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Highlights
e Using over 600,000 hospital discharge records of

cirrhosis, we assessed the performance of risk
adjustment tools.

e HFRS and legacy risk adjustment tools capture high
rates of comorbidities and are associated with
inpatient mortality.

e HFRS measures a larger variety of comorbid con-
ditions and demonstrated significantly improved
prediction of inpatient mortality vs. other tools.

e Within each level of the ECI, CCI, and CirCom, we

noted significant variations in mortality that could
be identified by the HFRS.

https://doi.org/10.1016/j.jhepr.2023.100955

Impact and Implications

We compared commonly used comorbidity indices to
a more recently described risk score (hospital frailty
risk score [HFRS]) in patients with cirrhosis using a
national sample of hospital records. Comorbid condi-
tions are common in hospitalised patients with
cirrhosis. There is significant variability in mortality
across the range of each index. HFRS outperforms the
Charlson comorbidity index, Elixhauser comorbidity
index, and CirCom (cirrhosis-specific comorbidity
scoring system) in predicting inpatient mortality.
HFRS is a valuable index for risk adjustment in inpa-
tient administrative database studies.
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Background & Aims: The hospital frailty risk score (HFRS) identifies older patients at risk of poor outcomes and may have
value in cirrhosis. We compared the Charlson (CCI), Elixhauser (ECI), and cirrhosis (CirCom) comorbidity indices with the

HFRS in predicting outcomes for cirrhosis hospitalisations.

Methods: Using the National Inpatient Sample (quarter 4 of 2015-2019), we analysed cirrhosis hospitalisations. For each
index, we described the prevalence of comorbid conditions and inpatient mortality. We compared the ability of CCI, ECI,
CirCom, and HFRS to predict inpatient mortality. Raw and adjusted models predicting inpatient mortality were compared
using the area under the receiver operating characteristic curve and the Akaike information criterion.

Results: The cohort’s (N = 626,553) median age was 61 years (IQR 52-68 years), 60% were male, cirrhosis was caused by
alcohol in 43%, and 38% had ascites. The median comorbidity scores are as follows: ECI 4 (IQR 3-6), CCI 5 (IQR 4-8), and HFRS
5.6 (IQR 3.0-8.6). The most common CirCom score was 0 + 0 (44%). Across the range of values of each index, we observed
different mortality ranges: CCI 1.9-13.1%, ECI 3.2-8.7%, CirCom 4.9-13.8%, and HFRS 1.0-15.2%. An adjusted model with HFRS
had the highest area under the receiver operating characteristic curve in predicting mortality (HFRS 0.782 vs. ECI 0.689, CCI
0.695, and CirCom 0.692). We observed substantial variation in mortality with HFRS within each level of CCI, ECI, and CirCom.
For example, for ECI 4, mortality increased from 0.6 to 16.4%, as HFRS increased from 0 to 15.

Conclusions: Comorbidity indices predict inpatient cirrhosis mortality, but HFRS performs better than CCl, ECI, and CirCom.
HFRS is an ideal tool for measuring comorbidity burden and disease severity risk adjustment in cirrhosis-related adminis-

trative database studies.

Impact and Implications: We compared commonly used comorbidity indices to a more recently described risk score
(hospital frailty risk score [HFRS]) in patients with cirrhosis using a national sample of hospital records. Comorbid conditions
are common in hospitalised patients with cirrhosis. There is significant variability in mortality across the range of each index.
HERS outperforms the Charlson comorbidity index, Elixhauser comorbidity index, and CirCom (cirrhosis-specific comorbidity
scoring system) in predicting inpatient mortality. HFRS is a valuable index for risk adjustment in inpatient administrative

database studies.

© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

With increasing availability of big data, a growing number of
registries, clinical data warehouses, and administrative datasets
are being used to study liver-related outcomes.'™* Collectively,
these datasets are used for a variety of purposes including
facilitating health services research and supporting health system
goals. Regardless of their purpose, appropriate risk adjustment,
often for comorbid conditions that can contribute to poor
outcomes, is crucial to making valid comparisons between
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groups.>® In liver disease, commonly used non-proprietary tools
include the Elixhauser comorbidity index (ECI), the Charlson
comorbidity index (CCI; Deyo modification), and CirCom, a
cirrhosis-specific comorbidity scoring system.”~?

Although these are important tools, with time our under-
standing of conditions relevant to liver disease outcomes has
changed. These changes then affect clinical documentation and
diagnosis capture, which can in turn impact the performance of
risk adjustment tools.'>'" A notable example in geriatrics is the
understanding that frailty-related diagnoses increase mortality
risk.'>!3 This knowledge has also been adapted to liver disease,
and it is now widely accepted that physical frailty is a key
determinant of mortality in individuals with cirrhosis.'*'® In line
with this advancement, diagnosis code-based tools such as the
claims-based frailty index and the hospital frailty risk score
(HFRS) have been developed in the geriatric population to predict

EASL

The Home of Hepatology



https://doi.org/10.1016/j.jhepr.2023.100955
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:desaiar@iu.edu
mailto:esorman@iu.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhepr.2023.100955&domain=pdf

mortality.'®!'” When adapted to liver disease, HFRS independently
predicts mortality in those awaiting liver transplant.'® Despite its
name, HFRS measures more than just frailty and can identify
other comorbid conditions in individuals with cirrhosis.'®~?!

Although increasing numbers of cirrhosis studies rely on large
administrative datasets, traditional risk adjustment tools such as
CCI, ECI, and CirCom have not been compared with newer tools
such as HFRS. In this study, we compared the performance of
three commonly used indices (CCI, ECI, and CirCom) with that of
HFRS in a large, hospitalised cohort with cirrhosis. We aimed to
(1) describe the prevalence of different comorbid conditions
across these indices, (2) describe the variations in predicted and
observed mortality with each index, and (3) compare the per-
formance of each index in predicting mortality.

Patients and methods

Study design

Data were obtained from the Healthcare Cost and Utilization
Project (HCUP) National Inpatient Sample (NIS) from quarter 4 of
2015 through 2019. It is the largest inpatient database in the USA
and collects data from a sample of US hospitals from 46 states
and the District of Columbia, covering 97% of the US population.
Annually, the NIS captures data from approximately 7 million
hospital stays, estimating more than 35 million hospitalisations.
Each hospitalisation is de-identified and carries demographic
and hospital characteristics as well as up to 40 diagnosis codes
(2015-2016: 30 codes; 2017-2019: 40 codes) and 25 procedure
codes (2015-2016: 15 codes; 2017-2019: 25 codes), which are
extracted using standardised coding forms. Data quality is
maintained by HCUP through independent external review of
each data source annually.”***

Inclusion and exclusion criteria

We included admissions for individuals aged >18 years if they
contained at least one diagnosis code indicating cirrhosis in
either the primary or secondary diagnoses. Diagnoses were
extracted through the ICD-10 diagnosis codes as defined in
Table S1.24%5

Variables of interest

Risk indices (CCI, ECI, CirCom, and HFRS) were calculated using
ICD-10 codes (Table S1). Covariates extracted from the NIS
databases include patient-level demographics (age, sex, race/
ethnicity, and insurance) and clinical characteristics (aetiology of
cirrhosis, and both the presence and absence of complications
associated with cirrhosis) (Table S1).

Charlson comorbidity index

CCI was adapted for use in administrative datasets and includes
17 comorbidities that carry varying weights (Table 1).® Further
modification to translate to the ICD-10 coding system was used
for this study.?® The CCI score ranges from 0 to 29. For this study,
we capped the index at 15, as only 0.2% of all discharges had a
CCI beyond this score.

Elixhauser comorbidity index

ECI was developed specifically for use in administrative data
using ICD-9 diagnosis codes and later adapted for 1CD-10 diag-
nosis codes.””® The index includes 30 comorbidities, each
weighted equally (Table 1). We used previously described
software specifically designed for use with the NIS dataset to
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calculate the ECI score.?’ For this study, we excluded liver disease
categories in ECI. In addition, we capped the score at 10, as only
0.18% of all discharges had an ECI beyond this score.

Cirrhosis comorbidity index

The CirCom score was developed for use specifically in
individuals with cirrhosis.” The score includes nine comorbid-
ities at three levels, with each comorbidity assigned a different
weight (Table 1).° A CirCom score of 0 was assigned to those with
no comorbidities identified, a score of x + x if comorbidities were
identified at multiple levels, and 1 + 1 if the patient had two or
more of the lower acuity comorbidities but none of the severe
comorbidities. For example, if a patient had active metastatic
cancer and one or more of the listed lower acuity comorbidities,
they would be assigned 5 + 1. Similarly, if a patient had active
metastatic cancer and did not have more than one of the listed
primary comorbidities, the score was 5 + 0. Patients with no
comorbidities except liver disease were assigned a CirCom score
of 0. The highest CirCom score is 5 + 1.

Hospital frailty risk score

HFRS was developed to identify recently hospitalised elderly
individuals (age >75 years) who are frail and are at high risk for
adverse outcomes (hospitalisation and mortality) within
administrative datasets.'® The score is a sum of weights assigned
to 109 ICD-10 codes when present in the medical record in the
preceding 24 months and continuously ranges from 0 to 99
(Table 1). For this study, we calculated HFRS based on ICD-10
codes limited to the encounter of interest given the limitations
of the NIS. We also grouped the ICD-10 codes into 12
subcategories: delirium/dementia, fall/trauma, neurologic disor-
ders, fluid/electrolyte disorders, infection/wounds, social/other
conditions, cardiorespiratory/haematologic, gastrointestinal/
nutrition/endocrine, joint/bone health/musculoskeletal, genito-
urinary, healthcare associated, and psychiatric/substance abuse
(Table S1). HFRS ranges from 0 to 99 but was capped at 15, as
only 3% of all discharges had an HFRS beyond this score.

Outcomes

The primary outcome was inpatient mortality. For each index, we
described the prevalence of comorbid conditions and the
observed range in inpatient mortality. We then compared the
accuracy of predicting inpatient mortality in separate models
containing CCI, ECI, CirCom, or HFRS.

Statistical analysis

Cohort characteristics were summarised using percentages
(categorial variables) and medians with IQRs (continuous
variables). For observed mortality, Cls were calculated using
Wilson’s method in the R package ‘binom’.?®*° To model inpa-
tient mortality, we opted to use generalised additive models
(GAMs), as logistic regression resulted in a poor fit of predicted
to observed mortality, particularly across the span of HFRS.>® We
found that GAMs provided a far better fit. GAMs were fit using
the gam function in the R package ‘mgcv’ and used a logit link
(as used in logistic regression).>® The baseline model included
sex, ascites, hepatic encephalopathy, variceal haemorrhage
(covariates with odds ratio >1.2 in Table S2), and a smooth
function of age, using thin plate regression splines for the
smoothing function. We then modelled mortality in separate
models, adding each of the indices to the baseline model. For
CClI, ECI, and HFRS, the score was added as a smooth function
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Table 1. Summary of comorbid indices studied.
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Comorbidity indices

Comorbidities measured

Scoring

Charlson comorbidity
index (score range:
0-29)

Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia

Hemiplegia or paraplegia
Renal disease
Moderate-severe liver disease

Metastatic solid tumour

Chronic pulmonary disease
Rheumatic disease

1 point for any code/diagnosis in
each category present

Peptic ulcer disease
Mild liver disease
Diabetes without chronic complication

Diabetes with chronic complication
Malignancy/leukaemia/lymphoma

AIDS

Diabetes without chronic complications

2 points for any code/diagnosis in
each category present

3 points for any code/diagnosis in
each category present

6 points for any code/diagnosis in
each category present

1 point for each code/diagnosis in
each category

Elixhauser index Hypertension
(score range: 0-30) Fluid and electrolyte disorders Weight loss
Coagulopathy Hypothyroidism

CirCom (score
categories: 0,1+0,1 +
1,3+0,3+1,5+0,
and 5+ 1)

Deficiency anaemias
Alcohol abuse

Renal failure

Chronic pulmonary disease
Diabetes with chronic
complications

Congestive heart failure
Obesity

Depression

Pulmonary circulation disease
Lymphoma

AIDS

Active metastatic cancer
Active myocardial infarction
Active non-metastatic or
haematologic cancer

Chronic obstructive pulmonary

Other neurological disorders
Drug abuse

Valvular disease

Peripheral vascular disease

Psychoses

Solid tumour without metastasis

Metastatic cancer

Peptic ulcer disease with bleeding
Rheumatoid arthritis/collagen vascular disease
Chronic blood loss

Paralysis

Inactive metastatic cancer

5 if any condition present
3 if any condition present

Chronic kidney disease

Substance abuse other than alcoholism

disease
Acute myocardial infarction
Peripheral arterial disease
Epilepsy
Hospital frailty risk Renal/fluid/electrolyte disorders
score™ (score range: Psychiatric/substance use disor-
0-99) ders
Cardiopulmonary/haematologic
Gastrointestinal/nutrition/endo-

Genitourinary disorders
Joint/bone/musculoskeletal Disorders
Other neurologic disorders
Fall/trauma

Delirium/dementia

1 if any condition present

Heart failure
Non-metastatic or haematologic cancer

Unique weight applied to each
ICD code

crine Healthcare-associated disorders

Social and other conditions
Infections/wounds

* Categories for the hospital frailty risk score were created for this paper.

using thin plate regression splines. Because of the nature of
CirCom (e.g. 3 + 0 and 3 + 1 are not treated as numerically 3 and
4, respectively, and there are only seven possible values), it was
added as a categorical variable. To build and evaluate these
models, we randomly split the data into two sets, with 50% of
the observations used as a training set (to build the models) and
the remaining 50% as a validation set (to compare the models).
Receiver operating characteristic curves and AUC, as well as
Akaike information criterion and Bayesian information criterion,
were calculated using only the validation set.

Results

Study population

A total of 626,553 discharges with cirrhosis were included for
analysis. Table 2 describes the study population. The median age
was 61 years (IQR 52-68 years), and 60% were men. Race and
ethnicity were reported as White in 65%, 10% Black, 16% Hispanic,
and 9% other. The most common cause of cirrhosis was alcohol

(43%), followed by non-alcoholic steatohepatitis (31%) and
hepatitis C (22%). Complications of cirrhosis were common: 38%
had ascites, 9% had hepatic encephalopathy, 5% had variceal
haemorrhage, and 5% had hepatocellular carcinoma. The overall
observed inpatient mortality rate was 5.8%. Table 3 summarises
each comorbidity index score. The median (IQR) scores were as
follows: ECI 4 (3-6), CCI 5 (4-8), and HFRS 5.6 (3.0-8.6). The
most common category for CirCom was 0 (44%) followed by 1 +
0 (18.5%) and 3 + 1 (16.6%).

Prevalence of comorbid conditions within each comorbidity
index

We examined the prevalence of component categories within
each index (Fig. 1). Within ECI, the three most common cate-
gories were hypertension (58%), fluid and electrolyte disorders
(51%), and coagulopathy (39%). Within CCI, renal disease (26%),
chronic obstructive pulmonary disease (COPD) (25%), and
congestive heart failure (CHF) (22%) were the most common
comorbidities. In CirCom, chronic kidney disease (CKD) (25%),
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Table 2. Study population characteristics.

Population characteristics Total cohort (N = 626,553)

Demographics

Age (years), median (IQR)
Male sex, n (%)
Race/ethnicity*, n (%)

61 (52-68)
373,212 (59.6)

White 405,007(64.6)
Black 63,881 (10.2)
Hispanic 101,497 (16.2)
Other 40,056 (6.4)
Insurance/payer’, n (%)
Medicaid 153,695 (24.5)
Medicare 300,583 (48.0)
Private/HMO 117,621 (18.8)
Other 53,734 (8.6)

Cirrhosis characteristics
Aetiology of cirrhosis, n (%)

Hepatitis C 135,581 (21.6)
Alcohol 270,312 (43.1)
NASH 193,098 (30.8)
Other* 32,297 (5.2)
Cirrhosis complication, n (%)
Ascites 239,536 (38.2)
Hepatic encephalopathy 57,872 (9.2)
Variceal haemorrhage 31,914 (5.1)
Hepatocellular carcinoma 30,842 (4.9)

Hospital outcome
Cost of admission (2019 US$), median (IQR)
Length of stay (days), median (IQR)
Inpatient mortality, n (%)

10,102 (6,036-18,262)
4(2-7)
36,210 (5.8)

* Missing in 16,112 (2.6%); ‘Other’ includes Asian, American Indian, and Alaska
Native.

T Missing in 920 (0.2%); ‘Other’ includes self-pay and no charge.

¥ Other includes unspecified viral hepatitis, cryptogenic hepatitis, Wilson disease,
hereditary haemochromatosis, alpha-1 antitrypsin deficiency, primary biliary
cirrhosis, secondary biliary cirrhosis, autoimmune hepatitis, and primary sclerosing
cholangitis. HMO, health maintenance organisation; NASH, non-alcoholic
steatohepatitis.

CHF (21%), and COPD (20%) were the most common. In HFRS, the
most common were renal, fluid, and electrolyte disorders (67%);
psychiatric and substance use disorders (44%); and cardiopul-
monary and haematologic disorders (41%).

Observed inpatient mortality and comorbidity index scores

Compared with those who survived the hospitalisation, those
who died had higher scores for each of the indices (Table 3). For
each index, we also observed a large range in mortality (Fig. 2).
For ECI, the mortality ranged from 3.2% for ECI 0 (95% CI
2.9-3.6%) to 8.7% for ECI 10 (95% CI 8.7-9.6%). For CCI, mortality
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ranged from 1.9% for CCI 1 (95% CI 1.8-2.1%) to 13.1% for CCI 15
(95% CI 11.8-14.4%). In both ECI and CCI, the increase in mortality
appeared linear. With CirCom, inpatient mortality was relatively
stable near 5% for the first three categories (0,0 + 1,and 1 + 1)
and then increased substantially to 13.8% for CirCom 5 + 1 (95%
CI 13.1-14.5%). For HFRS, we noted the largest range in mortality
with 1.0% for HFRS 0 (95% CI 0.9-1.2%) up to 16.4% for HFRS 14.0
(95% CI 14.7-15.7%). As with ECI and CCI, mortality also increased
as HFRS increased; however, we observed an ‘S’-shaped rela-
tionship with relatively smaller changes in mortality at the two
extremes of HFRS scores (Fig. 2D). Table S2 compares relevant
admissions characteristics of those who survived vs. died during
the hospitalisation. Notably, within these characteristics, liver
disease complications had the highest odds ratio for inpatient
mortality.

Performance of comorbidity index in predicting mortality
Next, we compared the performance of each index in predicting
inpatient mortality using receiver operating characteristic curves
and AUC in the validation dataset (Fig. 3). In unadjusted models,
HFRS showed the strongest performance with AUC of 0.746 (95%
CI 0.743-0.750). In models adjusted for age, sex, ascites, hepatic
encephalopathy, and variceal haemorrhage, HFRS showed the
strong performance with AUC of 0.782 (95% CI 0.778-0.785;
adjusted model) as well as the lowest Akaike information crite-
rion and Bayesian information criterion (Fig. 3 and Table S3). ECI,
CCI, and CirCom had lower AUCs with CirCom having the lowest
AUC (marginally) of 0.692 (95% CI 0.688-0.696).

Distribution of HFRS across other comorbidity index scores

Because HFRS had a superior performance in predicting inpatient
mortality and incorporates more conditions than the other
scores, we evaluated the distribution of HFRS across the spec-
trum of the other indices. In addition, we assessed the rela-
tionship between observed mortality and different combinations
of HFRS and ECI, CCI, or CirCom scores using heat maps (Fig. 4).
We noted greater variation in observed mortality (represented
by the range of colours) across the y-axis (representing the range
of HFRSs) than across the x-axis (representing the range of ECI,
CCI, or CirCom scores). For example, at the y-axis value of 5.6
(median HFRS in the cohort), mortality across ECI scores (x-axis)
ranged from 8.3 to 16.0% (from green to blue range of colours). In
comparison, at the x-axis value of 4 (median ECI in the cohort),
mortality across HFRSs (y-axis) ranged from 0.6 to 16.4% (from

Table 3. Summary of comorbidity index scores in study population by outcome of the hospitalisation.

Comorbidity indices Total cohort

Alive (n = 590,343) Died (n = 36,210)

(N = 626,553)
Elixhauser index, median (IQR) 4 (3-6) 4 (3-6) 5 (3-6)
Charlson comorbidity index, median (IQR) 5 (4-8) 5 (4-8) 6 (4-9)
Hospital frailty risk score, median (IQR) 5.6 (3.0-8.6) 5.4 (3.0-8.3) 9.3 (6.9-11.9)
CirCom category, n (%)
0 275,890 (44.0) 262,496 (44.5) 13,394 (37.0)
1+0 115,585 (18.5) 109,847 (18.6) 5,738 (15.8)
1+1 37,532 (6.0) 35,725 (6.1) 1,807 (5.0)
3+0 82,114 (13.1) 76,402 (12.9) 5,712 (15.8)
3+1 103,680 (16.6) 95,678 (16.2) 8,002 (22.1)
5+0 2,962 (0.5) 2,615 (0.4) 347 (1.0)
5+1 8,790 (1.4) 7,580 (1.3) 1,210 (3.3)

CirCom, cirrhosis-specific comorbidity scoring system.
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Health-associated disorders
Delirium/dementia 8.2%
Fall/trauma 8.4%

Other neurologic disorders

Joint/bone/musculoskeletal disorders

11.4%

Genitourinary disorders
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Social and other conditions
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Cardiopulmonary/hematologic
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Renal/fluid/electrolyte disorders

35.7%
36.4%
40.8%
43.8%
66.9%
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Fig. 1. Distribution of the prevalence of comorbid conditions. Distribution of the prevalence of comorbid conditions.as measured by (A) Elixhauser index, (B)
Charlson comorbidity index, (C) CirCom, and (D) hospital frailty risk score. CirCom, cirrhosis-specific comorbidity scoring system.
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red to blue range of colours). A similar pattern for the range in
mortality was observed for CCI and CirCom.

Discussion

Over the last decade, our understanding of the impact of
comorbidities on liver disease outcomes has matured. As the
cirrhosis population ages and becomes enriched with individuals
with metabolic syndrome and its accompanying conditions, risk
adjustment in liver disease needs to be reassessed. In the present
study, we describe the comorbidity burden in cirrhosis-related
admissions as measured by several commonly used risk adjust

ment models (CCI, ECI, and CirCom) as well as HFRS, a newer
model developed to identify comorbid conditions linked to
adverse outcomes in administrative data. Using any of the
models, comorbidity burden in individuals with cirrhosis is high
and is associated with increased mortality. Importantly, in this
sample of over 600,000 cirrhosis-related hospitalisations, HFRS
is a significantly better predictor of mortality compared with CCI,
ECI, and CirCom.

In comparing indices, it is critical to understand differences in
the comorbidities being measured. In a general medical popula-
tion, ischaemic heart disease, cancer, and COPD are likely to have
the greatest impact on mortality;cirrhosis, mortality may be
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Fig. 3. Receive operator curves depicting the performance of comorbidity
indices in predicting inpatient mortality in the validation dataset using a
model adjusted for age, sex, ascites, hepatic encephalopathy, and variceal
haemorrhage. CirCom, cirrhosis-specific comorbidity scoring system.

influenced more by kidney disease, infections, falls, delirium, and
social determinants of health.?>3'3” Compared with the other
indices, HFRS is unique in its inclusion of social conditions, in-
fections, falls/trauma, and dementia/delirium. Furthermore,
although kidney disease and/or fluid and electrolyte disorders are
present in all four indices, we note striking differences in their
prevalence’s across the indices. Using HERS or ECI, over half the
study population had codes for this group of comorbid conditions,
although this rate was only about 25% for CCI and CirCom. This
difference may be explained by CCI's and CirCom’s lack of codes for
acute kidney injury that are present in HFRS, and the capture of
more acute forms of kidney injury may, in part, be responsible for
the superior performance of HFRS. Finally, the use of more
extensive codes by HFRS (and to a lesser degree by ECI) to identify
psychiatric disorders is impactful owing to the high prevalence of
these conditions in the population with cirrhosis. Psychiatric
conditions contribute to behaviours that cause or worsen under-
lying chronic liver disease, and alcohol and substance use disor-
ders are becoming more common in this population.”* Substance
use and psychiatric conditions are also in the other indices, but
with lower prevalence, and the greater sensitivity of HFRS in
identifying these comorbidities may also help explain its perfor-
mance as a mortality predictor.

egardless of how comorbid conditions are measured, our study
confirms that these indices are important predictors of mortality.
Specifically, we show that observed mortality increased with in-
creases in each of the indices and inform our understanding of the
drivers of poor outcomes associated with decompensated
cirrhosis. Here, we noted that the broadest range of mortality was
observed when using HFRS, which had the lowest floor and
highest ceiling. To explore this finding, we assessed the range of
HFRSs and mortality within the range of the other indices. Within
ECI, CCI, and CirCom levels, we noted significant variations in
mortality that could be identified by HFRS.
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In contrast, at each HFRS of the study cohort, there was a sig-
nificant range in mortality within ECI groups. In fact, even those
with an ECI or CCI of 0 or a CirCom score of 0 + 0 have additional
conditions identified by HFRS that are associated with mortality.
Although our study is the first to show the superior performance of
HFRS compared with ECI, CCl and CirCom, it is not the first study to
examine the performance of HFRS in a liver disease population. A
prior study also demonstrated the superiority of HFRS over the
clinical frailty index, another administrative frailty index using 52
ICD codes and 25 procedures codes.'® Finally, it is important to
note that adding ascites and the other complications of portal
hypertension to the prediction model did improve the perfor-
mance of each comorbidity index, the AUCs were highest for those
with both the cirrhosis complications and comorbidity index,
indicating that these comorbidities capture additional aspects of
cirrhosis-related care that are relevant to outcomes yet not flagged
by diagnosis codes used for traditional cirrhosis complications.

The impact of our results should be interpreted with several
limitations in mind. First, owing to the nature of the dataset, we
are able to test the models only on inpatient mortality. Model
performance in prediction of mortality 30 or 90 days from hos-
pitalisation is likely different and will need to be assessed in
future studies. Second, the original HFRS was developed using 2
years of administrative data leading up the hospital encounter.

Research article

For this study, we were limited to the codes available for the
individual encounter. It is possible that HFRS performance will be
different when used in datasets with longitudinal collection of
diagnosis codes. We hypothesise that availability of more diag-
nosis codes over time would only improve model performance.
Furthermore, it is important to note that even without contin-
uous data over 2 years, HFRS proved to be an important predictor
of inpatient mortality, and this modified version of HFRS may be
a useful tool for measuring and cataloguing co-existing condi-
tions.'® Similarly, performance of risk adjustment models in
administrative datasets might be different than those in elec-
tronic health record-based datasets. Although these assumptions
need to be tested in future studies, we anticipate that these
limitations would not change our overall conclusions.

In conclusion, this study is an important step forward in our
understanding of how best to risk adjust when examining
mortality in individuals with cirrhosis. Risk assessment tools
such as CCI, ECI, and CirCom remain valuable in predicting out-
comes in the current era, but compared with these tools, HFRS
may offer several advantages when applied to administrative
datasets. Future work validating these findings in other datasets
may also provide insights into which comorbid conditions could
be targeted in efforts to improve outcomes in individuals with
cirrhosis.
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