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Introduction

Severe community-acquired pneumonia (sCAP) is caused by 
the aggravation of lung tissue inflammation and it is associated 
with high morbidity and mortality. The mortality in hospitalized 
sCAP patients ranges from 25% to 50% (1,2). Despite recent 
advance in antibiotic treatment of CAP, the mortality remains 
high, and which adds heavy burden to the health care system 

(3-5). Disease severity assessment and early diagnosis of CAP 
may improve the prognosis, and reduce the cost of medical care. 
Many clinicians pay attention to the assessment of the severity 
of CAP. Until now, several scoring systems have been developed 
to predict prognosis. For example, the pneumonia severity 
index (PSI), the CURB-65, new sepsis definition (sepsis-3), the 
national early warning score (NEWS), EXPANDED curb-
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65 and Expanded A-DROP Score (6-11). However, most of 
them are limited in emergencies department (ED). Among 
these scoring systems, the CURB-65 score is a relatively simple 
assessment tool that focuses on only five factors that associated 
with mortality, therefore we selected CURB-65 score as the 
criterion in this study.

Several risk factors have been studied alone or in 
combination with illness severity scores in attempting to 
predict the mortality of community-acquired pneumonia. 
Among these risk factors, serum albumin (ALB) and 
red cell distribution width (RDW) are commonly used 
laboratory parameters in hospitalized patients. Serum ALB 
is a routine marker which reflects both nutritional status 
and systemic inflammation. Recently, it has been showed 
that low serum ALB level is associated with mortality of 
community-acquired pneumonia (12-17). RDW measures 
the size variability of erythrocytes, and it is widely used 
in the diagnosis of anemia. Many studies reported that high 
RDW level is associated with poor short-term and long-term 
prognosis of CAP patients (18-22). However, little is known 
about the association of ALB and RDW in 90-day mortality 
of sCAP patients. The ALB-RDW score consists of the serum 
ALB and RDW that can reflect inflammatory conditions. In 
this study we evaluated the correlation between ALB-RDW 
score and 90-day mortality of sCAP patients.

Methods 

Patients

Patients admitted to the emergency medical ward and 
emergency intensive care unit of Renji Hospital, School 
of Medicine, Shanghai Jiaotong University (Shanghai, 
China) due to sCAP between January 1, 2014 and June 30, 
2019 were retrospectively enrolled in the study. Data of 
patient characteristics and laboratory data were collected 
in a web-based electronic medical recording system during 
hospitalization. Those who were transferred to other 
hospitals or automatically signed out of the hospital before 
treatment completed were excluded. Patient information 
and their medical insurance numbers were maintained 
encrypted. The study was approved by the Ethics 
Committee of Renji Hospital [No. 2016-080k(b)].

Definitions

According to the 2007 Infectious Diseases Society 
of America/American Thoracic Society (IDSA/ATS) 
guidelines (23), sCAP was defined as the presence of two 

major criteria (receipt of invasive mechanical ventilation and 
septic shock with the need for vasopressors), or presence 
of three minor criteria (respiratory rate ≥30 breaths/min, 
PaO2/FiO2 ≤250 mmHg, multilobar infiltrates, confusion 
and/or disorientation), uremia [blood urea nitrogen (BUN) 
level ≥20 mg/dL], leucopenia [white blood cell (WBC) 
count <4×109 cells/L], thrombocytopenia (platelet count 
<100×109 platelets/L), hypothermia (core temperature  
≤36 ℃), hypotension [systolic blood pressure (SBP)  
≤90 mmHg; requiring aggressive fluid resuscitation]. 
CURB-65 score (a severity score based on mental confusion, 
BUN levels ≥20 mg/dL, respiratory rate ≥30/min, SBP  
<90 mmHg or diastolic blood pressure ≤60 mmHg and age 
≥65 years) was used to assess the severity of pneumonia. 
The primary endpoint was 90-day mortality in our study.

Data compilation

Age, sex, co-morbidity (diabetes mellitus, hepatopathy, 
chronic kidney disease, chronic obstructive pulmonary 
disease, coronary artery disease), smoking, mental confusion ,  
invasive ventilation, septic shock, white cell counts, 
neutrophil counts, lymphocyte counts, platelet counts, 
RDW, hemoglobin level, ALB level, lactic acid level  
et al. were collected by electronic medical record system. 
ALB-RDW score was calculated according to the receiver 
operating characteristic (ROC) curve.

Statistical analysis

Normally distributed continuous variables were compared 
by Student’s t-test and presented as mean ± standard 
deviation. Nonnormally distributed continuous variables 
were expressed as median (interquartile range) and 
compared by Mann-Whitney U test. Categorical variables 
were expressed as absolute numbers and relative frequencies 
and compared using the Chi-square test. Forward logistic 
regression was applied to determine the association between 
various hematological indices and 90-day mortality, while 
controlling for potential confounding. ROC curves were 
constructed to evaluate the prediction ability of ALB-RDW 
and CURB-65 score in 90-day mortality. All tests were 
two-tailed and significance was set at 0.05. All statistical 
procedures were performed with SPSS 22.0.

Results

A total of 179 patients were enrolled in this study. Baseline 
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characteristics including co-morbidity and laboratory 
data were listed in Table 1. The overall median age was  
65 years (53–79 years). The median age of non-survivors was  
76 years (62–82 years), which is much higher than 63 years 
(51–71 years) of survivors (P<0.001). Invasive ventilation 
and septic shock were more common in the non-survivors 

(P<0.05). There was no difference in sex smoking and co-
morbidity between them.

Inflammatory factors, hemoglobin, ALB and lactic 
acid were associated with mortality of patients that suffer 
from inflammatory diseases (24-26). We found that ALB 
(26.52±4.99 vs. 30.01±4.78 g/L, P<0.001) and hemoglobin 

Table 1 Baseline characteristics

Characteristics Overall (N=179) Survivors (N=106) Non-survivors (N=73) P 

Age (years) 65.00 (53.00–79.00) 63.00 (51.00–71.00) 76.00 (62.00–82.00) <0.001

Male gender, n (%) 119 (66.5) 68 (64.2) 51 (69.9) 0.52

Smoking, n (%) 58 (32.4) 34 (32.1) 24 (32.9) 1

Invasive ventilation, n (%) 32 (17.9) 8 (7.5) 24 (32.9) <0.001

Septic shock, n (%) 21 (11.7) 7 (6.6) 14 (19.2) 0.017

Co-morbidity, n (%)

DM 33 (18.4) 24 (22.6) 9 (12.3) 0.116

Hepatopathy 15 (8.4) 12 (11.3) 3 (4.1) 0.105

CKD 12 (6.7) 4 (3.8) 8 (11.0) 0.072

CAD 15 (8.4) 8 (7.5) 7 (9.6) 0.785

COPD 14 (7.8) 5 (4.7) 9 (12.3) 0.088

Laboratory data

WBC (×109/L)  9.36 (6.06–13.93) 8.12 (4.81–12.63) 10.70 (6.73–17.82) 0.001

Neutrophil (×109/L) 7.86 (4.83–12.26) 6.69 (4.16–10.92) 9.76 (6.17–16.45) <0.001

Lymphocyte (×109/L) 0.73 (0.49–1.07) 0.77 (0.53–1.12) 0.68 (0.45–1.03) 0.143

Platelet (×109/L) 188 (124.00–264.00) 194 (127.00–282.50) 187 (124.00–235.00) 0.277

RDW (%) 13.50 (12.80–14.70) 13.10 (12.60–13.85) 14.00 (13.20–15.40) <0.001

CRP (mg/L) 116.00 (40.30–173.81) 122.09 (50.05–171.74) 116.00 (37.05–182.00) 0.908

D-dimer (μg/mL) 1.20 (0.68–2.62) 1.04 (0.67–2.45) 2.00 (0.85–3.93) 0.007

Lactate (mmol/L) 1.90 (1.20–2.40) 1.60 (1.10–2.35) 1.90 (1.40–2.40) 0.204

Creatinine (μmol/L) 72.00 (56.70–104.00) 64.00 (52.50–78.35) 81.00 (61.00–137.00) <0.001

GPT (U/L) 27.00 (16.00–49.00) 34.00 (18.30–58.30) 21.00 (12.00–36.00) 0.01

LDH (U/L) 320 (212.75–538.50) 270 (191.50–476.00) 393 (269.00–540.00) 0.003

ALB (g/L), mean ± SD 28.70±5.38 30.01±4.78 26.52±4.99 <0.001

HB (g/L), mean ± SD 113.30±24.39 118.60±20.74 107.51±25.72 <0.001

CURB-65 2 [1–2] 1 [0–2] 2 [2–3] <0.001

ALB-RDW score (0/1/2) 87/67/25 70/31/5 17/36/20 <0.001

Data are presented as n (%) or median (interquartile range), unless otherwise indicated. DM, diabetes mellitus; CKD, chronic kidney 
disease; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; WBC, white blood cell; RDW, red cell distribution 
width; CRP, C-reactive protein; GPT, glutamic-pyruvic transaminase; LDH, lactic dehydrogenase; ALB, albumin; HB, hemoglobin; ALB-
RDW score, albumin-red cell distribution width score.
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level (107.51±25.72 vs. 118.60±20.74 g/L, P<0.001) are 
lower in non-survivors than that of the survivors. White 
cells, Neutrophil, D-dimer, serum creatinine, lactic 
dehydrogenase and RDW were higher in non-survivors 
than these in survivors. There was no statistically significant 
difference in lymphocyte counts, platelet counts, C-reactive 
protein (CRP) and lactate between them. According to the 
ROC curve, the cutoff values of serum ALB and RDW 
were set at 27.75 g/L and 14.75%, respectively. The ALB-
RDW score was classified into three groups based on each 
cutoff value of serum ALB and RDW. Patients with both 
hypoalbuminemia (≤27.75 g/L) and high RDW (>14.75%) 
was defined as score 2. Patients with either of two 
abnormities was defined as score 1, patients with neither 
hypoalbuminemia nor high RDW was defined as score 0. 
Seventeen (23.3%), 36 (49.3%), 20 (27.4%) of non-survivors 
had an ALB-RDW score of 0, 1, and 2, respectively, based 
on the system of ALB-RDW score. Seventy (66.0%) of 
survivors had an ALB-RDW score of 0, and 31 (29.2%) of 
them had an ALB-RDW score of 1, 5 (4.7%) of them had 
an ALB-RDW score of 2. ALB-RDW score was higher in 
non-survivors compared with survivors (P<0.001).

The results of the multivariate analysis were listed 
in Table 2. The results showed that ALB-RDW score 

[odds ratio (OR) =0.299, 95% confidence interval (CI): 
0.107–0.836], age (OR =0.943, 95% CI: 0.911–0.977), 
invasive ventilation (OR =5.719, 95% CI: 1.796–18.209), 
serum creatinine (OR =0.993, 95% CI: 0.987–0.999) were 
independent risk factors of 90-day mortality. We further 
calculated the area under the curves (AUCs) of CURB-65 
score, ALB-RDW score and the combination of CURB-
65 and ALB-RDW score. As shown in Figure 1, the AUC 
of ALB-RDW score was 0.742 (95% CI: 0.667–0.817), 
which was higher than CURB-65 score 0.725 (95% CI: 
0.651–0.798). When ALB-RDW score was combined with 
CURB-65, the AUC value was increased to 0.798 (95% CI: 
0.733–0.862), which was higher than either CURB-65 score 
or ALB-RDW score alone (P<0.05).

Discussion

In this study, by analysis of 179 sCAP patients, we found 
that non-survivors were relatively older. They had higher 
value in total WBC count, neutrophil count, serum 
creatinine, lactic dehydrogenase, RDW, D-dimer, and 
they had lower level of ALB and hemoglobin. While the 
survivors had lower invasive ventilation, septic shock, 
CURB-65 score and ALB-RDW score. Multivariate 

Table 2 Multivariate regression results of 90-day mortality for sCAP

Risk factors OR
95% CI

P
Lower Upper

Age (years) 0.943 0.911 0.977 0.001

Invasive ventilation  5.719 1.796 18.209 0.003

Septic shock 1.847 0.491 6.955 0.364

WBC (×109/L) 1.081 0.775 1.507 0.646

Neutrophil (×109/L) 0.859 0.599 1.233 0.411

D-dimer (μg/mL) 0.891 0.778 1.021 0.098

Creatinine (μmol/L) 0.993 0.987 0.999 0.031

LDH (U/L) 0.999 0.998 1.001 0.239

HB (g/L) 1.010 0.990 1.030 0.342

RDW (%) 1.076 0.843 1.373 0.554

ALB (g/L) 0.976 0.87 1.093 0.670

ALB-RDW score (0/1/2) 0.299 0.107 0.836 0.021

CURB-65 1.349 0.816 2.232 0.243

sCAP, severe community-acquired pneumonia; OR odds ratio; CI confidence interval; LDH, lactic dehydrogenase; HB, hemoglobin; RDW, 
red cell distribution width; ALB albumin; ALB-RDW score, albumin-red cell distribution width score.
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analysis showed that high age, serum creatinine, invasive 
ventilation and ALB-RDW score were independently 
associated with 90-day mortality in hospitalized sCAP 
patients. In addition, we demonstrated that ALB-RDW 
combined with CURB-65 were strongly associated with  
90-day mortality, the association was stronger than CURB-
65 alone or ALB-RDW alone.

ALB is a medium size molecule that is synthesized 
in the liver, it plays an important role in inflammatory 
response and oxidative stress. It has been showed that 
ALB is a prognostic marker and associated with mortality 
of CAP patients (12-17). A prospective study from 1995 
to 2011 in Barcelona showed that hypoalbuminemia  
(<30 g/L) significantly increased the ability of prediction 
of CURB-65/PSI scores in CAP patients (12). In 2015, 
Lee et al. determined that ALB <33 g/L was a risk factor of  
30-day mortality of CAP patients especially when combined 
with PSI (13). In addition, a retrospective study about 797 
CAP patients in 2016 suggested that ALB level was a risk 
factors of 30-day mortality of CAP patients, the correlation 
was even stronger when combined with CURB-65 or  
PSI (14). Holter and colleague found that low serum ALB 
level was an independent risk factor of CAP caused death, 
the death risk increases by 25% for each 5 g/L decrease 
in the patients’ serum ALB level (15). A study about 1,834 

CAP patients at Kurashili Central Hospital reported that 
low ALB level was correlated with a worse prognosis (16). 
Another study (17) revealed that ALB, compared with PSI, 
was stronger risk factor of 30-day mortality of patients with 
pneumonia occurring outside hospital. In our study, ALB 
was selected as one of the scoring criteria and the cutoff 
value of ALB was 27.75 g/L. However, the mechanisms 
underlying the hypoalbuminemia and the mortality of CAP 
are unclear. May be factors that could affect ALB synthesis, 
distribution, or both of them need to be considered.

RDW is a clinical index that is routinely examined as part 
of the complete blood count. Many studies have revealed 
that RDW is a risk factor of mortality in some conditions. 
In our study, the cutoff value of RDW is 14.75% that is 
similar to other previous studies. A study of Braun et al. (18) 
about young hospitalized CAP patients showed that RDW 
(>14.5%) was an independent risk factor of 90-day mortality. 
The study by Lee et al. in 2013 showed that RDW (>15.2%) 
was associated with 30-day mortality and improved the 
prognostic performance of PSI and CURB-65 (19). In 
another study of community-acquired pneumonia in elderly 
people, RDW (>15%) as a prognostic marker was unrelated 
with WBC count or hemoglobin levels and associated with 
90-day mortality (20). Moreover, according to a long-term 
study in 2015 (21) showed that RDW (>14%) improved the 
accuracy of PSI and CURB-65 at 2 and 3 years, significantly 
increasing their ROC curves. A study about adult CAP 
patients from 2006 to 2012 revealed that high RDW (>15%) 
was associated with increased risk of 30-day mortality (22). 
Although it is not known about the mechanisms behind 
that how RDW is associated with the prognosis of diseases, 
systemic inflammation and oxidative stress have been 
suggested to be involved in (27). 

ALB-RDW score is based on ALB and RDW that are 
not one of the values used to calculate the CURB-65. ALB 
and RDW can be obtained from blood routine examination 
and easy to be used without any further calculation needed. 
It does not add any further financial burden to the patients 
as well. According to our results, ALB-RDW score is 
associated with the prognosis of sCAP. In addition, when 
combined with CURB-65 score, the ability of predict the 
prognosis of sCAP is even stronger.

The present study had some limitations. First, this study 
was a retrospective study conducted in a single institution 
and some patients with sCAP were not contained because 
they admitted in other departments in our hospital or 
remained in the emergency observation room thus selection 

Figure 1 The areas under the curves (AUC) of ALB-RDW score, 
CURB-65 score, and CURB-65 combined with ALB-RDW score. 
ALB-RDW score, albumin-red cell distribution width score.

Variables AUC (95%CI) P

ALB-RDW+CURB-65 0.798 (0.733-0.862)

CURB-65 0.725 (0.651-0.798) 0.012

ALB+RDW 0.742 (0.667-0.817) 0.002
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bias could not be avoided. Second, our research did not 
contain other inflammatory markers, such as erythrocyte 
sedimentation rate (ESR), procalcitonin and so on. 

In conclusions, we demonstrated that ALB-RDW score 
was strongly associated with the prognosis of hospitalized 
sCAP patients especially when combined with CURB-65.
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