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To identify predictors of increased N-terminal pro-brain natriuretic peptide (NT-proBNP) in a popu-
lation of outpatients at a high risk for chronic heart failure (CHF) using methods based on the clinical
decision limit (CDL), reference intervals (RI), and age- and sex-adjusted NT-proBNP ratio.

Timely diagnosis and initiation of treatment at the early stages of CHF improve the prognosis
of patients. Accordingly, a program for supporting patients at a high-risk of CHF by measuring
NT-proBNP was implemented in all federal districts (FDs) of the Russian Federation. The analy-
sis included 11,740 patients at high risk of developing CHF, who had a single NT-proBNP mea-
surement in an outpatient setting. The inclusion criteria were age >18 years, symptoms and signs
of CHF and/or abnormalities on electrocardiogram and/or the presence of diseases (arterial
hypertension and/or any form of ischemic heart disease). The analysis included determining
the proportion of patients with NT-proBNP test results above the CDL (NT-proBNP >125 pg/
ml) and above the RI (97.5% percentile). For additional assessment, the age- and gender-adjusted
NT-proBNP ratio was used. The risk of elevated NT-proBNP was assessed based on CDL, RI, and
the NT-proBNP ratio.

The median age of patients was 66 [58.0; 73.0] years, 55.8% were >65 years, and 59.3% were wom-
en. In 43.5% of patients, the NT-proBNP concentration was less than 125 pg/ml. The risk of achiev-
ing CDL was 50% higher among men, associated with the patient’s age, and increased by 73% in
the 45-54 age group, 2.52 times in the 55-64 age group, and 6.62 times in the >6S years age group
compared to the 18-44 age group. Living in a city with a population of less than one million people
increased the risk of achieving CDL by 17% compared to living in a city with a population of over
a million. NT-proBNP values above the RI were achieved by 22% of patients, with the risk being 69%
higher among men and 24% higher among patients living in cities with a population of less than one
million. Evaluation of the NT-proBNP test results using the RI criterion showed that 44.3% of patients
with normal RI values had NT-proBNP values above the CDL (>125 pg/ml). The NT-proBNP ratio
was the lowest in the Ural Federal District and the highest in the Far Eastern Federal District. The risk
of an increased NT-proBNP ratio >1 was higher among men by 67% (p<0.001), for residents of small
towns by 21% (p<0.001), and for residents of the Far Eastern Federal District compared to any other
region (p<0.001).

Independent risk factors for elevated NT-proBNP when assessed by the RI and NT-proBNP ratio
included male gender, residence in cities with a population of less than one million, and residence in
the Far Eastern Federal District. Assessing the NT-proBNP test solely based on the CDL, without tak-
ing into account physiological changes related to gender and age, carries a risk of overdiagnosis of CHF.
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Introduction

Chronic heart failure (CHF) is a pressing issue in
cardiology due to its increasing prevalence in many
countries worldwide, as well as increasing severity
of the condition in CHF patients. The risk of death
from CHF remains high despite the introduction of
new treatments over the past decade. Timely diagno-
sis and early treatment improve patient prognosis, ne-
cessitating the development of screening measures and
methods for high-risk CHF patients [1, 2].

The PRIORITY-CHEF study reported the leading
causes of CHF in outpatients, which included arteri-
al hypertension (AH), ischemic heart disease (IHD),
atrial fibrillation (AF), type 2 diabetes mellitus, obe-
sity, heart defects, and non-coronary myocardial dis-
eases [3]. This suggests that early detection of CHF in
outpatients should be targeted specifically at patients
with these conditions and their combinations. Early
diagnosis and timely initiation of treatment will im-
prove their prognosis.

Current practice has a problem with late diagnosis
of CHF, including in-hospital diagnosis, when basic
therapy for CHF is initiated only during the inpatient
stage. Late treatment initiation leads to a slower titra-
tion rate of basic medications and their subsequent
underuse during outpatient treatment, which fails to
improve the patient’s prognosis. This reduces the ef-
fectiveness of the healthcare system and increas-
es the overall cost of CHF treatment. It should be not-
ed that the concept of early diagnosis is particularly
applicable in outpatient practice, since detection of
CHF during hospitalization typically indicates a high
functional class and/or advanced stage [4, S].

The literature actively discusses the issue of early
diagnosis of CHF in the population based on the mea-
surement of biomarkers, in particular natriuretic pep-
tide (NUP), which has a high negative predictive val-
ue. The NUP test allows to exclude the diagnosis of
CHEF at values below the reference level or the clinical
decision limits (CDLs) [6-8]. The Russian study ES-
SE-RF 2 that analyzed a sample of respondents aged
35-64 years showed that survival was lower with an
increase in NUP above the reference values compared
to respondents without an increased NUP [8]. These
data allowed us to conclude that an increase in NUP
in the population adversely affects the prognosis [8].

Among various laboratory tests for NUP,
the N-terminal fragment of pro-brain natriuret-
ic peptide (NT-proBNP) test is the main one for
the early diagnosis of HF in outpatient practice [S].
The NT-proBNP test has a class IA recommendation
for the diagnosis of CHF in clinical guidelines [S, 9,
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10]. For the scenario of gradual CHF development,
which is typical for outpatient practice, the CDLs are
applied (NT-proBNP >125 pg/mL), which has re-
peatedly confirmed its clinical value in the early diag-
nosis of CHF in patients with a high risk of CHF [11].
It should be taken into account that the positive pre-
dictive value of the NT-proBNP CDLs for confirming
CHF vary from 30 to 60% depending on the charac-
teristics of the studied cohort and the test manufac-
turer [12]. Furthermore, CDLs values for NT-proBNP
<12S pg/mL allow excluding CHF with a probabili-
ty of 95-100% [13].

NT-proBNP levels are known to vary depending
on gender, age, and other clinical parameters, while
CDLs do not account for these parameters [14, 15].
The influence of gender and age can be accounted
for by using reference levels (expected values) of
NT-proBNP in healthy respondents. Expected values
for the NT-proBNP (Elecsys proBNP II) test, based
on the results of a study of the NT-proBNP concen-
tration in the reference group of the Gutenberg Health
Study participants aged 35 to 74 years, are published
in the test instructions [16].

In recent years, the international literature has ad-
dressed sensitivity, specificity, and efficacy of the age-
and sex-adjusted NT-proBNP ratio for diagnosing
conditions associated with myocardial injury in car-
diovascular diseases and COVID-19. NT-proBNP
may also be highly valuable in diagnosing CHF, as
several studies have reported a close correlation with
the risk of death in the immediate and long-term pe-
riods [17-19].

In the Russian Federation (RF), there is a need for
early diagnosis of CHF, which, through the early initi-
ation of therapy in patients with newly diagnosed CHF,
can potentially reduce the risk of CHF progression
and complications. For this reason, a patient support
program for NT-proBNP measurement in patients at
high risk of CHF was developed and implemented in
each federal district (FD) of the RF by Novartis Phar-
ma LLC with the direct participation of Aston Health.
As part of this program, patients were given the oppor-
tunity to take the NT-proBNP test upon prescription
from their treating physician. This facilitated the avail-
ability of early CHF diagnosis in consistency with clin-
ical guidelines. In accordance with the patient sup-
port program regulations, a single NT-proBNP test
was performed in outpatient settings among patients
aged 18 years and older with symptoms and signs of
CHF and/or abnormalities on the electrocardiogram
(ECG) and/or the presence of medical conditions
(AH and/or any form of IHD).
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This article focuses on the analysis of the results
of NT-proBNP test as part of the patient support
program and the search for predictors of increased
NT-proBNP values in patients at high risk of CHF.

Aim

The aim of the study was to identify predictors of
increased NT-proBNP values in a population of out-
patients at high risk of CHF using methods based on
the CDLs, reference intervals, and the sex- and age-
adjusted NT-proBNP ratio.

Additionally, the following objectives were set in
this study: to determine regional features of variation
in NT-proBNP values in study patients; to determine
differences in the evaluation of the NT-proBNP test
results when using the above methods; and to deter-
mine the clinical portrait of a modern outpatient with
a high risk of CHF.

Material and methods

A total of 11,740 patients participated in the patient
support program from September 2023 through Sep-
tember 2024. Each patient took a single NT-proBNP
test with the Elecsys proBNP II test (manufactured by
Roche) using the approved method within the Helix
laboratory service network in all FDs of the RF, which
ensured the consistency of the results.

Inclusion criteria for the study. Adult patients
(18 years and older); NT-proBNP test has not been
performed within the previous month. Presence of
one or more symptoms and signs; history of AH and/
or IHD (myocardial infarction (MI), acute corona-
ry syndrome without MI, angina pectoris, ischemic
cardiomyopathy, asymptomatic myocardial ischemia,
rhythm and conduction disturbances (as an indepen-
dent nosological form of IHD in the absence of cri-
teria for sudden death), hemodynamically significant
coronary atherosclerosis); orthopnea; nocturnal at-
tacks of cardiac asthma; exposure to cardiotoxic drugs;
complaints of fatigue, shortness of breath, swelling of
the legs, and palpitations; wheezing; bilateral swell-
ing of the lower extremities during physical examina-
tion; heart murmurs; jugular venous distension; dis-
placed apical impulse; abnormalities on the ECG with
assessment of the heart rhythm, heart rate, morphol-
ogy and QRS duration, disturbances of atrioventric-
ular and ventricular conduction (left bundle branch
block, right bundle branch block, myocardial scarring,
myocardial hypertrophy).

Exclusion criteria. Lack of informed consent, patient
age under 18 years, previous diagnosis of CHF, and/
or NT-proBNP test performed less than 1 month ago.
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Patients signed informed consent to participate in
the program, to the processing of personal data, and
blood sampling. Only treating physicians had access
to patients’ personal data and medical records. All
patients and their treating physicians were prompt-
ly informed of the NT-proBNP test results, and pa-
tients were invited to a follow-up appointment with
a physician/cardiologist. Clinical investigators did
not have access to patients’ personal data, except for
the patient’s gender, age, city and FD of residence, and
the NT-proBNP test result.

An analysis of the types of localities in which pa-
tients resided was performed. All localities were divid-
ed into two types. Cities with a population of 1 million
or more were assigned to type 1. Cities with a popu-
lation of over one million included Moscow, St. Pe-
tersburg, Novosibirsk, Yekaterinburg, Kazan, Nizhny
Novgorod, Krasnoyarsk, Chelyabinsk, Samara, Ufa,
Rostov-on-Don, Krasnodar, Omsk, Voronezh, Perm,
and Volgograd, according to official data as of Janu-
ary 1,2024 [20]. Cities and other localities with a pop-
ulation of less than 1 million were classified as type 2.

The study was conducted in accordance with
the principles of the Declaration of Helsinki (2024
revision of the World Medical Association).

The number and proportion of patients with
NT-proBNP test results above the CDLs specified in
national clinical guidelines (NTproBNP >125 pg/mL)
were determined for the overall group and depend-
ing on gender, age, category of locality, and FD [10].
At the next stage, the increase in NT-proBNP was as-
sessed based on the reference interval (RI), which
was taken as the 97.5% percentile for the NT-proBNP
reference level in a gender- and age-matched sub-
group [16]. An additional assessment of the increase
in NT-proBNP used the NT-proBNP ratio, which was
defined as the NT-proBNP value of a particular patient
divided by the upper RI of NT-proBNP in the control
(the 97.5% percentile for the gender and age group).
The NT-proBNP ratio was introduced to compensate
for gender- and age-related changes in NT-proBNP.

Statistical analysis was performed in the R envi-
ronment, version 4.3.2. Prior to the analysis, quan-
titative variables were tested for normality using
the Anderson-Darling test. The distribution of quan-
titative variables differed from normal. Descriptive sta-
tistics are presented as median and quartiles (Me [Q1;
Q3]) for quantitative variables and as absolute values
and percentages for qualitative variables. For inter-
group comparisons, the chi-square test for qualitative
variables and the Mann-Whitney test for quantitative
variables were used to assess the significance of differ-
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ences. The Benjamini-Hochberg procedure was used
for correction for multiple comparison. For multivar-
iate analysis, a binary logit model (or logistic regres-
sion) was used, which allows for the assessment of
the independent influence of predictors. Differenc-
es were considered statistically significant at p<0.0S.

Results

Patients from various FDs participated in the pro-
gram. The largest number of patients was from
the Northwestern FD (3,800, 32.4%), followed by
the Volga Federal District (2,107, 18%), the Cen-
tral FD (1,699, 14.5%), and the North Caucasian FD
(1,730, 14.7%). They were followed by the Siberian
FD (914, 7.8%) and the Ural FD (752 people, 6.4%).
The smallest number of patients was from the South-
ern FD (528, 4.5%) and the Far Eastern FD (210,
1.8%). The number and proportion of patients par-
ticipating in the program reflected the high population
density (Central and Volga FDs) and the engagement
of specialists in the patient support program (North-
western and North Caucasian FDs). 4,336 patients
(37%) were from type 1 localities, and 7,404 patients
(63%) were from type 2 localities.

The median age of the patients was 66 [58.0; 73.0]
years. The patients were distributed into age groups,
which corresponded to the division by age of the ref-
erence group of healthy respondents in accordance
with the instructions for the NT-proBNP test (Elecsys
proBNP II) [16]. The absolute number and proportion
of program participants were as follows: 18—44 years
old, 788 (6.71%); 45-54 years old, 1,447 (12.3%);
55-64 years old, 2,953 (25.2%); 65 years and old-
er, 6,552 (55.8%). The distribution by gender was
6,964 women (59.3%) and 4,776 men (40.7%).

The NT-proBNP concentration in the overall group,
determined on the basis of CDLs, was <125 pg/mL in
43.5% of all program participants, and >125 pg/mL
in 56.5%.

Female participants of the program were significant-
ly older than males. The age group >65 years contained
more women (62.9%), while in all other age groups,
men predominated. The majority of both men and wom-
en lived in type 2 localities. The median NT-proBNP
concentration was higher in men (176 pg/mL) than in
women (145 pg/mL). Among men, there were signifi-
cantly more patients with a NT-proBNP concentration
>125 pg/mL (achieving the CDLs).

Table 1 shows NT-proBNP concentrations by gen-
der and age of the program participants. In the over-
all group aged 18-44 years, the median NT-proBNP
concentration in women was significantly higher than
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Table 1. NT-proBNP values depending on gender
and age in the general group of examined patients
and when distributed by type of locality

NT-proBNP, Me [Q1; Q3], pg/ mL

Parameter Females Males P

General group

18-44 years 61.2[33.5;120]  46.1[12.9;149]  0.001

45-S4 years 75.9[34.5;155]  95.2[33.9;286] = 0.002

55-64 years 96.2[49.4;210]  155[60.2;462]  <0.001

6Syearsand older 199 [96.4;482]  272[114;808] = <0.001
Locality type 1

18-44 years 652[37.7;128]  43[11.5;131]  0.001

45-54 years 65.8[31.8;130]  94.5[34;310] 0.005

55-64 years 87.1[48.1;179]  132[56.9;404]  <0.001

65yearsand older 183 [91.8;409] 258 [108;801]  <0.001
Locality type 2

18-44 years 59.4[31.4;109] 48.4[14.4;152]  0.09

45-S4years 81.8[37.2;170]  95.7[34.1;280] 0.1

55-64 years 103 [51.6;236]  176[60.3;517]  <0.001

65 years and older 211 [99.6; 536] 282 [116; 809] <0.001

NT-proBNP, N-terminal fragment of pro-brain natriuretic peptide

in men, which is consistent with the normal distribu-
tion pattern of NT-proBNP reference values in men
and women [16]. Among participants without CHF,
this pattern remained in any age group (NT-proBNP
values were higher in women); however, in this sam-
ple of high-risk CHF patients, starting from the age of
45 years and older, NT-proBNP values became high-
er in men, which is possible only in the presence of
a pathological deviation of this indicator.

When distributing patients by locality type,
NT-proBNP values above the CDLs (>125 pg/mL)
were found in 2,345 (54.1%) patients from locali-
ty type 1 and 4,285 (57.9%) patients from locality
type 2 (p<0.001). When distributing by locality type,
the median age of patients was 66 years in both sub-
groups; also, when distributing by age group, there
were no statistically significant differences between
locality types 1 and 2.

In type 1 cities, men younger than 45 years con-
sistently had lower NT-proBNP values than women.
However, at age of 45 years and older, men in any age
group had significantly higher NT-proBNP values
than women, which may be associated with the de-
velopment of neurohumoral system stress. In type 2
cities and towns, men even younger than 45 years had
NT-proBNP values comparable to values in women,
which may indicate an earlier onset of cardiovascu-
lar diseases among men in these localities. In small
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Table 2. NT-proBNP concentrations depending on federal district and gender

NT-proBNP, Me [Q1; Q3], pg /mL

Federal district

All patients Females Males P
Far Eastern 384 [91.5; 1605] 370 [109; 1466] 432 [75.9; 1974] 0.68
Volga 141 [63.6; 362] 132 [66.1; 319] 160 [53.9; 439] 0.34
Northwestern 159 [68.4;432] 147 [69.2; 370] 178 [65.9; 552] 0.003
North Caucasian 158 [63.3; 429] 146 [65.1; 366] 178 [62.1; 512] 0.1
Siberian 158 [71.7; 442] 148 [74.2; 353] 198 [64.2; 576] 0.02
Ural 133 [57.1; 330] 133 [59.2; 314] 133 [51.7; 345] 0.85
Central 156 [67.2; 416] 141 [69.7; 325] 179 [61.1; 587] 0.007
Southern 200 [80.2; 593] 180 [79.1; 435] 230 [81.2; 702] 0.1

NT-proBNP, N-terminal fragment of pro-brain natriuretic peptide.

towns, men and women aged 45-54 years had compa-
rable and high NT-proBNP values. However, already at
age of 55 years and older, NT-proBNP values became
significantly higher in men than in women (Table 1).

NT-proBNP concentrations by FD and gender are
presented in Table 2. The Far Eastern FD had the high-
est NT-proBNP values in the overall patient popula-
tion, as well as in men and women separately. No sta-
tistically significant differences by gender were found
in the Far Eastern FD. The lowest NT-proBNP values
in the overall population were observed in the Ural
FD, in women in the Ural and Volga FDs, and in men
in the Ural FD. In the Ural and Volga FDs, no signifi-
cant differences in NT-proBNP values were found be-
tween men and women. No significant differences by
gender were found in the Far Eastern, North Cauca-
sian, and Southern FDs; however, high NT-proBNP
concentrations were observed in both sexes in these
FDs. In the Northwestern, Siberian, and Central FDs,
NT-proBNP values in men were statistically signifi-
cantly higher than in women.

Differences in patient characteristics by FD were
analyzed. The highest proportion of patients with NT-
proBNP values above the CDL (>125 pg/mL) was ob-
served in the Far Eastern FD (66.7%), while in oth-
er FDs, NT-proBNP ranged from 51.7% (Ural FD)
to 62.9% (Southern FD). However, the greatest me-
dian age (68 [60; 74]) and the proportion of patients
older that 65 years (62%) were found in the North-
western FD. In all FDs, except for the Far Eastern FD
(50%) and Southern FD (49.4%), women predomi-
nated among the patients (from 53.1 to 64.8% wom-
en). In the Ural FD, the overwhelming majority of pa-
tients (85.4%) were from type 1 localities. In the Far
Eastern and North Caucasian FDs, all patients lived
in type 2 localities.

66

To study the independent effect of factors on
the risk of achieving NT-proBNP CDL (>125 pg/mL),
a mathematical model was constructed (Table 3). This
mathematical modeling used binary logistic regres-
sion, which allows assessing the independent effects of
predictors. The risk of achieving CDL for NTproBNP
>125 pg/mL in the age group of 18-44 years in wom-
en, and in patients from type 1 localities was taken as
the reference level. In the resulting mathematical mod-
el, the risk of achieving the CDL for NT-proBNP value
(=125 pg/mL) was associated with the patient’s gen-
der: among men, the probability of achieving the CDL
was 50% higher. This risk was also associated with
the patient’s age: compared with the age group of 18-
44 years, the risks of achieving a NT-proBNP value
>125 pg/mL was increased by 73% in the 45-54-year
age group, 2.52 times in the 55-64-year age group, and
6.62 times in the age group >6S years. Living in a type
2 city or town increased the risk of achieving the CDL
by 17% compared to living in a city with a population
of over a million, and this association was indepen-
dent of gender and age.

At the next step, the increase in NT-proBNP was
assessed based on the RI (97.5th percentile for the re-
spective gender and age) [16]. Individual test results
were compared with the reference level (expected val-
ues) of the NT-proBNP test in healthy respondents,
which made it possible to distribute patients into sub-
groups based on the NT-proBNP value above or be-
low the RI and to level out the effect of gender and
age (Table 4). 22% of patients achieved NT-proBNP
values above the RI. Patients in the subgroup with
NT-proBNP above the RI were significantly older,
but no statistically significant differences were found
when dividing them into age groups. Among patients
with NT-proBNP above the RI, men predominated;
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Table 3. Results of a mathematical model
for predicting the risk of achieving CDL
based on the concentration of NT-proBNP

Predictors OR 95% CI P

Age group 45-54 years 1.73 1.43-2.10  <0.001
Age group

5564 years 2.52 2.12-3.01  <0.001
Age group

65 years and older 6.62 5.6-7.85 <0.001
Male gender 15 1.38-1.62  <0.001
Locality type 2 117  1.08-127  <0.001

CDL, clinical decision limit; NT-proBNP, N-terminal fragment
of pro-brain natriuretic peptide; OR, odds ratio; CI, confidence
interval.

the differences were significant compared to the sub-
group with the NT-proBNP value below or equal to
the RI. The subgroup with values above the RI con-
tained significantly more patients from type 2 locali-
ties compared to patients in the subgroup with values
below or equal to the RI. Noteworthy, in the subgroup
with NT-proBNP below or equal to the RI, 44.3% of
patients had NT-proBNP values that reached the CDL
in accordance with clinical guidelines (2125 pg/mL).

A mathematical model was constructed to assess
the independent effect of patient characteristics on
the risk of exceeding the RI. The model used bina-
ry logistic regression, which allows evaluating the in-
dependent effect of predictors. The reference level
was set to the risk of reaching the NT-proBNP refer-
ence interval threshold >97.5" percentile in the 18-
44 age group, in women, in patients from type 1 local-
ities (Table S). Since the 97.5% percentile accounts for
the adjustment for the patient’s age and gender, age
did not affect the patient’s risk of a NT-proBNP level
above the 97.5" percentile in this mathematical mod-
el. However, in the study sample, the risk of exceed-
ing the NT-proBNP RI was 69% higher in men and
24% higher in those living in type 2 localities, which
proves the independent influence of these predictors.

The increase in NT-proBNP was assessed for
each patient based on the age- and gender-adjusted
NT-proBNP ratio. The median NT-proBNP ratio in
women was 0.3 [0.15; 0.7], which was lower than that
in men (0.37 [0.14; 1.11]) in the overall study group
(p<0.001) (Figure 1).

When distributing the NT-proBNP ratio by age
group with an adjustment for multiple comparisons,
the analysis of individual age subgroups did not reveal
any significant differences. Distribution by locality
type showed significant differences in the NT-proBNP
ratio between patients from cities with a population
of over a million and patients from localities with
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Table 4. Distribution of patients depending on the excess

of the NT-proBNP value above the reference interval
(97.5% percentile for the respective age-sex group)

Parameter Belovt\;olzlequal Above RI P
Number of patients n=9159 n=2581 -
Age, Me [Q1; Q3], years 66 [58;72] 66 [58;74] 0.001
Age group
18-44 years, abs. (%) 620 (6.77) 168 (6.51)

45-54 years, abs. (%) 1096 (12.0) 351(13.6)

55-64 years, abs. (%) 2297 (25.1) 656 (25.4)  0.127
?OSA) g'ea“ and older, abs. 5146 (562) 1406 (54.5)

Sex

Females, abs. (%) 5692 (62.1) 1272 (49.3)

Males, abs. (%) 3467(37.9) 1309 (50.7) <0.001
Locality type:

Type 1, abs. (%) 3487 (38.1) 849 (32.9)

Type 2, abs. (%) 5672 (61.9) 1732 (67.1) <0.001
NT-proBNP, 107 1080 <0.001
Me [Q1; Q3], pg/mL [53.1;213]  [669;1855]
Distribution by NT-proBNP CDL:

<125 pg/mL, abs. (%) 5104 (55.7) 6 (0.23) 0001
> 125 pg/mL, abs. (%) 4055(44.3)  2575(99.8)

NT-proBNP, N-terminal fragment of pro-brain natriuretic peptide;
R, reference interval; CDL, clinical decision limit.

a population of less than a million (0.29 [0.14; 0.73]
vs. 0.33 [0.15; 0.91], respectively, p<0.001).

The NT-proBNP ratio was the lowest in the pa-
tient population of the Ural FD (0.28 [0.13; 0.66]),
followed in ascending order by the Volga FD
(0.3 [0.14; 0.77]) and Northwestern FD (0.3 [0.14;
0.83]), Central FD (0.33 [0.15; 0.81]), North Cauca-
sian FD (0.33 [0.15; 0.95]), Siberian FD (0.34 [0.15;
0.8]) and Southern FD (0.40 [0.18; 1.19]). The high-
est NT-proBNP ratio was observed in the Far East-
ern FD (0.78 [0.2; 2.63]). The differences between
the Far Eastern FD and other FDs were statistically
significant (p<0.001).

Table S. Results of the mathematical model for predicting
the risk of exceeding the reference interval for NT-proBNP

Predictors OR 95% CI p
Age group 45-54 years 122 0.99-1.5  0.069
Age group 55-64 years 1.07 0.89-13  0.484
Age group 65 years and older 112 0.94-1.35 0.214
Male gender 1.69 1.55-1.85 <0.001
Locality type 2 124 1.13-1.37 <0.001

NT-proBNP, N-terminal fragment of pro-brain natriuretic peptide;
OR, odds ratio; CI, confidence interval.
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Figure 1. Age- and sex-adjusted median NT-proBNP ratio: differences between sexes (A) and probability density plot (B)
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The graphs are logarithmically transformed along the NT-proBNP ratio axis, since extremely high and extremely low ratio values occur.

All patients were divided into 4 quartiles based
on the NT-proBNP ratio: 1* quartile (Q1) <0.15;
27 quartile (Q2) >0.15 and <0.32; 3 quartile (Q3)
>0.32 and <0.86; and 4™ quartile (Q4) >0.86. It was
shown that among patients in the Far Eastern FD,
the 3 and 4" quartiles of increase in the NT-proBNP
ratio prevailed, whereas in the Ural FD, the propor-
tion of values in the 3" and 4" quartiles was smaller
(Figure 2).

It is important to analyze the risk of achieving
a sex- and age-adjusted NT-proBNP ratio >1, which
indicates a deviation from normal values for a given
patient. A mathematical model was constructed to es-
tablish the independent influence of patient charac-
teristics on the risk of an increase in the sex- and
age-adjusted NT-proBNP ratio >1. This mathemat-
ical model was constructed using binary logistic re-
gression, which allowed for the independent assess-
ment of the effect of predictors. The reference level
was set as the risk of achieving an NT-proBNP ra-
tio >1 in the Far Eastern FD, among women aged
18-44 years, and those living in type 1 localities
(Table 6).

Thus, the risk of an increased NT-proBNP ratio
>1 was influenced by male gender (67% higher risk,
p<0.001) and residence in localities with a popula-
tion of less than 1 million people (21% higher risk,
p<0.001). Residence in any FD, compared with
the Far Eastern FD, had a significantly lower risk of
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an increased NT-proBNP ratio >1 (p<0.001). Age
group did not affect the risk of a NT-proBNP ratio
>1 due to the fact that this indicator was age-adjust-

ed (Table 6).

Discussion

In our study, more than a half of patients at high
risk of CHF had NT-proBNP values higher than
the CDLs provided in the National Clinical Guide-
lines. However, this fact alone does not allow to con-
clude that this cohort of patients had CHF, since
the positive predictive ability of the NT-proBNP test
is lower than the negative predictive ability that al-
lows excluding CHF at values <125 pg/mL [10, 13].
Therefore, NT-proBNP test values above the CDL
(2125 pg/mL) cannot automatically confirm the di-
agnosis of CHF due to the risk of overdiagnosis. Spe-
cifically, it was shown that in persons aged 65 years
without risk factors for CHF, the CDL for a NT-
proBNP >125 pg/mL had a positive predictive val-
ue of 25.3%, which was associated with a probabili-
ty of overdiagnosis based on this laboratory criterion
of <75% [21]. In the ESSE-RF2 study, 24.5% of re-
spondents aged 35-64 years with CHF diagnosed
according to mild criteria (presence of cardiovascu-
lar disease, weakness, and shortness of breath) had
NUP values above the CDLs. At the same time, NUP
levels above the CDLs were noted in 11.9% of respon-
dents of the same age without CHF. This confirms
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Figure 2. Distribution of patients by quartiles
of the NT-proBNP ratio depending on the federal district
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the need for a thorough assessment of NUP test re-
sults [8].

NT-proBNP concentrations are known to vary
markedly among healthy individuals depending on age
and gender. Some authors suggest that NT-proBNP
reference intervals for healthy individuals based on
gender and age should be used to formulate the CDLs
in the future, which will allow for a more accurate
characterization of the risk of abnormalities [ 14, 22].

M. Averina et al. (2022) assessed the diagnostic ac-
curacy of the NT-proBNP test in the general popula-
tion (n=1936) to identify patients with subclinical CHF.
That study is interesting because it compared the di-
agnostic accuracy of the CDL, that is, the previously
established uniform cutoff value of 125 pg/mL, and
the NT-proBNP reference values in healthy individ-
uals depending on gender and age (97.5" percentile).
The authors showed that the cutoff NT-proBNP values
established based on gender and age had a higher spec-
ificity for subclinical CHF compared to the previous-
ly established uniform cutoff value of 125 pg/mL [23].

In our study, we used the RI for the respective
age and gender group (97.5th percentile) to analyze
the probability of CHF in high-risk patients. We found
that in the subgroup of patients with NT-proBNP val-
ues <RI, 44.3% of patients had NT-proBNP values
that reached the CDL indicated in the clinical guide-
lines (=125 pg/mL). Therefore, in this cohort of pa-
tients with NT-proBNP values >125 pg/mL but be-
low or equal to the RI for their gender and age, when
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Table 6. Results of the mathematical
model for predicting the risk of exceeding
the NT-proBNP ratio to a value of 1 or more

Predictors OR CI P
Age 45-54 years 1.2 0.97-1.48 0.088
Age 55-64 years 1.08 0.87-1.27 0.637
Age 65 years and older 1.09 0.91-1.31 0.363
Male gender 1.67 1.52-1.82 <0.001
Locality type 2 1.21 1.09-1.34 <0.001
Volga FD 0.35 0.26-0.47 <0.001
Northwestern FD 0.41 0.31-0.55 <0.001
North Caucasian FD 0.42 0.31-0.56 <0.001
Siberian FD 0.42 0.30-0.58 <0.001
Ural FD 0.38 0.27-0.54 <0.001
Central FD 0.38 0.28-0.51 <0.001
Southern FD 0.58 0.42-0.82 0.002

NT-proBNP, N-terminal fragment of pro-brain natriuretic peptide;
OR, odds ratio; CI, confidence interval

diagnosing CHF in outpatient setting, the lab test re-
sults should be critically assessed and correlated with
the clinical picture and comorbidities that could affect
the NT-proBNP test. On the one hand, according to re-
ports, the phenomenon of decreased NT-proBNP val-
ues in patients with CHF and obesity is known, and on
the other hand, comorbidities, such as AF and chronic
kidney disease, can increase this lab result [6, 24, 25].
The age- and sex-adjusted NT-proBNP ratio is

a new approach to evaluating test results. The pri-
mary purpose of this method, which is similar to

the RI method for assessing NT-proBNP described

above, is to compensate for physiological test varia-
tions depending on sex and age, as well as to simplify
the presentation of test results. The NT-proBNP ra-
tio does not correct for pathological test deviations,
as the calculation formula uses the 97.5" percentile

of expected values in healthy subjects. We found no

reports in the international or Russian literature of
using the age- and sex-adjusted NT-proBNP ratio for
diagnosing CHF. However, the high predictive val-
ue of the NT-proBNP ratio has been demonstrated

in studies of the effect of NT-proBNP ratio on early
and long-term mortality in patients with mixed aortic

valve disease, even in patients with mild aortic steno-
sis and regurgitation [17], and the independent effect

of a high NT-proBNP ratio on long-term prognosis in

patients with obstructive hypertrophic cardiomyop-
athy [18]. A retrospective study by D. Li et al. [19]

showed that in adult Chinese patients with COVID-19,
the NT-proBNP ratio exhibited a high prognostic abil-
ity for in-hospital mortality compared with several es-
tablished risk factors, including NT-proBNP CDLs,
C-reactive protein, and neutrophil/lymphocyte ratio.
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In our study, the NT-proBNP ratio clearly identi-
fied the FD with the highest probability of a positive
CHF diagnosis (Far Eastern FD), as well as regions
with a more favorable situation in terms of the preva-
lence of probable CHF among high-risk patients (Vol-
ga, Ural, and Central FDs). Furthermore, the mathe-
matical model based on the NT-proBNP ratio revealed
that male patients and patients residing in cities with
a population of less than 1 million were at higher risk
of developing CHF. These differences could be due to
the organization of medical care, accessibility of med-
ical care (especially for patients with IHD), genetic
factors, and climatic and other living conditions in
various FDs and localities of the Russian Federation.

Thus, after applying the above-mentioned methods
for assessing NT-proBNP test results adjusted for gen-
der and age, a profile of a patient at high risk for devel-
oping CHF was formed: a man aged 45 years or older,
residing in a community with a population of less than
1 million, with AH and/or any form of IHD. Identifying
sensitive patient cohorts is crucial for further planning
of programs similar to this patient support program
for determining NT-proBNP at the outpatient stage of
CHF diagnosis. This will increase coverage of the tar-
get population and improve the effectiveness of early
CHF diagnosis, which will positively impact health-
care system costs for managing this category of patients.

Conclusions

1. In 43.5% of patients at high risk of chronic heart
failure, the NT-proBNP concentration was less
than 125 pg/mL.

2. Men aged 45 years and older compared to women,
patients from cities with a population of less than
1 million compared to those living in cities with
a population of over a million, and patients resid-
ing in the Far Eastern Federal District compared
to other federal districts had higher median NT-
proBNP concentrations.

3. Age was a risk factor for elevated NT-proBNP
only in the model of using clinical decision lim-
its. Male gender and residence in small towns
increased the risk of high NT-proBNP values by
the clinical decision limit criterion.

4. Evaluation of the NT-proBNP test by the ref-
erence interval criterion showed that 44.3% of
patients with normal reference interval values
had NT-proBNP above the clinical decision lim-
it (=125 pg/mL) and could be classified as having
confirmed chronic heart failure according to clin-
ical guidelines, which carries the risk of overdiag-
nosis.
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s. Risk factors for elevated NT-proBNDP, as assessed
by the reference interval and NT-proBNP ratio,
included male gender and residence in cities with
populations of less than 1 million. Age was not
a risk factor for elevated NT-proBNDP. Therefore,
the use of these methods helps avoid misdiagnosis
of chronic heart failure, possibly due to a physiolog-
ical increase in NT-proBNP depending on gender
and age.

6. The use of the NT-proBNP ratio assessment meth-
od allowed us to determine that residence in the Far
Eastern Federal District significantly increases
the risk of high NT-proBNP test results compared
to any other federal district, regardless of gender,
age, and type of locality.

Further research prospects and application
of results in practical healthcare

In the future, given the large sample size of pa-
tients participating in the program, it is possible to
conduct a subanalysis for specific localities within
a single FD. When planning further studies of using
the NT-proBNP test for diagnosing CHF, it is recom-
mended to consider the gender and age dependence of
the test results. Targeted patient support programs and
widespread implementation of the NT-proBNP test in
outpatient settings will improve early diagnosis of CHF
and prevent complications in this patient population.

Study limitations

This study was conducted without definitive verifi-
cation of the CHF diagnosis or assessment of the im-
pact of individual comorbidities on NT-proBNP
concentrations. Studies designed to clinically veri-
fy CHF are needed to evaluate the feasibility of us-
ing the NT-proBNP ratio for the timely diagnosis of
CHEF in high-risk patients and to assess its advantag-
es over the CDL-based diagnostic method. The NT-
proBNP ratio may potentially serve as a population-
based screening test for the early detection of CHF in
high-risk populations.
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