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Abstract Aim: to study the relationship between the level of vitamin D, the level of glycated hemoglobin, and the course
of heart failure in patients with coronary artery disease and type 2 diabetes. Materials and methods. In this study, 130
patients with coronary heart disease with type 2 diabetes with no signs of large-focal myocardial infarction less than three
months ago, patients with severe complications of diabetes, life-threatening cardiac arrhythmias, acute cardiovascular
insufficiency, and severe impaired liver and kidney function were examined. Results. A close direct correlation was found
between the level of vitamin D in the blood (both deficiency and insufficiency) with higher parameters of brain natriuretic
peptide and left ventricle isovolumetric relaxation time), in patients with a persistent HbA1 level> 8.1 during the observation

period, which is evidence of ventricular diastolic dysfunction worsening and heart failure progression.
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1. Introduction

Type 2 diabetes mellitus (DM) is an independent
risk factor for the development of heart failure and
cardiovascular complications. Approximately 80% of
diabetic patients die from cardiovascular disease. It is known
that heart failure occurs 4 times more often in men and 8
times more often in women with type 2 diabetes at the age of
65 than in the general population [1]. Annually, heart failure
develops in 3.3% of patients with type 2 diabetes who had no
signs of heart failure initially [2]. In the SOLVD (Studies on
Left Ventricular Dysfunction) study, diabetes was identified
as an independent risk factor for death [3].

Vitamin D, in addition to its main function in calcium
phosphate metabolism [4-7], has various effects on the
growth, development and differentiation of various cell types,
as well as protective, regenerative, anti-inflammatory and
immunomodulatory properties [4,5]. Moreover, vitamin D is
involved in more than 20 different metabolic processes in the
body, being an essential element and regulator of the main
types of metabolism [6].

In type 2 diabetes mellitus (T2DM), vitamin D can affect
both insulin secretion and sensitivity. An inverse relationship
between T2DM and vitamin D has been postulated by
cross-sectional and prospective studies. [8,9]
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In this regard, further study of the role of vitamin D and
calcium in the prevention and treatment of type 2 diabetes is
needed to elucidate the relationship between vitamin D and
glucose homeostasis in type 2 diabetes.

Aim: to study the relationship between the level of
vitamin D, the level of glycated hemoglobin, and the course
of heart failure in patients with coronary artery disease and
type 2 diabetes.

2. Materials and Methods

We examined 130 patients with coronary artery disease
with type 2 diabetes.

The patients were hospitalized at the Republican
Specialized Scientific and Practical Medical Center for
Cardiology (RSNPMCC).

Inclusion criteria: stable angina pectoris, BMI 25 kg/m2
and above; HbAlc from 7.0 to 10.0% (53-86 mmol/mol)
against the background of antidiabetic drugs (insulin,
metformin) with a stable dosage within 3 months before the
start of the study; BP<150/85 mmHg stable for at least 1
month during therapy. Written consent was taken from each
patient for the processing of his data for scientific purposes.

Exclusion criteria: severe cardiac, renal and hepatic
failure; gastric bypass; chronic or previous acute pancreatitis;
pregnant or lactating women, as well as the refusal of the
patient to participate in the study.

The average duration of IHD in the examined patients was
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9.69+0.49 years, the average duration of DM-2 among
the identified patients was 7.3£3.89 years. The presence
of concomitant pathology was judged on the basis of an
analysis of medical records and the results of an inpatient
examination of patients.

All patients received conventional basic therapy,
including acetylsalicylic acid (ASA), beta-blocker bisoprolol
2.5-5 mg/day, an ACE inhibitor, rosuvastatin 20 mg/day,
and metformin. Observations were made throughout the
year.

The patient examination protocol included the following:

e (uestioning  (complaints, anamnesis), physical
examination, with an assessment of the functional class
of angina pectoris according to NYHA

o Analysis of electrocardiogram in 12 leads

e Evaluation of hemodynamic parameters, function
and state of the myocardium using transthoracic
echocardiography (EchoCG, with assessment of

o laboratory research methods (clinical blood test,
lipidogram, coagulogram, biochemical blood test,
glycated hemoglobin, C-reactive protein, prothrombin
index, vitamin D, natriuretic peptide)

Statistical data processing was carried out using the
programs STATISTICA 10 (TIBCO, USA) and MedCalc
18.6 (MedCalc software, Belgium). The significance level of
a was considered to be 5%; to assess statistical significance,
the p-value and/or 95% confidence interval were calculated.

3. Results

We analyzed the patient data obtained as a result of
HbALc "turning™ with their further distribution depending on
the achieved level. In this regard, the distribution of patients
into subgroups at 1 visit was: A n-27; In n-25; C n-78, and
after 2 years of observation it became the following: A n-41;
In n-34; C n-55 (Table 1).

LVDD)
Table 1. Distribution of patients at the observation stage by HbA1c level

Visit 2 Visit 1 Total
HbA1c<6,9 (A) | 7,0<HbA1c<8,0(B) | HbAlc>8,1(C) Visit 2
HbA1c<6,9 23 10 8 41 (A)
7,0<HbA1c<8,0 3 11 20 34 (B)

HbAlc> 8,1 1 4 50 50 (C) +5 (C")
Total 1 visit: 27 25 78 130

Table 2. Comparative characteristics of the frequency of occurrence of clinical and anamnestic parameters in patients with coronary artery disease with

DM 2 abs (%)

(n-55) (n-75)
Parameters HbA1c>8.1 Remained Remained HbA1c>8.1
became n-5 HbAlc > 8.1; n-50 HbA1c<8; n-47 | became <8 n-28
©) ©) (A+B) C-(A+B)
0 6.0 (3 6.38(3 35(1
Death %, (n) ) ) @)
6.0 (3) 5.3% (4)
20(1 300(15 44.68 (21 42.8 (12
COVID %, () W | (15) @) | (12)
29.09% (16) 44.0% (33)
0 20(1 6.38 (3 1073
5%, () | ) @ | 3)
18(1) 8.0% (6)
20(1 52.0 (26 38.3 (18 357 (10
AN, (1) @ | (26) 18 | (10)
49.09% (27) 37.3% (28)
20(1 36.0 (18 425 (20 178(5
oC1%. (1) @ | (18) ) | (5)
34.5% (19) 33.3% (25)
0 80(4 8.5 (4 35(1
8%, ) | 2 @ | B
7.2(4) 6.66% (5)
0 20(1 106 (5 1073
CVAITIA%, (n) | @ ® | ®
1.8% (1) 10.6% (8)
4022) | 56.0 (28) 478(22) | 57.14(16)
Gender: female
54.5% (30) 50.6% (38)
SD 2 experience |  4.8+3.1 7.82+3.52 7.213.84 6.96£4.35
Age 58.6+12.6 62.5418.42 64.27.7 66.98.9
Weight 95.8+19.2 88.26+13.3 87.9+18.2 89.1+18.5
BMI 34.6£6.65 32.36:4.93 32.31+7.59 32.93:6.74
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Table 3. Biochemical parameters of patients with coronary artery disease with DM-2 depending on the target and stable levels of HbAc at the stages of

observation (M # 0)

Those whose Who had HbAlc>8.1 | wWho had HbAlc<8 | Who had HbAlc >
Indicators Visit | HbAlc became>8.1 | and it became <8n-28 | and it has left n-47 8.1and it left
n-5(C" C-(A+B) (A+B) n-50 (C)
Uric acid 1 7.72+0.93 6.34+1.92 6.85+1.58 5.75+2.11%
mg/dI 2 4.60+1.83" 6.20+1.79 6.26+1.42 5.60+1.66
Total CPK, 1 39.00£0.00 127.75+45.18 114.40%91.0 61.83+24.41
units/| 2 32.00+0.00 84.00+14.53" 112.70+98.4 62.67+36.70
L 67.92+16.13 64.83+20.63 66.58+15.41 69.81+19.66
;ﬁ;ﬁ;/ [58.0-61.80] [52.95-83.50] 66.58+15.41 [52.75-85.00]
173 m2 ) 70.94+32.17 67.64+22.06 67.46215.81 70.65+21.45
[43.3-100.0] [56.65-85.85] [58.00-78.25] [53.00-92.00]
1 14.06+9.88 22.15+17.15 20.41+11.85 16.65£8.93
Vitamin D, [9.00-12.00] [8.57-31.00] [12.00-25.50] [10.00-22.50]
ng/ml ) 17.04+10.98 27.44+14.81 26.95+12.27 M 24.89+14.86"M
[6.17-23.04] [18.55-35.00] [19.25-34.0] [15.00-29.72]
BNP (og/m) 1 2703.20+819.4 1635.85+934.64 1800.63+1186.3 2052.78+1042.29
2 2260.00+431.16 1378.37+748.6 1437.40+925.83M | 1620.56+898.76™M
CRP (mg/l) 1 7.05+4.19 6.58+5.04 8.68+17.08 6.84+8.04
2 4.30+2.32 7.19+17.197 4.50£6.49"MA 4.09+4.63"N
1 145.34+4.79 150.00+4.81 151.16+4.61 147.43+4.92
Na (mm/l,)
2 143.40£7.79 150.21+5.84 152.06+4.72 149.48+5.26

Note: ~ - P<0.05 statistical significance relative to baseline; ~ - P<0.01 statistical significance relative to baseline;

AN - P<0.001 statistical significance relative to baseline.

* - P<0.05 statistical intergroup significance; ** - P<0.01 statistical intergroup significance;

*** . P<0.001 statistical intergroup significance;

12 statistics between groups A and B; 33- statistics between groups A and C; Zstatistic between groups B and C.

According to the level of HbAlc, patients can be divided
into two large groups. The group in which stable HbA1c>8.1
(C, n-50) and HbA1c<8 (A+B, n-47) was maintained and the
group of alternating high HbA1c>8.1 (C", n-5) and low
HbAlc >8.1, became <8 (C-(A+B), n-28).

Table 2 shows that the number of patients who underwent
COVID is higher in groups with HbA1c<8, and was 2.2
times more common when HbAlc was high at the onset
of observation and then decreased. The frequency of
occurrence of paroxysms of AF and stroke (TIA) increases
with a decrease in HbAlc during observation, but in AF
it depends on HbAlc transitions, but not in stroke. The
frequency of occurrence of AMI, PCI, CABG depends on
and has no direct relationship with the level of HbAlc.

It is noteworthy that in patients whose glycemic profile
parameters did not change, but remained in the same ranges,
there was a unidirectional statistically significant increase in
vitamin D levels: with HbAlc<8, n-47 A 6.54 ng/ml,
p=0.003; and in the group with HbA1c>8.1, n-50 A 8.24
ng/ml, p=0.004. Similar dynamics is observed in terms of the
level of CRP and BNP: with HbA1c<8, n-47 A 4.18 ng/ml,
p=0.002 and A 363.0 pg/ml, p=0.01, respectively. And in the
subgroup with HbAlc> 8.1, the content of CRP and BNP
n-50 A 2.75 ng/ml, p=0.02 and A 432.2 pg/ml, p=0.02,
respectively.

Intergroup features are also recorded in terms of indicators:

uric acid with a high level in the group of patients with

HbA1c> 8.1 (n-5), especially in patients who remained with
HbAlc> 8.1 (n-50). And in the process of observation, its
content significantly decreases A 3.12 mg / dl (p=0.02).

The comparative intergroup analysis of CPK deserves
special attention, when its maximum parameters are
demonstrated in the group of patients who have a decrease in
HbAlc <8 from -112.1 U / | [101.75-128.00] with a
significant decrease - 82.1 U / L | [70.00-97.00], A 30.0
units/l (p=0.0135).

According to the results of echocardiographic studies,
the average values of the main parameters did not undergo
significant changes (for all stages of observation, the
differences compared to the initial state were statistically
insignificant). LVEF and LA also did not show statistically
significant changes in all groups at all stages of observation:
P in relation to the initial state at all stages of observation
was at least 0.09.

The results of the parameters characterizing LVDD are
presented in Table 4. There is a negative trend in the rate of
movement of the lateral sections of the fibrous ring of the
mitral valve in the early diastole phase (e*average), noted
in all four subgroups analyzed by HbAL transitions. In
particular, in groups of patients in which HbAlc levels
do not change and remain <8 (n-47) and >8.1 (n-50), the
e'average values were below 7.42 [7.38-8.20] and 7.65
[7.20-8.54], than in the subgroups in which HbAlc changed
— C-(A+B) groups (p=0.05). At the same time, statistically
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significant intergroup differences in the average values of
this indicator were noted at the 2nd visit (P=0.03) in the
subgroup in which HbAlc remained <8 (n-47). In the
HbAlc > 8.1 (n-5) and HbA1c > 8.1 groups and became <8

(n-28), the obtained values did not show statistically
significant differences throughout the entire observation
period, although they had similar undesirable dynamics.
(table 4).

Table 4. Parameters of echocardiography and LVDD in patients with coronary artery disease with type 2 diabetes depending on the target and stable levels

of HbAc at the stages of observation (M + d)

Those whose Who had HbAlc> 8.1 Who had Who had HbA1c >
Indicators Visit HbAlc become > | and it became <8, n-28 | HbAlc<8 and it 8.1and it left
8.1n-5(C") C-(A+B) left n-47 (A+B) n-50 (C)
1 60.76+2.36 59.07+7.11 58.60+7.84 59.03+6.81
EF. % [59.00-63.0] [59.67-63.08] [50.65-64.5] [53.82-64.75]
) 62.98+3.04 57.89+6.88 56.65+9.15 58.09+7.24
[61.00-62.0] [52.50-64.00] [49.40-63.5] [50.47-63.00]
LA>34 1 21.55+3.70 27.57+7.45 24514555 24.80+4.90
ml/m2 2 24.12+5.04 26.34+6.97 24.38+5.37 24.76+5.07
1 72.20+15.82 61.32+13.42 67.43+20.40 62.86+12.98
£ mis 2 74.00£10.33 63.21+19.48 69.21+24.39 64.41+16.69
1 108.80+12.0 109.86+18.48 110.21+16.0 108.16+22.44
IVRT 2 105.80+12.0 108.54+16.28 109.00+22.7 110.24+21.55
1 8.37+1.12 8.05+1.08 7.86+1.00* 7.84+1.09*
e’average [7.65-8.60] [7.44-8.41] [7.38-8.20] [7.20-8.54]
<8.5cm /s ) 8.55+1.05 8.14+1.11 8.06+0.76" 7.99+0.86*
[7.75-8.95] [7.44-8.52] [7.60-8.38] [7.40-8.40]
1 8.56+1.31 7.72£1.91 8.65+2.44 8.08+1.83
E/e’>14,0
2 8.69+1.12 7.85%£2.52 8.65+3.05 8.15+2.11
Normal 1 60.0% (3) 28.57% (8) 34.04% (16) 32.00% (16)
type 2 40.0% (2) 32.14% (9) 40.43% (19) 44.00% (22)
1 40.0% (2) 67.86% (20) 57.45% (30) 62.0% (33)
DDLV 1.2
2 60.0% (3) 64.29% (18) 53.19% (27) 56.0% (28)

Note: ~ - P<0.05 statistical significance relative to baseline; ™ - P<0.01 statistical significance relative to baseline;

A - P<0.001 statistical significance relative to baseline.

* - P<0.05 statistical intergroup significance; ** - P<0.01 statistical intergroup significance;

*** . P<0.001 statistical intergroup significance;

12 statistics between groups A and B; 33- statistics between groups A and C; Zstatistic between groups B and C.

The E/e ratio in all groups showed a tendency to increase
throughout the entire observation period, which indirectly
indicates the progression of diastolic dysfunction.

An analysis of gradations of left ventricular diastolic
dysfunction (LVDD) shows that in all HbA1 groups with a
normal type, an insignificant but positive increase in the
number of patients was recorded, except for the group whose
HbAlc became > 8.1 (n-5).

In order to identify possible relationships between
EchoCG parameters and biochemical parameters, a
correlation analysis was carried out after 2 years of
observation (Table 5). It is important to note that among
patients who did not "turn", but remained in subgroups with
HbA1c<8 and HbA1c>8.1, a significant positive relationship
was found between the metabolic index (TG / HDL)
and fasting (r=0.342, p=0.015) and postprandial glycemia
(r=0.367, p<0.009), respectively, which can be a valuable
marker for predicting the course of dyslipidemia in patients
with coronary artery disease with type 2 diabetes. A high
positive correlation was found between SBP and TSH level.

Table 5. Results of correlation analysis in observation groups

Who has HbA1c> 8.1 n-50 (C)

Indicators r p
SAD/HbAlc 0.327 | 0.021
SBP/TSH[1] visit 2 0.503 | 0.007
HbAlc/elat -0.311 | 0.028
HbAlc/e" average -0.269 | 0.056
Postprandial Glycemia/Metabolic Index (TG/HDL) | 0.367 | 0.009
GFR/vs Vitamin D 0.429 | 0.002
Vitamin D/BNP 0.336 | 0.017
Vitamin D/IVRT 0.302 | 0.033
BNP /e septal -0.352 | 0.012

4. Discussion

A two-year evaluation of HbAlc dynamics showed that in
patients included in the analysis, variants of alternating its
target values are recorded. In 75% of cases, there is a stable
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maintenance of the HbAlc level with its various target
values, in particular, in 38.4% of cases >8.1% and 36.15%
-<8%.

The number of patients who survived COVID is higher
in the group with HbA1c<8 and 2.2 times more often in
the "transitions" of patients. The frequency of occurrence of
paroxysms of AF and stroke (TIA) increases with a decrease
in HbAlc during observation, but in AF it depends on
HbAlc transitions, while in stroke there is no such
dependence. In our observation, the incidence of AMI, PCI,
CABG had no direct relationship with the level of HbAlc
and its transitions.

The earliest preclinical manifestation of diabetic
cardiomyopathy is left ventricular diastolic dysfunction
(LVDD), which, when progressing, can lead to the
appearance of clinical symptoms of chronic heart failure.
According to Boyer J.K. et al, the prevalence of LVDD
among patients with type 2 diabetes mellitus (DM) without
clinical signs of heart disease reaches 75% [10].

A close direct correlation was found between the level of
vitamin D in the blood (both deficiency and insufficiency)
with higher parameters of BNP and IVRT (LV isovolumetric
relaxation time), in patients with a persistent HbA1 level>
8.1 during the observation period, which is evidence of
worsening LVDD and progression of heart failure. At
the same time, it is worth remembering the cardiorenal
syndrome, which describes the negative impact of declining
kidney function on the heart and blood circulation [11-13].
According to the research results of Kharlamov et al., as
well as Artaza J.N. et al., Ojo A.O and Tishkoff D.X et al,
Vitamin D, in particular its activated form 1,25(0H)2D3,
being involved in various pathophysiological cascades,
including inflammation, fibrosis and reparative mechanisms
that ensure the functional and structural preservation of the
kidney and myocardium can reduce the progression of the
cardiorenal syndrome [14-17]. Confirmation of the influence
of renal function on the deterioration of LVDD may be the
presence of a direct correlation between vitamin D and eGFR
(r=0.429; p=0.002). It was found that in the group of patients
with HbAlc> 8.1, there was a decrease in the level of uric
acid A 3.12 mg/dl (p=0.02), CPK A 30.0 U/l (p=0.0135).

Negative dynamics of the e’average index was revealed
in the HbA1c<8 (n-47) and HbA1c>8.1 (n-50) groups after
2 years of observation with significant differences between
the points of determination, in contrast to the subgroups
in which HbA1c transitions were observed. The E/e” ratio in
all groups showed a tendency to increase throughout the
entire observation period, which indirectly indicates the
progression of diastolic dysfunction.

5. Conclusions

1. A close direct correlation was found between the level
of vitamin D in the blood (both deficiency and
insufficiency) and higher BNP and IVRT parameters
in patients with a persistent HbA1 level> 8.1 during

the observation period.

2. There is a direct correlation between vitamin D and
eGFR, which confirms the influence of renal function
on the deterioration of LVDD.
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