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Abstract

Objectives Considering the heart failure (HF) pandemic, numerous older adults in the community may exhibit
potential cardiac overload or asymptomatic HF without apparent HF diagnosis. This study aimed to examine the
distribution of serum N-terminal prohormone of brain natriuretic peptide (NT-proBNP) levels in community-dwelling
old age adults aged > 75 years, and to investigate the associated factors for each NT-proBNP classification.

Results A cross-sectional analysis revealed that 52.0% of 611 participants had NT-proBNP > 125 pg/mL. Multinomial
logistic regression analysis showed that female sex, older age (80s and 90s), and uncontrolled high blood pressure
were significantly associated with 125 < NT-proBNP <300 pg/mL, while older age (80s and 90s), coronary artery
disease, atrial fibrillation, and renal dysfunction were significantly associated with NT-proBNP > 300 pg/mL.
Independent association between higher salt intake and NT-proBNP > 300 pg/mL was also observed. Appropriate
management of common HF risk factors, such as uncontrolled high blood pressure and high salt intake, is crucial to
prevent the progression of overt HF.
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Introduction

With global population aging [1], the proportion of old
age adults aged>75 years is expected to reach approxi-
mately 18% in Japan by 2025 [2]. Consequently, heart
failure (HF) pandemic has emerged, characterized by a
rapid increase in the number of HF patients [3, 4]. Given
that this occurs with aging [4], a growing number of old
age adults may experience potential cardiac overload
or asymptomatic HF [5]. The serum N-terminal pro-
hormone of brain natriuretic peptide (NT-proBNP) is
mainly used as a screening biomarker for HF [6, 7], as
it is elevated with ventricular overload [8—10]. Given its
diagnostic and prognostic value of HF [11-13], its mea-
surement is recommended in clinical guidelines [14, 15].
Additionally, since HF is known for its high mortality and
rehospitalization rates [16, 17], its diagnostic thresholds
have been revised to enable earlier detection [14, 18].
Moreover, focusing on individuals with below the thresh-
old value may also contribute to primary prevention [19].
However, identifying individuals at risk of HF without
any symptoms remains challenging [5, 11]. Although
understanding the distribution of NT-proBNP levels and
their associated factors among older adults may contrib-
ute to the early HF detection, few studies have specifi-
cally examined this issue in community-dwelling old age
adults (=75 years).

This study aimed to examine the distribution of serum
NT-proBNP levels in this population, and to investigate
the associated factors for each NT-proBNP classification
divided by HF diagnostic thresholds [14, 18], providing
data to support more appropriate screening and preven-
tive strategies of HF.

Main text

Methods

Study design and participants

A cross-sectional analysis was conducted using data from
the longitudinal cohort study (Septuagenarian, Octoge-
narian, Nonagenarian, Investigating the Centenarian:
SONIC study), which investigates the factors associated
with healthy longevity among community-dwelling older
adults aged>70 years. This study includes participants
from the western and eastern parts of Japan [20]. Old
age adults aged 75 years and above who participated in
the SONIC study between July 2016 and December 2018
were included. The eligibility criteria were as follows:
subjects who participated in the western part of Japan
survey, underwent laboratory tests, and were absence of
HF (Supplementary file 1).

Data collection

Demographic and clinical information, including medical
history, smoking behavior (never, past, and current), and
alcohol consumption (never, moderate, and excessive)
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were collected using questionnaires through face-to-face
interviews. Medication use was obtained from prescrip-
tion records. Blood pressure (BP) was measured twice in
each arm using mercury sphygmomanometers by clini-
cians or nurses, and mean values were used. Mean artery
pressure (MAP) was calculated as diastolic BP(DBP)
+(systolic BP (SBP)-DBP) / 3, and pulse pressure as SBP-
DBP. Laboratory tests were performed by clinicians or
nurses using vacuum tubes, followed by centrifugation
at 3000 x g for 10 min at 4 degrees. Serum NT-proBNP
levels were estimated using an electrochemical lumi-
nescence immunoassay (ECLIA) (Cobas 8000 Analyzer;
Roche Diagnostics., Ltd.). (Nihon Rinsho, Inc.) The
amount of salt intake was obtained from a Brief-type
self-administered Diet History Questionnaire (BDHQ)
[21, 22]. Energy-adjusted values of salt intake were calcu-
lated by both density (g/1000 kcal) and residual methods
(g/day) [23]. Mild cognitive function (MCI) was evalu-
ated using a Montreal Cognitive Assessment-Japanese
(MoCA-]) [24].

Definition

+ Hypertension: Antihypertensive use, SBP =140
mmHg or DBP 290 mmHg [25].

+ Uncontrolled high BP: SBP > 150 mmHg
or DBP >90mmHg, regardless of taking
antihypertensives [25].

+ Diabetes: Hypoglycemic agent use, casual blood
glucose >200 mg/dL or HbAlc>6.5% [26].

+ Dyslipidemia: Antihyperlipidemic drug use, low-
density lipoprotein cholesterol (LDL-C) > 140 mg/
dL, high-density lipoprotein cholesterol (HDL-

C) <40 mg/dL or triglycerides (TG) =150 mg/dL [27].

+ Anemia: Hemoglobin <13 g/dL (males), <12 g/dL
(females) [28].

+ Renal dysfunction: Estimated glomerular filtration
rate based on cystatin C (eGFRcys) calculated
as: eGFRcys (mL/min/1.73m>) = [104 x cystatin
C(mg/L)1"x 0.996°¢°(x 0.929, if female)]- 8 [29].
Defined as eGFRcys < 60 mL/min/1.73m? further
categorized as 30 < eGFRcys < 60 mL/min/1.73m>
and eGFRcys <30 mL/min/1.73m?.

+ High levels of inflammation: High sensitive
C-reactive protein (hs-CRP) > 1.0 mg/dL [30].

+ MCI: MOCA-J score <25 [24].

+ Smokers: Past and/or current smokers.

+ Alcohol consumption: Moderate or excessive current
alcohol consumers.

Statistical analysis

Participants were divided into three groups based
on HF diagnostic thresholds as follows: NT-
proBNP <125 pg/mL, 125<NT-proBNP<300 pg/mL
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and NT-proBNP>300 pg/mL [14, 18]. Categorical vari-
ables were analyzed using the Pearson’s chi-square test
and Fisher-Freeman-Halton test, while continuous vari-
ables were compared using the Kruskal-Wallis test. The
Dann-Bonferroni test was performed to compare the
serum NT-proBNP levels by age group. Multinomial
logistic regression analysis was used to investigate the
associations between traditional risk factors for HF and
NT-proBNP groups, as well as between salt intake and
NT-proBNP groups. Independent variables were deter-
mined based on both traditional risk factors for HF and
factors which commonly influence serum NT-proBNP
levels, showed by previous studies [11, 15, 31-38]: sex,
age groups, smokers, alcohol consumption, uncontrolled
high BP, coronary artery disease (CAD), atrial fibrillation
(AF), renal dysfunction, diabetes, obesity, anemia, and
high levels of inflammation. Uncontrolled high BP was
included instead of hypertension due to its clinical rel-
evance [39-41]. AF, not arrythmia, used as an indepen-
dent variable since it influences serum NT-proBNP levels
[33]. Three models were used to analyze the relationship
between salt intake and NT-proBNP groups:

+ Model 1: Univariate analysis.

+ Model 2: Adjusted for sex and age groups.

+ Model 3: Further adjusted for traditional risk factors
for HE.

Statistical significance was set at a two-tailed p<0.05.
SPSS 28 (IBM Japan, Tokyo, Japan) was used to perform
all statistical analysis.

Results

The total number of participants was 611 (females: 47.1%,
p=0.007; 70s: n=317; 80s: n=205; 90s: n=_89) (Table 1).
52.0% of those exhibited NT-proBNP>125 pg/mL. Indi-
viduals with NT-proBNP >300 pg/mL tended to be older
(p<0.001), have heart diseases (p<0.001) including AF
(p<0.001), renal dysfunction (p<0.001), and anemia
(p=0.001). Serum NT-proBNP levels increased signifi-
cantly with age (Supplementary file 2).

The association between traditional risk factors and
NT-proBNP groups using multinomial logistic regres-
sion analysis is shown in Table 2. Compared to NT-
proBNP <125 pg/mL group (reference group), female
sex (odds ratio [OR] 1.63; 95% confidence interval [CI]
1.04-2.56; p=0.034), older age (80s and 90s, compared to
70s) (OR 2.59; 95% CI 1.64—4.09; p<0.001, OR 3.33; 95%
CI 1.68-6.61; p<0.001, respectively), and uncontrolled
high BP (OR 1.88; 95% CI 1.25-2.82; p=0.002) were sig-
nificantly associated with 125 <NT-proBNP <300 pg/mL
group, while older age (80s and 90s, compared to 70s)
(OR 1.95; 95% CI 1.09-3.47; p=0.024, OR 6.60; 95% CI
3.21-13.59; p<0.001, respectively), CAD (OR 2.89; 95%
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CI 1.28-6.55; p=0.011), AF (OR 19.01; 95% CI 5.04—
71.75; p<0.001) and renal dysfunction (30 <eGFRcys <60
mL/min/1.73 m* OR 2.45; 95% CI 1.42-4.23; p=0.001,
eGFRcys <30 mL/min/1.73 m* OR 9.35; 95% CI 2.98—
29.33; p<0.001) were significantly associated with NT-
proBNP =300 pg/mL group.

Table 3 shows the results of multinomial logistic
regression analysis examining the association between
salt intake (g/1000 kcal and g/day) and NT-proBNP
groups. Salt intake (g/1000 kcal) was independently
associated with NT-proBNP>300 pg/mL, compared to
NT-proBNP <125 pg/mL (OR 1.20; 95% CI 1.02-1.41;
p=0.025) (Model 1), even after adjusting for sex, age
groups and traditional risk factors for HF (OR 1.30; 95%
CI 1.07-1.58; p=0.009) (Model 3). A similar relationship
was observed using the residual method for salt intake
(g/day) (OR 1.14; 95% CI 1.04—1.25; p=0.008) (Model 3).
Conversely, no association was found between salt intake
and 125 <NT-proBNP <300 pg/mL.

Discussion

By categorizing participants using HF diagnostic thresh-
olds [14], about half of community-dwelling old age
adults (=75 years) had serum NT-proBNP levels>125
pg/mL, indicating potential cardiac overload. In multi-
nomial logistic regression analysis, the associated factors
for each serum NT-proBNP group, and significant asso-
ciation of salt intake and NT-proBNP >300 pg/mL were
identified.

The prevalence of individuals with 125<NT-
proBNP <300 pg/mL and NT-proBNP >300 pg/mL group
was slightly higher than in previous studies, likely due to
age differences. While previous studies included partici-
pants aged =40 or =60 years [42, 43], our study focused
on those>75 years. Given the limited studies describing
the serum NT-proBNP distribution of community-dwell-
ing old age adults with HF diagnostic thresholds (serum
NT-proBNP: 125 and 300 pg/mL) [14], our findings are
relevant to understand the actual conditions in aging
societies.

The associated factors with each NT-proBNP group
were identified. In 125 <NT-proBNP <300 pg/mL group,
demographic and lifestyle-related factors were predomi-
nant, whereas in NT-proBNP>300 pg/mL group, car-
diorenal diseases were more significant. The association
with older age (80s and 90s) in both groups was likely
due to increased preload and afterload [15, 44]. Regard-
ing 125<NT-proBNP <300 pg/mL group, females are
often show higher serum NT-proBNP levels than males,
possibly due to longer life expectancy [45, 46] and its
association with obesity [47, 48] and diabetes [49, 50].
Uncontrolled high BP increases afterload, leading to
diastolic failure [51, 52]. Thus, biologically and after-
load-related factors might be important in this group.
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Table 1 The basic characteristics of study participants classified by serum NT-proBNP levels (< 125, 125-299, and > 300 pg/mL)

All NT-proBNP<125pg/mL 125 <NT-proBNP <300pg/mL NT-proBNP=300pg/mL p
value
(n=611) (n=293) (n=187) (n=131)
Female 288 (47.1) 137 (46.8) 102 (54.5) 49 (37.4) 0.007
Age (years) 78 (76-86) 77 (76-85) 85 (76-87) 86 (77-89) <0.001
Smokers, n (%) 34 (5.6) 15(5.2) 10(5.4) 9(7.0) 0.747
Alcohol consumption, n (%) 253 (42.3) 121 (41.9) 71(39.2) 61(47.7) 0328
History of fall during one 137 (22.4) 58(19.8) 39(20.9) 40 (30.5) 0.041
year, n (%)
BMI (kg/m?) 224 22.5(20.7-24.4) 21.9(20.1-23.9) 22.7(203-24.7) 0.025
(204-24.3)
Clinical characteristics
SBP (mmHg) 135(126-147) 134 (125-143) 139 (128-151) 134 (125-147) 0.004
DBP (mmHg) 74 (68-81) 74 (68-82) 75 (69-82) 72 (66-79) 0.028
Pulse pressure (mmHg) 61 (52-70) 60 (51-69) 63 (53-73) 60 (52-71) 0014
Mean arterial pressure 95 (88-101) 94 (87-101) 97 (89-103) 94 (87-100) 0.008
(mmHg)
Uncontrolled high BP, n (%) 246 (40.5) 101 (34.6) 93 (50.0) 52 (40.0) 0.004
High levels of inflammation, 161 (26.4) 70(23.9) 46 (24.6) 45 (34.4) 0.063
n (%)
Comorbidities, n (%)
Heart diseases 151 (24.8) 51(17.5) 44 (23.5) 56 (42.7) <0.001
Coronary artery diseases 46 (7.5) 18 (6.1) 13(7.0) 15(11.5) 0.150
Arrythmia (without AF) 44 (7.2) 13(44) 17 (9.1) 14 (10.7) 0.035
AF 24 (3.9) 3(1.0 4(2.1) 17 (13.0) <0.001
Cardiomyopathy 2(0.3) 0(0.0) 1(0.5) 1(0.8) 0.270
Valvular heart disease 8(1.3) 2(0.7) 4(2.1) 2(1.5) 0337
Others 21 (34) 7(24) 7(3.7) 7(5.3) 0.293
Hyperthyroidism 2(0.3) 2(0.7) 0(0.0) 0(0.0) 0.706
Hypothyroidism 4(0.7) 4(1.4) 0(0.0) 0(0.0) 0.144
Hypertension 448 (73.3) 210(71.7) 134 (71.7) 104 (79.4) 0.208
Diabetes 115(18.8) 68 (23.2) 26 (13.9) 21(16.0) 0.026
Dyslipidemia 418 (684) 227 (77.5) 116 (62.0) 75 (57.3) <0.001
Stroke 61 (10.0) 27(9.2) 19(10.2) 15(11.6) 0.746
Renal dysfunction 317(52.9) 119 (41.3) 107 (57.8) 91(72.2) <0.001
Obesity 110 (18.0) 57 (19.5) 27 (14.4) 26 (19.8) 0.307
Anemia 157 (25.7) 55(18.38) 57 (30.5) 45 (34.4) <0.001
Lung diseases 144 (23.6) 71(24.2) 41 (22.0) 32 (24.6) 0.824
COPD 3(1.0) 0(0.0) 0(0.0) 3(0.5) 0316
Liver diseases 19@3.1) 9(3.1) 7(3.8) 3(23) 0.754
Cancer 136 (22.4) 58(19.9) 46 (24.6) 32(24.8) 0.362
Mild cognitive impairment 468 (77.2) 209 (71.8) 150 (80.6) 109 (84.5) 0.007
Blood sampling data
NT-proBNP (pg/ml) 128 (72-252) 71 (51-94) 177 (145-221) 572 (383-902) <0.001
eGFRcre (ml/min/1.73m?) 60 (51-69) 64 (56-72) 59 (48-66) 54 (45-63) <0.001
eGFRcys (ml/min/1 73m?) 58 (46-70) 64 (52-75) 55 (44-67) 50 (37-61) <0.001
AST (U/L) 24 (20-27) 24 (20-26) 23 (21-27) 24 (21-30) 0.031
ALT (U/L) 16 (13-21) 17 (14-22) 5(12-19) 16 (13-22) <0.001
Hb (g/dL) 133 13.6(12.8-144) 13.1(12.2-13.8) 13.2(12.1-14.1) <0.001
(124-14.1)
WBC (/ug) 5500 5500 (4600-6400) 5500 (4750-6500) 5500 (4600-6300) 0.868
(4700-6400)
hs-CRP (mg/L) 0489 0481 (0.238-0.974) 0.438(0.217-0.999) 0.566 (0.268-1.390) 0.085
(0.238-1.035)
TCHO (mg/dL) 197 (174-219) 201 (183-224) 198 (171-219) 183 (166-207) <0.001
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Table 1 (continued)
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All NT-proBNP<125pg/mL 125 <NT-proBNP <300pg/mL NT-proBNP =300pg/mL p
value
(n=611) (n=293) (n=187) (n=131)
TG (mg/dL) 121 (86-165) 129 (94-177) 114 (85-159) 105 (78-152) 0.003
HDL-C (mg/dL) 59 (49-71) 59 (50-72) 58 (48-71) 56 (48-67) 0.355
LDL-C (mg/dL) 109 (91-127) 112 (93-129) 110 (95-128) 100 (86-123) 0.005
Non-HDL (mg/dL) 137 (116-157) 141 (124-159) 135 (116-158) 128 (106-148) <0.001
TP (g/dL) 7.0 (7.0-8.0) 7.0(7.0-8.0) 7.0(7.0-8.0) 7.0(7.0-7.8) 0.899
Albumin (g/dL) 43 (4.1-4.5) 44 (4.1-4.6) 4.3 (4.0-4.5) 4.1 (4.0-44) <0.001
Medication use, n (%)
ACE inhibitor 25(4.1) 10 (34) 10 (5.3) 5(3.8) 0.571
ARB 140 (22.9) 69 (23.5) 37(19.8) 34 (26.0) 0409
MRA 12 (2.0) 4(14) 211 6 (4.6) 0.077
Bblocker 28 (4.6) 10 (34) 6(3.2) 12(9.2) 0.018
aBblocker 17 (2.8) 6(2.0) 5@27) 6 (4.6) 0.340
Diuretic 43(7.0) 6(2.0) 13(7.0) 24(183) <0.001
Vasodilator 152 (24.9) 64 (21.8) 49 (26.2) 39(29.8) 0.192
Cardiotonic 12 (2.0) 5(1.7) 5@27) 2(1.5) 0.743
Calcium channel blocker 215(35.2) 92 (314) 69 (36.9) 54 (41.2) 0.124
User of medication for HF 242 (39.6) 92 (31.4) 77 (41.2) 73 (55.7) <0.001

Categorical variables are expressed as numbers (%), and continuous variables are expressed as medians (interquartile ranges).

Pearson'’s chi-square test, Fisher-Freeman-Halton test, and Kruskal-Wallis test were used.

BMI indicates Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; BP, Blood Pressure; CAD, Coronary artery disease; AF, Atrial Fibrillation;
COPD, Chronic Obstructive Pulmonary Disease; NT-proBNP, N-terminal prohormone of Brain Natriuretic Peptide; eGFRcre, estimated Glomerular Filtration
Rate based on creatinine; eGFRcys, estimated Glomerular Filtration Rate based on cystatin C; AST, Aspartate aminotransferase; ALT, Alanine aminotransferase;
Hb, Hemoglobin; WBC, White Blood Cell: hs-CRP, high sensitive C-reactive protein; TCHO, Total cholesterol; TG, Total glycerin; HDL-C, High-Density Lipoprotein
Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; TP, Total Protein; ACE inhibitor, Angiotensin converting enzyme inhibitor; ARB, Angiotensin Receptor

Blocker; MRA, Mineralocorticoid receptor antagonist.

In NT-proBNP>300 pg/mL group, the associated fac-
tors were likely due to cardio-renal interaction. Ischemic
damage from CAD [53], reduced cardiac output due to
AF leading to elevated heart rate and irregular ventric-
ular response [54], and higher BP triggered by renin-
angiotensin-aldosterone system (RAAS) activation from
renal dysfunction [55] increases afterload. Myocardial
stiffening and diastolic dysfunction from CAD [53, 56]
along with diastolic dysfunction due to AF further impact
preload [57]. Renal dysfunction increases blood volume
through water and sodium retention, affecting preload
[58]. Moreover, renal dysfunction raises serum NT-
proBNP levels due to impaired metabolism [31, 34, 59],
and AF frequently coexists with HF and renal dysfunc-
tion [60, 61].

The salt intake was more likely to be independently
associated with NT-proBNP>300 pg/mL, compared to
NT-proBNP <125 pg/mL, even after adjusting for sex,
age groups and traditional HF risk factors. This appears
to be due to fluid retention, increasing in cardiac load,
and impaired sodium excretion. High salt intake con-
tributes to an elevated circulating volume to maintain
osmotic balance, which in turn increases preload [62—
64]. Especially in individuals with renal dysfunction, acti-
vation of RAAS promotes sodium and fluid reabsorption,

and impaired sodium excretion occurs due to reduced
clearance [62, 65, 66].

The key strengths of this study are its focus on com-
munity-dwelling old age adults (=75 years) including
super-old adults (=90 years), a rarely analyzed group in
previous studies, and showing their distribution of serum
NT-proBNP levels. Additionally, we identified the associ-
ated factors for each serum NT-proBNP group. Since HF
risk factors vary across populations [67] and high serum
NT-proBNP concentration is not HF-specific [15, 31, 33,
35, 36, 68], standardized HF screening using serum NT-
proBNP remains difficult [67, 69]. Nevertheless, serum
NT-proBNP is a useful, stable and easily measurable
biomarker in HF diagnostic and prognostic value [11-
13, 70] in community healthcare settings where cardiac
echocardiography is unavailable [69]. Considering about
half of our study participants had NT-proBNP > 125 pg/
mL, indicating potential cardiac overload, proactive mea-
surement of serum NT-proBNP levels in these popula-
tions may help evaluate early HF, even in asymptomatic
cases. Furthermore, our findings would identify individu-
als who need comprehensive check-up and follow-up,
and underscore management of risk factors to prevent
overt HF progression in aging societies.
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Table 2 The association of traditional risk factors with
NT-proBNP groups using multinomial logistic regression analysis

125<NT- NT-proBNP =300 pg/
proBNP <300 pg/ mL*
mL *
OR(95%Cl) pvalue OR(95%Cl) p
value

Female (ref: Male)  1.63 0.034 1.00 0.990
(1.04-2.56) (0.59-1.72)

Age group: 90s 333 <0.001 6.60 <0.001

(ref: 70s) (1.68-6.61) (3.21-13.59)

Age group: 80s 2.59 <0.001 1.95 0.024

(ref: 70s) (1.64-4.09) (1.09-3.47)

Smokers 1.85 0.186 1.21 0.734
(0.74-4.63) (041-3.61)

Alcohol 1.23 0373 147 0.154

consumption (0.78-1.92) (0.87-2.51)

Uncontrolled 1.88 0.002 124 0.393

high BP (1.25-2.82) (0.76-2.05)

CAD 1.48 0.339 2.89 0.011
(0.66-3.30) (1.28-6.55)

AF 287 0.183 19.01 <0.001
(0.61-13.52) (5.04-71.75)

eGFRcys<30mL/  1.35 0.638 9.35 <0.001

min/1.73 m? (ref: (0.39-4.66) (2.98-29.33)

eGFRcys =60 mL/

min/1.73 m?)

30<eGFRcys<60 137 0.146 245 0.001

mlL/min/1.73m*  (0.90-2.11) (1.42-4.23)

(ref: eGFRcys > 60

mL/min/1.73 m?)

Diabetes 0.59 0.050 061 0.115
(0.34-1.00) (0.33-1.13)

Obesity 0.71 0213 1.07 0.822
(041-1.22) (0.59-1.94)

Anemia 149 0117 121 0.532
(0.91-2.44) (0.67-2.18)

High levels of 1.08 0.751 146 0.162

inflammation (0.68-1.71) (0.86-2.48)

* Reference category: NT-proBNP < 125 pg/mL.
Multinomial logistic regression analysis model was used.

NT-proBNP indicates N-terminal prohormone of Brain Natriuretic Peptide; BP,
Blood Pressure; CAD, coronary artery disease; AF, Atrial Fibrillation; eGFRcys,
estimated Glomerular Filtration Rate based on cystatin C.

Conclusion

About half of community-dwelling old age adults (=75
years) had NT-proBNP=>125 pg/mL, indicating poten-
tial cardiac overload or asymptomatic HF. Additionally,
the associated factors for each NT-proBNP distribution
group, classified based on HF diagnostic thresholds, were
identified. To reduce apparent HF prevalence, proactive
measurement of serum NT-proBNP levels would lead to
early HF detection in this population. Furthermore, effec-
tive management of HF risk factors, such as uncontrolled
high BP and excessive salt intake, is essential to prevent
overt HF progression.
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Table 3 The association of salt intake (g/1000 kcal and g/day)
and NT-proBNP groups and using multinomial logistic regression
analysis

Salt intake (g/1000 kcal) adjusted by the density method

125 <NT-proBNP <300 pg/ NT-proBNP =300 pg/

mL * mL *

OR (95%Cl) pvalue OR (95%Cl) p value
Model 1 0.99(0.85-1.15) 0.888 1.20(1.02-1.41) 0.025
Model 2 0.98 (0.84-1.14) 0.784 1.22(1.03-1.46) 0.019
Model 3 1.00 (0.63-1.64) 0.990 1.30(1.07-1.58) 0.009
Salt intake (g/1000kcal) adjusted by the density method

125 <NT-proBNP <300 pg/ NT-proBNP =300 pg/

mL * mL *

OR (95%(Cl) p value OR (95%Cl) p value
Model 1 0.98 (0.91-1.05) 0.530 1.10(1.01-1.19) 0.021
Model 2 0.98 (0.91-1.05) 0.504 1.10(1.01-1.20) 0.024
Model 3 0.98 (0.91-1.06) 0.657 1.14 (1.04-1.25) 0.008

* Reference group: NT-proBNP < 125 pg/mL.

Multinomial logistic regression analysis model was used.

Model 1: Association with salt intake

Model 2: Association with salt intake adjusted for sex and age groups

Model 3: Association with salt intake adjusted for sex, age groups, smokers,
alcohol consumption, uncontrolled high BP, CAD, AF, renal dysfunction,
diabetes, obesity, anemia, and high levels of inflammation.

NT-proBNP indicates N-Terminal prohormone of Brain Natriuretic Peptide; BP,
Blood Pressure, CAD; Coronary artery disease, AF; Atrial Fibrillation.

Limitations

+ Since this was a cross-sectional study, causal
relationships between serum NT-proBNP levels and
risk factors for HF, and salt intake remain unclear.

+ Medication use was not considered, though its
impact on serum NT-proBNP levels during data
collection was not fully detectable.

+ Participants maintained high activities of daily living
(ADL) levels or lived independently enough to visit
the survey venue, though randomly selected from the
residence registration system.

+ Due to the limited sample size and collected data, we
could not sufficiently adjust for HF risks and factors
influencing serum NT-proBNP levels in multinomial
logistic regression analysis.

+ Salt intake was estimated rather than directly
measured, though its correlation with 24-h urine
collection has been validated [71].

+ Data on HFrEF and HFpEF through cardiac
echocardiography were unavailable. Medical
history was collected via face-to-face interviews by
medical workers rather than measurement tools
like electrocardiography, limiting participants
characterization.

Abbreviations

ADL Activities of daily living
AF Atrial fibrillation

ALT Alanine aminotransferase
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AST Aspartate aminotransferase

BDHQ Brief-type self-administered Diet History Questionnaire
BP Blood pressure

CAD Coronary artery disease

cl Confidence interval

COPD Chronic Obstructive Pulmonary Disease

DBP Diastolic blood pressure

ECLIA Electrochemical luminescence immunoassay

eGFRcre Estimated glomerular filtration rate based on creatinine
eGFReys Estimated glomerular filtration rate based on cystatin C
HDL-C High-density lipoprotein cholesterol

HF Heart failure

HFpEF Heart failure with preserved ejection fraction
HFrEF Heart failure with reduced ejection fraction
hs-CRP High sensitive C-reactive protein

IQRs Interquartile ranges

LDL-C Low-density lipoprotein cholesterol

MAP Mean artery pressure

MClI Mild cognitive function

MoCA-J Montreal Cognitive Assessment-Japanese
NT-proBNP  N-terminal prohormone of brain natriuretic peptide
OR Odds ratio

RAAS Renin-angiotensin-aldosterone system

SBP Systolic blood pressure

TG Triglycerides
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