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CHANGE IN BONE TISSUE EXCHANGE MARKERS AT PATIENTS WITH 
ESSENTIAL HYPERTENSION AND CONGESTIVE HEART FAILURE 

Mailian D.E.1, Kolomiyets V.V.1, Golivets T.P.2,  
Gagarina D.O.2, Cherkashenko S.O.1 

M. Gorky Donetsk National Medical University, Donetsk 
Belgorod State National Research University, Belgorod, Russian Federation 

Essential hypertension is the widespread disease. Investigations in field of its 
prophylaxis and treatment methods is the first question for international healthcare 
community. It caused by the fact of multiple cardiovascular acute (myocardial 
infarction, cerebral stroke etc.), chronic complications, such as congestive heart 
failure (HF) and comorbidity cases. Heart failure and osteoporosis, both as disabling 
conditions, are two common chronic conditions in elderly which are gaining 
importance for healthcare recently due to the associated significant morbidity and 
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mortality [1]. These two disabling conditions adversely affect quality of life 
especially in frail elderly individuals. From recent large epidemiological study, HF is 
associated with a substantial increase in osteoporotic fractures, particularly in the hip 
region [2]. In addition to decreased physical performance in HF and sharing a number 
of common risk factors [3] such as older age, smoking, renal insufficiency and type 2 
diabetes, accelerated bone loss may also come from altered vitamin D levels, 
hyperparathyroidism [4] elevated aldosterone levels, elevated fibrotic markers and 
loop diuretics use in subjects with HF. Cardiac cachexia-related biomarkers including 
adiponection, follistatin and myostatin had been investigated in muscle, fat, and bone 
metabolism in heart failure metabolism, however, the relationship between 
circulating biomarkers and bone mineral density (BMD) in chronic HF remained 
unclear. To the best of our knowledge, HF is a clinical syndrome characterized by 
prolonged activation of the neuroendocrine system ranging from sympathoadrenal 
system, natriuretic peptides, renin-angiotensin-aldosterone system (RAAS) and to 
updated markers of osteoprotegerin (OPG) [3]. The higher OPG level predicts poor 
prognosis in subjects with HF with higher all-cause mortality and hospitalization for 
worsening of HF [10]. OPG has also been reported to be associated with 
neuroendocrine activation in elderly males with HF which makes believe that there 
were interaction among HF and osteoporosis through systemic hormonal activation. 
However, a direct causal association between these circulating biomarkers and 
osteoporosis or risk of fractures has not been established in elderly patients with 
chronic HF, nor does these associations hold true in all HF patients. Therefore, the 
present study was aimed to evaluate the associations between osteoporosis and HF in 
elderly patients, and to assess the circulating biomarkers on this association. 

Mater ial and methods. 51 patients with HF caused by 2-3 stage idiopathic 
hypertension aged from 55 till 68 years were investigated. 39 patients were female, 
other 12  male. All patients were divided in 3 equal groups.  BMD measurements 
using Dual-Energy X-ray Absorptiometry (DEXA, Expert 1188, Lunar) were 
performed according standard protocols by a single experienced operator. Hip with 
femoral neck, trochanter, Wards Triangle and lumbar spines over L2 L4 regions 
were measured and expressed as g/cm2. The coefficient of variation of BMD 
measurement at the hip and lumbar spine was <1%. The difference between an 
indiv
standard deviation (SD) units. Z- and T-scores were calculated where the Z-score is 

-, 
age-, weight- and height matched population and the T-score is the S.D. of the 

in a young healthy 
population. Also testing was performed using ChemWell 2910 (Combi) biochemical 
analyzer and commercially available kits for C-Reactive Protein (CRP) (Biomedica, 
Austria), Osteoprotegerin (Biomedica, Austria) and serum calcium following the 

curve provided with each kit.  
The Microsoft Excel and "Statistica 6.0" statistical software was used for 
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between indications were done with t-test. P<0,05 was considered to be statistically 
significant. 

Results. Of various circulating biomarkers, only OPG was associated with 
). There were no significant group differences in levels of 

serum calcium, ionized calcium and CRP.  
BMD measurements of the hip and lumbar spines are shown in Table. 

Comparisons of BMD of the femoral neck, trochanteric, Wards Triangle region of the 
hip and lumbar region revealed that a significant lower BMD over trochanteric region 
was observed in NYHA class III pa 16 g/cm2 
comparing to NYHA class I 13 g/cm2 12 g/cm2 
(p<0,05). The hip Z-score in NYHA class III was 15, comparing to NYHA 
class II Z- 0,05). While in 
lumbar region, there is no significant difference in BMD among different NYHA 
functional classes. 

Table 
Bone mineral density indexes at patients with different NYHA functional class 

congestive hear t failure 
Bone mineral density 

indexes 
NYHA I  

functional 
class 

NYHA I I  
functional 

class 

NYHA I I I  
functional 

class 
Femoral neck BMD, g/cm2    
Trochanteric BMD, g/cm2     * 
Ward triangle BMD, g/cm2    
Hip Z score     * 
Hip T score    
L2 BMD, g/ m2    
L3 BMD, g/cm2    
L4 BMD, g/cm2    
L2 4 BMD, g/cm2    
L2 4 Z-Score    
L2 4 T-Score    
Note. * - significantly in comparison with NYHA II functional class CHF patients. 

Serum calcium level had no difference in patients of 3 groups: 2,21 0,05, 
2,16 0,04 and 2,17 0,07 respectively. Moreover, serum calcium deficiency was 
equal: 24, 29 and 29 %. Similarly, ionized calcium and CRP level did not show any 
dynamics through the investigated groups. There was a significant inverse correlation 
between log transformed serum OPG and trochanteric BMD in patients with HF 
(r 299, p<0,05), femoral neck BMD (r 29, p<0,05) and Ward triangle region 

34, p<0,05) while there is no significant correlation between OPG and 
lumbar region BMD. The correlation between biochemical indicators and BMD was 
not observed in CRP and serum calcium. 

Trochanteric BMD in patients with HF was also significantly correlated with 
456, p<0,05), and also in femoral neck BMD versus BMI (r 499, 
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p<0,05), Ward triangle region of the hip BMD versus BMI ( <0,05) and 
0,05). 

In our study with chronic systolic HF, we found that the worse the HF function 
classes, the lower the trochanteric BMD and the higher the circulating OPG. In 
addition, OPG was inversely correlated to the trochanteric BMD in HF patients. 

HF had been demonstrated with accelerated bone loss and therefore 
osteoporosis and increased risk of hip fracture [2], possibly attributed to either 
physical inactivity, increased loop diuretics use, similar comorbidities including renal 
disease, diabetes and altered neuroendocrine such as 25 hydroxyvitamin D, IL-1, IL-6 
and TNF-alpha [4]. In our study, we had demonstrated an elevated OPG in chronic 
HF patients which was similar to the other clinical research [3]. In addition, we also 
found that OPG was inversely correlated to the trochanteric BMD in HF patients. 

The reason for having higher circulating OPG level in HF osteoporotic patients 
may be attributed to several possible mechanisms. First, there may be regulatory 
pathways that involve bone metabolism other than the RANK-RANKL pathway. 
There are shared multiple pathophysiological mechanisms for heart failure and 
osteoporosis, through HF neuroendocrine activation matrix protein abnormalities, 
parathyroid hormone, adiponectin and leptin, etc. [3]. These factors may entangle 
with OPG in the state of HF. Second, the cause of high OPG in HF may be deduced 
through similar observation in natriuretic peptides in HF. While natriuretic peptides 
paralleled HF activity and was utilized in diagnosis, prognosis and monitoring 
treatment response, natriuretic peptides counteract the detrimental effects of the 
sympathetic nervous system through diuresis, vasodilatation, inhibition of renin and 
aldosterone production. The cumulative effects of natriuretic peptides oppose the 
physiologic abnormalities of HF, instead of begetting HF. 

However the relationship of OPG and BMD in distinct disease state is quite 
controversial from clinical observation. In patients with chronic obstructive lung 
disease (COPD), a positive correlation was observed between serum OPG and BMD 
in both lumbar spine L2 L4 and femoral neck region. Adipose tissue OPG 
expressions are also positively correlated with femoral T score in patient with COPD 
[6]. On the other hand, in postmenopausal osteoporotic woman, the plasma RANKL, 
OPG, OPG/RANKL ratio were significant higher than sex-matched control group and 
circulating levels of OPG and RANKL are inversely related to BMD [5]. 

OPG is gaining notice for being a prognostic role in cardiovascular disease. 
Serum OPG is an independent predictor of cardiovascular mortality in patients with 
stable coronary artery disease and plaque instability markers in coronary artery 
disease [8]. In GISSI-HF trial, OPG may also pose a prognostic function in chronic 
HF [7]. Although it had been demonstrate the step up elevation of OPG in HF 
patients according to NYHA functional class, which is concordant with our study 
result. Few had addressed the change of OPG over the bone metabolism in HF 
patients.  

Conclusion. OPG and BMD demonstrates inverse correlation in HF patients 
and may be use as an indicator for osteopenia or osteoporosis clinically. OPG 
positively correlates with HF NYHA functional class. Instead of measuring bone 
mass directly, the assessment of bone turnover which reflect ongoing bone 
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remodeling mat be alternative for identifying at risk HF patients for osteoporosis and 
taking preventive and therapeutic measures in time.  
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