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FEATURES OF STRUCTURAL AND FUNCTIONAL DISORDERS OF BONE TISSUE
IN CHRONIC HEART FAILURE
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The purpose of the study was to assess the effect of loop diuretic therapy on the structural and functional condition of
bone tissue and phosphorus-calcium metabolism in patients with chronic heart failure and moderately reduced ejection fraction.
109 patients between the ages of 65 and 74 were examined, 86 of them had chronic heart failure, and 23 were practically healthy.
The 1% group received basic therapy; the 2™ group — basic therapy and loop diuretics. The examination includes the following: the
collection of anamneses, anthropometric measurements, laboratory (determination of natriuretic hormone (B-type), N-terminal
polypeptide, C-terminal telopeptide, osteocalcin, osteoprotegerin, 25-hydroxyvitamin D, parathormone, phosphorus) and
instrumental (heart ultrasound examination, ultrasound densitometry) investigations. In patients with chronic heart failure, a
violation of the processes of bone remodeling with a predominance of bone resorption against the background of slowed bone
tissue formation was revealed. In patients with chronic heart failure, structural and functional changes in bone tissue were revealed,
which are manifested by an imbalance of bone remodeling processes with a predominance of bone resorption and slowed bone
formation, vitamin D deficiency, and significantly low indices of bone mineral density. Moreover, significantly pronounced
changes were revealed in the group of patients who were on basic chronic heart failure therapy and loop diuretics comparing with
the same indices in patients with chronic heart disease who received only basic therapy.

Key words: chronic heart failure, mineral density of bone tissue, markers of bone remodeling, vitamin D.
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OCOBJIMBOCTI CTPYKTYPHO-®YHKIIOHAJIbHUX MOPYIIEHL KICTKOBOI
TKAHWHMU IIPU XPOHIYHINA CEPLIEBII HEJIOCTATHOCTI

Meroto poboTH OyI10 OIIHUTH BIUTHB TEparlii NETIeBUMH AiypETHKAMH HA CTPYKTYPHO-(QYHKIIOHAIBHHI CTaH KiCTKOBOL
TKaHUHH Ta (HOCHOPHO-KANBII€BUH 0OMIH y HALiEHTIB i3 XPOHIYHOIO CEPIIEBOIO HEAOCTATHICTIO Ta OMIPHO 3HIDKEHOIO (hpaKIlieio
Bukny. Oocrexxeno 109 manieHTiB BikoM BiJ 65 10 74 pokiB, i3 HUX 86 (OCHOBHA IpyIa) MaJIH XPOHIUHY CeplieBy HEIOCTaTHICTh
Ta IOMIpPHO 3HIKEHY (paKuilo BUKHUIY, 23 — NpakTUUHO 310poBi. [lamientn 1-1 rpynu otpumyBann 6a30By Tepario XpOHIYHOT
CEepIEBOi HEJOCTATHOCTI; 2-1 IpyIu — 6a30By Teparilo XPOHIUHOI ceprieBoi HEOCTATHOCTI Ta METeBi AiypeTuku. OOCTE)KECHHS
BKJIIOYAJI0 30ip aHaMHe3y, aHTPOIIOMETPHYHI BUMIPIOBaHHS, 1aOOpaTOpHi (BU3HAYEHHS HATpiiypeTnyHoro ropmony (B-tumy) N-
KiHIleBoro mofinentuny, C-TepMiHAJbHOIO TENONENTHIY, OCTEOKAJIbLUHY, OCTEOIPOTereprHy, 25-rifipokcuBiTaminy D,
mapaTropMony, Qocdopy) Ta IHCTpyMEHTanbHI (yJIBTpa3BYKOBE IOCTIMHKEHHS CEpLs, YIbTPa3ByKOBa JICHCHTOMETPIs)
nocmimkeHHs. OTpuMaHi pe3yIbTaTH MMOKa3aly, M0 y Hali€HTIB 3 XPOHIYHOIO CEPLEBOI0 HEAOCTATHICTIO BUSBICHO MOPYIICHHS
HpOILECiB KICTKOBOTO PEMOJICIIIOBAHHS 3 IEePEBaKaHHSIM KiCTKOBOI pe3opOIii i yHOBUIBHEHHSAM KiCTKOYTBOPEHHS, He(iluTOM
BiTaMiHy D Ta pemyKui€ro MOKa3HUKIB MIIBHOCTI KicTKOBOi TkaHMHH. JlocToBipHO (p<0,05) BHpakeHi 3MiHM BHSBIEHI y Tpymi
XBOPHX, 5K epeOyBaiy Ha 6a30Bil Teparnii XpOHIYHOI ceplieBOl HEJOCTATHOCTI Ta HETJICBHUX JIyPETUKIB y MOPIBHIHHI 3 TPYIIOI0
XBOPHX, SIKI IPpUIMaITH JinIe 6a30BYy Teparilo XpOHIYHOI CeplieBOi HEAOCTATHOCTI.

KurouoBi csioBa: xpoHiyHa cepiieBa HEJOCTATHICTh, MiHepajbHa IIIbHICTh KICTKOBOT TKAHMHH, MapKepH KiCTKOBOTO
peMoenoBaHHs, BiTaMiH D

The study is a fragment of the research project “The use of cytological and molecular genetic methods of the
musculoskeletal system investigation in the professional selection of the transport and marine economic complex workers”, state
registration No 0121U109467.

The modern medicine has to increase the life expectancy of the population and at the same time
contributed to the spread of age-related diseases, which are a global burden for the health care system [6].
In the most countries the prevalence of chronic heart failure (CHF) among the adult population in general
1.5-5.5% [8]. Spreading of CHF has a tendency to progressive growth and includes 10 % people over 70
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years old. According to epidemiological data, almost 75-80% of all cases of CHF are caused by coronary
heart disease (CHD) or arterial hypertension (AH) by itself or in combination [3].

Ukraine remains one of the world leaders in cardiovascular diseases among men with 772.1 cases
per 100,000, and the five-year mortality of patients with manifest CHD reaches almost 50 % [9]. The
prognosis of survival for patients with CHF worsens with the progression of this disease, which prompts
treatment of CHF, including diuretics, as early as possible [3].

The number of patients with CHF combined with multiple pathologies is increasing [13, 15].
Disorder of bone tissue metabolism in the elderly occupies a special place in connection with CHF, which
is associated with common pathophysiological mechanisms of development, as well as similar social,
economic and medical consequences [14]. A number of studies have shown a connection between
cardiovascular diseases and a high risk of bone loss [11].

It was established that reduced bone mineral density (BMD) was a predictor of CHF [4].
Angiotensin II activates the proliferation of osteoblasts, which stimulates the synthesis of collagen and
removal calcium from the body. They recommend a BMD screening for patients with CHF, because of the
T-criterion index and the functional classes of the HYHA correlation [3].

According to the 2021 Recommendations of the European Association of Cardiology (ESC), the
most CHF patients should be given long-term loop diuretics therapy [1]. A relationship between the use of
loop diuretics, BMD decrease and the risk of fractures was shown in many studies [5, 7, 10, 13].

However, taking into account the heterogeneity of patient cohorts, the inconsistency of the obtained
data, depending of the effect of different diuretics, large dispersion on the characteristics of CHF, what
results the task of controlling bone tissue status remains unresolved.

The purpose of the study was to assess the effect of loop diuretic therapy on the structural and
functional condition of bone tissue and phosphorus-calcium metabolism in patients with chronic heart
failure and moderately reduced ejection fraction.

Materials and Methods. The research has a prospective nature. On the basis of the Odesa Regional
Clinical Medical Centre, a clinical and laboratory examination of 109 male patients aged from 65 to 74
years (mean age — 67.4+2.7) was carried out. Among them, 86 patients had CHF stage “C: with a
moderately reduced left ventricular EF functional class III according to NYHA, which occurred against the
background of CHD and arterial hypertension (AH) and were divided into groups: the 1* group included
41 patients who received constant basic therapy for CHF; The 2™ group consisted of 45 patients who were
on constant basic CHF therapy and used loop diuretics (torasemide 10-20 mg/day or furosemide 4080
mg/day) during the last year.

The control group or group III consisted of 23 patients who had no complaints or clinical
abnormalities from the cardiovascular and bone systems.

Verification of the diagnosis of CHF, and determination of the stage and functional class was
carried out on the basis of anamnestic, clinical, laboratory and instrumental studies in accordance with the
guidelines for the diagnosis of acute and chronic heart failure developed in 2021 by the European Society
of Cardiology and the Heart Failure Association [2].

All patients underwent a complete clinical examination, which included: collection of complaints,
history (disease and life), anthropometric examination (measurement of height, body weight, calculation
of body mass index (BMI)), objective examination according to generally accepted methods: blood
pressure measurement and pulse rates.

Highly sensitive and specific IRMA method was used to measure plasma natriuretic hormone (B-
type) N-terminal polypeptide (NT-proBNP) level. Instrumental researches include: ultrasound examination
of the heart (EchoCG) on a stationary device of the Sonoline G50 type. No. GEE2528, manufacturer
“Siemens Medical Systems Inc.”, Germany; ultrasound densitometry (USD) using a bone densitometer on
the AOS-100NW device, Aloka (Japan). According to the criteria of WHO (1994), the value of the T-
criterion up to “-1 SD” corresponds to a normal BMD index; from “-1 SD” to “-2.5 SD” - indicates the
presence of osteopenia (Op); more than “-2.5 SD” indicates osteoporosis (OP).

A decrease in BMD is the condition what can be assessed by determining the markers of bone
remodeling, namely: the marker of bone tissue resorption B-CrossLaps — C-telopeptide of type I collagen
(CTx), the marker of bone formation — osteocalcin (OC), osteoclastogenesis marker — osteoprotegerin
(OPG). Phosphorus-calcium exchange indices were assessed by determining total and ionized calcium,
phosphorus, parathyroid hormone (PTH), 25-hydroxyvitamin D (25(OH)D) in blood serum.

Deficiency of vitamin D (DVD) was diagnosed with a level of 25(OH)D below 20 ng/ml, severe
DVD - below 10 ng/ml, insufficiency of vitamin D (IVD) — at the level of 20-30 ng/ml, optimal vitamin
D (OVD) - over 30 ng/ml [7].

92



ISSN 2079-8334. Céim meouyunu ma odionozii. 2023. Ne 3 (85)

The work was carried out with the provision of safety measures for life and health, with in compliance
of human rights and moral and ethical norms, which correspond to the principles of the Helsinki Declaration
of Human Rights and the order of the Ministry of Health of Ukraine No. 693 dated October 1, 2015.

Inclusion criteria: male patients suffering from arterial hypertension and coronary heart disease,
complicated by CHF stage “C” with a moderately reduced left ventricular EF III according to NYHA, who
provided written informed consent to participate in the study.

Exclusion criteria: CHF with EF >50 and < 40%, acute heart failure, acute myocardial infarction,
diabetes, chronic kidney and liver diseases, thyroid disease, diabetes, oncological pathology, autoimmune
diseases, taking drugs affecting metabolism of bone tissue (glucocorticoids, hormone replacement therapy,
anticonvulsants, drugs for the treatment of osteoporosis).

Statistical processing of the research results was carried out using the Statistica 10.0 software
package, Student's t-test (the results were considered statistically significant at p<0.05), correlation and
regression analyses.

Results of the study and their discussion. The mean age of patients in the 1% group was 68.7+2.8
years, in the 2" group — 68.142.1, and in the 3" group — 67.9+2.4 years. Therefore, according to age indices,
all groups of examined men were homogeneous (p>0.05).

Based on the results of the analysis of risk factors for the development and progression of CHF,
the following factors were identified in the study groups: AH, CHD, obesity, excess body weight,
dyslipidemia, permanent form of arterial fibrillation, impaired glucose tolerance in Table 1.

Table 1
Risk factors for the development and progression of chronic heart failure in groups of study
. The 1% group, n=41 The 2" group, n=45
Risk factors Absolute Relative Absolute Relative
Arterial hypertension 12 29.3 11 24.4
Coronary heart disease 18 43.9 21 46.7
Arterial hypertension and coronary heart disease 11 26.8 13 28.9
Obesity 20 48.8 17 37.8
Excessive body weight 16 39.0 19 42.2
Dyslipidemia 31 75.6 29 64.4
Permanent form of atrial fibrillation 14 34.1 16 35.6
Violation of glucose tolerance 23 56.1 21 46.7

The BMI was significantly lower (p<0.01) in patients of the 1** group 28.3+1.6 kg/m* compared to
the 2™ group — (31.7+1.4) kg/m*. The mean level of systolic blood pressure (sBP) and diastolic blood
pressure (dBP) in the study groups did not differ significantly (p>0.05): in the 1% group sBP was 155+1.9
and dBP 89+2.3 against 158+2.3 and 9142.53 mm in patients of the 2™ group. The groups of patients did
not differ significantly in terms of the duration of AH and/or CHD (p>0.05). The duration of AH and/or CHD
in the 1* group was 18.2+2.7 years, in the 2™ group — 19.5+2.3 years. Edema syndrome in the form of pasty
feet up to the level of the shins was registered in 30 (73.1%) patients of the 1** group, and in 16 (35.6%) of
the patients of the 2™ group.

The level of NT-proBNP was significantly higher in the 1% group — 398.4+26.8 pg/ml (p<0.05) and
the 2™ group — 345.2+26.8 pg/ml (p<0.05) compared to the control group — 112+11.4 pg/ml. However, the
level of NT-proBNP was significantly higher in patients of the 1°* group compared to patients of the 2™
group (p<0.05).

The left ventricular EF in patients of both groups with CHF was significantly lower (p<0.05)
compared to the control group: in the 1* group it was equal to 43.1£2.3 % (p<0.05), in the 2™ group —
46.9£1.9 % (p<0.05), in the control group — 59.3+2.8 %. Also, the EF index was significantly lower
(p<0.05) in men of the 1** group compared to men of the 2™ group.

A significantly lower (p<0.05) frequency of edema, a significantly lower (p<0.05) level of NT-
proBNP, and a significantly higher (p<0.05) EF in patients of the 2™ group compared to patients of the 1*
group may indicate effectiveness of constant use of basic therapy with loop diuretics by patients with CHF.

The mean index of the T-criterion in the control group was (-0.78+0.12) SD. In the 1* group was
significantly lower (p<0.05) compared to the 2™ group: (-2.72+0.10) SD vs (-2.54+0.12) SD, respectively.

The index of the T-criterion in 19 (46.3%) of the 1% group was (-2.83+0.09) SD, which
corresponded to the OP, in 18 (43.9%) — the T-criterion was (-2.35% 0.08) SD, which indicated the presence
of Op in 4 (9.8%) patients. BMD corresponded to a normal index (-0.92+0.08) SD. In the 2™ group, 15
(33.4%) patients with OP had a T-criterion of - (-2.69+0.07) SD, 24 (53.3%) men had a T-criterion of OP
(-2.04 £0.11) SD and in 6 (13.3%) BMD was normal (T-criterion — (-0.81+£0.09) SD) (Fig. 1 A).
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Against the background of
reduced BMD in the groups of patients
with CHF, a significant (p<0.05)
increase in the bone tissue resorption
marker (CTx) was found. In the control
group, the CTx level was 0.31+£0.03
ng/ml, in the 1% group — 0.69+0.04
ng/ml, which is 55.1% higher
compared to the 3™ group (p<0.05), in
the 2" group — 0.54+0.03 ng/ml, which
is 42.6% higher than the CTx level of
the control group (p<0.05). An
increase in the CTx marker indicates
accelerated bone tissue resorption in
the study groups. However, more
pronounced bone tissue resorption was
found in the group of patients who
were on basic CHF therapy and used
loop diuretics (p<0.05).

The concentration of the bone
formation marker (OC) in the first
group of patients was 12.8+1.7, which
is 29.2% lower (p<0.05) than the index
of the control group 18.1+1.5 ng/ml , in
the 2™ group — 13.1£1.8 ng/ml and was

Fig. 1. Condition of bone mineral density in the study groups (A) and

27.6 % lower (p<0.05) compared to
frequency of deficiency and insufficiency of vitamin D in the study groups (B)

the 3™ group. The level of OC in the 1%
and the 2™ groups did not have a significantly significant difference (p>0.05), but it indicated suppression
of bone tissue formation processes in patients with CHF.

The level of OPG in the control group was 2.43+0.12 pmol/l, in the 1% group — 1.23+0.13 pmol/l,
which is by 49.3 % lower (p<0.01) index of the 3™ group, in the 2™ group — 1.56+0.12 pmol/l, which is
36.8% lower (p<0.01) compared to the 3™ group.

The mean level in the 1* group was 13.1%1.4 ng/ml, (p<0.05), in the 2™ group — (16.3£1.2) ng/ml,
(p<0, 05), in the 3™ group — 30.5+2.1 ng/ml. The level of 25(OH)D in the 1 group corresponded to DVD
in 41 (100 %) patients. In the 2™ group DVD was registered in 42 (93.3 %) patients, 3 (6.7 %) men had
IVT. In the control group, 6 (26.1 %) men had IVD and 17 (73.9 %) men had OVD (Fig. 1B).

The level of PTH was significantly higher in the groups of patients with CHF: the 1* group —
49.7£1.6 pg/ml, (p<0.05), in the 2™ group — 47.7£1.5 ng/ml, (p<0.05) compared to the 3™ group —
32.740£1.5 pg/ml. However, it was not different in both groups (p>0.05).

The study of indices of phosphorus-calcium metabolism did not reveal a significant (p>0.05)
increase in the level of total and ionized calcium in the blood serum of patients with hypertension and
coronary heart disease complicated by CHF. The content of total calcium in the 1% group was 2.26+0.03
mmol/l (p>0.05), in the 2™ group — 2.24+0.02 mmol/l (p>0.05) , in the 3™ group — 2.29+0.02 mmol/l.
Tonized calcium in the 1*' group — 1.23+0.02 mmol/l (p>0.05), in the 2™ group — 1.22+0.01 mmol/l
(p>0.05), in the 3™ group — 1.25+0.02 mmol/I.

Phosphorus level in patients of the 1 and the 2™ groups was significantly reduced — 0.84+0.01
mmol/l (p>0.05) and 0.96:£0.02 mmol/I (p>0.05), respectively, compared to the 3™ group — 1.12+0.02 mmol/l.
A significant difference was found between the level of phosphorus in the 1% and the 2™ groups (p<0.05), a
lower level of phosphorus was recorded in men of the 1% group.

Correlation analysis showed the presence of a moderate direct relationship between the EF index
and the level of OC (r=0.585; p=0.012), a strong direct relationship between the EF index and the OPG
level (r=0.751; p=0.001), the level of NT- proBNP and the level of CTx (r=0.564; p=0.001), a weak inverse
relationship between the level of NT-proBNP and the level of OC (r=-0.351; p=0.002), a weak inverse
relationship between the level of NT-proBNP and T -criterion (r=-0.325; p=0.008).

The performed correlation analysis permits to believe that the EF index has a reliable direct very
strong influence on the level of 25(OH)D in the examined patients, as evidenced by the correlation index
(r=0.876; p=0.001).
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Correlation analysis for the purpose of investigating the effect of EF on the CTx level showed the
presence of a reliable inverse strong direct relationship between the studied indices, as evidenced by the
coefficient of determination (r= -0.832; p=0.001). In order to study the influence of EF on the state of
BMD, a reliable moderate direct relationship was established, as evidenced by the correlation index
(r=0.613; p=0.014).

Correlation analysis suggests that the level of NT-proBNP has a reliable strong inverse relationship
with the level of 25(OH)D in blood serum, the index of determination (r=-0.775; p=0.015). Correlation
analysis to investigate the effect of NT-proBNP level on OPG level showed the existence of a reliable
moderate inverse relationship between the studied indices, as evidenced by the coefficient of determination
(r=-0.598; p=0.018), (Fig. 2).
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Fig. 2. Linear regression of the ejection fraction and level dependence 25-hydroxyvitamin D (A), the level of type I collagen C-
telopeptide (B) and the T-criterion index (C) and of the level of natriuretic hormone N-terminal polypeptide and the level of 25-
hydroxyvitamin D in patients with chronic heart failure

A violation of bone remodeling processes with a predominance of bone resorption against the
background of slowed bone tissue formation was found (p<0.05) for men with hypertension and coronary
heart disease, complicated by CHF stage “C” with moderately reduced left ventricular EF functional class
IIT according to NYHA. Significantly (p<0.05) pronounced changes were found in the group of patients,
who took loop diuretics, compared to the group of patients who received only basic therapy for CHF. The
results may indicate diuretics' negative effect on BMD and bone remodelling processes.

The revealed imbalance in the system of osteoclastogenesis is manifested by a significant (p<0.05)
decrease in the level of OPG in men with CHF. However, significantly lower (p<0.05) OPG indices were
recorded in men who were on basic CHF pharmacotherapy and loop diuretic therapy.

The obtained inverse moderate correlation between the level of OPG and the level of NT-proBNP
(r=-0.598; p=0.018) and a strong inverse relationship between the level of CTx and the left ventricular EF
(r=-0.832; p=0.001) demonstrate common pathogenetic the mechanisms of influence on the processes of
bone remodeling in patients with CHF.

The frequency of OP in patients of the I group was significantly higher compared to the II group —
46.3 % and 33.4 % (p<0.05), respectively, and the frequency of Op was significantly lower — 43.9 % and
53.3 % (p<0 .05) respectively, indicating lower BMD values in patients who received basic therapy and
loop diuretics. The presence of a moderate correlation between the left ventricular EF index and the T-
criterion (r=0.613; p=0.014), an inverse relationship between the level of NT-proBNP and the T-criterion
(r=-0.325; p=0.008) indicates a negative influence CHF on the state of BMD.

Deficiency of vitamin D and IVD, a significantly higher (p<0.05) level of PTH and a low level of
phosphorus demonstrate the presence of disturbances in phosphorus-calcium metabolism and indicate the
presence of an imbalance in the system of hormonal regulation of calcium homeostasis in patients with AH
and CHD complicated by CHF. A significant direct correlation was established between the level of
25(OH)D and the left ventricular EF index (r=0.876; p=0.01), a significant inverse relationship between
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the level of 25(OH)D and by the level of NT-proBNP (r=-0.775; p=0.015), which indicates the adverse
effect of a low level of 25(OH)D on the state of the cardiovascular system, where DVD is an independent
risk factor for the severe course of CHF.

Therefore, the obtained results are generally consistent with those previously published. This is
also true in relation to changes in the structure of bone tissue in cardiac patients [2, 14] and in relation to
the effect of diuretics [11, 13]. However, in our work, both theses were studied simultaneously on the basis
of data obtained from similar groups of patients under the same conditions. Also, the correlation was
calculated on a wider range of indices. This makes possible to better understand the bones reactions for
patients with heart diseases.

2% .. r Z /4

In patients with chronic heart failure, a violation of bone remodeling processes with a
predominance of bone tissue resorption against the background of slowed bone formation was found
(p<0.05). The level of osteoprotegerin is a predictor of bone mass loss and indicates a violation of bone
remodeling processes.

The frequency of osteoporosis and osteopenia in patients with arterial hypertension and coronary
heart disease complicated by chronic heart failure, who were on basic therapy and took loop diuretics was
46.3 % and 43.9 %, respectively, in patients who were only on basic therapy - 33, 4 % and 53.3 %,
respectively.

Vitamin D deficiency is an independent risk factor for the severe course of chronic heart failure
and requires timely diagnosis and correction.

Basic therapy of chronic heart failure in combination with loop diuretics for a long time has a
negative effect on the state of mineral density of bone tissue, indices of bone remodeling and phosphorus-
calcium metabolism.

Prospects for further research are aimed at the development of algorithms for timely diagnosis and correction of
identified structural and functional disorders of bone tissue in patients with chronic heart failure in order to prevent the
development of osteoporotic fractures.
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