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Резюме
Цель. Оценить информативность N-концевого промозгового натрийуретического пептида (NT-proBNP) для диагностики хронической сер-

дечной недостаточности (ХСН) в зависимости от наличия синдрома старческой астении (ССА) у пациентов с артериальной гипертензией 

(АГ) 80 лет и старше. Материал и методы. 320 пациентов с АГ в зависимости от наличия ХСН и ССА были распределены в группы: 1А груп-

па — пациенты с АГ, ССА и ХСН (n=84), 1Б группа — пациенты с АГ, ССА без ХСН (n=77), 2А группа — пациенты с АГ, ХСН без ССА (n=84), 

2Б группа — пациенты с АГ без ХСН и без ССА (n=75). ССА выявляли по опроснику «Возраст не помеха». Уровень NT-proBNP определяли 

в сыворотке крови иммуноферментным методом. Для определения порогового значения маркеров применили ROC-анализ. Результаты. 

У пациентов с АГ и ССА без ХСН концентрация NT-proBNP в крови выше в 2,3 раза (р=0,003) по сравнению с пациентами с АГ без ССА и без 

ХСН, что свидетельствует о влиянии ССА на уровень NT-proBNP. У пациентов с АГ и ХСН без ССА уровень NT-proBNP в 4,3 раза выше в срав-

нении с пациентами с АГ без ССА и без ХСН (р<0,001), у которых концентрацию NT-proBNP отмечали ниже порогового уровня (106,2 пг/мл). 

У пациентов с АГ и ССА и ХСН регистрировали наибольшие значения концентрации NT-proBNP, которые в 2,9 раза (р<0,001) выше, чем 

у «хрупких» пациентов с АГ без ХСН и в 1,5 раза выше чем у «крепких» пациентов с АГ и ХСН (р<0,001). Рассчитан новый пороговый уровень 

NT-proBNP для диагностики ХСН у пациентов с АГ и ССА в возрасте 80 лет и старше — 365,9 пг/мл. Заключение. Для диагностики ХСН у па-

циентов с АГ 80 лет и старше без ССА маркер NT-proBNP является информативным, так как, согласно полученным данным, его уровень не 

зависел от возраста пациентов. При применении NT-proBNP для выявления ХСН у пациентов с АГ и ССА 80 лет и старше следует использо-

вать рассчитанный пороговый уровень маркера (365,9 пг/мл), поскольку у этих пациентов концентрация NT-proBNP повышена, независимо 

от наличия ХСН. 
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Abstract
Objectives. To evaluate the informativeness of the N-terminal brain-promoting natriuretic peptide (NT-proBNP) for the diagnosis of chronic heart failure 

(CHF), depending on the presence of senile asthenia syndrome (SSA) in patients with arterial hypertension (AH) 80 years and older. Materials and 

Methods. 320 patients with hypertension, depending on the presence of CHF and SSA, were divided into groups: group 1A — patients with hypertension, 

SSA and CHF (n=84), group 1B — patients with hypertension, SSA without CHF (n=77), group 2A — patients with hypertension, CHF without SSA (n=84), 

group 2B — patients with hypertension without CHF and without SSA (n=75). The CSA was identified by the questionnaire “Age is not a hindrance”. 

The level of NT-proBNP was determined in blood serum by enzyme immunoassay. ROC analysis was used to determine the threshold value of markers. 

Results. In patients with hypertension and SSA without CHF, the concentration of NT-proBNP in the blood is 2.3 times higher (p=0.003) compared with 

patients with hypertension without SSA and without CHF, which indicates the effect of SSA on the level of NT-proBNP. In patients with hypertension 

and CHF without SSA, the level of NT-proBNP is 4.3 times higher compared with patients with hypertension without SSA and without CHF (p<0.001), 

in whom the concentration of NT-proBNP was noted below the threshold level (106.2 pg/ml). In patients with hypertension and SSA and CHF, the 

highest concentrations of NT-proBNP were recorded, which are 2.9 times (p<0.001) higher than in “fragile” patients with hypertension without CHF 

and 1.5 times higher than in “strong” patients with hypertension and CHF (p<0.001). A new threshold level of NT-proBNP has been calculated for the 

diagnosis of CHF in patients with hypertension and SSA aged 80 years and older — 365.9 pg/ml. Conclusion. For the diagnosis of CHF in patients with 

hypertension 80 years and older without CSA, the NT-proBNP marker is informative, since, according to the data obtained, its level did not depend on 

the age of the patients. When using NT-proBNP to detect CHF in patients with hypertension and SSA 80 years and older, the calculated threshold marker 

level (365.9 pg/ml) should be used, since in these patients the concentration of NT-proBNP is increased, regardless of the presence of CHF.

Key words: chronic heart failure, senile asthenia syndrome, age 80 years and older, NT-proBNP
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AH — arterial hypertension, NUP — natriuretic peptides, FS — frailty syndrome, CCF — chronic cardiac failure, NT-proBNP — N-terminal pro brain 

natriuretic peptide

Introduction
Chronic cardiac failure (CCF) is one of the most rel-

evant problems of the modern healthcare. It  is worth 

mentioning that the incidence of CCF increases with 

age. Elderly people (65  years old and over) make 80 % 

of patients with CF [1]. CCF in elderly people worsens 

prognosis signifi cantly, and 1-year and 5-year mortality 

rates in people over 80 years old are 19.5 % and 24.4 %, 

respectively [2]. Early identifi cation of adverse events in 

patients with CVDs, including CCF development and 

decompensation, is essential. However, diagnosis of car-

diac insuffi  ciency in elderly patients can be challenging 

due to low specifi city of symptoms, and special attention 

should be paid to ECG results and blood cardiac mark-

ers [3]. Currently, measurement of natriuretic peptide 

(NUP) levels in included into the diagnostic algorithms 

for CCF and is an essential test method to make a diag-

nosis; and their high value in prognosis and risk classifi -

cation in patients with CF has been repeatedly proven in 

numerous clinical trials [4,5]. Of note, besides a number 
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of advantages (easy and accessible tests, high prognostic 

signifi cance), NUPs have drawbacks, such as highly vari-

able values, which depend on sex, age and comorbidities 

[6]. Also, the use of NUP in elderly people with CCF is 

challenging because of higher biomarker levels due to 

comorbidities and ageing with a number of geriatric syn-

dromes. Patients with CCF are more susceptible to senile 

asthenia (SA) than the general population; SA is an 

independent predictor of re-hospitalisations and mor-

tality in this category of patients. Approximately 20 % of 

patients with CCF have senile asthenia syndrome, while 

50 % have pre-asthenia [7]. SA diagnosis can become a n 

integral component of the management plan for elderly 

and old patients with CCF. Strategies of CCF diagnosis 

and prognosis, clinical symptoms, as well as structural 

and functional heart re-modelling in patients with AH 

depending on the presence or absence of FS, remain 

understudied.

Th e objective of this study was to evaluate the infor-

mative value of N-terminal pro brain natriuretic peptide 

(NT-proBNP) in diagn osis of CCF depending on the 

presence of frailty syndrome (FS) in patients with arte-

rial hypertension (AH), who are 80 years old and over.

Materials and Methods
Th is study was a cross-sectional study. Th e study meets 

the standards and principles of the Declaration of Hel-

sinki. Th e study was approved by the Ethics Committee 

at the Federal State Budgetary Educational Institution of 

Higher Education Rostov State Medical University of the 

Ministry of Health of Russia (minutes No.  13/19  dated 

05/09/2019). Th e patients were enrolled in the study aft er 

they signed a written voluntary informed consent form. 

Patients were recruited in outpatient settings in Rostov-

on-Don. Th e total number of subjects was 320 patients 

with AH aged at least 80 years old (56.9 % were women 

and 43.1 % were men); the mean age was 85.8 ± 4.5 years.

Inclusion criteria: age of at least 80  years old; AH, 

grade  IIA–IIB CCF and FC II–IV. Exclusion criteria: 

haemodynamically signifi cant heart diseases, implanted 

electrocardiostimulator, a history of ischaemic heart dis-

ease (absence of typical clinical presentation, past medi-

cal history, ST segment depression or elevation on ECG 

and Holter ECG, area of hypo- and akinesia on Echo 

CG), acute cerebrovascular accident or transient isch-

aemic attack within past 6 months, malignancies, severe 

liver condition (transaminase levels 3xUNL or more) or 

severe kidney condition (GFR ≤ 30 mL/min).

Depending on the presence of CCF and FS, all 

patients were divided into four clinical groups: 

group  1А  — patients with AH, FS and CCF (n  =  84), 

group  1B  — patients with AH, FS and without CCF 

(n = 77), group 2А — patients with AH, CCF and with-

out FS (n = 84), group 2B — patients with AH and with-

out CCF and FS (n = 75).

AH was diagnosed on the basis of the past medical 

history and results of offi  ce blood pressure (BP) mea-

sured under the method developed by S. N. Korotkov.

CCF was diagnosed on the basis of symptoms and 

clinical signs, cardiac failure marker (NT-proBNP) levels 

and ECG fi ndings in accordance with the national clini-

cal guidelines for CCF diagnosis and management [4] 

FS was diagnosed with the help of the “Age is no 

disqualifi cation” questionnaire; patients who scored 

≥ 3 points underwent a brief battery of physical function 

tests [8].

Serum NTproBNP levels in study subjects were mea-

sured with ELISA test.

A form was fi lled out for each patient, specifying risk 

factors, comorbidity, current therapy, physical examina-

tion results, laboratory and instrumental test results, as 

well as scale and questionnaire scores. 

Study results were statistically processed using STA-

TISTICA 12.0 (StatSoft  Inc., USA), SPSS 21.0, MedCalc 

(version 9.3.5.0). 

Th e representative sample size, characterising the 

general population in terms of FS rates, was calculated 

as follows: 

n= (z 2
α
 p*q)/Δ2, where

n is the number of observations in the sample; z
α
 is type I 

error (at a = 0.05); p is the incidence of the attribute 

in the population; q is the reverse event rate; D is the 

margin of sampling error

Th e incidence of all test parameters was checked for 

normality using Shapiro — Wilk test. Since the incidence 

of test parameters in the sample was both normal and 

other than normal, then the data were presented using 

both mean selective value, error of mean (М±σ) and 

median and interquartile range (Me [Q1; Q3]). Quali-

tative variables are presented as absolute (n) and rela-

tive (%) values. Groups were compared using Yates cor-

rected χ2 for qualitative attributes and Mann — Whitney 

U test for quantitative attributes for two independent 

groups. Th e four groups of patients were compared using 

Kruskal — Wallis ANOVA. Th e critical signifi cance level 

of the zero statistical hypothesis was р
mg 

<  0.05. Evalu-

ations of the diagnostic effi  ciency of the methods and 

identifi cation of the diagnostic cut-off  were performed 

using ROC-analysis with calculation of sensitivity and 

specifi city, odds ratio, as well as ROC-curve plotting and 

area under ROC-curve evaluation. 

Results
Clinical characteristics of subjects are presented in 

Table 1. All patients in the clinical groups had a very high 

cardiovascular risk; AH duration exceeded 20 years. 

A comparative analysis of CCF stage distribution 

demonstrated the lack of any statistically signifi cant dif-

ference between patients, irrespective of FS (p>  0.05). 
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Table 1. Clinical characteristics of the patients included in the study

Group

Indicator

1A group 

(AH + CHF + SAS, 

n=84)

1В group 

(AH + SAS 

without CHF, 

n=84)

2А group 

(AH + CHF 

without SAS, 

n=77)

2В group 

(AH without SAS 

and without CHF, 

n=75)

Pairwise 

comparison 

of groups

р
мг/

 р
mg

Age, years 84,9±4,8 84,2±4,1 85,7±5,9 86,4±5,7

р
1
=0,937

р
2
=0,848

р
3
=0,839

р
4 
=0,962

0,852

Gender (f/m), n (%) 44/40 (52,4/47,6)
41/43

(48,8/51,2)
38/39 (49,4/50,6)

38/37

(50,7/49,3)

р
1
=0, 953

р
2
=0,871

р
3
=0, 639

р
4
=0,597

0,872

HTN stage II, n (%) - 6 (7,1) - 4 (5,3) р
4
=0,861 -

HTN stage III, n (%) 84 (100) 78 (92,9) 77 (100) 71 (94,7)

р
1
=0,634

р
2
=0,739

р
4
=0,906

0,945

Left  ventricular ejection 

fraction, %

44,0

[42,4;47,3]

52,8

[50,6;55,4]

59,2

[57,8;60,5]

62,2

[60,6;63,9]

р
1
<0,001

р
2
=0,813

р
3
=0,002

р
4
=0,009

р
5
=0,092

0,004

CHF stage IIА, n (%) 73 (86,9) - 71 (92,2) - p
3
=0,314 -

CHF stage IIВ, n (%) 11 (13,1) - 6 (7,8) - р
3 
= 0,428 -

CHF II FC, n (%) 24 (28,6) - 32 (41,6) - р
3
=0,041 -

CHF III FC, n (%) 52 (61,9) - 35 (45,5) - p
3
=0,036 -

CHF IV FC, n (%) 8 (9,5) - 10 (12,9) - р
3
=0,382 -

Anemia, n (%) 20 (23,8) 9 (10,7) 12 (15,6) 10 (13,3)

р
1
=0,033

р
2
=0,172

р
3
=0,237

р
4
=0,341

0,193

Atrial fi brillation, n (%) 42 (50,0) 25 (29,8) 19 (24,7) 13 (17,3)

р
1
=0,003

р
2
=0,313

р
3
<0,001

р
4
=0,082

<0,001

Chronic kidney disease, n (%) 56 (66,67) 48 (57,14) 31 (40,26) 24 (32)

р
1
=0,203

р
2
=0,293

р
3
<0,001

р
4
=0,001

<0,001

Type 2 diabetes mellitus, n (%) 26 (31) 15 (17,9) 19 (24,7) 12 (16)

р
1
=0,042

р
2
=0,199

р
3
=0,386

р
4
=0,778

0,089

BMI, kg/m2 23,4 ± 2,1 28,2±0,4 32,1 ± 2,0 30,3±0,4

р
1
=0,062

р
2
=0,319

р
3
=0,029

р
4 
=0,823

0,481

Obesity, n (%) 8 (9,88) 14 (16,67) 18 (23,37) 11 (14,66)

р
1
=0,236

р
2
=0,563

р
3
=0,032

р
4 
=0,206

0,582

Dyslipidemia, n (%) 47 (55,95) 58 (69,05) 46 (59,74) 55 (73,33)

р
1
=0,076

р
2
=0,079

р
3
=0,614

р
4
=0,571

0,080

Hemoglobin, g/L 110±14*• 123±6 122±9 125±8

р
1
=0,020

р
2
=0,452

р
3
=0,034

р
4
=0,547

0,013
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The evaluation of CCF FC in the study groups showed 

a higher incidence of FC III CCF with FS (by 16.4 %, 

р  =  0.036) and FC II CCF in patients without FS (by 

13 %, p = 0.041). The lowest LV EF was observed in frail 

patients with AH and CCF; the values were statistically 

different from the same parameter in frail patients with 

AH without CCF (р <  0.001) and non-frail patients 

with AH and CCF (р  =  0.002). CCF duration was 

8.4 ± 3.6 years.

An analysis of the clinical characteristics demon-

strated that frail patients with AH and CCF had concom-

itant AFib (by 29.3 %, p  =  0.003), anaemia (by 13.1 %, 

p = 0.033) and type 2 DM (by 17.6 %, p = 0.042) more 

oft en that frail patients with AH and without CCF. 

It is worth noting that patients with AH, CCF and FS 

had twice as high rates of AFib (р <  0.001) and 26.4 % 

more CCF (р < 0.001) as compared to patients with AH 

and CCF and without FS. Non-frail patients with AH 

and CCF, on the other hand, had a higher BMI vs. frail 

patients with AH and CCF (p  =  0.029), and 2.4-fold 

number of obese patients (p = 0.032). Also, frail patients 

without CCF had more cases of CKD (by 25.14 %) 

(р = 0.001) vs. non-frail patients without CCF. 

An analysis of laboratory values showed that frail 

patients with AH and CCF (subgroup  1А) had higher 

levels of uric acid (р  =  0.015) vs. frail patients with 

AH and without CCF (subgroup 1B) and statistically 

lower levels of GFR and Hb vs. frail patients without 

Group

Indicator

1A group 

(AH + CHF + SAS, 

n=84)

1В group 

(AH + SAS 

without CHF, 

n=84)

2А group 

(AH + CHF 

without SAS, 

n=77)

2В group 

(AH without SAS 

and without CHF, 

n=75)

Pairwise 

comparison 

of groups

р
мг/

 р
mg

Red blood cells, ×1012/ L 4,1±0,8 4,2±0,6 4,0±0,5 4,5±0,7

р
1
=0,620

р
2
=0,492

р
3
=0,716

р
4
=0,937

0,482

Glycemia, mmol/L 5,2±0,31 5,1±0,26 5,3±0,28 5,0±0,35

р
1
=0,784

р
2
=0,592

р
3
=0,847

р
4
=0,286

0,981

Urea, mmol/L 5,7±0,21 6,1±0,37 5,9±0,42 6,0±0,36

р
1
=0,482

р
2
=0,291

р
3
=0,582

р
4
=0,637

0,934

Creatinine, μmol/L 126±0,79 110±0,83 104±0,94 101±0,77

р
1
=0,691

р
2
=0,482

р
3
=0,593

р
4
=0,791

0,158

Estimated glomerular fi ltration 

rate, ml/min/1.73m2
54,4±2,13*• 72,3±2,37 75,7±2,08 73,6±2,68

р
1
=0,027

р
2
=0,491

р
3
=0,041

р
4
=0,285

0,031

Uric acid, μmol/L 393,2±4,39* 370,3±4,67 380,5±4,0 369,6±4,63

р
1
=0,015

р
2
=0,782

р
3
=0,451

р
4
=0,991

0,113

ALT, U/L 22±2,7 23± 3,3 21± 2,1 22± 1,9

р
1
=0,835

р
2
=0,621

р
3
=0,423

р
4
=0,815

0,729

AST, U/L 27±3,2 24±2,8 25±3,1 23±2,5

р
1
=0,581

р
2
=0,371

р
3
=0,514

р
4
=0,148

0,725

Total bilirubin, mmol/L 13±1,5 15±1,8 15±1,4 14±1,7

р
1
=0,571

р
2
=0,491

р
3
=0,281

р
4
=0,623

0,381

Note: AH — arterial hypertension, HTN — hypertension, BMI — body mass index, SAS — senile asthenia syndrome, CHF — chronic heart failure; 

р
1
 — differences between groups 1A and 1B; р

2 
— differences between groups 2A and 2B; р

3 
— differences between groups 1A and 2A; р

4 
— differences between groups 1B and 2B; 

р
5 
— differences between groups 1B and 2A; р

mg
 — multi-group comparison; * — р — differences between groups 1A and 1B, р <0,05; • — р — differences between groups 1A and 2A, 

р <0,05; the differences are statistically significant when р <0,05. 

Table 1. (Th e end)
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CCF (p = 0.027, p = 0.020) and non-frail patients with 

CCF (subgroup 2А) (p = 0.034, p = 0.041), respectively 

(Table  1). It  can be a result of a comorbidity, particu-

larly CCF, and the eff ect of FS, which is associated with 

reduced active muscle body weight and reduced intensity 

of metabolic processes. Th ere were no intergroup diff er-

ences in biochemistry parameters (p > 0.05). Mean bio-

chemistry values were within reference ranges, indicat-

ing compensated somatic functions. 

Statistically signifi cant diff erences (p
mg 

<  0.001) 

(Table 2) were demonstrated by an intergroup compari-

son of NT-proBNP concentrations in the study groups.

Of note, non-frail patients with AH and without 

CCF had lower serum NT-proBNP concentrations, 

with the mean values being below the threshold level of 

125 pg/mL (Fig. 1). 

When non-frail patients with AH (group  2A) had 

CCF, they also had expectedly higher NT-proBNP levels 

(4.3-fold, р < 0.001) vs. non-frail patients with AH and 

without CCF (group 2B). 

An evaluation of FS eff ects on NT-proBNP levels 

included an intergroup comparison of values of patients 

with AH in groups 1B and 2B, i.e. with or without FS, 

respectively. It has been established that in patients with 

AH and FS and without CCF (group  1B), blood NT-

proBNP concentrations were 2.3 times higher (р = 0.003) 

than in patients with AH and without CCF and FS 

(group 2B), making it possible to see the FS eff ects on the 

levels of this marker.

Results of an intergroup analysis of NT-proBNP con-

centrations in patients with AH and CCF, but without 

FS (group 2А) and AH and FS, but without CCF (group 

1B) indicate statistically higher eff ects of CCF on NT-

proBNP levels (460.2 pg/mL vs. 244.5 pg/mL, р < 0.001) 

as compared to eff ects of FS.

It is worth noting that a combination of FS and CCF 

in patients with AH (group 1A) was associated with the 

highest NT-proBNP concentrations, which were 2.9 times 

higher (р < 0.001) than the same parameter in the group 

of patients with AH and FS, but without CCF (group 1B), 

and 1.5  times higher than the marker levels in patients 

with AH and CCF, but without FS (group 2A) (р < 0.001).

A gender analysis of serum NT-proBNP concentra-

tions demonstrated no statistically signifi cant diff er-

ences between men and women in each group (р > 0.05) 

(Table 3). 

Table 2. Analysis of NT-proBNP serum levels in patients included in the study

Group 

Marker

1A group 

(AH + CHF + SAS, 

n=84)

1В group 

(AH + SAS 

without CHF, n=84)

2А group 

(AH + CHF 

without SAS, n=77)

2В group 

(AH without SAS and 

without CHF, n=75)

Pairwise 

comparison 

of groups

р
мг/

 р
mg

NT-proBNP, pg/ml
697,9

[606,2 — 837,3]

244,5

[187,2– 300,2]

460,2

[341,2–531,7]

106,2

[55,7–173,8 ]

р
1
<0,001

р
2
<0,001

р
3
<0,001

р
4
=0,003

р
5
<0,001

<0,001

Note: AH — arterial hypertension, SAS — senile asthenia syndrome, CHF — chronic heart failure; NT-proBNP N-terminal propeptide of B-type natriuretic hormone; 

р
1
 — differences between groups 1A and 1B; р

2 
— differences between groups 2A and 2B; р

3 
— differences between groups 1A and 2A; р

4 
— differences between groups 1B and 2B; 

р
5 
— differences between groups 1B and 2A; р

mg
 — multi-group comparison; the differences are statistically significant when р <0,05. 
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Figure 1. Median, interquartile range and range of NT-proBNP concentration in blood serum in patients 

of the studied groups
Note: NT-proBNP — N-terminal propeptide of the B-type natriuretic hormone
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However, both frail women with CCF 

and frail men with CCF had highest NT-

proBNP values vs. both frail women and frail 

men without CCF and non-frail women and 

non-frail men with CCF (р
mg women 

<  0.001, 

р
mg men 

< 0.001).

ROC-analysis was used to identify the 

threshold value. Diagnostic sensitivity and 

diagnostic specifi city values were used to 

plot a performance curve (ROC-curve). 

An important aspect of the ROC-analysis was 

identifi cation of the cut-off  point. In addition 

to visual assessment of ROC-curve location 

of the plot, the area under ROC-curve (AUC) 

was calculated for the unbiased identifi cation 

of the diagnostic effi  ciency of the method. Th e 

closer the AUC value to one, the higher the 

diagnostic test ability to identify a disease [9].

Given that frail patients with AH and 

without CCF had higher NT-proBNP levels, 

the focus of the study was on the determina-

tion of the threshold value of NT-proBNP 

for CCF diagnosis in patients with AH and 

FS. Its blood concentration, corresponding 

to the highest values of diagnostic sensitivity 

and specifi city (cut-off  point) in the diagno-

sis of CCF with presence/absence of FS, was 

365.9 pg/mL. When this level is achieved and 

exceeded, a diagnostic decision on CCF is 

taken with 97.5 % sensitivity and 96.2 % speci-

fi city (p < 0.001).

Table 3. Analysis of NT-proBNP serum levels in patients included in the study, depending on gender

1A group (n=84)

Gender/Marker Women (n=44) Men (n=40) p
1А wom -1А men

NT-proBNP, pg/ml 793,0 [643,0 — 988,2] 658,3 [539,4 — 792,1] 0,92

1B group (n=84)

Gender/Marker Women (n=43) Men (n=41) p
1В wom -1В men

NT-proBNP, pg/ml 281,4 [216,1 — 320,2] 215,7 [161,5 — 267,3] 0,90

2A group (n=77)

Gender/Marker Women (n=38) Men (n=39) p
2А wom -2А men

NT-proBNP, pg/ml 474,1 [416,2 — 554,5] 428,6 [264,1 — 511,4] 0,91

2B group (n=75)

Gender/Marker Women (n=37) Men (n=38) p
2В wom -2В men

NT-proBNP, pg/ml 71,2 [51,4 — 191,3] 126,4 [83,9 — 163,3] 0,89

p
1А wom -1В wom <0,001

p
1А wom -2А wom

 
<0,001

p
1В wom -2В wom <0,001

p
2А wom -2В wom <0,001

p
1А wom -2В wom <0,001

p
1А men -1В men <0,001

p
1А men -2А men <0,001

p
1Б men -2В men =0,004

p
2А men -2В men =0,002

p
1А men -2Б men <0,001

р
мг 

/ р
mg

p 
mg wom <0,001

p 
mg men <0,001

Note: NT-proBNP — N-terminal propeptide of natriuretic hormone B-type; p — differences between women and men of groups 1A, 1B, 2A, 2B; р
mg

 — multi-group comparison; 

р
mg

 of women, р
mg

 of men — confidence probability of multiple comparison of groups 1A, 1B, 2A, 2B among women and men, аccordingly, using the analysis of variance and the 

Kraskell-Walis criterion
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Figure 2. ROC-curve of compliance of diagnostic sensitivity and 

specifi city of NT-proBNP concentration for the diagnosis of CHF 

in patients with hypertension and senile asthenia syndrome
Note: AH — arterial hypertension, SAS — senile asthenia syndrome, CHF — chronic heart failure; 

NT-proBNP N-terminal propeptide of B-type natriuretic hormone
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AUC value for NT-proBNP in patients with AH and 

FS for CCF diagnosis was 0.993 ± 0.004 (CI: 0.965–1.0) 

(р < 0.001), indicating the excellent quality of the model 

(Fig. 2).

Discussion
It is well known that NTproBNP concentrations 

increase with age, both in men and women. At the same 

time, the level of this hormone in elderly people over 

75  years of age (especially in women) can be 4  times 

higher than in younger patients [10]. It is associated both 

with comorbidities (diabetes mellitus, arterial hyperten-

sion, chronic obstructive pulmonary disease, atrial fi bril-

lation) and impaired renal function [11].

In some patients, no adequate increase in NUP values 

is observed, despite increased fi lling pressure in the left  

heart. To the contrary, obese patients have signifi cantly 

lower blood NT-proBNP concentrations vs. patients 

with lower body weight [12].

It has been reported that, in patients with CCF and 

preserved LF EF, NTproBNP levels can remain within 

the normal range, and it is observed approximately in 

three–four patients with verifi ed CCF and preserved LF 

EF out of ten [13].

Of note, in this study, non-frail old patients with AH 

had the mean NT-proBNP level within the normal range 

(<  125  pg/mL), irrespective of sex and age. A  higher 

level of this marker in elderly and old patients with CCF 

in works by other researchers can be explained by the 

fact that no evaluation of FS presence was performed. 

In  this study, this is FS that impacts NT-proBNP levels 

in patients over 80 years old with AH and without CCF. 

Available data coincide with the results of the study 

by Yao S et al., which demonstrated the association 

between higher plasma NUP levels and a higher risk of 

FS and pre-asthenia in elderly people [14].

Th is study shows that in frail patients over 80 years 

of age with AH, but without CCF, the mean NT-proBNP 

concentration was above 125 pg/mL, and it enabled us to 

see FS eff ects on the marker concentration.

Infl ammation is known to play an essential part in 

the development not only of cardiovascular diseases, 

but it also contributes to pathogenesis of senile asthenia. 

Patients with senile asthenia have higher levels of such 

markers of infl ammation as WBC, interleukin 6, C-reac-

tive protein, blood coagulation factor VIII, fi brinogen, 

D-dimer, and tumour necrosis factor-α [15]. Th e infl am-

matory nature of senile asthenia has also been proven 

in Women’s Health and Ageing I and II study, where 

a higher risk of senile asthenia with an increase in the 

number of infl ammatory diseases [16] was reported. 

It should also be noted that the rate of increase in proin-

fl ammatory mediator concentrations correlates with NT-

proBNP levels [4]. 

Another connecting mechanism between senile 

asthenia and a higher NT-proBNP concentration can 

be endothelial dysfunction. Results of Toledo Study 

for Healthy Ageing showed that patients with FS had 

impaired endothelial function when evaluated on the 

basis of asymmetric dimethyl arginine [17]. Also, the 

results correlate with results from the study by Y. Wang 

et al., where endothelial dysfunction was associated with 

higher NT-proBNP levels, larger left  atrium (myocar-

dium remodelling) and fi brosis [18].

A higher NT-proBNP concentration (>  125  pg/mL) 

was reported both in non-frail patients with CCF and 

frail patients without CCF. However, a comparative anal-

ysis demonstrated statistically higher eff ect of CCF on 

increased NT-proBNP levels vs. eff ects of FS.

Non-frail patients with CCF had higher NT-proBNP 

concentrations (> 125 pg/mL), similar to younger patients.

A combination of CCF and FS in old patients with 

AH was associated with the highest NT-proBNP con-

centration among the groups, indicating potentiation of 

CCF and FS eff ects. 

Given higher NUP concentrations in patients with 

FS, the NT-proBNP level was calculated, which reliably 

shows the presence of CCF in patients over 80 years of 

age with AH and FS. In patients with AH and FS, higher 

NT-proBNP levels of over 365.9 pg/mL enable confi rm-

ing CCF.

A gender analysis of serum NT-proBNP concentra-

tions in the study groups demonstrated the lack of statis-

tically signifi cant diff erences between men and women. 

Conclusions
Th e results allow drawing a conclusion that, in diag-

nosing CCF in patients over 80 years of age with AH, but 

without FS, NT-proBNP is an informative marker, because 

the results show that its concentrations were independent 

of the patient age. When using NT-proBNP for identifi ca-

tion of CCF in patients over 80 years of age with AH and 

FS, the calculated threshold level (365.9 pg/mL) should 

be used, since these patients have an elevated NT-proBNP 

concentration, with or without CCF. 
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