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ABSTRACT
Objectives  This study was conducted to assess 
the association between the Dyspnea, Eosinopenia, 
Consolidation, Acidemia and Atrial Fibrillation (DECAF) 
scores and the prognosis of patients with acute 
exacerbation of chronic obstructive pulmonary disease 
(AECOPD), to evaluate the specific predictive and 
prognostic value of DECAF scores and to explore the 
effectiveness of different cut-off values in risk stratification 
of patients with AECOPD.
Design  Systematic review and meta-analysis.
Participants  Adult patients diagnosed with AECOPD (over 
18 years of age).
Primary and secondary outcome measures  Electronic 
databases, including the Cochrane Library, PubMed, 
the Embase and the WOS, and the reference lists in 
related articles were searched for studies published 
up to September 2019. The identified studies reported 
the prognostic value of DECAF scores in patients with 
AECOPD.
Results  Seventeen studies involving 8329 participants 
were included in the study. Quantitative analysis 
demonstrated that elevated DECAF scores were associated 
with high mortality risk (weighted mean difference=1.87; 
95% CI 1.19 to 2.56). In the accuracy analysis, DECAF 
scores showed good prognostic accuracy for both in-
hospital and 30-day mortality (area under the receiver 
operating characteristic curve: 0.83 (0.79–0.86) and 0.79 
(0.76–0.83), respectively). When the prognostic value 
was compared with that of other scoring systems, DECAF 
scores showed better prognostic accuracy and stable 
clinical values than the modified DECAF; COPD and Asthma 
Physiology Score; BUN, Altered mental status, Pulse 
and age >65; Confusion, Urea, Respiratory Rate, Blood 
pressure and age >65; or Acute Physiology and Chronic 
Health Evaluation II scores.
Conclusion  The DECAF score is an effective and feasible 
predictor for short-term mortality. As a specific and 
easily scored predictor for patients with AECOPD, DECAF 
score is superior to other prognostic scores. The DECAF 
score can correctly identify most patients with AECOPD 
as low risk, and with the increase of cut-off value, the 
risk stratification of DECAF score in high-risk population 
increases significantly.

INTRODUCTION
Acute exacerbation of chronic obstructive 
pulmonary disease (AECOPD) is charac-
terised by the deterioration of respiratory 
symptoms beyond normal daily variations.1 
AECOPD accounts for one in eight hospital 
admissions2 and is associated with worsening 
lung function, health-related quality of life 
and mortality risk. The in-hospital mortality 
of patients with AECOPD ranges from 4.4% 
to 25%. The survivors have a readmission rate 
of 25%–55%, and 25%–50% of these patients 
have a high risk of death within 1 year.2 3

Prognostic score can provide a strong indi-
cator for risk stratification and assist clinical 
management, including hospital at home 

Strengths and limitations of this study

►► This study evaluated the effectiveness of Dyspnea, 
Eosinopenia, Consolidation, Acidemia and Atrial 
Fibrillation (DECAF) score on prognosis short-term 
mortality of patients with acute exacerbation of 
chronic obstructive pulmonary disease (AECOPD), 
and explored the effectiveness of different cut-off 
values in risk stratification of patients with AECOPD.

►► In order to further evaluate the effectiveness of 
DECAF score, this study compared the prognos-
tic effects of DECAF scores with other prognostic 
scores, such as Acute Physiology and Chronic Health 
Evaluation II; BUN, Altered mental status, Pulse and 
age >65; and Confusion, Urea, Respiratory Rate, 
Blood pressure and age >65.

►► This study assessed DECAF scores by quantitative 
analysis and accuracy analysis.

►► The data and analyses were difficult to obtain due 
to a lack of original studies reporting the value of 
DECAF scores for predicting long-term mortality and 
other adverse outcomes in patients with AECOPD.

►► Although we analysed the source of heterogeneity 
through subgroup analysis, heterogeneity in the re-
sults should still be considered carefully.
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or early supported discharge for low-risk groups, and 
early escalation or appropriate palliation for high-risk 
groups.4 5 The Dyspnea, Eosinopenia, Consolidation, 
Acidemia and Atrial Fibrillation (DECAF) score is a risk 
stratification tool designed to predict risk of death in 
patients with AECOPD,6 and can be easily applied at the 
bedside to guide treatment, such as hospital at home for 
low-risk patients.7 The DECAF score uses indices routinely 
available at admission. The score includes five predictors, 
the strongest of which is stable state dyspnoea, measured 
by the extended Medical Research Council Dyspnea 
score (table  1).8 The DECAF score showed promising 
performance in derivative studies, and was superior to 
other prognostic tools for patients with AECOPD.6 In 
2014, the UK National COPD Audit recommends that 
DECAF scores be recorded for patients with AECOPD.9 
Subsequently, an increasing number of original studies 
conducted derivation, internal and external validation 
and implementation of the DECAF score. The prognostic 
value of DECAF score still needs to be further verified 
by the methods of systematic review and meta-analysis, 
which is essential to prove the generalisation of prognosis 
scores.

This systematic review and meta-analysis evaluated the 
association between DECAF scores and the prognosis of 
patients with AECOPD, assessed the specific predictive 
and prognostic value of DECAF scores and explored the 
effectiveness of different cut-off values in risk stratifica-
tion of patients with AECOPD. To further assess the clin-
ical value of DECAF scores, we compared the test to other 
commonly used prognostic scores, including the modi-
fied DECAF (m-DECAF; the Dyspnoea, Eosinopenia, 
Consolidation, Acidemia and Frequency of admission in 
AECOPD in the last year),10 COPD and Asthma Physiology 
Score (CAPS),11 BUN, Altered mental status, Pulse and 
age >65 (BAP-65),12 Confusion, Urea, Respiratory Rate, 

Blood pressure and age >65 (CURB-65)13 and Acute Phys-
iology and Chronic Health Evaluation Ⅱ (APACHE II) 
scoring systems.14 Although these scores are not designed 
or proposed for AECOPD, they are still commonly used 
in clinical practice for the prediction and prognostic 
evaluation of patients with AECOPD. This study aimed 
to evaluate and validate the effectiveness of the DECAF 
score and improve the clinical course and outcome of 
patients with AECOPD.

MATERIALS AND METHODS
All methods of this systematic review and meta-analysis 
followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines.15

Data sources and searches
The review authors searched for medical literature 
before September 2019. The research was conducted 
in electronic databases including the Cochrane Library, 
PubMed, the Excerpt Medica Database (Embase), the 
Web of Science (WOS) and the reference lists from 
review articles, irrespective of publication dates, status or 
language. The search was conducted with the following 
keywords: DECAF Score or Dyspnea, Eosinopenia, Consolida-
tion, Acidemia and Atrial Fibrillation Score and AECOPD or 
Acute Exacerbations of Chronic Obstructive Pulmonary Disease. 
Search strategies used in the Cochrane Library, PubMed, 
Embase and WOS can be found in the online supplemen-
tary file: search strategies.

This meta-analysis included studies that met the 
following criteria:
1.	 Adult patients diagnosed with AECOPD (over 18 years 

of age).
2.	 The studies included the results of DECAF score prog-

noses in patients with AECOPD. Study information 
could be extracted into a 2×2 contingency table. AE-
COPD was diagnosed based on the latest reference 
standard in the original study, such as the Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) 
guideline, which was defined as an acute event charac-
terised by worsening of the patient’s respiratory symp-
toms beyond normal day-to-day variations, leading to 
medication changes.

3.	 No publication date, status or language restrictions 
were applied. Clinical original articles were included, 
whereas secondary studies, conference abstracts, edito-
rials and animal experiments were excluded.

Study selection
Two review authors (QH and HX) independently assessed 
the studies to be included based on the titles, abstracts 
and keywords. If a study was found to be relevant to our 
topic, at least two reviewers further evaluated the full text 
to determine whether it met the inclusion criteria. In 
the case of inconsistencies between the reviewers, a third 
reviewer (JL) was consulted. The authors consulted the 
original authors to further ensure the eligibility of a study, 

Table 1  DECAF score

Variables Score

Dyspnoea 1

eMRCD 5a (too breathless to leave the house 
unassisted but independent in washing and/or 
dressing)

1

eMRCD 5b (too breathless to leave the house 
unassisted and requires help with washing and 
dressing)

2

Eosinopenia (eosinophils <0.05×109/L) 1

Consolidation 1

Moderate or severe acidaemia (pH <7.3) 1

Atrial fibrillation (including history of paroxysmal 
atrial fibrillation)

1

Maximum DECAF score 6

DECAF, Dyspnea, Eosinopenia, Consolidation, Acidemia and Atrial 
Fibrillation; eMRCD, extended Medical Research Council Dyspnea 
score.

https://dx.doi.org/10.1136/bmjopen-2020-037923
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when additional information on the details of the results 
and methods or allocation concealment was needed. A 
study diagram was prepared to illustrate the entire liter-
ature research process and the selection of the studies 
(figure 1).

Data extraction and quality assessment
The data were independently extracted by two review 
authors (TS and CZ) and the resulting differences were 
resolved by a third reviewer (CH). The extracted data 
included the lead author; publication year; the country 
of origin; the participant characteristics (age, sex and 
mortality rate); the statements for collection of DECAF; 
the optimal cut-off threshold in original study; values 
for sensitivity (SEN), specificity (SPE), true positive, true 
negative, false positive, false negative; and the area under 
the receiver operating characteristic (ROC) curve (AUC). 
If data were missing, a letter was written to the authors to 
request the data. If there was no response to the letter 
after 4 weeks, an email was sent. If there was no response 
to the email, estimates were made based on available data 
and used.

Two review authors (LJ and JL) independently applied 
the guidelines of the PRISMA statement16 to evaluate 
each involved study. The Quality Assessment of Diag-
nostic Accuracy Studies-2 was conducted by two indepen-
dent authors (LJ and JL) to assess the quality and risk of 
bias for diagnostic or prognostic studies.17 In case of any 
inconsistency, all authors reach an agreement through 
discussion. The quality and risk of bias were assessed from 
two perspectives, including bias risk and applicability 
concerns, and evaluated from four aspects, including 

patient selection, index test, reference standard, and flow 
and timing.

Data synthesis and analysis
This study used Stata SE V.15.0 (StataCorp; College 
Station, TX, USA) to analyse the extracted data. Contin-
uous variables are expressed as weighted mean differ-
ences (WMD) with a 95% CI.

The mixed bivariate random effects regression model 
was used to analyse and pool the diagnostic accuracy 
measurements across studies.18 To derive summary esti-
mates, we plotted estimates of the observed SEN and SPE 
for each test in forest plots and hierarchical summary 
receiver operating characteristic (HSROC) curves 
derived from individual study results.19 20 These results 
were plotted using HSROC curves with 95% confidence 
and prediction regions. Additionally, pooled SEN, SPE, 
diagnostic OR (DOR), positive likelihood ratio (PLR) 
and negative likelihood ratio (NLR) were calculated.21 
The AUC was also calculated to show the prognostic 
performance of DECAF. In clinical practice, tests with 
AUC above 0.8 are considered to be very reliable.22

The heterogeneity of eligible studies was assessed by the 
Cochrane Q test (significant heterogeneity was indicated 
by p<0.05) and the I2 test (significant heterogeneity was 
indicated by I2 >50%).23 If substantive heterogeneity (I2 
>50%) existed, subgroup analysis and SEN analysis were 
performed to analyse the sources of the heterogeneity. 
The α value was set to 0.05.

To assess the heterogeneity from the threshold effect, 
the Spearman correlation coefficient between the logit 
of SEN and the logit of (1−specificity) was computed to 
assess the threshold effect on the prognostic accuracy of 
DECAF score. If the Spearman correlation coefficient 
was greater than or equal to 0.6 (p<0.05), there was a 
threshold effect.24 The Deeks funnel plot asymmetry test 
was used to assess for publication bias, when the included 
studies were greater than 10 studies.25

Patient and public involvement
Patients and the public were not involved in the devel-
opment of the research question, the outcome measures, 
the design or conduct of this systematic review. Patients 
and the public were not asked to advise on interpretation 
of results or to contribute to the writing or editing of this 
document.

RESULTS
Study selection
A flow chart of the study selection process (figure 1) was 
prepared according to the PRISMA guidelines. After 
reviewing the title and abstract, 35 articles were screened 
for full-text review. Among them, 18 articles failed to meet 
the inclusion criteria. Seventeen studies involving a total 
of 8329 participants met all of the criteria.6 9 26–40 Among 
them, Echevarria et al26 28 and Shi et al27 29 each produced 
two articles from two different studies.

Figure 1  Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flow diagram and exclusion 
criteria.
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Study characteristics
As for the AECOPD definition, all studies were defined by 
the GOLD criteria, which is defined as an acute event char-
acterised by worsening of the patient’s respiratory symp-
toms beyond normal day-to-day variations and leading 
to medication changes.41 All identified studies reported 
the results of DECAF scores for AECOPD prognosis. 
Among these studies, 15 reported the prognostic values 
of DECAF scores for in-hospital mortality6 9 26 28 29 31–40 
and five studies reported 30-day mortality.27 28 30 31 33 The 
cut-off threshold for each study was retrospectively deter-
mined based on the ROC curve. For in-hospital mortality, 
the results of five studies were based on a cut-off value 
of 4,9 28 35 37 39 four studies were based on a cut-off value 
of 3,6 32 36 40 three studies were based on a cut-off value 
of 230 33 38 and the other three studies did not report a 
cut-off threshold.17 22 25 With regard to the collection of 
DECAF score, eight studies collected the score on admis-
sion,9 27 30 32–34 38 40 one reported that the collection was 
prespecified in the original study protocol,26 one was 
collected within 24 hours after admission,35 one recorded 
DECAF score as part of routine practice28 and the other 
six reported that the DECAF score was compiled based on 
admission data.6 29 31 36 37 39 As for other prognostic scores, 
five studies reported the prognostic value of CURB-65 
scores,28 30 31 33 35 eight reported BAP-65 scores,28 30 31 33–37 
five reported APACHE Ⅱ scores,6 27–29 40 four reported 
CAPS scores6 28 29 40 and three reported the prognostic 
value of m-DECAF scores9 29 37 for patients with AECOPD. 
A summary of the characteristics of the included studies 
is shown in table 2.

Methodological quality and risk of bias
Only one study was a case–control design without blinding 
statements, which could not prevent the occurrence of 
observer bias, thus the risk of bias was related high.35 All 
studies included patients diagnosed with AECOPD, and 
eight studies reported consecutive enrolment.6 9 26–28 30 34 40 
Most of studies included did not prespecify the cut-off 
value for risk stratification. Since the main outcome is 
the mortality of patients with AECOPD, for which the 
reference standard is survival or non-survival, all included 
studies met the low-risk criteria of the reference standard 
items. However, the included studies yielded different 
baseline characteristics in the included population, which 
affected patient selection, flow and timing. The quality 
and bias of each included study was shown in table 3, and 
the summary figures of risk of bias were shown in online 
supplementary figures S1 and S2.

The quantitative analysis of DECAF scores in AECOPD
Three studies referred to DECAF scores between 
the survivor group and the non-survivor group. The 
randomised effect model showed a significant increase 
in DECAF scores in the non-survivor group compared 
with the survivor group (WMD=1.87; 95% CI 1.19 to 2.56; 
p<0.001) (table 4). The results indicate that the elevated 
DECAF scores were associated with high mortality risk.

As shown in table  4, four other scoring systems have 
been proven to indicate poor outcomes of AECOPD. 
Compared with the survivor group, the results showed 
that CURB-65 scores, BAP-65 scores, m-DECAF scores 
and APACHE Ⅱ scores were increased in the non-survivor 
group (WMD=0.69, 95% CI −0.08 to 1.45, p=0.078; 
WMD=0.75, 95% CI −0.07 to 1.56, p=0.071; WMD=1.74, 
95% CI 1.36 to 2.13, p=0.001; WMD=5.24, 95% CI 4.00 
to 6.47, p<0.001, respectively). The results showed 
that increases in DECAF scores, m-DECAF scores and 
APACHE Ⅱ scores were associated with a high risk of 
mortality in AECOPD, suggesting that DECAF scores have 
the potential to be a prognostic indicator for patients 
with AECOPD.

Prognostic value of DECAF scores for AECOPD
Seventeen studies reported the prognostic value of DECAF 
scores. The pooled SEN of DECAF scores for predicting 
mortality was 0.76 (95% CI 0.70 to 0.81; I2=45.24%, 
Q=29.22 (p=0.02)) with an SPE of 0.76 (95% CI 0.68 to 
0.83; I2=96.99%, Q=531.44 (p<0.001); figure 2). The PLR 
and NLR were 3.2 (95% CI 2.4 to 4.1) and 0.32 (95% CI 
0.27 to 0.37), respectively, and the DOR was 10 (95% CI 
8 to 13). The AUC of the HSROC was 0.82 (95% CI 0.78 
to 0.85; figure 3), indicating that the DECAF score had a 
reliable accuracy in predicting mortality for patients with 
AECOPD. Additionally, there was no significant differ-
ence in threshold effect (Spearman correlation coeffi-
cient=0.467; p=0.059). No publication bias was found in 
Deeks funnel plot asymmetry test (p=0.74; online supple-
mentary figure S3).Fig. S3

Subgroup analysis
In predicting in-hospital mortality, the pooled SEN of the 
DECAF scores was 0.77 (95% CI 0.70 to 0.82; I22=47.24%, 
p=0.02), the SPE was 0.76 (95% CI 0.67 to 0.84; I2=96.5%, 
p<0.001) and the AUC of the HSROC was 0.83 (95% 
CI 0.79 to 0.86). For 30-day mortality, the pooled SEN 
of the DECAF scores was 0.71 (95% CI 0.53 to 0.84; 
I2=84.95%, p<0.001), the SPE was 0.75 (95% CI 0.58 to 
0.86; I2=98.37%, p<0.001) and the AUC of the HSROC 
was 0.79 (95% CI 0.76 to 0.83) (table 5).

The subgroup analyses were based on different cut-
off values (table 5). For a cut-off value of 4, five studies 
included 2550 participants who reported the prognostic 
value of DECAF. The pooled SEN of the DECAF scores 
was 0.75 (95% CI 0.69 to 0.81; I2=0.00%, p=0.61), the SPE 
was 0.80 (95% CI 0.68 to 0.89; I2=95.84%, p<0.001), the 
AUC of the HSROC was 0.76 (95% CI 0.72 to 0.80), the 
PLR was 3.80 (95% CI 2.20 to 6.60) and the NLR was 0.31 
(95% CI 0.23 to 0.41). Four studies included 1361 partic-
ipants who reported the results of a cut-off value of 3. 
The pooled SEN was 0.77 (95% CI 0.70 to 0.82; I2=0.00%, 
p=0.52), the SPE was 0.76 (95% CI 0.67 to 0.84; I2=29.09%, 
p=0.24), the AUC of the HSROC was 0.83 (95% CI 0.79 
to 0.86), the PLR was 3.20 (95% CI 2.40 to 4.40) and the 
NLR was 0.31 (95% CI 0.25 to 0.37). For a cut-off value of 
2, three studies included 1002 participants who reported 
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the results. The pooled SEN was 0.84 (95% CI 0.68 to 
0.93; I2=0.00%, p=0.52), the SPE was 0.53 (95% CI 0.50 to 
0.56; I2=0.00%, p=0.61), the AUC of the HSROC was 0.77 
(95% CI 0.73 to 0.80), the PLR was 1.80 (95% CI 1.50 to 
2.10) and the NLR was 0.31 (95% CI 0.15 to 0.64). The 
results of PLR and NLR at different cut-off values suggest 
that DECAF score can correctly identify most of patients 
with AECOPD as low risk, and with the increase of cut-off 
value, the risk stratification of DECAF score for high-risk 
population increased significantly.

Other prognostic scores for patients with AECOPD
In predicting the in-hospital mortality of patients with 
AECOPD, the pooled results showed that the SEN, SPE 
and AUC of the CURB-65 scores were 0.46, 0.92 and 0.73, 
respectively. The SEN, SPE and AUC of the BAP-65 scores 
were 0.70, 0.50 and 0.64, respectively. The SEN, SPE and 
AUC of the APACHE Ⅱ scores were 0.70, 0.65 and 0.72, 
respectively. The SEN, SPE and AUC of CAPS scores were 
0.77, 0.62 and 0.75, respectively, and the SEN, SPE and 
AUC of the m-DECAF scores were 0.84, 0.62 and 0.84, 
respectively (table 6).

When predicting the 30-day mortality in patients with 
chronic obstructive pulmonary disease (COPD), the 
pooled results showed that the SEN, SPE and AUC of the 
CURB-65 scores were 0.52, 0.85 and 0.53, respectively. 
The SEN, SPE and AUC of the BAP-65 scores were 0.61, 
0.57 and 0.62, respectively. The SEN, SPE and AUC of the 
APACHE II scores were 0.68, 0.73 and 0.77, respectively 
(table 7).

DISCUSSION
In stable COPD, prognostic indicators have been thor-
oughly investigated and tools to predict mortality risk, 
such as the body mass index, air-flow obstruction, dyspnea, 
and exercise capacity (BODE) score,41 have been well 
established. However, prognostic studies in patients with 
exacerbation requiring hospitalisation are limited and 
the predictors of mortality between stable disease periods 
and AECOPD periods seem to have little in common.42 In 
addition, the risk of mortality in patients with AECOPD 
is much higher than in patients with stable COPD. Thus, 
there is an urgent need for effective reliable clinical tools 
that can be used to inform clinicians and patients of the 
risk of death during exacerbation.

The current study conducted a systematic review and 
meta-analysis to characterise and evaluate DECAF scores 
predicting mortality in patients with AECOPD. Six 
potential scoring systems were evaluated by comparing 
survivor and non-survivor scores and prognostic accuracy. 
Quantitative analysis demonstrated that elevated DECAF 
scores were significantly associated with high mortality 
risk. In other potential scoring systems, compared with 
the survivor group, the results showed that only the 
m-DECAF and APACHE Ⅱ scores increased in the non-
survivor group. In the accuracy analysis, DECAF scores 
showed a reliable prognostic accuracy for both in-hospital A
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and 30-day mortality. When the prognostic value was 
compared with other prognostic scores, DECAF scores 
showed better prognostic accuracy and stable clinical 
value in predicting the in-hospital mortality and 30-day 
mortality of patients with AECOPD. The results showed 

that for the different cut-off values of DECAF score, as the 
cut-off value increased, the SEN decreased and the SPE 
escalated. The results of PLR and NLR at different cut-
off values suggest that DECAF score can correctly iden-
tify most patients with AECOPD as low risk, and with the 

Table 3  The Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) for included studies

Studies

Patient selection Index test
Reference 
standard Flow and timing

Scores1 2 3 4 5 6 7 8 9 10 11 12 13 14

Echevarria et al26 Y Y U Low Y Y Low Y U Low Y Y Y Low 12

Shi et al27 Y Y Y Low Y U Unclear Y U Low U Y Y Low 10

Bastidas et al30 U Y U Unclear Y U Unclear Y U Low Y Y Y Low 8

Shafuddin et al31 U Y Y Unclear Y U Unclear Y U Low Y Y N High 7

Bisquera and Cruz32 U Y U Unclear Y U Low Y U Low Y Y U Unclear 7

Mantilla et al33 U Y U Unclear Y U Low Y U Low Y Y Y Low 9

Sangwan et al34 Y Y Y Unclear Y U Low Y U Low Y Y U Unclear 9

Xu et al35 U N Y High N U High Y N High U Y Y Unclear 4

Parras et al36 U Y Y Unclear Y U Low Y U Low U Y Y Low 9

Shi 2016 U Y Y Unclear Y U Low Y Y Low U Y Y Low 10

Yousif and El 
Wahsh37

U Y Y Unclear Y U Unclear Y U Low U Y Y Low 8

Echevarria et al28 Y Y Y Low Y U Low Y Y Low Y Y Y Low 13

Zidan et al10 Y Y Y Unclear Y U Low Y U Low Y Y Y Low 12

Collier et al38 U Y U Unclear Y U Low Y U Low U Y U Unclear 6

Rabbani and 
Brammer39

U Y U Unclear U U Unclear Y U Low U Y Y Low 6

Nafae 2014 Y Y Y Low Y U Low Y U Low Y Y Y Low 12

Steer et al6 8 Y Y Y Low Y U Unclear Y U Low Y Y Y Low 11

QUADAS-2 criteria: (1) Was a consecutive or random sample of patients enrolled? (2) Was a case–control design avoided? 
(3) Did the study avoid inappropriate exclusions? (4) Could the selection of patients have introduced bias? (5) Were the 
index test results interpreted without knowledge of the results of the reference standard? (6) If a threshold was used, was 
it prespecified? (7) Could the conduct or interpretation of the index test have introduced bias? (8) Is the reference standard 
likely to correctly classify the target condition? (9) Were the reference standard results interpreted without knowledge of the 
results of the index tests? (10) Could the reference standard, its conduct, or its interpretation have introduced bias? (11) Was 
there an appropriate interval between index test and reference standard? (12) Did all patients receive the same reference 
standard? (13) Were all patients included in the analysis? (14) Could the patient flow have introduced bias?

N, No, represents negative answer for the corresponding question; U, Unclear, that is, the information provided in the individual studies was 
insufficient to answer the corresponding question; Y, Yes, represents certain answer for the corresponding question.

Table 4  The quantitative analysis of scores in AECOPD mortality

Variables Studies (n) Patients (n) WMD 95% CI P value

DECAF 3 600 1.87 1.19 to 2.56 <0.001

CURB-65 2 414 0.69 −0.08 to 1.45 0.078

BAP-65 2 414 0.75 −0.07 to 1.56 0.071

Modified DECAF 2 298 1.74 1.36 to 2.13 0.001

APACHE II 2 298 5.24 4.00 to 6.47 <0.001

AECOPD, acute exacerbation of chronic obstructive pulmonary disease; APACHE II, Acute Physiology and Chronic Health Evaluation II; 
BAP-65, BUN, Altered mental status, Pulse and age >65; CURB-65, Confusion, Urea, Respiratory Rate, Blood pressure and age >65; DECAF, 
Dyspnea, Eosinopenia, Consolidation, Acidemia and Atrial Fibrillation; WMD, weighted mean difference.;
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increase of cut-off value, the risk stratification of DECAF 
score for high-risk population increased significantly.

The DECAF scores increased significantly in the non-
survivor group. This suggests that elevated DECAF scores 
have the potential to stratify a high-risk population from 
low-risk patients. The m-DECAF and APACHE Ⅱ scores 
had a similar relationship, which indicates that scoring 
systems have potential to aid clinical decisions in risk strat-
ification. However, the CURB-65 and BAP-65 scores did 
not show statistical differences between the survivor and 
non-survivor groups. Although studies have shown that 
CURB-65 and BAP-65 can be effective tools for predicting 
mortality,43 based on the results of this current study, we 
speculate that the potential prognostic value of CURB-65 
and BAP-65 is relatively low.

The DECAF score is an effective predictor of mortality 
and can be easily scored at the bedside using indices 
routinely available at admission.6 In clinical practice, test 
with AUC greater than 0.8 is considered to be very reli-
able.22 The results showed that the AUC of the DECAF 
scores was 0.83 for predicting in-hospital mortality and 
0.79 for short-term mortality (30 days). This indicates that 

the DECAF test can be used as a promising prognosis tool 
with satisfactory SEN and SPE for patients with AECOPD.

In a randomised controlled trial and economic eval-
uation study of DECAF implementation, the low-risk 
patients (DECAF 0 or 1) selected by DECAF were more 
cost-effective than the usual care, mainly manifested in 
a fivefold reduction in the median of 90 days of hospi-
talisation.7 The study showed that the DECAF score was 
easily applied at the bedside to guide treatment, and 
about twice as many patients were eligible compared 
with earlier models.7 It was safe, clinically effective, cost-
effective to use DECAF score at home in low-risk patients, 
and preferred by most patients.7

Mortality rates vary between clinical settings and 
cohorts. In this study, the mortality rate of patients in 
the included studies ranged from 2.38% to 33.93%. This 
largely reflects differences in baseline characteristics, 
especially in the proportion of patients admitted from 
institutional care and with coexisting pneumonia.12 28 
In addition, this also partly leads to choosing different 
cut-off values. To illustrate the relationship between the 
cut-off values for risk stratification, subgroup analyses 

Figure 2  Forest plot of sensitivity and specificity of Dyspnea, Eosinopenia, Consolidation, Acidemia and Atrial Fibrillation 
(DECAF) for the prediction of mortality in acute exacerbation of chronic obstructive pulmonary disease (AECOPD).
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were performed. For cut-off values from 2 to 4, the SEN 
decreased from 0.84 to 0.75 and the SPE increased from 
0.53 to 0.80. With an increase in the cut-off value, SPE 
increased significantly. Under the premise of ensuring 
SEN, improving SPE can effectively reduce the number of 
false positives and improve the clinical application value 
of a prognostic score.

In clinical practice, the greater the PLR value, the 
greater the likelihood of true positive when the test result 
is positive; the smaller the NLR value, the greater the 
likelihood of true negative when the test result is nega-
tive. PLR is more important in stratification of high-risk 
groups, while NLR is more important in low-risk groups. 
From the results, the NLR was very small, 0.31, which indi-
cated that the DECAF score could correctly identify most 
patients with AECOPD as a low-risk group. For the cut-off 
value from 2 to 4, the PLR value increased from 1.80 to 

Figure 3  Hierarchical summary receiver operating 
characteristic curve for evaluating the prognostic value of 
mortality of Dyspnea, Eosinopenia, Consolidation, Acidemia 
and Atrial Fibrillation (DECAF) in acute exacerbation 
of chronic obstructive pulmonary disease (AECOPD). 
The HSROC, hierarchical summary receiver operating 
characteristic (HSROC) curve was conducted which plots 
sensitivity versus specificity. All studies were presented as a 
circle and plotted with the HSROC curve. The summary point 
(red box) indicates that the summary sensitivity was 0.76 and 
the summary specificity was 0.76. The summary results are 
displayed as the 95% confidence region and 95% prediction 
region in the HSROC curve plot. The size of the marker is 
scaled according to the total number of patients in each 
study.
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3.80, indicating that with the increase of the cut-off value, 
the risk stratification of the DECAF score in high-risk 
groups increased significantly.

The CURB-65 and BAP-65 tests can also be easily scored 
on admission.44 However, according to the results of this 
study, the CURB-65 and BAP-65 scores had low prognostic 
values for predicting in-hospital and 30-day mortality, 
which were consistent with the lack of statistical differ-
ence in CURB-65 and BAP-65 scores between survivors 
and non-survivors.

APACHE II uses point scores based on the initial values 
of 12 routine physiological measurements, age and 
previous health status to provide a general measure of 
disease severity.45 APACHE II is not a specific predictor 
for AECOPD but is still commonly used in clinical prac-
tice to predict mortality in patients with AECOPD.46 
Based on our results, APACHE II scores showed no supe-
riority to DECAF scores in prognostic accuracy, SEN or 
SPE. In addition, it contains cumbersome test items, thus 
increasing the workload of clinicians in clinical practice. 
For patients with AECOPD, the APACHE II test may not 
be the preferred early warning scoring system.

As for the m-DECAF, Zidan et al9 attempted to replace 
the atrial fibrillation item in the DECAF test with admis-
sion frequency for AECOPD during the last year and 
named the revision the m-DECAF. They concluded that 
the m-DECAF test was more sensitive and specific in 
predicting in-hospital mortality during acute exacerba-
tion of COPD than the DECAF test. However, there was 
no significant difference between the two scores,9 which 
was consistent with the results of this current study. In 
addition, only three studies reported the predictive value 
of m-DECAF test for in-hospital mortality in patients 
with AECOPD, and no study reported the effectiveness 
of the test in terms of 30-day mortality. Therefore, more 
evidence is needed to evaluate the prognostic value of 
m-DECAF scores and further compare the clinical value 
between DECAF scores and m-DECAF scores.

Examination of prognostic scores can contribute to clin-
ical management, early risk stratification and the preven-
tion of poor outcomes, as well as monitoring during 
treatment.47 Clinicians are constantly seeking predictors 
of mortality for patients with AECOPD. As a promising 
predictor, DECAF scores can be used in a variety of 
hospital settings to accurately stratify mortality risk. As 
a specific and easily scored predictor for patients with 
AECOPD, DECAF is superior to other prognostic scores 
in predicting short-term mortality. From the results of 
different cut-off values, the DECAF score showed a prom-
ising potential. It can correctly identify most patients with 
AECOPD as low-risk group, which is related to the reduc-
tion of in-hospital stay. Compared with the meta-analyses 
of interventions, including randomised controlled trials, 
those including diagnostic studies have more publication 
bias.48 Excluding studies that do not have sufficient data 
may lead to publication and reporting bias. Therefore, 
the prognostic value of DECAF may be overestimated. As 
for the significant degree of heterogeneity, we conducted 

a subgroup analysis to explore the source of the heteroge-
neity. The subgroup analysis revealed that the heteroge-
neity was mainly derived from the choice of cut-off value. 
When the cut-off value was 2, 3 or 4, the heterogeneity of 
SEN decreased to 0. However, the heterogeneity of SPE 
was still substantive when the cut-off value was 4. This 
largely reflects differences in the baseline characteristics 
of the patient selection. The biases between included 
studies can also lead to heterogeneity. The DECAF score 
needs to be collected at admission or prespecified in 
the original study protocol. However, the collection of 
DECAF score varied between the included studies, which 
may result in variable performance of DECAF. In addi-
tion, different included studies yielded different baseline 
characteristics in the included population, which affected 
patient selection and also led to the different selection of 
cut-off value between studies.

This meta-analysis had some limitations. First, the 
data and analyses were difficult to obtain due to a lack 
of original studies reporting the value of DECAF scores 
for predicting long-term mortality and other adverse 
outcomes in patients with AECOPD. Further studies are 
needed for validation. Second, it was difficult to obtain 
raw data for each of the included studies, which limited 
us to determining the optimal DECAF cut-off point for 
predicting AECOPD. Third, because of the lack of original 
research comparing DECAF with other predictive scores, 
we can only compare the predictive value of DECAF 
and other predictive scores to patients with AECOPD in 
general. With the increase of related original research, it 
is possible to further explore the effectiveness of different 
prognostic scores in risk stratification of patients with 
AECOPD. In addition, although the source of heteroge-
neity was analysed by subgroup analysis, heterogeneity in 
the results should still be considered carefully.

CONCLUSION
In conclusion, the results of this systematic review and 
meta-analysis indicated that the DECAF score was an 
effective and feasible predictor of short-term mortality 
in patients with AECOPD. As a specific and easily scored 
predictor for patients with AECOPD, DECAF scores are 
superior to other prognostic scores. The DECAF score 
can correctly identify most patients with AECOPD as low 
risk, and with the increase of cut-off value, the risk stratifi-
cation of DECAF score for high-risk population increased 
significantly.
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