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Abstract

Data are presented on the effectiveness of treating patients with chronic heart failure (CHF) with
vitamins Bi, Bz and magnesium (Mg) added to the standard complex therapy. The group of patients with
cardiovascular diseases (CVDs) consisted of 143 patients with CHF I-III functional class according to
NYHA (New York Heart Association Functional Classification), as a complication of coronary heart
disease (CHD). To determine the preferred doses of vitamins B1 and Bz, we studied the dynamics of the
concentration of thiamine (B1) and riboflavin (Bz) in blood plasma and their daily excretion with a single
intake of vitamins by healthy volunteers at doses of 10, 20 and 30 mg. To determine the preferred
magnesium-containing drug, Mg concentration dynamics in the blood plasma of healthy volunteers were
studied when taken orally in an equal dose in the form of Mg oxide and in the form of Mg orotate. The
study involved 80 healthy volunteers. In order to improve the quality of life for patients with CHF and
increase tolerance to physical exertion, it is advisable to add Mg in combination with vitamin B: and B:
in the standard complex therapy. When Mg salts are added to the standard complex treatment of CHF, it
is preferable to use Mg orotate. When using vitamin B1 (thiamine), it is not advised to increase the daily
dose of more than 10 mg/day, since this leads to a progressive increase in the excretion of this vitamin B:
and vitamin Bs.
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Introduction

Prevention and treatment of diseases of the
cardiovascular system stays an essential
problem to date. Classically, the end of
almost all diseases of the cardiovascular
system or its damage in other pathological
processes in the body is chronic heart failure
(CHF) [1]. CHF is a syndrome that develops
as a result of impaired ability of the heart to
fill and/or empty, occurring under conditions
of imbalance of the vasoconstrictor and
vasodilating neurohormonal systems and
manifested by a complex of symptoms:
shortness of breath, weakness, palpitations,
increased fatigue and fluid retention in the
body (edematous syndrome).

The prevalence of CHF in Europe varies from
1 to 2% in the general population, reaching
10% in people over 70 years of age [2].
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According to the EPOCHA study, in the
Russian Federation heart failure is diagnosed
in 7-10% of cases, while its prevalence
significantly depends on the diagnosis
criteria adopted for patient selection [3, 7].
Observation of a representative sample of the
European part of the Russian Federation
(EPOCHA-CHF) revealed a significant
increase in the number of CHF patients over
the past 16 years from 4.9 to 85%. The
absolute number of patients suffering from
CHF increased more than 2 times from 1998
(from 7.18 to 12.35 million people), and
patients with severe HF from 1.8 to 3.1%
(from 1.76 to 4.5 million people) [8].

The latest data, based on the information
about hospitalized patients, indicate that HF
frequency in European countries decreases,
and more so when HF with a low ejection
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fraction than with HF with a preserved
ejection fraction [9, 10]. According to modern
data, an increase in CHF incidence in Russia
is closely associated with age: for example,
more than 65% of Russian patients with CHF
are aged 60+. At the same time, over the past
18 years, CHF patients have become
significantly older; their average age has
increased on average from 64+11.9 years to
72.8+11.9 years.

Against the background of a registered
increase in the age of patients with CHF, the
gender composition did not change; the
proportion of women in the total cohort was
72%, men - 28% [11, 8].The prevalence of risk
factors for CVDs in patients with CHF
(average 4.7 per patient) [11], including
insufficient control of blood pressure [12, 13]
and heart rate [14, 15], causes an early
development and progression of CHF [8].

The main reasons for the development of
CHF in the Russian Federation, as well as in
Europe and the USA, are hypertension
(95.5%) and THD (69.7%) [8] As well as their
combination, which occurs in more than half
of CHF cases [16].The contribution of these
nosologies to the etiological structure of CHF
progressively increases over time. Over the
past 10 years, myocardial infarction (19.7%)
and the presence of diabetes mellitus (22.7%)
have become “competing” reasons of CHF;
there is a tendency to an increase in the
number of CHF cases with atherosclerotic
lesions of the aortic valve.

As the HF etiology, diagnosis of myocarditis
(3.6%) and dilated cardiomyopathy (0.8%) is
significantly underestimated in the general
population of patients with CHF and is veiled
by IHD: however, the frequency of dilated
cardiomyopathy as the cause of the disease in
patients with CHF III — IV FC reaches 5% of
cases, according to a Euro Heart Survey
study (Russian sample), and 5.4% according
to the results of the EPOCH-CHF study [17].

Diseases such as chronic obstructive
pulmonary disease (13%), atrial fibrillation
(12.8%) and acute cerebral circulation
(10.3%) remain important causes of CHF.
Moreover, the combination of the permanent
form of atrial fibrillation and arterial
hypertension has recently become
increasingly important in CHF development
[18, 19]. Thus, the wide prevalence of risk
factors, the increase in the number of
etiological causes of CHF at the current stage
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form the development of a treatment strategy
for comorbidity in CHF as a priority task [20,
21]. Neurohumoral disorders of metabolic
processes, closely related to vitamins
imbalance, which are part of coenzymes and
take part in various vital processes and play
a leading role in the etiology and
pathogenesis of CVDs and, in particular,
CHD. Vitamins are known to be a substrate
of oxidation associated with the generation of
ATP, energy accumulators, membrane
stabilizers, and actively participate in the
transport of ions [22].

Thiamine (B1) as coenzyme pyruvate
dehydrogenase participates in the glucose
oxidative metabolism and the intracellular
ATP synthesis [23]. Thiamine deficiency
manifests itself as a dry or wet form of
beriberi syndrome [24, 25]. In cardiac
patients thiamine deficiency can significantly
worsen the symptoms of pre-existing HF.

According to different authors, the
prevalence of thiamine deficiency in HF
varies in a wide range (from 3 to 91%), which
is due to the difference in the patients
examined and methods for determining
thiamine [26]. So, a prospective single-
centered study of 150 patients by Hanninen
et al found that 33% of patients with CHF
had thiamine deficiency compared with 12%
in the control group. Therefore even a small
thiamine dosage (1.5 mg/day) in patients
with thiamine deficiency was effective for its
correction [27].

Currently, there are only two small
randomized, placebo-controlled studies that
found that the use of thiamine in patients
with CHF statistically significantly increased
the left ventricle ejection fraction (LVEF),
increased diuresis, natriuresis and quality of
life [28, 29].A single randomized study of 49
patients with acute HF showed that
intravenous administration of 100 mg of
thiamine did not lead to a decrease in
dyspnea (after 4 h). Hospitalization rate
reduction and its duration has not been
established [30].

Of particular interest are two systematic
reviews that confirm the positive thiamine
effect in patients with congestive heart
failure on the contractility of the left
ventricle (LV) [31, 32]. Therefore, to date
there are no multicenter, placebo-controlled
randomized studies that can prove the
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prognostic role of correcting thiamine

deficiency in HF.

However, the above data suggests that the
use of thiamine increases LVEF in CHF.
Speaking about the role of vitamin Bi in
carbohydrate metabolism and energy supply
to the myocardium, this thiamine function is
carried out in close synergy with vitamin B:
(riboflavin) and lipoic acid.

All  three micronutrients are equally
necessary for the oxidative decarboxylation
reactions of pyruvic acid, the key element in
the aerobic oxidation of glucose. In addition,
lipoic acid and vitamin Bz have pronounced
antioxidant properties and protect the
myocardium and vascular endothelium from
oxidative damage. Serum Mg in serum <2
meq/l increases the risk of death in patients
with CHF [33]. Hypomagnesemia can cause
myocardial fibrosis and increases platelet
aggregation, which affects cardiovascular
mortality. Low levels of Mg in serum may be
a marker of HF progression. The effect on Mg
levels is exerted by drugs taken by patients
with HF, in particular diuretics.

Patients with CHF it may be advisable to
study the Mg blood level, and in case of its
deficiency - take oral medications containing
Mg. Thus, vitamin preparations and these
containing macro- and microelements
constitute an  important  group of
pharmacological substances used to treat and
prevent CVDs. However, the data on their
use effectiveness, found in the literature, are
contradictory. Currently, there are no
evidence-based recommendations on the
choice of the optimal complex and the dosing
regimen for CHF.

There is insufficient data on pharmacokinetic
studies determining the absorption of various
Mg salts, and the effect of taking loading
doses of B group vitamins on their plasma
levels and excretion is poorly studied. There
is little objective data on the use of Mg salts
and vitamins of group B for CHF therapy.

Materials and Methods

To determine the preferred doses of vitamins
B: and B2 we studied the concentration
dynamics of thiamine (B1) and riboflavin (Bs)
in blood plasma and their daily excretion
during a single dose of vitamins by healthy
volunteers at doses of 10, 20 and 30 mg. To
determine the preferred Mg-containing drug,
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the dynamics of Mg concentration in the
blood plasma of healthy volunteers were
studied when taken orally in an equal dose in
the form of Mg oxide and in the form of Mg
orotate. The study involved 80 healthy
volunteers, 40 men and 40 women, when they
were included in the study. Following criteria
were met (age range 18-45, average age
35.3+5.8), no chronic diseases, no deviations
in the total and biochemical, blood and urine
analysis, no traumatic brain injuries in
anamnesis. The exclusion criteria were a
body mass index >25 kg/m? and <19 kg/m?2,
chronic CVDs, as well as diseases of the
respiratory and digestive systems, history of
abdominal cavity operations, clinically
significant abnormalities in general and
biochemical blood and urine analysis.

During the month preceding the tests, the
volunteers did not take vitamin and Mg
drugs. All healthy volunteers included in the
study signed a voluntary informed consent to
participate in it. The plasma thiamine (Bi)
and riboflavin (Bz2) concentration was studied
with drug administration form of mono-
preparations in doses of 10, 20 and 30 mg (60
volunteers in total, 10 people for each
vitamin and each dose).

Blood samples were taken immediately
before taking a single vitamin preparation
(about 8 am) and 2, 4, 6, 24 hours after that.
In order to study the excretion of vitamins in
these same patients, a urine study was
conducted before taking the vitamin
preparation and 5 times thereafter for the
next 24 hours at time intervals of 8-12 hours,
12-16 hours, 16-20 hours, 20-24 hours and 24
8 h. Determination of the content of thiamine
and riboflavin in biological fluids (urine,
blood plasma) was carried out using high
performance Liquid chromatography,
described by Lopes-Anaya and Mayersohn,
Shimadzu instrument (LC-6A, detector SPD-
6A); diasorb column - 130-C16T (4 x 250 mm,
7 nm), dispenser loop volume 100 pl.

In 20 people, the dynamics of the content of
Mg ions in the blood plasma was studied
when taking Mg oxide and Mg orotate in
doses of 500 mg (10 people for each drug).
Blood sampling was carried out from the
cubital vein in the amount of 5 ml
immediately before taking the drug and after
0.5, 1, 1.5, 2, 3, 4, 6, 8 10, 12 and 24 hours
after that. Determination of Mg in serum was
carried out by  atomic absorption
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spectrophotometry using Analytik Jena AG
apparatus - novAA® 350. A group of patients
with diseases of the cardiovascular system
who studied the clinical efficacy of combining
standard complex therapy with vitamins Bi,
B2 and Mg orotate, amounted to 143 patients
with CHF I-III functional class after NYHA
(New York Heart Association Functional
Classification) complicating the course of
coronary heart disease (CHD). The diagnosis
of heart failure was established on the basis

of the recommendations of the KEuropean
Society of Cardiology (Cleland JGF, Erdman
E, Ferrari R et al, 1995). A prerequisite was
the stability of the state for at least 44 weeks
before being included in the study (Table 1).
The study included 62 men and 81 women;
whose average age was 54.6+6.3 years, body
weight 62-88 kg, average duration of the
disease at the time of inclusion in the study
was 11.2+5.1 years.

Table 1: Clinical characteristics of patients included in the study

Mean age 54.6+6.3 years
Mean CHF duration 11.245.1 years
FC CHF
I 9 (6.3%)
11 57 (39.9%)
11T 77 (53.8%)
LV EF 29+12
> 40 42 (29.4%)
20-40 91 (63.6%)
<20 10 (7.0%)

Patients are randomly divided into four
subgroups. The control (I) group included
patients who received only standard complex
CHF therapy, which included ACE inhibitors
(angiotensin converting enzyme inhibitors),
ARA II (angiotensin II receptor antagonists),
diuretics, aldosterone antagonists, and
adrenoblockers, heart glycosides, and
necessary, nitrates. In the second group,
along with the standard therapy, Mg orotate
was administered.

The latter was used for 10 days at a daily
dose of 3000 mg, and then the dose was
reduced to 1500 mg per day and taken
throughout the remaining observation period.
In the third group of patients, along with
standard therapy, mono-preparations were
administered: vitamin Bi in a dose of 10 mg
and B2 in the same dose. A fourth group of
patients received along with standard
therapy Mg orotate in the same way, mono-
preparations of vitamins B: and Bz at doses of
10 mg Duration monitor patients in all
comparison groups was 12 weeks.

Dynamic and clinical observations based on
regular visits by patients, when tolerance to
physical exertion according to a 6-minute
walk test, quality of life was studied
(Minnesota questionnaire) were evaluated.
For a comparative analysis of the main
clinical manifestations of CHF, rating scale of
clinical state for CHF (RSCS) was used.
Echocardiographic studies were performed on
a LOG1Q-400 MD apparatus (General
Electric) using the standard procedure. The
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following indicators were determined: the LV
end diastolic volume (EDV), the end LV
systolic volume (ESV), the systolic volume
(SV) and the ejection fraction (EF) were
calculated. The main hemodynamic
parameters were studied using transthoracic
echocardiography (EchoCG) according to a
standard protocol. Statistical processing of
the results was carried out using
STATISTICA 6.0. Other methods used:
calculating averages, standard deviations,
linear regression and correlation analysis,
delta%, deviations from the mean values.

Results and Discussion

Thiamine (B:) and riboflavin  (Bg)
concentration dynamics in plasma and their
daily excretion after a single intake of
vitamins by healthy volunteer’s .Magnesium
concentration dynamics (A %) in blood
plasma of volunteers during the study is
shown in Figure 1. The concentration of
plasma Mg before it was taken by volunteers
as part of an Mg-containing drug was
18.73+2.8 pg/ml and 19.33+£2.7 pg/ml in the
groups treated with Mg oxide and Mg
orotate, respectively.

30 minutes after the start of the study,
volunteers taking Mg orotate showed a
statistically significant increase in
concentration (p <0.001) to 21.19+1.6 pg/ml
(9.6 A%); in the use group of Mg oxide, the
concentrations of cations Mg in plasma
increased less, to 19.29+1.5 ug/ml (4.6 A%)
After 1 hour from the start of the study, Mg
concentration in blood plasma in volunteers
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of both groups reached even higher values
and was 19.96+1.7 pg/ml (6.6 A%) while
taking Mg oxide and 21.49+1.4 ug/ml (11.2
A%, p <0.05) - Mg orotate. The maximum
increase in the Mg concentration in the blood
plasma of volunteers using Mg orotate is
21.6941.9 pg/ml (12.2 A%), noted 1.5 hours
after it was taken, and statistically
significantly higher (p <0.05) maximum Mg
concentration in the volunteers blood plasma
using Mg oxide, 20.04+2.1 pg/ml (7.0 A%)
registered 10 hours after the start of the
study. Mg concentration in the blood plasma
of volunteers while taking Mg orotate
remained high during the whole study time,

@ Magnes

ium oxide

gradually decreasing after 10 hours of testing
to a value (24h point) to 19.83+1.3 pg/ml (2.6
A %). Thus, when taking Mg in the form of
orotate, statistically insignificant, but higher
Mg concentrations in comparison with those
(at the same time points) when taking Mg
oxide are created at all points of the
pharmacokinetic curve, except for the 24
hour point from the start of the study, for
which Mg plasma concentration when using
Mg oxide is slightly higher than that when
taking Mg orotate. When Mg salts are added
to the standard complex treatment of
patients with CHF, it is preferable to
administer Mg orotate.

10 3
U9

6h 8h 10h. 12h.  24h

@ Magnesium orotat

Figure 1: Mg concentration dynamics (A %) in blood plasma of volunteers taking Mg oxide and Mg orotat

Prior to the healthy volunteers taking mono-
preparations of thiamine and riboflavin at
doses of 10, 20 and 30 mg, once-initial
plasma levels of thiamine were 3.2+0.5 ng/ml,
2.9+0.6 ng/ml and 2.7+0.55 ng/ml, riboflavin -
13.11+2.52 ng/ml, 12.27+1.65 ng/ml and
12.54+1.52 ng/ml for the indicated doses,
respectively. C-max was determined in all
cases 2 hours after the start of the study
(Table 2).When taking 10 mg of thiamine C-
max was 5.45+1.1 ng/ml (70.43 A%; p <0.05),
20 mg- 6.11+0.8 ng/ml (110.52 A%, p <0.005),
30 mg -8.13+1.0 ng/ml (201.21 A%, p <0.05).

With further research, there was a decrease
in the concentration of vitamin B: and the
final stage (after 24 hours) when taking
thiamine in a dose of 10 mg, the value of its
concentration was 3.95+0.5 (p <0.005), which
1s more than 20% (23.33 A %) above the
baseline. When taking 10 mg of riboflavin C-
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max in plasma was 25.36+3.7 ng/ml (A%
93.56 p <0 05), 20 mg - 23.94+2.2 ng/ml (A%
95.14, p <0 05), 30 mg - 39.67+3.4 ng/ml (A%
216.35, p <0 05).Subsequently, when
receiving 10 and 20 mg of riboflavin, its
plasma concentration in healthy volunteers
decreased, and by the end of the study, in the
second case, it was 19.45+2.5 ng/ml, which is
more than 50% (A% 58.53) differed in the
direction of increase from the initial value.
When receiving 30 mg riboflavin, riboflavin
concentration in the blood plasma of healthy
volunteers changed in waves, remaining at a
high enough level up to 6 hours from the
start of the study, and reached the lowest
value (22.94+1.8 ng/ml, A% 82.92) its
completion (24 hours).

Thus, an increase in the dose of taken
vitamin B: (thiamine) correlates with the
value of its maximum plasma concentration
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.The correlation coefficient was 0.96. When
receiving Bz (riboflavin) at a dose of 10 and
20 mg, no statistically significant difference
in the value of the maximum concentration of
riboflavin in the blood plasma was detected.

When receiving riboflavin at a dose of 30 mg,
the magnitude of the C-max value is
statistically significantly higher than this
value when taken at doses of 10 and 20 mg.

Table 2: Plasma concentration of thiamine and riboflavin (ng/ml) when taken

Dose Baseline values of concentration C-max after 2 hours from the start of the study
B: Be B1 (A %) Bz (A%)

10 mg 3, 2+0.5 13.11+2.52 5.45+1.1 (70.43)* 25.36+3.7 (93.56)*

20 mg 2.9+0.6 12.27+1.65 6.11+0.8 (110.52)** 23.94+2.2 (95.14)*

30 mg 2.7+0.55 12.54+1.52 8.13+1.0 (201.21)* 39.67+3.4 (216.35)*

* .p <0.05, ** - p <0.01

Indicators of urinary excretion of thiamine
and riboflavin when taking loading doses
vitamin B: are presented in Table 3. In the
group of volunteers who took a single dose of
thiamine in the form of a mono-preparation,
its average daily urine excretion before
taking vitamin (baseline) was 17.25+3.7 ug/h.
The average daily excretion of thiamine at a
dose of 10 mg was 33.41+7.2 ng/h; the
maximum excretion occurred at the 2nd time
period (12-16 h) after taking thiamine and
was 53.87+5.6 ng/h (A% 212.3 with respect to
the initial value).

The average daily excretion of thiamine at a
dose of 20 mg was 41.32+9.1 ng/h, the
maximum excretion occurred in the 1st time
period (8-12 h) and amounted to 82.01+7.3
pg/h, (A% 375.4), in the later time intervals,
the excretion gradually decreased and by the
end of the study (8-24 h) it was 26.53+4.3
png/h (A% 53.8). The average daily excretion of
thiamine when it was taken in a dose of 30
mg was 68.74+9.4 pnug/h, the maximum
excretion value also falls on the 1st time
period (8-12 h) and is 106.57+13.4 ug/h (p
<0.005, A% 517.8). In the course of further
research, the value of thiamine excretion was
systematically reduced, reaching minimum
values by the end of the study. In the same
group, the average daily urine excretion of
riboflavin  before taking thiamine was

16.22+2.88. The average daily excretion of
riboflavin when taking thiamine at a dose of
10 mg was 19.97+3.6 pg/h. The period of
maximum excretion fell on the second time
period (12-16 h) and amounted to 29.46+5.5
pg/h (A% 81.6). The average daily excretion of
riboflavin when taking thiamine at a dose of
20 mg was 23.14£5.7 pg/h, the maximum
excretion was also noted in the second time
interval (12—-16 h) and amounted to 37.52+7.1
ug/h (p <0 005, A% 131.3). The average daily
excretion of riboflavin when taking thiamine
at a dose of 30 mg was 28.72+7.1 pg/h, the
maximum excretion was observed in the first
time period (8-12 h) and amounted to
44.13+7.4 pg/h (A% 172, one).

Thus, an increase in the dose of thiamine
leads to a statistically significant increase in
its average daily excretion. At the same time,
there is a direct correlation between the dose
of taken thiamine and its average daily
excretion with urine (r = 0 93). Acceptance of
a loading dose of thiamine leads to an
increase in riboflavin excretion in the urine
during the day, without confirmed statistical
certainty. Therefore, the lowest average daily
excretion was observed when taking 10 mg of
thiamine, and the C-max value is comparable
to C-max when receiving 20 mg of thiamine.
This circumstance makes the use of thiamine
at a dose of 10 mg predominant.

Table 3: Urinary excretion of thiamine and riboflavin (ug/h) when taking loading doses of vitamin B

Dose B: average daily B:average daily B:imaximum excretion B: maximum
excretion excretion excretion
10 mg 33.41+7.2 19.97+3.6 53.87+5.6 29.46+5.5
20 mg 41.3249.1 23.14+5.7 82.01+7, 3 37.52+7.1
30 mg 68.74+9.4 28.72+7.1 106.57+13.4 44.13+£7.4
Initial value 17.25+3.7 16.22 2,88+t 21,241 +19,122,7

Indicators of urine excretion of riboflavin and
thiamine when receiving loading doses of
vitamin B2 are shown in Table 4. The group
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of volunteers taking single dose of riboflavin
as monotherapy average excretion in the
urine before receiving vitamin (baseline
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value) amounted to 15.85+3.5 mg/h. The
average daily excretion of riboflavin when
taken in a dose of 10 mg was 58.54+7.7 ug/h,
the maximum excretion occurred in the 2nd
time period (12-16 h) and amounted to
182.98+22.3 ng/h (A% 1054.45, p <0.05). The
average daily excretion of riboflavin when it
was taken in a dose of 20 mg was 38.84+7.2
pg/h, the maximum excretion occurred in the
1st time period (8-12 h) and amounted to
154.61+14.3 pg/h (A% 875.5).

The average daily excretion of riboflavin
when it is taken in a dose of 30 mg was
76.87+11.56 pg/h, the maximum excretion in
the 1st time period (8-12 h) was 246.72+23.8
pug/h (A % 1456.6).In the same group, the
average daily excretion of thiamine in the
urine before taking riboflavin was 18.12+2.4
pug/h (baseline). The average daily excretion
of thiamine with 10 mg riboflavin was
25.26+1.6 pg/h (p <0.05), the maximum
excretion during the second time period (12-

16 h) was 39.21+3.4 pg/h (A% 116.4). The
average daily excretion of thiamine when
taking riboflavin at a dose of 20 mg was
31.51+3.1 pg/h, the maximum excretion in
the 4th time interval (20-24h) - 40.64+4.4
pg/h (A% 124 3). The average daily excretion
of thiamine when taking 30 mg of riboflavin
was 34.95+2.7 pg/h, the maximum excretion
in the 4th time interval (20-24 h) - 44.63+5.4
ug/h (A% 146.3).

Thus, excretion of riboflavin also depends on
the loading dose of vitamin B2 (riboflavin),

but this relationship is not directly
proportional. When taking 10 mg of
riboflavin, excretion values are recorded

higher than when taking 20 mg, but lower
than those with receiving 30 mg riboflavin.
Taking loading doses of riboflavin markedly
increases the excretion of thiamine in
comparison with the values obtained prior to
the study.

Table 4: Urinary excretion of riboflavin and thiamine (ug/h) while taking loading doses of vitamin Bz

Dose B: average daily Biaverage daily excretion B2 maximum excretion Bimaximum
excretion excretion
10 mg 58.54+7.7 25.26+1.6 182.98+22.3 39.21+3.4
20 mg 38.84+7.2 31.51+3.1 154.61+14.3 40.64+4.4
30 mg 76.87+11.56 34.95+2.7 246.72+23.8 44.63+5.4
Initial value 15.85+3.5 18.12+2.4 17.67+£2, 8 20.43+2.5

CHF treatment evaluation with vitamins B,
B2 and Mg added to the standard complex
therapy. 4 groups were formed among CHF
patients for extended outpatient observation:
1 (control) - standard complex CHF therapy
only, 2 + standard Mg orotate therapy, 3 -
standard treatment + mono-preparations
vitamins B; and B24 - standard treatment +
Mg orotate + mono-preparations of vitamins
B: and B2. CHF average functional class in
the studied (2-4) and control (1) groups
initially was 2.7+0.12, 2.6+0.18, 2.7+0.14, and
2.6+0, respectively. 17 - That is, patients with
a severe degree (FC III) CHF prevailed. In
the course of treatment, there was a decrease
in the functional class of CHF in all groups of
patients, as a result of which the number of
patients with primary (FC I) and moderate
degree of CHF (FC II) in all groups increased
significantly.

But in the control (1%) group, the decrease in
the functional class of CHF in patients occurs
much more slowly and to a lesser extent than
in other comparison groups (2-4), where
standard therapy was accompanied by the
use of Mg and B group vitamins (B1, B2) or a
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combination of the preparation of Mg with
vitamins of group Bi, B..

The earliest and most pronounced FC
decrease is observed in the 4t group (Mg
orotate + Bi+ B:2). Already from the second
week of therapy in this group there is a
noticeable decrease CHF FC (from 2.7+0.14
to 2.3+0.11, A% 14.82). After treatment
(Table 5), average CHF FC significantly (p
<0.01) decreased in all the studied groups in
the first to 1.8+0.12 (A% -30.8%), p <0.001), in
20d. to the 1st group - up to 1.5+0.18 (A% -
44.4%, p <0.01), in the 34 - up to 1.4+0.19
(A% -46.2%, p <0.001) and in the 4th - up to
1.3+0.22 (A% -51.9%).

The most pronounced changes occurred in the
group where, along with the standard
therapy, the Mg preparation was used in
combination with the B group vitamins.
During the study, RSCS dynamics were
studied in various treatment options (Table
5), reflecting the clinical condition of the
patients. As can be seen from the table, the
average number of points at the beginning of
the study was in group 1, 2, 3 and 4 were
6.37+3.3, 5.87+3.3, 6.27+3.4 and 7.83+2, 0,
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respectively, which indicated the prevalence
of patients with CHF FC III in each of the
study groups.

During the course of treatment of CHF, the
average number of points on the RSCS scale
significantly decreased (p <0.001), and the
difference in points after 6 weeks of therapy,
compared with baseline figures expressed as
a percentage of the initial state (A%), was 1,
2, 3 and 4 groups, respectively, - 5.76%, -
11.93%, 14.79%, - 26.16% (p <0.001). The
most pronounced positive dynamics was
observed in the 4t group, while over the
same period of time (6 weeks), the
improvement in the condition of the patients
in the 24 and 34 group was comparable, and
did not have a significant difference (p>
0.05).

After 12 weeks of therapy, the results for the
research groups (scores for RSCS) 1-4 were -
18.94%, -50.10%, -53.68%, 54.63% (p <0.05),

respectively .The dynamics of clinical
indicators in the treatment of patients in
group 4 (against the background of the use of
Mg in combination with vitamins B: and B:),
after 12 weeks of therapy, differed
significantly from the data obtained for
groups 1, 2 and 3. In group 4, an earlier and
pronounced positive trend (p <0.05) of the
patients' condition was observed practically
from the second week of therapy.

The latter circumstance indicated a decrease
in the severity of symptoms  of
decompensation in patients in group 4. First
of all, this 1s due to the Mg positive effect,
which is entering into reversible chelate-like
bonds with organic substances, providing
catalysis of biochemical reactions and
combining this effect with the positive effect
of vitamins (B:1 and Bg) taken on the heart
muscle due to changes in glycolytic processes
in the myocardium.

Table 5: Dynamic state compared groups of patients to change FC (NYHA) scale and RSCS for CHF patients with

different therapy

Groups/ CHF FC RSCS score A% (RSCS points)
timing (average)
Group 1 (control) Initial 2 6+0.17 6.37+3.31
2 weeks 2.56+0.2 6,26 + 3,4 -1,83
4 weeks 2.3+0.1 6.24+3.2 -2,13
6 weeks 2.2+1.4 6.01£3.1 -5.76
8 weeks 2.1+1.2 5.65+£2.7 -11.35
10 weeks 1.9+1.0 5,29+£3.0 -16.98
12 weeks 1.8+0.12 5.17+2.9 -18.94
Group 2 Initial 2.7+0.12 5.87+3.3
(Mg orotat) 2 weeks 2.6+0.9 5.70+3.0 -2.84
4 weeks 2.4+0.7 5.60+1.9 -4.63
6 weeks 2.1+0.6 5.17+2.4 -11.93
8 weeks 1.9+0.8 4.88+1.7 -16.76
10 weeks 1.7+0.9 4.28+1.2 - 27.08
12 weeks 1.5+0.18 4.08+1.8 -50.10
3 group Initial 2.6+£0.18 6.27+3.4
(B1and By) 2 weeks 2.4+0.7 5.97+2.3 -4.79
4 weeks 2.3+£1.0 5.82+2.0 -7.09
6 weeks 2.1£1.6 5.33+1, 9 -14. 99
8 weeks 1.8+0.6 5.11+2, 3 -18.44
10 weeks 1.6+0.9 4.21+1.8 -32.83
12 weeks 1.4+0, 19 2.90+1.9 -53.68
4 group Initial 2.7+0.14 7.83+2.0
(Mg orotate + By and 2 weeks 2.3+0.11 6 67+1.8 -14.80
By) 4 weeks 2.1+1.6 6.28+1.8 -19.77
6 weeks 1.9+0.6 5.78+1.7 -26.16
8 weeks 1.7+0.9 5.46+1.9 -30.17
10 weeks 1.4+0.9 4.94+2.0 -36.81
12 weeks 1.3+0.22 3.55+1.5 -54.63
Groups / CHF FC RSCS score A% (RSCS points)
timing (average)
Group 1 (control) Initial 2 6+0.17 6.37+3.31
2 weeks 2.56+0.2 6,26 + 3,4 -1,83
4 weeks 2.3+0.1 6.24+3.2 -2,13
6 weeks 2.2+1.4 6.01+3.1 -5.76
8 weeks 2.1+1.2 5.65+2.7 -11.35
10 weeks 1.9+1.0 5, 2943.0 -16.98
12 weeks 1.8+0.12 5.17+2.9 -18.94
Group 2 Initial 2.7+0.12 5.87+3.3
(Mg orotat) 2 weeks 2.6+0.9 5.70+3.0 -2.84
4 weeks 2.4+0.7 5.60+1.9 -4.63
6 weeks 2.1+0.6 5.17+2.4 -11.93
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8 weeks 1.9+0.8 4.88+1.7 -16.76
10 weeks 1.7+0.9 4.28+1.2 - 27.08
12 weeks 1.5+0.18 4.08+1.8 -50.10
3 group Initial 2.6+0.18 6.27+3.4
(B1and Bo) 2 weeks 2.440.7 5.97+2.3 -4.79
4 weeks 2.3+1.0 5.82+2.0 -7.09
6 Initial 2.1£1.6 5.33+1, 9 -14. SO
8 weeks 1.8+0.6 5.11+£2, 3 -18.44
10 weeks 1.6+0.9 4.21+1.8 -32.83
12 weeks 1.4+0, 19 2.90+1.9 -53.68
4 group Initial 2.7+0.14 7.83+£2.0
(Mg orotate + B1and 2 weeks 2.3+0.11 6 67+1.8 -14.80
Bo) 4 weeks 2.1+1.6 6.28+1.8 -19.77
6 weeks 1.9+0.6 5.78+1.7 -26.16
8 weeks 1.7+0.9 5.46+1.9 -30.17
10 weeks 1.4+0.9 4.94+2.0 -36.81
12 weeks 1.3+0.22 3.55+1.5 -54.63

When evaluating the dynamics of the 6-
minute walk test, the average number of
meters (I-III FC CHF), which patients
underwent upon admission to the hospital,
was In group 1 - 232.61+10.4, in 2 -
231.17410.9, in 3 - 232.78+9.8 and in 4 -
233.57+8.9. From the above values it can be
noted that the 6-minute walk test scores in
all four comparison groups were initially
comparable. According to the data of Table 6,
a significant increase in walking distance
during the treatment process was established

Table 6: Dynamics of 6-minute walk test performance (m)

in all groups of patients. On the 2 week
there is a difference in this indicator between
the groups with a predominance of an
increase in the values in the group of use of
magnesium orotate and mono-preparations of
group B vitamins (respectively, groups 1
through 4: 254.65+12.3; 257.69+11.2;
258.08+11.3; 279.68+10.5 m). This dynamics
was observed throughout the study phase
after 12 weeks, the greatest difference
compared with the values prior to therapy,
was noted in group 4 (A% 91.27).

Period Group 1 (control) Group 2 Group 3 Group 4
Initial values 232.61+10.4 231.17+10.9 232.7849.8 233.57+8.9

2 weeks 254.65+12.3* 257.69+11.2 258.08+11.3 279.68+10.5*
A% 9.48 11.47 10.01 11.97

4 weeks 285.76+8.5* 297.75+13.5 305.23+11.8 328.67+14.5*
A% 22.85 28.80 31.12 40.72

6 weeks 317.58+17.2% 324.76+17.3 329,56+15,2* 363,45+13,5
A% 36,52 40,49 41,58 55,61

8 weeks 336,62 17,9+ +367,1513,6* 377,31+17.9 398.66+£10.8*
A% 44.71 58.82 62.09 70.68

10 weeks 351.25+16.3* 383.38+18.7 389.38+21.4 415.62+19.4*
A% 51.00 65.84 67.27 77.94

12 weeks 364.63+13.6 396.37+20.1 404.76+20.8* 446.75+21.7*
A% 56.76 71.46 73.88 91.27

Period Group 1 (control) Group 2 Group 3 Group 4

Initial values 232.61+10.4 231.17+10.9 232.7849.8 233.57+8.9

2 weeks 254.65+12.3* 257.69+11.2 258.08+11.3 279.68+10.5*
A% 9.48 11.47 10.01 11.97

4 weeks 285.76+8.5* 297.75+13.5 305.23+11.8 328.67+14.5*
A% 22.85 28.80 31.12 40.72

6 weeks 317.58+17.2* 324.76£17.3

329,56+15,2%*363,45+13,5
A

8 weeks 336,62 17,9+ +367,1513,6* 377,31+17.9 398.66+£10.8*
A% 44.71 58.82 62.09 70.68

10 weeks 351.25+16.3* 383.38+18.7 389.38+21.4 415.62+19.4*
A% 51.00 65.84 67.27 77.94

12 weeks 364.63+13.6 396.37+20.1 404.76+20.8* 446.75+21.7*
A% 56.76 71.46 73.88 91.27

*_p<0.05

An important indicator of the effective CHF
treatment is the definition of Health related
quality of life (HRQoL) indicators: level of a
patient’s functioning, his state of health and
well-being, based on his subjective perception
[34]. Of the disease specific methods for
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evaluating HRQoL in CHF, the MHFLQ
questionnaire (Minnesota Living with Heart
Failure Questionnaire) is most common [35].
In a series of studies, high wvalidity,
reproducibility of this questionnaire and its
sensitivity to HRQoL changes during
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treatment have been proven [36]. The
MHFLQ data correlate well with clinical data
(symptoms, NYHA FC, 6-minute walking
distance) in patients with HF of various
etiologies [37, 38, 39].

The average number of MLHFQ points in all
groups before the start of the study was
comparable and ranged from 1 to 4 group
84.24+6.2, 83.12+7.1, 85.31+5.8 and 83.78+7,
4 respectively. After 6 weeks from the start of
the study, there was a significant decrease in
the number of points in groups 2-4 to
65.40+5.4 (A% -21.32, p <0.001), 64.45+6.3
(A% -24, 45, p <0.001) and 59.78+4.3 (A% -
28.65, p <0.001) points, respectively. In the
control group, the improvement in the quality
of life was minimal — up to 76.71+4.6 points
(A% -8.94). After 12 weeks of therapy, there
was a fairly high level of improvement in the
quality of life in the studied groups (2-4) -
47.00+6.6 (A% -43.45), 39.73+£3.5 (A% -53, 43)
and 34.46+5.7 (A% -58.87) points, respectively
.While in the control group, this indicator
was significantly lower - 64.76+£7.3 (A% -
23.12) points. According to MLHFQ, complex
therapy of CHF in combination with Mg
orotate and B vitamins (B: and B2) at a dose
of 10 mg leads to an improvement in the
quality of life of patients with severe CHF.
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