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Abstract: Background: Malnutrition and systemic inflammation are prevalent among older
hospitalized patients and are associated with increased morbidity and mortality. The C-reactive
protein to albumin (CRP/Alb) ratio reflects both inflammatory and nutritional status and may serve
as a useful prognostic biomarker. Objective: To evaluate the prognostic value of the CRP/Alb ratio
in predicting early in-hospital mortality in a large cohort of elderly patients, independent of the
admission diagnosis. Methods: This retrospective observational study analyzed data from 2780
patients aged > 65 years admitted to the Internal Medicine and Aging Department of the “Policlinico
Riuniti” University Hospital in Foggia, Italy, between 2019 and 2024. Serum CRP and albumin values
were recorded at admission. ROC curve analysis, Cox regression, and Kaplan—-Meier survival
analyses were conducted to assess the predictive power of the CRP/Alb ratio for in-hospital mortality
at 7 and 30 days. Results: In-hospital mortality occurred in 444 patients (16%). Deceased patients had
significantly higher CRP/Alb ratios compared to survivors (p < 0.001). The CRP/Alb ratio showed a
strong association with early mortality, particularly within the first 7 days (AUC = 0.888). A CRP/Alb
ratio >8 was an independent predictor of 30-day mortality (HR = 3.82, 95% CI: 2.91-5.01) and 7-day
mortality (HR = 10.17, 95% CI: 6.05-17.08). Similar results were observed among re-hospitalized
patients. Conclusion: The CRP/Alb ratio is a significant and independent predictor of early in-
hospital mortality in elderly patients, regardless of admission diagnosis. A threshold value > 8
identifies individuals at high risk, particularly within the first week of hospitalization. This simple,
cost-effective biomarker may support early risk stratification and guide targeted interventions in
geriatric care.

Keywords: malnutrition; inflammation elderly; mortality; albumin; C Reactive Protein; Albumin;
PCR/AIb ratio

1. Introduction

Population aging is a now evident global phenomenon and one of the most significant
challenges of our century. According to WHO estimates, the number and percentage of people aged
65 and over are increasing. This increase is occurring at an unprecedented rate and will accelerate in
the coming decades, worldwide. In 2019, the number of people aged 65 and over was 1 billion. By
2030, 1 in 6 people in the world will be aged 65 or over. By 2050, the global population of people aged
65 and over will double (2.1 billion). The number of people aged 80 and over is expected to triple
between 2020 and 2050, reaching 426 million. While population ageing has been a reality for many
years in high-income countries (e.g., Western Europe, the United States, and Japan), currently
emerging economies are experiencing the most significant change. By 2050, it is estimated that two-
thirds of the world's population aged 65 and over will live in low- and middle-income countries. [1]

This will lead to a subsequent increase in the number of people affected by several chronic
pathologies, or by the well-known geriatric syndrome which is frailty. By frailty, we mean the state
of greater vulnerability, or reduced resilience, in response to a stressful event, which increases the
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risk of adverse outcomes, including falls, delirium, and disability [2-7], along with a significant rise
in care burden and expenses due to hospitalizations [8-10].

Elderly people, in particular frail elderly people, hospitalized in acute hospital departments
already suffer from chronic diseases, with signs and symptoms of physical and cognitive
deterioration, malnutrition and in complex home therapies characterized by the intake of numerous
drugs [11]. Malnutrition is a high-risk condition for the development of frailty, where malnutrition
refers to a broad group of conditions, including undernutrition (wasting, stunting and underweight),
inadequate intake of vitamins or minerals, as well as overweight and obesity, resulting in diet-related
non-communicable diseases [12]. In addition, hospitalized older patients can show a high rate of
short- and long-term mortality [13].

In acutely ill patients, disease-related malnutrition may occur due to a catabolic state triggered
by systemic inflammation secondary to a concomitant disease.

Malnutrition prevalence among in-hospital patients ranges between 15% and 70% [14-21].
Several factors may contribute to malnutrition, such as underlying illnesses, aging, socioeconomic
situations, as well as in-hospital medical procedures that impact food intake, lack of monitoring of
the nutritional status, and lack of standardized nutrition care protocols [22-25]. Independently of
other factors, malnutrition at admission among hospitalized patients is one of the most important
negative predictors influencing the risk of increased incidence of complications (e.g., infections,
pressure ulcers), as well as higher length of stays (LOS) in hospital, higher readmission rates, poor
treatment outcomes of the primary disease and comorbidities, higher healthcare costs, and increased
patient mortality [26-29].

Albumin is an acute-phase protein, synthesized by the liver, and has several key functions: It is
the primary serum binding protein responsible for the transport of various substances, e.g., fatty
acids, hormones, and drugs. Especially in the elderly, this is important, as the concentration of
unbound drugs in the circulation is increased, and the increased bioavailability may lead to adverse
effects in hypoalbuminemia. [30].

Albumin also has an anti-thrombotic effect, and it is essential in the maintenance of normal
plasma colloid oncotic pressure. Normally, albumin has a long half-life (15-19 days), but the plasma
albumin can fall by 10-15 g/L in 3 to 5 days in critically ill patients.

Hypoalbuminemia has previously been associated with increased short-term mortality, length
of hospital stays, and complications in in-hospital patients. [31-36]

Serum albumin levels are also a well-known marker in the measurement of malnutrition.
Hypoalbuminemia, which is remarkably prevalent in elderly population, has already been identified
as an unfavourable prognostic marker [37,38].

Serum albumin levels are indicative of the sum of hepatic synthesis (12-15 g/day), plasma
distribution, and protein loss [39-49].

Results from a previous large cohort study have shown that hypoalbuminemia is associated with
increased 30-day all-cause mortality in acutely admitted medical patients. Serum values of albumin
can be used as a predictive tool for mortality, with an acceptable discriminatory power, as vital signs,
or a combination of other blood tests [50].

C-reactive protein (CRP) is a cheap, easy, and rapid inflammatory marker; it can be a proper
predictor of mortality. Measuring CRP at hospital admission may help identify patients at increased
risk of adverse outcomes, such as both short- and long-term mortality risk [51-54]. It is known that
elevated levels of CRP are associated with an increased risk of all-cause mortality [55-57], that is,
even a single measurement of plasma CRP is significantly associated with an increased risk of all-
cause mortality, while no association has been observed between genetically elevated levels of CRP
and risk of mortality. Elevated levels of CRP may constitute an important indicator of a latent
inflammatory disease, which, the latter certainly, could lead to early death [58].

It is therefore evident that CRP and serum albumin (Alb) are useful markers for predicting
morbidity and mortality in critically ill patients [59,60], since CRP is an effective marker of acute
inflammation [61,62], while serum albumin (Alb) is an effective indicator of malnutrition status in
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critically ill patients [63,64]. The CRP/AIb ratio has also recently been used to predict the prognosis
of patients with severe sepsis or septic shock [65,66], where an elevated CRP/AlDb ratio at admission
may be associated with a higher mortality rate in adult patients with sepsis (The prognostic value of
the C-reactive protein to albumin ratio in patients with sepsis: a systematic review and meta-
analysis). Furthermore, a high CRP/Alb ratio at ICU admission, for example, in patients with severe
burns, is independently and significantly associated with increased mortality rates, i.e., lower 30-day
survival post-burn [67]

CRP/Alb ratio has also been shown to be a useful prognostic marker in non-septic or otherwise
non-infectious patients, for example in patients with heart failure, where a previous study showed
that a high CRP/AIb ratio is significantly associated with high in-hospital and out-of-hospital all-
cause mortality in patients with acute and chronic heart failure. A high CRP/ALB ratio is associated
with frequent and repeated hospital admissions, as well as a higher risk of developing severe heart
failure [68]. Therefore, the CRP/ALB ratio may be useful for the assessment of critically ill patients,
as it effectively reflects both inflammation and malnutrition [69,70]. In other words, a high CRP/ALB
ratio at admission may be independently associated with an increased risk of 30-day mortality, as
demonstrated by a previous study. However, the same study did not identify the CRP/ALB ratio as
a useful marker in predicting 30-day mortality in critically ill patients, compared to other prognostic
factors such as APACHE II or Charlson Comorbidity Index [71,72].

Considering also patients who are not necessarily critically ill, the C-reactive protein/albumin
ratio, together with the mid-upper arm circumference and the assessment of impaired self-nutrition,
are easily obtainable indicators of an altered energy and protein intake and poor clinical outcomes in
hospitalized older people [73]. This means that the CRP/ALB ratio, assessing both inflammation and
malnutrition with a cost-effectiveness ratio, could represent a useful additional parameter for the risk
stratification of hospital mortality in older patients, independently of the diagnosis, although it seems
that this association is stronger in men than in women [74,75].

We conducted an observational, retrospective study on a cohort of elderly patients admitted to
an internal and aging medicine department at the “Policlinico Riuniti” University Hospital of Foggia,
Italy to assess the prognostic value of the CRP/Alb ratio in predicting the risk of in-hospital mortality
during the first 7 days and after 30 days of hospitalization.

2. Materials and Methods

2.1. Patients

We examined a cohort of 3571 elderly patients admitted to the Internal Medicine and Aging
Department of the “Policlinico Riuniti” University Hospital in Foggia, Italy, between 1 January 2019,
and 31 December 2024. Study exclusion criteria were age less than 65 years at the time of admission;
patients discharged against medical advice; patients transferred to other departments or other
hospitals; and patients discharged to nursing homes or rehabilitation institutions. The final cohort
consisted of 2780 subjects.

2.2. Methods

Serum values of C-reactive protein (CRP) and serum albumin, length of stay (LOS), and outcome
of hospitalization, i.e., discharge home or death and were recorded from all patients. We must
underline that all patients analysed in our study were treated with medical therapy. In some cases,
the therapy they were already taking at home had been confirmed in whole and in part; in others, the
therapy had been modified depending on the clinical situation.
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2.3. Statistics

After performing the Kolmogorov-Smirnov test and having verified from the test that all the
data examined did not follow the normal distribution (p <0.001), the non-parametric Mann-Whitney
U-test corrected with the Monte Carlo exact test for the comparison of means for independent
samples was performed; also, the non-parametric Spearman test for the calculation of correlations
was performed.

Analysis of the ROC curve was also performed to measure the sensitivity and specificity, or the
predictive value of mortality of CRP/Alb ratio, as well as to identify the optimal thresh-old value
(best cut-off). We used Cox regression in survival analysis in the prediction of mortality, expressed
by the Hazard Ratio (HR), Both ROC curve and Cox regression were performed after correction for
sex.

Finally, the Kaplan-Meier analysis was performed to estimate the survival of patients during
the observation period, in relation to the examined parameters. The Log-rank test, stratified by age
at admission, was performed to compare the two Kaplan-Meier survival curves.

Statistical analyses were performed using IBM SPSS version 25 (Armonk, NY, USA), and STATA
SE 14.2 (College Station, TX, USA), with a significance level of 0.05.

3. Results

The features of the sample examined are presented in Table 1. Women were more represented
than men (p = 0.005). As expected, women were older than men (p <0.001). No statistically significant
differences were observed between men and women for both LOS and serum values Albumin. Men
had higher CRP values (p = 0.006), and higher CRP/Alb ratio values than women (p = 0.006).

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

Male Female Sig.
Subjects N (%) 1316 (47.3%) 1464 (52.7%) 0.009
Age at hospitalization (Mean + SD) 79+8 82+38 <0.001
LOS (Mean * SD) 11+7 11+7 0.971
Albuminemia (Mean * SD) 3.05+0.6 3.03+0.6 0.692
CRP (Mean = SD) 80.1+89 73.2 + 88 0.006
CRP/AlDb ratio (Mean * SD) 31.3£38 29.2 + 40 0.008

As shown in Table 2, after correcting by sex, the correlation analysis showed, a direct
relationship between CRP values and CRP/AIb ratio and LOS (p <0.001), and an inverse relationship
between Albumin values and LOS (p < 0.001), as expected, were observed; no statistically significant
correlation was observed between age at admission and LOS (p = 0.441).

Table 2. Correlation between LOS and age at admission, serum albumin, CRP and CRP/Alb after correcting by sex.

Length Of Stay
Ase at admission Correlation -0.015
8 Significance (2-tailed) 0.441
CRP C‘orr'el.atlon ‘ 0.148
Significance (2-tailed) <0.001
Albuminemia Correlation -0.189
Significance (2-tailed) <0.001
. Correlation 0.150
CRP/AID ratio Significance (2-tailed) <0.001
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Four hundred and forty-four patients died during hospitalization. The main causes of death are
reported in Table 3. 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)
[76,77] severe sepsis is the most frequent cause of in-hospital death. As shown in Table 4, the deceased
were older than the not deceased (p < 0.001), with no significant differences between males and
females (p = 0.276), and in terms of LOS (p = 0.368). Deceased patients had lower albumin, higher
CRP levels, and higher CRP/Alb ratio (p < 0.001) compared to non-deceased patients.

Table 3. 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 (%) 43 (9.7%)
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 (%) 72 (16.2%)
Total number of deaths N (%) 444 (100.0%)

Table 4. Clinical features of patients, stratified by deceased and not deceased. Values are expressed as number

(%) or as mean + SD.

Deceased Not Deceased Sig.

Subjects N (%) 444 (16%) 2336 (84%) <0.001
Male N (%) 221 (49.8%) 1095 (46.9%) 0276
Female N (%) 223 (50.2%) 1241 (53.1%) ]

Age at hospitalization (Mean + SD) 84 +8 80+38 <0.001
LOS (Mean * SD) 12+10 11+7 0.368
Albuminemia (Mean * SD) 2.6+0.6 3.1+0.6 <0.001
CRP (Mean = SD) 123.6 +95.9 67.5+84.1 <0.001
CRP/Alb ratio (Mean * SD) 54.8 +47.8 25.6 +35.8 <0.001

The analysis of the ROC curves showed that albumin (Figure 1a), CRP (Figure 1b) and CRP/Alb
ratio (Figure 1c) are significant predictors of mortality. Comparing the area under the curve (AUC),
the most accurate predictor of mortality is albumin, with an AUC of 0.756, without any difference
between sex (p = 0.216); CRP showed an AUC of 0.710 without any difference between sex (p =0.936).
CRP/Alb ratio showed an AUC of 0.730, without any difference between sex (p = 0.956). After
dividing the sample by hospital stay days, i.e. by hospital stay days less than seven days or equal to
or greater than seven days, CRP/Alb ratio among subjects with hospital stays of less than seven days
is a more accurate predictor of mortality than subjects with hospital stays of equal to or greater than
seven days (p < 0.001), with an AUC of 0.888 and the best cut-off of 8 (Figure 1d).
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Figure 1. Analysis of ROC curves of Albumin (a), CRP (B), CRP/Alb ratio (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).

After correcting for sex and hospital stay days less or equal to or greater than seven days, the
Cox regression analysis with the Breslow method was performed. The result of the analysis
highlighted that the CRP/Alb ratio more than 8 is an independent risk factors for mortality during
the first thirty days of hospitalization (HR = 3.82, 95% Confidence Intervals = 2.91-5.01, p < 0.001)
(Figure 2a). Particularly, a CRP/Alb ratio of more than 8 is a strong independent risk factor for
mortality during the first seven days of hospitalization (HR =10.17, 95% Confidence Intervals = 6.05-
17.08, p <0.001) (Figure 2b).
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Figure 2. (a). Kaplan—-Meier survival estimates adjusted for sex stratified by PCR/Alb ratio < 8 vs. PCR/AIb ratio
>= 8 (chi-square 66.41; p < 0.001). (b). Kaplan-Meier survival estimates adjusted for sex stratified by PCR/Alb
ratio <8 vs. PCR/AIDb ratio >= 8 during the first seven days of hospitalization (chi-square 124.14; p < 0.001).

We then performed survival analysis using the Log-rank test, stratified by sex, to compare the
two Kaplan-Meier survival curves. Survival analysis showed that both after thirty days than after
seven days from admission, CRP/Alb ratio more than 8 was associated with reduced survival (p <
0.001).

Finally, for 370 patients, the hospitalization was a rehospitalization, that is, a new hospitalization
within thirty days of a previous discharge. Concerning these patients, a CRP/Alb ratio more than 8
constituted a significant risk factor for of mortality, particularly during the first seven days of
hospitalization, as shown in Table 5 (p < 0.001).

Table 5. Relationship between PCR/AIb ratio more than 8, LOS, and risk of death, among re-hospitalized

patients.
Odds Ratio 95% Confidence Intervals Sig.
L =7 1 2.38-12.62
OS >=7 days 5.13 38-12.6 <0.001
LOS < 7 days 15 3.99-81.82

4. Discussion

The present study offers important insights into the predictive value of the C-reactive protein to
albumin (CRP/AlDb) ratio for early mortality among hospitalized older adults, independent of their
admission diagnosis. In a context where hospital mortality and rehospitalization are prevalent and
burdensome, especially among patients over 65 years of age, the findings underscore the clinical
utility of a simple, accessible biomarker that captures both inflammatory and nutritional status.

Malnutrition and systemic inflammation are widely recognized as independent risk factors for
adverse outcomes in hospitalized patients. In the geriatric population, these conditions are even more
critical due to the complex interplay between chronic comorbidities, frailty, and diminished
physiological reserves. The literature has consistently highlighted the role of hypoalbuminemia as a
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marker of malnutrition and poor prognosis [30-38, 50], as well as the role of elevated CRP as an
indicator of acute or chronic inflammation and mortality risk [51-57, 74].

This study analyzed a large, homogeneous cohort of elderly patients (n =2780), which is a major
strength. All participants were aged 65 years and older, eliminating the confounding impact of
younger, potentially more resilient individuals. With 444 deaths recorded during hospitalization
(16% of the sample), the study provides robust data to support the association between baseline
CRP/Alb ratios and early in-hospital mortality.

The results showed that deceased patients had significantly higher CRP and lower albumin
levels compared to survivors. The CRP/Alb ratio was higher in deceased patients, confirming the
ratio’s ability to reflect a state of combined inflammation and malnutrition. These findings align with
previous studies that have identified the CRP/Alb ratio as a significant predictor of poor outcomes in
critically ill and elderly patients [59-66, 69, 70].

The ROC curve analysis demonstrated that while both albumin and CRP independently
predicted mortality, the CRP/Alb ratio had a comparable AUC (0.730) to albumin alone (0.756) and
was slightly more accurate than CRP (AUC = 0.710). Notably, when analyzing patients with hospital
stays under seven days, the CRP/Alb ratio’s predictive accuracy increased substantially, with an AUC
of 0.888. This supports the hypothesis that CRP/Alb is particularly useful in identifying patients at
risk of early mortality —a critical insight for acute care management.

Furthermore, Cox regression analysis confirmed that a CRP/Alb ratio >8 was an independent
predictor of mortality within 30 days, and especially within the first 7 days (HR = 10.17, p < 0.001).
Kaplan-Meier survival analysis reinforced these findings by demonstrating significantly lower
survival rates in patients with a CRP/Alb ratio greater than 8, both at 7 and 30 days after admission.
These results are consistent with previous research showing the CRP/Alb ratio's ability to predict
early outcomes in various patient populations, including those with sepsis, burns, and cardiac
conditions [65-68].

Beyond the predictive value of CRP/Alb, the study’s design and population allow us to
generalize the findings to the broader aging inpatient population. As the global population continues
to age, projected to double in the next two decades [1], health systems must find reliable tools for
early risk stratification. A biomarker that is both inexpensive and quickly obtainable, such as the
CRP/Alb ratio, fits well into this model of predictive, proactive care.

One of the key implications of this study is the reinforcement of the idea that malnutrition and
inflammation are not merely secondary considerations in acute care—they are fundamental to
outcomes. The bidirectional relationship between inflammation and nutrition is well established;
systemic inflammation promotes protein catabolism and reduces albumin synthesis, while
malnutrition impairs immune function, exacerbating inflammation. The CRP/Alb ratio, by capturing
both dimensions, provides a more holistic risk assessment than either marker alone.

The study also offers valuable data regarding rehospitalized patients. Among the 370 patients
readmitted within 30 days, a CRP/Alb ratio >8 was again associated with significantly higher early
mortality. This supports existing literature showing that patients with poor nutritional and
inflammatory profiles at the time of discharge are at increased risk of adverse outcomes upon
readmission [73, 74].

However, several limitations must be acknowledged. First and foremost, the retrospective
nature of the study imposes inherent limitations regarding causality. Although strong associations
are observed, it is not possible to determine whether changes in CRP/AIb levels directly influence
outcomes or merely reflect underlying disease severity. Furthermore, only laboratory values
collected at the time of admission were included in the analysis. Data on CRP and albumin at
discharge or near death—potentially more informative in understanding the progression of illness —
were not available. Future studies would benefit from serial measurements to examine dynamic
changes in the CRP/AIb ratio and their relation to treatment response and recovery.

Another limitation is the absence of detailed comorbidity data, such as the Charlson
Comorbidity Index or APACHE II scores, which could offer a more nuanced understanding of the
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predictive power of CRP/Alb compared to established clinical indices. While our data did adjust for
sex and length of stay, other potential confounders such as medication use, primary diagnoses, and
functional status were not included in the regression models.

Despite these limitations, the study contributes meaningfully to a growing body of literature
advocating for the use of simple biochemical markers in risk stratification. In clinical practice,
particularly in resource-limited settings, the ability to assess mortality risk using routinely collected
data is highly advantageous. The CRP/AlIb ratio provides such a tool and could be incorporated into
early assessment protocols for elderly patients admitted to internal medicine wards.

Our findings align with those of a previous study, which confirmed that CRP and albumin-based
inflammation scores are independent predictors of mortality in older adults across a wide range of
diagnoses [74]. Moreover, this study emphasizes the need for systematic nutritional assessment at
the time of hospitalization, echoing ESPEN guidelines on the importance of early and accurate
nutritional screening [4]. Interventions such as early nutritional supplementation, anti-inflammatory
treatment, or closer monitoring could be guided by CRP/Alb-based stratification.

It is also important to consider the potential for sex-based differences in biomarker
interpretation. While this study did not observe a statistically significant difference in CRP/Alb
predictive capacity between men and women, previous work has suggested sex-specific
inflammatory responses and outcomes [75]. Further research with sex-disaggregated data could
provide more detailed insights.

In conclusion, this study reinforces the role of CRP/Alb ratio as a significant, independent
predictor of short-term mortality in elderly hospitalized patients. It also suggests that this marker
may be especially valuable for identifying those at risk of early death during short hospital stays or
in the context of rehospitalization. While prospective validation is required, the simplicity and
accessibility of CRP and albumin testing make their ratio an attractive candidate for widespread
clinical implementation.

5. Conclusions

This retrospective study on a large and homogeneous cohort of elderly inpatients confirms the
prognostic value of the CRP/albumin ratio in predicting early in-hospital mortality. The CRP/Alb
ratio, which reflects the dual impact of inflammation and malnutrition, emerged as an independent
risk factor for mortality during hospitalization, with particularly high predictive power within the
first seven days of admission. A threshold value of 8 for the CRP/Alb ratio was identified as a strong
discriminator of risk.

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
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 as a
simple, cost-effective tool 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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