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as a biomarker in addition to APACHE II score in  
predicting mortality rate of ARDS
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Abstract: In the current study, a receiver operating characteristic (ROC) curve was applied to explore predictors for 
severity and prognosis of acute respiratory distress syndrome (ARDS). Clinical data including mechanical ventila-
tion, clinical manifestation, performance of APACHE II score, and PaO2/FiO2 ratio and AaDO2 were obtained within 
24-hour of admission to the hospital. Protein levels of surfactant, pulmonary-associated protein A and D (SP-A and 
-D), Clara cell protein 16 (CC-16), neutrophil elastase (NE) and peptidase inhibitor 3 (PI3) in the patients’ serum 
were determined by ELISA. Mortality of the hospitalized patients was 30.7% and there were significant differences 
in APACHE II score, PaO2/FiO2 ratio and AaDO2, SP-A and -D, CC-16 and NE between survivors and non-survivors. By 
comparing the areas under the ROC curve of logistic regression model, it was found that APACHE II score and serum 
SP-D level displayed larger ROC areas with the left shift of the curves. The findings of the current study suggested 
that, in addition to APACHE II, serum SP-D level could also be used as a biomarker of monitoring mortality rate in 
ARDS.
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Introduction 

ARDS is a rapidly developing, life-threatening 
medical condition that prevents enough oxygen 
from getting to the lungs and into the blood. 
The disease usually develops in people who are 
already very ill with another disease [1] or who 
have major injuries [2]. ARDS has been recog-
nized as the most severe form of acute lung 
injury associated with breakdown of the epithe-
lial and endothelial cells lining the alveoli and 
lung’s blood vessels, however, pathogenesis of 
ARDS has not been fully elucidated, but the dis-
ease has been recognized as the most severe 
form of acute lung injury associated with break-
down of the epithelial and endothelial cells lin-
ing the alveoli and lung’s blood vessels [3]. 
Despite recent therapeutic advances in the 
field of mechanical ventilation, mortality of 
ARDS remains relatively stagnant around 40% 
[4]. 

Predisposing factors of ARDS are numerous 
and varied, but mortality of ARDS has not been 
decreased substantially since the publication 

of the American-European consensus confer-
ence in 1994 [5, 6]. Recently, ROC curve has 
been used to evaluate risk factors in predicting 
mortality of severe diseases including ARDS 
[7-9]. Therefore, using ROC curve analysis, we 
proposed that diagnostic evaluation would be 
important in identifying severity of the disease 
and efficiency of treatment. To accomplish this, 
101 cases of ARDS were retrospectively ana-
lyzed (excluded patients without ventilation 
therapy). Specifically, the risk factors of death 
from the disease were assessed based on 
changes in areas under the ROC curves. Our 
results indicated that the serum SP-D level may 
be considered as a good predictor correlating 
highly with a mortality rate in the investigated 
cohort.

Materials and methods

Retrospective study population and inclusion 
criteria

101 patients aged from 45-72 years old 
(median, 56 years) were consecutively admit-
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ted to intensive care unit (ICU) in our hospital 
from January 2011 to June 2013. According to 
the consequence of treatment lasting up to 28 
days, survivors and non-survivors with ARDS 
were classified with an average age of 59.19 
and 58.71 years old in each group. Population 
distribution of male and female patients 
showed as 47.14% and 52.86% in survivors 
and 41.94% and 58.06% in non-survivors, 
respectively. There were no statistical differ-
ences in the distribution of age and gender 
between these two groups (both P>0.05). In 
this retrospective study, clinical data including 
laboratory tests, use of ventilator and clinical 
manifestations of the hospitalized patients 
were collected during the first 24 hours of 
admission. The study was approved by the 
Ethics Committee of Friendship Hospital, 
Beijing in December of 2010 (Approval number: 
20101283). A signed written informed consent 
was obtained from the patients or their rela-
tives. The study was performed in accordance 
with the Helsinki II declaration.

Inclusion criteria for the study: 1) ARDS as 
defined by the American-European Consensus 
Conference [10]; 2) Performance of acute phys-
iology and chronic health evaluation (APACHE) 
II score was measured [11]; 3) Lung lesions 
demonstrated by chest radiograph and chest 
computed tomography scan; 4) Development of 
extra pulmonary organ dysfunction determined 
by laboratory tests; 5) No statistical difference 
in comorbidities including chronic obstructive 
pulmonary disease, coronary heart disease, 
hypertension and diabetes between the survi-
vors and non-survivors. Rationale of the includ-
ing criteria was to exclude patients with HIV 
infection, cancer patients who had received 
radiotherapy or chemotherapy, patients with 
steroid treatment, and patients with immune 
dysfunction. 

Blood gas analysis and ventilator settings 

Blood samples were collected by arterial punc-
ture and used for gas analysis. A ratio of PaO2 
(partial pressure of oxygen in arterial blood) 
and FiO2 (fraction of inspired oxygen) was deter-
mined typically as the hyperemia criterion to 
characterize ARDS. AaDO2 (alveolar-arterial 
oxygen tension difference) is calculated as an 
index to assess mismatch of ventilation and 
perfusion of the lungs.

Positive end-expiratory pressure (PEEP) was 
applied for some patients within 24 hours of 
admission following the previously published 
protocol [10]. Specifically, PEEP was adjusted 
from 4-15 mH2O according to the results of 
blood gas analysis. 

Determination of potential diagnostic markers 
in serum

Five ml blood were collected and serum was 
stored at -80°C until being used for quantifica-
tion of SP-A and -D, CC-16, NE and PI3 by ELISA 
following the manufacture’s instruction (BD 
Biosciences, NJ US). Briefly, 100 µl of the sub-
strate solution was added to 100 µl of the 
serum sample in microtiter plates in duplicate 
tests and then incubated for 30 min at room 
temperature. The reaction was stopped by add-
ing 50 µl of 4 M sulfuric acid, and the OD values 
were read in a microtiter autoreader at 450 nm.

ROC curve analysis

A ROC curve was created by plotting the true 
positive rate against the false positive rate at 
various threshold settings, which was 
expressed as a graph of sensitivity (y-axis) ver-
sus 1-specificity (x-axis) with Prism. Maximizing 
sensitivity and specificity corresponded to 
some large y and to a small x value on the 
curve, respectively. The closer the ROC curve is 
to the upper left corner, the higher the overall 
accuracy of the test [12].

In this study, the optimal cutoff point for the 
predictors of death from ARDS was selected on 
the ROC curve moving from the vicinity of the 
upper left corner over toward the upper right 
corner. We randomly picked one from the dead 
cases and one from the survival patients and 
do the test on both. The patient with the more 
abnormal test result should be the one from 
non-survivors. The area under the curve was 
the percentage of randomly drawn pairs for 
which this was true. Multivariable logistic 
regression model was established as a direct 
probability model that was developed to predict 
a binary response based on more predictor 
variables. 

Statistical analyses

A CI was applied to observe a percentage of 
population distribution of the patients. Median 
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was calculated in some of the results from the 
investigated cohort. The Spearman rank corre-
lation between two variables was performed 
using Statistical Package for the Social Science 
(SPSS, version 13.0). Comparisons between 
groups were implemented by student’s 
unpaired t test. The Chi-square test (χ2) was 
conducted to analyze the significance of param-
eters within groups. A P value of <0.05 was 
considered significant.

Results

Clinical characteristics of ARDS patients 

A total of 101 patients with ARDS were recruit-
ed for this retrospective study. Patients’ demo-
graphic and clinical data were collected during 

Comparison of ARDS mortality predictors be-
tween survivors and non-survivors

Risk factors for predicting ARDS mortality were 
assessed within 24 hours of admission to the 
hospital and the results were expresses by 
median values (Interquartile Range, IQR) as 
shown in Table 1. The APACHE II score were 19 
(16, 23) and 28 (25, 35) in survivors and non-
survivors, respectively, and the difference was 
statistically significant (P=0.000). Blood gas 
analysis from the dead cases displayed a sig-
nificant decrease associated with an obvious 
increase in the PaO2/FiO2 ratio and A-aDO2 as 
compared to those in the survival patients 
(both P<0.005). Serum levels of SP-A, SP-D, 
and CC-16 were significantly increased in the 
non-survival group compared to those in the 

Table 1. Comparison of clinical data of ARDS patients 
during the 1st day after admission (excluded patients 
without ventilation therapy)

Variables Survivors (n=70) Non survivors 
(n=31) P

APACHE II score 19 (16, 23) 28 (25, 35) 0.000
PaO2/FiO2 236 (164, 268) 162 (102, 188) 0.000
A-aDO2 103 (58, 174) 152 (115, 238) 0.005
SP-D (pg/ml) 447 (267, 663) 994 (818, 1085) 0.000
SP-A (pg/ml) 24 (21, 29) 30 (27, 33) 0.001
CC-16 (pg/ml) 162 (128, 208) 228 (169, 258) 0.000
NE (ng/ml) 16 (10, 24) 15 (10, 18) 0.124
PI3 (pg/ml) 1650 (959, 2777) 1442 (829, 2809) 0.845
NE/PI3 8 (5, 15) 9 (4, 14) 0.656

Table 2. Changes in areas under the ROC curves in the 
studying population (excluded patients without ventila-
tion therapy)

Variables Area under ROC curve 
(95% CI) P* P**

PI3 0.512 (0.386, 0.638) 0.8465 <0.001
HNE 0.597 (0.482, 0.712) 0.100 <0.001
A-aDO2 0.676 (0.567, 0.785) 0.002 <0.001
SP-A 0.715 (0.608, 0.822) <0.001 <0.001
PaO2/FiO2 0.740 (0.642, 0.838) <0.001 <0.001
CC-16 0.760 (0.656, 0.865) <0.001 <0.001
SP-D 0.909 (0.839, 0.979) <0.001 0.019
APACHE II 0.948 (0.908, 0.987) <0.001 > 0.05
Logistic Model I 0.978 (0.953, 1.000) <0.001 > 0.05
Logistic Model II 0.978 (0.956, 1.000)
*, **compared to 0.5 (a diagonal line from 0.0 to 1.1 on the ROC 
curve) and Logistic model II.

the first 24 hours of hospitalization. All 
of the enrolled ARDS patients’ informa-
tion was collected until being dis-
charged from hospital or deceased 
within 28 days of hospitalization. As 
shown in Table 1, 31 patients died from 
the disease with a mortality rate of 
30.7%. Furthermore, 63.4% patients 
had lung lesions (≥ two regions) and 
50% patients had non-pulmonary 
organ damage (≥ one organ), res- 
pectively. 

Comparison of clinical data between 
survivors and non-survivors

Results of mechanical ventilation and 
clinical manifestations of ARDS pa- 
tients were compared in survivors and 
non-survivors. In statistical analysis, a 
population distribution of the hospital-
ized patients received mechanical ven-
tilation was shown as 72.9% in survi-
vors and 86.1% in non survivors. 
Furthermore, the non-survivors stayed 
in hospital longer than the survivors, 
but it was not statistically different. 
Incidence of lung lesions (≥ two sepa-
rate lesions) was 60.4% in the survi-
vors and 72.2% in the non-survivors, 
respectively, which was not significant-
ly different (P>0.05). In contrast, 42.7% 
of the survivors, while 69.4% of non-
survivors, had extra pulmonary organ 
dysfunction (≥ one organ failure) and 
there was significant difference be- 
tween the two groups (P<0.05). 
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survival group (P<0.05); while NE was slightly 
but significantly decreased in the non-survival 
group than that in the survival group (P<0.05). 
Level of PI3 and ratio of NE/PI3 were not signifi-
cantly different (P=0.845 or 0.656).

ROC curves analysis of ARDS mortality predic-
tors

Patients’ demographic and clinical data corre-
lating with risk factors of death for ARDS 
patients were compared according to the 
change in the areas under the ROC curves and 
the results were shown in Table 2. Multivariable 
logistic regression models were developed to 
identify independent predictors of mortality 
and other adverse outcome of the hospitalized 
patients. The logistic model I and II were estab-
lished with the predictors with or without 
APACHE II score in each individual model. Our 
data exhibited model I (95% CI, 0.953 to 1.000) 
and II (95% CI, 0.956 to 1.000) with accuracy to 
be over 93% of the positive correct. The ROC 
curve areas for diagnostic tests were quantified 
as APACHE II score > SP-D > CC-16 > PaO2/FiO2 
> SP-A > A-aDO2 > NE > PI3 in the order of the 
size. The APACHE II score (95% CI, 0.908 to 
0.987) and the serum SP-D level (95% CI, 
0.839 to 0.979) showed a good relationship as 
tested by the logistic models. All tests but not 

same way from the lower left corner, went 
straight up to the upper left corner with differ-
ent altitudes, and then to the upper right corner 
on the ROC curves. The curves of APACHE II 
score and serum SP-D corresponded to a left-
ward movement in the ROC curves and dis-
played larger areas under the curves as com-
pared to other curves. 

Discussion

While there is no specific treatment for ARDS 
yet, goal of ventilation therapy is simply to sup-
port breathing and allow the patient’s lungs to 
heal [13, 14]. Thus, diagnostic evaluation of 
death risk factors applied for the hospitalized 
patients would be necessary in predicting dis-
ease severity and providing various alternative 
treatments for repairing lung injuries. In this 
content, the current study retrospectively ana-
lyzed mortality and predicting factors of ARDS. 
It was found that 30.7% of the enrolled patients 
died from ARDS during 28 days of hospital stay, 
which was lower than mortality rate reported in 
other studies [15, 16]. 63.4% and 50% of the 
patients presented with lung lesions or non-
pulmonary organ dysfunction, respectively. 

Mortality of ARDS varies widely depending on 
factors such as disease severity, application of 

Figure 1. The ROC curves graph for diagnostic tests. Areas under the ROC 
curves for SP-D (A), PaO2/FiO2 (B), A-aDO2 (C) and APACHE II score (D) were 
assessed in ARDS patients, respectively. Model I and II were established 
with multivariable logistic regression data that excluded and included the 
APACHE II score.

the PI3 test displayed signifi-
cant differences in the areas 
as compared to 0.5 and the 
model II (All P<0.05 or 0.001). 

In analysis of the ROC curve 
graph, the true positive rate 
(sensitivity) was plotted in 
function of the false positive 
rate (specificity) for different 
cut-off points. The logistic 
regression models were used 
as positive controls to indicate 
a high risk of mortality associ-
ated with the hospitalized 
patients. To observe major 
change in the variables in high-
ly correlation with a mortality 
rate, ROC plots for the four pre-
dictors of APACHE II score, 
SP-D, PaO2/FiO2, A-aDO2 were 
illustrated and the results are 
shown in Figure 1. Similar to 
the curves of the logistic mod-
els, the ROC curves of the four 
diagnostic tests started in the 
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mechanical ventilation and presence of other 
medical conditions [17, 18]. In the current 
study, in order to eliminate inappropriate statis-
tical analysis of the death-related factors, 
demographic data of mechanical ventilation 
and clinical manifestations of the patients were 
compared by quantifiable statistics between 
survivors and non-survivors. While the rate of 
failing to use mechanical ventilation was lower 
in non-survivors, incidence of extra pulmonary 
organ dysfunction was significantly higher in 
non-survivors than that in survivors, suggesting 
mechanical ventilation may be not associated 
with occurrence of extra-pulmonary organ 
dysfunction. 

Risk factors for death were screened from the 
clinical data with the APACHE II scores obtained 
from ICU surveillance and patients’ records. 
Incidence proportion of the non-survivors was 
significantly increased with the score reaching 
to a median value of 10 over the survivors, 
demonstrating that high APACHE II scores were 
related to the disease severity with high mortal-
ity of the patients [10]. Since ARDS is a disease 
of the microscopic air sacs of the lungs that 
leads to decreased exchange of oxygen and 
carbon dioxide [1], blood gas analysis was per-
formed and found that PaO2/FiO2 ratio was dra-
matically decreased while A-aDO2 was signifi-
cantly increased in the group of non-survivors 
compared to the group of survivals. These find-
ings indicated not only a failure of the lung to 
transport oxygen into the blood, but also severe 
hypoxemia relative to the underlying disease 
was progressing. 

Serum protein levels of SP-A, SP-D and CC-16 
were significantly increased in the non-survi-
vors compared to that in survivors. In contrast, 
serum NE and ratio of NE/PI3 were dramati-
cally decreased in non-survivors compared to 
that in survivors. Consistent with previous 
reports that these proteins involve in injury and 
repair of the alveolar wall [19, 20] and lung 
inflammatory response [21, 22], findings of the 
current study suggested that these proteins 
play a crucial role in the progression of the 
disease. 

Mortality differential for predictor variables was 
examined by comparing areas under the ROC 
curve that may measure discrimination, that is, 
the ability of the test to correctly classify the 
variables with or without a death risk [23, 24]. 
Multivariable logistic regression models were 

established by regression analysis. While ROC 
spaces increased in most of the tests, areas for 
APACHE II score (95% CI, 0.908-0.987) and 
serum SP-D (95% CI, 0.839-0.979) were signifi-
cantly enlarged with the curves moving far 
away from the diagonal line as compared to 
others, indicating the two variables highly cor-
relate with mortality of the patients by reaching 
to 82%-98% of the highest accuracy in the 
cohort. APACHE II score is designed to measure 
the severity of a disease with an integer score 
from 0 to 71 of several measurements [11]. 
Consistent with previously published results by 
other investigators [25], the result of quantita-
tive ROC analysis in the current study fully dem-
onstrated that higher APACE II score is corre-
sponding to more severe condition of the ill-
ness and a higher risk of death in the study. 

SP-D is a collagenous, carbohydrate-binding 
glycoprotein synthesized and secreted into the 
air spaces of the lung by the respiratory epithe-
lium [26, 27]. Though lung is the major site of 
SP-D expression, it is likely that the protein has 
more generalized roles in host defense and the 
acute response to infection and tissue injury 
[27]. It has been found that a high SP-D plasma 
level might positively correlate with lung injury 
in ARDS patients [28]. ROC analysis of the cur-
rent study revealed a strong association of 
serum SP-D level and severity of lung injury as 
well as high mortality of the disease, suggest-
ing that serum SP-D level may be considered as 
a biomarker in predicting mortality rate of 
ARDS. 

Taken together, this study generated ROC curve 
analysis and documented a highly sensitive 
and specific association of the optimal cut-off 
points of the SP-D serum level with ARDS 
patients’ mortality, which could be a prognostic 
factor for ARDS in addition to APACHE II score. 
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