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Study objective: Existing comorbidity indices such as the Charlson comorbidity index are dated yet still widely used. This study
derives and validates up-to-date comorbidity indices for hospital-admitted injury patients, specific to mortality outcomes.

Methods: Injury-related hospital admissions data for 2 cohorts of patients in the Australian state of Victoria were linked to
mortality data: July 2012 to June 2014 (161,334 patients) and July 2006 to June 2015 (614,762 patients). Logistic regression
models were fitted, and results were used to derive binary and weighted comorbidity indices to predict mortality outcomes. The
indices were validated with data from New South Wales (Australia).

Results: There were 11 comorbidity groups identified as associated with inhospital death (cohort 1), 13 with 30-day mortality, and
19 with 1-year mortality (cohort 2). The newly derived weights for comorbidities were very different from the Charlson comorbidity
index weights for some conditions. The area under the curve statistics for inhospital death, 30-day mortality, and 1-year mortality
were similar for the newly derived binary comorbidity indices (0.920, 0.923, and 0.910, respectively), the Charlson comorbidity
index (0.915, 0.919, and 0.906, respectively), and the Elixhauser comorbidity measure (0.924, 0.923, and 0.908, respectively).
The false-negative rates for the new binary indices (15.8%, 15.8%, and 16.3%, respectively) were statistically equal to those of the
Charlson comorbidity index (17.4%, 16.3%, and 16.5%, respectively) and the Elixhauser comorbidity measure (15.2%, 14.8%, and
16.3%, respectively).

Conclusion: The newly derived Australian Injury Comorbidity Indices, which are a binary representation of individual conditions
associated with the outcome of interest, are useful in quantifying the effect of comorbidity among injury patients. They include a
shorter list of conditions than existing indices such as the Charlson comorbidity index and Elixhauser comorbidity measure, are up
to date, and consider the individual association of each condition over a summed score such as the Charlson comorbidity index.
Indices that quantify the effect of comorbidities should consider the population, disease prevalence, and outcome of interest and
require periodic updating. [Ann Emerg Med. 2020;75:339-353.]
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INTRODUCTION
Background

Preexisting comorbidities increase the likelihood of
adverse outcomes among patients with an index (primary)
disease or injury. Inhospital death,1-4 30-day mortality,1

and 1-year mortality1,5 among general hospital-admitted
patients are affected by comorbidities. Determinants of
outcomes of hospital-admitted injury patients are different
from those of general hospital-admitted patients: any
measures to quantify the effects of comorbidity require
specificity to the study population and outcome being
investigated.6-8 Cameron et al9 found that injury patients
were more likely to have chronic diseases than noninjury
patients, and Thompson et al5 indicated a need for an
3 : March 2020
injury-specific comorbidity index. Apart from the study
population and outcome, the type of data available for
study, as well as the prevalence and clinical importance of
specific comorbidities in that population, should also be
considered when the effect of comorbidity is quantified.
Such measures are useful in clinical care, epidemiologic
research, clinical trials, and health care resource
administration.10,11

Importance
Studies that account for comorbidity commonly use the

Charlson comorbidity index,12 which was derived in 1984.
It allocates a weighted summed score for 19 comorbidity
groups and was originally derived to assess 1-year mortality
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Editor’s Capsule Summary

What is already known on this topic
Comorbidities may contribute to outcomes among
injured patients and are often included in
epidemiologic research.

What question this study addressed
There is a need for an updated comorbidity index
that will aid and improve trauma-related outcomes
research.

What this study adds to our knowledge
The authors derived and validated a simpler injury
comorbidity index that is applicable to trauma
mortality predication and research.

How this is relevant to clinical practice
Although not directly applicable to everyday
emergency care, this simpler and updated
comorbidity index, when applied to injury-related
epidemiologic and outcomes research, will help
improve trauma patient care.

based on a general hospital-admitted patient cohort. Given
the advances in medical science and shifts in chronic disease
epidemiology since the derivation of the index, the
selection of comorbidities as well as the weights
representing the effect magnitude require updating.1,13 The
Charlson comorbidity index was derived only for 1-year
mortality, and Toson et al7 found that although the index
was a valid tool for predicting mortality, it did not perform
well for predicting resource use after a hip fracture.
Furthermore, conditions such as diabetes with
complications and severe liver disease may have a
pronounced effect on wound recovery (outcome more
specific to injury patients); the Charlson comorbidity index
is based on mortality among general patients but does not
focus on comorbidities that affect wound recovery in
particular.

Certain studies that validated the Charlson comorbidity
index on injury populations found that the count of
comorbidities or a binary indication of comorbidity
presence was better than the index,3,7 whereas others found
the index to be a good quantifier of comorbidity
effects.14,15

Another commonly used comorbidity index (less
frequently used than the Charlson comorbidity index,
however) is the Elixhauser comorbidity measure.6 Derived
in 1998, the measure is a binary index that considers the
presence of 30 comorbidity groups, which includes all but
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3 conditions from the Charlson comorbidity index. Some
of the major drawbacks of the Elixhauser comorbidity
measure are that it requires adjustment for 30 binary
covariates, could result in overfitting, and may not work for
small samples.

One of the first updates to the Charlson comorbidity
index was by Deyo et al (comorbidities condensed to 17
groups),16 which has been widely used, and the latest
update to the Charlson comorbidity index weights was in
2011 by Quan et al,1 whereas the Elixhauser comorbidity
measure was enhanced by van Walraven et al17 in 2009
into a total score.
Goals of This Investigation
Overall, there is a need for an up-to-date comorbidity

measure: a measure with a comprehensive list of
comorbidities, yet with a reasonable number of conditions
to avoid detecting noise, able to run in small samples, and
appropriate for injury populations. This study aimed to
derive and validate comorbidity indices that capture the
effect of preexisting comorbidities on selected mortality
outcomes. The outcomes are inhospital death, 30-day
mortality, and 1-year mortality for hospital-admitted injury
patients.
MATERIALS AND METHODS
This was a retrospective analysis of injury-related

hospital admissions data linked with mortality data in the
states of Victoria and New South Wales, Australia. The
Victorian and New South Wales data were used as
derivation and validation data sets, respectively. Data
provision and linkage were undertaken by the Centre for
Victorian Data Linkage in Victoria and the Centre for
Health Record Linkage in New South Wales.

Morbidity data were extracted from the Victorian
Admitted Episodes Dataset for Victoria and the Admitted
Patient Data Collection for New South Wales, both of
which contain unit records of all public and private hospital
admissions. These data sets contain patient demographics
and morbidity information, which includes 40 diagnosis
fields for Victoria and 51 for New South Wales. These
fields contain disease, injury, and external-cause data, coded
to the International Statistical Classification of Diseases and
Related Health Problems, 10th Revision, Australian
Modification (ICD-10-AM).18 Information on inhospital
deaths was extracted from the Victorian Admitted Episodes
Dataset and Admitted Patient Data Collection, whereas 30-
day and 1-year mortality were extracted from the Registrar
of Births, Deaths and Marriages records in Victoria and
New South Wales.
Volume 75, no. 3 : March 2020
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Data linkage was performed by the Centre for Victorian
Data Linkage with deterministic data linkage, with some
fuzzy matching to allow for slight variation in the linkage
variables such as incorrect names and dates. The center
used probabilistic matching of identifiers such as name,
address, date of birth, and sex. The center estimates the
false-positive rates to be between approximately 0.5% and
1% (personal communication, James Harrison, Flinders
University, 2018), and the Centre for Health Record
Linkage estimates them to be 0.5%.19 Both estimate the
false-negative rate to be lower than the false-positive one.

Injury cases were selected with a protocol established for
national reporting in Australia,20 being records with ICD-
10-AM diagnosis codes in the range S00 to T75 or T79 in
the first diagnosis field. Case selection, which was limited to
residents in each state, was based on the index injury
(defined as the first injury record in the morbidity data set
for a patient during the study period). Consecutive records
of inward transfers from other hospitals or changes in care
type within the same hospital were considered to be part of
one episode.

Two patient cohorts were selected for each state: one for
observing inhospital death (cohort 1) and the other for 30-
day and 1-year mortality (cohort 2).

The first cohort included patients with an index injury
admission between July 1, 2012, and June 30, 2014
(161,334 patients in Victoria and 233,521 in New South
Wales). With internally linked data within the morbidity
data set, patients were followed up for all subsequent
hospital admissions for 1 year. The follow-up was to
establish the patient discharge status at the end of the index
episode; this included inhospital death, transfer, and
change in care type. When the comorbidity index was
derived, patients who died within 24 hours of admission
were excluded because they had a low probability of
survival most likely to be attributable to a non-survivable
injury. Patients who stayed longer than 365 days or were
palliative-care patients were also excluded. Children (<15
years) were excluded because this group is heterogeneous to
the rest of the cohort, given the low prevalence of
comorbidity in this age group.

The cohorts of patients with an index injury admission
in the morbidity data were followed up in the mortality
data of the relevant state. Cases were extracted as follows:
for Victoria patients admitted from July 1, 2006, to June
30, 2015, followed up for 30 days and 1 year (614,762
patients), and for New South Wales patients admitted from
July 1, 2008, to June 30, 2015, followed up for 30 days
and 1 year (705,963 patients). When comorbidity indices
were derived, children (<15 years) (low prevalence of
Volume 75, no. 3 : March 2020
comorbidity in the group) and patients who died within 24
hours of admission were once again excluded.

Inhospital death and 30-day and 1-year mortality were
coded as binary outcomes. The factors considered were age,
sex, injury type, injury severity, body region of injury,
socioeconomic status, geographic region, and country of
birth. Patients were classified into 6 age groups. Injury
severity was calculated with the ICD-based Injury Severity
Score.21 The survival risk ratios required for the
computation of ICD-based Injury Severity Scores were
sourced from the National Injury Surveillance Unit
(personal communication, James Harrison, Flinders
University, 2018). With the worst-injury method,22 a
serious injury was considered to be one with an ICD-based
Injury Severity Score less than or equal to 0.941 (survival
probability of 94.1%).23 Geographic regions were classified
as metropolitan and regional, using the local government
area of residence in both states. Socio Economic Indexes for
Areas–Index of Relative Socio-Economic Advantage and
Disadvantage expressed as state-deciles24 was used to
classify the socioeconomic status.

Comorbidities selected for this analysis were a
combination of the Charlson comorbidity index12 and
Elixhauser comorbidity measure6 comorbidity groups
according to Quan et al25 and Sundararajan et al.26 Thirty-
four comorbidity groups were selected, out of which weight
loss and fluid-electrolyte disorders (both considered likely
to be complications or symptoms, rather than diseases) and
other neurologic disorders (which were too diverse a
collection of conditions to be grouped) were excluded.

Primary Data Analysis
Correlations between comorbidities were tested with the

Pearson’s correlation coefficient. Multivariable logistic
regression modeling was used to establish the association
between comorbidities and outcomes. Various forms of
representing comorbidity in the regression models were
tested: the presence of at least one comorbidity, count of
comorbidities, and a binary representation of each
comorbidity. A backward elimination process was carried
out to identify comorbidities most associated with the
outcome, starting with 31 conditions and eliminating 1 at a
time. Models were compared with the Akaike information
criterion.27 A difference of less than 10 between 2 Akaike
information criteria indicates that the model with the
additional factors provides no further improvement to the
model fit. Best predictive power was assessed with
discrimination (area under the receiver operating
characteristic curve [ROC]) and classification tables. The
area under the curve (AUC) ranges from 0 to 1, with less
Annals of Emergency Medicine 341
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than 0.7 representing poor discrimination and anything
greater than that considered as good discrimination. The
significance of differences between AUC statistics was
assessed with confidence intervals (CIs); overlapping CIs
were considered as an indication of no difference between 2
AUCs. Classification tables were derived on the basis of
maximizing the sensitivity and specificity, setting this as the
cut-off point for classifying cases predicted by the models.
Tests of proportions were carried out to assess the difference
between false negatives, with a significance level of 5%.

Next, weights were computed with the model used for
the binary index. Weights were computed for each
comorbid condition with the resulting odds ratios (ORs)
for each condition. The following rules were applied in
allocating weights: the condition was dropped from the
index if OR<1.2, 1.2�OR<1.5 resulted in a score of 1,
1.5�OR<2.5¼2, 2.5�OR<3.5¼3, and so on. These
weights were summed to create the weighted injury
comorbidity index. Five models were compared for best
predictive ability. These models were baseline (included
only sociodemographic and injury factors) with
comorbidity indicated as follows: binary representation,
weighted summed score, Charlson comorbidity index,
updated Charlson comorbidity index,1 and Elixhauser
comorbidity measure. This process was carried out for each
of the 3 outcomes: inhospital death, 30-day mortality and
1-year mortality.

Finally, the new indices, Charlson comorbidity index,
and Elixhauser comorbidity measure were validated on the
New South Wales data set (with the same baseline models
as for Victoria), using the AUC statistic and classification
tables. Stata (version 14.0; StataCorp, College Station, TX)
was used to analyze the data.28

The study was approved by the Monash University
Human Research Ethics Committee and the New South
Wales Population and Health Services Research Ethics
Committee.
RESULTS
In cohort 1, 1.0% of patients died in the hospital

(n¼1,572), whereas in cohort 2, 0.8% died within 30 days
(n¼4,911) and 3.0% (n¼18,525) died within 1 year of the
injury onset (Table 1) (inhospital death spanned a length of
stay of 1 to 365 days, whereas 30-day mortality spanned
between 1 and 30 days). An overview of comorbidity
prevalence by demographic and injury characteristics is
provided in Table 1 and Table E1 (available online at
http://www.annemergmed.com) (for Victoria) and
Table E2 (available online at http://www.annemergmed.
com) (for New South Wales).
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Correlations between comorbidity groups were below
0.5 for all conditions except between cerebrovascular
disease and hemiplegia/paraplegia (0.5) and metastatic solid
tumor and any malignancy (0.7) (data not shown). Alcohol
dependence, cardiac arrhythmia, dementia, depression,
diabetes, and hypertension without complications were the
most commonly recorded comorbidities in both cohorts
(Table 2). HIV/AIDS, hypertension with complications,
moderate to severe liver disease, and obesity displayed high
odds of inhospital death but did not provide considerable
contribution to model fit, most likely because of low
prevalence in this cohort. Malignancies, metastatic solid
tumors, chronic obstructive pulmonary disease, congestive
heart failure, dementia, liver diseases, myocardial infarction,
and renal diseases displayed higher odds of all mortality
outcomes.

The multivariable regression modeling results are
presented in Table 3. Model 1 is the baseline model for
each outcome. The factors included in the baseline models
for each outcome are listed in the footnotes for Table 3. All
baseline models had excellent predictive power (AUC
approximately 0.9), indicating that factors such as age, sex,
injury type, and severity are potent predictors of outcomes
of injury patients, regardless of comorbidity. Areas under
the ROC curves are provided in Appendix E1 (available
online at http://www.annemergmed.com) and interaction
plots in Appendix E2. Models 2 to 7 are the baseline
models with comorbidity added, using newly derived
indices or existing indices; results from modeling other
forms of indices are provided in Table E3 (available online
at http://www.annemergmed.com). The risk-adjusted ORs
and suggested weights for the outcomes are presented in
Table 4. A model’s predictive power was assessed with the
model performance statistic (namely, the AUC), whereas
model fit was assessed with the Akaike information
criterion statistic. A detailed discussion of the results can be
found in Appendix E3 (available online at http://www.
annemergmed.com), whereas a summary of that discussion
is presented next.

According to the lowest Akaike information criteria, the
best fit was found in model 6 (containing the Elixhauser
comorbidity measure), followed by model 10 (containing
all 31 comorbidities), model 11 (containing 11 selected
comorbidities with actual weights), and model 2
(containing the Australian Injury Comorbidity Index for
inhospital death). The poorest fit in terms of the Akaike
information criterion was model 4 (containing the
Charlson comorbidity index). Model performance was
evaluated with the AUC statistics; the CIs for the AUCs for
all the models overlapped, which implied that regardless of
which comorbidity measure was used, there was no
Volume 75, no. 3 : March 2020
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Table 1. Characteristics of the study populations.

Demographic and Injury
Characteristics

Patients Admitted*

July 2012 to June 2014, Victoria
(Cohort 1)

Count of
Comorbidities,
Mean (95% CI)

July 2006 to June 2015, Victoria
(Cohort 2)

Count of
Comorbidities,
Mean (95% CI)No. %

At Least 1
Comorbidity (%) No. %

At Least 1
Comorbidity (%)

Total patients 161,334 614,762

Age, y

0–14 21,240 13.2 1.4 0.01 (0.01–0.02) 99,746 16.2 1.0 0.01 (0.01–0.01)

15–24 23,213 14.4 9.9 0.12 (0.11–0.12) 104,370 17.0 10.6 0.12 (0.12–0.13)

25–44 36,262 22.5 13.0 0.16 (0.16–0.17) 152,633 24.8 12.7 0.16 (0.16–0.16)

45–64 30,799 19.1 19.3 0.25 (0.25–0.26) 117,116 19.1 14.6 0.20 (0.20–0.20)

65–84 31,390 19.5 35.9 0.54 (0.53–0.54) 94,645 15.4 27.4 0.44 (0.44–0.45)

�85 18,430 11.4 40.0 0.62 (0.60–0.63) 46,252 7.5 36.6 0.58 (0.57–0.59)

Sex

Men† 89,144 55.3 16.8 0.24 (0.23–0.24) 356,287 58.0 12.6 0.18 (0.18–0.18)

Women 72,190 44.7 23.5 0.33 (0.33–0.34) 258,475 42.0 18.0 0.26 (0.26–0.26)

Injury severity‡

Serious injury

(ICISS<0.941)

20,884 12.9 40.6 0.64 (0.63–0.65) 66,135 10.8 34.4 0.56 (0.55–0.56)

Other injury

(ICISS�0.941)

140,450 87.1 16.7 0.22 (0.22–0.23) 548,627 89.2 12.5 0.17 (0.17–0.17)

Inhospital death§ 1,572 1.0 68.2 1.32 (1.26–1.38)

30-day mortalityk 4,911 0.8 58.5 1.12 (1.09–1.16)

1-y mortalityk 18,525 3.0 50.3 0.92 (0.90–0.93)

ICISS, ICD-based Injury Severity Score.
*Index admissions to all public and private hospitals, limited to residents of Victoria with community injuries.
†Intersex patient count less than 5 was added to the majority sex group to protect confidentiality.
‡Worst-injury method: ICD-based Injury Severity Score less than or equal to 0.941 was considered serious injury.
§Excludes death within 24 hours of index admission, length of stay greater than 365 days, and palliative care patients (n¼161,054).
kExcludes patients who died within 24 hours of index admission (n¼613,856).
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significant difference in model performance. However, the
baseline model had a lower range for the AUC CI than all
the models with a comorbidity measure, indicating that the
addition of comorbidity indices to the baseline improved
the model performance significantly.

The best fit in terms of the lowest Akaike information
criterion statistic for 30-day mortality was model 11
(containing 13 selected comorbidities with actual weights),
followed by model 10 (containing all 31 comorbidities),
model 2 (containing the Australian Injury Comorbidity
Index for 30-day mortality), and model 6 (containing the
Elixhauser comorbidity measure), and the poorest fit was
model 4 (containing the Charlson comorbidity index). The
performance of all these models except the baseline was
similar in terms of the AUC statistics, whereas the baseline
had a significantly lower range for the AUC CI.

The best fitting in terms of the lowest Akaike
information criterion was model 10 (containing all 31
Volume 75, no. 3 : March 2020
comorbidities), followed by model 2 (containing the
Australian Injury Comorbidity Index for 1-year mortality),
whereas models containing the existing indices such as the
Elixhauser comorbidity measure (model 4) and Charlson
comorbidity index (model 6) resulted in much higher
Akaike information criteria, implying a poorer fit to the
former two. Once again, model performance was similar for
the new and existing indices because the CIs for the AUCS
for all these models overlapped (except for the baseline
model, whose CIs were much lower). This implies that
adding comorbidity measures to the baseline significantly
improved the model performance but there was no
significant difference between type of comorbidity
measures for model performance.

The fact that the model performances were the same (ie,
AUCs for the Australian Injury Comorbidity Indexes
overlapped with those of the full model [with all 31
comorbidities] and existing indices such as the Charlson
Annals of Emergency Medicine 343



Table 2. Presence of comorbidity and the association with selected mortality measures (Victoria, aged 15 years and older).

Comorbidity

Outcome

Cohort 1
(N[139,816), No. (%)

Inhospital Death*

Cohort 2
(N[514,139),

No. (%)

30-Day Mortality† 1-Year Mortality†

% With Condition
Who Had the
Outcome

Adjusted OR‡

(95% CI)

% With Condition
Who Had the
Outcome

Adjusted OR‡

(95% CI)

% With Condition
Who Had the
Outcome

Adjusted OR‡

(95% CI)

HIV/AIDS 54 § 2.81 (0.37–21.11) 141 § 5.30 (1.85–15.16) 5.7 3.08 (1.43–6.66)

Alcohol dependence 6,411 (4.6) 0.7 0.82 (0.59–1.14) 26,704 (5.2) 0.5 0.85 (0.70–1.02) 2.1 1.12 (1.01–1.23)

Drug dependence 1,494 (1.1) 0.7 1.65 (0.85–3.21) 4,864 (0.9) 0.5 1.65 (1.07–2.53) 1.8 2.16 (1.72–2.72)

Any malignancy 690 (0.5) 18.8 5.15 (3.64–7.27) 1,635 (0.3) 16.4 3.21 (2.53–4.08) 54.3 6.63 (5.67–7.75)

Blood loss anemia 170 (0.1) 6.5 1.20 (0.62–2.34) 319 (0.1) 4.4 0.80 (0.45–1.42) 16.0 0.98 (0.70–1.39)

Cardiac arrhythmia 3,748 (2.7) 6.1 1.51 (1.28–1.77) 9,176 (1.8) 6.0 1.44 (1.30–1.59) 16.8 1.35 (1.26–1.44)

Cerebrovascular disease 595 (0.4) 8.2 1.39 (0.94–2.04) 1,675 (0.3) 8.1 1.67 (1.33–2.10) 18.9 1.32 (1.11–1.56)

Chronic pulmonary disease 1,289 (0.9) 8.0 2.42 (1.92–3.05) 2,757 (0.5) 7.4 2.15 (1.83–2.53) 21.9 2.15 (1.94–2.39)

Coagulopathy 1,119 (0.8) 6.7 1.89 (1.44–2.49) 2,202 (0.4) 8.0 2.36 (1.97–2.83) 16.8 1.62 (1.42–1.85)

Congestive heart failure 1,236 (0.9) 13.9 2.70 (2.21–3.29) 2,598 (0.5) 13.7 2.38 (2.08–2.72) 35.4 2.27 (2.06–2.50)

Deficiency anemia 578 (0.4) 4.2 0.81 (0.52–1.27) 1,198 (0.2) 5.2 1.06 (0.80–1.40) 20.3 1.43 (1.21–1.68)

Dementia 2,870 (2.1) 6.8 1.67 (1.41–1.98) 8,985 (1.7) 9.8 2.47 (2.27–2.68) 31.5 2.73 (2.59–2.87)

Depression 2,964 (2.1) 0.7 1.00 (0.62–1.60) 11,312 (2.2) 0.6 0.83 (0.64–1.09) 2.7 1.19 (1.04–1.36)

Diabetes with chronic

complications

4,220 (3.0) 4.5 1.13 (0.93–1.37) 10,843 (2.1) 4.0 1.06 (0.93–1.21) 13.8 1.19 (1.10–1.29)

Diabetes without

complications

8,939 (6.4) 2.2 1.18 (1.00–1.38) 12,382 (2.4) 2.3 1.07 (0.94–1.22) 8.9 1.17 (1.08–1.25)

Hemiplegia/paraplegia 531 (0.4) 6.8 1.60 (1.03–2.48) 1,354 (0.3) 6.4 1.39 (1.05–1.84) 15.7 1.44 (1.18–1.76)

Hypertension

complicated

52 19.2 3.46 (1.60–7.49) 74 § 0.55 (0.18–1.67) 20.3 0.82 (0.43–1.58)

Hypertension uncomplicated 4,484 (3.2) 6.2 1.15 (0.97–1.36) 14,682 (2.9) 4.5 0.95 (0.85–1.06) 14.1 0.91 (0.85–0.97)

Hypothyroidism 152 (0.1) § 0.43 (0.13–1.41) 357 (0.1) 3.6 0.89 (0.49–1.62) 11.5 0.80 (0.56–1.15)

Metastatic solid tumor 368 (0.3) 22.6 2.75 (1.78–4.26) 794 (0.2) 22.5 3.85 (2.85–5.20) 68.3 5.41 (4.30–6.81)

Mild liver disease 1,162 (0.8) 3.1 2.88 (1.89–4.38) 1,855 (0.4) 3.2 2.29 (1.65–3.17) 10.4 2.89 (2.39–3.51)

Moderate or severe liver

disease

107 (0.1) 10.3 4.21 (1.90–9.31) 219 12.3 4.84 (2.83–8.29) 30.6 5.73 (3.86–8.50)

Myocardial infarction 245 (0.2) 18.8 2.67 (1.85–3.88) 842 (0.2) 12.9 1.89 (1.50–2.38) 31.6 1.82 (1.54–2.15)

Obesity 229 (0.2) 3.1 2.38 (1.02–5.54) 1,111 (0.2) 3.1 1.84 (1.25–2.71) 8.1 1.34 (1.04–1.72)

A
ustralian

Injury
C
om

orbidity
Index

to
Predict

M
ortality

Fernando
et
al

344
A
nnals

of
E
m
ergency

M
edicine

V
olum

e
75,

n
o
.
3

:
M
arch

20
20



Pe
pt
ic

ul
ce
r
di
se
as
e

8
3
(0
.1
)

1
3
.3

8
.5
8
(3
.9
5
–
1
8
.6
4
)

2
24

(0
.0
)

4
.9

1
.8
2
(0
.9
4
–
3
.5
1
)

1
4
.3

1
.8
2
(1
.1
8
–
2
.8
0
)

Pe
ri
ph

er
al

va
sc
ul
ar

di
se
as
e

7
0
1
(0
.5
)

3
.0

1
.5
2
(0
.9
4
–
2
.4
5
)

1
,8
1
9
(0
.4
)

4
.3

1
.7
8
(1
.3
8
–
2
.3
0
)

1
2
.5

1
.5
9
(1
.3
5
–
1
.8
7
)

P
sy
ch
os
es

5
6
7
(0
.4
)

1
.6

2
.1
2
(1
.0
2
–
4
.4
1
)

1
,7
6
0
(0
.3
)

1
.0

1
.2
1
(0
.7
3
–
2
.0
0
)

4
.7

1
.9
5
(1
.5
2
–
2
.5
0
)

P
ul
m
on

ar
y
ci
rc
ul
at
io
n

di
so
rd
er
s

1
3
3
(0
.1
)

9
.8

1
.3
5
(0
.6
8
–
2
.6
8
)

31
6
(0
.1
)

9
.5

1
.4
8
(0
.9
7
–
2
.2
7
)

27
.2

1
.8
7
(1
.3
9
–
2
.5
2
)

R
en

al
di
se
as
e
in
cl
ud

in
g
re
na

l
fa
ilu
re

3
,3
6
9
(2
.4
)

8
.7

2
.1
1
(1
.7
6
–
2
.5
3
)

5
,3
2
0
(1
.0
)

9
.8

2
.0
4
(1
.8
2
–
2
.2
9
)

2
8
.6

2
.1
3
(1
.9
7
–
2
.2
9
)

R
he

um
at
ic

di
se
as
e
in
cl
ud

in
g

so
m
e
ot
he

r
co
nn

ec
tiv
e

tis
su
e
di
so
rd
er
s

17
7
(0
.1
)

2
.8

1
.4
4
(0
.5
7
–
3
.5
9
)

4
3
9
(0
.1
)

2
.3

0
.8
7
(0
.4
5
–
1
.7
1
)

1
0
.3

1
.1
6
(0
.8
2
–
1
.6
3
)

Va
lv
ul
ar

di
se
as
e

3
2
5
(0
.2
)

1
0
.5

1
.5
9
(1
.0
6
–
2
.3
9
)

8
2
9
(0
.2
)

6
.5

0
.8
9
(0
.6
5
–
1
.2
1
)

2
0
.0

0
.9
9
(0
.8
2
–
1
.2
1
)

*
Ex
cl
ud

es
de

at
h
w
ith

in
2
4
ho

ur
s
of

in
de

x
ad

m
is
si
on

,
le
ng

th
of

st
ay

gr
ea

te
r
th
an

3
6
5
da

ys
,
an

d
pa

lli
at
iv
e
ca
re

pa
tie

nt
s
(n
¼1

3
9
,8
1
6
).

†
Ex
cl
ud

es
pa

tie
nt
s
w
ho

di
ed

w
ith

in
24

ho
ur
s
of

in
de

x
ad

m
is
si
on

(n
¼5

1
4
,1
3
9
).

‡
Al
l
3
1
co
m
or
bi
di
tie

s
m
od

el
ed

si
m
ul
ta
ne

ou
sl
y
w
ith

th
e
ba

se
lin
e
m
od

el
.

§
C
el
l
co
un

t
1
to

4
(o
r
pr
op

or
tio

ns
re
su
lti
ng

fr
om

)
su
pp

re
ss
ed

to
pr
ot
ec
t
co
n
fi
de

nt
ia
lit
y.

Fernando et al Australian Injury Comorbidity Index to Predict Mortality

Volume 75, no. 3 : March 2020
comorbidity index and Elixhauser comorbidity measure)
implies that using the new indices (Australian Injury
Comorbidity Index for inhospital death, 30-day mortality,
and 1-year mortality) with binary representations of the
selected conditions will yield a similar predictive power
compared with using the existing or full models. One
advantage of using the new models is they use only
comorbidities relevant to the outcomes, whereas the older
indices or the full model includes conditions not relevant to
the outcomes. The new indices also provide a better fit in
terms of the Akaike information criteria than the Charlson
comorbidity index for all 3 outcomes and a better fit than
the Elixhauser comorbidity measure for 30-day and 1-year
mortality. The new indices also use lesser conditions than
the Elixhauser comorbidity measure and retain an equal
predictive power, and are better than the baseline model for
capturing comorbidity when predicting these outcomes.

Apart from AUCs and Akaike information criteria, false-
negative rates are also particularly important in mortality
prediction. False negatives in this instance are the number
of nondeaths predicted by the model among patients who
would actually incur a death. In clinical settings, the false-
negative rates should be minimized to ensure that patients
likely to incur death are not classified as unlikely to die.

The models using the binary index to quantify
comorbidity performed well for all 3 outcomes, with good
predictive power (AUC 92.0%, 92.3%, and 91.0% for
inhospital death, 30-day mortality, and 1-year mortality,
respectively). The false-negative rates were 15.8%, 15.8%,
and 16.3% (Table 5) for the binary index for inhospital
death, 30-day mortality, and 1-year mortality, respectively,
whereas they were 17.4%, 16.3%, and 16.5% for the
Charlson comorbidity index and 15.2%, 14.8%, and
16.3% for the Elixhauser comorbidity measure,
respectively. Overall, the false-negative rates for the new
binary indices were statistically equal to those of the
Charlson comorbidity index and Elixhauser comorbidity
measure. Although there were no significant differences in
false-negative rates between the new indices and the
existing ones, in regard to the actual number of patients
misclassified, the new indices performed better than the
Charlson comorbidity index and not as well as the
Elixhauser comorbidity measure. Considering the
drawbacks of the wide Elixhauser comorbidity measure
index, the new indices can be recommended as the more
practical option. Detailed classification tables with the false-
negative rates, etc, for the main models are shown in Table
E4 (available online at http://www.annemergmed.com).

Discussion on interaction effects, the advantages of the
new binary indices over weighted indices, comorbidity
indices derived with all age groups (ie, children included),
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Table 3. Performance of selected model-fitting strategies in assessing the effect of comorbidity on selected outcome measures (Victoria).

Model

Inhospital Death* 30-Day Mortality† 1-Year Mortality‡

AUC (95% CI) Model Fit AIC AUC (95% CI) Model Fit AIC AUC (95% CI) Model Fit AIC

(1) Baseline model 0.894 (0.888–0.900) 13,274 0.908 (0.905–0.912) 41,745 0.896 (0.894–0.898) 114,621

(2) Baseline modelþindividual

comorbidity (selected)

(binary representation)

0.920 (0.915–0.925) 12,458 0.923 (0.920–0.926) 39,939 0.910 (0.908–0.911) 109,065

(3) Baseline modelþcomorbidity

using integer weights

0.919 (0.914–0.924) 12,467 0.923 (0.920–0.926) 39,939 0.909 (0.907–0.911) 109,153

(4) Baseline modelþcomorbidity

using CCI weights

0.915 (0.909–0.920) 12,675 0.919 (0.916–0.922) 40,543 0.906 (0.904–0.908) 110,810

(5) Baseline modelþcomorbidity

using Quan1 weights

0.915 (0.910–0.921) 12,645 0.920 (0.917–0.923) 40,274 0.908 (0.906–0.910) 109,704

(6) Baseline modelþcomorbidity

using ECM

0.924 (0.919–0.929) 12,371 0.923 (0.920–0.925) 40,193 0.908 (0.906–0.910) 109,962

(7) Baseline modelþcomorbidity

common to all 3

outcomes (10 conditions)

(binary representation)

0.920 (0.915–0.925) 12,478 0.922 (0.919–0.925) 40,013 0.909 (0.907–0.911) 109,327

AIC, Akaike information criterion; CCI, Charlson comorbidity index; ECM, Elixhauser comorbidity measure.
See Table 4 for selected comorbidities for each outcome.
*Baseline model for inhospital death includes age, sex, injury severity, and injury type.
†Baseline model for 30-day mortality includes age, sex, injury severity, injury type, body region, socioeconomic indexes for areas deciles, geographic region (metropolitan
Melbourne and rural Victoria), and country of birth.
‡Baseline model for 1-year mortality includes age, sex, injury severity, injury type, body region, socioeconomic indexes for areas deciles, geographic region (metropolitan
Melbourne and rural Victoria), and country of birth.

Australian Injury Comorbidity Index to Predict Mortality Fernando et al
and comorbidity indices derived with only the older adults
(�65 years), as well as a detailed discussion of the
validations, is presented in Appendix E3 (available online at
http://www.annemergmed.com).

A binary index (model 7) (Table 3) that includes 10
conditions common to the indices for all 3 outcomes was
also derived. These conditions are shown in Table 4. There
was no significant difference between predictive powers
(AUC) of the individual binary indices and the
parsimonious index. The model fit was superior in the
individual binary indices (Akaike information
criteria¼12,458, 39,939, and 109,065 for inhospital death,
30-day mortality, and 1-year mortality, respectively)
compared with the parsimonious index (Akaike
information criteria¼12,478, 40,013, and 109,327,
respectively). Tests of proportions revealed that the false-
negative rates were not different in the individual binary
indices compared with the parsimonious index (inhospital
death 15.8% for the individual binary index versus 15.9%
for the parsimonious index; 30-day mortality 15.8% versus
16.0%, respectively; and 1-year mortality 16.3% versus
16.4%, respectively). Given these results, the parsimonious
index can be used for research without much compromise
in classification accuracy. From a clinical perspective, in
346 Annals of Emergency Medicine
which the false-negative rates translate into actual patient
numbers, the slightly greater false-negative rate of the
parsimonious index is a disadvantage (Table 5).
Instructions on how to use the new indices are provided in
Appendix E4 (available online at http://www.
annemergmed.com [Tables AA.1 and AA.2]).

In comparison of the conditions included in the newly
derived indices and existing ones, HIV/AIDS had no
bearing on this study population as opposed to having a
very high weight in the Charlson comorbidity index and
updated Charlson comorbidity index (6 and 4,
respectively), and diabetes and rheumatic disease had no
bearing as opposed to weights of 1 to 2 in the Charlson
comorbidity index (Table 4). Hemiplegia/paraplegia earned
weights only among long-term (1-year) but not short-term
mortality indices. Weights for conditions such as
malignancies, dementia, myocardial infarction, and liver
diseases were higher in the newly derived weighted indices
than in the Charlson comorbidity index and updated
Charlson comorbidity index.

The newly derived indices were also tested on specific
subgroups of the Victorian study population. The groups
were children (�14 years), older adults (>64 years),
nonsevere injuries, intracranial injuries, hip fractures
Volume 75, no. 3 : March 2020

http://www.annemergmed.com
http://www.annemergmed.com
http://www.annemergmed.com


Table 4. Risk-adjusted ORs and suggested weights for inhospital death, 30-day mortality, and 1-year mortality (derived for Victoria).

Key Demographic and Injury
Characteristics

Outcome

CCI
Updated CCI

per Quan et al1

Inhospital Death 30-Day Mortality 1-Year Mortality

OR (95% CI)
Injury Comorbidity

Index Weight OR (95% CI)
Injury Comorbidity

Index Weight OR (95% CI)
Injury Comorbidity

Index Weight

Age, y

0–14 0.06 (0.03–0.10) 0.05 (0.04–0.06) 0.02 (0.02–0.03)

15–24 0.12 (0.09–0.16) 0.12 (0.10–0.14) 0.06 (0.06–0.07)

25–44 0.23 (0.18–0.30) 0.21 (0.19–0.24) 0.16 (0.15–0.17)

45–64 1 [Reference] 1 [Reference] 1 [Reference]

65–84 2.08 (1.85–2.34) 2.77 (2.59–2.97) 3.24 (3.13–3.36)

�85

Female sex 0.60 (0.54–0.67) 0.66 (0.62–0.70) 0.71 (0.68–0.73)

Serious injury 4.07 (3.52–4.70) 3.58 (3.27–3.93) 2.06 (1.96–2.16)

Comorbidity

HIV/AIDS — — — — 2.23 (1.78–2.80) 2 6 4

Alcohol dependence 5.08 (3.60–7.17) 5 3.21 (2.53–4.08) 3 6.66 (5.69–7.79) 7 * *

Drug dependence — — — — — — * *

Any malignancy† 1.54 (1.31–1.81) 2 1.44 (1.30–1.60) 1 1.35 (1.26–1.44) 1 2 2

Blood loss anemia — — 1.88 (1.55–2.29) 2 — — * *

Cardiac arrhythmias† 2.44 (1.93–3.08) 2 2.17 (1.85–2.55) 2 2.17 (1.95–2.41) 2 * *

Cerebrovascular disease 1.97 (1.51–2.58) 2 2.37 (1.98–2.84) 2 1.62 (1.42–1.85) 2 1 0

Chronic obstructive pulmonary disease† 2.77 (2.28–3.37) 3 2.42 (2.12–2.76) 2 2.28 (2.07–2.50) 2 1 1

Coagulopathy† — — — — 1.43 (1.22–1.68) 1 * *

Congestive heart failure† 1.68 (1.42–1.98) 2 2.46 (2.26–2.68) 2 2.72 (2.58–2.87) 3 1 2

Deficiency anemia — — — — — — * *

Dementia† — — — — 1.14 (1.06–1.22)‡ — 1 2

Depression — — — — 1.17 (1.09–1.26)‡ — * *

Diabetes with chronic complications — — — — 1.70 (1.44–2.01) 2 2 1

Diabetes without complications — — — — — — 1 0

Hemiplegia/paraplegia — — — — — — 2 2

Hypertension complicated — — — — — — * *

Hypertension uncomplicated 2.74 (1.77–4.24) 3 3.83 (2.84–5.17) 4 5.36 (4.26–6.74) 5 * *

Hypothyroidism 3.37 (2.29–4.95) 3 2.33 (1.69–3.21) 2 3.03 (2.51–3.67) 3 * *

Metastatic solid tumor† — — 4.52 (2.65–7.72) 5 5.99 (4.04–8.87) 6 6 6

Mild liver disease† 2.91 (2.02–4.19) 3 1.88 (1.50–2.37) 2 1.78 (1.51–2.11) 2 1 2

Moderate or severe liver disease — — — — — — 3 4

Myocardial infarction† 8.58 (3.97–18.56) 9 — — — — 1 0

Obesity — — 1.82 (1.41–2.35) 2 1.59 (1.35–1.87) 2 * *
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among individuals aged 45 years and older, and blunt
trauma (see Table E5 [available online at http://www.
annemergmed.com] for model results and Table 5 for false-
negative rates). The false-negative rates were high for
individuals aged 65 years and older for all outcomes. To
address this, a new set of binary and parsimonious indices
was derived for all 3 outcomes for this group (see Table E5
for model results [available online at http://www.
annemergmed.com], Table 5 for false-negative rates, and
Appendix E4 [available online at http://www.
annemergmed.com {Table AA.3}] for conditions included).
The age-specific indices were able to reduce the false-
negative rates only for inhospital death and had no ability
to affect the other 2 outcomes (Table 5) (also described
under age-comorbidity interaction effects).

Summary statistics for the validation cohort (patient data
from New South Wales) are available in Table E2 and E6
(available online at http://www.annemergmed.com). The
validation results are available in Table E7 (available online
at http://www.annemergmed.com). Overall, the new
indices performed just as well as the Charlson comorbidity
index and the Elixhauser comorbidity measure in terms of
the AUC statistic. In terms of model fit (Akaike
information criterion statistic), the binary indices and the
parsimonious index outperformed the existing indices,
except for inhospital death, in which the Elixhauser
comorbidity measure had the best model fit. New South
Wales data provided results similar to those of the Victorian
data. This confirms the findings from the Victorian data on
an external data set, thereby demonstrating the robustness
of the new injury comorbidity indices.

Table E8 (available online at http://www.annemergmed.
com) presents a snapshot of the comorbidities included in
each of the newly derived Australian injury comorbidity
indices, the Charlson comorbidity index, and the
Elixhauser comorbidity measure.
LIMITATIONS
The present study has several limitations. There was

omission of lookback periods to identify comorbidities.7,29

Lookback periods are a span preceding the current episode,
in which records from other hospital admissions for the
same patient are retrospectively assessed to identify
comorbidities (not mentioned in the current record).
However, the expectation for the use of the injury
comorbidity indices is not solely for research but also for
clinical settings; namely, at point of hospital admission,
during which assessing comorbidities from past records is
not always feasible and the focus is on capturing current
and relevant comorbidities.
Volume 75, no. 3 : March 2020
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Table 5. False-negative rates for various indices by outcome in population subgroups.

Outcome
No. of Patients in

Initial Cohort
No. (%) of Patients

Who Died

No. (%) of Patients Classified as Not Dying When Likely to Die

Outcome-Specific
Binary Index

Parsimonious
Index CCI ECM

Adults (‡15 y), all injuries

Inhospital death 139,816 1,564 (1.1) 247 (15.8) 249 (15.9) 272 (17.4) 237 (15.2)

30-day mortality 514,139 4,886 (1.0) 770 (15.8) 781 (16.0) 797 (16.3) 723 (14.8)

1-y mortality 514,139 18,475 (3.6) 3,011 (16.3) 3,027 (16.4) 3,039 (16.5) 3,018 (16.3)

Children (<15 y), all injuries

Inhospital death 257 8 (0.04) 1 (14.3) 1 (14.3) 3 (37.5) 3 (42.8)

30-day mortality 99,717 25 (0.03) 2 (9.1) 3 (13.6) 2 (8.0) 1 (4.6)

1-y mortality 99,717 50 (0.05) 12 (24.0) 13 (26.0) 11 (22.0) 12 (24.0)

‡65 y

Inhospital death 49,613 1,417 (2.9) 471 (33.2) 474 (33.5) 373 (26.3) 326 (23.0)

Inhospital death (age-group specific) 318 (22.4) 319 (22.5)

30-day mortality 140,349 4,309 (3.1) 1,253 (29.0) 1,259 (29.3) 1,322 (30.7) 1,269 (29.5)

30-day mortality (age-group specific) 1,261 (29.3) 1,238 (28.7)

1-y mortality 140,349 16,559 (11.8) 5,761 (34.8) 5,866 (35.4) 5,991 (36.2) 5,829 (35.2)

1-y mortality (age-group specific) 5,700 (34.4) 5,802 (35.0)

Adults with nonsevere injuries

Inhospital death 119,851 522 (0.4) 98 (18.8) 98 (18.8) 94 (18.0) 87 (16.7)

30-day mortality 452,036 1,970 (0.4) 320 (16.2) 316 (16.0) 326 (16.6) 301 (15.3)

1-y mortality 452,036 10,830 (2.4) 1,493 (13.8) 1,707 (15.8) 1,750 (16.2) 1,721 (15.9)

Adults with intracranial injury*

Inhospital death 5,350 244 (4.6) 56 (23.0) 56 (23.0) 57 (23.4) 53 (21.7)

30-day mortality 20,396 710 (3.5) 135 (19.0) 136 (19.2) 139 (19.6) 136 (19.2)

1-y mortality 20,396 1,295 (6.4) 240 (18.5) 237 (18.3) 251 (19.4) 242 (18.7)

Patients ‡45 y with hip fractures†

Inhospital death 7,956 522 (6.6) 257 (49.2) 262 (50.2) 230 (44.0) 232 (44.4)

30-day mortality 23,459 1,499 (6.4) 517 (34.5) 513 (34.2) 584 (39.0) 573 (38.2)

1-y mortality 23,459 4,470 (19.1) 1,547 (34.6) 1,574 (35.2) 1,662 (37.2) 1,718 (38.4)

Adults with blunt trauma‡

Inhospital death 94,475 1,408 (1.5) 229 (16.6) 228 (16.2) 223 (15.8) 237 (16.8)

30-day mortality 340,524 4,275 (1.3) 711 (16.6) 713 (16.7) 761 (17.8) 740 (17.3)

1-y mortality 340,524 16,130 (4.7) 2,839 (17.6) 2,822 (17.5) 2,867 (17.8) 2,873 (17.8)

New South Wales validation (‡15 y)

Inhospital death 201,151 2,292 (1.1) 385 (16.8) 385 (16.8) 399 (17.4) 387 (16.9)

30-day mortality 601,136 8,210 (1.4) 1,534 (18.7) 1,555 (18.9) 1,539 (18.8) 1,509 (18.4)

1-y mortality 601,136 34,041 (5.7) 6,230 (18.3) 6,259 (18.4) 6,331 (18.6) 6,245 (18.4)

Cut-off for classification tables was set to maximize sensitivity and specificity.
*Intracranial injury¼ICD-10-AM codes S0600 to S0699.
†Hip fractures¼ICD-10 codes S72.0 to S72.2.
‡Blunt trauma¼ICD-10 codes V00 to V99, W00 to W19, W20 to W24, W30 to W31, W50 to W52, X50, X79 to X82, Y00 to Y05, Y29 to Y32, and Y85.

Fernando et al Australian Injury Comorbidity Index to Predict Mortality
Comorbidity recording can be biased, depending on
each patient’s profile (ie, patients with life-threatening
conditions are likely to have them recorded, whereas the
less severe, nonspecific conditions could be ignored).
Conversely, for the more healthy patients, the less severe
Volume 75, no. 3 : March 2020
conditions will be recorded as those that are the most
visible for this group.

There are limitations inherent in using administrative
data. Some studies have found the prevalence of
comorbidities to be lower in administrative data than in
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medical chart review,30,31 whereas others have reported that
there was no notable difference.32,33 One of the latter
studies was based on a population with acute trauma in
Victoria, in which an institution-specific administrative
data set, which captures details similar to those in the
Victorian Admitted Episodes Dataset and much more, was
compared with medical records. Therefore, we consider
that using administrative admissions data rather than chart
reviews in our Victorian study most likely had no
significant influence on the findings while offering a great
practical advantage. Another potential disadvantage of
administrative data is that coding can be tailored to hospital
reimbursement. This can lead to the inclusion of only those
conditions that have an effect on patient management of
the present episode (other comorbid conditions may not be
brought to light).34 The current study provides an index
that is largely robust to this problem because the results
were validated on an interstate data set that is likely to have
different coding practices and incentives. Nonetheless,
administrative data are a useful data source because they
have less recall bias, are fully coded, are not resource
intensive, and allow the analysis of an entire population
over a selected sample. The number of diagnosis codes
allowed for in hospital data sets will also determine the
capture of comorbidities.

Another limitation is that death records used in this
study did not include deaths occurring outside Victoria.
Given the limited follow-up period since patient discharge
from a Victorian hospital, however, the number of
interstate deaths is likely to be low.

The Multipurpose Australian Comorbidity Scoring
System35 is not one of the most widely used indices, and
this study was focused on the widely used indices and their
performance in injury populations. The Multipurpose
Australian Comorbidity Scoring System is more
cumbersome to use, given it has 102 conditions instead of
the 10 to 19 conditions in the Australian Injury
Comorbidity Indexes, and it was not derived with a cohort
of injury patients, therefore warranting this study, which
derives injury-specific indices.

Furthermore, care should be taken when the newly
derived indices are used in populations in which the injury
profile or the comorbidity prevalence is likely to be
significantly different from that in our derivation and
validation populations. For example, there could be
underreporting in hospital records of conditions such as
obesity, or injury could be more common in a demographic
that is associated with lower obesity rates (eg, cyclists,
young persons). The newly derived indices, the existing
indices, and the specific indices for the group aged 65 years
or older have all shown high false-negative rates, indicating
350 Annals of Emergency Medicine
that some specific aspects of this group’s outcome
prediction are driven by factors not included in the present
study. In older injury populations, further research is
required to identify other influential factors before creation
of predictive models.

Another aspect to be mindful of when using these
indices is that they should not be used for comparing
specific patient outcomes within and between sites because
they were not derived with adjustments for the quality of
care at each site. The level of care and facilities at each site is
expected to affect the 30-day mortality (if not the very
short-term and long-term mortality); therefore, the indices
will need validation taking the quality of care metric into
consideration before use in comparison studies.
Furthermore, the proportion with the mortality outcomes
among patients with penetrating injuries was smaller than
among those with blunt injuries (data not shown).
Therefore, the indices are likely to better capture the effects
of comorbidity among patients with blunt trauma over
penetrating trauma.

Finally, because of the large sample sizes, significance
tests were not carried out to evaluate the individual
associations between a comorbidity and the outcome. The
associations were established with the Akaike information
criterion statistic to compare models with and without the
comorbidity. Although the latter method is not as
conclusive as the former, we were able to establish
reasonable associations.
DISCUSSION
This study derived indices to capture the effect of

comorbidity on inhospital death, 30-day mortality, and 1-
year mortality. Three individual indices and a more
parsimonious index were derived, all of which capture and
are limited to only those conditions that have an effect on
the outcome of interest. Inhospital death, 30-day mortality,
and 1-year mortality were mainly predicted by age, sex,
injury type, and injury severity, and a comorbidity index
adds a fairly small (but significant) predictive power.
Although an injury comorbidity index for mortality may
not improve prediction of mortality to a great extent (as
shown in this study), it is still important in epidemiology.
Epidemiologic research requires adjustments for
comorbidity to account for variation in case mix and its
effect on outcomes. This study provided robust and
updated indices for future work applicable to Australian
hospital-admitted injury populations.

This study captured the effect of comorbidity on 3
specific mortality outcomes, focusing on prognostic
predictability, ease of use, inclusion of conditions with
Volume 75, no. 3 : March 2020
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relevance to the outcomes, and applicability to the patient
group of interest. The shorter lists of conditions included in
the new indices will use fewer resources in settings in which
data have to be collected specifically for this purpose.

The study demonstrated that the effect of comorbid
conditions on mortality outcomes varied with the type of
mortality outcome considered: conditions that affected
inhospital death were different and fewer than conditions
that affected 30-day and 1-year mortality, signifying the
need for outcome-specific indices. The study also showed
that considering an amalgamated list of comorbidities was
beneficial. Apart from the conditions listed in the Charlson
comorbidity index, comorbidities from the Elixhauser
comorbidity measure list such as drug dependence, cardiac
arrhythmia, coagulopathy, deficiency anemias, and
psychoses had an effect on 1-year mortality, whereas cardiac
arrythmia and coagulopathy had an effect on 30-day
mortality. Myocardial infarction and dementia were 2
conditions from the Charlson comorbidity index that
contributed to the indices that were not in the Elixhauser
comorbidity measure list. Therefore, the indices derived in
this study are more comprehensive than those in the
Charlson comorbidity index or Elixhauser comorbidity
measure lists considered individually.

Another important outcome of this study is the index for
all mortality outcomes, which provides a measure that can
be applied across 3 mortality outcomes without loss in
predictive ability.

This study considered the significance of the association
between each condition and the outcome, which is
important in creating a valid index. Reasonable associations
between each condition and the specific outcome were
identified. The newly derived binary indices and weighted
indices are restricted to conditions effectively contributing
to the outcome and represent current disease epidemiology,
whereas studies that use the Charlson comorbidity index
are compelled to use all 17 of its conditions regardless of
their current effect on the outcome. For example, HIV/
AIDS did not contribute toward a considerable
improvement to model fit in any of the 3 mortality
outcomes in the new indices. The strong effect of HIV/
AIDS on mortality in the Charlson comorbidity index was
valid around 1984 (when the Charlson comorbidity index
was derived), but current antiretroviral treatment has made
this condition no longer fatal; this is reflected in our results,
in which HIV/AIDS had no measurable effect on the
outcomes considered in this study. The updated version of
the Charlson comorbidity index has found this effect to be
lower than in the original Charlson comorbidity index,
decreasing from 6 to 4,1 but our study showed no effect.
This could also be attributed to the nature of the study
Volume 75, no. 3 : March 2020
population (injury patients) and low recorded HIV/AIDS
prevalence, thereby further relaying the importance of
study-specific indices.

An example of the importance of selecting diseases
relevant to the outcome can be observed in the weights
derived for peptic ulcer disease. It earned a high weight of 9
in the weighted index for inhospital death but had no
bearing on 30-day or 1-year mortality in our study; this was
in contrast to the weight of 1 assigned in the Charlson
comorbidity index.12 Peptic ulcer disease, when recorded as
a comorbidity inhospital, may indicate relatively severe
disease with a high risk of potentially fatal gastrointestinal
bleeding, whereas in the interim or long term, this
condition would be resolved before 30-day and 1-year
mortality occurs (ie, nonsevere peptic ulcer disease is
relatively common and often treatable).

The only study that derived empirical weights for
injury in the past was based on 6 comorbidities in a
serious-injury population, concluding that the
performance of both their new index and the Charlson
comorbidity index was similar and that neither was
sufficient at predicting mortality.5 Other studies with
updated Charlson comorbidity index weights were not
focused on injury patients.1,36-38 Given the noted limited
generalizability of existing research, the new indices will be
useful in injury epidemiology.

The Australian Injury Comorbidity Indexes, developed
and validated in general injury patient cohorts, will be a
valuable tool for future injury research. These indices,
which are binary representations of conditions, are
sufficient to adjust for the effects of comorbidity on
mortality outcomes without the cumbersome application
of weights. Because the associated conditions differ with
each outcome measure, the use of unique indices for each
outcome will provide a more reliable risk classification of
patients in clinical settings. The concise (parsimonious)
index developed in this study is recommended for use in
epidemiologic research because the one index can be
used for predicting short- and long-term mortality,
making it a more versatile tool. It can also be used in
triage decisions for patients with mild or moderately
severe injuries.

The lack of a large difference in the performance of the
newly derived indices and the existing Charlson
comorbidity index, updated Charlson comorbidity index,
and the Elixhauser comorbidity measure is due to the fact
that death in injury populations is largely predicted by the
baseline model (ie, age and injury severity). We anticipate
that if new indices for other outcomes such as burden and
complications were derived, they might outperform the
Charlson comorbidity index to a greater extent, mainly
Annals of Emergency Medicine 351
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because it was developed for assessing mortality, and
comorbidities may play a greater role in burden and
complication outcomes than in mortality.

Finally, this study derived comorbidity indices with
population-based data, provides a novel validation of the
new indices, and validates existing indices such as the
Charlson comorbidity index and Elixhauser comorbidity
measure on a large cohort of general injury patients, and
was also tested in subpopulation groups.

In summary, this study recommends the use of a set of
binary indices that capture the individual effect of each
comorbidity on specific outcomes as opposed to the use of
a total score as computed in the Charlson comorbidity
index. The new indices are a binary representation similar
to the Elixhauser comorbidity measure but include fewer
conditions, making them easier to use and statistically
more feasible for use in smaller patient cohorts. The new
indices consider a more comprehensive list of preexisting
conditions (ie, a combined list of Charlson comorbidity
index and Elixhauser comorbidity measure conditions
compared with the Charlson comorbidity index and
Elixhauser comorbidity measure taken individually) and
identify conditions that are relevant to each outcome
among general injury populations. Compared with the
Charlson comorbidity index, these study-specific indices
were less likely to predict survival in patients who
subsequently died. The empirical comorbidity weights
derived in this study for each outcome are different from
those weights allocated by the Charlson comorbidity
index. This implies that the effect of a comorbidity weighs
differently according to the population and outcome, and
requires periodic updating.
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