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Protein to Albumin Ratio, Red Cell Distribution Width, and APACHE
Il Score in Predicting Prognosis and Mortality in Sepsis
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Abstract

Aim: Intensive care unit (ICU) provide critical care and treatment to enhance patient outcomes. There is limited data on new scoring systems
that predict prognosis during sepsis. The study aimed to assess the prognostic value of platelet-to-lymphocyte ratio (PLR), C-reactive protein to
albumin ratio (CAR), red cell distribution width (RDW), acute physiology and chronic health evaluation II (APACHE Il) score, and procalcitonin
(PCT) in sepsis.

Materials and Methods: This retrospective observational study covered patients diagnosed with sepsis who were admitted to the ICU between
January 2018 and April 2023. Clinical data were recorded within 24 hours after ICU admission, including age, sex, comorbidities, APACHE II
score and blood test results.

Results: A total of 446 patients were included. The mortality rate at 28 days was 69.7%. Two hundred and forty-six patients were male (55.2%),
200 were female (44.8%) with a mean age of 72 years. Patients were divided into two groups based on their survival status on the twenty-
eighth day of ICU stay: survivors (Group 1) and non-survivors (Group 2). There were 131 (31.3%) and 311 (69.7%) patients in Group 1 and Group
2, respectively. We did not observe any statistically significant differences in terms of Glasgow Coma scale, APACHE Il score, C-reactive protein,
CAR, PLR and RDW values between groups. PCT was significantly higher in Group 2 compared to Group 1 (p<0.05), and was found to be a
significant predictor of 28-day mortality.

Conclusion: Further studies are needed to determine whether RDW, PLR, and CAR scores can effectively predict prognosis in sepsis.
Keywords: Platelet-to-lymphocyte ratio, C-reactive protein to albumin ratio, red cell distribution width, sepsis

Introduction

Sepsis is a sudden and potentially life-threatening organ
dysfunction that poses significant mortality risks, particularly
when it is combined with shock and multiorgan failure (1). While
the exact mechanisms underlying sepsis remain complex and not
completely understood, the disrupted response of the body to
infection forms its basis (2). Innovative treatment approaches,
as well as timely identification and the utilization of evidence-
based treatment protocols, are possibilities for enhancing the
outcomes of patients affected by sepsis (3). New dependable,
real-time accessible, and practical risk indicators could enhance

the management of septic patients by promptly identifying
high-risk patients and subgroups. This might facilitate prompt
and aggressive treatment, as well as appropriate allocation of
intensive care resources (4).

In recent years, various hemogram-derived indices have been
suggested for screening and predicting the outcomes of sepsis and
bacteremia (5). To enhance screening, assessing these indices in
conjunction with established markers of systemic inflammation,
including C-reactive protein (CRP), leucocytosis and procalcitonin
(PCT), is suggested (6). For better prognostication, these indices
could be used alongside established intensive care unit (ICU)
scoring systems, such as Simplified Acute Physiology score 11 (SAPS
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1), Acute Physiology and Chronic Health Evaluation Il (APACHE
), and Sequential organ failure assessment (SOFA) (2). Platelet-
lymphocyte ratio (PLR), CRP-to-albumin ratio (CAR), and red cell
distribution width (RDW) were selected as biomarkers due to
their emerging role in assessing the prognosis of sepsis. Unlike
traditional markers such as the SOFA score and lactate, which
have been extensively utilized for years, these newer biomarkers
may provide additional insights into systemic inflammation
and immune response dynamics. Their potential to enhance
prognostic accuracy and accessibility in clinical practice makes
them valuable alternatives in sepsis research.

RDW is traditionally used for the differential diagnosis of
anemias. An elevated RDW indicates disrupted erythrocyte
homeostasis and impaired erythropoiesis. Abnormal
metabolic conditions, including inflammation, oxidative stress,
nutritional disorders, and dyslipidemia, have been reported to
be associated with RDW values exceeding the upper limit of
14.5% (7). RDW is a noteworthy predictor of mortality for sepsis
(4,8) in studies examining the relationship between RDW and
sepsis morbidity and mortality. Recently, a meta-analysis on
the prognostic role of RDW in sepsis, indicated that patients
with increased RDW are more likely to have higher mortality

9).

High levels of CRP, triggered by cytokine stimulation under
inflammatory conditions, are linked to poor prognosis and
increased mortality. Similarly, low serum albumin levels
are known to be associated with increased mortality rates.
Likewise, studies examining the CAR in the context of systemic
inflammation have shown that this parameter is a significant
predictor of prognosis in cases of infection and malignancy
(10,11).  Furthermore, numerous studies have highlighted
the prognostic significance of the PLR in assessing systemic
inflammatory responses, showing its ability to represent the
intricate interplay between the immune response, coagulation,
and inflammation (12).

Nevertheless, the limitations of these researches were
geographical and possible publication bias. Hence, more scientific
and multicenter trials on the prognostic role of RDW, CAR, PLR in
sepsis are still needed. Therefore, this study aimed to evaluate
the prognostic value of the RDW, CAR and PLR for predicting the
prognosis and mortality sepsis and the feasibility of using any of
these parameters with the APACHE Il scoring system.

Materials and Methods

Study Design and Setting

This retrospective observational study was performed in the 48-
bed Anesthesiology and Reanimation Intensive Care Unit of the
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Selcuk University Faculty of Medicine. The protocol of this study
was approved by the Clinical Research Ethics Committee of Konya
Selcuk University (decision number: 2023/261, date: 02.06.2023).

Selection of Patients

The study included patients who were diagnosed with sepsis
and admitted to the ICU between January 2018 and April 2023.
Sepsis and septic shock patients were grouped within the same
cohort. Patients aged <18 vyears, pregnant or breastfeeding
patients, patients admitted with hematological disorders or
active bleeding, or who had received blood and blood products
during hospitalization before admission to the ICU or within
the first three days of admission to the ICU, and had a length
of stay of less than 24 hours were excluded from the study. The
RDW, PLR, CAR values, and APACHE Il scores at ICU admission
were recorded. Patients were divided into two groups on the
basis of their survival status on the twenty-eighth day of ICU
stay: survivors (Group 1) and non-survivors (Group 2). These two
groups were comparatively analyzed for factors contributing to
differences.

Measurements

Clinical data including age, sex, comorbidities (diabetes mellitus,
hypertension, history of cardiac disease, malignancy, chronic
obstructive pulmonary disease, chronic renal failure), and
clinical outcomes, including in-hospital mortality status and ICU
length of stay, were recorded. Laboratory parameters: platelets,
neutrophils, lymphocytes, urea, creatinine, CRP, albumin, pH,
lactate, PCT, RDW levels, Glasgow Coma scores, APACHE Il scores,
CAR, PLR were recorded within 24 hours after ICU admission.

Outcome

To determine the relationship between RDW, PLR, CAR, PCT
values, APACHE Il scores, and sepsis prognosis, the outcome was
considered.

Statistical Analysis

All the statistical analyses were performed using the R statistical
language, version 4.2.1 (www.r-project.org). To check the
normality of the data, Shapiro-Wilk tests and Q-Q plots were
used. The Levene test was used to assess the homogeneity of
the variances. Numerical variables are presented as the mean £
standard deviation, medians with ranges (minimum-maximum),
or medians with interquartile ranges (IQRs, 1 quartile-3"
quartile), as appropriate. Categorical variables are also described
as counts (n) and percentages (%). The demographic and clinical
characteristics of the survivors and non-survivors are compared
via the Mann-Whitney U test, Student’s t-test or Welch’s t-test
for numerical variables, and the Pearson chi-square test or
chi-square test with Yates continuity correction for categorical
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variables. Two-tailed p-values <0.05 were considered statistically
significant.

Results

Of the 649 patients in the study, 21 patients with hematological
malignancies, 104 patients who did not survive in the first 24
hours, and 78 patients who received blood or blood products
in the first 3 days were excluded from the study. Therefore, the
study group consisted of 446 subjects aged between 18-99 years
who were followed up in the ICU due to sepsis. With a mean
age of 72 years, A total of 246 patients were male (55.2%), and
200 were female (44.8%). There were 131 (31.3%) and 311 (69.7%)
patients in Group 1 and Group 2, respectively. There were no
significant differences in baseline characteristics such as age, sex,
or underlying disease between Group 1 and Group 2 (Table 1).

The mean overall APACHE Il score and Glasgow Coma score were
25.51+8.28 and 7.75x4.42, respectively, and there were no
significant differences between the groups. The 28-day mortality
rate was 69.7% (n=311). Among the laboratory findings, the
serum urea [64 (IQR: 43-106 vs. 82 IQR: 48.5-116, p=0.011)]
and creatinine [1.12 (IQR: 0.69-1.98)] vs. 1.33 [(IQR: 0.86-2.44),
p=0.033] levels were lower in non-survivors than in survivors,
whereas the platelet counts [(239 IQR: 165-326.5 vs. 209 IQR: 141-
294.5, p=0.044)] were significantly higher in non-survivors than
in survivors. CAR and PLR levels were similar between survivors
and non-survivors. We also did not observe any statistically
significant differences in CRP, albumin, lymphocyte, pH, lactate,
or RDW values between the survivors and the non-survivors. The
median length of ICU stay was 12 days (range: 2-140 days) for
survivors and was 15 days (range: 2-450 days) for non-survivors;
however, this difference was not statistically significant.

Discussion

The 28-day mortality rate in our study was 69.7%. This value is
slightly higher than that reported in the literature. This difference
occurred because our study included patients from a tertiary ICU.

In this retrospective study conducted at a single center, we
aimed to assess the clinical utility of the PLR, CAR, and RDW in
critically ill sepsis patients. Our findings indicated that these
parameters were ineffective in predicting early mortality in this
context. Although the PLR, CAR, and RDW proved impractical for
prognostication, we found that PCT could serve as a valuable
supplement to CRP or the APACHE Il score in predicting mortality
in sepsis patients.

Sepsis is defined by an abnormal host response to infection,
leading to changes in the hemostatic system that affect the
quantity and function of white and red blood cells, as well as

platelets (2). Numerous studies have identified PLR as a novel
inflammatory indicator in various disorders, including cancers,
atherosclerosis, and acute kidney injury (13-16). In contrast, a
study conducted in Turkiye in 2016 reported no significant
difference in the PLR between patients with sepsis and those
with septic shock (17). Similarly, in our study, the PLR was not
significantly correlated with sepsis prognosis. This finding may
be explained by several factors. First, the PLR might not be
significant because it was monitored only in the first 24 hours
and was not checked later. Second, we categorized patients
with sepsis without distinguishing between sepsis and septic
shock. If we had reassessed them later and evaluated the PLR
after diagnosing septic shock or sepsis, we might have found a
significant difference between the groups, which were defined as
survivors (Group 1) and non-survivors (Group 2).

Several studies have demonstrated a relationship between
CAR, prognosis, and mortality in ICU patients (18-22). Park
et al. (18) reported that CAR levels within the first 24 hours of
ICU admission were significantly linked to 28-day mortality. An
association between higher CAR levels and increased 30-day
mortality was reported by Oh et al. (19). Similarly, Kim et al. (20)
identified the CAR for 180-day mortality in patients with sepsis
and septic shock as an independent risk factor. In a Turkish
study, the CAR and neutrophil-to-lymphocyte ratio values were
found to be associated with 90-day mortality in ICU patients
with acute ischemia (21). Bender et al. (22) also reported a
relationship between CAR values and mortality in patients with
acute intracranial hemorrhage. In contrast, our study revealed
no correlation between CAR values and 28-day ICU mortality.
Although elevated CAR levels indicate increased inflammation
and protein loss, the literature suggests that the CAR can be a
prognostic factor for mortality even in non-infected patients.
However, our results do not support this finding. The lack of
correlation in our study could be due to the small sample size
of ICU patients. Additionally, the sensitivity and specificity for
predicting 28-day mortality were inadequate. Ranzani et al. (23)
reported that the CAR at discharge was associated with 90-day
mortality. Had we conducted our study on the basis of 90-day
mortality, we might have obtained significant results.

The potential pathophysiological mechanisms of the close
association between RDW and mortality in septic patients are not
the focus of this study. Thus, we can only speculate about them
on the basis of literature (24). RDW is an indicator of anisocytosis
and therefore shows variability in erythrocyte volume (24).
A study by Cheng et al. (25) revealed that RDW was associated
with increasing age. Dankl et al. (4) reported that, septic
patients with elevated RDW appeared to be older. However, the
relationship between RDW and mortality persisted regardless of
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Table 1. Demographic and clinical characteristics of the study groups

81‘/;;:'6') (S::;l;/g)rs (I\:loznsﬁ;'vwors p value
Demographical characteristics
Age (years) 72 [18-99] 73 [18-97] 71[18-99] 0.5381
sex (W) 200 (445 B0 142 457 05992
Comorbidities
Hypertension 142 (31.8) 43 (31.9) 99 (31.8) 0.9972
Diabetes mellitus 102 (22.9) 27 (20) 75 (24.1) 0.3422
Chronic obstructive pulmonary disease 79 (17.7) 25(18.5) 54 (17.4) 0.8743
Coronary artery disease 120 (26.9) 35(25.9) 85(27.3) 0.7592
Chronic renal failure 42 (9.4) 10 (7.4) 32(10.3) 0.4353
Malignancy 117 (26.2) 41 (30.4) 76 (24.4) 0.1912
Disease severity scores
APACHE 11 25.51£8.28 26.11£7.90 25.2518.44 0.3164
GCS 7.7514.42 7.30+4.33 7.9414.45 0.1564
Laboratory parameters
Urea 68 (44-110) 82 (48.5-116) 64 (43-106) 0.0111
Creatinine 1.19(0.75-2.08) 1.33(0.86-2.44) 1.12(0.69-1.98) 0.0331
CRP 104 (39.35-190.75) 114 (40.95-214.5) 98.3 (37.95-185.5) 0.1441
Albumin 2.68£0.69 2.6520.69 2.70£0.69 0.4334
Platelets 228 (156-319) 209 (141-294.5) 239 (165-326.5) 0.0441
Lymphocyte 1.00 (0.60-1.60) 0.90 (0.50-1.58) 1.00 (0.60-1.60) 0.1051
pH 7.38(7.31-7.44) 7.38 (7.30-7.44) 7.38 (7.31-7.44) 0.7961
Lactate 2.40 (1.70-3.80) 2.60 (1.85-3.95) 2.40 (1.60-3.80) 0.1031
Procalcitonin 278 (62.3) 95 (70.4) 183 (58.8) 0.0212
RDW 16.60 (15-18.67) 16.70 (15.10-19.05) 16.50 (15-18.60) 0.5511
CAR 42.79 (13.13-75.56) 50.45 (13.82-84.62) 39.05 (12.12-73.38) 0.1251
PLR 221.04 (125.85-379.50) 236 (124.74-352.85) 212.5(130.33-388.77) 0.9521
The length of ICU stays (days) 13 [2-450] 12 [2-140] 15 [2-450] 0.1451
1 Mann-Whitney U test, 2 Pearson chi-square test, 3 chi-square test with Yates continuity correction, 4 student’s t-test, 5 Welch’s t-test. Data were expressed as mean * standard
deviation, median with ranges [minimum-maximum] or median with quartiles (1% quartile-3" quartile), as appropriate.
APACHE 11: Acute Physiology And Chronic Health Evaluation Il, GCS: Glasgow Coma Score, CRP: C-reactive protein, RDW: Red cell distribution width, CAR: C-reactive protein to
albumin ratio, PLR: Platelet-to-lymphocyte ratio, ICU: Intensive care unit

age. Notably, Fontana et al. (26) studied 122 septic patients and
reported no correlation between RDW and sepsis prognosis or
microcirculatory alterations. In our study, increased RDW were
not a predictor of poor outcomes among septic patients. Ju et al.
(27) reported that despite a single measurement at admission,
serial RDW measurements on the first, fourth, and seventh days,
and a continuing increase in RDW values are more effective in
the prediction of mortality in aged patients with septic shock.
We conducted this study on the basis of single RDW levels at ICU
admission, and we might have found a significant difference
between the groups if we measured RDW values more than
once. Another explanation could be related to patient selection;
previous studies usually included consecutive patients admitted
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for different reasons to the ICU, whereas we considered only
septic patients.

PCT is the inactive propeptide of calcitonin, released by C cells of
the thyroid gland, hepatocytes, and peripheral monocytes. While
PCT demonstrates greater specificity for bacterial infections
compared to CRP and other conventional markers, its levels
may also be elevated in non-infectious conditions (28). Lee et al.
(28) studied presepsin, PCT, and CRP prognostic value in sepsis
and found that the prognostic value of presepsin was superior
to that of PCT and CRP in patients with sepsis and septic shock.
According to Kim et al. (29), PCT appears to have a limited capacity
to predict sepsis-related mortality. For diagnosing bloodstream
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infections and bacteremia, studies have shown that PCT has a
high diagnostic performance (30-32). PCT has been proven more
effective than white blood cell and CRP for distinguishing blood
contamination from true bloodstream infection in patients with
coagulase-negative staphylococci growth in their blood cultures
(30). Additionally, two other studies examined the use of PCT
to predict bacteremia in patients with community-acquired
pneumonia and urinary tract infections (31, 32).

The diagnostic value of CRP and PCT has been evaluated in
multiple registries which have yielded results varying. Silvestre
et al. (33) investigated the diagnostic and prognostic roles of CRP
in a prospective registry involving 158 patients with sepsis and
septic shock. Their investigation revealed no association between
CRP concentrations on day 1 and sepsis severity. Additionally,
higher CRP levels are not associated with ICU mortality (33).
In a prospective study of 349 patients, PCT proved to be more
effective than CRP in diagnosing septic shock (34). However,
neither PCT nor CRP appeared to have a high predictive value for
30-day all-cause mortality in sepsis and septic shock patients (34).
The current study confirms that CRP levels have no prognostic
significance in patients with sepsis or septic shock, which is in
line with the studies mentioned above. In contrast to CRP, we
found that the situation was different for PCT, which is a highly
sensitive (p<0.05) parameter for predicting 28-day mortality
from sepsis, in the ICU. Schupp et al. (34) investigated PCT from
diagnostic and prognostic points of view in sepsis and reported
that PCT has poor predictive value for both aspects. The reasons
for these different results can be categorized under two different
headings. One is that their study was planned prospectively,
and ours was retrospectively. Another observation is that they
measured PCT values on different days from ICU admission until
the tenth day in the ICU, and they observed that the PCT values
decreased even if the sepsis persisted. We measured PCT once at
the time of ICU admission. A new study can be planned to include
repeated recordings instead of single time-point measurements.

Study Limitations

The potential limitations of our study should be taken into
account. First, it had a retrospective design. Second, we did not
consider the origin of sepsis. Additionally, we had no data on
bacterial cultures, including the rate of positive cultures for each
patient and the most common bacteria along with their resistance
status. This requires further clarification in future research.
Third, there could be bias regarding the influence of multimodal
personalized treatment, which comprises antibiotics, adjuvant
therapy and source control techniques. The lack of association
between the outcome measures and the results may be because
the results were dependent on the type of treatment. The final
limitation is the number of measurements. This measurement

plan may influence our results, as we relied on single-time point
measurements rather than multiple time points.

Conclusion

On the basis of the findings of this negative study, we may
infer that an elevated PCT could be useful for predicting 28-day
mortality in sepsis patients. However, the CAR, PLR, and RDW are
not associated with mortality in this specific clinical setting, even
when evaluated alongside the APACHE Il score.
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