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Impact of the Geriatric Nutritional Risk
Index on short-term prognosis of patients
with sepsis-related acute kidney injury:
analysis using the MIMIC-IV database
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Abstract

Background In critically ill elderly patients, malnutrition is a common comorbidity. The Geriatric Nutritional Risk
Index (GNRI) is a straightforward tool for evaluating the nutritional status of elderly individuals. The association
between GNRI score and unfavorable health outcomes has been established. However, no studies have yet elucidated
the relationship between GNRI score and sepsis-related acute kidney injury (S-AKI).

Methods We sourced patient data from the Medical Information Mart for Intensive Care IV (MIMIC-IV) database.

All patients were divided into four groups based on their GNRI score using quartile analysis. The main objective of
this study was to investigate the 28-day mortality rate. Secondary study outcomes were the incidence of severe AKI,
length of stay in the intensive care unit, and days in the hospital. To evaluate the association between GNRI score and
study outcomes, we used a Cox proportional hazards regression model and restricted cubic splines. Kaplan-Meier
curves were used to compare the outcomes in each group.

Results A total of 4515 elderly patients with S-AKI were included in this study. Patients were categorized into four
groups according to GNRI quartile: Q1 (< 78.92), Q2 (78.92-84.88), Q3 (84.88-90.84), and Q4 (>90.84). Overall 28-day
mortality was 29.5%. Patients with a low GNRI were predominantly women, and had a low body mass index. After
controlling for confounding factors, GNRI score emerged as an independent predictor of 28-day mortality among
elderly patients with S-AKI (Q4 vs. Q1: hazard ratio 0.74, 95% confidence interval 0.63-0.87; p < 0.001). Restricted cubic
spline analysis revealed a linear relationship between GNRI and 28-day mortality (p for non-linearity=0.207), and this
association remained consistent across all subgroup analyses.

Conclusions The GNRI is an important nutritional assessment tool, and is useful in predicting the prognosis of
critically ill elderly patients with S- AKI.
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Background

Sepsis is a complex condition characterized by an uncon-
trolled inflammatory response to infection, leading to
organ dysfunction and, potentially, multiple organ failure.
Acute kidney injury (AKI) frequently occurs as a compli-
cation of sepsis [1]. Cases in which both sepsis and AKI
criteria are satisfied are classified as having sepsis-asso-
ciated acute kidney injury (S-AKI) [2, 3]. In the intensive
care unit (ICU), sepsis is associated with 40-60% of AKI
cases [4, 5]. S-AKI is associated with a six- to eight-fold
increased risk of in-hospital mortality [6] and a three-fold
increased risk of chronic kidney disease among survivors
[7]. Moreover, patients with S-AKI have significantly
increased mortality compared with patients who have
AKI with other etiologies [8].

Malnutrition is a significant risk factor for the develop-
ment of AKI [9]. A recent study of data from 238 million
emergency department visits showed that the prevalence
of malnutrition in the elderly population increased from
2.5% in 2006 to 3.6% in 2014 [10]. Assessment of nutri-
tional status is critical for identifying elderly patients
who are vulnerable to AKI and at risk of death [11]. Tra-
ditional tools for nutritional screening focus on weight
loss, reduced food intake, and laboratory values, but are
unreliable for patients with AKI who are unable to pro-
vide these data, or may have water—electrolyte imbal-
ances [12]. Additionally, elderly patients with AKI in the
ICU often require volume resuscitation, which can result
in rapid weight gain and even tissue edema. Thus, even
data such as body mass index (BMI) and skinfold thick-
ness often do not accurately reflect the nutritional status
of patients with AKL

The Geriatric Nutritional Risk Index (GNRI) has been
widely recognized as a novel nutritional assessment index
and a promising screening tool for easily identifying mal-
nourished patients [13, 14]. Current research suggests
that GNRI score could be indicative of a poor prognosis
in those with AKI [15-17]. Among individuals with heart
failure, a relationship exists between GNRI score and the
incidence of AKI [18]. To date, no studies have assessed
the predictive validity of the GNRI in critically ill elderly
patients with S-AKI. Therefore, the aim of this study was
to assess the ability of the GNRI to predict adverse out-
comes in elderly patients with S-AKI in the ICU.

Materials and methods

Data source

In this study, we used data sourced from the Medical
Information Mart for Intensive Care-IV (MIMIC-IV)
database (version 3.0) [19], a large publicly available data-
set comprising over 50,000 anonymized patient records
from the ICU at Beth Israel Deaconess Medical Center in
Boston, Massachusetts, USA, covering the period from
2008 to 2022. One author (Changyun Zhao) obtained
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access to the MIMIC-IV database (certification number:
65303679) after completion of the Collaborative Institu-
tional Training Initiative program. The research was car-
ried out in compliance with the principles outlined in the
Declaration of Helsinki; the requirement for informed
consent was waived because only anonymous data were
analyzed. The institutional review board at Beth Israel
Deaconess Medical Center granted approval for this
study.

Study population

Patients aged > 65 years with a diagnosis of S-AKI were
included. The exclusion criteria for this study were
patients with an ICU stay of less than 24 h, those with
repeat admissions, patients with end-stage renal disease,
and patients lacking albumin, height, and weight data.

Data collection

Data extraction was performed using Structured Query
Language (SQL). The SQL script codes were obtained
from the GitHub website (https://github.com/MIT-LCP
/mimic-iv). The extracted variables included demograph
ic data (age, race and ethnicity, sex, weight, and height),
vital signs on admission (heart rate, blood pressure [sys-
tolic, diastolic, and mean], and respiratory rate), as well
as pre-existing comorbidities (diabetes mellitus type 2,
chronic obstructive pulmonary disease, chronic kidney
disease, hypertension, and stroke). Laboratory param-
eters collected within 24 h of ICU admission encom-
passed renal function markers (serum creatinine and
blood urea nitrogen), liver function markers (aspar-
tate aminotransferase [AST], alanine aminotransferase
[ALT], and total bilirubin [TBiL]), nutritional/metabolic
indicators (serum albumin, hemoglobin, glucose, bicar-
bonate, chloride, sodium, potassium, lactate, and anion
gap), and inflammatory/hematologic profiles (white
blood cell count, platelet count, and lymphocyte count).
Severity scores, including the Sequential Organ Fail-
ure Assessment (SOFA), Acute Physiology and Chronic
Health Evaluation III, Simplified Acute Physiology Score
II, Oxford Acute Severity of Illness Score, and Charlson
Comorbidity Index, were analyzed. Treatment-related
variables comprised renal support (continuous renal
replacement therapy [CRRT]), pharmacologic interven-
tions (vasopressors, mechanical ventilation, and nephro-
toxic drugs [e.g., non-steroidal anti-inflammatory drugs,
aminoglycosides, vancomycin, iodinated contrast agents,
calcineurin inhibitors; see Supplementary Table S1 for
a complete list]), and duration of mechanical ventila-
tion. BMI was calculated as weight (kg)/height (m?). All
laboratory data were derived from the first measurement
recorded within 24 h of ICU admission.
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Definitions
S-AKI was defined as AKI occurring within 7 days of a
sepsis episode (diagnosed according to the Renal Disease
Improvement Global Outcome Criteria and Sepsis 3 cri-
teria, respectively) [20]. Sepsis is characterized as a life-
threatening condition involving organ dysfunction that
arises from an inappropriate host response to an infec-
tion [21]. AKI was diagnosed based on an increase in
serum creatinine (Scr) of >0.3 mg/dL within 48 h, a rise
to 21.5 times the baseline value within the last 7 days,
or a urine output of <0.5 mL/kg/hour for at least 6 con-
secutive hours [22]. Stage 1 AKI was classified as mild,
whereas stages 2 and 3 were categorized as severe AKI.
Nutritional status was assessed via the GNRI, com-
puted as [1.489xserum albumin (g/L)]+[41.7x(current
weight in kg/ideal weight)]. Ideal weight was calculated
using the Lorentz formulas [23]: height (cm)-100-
[height (cm)-150]/4 for men and height (cm)-100-
([height (cm)-150]/2.5 for women. When the current
weight exceeded the ideal body weight, we used the cur-
rent weight in kg/ideal weight=1. Additionally, GNRI
scores were categorized into four classes based on GNRI
score quartiles: Q1 (<78.92), Q2 (78.92-84.88), Q3
(84.88-90.84), and Q4 (>90.84). The GNRI is inversely
correlated with the risk of malnutrition; a lower GNRI
score indicates a greater likelihood of malnutrition [13].

Exposure and outcome ascertainment

The primary exposure of interest in this study was the
GNRI. The primary endpoint of the study was the 28-day
mortality rate. Additional endpoints, considered second-
ary outcomes, comprised the frequency of severe AKI,
duration of the ICU stay, and the overall length of hospi-
talization measured in days.

Statistical analysis

Continuous variables with a normal distribution are
presented as mean+standard deviation and were ana-
lyzed using analysis of variance for comparisons between
groups. Skewed continuous variables are described as
median with interquartile range, and were compared
using the Kruskal-Wallis test. Categorical variables are
reported as number and percentage, and were compared
between groups using the chi-square test. Univariate Cox
regression models were used to screen covariates, and
univariate and multivariate Cox regression models were
developed to explore the relationship between GNRI
score and 28-day mortality in patients with S-AKI. Model
1 was a crude model, and Model 2 (demographically
adjusted) was adjusted for age, sex, and ethnicity. Model
3 (fully adjusted) was adjusted for all baseline variables
with p<0.05 (Table 1) and clinically relevant prognos-
tic factors, including ALT, AST, TBiL, CRRT, mechani-
cal ventilation status, and nephrotoxic drug exposure.
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The non-linear association between GNRI score and
in-hospital mortality was evaluated using an adjusted
restricted cubic spline (RCS) model that included vari-
ables from Model 3. Cumulative survival rates among the
four groups were evaluated using Kaplan—Meier survival
curves. Subgroup analyses were performed to examine
the relationship between GNRI score and in-hospital
mortality across various subgroups, including the com-
putation of p-values for interaction effects. The statistical
analyses for this study were conducted using R software,
version 3.3.2 (The R Foundation for Statistical Comput-
ing, Vienna, Austria). A two-tailed p-value of <0.05 was
deemed statistically significant.

Results

Patient characteristics

Figure 1 presents the flowchart of participant screen-
ing. A total of 4515 elderly patients with S-AKI who met
the inclusion and exclusion criteria participated in this
study. Patients were divided into four groups according
to GNRI score quartiles.

Table 1 provides an overview of the characteristics of
each group. Patients in the high malnutrition risk group
(low GNRI scores) were predominantly women and had
low BMI. Additionally, these patients had a higher respi-
ratory rate on admission. In terms of laboratory param-
eters, the high malnutrition risk group had higher white
blood cell and platelet counts, urea nitrogen, creatinine,
chloride, and lactate levels, as well as lower values for
hemoglobin, lymphocytes, albumin, bicarbonate, and
glucose. The use of vasoactive drugs was greater in the
high malnutrition risk group, but there were no signifi-
cant differences between the groups in terms of nephro-
toxic drugs, CRRT, and ventilator support. Finally, SOFA
scores and Acute Physiology and Chronic Health Evalu-
ation III (APSIII) scores were significantly higher in the
high malnutrition risk group.

GNRI and clinical outcomes

The overall 28-day mortality was 29.50%. Mortality
was significantly higher in lower quartiles in the nutri-
tion-related risk groups (Q1 vs. Q4: 39.50% vs. 22.78%;
p<0.001) (Table 2). Patients with a high nutritional risk
had a greater incidence of severe AKI (Q1 vs. Q4: 88.68%
vs. 82.63%; p<0.001). The ICU and hospital lengths of
stay were longer in the high nutritional risk group (Q1)
than in the low nutritional risk group (Q4): 6.59 vs. 5.43
and 15.58 vs. 11.69, respectively ; both p <0.001).

Survival curves of 28-day mortality according to GNRI
quartile in patients with S-AKI

Figure 2 shows the Kaplan-Meier curves of GNRI scores
and survival probability in quartile subgroups of patients
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Table 1 Baseline characteristics of the study participants, overall and stratified by Geriatric Nutritional Risk Index score quartiles

Variable Overall Q1 (<78.92) Q2(78.92-84.88) Q3(84.88-90.84) Q4(>90.84) p-
N=4,515 N=1,243 N=1,092 N=1,109 N=1,071 value

Sex, n (%) 0.012

F 1,956 (43.32) 578 (46.50) 484 (44.32) 446 (40.22) 448 (41.83)

M 2,559 (56.68) 665 (53.50) 608 (55.68) 663 (59.78) 623 (58.17)

Race, n (%) 0.123

ASIAN 109 (241) 34(2.74) 30(2.75) 26 (2.34) 19(1.77)

BLACK 332(7.35) 100 (8.05) 85(7.78) 75 (6.76) 72 (6.72)

OTHER 1,108 (24.54) 311 (25.02) 263 (24.08) 243 (21.91) 291 (27.17)

WHITE 2,966 (65.69) 798 (64.20) 4 (65.38) 765 (68.98) 689 (64.33)

Age, Median (Q1, Q3) 76.00 (70.00,83.00)  76.00 (70.00,83.00)  76.00 (71.00,84.00) 76.00 (71.00,83.00) 75.00 (70.00,81.00) 0.012

BMI, Median (Q1, Q3) 27.78 (24.14,32.50) 2646 (22.41,31.13) 2807 (24.07,32.68) 28.36(24.80,33.30) 2844 (25.10,32.94) <0.001

Diagnoses, comorbidities and

treatments, n (%)

Diabetes 1,572 (34.82) 381 (30.65) 396 (36.26) 7 (37.60) 378 (35.29) 0.002

COPD 579(12.82) 73(13.92) 132 (12.09) 159 (14. 34) 5(10.74) 0.040

Hypertension 1,943 (43.03) 528 (42.48) 459 (42. 03) 456 (41.12) 500 (46.69) 0.044

Stroke 484 (10.72) 01(8.13) 122 (11.17) 120 (10. 82) 41(13.17) 0.001

Chronic kidney disease, 1,242 (27.51) 315(25.34) 323 (29. 58) 329 (29.67) 275 (25.68) 0.022

CRRT 591 (13.09) 88(15.12) 143 (13.10) 32(11.90) 28(11.95) 0.068

Ventilation 3,220(71.32) 889 (71.52) 794 (72. 71) 785 (70.78) 752 (70 21) 0.604

Vasopressors 2,070 (45.85) 720 (57.92) 528 (48.35) 456 (41.12) 366 (34.17) <0.001

Nephrotoxic drugs 3,799 (84.14) 1,030 (82.86) 927 (84.89) 44 (85.12) 898 (83.85) 0416

Vital signs

Hr(bpm), Median (Q1, Q3) 122.00 (106.00, 127.00 (112.00, 125.00 (108.00, 118.00 (102.00, 118.00 (103.00, <0.001
140.00) 143.00) 143.00) 136.00) 137.00)

Nbps(mmHg), Median (Q1,Q3)  157.00 (141.00, 156.00 (140.00, 158.00 (143.00, 157.00 (141.00, 157.00 (140.00, 0.015
174.00) 172.00) 175.00) 175.00) 175.00)

Nbpd(mmHg), Median (Q1,Q3)  99.00 (85.00, 115.00) 99.00 (84.00, 114.00) 99.50 (86.00, 98.00 (84.00, 99.00 (85.00, 0.221

115.00) 115.00) 115.00)

Nbpm(mmHg), Median (Q1,Q3) 111.00 (97.00, 109.00 (96.00, 112.00 (98.00, 110.00 (96.00, 111.00 (97.00, 0.271
126.00) 126.00) 127.50) 126.00) 127.00)

RR(insp/min), Median (Q1, Q3) 34.00 (30.00,40.00) 35.00(31.00,41.00) 35.00 (30.00,40.00) 34.00(29.00,39.00) 33.00 (29.00,39.00) <0.001

Laboratory parameters

Creatinine(mg/dL), Median (Q1,  1.20 (0.90, 1.90) 1.30(0.90, 2.10) 1.20 (0.90, 1.90) 1.20 (0.90, 1.90) 1.10(0.90, 1.70) 0.009

Q3)

Hemoglobin(g/dL), Median 10.30(8.80, 12.00)  9.80 (850, 11.30) 10.20(8.70,11.65)  1040(9.00,1200)  11.10(940,12.70)  <0.001

(Q1,Q3)

WBC(10A9/L), Median (Q1,Q3)  12.10(850,17.00)  1320(870,1880)  12.10(865,17.30)  12.10(870,16.80)  11.20(8.20,1500) <0.001

Platelets(10A9/L), Median (Q1, 184.00 (129.00, 194.00 (127.00, 181.50 (124.00, 177.00 (127.00, 183.00 (136.00, 0.001

Q3) 254.00) 283.00) 250.00) 241.00) 241.00)

Lymphocytes(10A9/L), Median 10.48 (5.50, 11.00) 8.00 (4.10,10.48) 10.10 (5.20, 11.00) 1048 (6.20, 11.10) 1048 (7.00,12.90) <0.001

(Q1,Q3)

Urea nitrogen(mg/dL), Median 26.00 (17.00,43.00) 30.00(19.00,49.00) 27.50(18.00,43.00) 25.00(17.00,42.00) 23.00 (16.00,35.00) <0.001

(Q1,Q3)

Albumin(g/dL), Median (Q1,Q3)  3.00 (2.50, 3.30) 2.30(2.00, 2.50) 2.80(2.70,2.90) 3.10(3.00, 3.30) 3.60 (3.50, 3.90) <0.001

Bicarbonate(mEg/L), Median 22.00(19.00,25.00) 21.00(18.00,24.00) 22.00 (19.00,24.00) 22.00(19.00,25.00) 23.00 (20.00, 25.00) <0.001

(Q1,Q3)

Glucose(mg/dL), Median (QT, 139.00 (111.00, 138.00 (106.00 14250 (114.00, 139.00 (113.00, 137.00 (111.00, 0.037

Q3) 181.00) 183.00) 185.00) 182.00) 174.00)

Chloride(mEg/L), Median (Q1, 104.00 (100.00, 105.00 (101.00 105.00 (100.00, 104.00 (100.00, 104.00 (100.00, <0.001

Q3) 109.00) 110.00) 109.00) 108.00) 107.00)

Sodium(mEg/L), Median (QT, 139.00 (136.00, 139.00 (135.00 139.00 (135.00, 139.00 (136.00, 139.00 (136.00, 0.867

Q3) 142.00) 142.00) 142.00) 141.00) 141.00)

ALT(U/L), Median (Q1, Q3) 29.00 (16.00, 86.00)  31.00 (16.00, 101.00) 31.00 (16.00,91.50) 28.00 (16.00,79.00) 26.00 (16.00,68.00) 0.042

AST(U/L), Median (Q1, Q3) 45,00 (26.00, 125.00) 48.00 (25.00, 145.00) 46.00 (25.00, 43.00 (26.00, 42.00 (26.00, 0.560

123.00) 125.00) 105.00)
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Table 1 (continued)

Variable Overall Q1(<78.92) Q2(78.92-84.88) Q3(84.88-90.84) Q4(>90.84) p-
N=4,515 N=1,243 N=1,092 N=1,109 N=1,071 value

TBil(mg/dL), Median (Q1, Q3) 0.70 (040, 1.39) 0.70 (040, 1.39) 0.70 (040, 1.39) 0.70 (040, 1.39) 0.70 (0.50, 1.39) 0.636

Potassium(mEqy/L), Median (Q1,  4.20 (3.80, 4.70) 4.20(3.70,4.80) 4.20 (3.80,4.70) 4.20 (3.80,4.70) 4.20(3.80,4.70) 0.646

Q3)

Lactate(mmol/L), Median (Q1, 2.00(1.30, 2.90) 2.10(1.40,3.10) 1.90 (1.30, 3.00) 2.00(1.30, 2.80) 1.90 (1.30, 2.60) 0.002

Q3)

Anion gap(mEg/L), Median (Q1,  15.00 (12.00, 18.00)  14.00 (12.00,18.00)  14.00 (12.00, 17.00)  15.00 (12.00,18.00) 15.00 (12.00, 17.00) 0.100

Q3)

Score

SOFA, Median (Q1, Q3) 3.00 (2.00, 5.00) 4.00 (3.00, 5.00) 4.00 (2.00, 5.00) 3.00 (2.00, 5.00) 3.00 (2.00, 5.00) <0.001

APSIII, Median (Q1, Q3) 53.00 (40.00,69.00)  62.00 (49.00,79.00)  55.00 (43.00, 70.00) 50.00 (38.00,65.00) 45.00 (34.00, 60.00) <0.001

SAPSII, Median (Q1, Q3) 46.00 (38.00,56.00)  50.00 (42.00,61.00) 47.00 (39.00, 56.00) 44.00 (37.00,53.00) 41.00 (35.00,51.00) <0.001

OASIS, Median (Q1, Q3) 38.00 (32.00,44.00) 40.00 (34.00,46.00)  38.00 (33.00,44.00) 37.00(31.00,42.00) 35.00(30.00,41.00) <0.001

GCS, Median (Q1, Q3) 15.00 (13.00,15.00)  15.00 (13.00, 15.00)  15.00 (14.00, 15.00)  15.00 (13.00, 15.00) 15.00 (13.00, 15.00) 0.553

Charlson, Median (Q1, Q3) 6.00 (5.00, 8.00) 6.00 (5.00, 8.00) 6.00 (5.00, 8.00) 6.00 (5.00, 8.00) 6.00 (5.00, 8.00) 0.012

BMI, Body mass index; GCS, Glasgow Coma Scale; OASIS, Organ Assessment Score in the ICU; SAPSII, Simplified Acute Physiology Score II; APSIII, Acute Physiology
and Chronic Health Evaluation lll; SOFA, Sequential Organ Failure Assessment; WBC, White blood cell; HR, Heart rate; RR, Respiratory rate; NBPM, Non-invasive blood
pressure mean; NBPD, Non-invasive blood pressure diastolic; NBPS, Non-invasive blood pressure systolic; CRRT, Continuous renal replacement therapy; CKD, Chronic
kidney disease; COPD, Chronic obstructive pulmonary disease

Patients who aged > 65 years and are admitted to the ICU for
the first time with a diagnosis of sepsis in the MIMIC-IV
database(n=35493)

No AKI(n=476)
Lenth of ICU stay <24h(n=9981)
Missing the weight, height, or albumin

data(n=20263)

Patients excluded(n=30978)

Missing the RR, HR, BP data(n=258)

Eligible S-AKI Patients

n=4515

Fig. 1 Flowchart of participant screening
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Table 2 Outcomes of patients with acute kidney injury stratified according to the Geriatric Nutritional Risk Index

Outcome Overall Q1 (<78.92) Q2(78.92-84.88) Q3(84.88-90.84) Q4(>90.84) p-value
N=4,515 N=1,243 N=1,092 N=1,109 N=1,071

death_within_hosp_28days, n (%) 1,332 (29.50) 491 (39.50) 299 (27.38) 298 (26.87) 244 (22.78) <0.001

aki_stage, n (%) <0.001

1 633 (14.02) 141 (11.34) 148 (13.55) 158 (14.25) 186 (17.37)

2 1,978 (43.81) 468 (37.65) 497 (45.51) 515 (46.44) 498 (46.50)

3 1,904 (42.17) 634 (51.01) 447 (40.93) 436 (39.31) 387(36.13)

icu_day, Median (Q1, Q3) 597 (3.24,1091) 6.59 (3.54, 11.64) 647 (3.61,11.97) 547 (3.01,9.96) 543(3.00,9.93) <0.001

hosp_day, Median (Q1, Q3)

13.16 (8.04,22.09) 1558 (8.88,24.87) 13.79(8.64,2295) 1222(7.95,19.82) 11.69(7.08,19.38) <0.001

SD, Standard deviation

100 4

90 4
$
£
S 80+
o
2
=l
-
2
=
2
z
& 701

- p < 0.0001

0 4 8 12 16 24 28
Time (Days)
Number at risk
Q14 1243 147 1052 962 884 822 782 752 &
a

Q2 4 1092 1043 974 914 862 836 808 793 a Q2

Q34 1109 1051 993 935 891 858 840 811 4 Q3

Q44 1071 1024 955 911 874 851 836 827 a Q4

0 4 8 12 16 20 24 28
Time (Days)

Fig. 2 Kaplan—-Meier curves for Geriatric Nutritional Risk Index quartiles in patients with sepsis-related renal injury
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with S-AKI The results showed that a lower GNRI score
was associated with lower survival probability (p <0.001).

Cox regression analyses of 28-day mortality in patients
with S-AKI

We conducted multivariable regression analysis to con-
firm the independent relationship between GNRI score
and worse outcomes (Table 3). In Model 1, higher GNRI
score was associated with a reduced 28-day hospitalized
mortality rate (Q4 vs. Q1: hazard ratio [HR] 0.50, 95%
confidence interval [CI]: 0.43-0.58; p<0.001. In model
2, the association remained significant (Q4 vs. Q1: HR
0.51, 95% CI: 0.44-0.59; p<0.001). In Model 3, adjusted
for additional confounders, a high GNRI still significantly
reduced 28-day hospital mortality rates (Q4 vs. Q1: HR
0.74, 95% CI: 0.63-0.87; p<0.001. The GNRI was an
independent risk factor for 28-day in-hospital mortality
in patients with S-AKI. As a continuous variable, higher
GNRI score was still associated with lower 28-day in-
hospital mortality (all p<0.001). Model 3 showed that
higher GNRI as a continuous variable was associated
with reduced in-hospital mortality after adjusting for
confounders (HR 0.99, 95% CI: 0.98-1.0; p <0.001). Fig-
ure 3 depicts the RCS model for the association between
GNRI and 28-day mortality. After accounting for relevant
confounding factors, Model 3 revealed a monotonically
decreasing relationship between GNRI and 28-day mor-
tality (non-linear p=0.207), with a cutoff of 83.416. A

Table 3 Cox regression analyses of 28-day mortality in patients
with sepsis-related acute kidney injury

HR (95%Cl) P value P for trend

Model 1 <0.001
Q1 Reference

Q2 0.64(0.55-0.74) <0.001

Q3 0.59(0.51-0.69) <0.001

Q4 0.50(0.43-0.58) <0.001

Continuous 0.97(0.97-0.98) <0.001

Model 2 <0.001
Q1 Reference

Q2 0.64(0.55-0.74) <0.001

Q3 0. 60(0 52-0.70) <0.001

Q4 51(0.44-0.59) <0.001

Continuous 0. 97(0 97-0.98) <0.001

Model 3 <0.001
Q1 Reference

Q2 0. 79(0 68-0.92) 0.002

Q3 81(0.70-0.95) 0.009

Q4 0. 74(0 63-0.87) <0.001

Continuous 0.99(0.98-1.0) <0.001

Model 1: Unadjusted
Model 2: Adjusted for age, sex, race and ethnicity

Model 3: Adjusted for all baseline variables with p <0.05 (Table 1) and ALT, AST,
TBiL, CRRT, mechanical ventilation status, and nephrotoxic drug exposure

HR, Hazard ratio; Cl, Confidence interval
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significant reduction in the risk of in-hospital mortality
was observed with increasing GNRI scores.

Subgroup analysis

The association between nutrition-related risk and in-
hospital mortality was found to be positive across all sub-
groups, with no significant interactions identified in the
subgroup analysis except for the SOFA score subgroup,
as illustrated in Fig. 4.

Discussion

This study provides the first evidence for the GNRI as
a robust predictor of short-term mortality and adverse
clinical outcomes in elderly patients with S-AKI. Our
findings demonstrated that lower GNRI score was inde-
pendently associated with higher 28-day mortality,
increased severity of AKI, and a prolonged stay in the
ICU or hospital, even after rigorous adjustment for con-
founders. These results underscore the critical role of
nutritional status in modulating the outcomes of sepsis-
associated renal injury, and highlight the utility of the
GNRI as a pragmatic tool for risk stratification in this
vulnerable population.

Previous studies have demonstrated the prognostic
importance of the GNRI in various patient populations,
including those with heart failure [18], cancer [24], con-
trast-induced nephropathy [25], and non-S-AKI [15-17].
The GNRI has been shown to effectively predict adverse
outcomes in these groups. However, this was the first
study to specifically explore the relationship between
GNRI and S-AKI in elderly patients. We specifically
addressed the interplay between malnutrition and sepsis-
driven renal dysfunction. The linear relationship between
GNRI score and mortality (p for non-linearity=0.207)
suggests that even marginal improvements in nutri-
tional status may confer survival benefits in patients with
S-AKI. This finding is particularly relevant given the lack
of targeted therapies for S-AKI, positioning nutritional
optimization as a modifiable intervention.

The GNRI demonstrates superior predictive capability
compared with traditional nutritional markers (e.g., BMI,
serum albumin) owing to its composite design, which
integrates albumin levels with anthropometric param-
eters. Newer albumin-based indices (such as the albu-
min-bilirubin score [26], prognostic nutritional index
[27], red cell distribution width—albumin ratio [28], and
albumin—creatinine ratio [29]) incorporate inflammatory,
hepatic, or renal markers to enhance prognostic sensi-
tivity; however, their complexity limits clinical utility in
elderly patients with S-AKI. For instance, the red cell dis-
tribution width—albumin ratio combines the red cell dis-
tribution width (reflecting inflammation/oxidative stress)
and albumin, but is confounded by anemia or transfusion
[28]; furthermore, the reliance of the albumin—creatinine
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Fig. 3 Restricted cubic smoothing for 28-day mortality risk according to Geriatric Nutritional Risk Index score. Model 3 was used in the analysis

ratio on creatinine may lead to instability in the presence
of AKI owing to rapid renal function fluctuations [29]. In
contrast, the simplicity of the GNRI (requiring only albu-
min, weight, and height) facilitates rapid bedside assess-
ment, even in resource-limited settings.

To effectively prevent S-AKI, the most important
step is to identify sepsis patients at high risk and inter-
vene against factors that could exacerbate the condition.
Elderly people often have malnutrition [30, 31], a con-
dition exacerbated by the natural aging process, which
leads to physical frailty and a decrease in energy intake.
Therefore, age is a pivotal factor contributing to the prev-
alence of malnutrition in this patient group. The GNRI is
a simple, objective, and well-validated nutritional screen-
ing tool specifically designed for hospitalized elderly
patients [13], and its application value in assessing elderly
patients at risk of S-AKI should not be underestimated.
Our analysis shows that, even after adjustment for con-
founding factors, there was a negative linear correlation
between GNRI score and 28-day mortality. Furthermore,
across all subgroups, higher nutritional risk was closely
associated with a higher hospital mortality rate among

elderly patients with S-AKI, thereby confirming the pre-
dictive reliability of the GNRI in assessing prognosis.
Conducting early and comprehensive nutritional assess-
ments for elderly patients with sepsis, devising personal-
ized nutritional plans, and improving patients’ nutritional
status may be crucial in ameliorating poor outcomes of
patients with S-AKIL.

Our analysis has certain limitations. Despite the data
being sourced from a large public database, they have
not undergone external validation to confirm the predic-
tive utility of the GNRI. Additionally, GNRI score was
assessed only at the time of admission. Further research
should be conducted to investigate the prognostic impli-
cations of dynamic changes in GNRI scores.

Conclusion

The GNRI score at admission can serve as a critical pre-
dictor of adverse outcomes in elderly patients with S-AKI
in the ICU. Our study findings suggest that the GNRI
can be instrumental in identifying elderly patients with
S-AKI at higher risk of malnutrition, thereby ensuring
timely and effective nutritional support.
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Variable Count Percent(%)
Age

>=75 2543 56.3

<75 1972 43.7
Gender

Female 1956 43.3

Male 2559 56.7
Race

ASIAN 109 24
BLACK 332 7.4
WHITE 2966 65.7
OTHERS 1108 24.5

CKD
No 3273 25
Yes 1242 27.5
Ventilation
No 1295 28.7
Yes 3220 743
Vasopressor
No 2445 54.2
Yes 2070 458
SOFA
<=4 3106 68.8
>4 1409 31.2
Overall 4515 100

0.9
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HR (95% CI) P value P for interaction

0.386
0.97 (0.96 to 0.98) <0.001
0.97 (0.97 to 0.98) <0.001

0.348
0.97 (0.96 to 0.98) <0.001
0.97 (0.97 t0 0.98) <0.001

0.583
0.95 (0.91t0 0.99) 0.025
0.98 (0.95 to 1.00) 0.027
0.97 (0.96 to 0.98) <0.001
0.98 (0.97 to 0.99) <0.001

0.309
0.97 (0.96 to 0.98) <0.001
0.98 (0.97 t0 0.99) <0.001

0.758
0.97 (0.96 to 0.98) <0.001
0.97 (0.97 to 0.98) <0.001

0.212
0.97 (0.96 to 0.98) <0.001
0.98 (0.97 to 0.99) <0.001

0.017

0.97 (0.96 to 0.97) <0.001
0.98 (0.97 t0 0.99) <0.001
0.97 (0.97 t0 0.98) <0.001

1:1

Fig. 4 Subgroup analysis of the association between 28-day mortality and the Geriatric Nutritional Risk Index
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