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Abstract

Aims/Background: Malnutrition represents a major clinical concern in geriatric populations and is strongly associated with adverse
outcomes and increased mortality, particularly among patients admitted to the intensive care unit (ICU). This study aimed to compare
the predictive performance of the modified Nutrition Risk in the Critically Ill (mNUTRIC) score and the Prognostic Nutritional Index
(PNI) for 30-day mortality in geriatric ICU patients. Methods: This retrospective study included 704 geriatric patients admitted to the
ICU between December 2023 and June 2025 with a length of stay exceeding 24 hours. The mNUTRIC score and PNI were calculated
using data obtained within the first 24 hours following ICU admission. Demographic and clinical characteristics were also evaluated and
compared between groups according to these nutritional scoring systems. The primary outcome was 30-day mortality. Results: Of the
704 patients, 301 (42.76%) died during ICU follow-up, and 257 patients (36.51%) died within 30 days. Both the mNUTRIC score and
PNI differed significantly between survivors and non-survivors (p< 0.001 for both). Patients with high mNUTRIC scores demonstrated
significantly higher rates of both 30-daymortality and ICUmortality comparedwith thosewith low scores (p< 0.001 for all comparisons).
Receiver operating characteristic (ROC) curve analysis showed that the mNUTRIC score had an area under the curve (AUC) of 0.753,
with a cut-off value of 5.5, sensitivity of 0.743, and specificity of 0.638. In contrast, PNI demonstrated the lowest predictive performance
among the evaluated scores, with an AUC of 0.624 and a cut-off value of 36.175. Conclusion: Both the mNUTRIC score and PNI
are useful for predicting 30-day mortality and clinical outcomes in geriatric ICU patients; however, the mNUTRIC score demonstrates
superior predictive performance. Future research should further investigate their integration with established scoring systems and their
utility in longitudinal trend monitoring.
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1. Introduction

In the context of global population aging, the increas-
ing proportion of individuals aged 65 years and older repre-
sents a substantial and growing patient population in many
countries [1]. This group, defined as geriatric, is char-
acterized by increased frailty, reduced functional capac-
ity, and a higher burden of comorbid conditions; conse-
quently, it is associated with elevated healthcare utilization,
as well as higher rates of hospitalization andmortality [2,3].
Moreover, the coexistence of malnutrition and inflamma-
tion has been consistently associated with adverse hospi-
tal outcomes, particularly in the intensive care unit (ICU)
setting [4]. Accordingly, the timely identification, continu-
ous monitoring, and appropriate management of malnutri-
tion and inflammatory status are essential to reduce disease-
related complications, improve clinical outcomes, and op-
timize the utilization of ICU resources [5].

Aging is associated with progressive deterioration in
tissue integrity, diminished regenerative capacity, mito-
chondrial dysfunction, and cellular senescence, ultimately
leading to disruption of physiological homeostasis [6,7].
These changes manifest as structural and functional impair-
ments across multiple organ systems, resulting in reduced

organ reserve and functional decline. Concurrent weaken-
ing of the immune system increases susceptibility to infec-
tions and impairs the host response to pathogens [8]. Mal-
nutrition is a critical contributor to this process. Condi-
tions such as decreased nutritional intake due to anorexia
and dental loss, gastrointestinal dysfunction affecting ab-
sorption and motility, and inadequate protein intake con-
tribute to the development of malnutrition and sarcopenia.
These processes promote systemic inflammation and im-
mune dysregulation, thereby contributing to adverse clini-
cal outcomes in geriatric patients [9,10].

Advanced age alone does not fully account for poor
clinical outcomes in geriatric populations; rather, multi-
ple interrelated factors, including reduced physiological re-
serve, immune dysfunction, malnutrition, multimorbidity,
and polypharmacy, collectively contribute to disease bur-
den [2,5,7]. These factors interact in a self-reinforcing cycle
that exacerbates clinical deterioration. Loss of muscle mass
is associated with increased catabolism and weakening of
respiratory musculature, which may predispose patients to
respiratory complications and complicate ventilator wean-
ing in the ICU setting. In addition, impaired immune func-
tion increases vulnerability to infections and progression to
sepsis [8,10].
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Nutrition plays a fundamental role in both health
maintenance and the management of critically ill patients.
Despite its recognized importance, malnutrition is highly
prevalent among ICU patients and is associated with in-
creased rates of complications, morbidity, and mortality
[11]. Early identification and appropriate intervention are
therefore essential. In this context, a variety of parame-
ters and scoring systems have been developed to assess nu-
tritional status and predict clinical outcomes. Commonly
utilized tools include the Nutritional Risk Screening 2002
(NRS 2002), the Controlling Nutritional Status (CONUT)
score, the Prognostic Nutritional Index (PNI), the Geriatric
Nutritional Risk Index (GNRI), the Nutrition Risk in the
Critically Ill (NUTRIC) score, the Mini Nutritional As-
sessment (MNA), and the modified NUTRIC (mNUTRIC)
score [12–16].

The mNUTRIC score was specifically developed for
critically ill patients and is designed to quantify the im-
pact of nutritional risk on mortality. Unlike the original
NUTRIC score, it does not incorporate interleukin-6 lev-
els, and in contrast to the PNI, it does not include albumin
measurements [17]. The PNI, calculated using serum albu-
min and lymphocyte counts, provides an integrated assess-
ment of nutritional and immunological status. It has been
widely used as a prognostic indicator in oncologic and sur-
gical populations, although its applicability in critically ill
patients remains less clearly defined [14,18].

Based on these considerations, the present retrospec-
tive study aimed to evaluate the mNUTRIC score and PNI
in assessing the nutritional status of geriatric patients admit-
ted to the ICU and to determine their respective associations
with clinical outcomes and 30-day mortality.

2. Methods
2.1 Study Design

This retrospective studywas conducted through the re-
view of medical records of geriatric patients managed in the
general ICU of Ankara Etlik City Hospital between 1 De-
cember 2023 and 1 June 2025. All investigators adhered to
the principles of the Declaration of Helsinki and conducted
the study in accordance with its ethical standards. The
study protocol was reviewed and approved by the Ethics
Committee of Ankara Etlik City Hospital (approval num-
ber: AEŞH-BADEK1-2025-291). Given the retrospective
design, informed consent was waived by the Ankara Etlik
City Hospital because all data were anonymized and no in-
terventional procedures were performed.

2.2 Study Population

The study included geriatric patients who were fol-
lowed in the ICU for more than 24 hours. Patients with an
ICU stay of less than 24 hours, those younger than 65 years,
and those with hematologic disorders or malignancies asso-
ciated with abnormal lymphocyte counts, including acute or
chronic lymphocytic leukemia, myelodysplastic or myelo-

proliferative syndromes, non-Hodgkin lymphoma, aplas-
tic anemia, and immunodeficiency syndromes, were ex-
cluded. Patients with incomplete medical records were also
excluded. In addition, patients who had received blood
product transfusions or albumin replacement prior to ICU
admission were excluded. Because PNI is calculated us-
ing albumin and lymphocyte values, albumin levels may
increase following albumin or fresh frozen plasma admin-
istration, and lymphocyte counts may fluctuate after blood
product transfusion; therefore, these patients were excluded
to avoid distortion of calculated values. Such interventions
may influence both nutritional and inflammatory status, po-
tentially altering the patient’s true physiological condition
and introducing bias in favor of PNI compared with the
mNUTRIC score. During the study period, 1256 patients
were admitted to the ICU. Of these, 426 were younger than
65 years. Among the remaining 830 patients, 126 were ex-
cluded based on the predefined criteria, resulting in a final
study population of 704 patients (Fig. 1).

2.3 Nutritional Risk Assessment

Nutritional risk was assessed using the mNUTRIC
score and PNI. The mNUTRIC score was calculated based
on the length of hospital stay prior to ICU admission, the Se-
quential Organ Failure Assessment (SOFA) score, patient
age, the Acute Physiology and Chronic Health Evaluation II
(APACHE II) score, and the number of comorbidities. The
duration prior to ICU admission was defined as the num-
ber of days between the patient’s initial presentation to the
outpatient clinic, hospital ward, or emergency department
and subsequent ICU admission. The mNUTRIC score was
calculated using the most severe physiological parameters
recorded within the first 24 hours following ICU admis-
sion. Scores ranged from 0 to 9; patients with a score of
5 or higher were classified as having high nutritional risk,
whereas those with scores below 5 were classified as hav-
ing low nutritional risk [17]. PNI was calculated at the time
of admission using serum albumin and lymphocyte values
according to the following formula: PNI = albumin (g/L) +
0.005 × lymphocyte count (/mm3) [18]. Detailed descrip-
tions of both scoring systems are provided in Table 1.

2.4 Data Collection

Data regarding patient age, sex, primary diagnoses,
diagnostic categories, comorbidities, laboratory findings,
Glasgow Coma Scale (GCS) score, ICU length of stay, total
hospital length of stay, 30-day mortality, and overall clini-
cal outcome (survival or mortality) were obtained from pa-
tient records and the hospital information management sys-
tem. Biochemical analyses, complete blood counts, and ar-
terial blood gas measurements were performed at ICU ad-
mission. Hematologic parameters were measured using a
Sysmex XN blood analyzer (Sysmex, Kobe, Japan). Lab-
oratory variables, including hemoglobin, neutrophil count,
white blood cell count, platelet count, lymphocyte count,
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Fig. 1. Flowchart of the study. ICU, intensive care unit.

C-reactive protein (CRP), procalcitonin, creatinine, albu-
min, and lactate levels, were recorded at admission. The
neutrophil-to-lymphocyte ratio was calculated. The mNU-
TRIC score and PNI were calculated within the first 24
hours of ICU admission, along with SOFA and APACHE
II scores. During follow-up, the requirement for vasopres-
sor support, the need for invasive mechanical ventilation,
the occurrence of acute kidney injury, and the use of re-
nal replacement therapy (intermittent or continuous) were
documented. The primary outcome was defined as 30-day
mortality, and the secondary outcome was ICU mortality.
All clinical characteristics, scores, and study parameters
were compared between the two groups: survivors and non-
survivors (mortality group).

2.5 Statistical Analysis
The distribution of continuous variables was assessed

using the Kolmogorov-Smirnov test. Normally distributed
data are presented as mean ± standard deviation, whereas
non-normally distributed data are expressed as median (in-
terquartile range). The independent samples t-test was used
to compare normally distributed data between groups. Con-
tinuous variables were analyzed using theMann-WhitneyU
test. Categorical variables are presented as proportions and

were analyzed using the Chi-square test. Receiver operat-
ing characteristic (ROC) curve analysis was performed to
determine optimal cut-off values for variables demonstrat-
ing significant differences in pairwise comparisons. Sensi-
tivity, specificity, and area under the curve (AUC) were cal-
culated. Optimal thresholds were identified using Youden’s
index, based on the maximum combined sensitivity and
specificity. The DeLong test was used to compare the
AUCs of the models. This nonparametric approach evalu-
ates whether the difference between correlated ROC curves
is statistically significant. Variable selection for univariate
logistic regression and Cox regression analyses was based
on clinically significant parameters identified in previous
studies in the literature and risk factors known to influence
mortality in geriatric intensive care unit patients [11,13].
Patients were subsequently categorized as having high or
low nutritional risk according to the optimal cut-off values
derived from ROC analysis for each nutritional scoring sys-
tem. No significant multicollinearity was detected among
the variables included in the multivariate models, with all
variance inflation factor (VIF) values remaining below 5.
Kaplan-Meier survival analysis was performed to evaluate
the impact of prognostic factors on patient survival. Sta-
tistical significance was defined as p < 0.05. Data anal-
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Table 1. The mNUTRIC score and PNI scoring systems.
Variable Range Points

Age
<50 0
50–74 1
≥75 2

Number of co-morbidities
0–1 0
≥2 1

Days from hospital to ICU admission
<1 0
≥1 1

SOFA score
<6 0
6–9 1
≥10 2

APACHE II score

<15 0
15–19 1
20–28 2
>28 3

High modified NUTRIC score: 5–9 points
Low modified NUTRIC score: 0–4 points

The PNI: serum albumin (g/L) + 0.005 × lymphocyte count (/mm3)
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Se-
quential Organ Failure Assessment; ICU, intensive care unit; mNUTRIC, modified Nutrition
Risk in the Critically Ill; PNI, Prognostic Nutritional Index.

ysis was conducted using Python 3.11.6 (Python Software
Foundation, Wilmington, DE, USA) and IBM SPSS Statis-
tics version 26.0 (IBM Corp., Armonk, NY, USA), with the
“seaborn”, “scikit-learn”, “matplotlib”, and “statsmodels”
libraries.

3. Results
3.1 Study Patient Characteristics

A total of 704 geriatric patients were included in the
analysis. The mean age was 78.74 ± 7.58 years, and 343
patients (48.72%) were male. Stratification by age demon-
strated that 37.78% of patients were aged 70–79 years and
39.49% were aged 80–89 years. When categorized by pri-
mary diagnosis, respiratory diseases were the most preva-
lent (37.92%), followed by sepsis (17.61%) and neurologi-
cal conditions (10.38%). The majority of patients (89.77%)
had two or more comorbidities, whereas 2.98% had no co-
morbid conditions. A total of 301 patients (42.76%) died
during the ICU stay, and the 30-day mortality rate was
36.51% (n = 257). A comprehensive summary of demo-
graphic characteristics, diagnostic distribution, and clinical
outcomes is presented in Table 2.

The median APACHE II, GCS, and SOFA scores for
the overall cohort were 21 (interquartile range [IQR]: 17–
26), 14 (IQR: 11–15), and 6 (IQR: 4–8), respectively. The
median ICU length of stay was 8 days (IQR: 5–14), and
the median total hospital length of stay was 17 days (IQR:
10–30). Among patients who died within 30 days, 134
were male, and the mean age was 79.04 ± 7.91 years. Al-
though the duration of ICU stay did not differ significantly

between groups, the median total hospital stay was signifi-
cantly shorter in the mortality group (14 days) than in sur-
vivors (p < 0.001). The mortality group exhibited lower
GCS scores and significantly higher SOFA and APACHE
II scores compared with survivors (p < 0.001 for all com-
parisons). Laboratory analyses demonstrated that creati-
nine, CRP, procalcitonin, neutrophil-to-lymphocyte ratio,
and lactate levels were significantly elevated in the mortal-
ity group (p < 0.001 for all), whereas albumin levels were
significantly lower (p < 0.001). White blood cell counts
were also higher in the mortality group (p = 0.017). Al-
though lymphocyte and hemoglobin levels were lower in
the mortality group, these differences were not statistically
significant (p = 0.108 and p = 0.072, respectively). Platelet
counts were significantly reduced in the mortality group
compared with survivors (p = 0.012). Detailed clinical and
laboratory data for both groups are provided in Table 3.

3.2 Nutrition Characteristics and Outcomes
Comparison of nutritional indices revealed statisti-

cally significant differences between survivors and the mor-
tality group for both the mNUTRIC score and PNI (p <

0.001 for both). The median mNUTRIC score was higher
in the mortality group (7) than in survivors (5), whereas
the median PNI was lower in the mortality group (33.5 vs.
36.45). These findings are summarized in Table 3.

When patients were stratified according to the mNU-
TRIC score, 504 patients were classified as high risk (score
≥5). This group demonstrated significantly worse clinical
outcomes than those with lower scores. Patients with high
mNUTRIC scores had longer ICU stays and total hospital
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Table 2. Demographic and clinical characteristics of the
patients.

n (%)

Gender
Male 343 (48.72)
Female 361 (51.28)

Disease groups
Neurological 73 (10.38)
Sepsis 124 (17.61)
Oncological 14 (1.99)
Respiratory 267 (37.92)
Renal/Metabolic 41 (5.83)
Gastrointestinal 40 (5.68)
Cardiovascular 45 (6.39)
Trauma 30 (4.26)
Postoperative 70 (9.94)

Number of comorbidities
0 21 (2.98)
1 51 (7.24)
≥2 632 (89.77)

Age groups
65–69 92 (13.07)
70–79 266 (37.78)
80–89 278 (39.49)
90–99 68 (9.66)

Patient outcome
Surviving 403 (57.24)
Exitus 301 (42.76)
30-day mortality 257 (36.51)
Invasive mechanical ventilation requirement 338 (48.01)
Requirement for vasopressors in ICU 397 (56.39)
Acute kidney injury 353 (50.14)
Requirement for dialysis and/or CRRT 179 (25.43)

Abbreviations: CRRT, continuous renal replacement therapy;
ICU, intensive care unit.

stays (p < 0.001 and p = 0.376, respectively), lower GCS
scores, and higher APACHE II and SOFA scores (p< 0.001
for all). They also exhibited a greater requirement for inva-
sive mechanical ventilation and vasopressor support (p <

0.001 for both), as well as a higher incidence of acute kid-
ney injury and increased need for renal replacement therapy
(p < 0.001 for both). Furthermore, 30-day and ICU mor-
tality rates were significantly higher in the high mNUTRIC
group (p < 0.001). Laboratory findings were also signifi-
cantly different between groups. Patients with high mNU-
TRIC scores had elevated lactate, creatinine, CRP, and pro-
calcitonin levels (p< 0.001 for all). White blood cell counts
and neutrophil-to-lymphocyte ratios were also higher in this
group (p = 0.046 and p = 0.003, respectively). In con-
trast, PNI and albumin levels were significantly lower (p
< 0.001 for both). No significant difference was observed
in lymphocyte counts (p = 0.532), whereas hemoglobin and
platelet levels were higher in the low mNUTRIC group (p
= 0.004 and p = 0.001, respectively). Detailed comparisons

based onmNUTRIC score stratification are presented in Ta-
ble 4.

3.3 ROC Curve Analyses of Scoring Systems
Receiver operating characteristic curve analysis

demonstrated that the SOFA score had the highest discrim-
inative performance, with an AUC of 0.777. The optimal
cut-off value was 5.5, with a sensitivity of 0.821 and a
specificity of 0.597. The APACHE II score showed the
next highest performance, with an AUC of 0.754 and a
cut-off value of 20.5. The mNUTRIC score demonstrated
comparable predictive ability, with an AUC of 0.753, a
cut-off value of 5.5, a sensitivity of 0.743, and a specificity
of 0.638. In contrast, PNI exhibited the lowest predictive
performance, with an AUC of 0.624 and a cut-off value of
36.175, along with the lowest sensitivity and specificity
values among the evaluated scores. Comparative ROC
analysis using the DeLong test indicated that the mNU-
TRIC score had a significantly higher AUC for predicting
30-day mortality than PNI (0.753 vs. 0.624; difference =
0.129; 95% confidence interval [CI]: 0.077–0.181, Z =
4.89; p < 0.001). AUC values for all scoring systems are
summarized in Table 5.

Univariate logistic regression and Cox proportional
hazards analyses were performed to identify predictors of
30-day mortality. The mNUTRIC score was significantly
associated with mortality (odds ratio [OR] = 1.887, 95%CI:
1.676–2.124, p < 0.001; hazard ratio [HR] = 1.332, 95%
CI: 1.234–1.452, p< 0.001). PNI was inversely associated
with mortality risk (OR = 0.941, 95% CI: 0.919–0.965, p
< 0.001; HR = 0.963, 95% CI: 0.945–0.982, p < 0.001).
Among the scoring systems, SOFA and APACHE II scores
also demonstrated significant associations (OR = 1.464 and
OR = 1.144, respectively). Detailed regression results are
presented in Table 6.

In multivariate Cox regression analysis. Among the
scoring systems, SOFA (HR = 1.079, 95%CI: 1.024–1.137,
p = 0.004) and APACHE II (HR = 1.023, 95% CI: 1.003–
1.044, p = 0.021) remained independently associated with
mortality. AlthoughmNUTRIC and PNIwere significant in
univariate analyses, they were not independently associated
with mortality in the multivariate model (HR = 1.051, p =
0.295; HR = 0.993, p = 0.533, respectively). Results are
summarized in Table 7.

Receiver operating characteristic curves are illustrated
in Fig. 2. Kaplan-Meier survival analyses based on nu-
tritional risk demonstrated that patients with high mNU-
TRIC scores and those with PNI values below the cut-off
of 36.175 had significantly higher 30-day mortality (p <

0.001 and p = 0.005, respectively), as shown in Fig. 3.

4. Discussion
In the present study, the mNUTRIC score and PNI

were evaluated to determine the predictive value of nutri-
tional risk in geriatric patients admitted to the ICU, with a
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Table 3. Clinical and laboratory findings of the whole study group and subgroups.
Total (n = 704) Survival group (n = 447) 30-day mortality group (n = 257) z score/t score/Chi2 p value

Age, years 78.74 ± 7.58 78.57 ± 7.39 79.04 ± 7.91 –0.8* 0.427*
Gender (male) (%) 343 (48.72) 209 (46.76) 134 (52.14) 1.89** 0.169**
Length of ICU stay (days) 8 (5–14) 7 (5–14) 9 (5–15) –1.93*** 0.054***
Length of hospital stay (days) 17 (10–30) 19 (12–36) 14 (7–24) –6.11*** <0.001***
GCS 14 (11–15) 14 (13–15) 12 (9–14) –10.08*** <0.001***
APACHE II score 21 (17–26) 19 (16–23) 26 (21–30) –11.25*** <0.001***
SOFA score 6 (4–8) 5 (3–7) 8 (6–10) –12.32*** <0.001***
mNUTRIC score 6 (4–7) 5 (4–6) 7 (5–8) –11.38*** <0.001***
PNI 35.28 (30.95–40.15) 36.45 (32.05–41.4) 33.5 (29.3–37.65) –5.48*** <0.001***
Creatinine mg/dL 1.3 (0.86–2.09) 1.18 (0.8–1.85) 1.51 (0.99–2.56) –4.48*** <0.001***
CRP mg/L 88.27 (37.07–162.23) 75.19 (30.69–148.82) 107.53 (50.4–177) –3.47*** <0.001***
Procalcitonin ng/mL 0.41 (0.16–1.85) 0.28 (0.12–0.92) 0.94 (0.3–3.57) –7.4*** <0.001***
Albumin g/L 30.46 ± 5.8 31.49 ± 5.73 28.69 ± 5.5 6.33* <0.001*
WBC ×103/μL 12.02 (8.7–16.31) 11.53 (8.34–15.81) 13.03 (9.19–17.26) –2.39*** 0.017***
Lymphocyte ×103/μL 0.88 (0.55–1.29) 0.91 (0.59–1.29) 0.82 (0.47–1.3) –1.61*** 0.108***
Hemoglobin g/dL 10.64 ± 2.32 10.76 ± 2.32 10.43 ± 2.33 1.8* 0.072*
Thrombocytes ×103/μL 223 (159–296.25) 234 (172.5–296.5) 211 (132–293) –2.51*** 0.012***
Neutrophil/lymphocyte ratio 11.47 (6.55–19.35) 10.7 (5.95–17.54) 13.16 (7.77–22.48) –3.54*** <0.001***
Lactate mmol/L 2.04 (1.48–2.85) 1.86 (1.42–2.61) 2.32 (1.74–3.24) –5.18*** <0.001***
Abbreviations: GCS, Glasgow Coma Scale; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment;
WBC, white blood cell; CRP, C-reactive protein; mNUTRIC score, modified Nutrition Risk in the Critically Ill score; PNI, Prognostic Nutritional Index; Chi2,
Chi-square test. Data are expressed as median (interquartile range [IQR1–IQR3]) or mean± standard deviation. *independent samples t-test; **Chi-square test;
***Mann-Whitney U test. Bold values indicate statistical significance.
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Fig. 2. Receiver operating characteristic (ROC) curve of scoring systems for predicting mortality. Abbreviations: AUC, area
under the curve; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; GCS,
Glasgow Coma Scale; mNUTRIC score, modified Nutrition Risk in the Critically Ill score; PNI, Prognostic Nutritional Index.

specific focus on 30-day mortality and associated clinical
outcomes. Both the mNUTRIC score and PNI were found
to be significant predictors of 30-day mortality; however,
the mNUTRIC score demonstrated superior discriminative
performance. Notably, patients with an mNUTRIC score of
≥5 exhibited not only increased mortality but also a higher
burden of adverse clinical outcomes, including prolonged
hospital stay, increased requirement for invasive mechani-
cal ventilation and vasopressor support, and a higher inci-
dence of acute kidney injury. These findings underscore the
strong association between impaired nutritional status and
unfavorable clinical trajectories in critically ill geriatric pa-
tients, while also highlighting the utility of nutritional scor-
ing systems in prognostic assessment.

The evaluation of malnutrition in critically ill patients
extends beyond nutritional intake alone and necessitates
comprehensive consideration of underlying inflammatory
and catabolic processes. This interplay is particularly pro-
nounced in geriatric populations, in whom physiological re-
serve is diminished, and vulnerability to metabolic stress is
increased [19]. Malnutrition driven by inflammatory cy-
tokine activity, together with inflammation exacerbated by
inadequate nutritional status, establishes a self-perpetuating
cycle that contributes to increased morbidity and mortality
in critically ill patients [20]. In addition, the assessment of
nutritional status in geriatric ICU patients is further compli-
cated by the limited reliability of anthropometric measures
and challenges in neurological evaluation, as well as the in-
fluence of systemic inflammation, infection, and organ dys-
function on laboratory parameters. These limitations have
led to the development of structured scoring systems de-
signed to more accurately characterize nutritional risk [21].

Although the mNUTRIC score, as introduced by Rah-
man and colleagues, does not incorporate conventional nu-
tritional parameters, it has demonstrated substantial clinical
utility by integrating indicators of both disease severity and
nutritional risk in critically ill populations [17]. A key dis-
tinction from the original NUTRIC score is the exclusion of
interleukin 6, a biomarker that is not routinely measured in
many clinical settings, including the present ICU [15,17].
For this reason, the mNUTRIC score was selected for use
in this study. Its prognostic relevance has been evaluated
extensively and compared with other scoring systems in re-
cent years [16,21,22]. In a study of septic patients, Toscano
and colleagues identified the mNUTRIC score as a strong
predictor of mortality, reporting an AUC of 0.814 and a cut-
off value of 4.5 [23].

Similarly, Kollu and colleagues [21] evaluated 153
ICU patients aged ≥65 years and reported significantly
higher mortality among those with elevated mNUTRIC
scores, findings that are consistent with the present study.
Although their sample size was smaller, the performance
of both the mNUTRIC score and PNI was comparable to
that observed in our cohort, with an AUC of 0.757 and a
cut-off value of 5 for the mNUTRIC score, and an AUC
of 0.636 with a cut-off value of 33.05 for PNI. Among
the evaluated indices, the mNUTRIC score demonstrated
the strongest predictive capacity for mortality [21]. In a
large prospective study involving 3107 ICU patients, Wang
and colleagues [24] reported that high mNUTRIC scores
were associated with increased ICU and hospital utilization,
higher 28-day and in-hospital mortality rates, and a greater
incidence of acute kidney injury, with an AUC of 0.763 and
a cut-off value of 4. In the present study, the mNUTRIC
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Fig. 3. Kaplan-Meier survival analyses for modified Nutrition Risk in the Critically Ill (mNUTRIC) score and Prognostic Nutri-
tional Index (PNI). (A) Kaplan-Meier curve showing 30-day mortality according to mNUTRIC score values. (B) Kaplan-Meier curve
showing 30-day mortality according to PNI values.

score yielded an AUC of 0.753 and a cut-off value of 5.5,
further supporting its role as a robust predictor of mortality.
Consistent with prior evidence, the mNUTRIC score was
strongly associated with both mortality and adverse clinical
outcomes, and patients classified as high risk experienced
markedly worse clinical trajectories than those with lower
scores.

In the present cohort, patients with high mNUTRIC
scores demonstrated significantly greater requirements for
invasive mechanical ventilation and vasopressor support,
as well as a higher incidence of acute kidney injury, com-
pared with those with lower scores. Despite the increased
severity of illness and highermortality rates observed in this
group, no significant difference was identified in total hos-
pital length of stay. This finding may be attributable to the
elevated baseline severity of illness and anticipated mortal-
ity risk in patients with high mNUTRIC scores, who may
experience earlier mortality, thereby limiting the duration
of hospitalization. Conversely, patients with lower mNU-
TRIC scores, although exhibiting lower mortality rates,
may require prolonged ICU and post-ICU care due to co-
morbid conditions and ongoing treatment needs, including
transfer to step-down or palliative care units, which may
contribute to longer overall hospital stays.

Especially following the Coronavirus Disease 2019
(COVID-19) pandemic, the mNUTRIC score has been ex-
tensively evaluated across diverse disease groups, most no-
tably among patients with COVID-19, with particular em-
phasis on its prognostic utility in critically ill populations
managed in intensive care settings. A consistent finding
across studies is that elevated mNUTRIC scores are associ-
ated with adverse clinical outcomes and increased mortal-
ity; however, variability exists regarding the optimal thresh-
old values. Yildirim and colleagues [25], in a cohort of

397 critically ill COVID-19 patients, identified a cut-off
value of 4, with a sensitivity of 0.77 and a specificity of
0.74. Leoni and colleagues [26], in a study conducted in
Italy, determined a cut-off value of 5 in COVID-19 patients,
corresponding to the highest Youden index. Hai and col-
leagues [27] compared the mNUTRIC score with conven-
tional scoring systems, including APACHE II and SOFA, in
patients with sepsis and reported comparable AUC values
of 0.79, 0.78, and 0.77, respectively, with a cut-off value
of 5 for the mNUTRIC score. In the present study, which
included a larger cohort of patients aged≥65 years, the op-
timal cut-off value was identified as 5.5. Notably, no uni-
versally accepted cut-off value for the mNUTRIC score has
been established in the literature, although values of≥5 are
commonly used to define high nutritional risk [17]. Vari-
ability in threshold values may be attributable to differences
in study populations, heterogeneity of patient groups, age
distributions, ICU admission characteristics, and treatment
modalities.

Park and colleagues [28] provided an alternative per-
spective by evaluating nutritional status and mNUTRIC
scores at different time points during hospitalization. Their
findings demonstrated that elevated mNUTRIC scores dur-
ing the recovery phase, rather than during the acute in-
flammatory phase, were associated with increased 28-day
mortality. They proposed that distinct pathophysiological
mechanisms characterize the acute and recovery phases, ne-
cessitating different nutritional strategies and highlighting
the importance of timing in mNUTRIC score assessment
[28]. In the present study, the mNUTRIC score was calcu-
lated within the first 24 hours of ICU admission. Wang and
colleagues [29] further reported that the mNUTRIC score
exhibits strong predictive performance for mortality in pa-
tients aged >60 years and in those with acute renal failure,
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Table 4. Laboratory results and clinical evaluation according to mNUTRIC score distribution.
High mNUTRIC score

(≥5) (n = 504)
Low mNUTRIC score

(<5) (n = 200)
z score/t score/Chi2 p value

Age, years 79.45 ± 7.33 76.97 ± 7.93 –3.96* <0.001
Gender (male) (%) 253 (50.20) 90 (45) 1.55** 0.213
Length of ICU stay (days) 9 (5–16) 6 (4–11) –4.32*** <0.001
Length of hospital stay (days) 18 (10.75–32.25) 16 (10–29) –0.89*** 0.376
GCS 13 (10–14) 15 (14–15) –10.49*** <0.001
APACHE II score 24 (20–28) 15 (11–18) –17.52*** <0.001
SOFA score 7 (5–9) 4 (2–5) –15.4*** <0.001
PNI 34.28 (30.04–38.59) 38.42 (33.35–42.4) –5.82*** <0.001
Lactate mmol/L 2.18 (1.6–3.01) 1.71 (1.32–2.38) –5.32*** <0.001
Creatinine mg/dL 1.48 (0.97–2.47) 0.99 (0.75–1.34) –7.59*** <0.001
CRP mg/L 99.66 (43.37–171.62) 65.38 (24.18–129.97) –3.94*** <0.001
Procalcitonin ng/mL 0.61 (0.22–2.68) 0.2 (0.11–0.59) –7.75*** <0.001
Albumin g/L 29.71 ± 5.56 32.38 ± 5.95 5.63* <0.001
WBC ×103/μL 12.52 (8.8–16.73) 11.28 (8.55–15.04) –2*** 0.046
Lymphocyte ×103/μL 0.89 (0.54–1.28) 0.87 (0.58–1.3) –0.63*** 0.532
Hemoglobin g/dL 10.48 ± 2.31 11.03 ± 2.33 2.87* 0.004
Thrombocytes ×103/μL 217 (145.75–288.5) 244 (180.5–309.25) –3.4*** 0.001
Neutrophil/lymphocyte ratio 12.22 (7.13–20.14) 9.91 (5.18–16.77) –3.02*** 0.003
Invasive mechanical ventilator requirement n (%) 303 (60.1) 35 (17.5) 104.19** <0.001
Requirement for vasopressors in ICU n (%) 345 (68.5) 52 (26) 104.93** <0.001
Acute kidney injury n (%) 307 (60.9) 46 (23) 82.32** <0.001
Requirement for dialysis and/or CRRT n (%) 173 (34.3) 6 (3) 74.1** <0.001
30-day mortality n (%) 234 (46.4) 23 (11.5) 75.36** <0.001
Intensive care mortality n (%) 274 (54.4) 27 (13.5) 97.69** <0.001
Abbreviations: APACHE II, Acute Physiology andChronicHealth Evaluation II; SOFA, Sequential Organ Failure Assessment; WBC,white
blood cell; CRP, C-reactive protein; mNUTRIC score, modified Nutrition Risk in the Critically Ill score; PNI, Prognostic Nutritional Index;
CRRT, continuous renal replacement therapy; ICU, intensive care unit; Chi2, Chi-square test. Data are expressed as median (interquartile
range [IQR1–IQR3]) or mean± standard deviation. *independent samples t-test; **Chi-square test; ***Mann-Whitney U test. Bold values
indicate statistical significance.

identifying a cut-off value of 4 and demonstrating that each
one-point increase in the mNUTRIC score was associated
with an approximately 9.8% increase in 28-day mortality.

PNI is derived from serum albumin and lymphocyte
levels and reflects both immune function and the interplay
between inflammation and nutritional status [30]. Although
initially applied predominantly in oncological populations,
its prognostic relevance has since been investigated across
a wide range of clinical conditions [31–33]. Li and col-
leagues [31] conducted a retrospective analysis of two inde-
pendent hospital cohorts of patients with colorectal cancer
and demonstrated that a lower preoperative PNI, with a cut-
off value of 48.65, was associated with reduced overall and
progression-free survival. Wang and colleagues [34] fol-
lowed 3351 patients with hip fractures over a 22-year period
and reported that patients with a PNI <43.23 had a higher
incidence of postoperative complications and increased 2-
year mortality. Similarly, Zhang and colleagues [35] found
that a PNI threshold below 38.78 independently predicted
progression to diabetic nephropathy. In patients with geri-
atric heart failure, Candeloro and colleagues [36] reported
that PNI values below 34 were associated with both overall

and in-hospital mortality. Although these studies included
smaller cohorts compared with the present study, their find-
ings are consistent with the observed associations between
lower PNI values and adverse outcomes.

In the present study, the mNUTRIC score and PNI
were evaluated alongside conventional ICU scoring sys-
tems to assess the relationship between nutritional status
and clinical outcomes in geriatric patients. The selection of
these indices was guided by their applicability in critically
ill populations and their ability to capture both nutritional
and immunological dimensions of patient status. Condi-
tions that could confound anthropometric assessment, in-
cluding cachexia, edema, and obesity, which are prevalent
in geriatric populations, were excluded to minimize bias.
Furthermore, the retrospective design enabled the use of
objective, routinely available clinical and laboratory data,
without reliance on parameters requiring direct measure-
ment. Data related to appetite, detailed longitudinal weight
loss, dietary patterns, and anthropometric measurements,
such as arm and calf circumference, were not consistently
available and therefore could not be incorporated. Conse-
quently, the mNUTRIC score and PNI were selected as the
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Table 5. Results of ROC curve analyses.
AUC Cut-off value Sensitivity Specificity 95% CI Youden index p value

Glasgow Coma Scale 0.723 13.50 0.696 0.640 0.685–0.761 0.336 <0.001
APACHE II score 0.754 20.50 0.809 0.617 0.717–0.791 0.427 <0.001
SOFA score 0.777 5.50 0.821 0.597 0.742–0.812 0.418 <0.001
mNUTRIC score 0.753 5.50 0.743 0.638 0.718–0.789 0.381 <0.001
PNI 0.624 36.175 0.677 0.528 0.581–0.666 0.205 <0.001
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; APACHE II, Acute Physiology
and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; PNI, Prognostic Nutritional Index;
mNUTRIC score, modified Nutrition Risk in the Critically Ill score; CI, confidence interval.

Table 6. Logistic regression and Cox regression analyses of significant variables for 30-day mortality.
Univariate logistic regression analysis Cox regression analysis

OR 95% CI p value HR 95% CI p value C-index

SOFA score 1.464 1.368–1.566 <0.001 1.250 1.200–1.300 <0.001 0.714
mNUTRIC score 1.887 1.676–2.124 <0.001 1.332 1.234–1.452 <0.001 0.656
GCS 0.768 0.724–0.815 <0.001 0.933 0.900–0.967 <0.001 0.600
APACHE II score 1.144 1.114–1.175 <0.001 1.067 1.049–1.086 <0.001 0.670
PNI 0.941 0.919–0.965 <0.001 0.963 0.945–0.982 <0.001 0.591
Lactate 1.249 1.132–1.377 <0.001 1.097 1.047–1.150 <0.001 0.599
Creatinine 1.245 1.107–1.402 <0.001 1.144 1.053–1.242 <0.001 0.579
Albumin 0.915 0.889–0.942 <0.001 0.941 0.920–0.963 <0.001 0.616
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ
Failure Assessment; GCS, Glasgow Coma Scale; PNI, Prognostic Nutritional Index; mNUTRIC score, Modi-
fiedNutrition Risk in the Critically Ill score; CI, confidence interval; OR, odds ratio; HR, hazard ratio; C-index,
Concordance index.

Table 7. Multivariate Cox regression analysis of 30-day
mortality.

Hazard ratio 95% CI (lower
bound-upper

bound)

p value VIF

Albumin 0.963 0.943–0.982 <0.001 3.055
SOFA Score 1.079 1.024–1.137 0.004 2.955
APACHE II 1.023 1.003–1.044 0.021 2.909
Lactate 1.052 1.000–1.106 0.048 1.078
mNUTRIC Score 1.051 0.957–1.154 0.295 3.363
PNI 0.993 0.974–1.013 0.533 2.988
GCS 1.025 0.985–1.067 0.215 1.871
Creatinine 1.016 0.926–1.114 0.731 1.426
Abbreviations: APACHE II, Acute Physiology and Chronic
Health Evaluation II; SOFA, Sequential Organ Failure Assess-
ment; GCS, Glasgow Coma Scale; PNI, Prognostic Nutritional In-
dex; mNUTRIC score, modified Nutrition Risk in the Critically
Ill score; IMV, invasive mechanical ventilation; CRP, C-reactive
protein; RRT, renal replacement therapy; CI, confidence interval;
VIF, variance inflation factor.

most appropriate tools for this analysis compared with other
nutritional scoring systems. Compared with existing liter-
ature, the present study includes a relatively large patient
cohort, which enhances the robustness and generalizability
of the findings. The focus on a geriatric population may

account for differences in observed results, potentially re-
flecting the higher burden of comorbidities and postopera-
tive conditions in this group. In the present analysis, the
mNUTRIC score demonstrated an AUC of 0.753 with a
cut-off value of 5.5, whereas PNI showed an AUC of 0.624
with a cut-off value of 36.175. Kaplan-Meier analysis re-
vealed a statistically significant difference in survival be-
tween groups stratified by PNI (p = 0.005); however, the
relatively modest AUC value indicates limited predictive
performance. These findings are not contradictory; rather,
they suggest that although PNI is associated with mortality,
its discriminative capacity is weaker than that of the mNU-
TRIC score.

Although PNI demonstrated a statistically significant
association with 30-day mortality in the present study, its
predictive performance was comparatively limited relative
to the mNUTRIC score in both ROC and regression anal-
yses. In logistic regression analysis, the odds ratio for the
mNUTRIC score was 1.887, whereas the odds ratio for PNI
was 0.941. The integration of the mNUTRIC score with es-
tablished severity indices, such as APACHE II and SOFA,
together with its incorporation of patient age and comor-
bidity burden, may contribute to its superior performance in
geriatric populations. In contrast, PNI relies on lymphocyte
and albumin levels, both of which are susceptible to fluctua-
tion in the context of systemic inflammation, infection, and
acute physiological stress, particularly in critically ill and
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elderly patients. Consequently, its discriminatory and pre-
dictive capacity may be attenuated under such conditions,
as observed in the present study.

In a study of 478 geriatric patients with pneumonia
examining the relationship between frailty and mortality,
Eraslan Doganay and colleagues [37] reported that frailty
indices, comorbidity scores, APACHE II, and SOFA scores
were all associated with mortality and the need for non-
invasive and invasive mechanical ventilation. Consistent
with the present findings, the 28-day mortality group ex-
hibited higher APACHE II and SOFA scores. While uni-
variate logistic regression demonstrated significant associa-
tions between these scores and 28-day mortality, multivari-
ate analysis identified an increase in SOFA score (odds ratio
= 2.452, p < 0.001) as an independent predictor of mortal-
ity [37]. Zhidilyaev and colleagues [38] further investigated
mortality prediction in patients with chronic critical illness
and reported that predictive accuracy improved when as-
sessments were conducted closer to the time of death. They
observed that APACHE II and NUTRIC scores did not con-
sistently demonstrate prognostic value at ICU admission
but reached peak predictive performance in the week pre-
ceding death, with AUC values of 0.883 and 0.839, re-
spectively. Although no significant difference was identi-
fied between these scoring systems, the authors emphasized
that mortality prediction is a dynamic process influenced by
acute physiological changes during patient follow-up [38].

A central consideration in the present study is the
distinction between indices reflecting acute physiological
severity and those capturing baseline nutritional and im-
munological reserve. APACHE II and SOFA scores pri-
marily reflect acute illness severity and organ dysfunction,
whereas the mNUTRIC score and PNI provide insight into
nutritional risk and underlying physiological reserve. In
the context of critically ill geriatric patients, mortality is
influenced not only by baseline nutritional status but also
by age, comorbidities, and the extent of organ failure. Ac-
cordingly, scoring systems such as SOFA, which directly
quantify organ dysfunction and inflammatory burden, and
APACHE II, which incorporates age and disease severity,
remain highly effective for predicting acute clinical dete-
rioration and short-term mortality [27]. The stronger per-
formance of these indices relative to mNUTRIC and PNI
in the present study suggests that acute physiological de-
rangement and organ failure may play a more immediate
role in mortality than nutritional status alone. Given that
APACHE II and SOFA components are incorporated within
the mNUTRIC score, this integration likely contributes to
its prognostic relevance and its superiority over PNI.

Because PNI is derived exclusively from albumin and
lymphocyte values, it is inherently influenced by factors
such as systemic inflammation, fluid status, and acute-
phase responses, which may limit its ability to capture the
complexity of organ dysfunction. Albumin, as a nega-
tive acute-phase reactant, may decrease in inflammatory
states independent of nutritional status, while lymphocyte

counts may fluctuate in response to stress and immunolog-
ical changes, particularly in geriatric populations [31]. As
a result, PNI may more accurately reflect chronic physio-
logical reserve rather than acute disease severity. In clin-
ical practice, it may therefore be more informative when
used alongside other scoring systems to identify patients
who may benefit from intensified nutritional and metabolic
support, rather than as a standalone predictor of short-term
mortality [18]. In the present study, the DeLong test further
demonstrated the comparatively lower discriminative per-
formance of PNI relative to the mNUTRIC score and other
indices. Although the mNUTRIC score showed a signifi-
cant association with 30-day mortality, its effect was atten-
uated in multivariate analysis, suggesting that its predictive
contribution is partly mediated through components shared
with APACHE II and SOFA. While mNUTRIC retained
significance in univariate analysis, its independent effect
diminished after adjustment for other variables, reflecting
the dominant influence of acute physiological parameters
in mortality prediction.

In the present study, the mNUTRIC score demon-
strated superior performance compared with PNI in pre-
dicting 30-day mortality among geriatric patients. Notably,
patients with mNUTRIC scores ≥5 exhibited a markedly
increased risk of 30-day mortality. Although both scoring
systems have established prognostic relevance for mortality
and clinical outcomes across diverse diseases and patient
populations, the literature reports considerable variability
in cut-off thresholds and timing of assessment. Accord-
ingly, further comprehensive investigations are required to
define optimal cut-off values, evaluate temporal changes,
and characterize longitudinal trends. In this study, mNU-
TRIC and PNI values were calculated within the first 24
hours of ICU admission. The practicality of both scoring
systems, including the use of routinely obtained clinical pa-
rameters, straightforward calculation, and the absence of
additional testing or associated costs, represents a notable
advantage. Taken together, these findings indicate that the
mNUTRIC score and PNI are valuable tools for predicting
mortality and clinical trajectory in geriatric patients receiv-
ing intensive care and may assist clinicians in guiding pa-
tient monitoring and therapeutic decision-making.

Several limitations should be acknowledged. Al-
though the sample size was not limited, the single-center
and retrospective design may have introduced selection and
information bias. In addition, heterogeneity among patient
subgroups may have influenced the observed outcomes.
mNUTRIC and PNI values were derived from data ob-
tained within the first 24 hours of ICU admission, and mea-
surements at subsequent time points were not available;
therefore, temporal trend analysis could not be performed.
Larger, multicenter, prospective studies involving more ho-
mogeneous patient populations are warranted to further val-
idate and extend these findings.
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5. Conclusion
The present study demonstrates that the mNUTRIC

score provides superior predictive performance relative to
PNI for 30-day mortality in geriatric patients. Its associ-
ation with APACHE II and SOFA scores underscores the
combined importance of nutritional risk and acute physio-
logical severity in mortality prediction. Early identification
of patients with elevated mNUTRIC scores may facilitate
the implementation of timely, individualized, and intensive
nutritional support strategies. In this context, prognostic
scoring systems serve not only as indicators of mortality
risk but also as practical tools to inform clinical manage-
ment. Such an approach may contribute to mitigating sar-
copenia and frailty following intensive care, thereby sup-
porting improvements in functional capacity and overall
quality of life. Future research should extend beyond base-
line assessment to incorporate longitudinal evaluation of
score dynamics throughout hospitalization and explore the
integrated use of multiple scoring systems.

Key Points
• Malnutrition is common in geriatric patients and is

closely associated with adverse clinical outcomes and mor-
tality.

• Identification of the nutritional and inflammatory
status of geriatric patients may facilitate improved clinical
outcomes through early intervention.

• The mNUTRIC score and PNI are practical tools, as
they are easy to calculate using routinely available param-
eters and do not require additional costs.

• A high mNUTRIC score is an effective predictor of
30-day mortality in geriatric intensive care patients.
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