) 8/53.3% 10/55.6% 

Female (%) 7/46.7% 8/44.4% 

Diabetes duration (years) 3.6±0.42 3.5±0.42 

BMI (kg/m2) 28.89±0.16 28.18±0.33 

Medications   

ACE inhibitors (%) 12/80% 14/77.8% 

Beta-blockers (%) 3/20% 2/11.11% 

Metformin (%) 11/73.3% 10/55.6% 

Sulfonylurea (%) 1/6.7% 1/5.5% 

Combined hypoglycemic therapy (%) 3/20% 7/38.9% 

Hypertension (%) 12/80% 15/83.3% 

Abbreviations: T2DM: type 2 diabetes mellitus, CAN: cardiac autonomic neuropathy, BMI: body mass index, ACE: angiotensin-converting enzyme. 

The standard hypoglycemic management of T2DM, which 

included lifestyle intervention, namely appropriate dietary 

program, physical activity and oral antihyperglycemic drugs, 

was performed. The standard treatment of patients in the 

groups remained unchanged during the period of the study, 

however to patients from intervention group was prescribed 

600 mg of ALA (Thioctic Acid) in film-coated tablets/q.d. for 

three months. 

The inclusion criteria were specified as follows: patients 

aged between 50 and 60 years with T2DM, archieved optimal 

and suboptimal glycemic control; definite stage of CAN 

confirmed by cardiovascular autonomic reflex tests 

(CART’s), diabetic polyneuropathy; consent to maintain 

lifestyle intervention, namely appropriate dietary program 

and physical activity. Exclusion criteria were specified as 

follows: uncontrolled DM, ketosis, distal neuropathy due to 

medical conditions other than diabetes (pharmalogical agents, 

chronic alcoholism, neurological disease), ischemic form of 

diabetic foot, peripheral vascular diseases, history of acute 

pancreatitis, hypothyroidism, neoplasms, women during 

lactation and pregnancy, T1DM patients, hypersensitivity to 

ALA. Treatment with anticonvulsants, antidepressants, 

neuroleptic agents, cytostatic agents, opiates, capsaicin, B 

group vitamins, gamma-linoleic acid, aldose reductase 

inhibitors, warfarin, isotretinoin (accutane), antioxidants 

(including ALA medications) in the six months preceding to 

the inclusion to the study were also exclusion criteria. 

Persons suffering from severe diseases of the lungs, liver, 

heart, pancreas and intestines were also excluded from the 

study. 
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The study was conducted for 2 years. All patients were 

examined before the start of the trial and after the end of the 

treatment period. All involved patients did not take ALA and 

was on stable regime of hypoglycemic and antihypertensive 

treatment for 6 months. 

2.2. Primary and Additional Study Outcomes 

The positive effect of ALA, especially a significant 

decrease of the glucose, immunoreactive insulin (IRI) 

concentrations, Homeostasis Model Assessment (HOMA) IR 

(HOMA-IR) parameters; high-sensitivity C-reactive protein 

(hs-CRP), leptin, tumour necrosis factor-alpha (TNF-alpha), 

interleukin (IL) IL-6 and IL-8, TNF-alpha/IL-10 levels, but 

no significant changes of IL-10 content compared with the 

control group after 3 month of treatment was confirmed. 

2.3. Methods 

Cardiovascular autonomic reflex tests are considered as 

the “gold” standard tests in the assessment of CAN. Based on 

the Subcommittee of the Toronto Consensus Panel on 

Diabetic Neuropathy, one abnormal result of CART is 

sufficient for CAN diagnosis, but identifies the possible 

development of early CAN, that must be confirmed over time, 

the presence of two or three abnormal test results confirm 

definite CAN; and additional development of OH indicate 

severe stage of complication [11, 12]. 

Screening for CAN, that included five CART’s, time- 

and frequency-domain HRV tests was performed for all 

enrolled patients. The obtained results were evaluated as 

follows: pathological - as “1” scores, borderline values - 

as “0.5” scores, normal values - as “0” score. The 

individual scores were summed up and the median score 

for involved patients was 2.8±0.32 [11, 12]. Glucose 

oxidase method was used for measurement of glucose 

concentration in the blood, while a highly sensitive 

method of ion-exchange liquid chromatography with D-10 

analyzer and BIO-RAD reagents (USA) was used for 

HbA1c determination. 

Serum IRI level was measured by using commercial kits 

from immunogen insulin immunoradiometric assay 

reagents (Czech Republic); IL-6, IL-8 and IL-10, TNF-

alpha - from Vector-Best (Russia); leptin - from 

Immunotech Leptin (Czech Republic) test kits; hs-CRP-

from diagnosis-related group (USA). TNF-alpha/IL-10 

ratio was calculated. For the calculation of HOMA-IR was 

used formula: fasting IRI (mcIU/mL) x fasting glucose 

(mmol/L)/22.5 [13]. 

2.4. Statistical Analysis 

To compare repeated measurements (before and after 

treatment) the Wilcoxon signed-rank test was used. A 

comparison of the obtained data in the two groups was 

carried out using the nonparametric Mann-Whitney test. All 

data are expressed as median (Me) and interquartile range 

(Q25-Q75). Statistical significance was set at p<0.05. All 

tests were performed using the ANOVA (MicroCal Origin v. 

8.0) software. 

3. Results 

We found out that HbA1c of patients with T2DM and 

definite CAN was not statistically significantly influenced by 

the treatment (p>0.05). There were no differences between 

the groups in levels of preprandial blood glucose, IRI 

concentrations and HOMA-IR parameters at baseline. 

Baseline and post-treatment parameters of blood glucose, IRI 

concentrations and HOMA-IR parameters in patients with 

T2DM and definite stage of CAN are shown in the Table 2. 

Table 2. Baseline and post-treatment parameters of blood glucose, IRI concentrations and HOMA-IR in patients with T2DM and definite stage of CAN after 3 

months of ALA therapy. 

Parameter 

Patients with T2DM and definite CAN (n=33) 

Control group Intervention group Control group Intervention group 

n=15 n=18 n=15 n=18 

Baseline After treatment Baseline After treatment After treatment After treatment 

Fasting glucose (mmol/L) 7.3 [6.1; 8.0] 7.4 [5.9; 7.8] 6.4 [6.1; 7.3] 5.9 [5.2; 6.4]* 7.4 [5.9; 7.8] 5.9 [5.2; 6.4]# 

Fasting IRI (mcIU/mL) 29.4 [22.4; 34.2] 28.0 [21.1; 33.9] 27.65 [24.3; 30.2] 21.35 [19.7; 24.0]** 28.0 [21.1; 33.9] 21.35 [19.7; 24.0]# 

HOMA-IR 9.8 [6.07; 12.16] 9.3 [5.8; 11.4] 8.03 [6.19; 9.28] 5.28 [4.83; 6.48]** 9.3 [5.8; 11.4] 5.28 [4.83; 6.48]## 

Abbreviations: T2DM type 2 diabetes mellitus, CAN cardiac autonomic neuropathy, IRI immunoreactive insulin, IR insulin resistance, HOMA-IR 

Homeostasis model assessment IR. 

The results are presented as median (Me) and interquartile range (Q25-Q75). *p<0.05 compared to baseline, **p<0.01 compared to baseline, #p<0.05 

compared to data of control group, obtained after treatment. ## p<0.01compared to data of control group, obtained after treatment. 

As shown in the Table 2 the outcome of the intervention 

group was better than that of the control group. After 3 

months of treatment with ALA levels of preprandial glycemia 

(p<0.05), IRI (p<0.01) and НОМА-ІR parameters (p<0.01) 

were lower compared to pretreatment values. Compared to 

the data, obtained in the control group, more pronounced 

decrease in fasting glucose (p<0.05), IRI (p<0.05) and 

HOMA-IR parameters (p<0.01) was found. Investigated 

parameters did not differ between baseline levels and after 

three months in the control group. 

Baseline and post-treatment parameters of hs-CRP, leptin, 

TNF-alpha, IL-6, IL-8, IL-10 concentrations and TNF-

alpha/IL-10 ratio in patients with T2DM and definite stage of 

CAN are given in the Table 3. 
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Table 3. Baseline and post-treatment parameters of hs-CRP, leptin, TNF-alpha, IL-6, IL-8, IL-10 concentrations and TNF-alpha/IL-10 ratio in patients with 

T2DM and definite stage of CAN after 3 months of ALA therapy. 

Parameter 

Patients with T2DM and definite CAN (n=33) 

Control group Intervention group Control group Intervention group 

n=15 n=18 n=15 n=18 

Baseline After treatment Baseline After treatment After treatment After treatment 

hs-CRP (mg/L) 2.48 [1.53; 4.43] 2.25 [1.5; 4.33] 2.47 [2.15; 3.98] 2.19 [1.97; 3.04]* 2.25 [1.5; 4.33] 2.19 [1.97; 3.04] 

Leptin (mcg/L) 22.1 [18.4; 26.3] 20.7 [17.6; 23.7] 19.35 [15.7; 24.8] 15.55 [13.6; 19.7]* 20.7 [17.6; 23.7] 15.55 [13.6; 19.7]# 

TNF-alpha (pg/mL) 5.9 [4.4; 7.1] 5.7 [4.6; 7.3] 5.85 [5.1; 6.2] 4.9 [4.5; 5.2]*** 5.7 [4.6; 7.3] 4.9 [4.5; 5.2]# 

IL-6 (pg/mL) 5.36 [4.31; 6.15] 5.28 [4.74; 6.08] 5.87 [4.19; 7.28] 4.33 [3.54; 5.44]* 5.28 [4.74; 6.08] 4.33 [3.54; 5.44]# 

IL-8 (pg/mL) 6.9 [5.5; 9.2] 6.7 [5.6; 8.7] 6.25 [5.7; 7.2] 5.25 [4.7; 5.7]* 6.7 [5.6; 8.7] 5.25 [4.7; 5.7]# 

IL-10 (pg/mL) 13.5 [9.3; 16.4] 11.7 [10.1; 17.7] 13.45 [10.4; 16.8] 15.4 [12.5; 18.6] 11.7 [10.1; 17.7] 15.4 [12.5; 18.6] 

TNF-alpha/IL-10 (%) 37.9 [26.4; 52.7] 41.6 [28.8; 58.7] 40.95 [35.1; 51.2] 32.55 [27.1; 39.8]** 41.6 [28.8; 58.7] 32.55 [27.1; 39.8]# 

Abbreviations: T2DM type 2 diabetes mellitus, CAN cardiac autonomic neuropathy, hs-CRP high-sensitivity C-reactive protein, TNF-alpha tumour necrosis 

factor-alpha, IL interleukin, TNF-alpha/IL-10 tumour necrosis factor-alpha/intrerleukin-10 ratio. 

The results are presented as median (Me) and interquartile range (Q25-Q75). *p<0.05 compared to baseline, **p<0.01 compared to baseline, #p<0.05 compared 

to data of control group, obtained after treatment 

There were no differences between the groups in leves of 

hs-CRP, leptin and TNF-alpha at baseline. As shown in the 

Table 3 after three months of ALA prescription to patients 

with T2DM and definite CAN a statistically significant 

reduction in TNF-alpha (p<0.001), leptin (p<0.05) and hs-

CRP (p<0.05) levels was found. Compared to the 

posttreatment values, obtained in the control group, more 

pronounced decrease in TNF-alpha (p<0.05) and leptin 

(p<0.05) was found. Investigated parameters did not differ 

between baseline levels and after 3 months in the control 

group (Table 3). 

Obtained results showed that there were no differences 

between the groups in leves of IL-6, IL-8, IL-10 

concentrations, and TNF-alpha/IL-10 ratio at baseline. After 

3 months of treatment content of IL-6 (p<0.05), IL-8 (p<0.05) 

and TNF-alpha/IL-10 ratio (p<0.01) was statistically 

significant lower compared with the pretreatment values and 

values, obtained in control group, namely IL-6 (p<0.05), IL-8 

(p<0.05) and TNF-alpha/IL-10 ratio (p<0.05). In control 

group, no positive dynamic of the concentrations of studied 

parameters was found (p>0.05). IL-10 levels did not differ 

between two groups before and after treatment, showing no 

changes, compared with pretreatment values, in either group 

(Table 3). 

During the period of clinical research, good tolerability 

and safety of ALA were established, which are confirmed by 

the absence of serious and unpredictable side effects. 

4. Discussion 

Alpha-lipoic acid has been considered as a powerful 

micronutrient presenting a range of pharmacological properties, 

antioxidant capacity, ability to regenerate other antioxidants 

such as vitamins E and C, in addition to enhance the effects of 

superoxide dismutase, coenzyme Q 10 and glutathione (GSH), 

reduce and/or reverse age-related GSH redox decline [14-16]. 

The following explanations have been proposed to explain 

beneficial effects of ALA in reducing the age-associated 

alterations in GSH: 1. Impossible delivery of exogenous GSH to 

tissues such as the brain and heart. 2. The bioavailability of 

cysteine delivery agents (e.g., N-acetylcysteine) is low. However, 

ALA is effective agent to restore both the age-associated decline 

in thiol redox ratio as well as increase of cerebral GSH levels 

that otherwise decline with age, as it is easily taken up into 

neural tissues [17, 18]. 

Alpha-lipoic acid exibit direct free radical scavenging 

properties both in vitro and in vivo. There is a strong link 

between hyperglycaemia, OS, increased production and 

decreased clearance of reactive oxygen species (ROS), low 

grade inflammation and development/progression of T2DM 

and its complications. Oxidative stress has been suggested to 

contribute to defective nerve blood supply and endoneurial 

oxidative damage [16, 19]. Some studies have demonstrated 

the ability of ALA to reduce expression of vascular cell 

adhesion molecule-1 (VCAM-1) and endothelial adhesion of 

human monocytes in vitro. Futhermore, ALA prevents the 

upregulation of intercellular adhesion molecule-1 and 

VCAM-1 in spinal cords and TNF-alpha stimulated cultured 

brain endothelial cells [20, 21]. 

Alpha-lipoic acid is largely known as an anti-inflammatory 

and antioxidant molecule, the effects of which are exerted 

through the modulation of nuclear factor kappa-light chain-

enhancer of activated B cells (NF-kB). Different 

inflammatory cytokines, including IL-1β and IL-6, in 

different cell types and tissues, are modulated by NF-kB. IL-

1β and IL-6 undergo DNA methylation-dependent 

modulation in neural models and pave the road to study of 

the epigenetic mechanisms triggered by ALA [19]. 

Alpha-lipoic acid may effectively reduce OS by preventing 

lipid peroxidation (LPO) and protein damage as other 

antioxidants significantly inhibit the ROS such as proxy 

nitrite, nitric oxide, hydroxyl radicals, superoxide anion in 

the membrane and aquatic environment [14, 16]. 

Chronic hyperglycemia is associated with OS and the 

existence of other trigger factors are supposed to 

phosphorylate the nuclear factor of kappa light polypeptide 

gene enhancer in B-cells inhibitor (IkB) resulting in its 

degradation and NF-kB activation. Phosphorylation and 

degradation of IkB are considered as a key step for the 

regulation of NF-kB complexes, which induces the 

transcription of several molecules related to the migration of 

monocytes, vascular adhesion and inflammation. The 
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inhibition of NF-kB by ALA is probably related to its 

possibility to decrease IκB degradation through modulation 

of upstream kinases like mitogen-activated protein kinase or 

to inhibit protein kinase C which is also able to 

phosphorylate IkB [10]. 

Alpha-lipoic acid has drawn considerable attention due to 

its properties to prevent/treat chronic complications of DM 

[14]. ALA prescription is an effective strategy for 

mitochondrial protection, improvement of mitochondrial 

function and structure, inhibition of the age-associated 

increase of oxidative damage, partial restoration of the key 

enzymes activity, increase of ATP production, especially in 

the state of chronic inflammation [10, 22-25]. 

Some studies showed that treatment with ALA either i.v. or 

p.o. was associated with glucose disposal improvement in 

patients with T2DM [26]. Also, some other studies findings 

suggest improvement in HbA1c, LPO, antioxidant enzymes 

and inflammatory markers. ALA as a compound with strong 

antioxidant potential, has a function in decreasing damages 

caused by chronic low-grade inflammation and diabetic 

neuropathies [15, 27-29]. 

The results of Irbesartan and Lipoic Acid in Endothelial 

Dysfunction (ISLAND) clinical trial showed that 

supplementation with ALA in daily dose of 300 mg for 4 wks 

was associated with the 15% significant decrease in serum 

IL-6 levels. As IL-6 is a recognized marker of inflammation 

in coronary atherosclerotic plaques, and regulates the 

expression of other inflammatory cytokines, such as TNF-

alpha and IL-1, this finding may prove the anti-inflammatory 

effects of ALA. Nevertheless, the body of evidence is 

currently too limited and could not be considered as 

conclusive, so futher investigations are needed [30-32]. 

Our study suggests that administration of ALA contributed 

to a statistically significant decrease of glucose, IRI 

concentrations, HOMA-IR parameters; TNF-alpha, hs-CRP, 

IL-6 and IL-8, leptin levels and TNF-alpha/IL-10 ratio, but 

does not significantly affect the content of IL-10 content in 

patients with T2DM and definite CAN. The obtained data 

may indicate a decrease in the activity of the pro-

inflammatory link of the immune response and allow us to 

consider ALA as a promising agent in the CAN complex 

treatment in patients with T2DM. Our study has several 

limitations. First, the sample size was small, second - short 

duration. Finally, obtained results must be confirmed and 

clarified in futher studies. 

5. Conclusion 

Numerous results of experimental and clinical trials suggest 

unique properties of ALA, namely its antioxidant effects, 

restoration of vitamins levels (such as vitamin E and C), 

inhibition of glycation reactions, prevention of beta-cell 

destruction, improvement of neurons function and conduction. 

ALA has a valuable therapeutic option in prevention and 

treatment of chronic complications of DM, mainly due to its 

essential role in mitochondrial bioenergetic reactions. Our 

study suggests that administration of ALA contributed to a 

statistically significant decrease of glucose, IRI 

concentrations, HOMA-IR parameters; TNF-alpha, hs-CRP, 

leptin, IL-6, IL-8 levels and TNF-alpha/IL-10 ratio, but does 

not significantly affect the content of IL-10 in patients with 

T2DM and definite CAN. However, further studies with 

longer duration and larger population are needed to validate 

our findings and provide evidence for the hidden therapeutic 

potential of ALA. 
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