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ABSTRACT
Background and objective: Hospital readmissions within 30 days are used as an indicator of quality of
hospital care. We aimed to evaluate the ability of the LACE (Length of stay, Acuity of admission,
Comorbidities based on Charlson comorbidity score and number of Emergency visits in the last 6 months)
index to predict the risk of 30-day readmissions in patients hospitalised for community-acquired
pneumonia (CAP).
Methods: In this retrospective cohort study a LACE index score was calculated for patients with a
principal diagnosis of CAP admitted to a tertiary hospital in Sydney, Australia. The predictive ability of
the LACE score for 30-day readmissions was assessed using receiver operator characteristic curves with
C-statistic.
Results: Of 3996 patients admitted to hospital for CAP at least once, 8.0% (n=327) died in hospital and
14.6% (n=584) were readmitted within 30 days. 17.8% (113 of 636) of all 30-day readmissions were again
due to CAP, followed by readmissions for chronic obstructive pulmonary disease, heart failure and chest
pain. The LACE index had moderate discriminative ability to predict 30-day readmission
(C-statistic=0.6395) but performed poorly for the prediction of 30-day readmissions due to CAP
(C-statistic=0.5760).
Conclusions: The ability of the LACE index to predict all-cause 30-day hospital readmissions is
comparable to more complex pneumonia-specific indices with moderate discrimination. For the prediction
of 30-day readmissions due to CAP, the performance of the LACE index and modified risk prediction
models using readily available variables (sex, age, specific comorbidities, after-hours, weekend, winter or
summer admission) is insufficient.
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Introduction
Hospital readmissions within 30-days have received a lot of attention in recent years as an indicator of
quality of hospital care, and institutions with high readmission rates face financial penalties [1]. The
association between 30-day hospital readmissions and quality of care is, however, only poorly supported by
evidence. Most readmissions after the seventh day post-hospital discharge may in fact be related to
community- and household-level factors beyond hospitals’ control [2]. Nevertheless, hospital readmissions
are straining healthcare resources [3], interfere with patients’ daily living and are a burden to patients [4, 5].

The causes for 30-day hospital readmissions are multifaceted, but there seems to be an association with
increasing multi-morbidity and thus medical complexity [6] as well as changes in provision of health
services with shorter length of stay in hospital and increasing efforts to shift provision of care to an
outpatient setting [7, 8]. High 30-day readmissions rates have been reported in chronic obstructive
pulmonary disease (COPD) and heart failure, both chronic conditions characterised by episodes of acute
worsening [9]. Maybe surprisingly, high 30-day readmission rates have also been described in
community-acquired pneumonia (CAP) [10]. In the current study, we assessed risk factors for 30-day
hospital readmissions in patients hospitalised with CAP.

Several generic and pneumonia-specific models to predict patients’ risk of 30-day hospital readmission
have been developed [11, 12]. The goal of these risk prediction models is to identify patients at an
increased risk of readmission in order to use targeted interventions such as comprehensive discharge
planning to reduce hospital readmissions.

We aimed to evaluate the ability of the LACE index score [13] (Length of stay, Acuity of admission,
Comorbidities calculated by Charlson comorbidity score [14] and number of Emergency visits in the last
6 months), a commonly used and easy to use generic risk prediction tool, to predict 30-day all-cause
hospital readmissions in a cohort of patients with CAP.

Methods
We conducted a retrospective cohort study, for which we extracted data from the electronic hospital
management system of Liverpool Hospital, a tertiary hospital in Sydney, Australia. The hospital is located
in a low socioeconomic area with a high proportion of migrants from culturally and linguistically diverse
backgrounds.

The study cohort included all patients aged 18 years and above who were admitted to Liverpool Hospital
between January 1, 2006 and January 31, 2016 with a principal diagnosis indicative of CAP at discharge,
identified through International Classification of Diseases-10 codes (A40.3, B01.2, J10.0, J11.0, J12.0-3,
J12.8-9, J13, J14, J15.0, J15.2, J15.4-9, J16.8, J18.0-1, J18.8-9, J85.1).

We excluded patients with aspiration pneumonia, patients with haematological malignancies and patients
who were discharged to a nursing home. We did not aim to differentiate potential cases of
healthcare-associated pneumonia (HCAP) from CAP, because evidence from the Asia Pacific region
suggests that the choice of antibiotic therapy should be based on patients’ individual risk factors rather
than applying a HCAP classification system [15].

We randomly chose 30 files of patients who had a hospitalisation for CAP to evaluate the possible risk
of diagnosis misclassification (in particular hospital-acquired pneumonia or pneumonia in
immunocompromised patients classified as CAP).

Data analysis
A LACE index score was calculated for each patient. All patients with CAP were admitted via the
emergency department and had therefore the maximum score of three points for acuity. We used receiver
operating characteristic (ROC) curves to assess the predictive ability (sensitivity and specificity) of the
LACE index for 1) all-cause readmissions at 30 days; and 2) readmissions due to CAP at 30 days. The
discriminative ability of a risk prediction model was expressed as C-statistic, which can take values ranging
from 0.5 (no discrimination, no better than chance) to 1.0 (perfect discrimination).

We assessed reasons for readmission after an index hospitalisation for CAP within 30 days as well as
1 year. A readmission was defined as a re-hospitalisation following an index hospitalisation with a
principal diagnosis of CAP. Index hospitalisations and readmissions were only captured if they occurred at
the study hospital. Readmissions were analysed based on hospitalisation episodes, meaning that a patient
could have had more than one index hospitalisation during the study period.

The association between each of the LACE variables and readmission was assessed using a generalised
estimating equation. We tested whether the predictive ability of the LACE model could be improved by
assessing modifications of the LACE prediction model. This included substituting the three points for
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acuity of admission for: admission during a weekend; admission after core hours; admission during winter
or summer season (winter: 1 June to 31 August, summer: 1 December to 28 February in the Southern
Hemisphere); the patient being male; specific comorbidities (COPD, heart failure, diabetes, and chronic
renal failure); and age >60, >65, >70, >75, and >80 years respectively. We also tested new prediction
models with different combinations of these variables.

A Chi-squared of trend was used to assess if readmission rates increased over time. A generalised
estimating equation was used to test whether there was a significant interaction term between readmission
rates and length of stay over time. Statistical analysis was conducted using SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA).

Ethical approval was obtained from the South Western Sydney Local Health District Human Research
Ethics Committee (HREC/15/LPOOL/557).

Results
During the study period 3996 patients had at least one hospitalisation for CAP. These patients accounted
for a total of 21171 hospitalisations for various reasons, of which 4508 were for CAP. More than half the
patients were male (52%). At the first admission, the mean age of patients was 66.4 years (SD=18.8; range
18 to 102) and the median Charlson comorbidity index score was 1 (interquartile range (IQR): 0–2, range:
0–44). The most common ICD-10 code for CAP index admissions was J 18.9 (unspecified pneumonia),
which made up 85.6% (n=3861) of all index admissions. Supplementary Table S1 gives an overview of the
distribution of ICD-10 codes for CAP index admissions.

Deaths and readmissions
Of 3996 patients admitted for CAP, 8.0% (n=327) died in hospital and 14.6% (n=584) were readmitted for
any cause and 2.8% (n=110) for CAP within 30 days. After an index hospitalisation for CAP (n=4508), the
30-day readmission rate was 14.1% (636 out of 4508 hospitalisation episodes). Of the 30-day readmissions,
113 (17.8%) were again due to CAP, followed by readmissions for COPD (44, 6.9%), heart failure (42,
6.6%) and aspiration pneumonia (22, 3.5%) (table 1). The median time to readmission for CAP for those
readmitted within 30 days was 7 days (IQR: 3 to 16). The main reason for 1-year readmissions (1851,
41.1%) after an index hospitalisation of pneumonia was another episode of pneumonia (228, 12.3%),
followed by COPD (121, 6.5%), heart failure (103, 5.6%) and chest pain (66, 3.6%) (table 1).

The 30-day readmissions for any diagnosis following an index hospitalisation for CAP increased from
11.6% in 2006 to 15.1% in 2015 (p for trend=0.18) (figure 1). The median length of stay of index
hospitalisations significantly decreased from a mean of 5.5 days in 2006 to 4.0 days in 2015 (p for
trend<0.001) (figure 2) but was not significantly associated with readmissions per year (p=0.51).

Predicting all-cause readmissions
The mean LACE score for index admissions of CAP was 8.8 (range 3–19) with a median score of 8 (table
2). Table 2 gives an overview of the distribution of LACE scores among the CAP cohort. The components
of the LACE index were all significantly related to all-cause 30-day readmission rates. The odds ratios of
the association between the different LACE variables and the risk of 30-day all-cause readmissions (for a
one-category increase within each variable) were 1.10 (95% CI 1.04–1.16) for the length of stay, 1.11

TABLE 1 Reasons for readmission after an index hospitalisation for community-acquired
pneumonia (CAP)

Diagnosis Number of readmissions

Within 30 days n (% of
readmissions) (n=636)

Within 1 year n (% of
readmissions) (n=1851)

CAP 113 (17.8%) 228 (12.3%)
COPD 44 (6.9%) 121 (6.5%)
Heart failure 42 (6.6%) 103 (5.6%)
Chest pain 21 (3.3%) 66 (3.6%)
Aspiration pneumonia 22 (3.5%) 50 (2.7%)
Acute lower respiratory tract infection 15 (2.4%) 43 (2.3%)
Pleural effusion 15 (2.4%) 19 (1.0%)
Others 364 (57.2%) 1221 (66.0%)
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(95% CI 1.06–1.17) for comorbidity, and 1.46 (95% CI 1.35–1.57) for the number of emergency visits in
the last 6 months. The acuity criterion from the LACE index was not relevant to our cohort as all patients
were admitted through the emergency department.

The LACE index had a moderate discriminative ability to predict 30-day all-cause readmissions
(C-statistic=0.6395) (figure 3). The sensitivity and specificity of LACE to predict 30-day all-cause
readmissions varied based on the chosen LACE cut-off score. Table 3 gives an overview of the sensitivity
and specificity for each cut-off point of the LACE index in CAP patients. Of 4508 index hospitalisations
with a CAP admission, 36.4% had a LACE score ⩾10 and of 636 30-day all-cause readmissions following a
hospitalisation for CAP, 348 (54.7%) had a LACE score ⩾10.

When modifying the LACE index by replacing the acuity variable with other variables, the C-statistic for
the model was 0.6345 for being male, 0.6235 for weekend admission, 0.6291 for after-hours admission,
0.6282 for summer admission, 0.6393 for winter admission, 0.6395 for COPD, 0.6393 for heart failure,
0.6395 for diabetes, 0.6395 for chronic renal failure; 0.64 for age >60 years, 0.6394 for age >70 years, and
0.6366 for age >80 years.
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FIGURE 1 The 30-day hospital readmission rates for any diagnosis following an index hospitalisation for
community-acquired pneumonia (CAP), 2006–2015. Between 2009 and 2010, Australia was affected by the
global H1N1 influenza pandemic. n: number of index hospital admissions for CAP per year.
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FIGURE 2 Median length of stay for index hospitalisation for community-acquired pneumonia (CAP),
2006–2015. n: number of index hospital admissions for CAP per year.
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When only index admissions with either one of the three most common ICD-10 codes for CAP in our
cohort ( J18.9, J13, J18.0) were included (Supplementary Table S2), the C-statistic for all-cause
readmissions substantially changed only when including index admissions with ICD-10 code J18.0
(unspecified bronchopneumonia) with a C-statistic of 0.682. However, there were only 70 index
admissions with this code (1.6% of all admissions). Including only the 3211 index hospitalisation episodes
with a duration ⩽7 days (80.4% of all episodes) had a C-statistic of 0.6479 for all-cause readmissions.

Predicting readmissions due to CAP
The ability of the LACE index to predict 30-day readmissions due to CAP was worse than for 30-day
all-cause readmissions (C-statistic=0.5760 versus 0.6395). Modifying the LACE index by replacing the
acuity variable with other variables (being male; weekend admission; after-hours admission; summer or
winter admission; specific comorbidities (COPD, heart failure, diabetes, and chronic renal failure); and age

TABLE 2 Distribution of LACE scores among patients hospitalised for community-acquired
pneumonia (CAP)

LACE score CAP admissions n (%)

3 114 (2.5%)
4 218 (4.8%)
5 282 (6.3%)
6 373 (8.3%)
7 723 (16.0%)
8 671 (14.9%)
9 486 (10.8%)
10 437 (9.7%)
11 301 (6.7%)
12 272 (6.0%)
13 276 (6.1%)
14 100 (2.2%)
15 148 (3.3%)
16 57 (1.3%)
17 32 (0.7%)
18 11 (0.2%)
19 7 (0.2%)

LACE: Length of stay, Acuity of admission, Comorbidities based on Charlson comorbidity score and
number of Emergency visits in the last 6 months.

FIGURE 3 Receiver operating
characteristic (ROC) curve for the
LACE (Length of stay, Acuity of
admission, Comorbidities based on
Charlson comorbidity score and
number of Emergency visits in the
last 6 months) index predicting
30-day readmissions after
hospitalisation for community-
acquired pneumonia (CAP). The ROC
curve illustrates the performance of
the LACE index for predicting 30-day
readmission at different cut-off
points. With increased sensitivity,
specificity is decreased and vice
versa. The area under the curve,
which is equal to the C-statistic, is
0.6353, indicating a moderate
predictive ability of the model for
identifying patients at risk of
readmission within 30 days.
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>60, >65, >70, >75, and >80 years) respectively did not substantially change the predictive ability of the
index for 30-day readmissions due to CAP.

The number of emergency visits in the last 6 months was the only tested variable that was significantly
associated with an increased risk of 30-day readmissions due to CAP. This variable was associated with a
C-statistic of 0.6013 and could thus better predict the risk of a 30-day readmission due to CAP than any
other (combination of) the above listed variable(s) including the original LACE index.

Including only index admissions with either one of the three most common ICD-10 codes for CAP in our
cohort ( J18.9, J13, J18.0) did not substantially change the C-statistic for readmissions due to CAP
(Supplementary Table S2). Including only the 3211 index hospitalisation episodes with a duration ⩽7 days
(80.4% of all episodes) had a C-statistic of 0.5736 for readmissions due to CAP.

Validation of ICD codes
For a random sample of 30 patients within our cohort we reviewed the patient’s medical record, including
radiology and pathology reports to examine the accuracy of the diagnosis-related group (DRG) codes. We
found that two patients with a DRG code for unspecified pneumonia had aspiration pneumonia based on
the notes in the medical records. Overall, 10 out of the 30 patients with a pneumonia diagnosis based on
clinical signs and symptoms had uncertainty regarding the finding of a pneumonic infiltrate on chest
radiography.

Discussion
In this cohort, the 30-day readmission rate following a hospitalisation for CAP was 14.1% (based on
hospitalisation episodes) with 14.6% of patients having at least one 30-day readmission. The most
common reason for readmission was another episode of CAP (in 17.7% of all 30-day readmissions),
followed by COPD, heart failure and chest pain. The LACE index had only a moderate ability to predict
all-cause 30-day readmissions (C-statistic=0.6395) and performed worse for 30-day readmissions due to
CAP (C-statistic=0.5760).

The all-cause 30-day readmission rate in patients hospitalised for CAP of 14.6% in our cohort compares to
30-day all-cause readmission rates ranging from 11.8% to 20.8% in a systematic review of seven studies
that evaluated risk prediction models for 30-day hospital readmissions in patients hospitalised for
pneumonia [12]. Except for one study with a readmission rate of 11.8% that included patients with CAP
only, all studies included patients with any pneumonia diagnosis. In our cohort, 2.8% (n=110) of 3996

TABLE 3 Sensitivity and specificity for each cut-off point of the LACE index to predict a 30-day
readmission after community-acquired pneumonia

LACE score Sensitivity Specificity

3 1.00 0.00
4 0.99 0.03
5 0.96 0.08
6 0.93 0.15
7 0.89 0.24
8 0.79 0.41
9 0.65 0.56
10 0.55 0.67
11 0.43 0.76
12 0.33 0.82
13 0.24 0.88
14 0.13 0.93
15 0.10 0.95
16 0.05 0.98
17 0.03 0.99
18 0.01 1.00
19 0.01 1.00

Each score identifies individuals in the high-risk group for hospital readmission after 30 days, for example,
at 10, admissions with a score of ⩾10 are identified as returning to hospital within 30 days by the LACE
index. LACE: Length of stay, Acuity of admission, Comorbidities based on Charlson comorbidity score and
number of emergency visits in the last 6 months.
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patients were readmitted with CAP. In a systematic review and individual patient data meta-analysis of six
randomised trials that assessed adjunctive corticosteroids versus placebo in adult patients with CAP, 30-day
readmissions due to CAP were 5% (n=33 of 748) in the intervention group and 2.7% (18/758) in the
placebo group [16].

Comparable with hospitalisations for COPD and heart failure in which the leading cause for 30-day
readmissions was again COPD and heart failure respectively [9, 17], the main reason for 30-day
readmissions following a hospitalisation for pneumonia was again pneumonia in our study as well as in
the literature [9, 10, 18]. Whether repeat hospitalisations with pneumonia as a primary diagnosis within
30 days are caused by treatment failure, relapse or a recurrent pneumonia with a different pathogen has
not been assessed in this and previous studies that evaluated readmissions in patients with pneumonia,
probably also because the boundaries between the definitions of treatment failure, relapse and recurrence
are often blurred and in the absence of positive microbiology results it might be impossible to determine
the exact reason for another episode or a worsening episode of pneumonia.

After CAP, COPD and heart failure were the most common reasons for 30-day readmissions following an
index hospitalisation for CAP in our study, a finding that is supported by the result of a systematic review
of 12 studies [18]. This suggests that an episode of CAP may trigger an exacerbation of COPD [19] and
increase vulnerability to subsequent cardiovascular events including myocardial infarction, congestive heart
failure, arrhythmia, unstable angina and stroke [20–22], possibly as a consequence of the systemic
inflammation associated with pneumonia.

Misdiagnoses of pneumonia in patients with COPD exacerbations and left heart failure may contribute to
the high readmission rates noted for “pneumonia”. There is evidence that the use of an early chest
computed tomography scan can alter the diagnosis substantially when CAP is suspected [23, 24],
suggesting that parenchymal infiltrates on chest radiography are often unspecific.

The predictive ability of models for the 30-day readmission risk following an admission for pneumonia
has ranged from a C-statistic of 0.59 to 0.77 (median of 0.63) [12]. Thus, the performance of the generic
LACE index in a population of pneumonia patients in our study (C-statistic of 0.6395) was slightly better
than the median performance of other (more complex) risk prediction tools in pneumonia patients. The
prediction model with the best discriminative ability in the literature assessed the model’s performance to
predict readmissions due to pneumonia (C-statistic of 0.65) or due to causes unrelated to pneumonia
(C-statistic of 0.77) separately [25]. Our tested prediction models using the LACE index and other readily
available variables (sex, age, comorbidities, after-hours admission, weekend admission, summer or winter
admission) did not perform well for the prediction of 30-day readmissions due to CAP. The only variable
significantly correlated with this risk was the number of emergency visits in the last 6 months. These
findings indicate that disease specific variables during the index hospitalisation likely play a bigger role in
readmissions due to CAP than in all-cause readmissions [25].

Strengths of our study were the long study duration (allowing to analyse trends in readmission rates and
length of stay and how they relate over time), and the relatively large cohort of patients with CAP. A study
limitation was that, as this was a single centre study, information was only available on readmissions to the
same hospital where the patients had been hospitalised for their index hospitalisation. Another limitation
was that the coding was often not specific for CAP, but many codes were related to not further specified
pneumonia. We attempted to reduce misclassification (wrong or nonspecific ICD code for the correct
diagnosis) by using additional DRG codes to exclude immunocompromised patients. The random chart
review revealed that there were 10 of 30 cases with retrospectively unclear infiltrate on chest radiography,
which potentially relates to the common problem (discussed above) of potential misdiagnosis of COPD
exacerbation or heart failure as CAP rather than misclassification.

Risk prediction models for 30-day readmissions are of interest because they allow the identification of a
“high-risk group” for targeted interventions to reduce 30-day readmissions. The evidence for interventions
to reduce 30-day hospital readmissions in patients hospitalised for pneumonia is, however, sparse. A
systematic review of three studies (two randomised controlled trials (RCTs) and one pseudo-RCT) on
interventions to reduce hospital readmissions in patients with CAP found that a structured discharge
process did not reduce hospital readmissions at 30, 90, and 180 days [26]. Medication reconciliation and
follow-up telephone calls were effective strategies to reduce hospital readmissions in patients with CAP
[26], whereas early mobilisation did not reduce 30-day readmissions in patients with CAP [27].

In conclusion, the ability of the LACE index to predict 30-day readmissions is at least as good or superior
compared to most other pneumonia-specific risk prediction tools, but its performance is still only
moderate. For the prediction of 30-day readmissions due to CAP, the performance of the LACE index and
modified risk prediction models using other readily available variables is insufficient. Further research is
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required to evaluate interventions to reduce the risk of readmission in pneumonia that will also result in
improved quality of life.
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