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AbstrACt
Objectives Recently, the Hospital Frailty Risk Score 
based on a derivation and validation study in the UK has 
been proposed as a low-cost, systematic screening tool 
to identify older, frail patients who are at a greater risk 
of adverse outcomes and for whom a frailty-attuned 
approach might be useful. We aimed to validate this Score 
in an independent cohort in Switzerland.
Design Secondary analysis of a prospective, observational 
study (TRIAGE study).
setting One 600-bed tertiary care hospital in Aarau, 
Switzerland.
Participants Consecutive medical inpatients aged ≥75 
years that presented to the emergency department or were 
electively admitted between October 2015 and April 2018.
Primary and secondary outcome measures The 
primary endpoint was all-cause 30-day mortality. 
Secondary endpoints were length of hospital stay, hospital 
readmission, functional impairment and quality of life 
measures. We used multivariate regression analyses.
results Of 4957 included patients, 3150 (63.5%) were 
classified as low risk, 1663 (33.5%) intermediate risk, and 
144 (2.9%) high risk for frailty. Compared with the low-risk 
group, patients in the moderate risk and high-risk groups 
had increased risk for 30-day mortality (OR (OR) 2.53, 
95% CI 2.09 to 3.06, p<0.001 and OR 4.40, 95% CI 2.94 to 
6.57, p<0.001) with overall moderate discrimination (area 
under the ROC curve 0.66). The results remained robust 
after adjustment for important confounders. Similarly, 
we found longer length of hospital stay, more severe 
functional impairment and a lower quality of life in higher 
risk group patients.
Conclusion Our data confirm the prognostic value of the 
Hospital Frailty Risk Score to identify older, frail people at 
risk for mortality and adverse outcomes in an independent 
patient population.
trial registration number NCT01768494; Post-results.

IntrODuCtIOn 
With the increase in the ageing, multimor-
bidity patient population, the proportion of 
frail patients is expected to further raise.1 
Frailty describes a state of increased risk 

for decline in health after an exposure to a 
stressor event (eg, hospitalisation for an acute 
illness) increasing the risk for adverse events 
such as falls, delirium, disability and death.2–4 
Importantly, identifying patients at risk for 
frailty early during the course of hospitalisa-
tion may help to improve treatment strategies 
including a comprehensive geriatric assess-
ment to improve the care and outcomes of 
patients.5 

Several tools to identify frailty have been 
developed in the last 20 years.6 Yet none has 
emerged as a gold standard. Current instru-
ments show only a moderate power to identify 
frailty,7 and some tools require time-con-
suming manual assessment.8 9 Moreover, in 
most hospitals, there is no routine assessment 
of older patients and only a subset of patients 
is screened for frailty.6 For these reasons, 
patients who may benefit from a specific 

strength and limitations of this study

 ► This is the first study to validate the Hospital Frailty 
Risk Score following its publication and initial 
validation.

 ► The validation in a Swiss Tertiary care hospital is the 
first step in assessing the applicability of the risk 
score in multinational settings.

 ► In addition to associations with adverse clinical out-
comes, we assess associations of higher hospital 
frailty risk scores with functional impairment, quality 
of life and need for postacute care.

 ► Due to the study design, there was no routine frailty 
assessment in our patients and we were not able to 
compare the score with other frailty assessments or 
screening scores.

 ► As the score is dependent on documentation and 
coding of International Statistical Classification 
of Diseases and Related Health Problems,   10th 
Revision, variation in coding could contribute to 
misclassification.
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frailty-directed treatment approach may be missed in 
usual hospital care. To improve the care of frail patients, 
the recently published Hospital Frailty Risk score10 was 
developed for early identification of patients with char-
acteristics of frailty, who are at risk of adverse healthcare 
outcomes and who could be identified without any addi-
tional assessment apart from routinely collected data. 
The score relies on the diagnostic codes from the Inter-
national Statistical Classification of Diseases and Related 
Health Problems, 10th Revision (ICD-10), a coding system 
that is implemented in many administrative hospital data-
bases worldwide. This provides the opportunity to system-
atically screen older patients in a low-cost manner.10 In a 
three-step approach, this score was developed and later 
validated within three patient populations from the UK 
showing high prognostic performance. Still, interna-
tional validation is needed before the more wide-spread 
use of this score in other healthcare systems. Herein, 
we aimed to validate the Hospital Frailty Risk Score in a 
Swiss tertiary care hospital. We investigated associations 
of the score with adverse clinical outcomes such as 30-day 
mortality, length of hospital stay and 30-day readmis-
sion, as well as functional outcomes including functional 
impairment, quality of life and discharge location.

MethODs
study design and study population
This is a secondary analysis of the TRIAGE study, a prospec-
tive, observational cohort study initially designed to 
understand the value of admission biomarkers to predict 
later adverse outcomes.11 12 We included consecutive 
medical patients presenting with a medical urgency at the 
Kantonsspital in Aarau (Switzerland), a 600-bed tertiary 
care hospital with most medical admissions entering 
the hospital over the ED. As an observational quality 
control study, the Institutional Review Boards (IRB) of 
the hospital approved the study and waived the need for 
individual informed consent (main Swiss IRB: Ethikkom-
mission Kanton Aargau (EK 2012/059). The study was 
registered at the ‘ ClinicalTrials. gov’ registration website 
(http://www. clinicaltrials. gov/ ct2/ show/ NCT01768494) 
and the study protocol has been published previously.13

In accordance with the initial study, we selected medical 
inpatients aged ≥75 years that were admitted between 
October 2015 and April 2018. The cohort includes elec-
tive and emergency admissions. In case of multiple admis-
sions of the same patient, only the first admission was 
used for the analysis.

Patient and public involvement
Patients were not involved in the development of the 
research question or the design of the study.

Follow-up and initial data collection
We used ICD-10 diagnostic codes of the incident admis-
sion assigned to patients after discharge by professional 
hospital coders according to the information of medical 

records. The electronic records contained up to 38 
diagnosis fields coded according to ICD-10. Regarding 
follow-up, 30 days after hospital admission, patients were 
contacted by telephone for a structured interview to 
obtain information on vital status, clinical outcomes, loca-
tion of living and functional measurements. Functional 
status was obtained using the EQ-5D-3L standardised 
measure of health, which was administered as recom-
mended.14 We assessed mobility, self-care, usual activities, 
pain or discomfort, and anxiety and depression, using 
dichotomized data with levels 2 and 3 indicating ‘impair-
ment’ and level 1 indicating ‘no impairment’. Moreover, 
we used the EQ-VAS, recording the self-rated health on a 
visual analogue scale with values between 0 and 100 with 
higher points indicating better health states.

We used the Barthel Index to measure activities of 
daily living (ADL),15 with a cutoff <95 points indicating 
functional impairment. We assessed readmission to any 
facility, location after discharge and identified patients 
who were living at home before hospital admission and 
were discharged to a location other than home.

All information was stored in a centralised, password-se-
cured database (SecuTrial; interActive Systems GmbH, 
Berlin, Germany).

Calculation of the hospital Frailty risk score
For each patient, the Hospital Frailty Risk Score was calcu-
lated retrospectively using all available ICD-10 diagnostic 
codes that were documented for the particular admis-
sion as recommended.10 The score is an aggregate of 109 
ICD-10 diagnostic codes that were found to be associated 
with frailty risk. Each of these ICD-10 diagnostic codes was 
awarded with specific values proportional to how strongly 
they predicted frailty. According to the aggregate score, 
patients were divided into the three frailty risk categories 
low risk (<5 points), intermediate risk (5–15 points) and 
high risk (>15 points) as recommended.10

research aims and statistical approach
We investigated associations of the Hospital Frailty Risk 
with adverse clinical outcomes. Our primary endpoint is 
all-cause 30-day mortality. Secondary endpoints include 
hospital length of stay, long hospital stay (>10 days) and 
hospital readmission within 30 days. Moreover, we exam-
ined associations with functional impairment using the 
Barthel Index (<95 points indicating impairment), Quality 
of Life measurements using the EQ-5D standardised 
measure and discharge location other than home for 
patients who were living at home before admission.

statistical analysis
We expressed patient characteristics using descriptive 
statistics including mean with SD, median with IQR and 
frequencies, as appropriate. Frequency comparison was 
done using the χ2 test.

To investigate associations of the Hospital Frailty Risk 
Score with outcomes, we used univariate and multivar-
iate regression analyses. Models were adjusted for age 

http://www.clinicaltrials.gov/ct2/show/NCT01768494
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(model 1), age and gender (model 2), and age, gender 
and comorbidities that were not included in the calcu-
lation of the frailty risk score (model 3). We performed 
another analysis adjusting for the structured early 
warning score NEWS (national early warning score) to 
comprise physiological parameters that might be an 
important modifier of outcomes. NEWS was calculated 
retrospectively as recommended16 based on admission 
data. We provide ORs or regression coefficients (RCs) 
with 95% CIs as appropriate. We used receiver oper-
ating statistics reporting area under the curve (AUC) 
as a measure of discrimination. We considered AUCs 
of 0.6–0.7 as moderate, 0.7–0.8 as fair, 0.8–0.9 as good, 
and >0.9 as excellent. Also, for graphical illustration we 
generated Kaplan-Meier survival estimates stratified by 
frailty risk groups.

We repeated analyses in predefined subgroups strati-
fied by age and gender.

All tests were two-tailed and carried out at 5% signif-
icance levels. Analyses were performed with STATA 
V.12.1.

results
Patient population
A total of 4957 patients with a median age of 82 years 
were included in this analysis. At the time of admission, 
the majority of patients (63.4%) resided at home. A total 
of 63.5% (3150) of patients were in the low frailty risk 
group, 33.5% (1663) in the intermediate risk group and 
2.9% (144) were in the high-risk group. Minimum score 
was 0 points, maximum score 30.3 points, quartiles were 
1.4, 3.4 and 6.7 points, mean 4.5 points (SD 4.3). Baseline 
characteristics of the general population and stratified by 
Hospital Frailty Risk categories are listed in table 1.

Associations of frailty risk score with mortality
A total of 524 (10.7%) patients died within 30 days of 
admission, consisting of 221 (7.1%) of those in the 
low-risk group, 267 (16.2%) in the intermediate-risk 
group and 36 (25.2%) in the high-risk group. Regression 
analyses showed corresponding ORs of 2.53 (95% CI 2.09 
to 3.06, p<0.001) for the intermediate-risk group and 4.40 
(95% CI 2.94 to 6.57, p<0.001) for the high-risk group, 

Table 1 Baseline characteristics of the total cohort and stratified by the frailty risk group

Characteristics

Total cohort Frailty risk (points)

P valueLow risk (<5)
Intermediate risk 
(5–15) High risk (>15)

N (%) 4957 3150 (63.5%) 1663 (33.5%) 144 (2.9%)

Male gender, n (%) 2426 (49.0%) 1634 (52.0%) 733 (44.2%) 59 (41.0%) <0.001

Age (years), median (IQR) 82 (78, 86) 82 (78, 85) 83 (79, 87) 83 (79, 87) <0.001

Vital signs, median (IQR)

  Blood pressure systolic (mm Hg) 148 (129, 168) 149 (131, 168) 147 (125, 166) 151 (132, 176.5) 0.007

  Blood pressure diastolc (mm Hg) 80 (68, 93) 80 (69, 93) 80 (68, 92) 80 (69, 97) 0.25

  Pulse rate (bpm) 81.5 (70, 95.2) 80.5 (69, 94.8) 82 (70.9, 96) 85 (73, 101) 0.009

  Oxygen saturation (%) 95.8 (92.8, 98) 96 (93.5, 98) 95.4 (92.1, 97.6) 95.05 (92, 97.4) <0.001

  Temperature (°C) 36.8 (36.4, 37.3) 36.8 (36.4, 37.3) 36.8 (36.4, 37.4) 36.6 (36.4, 37.1) 0.007

Comorbidities, n (%)

  Diabetes 698 (14.1%) 486 (15.4%) 205 (12.3%) 7 (4.9%) <0.001

  Malignant disease 494 (10.0%) 354 (11.2%) 131 (7.9%) 9 (6.2%) <0.001

  Chronic heart failure 699 (14.1%) 436 (13.8%) 249 (15.0%) 14 (9.7%) 0.17

  COPD 257 (5.2%) 178 (5.7%) 75 (4.5%) 4 (2.8%) 0.099

  Dementia 338 (6.8%) 104 (3.3%) 218 (13.1%) 16 (11.1%) <0.001

  Chronic renal disease 1282 (25.9%) 715 (22.7%) 540 (32.5%) 27 (18.8%) <0.001

  Hypertension 2608 (52.6%) 1726 (54.8%) 826 (49.7%) 56 (38.9%) <0.001

  Coronary heart disease 531 (10.7%) 424 (13.5%) 100 (6.0%) 7 (4.9%) <0.001

  Stroke 668 (13.5%) 193 (6.1%) 396 (23.8%) 79 (54.9%) <0.001

Location prior to admission, n (%)

  Home 3144 (63.4%) 2194 (69.7%) 895 (53.8%) 55 (38.2%) <0.001

  Home with assistance service 264 (5.3%) 107 (3.4%) 142 (8.5%) 15 (10.4%)

  Nursing home 370 (7.5%) 161 (5.1%) 190 (11.4%) 19 (13.2%)

  Other hospital 457 (9.2%) 275 (8.7%) 161 (9.7%) 21 (14.6%)

  Unknown or other 722 (14.6%) 413 (13.1%) 275 (16.5%) 34 (23.6%)

COPD, chronic obstructive pulmonary disease.
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respectively, compared with the low-risk group. Results 
remained robust after adjustment for confounders (age, 
gender and comorbidities not included in the score) 
(table 2, figure 1).

We also investigated the discriminative performance of 
the score and found only moderate results for mortality 
(AUC 0.66) (table 3).

Associations of Frailty risk score with other adverse clinical 
outcomes
We also found significant results regarding the length of 
hospital stay and long hospital stay (>10 days). Compared 
with the low-risk group corresponding ORs for long 
hospital stay were 3.47 (95% CI 2.99 to 4.02, p<0.001) 
for the intermediate-risk group and 9.21 (95% CI 6.51 
to 13.01, p<0.001) for the high-risk group. Again, results 
remained robust after adjustment for the confounders 
mentioned.

Regarding hospital readmission within 30 days, we did 
only find a significant association for the high-risk group 
compared with the low-risk group in the fully adjusted 
model (fully adjusted OR 1.67, 95% CI 1.08 to 2.59, 
p=0.022) (table 2).

Associations with functional impairment, quality of life and 
location after discharge
Regarding functional status, we found significantly higher 
proportions of impairment (Barthel Index <95 points) in 
higher frailty risk groups with corresponding ORs of 2.98 
(95% CI 2.48 to 3.58, p<0.001) and 22.37 (95% CI 8.04 to 
62.23, p<0.001). Similar results were found for quality of 
life measures 30 days after admission with corresponding 
ORs for the high-risk group of 8.61 (95% CI 4.97 to 14.91, 
p<0.001) for impairment of mobility, 9.40 (95% CI 4.7 to 
18.79, p<0.001) for impaired self-care, 4.16 (95% CI 2.08 
to 8.31, p<0.001) for impairment of usual activities and 
3.29 (95% CI 1.73 to 6.26, p<0.001) for suffering from 
anxiety or depression.

Compared with patients in the low-risk group, patients 
in the high-risk group who resided at home at the time 
of admission had a 3.5-fold increased risk of not being 
able to be discharged back home (OR 3.54 (95% CI 2.5 
to 5.01, p<0.001) (table 2).

Additional results of regression analyses of all models 
with stepwise adjustment for confounders are shown in 
the online supplementary material tables A1 and A2.

subgroup analyses and cut-offs
Analyses of subgroups showed similar associations of the 
Hospital Frailty Risk Score with 30-day mortality, long 
hospital stay and hospital readmission among different 
age groups and stratified by gender with no evidence for 
effect modification (figure 2).

ROC analyses of modified cut-offs of the risk score did 
not show significant differences in AUCs for the outcome 
30-day mortality compared with the initial cut-offs (online 
supplementary material table A3).

DIsCussIOn
Within this independent validation study including 
medical inpatients ≥ 75 years of age in a Swiss tertiary care 
setting, we found significant associations between the 
Hospital Frailty Risk Scores and several adverse clinical 
outcomes, specifically all-cause 30-day mortality, hospital 
length of stay and long hospital stay (>10 days). More-
over, we found significant associations of the intermedi-
ate-risk and high-risk groups with functional impairment, 
measured by the Barthel Index and reduced quality of 
life, as assessed by the EQ-5D. Last, we found patients 
of the higher risk group who were admitted from home 
significantly less likely to return back home at the time of 
discharge.

Compared with the three cohorts of the original publi-
cation (one development cohort and two validation 
cohorts) by Gilbert et al,10 a similar proportion of patients 
were classified in the intermediate-risk group (33.5% vs 
20.3% to 37.6%) but a smaller proportion of patients 
were classified in the high-risk group (2.9% vs 9.0% to 
20.0%). This might be due to variation in ICD-10 coding 
and different healthcare systems and patient populations 
studied. Regarding the tertiary nature of the setting, it 
can be expected that some older people with severe 
frailty might have been managed in other secondary care 
settings or geriatric clinics. However, compared with the 
results of Gilbert et al, we found even stronger associations 
of the high frailty risk group compared with the low-risk 
group with regard to 30-day mortality (adjusted OR 4.83, 
95% CI 3.17 to 7.37, p<0.001 vs adjusted OR 1.71, 95% CI 
1.68 to 1.75), and long hospital stay (adjusted OR 9.75, 
95% CI 6.83 to 13.92, p<0.001 vs adjusted OR 6.03, 95% CI 
5.92 to 6.10). Besides, results remained robust when 
adjusting for NEWS, a structured early warning score 
that comprises physiological parameters that might be an 
important modifier of outcomes.

Regarding the discriminative performance of the 
Hospital Frailty Risk Score, we found similar results as 
Gilbert et al with regard to 30-day mortality (AUC 0.66 vs 
0.60), long hospital stay (AUC 0.72 vs 0.68) and hospital 
readmission within 30 days (AUC 0.54 vs 0.56). Overall, 
these results show significant associations of the Hospital 
Frailty Risk Score with adverse outcomes, however, with 
moderate discriminatory ability. Thus, future studies 
should aim to further refine the score to increase its sensi-
tivity and specificity.

While we found the score to be helpful with strong 
prognostic abilities, in our cohort there were only a few 
patients in the highest risk category with thus limited 
sensitivity. It is thus possible that the score could be 
further improved by changing the risk categories for 
specific patient populations.

To the best of our knowledge, this is the first study to 
validate the Hospital Frailty Risk Score following its publi-
cation and initial validation. Moreover, the validation in 
a Swiss tertiary care hospital in an unselected medical 
cohort including emergency admissions and elective 
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admissions is a first step in assessing whether the risk 
score is applicable in multinational settings.

In addition to Gilbert et al, we were able to show asso-
ciations of higher hospital frailty risk scores not only 
with adverse clinical outcomes but also with functional 
impairment, quality of life and need for postacute care. 
Our data thus extend the prior study and provide new 
evidence that the score is valuable in risk stratification of 
patients based on ICD-10 codes.

A general strength of the score is the easy calculation 
using routine hospital data which provides a systematic 
method to screen for patients at risk for frailty without 
any need to apply a manual score bringing along resource 
intensive assessment and potential interoperator 

reliability issues.8 9 17 Moreover, instead of focusing only 
on symptoms and diagnoses that are known to be related 
to frailty, the score contains a wider set of ICD-10 codes 
focusing on codes that are actually in routine use.

However, the dependency of the ICD-10 codes from 
administrative databases is also a weakness of the score 
as they are coded only after hospital discharge and the 
score can only be applied early in the admission process 
to those with prior ICD-10 code records. In addition to 
that, calculating the score based on previous admissions 
has the potential to miss or misclassify frailty. Moreover, 
important components of frailty such as polypharmacy, 
general weakness and dependence on activities of daily 
living might not be adequately reflected in ICD-10 codes. 
Their absence may in part explain the relatively poor 
overlap of the score with the established frailty assess-
ment tools Fried18 and Rockwood scales9 in the original 
study by Gilbert et al.10 This raises the question of whether 
the ‘hospital frailty risk score’ is, in fact, measuring frailty 
or whether it is predominantly a measure of comorbid 
disease and adverse outcome.

Our report has several limitations. First, this is a 
secondary analysis of a former prospective study. We 
did address this limitation by adjusting for confounders. 
Furthermore, as we were able to externally validate the 
previous findings accurately, we are confident that there 
is no additional bias. Second, due to the study design, 
there was no routine frailty assessment in our patients. 
As a consequence, we were not able to compare the 
Hospital Frailty Risk score with other frailty assessments 
or screening scores. Yet, there is no unique accepted gold 
standard in frailty screening to compare it to as there are 
two major paradigms of frailty (frailty phenotype vs frailty 
index).2 17 19 20 Using multiple clinical and functional 
outcomes as well as quality of life measures, we tried to 
address a broad variety of potential adverse outcomes 
associated with frailty.

Third, though we had a large sample size, only a few 
patients were in the high frailty risk group, which may 
impact CIs. Lastly, the score is dependent on documen-
tation and coding of ICD-10. Thus, variation in coding 
could contribute to misclassification.

The development of a gold standard for frailty risk 
assessment has proven to be a challenging task.17 19 The 
attempt has left us with a multitude of screening tools, 
suited for a variety of patient populations and a large vari-
ability of application methods.6 Recent research suggests 
that a single universal frailty measurement method may 
not be the best approach. As some methods are useful 
for broad population screenings while others are based 
on clinical assessment, a two-tiered system may be the way 
forward.20 The Hospital Frailty Risk Score could be used 
as a screening tool to assess all older patients admitted to 
a hospital using all previously and currently documented 
ICD-10 codes. This could easily identify high-risk patients 
in need of a complete in-depth clinical assessment. As 
a low-cost, swift and consecutively widely used tool, the 
Hospital Frailty Risk Score could ensure that less patients 

Figure 1 Kaplan-Meier survival estimates stratified by the 
three Hospital Frailty Risk Score groups.

Table 3 Discriminative performance of the Hospital Frailty 
Risk Score regarding clinical and functional outcomes

Outcome AUC (95% CI)

Clinical outcomes

  All-cause 30-day mortality 0.66 (0.63 to 0.68)

  Long hospital stay (>10 days) 0.72 (0.70 to 0.74)

  30-day readmission 0.54 (0.51 to 0.56)

Functional impairment

  Barthel Index <95 points, n (%) 0.69 (0.67 to 0.71)

Quality of life, n (%)

  Impairment of mobility 0.71 (0.68 to 0.74)

  Impairment of self-care 0.71 (0.69 to 0.73)

  Impairment of usual activities 0.66 (0.63 to 0.68)

  Pain/discomfort 0.54 (0.51 to 0.56)

  Anxiety/depression 0.56 (0.53 to 0.58)

Discharge other than home, n (%) 0.64 (0.63 to 0.66)

Quality of life measures were adapted from EQ-5D. We 
dichotomised levels into ‘no impairment’ (level 1) and 
‘impairment’ (levels 2 and 3). Frequencies of reported 
impairment (levels 2 and 3) were analysed.
AUC, area under the receiver operating curve. 
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with frailty are missed. Identifying frail patients is vital, 
as they may benefit from improved outcomes when they 
undergo geriatric assessment and receive a particular 
frailty-adjusted treatment approach.21

The Frailty Risk Score needs further validation in a 
wide variety of patient settings. Its place in the screening 
of geriatric patients, possibly in combination with other 
frailty assessment methods, as well as the practicability 
in clinical practice, has yet to be investigated. Further-
more, it remains unclear whether its theoretical benefits 
can be translated into improved patient care and patient 
outcome.

COnClusIOn
The Hospital Frailty Risk Score is an easy to use and 
low-cost tool using administrative hospital data to iden-
tify frail people at risk for adverse outcomes who might 
benefit from a standardised geriatric assessment and 
from a particular frailty-adjusted treatment approach. 
Our data further validate this score in an independent 
patient population.
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