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Objective: The Hospital Frailty Risk Score (HFRS) can be applied
to medico-administrative datasets to determine the risks of 30-day
mortality and long length of stay (LOS) in hospitalized older pa-
tients. The objective of this study was to compare the HFRS with
Charlson and Elixhauser comorbidity indices, used separately or
combined.

Design: A retrospective analysis of the French medical information
database. The HFRS, Charlson index, and Elixhauser index were
calculated for each patient based on the index stay and hospital-
izations over the preceding 2 years. Different constructions of the
HFRS were considered based on overlapping diagnostic codes with
either Charlson or Elixhauser indices. We used mixed logistic re-
gression models to investigate the association between outcomes,
different constructions of HFRS, and associations with comorbidity
indices.

Setting: 743 hospitals in France.

Participants: All patients aged 75 years or older hospitalized as an
emergency in 2017 (n= 1,042,234). Main outcome measures:
30-day inpatient mortality and LOS > 10 days.

Results: The HFRS, Charlson, and Elixhauser indices were comparably
associated with an increased risk of 30-day inpatient mortality and long
LOS. The combined model with the highest c-statistic was obtained
when associating the HFRS with standard adjustment and Charlson for
30-day inpatient mortality (adjusted c-statistics: HFRS= 0.654; HFRS +
Charlson = 0.676) and with Elixhauser for long LOS (adjusted c-sta-
tistics: HFRS= 0.672; HFRS + Elixhauser =0.698).

Conclusions: Combining comorbidity indices and HFRS may im-
prove discrimination for predicting long LOS in hospitalized older
people, but adds little to Charlson’s 30-day inpatient mortality risk.
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W ith an aging population, ever more older patients with
complex multimorbidity and frailty present to acute

care hospitals,1–4 which imposes a shift toward a more ho-
listic approach to hospital care away from the ultraspecialized
model focused on single conditions.5 The complex interplay
between different conditions is a problem that is often ex-
acerbated in the aging population. Both multimorbidity and
frailty increase with age, and it can sometimes be difficult to
distinguish these two concepts.6,7

Multimorbidity, as defined by at least 2 chronic dis-
eases, affects around 70% of patients aged 75 years and over,
while <10% of people in this age group have no disorder
reported.1 The term “comorbidity,” sometimes used inter-
changeably, can be distinguished as the co-occurrence of one
or more conditions with reference to an index condition of
interest.8 Multimorbidity becomes prevalent from the fifth
decade of life and continues to increase with age, while frailty
becomes more prevalent in later life.7 In the older population,
the multimorbidity model for risk prediction is increasingly
being supplanted by models based on the more integrative
concept of frailty, which may better capture the needs of older
individuals.9–11

Frailty can be defined as a state of increased vulner-
ability of older patients toward adverse outcomes when ex-
posed to a stressor event.12 Because of variable operational
approaches, its prevalence is more difficult to estimate, but
frailty likely affects more than 30% of people in this age
group.3,13
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The current development of electronic health records
and technological advances in storing and processing big data
represents a major opportunity to better inform on the com-
plexity of older patients’ care.14,15

Several methods have been suggested to operationalize
frailty from electronic health records,15 either by highlighting
geriatric syndromes,16 creating frailty indices,17–20 or clus-
tering patterns of hospital care resource use. The Hospital
Frailty Risk Score (HFRS)21 has been validated in several
countries to predict mortality and prolonged length of stay
(LOS) of older hospitalized patients.22–25 On French medico-
administrative data, the HFRS discriminates fairly inpatient
mortality and prolonged LOS (c-statistics of adjusted models
of 0.676 and 0.684, respectively) with excellent model
calibration.25

The HFRS may be used for risk stratification and service
planning, or as a marker of frailty in epidemiological studies.
However, as this score is constructed exclusively on diagnostic
codes from the ICD-10 nomenclature, this raises the question
of a possible interaction or overlap with the more general
concept of multimorbidity.7,26 Hence, it is important when
using administrative data to disentangle HFRS from the rec-
ognized Charlson and Elixhauser multimorbidity indices.27–29

The aim of this study was to establish whether the
HFRS is able to discriminate patients with the risks of poor
outcomes among hospitalized older patients over and above
the Charlson27 and Elixhauser29 multimorbidity indices. Also,
in the same way that combining comorbidity indices might
improve the accuracy of risk stratification,30,31 we sought to
explore possible combinations and overlaps of the HFRS with
these multimorbidity indices.

METHODS

Study Design and Participants
This study was conducted using the same cohort as the

previously published validation study of the HFRS in met-
ropolitan France.25 We conducted a retrospective analysis of
anonymized secondary care data from the French nationwide
Medical Information System [Programme de Médicalisation
des Systèmes d’Information (PMSI), source: ATIH] database,
which contains routinely collected data from electronic
health records of all public and private hospitals in France
(Trial Registration: reference ID on clinicaltrials.gov: ID:
NCT03905629). We included all patients aged 75 years and
older (on the day of the index admission) hospitalized as an
emergency over a period of 1 year between January 1 and
December 31, 2017. In case of multiple admissions of the
same patient, the patients were only included once, consid-
ering the first (index) admission.

Data Collection
The outcomes were in-hospital mortality within 30 days

from the beginning of the index admission and long LOS
(> 10 days). In-hospital mortality was collected even if it
occurred during a readmission. Long LOS was defined as
> 10 days, in line with the initial validation study of the
HFRS score in the United Kingdom.21

Patient covariates included age, sex, and admission
history (ie, the number of hospital bed-days during the past
2 years from the index admission as a continuous variable
and, for descriptive purposes only, the number of previous
admissions in this period). Patients’ socioeconomic status
(median household income in the city of residence, con-
tinuous) and medical accessibility (mean number of family
medicine consultation/year/inhabitant in the city of residence,
continuous) were associated with patients’ city of residence
postcode and provided by the National Institute of Statistics
and Economic Studies. Territorial factors considered included
primary care access evaluated by accessibility to general
practitioners, and region of residence of patients. The hospital
status (university hospital, regional, or local hospital, private
for-profit hospital) was retrieved for each index hospital-
ization.

HFRS and Comorbidity Indices
The HFRS was calculated for each patient, based on the

ICD-10 diagnoses documented in their index emergency ad-
mission and hospital records, and retrieved from anonymized
discharge summaries, going back 2 years in compliance with
the original validation study.21 Patients were allocated to 1 of
3 categories based on their HFRS score (low risk <5, inter-
mediate risk 5–15, high risk > 15).

Charlson and Elixhauser comorbidity indices were
calculated for each patient according to the standard pub-
lished methodologies.32,33 These 2 indices have acceptable
validity in French databases.34 To ensure comparability with
HFRS, both indices drew on diagnostic information from the
index admission and any admission in the preceding 2 years.
To allow comparison with the 3 categories of HFRS, both
indices were categorized in 4 categories with Charlson groups
0, 1, 2, or ≥ 3 (as in Gilbert et al21) and the Elixhauser groups
0–1, 2–3, 4–5 or ≥ 6 (thresholds determined according to the
quartiles).

We considered diagnostic information from the patient’s
index admission and those occurring in the previous 2 years to
build “standard” HFRS, Elixhauser, and Charlson comorbidity
indices. The details of ICD-10 codes used to construct HFRS
and each comorbidity index are presented in Appendix 1,
Supplemental Digital Content 1, http://links.lww.com/MLR/
C774.

Statistical Analysis
Patient characteristics used as adjustment factors were

described using means and standard deviations for continuous
variables, and number and percentages for categorical varia-
bles. Correlations between HFRS and either Elixhauser or
Charlson comorbidity indices were assessed with Spearman’s
rank correlation coefficient. Correlation was considered weak
above 0.10, moderate above 0.40, and strong above 0.70.35

We estimated the association of the HFRS categories
with outcomes using mixed logistic regression models with
random effects to capture hospital variation.25 Models were
systematically estimated with a basic adjustment on patient
case-mix (ie, age, sex, socioeconomic data, and admission
history), and on either Charlson or Elixhauser indices.
Associations between (i) HFRS categories, (ii) Charlson’s
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index categories, and (iii) Elixhauser categories, and each
outcome was evaluated with odds ratios, accompanied by
95% CIs. Model discrimination was assessed through ob-
tained c-statistics. A full specification of each model is
available in Appendix 2, Supplemental Digital Content 1,
http://links.lww.com/MLR/C774. We also excluded in-
formation from the index admission to build “historic” scores
to assess its impact on model discrimination.

While some diagnosis codes are unique to each score
(eg, W06 “fall involving bed” is specific to HFRS), others are
common across measures (eg, K26 “duodenal ulcer” is used
in all 3) (Appendix 1, Supplemental Digital Content 1, http://
links.lww.com/MLR/C774). Hence, there might be a corre-
lation between HFRS and comorbidity proxies. To deal with
this concern, we defined different partitions of HFRS ac-
cording to the overlapping of its ICD-10 diagnostic codes
with Charlson and Elixhauser comorbidities. By excluding
either Charlson or Elixhauser comorbidities from the HFRS,
we created 2 subscores of HFRS (HFRSminC and
HFRSminE), respectively, aimed to be associated with
Charlson or Elixhauser comorbidity indices, to find the best
combination for risk stratification. Model interactions be-
tween frailty and comorbidity indices were also tested. Fi-
nally, we performed a sensitivity analysis using each score or
index as continuous variables using splines and functional
forms to model their association with outcomes.

Data manipulation and analyses were performed using
SAS software (version 9.4; SAS Institute Inc.).

RESULTS
The cohort of 1,042,234 patients aged 75 years and

older hospitalized as an emergency in 743 hospitals in France
has been described previously.25 Summary statistics for the
outcomes, adjustment factors, and the 3 comorbidity or frailty
indices are presented in Table 1. High-risk patients according
to the HFRS had overall increased Charlson and Elixhauser
indices and were more likely to die or to have a long LOS
(> 10 days).

HFRS had 13.8% (15/109) ICD-10 codes in common
with the Charlson index and 15.6% (17/109) codes in com-
mon with the Elixhauser index (Appendix 1, Supplemental
Digital Content 1, http://links.lww.com/MLR/C774). We
observed a weak to moderate correlation between HFRS and
both Charlson and Elixhauser (Spearman R = 0.39–0.42),
and a moderate correlation between Charlson and Elixhauser
(Spearman= 0.67).

The HFRS, Charlson, and Elixhauser indices were all
associated with an increased risk of 30-day inpatient mortality
and long LOS (Fig. 1). Table 2 presents their relationship
with outcomes, either separately or combined. As illustrated
in Figure 2, the best discrimination for predicting 30-day
inpatient mortality was obtained by associating HFRS +
adjustment + Charlson (Fig. 2, c-stat= 0.675), while HFRS +
adjustment + Elixhauser performed the best for predicting
long LOS (c-stat= 0.696). Although this last model came
close, none of the c-statistics exceeded the limit of 0.70,
which means that these models all had fair discrimination.

Using only data before the index admission sig-
nificantly reduced the discriminative abilities of the HFRS for
both outcomes, especially prolonged LOS (Fig. 2).
Combining subscores of HFRS and comorbidity indices
affected discrimination for both outcomes (Table 3), with
increases in the c-statistics in comparison to HFRS +
Charlson adjusted models (0.677 vs. 0.676 for mortality
and 0.692 vs. 0.684 for extended LOS), and decreases in the
c-statistics in comparison to HFRS + Elixhauser adjusted
models (0.657 vs. 0.660 and 0.696 vs. 0.698, respectively).
The consideration of interactions did not affect model
discrimination (Appendix 3, Supplemental Digital Content
1, http://links.lww.com/MLR/C774). When considering
scores and indices as continuous variables, the benefits in
terms of discrimination were limited (Appendix 4, Supple-
mental Digital Content 1, http://links.lww.com/MLR/C774).

DISCUSSION
For older patients admitted to acute care, we found that

the HFRS adds discriminative ability to the Charlson and
Elixhauser comorbidity indices, especially for predicting long
LOS. The combined model with the highest c-statistic was
obtained when associating the HFRS with standard adjust-
ment and Charlson for 30-day inpatient mortality and with
Elixhauser for long LOS. Yet, both c-stat remained just below
0.70, indicating only fair discrimination. HFRS was more
effective than the 2 comorbidity indices for discriminating
long LOS, which may be expected in view of its development
and validation process.21 However, while the addition of
HFRS to Elixhauser seems relevant for discriminating the risk
of long LOS, the gain obtained from combining HFRS with
the Charlson score was low for 30-day mortality, suggesting

TABLE 1. Characteristics of Patients
Characteristic N= 1,042,234

Male, N (%) 417,487 (40.1)
Age, mean (SD) 84.9 (5.8)
City of residence median income (K€), mean (SD) 20.6 (3.4)
Number of past hospital bed-days, mean (SD) 10.7 (18.2)
Number of past admissions (including ambulatory) in the
2 preceding years, mean (SD)

1.6 (2.2)

Length of index stay (nights), mean (SD) 8.6 (9.1)
Institution type, N (%)
University hospital 202,632 (19.4)
Public 742,462 (71.2)
Private for profit 97,140 (9.3)

Medical accessibility, mean (SD) 4.1 (1.1)
Hospital Frailty Risk Score (HFRS), N (%)

< 5 472,816 (45.4)
5–15 386,894 (37.1)
> 15 182,524 (17.5)

Charlson Comorbidity Index (CCI), N (%)
0 318,482 (30.6)
1 304,393 (29.2)
2 209,676 (20.1)
≥ 3 209,683 (20.1)

Elixhauser Comorbidity Index (ECI), N (%)
0–1 303,553 (29.1)
2–3 330,596 (31.7)
4–5 224,443 (21.5)
≥ 6 183,642 (17.6)
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that an adjusted Charlson model may be sufficient for this
outcome.

Many approaches to measuring multimorbidity exist,
consisting either in simply counting the number of co-occur-
ring diseases, taking into consideration the burden on the pa-
tient’s health or functional status of each condition, or creating
risk prediction models.8 The Charlson index and Elixhauser
index are both examples of the latter approach. Most ap-
proaches usually focus on the most prevalent diseases or those
with the most impact on outcomes.7,8 The claims-version of
Charlson’s index using health records data from 6 countries
(including France) has shown excellent predictive ability for
30-day mortality, reaching c-statistics up to 0.89.32 This dis-
crimination contrasts with that found in our study, with a
c-statistic at best of 0.68. Quan et al32 used data from the year
2004 with a look-back period of 1 year, but the main difference
with our study was that<30% of patients were aged 65 years or
older in their cohort. Similarly, in another larger study, Bannay
et al36 adapted the index on over 6 million French patients aged
18 years or older discharged from hospital and reached a
c-statistic of 0.91 for predicting 1-year mortality. As our study
focused on a population of older adults aged 75 years and over,
this may have restricted the heterogeneity of the population and
impacted discrimination.

A review of multimorbidity tools has confirmed that
Charlson’s comorbidity index is effective in predicting mor-
tality (c-statistics ranging from 0.59 to 0.88 across studies).8

However, this index was initially designed to predict 10-year

mortality,27 and is more effective in predicting longer-term
mortality than inpatient mortality.37 Similar observations can
be made for Elixhauser index.38

In 2018, using 2 separate cohorts of over 300,000 in-
dividuals each in the years 2005 and 2011, Simard et al31

obtained improved discrimination for predicting 30-day
mortality by combining Elixhauser and Charlson indices (c-
stat around 0.85), as compared with either independent
measure. More recently, Pritchard and colleagues also ob-
tained better model fit by including primary and secondary
diagnoses over a look-back period of 1 year, and combining
both measures, in spite of a certain overlap between these
indices.

Nevertheless, it appears that all the previously cited
models based on multimorbidity alone may not be sufficient
to grasp the complexity of older patients. In a prospective
study of older patients admitted to acute care, none of these
indices (including Charlson’s index) were superior to ele-
ments of comprehensive geriatric assessment, such as cog-
nition of functional independence, in predicting 5-year
mortality.9 Although these multimorbidity indices are both
associated with elements of comprehensive geriatric assess-
ment such as frailty, dementia, polypharmacy, or malnu-
trition, key elements such as sensory deficits, functional
independence or mobility problems, and nutritional defi-
ciency may not be sufficiently captured.39

Previous reviews have shown that proxy scores based
on electronic health records perform similarly to many vali-

A

B

FIGURE 1. Share of each outcome per HFRS (<5, 5–15, >15), Charlson (0, 1, 2, ≥3), and Elixhauser (0–1, 2–3, 4–5, ≥6)
category. (A) Mortality. (B) Length of stay >30. HFRS indicates Hospital Frailty Risk Score.
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dated clinical tools.10,16 Although there is a strong case for
preferring the frailty and multidomain assessment framework
for risk stratification of older patients in acute care over
multimorbidity,40,41 these 2 approaches are possibly com-
plementary.

Since its development and validation in 2018, the
HFRS has been widely used and reliably validated in several
countries.22,24,25,42 Few studies have compared the discrim-
inative abilities of HFRS with multimorbidity indices. In a
Canadian study of patients with heart failure, only moderate
agreement was found between Charlson’s index and HFRS,
although both were predictive of outcomes.31 In another
English study conducted on the national joint registry, Pen-
fold et al43 found that comorbidity indices or HFRS added
little improvement beyond age, gender, and the ASA grade
(American Society of Anesthesiologists) in predicting 90-day
mortality or longer term in patients undergoing elective hip or
knee replacement. Yet, Charlson’s and Elixhauser indices (c-
stat ranging from 0.78 to 0.81) slightly outperformed the
HFRS (c-stat= 0.76–0.78).43 This contrasts with a German
retrospective study of 8250 patients who had undergone a
total hip replacement, in which the HFRS (c-stat= 0.719)
performed significantly better than Elixhauser (c-stat= 0.578)
or Charlson (c-stat= 0.555) in predicting surgical complica-

tions, with similar results obtained for medical or other
complications.44

In a recent cohort study conducted on health data of
107,188 patients admitted to intensive care units with a di-
agnosis of pneumonia, the HFRS and Charlson’s index per-
formed similarly for predicting inpatient deaths (both
c-stat= 0.711) and were slightly better than the electronic
frailty index,17 c-stat= 0.677.45 However, Charlson’s index
performed slightly better than the HFRS for predicting lon-
ger-term mortality (1-year mortality c-stat= 0.742 for Charl-
son; 0.728 for HFRS).45 These results compare to previous
studies and suggest that Charlson’s index might be better at
predicting longer-term outcomes.37

Another promising approach consists of creating elec-
tronic frailty indices using electronic health records.17 Building
on a previous American study,46 Mak et al19 have recently
developed an electronic index aimed at hospitalized patients in
Sweden, which displayed good discrimination for 30-day in-
patient mortality (c-stat: 0.813; 95% CI: 0.769–0.857), and was
also effective for predicting long LOS.

This study has several strengths. It was conducted on a
large-scale and representative sample of all patients aged
75 years and over hospitalized is an emergency in all French
hospitals over a whole year (2017). We performed a thorough
exploratory study of the possible construction of all indices

TABLE 2. Relationship Between HFRS Frailty Score, Charlson, and Elixhauser Comorbidity Scores and Outcomes (n=1,042,234)
Basic adjustment +

HFRS
Basic adjustment +

Charlson
Basic adjustment +

Elixhauser
Basic adjustment +
HFRS + Charlson

Basic adjustment + HFRS
+ Elixhauser

30-d inpatient mortality
HFRS

Low 1.00 — — 1.00 1.00
Intermediate 1.60 (1.57–1.62) — — 1.35 (1.32–1.37) 1.45 (1.42–1.48)
High 1.82 (1.78–1.86) — — 1.39 (1.36–1.42) 1.60 (1.56–1.63)

Charlson
0 — 1.00 — 1.00 —

1 — 1.82 (1.77–1.86) — 1.71 (1.67–1.75) —

2 — 2.56 (2.50–2.62) — 2.33 (2.27–2.39) —

3+ — 3.09 (3.02–3.17) — 2.75 (2.68–2.82) —

Elixhauser
0–1 — — 1.00 — 1.00
2–3 — — 1.31 (1.28–1.34) — 1.19 (1.17–1.22)
4–5 — — 1.68 (1.64–1.72) — 1.46 (1.43–1.50)
6+ — — 2.06 (2.00–2.11) — 1.73 (1.68–1.77)

Length of stay > 10 d
HFRS

Low 1.00 — — 1.00 1.00
Intermediate 2.66 (2.63–2.68) — — 2.34 (2.32–2.37) 2.19 (2.17–2.22)
High 4.05 (3.99–4.10) — — 3.27 (2.22–3.31) 3.12 (3.07–3.16)

Charlson
0 — 1.00 — 1.00 —

1 — 1.69 (1.67–1.71) — 1.43 (1.41–1.44) —

2 — 2.36 (2.33–2.39) — 1.82 (1.79–1.84) —

3+ — 3.02 (2.97–3.06) — 2.15 (2.12–2.18) —

Elixhauser
0–1 — — 1.00 — 1.00
2–3 — — 2.15 (2.13–2.18) — 1.82 (1.80–1.84)
4–5 — — 3.36 (3.32–3.41) — 2.57 (2.53–2.60)
6+ — — 5.02 (4.94–5.10) — 3.59 (3.53–3.64)

Models were fitted with random effects to capture hospital variation and adjusted for age, gender, hospital bed-days, medical accessibility, city of residence median income (basic
adjustment), and frailty/comorbidity scores. Results displayed are odds ratios with their 95% CIs.

HFRS indicates Hospital Frailty Risk Score.
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and combinations. The HFRS was built according to the
advised methodology,21,47 and both comorbidity indices were
constructed using comparable look-back periods, which are
known to potentially affect results.47,48

This study has limitations. First, the use of health re-
cords data for creating risk scores is strongly dependent on
the quality of coding, which inevitably impacts the accuracy
of the measures. Second, as only inpatient mortality data was
available to us, due to issues regarding authorization to access
national mortality registries, the validity and generalizability
of our results might be imperfect. According to French na-
tional statistics, in the year 2016, among the 594,000 people

who died in France, 59% died in a health care establishment,
26% at home, 14% in a retirement home, and 1% on the
public highway.49 Similarly, the choice of a 10-day threshold
for long LOS might be questioned. As the LOS is also a
reflection of possibly divergent practices from one country to
another, this may require an adjustment of this threshold for a
given country, for more relevant interpretations.

The use of hospital administrative data to construct
predictive scores is currently expanding due to its potential
for automation and informing broadly about the needs of a
population, at the hospital or territorial level.14,46 This is
particularly useful for health commissioners to rationalize

FIGURE 2. Model discrimination (c-statistic) for several models. Models were fitted with random effects to capture hospital
variation. The basic adjustment model considered only the age, gender, hospital bed-days, medical accessibility, and city of
residence median income. Then, frailty (HFRS) and comorbidity (Charlson or Elixhauser) scores were progressively added. Results
displayed are c-statistics with their 95% CIs. HFRS indicates Hospital Frailty Risk Score.

TABLE 3. C-statistics Per Outcome Using HFRS Subscores in Combination with Charlson or Elixhauser, and Either Unadjusted or
Adjusted Models

30-d inpatient mortality Length of stay > 10 d

Model Unadjusted Adjusted Unadjusted Adjusted

Basic adjustment — 0.642 (0.640–0.644) — 0.602 (0.601–0.604)
Basic adjustment + HFRS 0.617 (0.615–0.619) 0.654 (0.652–0.656) 0.669 (0.668–0.670) 0.672 (0.671–0.673)
Basic adjustment + Charlson 0.639 (0.637–0.641) 0.673 (0.671–0.675) 0.639 (0.638–0.641) 0.645 (0.644–0.646)
Basic adjustment + Elixhauser 0.610 (0.608–0.612) 0.654 (0.652–0.656) 0.661 (0.660–0.662) 0.668 (0.667–0.670)
Basic adjustment + HFRS + Charlson 0.649 (0.647–0.651) 0.676 (0.674–0.678) 0.679 (0.677–0.680) 0.684 (0.683–0.685)
Basic adjustment + HFRS + Elixhauser 0.628 (0.626–0.630) 0.660 (0.658–0.662) 0.689 (0.688–0.690) 0.698 (0.697–0.699)
Basic adjustment + HFRS_minC 0.612 (0.610–0.614) 0.651 (0.649–0.653) 0.669 (0.668–0.670) 0.672 (0.671–0.673)
Basic adjustment + HFRS_minE 0.602 (0.600–0.604) 0.647 (0.645–0.649) 0.658 (0.657–0.659) 0.660 (0.659–0.661)
Basic adjustment + HFRS_minC + Charlson 0.650 (0.649–0.652) 0.677 (0.676–0.679) 0.684 (0.683–0.685) 0.692 (0.691–0.693)
Basic adjustment + HFRS_minE + Elixhauser 0.621 (0.619–0.623) 0.657 (0.655–0.659) 0.686 (0.685–0.687) 0.696 (0.695–0.697)

Models were fitted with random effects to capture hospital variation.
Basic adjustment included the age, gender, hospital bed-days, medical accessibility, and the city of residence median income. Then, frailty (HFRS) and comorbidity (Charlson or

Elixhauser) scores were progressively added. Finally, we also tried to use subscores of HFRS, and using the same 3 categories (< 5, 5–15, > 15): we constructed HFRS_minC (HFRS
minus Charlson) by excluding F00, F01, F03, F05, G30, G31, G45, G81, I63, I67, I69, K26, N18, N19, and Z99, and HFRS_minE (HFRS minus Elixhauser) by excluding E86, E87,
F10, F32, G20, G31, G40, G81, K26, N18, N19, R00, R47, R56, R63, Z50, and Z99. Index stay data were systematically considered in the score constructions.

Results displayed are c-statistics with their 95% CIs. Models with the highest C-statistics are highlighted in bold.
HFRS indicates Hospital Frailty Risk Score.
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resources but can also contribute at the individual level to
improve shared medical decisions.14 Another key application
of comorbidity indices is their use in epidemiological research
to better characterize populations. Depending on the outcome
of interest, our study shows that it may be useful to combine
the HFRS with either Charlson or Elixhauser index, to im-
prove the accuracy of the risk stratification in older patients.

The predictive power of these indices remains imperfect,
but so are clinical risk stratification tools. In a previous
meta-analysis on risk stratification instruments of older adults
admitted to acute settings, Carpenter et al10 found that none of
the individual predictors of vulnerability or published instru-
ments demonstrated sufficient prognostic accuracy to dis-
tinguish high-risk or low-risk subsets of patients. This task is
made very complex by the multiplicity of risk factors for poor
outcomes. Prognosis depends not only on multimorbidity
and the degree of frailty, but also on the level of functional
dependence, the acuity of the presenting condition, and soci-
oeconomic factors.10 In this context, the multidimensional
frailty model therefore appears valid, and experts in geriatric
emergency medicine advise the use of a frailty measure to
stratify patients on arrival in the emergency department, with
the aim of optimizing care and offering an individualized
multidimensional approach to those most likely to benefit.5 In
this respect, alternative outcomes to mortality, more relevant
to older people, such as time living at home or functional
independence should be explored in future studies.50,51
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