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High platelet‑to‑albumin ratio is associated 
with 30‑day mortality in critically ill patients
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Abstract 

Background  The role of inflammation and hypoproteinemia in influencing outcomes of critically ill patients 
has been widely recognized. However, there is a paucity of research on the prognostic value of the platelet-to-albu‑
min ratio (PAR) in critically ill patients. Therefore, the aim of this study is to assess the prognostic significance of PAR 
in this population.

Methods  Patients diagnosed with critical illnesses from January 2020 to October 2022 were retrospectively enrolled 
in our study. Baseline demographic and clinical data were collected for each participant. Platelet counts and albumin 
levels were measured at baseline, and the PAR was calculated. The area under the receiver operating characteristic 
curve, Kaplan–Meier survival analysis, and multivariate Cox regression analysis were used to predict 30-day mortality.

Results  Three hundred and seventy-eight patients diagnosed with critical illness were categorized into two groups: 
survivors (n = 299) and non-survivors (n = 79). Analysis of the 30-day outcome revealed that the area under the curve 
(AUC) for the PAR (AUC: 0.705; 95% CI 0.639–0.771; p < 0.001) was significantly higher than that for albumin (AUC: 
0.673; 95% CI 0.609–0.736; p < 0.001), but slightly lower than that for the APACHE II score (AUC: 0.713; 95% CI 0.650–
0.777; p < 0.001). In addition, the Kaplan–Meier survival analysis demonstrated a significantly higher 30-day mortal‑
ity in the high-PAR group. Furthermore, Cox regression analysis identified albumin (HR: 0.936; 95% CI 0.895–0.978; 
p = 0.003), APACHE II score (HR: 1.225; 95% CI 1.149–1.305; p < 0.001), and high PAR (HR: 1.237; 95% CI 1.130–1.353; 
p < 0.001) as independent risk factors for the prognosis of critically ill patients.

Conclusions  The PAR has emerged as a significant prognostic indicator in critically ill patients, with an elevated ratio 
being associated with poorer clinical outcomes.
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Introduction
Critical illness remains a significant global challenge 
and a major cause of morbidity and mortality, while 
early diagnosis and prompt treatment can substantially 

enhance patient outcomes [1, 2]. Previous studies have 
shown that impaired physiological parameters can be 
reversed with timely interventions within a few days of 
hospital admission [3, 4]. Therefore, early identification 
of stratified high-risk patients can facilitate clinical inter-
ventions and improve patient prognosis.

Platelets (PLT) serve as indicators of the body’s hemo-
static and thrombotic function, as well as its regulation 
of immune inflammation [5, 6]. Albumin is synthesized 
by the liver. Albumin levels in some populations can be 
interpreted as indicators of nutritional status, while albu-
min as an acute response protein also reflects inflam-
mation [7, 8]. Hypoalbuminemia, which is common in 
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critically ill patients, is associated with worse outcomes 
[9, 10]. Recently, the platelet-to-albumin ratio (PAR) 
has emerged as a useful and potential prognostic bio-
marker in several diseases, including cholangiocarci-
noma [11], lung cancer [12], and peritoneal dialysis [13]. 
Prior research has demonstrated that the prognosis of 
critically ill patients is influenced by an excessive host 
inflammatory response and hypoalbuminemia [14, 15]. 
Consequently, we hypothesized that PAR could be used 
as a prognostic indicator in critically ill patients.

To our knowledge, the prognostic significance of the 
association between the PAR and critically ill patients has 
not been previously reported. The aim of this study is to 
determine whether a high PAR is associated with 30-day 
mortality among critically ill patients, and to assess its 
potential as a prognostic indicator.

Methods
Patients
This retrospective cohort study was conducted in a 
24-bed ICU at The Sixth Affiliated Hospital of the School 
of Medicine, South China University of Technology, Fos-
han, China. The study encompassed patients admitted to 
the ICU between January 2020 and October 2022. Criti-
cally ill patients were defined as individuals meeting at 
least two of the four systemic inflammatory response 
syndrome (SIRS) criteria: a heart rate exceeding 90 beats 
per minute, a respiratory rate surpassing 20 breaths per 
minute, a temperature above 38  °C or below 36  °C, and 
a white blood cell (WBC) count either exceeding 12,000 
cells/mm3or falling below 4000 cells/mm3, or alterna-
tively, the presence of more than 10% band cells. Further-
more, patients were also considered critically ill if they 
fulfilled two SIRS criteria and had a lactate level exceed-
ing 4 mmol/L [3]. Diagnoses of critical illness were cat-
egorized according to the International Classification of 
Diseases, 10th Revision (ICD-10). Patients were excluded 
from the study if they were under 18 years of age, had cir-
rhosis, were pregnant, or had a hospital stay of less than 
24 h. The study was approved by the Ethics Committee of 
the Sixth Affiliated Hospital, School of Medicine, South 
China University of Technology (Approval No. 2023236), 
and informed consent was waived due to the retrospec-
tive nature of the study.

Data collection
Data on patient characteristics such as age, sex, underly-
ing diseases, severity of illness as measured by the Acute 
Physiology and Chronic Health Evaluation II (APACHE 
II), mechanical ventilation, primary diagnosis, 30-day 
mortality, and laboratory test results were extracted from 
the hospital’s electronic medical record system.

Laboratory parameters
Blood samples were taken within 24 h of ICU admission. 
Complete blood count was performed using a Sysmex 
XN-9000 hematology analyzer (Sysmex, Kobe, Japan). 
Serum albumin levels were measured using a Beckman 
Coulter AU5800 chemistry analyzer (Beckman Coulter 
Inc., Brea, CA). Laboratory parameters assessed included 
white blood cells, neutrophils, lymphocytes, eosinophils, 
hemoglobin, platelet count and albumin. The platelet-to-
albumin ratio (PAR) was calculated by dividing the abso-
lute platelet count by the serum albumin level.

Sample size calculation
The sample size was determined based on the expected 
30-day mortality rates of 30% in the high PAR group and 
15% in the low PAR group. With a significance level of 5% 
and power of 80%, it was estimated that 236 critically ill 
patients were needed for the study.

Statistical analysis
Normally distributed data were expressed as mean and 
standard deviation (mean ± SD), whereas non-normally 
distributed data were presented as median and interquar-
tile range [M (Q1, Q3)]. The Mann–Whitney U test was 
used to compare continuous variables between the two 
groups. Categorical data were also described as numbers 
and percentages [n (%)], and the chi-squared test was 
used to compare proportions across groups. Receiver 
operating characteristic (ROC) curve analysis was per-
formed to assess the predictive accuracy of the biomark-
ers for mortality. Comparisons of ROC AUC values were 
made using De-Long’s method [16]. Survival curves for 
mortality were estimated and plotted using the Kaplan–
Meier method, and differences were assessed using the 
log-rank test. Cox proportional hazards regression was 
used to identify factors associated with mortality. Data 
processing and analysis were performed using SPSS soft-
ware, version 26.0 (IBM Corp., Armonk, NY, USA).

Results
Patient characteristics
A total of 378 patients were enrolled, including survi-
vor group (n = 299) and non-survivor group (n = 79). 
Baseline data are presented in Table  1. When com-
paring the survivor group to the non-survivor 
group, we observed that the survivor group had 
a higher incidence of chronic obstructive pulmo-
nary disease (7.69% vs. 1.27%; p = 0.037), as well as 
higher leucocyte counts (12.74 × 109/L [interquar-
tile range (IQR) 8.64–17.75 × 109/L] vs. 10.37 × 109/L 
[IQR 6.45–16.19 × 109/L]; p = 0.026) and neutro-
phil counts  (10.48 × 109/L [interquartile range (IQR) 
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6.65–15.49 × 109/L] vs. 8.74 × 109/L [IQR 5.04–
14.22 × 109/L]; p = 0.040). In addition, the median albu-
min level was significantly higher in the survivor group 
(33.42 vs. 27.10  g/L; p < 0.001). In contrast, APACHE 
II score (19.26 ± 4.74 vs. 23.55 ± 5.30; p < 0.001), and 
the median PAR (5.43 vs. 6.79; p < 0.001) in survivor 
group were substantially decreased than in non-survi-
vor group. We thus aimed to investigate the prognostic 
value of PAR.

Predicting outcomes by biomarkers
According to the ROC analysis results for mortality pre-
diction, using De-Long’s method to compare areas under 
the curve (AUC), PAR exhibited an AUC of 0.705, which 
was significantly higher than the AUC for Leucocytes 
(0.581), neutrophils (0.575), and albumin (0.673) alone 
(p < 0.05). Nonetheless, the AUC for PAR was  margin-
ally  lower than that of the APACHE II score, which was 
0.713. The ROC curves for all biomarkers to predict out-
comes are given in Fig. 1 and Table 2.

Survival of patients by PAR level and multivariate Cox 
regression analysis of factors associated with 30‑day 
mortality
To explore whether the level of PAR affected patient out-
come, we used the X-tile to calculate the optimal thresh-
old of PAR. Then patients were divided into the low PAR 
group (PAR < 6.27) and the high PAR group (PAR ≥ 6.27). 
Our findings showed a high PAR group demonstrated 
a significantly higher 30-day mortality in the Kaplan–
Meier survival analyses (Fig. 2). Furthermore, cox regres-
sion analysis revealed that albumin (HR: 0.936; 95% CI 
0.895–0.978; p = 0.003), APACHE II score (HR: 1.225; 
95% CI 1.149–1.305, p < 0.001) and high PAR (HR: 1.237; 
95% CI 1.130–1.353, p < 0.001) were identified as inde-
pendent risk factors for the prognosis of critically ill 
patients (Table 3).

Discussion
The prognosis of critically ill patients was significantly 
influenced by the presence of inflammation and hypo-
proteinemia. In this study, our findings demonstrated 

Table 1  Baseline characteristics by 30-day survival status

Data are expressed as mean ± SD, n (%) or median (IQR), as appropriate; PAR, platelet-to-albumin ratio

Characteristic Survivor group
(n = 299)

Non-survivor group
(n = 79)

p value

Age, years 68 (54,77) 68 (48,76) 0.464

Male (n, %) 203 (67.89) 58 (73.42) 0.345

BMI (kg/m2) 22.51 ± 0.38 23.11 ± 0.43 0.521

APACHE II 19.26 ± 4.74 23.55 ± 5.30  < 0.001

Underlying diseases

 Diabetes mellitus (n, %) 87 (29.10) 30 (37.97) 0.129

 Hypertension (n, %) 135 (45.15) 28 (35.44) 0.121

 Chronic obstructive pulmonary disease (n, %) 23 (7.69) 1 (1.27) 0.037

 Chronic renal insufficiency (n, %) 35 (11.71) 13 (16.46) 0.259

 Chronic cholecystitis (n, %) 14 (4.68) 3 (3.80) 0.974

Admission diagnosis

 Pneumonia (n, %) 63 (21.07) 18 (22.80) 0.731

 Severe burn or trauma (n, %) 43 (14.38) 8 (10.12) 0.330

 Acute myocardial infarction (n, %) 67 (22.41) 22 (27.85) 0.304

 Sepsis (n, %) 65 (21.74) 20 (25.32) 0.498

 Mechanical ventilation (n, %) 176 (58.86) 52 (65.82) 0.261

 Vasoactive drug (n, %) 110 (36.79) 38 (48.10) 0.067

 Leucocytes count (109/L) 12.74 (8.64, 17.75) 10.37 (6.45, 16.19) 0.026

 Neutrophil count (109/L) 10.48 (6.65, 15.49) 8.74 (5.04, 14.22) 0.040

 Lymphocyte count (109/L) 0.92 (0.50, 1.53) 0.78 (0.43, 1.38) 0.335

 Eosinophil count (109/L) 0.01 (0.00, 0.05) 0.01 (0.00, 0.04) 0.392

 Hemoglobin (g/L) 104.83 ± 29.69 98.63 ± 33.14 0.109

 Platelet count (109/L) 194 (114, 244) 191 (126, 258) 0.711

 Albumin (g/L) 33.42 ± 6.57 27.10 ± 6.80  < 0.001

PAR 5.43 (3.62, 7.30) 6.79 (4.71, 10.94)  < 0.001
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that a novel inflammation-based prognostic indicator, the 
PAR, was effective in predicting outcomes. Specifically, 
the high PAR group exhibited significantly higher 30-day 
mortality and served as an independent risk factor for the 
prognosis of critically ill patients.

Albumin, a negative acute-phase immune protein syn-
thesized by the liver, has multiple physiological effects, 
involving regulation of colloid osmotic pressure, binding 
and transportation of various substances (for example, 
drugs, hormones) within the blood, antioxidant proper-
ties, nitric oxide modulation and buffer capabilities [17, 
18]. Previous research has shown a correlation between 

hypoalbuminemia and unfavorable prognosis in criti-
cally ill patients, including those with acute myocardial 
infarction, sepsis, and burns [19–21]. In the present 
study, a significant reduction in serum albumin levels 
was observed in the non-survivor group in compari-
son with the survivor group. Although albumin levels are 
associated with 30-day mortality in critically ill patients, 
the area under the receiver operating characteristic curve 
for albumin is merely 0.673, suggesting a relatively lim-
ited predictive value. This finding may be attributed to 
factors such as inflammation, hypoalbuminemia, and the 
specific disease type that impact albumin levels [22, 23].

Platelets are a crucial component of blood cells, play-
ing a vital role in the coagulation process. Several fac-
tors, such as infection, surgery, trauma, and early tissue 
cell damage, can trigger the direct or indirect activation 
of platelets [24]. Numerous studies have demonstrated 
that platelet count can serve as a sensitive prognostic 
indicator in critically ill patients [25–27]. However, our 
study found no significant difference in platelet count 
between the survivor group and non-survivor group. It 
is hypothesized that fluctuations in platelet count may be 
contributing to this condition. To minimize the impact 
of potential confounding factors, our study evaluated the 
PAR as a novel indicator derived from routine laboratory 
tests, which may offer valuable insights into the progno-
sis of critically ill patients.

Fig. 1  Receiver operating characteristic curve analysis for mortality in patients. PAR, platelet-to-albumin ratio

Table 2  AUC using ROC curve analyses to predict mortality in 
patients

AUC​ area under the curve, CI confidence interval, PAR platelet-to-albumin ratio, 
APACHE II Acute Physiology and Chronic Health Evaluation II, ROC receiver 
operating characteristic

Parameter AUC (95% CI) SE p value

Leucocytes 0.581 (0.508–0.654) 0.037 0.026

Neutrophil 0.575 (0.502–0.649) 0.038 0.040

Platelet 0.516 (0.447–0.586) 0.035 0.658

Albumin 0.673 (0.609–0.736) 0.032  < 0.001

PAR 0.705 (0.639–0.771) 0.034  < 0.001

APACHE II 0.713 (0.650–0.777) 0.032  < 0.001
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In  this study, our findings indicated that the area 
under the curve (AUC) for the PAR was significantly 
higher than that for albumin alone in predicting 30-day 
mortality. However, it was slightly inferior to the AUC 
of the APACHE II score. Moreover, an increased PAR 
was associated with a poorer prognosis in critically 
ill patients. Shirai et al. were the first to report on the 
prognostic significance of PAR in a study involving 107 
patients with post-operative pancreatic ductal carci-
noma, demonstrating that a PAR value greater than 
46.4 was an independent risk factor for patient prog-
nosis [28]. Similarly, Yang et  al. conducted a study 
with 405 peritoneal dialysis patients, followed up for 

24  months, and discovered that a baseline high PAR 
ratio was associated with tube placement failure and 
patient death [13]. In addition, a recent study on criti-
cally ill patients with colorectal cancer showed a higher 
mortality rate at 28  days with a PAR value of 8.6 or 
higher [23]. These findings suggest that PAR can serve 
as an effective prognostic indicator for various diseases. 
However, despite its potential, there is a lack of research 
on PAR in critically ill patients. In the current study, we 
observed a significantly higher PAR value in the non-
survivor group and found that baseline PAR was asso-
ciated with an increased likelihood of mortality within 
30  days among critically ill patients. Furthermore, our 
research encompassed a wide variety of critical ill-
nesses, making the results potentially more applicable 
to the intensive care unit setting. Taken together, our 
research results confirm that baseline high PAR is an 
independent prognostic factor for critically ill patients.

Our study had several limitations. First, as a single-
center retrospective study with a relatively small sample 
size of critically ill patients, it may suffer from selec-
tion bias, thereby limiting the generalizability of our 
findings to other disease populations. Second, despite 
our efforts to account for a wide range of confound-
ing variables, interventions such as continuous renal 
replacement therapy and antibiotic therapy, which are 
known to affect patient mortality, may still influence 
the prognostic significance of PAR. Nevertheless, it is 
important to note that PAR remains a clinically relevant 

Fig. 2  Survival to day 30 by baseline ratio of PAR. PAR, platelet-to-albumin ratio

Table 3  Multivariable Cox regression analysis for 30-day 
mortality

PAR platelet-to-albumin ratio, HR Hazard ratio, CI confidence interval, APACHE II 
Acute Physiology and Chronic Health Evaluation II

Variables HR (95% CI) p value

Leucocytes count (109/L) 0.910 (0.704–1.177) 0.473

Neutrophil count (109/L) 1.049 (0.795–1.384) 0.735

Albumin (g/L) 0.936 (0.895–0.978) 0.003

PAR ≥ 6.27 1.237 (1.130–1.353)  < 0.001

Chronic obstructive pulmonary 
disease

0.185 (0.023–1.481) 0.112

APACHE II 1.225 (1.149–1.305)  < 0.001
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and readily available metric for application in real-
world clinical practice [29–31].

Conclusions
The study demonstrated that the PAR greater than 6.27 
correlates significantly with adverse outcomes among 
critically ill patients. These findings provide a biological 
rationale for interventions aimed at improving the prog-
nosis of patients with critical illnesses.
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