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Abstract: Objectives: The role of malnutrition in heart failure (HF) patients is unclear. We assessed the correlation
between the Geriatric Nutritional Risk Index (GNRI) and all-cause mortality in HF. Methods: PubMed, Scopus, and
Web of Science were searched for observational studies reporting the correlation between GNRI and all-cause
mortality in HF patients (up to January 26, 2025). Titles, abstracts, and full texts were screened. The Joanna Briggs
Institute (JBI) Critical Appraisal Checklist was used to assess study quality. Data were synthesized via random-
effects meta-analysis using the restricted maximum likelihood (REML) method. The review followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Results: Nineteen observational
studies with 9,982 subjects were included. A low-risk GNRI group was correlated with raised all-cause mortality
in HF patients (hazard ratio (HR) 1.77, 95% Cl 1.38-2.16; P < 0.0001). Results were consistent across sensitivity
analyses. Heterogeneity was high (1> = 99.5%), and meta-regression explained 18.9% of the variance. Egger’s test
demonstrated possible publication bias (P = 0.0305). The high GNRI subgroup (5 studies, 2,193 patients) had a
pooled HR of 3.15 (95% Cl 0.93-5.37; P = 0.0055). The Cl included 1.0, indicating some uncertainty. Conclusion:
GNRI is a reliable nutritional tool predicting all-cause mortality in HF patients. Our study suggests GNRI should be
considered for evaluating long-term prognosis in this population.
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Introduction is a leading contributor to illness, hospital ad-

missions, and death in older adults [2]. In the
Heart failure currently represents a global con- United States, total healthcare costs correlated
cern, with a prevalence of over 64 million with heart failure are projected to rise from
patients [1]. A significant portion of individuals 20.9 billion USD in 2012 to 53.1 billion USD by
with heart failure are elderly, and this condition 2030 [3].
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Malnutrition frequently occurs in individuals
with heart failure [4], and various studies have
shown that it may be associated with all-cause
mortality, an increased risk of cardiovascular
events, and hospitalization in these patients,
thereby serving as a useful indicator [5, 6].
Furthermore, improving nutritional status at
the early stages of the disease and in the man-
agement of heart failure can lead to better
prognoses [7].

Anthropometric parameters, such as body
mass index (BMI) and triceps skinfold thick-
ness, along with biochemical parameters, such
as serum albumin and prealbumin, have tradi-
tionally served as indices of nutritional status.
However, these measures alone cannot provide
a comprehensive and precise evaluation of
an individual’s nutritional condition [8, 9]. Pre-
sently, more comprehensive assessments of
nutritional status utilize scoring systems in-
cluding the Prognostic Nutritional Index (PNI),
Controlling Nutritional Status (CONUT), and
the Geriatric Nutritional Risk Index (GNRI) [10,
11]. Specifically, the GNRI is an objective index
calculated using serum albumin concentration
and ideal body weight, which makes it practical
for use even in busy clinical settings [12]. GNRI
has been employed as a predictor of mortality
and the length of hospital stay in patients with
heart failure [13-15].

Although the association between GNRI and
all-cause mortality in heart failure patients has
been examined in previous reviews and meta-
analyses [16, 17]. Several years have passed
since their publication, and numerous new stu-
dies on the topic have emerged [18-23]. There-
fore, our systematic review aims to re-evaluate
the association between GNRI and all-cause
mortality in patients with heart failure.

Methods

This study conducted a systematic review and
meta-analysis to evaluate the association be-
tween the GNRI and all-cause mortality in indi-
viduals with heart failure (HF). The review fol-
lowed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)
guidelines, and the research protocol was reg-
istered in the PROSPERO database (CRD4202-
5648496).
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Geriatric nutritional risk index

GNRI serves as a straightforward tool for deter-
mining the nutritional health of older adults,
particularly those with chronic illnesses. It is
calculated using a formula that combines
serum albumin levels, which reflect protein
status, and the ratio of current body weight to
ideal body weight, which indicates possible
malnutrition or weight loss. Based on the GNRI
score, individuals are classified into four risk
levels for malnutrition: no risk (= 98), low risk
(92-97.9), moderate risk (82-91.9), and severe
risk (< 82). This tool is widely used in clinical
settings to predict outcomes such as recovery,
hospitalization, and mortality, and to guide
nutritional interventions that enhance the
health and quality of life of older adults.

GNRI = (1.489 x serum albumin [g/L]) + (41.7 x
current body weight/ideal body weight).

Literature search

To identify relevant articles, we developed an
advanced search strategy and applied it to
Google Scholar, PubMed/Medline, and Scopus
databases. The search focused on key terms
related to the GNRI, all-cause mortality, and
heart failure, with filters applied to titles and
abstracts. The strategy for literature searching
was tailored to each database’s specific struc-
ture, without imposing any restrictions on pu-
blication date, type, or language (Table 1). To
confirm a thorough search, we also reviewed
the reference lists of prior systematic reviews
and included studies, reducing the risk of miss-
ing articles. Two reviewers screened the stud-
ies, and any disagreements were resolved
through discussion, ensuring an unbiased
selection process.

Criteria for selecting studies

For studies to meet the inclusion criteria in
this meta-analysis, the following statements
should be considered: (1) The study should
focus on observational research, ensuring that
potential confounding factors from interven-
tions are appropriately addressed. (2) It should
investigate the association between the GNRI
and all-cause mortality in individuals with heart
failure. (3) The study population should com-
prise geriatric patients diagnosed with heart
failure. (4) The GNRI should be reported in
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Table 1. Search strategies for PubMed, Scopus and WOS

Search engine  Search strategy

Search date Search results

PubMed (“heart failure” [tiab] OR “Heart Diseases” [tiab] OR “Cardiac

26-1-2025 95

Disorder” [tiab] OR “Cardiac Diseases” [tiab] OR “Cardiac fail-
ure” [tiab] OR “Cardiovascular Diseases” [tiab] OR “Congestive
Heart Failure” [tiab] OR “Myocardial Failure” [tiab] OR “Heart
Decompensation” [tiab] OR “Heart insufficient” [tiab]) AND (“Ge-
riatric Nutritional Risk Index” [tiab] OR “GNRI index” [tiab]) AND
(mortality [tiab] OR fatality [tiab] OR death [tiab])

Scopus (TITLE-ABS-KEY (“Heart failure” OR “Heart Diseases” OR “Car-

26-1-2025 239

diac Disorder” OR “Cardiac Diseases” OR “Cardiac failure” OR
“Cardiovascular Diseases” OR “Congestive Heart Failure” OR
“Myocardial Failure” OR “Heart Decompensation” OR “Heart
insufficient”)) AND (TITLE-ABS-KEY (“Geriatric Nutritional Risk
Index” OR “GNRI index”)) AND (TITLE-ABS-KEY (“mortality” OR

“fatality” OR “death”))

Web of Science (TS=(“Heart failure” OR “Heart Diseases” OR “Cardiac Disorder” 26-1-2025 259
OR “Cardiac Diseases” OR “Cardiac failure” OR “Cardiovascu-
lar Diseases” OR “Congestive Heart Failure” OR “Myocardial
Failure” OR “Heart Decompensation” OR “Heart insufficient”))
AND (AB=(“Geriatric Nutritional Risk Index” OR “GNRI index”)
OR TI=(“Geriatric Nutritional Risk Index” OR “GNRI index”)) AND

AB=(mortality OR fatality OR death)

alignment with the methodological framework
of the study. (5) Cut-off GNRI value?

Exclusion criteria

Studies were excluded from the meta-analysis
if they met any of the following conditions: (1)
Non-observational study design, including ran-
domized controlled trials, interventional stud-
ies, reviews, editorials, case reports, or confer-
ence abstracts. (2) Did not examine the as-
sociation between GNRI and all-cause mortali-
ty in patients with heart failure. (3) The study
population was not limited to geriatric patients,
but included a mixed-age population without
subgroup analysis for older adults with heart
failure. (4) GNRI was not reported, or the meth-
od of its calculation was inconsistent with es-
tablished criteria. (5) GNRI cut-off values were
not clearly defined or differed significantly from
standard or commonly accepted thresholds
without justification. (6) Insufficient data for
effect size extraction (e.g., hazard ratios, confi-
dence intervals) or studies with missing key
outcome data. (7) Duplicate publications or
multiple reports from the same cohort without
additional relevant data.

Data extraction and study quality assessment

To extract data from the articles, information
on the authors, year of publication, follow-up
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period for each article, main output, and study
design was collected. Information about the
participants was also extracted.

To check the eligibility of the articles imported
into the study, two screeners reviewed them
separately based on their titles and abstracts.
After that, among the articles whose inclusion
criteria were approved by the two screeners,
their full texts were also reviewed by the re-
searchers. The inclusion criteria are as follows:

To evaluate the quality of cross-sectional
cohort, case-control, and analytical studies,
two screeners independently used the Joanna
Briggs Institute (JBI) Critical Appraisal Check-
list. A third screener participated in this pro-
cess to resolve discrepancies.

Statistical analysis

We used STATA 13.1 for all statistical analys-
es and reported pooled effect estimates as
hazard ratios (HRs) or odds ratios (ORs) with
95% confidence intervals (Cls), which were dis-
played in forest plots for clearer visualization.
Heterogeneity was quantified using the I? sta-
tistic, and a random-effects model was app-
lied when substantial heterogeneity was pres-
ent (12 > 50%). A two-sided P value < 0.05 was
considered statistically significant for all tests.
To verify the robustness of the pooled esti-
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[ Identification of studies via databases and registers

] years. Sample sizes varied wi-

dely, from 143 to over 5,000

Studies included in review
(n=24)

mates, we performed leave-one-out sensitivity
analyses. Finally, potential publication bias was
evaluated by visual inspection of funnel plot
symmetry and Egger’s regression test for small-
study effects.

Results

The initial database search yielded 593
records. After removing 263 duplicates, 330
unique articles remained for title and abstract
screening. Following this screening, 289 stud-
ies were excluded based on irrelevance to the
research question or failure to meet inclusion
criteria. A total of 41 full-text articles were
assessed for eligibility. Ultimately, 24 studies
met the inclusion criteria and were included in
the final systematic review and meta-analysis
(Figure 1).

A total of 24 studies were included, primarily
cohort studies conducted across various coun-
tries, notably Japan, China, the UK, Italy, and
the USA. Most studies focused on hospitalized
patients with HF, including acute decompen-
sated HF, chronic HF, and HF with preserved or
reduced ejection fraction (HFpEF, HFrEF), with
patient ages generally ranging from 60 to 90

20

() patients. The GNRI was consis-

é o ) Records removed before tently used across studies,

g Re?;?:;g:ggﬁ(ig%?): Scmggé’fig;te S — though slight variations in the

= =263) formula and cut-off values

- were noted. GNRI was often

- classified into risk categories -

. l typically with GNRI < 92 or <

98 indicating moderate to

Records screened Records excluded** severe malnutrition risk. Se-
(n=330) ’ (n=289) .

o veral studies compared GNRI

g l with other nutritional indices

3 such as CONUT and PNI.

Reports sought for retrieval —»| Reports not retrieved Across most cohorts, male

(n=41) (n=17) patients constituted the ma-

— jority. In addition to showing

the prevalence of malnutrition,

many studies highlighted the

3 Figure 1. Prisma diagram. prognostic value of GNRI in

predicting all-cause mortality,
hospitalization, and functional
outcomes in elderly patients
with HF (Table 2).

Subgroup analysis: low GNRI
Pooled effect size and forest plot

A total of 19 studies were included in the
meta-analysis for the low GNRI subgroup. The
pooled HR for all-cause mortality among
patients with low GNRI was 1.77 (95% CI:
1.38-2.16, P < 0.0001) under a random-effects
model using the REML method. This result
demonstrates a statistically significant as-
sociation, suggesting that patients with low
nutritional status - as reflected by a low GNRI -
face a 77% raised risk of all-cause mortality in
comparison to those with higher GNRI scores.
The effect size was visually confirmed through
the forest plot, in which the overall summary
diamond does not cross the line of no effect
(HR = 1), indicating a statistically significant
pooled effect (Figure 2).

Heterogeneity

There was substantial heterogeneity across
the included studies (t> = 0.67; 17 = 99.53%;
H? = 214.20). The Cochran’s Q-test was signifi-
cant (Q(18) = 734.45, P < 0.0001), confirming
that the variability in effect sizes is unlikely to
be due to chance alone. This suggests that dif-
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Table 2. Summary of Included Studies

) Year of . Geriatric Nutritional " Age Gender
FirStAUthor o jication COUNt™Y Study DeSIEN  pic Index (GNRI) Formula, Definition Number of Participants 1.0+ sp)  (Male/Female)
Nakamura T 2020 Japan cohort study GNRI = 14.89 x serum albumin (g/dL) + 41.7 x BMI/22 A cohort of 213 patients aged 87.2 +4.9years 43.7% male

Low GNRI group (GNRI < 92) indicating malnutrition 80 years and older, consecu- 56.3% female
risk tively admitted for worsening
High GNRI group (GNRI > 92) indicating low or no heart failure
malnutrition risk | 213 consecutive patients
Nakamura T 2018 Japan (Kitasato University cohort study GNRI = 14.89 x serum albumin (g/dL) + 41.7 x 949 consecutive patients 72.3+72years 68.2% male
Hospital) BMI/22 kg/m aged = 60 years admitted for 31.8% female
GNRI used as a nutritional screening tool alongside cardiovascular disease (CVD),
CONUT and PNI evaluated before discharge
for nutritional status including
AC, CONUT, GNRI, and PNI
Narumi T 2013 Japan (Yamagata University cohort study CONUT, PNI, GNRI CONUT: 61% at risk (mild 34%, 388 consecutive patients 69.6 + 12.3 years 60% male
School of Medicine) moderate 20%, severe 7%) with chronic heart failure 40% female
PNI: 60% at risk (moderate 30%, severe 30%)
GNRI: 69% at risk (mild 25%, moderate 24%, severe
20%)
Nishi S 2019 Japan (lbaraki Prefecture) cohort study GNRI calculated at discharge using : Major risk: GNRI 110 HFpEF patients aged 65 78.5+ 7.2 years 53.6% male
<82 years and older discharged 46.4% female
Moderate risk: GNRI 82 to < 92 after symptom alleviation
Low risk: GNRI 92 to < 98 from initial 838 HF patients
No risk: GNRI > 98 registry; exclusions included
Cut-off for analysis: GNRI = 92 (low GNRI < 92 = mod- dialysis patients and those
erate/severe risk; high GNRI > 92 = low/no risk) without GNRI data
OnoM 2023 Japan (West Tokyo Heart Retrospective Lower GNRI (< 92): moderate or severe nutritional risk 1474 patients with acute 76 (65-83) 58.5% male
Failure Registry) Higher GNRI (= 92): low or mild nutritional risk decompensated heart failure 41.5% female
from 6 centers
Ouchi Sh 2017 Japan (Juntendo University  cohort study GNRI calculated on admission using formula: No risk: 267 consecutive patients 73 (64-82)years 53.7% male
Hospital) (biomarker study GNRI > 98 with acute decompensated 46.3% female
in cardiac ICU) Low risk: GNRI 92 to < 98 heart failure admitted to
Moderate risk: GNRI 82 to < 92 cardiac ICU
High risk: GNRI < 82
Pagnesi M 2024 Italy (4 centers) Retrospective GNRI calculated as: GNRI = 1.489 x serum albumin 510 consecutive patients with 74 + 12 years 66.5% male
(g/L) + 41.7 x (body weight [kg]/ideal body weight) severe heart failure (defined 33.5% female
Ideal body weight = 22 x height? (m?) by > 1 ‘I NEED HELP’ high-risk
Malnutrition defined as GNRI < 98 marker); exclusions: missing
Patients stratified into malnutrition (GNRI <98) and no  GNRI data
malnutrition (GNRI > 98) groups
Sargento L 2017 Italy cohort study of ~ GNRI = 1.489 x serum albumin (g/L) + 41.7 x (current 143 heart failure outpatients, 75.7 +6.9 56.3% male
stable geriatric body weight/ideal body weight); ideal weight by Lorentz aged above 65, with reduced 43.7% female
outpatients with  formula 11.2% at risk of malnutrition (GNRI < 98) ejection fraction (LVEF < 40%)
HFrEF and stable condition
Fan X 2024 China cohort study, Men: height (cm) - 100 - ((height - 150)/4) 218 elderly HFpEF patients Median 85 years  males (67.4%)
single-center Women: height (cm) - 100 - ((height - 150)/2.5) hospitalized at Air Force Medi- (range 77-89) females (32.6%)
Patients divided into tertiles: cal Centre
Low GNRI < 96.50
Medium GNRI 96.50-102.45
High GNRI > 102.45
21 Am J Cardiovasc Dis 2026;16(1):17-29
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GNRI = [1.489 x serum albumin (g/L)] + [41.7 x (body
weight (kg)/ideal body weight (kg))]; ideal body weight
calculated by Lorentz equations; ratio set to 1 if body
weight > ideal weight

GLIM criteria vs. Geriatric Nutritional Risk Index (GNRI)
GLIM: 42.4% malnourished

GNRI (< 92): 46.5% malnourished

Moderate agreement between GLIM and GNRI (Cohen’s
kappa = 0.46)

Ideal body weight calculated using Lorentz formula
GNRI cutoffs:

Major risk: < 82

Moderate risk: 82 to < 92

Low risk: 92 to < 98

No risk: > 98

Cutoff for study: 92

Categories:

Absent risk: GNRI > 98

Low risk: GNRI 92- < 98
Moderate/severe risk: GNRI < 92

GNRI assessed at discharge GNRI was an independent
predictor of both primary (HR 0.957; P < 0.001) and
secondary outcomes (HR 0.963; P = 0.002)

GNRI predicted outcomes better than physical function
(SPPB) and activities of daily living (BI)

Ideal body weight = height? (m?) x 22 (BMI method)
Patients divided into quartiles

Q1:<84.9

Q2:85.0-91.1

Q3:91.2-97.2

Q4:>97.3

Ideal weight: Men: height (cm) - 100 - [(height - 150)/4]
Women: height (cm) - 100 - [(height - 150)/2.5]

GNRI < 98 classified as malnourished

Ideal body weight calculated using BMI of 22 kg/m?
(height? x 22) Patients divided into tertiles: < 98
98 to 104

PNI: 10 x serum albumin (g/dL) + 0.005 x total lym-
phocyte count (/mm?®) GNRI: 14.89 x serum albumin
(g/dL) + 41.7 x (body weight/ideal body weight)

Based on serum albumin, total cholesterol, and lympho-
cyte count; scores 0-12

Geriatric nutritional risk index and mortality in heart failure

5627 ill elderly patients with
heart failure admitted to the
intensive care unit for at least
48 hours

890 hospitalized HF patients
aged > 65 years, ambulatory
at discharge

490 consecutive patients
aged 65 years and older
hospitalized with acute heart
failure (AHF)

1,677 HFpEF patients
(adequate GNRI data, age >
45, LVEF > 45%)

839 hospitalized elderly HF
patients (> 65 years), median
follow-up 228 days

1,568 ESRD patients start-
ing hemodialysis between
1998-2009; median follow-up
10 years

265 patients hospitalized
with HF and LVEF < 40%

2,853 CAD patients undergo-
ing first PCI between 2000
and 2011

1307 hospitalized HF
patients

70.85 + 13.27
years

82 (GLIM
malnourished),
79 (GLIM well-
nourished)

79years+ 7

64.1t079.5
years

84.0 (78.0-89.0)

64 + 13 years

80+7

65.9 + 10 years

66.5 years
(mean)

59.2% male
40.8% female

57% male
43% female

58% male in the
low GNRI group,
and 59% male
in the high GNRI
group

59% males
51% females

48% male
52% female

67% male
33% female

61.9% male
38.1% female

82.1% male
17.9% female

792 males
(60.5%), 515
females (39.5%)

Am J Cardiovasc Dis 2026;16(1):17-29
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Sze SH 2018 UK cohort of Ideal weight = 22 x height? (m?) GNRI > 98 normal; 4,021 patients referred 75 (67-81) years  61% male 39%
outpatients with  92-98 mild; 82-91 moderate; < 82 severe malnutrition  with suspected HF; 3,386 female
suspected HF Based on serum albumin, cholesterol, lymphocytes; confirmed HF (35% HFrEF,

scores 0-12 65% HFNnEF)
PNI: 10 x serum albumin (g/dL) + 0.005 x total lym-

phocyte count (/mm?)

PNI > 38 normal; 35-38 moderate; < 35 severe

malnutrition

Sze SH 2018 UK cohort of deal body weight = 22 x height? (m?) 952 confirmed CHF patients 75 (67-81) years  69% male
ambulatory CHF  GNRI > 98 normal; 92-98 mild; 82-91 moderate; < 82 31% female
patients severe malnutrition

Yasumura K 2020 Japan Retrospective BMI = weight (kg)/height (m)? GNRI < 92 defined as 203 patients hospitalized 81 + 9years 62% male

malnutrition with ADHF 38% female

UEMURA U 2020 Japan cohort study based on serum albumin, total cholesterol, lymphocyte 170 acute HF patients with 67 + 15 years 59.4% male
of acute HF count; scores 0-12; > 2 indicates undernutrition BMI > 25 kg/m? 40.6% female
patients with GNRI1: 14.89 x serum albumin (g/dL) + 41.7 x 1 (body
overweight/obe- weight/ideal body weight ratio set to 1)
sity (BMI > 25 GNRI2: 14.89 x serum albumin (g/dL) + 41.7 x (body
kg/m?) weight/ideal body weight)

Ideal body weight = 22 x height? (m?)
Undernutrition defined by CONUT = 2, GNRI < 98

Sze SH 2018 UK cohort of Simple tools: CONUT score, GNRI, PNI 467 ambulatory CHF 76 (21-98) years  67% male
ambulatory CHF  Multidimensional tools: MUST, MNA-SF, SGA patients, 67% male, median 33% female
patient Laboratory tests: serum cholesterol, albumin, lympho- NT-proBNP 1156 ng/L

cyte count

ShiT 2023 China cohort of Advanced Lung Cancer Inflammation Index (ALI): ALI 1123 hospitalized HF 66.8 + 12.6 years 61.7% male
hospitalized HF = BMI x Albumin/NLR Geriatric Nutritional Risk Index patients 38.3% female
patients (GNRI): GNRI = 14.89 x Albumin (g/dL) + 41.7 x

BMI/22
Patients divided into 4 groups by median ALl and GNRI
values

SunT 2023 China cohort of GNRI = 14.89 x serum albumin (g/dL) + 41.7 x (actual 1745 IHF patients undergo- ~ 60.2 + 10.9 years 83.2% male
ischemic heart BMl/ideal BMI) ing PCI 16.8% female
failure (IHF) Ideal BMI set to 22 kg/m? Patients divided into quar-
patients under-  tiles based on GNRI values
going PCI

Tohyama M 2023 Japan cohort study Hemoglobin-Geriatric Nutritional Risk Index (H-GNRI): 3532 hospitalized HF pa- 65-74 (13%), 75- 49.3% male

combines GNRI and hemoglobin levels tients > 65 years 89 (58%), 290 50.7% female
H-GNRI Risk Groups: (29%)

Low risk (score 2): 6.9%

Intermediate risk (score 1): 27.0%

High risk (score 0): 66.1%

Zhanga S 2024 USA cohort study GNRI, CONUT, PNI 1310 critically ill AHF pa- 78.7 (72.3-85.0) 54.7% male
using MIMIC-IV GNRI = 14.89 x serum albumin (g/dL) + 41.7 x (actual tients, age = 65 years years 45.3% female
database of ICU  body weight/ideal body weight) Ideal body weight = 22
patients with x (height in meters)? If actual body weight > ideal body
acute heart weight, ratio is setto 1
failure (AHF)

23 Am J Cardiovasc Dis 2026;16(1):17-29
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Meta-regression

Meta-regression analysis reveal-
ed that approximately 18.92%
of the heterogeneity could be
explained by study-level mod-
erators (R?> = 18.92%). The
slope coefficient for the stan-
dard error was significant
(B = 2.53, P = 0.0305), sug-
gesting that study precision
variability contributed to the
observed heterogeneity.

Funnel plot and publication
bias

Figure 2. Forrest plot of all-cause mortality among patients with low GNRI.

Visual inspection of the funnel
plot revealed mild asymmetry,
with a slight skew toward one
side of the vertical line, sug-
gesting potential publication
bias (Figure 3). This was statis-
tically supported by Egger’s re-
gression test, which demonst-
rated evidence of small-study
e effects (z = 2.16, P = 0.0305).
While publication bias cannot
be ruled out, the large number
of included studies and the
stability of sensitivity results
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Figure 3. Funnel plot of all-cause mortality among patients with low GNRI.

ferences in study characteristics or populations
may have impacted the observed outcomes.

Sensitivity analysis

To assess the impact of each study on the over-
all pooled HR, a leave-one-out sensitivity analy-
sis was performed. Across all iterations, the
pooled effect size remained consistent and
statistically significant, ranging from 1.74 to
1.86. None of the excluded studies caused a
meaningful shift in the direction or magnitude
of the overall effect, indicating strong robust-
ness of the main result. This is visually repre-
sented in the influence plot, where all confi-
dence intervals overlap closely, and none cross
the line of no effect.
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Pseudo 95% CI @ Studies

! lend credibility to the overall
finding.

Subgroup analysis: high GNRI

Pooled effect size and forest
plot

For the high GNRI subgroup, five studies were
included. The pooled HR for all-cause mor-
tality was 3.15 (95% Cl: 0.93-5.37, P = 0.0055)
under a random-effects REML model. Al-
though the point estimate suggests a pro-
tective trend for patients with higher GNRI
(implying reduced mortality), the confidence
interval includes 1, indicating that the result is
not statistically significant at the 95% level,
despite a significant z-test (z = 2.78). This dis-
crepancy may reflect high variability in effect
sizes. The forest plot showed wide confidence
intervals for several studies and considerable
variability in individual study effects, contribut-
ing to uncertainty in the pooled estimate
(Figure 4).
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Figure 4. Forrest plot of all-cause mortality among patients with high GNRI.

Heterogeneity

There was substantial heterogeneity among
the included studies (t? = 6.36; I = 99.48%; H?
= 190.81). The test for heterogeneity was high-
ly significant (Q(4) = 321.48, P < 0.0001), sug-
gesting substantial inconsistency in the find-
ings and warranting caution in interpreting the
pooled HR.

Sensitivity analysis

The leave-one-out analysis showed some
variability in the pooled HR across studies,
ranging from 2.10 to 3.61. Although all esti-
mates continued to show a directionally similar
trend (i.e., reduced mortality with high GNRI), in
some iterations the confidence intervals were
wider or approached null. Notably, omitting the
Narumi 2013 study resulted in the most signifi-
cant drop in effect size, suggesting that this
study had a moderately strong influence on the
overall estimate.

Meta-regression

Meta-regression analysis did not identify any
statistically remarkable moderators. The slope
for the standard error was non-significant (P =
0.674), and the model accounted for none of
the between-study variance (R? = 0.00%). This
implies that the observed heterogeneity cannot
be explained solely by differences in study pre-
cision or sampling error.

Funnel plot and publication bias
The funnel plot for the high GNRI subgroup

showed reasonable symmetry, and Egger’s test
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did not demonstrate evidence of small-study
effects (z = 0.42, P = 0.6744). Therefore, there
is no significant indication of publication bias in
this subgroup. Given the small number of stud-
ies (n = b), however, the power to detect such
bias is limited.

Discussion

The findings of the present study indicated
GNRI as a contributing factor to the elevated
risk of all-cause mortality in individuals with HF.
For more precise analysis, the patients of the
enrolled studies were classified into two gro-
ups, high GNRI and low GNRI. The meta-analy-
sis conducted on the groups revealed that low
GNRI significantly influenced the risk for all-
cause mortality of patients with HF.

Low GNRI

Patients with low GNRI had a significantly
raised risk of all-cause mortality, indicating that
malnutrition, as measured by GNRI, is a robust
predictor of adverse outcomes in HF patients.
Multiple included studies reported consistent
findings. For example, Pagnesi et al. [24] identi-
fied malnutrition, as assessed by GNRI, as an
independent predictor of higher all-cause mor-
tality in heart failure patients, indicating that
GNRI-based nutritional assessment can effec-
tively identify those at elevated risk. Fan et al.
[25], on the other hand, did not observe GNRI
to be an independent risk factor for all-cause
mortality and instead highlighted low PNI as an
independent predictor. In another study, Ono et
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al. [18] reported that lower discharge GNRI
(d-GNRI), rather than admission GNRI (a-GNRI),
was an independent predictor of mortality in
acute decompensated heart failure.

Several mechanisms may explain the correla-
tion between low GNRI and poor outcomes in
HF patients. BMI has long been utilized as an
assessment parameter of nutrition. Neverthe-
less, it is only a measure of body size and may
not represent the actual nutritional condition
[26]. It has been shown that BMI and serum
albumin levels can be influenced by fluid sta-
tus. An elevated extracellular fluid volume re-
duces serum albumin levels while increasing
BMI. Given such a counteracting impact, the
GNRI would minimize the influence of fluid sta-
tus since it is a combined index of BMI and
albumin [27].

Malnutrition is described as an imbalance be-
tween the body’s requirements and energy
intake, which has shown a close relation to the
diseases of the cardiovascular system [20].
Malnutrition may contribute to the progression
of HF as a component of a vicious cycle related
to inflammation, cachexia, and autonomic dys-
function [28, 29].

Chronic diseases, including HF, are character-
ized by increased muscle catabolism, elevated
cytokine production, and loss of appetite, lead-
ing to lower albumin levels. Aging is also a
factor in the reduction of albumin metabolic
reserve in an individual, and these factors ren-
der the nutritional status of elderly patients
with chronic illnesses highly susceptible to
minor or acute stresses [30]. Decline in albu-
min level can result in myocardial and pulmo-
nary edema, oxidative stress, diuretic resistan-
ce, fluid retention, and an enhanced inflamma-
tory response, which all lead to HF progression
[31].

With a focus on the potential role of inflamma-
tion in HFpEF pathogenesis, recent insights
suggest that systemic microvascular endothe-
lial inflammation, correlated with concomitant
conditions, may play a key role in myocardial
fibrosis, increased oxidative stress, and altera-
tions in signaling pathways in cardiomyocytes
[32]. These changes stimulate remodeling and
dysfunction of cardiomyocytes and microvas-
cular endothelial cells in skeletal and cardiac
muscle [32]. Meanwhile, the GNRI, which was
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developed for screening nutritional status, is
also used to assess inflammatory status in
elderly patients and shows a notable correla-
tion with inflammatory biomarkers [33]. Recent
research has demonstrated a correlation be-
tween natriuretic peptides and malnutrition
[34-37]. A significant association has also been
detected between natriuretic peptides and nu-
tritional scores, such as GNRI, in decompen-
sated HF patients [27]. The correlation between
high levels of natriuretic peptides and malnutri-
tion is likely explained by their role as markers
of congestion, leading to intestinal edema, in-
flammation, and malabsorption [38]. Increased
levels of natriuretic peptides, including BNP
and NT-proBNP, have a robust association with
poor prognosis in patients with heart failure.
Higher amounts of these markers are correlat-
ed with elevated cardiovascular and all-cause
mortality and the rate of hospitalization [39,
40]. Malnutrition in HF patients is more closely
related to increased right-sided volume over-
load than to systolic dysfunction of LV [41-43].
Cardiac cachexia,a systemic wasting process
involving every compartment of the body, in-
cluding fat, skeletal muscle, and bone [38],
results from haemodynamic changes in HF
[42], and provokes neurohumoral responses
which have, in turn, been involved in gastroin-
testinal and liver function [41], anorexia, ne-
gative energy balance, systemic inflammation
and catabolic processes, and loss of skeletal
muscle, fat and lean mass [44, 45]. However,
these reactions and systemic inflammation are
associated with heart muscle damage and car-
diac overload [46]. Cachexia has been identi-
fied as an independent predictor of increased
all-cause mortality in heart failure patients,
with a notably high prevalence reported in one
study [47].

High GNRI

While patients with higher GNRI showed a trend
toward lower all-cause mortality, our meta-
analysis did not find a statistically significant
association.

Limitation and future directions

The main limitation of this meta-analysis is that
it included only observational studies, which
increases the likelihood of residual confound-
ing and limits the ability to make definite causal
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connections between GNRI and all-cause mor-
tality, particularly among HF patients. In addi-
tion to this limitation, the degree of between-
study heterogeneity, the diverse categories of
GNRI cutoffs, potential publication bias in low
GNRI subpopulations, and the substantial rep-
resentation of hospital-based elderly Asian
subjects in the total sample likely limit the gen-
eralisability of these findings. Future research
should therefore examine large, prospective,
multicenter cohorts, in which standardised def-
initions of GNRI have been applied, across
a broad range of HF populations and pheno-
types, and conduct interventional or patient-
level investigations to ascertain if GNRI-guided
dietary management will produce meaningful
improvement in clinical outcomes and refined
risk stratification for patients with heart
failure.

Conclusion

Our updated meta-analysis indicated a re-
markable relationship between low GNRI and
elevated risk for all-cause mortality in patients
with heart failure. The findings highlight the
important role of nutritional status assess-
ment as a prognostic factor in patient out-
comes and also suggest GNRI as a helpful non-
invasive tool for risk stratification. Despite sig-
nificant heterogeneity, the consistent effect
seen in the sensitivity analysis remains reli-
able. Although higher GNRI values showed
a protective trend in these patients, the esti-
mate was not statistically significant, possibly
because of the small number of studies and
high between-study variability. All things con-
sidered, these results emphasize the crucial
role of routine nutritional evaluation in the
management and prognosis of heart failure
patients.
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