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ABSTRACT

Introduction: The dynamic ICU environment requires the
use of accurate prognostic indicators to assess patient out-
comes and guide clinical interventions. Nutritional status and
inflammation are important factors influencing patient out-
comes in the ICU. Several prognostic indicators have been
proposed to evaluate the prognostic value of NLR, PNI, and
CRP to Albumin Ratio in predicting mortality in ICU patients
with different levels of nutritional risk.

Methods: This observational retrospective cohort study
was conducted in the ICU of Wahidin Sudirohusodo Hospital,
Indonesia, from April 2022 to March 2023. All patients admit-
ted to the ICU during the study period were considered. Data
collected from medical records included patient demographics,
clinical characteristics, prognostic indicators, and outcomes.
Bivariate and multivariate regression analysis was used to
evaluate the associations between prognostic indicators and
mortality both in low-risk and high-risk subgroup. The results
were presented as hazard ratios (HRs) with 95% confidence
intervals (CIs). To predict accuracy of prognostic biomarker,
Receiver Operating Characteristic (ROC) curve analysis was
conducted. The area under the ROC curve (AUC) was calcu-
lated to evaluate the discriminative ability of each biomarker

Result: In a study of 1,106 ICU patients. The length of
stay in the ICU and hospital for survivors is shorter than for
non-survivors. Hazard ratio analysis showed that higher PNI
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significantly reduced the risk of death (unadjusted HR 0.914,
adjusted HR 0.910), whereas higher CAR and NLR were as-
sociated with increased risk of death (CAR unadjusted HR
1.020, adjusted HR 1.017; unadjusted NLR HR 1.018, ad-
justed HR 1.014). This effect was less pronounced in patients
at high nutritional risk, with nonsignificant HR values. ROC
curve analysis showed that CRP/Albumin (AUC: 0.696), NLR
(AUC: 0.575), and PNI (AUC: 0.325).

Conclusion: NLR, PNI, and CAR are valuable prognostic in-
dicators in ICU settings, providing crucial information on mor-
tality risk especially in patients with low nutritional risk. The
data supports their use in clinical assessments to tailor inter-
ventions that address inflammation and nutritional deficits.
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INTRODUCTION

Intensive Care Unit (ICU) patients often experience severe
physiological stress due to underlying conditions, surgery, or
trauma, which can affect immune responses and nutritional
status. The dynamic environment of the ICU necessitates the
use of accurate prognostic indicators to assess patient out-
comes and guide clinical interventions. Nutritional status and
inflammation are critical factors influencing patient outcomes
in the ICU. Malnutrition is prevalent among critically ill pa-
tients and is associated with increased morbidity and mortal-
ity2, Simultaneously, inflammatory responses reflect the
body’s reaction to infection, trauma, or surgery. The interplay
between nutrition and inflammation in critically ill patients un-
derscores the importance of understanding how these factors
impact patient outcomes34.
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Several prognostic indicators have been proposed to evalu-
ate the outcomes of critically ill patients, including the
Neutrophil-to-Lymphocyte Ratio (NLR), Prognostic Nutritional
Index (PNI), and CRP-to-Albumin Ratio (CAR). NLR is a simple
marker that represents the ratio of neutrophils to lymphocytes.
Elevated NLR has been associated with poor outcomes in var-
ious clinical settings, including sepsis, cardiovascular diseases,
and cancer3>6, In ICU patients, NLR serves as a marker of
systemic inflammation, with higher values indicating a height-
ened inflammatory response and worse prognosis’-8. The PNI
is calculated based on serum albumin levels and lymphocyte
count. It serves as an indicator of nutritional and immune sta-
tus. Lower PNI values are associated with malnutrition and
poorer outcomes in surgical and critically ill patients'%10, The
PNI reflects both the patient’s nutritional reserves and immune
function. The CAR combines CRP, an acute-phase reactant,
and albumin, a marker of nutritional status. The ratio provides
insight into the balance between inflammation and nutrition.
Elevated CAR has been linked to increased mortality in ICU pa-
tients, as well as in patients with sepsis, cancer, and cardio-
vascular diseases!!-12, The CAR is particularly useful because it
accounts for both inflammatory and nutritional aspects of pa-
tient health!3:14,

While previous research has established the prognostic
value of NLR, PNI, and CAR in various clinical settings, there
is limited information on their predictive capabilities in ICU
patients with different levels of nutritional risk. The objective
of this study is to evaluate the prognostic value of the
Neutrophil-to-Lymphocyte Ratio, Prognostic Nutritional Index,
and CRP-to-Albumin Ratio in predicting mortality in ICU pa-
tients with different levels of nutritional risk.

METHODS
Study Design

An observational retrospective cohort study conducted in
the Intensive Care Unit (ICU) of Wahidin Sudirohusodo from
April 2022 to March 2023. Participants was all the patient
admitted to the ICU during the study period. Patients were
excluded if they were younger than 18 years of age or lack-
ing necessary data for the analysis. The study was approved
by the ethics committee of the university and hospital which
ensure the confidentiality of all the patient’s data through-
out the research process. The ethic protocol member No:
969/UN4.6.4.5.31/ PP36/ 2023.

Data Collection

Data for the study were collected from medical records, which
provided detailed information on patient demographics, clinical
characteristics, prognostic indicators and clinical outcomes.
Demographic data included age, sex, height, weight, and body
mass index (BMI). The clinical characteristics collected included
the admission category and nutritional risk. The nutritional risk

was assessed using the mNutric score. Prognostic indicator data
included NLR, PNI, and CAR. The clinical outcomes assessed in-
cluded ICU and hospital length of stay (LOS), duration of me-
chanical ventilation, and ICU mortality.

Statistical Analysis

The normality of continuous data was assessed using the
Shapiro-Wilk test to evaluates normal distribution of dataset.
Depending on the distribution, continuous variables were ex-
pressed as either mean % standard deviation (SD) or median
and interquartile range (IQR). Categorical variables were pre-
sented as numbers and percentages. For continuous vari-
ables, the Student’s t-test or Mann-Whitney U test was used
for two-group comparisons, while one-way ANOVA or Kruskal-
Wallis test was used for more than two groups. For categori-
cal variables, the chi-square test was used, depending on the
sample size and distribution of the categories. Bivariate and
multivariate regression analysis was used to evaluate the as-
sociations between prognostic indicators and mortality both in
low-risk and high-risk subgroup. The results were presented
as hazard ratios (HRs) with 95% confidence intervals (CIs).
Both unadjusted and adjusted models were used, with ad-
justments made for potential confounders, including age, sex,
BMI, and admission type. To assess the predictive accuracy of
the Neutrophil-to-Lymphocyte Ratio (NLR), Prognostic
Nutritional Index (PNI), and C-reactive Protein to Albumin
Ratio (CAR) in forecasting ICU mortality, Receiver Operating
Characteristic (ROC) curve analysis was conducted. The area
under the ROC curve (AUC) was calculated to evaluate the
discriminative ability of each biomarker. AUC values closer to
1 indicate excellent predictive accuracy, whereas values near
0.5 suggest no predictive benefit over random chance. This
analysis helps to elucidate which biomarkers can effectively
distinguish between patient outcomes, particularly in terms of
mortality risk. Statistical analysis for the study was performed
using SPSS 25.0 (IBM Corp., Armonk, NY). A p-value of
< 0.05 was considered statistically significant.

RESULTS

A total of 1,189 patients were admitted to the ICU from
April 2022 to March 2023. Among these, 83 patients were ex-
cluded from the study due to being under 18 years of age,
leaving a final sample size of 1,106 patients for analysis. The
demographic and clinical characteristics of the study popula-
tion are summarized in Table 1.

The patients’ median age was 50 years (IQR: 37-60) for
survivors and 55.5 years (IQR: 41-67) for non-survivors,
with a significant difference (p < 0.001). Regarding sex,
54.4% of the survivors were women, whereas the majority
of non-survivors (58%) were men, highlighting a statistically
significant difference (p < 0.001). The survivors and non-sur-
vivors had similar heights, with median heights of 160 cm
(IQR: 155-165) in both groups, showing no significant dif-
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Patients admitted to ICU from
April 2022 to March 2023

n=1189
83 patients excluded
i - Age < 18y.0.,, n=83
A
Analyzed
n=1106
F
Low Nutrition Risk High Nutrition Risk
n =980 n=126
Figure 1. Flowchart of the study patients
Table 1. Baseline characteristics of the study patients
Survivors Non Survivors p Value
Age, year 50 [37, 60] 55.5 [41, 67] <0.001
Sex <0.001
Men 401 (45.6) 131 (58)
Woman 479 (54.4) 95 (42)
Height, cm 160 [155, 165] 160 [155, 165] 0.105
Weight, kg 60 [50, 63] 60 [50, 64] 0.235
BMI, kg/m2 22.22 [20.56, 24.61] 22.22 [20.81, 23.92] 0.690
BMI Category 0.921
<18.5 94 (10.7) 21 (9.3)
18.5-22.9 412 (46.8) 102 (45.1)
23 -24.9 192 (21.8) 53 (23.5)
25 -29.9 165(18.8) 46 (20.4)
>30 17 (1.9) 4 (1.8)

Data are presented as n (%) or median (interquartile range).
BMI, Body Mass Index.
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Table 1 continuation. Baseline characteristics of the study patients

Survivors Non Survivors p Value
Admission Type <0.001
Medical 84 (37.2) 123 (14)
Surgical 142 (62.8) 757 (86)
mNutric Score <0.001
Low Risk 830 (94.3) 150 (66.4)
High Risk 50 (5.7) 76 (33.6)
Total Lymphocyte Count 939 [663, 1340] 792 [485, 1185] 0.001
Neutrophil to Lymphocyte Ratio 12.73 [8.38, 20.1] 16.58 [9.42, 25.51] 0.034
Prognostic Nutritional Index 34.2 (6.8) 29.7 (6.8) <0.001
CRP to Albumin Ratio 5.36 [4.33, 37.41] 9.39[19.23, 64.11] <0.001
ICU LOS, days 111, 5] 6 [2, 11] <0.001
Hospital LOS, days 8 [6, 20] 16 [9, 28] <0.001
Mechanical Ventilation, days 0[O0, 2] 41, 10] <0.001
Data are presented as n (%) or median (interquartile range).
ICU, Intensive Care Unit; LOS, Length of Stay; CRP, C-Reactive Protein; mNutric Score, modified Nutrition risk in critically Il
Table 2. Relationship between Prognostic Indicator and Mortality
Unadjusted Adjusted*
Hazard ratio 95% CI p Value Hazard ratio 95% CI p Value
Total Study Population
PNI 0.914 0.892 - 0.937 <0.001 0.910 0.887 - 0.934 <0.001
CAR 1.020 1.013 - 1.026 <0.001 1.017 1.011 - 1.024 <0.001
NLR 1.018 1.008 - 1.027 <0.001 1.014 1.005 - 1.023 0.002
Subgroup Analysis
Low Nutrition Risk
PNI 0.917 0.892 - 0.944 <0.001 0.909 0.882 - 0.937 <0.001
CAR 1.021 1.013 - 1.028 <0.001 1.019 1.011 - 1.027 <0.001
NLR 1,015 1.003 - 1.026 <0.001 1.015 1.003 - 1.027 0.011
High Nutrition Risk
PNI 0.961 0.907 - 1.019 0.188 0.978 0.948 - 1.008 0.148
CAR 0.999 0.984 - 1.014 0.880 0.997 0.981 - 1.014 0.751
NLR 1.004 0.992 - 1.017 0.507 1.005 0.990 - 1.020 0.541

* Adjusted for age, sex, BMI, Admission Type.
PNI, Prognostic Nutritional Index; CAR, CRP to Albumin Ratio; Neutrophil to Lymphocyte Ratio.
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ference (p = 0.105). The survivors and non-survivors had
similar median weights of 60 kg, although the distribution
was slightly different, and this was not statistically significant
(p = 0.235). The BMI of both groups was also similar, with a
median of 22.22 kg/m2, and no significant difference
(p = 0.690). The admission type differed significantly between
survivors and non-survivors (p < 0.001). Among survivors,
37.2% were medical admissions, while 62.8% were surgical.
In contrast, among non-survivors, 14% were medical, and
86% were surgical. Nutrition risk, assessed using the
mNUTRIC score, was significantly different between the
groups (p < 0.001). The majority of survivors (94.3%) had low
nutrition risk, while most non-survivors (86%) had high nutri-
tion risk. The median total lymphocyte count was significantly
higher in survivors (939, IQR: 663—-1340) compared to non-
survivors (792, IQR: 485-1185), with a significant difference
(p < 0.001). The median Neutrophil-to-Lymphocyte Ratio
(NLR) was lower in survivors (12.73, IQR: 8.38-21.00) than in
non-survivors (16.58, IQR: 9.42-25.71), also significantly dif-
ferent (p = 0.003). The Prognostic Nutritional Index (PNI) was
higher in survivors (34.2, IQR: 6.8) compared to non-survivors
(29.7, IQR: 6.8), with a significant difference (p < 0.001). The
CRP-to-Albumin Ratio (CAR) was lower in survivors (5.36, IQR:
3.43-7.41) compared to non-survivors (9.39, IQR: 3.71-
19.23), also significantly different (p < 0.001). The median
length of stay in the ICU was shorter for survivors (1 day, IQR:
1-5) compared to non-survivors (6 days, IQR: 2-11), with a
significant difference (p < 0.001). The median hospital length
of stay was shorter for survivors (8 days, IQR: 2-20) com-
pared to non-survivors (16 days, IQR: 8-28), also significantly
different (p < 0.001). The median duration of mechanical ven-
tilation was shorter for survivors (0 days, IQR: 0—1) compared
to non-survivors (4 days, IQR: 1-10), with a significant differ-
ence (p < 0.001).

For the total study population, the unadjusted HR for
Prognostic Nutritional Index (PNI) was 0.914 (95%
CI: 0.892-0.937; p < 0.001). This indicates that higher PNI
is associated with lower mortality. The adjusted HR for PNI,
which accounts for potential confounding factors such as
age, sex, BMI, and admission type, remained significant at
0.910 (95% CI: 0.887-0.934; p < 0.001). The unadjusted
and adjusted HRs for CRP-to-Albumin Ratio (CAR) were
1.020 (95% CI: 1.013-1.026; p < 0.001) and 1.017 (95%
CI: 1.011-1.024; p < 0.001), respectively, suggesting that
higher CAR is associated with increased mortality. Similarly,
the Neutrophil-to-Lymphocyte Ratio (NLR) showed significant
associations with mortality, with unadjusted and adjusted
HRs of 1.018 (95% CI: 1.008-1.027; p < 0.001) and 1.014
(95% CI: 1.005-1.023; p = 0.002), respectively. In the low
nutrition risk group, all three indicators (PNI, CAR, and NLR)
were significantly associated with mortality both in the un-
adjusted and adjusted models. For example, the unadjusted
HR for PNI was 0.917 (95% CI: 0.892-0.944; p < 0.001) and
the adjusted HR was 0.909 (95% CI: 0.882-0.937;
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p < 0.001). However, in the high nutrition risk group, the as-
sociations were less pronounced. The unadjusted and ad-
justed HRs for PNI were not significant, with values of 0.961
(95% CI: 0.907-1.019; p = 0.188) and 0.978 (95%
CI: 0.948-1.008; p = 0.148), respectively. The unadjusted
and adjusted HRs for CAR were also non-significant, with val-
ues of 0.999 (95% CI: 0.984-1.014; p = 0.880) and 0.997
(95% CI: 0.981-1.014; p = 0.751), respectively. The unad-
justed and adjusted HRs for NLR were similarly non-signifi-
cant, with values of 1.004 (95% CI: 0.992-1.017; p = 0.507)
and 1.005 (95% CI: 0.990-1.020; p = 0.541), respectively.

The predictive factor accuracy of C-reactive protein to albu-
min ratio (CRP/Albumin), neutrophil to lymphocyte ratio
(NLR), and Prognostic Nutritional Index (PNI) was assessed
using Receiver Operating Characteristic (ROC) curve analysis.
Figure 2 depicts the ROC curves for each test variable to pre-
dict mortality. The area under the ROC curve (AUC) for
CRP/Albumin was 0.696, indicating a good diagnostic ability to
differentiate between patient groups. NLR demonstrated a fair
diagnostic performance with an AUC of 0.575. The PNI
showed a poor discriminative ability with an AUC of only 0.325

DISCUSSION

In this observational cohort study, we evaluated the prog-
nostic value of the Neutrophil-to-Lymphocyte Ratio (NLR),
Prognostic Nutritional Index (PNI), and CRP-to-Albumin Ratio
(CAR) in predicting mortality among ICU patients. Our find-
ings indicate that all three indicators significantly predict mor-
tality in this population, particularly among those with low nu-
trition risk. The unadjusted and adjusted hazard ratios for
NLR, PNI, and CAR were all significant in the total population
and among patients with low nutrition risk. However, among
patients with high nutrition risk, the prognostic significance of
these indicators was less pronounced!>17,

In critically ill patients, the intricate interplay between in-
flammation, immune function, and nutritional status plays a
pivotal role in determining clinical outcomes. Elevated NLR
may signify an exaggerated inflammatory response in pa-
tients with low nutrition risk, characterized by an imbalance
between pro-inflammatory neutrophils and anti-inflammatory
lymphocytes, contributing to tissue damage, organ dysfunc-
tion, and increased mortality risk'8-21, Similarly, the CRP-albu-
min ratio reflects the balance between inflammatory markers
and nutritional status. Elevated levels of CRP, indicative of
systemic inflammation, coupled with decreased levels of al-
bumin, suggestive of malnutrition, underscore the multifac-
eted nature of critical illness in these patients?223. These bio-
markers not only reflect the severity of the inflammatory
response but also provide insights into the nutritional ade-
quacy and immune competence of the individual, crucial de-
terminants of clinical outcomes.

The differences in prognostic predictability between pa-
tients with low and high nutrition risk may stem from the un-
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Figure 2. ROC Curve Analysis of CRP/Albumin, NLR, and PNI to Predict Mortality

derlying pathophysiology of critical illness and the dynamic in-
terplay between inflammation, immune function, and nutri-
tional status. Patients with high nutrition risk may exhibit
more profound and persistent inflammation, reflecting a dys-
regulated immune response and systemic inflammatory cas-
cade, potentially overshadowing the effectiveness of tradi-
tional prognostic markers such as NLR, PNI, and CRP-albumin
ratio in predicting mortality risk2+27, Moreover, the impact of
nutritional status on immune function may be more pro-
nounced in patients with high nutrition risk, further compli-
cating the prognostic assessment. Malnutrition-induced im-
mune dysfunction can exacerbate the inflammatory response
and predispose patients to adverse outcomes, making it chal-
lenging to discern the independent prognostic significance of
individual biomarkers28:29,

The demonstrated predictability of NLR, PNI, and CAR as
mortality indicators in ICU patients with low nutritional risk sug-
gests significant clinical implications for monitoring and inter-

vention. The utility of these markers can be extended to devise
personalized treatment strategies, where the inflammation and
nutritional status of each patient are regularly assessed and ad-
dressed. For instance, elevated NLR and CAR values might
prompt immediate anti-inflammatory interventions, while low
PNI could necessitate nutritional support measures. Integrating
these indicators into routine clinical practice could potentially
accelerate decision-making processes, enhance patient moni-
toring, and improve outcomes by enabling more tailored and
timely interventions. Future studies could explore the integra-
tion of these markers into clinical protocols and examine their
impact on the management strategies and recovery rates of
ICU patients30-33,

Our study has several limitations. First, this was an ob-
servational cohort study, which limits our ability to establish
causality between the prognostic indicators and mortality.
Future randomized controlled trials are needed to further in-
vestigate these relationships. Second, our study was con-
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ducted in a single centre hospital, which may limit the gen-
eralizability of our findings to other settings. However, the
large sample size and diverse patient population enhance
the external validity of our results. Third, we used retro-
spective data from medical records, which may be subject to
data quality issues. However, the use of standardized clini-
cal measurements and robust statistical analyses mitigates
this limitation. Finally, while we adjusted for several poten-
tial confounders, residual confounding cannot be ruled out.
Future studies should consider additional confounding fac-
tors, such as comorbidities and treatment interventions, to
further elucidate the relationships between these prognostic
indicators and mortality.

CONCLUSION

Study demonstrates that the Neutrophil-to-Lymphocyte
Ratio, Prognostic Nutritional Index, and CRP-to-Albumin Ratio
are significant predictors of mortality in ICU patients with low
nutrition risk. These indicators provide valuable prognostic in-
formation and underscore the importance of addressing both
inflammation and nutritional status in critically ill patients.
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