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Abstract

Background: Among elderly hospitalized individuals, factors like malnutrition and systemic
inflammation significantly influence clinical outcomes such as length of hospital stay (LOS),
mortality, and readmission risk. The C-reactive protein to albumin (CRP/Alb) ratio serves as a
valuable prognostic indicator, reflecting both inflammatory and nutritional status. Additionally, the
Prognostic Nutritional Index (PNI) offers a straightforward method to assess both the nutritional
state and mortality risk in older patients. Objective: This study aimed to evaluate the prognostic
utility of both the PNI and CRP/Alb ratio in forecasting hospital mortality at 7- and 30-days post-
admission. We also sought to compare their predictive performance within a large cohort of elderly
patients, irrespective of their admitting diagnosis. Methods: We conducted a retrospective
observational study, analyzing data from 2776 patients, aged 65 years or older, who were admitted
to the Internal Medicine and Aging Department at the "Policlinico Riuniti" University Hospital in
Foggia, Italy, between 2019 and 2025. Upon admission, serum C-reactive protein (CRP), albumin
levels, and Total Lymphocyte Count (TLC) were recorded. To determine the predictive capacity of
the CRP/AIb ratio and PNI for in-hospital mortality at 7 and 30 days, we performed ROC curve
analysis, Cox regression, and Kaplan-Meier survival analyses. Furthermore, the Positive Predictive
Value (PPV) for mortality was calculated for both the CRP/Alb ratio and PNI. Likelihood-ratio test
was also performed to compare the mortality PPVs of mortality of the CRP/Alb ratio and the PNI, at
30 and 7 days, both for all patients and for re-hospitalized patients. Results: In-hospital mortality
occurred in 444 patients (16%). Our findings indicated that deceased patients exhibited notably
higher CRP/AIb ratios and lower PNI values compared to survivors (p < 0.001). Both the CRP/Alb
ratio and PNI demonstrated a robust correlation with early mortality, particularly within the initial
7 days (AUC = 0.89 and AUC = 0.87, respectively). A CRP/Alb ratio exceeding 8 independently
predicted 30-day mortality (HR = 3.07; 95% CI: 2.33—4.03) and 7-day mortality (HR = 10.46; 95% CI:
6.32-17.32). Similarly, a PNI below 38 was an independent predictor for 30-day mortality (HR = 3.54;
95% Cls = 2.70-4.64) and 7-day mortality (HR = 8.84; 95% ClIs = 5.67-13.77). When comparing the
PPVs, PNI emerged as a more refined mortality predictor than the CRP/Alb ratio among non-
rehospitalized patients, regardless of LOS (p < 0.001). For re-hospitalized patients, PNI was a better
predictor only for those with a LOS under 7 days, whereas the CRP/Alb ratio was superior for those
with a LOS of 7 days or more. Conclusion: Among non-rehospitalized patients, PNI offers a more
precise mortality prediction, irrespective of the length of stay. Among re-hospitalized patients, the
predictive superiority of PNI or CRP/Alb ratio varies with the length of stay. Anyway, both CRP/Alb
ratio and PNI are simple, cost-effective biomarker that may support early risk stratification and guide
targeted interventions in geriatric care.
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1. Introduction

Population aging is a global trend with significant implications for healthcare systems.
According to the World Health Organization (WHO), by 2030, one in six individuals worldwide will
be aged 60 years or older, and by 2050, this demographic is projected to double, reaching 2.1 billion
people. Notably, the population over 80 years of age is expected to triple during the same period,
surpassing 426 million. This demographic shift is especially pronounced in countries like Japan and
Italy, where projections indicate that older adults will represent a substantial portion of the
population.

Population aging is a global trend with significant implications for healthcare systems.
According to the World Health Organization (WHO), by 2030, one in six individuals worldwide will
be aged 60 years or older, and by 2050, this demographic is projected to double, reaching 2.1 billion
people. Notably, the population over 80 years of age is expected to triple during the same period,
surpassing 426 million [1]. What is new is that two-thirds of the world's population aged 60 and over
will live in low- and middle-income countries. The phenomenon of population aging began over 40
years ago in high-income countries. Among high-income countries, this demographic shift is
especially pronounced in Japan, where it is estimated that by 2030 the over-sixty-five age group will
be 31.6% of the population [2], and Italy, where in 2025 the over-sixty-five age group will be 21.6% of
the population [3].

Despite increasing longevity, aging is a heterogeneous process. While some individuals remain
physically and cognitively robust into their 80s, others exhibit early declines in function, often
developing frailty, that is a multidimensional syndrome characterized by decreased physiological
reserves and increased vulnerability, or rather reduced resilience, to stressors. Frail older adults
frequently face adverse health outcomes such as falls, cognitive impairment, and disability, often
resulting in multiple and prolonged hospitalizations and increased healthcare costs [4-8].

A common feature of frail elderly people is a significant increase in care burden and expenses
due to numerous and repeated hospital admissions [9-11].

Malnutrition, particularly undernutrition, is a key contributor to frailty and poor clinical
outcomes in hospitalized patients. It encompasses inadequate intake of energy or protein,
micronutrient deficiencies, and significant weight loss [12]. In hospital settings, malnutrition is
prevalent at admission and often worsens during the hospital stay. Estimates suggest that 15-70% of
hospitalized individuals show evidence of undernutrition, depending on patient characteristics and
care settings. Contributing factors include chronic disease burden, reduced appetite, complex
medication regimens, and inadequate nutritional monitoring or intervention [13-20].

To date, a significant proportion of hospital patients show signs of malnutrition upon admission
and continue to deteriorate nutritionally during their hospital stay.

Elderly patients, who are admitted to acute care units, already suffer from chronic diseases at
the time of admission, cognitive deterioration, malnutrition, and complex home therapies with intake
of numerous drugs [21].

in addition to the performance of hospital medical procedures, diagnostic or therapeutic, which
affect food intake, poor monitoring of the patient's nutritional status and lack of knowledge of
standardized nutritional protocols [22-24].

Among inpatients, malnutrition at admission is one of the most important negative predictors
of the risk of a higher incidence of complications (e.g., in-hospital infections, pressure ulcers in
bedridden patients), as well as responsible for a longer length of hospital stay (LOS), frequent
rehospitalizations, poor response to treatments of the primary disease, and increased in-hospital
mortality of patients [25-28].

Serum albumin (Alb), synthesized in the liver, serves not only as a nutritional marker but also
as an acute-phase reactant [29]. Low albumin levels have been associated with increased morbidity,
prolonged hospitalization, and higher mortality, especially in older populations [30-37].

Since Alb reflects hepatic protein synthesis and is reduced in catabolic states, serum Alb levels
are a well-established surrogate marker in the measurement of malnutrition, being indicative of both
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hepatic synthesis, plasma distribution, and overall protein loss [38-44], particularly in elderly
patients.

Similarly, total lymphocyte count (TLC) is a useful indicator of nutritional status. It is a readily
available laboratory measure, and it is appropriate for all age groups. TLC declines in malnutrition
and correlates with immune suppression and poor outcomes, that is morbidity and mortality in
hospitalized patients [45-47].

The Prognostic Nutritional Index (PNI) [48-50], calculated from Alb and TLC values [10 x Alb
(g/dL)] +[0.005 x TLC (cells/mma3), has been widely studied as a predictor of mortality across various
clinical conditions, mainly cancer and surgical settings [51-55]. The PNI is a simple and rapid
calculation tool that can help classify the conditions of elderly patients admitted to hospital, based on
their nutritional status, both to assess their risk of mortality where the PNI is assessed at the time of
admission, and to assess their risk of rehospitalization in the following thirty days, where the PNI is
assessed at the time of discharge, since rehospitalization in turn constitutes a risk factor for adverse
outcomes, namely death, irreversible loss of autonomy, institutionalization.

On the other hand, systemic inflammation plays a central role in catabolic states, contributing to
hypoalbuminemia and functional decline. C-reactive protein (CRP) is a sensitive inflammatory
marker. When considered in conjunction with albumin levels, the CRP/Albumin (CRP/Alb) ratio
captures both nutritional and inflammatory status and has emerged as a strong predictor of early
mortality, particularly in older hospitalized patients [60-65].

On the other hand, systemic inflammation plays a central role in catabolic states, contributing to
hypoalbuminemia and functional decline. C-reactive protein (CRP) is an unexpensive, sensitive
inflammatory marker. Measurement of CRP at hospital admission can help identify patients at
increased risk of adverse outcomes, such as short- and long-term mortality. Elevated CRP levels are
known to be associated with an increased risk of all-cause mortality [56-59].

Considered in combination with albumin levels, the CRP/Albumin (CRP/Alb) ratio reflects both
nutritional and inflammatory status. It has emerged as a strong predictor of early mortality,
particularly in hospitalized elderly patients [60-65]. Even among non-critically ill patients, the
CRP/Alb ratio, together with measurement of anthropometric parameters as part of a thorough
clinical assessment, is a readily obtainable indicator of impaired energy and protein intake and poor
clinical outcomes among hospitalized elderly [66].

CRP/Alb ratio has been shown to be a significant independent predictor of clinical outcome
among hospitalized elderly patients, regardless of admission diagnosis. The predictive value of this
readily available biomarker is particularly relevant in the geriatric setting, where systemic
inflammation and malnutrition frequently coexist and contribute to adverse outcomes, according to
previous studies [37,61-65, 67-70].

PNI has also been shown to be a significant predictor of clinical outcome among hospitalized
elderly patients, especially among patients hospitalized for acute heart failure, or acute myocardial
infarction, or undergoing coronary artery bypass grafting [71-74], or after hip fracture [75], or with
chronic kidney disease [76], or with cancer, for example, prostate cancer or lymphoma [77-78].

Having established that both PNI and CRP/AlDb ratio are accessible and objective tools that can
improve risk assessment and clinical decision-making in hospitalized elderly patients, our
retrospective observational study aimed to investigate the prognostic significance of these two
indices — PNI and CRP/Alb ratio — in predicting hospital mortality at 7 and 30 days after admission,
and to compare their predictive performance in a population of elderly patients admitted to an
Internal Medicine and Aging department.

2. Materials and Methods
2.1. Patients

A cohort of 3760 elderly patients admitted to the Department of Internal Medicine and Aging of
the Policlinico Riuniti di Foggia, between 1 January 2019 and 29 May 2025, was screened. The
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exclusion criteria from the study were as follows: age less than 65 years at the time of admission;
patients discharged against medical advice; patients transferred to other departments of the same
hospital or other acute hospitals; patients discharged to nursing homes or rehabilitation institutions;
patients with missing laboratory tests. The above patients were excluded to ensure a homogeneous
sample of elderly patients with complete data for key biomarkers (CRP, Alb, TLC) at admission and
definitive in-hospital outcomes. The final cohort consisted of 2776 subjects.

2.2. Methods

For all patients involved in the study, the following parameters were considered: serum C-
reactive protein (CRP), TLC and albumin values detected at the time of admission; length of stay
(LOS); outcome of admission, i.e., discharge or death. All patients analysed in our study were treated
with medical therapy, either newly prescribed or confirming therapy already underway at home,
total or partial, based on the clinical conditions of the patients. Comorbidity indices were not
available in the hospital medical records and could not be derived retrospectively. The presence of a
previous hospitalization in the thirty days preceding hospitalization was considered a severity
marker. As for the causes of death, these were obtained from the hospital discharge forms present in
the medical records, classified according to the ICD-9.

2.3. Statistics

The Kolmogorov-Smirnov test was performed to verify whether the data of the cohort under
examination were normally distributed. Having verified that the examined data did not follow the
normal distribution (p < 0.001), we decided to perform the non-parametric Mann—-Whitney U test for
the comparison of means for independent samples, corrected with the exact Monte Carlo test; the
non-parametric Spearman test was also performed to calculate correlations. The chi-square test,
corrected with the Monte Carlo test, was performed to calculate the difference in frequencies between
groups (males vs. females, deceased vs. non-deceased). Cohen’s d coefficient was performed to
calculate the effect size on values expressed as mean and SD, assuming the following values of d: 0.2
= small effect; 0.5 = medium effect; 0.8 = large effect. Cohen’s h coefficient was performed to calculate
the effect size on values expressed as percentages, i.e., deceased and non-deceased, or male and
female, assuming the following values of phi, according to Cohen’s Guidelines: 0.2 = small effect; 0.5
= medium effect; 0.8 = large effect. The Phi coefficient was performed to calculate the effect size on
the percentage values, i.e., deceased and non-deceased, stratified by sex, assuming the following
values of phi: 0.1 = small effect; 0.3 = medium effect; 0.5 = large effect [69,70].

Both sensitivity and specificity, i.e., the predictive value of mortality of the CRP/Alb ratio and
PNI, were calculated using ROC curve analysis; the optimal threshold value (optimal cut-off) was
also identified. The Hazard Ratio (HR) for predicting mortality was calculated using Cox regression.
Both the ROC curve analysis and the calculation of HR with Cox regression were performed after
correction for sex.

Patient survival at 7 and 30 days from admission was estimated about the parameters examined,
using Kaplan-Meier analysis, obtaining the relative survival curves. The presence of significant
differences between the two survival curves, both at 7 and 30 days, was then analyzed using the Log-
rank test, stratified by age at admission. We also performed sensitivity analyses, both including all
subjects and after excluding those with a LOS equal to or greater than seven days. In addition, we
performed the calculation of the Positive Predictive Value (PPV) of mortality of both the PCR/Alb
ratio and the PNI. We then performed Likelihood-ratio tests to compare the mortality PPVs of
mortality of the CRP/Alb ratio and the PNI, respectively at thirty and seven days, both for all patients
and for re-hospitalized patients.

The statistical packages IBM SPSS version 25 (Armonk, NY, USA) and STATA SE 14.2 (College
Station, TX, USA) were used. p values lower than 0.05 were considered statistically significant.
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3. Results

The features of the cohort examined are presented in Table 1. Women were more represented
than men (p = 0.003) in our cohort and, as expected, were older than men (p <0.001). We did not find
any statistically significant differences between men and women concerning both LOS and serum
values of Albumin. We found higher CRP values (p = 0.001) and higher CRP/Alb ratio values among
men (p = 0.005) than among women. In addition, women had higher TCL values than men (p = 0.001).
Nevertheless, we did not find any statistically significant differences between men and women
concerning PNI value (p = 0.098).

Table 1. Clinical features of patients, stratified by sex. Values are expressed as number (%) or as mean + SD.

ol Ef.fect Sig.
ale Female o lsl:zne’ o (99% ClIs)

Subjects N (%) 1314 (47.3%) 1462 (52.7%)  0.11 0.005
(0.000 — 0.006)
Male  Female ORE g
3\:152;: :(;Slgitalization 798 528 0.38 (0.0300'—O 8.1002)
(le(:esan +SD) 17 17 0.00 (0.46(4)1%8(?.513)
g}lbe‘;ﬂ“;g)ia 30506  3.03+0.6 003 15 0%3123. 52)
(Cl\f[{fan SD) 80.2 = 89 73.3 + 88 008 g 0%‘(103. 003)
(T;ifan SD) 14053+ 1886515422£35984 005 o 0%‘(103. 003)
(Cl\f: :ibsrgt)i" 31.3+38 29.3 + 40 005 0o 02‘(103 008)
fl\lf\IIeI:an +SD) 7.6x12 39039 0.05 (0.08(4)1.(19(?.113)

Aware that the simple definition of patients over 65 years of age might be too broad, we stratified
the cohort by age subgroups [79,80], i.e., “young old” (65-74 years old), “old” (75-84 years old), “very
old” (85 + years old), as presented in Table 2. Men were more represented than women among the
young elderly (p < 0.001), while women were more represented than men among the very old (p <
0.001). No statistically significant difference was found between men and women among the elderly
(p = 0.705). No further analyses were conducted in subgroups by age group in this study, but these
are planned in future works, certainly in a larger cohort of subjects.
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Table 2. Stratification of the cohort of by age subgroups.
ol ; : Ef.fect Sig.
ae O Cotensh | (99%CIs)
?Z‘E‘%ﬁiﬁf SBLE7)  288(43%) 028 (o.o;c()) '?%%007)
3381:;2‘;15 old) POl (194%) 564 (306%) 0.2 (0.67%.7—005.740)

After correction for sex, correlation analysis revealed a statistically significant direct relationship
between CRP and the CRP/AlDb ratio, as well as LOS (p < 0.001), consistent with our previous study
findings [81]; a statistically significant inverse relationship was highlighted between serum albumin
values and LOS (p < 0.001); no statistically significant correlation was observed between the age of
the patients at admission and LOS (p = 0.434). No statistically significant correlation was observed
between the TLC values and LOS (p = 0.829), while a statistically significant inverse relationship was
highlighted between PNI and LOS (p < 0.011); The results of the correlation analysis are shown in
Table 3.

Table 3. Correlation between LOS and age at admission, CRP, serum albumin, TLC, CRP/Alb ratio, and PNI
after correcting by sex.

Length Of Stay

Age at admission Partial correlation -0.015
Significance (2-tailed) 0.434

CRP Pfarti.a.l Correlatior.l 0.148
Significance (2-tailed) <0.001

Albuminemia Partial correlation -0.189
Significance (2-tailed) <0.001

TLC Partial correlation -0.004
Significance (2-tailed) 0.829

) Partial correlation 0.150

CRP/ALb ratio Significance (2-tailed) <0.001
PNI Partial correlation -0.048
Significance (2-tailed) 0.011

Four hundred and forty-four patients died during their hospital stay. The main causes of death
are reported in Table 4. According to previous studies, and according to data collected by the Italian
National Cause of Death Register, managed by the Italian National Institute of Statistics (ISTAT)
[81,82], severe sepsis is the most frequent cause of in-hospital death. We did not perform any
inferential statistical comparisons between causes of death, as these were reported primarily for
descriptive purposes.
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Table 4. Main causes of death among study subjects. Values are expressed as number (%).

Deceased
Severe Sepsis N (%) 221 (49.8%)
Pulmonary edema and respiratory failure N (%) 44 (9.9%)

Any respiratory infection and inflammation with complications N (%) 36 (8.1%)

Pleural effusion with complications N (%) 19 (4.3%)
Heart failure and shock N (%) 19 (4.3%)
Malignant neoplasms of digestive system with complications N (%) 9 (2.0%)
Any infectious disease N (%) 9 (2.0%)
Severe renal failure N (%) 8 (1.8%)
All other causes N (%) 79 (17.8%)
Total number of deaths N (%) 444 (100.0%)

Deceased subjects were older than non-deceased subjects (p < 0.001); no significant differences

were found between males and females for the proportion of deaths (p = 0.276) or for LOS (p = 0.367).
Compared with non-deceased subjects, serum albumin values were lower, and CRP values were
higher among deceased subjects; consequently, the CRP/Alb ratio was significantly higher among
deceased subjects (p < 0.001) compared with non-deceased patients. In addition, TLC values were
higher among non-deceased subjects (p < 0.001); the PNI was significantly higher among non-
deceased subjects (p < 0.001) compared with deceased patients. Characteristics of deceased and non-
deceased patients and serum albumin, CRP values, Alb/CRP ratio, and TLC and PNI values (all
expressed as mean and SD) are reported in Table 5.

Table 5. Clinical features of patients, stratified by deceased and not deceased. Values are expressed as number

(%) or as mean + SD.

Effect size Sig.
D -D
eceased Non-Deceased Cohen’s h (99% ClIs)
<0.001
j Y 444 (16% 2332 (84% 1.
Subjects N (%) (16%) 332 (84%) 50 (0.000 - 0.002)
Effect size
Deceased Non-Deceased Phi Sig.
Coefficient
Male N (% 221 (49.8% 1093 (46.9%
ale N (%) ( %o) 093 (46.9%) 0.0 0976
Female N (%) 223 (50.2%) 1239 (53.1%)
Effect size Sig.
D Non-D
eceased on-Deceased Cohen’s d (99% Cls)
A
hf:p?:alization 84+8 80+8 05 <0.001
(Mean + SD) (0.000 - 0.002)
LOS 0.367
(Mean + SD) 12£10 =7 0.12 (0.344 — 0.391)
Albuminemia <0.001
2.6 +0. 1+0. .
(Mean + SD) 606 31+06 08 (0.000 — 0.002)
CRP <0.001
123.6 = 95. 7.6+84.2 .62
(Mean + SD) 36959 676+8 06 (0.000 — 0.002)
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TLC <0.001
14327+ 6016 14859 + 1802 o1
(Mean + SD) + 60 7+ 180 00 (0.000 — 0.002)
PNI <0.001
327+306  39.4+295 2
(Mean + SD) +30 +29 0 (0.000 — 0.002)
CRP/AIDb ratio <0.001
548+478  25.6+358 69
(Mean + SD) 8 8 0 (0.000 — 0.002)

ROC curve analysis highlighted the significant predictive role of PNI (Figure 1a) and CRP/Alb
ratio (Figure 1b) in mortality. The most accurate predictor of mortality seemed to be PNI, with an
AUC of 0.769, with respect to the CRP/ALB ratio, with an AUC of 0.730. After dividing the sample
according to hospital stay days less than seven days or equal to or greater than seven days, the PNI
showed an excellent discriminative ability among subjects with hospital stays less than seven days,
with an AUC of 0.871 and the best cut-off value of 38 (Figure 1c), then subjects with hospital stays
equal to or greater than seven days (p < 0.001), consistent with previous findings [83]. The CRP/Alb
ratio demonstrated also an excellent discriminative ability among subjects with hospital stays less
than seven days, with an AUC of 0.890 and the best cut-off value of 8 (Figure 1d), then subjects with
hospital stays equal to or greater than seven days (p < 0.001).

ROC Curve b ROC Curve

a

=Pt 8|
= Riuberarce bosw

ot Ol
0,745 0.7

1: Specificly

C ROC Curve d

— GRS il a1 < T
— CRPAR ratio Hoap Stay v ¥ 88
S

Senaitivity

Figure 1. Analysis of ROC curves of PNI (a), CRP/Alb ratio (b), CRP/Alb ratio among LOS less than seven days
or equal to or greater than seven days (c), CRP/Alb ratio among LOS less than seven days or equal to or greater

than seven days (d) as predictors of mortality, compared with the reference line (red line).

The best cut-off value of CRP/Alb ratio of 8 was identified via ROC analysis as the point of
highest combined sensitivity and specificity for 7-day mortality, with a sensitivity of 89%, a specificity
of 66% and a Youden Index of 0.546. Sensitivity analyses performed subsequently showed that the
CRP/Alb ratio greater than 8 had a sensitivity of 85.4% in predicting mortality for all patients, while
it had a sensitivity of 89% in predicting mortality for patients with a LOS of less than seven days.

The best cut-off value of PNI of 38 was identified via ROC analysis as the point of highest
combined sensitivity and specificity for 7-day mortality, with a sensitivity of 87%, a specificity of 69%
and a Youden Index of 0.562. Sensitivity analyses performed subsequently showed that the CRP/Alb
ratio greater than 8 had a sensitivity of 84.9% in predicting mortality for all patients, while it had a
sensitivity of 85.2% in predicting mortality for patients with a LOS of less than seven days.
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Cox regression analysis with the Breslow method, adjusted for sex and hospital stay days less
than, equal to, or greater than seven days, highlighted that a CRP/AIb ratio greater than 8 is an
independent risk factor for mortality during the first thirty days of hospitalization, with a Hazard
Ratio (HR) of 3.07 (Figure 2a). In particular, a CRP/Alb ratio greater than 8 is a significant risk factor
for mortality during the first seven days of hospitalization, with a HR of 10.46 (Figure 2b).

o Kaplan-Meier survival estimates adjusted for sex
o
n
I‘~: _
o
o
wn
=
Y]
(\! -
o
o | HR=3.07;95% Cls = 2.33-4.03; p < 0.001
o
d T T T T
0 10 20 30
analysis time
——— CRP/Abratio <8 ——— CRP/Alb ratio >= 8

Figure 2a. Kaplan—-Meier survival estimates adjusted for sex stratified by CRP/Alb ratio <8 vs CRP/Alb ratio >=
8 (chi-square 82.26; p <0.001).

o Kaplan-Meier survival estimates adjusted for sex
o |
bl I—\—
Lo
M~
o
o
L{)_ -
o
1o
C\! .
o
o | HR=10.46;95% Cls = 6.32-17.32; p < 0.001
o
C; T T T T
0 2 4 6
analysis time
——— CRP/Albratio <8 ——— CRP/Alb ratio >= 8

Figure 2b. Kaplan-Meier survival estimates adjusted for sex stratified by PCR/AIb ratio < 8 vs PCR/AIb ratio >=
8 during the first seven days of hospitalization (chi-square 140.29; p < 0.001).
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Cox regression analysis with the Breslow method, adjusted for sex and hospital stay days less
than, equal to, or greater than seven days, highlighted that a PNI lower than 38 is an independent
risk factor for mortality during the first thirty days of hospitalization, with a Hazard Ratio (HR) of
3.54 (Figure 3a). In particular, a PNI lower than 38 is a significant risk factor for mortality during the
first seven days of hospitalization, with a HR of 8.84 (Figure 3b).

o Kaplan-Meier survival estimates adjusted for sex
o
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Figure 3a. Kaplan-Meier survival estimates adjusted for sex stratified by PNI < 38 vs PNI >= 38 (chi-square

108.82; p < 0.001).
o Kaplan-Meier survival estimates adjusted for sex
o
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Figure 3b. Kaplan-Meier survival estimates adjusted for sex stratified by PNI <38 vs PNI>=38 during the first
seven days of hospitalization (chi-square 138.31; p < 0.001).
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Survival analysis to compare the two Kaplan-Meier curves, performed with the Logrank test,
after stratifying the sample by age at admission, showed that the PCR/AlDb ratio higher than 8 was
associated with a reduction in survival (p < 0.001), both after thirty days and after seven days from
hospitalization.

The same test, after stratifying the sample by by age at admission, was also performed to
compare the two Kaplan-Meier curves concerning PNI; Logrank test showed that PNI value lower
than 38 was associated with a reduction in survival (p < 0.001), both after thirty days and after seven
days from hospitalization

For 369 patients, hospital admission was considered a rehospitalization, defined as a return to
the hospital within 30 days of discharge. For these patients, a CRP/Alb ratio of 8 or higher was
associated with a significantly increased risk of mortality (p < 0.001), especially during the first seven
days of hospitalization, with an odds ratio (OR) of 16.03; similarly, a PNI value less than 38 was
associated with a significantly increased risk of mortality (p < 0.001) during the first seven days of
hospitalization, with an OR of 48.4 (Table 6).

Table 6. Relationship between PCR/Alb ratio >= 8, PNI < 38, LOS, and risk of death, among re-hospitalized

patients.
CRP/Alb ratio >= 8 OR 95% Cls Sig.
LOS >=7 days 6.69 2.53-22.22 <0.001
LOS <7 days 16.03 4.29-87.16
PNI < 38 OR 95% Cls Sig.
LOS >=7 days 3.93 1.66-10.75 <0.001
LOS <7 days 48.4 7.08-2012.05

A similar pattern was observed among patients who were non-rehospitalized; also for these
subjects, a PCR/AIb ratio equal to or greater than 8 was associated with a significant increase in the
risk of mortality (p < 0.001) during the first seven days of hospitalization, with an OR of 15.02, while
a PNI value lower than 38 was associated with an OR of 11.07 (p < 0.001) of the risk of mortality
during the first seven days of hospitalization (Table 7).

Table 7. Relationship between PCR/AIDb ratio >= 8, PNI < 38, LOS, and risk of death, among non-rehospitalized

patients.
CRP/AlD ratio >= 8 OR 95% Cls Sig.
LOS>=7d 2.75 1.92-3.98
o e <0.001
LOS <7 days 15.02 8.24-29.14
PNI < 38 OR 95% Cls Sig.
L =7d 4.53 3.11-6.72
OS >=7 days <0.001
LOS <7 days 11.07 6.60-19.11

We then calculated the PPV of mortality of the CRP/Alb ratio and PNI, respectively, both in non-
rehospitalized patients (Table 8) and in re-hospitalized patients (Table 9); the Likelihood Ratio Test
was then applied to verify which of the two models (CRP/Alb ratio vs PNI) was the most adequate
as a predictor of mortality. The Likelihood Ratio Test analysis highlighted that, if among non-
rehospitalized patients the PNI certainly represents a more refined mortality predictor than the
CRP/Alb ratio, both among patients with LOS greater than or equal to seven days and among patients
with LOS less than seven days (p<0.001), among re-hospitalized patients the PNI represents a more
refined mortality predictor than the CRP/Alb ratio only among patients with LOS less than seven
days (PPV CRP/Alb ratio= 51.67, PPV NPI= 52.38%; LR chi2= 9.25; p= 0.002); on the contrary, among
patients with LOS greater than or equal to seven days, the most refined mortality predictor was
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represented by the CRP/Alb ratio (PPV CRP/AIb ratio = 32.98%, PPV NPI = 31.09%; LR chi2 = 13.6; p
<0.001).

Table 8. Best PPV between PCR/AIb ratio and PNI among non-rehospitalized patients.

PPV
CRP/Alb ratio (%)  NPI (%) LR chi2 Sig.
All patients 20.35 % 22.81% 31.2 <0.001
LOS >=7 days 16.13% 18.57% 6.9 0.009
LOS <7 days 37.94% 39.76% 43.44 <0.001

Table 8. Best PPV between PCR/AIb ratio and PNI among rehospitalized patients.

PPV REOSP
CRP/Alb ratio (%)  NPI (%) LR chi2 Sig.
All patients 37.50 % 36.33% 21.57 <0.001
LOS >=7 days 32.98% 31.09% 13.6 <0.001
LOS <7 days 51.67% 52.38% 9.25 0.002

4. Discussion

Population aging presents significant challenges to healthcare systems globally, with a notable
increase in multi-morbid and frail older adults who often experience prolonged and recurrent
hospitalizations, along with heightened healthcare costs. Malnutrition, particularly undernutrition,
is a critical factor contributing to frailty and adverse clinical outcomes in hospitalized patients,
encompassing inadequate energy and protein intake, micronutrient deficiencies, and substantial
weight loss. This phenomenon is prevalent upon admission and frequently worsens during
hospitalization, affecting a significant proportion of inpatients and leading to increased
complications, longer lengths of stay (LOS), frequent rehospitalizations, poor treatment response,
and elevated in-hospital mortality.

Our retrospective observational study aimed to investigate the prognostic significance of two
readily accessible indices, the PNI and the CRP/Alb ratio, in predicting in-hospital mortality at 7- and
30-days post-admission in a cohort of elderly patients admitted to an Internal Medicine and Aging
department.

The mean age of deceased patients in our cohort was 84 + 8 years, significantly higher than that
of non-deceased patients, who were 80 + 8 years, respectively. Patients who died also had lower
serum albumin (2.6 + 0.6 g/dL vs. 3.1 + 0.6 g/dL) and higher CRP levels (123.6 + 95.9 mg/L vs. 67.6 +
84.2 mg/L) compared to non-deceased patients. These demographic and biochemical differences
further support the association of these markers with adverse outcomes. The leading cause of death
was severe sepsis (49.8%), followed by pulmonary edema and respiratory failure (9.9%).

Both serum Alb and TLC are established markers of nutritional status, with low Alb levels
indicating reduced hepatic protein synthesis and catabolic states, and declining TLC correlating with
immune suppression and poor outcomes. The PNI, calculated from Alb and TLC, serves as a simple
yet effective tool for classifying the nutritional status of elderly hospitalized patients and assessing
their risk of mortality upon admission, as well as their risk of rehospitalization, which itself is a risk
factor for adverse outcomes like death or loss of autonomy.

Furthermore, systemic inflammation significantly contributes to catabolic states and
hypoalbuminemia. CRP, an inexpensive and sensitive inflammatory marker, when combined with
albumin in the CRP/Alb ratio, provides a comprehensive assessment of both nutritional and
inflammatory status. This ratio has consistently emerged as a strong predictor of early mortality,
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particularly in older hospitalized patients, regardless of admission diagnosis, and is highly relevant
in the geriatric setting where inflammation and malnutrition often coexist.

Our findings corroborate and extend previous research on the predictive value of PNI and
CRP/Alb ratio. [84,85]. In our study, a CRP/Alb ratio equal to or greater than 8 was associated with a
significant increase in the risk of mortality (p < 0.001) during the first seven days of hospitalization,
with an OR of 15.02, while, a PNI value lower than 38 was associated with an OR of 11.07 (p < 0.001)
for the risk of mortality during the first seven days of hospitalization. These results highlight the
critical importance of these markers for early risk stratification.

Notably, the Likelihood Ratio Test analysis revealed distinct predictive strengths for PNI and
CRP/Alb ratio depending on patient subsets. Among non-rehospitalized patients, PNI consistently
demonstrated superior predictive power for mortality compared to the CRP/Alb ratio, irrespective of
the LOS (p < 0.001). However, among re-hospitalized patients, PNI was a more refined mortality
predictor than the CRP/Alb ratio only among those with a LOS of less than seven days, with a PPV
of 52.38% respect to the PPV of 51.67% of the CRP/Alb ratio. Conversely, for re-hospitalized patients
with a LOS greater than or equal to seven days, the CRP/Alb ratio was the more refined mortality
predictor, with a PPV CRP/Alb ratio of 32.98%. These findings, while nuanced, underscore the
context-dependent utility of these biomarkers.

Our findings also provide additional comparative analyses of PNI and CRP/Alb ratio. While
prior studies established the individual prognostic value of these indices, this work offers a deeper
exploration into their differential predictive capabilities across various clinical scenarios, specifically
distinguishing their performance in re-hospitalized versus non-rehospitalized patients and
considering the impact of LOS. The current study’s emphasis on these distinct patient populations
and the head-to-head comparison of PNI and CRP/Alb ratio for early mortality prediction represent
novel contributions to the existing literature, highlighting the specific circumstances under which one
marker may outperform the other.

Our findings reinforce the necessity of early identification of older adults at high risk of in-
hospital mortality. The PNI and CRP/Alb ratio, being easily calculated from routine laboratory tests,
offer valuable tools for risk stratification at admission. Given the observed differences in predictive
performance based on rehospitalization status and LOS, a personalized approach to patient
assessment and management is crucial. Tailored interventions, including optimized nutritional
support and inflammation management, can potentially improve clinical outcomes and reduce
mortality in these vulnerable populations.

The fact that this is a retrospective study also constitutes a limitation, as it allowed us to collect
biochemical data from medical records only at the time of hospital admission; in many cases, updated
biochemical parameters before discharge or death were missing. Another limitation of our study was
the lack of comorbidity indices in hospital medical records, which could not be obtained
retrospectively. Future research could explore integrating these markers with comprehensive
geriatric assessments and comorbidity data to develop even more robust predictive models.

5. Conclusions

This study demonstrates that both the PNI and the CRP/AIDb ratio are significant and accessible
early predictors of in-hospital mortality in elderly patients. While both markers are valuable, their
predictive strengths vary depending on the patient's rehospitalization status and LOS. PNI generally
serves as a more refined mortality predictor in non-rehospitalized patients, whereas the CRP/Alb
ratio can be more indicative in certain re-hospitalized subgroups with longer LOS. These findings
underscore the importance of utilizing these simple yet powerful biomarkers for early risk
stratification and highlight the critical need for personalized assessment and targeted interventions
to improve outcomes in high-risk older adults.

The strengths of this study include its large sample size and the homogeneity of the population,
limited to patients aged 65 and above, which enhances its applicability to geriatric care. However, its
retrospective nature and reliance on admission-only laboratory data are notable limitations. The lack
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of discharge or pre-mortem values limits the capacity to track biomarker evolution and treatment
response.

Despite these limitations, the findings underscore the clinical utility of the CRP/Alb ratio an PNI
as simple, cost-effective tools for early mortality risk stratification in elderly hospitalized patients.
Future prospective studies with serial biomarker measurements and more detailed clinical data are
warranted to validate these findings and integrate the CRP/Alb ratio into comprehensive geriatric
assessment protocols. Integrating this biomarker into routine evaluation could support timely
interventions and improve outcomes in a rapidly aging patient population.
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