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Abstract

Background:  Frailty assessment in the Swedish health system relies on the Clinical Frailty Scale (CFS), but it requires training, in-person 
evaluation, and is often missing in medical records. We aimed to develop an electronic frailty index (eFI) from routinely collected electronic 
health records (EHRs) and assess its association with adverse outcomes in hospitalized older adults.
Methods:  EHRs were extracted for 18 225 patients with unplanned admissions between 1 March 2020 and 17 June 2021 from 9 geriatric 
clinics in Stockholm, Sweden. A 48-item eFI was constructed using diagnostic codes, functioning and other health indicators, and laboratory 
data. The CFS, Hospital Frailty Risk Score, and Charlson Comorbidity Index were used for comparative assessment of the eFI. We modeled 
in-hospital mortality and 30-day readmission using logistic regression; 30-day and 6-month mortality using Cox regression; and length of stay 
using linear regression.
Results:  Thirteen thousand one hundred and eighty-eight patients were included in analyses (mean age 83.1 years). A 0.03 increment in the 
eFI was associated with higher risks of in-hospital (odds ratio: 1.65; 95% confidence interval: 1.54–1.78), 30-day (hazard ratio [HR]: 1.43; 
1.38–1.48), and 6-month mortality (HR: 1.34; 1.31–1.37) adjusted for age and sex. Of the frailty and comorbidity measures, the eFI had the 
highest area under receiver operating characteristic curve for in-hospital mortality of 0.813. Higher eFI was associated with longer length of 
stay, but had a rather poor discrimination for 30-day readmission.
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Conclusions:  An EHR-based eFI has robust associations with adverse outcomes, suggesting that it can be used in risk stratification in 
hospitalized older adults.

Keywords:   Comorbidity, Electronic frailty index, Frailty, Geriatrics

With the aging of the global population, it becomes increasingly im-
portant to identify and support older adults who are at the greatest 
risk of adverse outcomes. Frailty, characterized by reduced physio-
logical reserve and increased vulnerability to stressors (1), is a 
measure that captures such risk. Frailty has consistently been linked 
to negative health outcomes, such as mortality (2,3), hospitaliza-
tion (4), and increased health care costs (5,6). Despite the lack of 
a universal consensus on how to best assess frailty, the most widely 
used and validated frailty models are the physical frailty pheno-
type (characterized by weight loss, weakness, slowness, inactivity, 
and exhaustion) (7) and the frailty index (FI; multidimensional def-
icit accumulation) (8). Nevertheless, these measures are time- and 
resource-consuming, which limits their incorporation into routine 
clinical practice (9). One of the most frequently adopted frailty 
measure in clinical settings is the Clinical Frailty Scale (CFS) (10), 
which is a quick and simple screening tool and often has high ac-
curacy and feasibility (11). However, as an instrument that requires 
in-person assessment, it may be subject to interrater error and may 
not always be available at hospital admission (12–14).

Automated frailty scores, based on routinely collected electronic 
health records (EHRs) or administrative claims data, have recently 
been developed in certain countries such as the United Kingdom 
(15), the United States (16,17), and Canada (18). One of the first 
models was the electronic frailty index (eFI) proposed by Clegg et al. 
(15), who created it using the UK primary care Read codes on the 
basis of the Rockwood deficit accumulation approach (8). Several 
variations of the eFI, such as claims-based frailty indices (16,18), or 
an eFI incorporating diagnosis codes, functional impairments, and 
laboratory measures (17), have later been developed. While these 
tools are commonly used on data retrieved from primary care, re-
cent studies have shown that such eFIs show good predictive per-
formance for all-cause mortality also in-hospital settings (19–21). 
Another database-derived frailty measure, the Hospital Frailty Risk 
Score (HFRS), is calculated based on the International Classification 
of Diseases, Tenth Revision (ICD-10) codes (22), and has been valid-
ated for its ability to predict mortality and prolonged length of stay 
in hospitalized older patients (23–25). However, its composition of 
ICD-10 diagnoses makes it more similar to a comorbidity measure, 
possibly missing out other frailty aspects such as functioning (22).

To date, frailty is not yet routinely assessed in all older adults 
in Sweden, but the CFS has started to be implemented in geriatric 
clinics in Stockholm. Compared with other cities in Sweden or the 
Nordic countries, Stockholm has a relatively large number of geri-
atric clinics, and patients admitted to these clinics are usually more 
frail and need more comprehensive care. Routine frailty screening 
can help planning of resource allocation and identifying patients 
who would benefit most from a Comprehensive Geriatric Assessment 
(CGA) (26). However, not all hospitals in Sweden perform system-
atic CFS assessment. There is also no standardized frailty measure 
in Sweden that can be used in communication between different 
healthcare providers. To reduce the burden of bedside frailty assess-
ment, aid in risk stratification, and potentially lead to a systematic 
and unified frailty screening across different healthcare providers in 
Sweden, there is an increasing need to analyze whether an eFI can be 
adapted to Swedish context. The objective of this study was there-
fore to develop an eFI using routinely collected EHRs in geriatric 

clinics in Stockholm, Sweden. For validation, we compared its dis-
criminative ability to other validated frailty and comorbidity meas-
ures, the CFS, HFRS, and the Charlson Comorbidity Index (CCI) 
(27), considering mortality, readmission, and the length of stay as 
outcomes.

Method

Study Design and Sample
We conducted a retrospective cohort study using electronic medical 
records in the Stockholm Region. Between 1 March 2020 and 17 
June 2021, patients with unplanned admissions to 9 geriatric clinics 
treated for any causes, except COVID-19, were included. The geri-
atric clinics in the Stockholm Region are specialized in inpatient 
geriatric care and are standalone geriatric hospitals or situated in 
larger emergency hospitals. They generally enroll older patients 
who have reduced physical and/or cognitive function, have multiple 
comorbidities, and in need of geriatric medical care and/or rehabili-
tation. COVID-19 patients (defined based on ICD-10 codes of U07.1, 
U07.2, U08.9, U09.9, or U10.9) often have different characteristics 
and prognosis and were analyzed in a separate paper (28). Exclusion 
criteria included admissions without discharge information or 
with a length of stay <24 h. Most patients had only one admission 
during the study period (73.0%); for those with multiple admissions 
(17.5% had 2 admissions, 9.5% had 3 or more admissions), the first 
available admission was considered in the analyses. In total, 18 225 
non-COVID-19 patients were included, of whom 13 188 (72.4%) 
had sufficient data for calculation of the eFI. A flowchart of sample 
selection is presented in Supplementary Figure 1. This study was ap-
proved by the Swedish Ethical Review Authority (Dnr 2020-02146, 
2020-03345, 2021-00595, 2021-02096).

Construction of the eFI
Following the eFI model developed by Pajewski et  al. (17), we 
selected a total of 48 items for the construction of the eFI. The 
items consisted of deficits in 3 categories: (i) disease diagnoses, 
extracted from ICD-10 codes assigned during the current admis-
sion (29 items), (ii) functional data and other health indicators, 
such as falls, neuropsychological problems, and oral health (10 
items), and (iii) laboratory measures (9 items). The full list of the 
eFI items and the coding methods are shown in Supplementary 
Table 1. Consistent with the original deficit accumulation model 
(8), we calculated the eFI as the sum of deficit items divided by the 
total number, providing that the patient had ≥30 non-missing items 
(8). For instance, a patient with 10 deficit points out of 45 non-
missing items would receive an eFI of 10/45 = 0.22. As 60% (29 of 
48) of the eFI items were based on ICD-10 codes (which were non-
missing for all participants), we required that at least half of the 
functioning and/or laboratory-based deficit items were non-missing 
in each individual. This was to avoid the lack of such items that are 
necessary in reaching the multidimensional definition of frailty and 
prevent the eFI from having an overrepresentation of comorbidity 
items. We presented a clinically meaningful change of eFI per 0.03 
increase (29), as well as per 0.1 increase, in the association ana-
lyses. Based on both the distribution of the eFI in our sample and a 
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previously defined cut-off of 0.25 (30,31), we categorized patients 
into 4 groups: fit (eFI ≤ 0.15), mild frailty (0.15 > eFI ≥ 0.2), mod-
erate frailty (0.2 > eFI ≥ 0.25), and severe frailty (eFI > 0.25).

Other Frailty and Comorbidity Measures
Other frailty measures, the CFS and HFRS, and the CCI, which is 
a measure of comorbidity, were used for comparative performance 
assessment and validation of the eFI. The CFS was scored by a phys-
ician or a trained nurse during first day of admission, using a chart 
review and face-to-face assessments. The CFS ranges from 1 (“very 
fit”) to 9 (“terminally ill”), and was categorized in 3 groups: CFS 
1–3, CFS 4–5, and CFS 6–9. Both the HFRS and CCI were calcu-
lated based on ICD-10 codes. The HFRS is based on 109 frailty-
associated and differently weighted ICD-10 codes and categorizes 
the individuals into low-risk (<5), intermediate-risk (5–15), and 
high-risk (>15) frailty groups (22). The CCI was computed using an 
algorithm adapted for Swedish settings (32), and was considered as 
a continuous variable in all analyses.

Outcomes
Primary outcomes were in-hospital, 30-day, and 6-month all-cause 
mortality, calculated from the date of admission. Dates of death were 
extracted from the Population System in Sweden. Secondary outcomes 
were 30-day readmission to any of the 9 included clinics, and the 
length of stay. Only patients discharged to home were included in the 
30-day readmission analysis, that is, excluding those who were trans-
ferred to another unit or care facility after the stay at the geriatric unit.

Statistical Analysis
Patients’ characteristics were summarized and compared by eFI 
categories using one-way analysis of variance or Kruskal–Wallis 
tests for continuous variables, and Pearson χ 2 tests for categorical 
variables. Spearman’s correlations (ρ) were calculated between con-
tinuous frailty and comorbidity measures.

We fitted multivariable regression models to compare the eFI to 
the CFS, HFRS, and CCI in associations with different outcomes. 
In-hospital mortality and 30-day readmission were modeled using 
logistic regression, with odds ratios (ORs) and 95% confidence 
intervals (CI) presented. The diagnostic accuracies (discrimination) 
of the logistic regression models including continuous frailty and 
comorbidity measures, in addition to age and sex, was examined 
using area under the receiver operating characteristic curve (AUC). 
Hazard ratios (HRs) and 95% CI for 30-day and 6-month mortality 
were estimated using Cox proportional-hazards models. Harrell’s 
C-statistics were calculated for assessing the discriminative abilities 
of the Cox models, with 95% CI calculated through 1 000 boot-
strapping resampling. Linear regression models were performed for 
the length of stay, and coefficients of determination (R2) were cal-
culated to assess the proportion of variation explained by the in-
dependent variables. All models were first adjusted for age and sex 
(model 1), and additionally accounting for the clustering of patients 
in the geriatric clinics (model 2)  using the generalized estimating 
equation methods or stratified Cox models.

We further stratified the analysis of the association between the 
eFI and in-hospital mortality by (1) age and sex to examine whether 
the associations differ by demographic characteristics; (2) the 9 
admitting clinics to assess the variation by hospitals; (3) the main 
diagnosis leading to admission of a patient to test robustness of the 
eFI in different patient groups; and (4) categories of the CFS to in-
vestigate whether the eFI could complement the CFS in identifying 
high-risk patients.

As a sensitivity analysis, we considered the last available admis-
sion of patients (instead of the first admission) and tested whether 
inclusion of ICD-10 codes from multiple admissions could have 
changed the distribution of the eFI and its association with mortality. 
Due to the high missingness of the CFS (~60%), we also performed 
multiple imputation by chained equations and calculated the pooled 
estimates for the association between the CFS and in-hospital mor-
tality in the imputed data.

All analyses were performed using R version 4.0.5.

Results

Sample Characteristics
Among the 13 188 patients who had sufficient data for calculation 
of the eFI, the mean age was 83.1 years and 60.2% were women; 
the in-hospital mortality rate was 1.4% and the median length of 
stay was 6.7  days (Table 1). The most common causes of admis-
sion were fragility fracture (18.9%), congestive heart failure (6.4%), 
dementia (4.7%), stroke or transient ischemic attack (3.9%), and 
urinary system disease (3.4%; Supplementary Figure 2).

The patients without sufficient data for calculation of the eFI 
were those with <30 available eFI items (n  =  9) or those missing 
>9 of the 18 functioning and/or laboratory eFI items (n = 5 028). 
These patients were similar to those with sufficient data for the eFI, 
with regards to age, sex, frailty level according to CFS and HFRS, 
and in-hospital death rate. Missing data on the eFI seemed to be 
mostly dependent on the clinic rather than patient characteristics 
(Supplementary Table 2). Similarly, the admitting clinic was the 
main factor associated with missing data on the CFS (Supplementary 
Table 3).

The eFI was approximately normally distributed, with a me-
dian of 0.181 (interquartile range: 0.143–0.222; range: 0–0.432); 
the distribution of the eFI was similar in the subgroup for 30-day 
readmission analysis (ie, patients who were discharged to home; 
Supplementary Figure 3). The proportions of patients classified as fit, 
mildly frail, moderately frail, and severely frail were 29.3%, 33.1%, 
24.4%, and 13.2%, respectively (Table 1). Although women were on 
average older than men (mean age: 84.1 vs. 81.6), men had signifi-
cantly higher frailty scores than women when defined by the eFI (se-
vere frailty: 14.6% vs. 12.3%) and the HFRS (intermediate or high 
risk: 28.0% vs. 24.1%), but not by the CFS (Supplementary Table 
4). The eFI was moderately correlated with the CFS (ρ = 0.420), and 
to a lesser extent with the HFRS (ρ = 0.289) and CCI (ρ = 0.368) 
(Supplementary Figure 4 and Supplementary Table 5).

Associations With In-hospital, 30-Day, and 6-Month 
Mortality
After adjusting for age and sex, the eFI was strongly associated 
with in-hospital mortality (OR per 0.03 increase: 1.65, 95% CI: 
1.54–1.78); the results were largely consistent when additionally ac-
counted for the clustering by the clinics (Table 2). The CFS, HFRS, 
and CCI also had positive associations with in-hospital mortality; 
however, among all the measures, the eFI had the greatest discrim-
inative ability for in-hospital mortality when added to a model with 
age and sex, yielding an AUC of 0.813 (95% CI: 0.769–0.857; 
Figure 1A). In the subgroup analysis, the association between the eFI 
and in-hospital mortality was essentially unchanged when stratified 
by age groups, sex, clinics, main diagnosis of the admission, and 
CFS categories (Supplementary Figure 5). However, as the number 
of deaths was small in some of the groups, these results should be 
interpreted with caution.
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We observed a gradient of an increasing risk of mortality in the 
higher eFI categories compared with the lowest category (fit) in 
6 months from admission (Figure 2). Similar to in-hospital mortality, 
a 3% rise in the eFI score was significantly associated with elevated 
risks of 30-day (HR: 1.43, 95% CI: 1.38–1.48) and 6-month mor-
tality (HR: 1.34, 95% CI: 1.31–1.37) after adjusting for age and 
sex (Table 2). The eFI models had the highest Harrell’s C-statistics 
(0.733 for 30-day mortality and 0.707 for 6-month mortality) in 
comparison to the other frailty and comorbidity measures, indicating 
that the eFI had good discrimination for 30-day and 6-month mor-
tality in the Cox models (Figure 1B).

Associations With 30-Day Readmission and Length 
of Stay
Despite the significant associations between the eFI and 30-day re-
admission (OR per 0.03 increase: 1.13, 95% CI: 1.09–1.17), and 
likewise between the CFS, HFRS, and CCI, and 30-day readmission, 

the AUCs for these models were <0.6, indicating poor discrimination 
for readmission (Supplementary Table 5).

There was an approximately linear relationship between the eFI 
and the length of stay, regardless of age and sex (Figure 3). Similarly, 
after adjusting for age and sex, a 3% increment in the eFI was on 
average associated with a 0.6  day longer hospital stay (95% CI: 
0.56–0.64). The model including eFI, age, and sex explained 7.21% 
of the variation in the length of stay (Supplementary Table 6).

Sensitivity Analysis
For patients with multiple admissions during the study period, we 
performed a sensitivity analysis to test whether using data from 
only a single admission would have underestimated the eFI score. 
Compared with the eFI constructed using only data from the last ad-
mission, an eFI calculated using ICD-10 codes from all available ad-
missions had higher median (0.230 vs. 0.202) and maximum (0.522 
vs. 0.422) values (Supplementary Figure 6). These 2 eFIs had similar 
associations with in-hospital mortality. The association between the 
CFS and in-hospital mortality was also largely consistent after per-
forming multiple imputations (OR per point increase in CFS: 1.60; 
95% CI: 1.39–1.84).

Discussion

Although it is well-known that frailty predicts adverse outcomes, 
traditional frailty measurements often require in-person assessment 
and may not always be feasible or available in clinical settings. 
There is a growing interest of deriving frailty measures from rou-
tinely collected health data to facilitate frailty screening in clinical 
practice. Several such eFI models have been developed for primary 
care, and inpatient and outpatient settings using diagnostic codes, 
health service codes, and clinical information (33). Here we adapted 
the U.S. eFI model (17) to Swedish EHR data, that is, retrieved from 
geriatric clinics in the Stockholm Region. We found that the eFI 
outperformed the currently available frailty and comorbidity scales 
(ie, CFS, HFRS, and CCI) in discriminating in-hospital mortality, 
yielding an AUC of 0.813 when added to a model with age and sex. 
It also had better accuracy for 30-day and 6-month mortality than 

Figure 1.  Diagnostic performance of frailty and comorbidity measures for 
mortality outcomes in patients with all the measures available (n = 4 945). 
(A) Receiver operating characteristics (ROC) curves for in-hospital mortality; 
(B) Harrell’s C-statistics from Cox models for 30-day and 6-month mortality. 
CFS, HFRS, CCI, and eFI were considered as continuous variables in all the 
models. CFS  =  Clinical Frailty Scale; HFRS  =  Hospital Frailty Risk Score; 
CCI = Charlson Comorbidity Index; eFI = electronic frailty index.

Figure 2.  Kaplan–Meier curves for all-cause mortality by categories of the 
electronic frailty index (n = 13 188).
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CFS and HFRS and was significantly associated with longer length 
of stay. Nevertheless, all the frailty scales and the CCI had a poor 
discrimination for 30-day readmission.

Previous work has shown the association between an eFI and 
adverse outcomes in several countries (15–21). However, there has 
been no EHR-based frailty measure developed and implemented in 
Sweden or other Nordic countries so far. For a country like Sweden 
with a high life expectancy (83 years in 2019) (34) and increasing 
healthcare needs among the older adults, it is important to assess 
whether an eFI can be used to identify patients that are at a high 
risk of adverse outcomes before such a tool can be implemented into 
routine clinical practice. Based on data availability and following the 
model developed by Pajewski et al. (17), we included ICD-10 codes, 
functional assessment scales and other health indicators, and labora-
tory measurements in the eFI. It had a moderate correlation with a 
clinical frailty measure (ie, CFS, ρ = 0.420), but a weaker correlation 
with a comorbidity measure (ie, CCI, ρ = 0.368) and a frailty measure 
based on ICD-10 codes (ie, HFRS, ρ = 0.289). These findings suggest 

that the eFI captures frailty rather than multimorbidity. This is also 
on par with previous studies showing a moderate correlation for the 
eFI with the CFS (35), but a low correlation with the HFRS (36).

Although a data-driven or machine learning approach can be 
used in claims-based frailty indices (33), we applied the conventional 
deficit accumulation model (8)—a generalizable approach to frailty, 
in which a wide range of deficits, for example, signs, symptoms, dis-
eases, functional limitations, laboratory measures, can be included as 
long as it includes at least 30 age-related deficits (8,37). We noticed, 
however, some differences in the characteristics of our eFI compared 
with a survey-based Rockwood FI. First, instead of a right-skewed 
distribution characteristic to the Rockwood FI, our eFI was approxi-
mately normally distributed, possibly due to a homogenous sample 
of less healthy hospitalized older adults (38,39), and inclusion of la-
boratory tests (representing subclinical and cellular deficits) (40,41). 
Second, our eFI had a relatively low maximum value of 0.432. One 
reason is that for assessing the diagnosis-based ICD-code items (29 
of 48), we used only those codes that were recorded during the cur-
rent visit, possibly leading to underreporting of certain diseases. 
Third, we observed slightly, but significantly higher eFI scores in men 
than in women. Although FI scores are generally higher in women 
in community populations (42), no sex difference (39,43) or higher 
scores in men (18) have been found in hospitalized patients. The 
sex differences may also be influenced by whether self-reported (44) 
and laboratory deficits (40) are included. Indeed, more studies are 
needed to understand the mechanisms regarding sex differences in 
frailty (42).

Our finding of a robust association of the eFI with mortality 
and the length of stay is consistent with previous studies (18–21). 
Our observed Harrell’s C-statistics of 0.70 for 6-month mortality 
was also comparable to the US eFI model that has a C-statistics of 
0.75 (19). Importantly, our eFI performed better than the CFS in 
predicting adverse outcomes, hence providing important insights 
on its potential use in risk stratification in hospitalized older adults 
to ease personnel burden in-hospital settings. However, all the 
frailty and comorbidity measures had a poor discrimination for 
30-day readmission. This may partly be explained by the poten-
tial misclassification of readmission, since we did not have data 
on patients who were admitted to other clinics than the 9 geriatric 
clinics. Besides, a relatively low AUC or c-statistic for frailty in 
predicting readmission (around 0.5–0.6) is also frequently reported 
in the literature (19,22,23,36,45,46). Hospital readmission is often 
described as a complex outcome not merely related to the health 
status of patients, but also social factors such as access to care, 
social support, and drug abuse (47,48), which are factors not cap-
tured in the frailty measures. We may speculate that many of the 
more frail individuals living in residential care facilities have better 
access to care and thus a less pronounced tendency for readmis-
sion to hospital, compared with less frail individuals living in their 
own homes.

This study has a relatively large sample size from multiple hos-
pitals, allowing us to assess the association of the eFI with adverse 
outcomes across the 9 clinics. We also had data on other validated 
frailty and comorbidity measures for validation and comparative as-
sessment of the eFI. Nevertheless, some limitations should be con-
sidered. First, as mentioned above, the use of ICD-10 codes from 
a single admission may have caused an underreporting of the dis-
eases, and the same applies to the HFRS and CCI. However, when 
we have more data over several years, we will assess the effect of 
including diagnoses from previous admissions too, and identify the 
optimal look-back period for the eFI. Second, as we only analyzed 

Figure 3.  Scatter plots of the electronic frailty index and the length of stay 
(n = 13 188). (A) stratified by age; (B) stratified by sex. The colored fit lines 
represent the fitted locally estimated scatterplot smoothing curves (LOESS).
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patients in geriatric clinics, our results cannot be applied to older 
patients in other units. It would be of interest to investigate whether 
the eFI performs equally well in other older in-patient groups. Third, 
there was an overall 6% decrease in-hospital admissions in Sweden 
in 2020 compared with 2019, with the most notable decreases seen 
in hospitalizations due to influenza and pneumonia (49). The influ-
enza and pneumonia-related decreases are likely due to restrictions 
that were issued to prevent the spread of COVID-19, whereas for 
the other diseases, it may be that people were less active in seeking 
help for their health conditions during the pandemic. Given that the 
overall decrease was relatively small, it is unlikely to have a major 
impact on the results. However, generalizability to patients hospi-
talized for influenza or pneumonia may be decreased. Fourth, we 
were also unable to adjust for other demographic data as they were 
not available in the EHRs. Finally, the eFI could not be calculated 
for 27.6% of our sample due to missing data on functioning and 
laboratory measures. Our rate of missing data is nevertheless com-
parable to the ~30% missing data in the U.S. eFI by Pajewski et al. 
(17). Instead of the patients’ demographic characteristics and health 
status being associated with the rate of missing data in the U.S. eFI, 
our missing data were more related to variations in the data col-
lection practice between hospitals. The COVID-19 pandemic might 
have affected the data collection routines for the functional and 
other health assessments, leading to more missing data than usual. 
Future work may reveal which eFI items are the most decisive for 
predicting adverse outcomes, as well as which alternative available 
items from the EHRs could be included to complement the current 
eFI. Furthermore, it may be relevant to use other outcome measures 
than mortality in coming research efforts, although measures related 
to physical function and cognition are inherent in the FI. Crucial is 
also to show whether the eFI is able to identify patients that will 
benefit from CGA (26), and that will respond to treatment tailored 
from the outcome of the CGA. When implementing these results, it 
is also essential to include patients’ perspectives and to understand 
their feelings on frailty (50).

The Swedish eFI can be used for several purposes: (i) to comple-
ment the CFS in identifying patients who have high and complex care 
needs and would benefit from a CGA; (ii) to describe health status of 
an individual and communicate it to other care providers (eg, plan-
ning of medical procedure and treatment among cardiologists and 
neurosurgeons); (iii) to describe group-level health trends for admin-
istrative and research purposes. When automated, the Swedish eFI 
will provide a tool that does not require extra resources for data 
collection. As the majority of the healthcare providers within pri-
mary, secondary, and tertiary care use the same EHR system in the 
Stockholm Region, the eFI—that is updated at each visit—can be 
made available to all healthcare units treating the patient. We envi-
sion that the eFI can also pave the way towards a unified model of 
frailty assessment in Sweden.

To conclude, we developed an eFI based on routinely collected 
EHRs for Swedish hospitalized older adults, and showed that it cor-
relates with the CFS and has robust associations with short- and 
long-term mortality and the length of stay. This work provides evi-
dence that an eFI is feasible for risk stratification among hospitalized 
older adults in Stockholm, Sweden, and may as well be applicable to 
countries with similar health system.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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