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Abstract

Community-acquired pneumonia (CAP) is a respiratory disease frequently requiring hospital
admission, and a significant cause of death worldwide. This study aimed to investigate the
prognostic value of clinical indicators. A prospective, multi-center study was conducted
(January 2017-December 2018) where patient demographic and clinical data were
recorded (N = 366). The 30-day mortality rate was 5.46%. Cox Regression analyses
showed that serum albumin (ALB) and respiratory rate (RR) were independent prognostic
variables for 30-day survival in patients with CAP. Albumin negatively correlated with the
Pneumonia Severity Index (PSI) and CURB-65 scores using Pearson and Spearman tests.
Survival curves showed that a RR >24 breaths/min or ALB <30 g/L were associated with a
significantly higher risk of mortality. The area-under-the-curve (AUC) for predicting 30-day
mortality in patients with CAP was 0.762, 0.763, 0.790, and 0.784 for ALB, RR, PSI, and
CURB-65, respectively. The AUC for the prediction of 30-day mortality using ALB combined
with PSI, CURB-65 scores, and RR was 0.822 (95% CI1 0.731-0.912), 0.847 (95% ClI
0.755-0.938), and 0.847 (95% CI 0.738-0.955), respectively. Alboumin and RR were found
to be reliable prognostic factors for CAP. This combination showed equal predictive value
when compared to adding ALB assessment to PSI and CURB-65 scores, which could
improve their prognostic accuracy.

Introduction

Community-acquired pneumonia (CAP) is a common respiratory disease frequently requiring
hospital admission, and a significant cause of death worldwide [1-3]. Various papers from
many different countries report a wide range of in-hospital mortality values, varying from 4%
t0 20.9% [3-6]. It is an infectious disease associated with a high mortality rate. Because of the
diversity of pathogens and clinical manifestations, the assessment of the severity of disease is
necessary for physicians to allocate medical resources early and effectively, and it is important
for further therapeutic options and prediction of outcomes [7].
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Many CAP-specific score methods for determining disease severity have been developed
and used [4,8]. Among them, the Pneumonia Severity Index (PSI) and CURB-65 are the most
popular scoring methods used to predict outcomes in patients with CAP [9]. The PSI score
method was proposed by Fine and colleagues—it covers more comprehensive factors, but is
more cumbersome [10]. The CURB-65 score method was proposed by the British Thoracic
Society, and further improved by Lim et al [11,12]. CURB-65 is more concise and convenient
to apply to these types of analyses. These scores are useful in the management of patient risk
stratification, but there is still a lack of accurate assessment with regard to patient mortality. In
addition to the scoring methods, in recent years, selected blood markers have been used to pre-
dict outcomes in patients with CAP [13-15]. Traditional indicators such as serum albumin
(ALB) [16], C-reactive protein (CRP) [6], lactate [17], glucose level [18], B-type natriuretic
peptide [15,19], and troponin were reassessed in a clinical study by Menendez et al. [15]. At
the same time, novel biomarkers such as suPAR [20], syndecan-4 [20], soluble triggering
receptors expressed on myeloid cells-1 [21], procalcitonin (PCT) [6,22], and pro-adrenome-
dullin [15,23] have all been validated for determining disease severity in patients with CAP.

Since the patients in different studies came from diverse countries and regions, and patient
admission criteria were slightly different depending on the location, a variety of traditional
markers were screened for the reassessment of the severity of hospitalized patients with CAP.
This study was based on the data from patients with CAP from six different cities in China. It
was not only a validation of current CAP-specific score methods, but also aimed to find new
possible risk factors or combinations of risk factors to improve the prognostic evaluation of
CAP.

Materials and methods
Study population

This was an observational analysis of a prospective cohort of patients with CAP hospitalized at
Peking University People’s Hospital, West China Hospital, Second Hospital of Jilin University,
Shanghai Pulmonary Hospital, Fujian Provincial Hospital, and Tibet Autonomous Region
People’s Hospital between January 2017 and December 2018 (ClinicalTrials.gov ID,
NCT03093220). The study was approved by the medical ethics committee of Peking University
People’s Hospital. All patients provided written informed consent upon enrollment, and were
subsequently followed up.

Eligible subjects were above the age of 18 years and CAP was defined as satisfying all the fol-
lowing criteria [24]: (1) symptom onset began in the community; (2) a chest radiograph
showed either a new patchy infiltrate, leaf or segment consolidation, ground glass opacity, or
interstitial change; (3) at least one of the following signs: (a) the presence of cough, sputum
production, and dyspnea; (b) core body temperature >38.0°C; (c) auscultatory findings of
abnormal breath sounds and rates; or (d) peripheral white blood cell (WBC) counts >10x10°/
L or <4x10°/L. Patients with tuberculosis, malignant lung tumors, pulmonary interstitial dis-
ease, pulmonary embolism, pulmonary vasculitis, human immunodeficiency virus infection,
or who were pregnant were excluded.

Data collection and follow-up

Basic patient information and laboratory data were prospectively collected during their hospi-
tal stay by doctors or investigators using a computer-assisted protocol. Each enrolled patient
was assigned a unique number. Data were collected on demographic characteristics (e.g., sex,
age), clinical symptoms (e.g., cough, difficulty breathing, chest pain), vital signs (e.g., body
temperature, respiratory rate, blood pressure, heart rate, consciousness disorder),
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comorbidities (e.g., chronic pulmonary disease, chronic cardiac disease, chronic renal disease,
chronic liver disease, cerebrovascular disease, high blood pressure, diabetes mellitus, malig-
nant diseases), laboratory examinations (routine blood tests, liver function, renal function,
electrolytes, blood gas concentration, PCT, CRP, coagulation function within 24 hours after
admission), and treatment and prognosis. The loop-mediated isothermal amplification
(LAMP) method was used to detect bacteria, viruses, and fungi.

The mortality risk of every patient was evaluated by doctors according to indicators of the
PSI and CURB-65 scores. CURB-65 is a five-point scale, where one point is allocated for each
symptom of: confusion, urea >7 mmol/L, respiratory rate >30 breaths/min, low systolic (<90
mm Hg) or diastolic (<60 mm Hg) blood pressure, and age >65 years. The PSI score was cal-
culated as presented in the study by Fine et al., and comprises the following variables: age, sex,
comorbidities, and vital sign abnormalities, together with several laboratory indicators (arterial
blood pH <7.35, blood urea nitrogen (BUN) >11 mmol/L, blood sodium <130 mmol/L,
blood sugar >14 mmol/L, hematocrit <30%, and PaO2 <60 mm Hg or oxygen saturation
<90%), and radiographic parameters.

All data were inserted into the Peking University People’s Hospital Network Platform of
Severe Acute Respiratory Infectious Diseases (http://123.57.13.108/hospital/index.jsp). A total
of 401 patients were diagnosed with CAP, of which 35 were excluded due to incomplete data.
Eventually, 366 patients with CAP were studied.

Statistical analysis

Categorical variables, which were described using counts and percentages, were analyzed
using either a chi-square, correction for continuity chi-square, or Fisher’s exact test, as appro-
priate. Normally distributed continuous variables were expressed as means + standard error
from the mean, and non-normally distributed continuous variables were expressed as medians
and interquartile ranges. Two groups of continuous equivalent variables with normal distribu-
tions were compared using Student’s t-test. Abnormally distributed continuous variables or
heterogeneous variables between two groups were compared using the Mann-Whitney U test.
Cox proportional hazards regression analyses were used to analyze the effects of an array of
variables on 30-day survival. Receiver operating characteristic (ROC) curves were used to eval-
uate the sensitivity and specificity of different variables on 30-day mortality in patients with
CAP. Areas-under-the-curve (AUCs) and optimal threshold values were calculated. Kaplan—
Meier methods were used to build 30-day survival curves, and survival rates were compared
using the log-rank test. The correlation between variables with a normal distribution was
assessed using Pearson’s correlation test, while non-normally distributed variables were
assessed using Spearman’s rho test.

All statistical analyses were performed using the SPSS v.20.0 software (SPSS Inc., Chicago,
IL, USA), MedCalc statistical software v.15.2.2 (MedCalc Software, Ostend, Belgium), and
GraphPad Prism version 8 software (GraphPad Software, LaJolla, CA, USA). A two-sided P
value <0.05 was considered statistically significant.

The sample size and power calculation for the Cox regression for survival analysis was as
follows:

_ (Zl—cv,/Z + Zp/})z
P(1 — R?*)g?B’

In this study, we set the significance level (two-sided) at o. = 0.05. Using the above formula
and a sample size of 366, the test standard deviation was Z1-0/2 = 1.96, 30-day mortality
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P =0.0546, R-squared of albumin with RR 0.103, standard deviation of albumin o = 6.16, log
hazard ratio of albumin B = -0.098, and calculated power 0.72438.

Results
Characteristics of survivors and non-survivors

The clinical characteristics and laboratory findings of the enrolled patients with CAP are pre-
sented in Table 1. The 366 patients enrolled from January 2017 to December 2018 were
divided into survivor and non-survivor groups. Thirty-day mortality was observed in 5.46%

(n = 20) of all patients with CAP. All data were collected within 24 hours of admission, exclud-
ing cases with complications and severe CAP. There were no significant differences between
the survivors and non-survivors regarding sex, age, comorbidities, mean arterial pressure,
body temperature, WBC count, hemoglobin levels, or platelet count. The number of complica-
tions (including sepsis, pleural effusion, acute respiratory distress syndrome, and confusion)
and cases of severe CAP were significantly higher in the non-survivors than survivors. Initial
vital sign analyses showed that the non-survivors exhibited a higher respiratory rate (RR;
P<0.001) and heart rate (HR; P = 0.031) than survivors. Laboratory analyses showed that the
non-survivor group exhibited higher levels of glucose, BUN, CRP, and PCT than detected in
the survivor group. There were no statistical differences in the detection rates of bacteria,
viruses, or fungi using the LAMP method. The median ALB in the non-survivor group was
28.6 g/L, which was lower than that in the survivor group (36 g/L; P<0.001). The PSI and
CURB-65 scores in the non-survivor group were 97 (85-130) and 2 (1-2), respectively, which
were significantly higher than those of patients in the survivor group [75 (57-91) and 0 (0-1),
respectively; P<0.001 for the two comparisons].

Statistical analysis for clinical factors with 30-day survival

Independent indicators were respectively introduced into univariate Cox proportional hazard
regression analyses to investigate their associations with 30-day survival. The results showed
that RR, HR, WBC, ALB, BUN, CRP, the PSI, and CURB-65 were associated with significantly
high risk ratios, while no significant associations were found between 30-day survival and sex,
age, mean arterial pressure, body temperature, hemoglobin levels, platelet counts, glucose, or
PCT. When the significant independent variables were integrated into a multivariate Cox pro-
portional hazards regression analysis, only RR [hazard ratio (95% CI): 1.150 (1.091-1.213)]
and ALB [hazard ratio (95% CI): 0.907 (0.847-0.970)] were found to be strong independent
predictors of 30-day survival (P<0.001 and P = 0.005, respectively). The hazard ratio of RR
indicated that the risk of death was correlated with an increase in RR values, while ALB was
the opposite—ALB was a protective factor, and the risk of mortality was negatively correlated
with an increase in ALB levels. The results are summarized in Table 2.

Correlation between levels of ALB and RR, PSI, and CURB-65

The PSI and CURB-65 scoring systems were used to evaluate the severity of CAP. Respiratory
rate and ALB showed associations with 30-day survival, as presented in Table 2. We further
evaluated the correlation between ALB levels and RR, PSI, and CURB-65 scores. Because RR is
an indicator in these two scoring systems, we did not investigate correlations of RR with the
PSI and CURB-65 scores. As shown in Fig 1, ALB levels were moderately negatively correlated
with the PSI score (R = -0.490, P<0.001), while it was mildly negatively correlated with CURB-
65 scores (R =-0.280, P<0.001) and RR (R = -0.317, P<0.001). This data further confirmed
that an increase in serum ALB was a protective factor.
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Table 1. Clinical characteristics and laboratory findings of survivors and non-survivors.

All patients n = 366 Survivors n = 346 (94.54%) Non-Survivors n = 20 (5.46%) P value
Male sex (%) 227 (62.00%) 213 (61.60%) 14 (70%) 0.450
Age (years) 66 (53-76) 65 (52-76) 69 (64-78) 0.070
Comorbidities, n (%)
Heart disfunction 24 (6.56%) 23 (6.65%) 1 (5.00%) 1.000
Chronic renal disease 14 (3.83%) 14 (4.07%) 0 (0.00%) 1.000
Liver disease 20 (5.46%) 20 (5.78%) 0 (0.00%) 0.549
COPD 47 (12.84%) 46 (13.29%) 1 (5.00%) 0.463
Diabetes mellitus 74 (20.22%) 72 (20.81%) 2 (10.00%) 0.377
High pressure 109 (29.78%) 104 (30.06%) 5(25.00%) 0.631
Cerebrovascular disease 15 (4.10%) 14 (4.05%) 1 (5.00%) 0.577
Malignant disease 30 (8.20%) 29 (8.38%) 1 (5.00%) 0.907
Complications
Septicopyemia 35 (9.56%) 23 (6.65%) 12 (60.00%) <0.001
Pleural effusion 122 (33.33%) 110 (31.79) 12 (60.00%) 0.009
ARDS 16 (4.37%) 5 (1.45%) 11 (55.00%) <0.001
Confusion 13 (3.55%) 9 (2.62%) 4 (20.00%) 0.003
Initial vital signs
Mean arterial pressure (mmHg) 91 (84-100) 91 (84-98) 91 (78-102) 0.605
Respiratory rate (/min) 20 (20-22) 20 (20-22) 26 (20-35) <0.001
Heart rate (/min) 85 (78-96) 84 (78-95) 93(83-106) 0.031
Body temperature (°C) 38.2 (36.9-39.0) 38.2 (36.9-39.1) 38.3 (37.0-39.0) 0.966
Laboratory findings
White blood cell count (x10*/mm?) 6.80 (4.90-10.67) 6.80 (4.90-10.50) 9.45 (4.41-16.76) 0.251
Hemoglobin level (g/dL) 129.00 (117.00-141.00) 129.00 (117.00-140.50) 132.50 (114.75-151.75) 0.261
Platelet count (x10>/mm?) 203.00 (147.00-276.00) 205.00 (148.00-273.50) 182.00 (83.50-307.25) 0.572
Glucose (mmol/L) 5.59 (4.83-6.98) 5.51 (4.81-6.78) 7.03 (4.98-12.22) 0.040
Albumin (g/L) 36 (31.15-39.68) 36.00 (32.00-40.00) 28.60 (23.68-34.88) <0.001
Blood urea nitrogen (mmol/L) 4.6 0 (3.60-6.10) 4.55 (3.50-6.00) 5.60 (4.82-10.68) 0.002
CRP (mg/L) 37.10 (8.99-110.90) 36.15 (8.44-107.50) 130.50 (81.63-186.00) 0.001
PCT 0.10 (0.04-0.45) 0.08 (0.04-0.40) 1.29 (0.22-3.68) <0.001
LAMP
Bacteria detection 144 (39.34%) 136 (39.31%) 8 (40.00%) 0.951
Virus detection 153 (41.80%) 141 (40.75%) 12 (60.00%) 0.090
Fungus detection 71 (20.52%) 7 (35.00%) 78 (21.31%) 0.209
PSI, n (%) 77 (58-94) 75 (57-91) 97 (85-130) <0.001
CURB-65 1(0-1) 1(0-1) 2(1-2) <0.001
Severe CAP 56 (15.30%) 37 (10.69%) 19 (95.00%) <0.001

Data are presented as means + standard error from the mean, or median (interquartile range) or n (%). COPD, chronic obstructive pulmonary disease; ARDS, Acute

Respiratory Distress Syndrome; CRP, C-reactive protein; PCT, procalcitonin; LAMP, loop-mediated isothermal amplification; PSI, Pneumonia Severity Index; CURB-

65 confusion, urea >7 mmol/L, respiratory rate >30 breaths/min, low blood pressure, and age >65 years.

https://doi.org/10.1371/journal.pone.0248002.t001

The prognostic value of ALB and RR in patients with CAP

Receiver operating characteristic curves of the RR, ALB, PSI, and CURB-65 scores were gener-
ated and produced independently (Table 3). The curves show that the threshold value of RR
was 24 breaths/min for the prediction of mortality, with a sensitivity and specificity of 65.00%
and 91.33%, respectively. The threshold values of ALB, PSI, and CURB-65 were 30 g/L, 83, and
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Table 2. Cox regression analysis of risk factors associated with mortality.

Univariate analysis Multivariate analysis
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Male sex 1.445 (0.555-3.760) 0.451

Age 1.029 (0.999-1.061) 0.057

Mean arterial pressure 0.989 (0.955-1.025) 0.554

Respiratory rate 1.156 (1.108-1.207) <0.001 1.150 (1.091-1.213) <0.001
Heart rate 1.026 (1.004-1.048) 0.022

Body temperature 1.001 (0.707-1.417) 0.997

White blood cell count 1.062(1.009-1.117) 0.022

Hemoglobin level 1.004 (0.987-1.022) 0.656

Platelet count 0.999 (0.995-1.004) 0.774

Glucose 1.098 (0.974-1.237) 0.126

Albumin 0.874 (0.817-0.934) <0.001 0.907 (0.847-0.970) 0.005
Blood urea nitrogen 1.123 (1.053-1.198) <0.001

CRP 1.006 (1.003-1.009) <0.001

PCT 1.009 (0.951-1.070) 0.768

PSI 1.032 (1.019-1.045) <0.001

CURB-65 2.809 (1.841-4.287) <0.001

Liver disease 21.920 (0.005-101721.914) 0.474

Chronic renal disease 21.339 (0.001-487402.490) 0.550

Malignant disease 1.735 (0.232-12.958) 0.591

CI, Confidence interval; CRP, C-reactive protein; PCT, procalcitonin; PSI, Pneumonia Severity Index; CURB-65, confusion, urea >7 mmol/L, respiratory rate >30

breaths/min, low blood pressure and age >65 years.

https://doi.org/10.1371/journal.pone.0248002.t002

1, respectively. Detailed results can be seen in Table 3. Overall, 20 (5.46%) patients with CAP
died within 30 days. Kaplan-Meier curves were used to assess the relationship between RR
and ALB levels in the prediction of 30-day mortality in patients with CAP (Fig 2). Respiratory
rate and ALB were divided into two groups according to the thresholds from the ROC curves:
RR (>24 breaths/min vs <24 breaths/min) and ALB (>30 g/L vs <30 g/L). The risk of death

a b C
R: -0.490 R:-0.280 R:-0.317
6045 P: < 0.001 60 P: < 0.001 60 P: <0.001
= 404 — 404 § ° = 404
E 3 | ¢ E
o m o m
= | 8 ) -}
< 204 T4 : § T < 20-
0 1 1 I 1 O 1 1 1 1 1 1 0 1 I 1 1 1
0 50 100 150 200 1 0 1 2 3 4 5 10 20 30 40 50 60
PSI CURB-65 RR (breaths/min)

Fig 1. Correlation of serum ALB levels with two scoring systems and RR across 366 patients with CAP. R is the correlation coefficient. Fig 1A, 1B and 1C: Levels of
ALB were negatively correlated with PSI, CURB-65, and RR. ALB, serum albumin; RR, respiratory rate.

https://doi.org/10.1371/journal.pone.0248002.g001

PLOS ONE | https://doi.org/10.1371/journal.pone.0248002 March 4, 2021 6/12


https://doi.org/10.1371/journal.pone.0248002.t002
https://doi.org/10.1371/journal.pone.0248002.g001
https://doi.org/10.1371/journal.pone.0248002

PLOS ONE The prognostic value of serum albumin levels and respiratory rate for community-acquired pneumonia

Table 3. AUC and thresholds for predicting non-survivors with survivors.

Threshold Sensitivity (%) Specificity (%) AUC P value 95% CI Lower limit Higher limit
Respiratory rate(RR) >24 breaths/min 65.00 91.33 0.763 <0.001 0.629 0.897
Albumin (ALB) <30g/L 65.00 80.35 0.762 <0.001 0.646 0.877
PSI >83 85.00 63.87 0.790 <0.001 0.710 0.871
CURB-65 >1 60.00 85.55 0.784 <0.001 0.686 0.882

AUCG, area under the curve; CI, confidence interval; PSI, Pneumonia Severity Index; CURB-65, confusion, urea > 7 mmol/L, respiratory rate > 30 breaths/min, low
blood pressure and age > 65 years.

https://doi.org/10.1371/journal.pone.0248002.t003

in groups with a RR >24 breaths/min and ALB <30 g/L was significantly higher than the risk
of death in groups with a RR <24 breaths/min and ALB >30 g/L (P<0.001).

To further explore the predictive value of ALB for CAP prognosis in hospitalized patients,
the patients with CAP were first divided into two groups according to the thresholds of the
PSI, CURB-65, and RR. Each group was then divided into two sub-groups according to the
threshold of ALB levels (Table 3). We evaluated the prognostic value of ALB levels at the time
of admission to hospital for the different groups (Table 4). Patients with ALB levels <30 g/L
had a significantly higher risk of 30-day mortality in the groups with a PSI score >83, CURB-
65 <1, and RR <24 breaths/min (P = 0.012, P<0.001, P = 0.001, respectively). No significant
difference was found in the groups with a PSI score <83, CURB-65 >1, and RR >24 breaths/
min.

The ROC curves of the different indicators were combined to predict mortality. For the sin-
gle indicator, the AUCs of the PSI, CURB-65, ALB, and RR were 0.790 (95% CI 0.710-0.871),
0.784 (95% CI 0.686-0.882), 0.762 (95% CI 0.646-0.877), and 0.763 (95% CI 0.629-0.897) for

a b
100 - L 1 1 L L 100 -~ L L . L
P <0.001
© — P<0.001
> ©
S - 2 |
S e
w >
(] 7))
=2 ()
£ 50- 2 50-
= 0
= S
3 ) ——ALB<30g/L § | —1_RR > 24 breaths/min
—ALB>30g/L —— RR £ 24 breaths/min
0 T T T T T 1 Q T I T I T 1
0 10 20 30 0 10 20 30
Time (days) Time (days)

Fig 2. Kaplan-Meier analysis of 30-day mortality in patients with CAP. Analysis was stratified by serum ALB (A) and RR (B) levels. ALB, serum albumin; RR,
respiratory rate.

https://doi.org/10.1371/journal.pone.0248002.g002
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Table 4. 30-day mortality according to PSI, CURB-65 risk groups, RR and ALB in patients with CAP.

PSI<83 (n = 224)
ALB<30g/L (n = 21)
30-day mortality 1(4.8)

CURB-65 < 1 (n = 304)

ALB<30g/L (n = 56)

30-day mortality 6(10.7)

RR<24 breaths / min (n = 323)
ALB>30g/L n = (270)

ALB<30g/L (n = 53)
30-day mortality 5(9.4)

ALB>30g/L (n = 203)
2(1.0)

ALB>30g/L (n = 248)

P value
0.257

P value
<0.001

P value
0.001

PSI>83 (n = 142)

ALB<30g/L (n = 60) ALB>30g/L (n = 82)
12(20) 5(6.1)

CURB-65 > 1 (n = 62)

ALB<30g/L (n = 25) ALB>30g/L (n = 37)
7(28.0) 5(13.5)

RR>24 breaths / min (n = 43)

ALB<30g/L (n = 28) ALB>30g/L (n = 15)
8(28.6) 5(33.3)

P value
0.012

P value
0.276

P value
1.000

CAP, community-acquired pneumonia; PSI, Pneumonia Severity Index; CURB-65, confusion, urea > 7 mmol/L, respiratory rate > 30 breaths/min, low blood pressure

and age > 65 years; ALB, serum albumin; RR, respiratory rate.

https://doi.org/10.1371/journal.pone.0248002.t004

100

predicting mortality, respectively. The capacity of the combined indicators to predict 30-day
mortality was higher than that of single indicators. The AUC for 30-day mortality for ALB lev-
els combined with PSI scores was 0.822 (95% CI 0.731-0.912), while an AUC of 0.847 (95% CI
0.755-0.938) was calculated for ALB combined with CURB-65 scores. Furthermore, the AUC
of ALB levels combined with RR was 0.847 (95% CI 0.738-0.955; Fig 3).

Discussion

In this study, it was discovered that an increased RR and decreased ALB level were risk factors
for mortality in patients with CAP, calculated by Cox regression analysis. The combined use of
ALB levels with RR, the PSI, or CURB-65 significantly improved the accuracy of mortality
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ALB (AUC 0.762; 95% Cl 0.646—0.877)
RR (AUC 0.763; 95% Cl 0.629-0.897)
PSI (AUC 0.790; 95% CI 0.710-0.871)
CURB-65 (AUC 0.784; 95% Cl 0.686—0.882)

ALB + RR (AUC 0.847; 95% Cl 0.738-0.955)

ALB + PSI (AUC 0.822; 95% CI 0.731-0.912)

ALB + CURB-65 (AUC 0.847; 95% CI 0.755-0.938)

Fig 3. Receiver operating characteristic curve (ROC) analysis of various parameters in predicting CAP prognosis. AUC, area-under-the-curve; ALB, serum albumin;
RR, respiratory rate; PSI, Pneumonia Severity Index Score; CURB-65, confusion, urea >7 mmol/L, respiratory rate >30 breaths/min, low blood pressure and age >65

years.

https://doi.org/10.1371/journal.pone.0248002.g003
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prediction using ROC curves. Several conclusions and observations can be drawn from the
results of this study, some of which are consistent with previously reported results, whereas
other observations are novel.

First, within 24 hours of hospital admission, the two independent indicators of RR and ALB
levels were screened and associated with 30-day mortality in patients with CAP by means of
Cox multivariate regression analysis. Results were not entirely consistent with those reported
previously [25-29]. Lee at al. used logistic regression analysis to screen and relate CRP and
ALB to 30-day mortality [25]. Guo et al. identified that CRP and PCT were effective prognostic
elements for use in hospitalized patients with CAP [6]. Other studies have described conven-
tional indicators, such as lactate, to be effective elements for predicting mortality [17]. Two
reasons for these differences among the various CAP studies exist. The indicators included in
this study were different to those used in other studies. Additionally, the statistical models and
methods used were also different. We used the Cox regression model rather than logistic
regression.

Second, ALB levels had a mild to moderate negative correlation with RR, CURB-65, and
the PSL. An increased ALB level demonstrated a protective effect. Therefore, it was possible to
further improve the accuracy of predicting outcomes in patients with CAP by introducing
ALB into these two scoring systems, or by combining ALB levels with RR.

Third, the Kaplan-Meier curves showed that a RR >24 breaths/min or ALB <30 g/L were
associated with a significantly higher mortality risk. This finding regarding the relationship
between serum ALB concentration and mortality in patients with CAP was similar to those
from other studies [25,26,30]. Although the threshold values of ALB for the groupings were
different, these papers all showed that the groups of patients with CAP that had a lower ALB
level had a higher mortality risk.

Fourth, we further stratified patients according to the threshold values of CURB-65, the
PSI, and RR, and found that only in groups with a PSI score >83, CURB-65 <1, or RR <24
breaths/min, was a decrease in ALB meaningful. This finding is different from that of research
conducted by Viasus et al. [26], where patients with hypoalbuminemia had a significantly
higher risk of 30-day mortality in both the low-risk and high-risk PSI and CURB-65 groups.
The difference in the findings between the aforementioned and this study can be attributed to
the difference in the number and severity of the admitted patients with CAP. In this study, the
total number of patients was relatively small, the condition of most patients relatively mild,
and 30-day mortality low.

Lastly, the combination of ALB levels with the PSI, CURB-65, or RR values significantly
improved the accuracy of mortality prediction using ROC curves. This was the first time that
the combined use of ALB and RR was studied, and it showed a significant improvement in pre-
dicting CAP prognosis compared to a single indicator. The combination of ALB with PSI and
CURB-65 scores also significantly improved the predictive AUC-ROC of the PST and CURB-
65, which was consistent with the trends of previous research; however, the present study
showed a more distinct improvement [25,26]. In this study, the AUC of the PSI and CURB-65
were found to be 0.790 and 0.784, respectively, and the AUC of ALB combined with the PSI
and CURB-65 were 0.822 and 0.847, respectively, while in the study by Viasus et al., the AUC
of the PSI and CURB-65 were 0.78 and 0.75, respectively, and the AUC of ALB combined with
the PSI and CURB-65 was 0.8 and 0.78, respectively. Additionally, the AUC of the PSI was
0.76, and the AUC of ALB combined with the PSI was 0.79 in the study by Lee et al. Further-
more, the AUC-ROC suggested that the inclusion of ALB in the CURB-65 score was more sig-
nificant than inclusion in the PSI score. A low serum ALB was identified as an independent
prognostic variable by Lim et al., who originally proposed the CURB-65 scoring system,
although ALB was not included in the final CURB-65 model due to it not being routinely
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tested in many hospitals at the time [12]. However, presently, serum ALB values are easy to
detect at different levels of hospitals, and can be included in CURB-65 scores since they can
help improve the prognosis of CAP. Another paper also showed that the expanded CURB-65
scoring system (including ALB <35 g/L) was more accurate for the evaluation of CAP severity
than CURB-65 [31]. The AUC of ALB combined with RR was 0.847, which was equal to the
AUC of the combination of ALB and CURB-65, and was superior to the AUC of the combina-
tion of ALB and the PSI. We recalculated the CURB-65 scores based on the adjusted RR (RR
>24 breaths/min), termed CURB-65_RR>24. The ROC analysis showed that CURB-
65_RR>24 had a better prognostic value for CAP than CURB-65 in our study (S1 Table). The
application of ALB combined with RR in the prediction of the severity of CAP needs further
verification.

There were several limitations to our study. First, 401 patients were diagnosed with CAP
and admitted to various hospitals. Among these cases, 35 were excluded due to missing data,
totaling 366 patients enrolled in this study. Data analysis may have had slight deviations
because of missing data. Second, we admitted a total of 366 patients with less severe pneumo-
nia. There were 304 cases with CURB-65 <1, accounting for 83% of the total enrolment,
which was higher than in other studies [4,31,32]. The total number of deaths was 20, with a
30-day mortality of 5.46%, which was lower than that of previous studies of hospitalized
patients with CAP [3-6,33]. This was likely due to a lower threshold for admission of patients
with CAP, which may be derived from policies and regulations of the health care system.
Third, we tried to build an early prognostic model, so the variables included in the Cox regres-
sion analysis were collected within 24 hours of admission. Since medical treatment was contin-
uous and constantly adjusted based on changes in the disease status, it was not included in the
analysis, although it was an important variable affecting prognosis.

In conclusion, this large, multi-center study focused on the predictive value of ALB and RR
for the prognosis of patients with CAP within 24 hours of hospital admission. Serum ALB lev-
els and RR exhibited a reliable prognostic value for CAP. The addition of serum ALB to the
PSI and CURB-65 scoring could improve their prognostic accuracy in hospitalized patients
with CAP. The combination of serum ALB and RR showed equal predictive value to the com-
bination of serum ALB and CURB-65 for CAP prognosis in hospitalized patients.

Supporting information

S1 Table. ROC analysis of two parameters in predicting CAP prognosis.
(DOCX)
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