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Abstract: Morbidity and mortality rates in intensive care unit (intensive care unit) reflect the severe
health challenges faced by critically ill patients. Nutritional and immune status, as measured by the
Prognostic Nutritional Index (prognostic nutritional index), are increasingly recognized as important
predictors of intensive care unit outcomes. We aimed to compare prognostic nutritional index levels
of survived and deceased subjects that treated in intensive care unit. This retrospective study
examined the association between prognostic nutritional index and mortality among intensive care
unit patients treated from June 2023 to June 2024. Prognostic nutritional index was calculated using
serum albumin and lymphocyte levels, and patients were categorized into survived and deceased
groups. Statistical analyses, including ROC and logistic regression, were used to evaluate prognostic
nutritional index’s predictive capacity. We revealed that deceased patients had significantly lower
prognostic nutritional index values, lower platelet counts, and higher C-reactive protein (C-reactive
protein) and serum creatinine levels compared to survivors. Prognostic nutritional index was
independently associated with mortality, with each unit decrease increasing mortality risk by 94%.
These findings highlight prognostic nutritional index’s utility as a prognostic tool in intensive care
unit settings, underscoring the need for nutritional assessments and targeted interventions to
improve patient outcomes. Further research with larger cohorts is warranted to validate these
findings and explore causative mechanisms.
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1. Introduction

Morbidity and mortality in intensive care units (intensive care units) are key indicators of patient
outcomes in critical care settings. Intensive care units are specialized hospital departments where
patients with life-threatening conditions receive intensive monitoring and treatment. The complex
nature of illnesses and injuries treated in intensive care units often leads to high risks of both
morbidity (complications and long-term health impacts) and mortality. Patients who require
advanced life support, mechanical ventilation, and continuous care, making them vulnerable to
infections, organ failure, and other complications are treated in intensive care units. Prediction of
mortality and morbidity in intensive care unit population is crucial and several scoring systems have
been developed for this purpose [1]. Moreover, inflammation is a characteristics of intensive care
population and inflammation markers have been found to be associated with mortality in patients
treated in intensive care units [2,3].

Nutrition indexes have been used in determination of poor nutritional status, which is associated
with a higher likelihood of infections, slower wound healing, increased risk of complications, and
prolonged hospital stays [4-6]. The Prognostic Nutritional Index is one of those nutrition indexes and
is a clinical tool used to assess a patient’s nutritional and immunological status, which can help
predict outcomes, particularly in surgical or critically ill patients [7]. It is calculated using serum
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albumin levels and total lymphocyte count, providing a simple yet effective method for evaluating a
patient's overall health and recovery potential. Prognostic nutritional index is often used to estimate
the risk of complications, morbidity, and mortality in patients undergoing surgery, and those with
cancer [8-11]. By identifying at-risk patients early, the prognostic nutritional index helps guide
nutritional interventions and other supportive measures to improve outcomes and reduce
postoperative complications [12]. To the best of our knowledge, prognostic role of prognostic
nutritional index has not been studied in intensive care unit population in Bolu province in Turkey.

In present retrospective analysis, we hypothesized that prognostic nutritional index could be
associated with mortality in patients that treated in intensive care units. Hence the objective of the
present study was to evaluate the prognostic role of prognostic nutritional index in intensive care
unit population by comparing this value between survived and deceased intensive care unit patients.

2. Materials and Methods
Study Population

After obtaining approval from institutional review board (date: 4th of June 2024, approval no:
2024/142) we retrospectively analyzed the patients that treated in intensive care unit of our institution
between June 2023 and June 2024. Patients required treatment in intensive care unit due to infection
or acute complication of a chronic condition (i.e. chronic obstructive pulmonary disease, heart failure,
diabetes mellitus, chronic kidney disease), were enrolled to the study. Subjects that had acute trauma
and those younger than 18 years were excluded. We also excluded subjects that have hematologic
disorders or malignant conditions. Figure 1 shows flow chart of the study.

General characteristics such as age, gender and days in treatment in intensive care unit, and
laboratory data, including leukocyte count (WBC), neutrophil count (neu), lymphocyte count (lym),
monocyte count (mono), hemoglobin (Hb), hematocrit (Htc), red cell distribution width, platelet
count (PLT), platelet distribution width, mean platelet volume, plasma glucose, serum creatinine, C-
reactive protein, serum albumin levels were obtained from patients’ files and institutional database.
Prognostic nutritional index is calculated with the following formula: (10 x serum albumin [g/dL] +
(0.005 x blood lymphocyte count [k/mm3]). The patients discharged from intensive care to the ward
were grouped as survived and the subjects that died in intensive care were grouped as deceased.
Data of the survived and deceased groups were compared.

Statistical Analyses

Statistical analyses were held with statistics software (SPSS 16.0 for Windows, IBM Co. Chicago,
IL, USA). Normality analysis of the study variables was done with Kolmogorov Smirnov test.
Variables that fit into normal distribution were expressed as means + standard deviations and
compared by independent samples t test. Other variables were expressed as medians and
interquartile ranges (IQR) and compared by Mann Whitney U test. Categorical variables were
compared with chi-square test and expressed as numbers and percentages. Pearson correlation test
was used to analyze correlation between study variables. The sensitivity and specificity of the study
variables in determining mortality was analyzed with receiver operative characteristics (ROC)
analysis test. Binary logistic regression analysis was used to reveal whether prognostic nutritional
index was an independent risk factor for mortality (considering also age, mean platelet volume, PLT,
C-reactive protein and serum creatinine). The p values lower than 5% were considered statistically
significant.
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Figure 1. Study flow chart.

3. Results

Three hundred and fifty four subjects were enrolled to the final analyses (142 in survived, 212 in
deceased groups). Median age of the survived and deceased subjects were 68 (27) and 73 (22),
respectively (p<0.001).

Eighty two (58%) of the survived group and 130 (61%) of the deceased group were men. Gender
of the survived and deceased subjects was not statistically different (p=0.50).

There were no significant difference between survived and deceased patients in terms of Hb
(p=0.48), Htc (p=0.56), WBC (p=0.46), neu (p=0.19), mono (p=0.30), red cell distribution width (p=0.40),
platelet distribution width (p=0.09), and plasma glucose (p=0.06) levels. Table 1 summarizes the
general characteristics and laboratory data of the study population.

Table 1. Summary of the general characteristics and laboratory data of the study population.

Survived Group Deceased Group P
Gender Men (n,(%)) 82 (58) 130 (61) 0.50
Women (n,(%)) 60 (42) 82 (39)
Median (IQR)
Age (years) 68 (27) 73 (22) <0.001
Serum albumin (g/dL) 3.2 (0.8) 2.8 (0.7) <0.001
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WBC (k/mm3) 11.5 (8.8) 12.6 (10) 0.46
neu (k/mm?3) 9.5 (8.2) 10.5 (9) 0.19
lym (k/mm3) 1.12 (0.8) 1(0.9) 0.02
mono (k/mm?3) 0.6 (0.4) 0.6 (0.5) 0.30
RDW (%) 17 (4) 16 (4) 0.40
PLT (k/mm3) 217 (115) 199 (157) 0.002
PDW (%) 17 (4) 17 (6) 0.09
MPV (fL) 9(3) 8(2.9) <0.001
PG (mg/dL) 133 (75) 143 (85) 0.06
CRP (mg/L) 49 (82) 112 (102) <0.001
Serum creatinine (mg/dL) 0.9 (0.7) 1.3(1.2) <0.001
Mean + SD
Hb (g/dL) 12+25 13+24 0.48
Htc (%) 36+8 39+7 0.56
PNI (%) 39+75 34+73 <0.001

Median albumin levels of the survived and deceased subjects were 3.2 (0.8) g/dL and 2.8 (0.7)
g/dL, respectively (p<0.001). Median lym levels of survived patients (1.12 [0.8]) were significantly
higher than those of the deceased subjects (1[0.9]), (p=0.02). Survived patients had significantly higher
PLT levels (217 [115] k/mm3) compared to the deceased subjects (199 [157] k/mm3), (p=0.002).
Similarly, mean platelet volume of the survived group (9 [3]fL) was significantly higher than that of
the deceased patients (8 [2.9]fL), (p<0.001). On the other hand, serum C-reactive protein of the
survived group (49 [82] mg/L) was significantly lower than that of the deceased group (112 [102]
mg/L), (p<0.001). Besides, serum creatinine of the survived subjects (0.9 [0.7] mg/dL) was significantly
reduced compared to the serum creatinine of the deceased group (1.3 [1.2] mg/dL), (p<0.001).

Mean prognostic nutritional index of the survived group was 39 + 7.5% while the prognostic
nutritional index of deceased subjects was 34 + 7.3 %. The difference in prognostic nutritional index
between survived and deceased groups was statistically significant (p<0.001).

Correlation analysis revealed that prognostic nutritional index was significantly and positively
correlated with PLT (r=0.15, p=0.005). Moreover, prognostic nutritional index was inversely
correlated with age (r=-0.25, p<0.001), mean platelet volume (r=-0.16, p=0.002), C-reactive protein (r=-
0.21, p<0.001) and serum creatinine (r=-0.14, p=0.01) levels.

The sensitivity and specificity of prognostic nutritional index (when lower than 34.2%) in
detecting mortality were 73% and 56%, respectively (AUC: 0.69, p<0.001, 95% CI: 0.64-0.74). Figure 2
shows the ROC curve of prognostic nutritional index in detecting mortality in the study population.
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Figure 2. ROC curve of prognostic nutritional index in detecting survival of intensive care unit population.

According to the binary logistic regression analysis, prognostic nutritional index was an
independent risk factor of mortality in intensive care unit patients (considering also age, mean
platelet volume, PLT, C-reactive protein and serum creatinine). A unit decrease in prognostic
nutritional index increase the risk of mortality by 94% in patients treated in intensive care unit
(p<0.001, OR: 0.94, 95%ClI: 0.90-0.97).

4, Discussion

The main outcomes of the present work were as follows: (a) prognostic nutritional index was
significantly reduced in deceased patients compared to the survived subjects that managed in
intensive care unit, (b) prognostic nutritional index was significantly correlated with serum
creatinine, C-reactive protein, PLT, mean platelet volume, and age in intensive care population, (c)
prognostic nutritional index had moderate sensitivity and considerable sensitivity in detecting
mortality in intensive care patients, and (d) prognostic nutritional index was an independent risk
factor of mortality in patients treated in intensive care unit.

We also found elevated C-reactive protein levels in deceased patients compared to the survived
individuals. This finding is consistent with literature data. C-reactive protein is an acute-phase
protein produced by the liver in response to inflammation, infection, or tissue damage, making it a
reliable marker for systemic inflammation [13,14]. Elevated C-reactive protein levels in deceased
intensive care unit patients suggest that these individuals experienced more severe inflammatory
responses, potentially driven by infections (such as sepsis), organ dysfunction, or other life-
threatening conditions [3]. In the intensive care unit setting, persistent or excessively high C-reactive
protein levels can indicate a poor prognosis. This is because the inflammatory response, when
uncontrolled, can lead to complications like multi-organ failure, septic shock, or exacerbation of
underlying diseases [15]. Surviving intensive care unit patients typically show a more controlled or
resolving inflammatory response, which aligns with lower C-reactive protein levels and better
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recovery outcomes. Therefore, monitoring C-reactive protein levels can therefore help clinicians
assess the severity of illness, guide therapeutic interventions, and predict patient outcomes.

Another finding of the present work was decreased prognostic nutritional index in deceased
intensive care unit patients compared to those who survived. This finding underscores the
importance of nutritional and immune status in critical care outcomes. Prognostic nutritional index
is calculated by using serum albumin levels and total lymphocyte count. It reflects both a patient’s
nutritional reserves and immune function. A lower prognostic nutritional index in deceased intensive
care unit patients indicates that these individuals were likely in a state of malnutrition and
immunosuppression, both of which can contribute to poorer outcomes [16]. Malnutrition in critically
ill patients compromises the body’s ability to repair tissues, respond to infections, and manage
physiological stress, leading to increased vulnerability to complications like infections, wound
healing delays, and organ failure [17]. A low prognostic nutritional index is also associated with a
weakened immune system, as reflected by a reduced lymphocyte count, making patients more
susceptible to sepsis and other immune-related conditions that can worsen the prognosis [18]. In
contrast, patients with higher prognostic nutritional index values typically have better nutritional
status and more robust immune function, which supports recovery, reduces complications, and
improves survival chances. Accordingly, we reported decreased prognostic nutritional index levels
in deceased intensive care patients compared to the survivors. This finding suggests that early
identification of nutritional deficits and immune dysfunction through prognostic nutritional index
could be key in implementing targeted interventions, such as nutritional support and
immunomodulation, to improve outcomes in intensive care unit patients.

Platelets are essential for blood clotting and play a role in preventing excessive bleeding.
Additionally, they contribute to the body's immune defense and tissue repair. A decrease in platelet
count is a common complication in intensive care unit patients and is often associated with poorer
outcomes [19]. In deceased intensive care unit patients, low platelet counts can be a marker of severe
illness, such as disseminated intravascular coagulation (DIC), sepsis, or multi-organ failure,
conditions that are common in critically ill patients and often precede death. Thrombocytopenia can
result from various causes, including systemic infections, which can trigger the immune system to
overreact, leading to platelet destruction or consumption [20]. Moreover, liver dysfunction, which
often occurs in critically ill patients, impairs platelet production as the liver is crucial for producing
thrombopoietin, a hormone involved in platelet synthesis [21]. In contrast, survivors generally
maintain higher platelet counts, which suggests a better ability to manage bleeding risk and immune
responses, as well as a less severe overall disease course. Monitoring platelet counts in intensive care
unit patients can serve as an important prognostic marker, helping clinicians identify those at higher
risk of complications and death. Numerous works in literature reported that low platelet count
predicted mortality in intensive care unit population [22,23]. In accordance with the literature data,
we found reduced platelet counts in deceased patients compared to the survived subjects.

Present study showed that mean platelet volume is decreased in deceased intensive care unit
patients compared to survivors. mean platelet volume is a measure of the average size of platelets in
the blood, with larger platelets generally being more active and having greater hemostatic potential
[24]. Interestingly, mean platelet volume has been proposed as a marker of inflammation in various
conditions including type 2 DM [25], diabetic nephropathy [26], hypothyroidism [27], infections [28],
vertebral disc disease [29], irritable bowel disease [30], gastrointestinal conditions [31], rheumatoid
arthritis [32], and obesity [33]. All of these conditions are characterized with inflammation as the
deceased subjects in intensive care. Additionally, mean platelet volume is often used as an indirect
marker of platelet production and activity, and changes in mean platelet volume can indicate
alterations in platelet function or bone marrow response. Decreased mean platelet volume in
deceased intensive care unit patients in present study may suggest that these patients had impaired
bone marrow production of platelets or a diminished ability to release larger, more active platelets
into circulation. This could be a consequence of severe systemic conditions such as sepsis, multi-
organ failure, or other critical illnesses that suppress bone marrow activity or lead to increased
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platelet destruction. Another possible explanation could be that mean platelet volume may decrease
due to consumption of larger platelets because of inflammation and remaining smaller platelets in
the circulation [34]. On the other hand, intensive care unit survivors with higher mean platelet
volume levels may have a better capacity for platelet production and function, reflecting more robust
bone marrow activity or a more controlled inflammatory response. Larger platelets are typically more
reactive, which could offer better protection against bleeding and aid in tissue repair and immune
defense. Increased mean platelet volume in survived patients and decreased mean platelet volume
in deceased subjects in present study highlights the importance of monitoring mean platelet volume
as part of a broader assessment of platelet function and overall health status in intensive care unit
patients.

The prognostic nutritional index was correlated with various study variables in the present
report. These correlations may be a consequence of interaction between nutritional status,
inflammation, age, and organ function in critically ill patients. We showed that prognostic nutritional
index was correlated with PLT in the study cohort. This finding suggests that better nutritional and
immune status is associated with higher platelet levels in intensive care unit patients. Platelets play
a crucial role not only in coagulation but also in immune responses and tissue repair [35]. Higher
prognostic nutritional index values reflect better nutritional reserves and immune function, which
may promote more intact bone marrow activity and platelet production. This association implies that
malnourished patients (with lower prognostic nutritional index) might also have lower platelet
counts, which could contribute to an increased risk of poor outcome in the intensive care unit setting.

Present study revealed an inverse correlation between prognostic nutritional index and age of
the patients. That means older intensive care unit patients tend to have lower prognostic nutritional
index values. This is likely due to the fact that aging is often accompanied by sarcopenia, decreased
nutrient intake, and a general decline in immune function [36-38]. Older individuals also have a
higher likelihood of chronic diseases that can affect both nutritional and immune status. The inverse
correlation between age and prognostic nutritional index in the present study warrants necessity for
particular attention to the nutritional needs of older intensive care unit patients, as they may be at
higher risk for malnutrition and related complications.

We also reported an inverse correlation between prognostic nutritional index and C-reactive
protein. The negative correlation between prognostic nutritional index and C-reactive protein
suggests that patients with higher levels of systemic inflammation tend to have lower prognostic
nutritional index values. Inflammation often leads to a catabolic state, where protein breakdown
exceeds synthesis, resulting in malnutrition and a reduction in immune competence [39]. Elevated C-
reactive protein levels reflect a more severe inflammatory response, which can deplete nutritional
reserves and worsen patient outcomes. Inverse correlation between C-reactive protein and prognostic
nutritional index in present work emphasizes the interaction between inflammation and nutrition in
critically ill patients and the importance of managing both aspects to improve patient outcome.

Present study also revealed an inverse correlation between prognostic nutritional index and
serum creatinine levels, which suggests that patients with poorer nutritional status may have
impaired renal function. Elevated serum creatinine is a marker of kidney dysfunction, which can
contribute to malnutrition through fluid imbalances, reduced nutrient absorption, and metabolic
disturbances [40]. For instance, acute kidney injury is common in critically ill patients and can
exacerbate malnutrition by increasing catabolism and reducing dietary intake [41]. The negative
correlation between prognostic nutritional index and serum creatinine, which reported in the present
study, suggests that nutritional support might be required for intensive care unit patients with kidney
dysfunction to improve their prognosis.

The sensitivity and specificity of prognostic nutritional index in detecting mortality in intensive
care unit patients were not low in the present work. A 73% sensitivity and 56% specificity of
prognostic nutritional index was demonstrated in mortality detection. Prognostic nutritional index
can correctly select 73% of patients who died in intensive care unit when it is lower than 34.2%. This
is a moderately high sensitivity, meaning the prognostic nutritional index is relatively effective in
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identifying critically ill patients who are likely to have poor outcomes. Similar reports have been
published in the literature. Wang et al found that prognostic nutritional index had 73% sensitivity
and 53% specificity in detecting survival of the patients with hepatocellular carcinoma [42].
Usefulness of prognostic nutritional index has been shown in another study which reported 60%
sensitivity and 83% specificity of prognostic nutritional index in detecting survival of rectal cancer
patients [43]. In addition, a meta-analysis revealed that prognostic nutritional index had 61%
sensitivity and 60% specificity in detecting mortality of the patients with esophageal cancer [44].
These data suggest that prognostic nutritional index could be useful in detecting mortality of the
conditions characterized with chronic inflammation. The sensitivity and specificity of the prognostic
nutritional index in detecting mortality in present study was comparable to the literature data.

We also demonstrated that prognostic nutritional index was an independent risk factor for
mortality in intensive care unit patients. This finding emphasizes the critical role of nutritional status
in determining patient outcomes in intensive care. The effects of prognostic nutritional index on
survival of the patients in intensive care unit did not rely on the influence of age, mean platelet
volume, PLT, C-reactive protein or serum creatinine. Thus, the argument that prognostic nutritional
index serves as a vital indicator of a patient’s overall health and prognosis in the intensive care unit,
specifically reflecting the nutritional and immune status that can significantly impact recovery and
survival is strengthened. Similar findings has been reported in the literature. Jiang et al reported that
prognostic nutritional index was a risk factor of survival in patients with esophagus cancer with a
1.51 odds ratio [44]. Moreover, hazard ratio of low prognostic nutritional index was 1.3 in survival of
colorectal cancer patients [45]. These data suggest the findings of the present work.

Several limitations may limit he accuracy of our findings in the present study. First, the study
was retrospective, meaning we just found a simple association rather than causal relationship
between prognostic nutritional index and mortality of intensive care unit patients. Second, the study
cohort was relatively small. Third, single center nature of the work may limit globalization of the
study findings. However, present study was important by reporting prognostic nutritional index as
an independent risk factor of mortality in the intensive care unit setting.

5. Conclusions

In conclusion, these findings highlight the critical importance of nutritional assessment in the
intensive care unit and establishes prognostic nutritional index as a valuable prognostic tool. Given
its independent association with mortality risk, physicians should integrate regular prognostic
nutritional index evaluations into their clinical practice to identify at-risk patients early. Thus, timely
nutritional interventions and improvement of the management of critically ill patients ultimately
enhanced patient outcomes and survival rates in the intensive care unit setting could be
implemented.
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Abbreviations

The following abbreviations are used in this manuscript:

WBC White blood cell count
neu Neutrophil count

lym Lymphocyte count

mono Monocyte count

RDW Red cell distribution width
PLT Platelet count

Hb Hemoglobin

Htc Hematocrit

PDW Platelet distribution width
MPV Mean platelet volume

PG Plasma glucose

CRP c-reactive protein

PNI Prognostic nutritional index
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