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Objective. Significantly underdiagnosed, diabetes-associated cardiac autonomic neuropathy
(CAN) causes a wide range of cardiac disorders that may cause life-threatening outcomes. This
study investigated the effects of alpha-lipoic acid (ALA) on arterial stiffness and insulin resistance
(IR) parameters in type 2 diabetes mellitus (T2D) patients and definite CAN.

Methods. A total of 36 patients with T2D and a definite stage of CAN were recruited. This
investigation was carried out on two separate arms: traditional hypoglycemic therapy (n=18, con-
trol) and ALA (n=18) 600 mg in film-coated tablets/q.d. in addition to traditional hypoglycemic
therapy. The duration of the study was three months.

Results. In subjects with T2D and definite stage of CAN, treatment with ALA resulted in a
significant decrease of glucose, immunoreactive insulin concentration, and Homeostasis Model
Assessment (HOMA)-IR (HOMA-IR) parameters; pulse wave velocity (PWV), aorta augmenta-
tion index (AIxao) during the active period of the day and decrease of PWV, Alxao, and brachial
augmentation index during the passive period of the day compared with the results, obtained in
the control group. Therefore, the administration of ALA to patients with T2D for three months
promotes the improvement of glucose metabolism and arterial stiffness parameters.

Conclusions. In patients with T2D and definite stage of CAN treatment with ALA improved
HOMA-IR and arterial stiffness parameters. These findings can be of clinical significance for the
complex treatment of diabetes-associated CAN.
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Coronary artery disease (CAD) due to early coro-
nary atherosclerosis is often diagnosed among type 2
diabetes (T2D) patients. The term “diabetic heart” is
associated with early affection of coronary arteries,
development and progression of arterial atheroscle-
rosis, diabetic cardiac autonomic neuropathy (CAN)
and diabetic cardiomyopathy among middle age and
elderly patients (Balcioglu and Muderrisoglu 2015;
Serhiyenko and Serhiyenko 2015; Verrotti et al. 2014;
Vinik et al. 2013).

According to the CAN Subcommittee of the
Toronto Consensus Panel on Diabetic Neuropathy
(Spallone et al. 2011) and the American Diabetes
Association (American Diabetes Association 2017),
CAN is defined as the impairment of cardiovascular
autonomic control among persons with diabetes
mellitus (DM) following the exception of other
reasons. Hyperglycemia has a significant impact on
the advancement of autonomic neural dysfunction
and can result in CAN (Pop-Busui et al. 2017).
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Diabetic CAN is one of the main reasons for heart
arrhythmias and an independent risk factor for
sudden cardiac death (Pop-Busui et al. 2017; Ziegler
et al. 2014). This condition is characterized by the
impairment of the autonomic nervous system (ANS),
namely by lesion of nerve fibers in the sympathetic
and parasympathetic divisions of the ANS. CAN is
mostly a late-diagnosed complication that could lead
to the development of severe orthostatic hypotension
(OH), decreased tolerance to the physical loadings,
cardiac arrhythmias, ischemia of coronary vessels,
“silent” myocardial infarction, and sudden death
syndrome (Dimitropoulos et al. 2014; Spallone et al.
2011; Tesfaye et al. 2010). Especially at the early stages,
this complication can be subclinical and thus as the
disease progresses, it manifests clinically (Vinik et al.
2013, 2018).

Arteriosclerosis is one of the key reasons for the
thickening, hardening and loss of the arteries’ wall
elasticity. Structural components of the arterial wall
primarily determine arterial stiffening, depends on
the balance and distribution between extracellular
proteins along the arterial wall, vascular smooth
muscle tone and transmural distending pressure
(Townsend et al. 2015).

Arterial stiffness is associated with cardiovas-
cular mortality and morbidity and is increased with
aging, several diseases, namely obesity, hypertension
(HT), T2D. Increased arterial stiffness associated
with diabetes and metabolic syndrome (MetS) may,
in part, explain the increased risk of the develop-
ment of cardiovascular disease among patients with
these diseases (Stehouwer et al. 2008). Violations in
heart rate variability (HRV) are an early sign of CAN
development. It was proven that low HRV is asso-
ciated with an increased mortality rate in persons
with DM or ischemic heart disease (Huikuri and
Makikallio 2001; Maser et al. 2003; Sessa et al. 2018).
HRV was considered as a sensitive indicator of baro-
reflex control, especially vagal control. Accordingly,
increased arterial stiffness may affect baroreceptor
function and, thereby, HRV (Lal et al. 2017; La Rovere
et al. 2001; Sleight et al. 1995). Pulse wave velocity
(PWYV) was considered as the gold standard for arte-
rial stiffness measurement, which can be non-inva-
sively measured using certain devices by evaluating
waveforms in the carotid and femoral or radial artery
(Colussi et al. 2017; Koumaras et al. 2013; Mansour et
al. 2013). The Deutsche Kardiale Autonome-Neuro-
phathie (DEKAN) study demonstrated that a daily
oral dose of 800 mg alpha-lipoic acid (ALA), a free-
radical scavenger, may have positive clinical effects in
the treatment of persons with diabetic CAN (Ziegler

etal. 1997). However, trials regarding ALA features in
diabetic patients without diagnosed CAD are scarce,
and the results are inconclusive (Lee et al. 2017).

The effects of ALA on endothelial function and
oxidative stress (OS) markers were age-dependent.
In contrast, a review of many clinical studies using
chronic antioxidant therapy could not demonstrate
the benefits on cardiovascular diseases (Gomes and
Negrato 2014; Lee et al. 2017).

This study was conducted to determine if ALA
prescription affects the arterial stiffness parame-
ters, insulin resistance (IR), and glycemic control in
patients with T2D and definite stage of CAN.

Materials and methods

Participants and study design. Definite CAN
was diagnosed in 36 patients, aged between 50-59
years, with confirmed T2D. The duration of T2D
was between 1-6 years and glycated hemoglobin Alc
(HbA1c) level were 6.98+0.15%. The baseline clinical
characteristics of the patients are presented in Table 1.

A proper dietand exercise program were prescribed
to all patients. All of them used antidiabetic drugs,
namely metformin alone was used by 69.4% and
combined with sulfonylureas was prescribed to
30.6%. 80.6% of persons suffered from treatment-
controlled HT, which was controlled by prescription

Table 1
Clinical characteristics of patients

Patients with T2D and definite

Parameters stage of CAN (n=36)
Control (n=18) ALA (n=18)
Age (years) 55.16+0.91 54.0+0.94
Gender
Male (%) 10/55.6% 11/61.1%
Female (%) 8/44.4% 7/38.9%
Diabetes duration (years) 3.7+0.44 3.5+0.42
BMI (kg/m?) 27.19+0.41 26.19+0.39
Medications
ACE inhibitors/ ARBs (%) 14/77.8% 14/77.8%
B-blockers (%) 4/22.2% 3/16.7%
Metformin (%) 13/72.2% 12/66.7%
Combined hypoglycemic 5/27.8% 6/33.3%
therapy (%)
Hypertension (%) 14/77.8% 15/83.3%

Abbreviations: ACE - angiotensin-converting enzyme; ARBs
- angiotensin II receptor blockers; BMI - body mass index;
CAN - cardiac autonomic neuropathy; T2D - type 2 diabetes
mellitus.
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of angiotensin II receptor blockers or angiotensin-
converting-enzyme inhibitors alone or in combi-
nation with B-adrenergic receptor blockers. Anti-
hypertensive and antidiabetic treatment remained
unchanged for six months before initiating the study
and during the whole investigation period. At base-
line, both groups were similar in sex, age, body mass
index (BMI), and DM duration, concomitant therapy,
which made them as homogeneous as possible. All
involved patients were allocated into two groups: the
control group included 18 patients, the ALA group -
treatment group (n=18).

Persons included in the study were examined and
treated in the Department of Endocrinology of the
Danylo Halytsky Lviv National Medical University,
based in an Endocrinological out-patient depart-
ment of Lviv Regional State Clinical Treatment and
Diagnostical Endocrinological Center. On the basis
of these institutions, patients were examined and
treated. The research was conducted according to
the Declaration of Helsinki (2004) and the Ethics
Committee of the Danylo Halytsky Lviv National
Medical University approved the study before its
initiation (protocol Nel from 01 Jan 2016). All study
participants provided written informed consent
before their inclusion in the study.

All patients received standard antidiabetic treat-
ment that included an appropriate diet, physical
activity and oral antihyperglycemic drugs. Treatment
of the control group remained unchanged during the
study. Besides, participants from the ALA group were
administered thioctic acid 600 mg in film-coated
tablets/q.d. for three months.

Eligibility criteria were specified as follows:
women and men aged between 50-60 years old; T2D
with optimal or suboptimal glycemic control; T2D
persons with confirmed definite CAN; BMI between
20-30 kg/m?; ability to maintain a healthy lifestyle.

Study exclusion criteria were specified as follows:
poorly controlled DM, ketosis, peripheral vascular
diseases, ischemic form, distal neuropathy resulted
from other causes than diabetes (pharmacological
agents, neurological disease, chronic alcoholism),
tumors, hypothyroidism, history of acute pancre-
atitis, the affected activity of lipoprotein lipase and/or
dyslipidemia (DLP) type III, type 1 DM, hypersensi-
tivity to ALA. Treatment with anticonvulsants, anti-
depressants, capsaicin, opiates, cytostatic and neuro-
leptic agents, gamma-linoleic acid, B group vitamins,
aldose reductase inhibitors, isotretinoin (Accu-
tane), antioxidants (including ALA) for six months
before the enrollment into the study. Patients with
clinical diagnosis of stroke, transient ischemic cere-

bral attack, chronic heart failure (HF) with reduced
ejection fraction (New York Heart Association class
II-IV); acute coronary syndrome, or hospitaliza-
tion for worsening HF; chronic obstructive lungs
diseases; acute renal failure, chronic kidney disease
with a decrease in glomerular filtration rate less than
60 mL/min/1.73 m* hepatic insufficiency classified as
Child-Pugh B-C were also excluded from the study.

The study was conducted for 2 years. All patients
were on the stable antidiabetic and antihypertensive
treatment regime and did not take ALA for 6 months
before the enrollment. According to the study design,
ALA was prescribed to patients from the treatment
group after CAN diagnosis. The treatment in the
control group remained unchanged. The duration of
the treatment period with ALA was three months.
According to the study purpose, IR, artery stiffness,
and glycemic control parameters were evaluated
initially and after the treatment.

Methods. Cardiovascular autonomic reflex tests
(CART’s) are the “gold” standard clinical tests for
CAN. According to the CAN Subcommittee in the
Toronto Diabetic Neuropathy Consensus Panel, only
one abnormal CART result (among the seven tests
(five CART’s, HRV frequency, and time-domain
tests) is sufficient for CAN diagnosis, two or three
abnormal tests indicate definite CAN and develop-
ment of OH indicate severe CAN (Ewing et al. 1985;
Spallone et al. 2011).

Five CART’s, time- and frequency-domain HRV
tests were used to screen for CAN. According to
the obtained results, the severity of CAN was deter-
mined. Each of the five tests was assigned a score of
“0” for physiological value, “0.5” for borderline value,
and “1” for pathological value (Ewing et al. 1985;
Spallone et al. 2011). The scores were summed up and
the median score for studied patients was 2.7+0.27.

The glucose concentration was determined by
the glucose oxidase method; the level of HbAlc
was measured using D-10 analyzer and BIO-RAD
reagents (USA) by the highly sensitive method of ion-
exchange liquid chromatography. Commercial kits
from immunogen insulin immunoradiometric assay
reagents (Czech Republic) were used to determine
immunoreactive insulin (IRI). Homeostasis Model
Assessment (HOMA)-IR (HOMA-IR) was calculated
according to the formula: fasting IRI (mcIU/ml) x
fasting glucose (mmol/L)/22.5 (Matthews et al. 1985).

Twelve-channel electrocardiograph “UCARD-
200” (UTAS, Ukraine) was used to perform elec-
trocardiography (ECG) and Holter-ECG [ECG “The
EC-3H” (Labtech, Hungary)] - to measure time- and
frequency domain HRV parameters. TensioMed™
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Arteriograph [monitor “ABPM-04" (“Meditech”,
Hungary)] (TensioClinicTensioMed™) was used to
measure artery stiffness parameters during the day
and night subperiods, namely: PWYV, aorta augmen-
tation index (Alxao) and brachial augmentation
index (Alxbr). The optimal values: PWV <7m/s,
Alxbr >-30%; normal values: 7 m/s <PWV <10m/s,
-30% <Alxbr <-10%; elevated values: 9.8 m/s <PWV
<12m/s, -10% <Alxbr <9.8%; pathological values:
PWYV >12m/s, Alxbr >10% (TensioClinicTensioMed™;
Townsend et al. 2015).

Statistical analysis. The normality of the presented
data was checked using the Shapiro-Wilk test, and
all the studied variables had a normal distribution.
Absolute values were compared with the calculation
of mean values, errors of means using the Student’s
t-test. Data are presented as meantstandard error
of the mean [D%, mean+standard error of the mean
(SEM)]. Statistical significance was set at p<0.05. All
tests were performed using the ANOVA (MicroCal
Origin v. 8.0) software.

Results

The level of HbAlc in patients with T2D and defi-
nite stage of CAN did not change significantly after
treatment (p>0.05). Changes in glucose, IRI concen-
trations and HOMA-IR parameters in patients with
T2D and definite stage of CAN after 3-months of
ALA therapy are given in Table 2.

The obtained results suggest that ALA prescrip-
tion to patients with T2D and definite CAN
contributes to a statistically significant reduction in
preprandial glycemia (p<0.05); IRI levels (p<0.01)
and HOMA-IR parameters (p<0.05). Investigated
parameters did not change significantly in the
control group (Table 2).

Changes of the arterial stiffness parameters during
the day’s active period in patients with T2D and defi-
nite stage of CAN after 3-months of ALA therapy are
given in Table 3.

Changes of the arterial stiffness parameters during
the day’s passive period in patients with T2D and

Table 2
Changes of the glucose, IRI concentrations and HOMA-IR parameters in patients with T2D and definite stage
of CAN after 3-months of ALA therapy

Patients with T2D and definite stage of CAN (n=36)

Parameters

Groups Before treatment After treatment % Change p-value
Glucose (mmol/L) Control (n=18) 7.0+£0.24 7.05+0.28 +1.03+2.68 >0.05
ALA (n=18) 6.68+0.22 6.01+0.24 -8.8+4.46 <0.05
IRI (mcIU/mL) Control (n=18) 27.29+1.82 26.14+1.94 454221 >0.05
ALA (n=18) 26.62+1.31 22.17+£0.97 -15.9+1.6 <0.01
HOMA-IR Control (n=18) 8.8+0.85 8.39+0.79 -4.47+2.4 >0.05
ALA (n=18) 7.9£0.55 6.04+0.48 -23.3£3.94 <0.05

Abbreviations: ALA - alpha-lipoic acid; CAN - cardiac autonomic neuropathy; HOMA-IR - Homeostasis Model Assessment of
insulin resistance; IRI - immunoreactive insulin; SEM - standard error of the mean; T2D - type 2 diabetes mellitus. The results are
presented as absolute values and as % change from baseline (A%, mean+SEM).

Table 3
Changes of the arterial stiffness parameters during the day’s active period in patients with T2D and definite stage
of CAN after 3-months of ALA therapy

Patients with T2D and definite stage of CAN (n=36)

Parameters Groups Before treatment After treatment % Change p-value
Alxao (%) Control (n=18) 30.3+1.75 28.6+1.58 -3.844.22 >0.05
ALA (n=18) 29.8+1.54 24.7£1.17 -15.3+3.66 <0.05
Alxbr (%) Control (n=18) -12.4+3.18 -12.942.79 -15.2+11.8 >0.05
ALA (n=18) -12.6+2.49 -16.5£2.37 -30.3£14.21 >0.05
PWV (m/s) Control (n=18) 10.1+0.38 9.6+0.38 -4.6+2.31 >0.05
ALA (n=18) 10.1+0.4 8.9+0.34 -10.7£1.97 <0.05

Abbreviations: Alxao - aorta augmentation index; AIxbr - brachial augmentation index; ALA - alpha-lipoic acid; CAN - cardiac
autonomic neuropathy; PWV - pulse wave velocity; SEM - standard error of the mean; T2D - type 2 diabetes mellitus. The results are
presented as absolute values and as % change from baseline (A%, mean+SEM).
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definite stage of CAN after 3-months of ALA therapy
are given in Table 4.

As can be seen from the results presented in Table
3 and Table 4, ALA prescription to patients with T2D
and definite CAN contributes to a statistically signifi-
cant reduction in Alxao (p<0.05) and PWV (p<0.05)
during active period of day; PWV (p<0.01), Alxao
(p<0.05) and Alxbr (p<0.05) during the passive
period of day. Investigated parameters did not change
significantly in the control group (p>0.05).

Discussion

Our study found out that treatment with ALA
significantly reduced IR and arterial stiffness param-
eters. The action mechanisms are not completely
clear; however, we hypothesize that these findings can
be explained mainly by its antioxidant, anti-inflam-
matory effects, improvement of glucose uptake, and
OS decrease. The major limitations of our study are
the small number of patients and the short treatment
duration. Larger studies with a follow-up period
would be needed to demonstrate the pharmacolog-
ical effect of ALA on investigated parameters more
clearly.

The development of chronic complications of DM,
including cardiovascular and nervous complications
is a complex pathological process with a pivotal role
of OS caused by reactive oxygen species (ROS) and
reactive nitrogen species that is strongly associated
with IR and DM (Frontoni et al. 2013; Serhiyenko
and Serhiyenko 2018). OS is though-out as a main
pathophysiological pathway of CAN development.
Increased intracellular glucose level leads to activa-
tion of polyol pathway and generation of advanced
glycation end-products (AGEs), resulting in the

subsequent formation of ROS (Hosseini and Abdol-
lahi 2013).

Impaired glucose and BP variability is associ-
ated with increased cardiac mass and endothelial
dysfunction in patients with short-term diabetes and
optimal metabolic control (Di Flaviani et al. 2011).
The authors concluded that increased activation of
OS might represent the mechanism, linking glucose
variability, violated blood pressure patterns and left
ventricular mass index. Our study involved patients
with similar characteristics and our results suggest
that prescription of ALA can improve arterial elas-
ticity, possibly due to its antioxidant properties.

The development of IR often precedes the diagnosis
of T2D. Results of some recent trials have suggested
that increased arterial stiffness could be another
feature of IR. At physiological concentrations, insulin
has acute vasodilatory effects, but they are blunted in
an insulin-resistant state, including T2D (Manrique
et al. 2014; Yki-Jarvinen and Westerbacka 2007).
The changes in arterial stiffness in the condition of
chronic IR have also been examined. Inverse associa-
tion between clamp-measured insulin sensitivity and
arterial stiffness in the femoral and carotid arteries
was found (Adeva-Andany et al. 2019; Emoto et al.
1998; Morioka et al. 2021; van Dijk et al. 2003). Impor-
tantly, these studies concluded that IR is associated
with arterial stiffness changes even after adjustments
for mean arterial pressure levels (Markus et al. 2019;
Olsen et al. 2000; Sengstock et al. 2005). Particularly,
the next trial, which has addressed the combined and
individual effects of elevated glucose level and blood
pressure (BP) on the arterial stiffness progression, has
demonstrated that the estimated rate of arterial stiff-
ness increase was higher in persons with both abnor-
malities than in those with either abnormality alone.

Table 4
Changes of the arterial stiffness parameters during the day’s passive period in patients with T2D and definite stage
of CAN after 3-months of ALA therapy

Patients with T2D and definite stage of CAN (n=36)

Parameters
Groups Before treatment After treatment % Change p-value
Alxao (%) Control (n=18) 32.9+1.67 30.7+1.21 ~4.743.52 >0.05
ALA (n=18) 33.6+1.27 28.6+1.37 -14.3£2.29 <0.05
Alxbr (%) Control (n=18) -6.242.82 ~7.742.39 ~13.8417.5 >0.05
ALA (n=18) -7.84£2.17 -12.4+2.29 -58.0+18.1 <0.05
PWYV (m/s) Control (n=18) 10.6£0.36 10.3+0.36 ~2.2+1.53 >0.05
ALA (n=18) 10.6£0.39 9.4+0.33 -14.3£2.29 <0.01

Abbreviations: Alxao — aorta augmentation index; AIxbr — brachial augmentation index; ALA - alpha-lipoic acid; CAN - cardiac
autonomic neuropathy; PWV - pulse wave velocity; SEM - standard error of the mean; T2D - type 2 diabetes mellitus. The results are
presented as absolute values and as % change from baseline (A%, mean+SEM).
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In conclusion, development of IR leads to increased
arterial stiffness parameters independently of BP
(Tomiyama et al. 2006).

The pathophysiological link between impaired
autonomic function and increased arterial stiffness
and whether increased arterial stiffness leads to auto-
nomic dysfunction or whether autonomic dysfunc-
tion induces arterial stiffening remains underinves-
tigated.

Development of both cardiac autonomic dysfunc-
tion and increased arterial stiffness is associated
with increased activity of pathogenetic pathways,
including chronic hyperglycemia, hyperinsulinemia,
IR, protein kinase C activation, AGEs formation,
endothelial dysfunction, and low-grade inflamma-
tion. One explanation is that autonomic dysfunc-
tion may increase arterial stiffness, as calcification of
the tunica media of the arterial wall is often among
persons with CAN (Chorepsima et al. 2017). Another
hypothesis could be that impaired cardiac auto-
nomic function may affect arterial wall elasticity by
changing large arteries’ smooth muscle tone (Liatis
et al. 2011; MacFadyen and Lim 2004). Although this
explanation is rather difficult to prove in humans,
experimental studies have demonstrated that the
aorta’s elastic properties in rats after sympathectomy
were significantly reduced compared with the control
group (MacFadyen and Lim 2004). The other expla-
nation could be that arterial stiffness may lead to the
CAN development via impairment of baroreceptor
function induced by stiffening of the arterial wall
(Mattace-Raso et al. 2007).

The search for possible therapeutic options and
preventive measures to manage CAN is extremely
important. Pathogenetic therapy of CAN includes
appropriate physical activity regimen; balanced,
healthy diet; IR; intensive glycemic control; treatment
of diabetic DLP; antioxidants, such as ALA; vitamins,
such as vitamin B,; optimization of the cardiac energy
metabolism; prevention and treatment of venous
thromboembolism; therapy of OH; symptomatic
treatment of concomitant diseases and syndromes
[HT, CAD, heart failure and arrhythmias)] and
others (Hosseini and Abdollahi 2013; Serhiyenko and
Serhiyenko 2018; Vinik and Erbas 2013).

Alpha-lipoic acid is considered as a powerful
antioxidant with the capacity to raising glutathione
(GSH) intracellularly and regenerating other factors
such as vitamins E and C (Golbidi et al. 2011). The
following ways are thought to clarify the beneficial
effects of ALA in reducing the age-associated altera-
tions in GSH: 1) impossible delivery of exogenous
GSH to tissues such as the brain and heart and 2)

low bioavailability of cysteine delivery agents (e.g.,
N-acetylcysteine). Despite that, ALA can modulate
the age-related alteration in GSH levels as it is easily
taken up into neural tissues (Golbidi et al. 2011).

Given the role of OS in CAN, diabetic neuropathy
(DN) advancement, antioxidants such as acetyl-
L-carnitine, taurine and ALA have proven to be
effective in preventing or delaying the onset of DN,
particularly CAN (Boghdadi et al. 2017; Golbidi et al.
2011; Hosseini and Abdollahi 2013; Shay et al. 2009;
Vallianou et al. 2009; Ziegler et al. 2011).

Improvements in glucose disposal were observed
in patients with T2D receiving ALA either i.v. or p.o.
(Shay etal. 2009; Serhiyenko et al. 2018). ALA was also
found to increase expression of the insulin receptor
substrate 1 (IRS1) protein in the muscle of obese
Zucker rats, and it also elicited association of IRS1
with the p85 regulatory subunit of phosphoinositide
3-kinase. In skeletal muscle, ALA is suggested to
enroll glucose transporter type 4 (GLUT4) from its
storage site in the Golgi to the sarcolemma so that
local increase in transporter abundance stimulates
the glucose uptake. Evidence from cell culture trials
supports the insulin-signaling cascade’s involvement
in the ALA-stimulated translocation of GLUT1 and
GLUT4 (Shay et al. 2009).

Improvement of insulin sensitivity caused by
ALA is mediated by 5 adenosine monophosphate-
activated protein kinase (AMPK) activation and
decrease of triglyceride accumulation in skeletal
muscle. The cytoprotective or detrimental effects of
ALA on pancreatic beta-cells depend on the concen-
tration of ALA and the underlying pathophysiologic
state. It is thought out that at high concentrations
ALA is harmful to beta-cells, but at clinically rele-
vant concentrations causes cytoprotective effects
(Golbidi et al. 2011). ALA has many actions in the
glucose uptake, glycogen synthesis and insulin meta-
bolic pathways with some differences between both
isomers. The results of some studies performed in
vitro have demonstrated that R-ALA increases the
translocation of GLUT4 and GLUTI to the skeletal
muscle cells and the plasmatic membrane of adipo-
cytes kept in a culture milieu (Gomes and Negrato
2014; Wang et al. 2010). ALA has some significant
functions in the AMPK expression and activity in
the brain and peripheral tissues. AMPK is involved
in many intracellular pathways related to cell cycle,
stress response, metabolism and aging. ALA could
increase the activation of AMPK indirectly by acti-
vating the calmodulin-dependent protein kinase.
ALA can also modulate the AMPK activity in the
brain by metabolic stresses that inhibit ATP produc-
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tion such as OS, glucose deprivation, hypoxia, and
ischemia (Gomes and Negrato 2014; Ramamurthy
and Ronnet 2012).

The effectiveness of ALA in glucose disposal
improvement has been previously shown in animal
models (Hosseini and Abdollahi 2013; Soares-
Miranda et al. 2012; Tandon et al. 2012) and T2D
persons (Hosseini and Abdollahi 2013; Soares-
Miranda et al. 2012; Serhiyenko and Serhiyenko
2018). The medication seems to increase insulin
sensitivity by increasing the glucose uptake and by
modulating the signal transduction.

T2D patients (n=57) were divided into 2 groups
to receive either ALA (300 mg daily) or placebo by
systematic randomization and were followed up for
8 weeks. After overnight fasting and 2 hours after
breakfast, patients’ blood samples were drawn and
tested for fasting blood glucose (FBG), serum IRI
level, and glutathione peroxidase (GH-Px) activity.
The result of the study showed a significant decrease
in FBG, HOMA-IR and GH-Px levels in the ALA
group. The comparison of differences between FBG
and IR at the beginning and at the end of study in
the ALA treated group and the placebo group were
also significant. This study supports the use of ALA
as an antioxidant in the care of diabetic patients
(Ansar et al. 2011). Scaramuzza et al. (2015) specu-
late that ALA might have an antioxidant effect in
pediatric diabetes patients by reducing insulin. In
T2D persons, an intravenous prescription of 1000
mg of ALA was associated with significant improve-
ment of insulin-stimulated glucose disposal (Jacob
et al. 1995). Oral administration of ALA for 4-weeks
resulted in insulin sensitivity increasement in T2D
patients (Jacob et al. 1999).

Clinically, ALA administration (combined with
acetyl-L-carnitine) presented some perspective as an
antihypertensive treatment by decreasing systolic BP
in high BP patients and subjects with the MetS. In
contrast, the administration of ALA (300 mg/day for
4 weeks) to patients with the MetS had no significant
effect on BP compared to the placebo group (Pop

Busui et al. 2013; Shay et al. 2009). The combined
prescription of ALA and vitamin B complex effec-
tively improved nerve function parallel to symptoms
improvement (Boghdadi et al. 2017).

There was a significant reduction after 12 weeks of
supplementation in the vitamin B complex plus ALA
group using the Michigan Neuropathy Screening
Instrument (MNSI) questionnaire and not in the
vitamin B complex group. The study demonstrated
that 12 out of 16 patients in the group adminis-
tered with a combination of ALA plus vitamin B
complex showed improvement in at least one prop-
erty measured compared with only 6 out of 16 in
the vitamin B complex group. The impact of the
combined prescription on the progression of DM
regarding IR and lipid profile showed no advantage
over vitamin B complex alone (Boghdadi et al. 2017).

The combination of the positive effects of ALA
on glucose, IRI content, HOMA-IR, artery stiff-
ness parameters demonstrate the feasibility of its
administration in the complex treatment of diabetic
CAN. However, further randomized, double-blind,
placebo-controlled trials of larger scale and longer
duration with better-designed protocol and appro-
priate selection of study population, doses and dura-
tion may provide evidence for the hidden therapeutic
capacity of ALA and its potential properties for other
diabetic complications such as diabetic CAN.
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