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Abstract

Objectives: This study was conducted to explore the prognostic effect of DECAF score 

(The Dyspnea, Eosinopenia, Consolidation, Acidemia, and Atrial Fibrillation) and 

optimal DECAF cutoff value for patients with acute exacerbation of chronic obstructive 

pulmonary disease (AECOPD), and aimed to provide an early warning score with 

promising feasibility and prognostic value for AECOPD patients.

Design: Systematic review and meta-analysis.

Participants: Adult patients diagnosed with AECOPD (over 18 years of age).

Primary and secondary outcome measures: Electronic databases and reference lists 

of the related reports were searched for studies published up to September 2019. Studies 

were identified that reported the prognostic value of DECAF scores in AECOPD 

patients. Seventeen studies involving 8329 participants were included in the study.

Results: Seventeen studies involving 8329 participants were included in the study. 

Quantitative analysis demonstrated that elevated DECAF scores were associated with 

high mortality risk (WMD = 1.87; 95% CI: 1.19 – 2.56). In the accuracy analysis, DECAF 

scores showed good prognostic accuracy for both in-hospital and 30-day mortality [AUC: 

0.83 (0.79 – 0.86) and 0.79 (0.76 – 0.83), respectively]. The optimal cutoff value for 

DECAF scores was 3 and the optimal prognostic accuracy was detected with satisfactory 

sensitivity and specificity. When the prognostic value was compared to that of other 

scoring systems, DECAF scores showed better prognostic accuracy and stable clinical 

values than the modified DECAF, CAPS, BAP-65, CURB-65 or APACHE II scores.

Conclusion: The DECAF score is an effective and feasible predictor for short-term 

mortality. As a specific and easily scored predictor for AECOPD patients, DECAF scores 

are superior to other early warning scores. An optimal cutoff value of 3 was associated 

with satisfactory prognostic accuracy, sensitivity, and specificity.
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Keywords: Dyspnoea, Eosinopenia, Consolidation, Acidaemia, and atrial Fibrillation 

(DECAF) score; early warning score; acute exacerbation of chronic obstructive 

pulmonary disease (AECOPD); meta-analysis; systematic review.

Strengths and limitations of this study

· This study not only evaluated the effectiveness of DECAF score, but also tested the 

optimal cut-off value of DECAF score in prognosis short-term mortality for AECOPD 

patients.

· In order to further evaluate the effectiveness of DECAF, this study compared the 

prognostic effects of DECAF scores with other early warning scores such as APACHE 

II, BAP-65 and CURB-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 AECOPD patients.

·Although we analyzed the source of heterogeneity through subgroup analysis, 

heterogeneity in the results should still be considered carefully.

Page 4 of 37

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

4

Introduction

Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is 

characterized by the deterioration of respiratory symptoms beyond normal daily 

variations 1. AECOPD accounts for one in eight hospital admissions 2 and is associated 

with worsening lung function, health-related quality of life, and mortality risk. The in-

hospital mortality of AECOPD patients ranges from 4.4% to 25%. The survivors have a 

readmission rate of 25% to 55% and 25% to 50% of these patients have a high risk of 

death within one year 2, 3.

Early warning scores can provide a strong indicator for identifying high-risk 

populations and assist in clinical management, including Hospital-at-Home 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 targeted at predicting the in-hospital mortality of patients 

with AECOPD 6, which can be easily applied at the bedside using indices routinely 

available at admission. The score includes five predictors, the strongest of which is stable 

state dyspnea, measured by the extended Medical Research Council Dyspnea score 

(eMRCD; Table 1) 7. However, the prognostic effectiveness and optimal cutoff value of 

DECAF scores remain unclear.

This systematic review and meta-analysis evaluated the association between 

DECAF scores and the prognosis of patients with AECOPD, assessed the specific 

predictive value of DECAF scores, and explored the optimal cutoff value in clinical 

practice. To further assess the clinical value of DECAF scores, we compared the test to 

other commonly used predictors of mortality in patients with AECOPD, including the 

modified DECAF (the Dyspnoea, Eosinopenia, Consolidation, Acidemia, and Frequency 

of admission in AECOPD in the last year) 8, CAPS (COPD and Asthma Physiology 

Score)9, BAP-65 (BUN, Altered mental status, Pulse and age > 65) 10, CURB-65 

(Confusion, Urea, Respiratory Rate, Blood pressure, and age > 65) 11, and APACHE II 
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(Acute Physiology and Chronic Health Evaluation scoring system Ⅱ) scoring systems12. 

This study aimed to provide an effective and feasible prognostic tool for clinical 

management and improve the clinical course and outcome of AECOPD patients.

Materials and Methods 

All methods of this systematic review and meta-analysis analysis followed the 

PRISMA guidelines 13, 14. 

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, 

Consolidation, 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 Supplement.

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 prognoses in patients with 

AECOPD. Study information could be extracted into a 2 × 2 contingency table. 

AECOPD was diagnosed based on the latest reference standard in the original study, 

such as the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 

guideline, which was defined as an acute event characterized by worsening of the 

patient’s respiratory symptoms beyond normal day-to-day variations, leading to 

medication changes.
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3. No publication date, status or language restrictions were applied. Clinical 

original articles were included, whereas secondary studies, conference abstracts, 

editorials, and animal experiments were excluded.

Study Selection

Two review authors (Q Huang and H Xiong) 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 (J Liu) was consulted. The authors consulted the original authors to 

further ensure the eligibility of a study, 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 literature research process and the selection of the studies (Fig. 1). 

Data Extraction and Quality Assessment

The data were independently extracted by two review authors (T Shuai and C Zhang) 

and the resulting differences were resolved by a third reviewer (C He). The extracted data 

included the lead author; publication year; the country of origin; the participant 

characteristics (age, sex, and mortality rate); the optimal cutoff threshold; values for 

sensitivity, specificity, true-positive, true-negative, false-positive, false-negative; and the 

area (AUC) under the receiver operating characteristic (ROC) curve. If data were missing, 

a letter was written to the authors to request the data. If there was no response to the letter 

after four weeks, an e-mail was sent. If there was no response to the e-mail, estimates 

were made based on available data and used. 

Two review authors (J Liu and J Lu) independently applied the guidelines of the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

statement 15 to evaluate each involved study. The quality and bias of the included studies 

were assessed using the Quality Assessment of Diagnostic Accuracy Studies-2 

(QUADAS-2) 16 by two independent authors (J Liu and J Lu). In the case of any 
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inconsistencies, an agreement was reached through discussion between all of the authors. 

Quality was assessed from two perspectives that included bias risk and applicability 

concerns. Summary figures show an assessment of the risk of bias (Figs. S1 and S2).

Data Synthesis and Analysis

This study used StataSE15.0 (StataCorp; College Station, TX, USA) to analyze the 

extracted data. Continuous variables are expressed as weighted mean differences (WMD) 

with a 95% confidence interval (95% CI). The pooled effect size was calculated by the 

fixed effect model. When significant heterogeneity (P < 0.05, I2 ≥ 50%) was observed, a 

randomized effect model was applied. 

Spearman’s correlation coefficient was used to evaluate the threshold of the DECAF 

score prognostic accuracy. The pooled sensitivity, specificity, positive likelihood ratio 

(PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR) were calculated. 

The accuracy of the diagnostic and prognostic effects was assessed by constructing a 

summary receiver operating characteristic (SROC) curve. The AUC reflects the accuracy 

of diagnostic experiments, where 0.5 – 0.7 indicates low accuracy, 0.7 – 0.9 indicates 

moderate accuracy, and > 0.9 indicates high accuracy. 

Heterogeneity was assessed by the Q test (significant heterogeneity was indicated 

by P < 0.05) and the I2 test (significant heterogeneity was indicated by I2 > 50%). If 

substantive heterogeneity (I2 > 50%) existed, subgroup analysis was performed to analyze 

the sources of the heterogeneity. Based on the results, forest plots were produced to 

demonstrate the cumulative effect of the DECAF scores. Deek’s funnel plot was used to 

assess publication bias. The α value was set to 0.05.

Patient and public involvement

This study is a meta-analysis using data from previously published studies, hence 

patients and the general public were not involved in this study.
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Results

Study Selection

A flow chart of the study selection process (Fig. 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, 8, 17-31. Among them, 

Echevarria et al. 17, 19 and Shi et al. 18, 20 each produced two articles from two different 

studies.

Study Characteristics

As for the AECOPD definition, all studies were defined by the GOLD criteria, which 

is defined as an acute event characterized by worsening of the patient’s respiratory 

symptoms beyond normal day-to-day variations and leading to medication changes 32. All 

identified studies reported the results of DECAF scores for AECOPD prognosis. Among 

these studies, 15 studies reported the prognostic values of DECAF scores for in-hospital 

mortality 6, 8, 17, 19, 20, 22-31 and five studies reported 30-day mortality 18, 19, 21, 22, 24. The 

optimal cutoff threshold for each study was retrospectively determined based on the ROC 

curve. For in-hospital mortality, the results of five studies were based on a cutoff value 

of 4 8, 19, 26, 28, 30, four studies were based on a cutoff value of 3 6, 23, 27, 31, three studies 

were based on a cut-off value of 2 21, 24, 29, and the other three studies did not report an 

optimal cutoff threshold 17, 22, 25. Five studies reported the prognostic value of CURB-65 

scores 19, 21, 22, 24, 26, eight reported BAP-65 scores 19, 21, 22, 24-28, five reported APACHEⅡ

scores 6, 18-20, 31, four reported CAPS scores 6, 19, 20, 31, and three reported the prognostic 

value of modified DECAF scores 8, 20, 28 for AECOPD patients. A summary of the 

characteristics of the included studies is shown in Table 2.

Methodological Quality

The methodological quality of the observational studies was rated as high and eight 

studies fulfilled all of the QUADAS-2 items 6, 19, 23, 24, 27-29, 31. All of the included studies 
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met the low-risk criteria of the reference standard items. The overall bias risk was 

relatively low. However, the included studies yielded different baseline characteristics in 

the included population, which influenced the patient selection, flow, and timing (Figs. 

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 randomized effect model showed a significant increase in DECAF 

scores in the non-survivor group compared to the survivor group (WMD = 1.87; 95% CI: 

1.19 – 2.56; P ＜ 0.001) (Table 3). The results indicate that the elevated DECAF scores 

were associated with high mortality risk. 

As shown in Table 2, four other scoring systems have been proven to indicate poor 

outcomes of AECOPD. Compared to the survivor group, the results showed that CURB-

65 scores, BAP-65 scores, modified DECAF scores, and APACHE Ⅱ scores were 

increased in the non-survivor group (WMD = 0.69, 95% CI: -0.08 – 1.45, P = 0.078; 

WMD = 0.75, 95% CI: -0.07 – 1.56, P = 0.071; WMD = 1.74, 95% CI: 1.36 – 2.13, P = 

0.001; WMD = 5.24, 95% CI: 4.00 – 6.47, P ＜ 0.001, respectively). The results showed 

that increases in DECAF scores, modified DECAF scores, and APACHEⅡscores 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 

sensitivity of DECAF scores for predicting mortality was 0.76 [95% CI, 0.70 – 0.81; I2 = 

45.24%, Q = 29.22 (P = 0.02)] with a specificity of 0.76 [95% CI, 0.68 – 0.83; I2 = 96.99%, 

Q = 531.44 (P < 0.001); Fig. 2]. The PLR and NLR were 3.2 (95% CI, 2.4 – 4.1) and 0.32 

(95% CI, 0.27 – 0.37), respectively, and the DOR was 10 (95% CI, 8 – 13). The AUC 

was 0.82 (95% CI, 0.78 – 0.85; Fig. 3), indicating that the DECAF scores were 

moderately accurate in predicting mortality in AECOPD patients. Additionally, there was 
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no significant difference in threshold effect (Spearman’s correlation coefficient = 0.467; 

P = 0.059).

Subgroup Analysis

In predicting in-hospital mortality, the pooled sensitivity of the DECAF scores was 

0.77 (95% CI, 0.70 – 0.82; I 2= 47.24%, P = 0.02), the specificity was 0.76 (95% CI, 0.67 

– 0.84; I2 = 96.5%, P < 0.001], and the AUC was 0.83 (95% CI, 0.79 –0.86). For 30-day 

mortality, the pooled sensitivity of the DECAF scores was 0.71 (95% CI, 0.53 – 0.84; I2 

= 84.95%, P < 0.001), the specificity was 0.75 (95% CI, 0.58 – 0.86; I2 = 98.37%, P < 

0.001), and the AUC was 0.79 (95% CI, 0.76 – 0.83).

The subgroup analyses were based on different cutoff values. For a cutoff value of 4, 

the pooled sensitivity of the DECAF scores was 0.75 (95% CI, 0.69 – 0.81; I2 = 0.00%, P 

= 0.61), the specificity was 0.80 (95% CI, 0.68 – 0.89; I2 = 95.84%, P < 0.001], and the 

AUC was 0.76 (95% CI, 0.72 – 0.80). For a cut-off value of 3, the pooled sensitivity was 

0.77 (95% CI, 0.70 – 0.82; I2 = 0.00%, P = 0.52), the specificity was 0.76 (95% CI, 0.67 

– 0.84; I2 = 29.09%, P = 0.24], and the AUC was 0.83 (95% CI, 0.79 – 0.86). For a cutoff 

value of 2, the pooled sensitivity was 0.84 (95% CI, 0.68 – 0.93; I2 = 0.00%, P = 0.52), 

the specificity was 0.53 (95% CI, 0.50 – 0.56; I2 = 0.00%, P = 0.61], and the AUC was 

0.77 (95% CI, 0.73 – 0.80).

Other Early Warning Scores for Patients with AECOPD

In predicting the in-hospital mortality of patients with AECOPD, the pooled results 

showed that the sensitivity, specificity, and AUC of the CURB-65 scores were 0.46, 0.92, 

and 0.73, respectively. The sensitivity, specificity, and AUC of the BAP-65 scores were 

0.70, 0.50, and 0.64, respectively. The sensitivity, specificity, and AUC of the APACHE

Ⅱ scores were 0.70, 0.65, and 0.72, respectively. The sensitivity, specificity, and AUC 

of CAPS scores were 0.77, 0.62, and 0.75, respectively, and the sensitivity, specificity, 

and AUC of the m-DECAF scores were 0.84, 0.62, and 0.84, respectively.
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Discussion

In stable COPD, prognostic indicators have been thoroughly investigated and tools 

to predict mortality risk, such as the BODE Score 32, have been well established. However, 

prognostic studies in patients with exacerbation requiring hospitalization are limited and 

the predictors of mortality between stable disease periods and AECOPD periods seem to 

have little in common 33. In addition, the risk of mortality in AECOPD patients 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 characterize 

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. Among other potential scoring 

systems, only the modified DECAF and APACHEⅡshowed similar effects in predicting 

mortality for AECOPD patients. In the accuracy analysis, DECAF scores showed a better 

prognostic accuracy for both in-hospital and 30-day mortality. For the optimal cutoff 

DECAF values, the results showed that as the cutoff value increased, the sensitivity 

decreased and the specificity escalated. When the cutoff value was 3, the optimal 

prognostic accuracy was detected with satisfactory sensitivity and specificity. When the 

prognostic value was compared with other scoring systems, 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 DECAF scores increased significantly in the non-survivor group. This suggests 

that elevated DECAF scores have the potential to identify a high-risk population of 

AECOPD patients. The modified DECAF and APACHE Ⅱ scores had a similar 

relationship, which indicates that scoring systems have potential to aid clinical decisions 
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in risk stratification. 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 34, 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, an AUC 

above 0.8 is considered to be a very reliable test 35. 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-day). This indicates that the DECAF test can be utilized as a promising 

prognosis tool with satisfactory sensitivity and specificity for AECOPD patients.

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 11, 19. In addition, this also partly 

leads to choosing different optimal cutoff values. To illustrate the relationship between 

the cutoff values for predicting mortality, subgroup analyses were performed. For cutoff 

values from 2 to 4, the sensitivity decreased from 0.84 to 0.75 and the specificity 

increased from 0.53 to 0.80. With an increase in the cutoff value, specificity increased 

significantly. Under the premise of ensuring sensitivity, improving specificity can 

effectively reduce the number of false positives and improve the clinical application value 

of an early warning score. When the cutoff value was 3, the optimal prognostic accuracy 

(AUC = 0.83) was detected with satisfactory sensitivity and specificity.

The CURB-65 and BAP-65 tests can also be easily scored on admission 36. However, 

according to the results of this study, the CURB-65 and BAP-65 scores had low 

prognostic value for predicting in-hospital and 30-day mortality, which were consistent 
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with the lack of statistical difference 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 37. APACHE II is not a specific predictor for AECOPD but is still commonly 

used in clinical practice to predict mortality in AECOPD patients 38. Based on our results, 

APACHE II scores showed no superiority to DECAF scores in prognostic accuracy, 

sensitivity or specificity. In addition, it contains cumbersome test items, thus increasing 

the workload of clinicians in clinical practice. For AECOPD patients, the APACHE II 

test may not be the preferred early warning scoring system.

As for the modified DECAF, Zidan et al. 8 attempted to replace the atrial fibrillation 

item in the DECAF test with admission frequency for AECOPD during the last year and 

named the revision the modified DECAF. They concluded that the modified DECAF test 

was more sensitive and specific in predicting in-hospital mortality during acute 

exacerbation of COPD than the DECAF test. However, there was no significant 

difference between the two scores 8, which was consistent with the results of this current 

study. In addition, only 3 studies reported the predictive value of modified DECAF test 

for in-hospital mortality in AECOPD patients, 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 modified DECAF scores and further compare the clinical value 

between DECAF scores and modified DECAF scores.

Examination of early warning scores can contribute to clinical management, early 

risk-stratification, and the prevention of poor outcomes, as well as monitoring during 

treatment 39. 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 

AECOPD patients, DECAF is superior to other early warning scores in predicting short-
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term mortality. Although we detected an optimal cutoff value of 3 for DECAF score 

prognostic accuracy, further studies are still needed for validation.

Compared to the meta-analyses of interventions, including randomized controlled 

trials, those including diagnostic studies have more publication bias 40. Publication bias 

exists in studies that report prognostic value. Excluding studies that do not have sufficient 

data can 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 heterogeneity. The subgroup analysis 

revealed that the heterogeneity was mainly derived from the choice of cutoff value. When 

the cut-off value was 2, 3 or 4, the heterogeneity of sensitivity decreased to 0. However, 

the heterogeneity of specificity was still substantive when the cutoff value was 4. This 

largely reflect differences in the baseline characteristics of the involved population. 

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 AECOPD patients. 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 cutoff point for 

predicting AECOPD. Finally, although we analyzed the source of heterogeneity through 

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 AECOPD patients, 

DECAF scores are superior to other early warning scores. The optimal cutoff value was 

3, with satisfactory prognostic accuracy, sensitivity, and specificity. Further clinical 

practice experience is needed for validation.
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List of abbreviations

AECOPD: acute exacerbation of chronic obstructive pulmonary disease; DECAF: 

Dyspnoea, Eosinopenia, Consolidation, Acidaemia, and atrial Fibrillation score; the 

modified DECAF: the Dyspnoea, Eosinopenia, Consolidation, Acidaemia and Frequency 

of admission in AECOPD in the last year; CAPS: COPD and Asthma Physiology Score; 

BAP-65: BUN, Altered mental status, Pulse and Age > 65; CURB-65: Confusion, Urea, 

Respiratory Rate, Blood pressure, Age > 65; APACHE II: acute physiology and chronic 

health evaluation scoring system Ⅱ scores; QUADAS-2: the Quality Assessment of 

Diagnostic Accuracy Studies-2; WOS: web of science; WMD: weighted mean difference; 

AUC: the area under the receiver operating characteristic curve; PRISMA: the preferred 

reporting items for systematic reviews and meta-analyses; PLR: positive likelihood ratio; 

NLR: negative likelihood ratio; DOR: diagnostic odds ratio; SROC: summary receiver 

operating characteristic; CIs: confidence intervals;
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Table 1. DECAF score

Variables Score

Dyspnea 1

eMRCD 5a (too breathless to leave the house unassisted but independent in washing and/or dressing) 2

eMRCD 5b (too breathless to leave the house unassisted and requires help with washing and dressing) 1

Eosinopenia (eosinophils <0.05×109/L) 1

Consolidation 1

Moderate or severe acidemia (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
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Table 2. Characteristics of included studies

Author/Year
Study Inception 

(Year)
Country

Study 

design

Sample 

size
Male

Age 

(years)

Mortality 

(%)

Measured 

time

Cut-off 

value
Early warning scores

Echevarria 

2019
NA UK PC 2645 1217 73.10 8.62 in-hospital NA DECAF

Shi             

2019
2016.1-2017.12 China PC 112 73 77.57 33.93 30d 3 DECAF

Bastidas 

2018
NA Colombia PC 462 229 79.00 2.38 30d 2 DECAF, BAP-65 and CURB-65

4.49 in-hospital Shafuddin 

2018

2006.7-2007.7 

2012.8-2013.7

New 

Zealand
PC 423 190 71.00 

7.33 30d
NA DECAF, CURB-65, CRB-65, and BAP-65

Bisquera    

2018
NA Philippines PC 77 68 72.50 6.49 in-hospital 3 DECAF

2.60 in-hospital Mantilla    

2017
2014.2-2017.1 Colombia PC 462 233 79.00 

5.84 30d
2 DECAF, BAP-65 and CURB-65

Sangwan   

2017
NA India PC 50 43 61.20 18.00 in-hospital NA DECAF and BAP-65

Xu            

2017
2014.1-2016.1 China RC 302 150 75.50 7.95 28d 4 DECAF, BAP-65 and CURB-65

Parras      

2017
NA Spain RC 164 153 76.14 20.12 in-hospital 3 DECAF
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Shi            

2016
2014.1-2016.6 China RC 186 108 66.20 15.59 in-hospital 3 DECAF, m-DECAF, CAPS and APACHEⅡ

Yousif       

2016
2014.1-2015.9 Egypt PC 264 176 63.61 7.58 in-hospital 4 DECAF, m-DECAF and BAP-65 

7.65 in-hospital Echevarria 

2016
2012.1-2014.5 UK PC 1725 788 73.10 

28.35 30d
4

DECAF, CAPS, APACHEⅡ, CURB-65 and 

BAP-65 

Zidan         

2015
NA Egypt PC 100 58 46.46 11.00 in-hospital 4 DECAF and m-DECAF

Collier        

2015
2014.12-2015.3 UK PC 78 47 72.70 15.38 in-hospital 2 DECAF

Rabbani    

2014
2012.12-2013.1 UK RC 159 92 72.14 9.43 30d 4 DECAF

Nafae       

2014
2010.10-2013.4 Egypt PC 200 102 68.50 12.50 in-hospital 3 DECAF, CAPS and APACHEⅡ

Steer        

2012
2008.12-2010.6 UK PC 920 424 73.10 10.43 in-hospital 3 DECAF, CAPS and APACHEⅡ

Abbreviations: PC, prospective cohort; RC, retrospective cohort; NA, not available.
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Table 3. The Quantitative Analysis of scores in AECOPD mortality

Variables Studies, No. Patients, No. WMD 95%CI P value

DECAF 3 600 1.87 1.19-2.56 <0.001

CURB-65 2 414 0.69 -1.53 0.078

BAP-65 2 414 0.75 -1.63 0.071

Modified DECAF 2 298 1.74 1.36-2.13 0.001

APACHE II 2 　298 5.24 4.00-6.47 <0.001

Abbreviations: WMD, weighted mean difference; 95% CI, 95% confidence interval
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Table 4. Subgroup analysis of the prognostic value of DECAF based on different 

variables.

Studies, No. Sensitivity Specificity PLR NLR DOR

Variables

(Patients, No.) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)

AUC   

(95%CI)

Overall 17(8329) 0.76(0.70-0.81) 0.76(0.68-0.83) 3.20(2.40-4.10) 0.32(0.27-0.37) 10(8-13) 0.82(0.78-0.85)

in-hospital 15(7655) 0.77(0.70-0.82) 0.76(0.67-0.84) 3.20(2.40-4.40) 0.31(0.25-0.37) 11(8-15) 0.83(0.79-0.86)

30d 5(3084) 0.71(0.53-0.84) 0.75(0.58-0.86) 2.80(2.00-4.10) 0.39(0.27-0.56) 7(6-9) 0.79(0.76-0.83)

cut-off= 4 5(2550) 0.75(0.69-0.81) 0.80(0.68-0.89) 3.80(2.20-6.60) 0.31(0.23-0.41) 12(6-26) 0.76(0.72-0.80)

cut-off= 3 4(1361) 0.77(0.70-0.82) 0.76(0.67-0.84) 3.20(2.40-4.40) 0.31(0.25-0.37) 11(8-15) 0.83(0.79-0.86)

cut-off= 2 3(1002) 0.84(0.68-0.93) 0.53(0.50-0.56) 1.80(1.50-2.10) 0.31(0.15-0.64) 6(2-14) 0.77(0.73-0.80)

Abbreviations: CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds 

ratio; AUC, area under the receiver operating characteristic curve.
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Table 5. The prognostic value of early warning scores for predicting in-hospital 

mortality in patients with AECOPD.

Variables
Studies, No.

(Patients, No.)

Sensitivity

(95%CI)

Specificity

(95%CI)

PLR

(95%CI)

NLR

(95%CI)

DOR

(95%CI)

AUC   

(95%CI)

DECAF 15(7655) 0.77(0.70-0.82) 0.76(0.67-0.84) 3.20(2.40-4.40) 0.31(0.25-0.37) 11(8-15) 0.83(0.79-0.86)

CURB-65 4(2912) 0.46(0.21-0.72) 0.92(0.63-0.99) 6.00(1.70-21.60) 0.59(0.40-0.86) 10(4-28) 0.73(0.69-0.77)

BAP-65 6(3226) 0.70(0.46-0.87) 0.50(0.31-0.70) 1.40(0.90-2.20) 0.59(0.29-1.20) 2(1-7) 0.64(0.59-0.68)

APACHEⅡ 4(3031) 0.70(0.63-0.76) 0.65(0.58-0.72) 2.00(1.60-2.50) 0.46(0.37-0.57) 4(3-7) 0.72(0.68-0.76)

CAPS 4(3031) 0.77(0.60-0.88) 0.62(0.46-0.76) 2.00(1.50-2.70) 0.37(0.24-0.58) 5(3-9) 0.75(0.71-0.79)

Modified 

DECAF 
3(666) 0.84(0.71-0.91) 0.62(0.46-0.75) 2.20(1.40-3.40) 0.27(0.13-0.55) 8(3-25) 0.84(0.81-0.87)

Abbreviations: CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; 

AUC, area under the receiver operating characteristic curve.
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Table 6. The prognostic value of early warning scores for predicting 30-day 

mortality in patients with AECOPD.

Abbreviations: CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds 

ratio; AUC, area under the receiver operating characteristic curve.

Studies, No. Sensitivity Specificity PLR NLR DOR

Variables

(Patients, No.) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)

AUC   

(95%CI)

DECAF 5(3084) 0.71(0.53-0.84) 0.75(0.58-0.86) 2.80(2.00-4.10) 0.39(0.27-0.56) 7(6-9) 0.79(0.76-0.83)

CURB-65 4(3072) 0.52(0.48-0.56) 0.85(0.56-0.96) 3.50(1.00-12.50) 0.56(0.45-0.71) 6(1-28) 0.53(0.49-0.57)

BAP-65   5(3236) 0.61(0.34-0.82) 0.57(0.23-0.85) 1.40(0.80-2.40) 0.70(0.46-1.06) 2(1-5) 0.62(0.57-0.66)

APACHEⅡ 2(1837) 0.68(0.52-0.80) 0.73(0.66-0.79) 2.50(1.60-3.90) 0.44(0.26-0.74) 6(2-15) 0.77(0.73-0.80)
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Figure Legends

Figure 1：PRISMA (preferred reporting items for systematic reviews and meta-analyses) 

flow diagram and exclusion criteria

Figure 2: Forest plot of sensitivity and specificity of DECAF for the prediction of 

mortality in AECOPD.

Figure 3: Summary receiver operating characteristics curve for evaluating prognostic 

value of mortality of DECAF in AECOPD.
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Figure 1：PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram and 
exclusion criteria 
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Figure 2: Forest plot of sensitivity and specificity of DECAF for the prediction of mortality in AECOPD. 
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Figure 3: Summary receiver operating characteristics curve for evaluating prognostic value of mortality of 
DECAF in AECOPD. 
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Supplementary

Figure S1: The quality evaluation and risk of bias in included studies.
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Figure S2: Methodological quality graph in included studies. 

Figure S3: Deek’s funnel plot asymmetry test for publication bias of studies evaluating the 
value of DECAF for the prognosis of AECOPD

.

Search Strategies

1. Pubmed
Search ((("Pulmonary Disease, Chronic Obstructive"[Mesh]) OR ((((((((((((((COPD[Title/Abstract]) 
OR Chronic Obstructive Pulmonary Disease[Title/Abstract]) OR Chronic Airflow 
Obstructions[Title/Abstract]) OR Chronic Airflow Obstruction[Title/Abstract]) OR 
COAD[Title/Abstract]) OR Chronic Obstructive Airway Disease[Title/Abstract]) OR Airflow 
Obstruction, Chronic[Title/Abstract]) OR Airflow Obstructions, Chronic[Title/Abstract]) OR 
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Chronic Obstructive Lung Disease[Title/Abstract]) OR Chronic Obstructive Lung 
Disease[Title/Abstract]) OR airways obstruction[Title/Abstract]) OR obstructive lung 
disease[Title/Abstract]) OR emphysema[Title/Abstract]) OR bronchitis[Title/Abstract]))) AND 
((DECAF score[Title/Abstract]) OR DECAF[Title/Abstract])

2. The Cochrane Library
#1 MeSH descriptor: [undefined] explode all trees
#2 (Chronic Obstructive Lung Disease):ti,ab,kw
#3 (Chronic Obstructive Pulmonary Disease):ti,ab,kw
#4 (COPD):ti,ab,kw
#5 (COAD):ti,ab,kw
#6 (Chronic Obstructive Airway Disease):ti,ab,kw
#7 (Airflow Obstruction, Chronic):ti,ab,kw
#8 (Chronic Airflow Obstruction):ti,ab,kw
#9 (Airflow Obstructions, Chronic):ti,ab,kw
#10 (Chronic Airflow Obstructions):ti,ab,kw
#11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10
#12 MeSH descriptor: [Lung Diseases, Obstructive] explode all trees
#13 (Pulmonary Disease, Obstructive):ti,ab,kw
#14 (Obstructive Pulmonary Diseases):ti,ab,kw
#15 (Obstructive Lung Diseases):ti,ab,kw
#16 (Obstructive Lung Disease):ti,ab,kw
#17 (Lung Disease, Obstructive):ti,ab,kw
#18 (Pulmonary Diseases, Obstructive):ti,ab,kw
#19 (Obstructive Pulmonary Disease):ti,ab,kw
#20 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19
#21 MeSH descriptor: [Pulmonary Emphysema] explode all trees
#22 (Emphysema, Centrilobular):ti,ab,kw
#23 (Centrilobular Emphysema):ti,ab,kw
#24 (Emphysemas, Pulmonary):ti,ab,kw
#25 (Emphysema, Pulmonary):ti,ab,kw
#26 (Pulmonary Emphysemas):ti,ab,kw
#27 (Emphysema, Panlobular):ti,ab,kw
#28 (Panlobular Emphysema):ti,ab,kw
#29 (Focal Emphysema):ti,ab,kw
#30 (Emphysema, Focal):ti,ab,kw
#31 #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30
#32 MeSH descriptor: [Bronchitis, Chronic] explode all trees
#33 (Chronic Bronchitis):ti,ab,kw
#34 #32 or #33
#35 #11 or #20 or #31 or #34
#36 MeSH descriptor: [Pulmonary Disease, Chronic Obstructive] explode all trees
#37 #35 or #36

Page 35 of 37

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

#38 (DECAF):ti,ab,kw
#39 (DECAF score):ti,ab,kw
#40 #38 or #39
#41 #37 and #40

3. Web of Science (WOS)
# 1 TOPIC: (Pulmonary Disease, Chronic Obstructive) OR TOPIC: (COPD) OR TOPIC: 
(Chronic Obstructive Pulmonary Disease) OR TOPIC: (COAD) OR TOPIC: (Chronic 
Obstructive Airway Disease) OR TOPIC: (Chronic Obstructive Lung Disease) OR TOPIC: 
(Airflow Obstruction, Chronic) OR TOPIC: (Airflow Obstructions, Chronic) OR TOPIC: 
(Chronic Airflow Obstructions) OR TOPIC: (Chronic Airflow Obstruction) OR TOPIC: (Lung 
Diseases, Obstructive) OR TOPIC: (Lung Disease, Obstructive) OR TOPIC: (Obstructive Lung 
Disease) OR TOPIC: (Obstructive Lung Diseases) OR TOPIC: (Obstructive Pulmonary 
Diseases) OR TOPIC: (Obstructive Pulmonary Disease) OR TOPIC: (Pulmonary Disease, 
Obstructive) OR TOPIC: (Pulmonary Diseases, Obstructive) OR TOPIC: (Bronchitis, Chronic) 
OR TOPIC: (Chronic Bronchitis) OR TOPIC: (Pulmonary Emphysema) OR TOPIC: 
(Emphysema)
# 2 TOPIC: (DECAF) OR TOPIC: (DECAF score) OR TOPIC: (decaf score)
# 3 #2 AND #1

4. Embase
#5   #3 AND #4
#4   decaf:ab,ti OR 'decaf score':ab,ti
#3   #1 OR #2
#2  'chronic airflow obstruction':ab,ti OR 'chronic airway obstruction':ab,ti OR 'chronic 
obstructive bronchitis':ab,ti OR 'chronic obstructive bronchopulmonary disease':ab,ti OR 
'chronic obstructive lung disorder':ab,ti OR 'chronic obstructive pulmonary disease':ab,ti OR 
'chronic obstructive pulmonary disorder':ab,ti OR 'chronic obstructive respiratory disease':ab,ti 
OR copd:ab,ti OR 'lung chronic obstructive disease':ab,ti OR 'lung disease, chronic 
obstructive':ab,ti OR 'lung diseases, obstructive':ab,ti OR 'obstructive lung disease':ab,ti OR 
'obstructive lung disease, chronic':ab,ti OR 'obstructive pulmonary disease':ab,ti OR 
'obstructive respiratory disease':ab,ti OR 'obstructive respiratory tract disease':ab,ti OR 
'pulmonary disease, chronic obstructive':ab,ti OR 'pulmonary disorder, chronic 
obstructive':ab,ti
#1   'chronic obstructive lung disease'/exp
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Abstract

Objectives: This study was conducted to assess the association between DECAF scores 

(The Dyspnea, Eosinopenia, Consolidation, Acidemia, and Atrial Fibrillation) and the 

prognosis of patients with acute exacerbation of chronic obstructive pulmonary disease 

(AECOPD), and 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 

AECOPD patients.

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 AECOPD patients. 

Results: Seventeen studies involving 8329 participants were included in the study. 

Quantitative analysis demonstrated that elevated DECAF scores were associated with 

high mortality risk (WMD = 1.87; 95% CI: 1.19 – 2.56). In the accuracy analysis, DECAF 

scores showed good prognostic accuracy for both in-hospital and 30-day mortality [AUC: 

0.83 (0.79 – 0.86) and 0.79 (0.76 – 0.83), respectively]. When the prognostic value was 

compared to that of other scoring systems, DECAF scores showed better prognostic 

accuracy and stable clinical values than the modified DECAF, CAPS, BAP-65, CURB-

65 or APACHE II scores.

Conclusion: The DECAF score is an effective and feasible predictor for short-term 

mortality. As a specific and easily scored predictor for AECOPD patients, DECAF score 

is superior to other prognostic scores. The DECAF score can correctly identify most 

AECOPD patients as low risk, and with the increase of cut-off value, the risk stratification 

of DECAF score in high-risk population increases significantly.
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Keywords: Dyspnoea, Eosinopenia, Consolidation, Acidaemia, and atrial Fibrillation 

(DECAF) score; early warning score; acute exacerbation of chronic obstructive 

pulmonary disease (AECOPD); meta-analysis; systematic review.

Strengths and limitations of this study

· This study not only evaluated the effectiveness of DECAF score on prognosis short-

term mortality of AECOPD patients, but also explored the effectiveness of different cut-

off values in risk stratification of AECOPD patients.

· In order to further evaluate the effectiveness of DECAF score, this study compared 

the prognostic effects of DECAF scores with other prognostic scores, such as APACHE 

II, BAP-65, and CURB-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 AECOPD patients.

·Although we analyzed the source of heterogeneity through subgroup analysis, 

heterogeneity in the results should still be considered carefully.
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Introduction

Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is 

characterized by the deterioration of respiratory symptoms beyond normal daily 

variations1. 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 AECOPD patients ranges from 4.4% to 25%. The survivors have a 

readmission rate of 25% to 55% and 25% to 50% of these patients have a high risk of 

death within one year2, 3.

Prognostic score can provide a strong indicator for risk stratification and assist 

clinical management, including Hospital-at-Home or early supported discharge for low-

risk groups, and early escalation or appropriate palliation for high-risk groups4, 5. The 

Dyspnea, Eosinopenia, Consolidation, Acidemia, and Atrial Fibrillation (DECAF) score 

is designed to predict in-hospital mortality of AECOPD patients6, and can be easily 

applied at the bedside using indices routinely available at admission. The score includes 

five predictors, the strongest of which is stable state dyspnea, measured by the extended 

Medical Research Council Dyspnea score (eMRCD; Table 1)7. The DECAF score 

showed promising performance in derivative studies, and was superior to other prognostic 

tools for AECOPD patients6. The UK National COPD audit recommends that DECAF 

scores be recorded for AECOPD patients. However, it is also pointed out that the 

application of DECAF score still needs evidence and validation8. In addition, the 

prognosis value of DECAF score is still unclear and needs to be verified, which is 

essential to prove the generalization of prognosis scores.

This systematic review and meta-analysis evaluated the association between 

DECAF scores and the prognosis of AECOPD patients, assessed the specific predictive 

and prognostic value of DECAF scores, and explored the effectiveness of different cut-

off values in risk stratification of AECOPD patients. To further assess the clinical value 

of DECAF scores, we compared the test to other commonly used prognostic scores,, 
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including the modified DECAF (the Dyspnoea, Eosinopenia, Consolidation, Acidemia, 

and Frequency of admission in AECOPD in the last year)9, CAPS (COPD and Asthma 

Physiology Score)10, BAP-65 (BUN, Altered mental status, Pulse and age > 65)11, CURB-

65 (Confusion, Urea, Respiratory Rate, Blood pressure, and age > 65)12, and APACHE II 

(Acute Physiology and Chronic Health Evaluation scoring system Ⅱ) scoring systems13. 

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 

AECOPD patients. This study aimed to evaluate and validate the effectiveness of the 

DECAF score and improve the clinical course and outcome of AECOPD patients.

Materials and Methods 

All methods of this systematic review and meta-analysis followed the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines14, 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, 

Consolidation, 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 Supplement 

(Supplementary 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 prognoses in patients with 

AECOPD. Study information could be extracted into a 2 × 2 contingency table. 
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AECOPD was diagnosed based on the latest reference standard in the original study, 

such as the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 

guideline, which was defined as an acute event characterized by worsening of the 

patient’s respiratory symptoms 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, 

editorials, and animal experiments were excluded.

Study Selection

Two review authors (Q Huang and H Xiong) 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 (J Liu) was consulted. The authors consulted the original authors to 

further ensure the eligibility of a study, 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 literature research process and the selection of the studies (Fig. 1). 

Data Extraction and Quality Assessment

The data were independently extracted by two review authors (T Shuai and C Zhang) 

and the resulting differences were resolved by a third reviewer (C He). 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, specificity, true-positive, 

true-negative, false-positive, false-negative; and the area (AUC) under the receiver 

operating characteristic (ROC) curve. If data were missing, a letter was written to the 

authors to request the data. If there was no response to the letter after four weeks, an e-
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mail was sent. If there was no response to the e-mail, estimates were made based on 

available data and used. 

Two review authors (J Liu and J Lu) independently applied the guidelines of the 

PRISMA statement16 to evaluate each involved study. The Quality Assessment of 

Diagnostic Accuracy Studies-2 (QUADAS-2) was conducted by two independent authors 

(J Liu and J Lu) to assess the quality and risk of bias for diagnostic or prognostic studies17. 

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 15.0 (Stata Corp; College Station, TX, USA) to analyze 

the extracted data. Continuous variables are expressed as weighted mean differences 

(WMD) with a 95% confidence interval (95% CI). 

The mixed bivariate random-effects regression model was used to analyze and pool 

the diagnostic accuracy measurements across studies18. To derive summary estimates, we 

plotted estimates of the observed sensitivities and specificities for each test in forest plots 

and hierarchical summary receiver operating characteristic (HSROC) curves derived 

from individual study results19, 20. These results were plotted using HSROC curves with 

95% confidence and prediction regions. Additionally, pooled sensitivity (SEN), 

specificity (SPE), diagnostic odds ratio (DOR), positive likelihood ratio (PLR), and 

negative likelihood ratio (NLR) were calculated21. 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 reliable22.

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%) 
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existed, subgroup analysis and sensitivity analysis were performed to analyze 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 sensitivity 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 

effect24. The Deek’s 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 development 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 (Fig. 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 al.26, 28 and Shi et al.27, 29 each produced two articles from two different 

studies.

Study Characteristics

As for the AECOPD definition, all studies were defined by the GOLD criteria, which 

is defined as an acute event characterized by worsening of the patient’s respiratory 

symptoms beyond normal day-to-day variations and leading to medication changes41. All 

identified studies reported the results of DECAF scores for AECOPD prognosis. Among 
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these studies, 15 studies reported the prognostic values of DECAF scores for in-hospital 

mortality6, 9, 26, 28, 29, 31-40 and five studies reported 30-day mortality27, 28, 30, 31, 33. The cutoff 

threshold for each study was retrospectively determined based on the ROC curve. For in-

hospital mortality, the results of five studies were based on a cutoff value of 49, 28, 35, 37, 39, 

four studies were based on a cutoff value of 36, 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 threshold17, 22, 25. 

With regard to the collection of DECAF score, eight studies collected the score on 

admission9, 27, 30, 32-34, 38, 40, one reported that the collection was pre-specified in the 

original study protocol26, 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 data6, 29, 31, 36, 37, 39. As for other 

prognostic scores, five studies reported the prognostic value of CURB-65 scores28, 30, 31, 

33, 35, eight reported BAP-65 scores28, 30, 31, 33-37, five reported APACHEⅡscores6, 27-29, 40, 

four reported CAPS scores6, 28, 29, 40, and three reported the prognostic value of modified 

DECAF scores9, 29, 37 for AECOPD patients. 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 enrollment6, 9, 26-28, 30, 34, 40. Most of studies included did not pre-specify the 

cut-off value for risk stratification. Since the main outcome is the mortality of AECOPD 

patients, 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 studies was 
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shown in Table 3, and the summary figures of risk of bias were shown in Figs. 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 randomized effect model showed a significant increase in DECAF 

scores in the non-survivor group compared to the survivor group (WMD = 1.87; 95% CI: 

1.19 – 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 to the survivor group, the results showed that CURB-

65 scores, BAP-65 scores, modified DECAF scores, and APACHE Ⅱ scores were 

increased in the non-survivor group (WMD = 0.69, 95% CI: -0.08 – 1.45, P = 0.078; 

WMD = 0.75, 95% CI: -0.07 – 1.56, P = 0.071; WMD = 1.74, 95% CI: 1.36 – 2.13, P = 

0.001; WMD = 5.24, 95% CI: 4.00 – 6.47, P ＜ 0.001, respectively). The results showed 

that increases in DECAF scores, modified DECAF scores, and APACHEⅡscores 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 

sensitivity of DECAF scores for predicting mortality was 0.76 [95% CI, 0.70 – 0.81; I2 = 

45.24%, Q = 29.22 (P = 0.02)] with a specificity of 0.76 [95% CI, 0.68 – 0.83; I2 = 96.99%, 

Q = 531.44 (P < 0.001); Fig. 2]. The PLR and NLR were 3.2 (95% CI, 2.4 – 4.1) and 0.32 

(95% CI, 0.27 – 0.37), respectively, and the DOR was 10 (95% CI, 8 – 13). The AUC of 

the HSROC was 0.82 (95% CI, 0.78 – 0.85; Fig. 3), indicating that the DECAF score had 

a reliable accuracy in predicting mortality for AECOPD patients. Additionally, there was 

no significant difference in threshold effect (Spearman’s correlation coefficient = 0.467; 
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P = 0.059). No publication bias was found in Deek’s funnel plot asymmetry test (P =0.74; 

Fig. S3).

Subgroup Analysis

In predicting in-hospital mortality, the pooled sensitivity of the DECAF scores was 

0.77 (95% CI, 0.70 – 0.82; I 2= 47.24%, P = 0.02), the specificity was 0.76 (95% CI, 0.67 

– 0.84; I2 = 96.5%, P < 0.001], and the AUC of the HSROC was 0.83 (95% CI, 0.79 –

0.86). For 30-day mortality, the pooled sensitivity of the DECAF scores was 0.71 (95% 

CI, 0.53 – 0.84; I2 = 84.95%, P < 0.001), the specificity was 0.75 (95% CI, 0.58 – 0.86; 

I2 = 98.37%, P < 0.001), and the AUC of the HSROC was 0.79 (95% CI, 0.76 – 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 2,550 participants reported the prognostic value of 

DECAF. The pooled sensitivity of the DECAF scores was 0.75 (95% CI, 0.69 – 0.81; I2 

= 0.00%, P = 0.61), the specificity was 0.80 (95% CI, 0.68 – 0.89; I2 = 95.84%, P < 

0.001], and the AUC of the HSROC was 0.76 (95% CI, 0.72 – 0.80), the PLR was 3.80 

(95% CI, 2.20 – 6.60), and the NLR was 0.31 (95% CI, 0.23 – 0.41). Four studies included 

1,361 participants reported the results of a cut-off value was 3. The pooled sensitivity was 

0.77 (95% CI, 0.70 – 0.82; I2 = 0.00%, P = 0.52), the specificity was 0.76 (95% CI, 0.67 

– 0.84; I2 = 29.09%, P = 0.24], the AUC of the HSROC was 0.83 (95% CI, 0.79 – 0.86), 

the PLR was 3.20 (95% CI, 2.40 – 4.40), and the NLR was 0.31 (95% CI, 0.25 – 0.37). 

For a cut-off value of 2, three studies included 1,002 participants reported the results. The 

pooled sensitivity was 0.84 (95% CI, 0.68 – 0.93; I2 = 0.00%, P = 0.52), the specificity 

was 0.53 (95% CI, 0.50 – 0.56; I2 = 0.00%, P = 0.61], the AUC of the HSROC was 0.77 

(95% CI, 0.73 – 0.80), the PLR was 1.80 (95% CI, 1.50 – 2.10), and the NLR was 0.31 

(95% CI, 0.15 – 0.64). The results of PLR and NLR at different cut-off values suggest 

that DECAF score can correctly identify most of AECOPD patients as low risk, and with 
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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 sensitivity, specificity, and AUC of the CURB-65 scores were 0.46, 0.92, 

and 0.73, respectively. The sensitivity, specificity, and AUC of the BAP-65 scores were 

0.70, 0.50, and 0.64, respectively. The sensitivity, specificity, and AUC of the APACHE

Ⅱ scores were 0.70, 0.65, and 0.72, respectively. The sensitivity, specificity, and AUC 

of CAPS scores were 0.77, 0.62, and 0.75, respectively, and the sensitivity, specificity, 

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 COPD patients, the pooled results showed 

that the sensitivity, specificity, and AUC of the CURB-65 scores were 0.52, 0.85, and 

0.53, respectively. The sensitivity, specificity, and AUC of the BAP-65 scores were 0.61, 

0.57, and 0.62, respectively. The sensitivity, specificity, and AUC of the APACHEⅡ  

scores were 0.68, 0.73, and 0.77, respectively (Table 7).

Discussion

In stable COPD, prognostic indicators have been thoroughly investigated and tools 

to predict mortality risk, such as the BODE Score41, have been well established. However, 

prognostic studies in patients with exacerbation requiring hospitalization are limited and 

the predictors of mortality between stable disease periods and AECOPD periods seem to 

have little in common42. In addition, the risk of mortality in AECOPD patients 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 characterize 

and evaluate DECAF scores predicting mortality in patients with AECOPD. Six potential 

scoring systems were evaluated by comparing survivor and non-survivor scores and 
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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 modified 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 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 sensitivity decreased and the specificity escalated. The results of PLR and 

NLR at different cut-off values suggest that DECAF score can correctly identify most 

AECOPD patients as low risk, and with the 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 modified DECAF and APACHEⅡscores had a similar relationship, 

which indicates that scoring systems have potential to aid clinical decisions in risk 

stratification. 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 mortality43, 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 admission6. In clinical practice, test with 

AUC greater than 0.8 is considered to be very reliable22. The results showed that the AUC 

of the DECAF scores was 0.83 for predicting in-hospital mortality and 0.79 for short-
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term mortality (30-day). This indicates that the DECAF test can be utilized as a promising 

prognosis tool with satisfactory sensitivity and specificity for AECOPD patients.

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 pneumonia12, 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 were performed. For cut-off values 

from 2 to 4, the sensitivity decreased from 0.84 to 0.75 and the specificity increased from 

0.53 to 0.80. With an increase in the cut-off value, specificity increased significantly. 

Under the premise of ensuring sensitivity, improving specificity 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 negative. 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 indicated that the DECAF score could 

correctly identify most AECOPD patients as a low-risk group. For the cut-off value from 

2 to 4, the PLR value increased from 1.80 to 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 admission44. However, 

according to the results of this study, the CURB-65 and BAP-65 scores had low 

prognostic value for predicting in-hospital and 30-day mortality, which were consistent 

with the lack of statistical difference in CURB-65 and BAP-65 scores between survivors 

and non-survivors. 
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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 

severity45. APACHE II is not a specific predictor for AECOPD but is still commonly used 

in clinical practice to predict mortality in AECOPD patients46. Based on our results, 

APACHE II scores showed no superiority to DECAF scores in prognostic accuracy, 

sensitivity or specificity. In addition, it contains cumbersome test items, thus increasing 

the workload of clinicians in clinical practice. For AECOPD patients, the APACHE II 

test may not be the preferred early warning scoring system.

As for the modified DECAF, Zidan et al.9 attempted to replace the atrial fibrillation 

item in the DECAF test with admission frequency for AECOPD during the last year and 

named the revision the modified DECAF. They concluded that the modified DECAF test 

was more sensitive and specific in predicting in-hospital mortality during acute 

exacerbation of COPD than the DECAF test. However, there was no significant 

difference between the two scores9, which was consistent with the results of this current 

study. In addition, only three studies reported the predictive value of modified DECAF 

test for in-hospital mortality in AECOPD patients, 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 modified DECAF scores and further compare the clinical value 

between DECAF scores and modified DECAF scores.

Examination of prognostic scores can contribute to clinical management, early risk-

stratification, and the prevention of poor outcomes, as well as monitoring during 

treatment47. 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 

AECOPD patients, 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 

promising potential. It can correctly identify most AECOPD patients as low-risk group, 
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which is related to the reduction of in-hospital stay. Compared to the meta-analyses of 

interventions, including randomized controlled trials, those including diagnostic studies 

have more publication bias48. 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 heterogeneity. The subgroup analysis revealed that 

the heterogeneity was mainly derived from the choice of cut-off value. When the cut-off 

value was 2, 3 or 4, the heterogeneity of sensitivity decreased to 0. However, the 

heterogeneity of specificity was still substantive when the cut-off value was 4. This 

largely reflect 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 pre-specified 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 addition, 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. Firstly, 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 AECOPD patients. 

Further studies are needed for validation. Secondly, 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. Thirdly, 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 AECOPD patients 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 AECOPD patients. In addition, 
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although the source of heterogeneity was analyzed 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 AECOPD patients, 

DECAF scores are superior to other prognostic scores. The DECAF score can correctly 

identify most AECOPD patients as low risk, and with the increase of cut-off value, the 

risk stratification of DECAF score for high-risk population increased significantly.

List of abbreviations

AECOPD: acute exacerbation of chronic obstructive pulmonary disease; DECAF: 

Dyspnoea, Eosinopenia, Consolidation, Acidaemia, and atrial Fibrillation score; the 

modified DECAF: the Dyspnoea, Eosinopenia, Consolidation, Acidaemia and Frequency 

of admission in AECOPD in the last year; CAPS: COPD and Asthma Physiology Score; 

BAP-65: BUN, Altered mental status, Pulse and Age > 65; CURB-65: Confusion, Urea, 

Respiratory Rate, Blood pressure, Age > 65; APACHE II: acute physiology and chronic 

health evaluation scoring system Ⅱ scores; QUADAS-2: the Quality Assessment of 

Diagnostic Accuracy Studies-2; WOS: web of science; WMD: weighted mean difference; 

AUC: the area under the receiver operating characteristic curve; PRISMA: the preferred 

reporting items for systematic reviews and meta-analyses; PLR: positive likelihood ratio; 

NLR: negative likelihood ratio; DOR: diagnostic odds ratio; HSROC: hierarchical 

summary receiver operating characteristic; CIs: confidence intervals;
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Table 1. DECAF score

Variables Score

Dyspnea 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 acidemia (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
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Table 2. Characteristics of included studies

Author/Year

Study 

Inception 

(Year)

Country
Study 

design

Sample 

size
Male

Age 

(years)

Mortality 

(%)

Measured 

time

Collection of 

DECAF

DECAF 

Cut-off 

value

Early warning scores

Echevarria 

2019
NA UK PC 2645 1217 73.10 8.62 in-hospital 

Pre-specified in 

the original study 

protocol

NA DECAF

Shi             

2019

2016.1-

2017.12
China PC 112 73 77.57 33.93 28d At admission 3 DECAF

Bastidas 2018 NA Colombia PC 462 229 79.00 2.38 30d At admission 2
DECAF, BAP-65 and 

CURB-65

4.49 in-hospital 

Shafuddin 

2018

2006.7-

2007.7 

2012.8-

2013.7

New 

Zealand
RC 423 190 71.00 

7.33 30d

Compiled by 

admission data
NA

DECAF, CURB-65, CRB-

65, and BAP-65

Bisquera    

2018
NA Philippines PC 77 68 72.50 6.49 in-hospital At admission 3 DECAF

2.60 in-hospital Mantilla    

2017

2014.2-

2017.1
Colombia PC 462 233 79.00 

5.84 30d
At admission 2

DECAF, BAP-65 and 

CURB-65

Sangwan   

2017
NA India PC 50 43 61.20 18.00 in-hospital At admission NA DECAF and BAP-65

Xu            

2017

2014.1-

2016.1
China CC 302 150 75.50 7.95 28d

Within 24h after 

admission
4

DECAF, BAP-65 and 

CURB-65

Parras      

2017
NA Spain RC 164 153 76.14 20.12 in-hospital 

Compiled by 

admission data
3 DECAF

Shi            

2016

2014.1-

2016.6
China RC 186 108 66.20 15.59 in-hospital 

Compiled by 

admission data
3

DECAF, m-DECAF, CAPS 

and APACHEⅡ
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Yousif       

2016

2014.1-

2015.9
Egypt R&PC 264 176 63.61 7.58 in-hospital 

Compiled by 

admission data
4

DECAF, m-DECAF and 

BAP-65 

7.65 in-hospital 
Echevarria 

2016

2012.1-

2014.5
UK R&PC 1725 788 73.10 

28.35 30d

Recorded as 

routine practice
3

DECAF, CAPS, 

APACHEⅡ, CURB-65 and 

BAP-65 

Zidan         

2015
NA Egypt PC 100 58 46.46 11.00 in-hospital At admission 4 DECAF and m-DECAF

Collier        

2015

2014.12-

2015.3
UK PC 78 47 72.70 15.38 in-hospital At admission 2 DECAF

Rabbani    

2014

2012.12-

2013.1
UK RC 159 92 72.14 9.43 30d

Compiled by 

admission data
4 DECAF

Nafae       

2014

2010.10-

2013.4
Egypt PC 200 102 68.50 12.50 in-hospital At admission 3

DECAF, CAPS and 

APACHEⅡ

Steer        

2012

2008.12-

2010.6
UK PC 920 424 73.10 10.43 in-hospital 

Compiled by 

admission data
3

DECAF, CAPS and 

APACHEⅡ

Abbreviations: PC, prospective cohort; RC, retrospective cohort; R&PC, retrospective and prospective 

cohort; CC, case-control; NA, not available.

Page 28 of 43

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

28

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

included studies

Patient Selection Index Test Reference Standard Flow and Timing
Studies

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Scores

Echevarria 

2019
Y Y U Low Y Y Low Y U Low Y Y Y Low 12

Shi             

2019
Y Y Y Low U U Unclear Y U Low U Y Y Low 9

Bastidas 

2018
Y Y U Low Y U Unclear Y U Low Y Y Y Low 10

Shafuddin 

2018
U Y Y Unclear Y U Unclear Y U Low Y Y N High 7

Bisquera    

2018
U Y U Unclear Y U Low Y U Low Y Y U Unclear 7

Mantilla    

2017
U Y U Unclear Y U Low Y U Low Y Y Y Low 9

Sangwan   

2017
Y Y Y Low Y U Low Y U Low Y Y U Unclear 10

Xu            

2017
U N Y High N U High Y N High U Y Y Unclear 4

Parras      

2017
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       

2016
U Y Y Unclear Y U Unclear Y U Low U Y Y Low 8

Echevarria 

2016
Y Y Y Low Y U Unclear Y U Low Y Y Y Low 11
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Zidan         

2015
Y Y Y Low Y U Low Y U Low Y Y Y Low 12

Collier        

2015
U Y U Unclear Y U Low Y U Low U Y U Unclear 6

Rabbani    

2014
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        

2012
Y Y Y Low U U Unclear Y U Low Y Y Y Low 10

Y = Yes, represents certain answer for the corresponding question; N = no, represents negative answer for 
the corresponding question; U = unclear, i.e. the information provided in the individual studies was 
insufficient to answer the corresponding question. 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 pre-specified? 
7. Could the conduct or interpretation of the index test have introduced bias? 8. Is the reference standards 
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?
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Table 4. The Quantitative Analysis of scores in AECOPD mortality

Variables
Studies, 

No.

Patients, 

No.
WMD 95%CI P value

DECAF 3 600 1.87 1.19-2.56 <0.001

CURB-65 2 414 0.69 -0.08-1.45 0.078

BAP-65 2 414 0.75 -0.07-1.56 0.071

Modified 

DECAF
2 298 1.74 1.36-2.13 0.001

APACHE II 2  298 5.24 4.00-6.47 <0.001

Abbreviations: WMD, weighted mean difference; 95% CI, 95% confidence interval
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Table 5. Subgroup analysis of the prognostic value of DECAF based on different 

variables.

Studies, No. Sensitivity Specificity PLR NLR DOR

Variables

(Patients, No.) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)

AUC

 (95%CI)

Overall 17(8329) 0.76(0.70-0.81) 0.76(0.68-0.83) 3.20(2.40-4.10) 0.32(0.27-0.37) 10(8-13) 0.82(0.78-0.85)

in-hospital 15(7655) 0.77(0.70-0.82) 0.76(0.67-0.84) 3.20(2.40-4.40) 0.31(0.25-0.37) 11(8-15) 0.83(0.79-0.86)

30d 5(3084) 0.71(0.53-0.84) 0.75(0.58-0.86) 2.80(2.00-4.10) 0.39(0.27-0.56) 7(6-9) 0.79(0.76-0.83)

cut-off= 4 5(2550) 0.75(0.69-0.81) 0.80(0.68-0.89) 3.80(2.20-6.60) 0.31(0.23-0.41) 12(6-26) 0.76(0.72-0.80)

cut-off= 3 4(1361) 0.77(0.70-0.82) 0.76(0.67-0.84) 3.20(2.40-4.40) 0.31(0.25-0.37) 11(8-15) 0.83(0.79-0.86)

cut-off= 2 3(1002) 0.84(0.68-0.93) 0.53(0.50-0.56) 1.80(1.50-2.10) 0.31(0.15-0.64) 6(2-14) 0.77(0.73-0.80)

Abbreviations: CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds 

ratio; AUC, area under the receiver operating characteristic curve.
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Table 6. The prognostic value of prognostic scores for predicting in-hospital 

mortality in patients with AECOPD.

Variables
Studies, No.

(Patients, No.)

Sensitivity

(95%CI)

Specificity

(95%CI)

PLR

(95%CI)

NLR

(95%CI)

DOR

(95%CI)

AUC   

(95%CI)

DECAF 15(7655) 0.77(0.70-0.82) 0.76(0.67-0.84) 3.20(2.40-4.40) 0.31(0.25-0.37) 11(8-15) 0.83(0.79-0.86)

CURB-65 4(2912) 0.46(0.21-0.72) 0.92(0.63-0.99) 6.00(1.70-21.60) 0.59(0.40-0.86) 10(4-28) 0.73(0.69-0.77)

BAP-65 6(3226) 0.70(0.46-0.87) 0.50(0.31-0.70) 1.40(0.90-2.20) 0.59(0.29-1.20) 2(1-7) 0.64(0.59-0.68)

APACHEⅡ 4(3031) 0.70(0.63-0.76) 0.65(0.58-0.72) 2.00(1.60-2.50) 0.46(0.37-0.57) 4(3-7) 0.72(0.68-0.76)

CAPS 4(3031) 0.77(0.60-0.88) 0.62(0.46-0.76) 2.00(1.50-2.70) 0.37(0.24-0.58) 5(3-9) 0.75(0.71-0.79)

Modified 

DECAF 
3(666) 0.84(0.71-0.91) 0.62(0.46-0.75) 2.20(1.40-3.40) 0.27(0.13-0.55) 8(3-25) 0.84(0.81-0.87)

Abbreviations: CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; 

AUC, area under the receiver operating characteristic curve.
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Table 7. The prognostic value of prognostic scores for predicting 30-day mortality 

in patients with AECOPD.

Abbreviations: CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds 

ratio; AUC, area under the receiver operating characteristic curve.

Studies, No. Sensitivity Specificity PLR NLR DOR

Variables

(Patients, No.) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)

AUC   

(95%CI)

DECAF 5(3084) 0.71(0.53-0.84) 0.75(0.58-0.86) 2.80(2.00-4.10) 0.39(0.27-0.56) 7(6-9) 0.79(0.76-0.83)

CURB-65 4(3072) 0.52(0.48-0.56) 0.85(0.56-0.96) 3.50(1.00-12.50) 0.56(0.45-0.71) 6(1-28) 0.53(0.49-0.57)

BAP-65   5(3236) 0.61(0.34-0.82) 0.57(0.23-0.85) 1.40(0.80-2.40) 0.70(0.46-1.06) 2(1-5) 0.62(0.57-0.66)

APACHEⅡ 2(1837) 0.68(0.52-0.80) 0.73(0.66-0.79) 2.50(1.60-3.90) 0.44(0.26-0.74) 6(2-15) 0.77(0.73-0.80)
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Figure Legends

Figure 1：PRISMA (preferred reporting items for systematic reviews and meta-analyses) 

flow diagram and exclusion criteria

Figure 2: Forest plot of sensitivity and specificity of DECAF for the prediction of 

mortality in AECOPD.

Figure 3: Hierarchical summary receiver operating characteristic curve for evaluating 

prognostic value of mortality of DECAF in AECOPD.

The HSROC curves 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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Figure 1：PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram and 
exclusion criteria 
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Figure 2: Forest plot of sensitivity and specificity of DECAF for the prediction of mortality in AECOPD. 
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Figure 3: Hierarchical summary receiver operating characteristic curve for evaluating prognostic value of 
mortality of DECAF in AECOPD. 

The HSROC curves 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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Figure S1: The quality evaluation and risk of bias in included studies. 
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Figure S2: Methodological quality graph in included studies.  
 

 
Figure S3: Deek’s funnel plot asymmetry test for publication bias of studies evaluating the 

value of DECAF for the prognosis of AECOPD 
. 

Search Strategies 

1. Pubmed 
Search ((("Pulmonary Disease, Chronic Obstructive"[Mesh]) OR ((((((((((((((COPD[Title/Abstract]) 
OR Chronic Obstructive Pulmonary Disease[Title/Abstract]) OR Chronic Airflow 
Obstructions[Title/Abstract]) OR Chronic Airflow Obstruction[Title/Abstract]) OR 
COAD[Title/Abstract]) OR Chronic Obstructive Airway Disease[Title/Abstract]) OR Airflow 
Obstruction, Chronic[Title/Abstract]) OR Airflow Obstructions, Chronic[Title/Abstract]) OR 
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Chronic Obstructive Lung Disease[Title/Abstract]) OR Chronic Obstructive Lung 
Disease[Title/Abstract]) OR airways obstruction[Title/Abstract]) OR obstructive lung 
disease[Title/Abstract]) OR emphysema[Title/Abstract]) OR bronchitis[Title/Abstract]))) AND 
((DECAF score[Title/Abstract]) OR DECAF[Title/Abstract]) 

 

2. The Cochrane Library 

#1 MeSH descriptor: [undefined] explode all trees  
#2 (Chronic Obstructive Lung Disease):ti,ab,kw  
#3 (Chronic Obstructive Pulmonary Disease):ti,ab,kw  
#4 (COPD):ti,ab,kw  
#5 (COAD):ti,ab,kw  
#6 (Chronic Obstructive Airway Disease):ti,ab,kw  
#7 (Airflow Obstruction, Chronic):ti,ab,kw  
#8 (Chronic Airflow Obstruction):ti,ab,kw  
#9 (Airflow Obstructions, Chronic):ti,ab,kw  
#10 (Chronic Airflow Obstructions):ti,ab,kw  
#11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10  
#12 MeSH descriptor: [Lung Diseases, Obstructive] explode all trees 
#13 (Pulmonary Disease, Obstructive):ti,ab,kw  
#14 (Obstructive Pulmonary Diseases):ti,ab,kw  
#15 (Obstructive Lung Diseases):ti,ab,kw  
#16 (Obstructive Lung Disease):ti,ab,kw  
#17 (Lung Disease, Obstructive):ti,ab,kw  
#18 (Pulmonary Diseases, Obstructive):ti,ab,kw  
#19 (Obstructive Pulmonary Disease):ti,ab,kw  
#20 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19  
#21 MeSH descriptor: [Pulmonary Emphysema] explode all trees  
#22 (Emphysema, Centrilobular):ti,ab,kw  
#23 (Centrilobular Emphysema):ti,ab,kw 
#24 (Emphysemas, Pulmonary):ti,ab,kw  
#25 (Emphysema, Pulmonary):ti,ab,kw  
#26 (Pulmonary Emphysemas):ti,ab,kw  
#27 (Emphysema, Panlobular):ti,ab,kw  
#28 (Panlobular Emphysema):ti,ab,kw  
#29 (Focal Emphysema):ti,ab,kw  
#30 (Emphysema, Focal):ti,ab,kw  
#31 #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30  
#32 MeSH descriptor: [Bronchitis, Chronic] explode all trees  
#33 (Chronic Bronchitis):ti,ab,kw  
#34 #32 or #33 
#35 #11 or #20 or #31 or #34  
#36 MeSH descriptor: [Pulmonary Disease, Chronic Obstructive] explode all trees  
#37 #35 or #36  

Page 41 of 43

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

#38 (DECAF):ti,ab,kw  
#39 (DECAF score):ti,ab,kw  
#40 #38 or #39  
#41 #37 and #40  
 
3. Web of Science (WOS) 
# 1 TOPIC: (Pulmonary Disease, Chronic Obstructive) OR TOPIC: (COPD) OR TOPIC: 
(Chronic Obstructive Pulmonary Disease) OR TOPIC: (COAD) OR TOPIC: (Chronic 
Obstructive Airway Disease) OR TOPIC: (Chronic Obstructive Lung Disease) OR TOPIC: 
(Airflow Obstruction, Chronic) OR TOPIC: (Airflow Obstructions, Chronic) OR TOPIC: 
(Chronic Airflow Obstructions) OR TOPIC: (Chronic Airflow Obstruction) OR TOPIC: (Lung 
Diseases, Obstructive) OR TOPIC: (Lung Disease, Obstructive) OR TOPIC: (Obstructive Lung 
Disease) OR TOPIC: (Obstructive Lung Diseases) OR TOPIC: (Obstructive Pulmonary 
Diseases) OR TOPIC: (Obstructive Pulmonary Disease) OR TOPIC: (Pulmonary Disease, 
Obstructive) OR TOPIC: (Pulmonary Diseases, Obstructive) OR TOPIC: (Bronchitis, Chronic) 
OR TOPIC: (Chronic Bronchitis) OR TOPIC: (Pulmonary Emphysema) OR TOPIC: 
(Emphysema) 
# 2 TOPIC: (DECAF) OR TOPIC: (DECAF score) OR TOPIC: (decaf score) 
# 3 #2 AND #1 
 

4. Embase 
#5   #3 AND #4 
#4   decaf:ab,ti OR 'decaf score':ab,ti 
#3   #1 OR #2 
#2  'chronic airflow obstruction':ab,ti OR 'chronic airway obstruction':ab,ti OR 'chronic 
obstructive bronchitis':ab,ti OR 'chronic obstructive bronchopulmonary disease':ab,ti OR 
'chronic obstructive lung disorder':ab,ti OR 'chronic obstructive pulmonary disease':ab,ti OR 
'chronic obstructive pulmonary disorder':ab,ti OR 'chronic obstructive respiratory disease':ab,ti 
OR copd:ab,ti OR 'lung chronic obstructive disease':ab,ti OR 'lung disease, chronic 
obstructive':ab,ti OR 'lung diseases, obstructive':ab,ti OR 'obstructive lung disease':ab,ti OR 
'obstructive lung disease, chronic':ab,ti OR 'obstructive pulmonary disease':ab,ti OR 
'obstructive respiratory disease':ab,ti OR 'obstructive respiratory tract disease':ab,ti OR 
'pulmonary disease, chronic obstructive':ab,ti OR 'pulmonary disorder, chronic 
obstructive':ab,ti 
#1   'chronic obstructive lung disease'/exp 
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Abstract

Objectives: This study was conducted to assess the association between DECAF scores 

(The Dyspnea, Eosinopenia, Consolidation, Acidemia, and Atrial Fibrillation) and the 

prognosis of patients with acute exacerbation of chronic obstructive pulmonary disease 

(AECOPD), and to evaluate the specific predictive and prognostic value of DECAF 

scores, and to explore the effectiveness of different cutoff values in risk stratification of 

AECOPD patients.

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 AECOPD patients. 

Results: Seventeen studies involving 8329 participants were included in the study. 

Quantitative analysis demonstrated that elevated DECAF scores were associated with 

high mortality risk (WMD = 1.87; 95% CI: 1.19 – 2.56). In the accuracy analysis, DECAF 

scores showed good prognostic accuracy for both in-hospital and 30-day mortality [AUC: 

0.83 (0.79 – 0.86) and 0.79 (0.76 – 0.83), respectively]. When the prognostic value was 

compared to that of other scoring systems, DECAF scores showed better prognostic 

accuracy and stable clinical values than the modified DECAF, CAPS, BAP-65, CURB-

65 or APACHE II scores.

Conclusion: The DECAF score is an effective and feasible predictor for short-term 

mortality. As a specific and easily scored predictor for AECOPD patients, DECAF score 

is superior to other prognostic scores. The DECAF score can correctly identify most 

AECOPD patients as low risk, and with the increase of cutoff value, the risk stratification 

of DECAF score in high-risk population increases significantly.
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Keywords: Dyspnoea, Eosinopenia, Consolidation, Acidaemia, and atrial Fibrillation 

(DECAF) score; early warning score; acute exacerbation of chronic obstructive 

pulmonary disease (AECOPD); meta-analysis; systematic review.

Strengths and limitations of this study

· This study not only evaluated the effectiveness of DECAF score on prognosis short-

term mortality of AECOPD patients, but also explored the effectiveness of different 

cutoff values in risk stratification of AECOPD patients.

· In order to further evaluate the effectiveness of DECAF score, this study compared 

the prognostic effects of DECAF scores with other prognostic scores, such as APACHE 

II, BAP-65, and CURB-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 AECOPD patients.

·Although we analyzed the source of heterogeneity through subgroup analysis, 

heterogeneity in the results should still be considered carefully.
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Introduction

Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is 

characterized by the deterioration of respiratory symptoms beyond normal daily 

variations1. 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 AECOPD patients ranges from 4.4% to 25%. The survivors have a 

readmission rate of 25% to 55% and 25% to 50% of these patients have a high risk of 

death within one year2, 3.

Prognostic score can provide a strong indicator for risk stratification and assist 

clinical management, including Hospital-at-Home or early supported discharge for low-

risk groups, and early escalation or appropriate palliation for high-risk groups4, 5. The 

Dyspnea, Eosinopenia, Consolidation, Acidemia, and Atrial Fibrillation (DECAF) score 

is a risk stratification tool designed to predict risk of death in AECOPD patients6, and can 

be easily applied at the bedside to guide treatment, such as hospital at home for low-risk 

patients7. The DECAF score using indices routinely available at admission. The score 

includes five predictors, the strongest of which is stable state dyspnea, measured by the 

extended Medical Research Council Dyspnea score (eMRCD; Table 1)8. The DECAF 

score showed promising performance in derivative studies, and was superior to other 

prognostic tools for AECOPD patients6. In 2014, the UK National COPD audit 

recommends that DECAF scores be recorded for AECOPD patients9. 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 generalization of prognosis scores.

This systematic review and meta-analysis evaluated the association between 

DECAF scores and the prognosis of AECOPD patients, assessed the specific predictive 

and prognostic value of DECAF scores, and explored the effectiveness of different cutoff 
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values in risk stratification of AECOPD patients. To further assess the clinical value of 

DECAF scores, we compared the test to other commonly used prognostic scores,, 

including the modified DECAF (the Dyspnoea, Eosinopenia, Consolidation, Acidemia, 

and Frequency of admission in AECOPD in the last year)10, CAPS (COPD and Asthma 

Physiology Score)11, BAP-65 (BUN, Altered mental status, Pulse and age > 65)12, CURB-

65 (Confusion, Urea, Respiratory Rate, Blood pressure, and age > 65)13, and APACHE II 

(Acute Physiology and Chronic Health Evaluation scoring system Ⅱ) scoring systems14. 

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 

AECOPD patients. This study aimed to evaluate and validate the effectiveness of the 

DECAF score and improve the clinical course and outcome of AECOPD patients.

Materials and Methods 

All methods of this systematic review and meta-analysis followed the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines15. 

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, 

Consolidation, 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 Supplement 

(Supplementary File: Search strategies).

This meta-analysis included studies that met the following criteria:

1. Adult patients diagnosed with AECOPD (over 18 years of age)
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2. The studies included the results of DECAF score prognoses in patients with 

AECOPD. Study information could be extracted into a 2 × 2 contingency table. 

AECOPD was diagnosed based on the latest reference standard in the original study, 

such as the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 

guideline, which was defined as an acute event characterized by worsening of the 

patient’s respiratory symptoms 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, 

editorials, and animal experiments were excluded.

Study Selection

Two review authors (Q Huang and H Xiong) 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 (J Liu) was consulted. The authors consulted the original authors to 

further ensure the eligibility of a study, 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 literature research process and the selection of the studies (Fig. 1). 

Data Extraction and Quality Assessment

The data were independently extracted by two review authors (T Shuai and C Zhang) 

and the resulting differences were resolved by a third reviewer (C He). 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 cutoff threshold in original study; values for sensitivity, specificity, true-positive, 

true-negative, false-positive, false-negative; and the area (AUC) under the receiver 

operating characteristic (ROC) curve. If data were missing, a letter was written to the 
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authors to request the data. If there was no response to the letter after four weeks, an e-

mail was sent. If there was no response to the e-mail, estimates were made based on 

available data and used. 

Two review authors (J Liu and J Lu) independently applied the guidelines of the 

PRISMA statement16 to evaluate each involved study. The Quality Assessment of 

Diagnostic Accuracy Studies-2 (QUADAS-2) was conducted by two independent authors 

(J Liu and J Lu) to assess the quality and risk of bias for diagnostic or prognostic studies17. 

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 15.0 (Stata Corp; College Station, TX, USA) to analyze 

the extracted data. Continuous variables are expressed as weighted mean differences 

(WMD) with a 95% confidence interval (95% CI). 

The mixed bivariate random-effects regression model was used to analyze and pool 

the diagnostic accuracy measurements across studies18. To derive summary estimates, we 

plotted estimates of the observed sensitivities and specificities for each test in forest plots 

and hierarchical summary receiver operating characteristic (HSROC) curves derived 

from individual study results19, 20. These results were plotted using HSROC curves with 

95% confidence and prediction regions. Additionally, pooled sensitivity (SEN), 

specificity (SPE), diagnostic odds ratio (DOR), positive likelihood ratio (PLR), and 

negative likelihood ratio (NLR) were calculated21. 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 reliable22.

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 
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heterogeneity was indicated by I2 > 50%)23. If substantive heterogeneity (I2 > 50%) 

existed, subgroup analysis and sensitivity analysis were performed to analyze 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 sensitivity 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 

effect24. The Deek’s 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 development 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 (Fig. 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 al.26, 28 and Shi et al.27, 29 each produced two articles from two different 

studies.

Study Characteristics

As for the AECOPD definition, all studies were defined by the GOLD criteria, which 

is defined as an acute event characterized by worsening of the patient’s respiratory 

symptoms beyond normal day-to-day variations and leading to medication changes41. All 
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identified studies reported the results of DECAF scores for AECOPD prognosis. Among 

these studies, 15 studies reported the prognostic values of DECAF scores for in-hospital 

mortality6, 9, 26, 28, 29, 31-40 and five studies reported 30-day mortality27, 28, 30, 31, 33. The cutoff 

threshold for each study was retrospectively determined based on the ROC curve. For in-

hospital mortality, the results of five studies were based on a cutoff value of 49, 28, 35, 37, 39, 

four studies were based on a cutoff value of 36, 32, 36, 40, three studies were based on a 

cutoff value of 230, 33, 38, and the other three studies did not report a cutoff threshold17, 22, 

25. With regard to the collection of DECAF score, eight studies collected the score on 

admission9, 27, 30, 32-34, 38, 40, one reported that the collection was pre-specified in the 

original study protocol26, 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 data6, 29, 31, 36, 37, 39. As for other 

prognostic scores, five studies reported the prognostic value of CURB-65 scores28, 30, 31, 

33, 35, eight reported BAP-65 scores28, 30, 31, 33-37, five reported APACHEⅡscores6, 27-29, 40, 

four reported CAPS scores6, 28, 29, 40, and three reported the prognostic value of modified 

DECAF scores9, 29, 37 for AECOPD patients. 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 enrollment6, 9, 26-28, 30, 34, 40. Most of studies included did not pre-specify the 

cutoff value for risk stratification. Since the main outcome is the mortality of AECOPD 

patients, 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 studies was 
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shown in Table 3, and the summary figures of risk of bias were shown in Figs. 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 randomized effect model showed a significant increase in DECAF 

scores in the non-survivor group compared to the survivor group (WMD = 1.87; 95% CI: 

1.19 – 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 to the survivor group, the results showed that CURB-

65 scores, BAP-65 scores, modified DECAF scores, and APACHE Ⅱ scores were 

increased in the non-survivor group (WMD = 0.69, 95% CI: -0.08 – 1.45, P = 0.078; 

WMD = 0.75, 95% CI: -0.07 – 1.56, P = 0.071; WMD = 1.74, 95% CI: 1.36 – 2.13, P = 

0.001; WMD = 5.24, 95% CI: 4.00 – 6.47, P ＜ 0.001, respectively). The results showed 

that increases in DECAF scores, modified DECAF scores, and APACHEⅡscores 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 

sensitivity of DECAF scores for predicting mortality was 0.76 [95% CI, 0.70 – 0.81; I2 = 

45.24%, Q = 29.22 (P = 0.02)] with a specificity of 0.76 [95% CI, 0.68 – 0.83; I2 = 96.99%, 

Q = 531.44 (P < 0.001); Fig. 2]. The PLR and NLR were 3.2 (95% CI, 2.4 – 4.1) and 0.32 

(95% CI, 0.27 – 0.37), respectively, and the DOR was 10 (95% CI, 8 – 13). The AUC of 

the HSROC was 0.82 (95% CI, 0.78 – 0.85; Fig. 3), indicating that the DECAF score had 

a reliable accuracy in predicting mortality for AECOPD patients. Additionally, there was 

no significant difference in threshold effect (Spearman’s correlation coefficient = 0.467; 
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P = 0.059). No publication bias was found in Deek’s funnel plot asymmetry test (P =0.74; 

Fig. S3).

Subgroup Analysis

In predicting in-hospital mortality, the pooled sensitivity of the DECAF scores was 

0.77 (95% CI, 0.70 – 0.82; I 2= 47.24%, P = 0.02), the specificity was 0.76 (95% CI, 0.67 

– 0.84; I2 = 96.5%, P < 0.001], and the AUC of the HSROC was 0.83 (95% CI, 0.79 –

0.86). For 30-day mortality, the pooled sensitivity of the DECAF scores was 0.71 (95% 

CI, 0.53 – 0.84; I2 = 84.95%, P < 0.001), the specificity was 0.75 (95% CI, 0.58 – 0.86; 

I2 = 98.37%, P < 0.001), and the AUC of the HSROC was 0.79 (95% CI, 0.76 – 0.83) 

(Table 5).

The subgroup analyses were based on different cutoff values (Table 5). For a cutoff 

value of 4, five studies included 2,550 participants reported the prognostic value of 

DECAF. The pooled sensitivity of the DECAF scores was 0.75 (95% CI, 0.69 – 0.81; I2 

= 0.00%, P = 0.61), the specificity was 0.80 (95% CI, 0.68 – 0.89; I2 = 95.84%, P < 

0.001], and the AUC of the HSROC was 0.76 (95% CI, 0.72 – 0.80), the PLR was 3.80 

(95% CI, 2.20 – 6.60), and the NLR was 0.31 (95% CI, 0.23 – 0.41). Four studies included 

1,361 participants reported the results of a cutoff value was 3. The pooled sensitivity was 

0.77 (95% CI, 0.70 – 0.82; I2 = 0.00%, P = 0.52), the specificity was 0.76 (95% CI, 0.67 

– 0.84; I2 = 29.09%, P = 0.24], the AUC of the HSROC was 0.83 (95% CI, 0.79 – 0.86), 

the PLR was 3.20 (95% CI, 2.40 – 4.40), and the NLR was 0.31 (95% CI, 0.25 – 0.37). 

For a cutoff value of 2, three studies included 1,002 participants reported the results. The 

pooled sensitivity was 0.84 (95% CI, 0.68 – 0.93; I2 = 0.00%, P = 0.52), the specificity 

was 0.53 (95% CI, 0.50 – 0.56; I2 = 0.00%, P = 0.61], the AUC of the HSROC was 0.77 

(95% CI, 0.73 – 0.80), the PLR was 1.80 (95% CI, 1.50 – 2.10), and the NLR was 0.31 

(95% CI, 0.15 – 0.64). The results of PLR and NLR at different cutoff values suggest that 

DECAF score can correctly identify most of AECOPD patients as low risk, and with the 
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increase of cutoff 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 sensitivity, specificity, and AUC of the CURB-65 scores were 0.46, 0.92, 

and 0.73, respectively. The sensitivity, specificity, and AUC of the BAP-65 scores were 

0.70, 0.50, and 0.64, respectively. The sensitivity, specificity, and AUC of the APACHE

Ⅱ scores were 0.70, 0.65, and 0.72, respectively. The sensitivity, specificity, and AUC 

of CAPS scores were 0.77, 0.62, and 0.75, respectively, and the sensitivity, specificity, 

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 COPD patients, the pooled results showed 

that the sensitivity, specificity, and AUC of the CURB-65 scores were 0.52, 0.85, and 

0.53, respectively. The sensitivity, specificity, and AUC of the BAP-65 scores were 0.61, 

0.57, and 0.62, respectively. The sensitivity, specificity, and AUC of the APACHEⅡ  

scores were 0.68, 0.73, and 0.77, respectively (Table 7).

Discussion

In stable COPD, prognostic indicators have been thoroughly investigated and tools 

to predict mortality risk, such as the BODE Score41, have been well established. However, 

prognostic studies in patients with exacerbation requiring hospitalization are limited and 

the predictors of mortality between stable disease periods and AECOPD periods seem to 

have little in common42. In addition, the risk of mortality in AECOPD patients 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 characterize 

and evaluate DECAF scores predicting mortality in patients with AECOPD. Six potential 

scoring systems were evaluated by comparing survivor and non-survivor scores and 
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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 modified 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 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 cutoff values of DECAF score, as the cutoff value increased, 

the sensitivity decreased and the specificity escalated. The results of PLR and NLR at 

different cutoff values suggest that DECAF score can correctly identify most AECOPD 

patients as low risk, and with the increase of cutoff 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 modified DECAF and APACHEⅡscores had a similar relationship, 

which indicates that scoring systems have potential to aid clinical decisions in risk 

stratification. 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 mortality43, 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 admission6. In clinical practice, test with 

AUC greater than 0.8 is considered to be very reliable22. The results showed that the AUC 

of the DECAF scores was 0.83 for predicting in-hospital mortality and 0.79 for short-
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term mortality (30-day). This indicates that the DECAF test can be utilized as a promising 

prognosis tool with satisfactory sensitivity and specificity for AECOPD patients. 

In a randomized controlled trial and economic evaluation 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 5-fold reduction in the median 

of 90 days of hospitalization7. 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 models7. It was safe, clinically effective, cost-effective to use 

DECAF score at home in low-risk patients, and preferred by most patients7.

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 pneumonia12, 28. In addition, this also partly 

leads to choosing different cutoff values. To illustrate the relationship between the cutoff 

values for risk stratification, subgroup analyses were performed. For cutoff values from 

2 to 4, the sensitivity decreased from 0.84 to 0.75 and the specificity increased from 0.53 

to 0.80. With an increase in the cutoff value, specificity increased significantly. Under 

the premise of ensuring sensitivity, improving specificity 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 negative. 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 indicated that the DECAF score could 

correctly identify most AECOPD patients as a low-risk group. For the cutoff value from 

2 to 4, the PLR value increased from 1.80 to 3.80, indicating that with the increase of the 
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cutoff 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 admission44. However, 

according to the results of this study, the CURB-65 and BAP-65 scores had low 

prognostic value for predicting in-hospital and 30-day mortality, which were consistent 

with the lack of statistical difference 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 

severity45. APACHE II is not a specific predictor for AECOPD but is still commonly used 

in clinical practice to predict mortality in AECOPD patients46. Based on our results, 

APACHE II scores showed no superiority to DECAF scores in prognostic accuracy, 

sensitivity or specificity. In addition, it contains cumbersome test items, thus increasing 

the workload of clinicians in clinical practice. For AECOPD patients, the APACHE II 

test may not be the preferred early warning scoring system.

As for the modified DECAF, Zidan et al.9 attempted to replace the atrial fibrillation 

item in the DECAF test with admission frequency for AECOPD during the last year and 

named the revision the modified DECAF. They concluded that the modified DECAF test 

was more sensitive and specific in predicting in-hospital mortality during acute 

exacerbation of COPD than the DECAF test. However, there was no significant 

difference between the two scores9, which was consistent with the results of this current 

study. In addition, only three studies reported the predictive value of modified DECAF 

test for in-hospital mortality in AECOPD patients, 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 modified DECAF scores and further compare the clinical value 

between DECAF scores and modified DECAF scores.
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Examination of prognostic scores can contribute to clinical management, early risk-

stratification, and the prevention of poor outcomes, as well as monitoring during 

treatment47. 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 

AECOPD patients, DECAF is superior to other prognostic scores in predicting short-term 

mortality. From the results of different cutoff values, the DECAF score showed a 

promising potential. It can correctly identify most AECOPD patients as low-risk group, 

which is related to the reduction of in-hospital stay. Compared to the meta-analyses of 

interventions, including randomized controlled trials, those including diagnostic studies 

have more publication bias48. 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 heterogeneity. The subgroup analysis revealed that 

the heterogeneity was mainly derived from the choice of cutoff value. When the cutoff 

value was 2, 3 or 4, the heterogeneity of sensitivity decreased to 0. However, the 

heterogeneity of specificity was still substantive when the cutoff value was 4. This largely 

reflect 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 pre-specified 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 addition, different included studies yielded different 

baseline characteristics in the included population, which affected patient selection and 

also led to the different selection of cutoff value between studies.

 This meta-analysis had some limitations. Firstly, 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 AECOPD patients. 
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Further studies are needed for validation. Secondly, it was difficult to obtain raw data for 

each of the included studies, which limited us to determining the optimal DECAF cutoff 

point for predicting AECOPD. Thirdly, 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 AECOPD patients 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 AECOPD patients. In addition, 

although the source of heterogeneity was analyzed 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 AECOPD patients, 

DECAF scores are superior to other prognostic scores. The DECAF score can correctly 

identify most AECOPD patients as low risk, and with the increase of cutoff value, the 

risk stratification of DECAF score for high-risk population increased significantly.

List of abbreviations

AECOPD: acute exacerbation of chronic obstructive pulmonary disease; DECAF: 

Dyspnoea, Eosinopenia, Consolidation, Acidaemia, and atrial Fibrillation score; the 

modified DECAF: the Dyspnoea, Eosinopenia, Consolidation, Acidaemia and Frequency 

of admission in AECOPD in the last year; CAPS: COPD and Asthma Physiology Score; 

BAP-65: BUN, Altered mental status, Pulse and Age > 65; CURB-65: Confusion, Urea, 

Respiratory Rate, Blood pressure, Age > 65; APACHE II: acute physiology and chronic 

health evaluation scoring system Ⅱ scores; QUADAS-2: the Quality Assessment of 

Diagnostic Accuracy Studies-2; WOS: web of science; WMD: weighted mean difference; 
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AUC: the area under the receiver operating characteristic curve; PRISMA: the preferred 

reporting items for systematic reviews and meta-analyses; PLR: positive likelihood ratio; 

NLR: negative likelihood ratio; DOR: diagnostic odds ratio; HSROC: hierarchical 

summary receiver operating characteristic; CIs: confidence intervals;
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Table 1. DECAF score

Variables Score

Dyspnea 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 acidemia (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
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Table 2. Characteristics of included studies

Author/Year

Study 

Inception 

(Year)

Country
Study 

design

Sample 

size
Male

Age 

(years)

Mortality 

(%)

Measured 

time

Collection of 

DECAF

DECAF 

Cutoff value
Early warning scores

Echevarria 

2019
NA UK PC 2645 1217 73.10 8.62 in-hospital 

Pre-specified in 

the original study 

protocol

NA DECAF

Shi             

2019

2016.1-

2017.12
China PC 112 73 77.57 33.93 28d At admission 3 DECAF

Bastidas

2018
NA Colombia PC 462 229 79.00 2.38 30d At admission 2

DECAF, BAP-65 and 

CURB-65

4.49 in-hospital 

Shafuddin 

2018

2006.7-

2007.7 

2012.8-

2013.7

New 

Zealand
RC 423 190 71.00 

7.33 30d

Compiled by 

admission data
NA

DECAF, CURB-65, CRB-

65, and BAP-65

Bisquera    

2018
NA Philippines PC 77 68 72.50 6.49 in-hospital At admission 3 DECAF

2.60 in-hospital Mantilla    

2017

2014.2-

2017.1
Colombia PC 462 233 79.00 

5.84 30d
At admission 2

DECAF, BAP-65 and 

CURB-65

Sangwan   

2017
NA India PC 50 43 61.20 18.00 in-hospital At admission NA DECAF and BAP-65

Xu            

2017

2014.1-

2016.1
China CC 302 150 75.50 7.95 28d

Within 24h after 

admission
4

DECAF, BAP-65 and 

CURB-65

Parras      

2017
NA Spain RC 164 153 76.14 20.12 in-hospital 

Compiled by 

admission data
3 DECAF

Shi            

2016

2014.1-

2016.6
China RC 186 108 66.20 15.59 in-hospital 

Compiled by 

admission data
3

DECAF, m-DECAF, CAPS 

and APACHEⅡ

Yousif       

2016

2014.1-

2015.9
Egypt R&PC 264 176 63.61 7.58 in-hospital 

Compiled by 

admission data
4

DECAF, m-DECAF and 

BAP-65 

7.65 in-hospital 
Echevarria 

2016

2012.1-

2014.5
UK R&PC 1725 788 73.10 

28.35 30d

Recorded as 

routine practice
3

DECAF, CAPS, 

APACHEⅡ, CURB-65 and 

BAP-65 

Zidan         

2015
NA Egypt PC 100 58 46.46 11.00 in-hospital At admission 4 DECAF and m-DECAF

Collier        

2015

2014.12-

2015.3
UK PC 78 47 72.70 15.38 in-hospital At admission 2 DECAF

Rabbani    

2014

2012.12-

2013.1
UK RC 159 92 72.14 9.43 30d

Compiled by 

admission data
4 DECAF
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Nafae       

2014

2010.10-

2013.4
Egypt PC 200 102 68.50 12.50 in-hospital At admission 3

DECAF, CAPS and 

APACHEⅡ

Steer        

2012

2008.12-

2010.6
UK PC 920 424 73.10 10.43 in-hospital 

Compiled by 

admission data
3

DECAF, CAPS and 

APACHEⅡ

Abbreviations: PC, prospective cohort; RC, retrospective cohort; R&PC, retrospective and prospective 

cohort; CC, case-control; NA, not available.
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Table 3 The Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) for 

included studies

Patient Selection Index Test Reference Standard Flow and Timing
Studies

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Scores

Echevarria 

2019
Y Y U Low Y Y Low Y U Low Y Y Y Low 12

Shi             

2019
Y Y Y Low Y U Unclear Y U Low U Y Y Low 10

Bastidas 

2018
U Y U Unclear Y U Unclear Y U Low Y Y Y Low 8

Shafuddin 

2018
U Y Y Unclear Y U Unclear Y U Low Y Y N High 7

Bisquera    

2018
U Y U Unclear Y U Low Y U Low Y Y U Unclear 7

Mantilla    

2017
U Y U Unclear Y U Low Y U Low Y Y Y Low 9

Sangwan   

2017
Y Y Y Unclear Y U Low Y U Low Y Y U Unclear 9

Xu            

2017
U N Y High N U High Y N High U Y Y Unclear 4

Parras      

2017
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       

2016
U Y Y Unclear Y U Unclear Y U Low U Y Y Low 8

Echevarria 

2016
Y Y Y Low Y U Low Y Y Low Y Y Y Low 13

Zidan         

2015
Y Y Y Unclear Y U Low Y U Low Y Y Y Low 12

Collier        

2015
U Y U Unclear Y U Low Y U Low U Y U Unclear 6

Rabbani    

2014
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        

2012
Y Y Y Low Y U Unclear Y U Low Y Y Y Low 11
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Y = Yes, represents certain answer for the corresponding question; N = no, represents negative answer for 
the corresponding question; U = unclear, i.e. the information provided in the individual studies was 
insufficient to answer the corresponding question. 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 pre-specified? 
7. Could the conduct or interpretation of the index test have introduced bias? 8. Is the reference standards 
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?
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Table 4. The Quantitative Analysis of scores in AECOPD mortality

Variables
Studies, 

No.

Patients, 

No.
WMD 95%CI P value

DECAF 3 600 1.87 1.19-2.56 <0.001

CURB-65 2 414 0.69 -0.08-1.45 0.078

BAP-65 2 414 0.75 -0.07-1.56 0.071

Modified 

DECAF
2 298 1.74 1.36-2.13 0.001

APACHE II 2  298 5.24 4.00-6.47 <0.001

Abbreviations: WMD, weighted mean difference; 95% CI, 95% confidence interval
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Table 5. Subgroup analysis of the prognostic value of DECAF based on different 

variables.

Studies, No. Sensitivity Specificity PLR NLR DOR

Variables

(Patients, No.) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)

AUC

 (95%CI)

Overall 17(8329) 0.76(0.70-0.81) 0.76(0.68-0.83) 3.20(2.40-4.10) 0.32(0.27-0.37) 10(8-13) 0.82(0.78-0.85)

in-hospital 15(7655) 0.77(0.70-0.82) 0.76(0.67-0.84) 3.20(2.40-4.40) 0.31(0.25-0.37) 11(8-15) 0.83(0.79-0.86)

30d 5(3084) 0.71(0.53-0.84) 0.75(0.58-0.86) 2.80(2.00-4.10) 0.39(0.27-0.56) 7(6-9) 0.79(0.76-0.83)

cutoff= 4 5(2550) 0.75(0.69-0.81) 0.80(0.68-0.89) 3.80(2.20-6.60) 0.31(0.23-0.41) 12(6-26) 0.76(0.72-0.80)

cutoff= 3 4(1361) 0.77(0.70-0.82) 0.76(0.67-0.84) 3.20(2.40-4.40) 0.31(0.25-0.37) 11(8-15) 0.83(0.79-0.86)

cutoff= 2 3(1002) 0.84(0.68-0.93) 0.53(0.50-0.56) 1.80(1.50-2.10) 0.31(0.15-0.64) 6(2-14) 0.77(0.73-0.80)

Abbreviations: CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds 

ratio; AUC, area under the receiver operating characteristic curve.
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Table 6. The prognostic value of prognostic scores for predicting in-hospital 

mortality in patients with AECOPD.

Variables
Studies, No.

(Patients, No.)

Sensitivity

(95%CI)

Specificity

(95%CI)

PLR

(95%CI)

NLR

(95%CI)

DOR

(95%CI)

AUC

 (95%CI)

DECAF 15(7655) 0.77(0.70-0.82) 0.76(0.67-0.84) 3.20(2.40-4.40) 0.31(0.25-0.37) 11(8-15) 0.83(0.79-0.86)

CURB-65 4(2912) 0.46(0.21-0.72) 0.92(0.63-0.99) 6.00(1.70-21.60) 0.59(0.40-0.86) 10(4-28) 0.73(0.69-0.77)

BAP-65 6(3226) 0.70(0.46-0.87) 0.50(0.31-0.70) 1.40(0.90-2.20) 0.59(0.29-1.20) 2(1-7) 0.64(0.59-0.68)

APACHEⅡ 4(3031) 0.70(0.63-0.76) 0.65(0.58-0.72) 2.00(1.60-2.50) 0.46(0.37-0.57) 4(3-7) 0.72(0.68-0.76)

CAPS 4(3031) 0.77(0.60-0.88) 0.62(0.46-0.76) 2.00(1.50-2.70) 0.37(0.24-0.58) 5(3-9) 0.75(0.71-0.79)

Modified 

DECAF 
3(666) 0.84(0.71-0.91) 0.62(0.46-0.75) 2.20(1.40-3.40) 0.27(0.13-0.55) 8(3-25) 0.84(0.81-0.87)

Abbreviations: CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; 

AUC, area under the receiver operating characteristic curve.
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Table 7. The prognostic value of prognostic scores for predicting 30-day mortality 

in patients with AECOPD.

Abbreviations: CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds 

ratio; AUC, area under the receiver operating characteristic curve.

Studies, No. Sensitivity Specificity PLR NLR DOR

Variables

(Patients, No.) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)

AUC   

(95%CI)

DECAF 5(3084) 0.71(0.53-0.84) 0.75(0.58-0.86) 2.80(2.00-4.10) 0.39(0.27-0.56) 7(6-9) 0.79(0.76-0.83)

CURB-65 4(3072) 0.52(0.48-0.56) 0.85(0.56-0.96) 3.50(1.00-12.50) 0.56(0.45-0.71) 6(1-28) 0.53(0.49-0.57)

BAP-65   5(3236) 0.61(0.34-0.82) 0.57(0.23-0.85) 1.40(0.80-2.40) 0.70(0.46-1.06) 2(1-5) 0.62(0.57-0.66)

APACHEⅡ 2(1837) 0.68(0.52-0.80) 0.73(0.66-0.79) 2.50(1.60-3.90) 0.44(0.26-0.74) 6(2-15) 0.77(0.73-0.80)
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Figure Legends

Figure 1：PRISMA (preferred reporting items for systematic reviews and meta-analyses) 

flow diagram and exclusion criteria

Figure 2: Forest plot of sensitivity and specificity of DECAF for the prediction of 

mortality in AECOPD.

Figure 3: Hierarchical summary receiver operating characteristic curve for evaluating 

prognostic value of mortality of DECAF in AECOPD.

The HSROC curves 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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Figure 1：PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram and 
exclusion criteria 
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Figure 2: Forest plot of sensitivity and specificity of DECAF for the prediction of mortality in AECOPD. 

296x215mm (300 x 300 DPI) 

Page 37 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

Figure 3: Hierarchical summary receiver operating characteristic curve for evaluating prognostic value of 
mortality of DECAF in AECOPD. 

The HSROC curves 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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Supplementary 

 

Figure S1: The quality evaluation and risk of bias in included studies. 
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Figure S2: Methodological quality graph in included studies.  
 

 
Figure S3: Deek’s funnel plot asymmetry test for publication bias of studies evaluating the 

value of DECAF for the prognosis of AECOPD 
. 
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Search Strategies 

1. Pubmed 
Search ((("Pulmonary Disease, Chronic Obstructive"[Mesh]) OR ((((((((((((((COPD[Title/Abstract]) 
OR Chronic Obstructive Pulmonary Disease[Title/Abstract]) OR Chronic Airflow 
Obstructions[Title/Abstract]) OR Chronic Airflow Obstruction[Title/Abstract]) OR 
COAD[Title/Abstract]) OR Chronic Obstructive Airway Disease[Title/Abstract]) OR Airflow 
Obstruction, Chronic[Title/Abstract]) OR Airflow Obstructions, Chronic[Title/Abstract]) OR 
Chronic Obstructive Lung Disease[Title/Abstract]) OR Chronic Obstructive Lung 
Disease[Title/Abstract]) OR airways obstruction[Title/Abstract]) OR obstructive lung 
disease[Title/Abstract]) OR emphysema[Title/Abstract]) OR bronchitis[Title/Abstract]))) AND 
((DECAF score[Title/Abstract]) OR DECAF[Title/Abstract]) 

 

2. The Cochrane Library 

#1 MeSH descriptor: [undefined] explode all trees  
#2 (Chronic Obstructive Lung Disease):ti,ab,kw  
#3 (Chronic Obstructive Pulmonary Disease):ti,ab,kw  
#4 (COPD):ti,ab,kw  
#5 (COAD):ti,ab,kw  
#6 (Chronic Obstructive Airway Disease):ti,ab,kw  
#7 (Airflow Obstruction, Chronic):ti,ab,kw  
#8 (Chronic Airflow Obstruction):ti,ab,kw  
#9 (Airflow Obstructions, Chronic):ti,ab,kw  
#10 (Chronic Airflow Obstructions):ti,ab,kw  
#11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10  
#12 MeSH descriptor: [Lung Diseases, Obstructive] explode all trees 
#13 (Pulmonary Disease, Obstructive):ti,ab,kw  
#14 (Obstructive Pulmonary Diseases):ti,ab,kw  
#15 (Obstructive Lung Diseases):ti,ab,kw  
#16 (Obstructive Lung Disease):ti,ab,kw  
#17 (Lung Disease, Obstructive):ti,ab,kw  
#18 (Pulmonary Diseases, Obstructive):ti,ab,kw  
#19 (Obstructive Pulmonary Disease):ti,ab,kw  
#20 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19  
#21 MeSH descriptor: [Pulmonary Emphysema] explode all trees  
#22 (Emphysema, Centrilobular):ti,ab,kw  
#23 (Centrilobular Emphysema):ti,ab,kw 
#24 (Emphysemas, Pulmonary):ti,ab,kw  
#25 (Emphysema, Pulmonary):ti,ab,kw  
#26 (Pulmonary Emphysemas):ti,ab,kw  
#27 (Emphysema, Panlobular):ti,ab,kw  
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#28 (Panlobular Emphysema):ti,ab,kw  
#29 (Focal Emphysema):ti,ab,kw  
#30 (Emphysema, Focal):ti,ab,kw  
#31 #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30  
#32 MeSH descriptor: [Bronchitis, Chronic] explode all trees  
#33 (Chronic Bronchitis):ti,ab,kw  
#34 #32 or #33 
#35 #11 or #20 or #31 or #34  
#36 MeSH descriptor: [Pulmonary Disease, Chronic Obstructive] explode all trees  
#37 #35 or #36  
#38 (DECAF):ti,ab,kw  
#39 (DECAF score):ti,ab,kw  
#40 #38 or #39  
#41 #37 and #40  
 
3. Web of Science (WOS) 
# 1 TOPIC: (Pulmonary Disease, Chronic Obstructive) OR TOPIC: (COPD) OR TOPIC: 
(Chronic Obstructive Pulmonary Disease) OR TOPIC: (COAD) OR TOPIC: (Chronic 
Obstructive Airway Disease) OR TOPIC: (Chronic Obstructive Lung Disease) OR TOPIC: 
(Airflow Obstruction, Chronic) OR TOPIC: (Airflow Obstructions, Chronic) OR TOPIC: 
(Chronic Airflow Obstructions) OR TOPIC: (Chronic Airflow Obstruction) OR TOPIC: (Lung 
Diseases, Obstructive) OR TOPIC: (Lung Disease, Obstructive) OR TOPIC: (Obstructive Lung 
Disease) OR TOPIC: (Obstructive Lung Diseases) OR TOPIC: (Obstructive Pulmonary 
Diseases) OR TOPIC: (Obstructive Pulmonary Disease) OR TOPIC: (Pulmonary Disease, 
Obstructive) OR TOPIC: (Pulmonary Diseases, Obstructive) OR TOPIC: (Bronchitis, Chronic) 
OR TOPIC: (Chronic Bronchitis) OR TOPIC: (Pulmonary Emphysema) OR TOPIC: 
(Emphysema) 
# 2 TOPIC: (DECAF) OR TOPIC: (DECAF score) OR TOPIC: (decaf score) 
# 3 #2 AND #1 
 

4. Embase 
#5   #3 AND #4 
#4   decaf:ab,ti OR 'decaf score':ab,ti 
#3   #1 OR #2 
#2  'chronic airflow obstruction':ab,ti OR 'chronic airway obstruction':ab,ti OR 'chronic 
obstructive bronchitis':ab,ti OR 'chronic obstructive bronchopulmonary disease':ab,ti OR 
'chronic obstructive lung disorder':ab,ti OR 'chronic obstructive pulmonary disease':ab,ti OR 
'chronic obstructive pulmonary disorder':ab,ti OR 'chronic obstructive respiratory disease':ab,ti 
OR copd:ab,ti OR 'lung chronic obstructive disease':ab,ti OR 'lung disease, chronic 
obstructive':ab,ti OR 'lung diseases, obstructive':ab,ti OR 'obstructive lung disease':ab,ti OR 
'obstructive lung disease, chronic':ab,ti OR 'obstructive pulmonary disease':ab,ti OR 
'obstructive respiratory disease':ab,ti OR 'obstructive respiratory tract disease':ab,ti OR 
'pulmonary disease, chronic obstructive':ab,ti OR 'pulmonary disorder, chronic 
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obstructive':ab,ti 
#1   'chronic obstructive lung disease'/exp 
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PRISMA 2009 Checklist

Section/topic # Checklist item Reported 
on page # 

TITLE 
Title 1 Identify the report as a systematic review, meta-analysis, or both. page1
ABSTRACT 
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number. 

page2

INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of what is already known. page3
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS). 
page 3

METHODS 
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number. 
page 4

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale. 

page 4

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched. 

page 4

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated. 

page 4

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

page 4

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 

page 4-5

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made. 

page 5

Risk of bias in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis. 

page 5

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). page 5
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 

(e.g., I2) for each meta-analysis. 
page 5
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PRISMA 2009 Checklist

Page 1 of 2 

Section/topic # Checklist item Reported on page # 

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies). 

page 5

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if 
done, indicating which were pre-specified. 

page 5

RESULTS 
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 

exclusions at each stage, ideally with a flow diagram. 
page 5 and Fig. 1

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations. 

page5, 7, 8

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). page6
Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for 

each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 
Page9-11

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. Page9-11
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). Page6 and Fig.S1
Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see 

Item 16]). 
Page 10-11

DISCUSSION 
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their 

relevance to key groups (e.g., healthcare providers, users, and policy makers). 
Page12

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias). 

Page13

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research. 

Page14

FUNDING 
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 

funders for the systematic review. 
Page14
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