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Background: The significance of cardiac autonomic neuropathy
(CAN) has not been fully appreciated and there is no unified treatment
algorithm. Aim: To investigate the effects of benfotiamine (BFT) on
the heart rate variability (HRV) in patients with type 2 diabetes
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mellitus (T2DM) and CAN. Patients and Methods: 32 patients with
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T2DM and definite stage of CAN were allocated to two treatment
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groups: control (n = 15) received standard antihyperglycaemic therapy;
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group 2 (n = 17) - in addition BFT 300 mg/d for three months. The
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Medical University, Lviv,
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heart rate variability (HRV) parameters were analyzed. Results: It was
found out that BFT contributed to increase of the sum of the squares of
differences between adjacent normal-to-normal intervals, high-

frequency component of HRV during the active and passive periods of the day. Conclusions:
The positive influences of BFT suggests the feasibility of its administration to patients with
T2DM and definite stage of CAN.
KEYWORDS: Type 2 diabetes mellitus, Cardiac autonomic neuropathy, Benfotiamine,
Heart rate variability.
INTRODUCTION
The number of people with type 2 diabetes mellitus (T2DM) has been increasing worldwide.
It was estimated that there were 415 million people with diabetes mellitus (DM) aged 20-79
www.wjpr.net

Vol 8, Issue 2, 2019.

1

Serhiyenko et al.

World Journal of Pharmaceutical Research

years in 2015, and the number was predicted to rise to 642 million by 2040.[1] The majority of
patients with long-term course of DM (mainly T2DM) are diagnosed with coronary heart
disease (CHD) due to coronary vessels arterial sclerotic disease. Often the course of CHD is
complicated by combination of hypertension, specific kidney arterial involvement, eyes and
lower limbs affection. Metabolic alterations in the myocardium are combined with early
coronary atherosclerosis. All these changes in heart occur out of prolonged duration of DM
among middle age and elderly patients [coronary vessels affection, myocardium changes,
diabetic cardiac autonomic neuropathy (CAN) and arterial sclerotic disease] are associated
with the term “diabetic heart or diabetic cardiomyopathy”.[2]
Based on the CAN Subcommittee of the Toronto Consensus Panel on Diabetic Neuropathy,[3]
CAN is defined as the impairment of cardiovascular autonomic control among patients with
established DM following the exclusion of other causes. Cardiac autonomic neuropathy
among T2DM patients, is characterized by lesion of nerve fibers in the sympathetic and
parasympathetic divisions of the autonomic nervous system (ANS), is diagnosed
unsatisfactorily and may be accompanied by severe postural hypotension, decreased tolerance
to the physical loadings, and cause of the cardiac arrhythmias, ischemia of coronary vessels,
“silent” MI, sudden death syndrome.[4,5] CAN, especially at the early stages, can be
subclinical and thus as the disease progresses, it becomes clinically evident.[6,7]
Therefore, the problem of effective treatment of CAN is particularly relevant. Pathogenetic
treatment of CAN includes: balanced diet and physical activity; reducing insulin resistance;
optimization of glycaemic control; treatment of dyslipoproteinaemia; correction of metabolic
abnormalities in myocardium; prevention and treatment of thrombosis; use of aldose
reductase inhibitors; γ-linolenic acid, acetyl-L-carnitine, antioxidants, use of omega-3
polyunsaturated

fatty

acids,

aminoguanidine;

symptomatic

vasodilators,
treatment

of

fat-soluble

vitamin

concomitant

B1

diseases

(benfotiamine),
and

syndromes

(hypertension, CHD, heart failure and arrhythmias) and others.[8-12]
Thus, we aimed to evaluate the effects of benfotiamine (a lipid-soluble thiamine derivative
with higher bioavailability than thiamine) on the heart rate variability (HRV) parameters in
patients with T2DM and definite stage of CAN.
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MATERIALS AND METHODS
To explore the effectiveness of some above mentioned compounds we examined 32 patients
with T2DM and definite stage of CAN, patients were aged between 50-59 years with disease
duration 1-6 years and median glycated hemoglobin A1c (HbA1c) 7.1% ± 0.4%. Clinical
characteristics of studied patients with T2DM and definite stage of CAN are given in Table 1.
Table 1: Baseline characteristics of patients included in this study.
Parameter

Patients with T2DM and definite stage of CAN (n = 32)
Control (n = 15)
Benfotiamine (n = 17)
Group 1
Group 2
55.33±0.95
54.12±0.65

Age (years)
Gender
8/53.3%
10/58.8%
Male (%)
7/46.7%
7/41.2%
Female (%)
3.6 ± 0.42
4.06 ± 0.36
Diabetes duration (years)
2
28.89
±
0.16
26.66
± 0.32
BMI (kg/m )
Medications
12/80%
14/82.4%
ACE inhibitors (%)
3/20%
4/23.5%
β-blockers (%)
11/73.3%
11/64.7%
Metformin (%)
1/6.7%
1/5.9%
Sulfonylurea (%)
3/20%
5/29.4%
Combined hypoglycaemic therapy (%)
12/80%
16/94.12%
Hypertension (%)
T2DM: type 2 diabetes mellitus; CAN: cardiac autonomic neuropathy; BMI: body mass
index; ACE: angiotensin-converting enzyme.
CAN was diagnosed according to previously proposed criteria.[3] The work was done

according to the principles of the Helsinki Declaration II and was approved by the medical
ethics committee of Danylo Halytsky Lviv National Medical University. All participants
signed an informed consent prior to their inclusion in the study.
Patients with T2DM and definite stage of CAN were allocated to two treatment groups: first
group received traditional antihyperglycaemic therapy (n = 15, control group); patients in
group 2 (n = 17) received in addition to standard treatment-benfotiamine (BFT) 300 mg/d.
The duration of the treatment was three months.
The concentration of glucose in the blood was determined by the glucose oxidase method
while HbA1c level was assessed by using a highly sensitive method of ion exchange liquid
chromatography with D-10 analyzer and BIO-RAD reagents (United States).
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Resting 12-lead surface electrocardiography (ECG) with a paper speed of 25 mm/s and a
signal size of 10 mm/mV was recorded in the morning period. We performed resting ECG
analysis included measurement of following parameters: heart rhythm, heart rate, conduction
intervals and Holter-ЕCG [(ЕCG “ЕС-3Н” (“Labtech,” Hungary)] analysis included
measurement of 24 hours ECG, circadian indexes and following HRV parameters:[13]
standard deviation of all NN intervals (SDNN), standard deviation of the means of all NN
intervals for all 5-mins segments of the entire recording (SDANNi), the square root of the
mean of the sum of the squares of differences between adjacent NN intervals (RMSSD), the
square root of the mean of the sum of the squares of differences between adjacent NN
intervals (pNN50,%), the high-frequency component of HRV (HF), the low-frequency
component of HRV (LF), the very low-frequency component of HRV (VLF), ratio of low to
high frequency power components [sympathetic/parasympathetic ratio (LF/HF)].
Statistical analysis
Statistical analysis was based on the variational method using statistical parametric t-test,
nonparametric Wilcoxon t-test and Fisher's Pearson correlation coefficient. Data are
presented as mean ± standard error of the mean (SEM). All tests were performed using the
ANOVA (MicroCal Origin v. 8.0) software. Statistical significance was set at P < 0.05.
RESULTS
We found out that the HbA1c of patients with T2DM and definite stage of CAN was not
statistically significant influenced by the treatment (p > 0.05).
The features of the time-domain HRV parameters in patients with T2DM and definite stage
of CAN after BFT administration are given in Table 2.
Table 2: Changes of the time-domain heart rate variability parameters in patients with
T2DM and CAN after 3-months of benfotiamine therapy (Δ%, Mean ± SEM).
Parameter
SDNN (ms)
SDANNi (ms)
RMSSD (ms)
pNN50 (%)

Patients with T2DM and definite stage of CAN (n = 32)
Groups
Baseline
After treatment
% change from baseline
Control group (n = 15)
94.7 ± 4.84
91.3 ± 3.33
-0.82% ± 2.73%
Benfotiamine (n = 17)
98.8 ± 2.73
103.8 ± 2.7
+5.3% ± 1.64%
Control group (n = 15)
72.3 ± 4.08
74.7 ± 3.33
+4.72% ± 2.67%
Benfotiamine (n = 17)
81.8 ± 3.18
87.4 ± 2.78
+7.7% ± 2.33%
Control group (n = 15)
19.1 ± 1.36
18.7 ± 0.77
+0.96% ± 3.67%
Benfotiamine (n = 17)
21.3 ± 1.42
23.1 ± 1.35
+9.48% ± 2.37%
Control group (n = 15)
3.9 ± 0.42
3.7 ± 0.23
+7.1% ± 9.59%
a
Benfotiamine (n = 17)
4.94 ± 0.55
+45.9% ± 7.91%
7.41 ± 1.06
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The results are presented as absolute values and as % change from baseline, (Δ%,
Mean±SEM); ap < 0.05, compared to baseline. T2DM: type 2 diabetes mellitus; CAN:
cardiac autonomic neuropathy; SDNN: standard deviation of all NN intervals; SDANNi:
standard deviation of the means of all NN intervals for all 5-minute segments of the entire
recording; RMSSD: the square root of the mean of the sum of the squares of differences
between adjacent NN intervals; pNN50 - percentage of differences greater than 50 ms
between adjacent sinus NN intervals.
Obtained results could prove that treatment with BFT among patients with T2DM and
definite stage of CAN led to a significant decrease of the pNN50 and did not affect the
SDNN, SDANNi and RMSSD parameters (Table 2).
Changes of the spectral heart rate variability parameters during the active period in patients
with T2DM and CAN after 3-months of BFT therapy are given in Table 3.
Table 3: Changes of the spectral heart rate variability parameters during the active
period in patients with T2DM and CAN after 3-months of benfotiamine therapy (Δ%,
Mean ± SEM).
Parameter
VLF (ms2)
LF (ms2)
HF (ms2)
LF/HF

Patients with T2DM and definite stage of CAN (n = 32)
Groups
Baseline
After treatment
% change from baseline
Control group (n = 15) 1113.6 ± 98.1
1103.9 ± 72.8
+1.81% ± 2.63%
Benfotiamine (n = 17) 1128.4 ± 80.34
1241.2 ± 75.1
+11,5% ± 1,99%
Control group (n = 15) 390.8 ± 21.98
388.5 ± 14.74
+1.6% ± 3.72%
Benfotiamine (n = 17)
414.8 ± 21.0
474.9 ± 21.9
+16.8% ± 4.98%
Control group(n = 15)
242.1 ± 18.5
244.5 ± 13.6
+4.1% ± 4.15%
Benfotiamine (n = 17) 267.7 ± 17.61
+25.8% ± 5.58%
326.4 ± 16.96a
Control group (n = 15)
1.66 ± 0.06
1.63 ± 0.06
-1.6% ± 3.07%
Benfotiamine (n = 17)
1.58 ± 0.04
1.47 ± 0.05
-6.3% ± 2.9%

The results are presented as absolute values and as % change from baseline, (Δ%, Mean ±
SEM); ap < 0.05, compared to baseline. T2DM: type 2 diabetes mellitus; CAN: cardiac
autonomic neuropathy; VLF: very low frequency power, total spectral power of all NN
intervals between 0.003 and 0.04 Hz; LF: low frequency power, total spectral power of all
NN intervals between 0.04 and 0.15 Hz; HF: high frequency power, total spectral power of
all NN intervals between 0.15 and 0.4 Hz; LF/HF: sympathetic/parasympathetic ratio.
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Obtained results of this study could prove that treatment with BFT is accompanied by
significant increase of HF parameters during the active period compared to patients in control
group (Table 3).
Сhanges of the spectral HRV parameters during the passive period in patients with T2DM
and definite stage of CAN after 3-mo of BFT are given in Table 4.
Table 4: Changes of the spectral heart rate variability parameters during the passive
period in patients with T2DM and CAN after 3-months of benfotiamine therapy (Δ%,
Mean ± SEM).
Parameter
VLF (ms2)
LF (ms2)
HF (ms2)
LF/HF

Patients with T2DM and definite stage of CAN (n = 32)
Groups
Baseline
After treatment % change from baseline
Control group (n = 15) 1441.1 ± 106.7
1439.3 ± 84.7
+1.83% ± 2.47%
Benfotiamine (n = 17) 1440.7 ± 90.9
1572.4 ± 85.1
+10.3% ± 1.98%
Control group (n = 15) 509.1 ± 17.82
502.1 ± 13.0
-0.6% ± 2.55%
Benfotiamine (n = 17)
524.1 ± 21.4
588.5 ± 25.8
+12.7% ± 3.31%
Control group (n = 15)
340.5 ± 25.3
326.7 ± 19.01
-1.9% ± 3.38%
a
Benfotiamine (n = 17) 332.5 ± 18.39
+21.1% ± 4.17%
396.6 ± 19.0
Control group (n = 15)
1.57 ± 0.08
1.59 ± 0.07
+1.6% ± 1.92%
Benfotiamine (n = 17)
1.61 ± 0.05
1.5 ± 0.04
-6.1% ± 2.75%

The results are presented as absolute values and as % change from baseline, (Δ%, Mean ±
SEM); ap < 0.05, compared to baseline. T2DM: type 2 diabetes mellitus; CAN: cardiac
autonomic neuropathy; VLF: very low frequency power, total spectral power of all NN
intervals between 0.003 and 0.04 Hz; LF: low frequency power, total spectral power of all
NN intervals between 0.04 and 0.15 Hz; HF: high frequency power, total spectral power of
all NN intervals between 0.15 and 0.4 Hz; LF/HF: sympathetic/parasympathetic ratio.
It was found out that treatment with BFT is accompanied by significant increase of HF
parameters during the passive period compared to patients in control group (Table 4).
As a result of our studies, it was found out that treatment with BFT contributed to a decrease
in resting tachycardia [110 to 96 beats/min (p  0.05)], improvement of subjective feeling and
increase in tolerance of exercise loading. In addition in the majority of the patients with
diabetic polyneuropathies (DPN) we observed the decrease and/or disappearance of pain,
paresthesia, frequency of muscle cramps, improvement and/or restoration of tactile, vibration
and temperature sensitivity.
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DISCUSSION
Dysautonomia is a broad term that describes any disease or malfunction of the ANS.
Evidence has been produced to indicate that various forms of mild to moderate vitamin
deficiencies result in functional changes in the ANS. It is hypothesized that the predictable
loss of efficiency in oxidative metabolism is the key to understanding the association of
dysautonomia with many different diseases. Mild to moderate hypoxia and/or thiamine
deficiency (TD) both give rise to exaggeration of centrally controlled mechanisms involved
in all survival reflexes, mediated normally through a balanced reaction of the ANS and
endocrine system. Together with dietary excesses, particularly in the universal ingestion of
sugar, appears to be responsible for initiating long term disease related to the synthesis and
use of cellular energy. Failure of ANS cholinergic neurotransmission might follow from TD
and/or other cofactors involved in glucose metabolism, exposing the organism to adrenal
medullary release of epinephrine.[14] Chronic exposure to moderate and severe hypoxia
increases the activity of the sympathetic nervous system and adrenal medulla and TD induces
an early functionally significant central muscarinic cholinergic lesion in rat studies.[15,16]
Diabetes might be considered as TD state, if not in absolute terms at least relative to the
increased requirements deriving from accelerated and amplified glucose metabolism in noninsulin dependent tissues that, like the vessel wall, are prone to complications.[17,18] The
conventional indicator of thiamine sufficiency, erythrocyte transketolase (TKT) activity, is
masked in clinical diabetes by increased protein levels of thiamine transporter-1 and thiamin
transporter-2. The deficiency of thiamine in clinical diabetes may increase the fragility of
vascular cells to the adverse effects of hyperglycaemia and there by the increase of the risk of
developing microvascular complications. A suppression of TKT activity, and subsequent
down-regulation of the hexose monophosphate (HMP) shunt, resulting in accumulation of
glyceraldehyde 3-phosphate (GA3P), fructose 6-phosphate (F6-P), and dihydroxyacetone
phosphate (DHAP) may be at least one mechanism in the development of diabetes-induced
vascular damage and other comorbidities.[19-22]
Restoring TKT activity via BFT or thiamin supplementation can increase the flux of glucose
into HMP shunt, and also increase flux of GA3P, F6P, and DHAP into HMP shunt and away
from hyperglycaemia-induced pathways that lead to vascular damage.[19,20] It is hypothesized
that genetic variability in TKT might contribute to susceptibility to early DPN.[23,24] TKT is
indeed pertinent to the pathogenesis of diabetic microangiopathic complications. When
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activated in the cell by thiamine, TKT determines the diversion of F6-P and GA3P to the
pentose-phosphates pathway (PPP), in this way it exercises a protective effect against three
pathogenetic mechanisms of microvascular complications,

i.e. the glucose-driven

hexosamine, protein kinase C (PKC), and advanced glycation end products (AGE’s)
pathways.[25,23,24] The connection between genetic variability of TKT and nerve function
measures in newly diagnosed diabetic patients were demonstrated, which can favour the
identification of patients with a deficiency in TKT defensive mechanisms (and as such
suitable candidates for therapeutic intervention).[23,24]
Thiamine and its derivatives have been demonstrated to prevent the activation of the
biochemical pathways (increased flux through the polyol pathway, formation of AGE’s,
activation of PKC, and increased flux through the hexosamine biosynthesis pathway induced
by hyperglycaemia in DM). Thiamine definitively plays a role in the diabetic endothelial
vascular diseases (micro and macroangiopathy), lipid profile, retinopathy, nephropathy,
cardiomyopathy, and neuropathy.[26,27] Thiamine acts as a coenzyme for TKT and for the
pyruvate dehydrogenase and α-ketoglutarate dehydrogenase complexes, enzymes which play
a fundamental role intracellular glucose metabolism. TKT and glucose-6-phosphate
dehydrogenase, the rate-limiting enzymes of the PPP, are inhibited in the diabetic heart under
basal conditions.[28]
Inhibition of AGE’s proved to be more effective with thiamine pyrophosphate and
pirydoxamin than aminoguanidine. The lipid-soluble derivate BFT is characterised by five
times higher bioavailability compared to the water-soluble compound and was shown to be
effective in the treatment of DPN.[29] Experiences from cardiology indicate that long-term
increases in HRV and reduction in sudden cardiac death have only been shown with
lipophilic agents that readily penetrate the blood nerve/blood brain barrier. In accordance
with these observations experimental data indicate a preventive effect of BFT on the
development of CAN.[30] High-dose therapy of thiamine and BFT suppressed AGE’s
accumulation in the peripheral nerve and reversed diabetic neuropathy potentially by
reducing the levels of triose phosphates via activation of TKT.[31,29,18] Activation of AGE
receptors in DM, found on glomerular endothelial cells, cardiomyocytes, pericytes, and
podocytes, stimulates postreceptor signaling, intracellular reactive oxygen species formation,
and altered gene expression, leading to vascular damage.[19,32,33]
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The explanations about positive thiamine effects were confined to hydrophobic thiamine
metabolites that fulfill an important function under oxidative stress (OS) and nitrosyl stress.
Thiamine protects nervous tissue probably by inhibiting nitric oxide (NO)-dependent tyrosine
nitration and subsequent formation of dityrosine and interprotein tyrosine-tyrosine
crosslink.[18] Cardiac OS is involved in heart failure that is induced by thiamine deprivation in
rats. These findings suggest that thiamine modulates OS.[27] Nitric oxide synthase (NOS) is
an enzyme that is involved in the synthesis of NO, which regulates a variety of important
physiological responses, including cell migration, the immune response, and apoptosis.
Endothelial NOS (eNOS) and NO may play an important role in attenuating cardiac
remodeling and apoptosis. Benfotiamine reduces OS and activates eNOS to enhance the
generation and bioavailability of NO, and it subsequently improves the integrity of vascular
endothelium to prevent sodium arsenite-induced experimental vascular endothelial
dysfunction.[34,27]
The identification of the association of polymorphisms related to the genes of thiamine and
TKT with DPN might be a first step in defining a DPN genetic risk profile with potential
therapeutic repercussions. There is moderate evidence from preclinical experimental models
that high-dose thiamine and BFT (1) inhibit the HMP, AGE's formation, and diacylglycerolPKC through the TKT activation; (2) target at various surrogate markers of hyperglycaemiainduced pathological processes and (3) can delay the progression of microangiopathic
complications.[35,24]
Benfotiamine treatment counters diabetes-induced cardiac mechanical dysfunction at the
cellular level, associated with reduction in OS but not AGE’s formation or cardiac protein
carbonyl formation. This apparent discrepancy in BFT-elicited action on AGE’s formation
and OS (the oxidized/reduced glutathione ratio) seems to indicate that other mechanism(s)
may predominantly contribute to diabetes-induced OS and cardiac contractile dysfunction in
current experimental setting. Possible candidates may include alteration in glucose
metabolism and PKC activation), although further study is warranted to verify involvement
of

these

signaling

pathways

and

beneficial

effects

of

BFT

against

diabetic

complications.[36,37,32]
CONCLUSION
In conclusion, the positive influences of BFT on increase of pNN50; HF parameters during
the active and passive periods of the day by us are partly confirmed by its neurotropic,
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cardioprotective and angioprotective properties; suggests the feasibility of its usage in the
complex treatment of patients with T2DM and definite stage of CAN.
The mechanism of BFT influence on diabetic CAN pathogenesis is not well-known. Thus,
further investigations aimed to understand the mechanism of action and confirmation of the
beneficial effect of BFT on biochemical parameters, dynamics of independent cardiovascular
tests, daily monitoring of electrocardiography, arterial wall stiffness parameters among
patients with T2DM and definite stage of CAN and its associated comorbidities may be
needed to validate this clinical findings.
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