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BACKGROUND: The CRB-65 score is recommended as a
decision support tool to help identify patients with
community-acquired pneumonia (CAP) who can safely
be treated as outpatients.
OBJECTIVE: To perform an updatedmeta-analysis of the
accuracy, discrimination, and calibration of the CRB-65
score using a novel approach to calculation of stratum-
specific likelihood ratios.
DESIGN: Meta-analysis of accuracy, discrimination, and
calibration.
METHODS: We searched PubMed, Google, previous sys-
tematic reviews, and reference lists of included studies.
Data was abstracted and quality assessed in parallel by
two investigators. The quality assessment used an adap-
tation of the TRIPOD and PROBAST criteria. Measures of
discrimination, calibration, and stratum-specific likeli-
hood ratios are reported.
KEY RESULTS: Twenty-nine studies met our inclusion
criteria andprovidedusable data.Most studieswere set in
Europe, none in North America, and 12 were judged to be
at low risk of bias. The pooled estimate of area under the
receiver operating characteristic curve was 0.74 (95% CI
0.71–0.77) for all studies. Calibration was good although
there was significant heterogeneity; the pooled estimate of
the ratio of observed to expected mortality for all studies
was 1.04 (95% CI 0.91–1.19). The corresponding values
for studies at low risk of bias where patients could be
treated as outpatients or inpatients were 0.76 (0.70–
0.81) and 0.88 (0.69–1.13). Summary estimates of
stratum-specific likelihood ratios for all studies were
0.19 for the low-risk group, 1.1 for the moderate-risk
group, and 4.5 for the high-risk group, and 0.13, 1.3,
and 5.6 for studies at low risk of biaswhere patients could
be treated as outpatients or inpatients.
CONCLUSIONS: The CRB-65 is useful for identifying low-
risk patients for outpatient therapy. Given a 4% overall
mortality risk, patients classified as low risk by the CRB-
65 had an outpatientmortality risk of nomore than 0.5%.
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P hysicians in the ambulatory and emergency department
setting must decide whether patients with community-

acquired pneumonia (CAP) can safely be treated as outpatients
or whether they should be hospitalized. Current guidelines
from the American Thoracic Society and Infectious Disease
Society of America recommend the use of the Pneumonia
Severity Index (PSI) or CURB-65 clinical decision rules to
assist in this decision.1 However, the PSI is cumbersome, with
20 questions including several laboratory tests.2 The CURB-
65 is simpler, but also requires a blood test (blood urea
nitrogen) that may not be readily available in primary care
settings and could delay decision-making.3

The CRB-65 places patients into low-, moderate-, or high-risk
groups for mortality based on four easily obtained clinical indi-
cators: confusion (new onset); respiratory rate ≥ 30/min; blood
pressure (systolic < 90 mmHg or diastolic ≤ 60 mmHg); and
65 years or older. A previous meta-analysis found that it had
good calibration between observed and expected results.4 The
CRB-65 is recommended by British Thoracic Society guidelines
for evaluation of outpatients with CAP; patients with a score of 0
may be safely treated as outpatients, whereas those with a score
of 1 or higher should be considered for hospitalization.5

A previous meta-analysis of the CRB-65 reported the cali-
bration of the CRB-65, but not the diagnostic accuracy.4 It
concluded that while the CRB-65 was well calibrated for
inpatients, it overestimated mortality in community settings.
Also, a number of potentially relevant studies evaluating the
CRB-65 have been published since that meta-analysis was
published in 2010. In the current study, we perform an updated
meta-analysis of the accuracy of the CRB-65 for mortality
prediction, and in addition to evaluating calibration and dis-
crimination, we apply a novel approach for performing meta-
analysis of stratum-specific likelihood ratios (SSLRs).
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METHODS

Search Strategy

This meta-analysis was performed in collaboration with the
leader of a team of researchers that did a previous meta-analysis
of the accuracy of the CRB-65 score, published in 2010.4 Their
search was complete through June 2009; we therefore searched
PubMed beginning in January 2009 using the following strategy:
BCRB-65^ OR BCRB65^ OR BCURB65^ OR BCURB-65.^
We also searched the reference lists of included articles, and the
first 100 results on Google Scholar using the search term
BCRB-65.^ The abstracts were reviewed in parallel by two
investigators, and any article identified as potentially meeting
inclusion criteria by either investigatorwas reviewed in full, again
by both investigators in parallel.

Inclusion and Exclusion Criteria

We included studies reporting the accuracy of the CRB-65
score among patients with community-acquired pneumonia
(CAP). Studies had to provide sufficient data to calculate
mortality for the following risk groups: low risk = 0 points,
moderate risk = 1 to 2 points, and high risk = 3 to 4 points. We
included both prospective and retrospective cohort studies,
with treatment in the inpatient or outpatient settings.
We excluded studies in children; studies in special popula-

tions such as immunocompromised patients or those character-
ized by a comorbidity such as asthma, cancer, or diabetes;
studies of patients with sepsis; studies of patients with
hospital-acquired or ventilator-acquired pneumonia; abstracts
from a meeting without a full publication; and case control
studies. Studies performed in countries classified as low income
or lower-middle income by the World Bank (https://datahelp-
desk.worldbank.org/knowledgebase/articles/906519-world-
bank-country-and-lending-groups) were excluded, as the case
mix and resources for treating pneumonia are likely different
from those in better resourced settings, and thereforemay not be
generalizable.

Data Abstraction

Data regarding study characteristics, study quality, and test accu-
racy were abstracted in parallel by two investigators. Any dis-
crepancies were resolved by review and discussion between the
investigators. Where data had been communicated to the authors
as part of the previous meta-analysis, we used those data.4 The
final data abstraction has been approved by all authors.

Assessment of Study Quality

The TRIPOD statement describes a set of 22 quality criteria
for studies describing prediction models (PMID 25560730).
However, many of these criteria are focused on presentation of
results and process rather than study quality and how likely the
study is to avoid bias. We identified a subset of TRIPOD
criteria for our quality assessment, focusing on description of

the study design and data source, the study population, han-
dling of missing data, and patient flow. We also reviewed the
PROBAST statement from the Cochrane group (https://
abstracts.cochrane.org/2017-global-evidence-summit/pro-
bast-%E2%80%93-risk-bias-tool-prediction-modelling-stud-
ies) and added additional items to capture study characteristics
such as the spectrum of included patients, whether predictors
and outcomes were defined the same way for all participants,
whether the clinical decision rule was determined prospective-
ly, and whether a relevant measure of accuracy was reported.
The final quality assessment framework is summarized in
Appendix Figure 3 and Table 2.

Meta-analysis Method

We conducted meta-analysis for the following groups of
studies: (1) all studies, (2) only studies with low risk of
bias, (3) only studies where participants could be treated
in either the inpatient or outpatient settings, (4) only
studies at low risk of bias where patients could be
treated in either the outpatient or inpatient setting.
Measures of discrimination (AUC) and calibration

(O:E ratio, calibration slope or plot) were extracted from
included studies, where reported. Measures of uncertain-
ty were also extracted. Where the O:E ratio was not
reported, the expected number of deaths in each valida-
tion study was calculated by applying the probabilities
reported in the derivation study3 to the numbers of
patients in each risk category. Where measures of un-
certainty were not reported, the standard error of the
total O:E ratio and AUC was estimated using equations
proposed by Debray et al. (2017) if possible.6 In two
studies, AUC was provided for the validation cohort in
the study.7, 8

To evaluate the case mix of each study, the mean and SD of
the total CRB-65 score among patients in the study were
calculated where sufficient information was provided; a higher
mean CRB-65 score would indicate a sicker population.
Where the number of patients was reported only for 3 catego-
ries of risk rather than each of the 5 scores of the CRB-65, the
mid-score of the risk category was used to calculate mean and
SD. The mean and standard deviation of demographic varia-
bles including age were also extracted.6

To summarize the performance of the CRB-65 score, a ran-
dom effects meta-analysis of O:E and AUC values was con-
ducted with REML estimation using the metaan procedure in
Stata 14 (Stata Corp, College Station, TX).6, 9 This was con-
ducted as recommended on the log scale for the O:E ratio and
logit scale for the AUC.6, 10 The proportion of heterogeneity due
to between study variation was estimated using the I2 statistic.

We also calculated stratum-specific likelihood ratios. The
likelihood ratio (LR) for a test or risk score with 3 or more
risk groups, with mortality as the outcome of interest, is
calculated as LR = [(deaths in risk group) (total
deaths)] [(survivors in risk group) (total survivors)]. This
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is similar conceptually to a risk ratio (RR) for a treatment
trial, which is the ratio of the risk of an outcome in the
treatment group to the risk of that outcome in the control
group. We calculated stratum-specific likelihood ratios
(SSLRs) by treating the likelihood ratios as risk ratios. We
used the metan procedure (version 9) in Stata 15.1 (Stata-
Corp, College Station, TX) to perform a random effects
meta-analysis of likelihood/risk ratios. The proportion of
heterogeneity due to between study variation is estimated
using the I2 statistic.11

RESULTS

Search Results

The original meta-analysis4 identified 14 studies.7, 12–24

The current PubMed search, including a bridge search in
January of 2018, yielded 348 articles, of which 154
required a full review, and 16 met our inclusion crite-
ria.8, 18, 25–38 Of the 100 articles identified with the
Google Scholar search, 13 were reviewed in full, 5 were
abstracts only, and 2 met our inclusion criteria and had

Figure 1 Forest plots for all studies with available data of (a) the area under the receiver operating characteristic curve (AUC) and (b) the ratio
of observed to expected mortality.
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not been previously identified,26, 29 Of these 32 studies,
one study did not report mortality data, and correspon-
dence with the authors revealed that there were no
deaths in this population, so it was excluded.39 In addi-
tion, two pairs of studies used the same dataset, so we
excluded one study in each pair.12, 40 This resulted in a
final total of 29 included studies (see Fig. 1).

Study Characteristics

Study characteristics are summarized in Table 1. All but 3
studies were set in Europe, including 10 in Germany and 6 in
Spain; none were set in the USA or Canada. Most studies
reported 30-day mortality, with an overall mortality rate rang-
ing from 0.5% (in a study recruiting only outpatients) to
18.0%. Nine studies gathered data retrospectively to determine
the CRB-65 score, while the remainder gathered data prospec-
tively, often as part of the CAPNETZ disease registry. The
mean or median age in most studies was over 60 years, al-
though one South African study reported a median age of
36 years.29

Assessment of Study Quality

Study quality is summarized in Table 2 and Appendix Table 5.
Twelve of 29 studies were judged to be at low risk of bias. Of
the remaining studies, common deficiencies included missing
or unclear descriptions of how the CRB-65 was measured,
how confusion was defined and determined, and how the
outcome of mortality was determined for all patients. The
two largest studies by far were judged to be at high risk of
bias due to no description of patient flow, unclear descriptions
of how CRB-65 was determined, and unclear definition of
predictors and the outcome.17, 30

Discrimination

In total, 23 of 29 studies reported an AUC and 20 reported
95% confidence intervals. Standard error of the logit (AUC)

was calculated based on 95% CIs for 20 studies and based on
the number of events and non-events for 3 studies based on
equations derived by Debray et al.6 Table 3 summarizes the
pooled AUC for all studies and for specified subgroups. The
pooled AUC for all studies was 0.74 (95% CI 0.71–0.77), and
the AUC for subgroups was similar, suggesting that the CRB-
65 performs moderately well for predicting mortality within

Table 4 Summary Estimates of Stratum-Specific Likelihood Ratios
an Estimate of Heterogeneity (I2). Low Risk = 0 Points, Moderate

Risk = 1 to 2 Points, High Risk = 3 to 4 Points

Analysis
description

Risk
group

Studies LR
(95% CI)

I2

Including all
studies with
available
information

Low 24 0.19 (0.16–0.24) 85.8%
Moderate 29 1.08 (1.04–1.12) 96.2%
High 29 4.49 (4.07–4.95) 91.0%

Including only
studies with
low risk of
bias

Low 12 0.15 (0.10–0.21) 24.6%
Moderate 12 1.19 (1.06–1.34) 91.6%
High 12 4.98 (3.66–6.76) 80.2%

Including only
studies where
the rule was
applied in ED
or primary
care settings
and patients
could be
treated as
either
outpatients or
inpatients

Low 11 0.12 (0.07–0.19) 34.6%
Moderate 15 1.10 (0.96–1.25) 93.8%
High 15 5.59 (4.25–7.34) 75.6%

Including only
studies at low
risk of bias
where the rule
was applied in
ED or primary
care settings
and patients
could be
treated as
either
outpatients or
inpatients

Low 8 0.13 (0.08–0.21) 40.0%
Moderate 8 1.30 (1.17–1.44) 84.7%
High 8 5.61 (3.71–8.47) 85.6%

Table 3 Summary Estimates of Observed/Expected (O:E) Ratios and Area Under the Receiver Characteristic Curve (AUC) for Subgroups of
Included Studies

Analysis description O:E ratio AUC

Pooled O:E ratio
(95% CI)

No. of studies
(no. of patients)

I2 Pooled AUC
(95% CI)

No. of studies
(no. of patients)

I2

Including all studies
with available information

1.04 (0.91–1.19) 29 (1,089,009) 99.7% 0.74 (0.71–0.77) 23 (691,621) 92.6%

Including only studies with
low risk of bias

0.93 (0.78–1.11) 12 (20,254) 89.1% 0.74 (0.69–0.79) 11 (14,112) 89.9%

Including only studies where the
rule was applied in ED or primary
care settings and patients could be
treated as either outpatients or inpatients

1.05 (0.87–1.27) 15 (20,667) 91.3% 0.75 (0.71–0.78) 13 (14,373) 85.1%

Including only studies at low risk of bias
where the rule was applied in ED or
primary care settings and patients could
be treated as either outpatients
or inpatients

0.88 (0.69–1.13) 8 (17,248) 92.7% 0.76 (0.70–0.81) 7 (11,106) 91.0%
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30 days. A forest plot displaying the study specific results and
pooled results for the AUC is presented in Figure 1a.

Calibration

Though the total O:E ratio was typically not reported, it
could be calculated for all included validation popula-
tions from the reported number of observed deaths per
risk category. The standard error of the log (O:E) was
therefore calculated for all 29 studies as described by
Debray et al.6 Only one study provided a calibration
plot23 and only two presented calibration tables.8, 23 The
calibration slope was not reported for any validation
study and could not be derived using other information.
Table 3 shows the results of each meta-analysis. Cali-
bration was good although there was significant hetero-
geneity between studies; the pooled estimate of the ratio
of observed to expected mortality for all studies was
1.04 (95% CI 0.91–1.19) for all studies, and in the

specified subgroups, the range of O:E ratio was 0.88
to 1.05. A forest plot displaying the study specific
results and pooled results for the O:E ratio is presented
in Figure 1b.

Stratum-Specific Likelihood Ratios for
Prediction of Mortality

The summary estimates of the stratum-specific likeli-
hood ratios, overall and stratified by subgroups, are
shown in Table 4. The overall estimates of the likeli-
hood ratios for low-, moderate-, and high-risk groups
were 0.19, 1.1, and 4.5 respectively. For studies judged
to be at low risk of bias, the likelihood ratios were 0.15,
1.2, and 5.0 respectively, and for studies where patients
could be treated in either the outpatient or inpatient
setting, 0.12, 1.1, and 5.6 respectively. When the latter
group was limited to studies at low risk of bias, results
were similar (0.13, 1.3, 5.6).

Figure 2 Forest plots of stratum-specific likelihood ratios for (a) studies at low risk of bias and (b) studies at low risk of bias where patients
could be treated as either inpatient or outpatients.

1310 Ebell et al.: Meta-analysis of CRB-65 Score for Pneumonia JGIM



A forest plot of the likelihood ratios for studies at
low risk of bias is shown in Figure 2a, and for studies
at low risk of bias where patients could be treated as
inpatients or outpatients in Figure 2b. Heterogeneity was
generally high based on the I2 statistic, although this is
of somewhat limited value with a small number of
studies.41

DISCUSSION

We have updated a meta-analysis of the accuracy of the
CRB-65 score, identifying 15 additional studies and
providing a full evaluation of the score’s calibration as
measured by the ratio of observed to expected deaths,
discrimination as measured by the AUC, and prognostic
accuracy as measured by stratum-specific likelihood ra-
tios. The latter analysis uses a novel approach to calcu-
lating stratum-specific likelihood ratios, by organizing
the data so they can be treated as risk ratios.
The summary estimate of calibration is near 1.0 for all

studies and for the subset of studies at low risk of bias.
The overall discrimination is good, with a pooled AUC of
0.74, and the AUC was consistent across subgroups.

Studies at low risk of bias where patients could be treated
in either the outpatient or inpatient setting avoid the se-
lection bias inherent in studies where patients were treated
only as outpatients and inpatients. We believe that this is
the most relevant group for guiding clinical decision-
making in the ambulatory setting. Using the LR estimates
from these studies (0.13, 1.3, 5.6) and an overall mortality
risk of 4%, the probability of death is 0.5% in the low-risk
group, 5.1% in the moderate-risk group, and 18.9% in the
high-risk group.
Two German studies reported data for patients treated

as both inpatients and outpatients from the CAPNETZ
registry, and found an overall mortality rate of 4.1%.
The decision to admit was at the discretion of the
clinician, and mortality was only 0.3% when the clini-
cian chose to treat them as outpatients, and 5.5% when
the patient was admitted for treatment.13, 18 Thus, clini-
cians were able to use their overall clinical impression
(Bclinical gestalt^) to accurately identify patients at low
risk for mortality who could be treated as outpatients,
with a mortality rate similar to that in the low-risk
group identified by the CRB-65 score. This suggests
that clinical rules such as the CRB-65 should serve as

Fig. 2 (continued)
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a decision support tool, but should not necessarily re-
place clinician decisions.
It is notable that there have been no validation studies

in the USA, or in fact in all of North and South America.
Prospective validation studies of patients presenting in
primary care, urgent care, and the emergency department
are needed outside of Europe, as there are differences in
how care is organized, who gets hospitalized, and for how
long they are hospitalized.
A limitation of the current study is the heterogeneity of the

estimates of calibration, discrimination, and prognostic accu-
racy. However, there is consistency across the summary esti-
mates of AUC (0.74 to 0.76), O:E (0.88 to 1.05), and LRs
across subgroups (0.12–0.19, 1.1–1.3, and 4.5–5.6). Also, for
the low-risk group, which is the clinically most important
because it identifies patients who do not require hospitaliza-
tion, heterogeneity is lower when limited to studies at low risk
of bias (I2 = 24.6% vs 85.8% for all studies). It is also lower for
the low-risk group when limited to studies where patients
could be treated in either the inpatient or outpatient setting,
for both all studies in this group (34.6%) and for studies in this
group at low risk of bias (40.0%).
Another limitation is the modest overall quality of

included studies. In part, this is due to poor reporting.
Future studies should clearly state how and when the
CRB-65 score (or any clinical decision rule) is assessed
and by whom. Studies should also provide complete
data regarding calibration, discrimination, and accuracy
to facilitate future meta-analyses. They should also ide-
ally include all patients and determine their outcome
whether treated as inpatients or outpatients. Studies that
directly compare the CRB-65 with the physician’s over-
all clinical impression are also needed.
In conclusion, the CRB-65 can be used by physicians to

estimate mortality risk, and can serve as a useful check on
physician judgment. Patients in the low-risk group with a
score of 0 have a very low mortality risk (0.5% given a
typical mortality rate of 4% for CAP) and can in most cases
safely be treated as outpatients. Most patients in the
moderate- and high-risk groups should be hospitalized, al-
though other considerations may alter these decisions re-
garding treatment setting.
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