
O R I G I N A L  R E S E A R C H

Malnutrition and Muscle Loss Mediate the 
Association Between NT-proBNP and Mortality in 
Hospitalized Older Adults
Jun Tao 1,2, Xiaoyan Zhang2, Niansong Wang1, Dongsheng Cheng1

1Department of Nephrology, Shanghai Sixth People’s Hospital Affiliated to Shanghai JiaoTong University School of Medicine, Shanghai, People’s 
Republic of China; 2Department of Geriatrics, Shanghai Sixth People’s Hospital Affiliated to Shanghai JiaoTong University School of Medicine, Shanghai, 
People’s Republic of China

Correspondence: Dongsheng Cheng; Niansong Wang, Department of Nephrology, Shanghai Sixth People’s Hospital Affiliated to Shanghai JiaoTong University 
School of Medicine, No. 600, Yi Shan Road, Shanghai, 200233, People’s Republic of China, Tel +86-021-64369181, Email 191284172@qq.com; 
wangniansong2012@163.com

Background & Aims: Elevated N-terminal pro-B-type natriuretic peptide (NT-proBNP), a biomarker of cardiac stress, predicts 
mortality in heart failure. Its association with outcomes in older hospitalized patients without overt heart failure, and potential 
mediation by malnutrition and muscle loss, remains unclear. The purpose of this study was to assess the association between NT- 
proBNP and mortality in hospitalized oldest-old adults (≥80 years) and to explore the mediating role of malnutrition and muscle loss.
Methods: This prospective cohort study was conducted among 360 hospitalized patients ≥ 80 years of age (median age 87 years, 
24.4% women) in the Department of Geriatrics (Shanghai, China), between August 2017 and January 2018. The Geriatric Nutritional 
Risk Index (GNRI) and Mini Nutritional Assessment Short Form (MNA-SF) were used for nutritional assessment, while calf 
circumference was used as a measure of muscle mass. A Cox proportional hazard model was used to assess the relationship between 
NT-proBNP levels and mortality. Mediation analysis was used to explore the mediating effects of malnutrition and muscle loss.
Results: The median follow-up was 4.1 years with 159 (44.1%) deaths. Mortality risk increased by 32% per 2-fold increase in NT- 
proBNP levels (full adjusted hazard ratio: 1.32 [95% Confidence Interval (CI), 1.20–1.46]). A mediation analysis showed that a lower 
GNRI score and decreased calf circumference partially mediated the effects of high NT-proBNP and mortality risk, with an estimated 
relative effect size of 28.9%, while MNA-SF and calf circumference mediated with an estimated relative effect size of 25.3%.
Conclusion: NT-proBNP levels were associated with increased mortality in hospitalized older patients. Moreover, the detrimental 
effects of NT-proBNP on survival were partly mediated by malnutrition and muscle loss. Consequently, preventive and nutritional 
strategies should be required for these patients.

Plain Language Summary: Hospitalization poses greater risks with aging. Research shows elevated NT-proBNP—a cardiac 
biomarker—predicts higher mortality in hospitalized older adults. Assessments revealed increased mortality risk with rising NT- 
proBNP levels, significantly mediated by malnutrition and muscle loss. These findings indicate NT-proBNP reflects broader 
physiological decline, highlighting the critical need to evaluate nutritional and muscle status. Screening enables targeted interventions 
like dietary support and physical activity to improve outcomes. 
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Introduction
Older hospitalized patients often suffer from malnutrition (an imbalance of nutrients impairing health and body function) 
and muscle loss, which is associated with a poor quality of life and an increased mortality risk.1–3 Notably, lower limb 
muscles - particularly those measured by calf circumference - show prominent depletion in this population. Many factors, 
including reduced food intake, the burden of chronic disease, systemic inflammation, and insulin resistance, are 
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responsible for malnutrition and muscle loss in hospitalized older patients. Nutritional intervention combined with 
exercise training can help improve prognosis in older patients, the underlying mechanisms linking cardiac biomarkers 
to outcomes warrant exploration.

Brain natriuretic peptide (BNP) and NT-proBNP are important in the diagnosis and management of patients with heart 
failure.4 Higher BNP levels predicted a higher risk of death in heart failure patients as well as in general populations.4 

Circulating natriuretic peptides released from the heart respond to cardiac wall stress and have diuretic, natriuretic, and 
vasodilatory effects.5 However, the mechanisms by which elevated BNP levels increase the risk of premature death, 
especially in general population, remain unclear. Proposed pathways include increased energy expenditure via adipose 
tissue browning and promotion of catabolic states6–8 This aligns with observed associations between natriuretic peptides 
and muscle loss in healthy individuals.9 Thus, we hypothesized that malnutrition and muscle loss may mediate the 
association between NT-proBNP levels and mortality.

Therefore, the purpose of this study was to evaluate the association between NT-proBNP and mortality in hospitalized 
oldest-old adults and to explore the mediating role of malnutrition and muscle loss.

Materials and Methods
Patient Selection
This was a prospective cohort study conducted in the Department of Geriatrics of an academic teaching hospital 
(Shanghai, China). As this study is part of a larger cohort, a post-hoc power analysis was conducted using Cox regression 
in PASS 2015 (NCSS LLC).10 Based on the overall mortality rate of 44.1% (159/360) and the minimal detectable hazard 
ratio of 1.32 (from Table 1), with α=0.05 and R²=0.4415 between NT-proBNP and covariates (age, sex, CCI, eGFR), the 
achieved power was 99.67% - substantially exceeding the conventional 80% threshold. This confirms the adequacy of 
our sample size (N=360) to detect clinically significant associations. Patients ≥80 years of age were screened between 
August 2017 and January 2018. Exclusion criteria were participants with terminal carcinomatous cachexia (clinical 
history), inability to communicate, bedridden or in wheelchairs, those receiving hemodialysis or peritoneal dialysis, acute 
severe infection, acute gastrointestinal bleeding, severe respiratory, liver, or heart failure, and those with incomplete 
comprehensive geriatric assessment data. For individuals with more than one admission to the geriatric unit, only the first 
admission during the study period was considered. A total of 381 participants were screened, and 21 participants were 
excluded (acute severe infection [n = 8]; severe respiratory, liver, or heart failure [n = 5]; acute gastrointestinal bleeding 
[n = 3]; incomplete data [n = 5]). Ultimately, 360 participants were included in the final analysis (as shown in Figure 1). 
This study was approved by the Ethics Committee of the Shanghai Jiao tong University Affiliated Sixth People’s Hospital 
[approval number, 2016-141-(1)]. Written informed consent was obtained from all participants and in accordance with 
the principle of the Helsinki Declaration. All participants provided written informed consent.

Data Collection and Measurements
In-hospital patients underwent a comprehensive geriatric assessment. Demographic data, comorbid conditions and 
clinical data were extracted from the hospital’s EMR system with standardized data entry protocols for critical 
parameters. Charlson comorbidity index (CCI) was calculated.11 Baseline laboratory measurements during admission 

Table 1 Associations of NT-proBNP and Mortality in Hospitalized Oldest-Old Patients

Events, n (%) Model 1 Model 2 Model 3

Tertile 1 23 (19.2) 1.0 (reference) 1.0 (reference) 1.0 (reference)
Tertile 2 56 (46.7) 2.82 (1.74, 4.59) 1.802 (1.10, 2.98) 1.15 (0.87, 2.41)

Tertile 3 80 (66.7) 5.34 (3.35, 8.51) 3.72 (2.30, 6.01) 2.53 (1.51, 4.26)

Per doubling increase 1.46 (1.35, 1.59) 1.38 (1.27, 1.51) 1.32 (1.20, 1.46)

Notes: Model 1 was a univariate analysis; Model 2 was adjusted for age, sex, and Charlson Comorbidity Index; Model 
3 was further adjusted for geriatric nutritional risk index and estimated glomerular filtration rate.
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included serum albumin, prealbumin, serum creatinine, and NT-proBNP levels. The estimated glomerular filtration rate 
(eGFR) was calculated using CKD-EPI formula.12

Anthropometric parameters included body weight, height, body mass index (BMI), mid arm circumference, waist circum
ference, abdominal skinfold thickness, calf circumference, and handgrip strength. Waist circumference was measured at the 
midpoint between the rib cage and the iliac crest. Mid arm circumference was measured with millimeter tape at the midpoint of 
the arm, between olecranon and acromion. Abdominal skinfold thickness was measured at the junction of the horizontal line of 
the umbilicus and the midline of the right clavicle using a skinfold caliper (SYNTEK Electronic Digital Fat Caliper, China). Calf 
circumference refers to the measurement taken at the widest part of the right calf, typically at the fullest area below the knee, 
using a soft measuring tape. All these parameters were measured twice to obtain mean values. The maximum grip strength of the 
dominant hand (WCS-100 electronic vibrometer, China) was measured three times, and each time after the measurement, the 
rest was taken for 1min. Anthropometric measurements were performed by two board-certified geriatric nurses with specialized 
training in geriatric assessment, using calibrated instruments and standardized positioning techniques.

Definitions of Exposure, Mediator, and Outcome
Serum NT-proBNP was measured using an electrochemiluminescence immunoassay (Elecsys proBNP II, Roche 
Diagnostics GmbH). Nutritional status was also assessed using the Geriatric Nutritional Risk Index (GNRI)13 and 
Mini Nutritional Assessment S.nb, jkhort Form (MNA-SF; score 0–14)14 (see Reference 14 for full scale details). 
GNRI is derived from serum albumin, height, and weight, while MNA-SF assesses dietary intake, weight loss, mobility, 
acute illness, cognitive problems, and BMI. Calf circumference (CC) was also recorded (Supplementary Table S1).

The primary outcome was long-term all-cause mortality. Mortality data were ascertained through two sources: in- 
hospital deaths were captured via real-time documentation in the EMR system by attending physicians; out-of-hospital 
deaths were identified through quarterly structured telephone follow-ups conducted by research coordinators, with 
validation using local medical records when available. Follow-up completed on January 1, 2022.

GNRI and CC, key indices linked to nutritional status and muscle mass, are important determinants of mortality. 
Studying these variables deepens understanding of the relationship between admission serum NT-proBNP levels and 
mortality risk, contributing to more nuanced patient stratification.

Statistical Analyses
Continuous data were summarized as mean ± standard deviation or median (interquartile range), while categorical data 
was presented as percentages. To explore the potential nonlinear relationship between NT-proBNP and mortality, 

Figure 1 Participant flowchart.
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restricted cubic splines were used for survival analysis, and Cox regression was employed to assess the association 
between NT-proBNP levels and mortality. Before entering the Cox regression model, log-transformed NT-proBNP values 
were evaluated as a continuous variable and in different tertiles. Hazard ratios (HRs) and 95% confidence intervals (95% 
CIs) were determined through Cox proportional hazard models, considering baseline variables including age, sex, 
Charlson Comorbidity Index, geriatric nutritional risk index and estimated glomerular filtration rate (eGFR). Subgroup 
analysis was conducted based on sex, BMI, diabetes mellitus history, stage of chronic kidney disease (CKD), and severity 
of heart failure. Sensitivity analyses were also carried out by excluding participants with events occurring in the first 1–2 
years or patients with cancer at baseline.

In order to understand the mediating roles of the GNRI and CC in the relationship between NT-proBNP and mortality, 
we established a two-part regression analysis framework, which includes mediator and outcome models (as shown in 
Figure 1). The mediator model regressed potential mediating factors (GNRI and CC) against NT-proBNP, while the 
outcome model estimated the association of mortality with NT-proBNP alongside the mediators in a Cox proportional 
hazard model. Regression coefficients reflecting the relationship of NT-proBNP with each mediator were obtained from 
these models. Indirect effects of NT-proBNP on mortality through each mediator were defined, and the total mortality 
effect attributable to NT-proBNP was calculated.

Mediation Analysis Framework
The causal relationships were conceptualized through a directed acyclic graph (DAG, Figure 2) specifying: NT-proBNP 
as the primary exposure (E), Malnutrition (M1, assessed by GNRI) and muscle loss (M2, assessed by calf circumference) 
as sequential mediators, All-cause mortality as the outcome (O), Age, sex, Charlson Comorbidity Index (CCI), and eGFR 
as essential confounders (C). This framework hypothesizes: 1. Malnutrition mediates the NT-proBNP → mortality 
pathway (E→M1→O) 2. Muscle loss mediates the NT-proBNP → mortality pathway (E→M2→O) 3. Malnutrition 
influences muscle loss (M1→M2) 4. Confounders (C) potentially affect all variables.

All data were analyzed using SPSS version 22.0 software, the PROCESS plugin was employed to enhance this 
analytical method. Statistical significance was defined as a P-value <0.05.

Results
Baseline Characteristics
Table 2 presents baseline patient characteristics by NT-proBNP tertiles. The study included 360 participants (median age: 
87 [IQR 84–90] years), 88 (24.4%) of whom were women. Overall, 33.1% of patients had diabetes mellitus, and 85.0% 
had hypertension. NT-proBNP ranged from 12.6 pg/mL to 11930.0 pg/mL.

Figure 2 Underlying causal framework of the relationship between NT-proBNP and mortality (The directed acyclic graph outlines a conceptual schema involving NT- 
proBNP (E), Malnutrition (M1), and Muscle Loss (M2) as indicated by GNRI and calf circumference, leading to Mortality (O). It includes key confounders such as age, sex, 
Charlson Comorbidity Index (CCI), and estimated Glomerular Filtration Rate (eGFR). Dotted arrows suggest potential confounding, while solid arrows and dashed arrows 
represent indirect and direct effects of NT-proBNP, respectively. The schema also includes a vector from GNRI to calf circumference, reflecting the impact of malnutrition on 
muscle loss. All statistical analyses are based on this framework, with adjustments for variables such as age, sex, CCI and eGFR.
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Patients in the higher tertiles of NT-proBNP were significantly older, and had higher CCI scores, lower BMI, calf 
circumference, poorer handgrip strength and reduced serum albumin compared to patients in the lower tertiles. They 
were more likely to have lower GNRI and MNA-SF scores and an increased risk of death when NT-proBNP was higher.

Association Between NT-ProBNP and Mortality
During a median 4.1 years (IQR 2.4–5.5) accumulating 1106 person-years of observation, 159 deaths occurred. In total, 
29 patients died during hospital admission. Compared to the first tertile (as a reference group), fully adjusted HRs for 
mortality were 2.82 (95% CI, 1.74–4.59) and 5.34 (95% CI, 3.35–8.51) for the second and third tertiles, respectively 
(Table 1). A restricted multivariable cubic spline plot clearly showed a linear association between NT-proBNP levels and 
long mortality (Figure S1). Mortality risk increased by 32% when per doubling increase in NT-proBNP (adjusted hazard 
ratio [HR], 1.32 [95% CI, 1.20–1.46]).

A significant association between NT-proBNP level and mortality was observed in all subgroups (Supplementary 
Table S2). There was a substantial subgroup interaction for sex (P = 0.008), whereby the association was more evident in 
women than that in men (per doubling increase in NT-proBNP (HR 1.57 [95% CI, 1.23–2.02] and 1.27 [95% CI, 
1.13–1.42], respectively).

The exclusion of participants with events occurring during the first 1–2 years, or excluding participants with cancer at 
baseline, did not affect the relationship between NT-proBNP levels and mortality risk (Supplementary Table S3).

Table 2 Baseline Characteristics of Hospitalized Oldest-Old Patients According to NT-proBNP Tertiles

Variables Total (n = 360) T1 (n = 120) T2 (n = 120) T3 (n = 120)

NT-proBNP (pg/mL) 12.63–11930.0 12.6–143.7 144.9–463.7 465.4–11930.0
269.9 [115.5–638.4] 79.0 [52.0–116.3] 269.0 [195.9–356.8] 1043.5 [635.9–1894.0]

log2-NT-proBNP (pg/mL) 3.660–13.540 3.655–7.167 7.179–8.857 8.862–13.542

8.16±1.87 6.19±0.781 8.04± 0.51 10.26± 1.16
Age (years) 87 [84, 90] 85 [82, 87] 88 [85, 90] 89 [85, 91]

Female, n (%) 88 (24.2%) 28 (23.3%) 30 (25.0%) 30 (25.0%)

Comorbid conditions
CCI scores 2 [1, 4] 2 [1, 3] 3 [1, 4] 3 [2, 4]

Diabetes, n (%) 119 (33.1%) 34 (28.3%) 45 (37.5%) 40 (33.3%)
Hypertension, n (%) 306 (85.0%) 99 (82.5%) 106 (88.3%) 101 (84.2%)

Anthropometric measure

BMI (kg/m2) 23.2±3.6 23.92 ± 3.42 22.97 ± 3.48 22.62 ±3.72
Mid arm circumference (cm) 24 [22.5, 26] 25.0 [23.0, 27.0] 24.0 [22.0, 26.0] 23.5 [21.0, 25.0]

Waist circumference (cm) 89.1±11.2 92.0 [85.0, 97.8] 90.0 [83.0, 96.0] 87.0 [79.0, 95.0]

Skinfold thickness (mm) 18.7±7.6 21.33 ± 6.91 18.54 ± 6.66 17.32 ±7.64
Calf circumference (cm) 30 [27, 33] 32.0 [29.0, 34.0] 29.3 [27.0, 33.0] 28.5 [25.0, 31.0]

Handgrip strength (kg) 18.93±8.09 21.97 ± 7.78 17.47 ± 7.60 17.38 ± 8.06

Composite nutritional indices
GNRI 100 [95, 103] 103 [100, 106] 98 [94, 103] 97 [91, 100]

MNA-SF 12 [9, 13] 12 [11, 13] 11 [9, 12] 11 [6, 12]

Laboratory parameters
Albumin, g/L 40 [37, 42] 41 [40, 43] 39 [37, 42] 38 [35, 41]

Prealbumin, g/L 200 [165, 231] 216 [190, 250] 201 [167, 230] 179 [141, 213]

eGFR, mL/min/1.73 m2 67.3 [52.0, 79.8] 72.2 [60.9, 80.5] 68.08 [49.8, 81.2] 60.9 [40.6, 78.1]
Death Events 159 23 56 80

Death per 1000 person-yr 143.8 50.7 147.8 291.6

Note: Continuous variables are expressed as median [interquartile range] or mean ± standard deviation and categorical variables as numbers 
(percentages). 
Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; eGFR, estimated glomerular filtration rate; GNRI, geriatric nutritional 
risk index; MNA-SF, mini nutritional assessment short form.

Clinical Interventions in Aging 2025:20                                                                                             https://doi.org/10.2147/CIA.S523073                                                                                                                                                                                                                                                                                                                                                                                                   1353

Tao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/523073/Supplementary%20files.docx
https://www.dovepress.com/article/supplementary_file/523073/Supplementary%20files.docx
https://www.dovepress.com/article/supplementary_file/523073/Supplementary%20files.docx
https://www.dovepress.com/article/supplementary_file/523073/Supplementary%20files.docx


Malnutrition and Muscle Loss Mediated the Association Between NT-proBNP and 
Mortality
The potential mediation effects of malnutrition and muscle loss on the associations between NT-proBNP and mortality 
are described in Figure 3. A mediation analysis was performed, controlling for multiple confounders, including age, sex, 
BMI, CCI, and eGFR. The indirect effects of the GNRI score and calf circumference were 0.097 (95% CI, 0.026–0.188) 
and 0.061 (95% CI, 0.008–0.134), respectively (Figures 3A). Lower GNRI scores and a smaller calf circumference 
largely explained the effects of high proBNP levels as a predictor of increased mortality risk, with an estimated relative 
effect of 28.9% (17.7% and 11.2%, respectively). Significant results were also obtained when using the MNA-SF scores 
as nutritional assessment tools, with an estimated relative effect of 25.3% (Figure 3B).

Discussion
The major findings of our analysis were as followings: 1) increased NT-proBNP levels were associated with high 
mortality in hospitalized older patients; 2) demonstrated that the detrimental effects of NT-proBNP on survival were 
partly mediated by malnutrition and muscle loss. By synthesizing these results, clinicians could better understand NT- 
proBNP levels and determine which patients face a greater risk; moreover, nutritional screening and intervention should 
be required for these patients with high circulating NT-proBNP level.

Circulating NT-proBNP is a well-established prognostic marker in patients with heart failure.15 Additionally, the 
measurement of NT-proBNP could help identify individuals at high risk for cardiovascular disease.15 In this study, NT- 
proBNP levels (median: 269.9 pg/mL, IQR: 115.5–638.4 pg/mL) upon admission were associated with mortality in 
hospitalized oldest-old adults. Moreover, these associations persisted after stratification by sex, BMI, history of diabetes 
mellitus, CKD stage, and heart failure severity. For example, York et al demonstrated progressive risk escalation starting 
from >100 pg/mL in non-heart failure status.5 Thus, our findings support the role of NT-proBNP not only a diagnostic 
and prognostic biomarker for patients with heart failure, but also a good indicator of health status and prognosis in 
hospitalized oldest-old patients. Nevertheless, the findings bring to light further essential questions regarding the 
treatment strategies for patients who have raised plasma NT-proBNP levels but do not have heart failure.

Natriuretic peptides are released from the heart in response to cardiac wall pressure and ventricular volume 
overload.16 Natriuretic peptides are vital biomarkers and play an important regulatory role by opposing vasoconstriction, 
sodium retention, and antidiuretic effects.16 However, the mechanism underlying the detrimental effects of elevated BNP 
levels on mortality risk remain poorly understood. Recently, cardiac natriuretic peptides have been recognized as 
activators of browning in white adipose tissue and contribute to protein-energy wasting.6,17 Among 5300 consecutively 
enrolled asymptomatic Asian participants, individuals with malnourishment had substantially higher NT-proBNP levels 
(median 167.0 pg/mL, IQR 68.7–501.8) than the well-nourished group (median 77.9 pg/mL, IQR 35.3–180.4), regardless 
of lean mass or the presence of obesity.18 This aligns with our cohort’s median NT-proBNP of 269.9 pg/mL (IQR 
115.5–638.4) in high-risk patients. Natriuretic peptides are associated with muscle loss in apparently healthy middle-aged 

Figure 3 Mediation analysis exploring malnutrition ((A) GNRI; (B) MAN-SF) and muscle loss (calf circumference) as mediators of NT-proBNP induced high mortality in 
hospitalized oldest-old patients, adjusted for age, gender, Charlson comorbidity index, and estimated glomerular filtration rate.
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to elderly subjects.9 This association may stem from BNP’s involvement in inducing mitochondrial dysfunction within 
skeletal muscle and disrupting adipokine signaling pathways, potentially signaling subclinical cardiovascular stress even 
in non-clinical populations.7 Furthermore, these peptides are linked to protein-energy wasting in patients undergoing 
hemodialysis.8

In this study, of hospitalized oldest-old adults, increased NT-proBNP levels were associated with a poor nutritional 
status, as indicated by anthropometric measures, composite nutritional indices, and nutritional laboratory parameters. 
Participant with increased NT-proBNP levels also had lower with muscle mass (lower CC) and poorer handgrip 
strength. Based on the harmful effects of malnutrition and muscle loss on survival, we first tested their mediating role 
in the relationship between NT-proBNP levels and mortality risk. Mediation analysis showed that the association 
between NT-proBNP and mortality was mediated by malnutrition (lower GNRI scores) and muscle mass loss (smaller 
calf circumference). Moreover, these effects remained when the GNRI scores were replaced by the MNA-SF scores for 
nutritional assessment. These findings may have significant clinical implications. Considering the mediating roles of 
malnutrition and muscle loss, preventive and treatment strategies, such as malnutrition screening, nutritional therapy, 
and exercise intervention, are required for hospitalized oldest-old patients with high NT-proBNP levels. Further 
prospective studies are required to clarify whether these strategies can improve patient outcomes. From a societal 
value perspective, both indicators demonstrate high cost-effectiveness: NT-proBNP testing ($20-45/test) is routinely 
covered in hospital panels, while calf circumference measurement requires only a tape measure (<$1/assessment), 
imposing negligible burden on patients or healthcare systems. This dual approach optimizes resource allocation 
without compromising risk stratification.

Key strengths of this study include its focus on the underrepresented hospitalized oldest-old (≥80 years), the use of 
validated tools (GNRI, MNA-SF, calf circumference) for mediation analysis, and the identification of actionable clinical 
targets (nutrition/muscle preservation).

However, our study had several limitations. First, NT-proBNP was only recorded at baseline, while dynamic 
monitoring could better capture its relationship with evolving nutritional status and mortality trajectories. Second, 
nutritional status was not evaluated using with comprehensive assessment tools, such as the full Mini Nutritional 
Assessment or Subjective Global Assessment. However, the assessment tools used, including MNA-SF and GNRI, are 
common in clinical settings, align with a full assessment, and effectively predict clinical outcomes in hospitalized 
patients.13,14,19 Third, muscle mass was not assessed via calf circumference rather than gold-standard techniques (dual- 
energy X-ray absorptiometry or computed tomography). Nonetheless, calf circumference is a recommended surrogate 
measure for muscle loss and independently predicted outcomes.20 Fourth, residual confounding may persist despite 
adjustments. Finally, single-center recruitment limits generalizability across healthcare systems and ethnicities, particu
larly regarding NT-proBNP threshold applicability.

Conclusion
In hospitalized oldest-old patients, high NT-proBNP levels were significantly associated with poor survival. Moreover, 
malnutrition and muscle loss partly mediate the detrimental effects of NT-proBNP on survival. Nutritional screening and 
intervention may improve the prognosis of hospitalized oldest-old adults with high NT-proBNP level. Future research 
should prioritize: validating findings in multi-center studies across diverse populations; assessing whether tailored 
nutrition/exercise interventions reduce mortality in patients with elevated NT-proBNP; monitoring longitudinal trends 
in NT-proBNP, nutrition, and muscle mass to pinpoint optimal intervention timepoints.

Abbreviations
BMI, Body mass index; BNP, Brain natriuretic peptide; CCI, Charlson comorbidity index; CKD, Chronic kidney disease; 
GNRI, Geriatric nutritional risk index; HR, Hazard ratio, NT-proBNP, Pro-B-type natriuretic peptide.
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