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Abstract

Background: The electronic frailty index (eFI) is nationally implemented into UK primary care electronic health record
systems to support routine identification of frailty. The original eFI has some limitations such as equal weighting of deficit
variables, lack of time constraints on variables known to resolve and definition of frailty category cut-points. We have developed
and externally validated the eFI2 prediction model to predict the composite risk of home care package; hospital admission
for fall/fracture; care home admission; or mortality within one year, addressing the limitations of the original eFI.
Methods: Linked primary, secondary and social care data from two independent retrospective cohorts of adults aged ≥65
in 2018 was used; the population of Bradford using the Connected Bradford dataset (development cohort, 78 760 patients)
and the population of Wales, from the Secure Anonymised Information Linkage databank (external validation cohort, 660
417 patients). Candidate predictors included the original eFI variables, supplemented with variables informed by literature
reviews and clinical expertise. The composite outcome was modelled using Cox regression.
Results: In internal validation the model had excellent discrimination (C-index = 0.803, Nagelkerke’s R2 = 0.0971) with
good calibration (Calibration slope = 1.00). In external validation, the model had good discrimination (C-index = 0.723,
Nagelkerke’s R2 = 0.064), with some evidence of miscalibration (Calibration slope = 1.104).
Conclusions: The eFI2 demonstrates robust prediction for key frailty-related outcomes, improving on the original eFI. Our
use of novel methodology to develop and validate the eFI2 will advance the field of frailty-related research internationally,
setting a new methodological standard.
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Key Points
• The original electronic frailty index (eFI) has been extensively validated but has some important limitations such as equal

weighting of deficit variables
• The electronic frailty index version 2 (eFI2) weights deficit variables, includes time constraints and frailty category cut-points

mapped from a reference standard.
• eFI2 has robust performance for predicting home care, hospital admission for fall/fracture, care home admission, or

mortality.
• eFI2 has better overall performance than the original eFI.

Background

Maximising independence through proactive prevention,
identification and management of frailty is identified as a key
priority in the 2023 UK Chief Medical Officer’s Report on
Health in an Ageing Society [1]. Frailty negatively impacts
on quality of life, caregiver burden and health and social care
use [2]. It accounts for £6 billion of annual NHS expenditure
and is the strongest predictor of social care costs [3]. There
is also evidence that outcomes for older people with frailty
may be improved following community-based interventions
such as comprehensive geriatric assessment and resistance
exercise training, increasing the importance of identifying
and targeting those with frailty in primary care [4–7].

UK and international guidelines support routine frailty
identification for timely and targeted proactive care [8–10].
There is growing support for routine frailty identification
to enable holistic, person-centred care in perioperative, car-
diovascular, and oncology care settings [11–13]. To support
routine frailty identification, the electronic frailty index (eFI)
was nationally implemented into UK primary care electronic
health record (EHR) systems in 2016 [14]. This was a global
first, supporting national health policy change through the
2017/18 primary care contract [15], with subsequent inclu-
sion in national medicines optimisation policy [16].

The eFI was developed using the cumulative deficit
model, where the eFI score is calculated as an equally
weighted proportion of deficits experienced by a patient
out of the total possible [2]. The cumulative deficit model
provides simple, intuitive frailty indices, but the prognostic
performance may be limited by the equal weighting of
deficit variables [17]. Although the discrimination of the
eFI was good for 1-year mortality (C-index = 0.72 and
0.76 in internal and external validation, respectively), care
home admission (C-index = 0.74 in internal validation)
and emergency hospitalisation (C-index = 0.66 and 0.71 in
internal and external validation) [14], it was not validated
for key frailty outcomes such as loss of independence or falls
[14], and constraints were not applied to variables that could
resolve over time. Finally, the original eFI frailty categories
were developed using a pragmatic statistical approach,
splitting the space between zero and the 99th centile eFI
score into categories (fit, mild frailty, moderate frailty, severe
frailty), meaning that the generated frailty categories did not
necessarily align with reference standard measures.

The aim of this study was to develop and externally vali-
date the eFI version 2 (eFI2), as a clinical prediction model
to predict key frailty-related outcomes that can be automat-
ically populated from routine primary care EHR data.

Methods

Sources of data

A retrospective cohort study was used to develop the eFI2
clinical prediction model using Connected Bradford, which
includes linked primary, secondary and social care data from
∼800 000 residents of Bradford District and Craven, UK
[18]. External validation was in a second retrospective cohort
using the Secure Anonymised Information Linkage (SAIL)
databank, which contains ∼5 000 000 anonymised records
from residents of Wales, with linked primary care, ED
attendance, hospital admissions, care homes and Office for
National Statistics (ONS) mortality data [19].

Participants

Patients aged ≥65 contributing data to Connected Bradford
or SAIL on 1 April 2018 were included. A lookback period
included the complete primary care EHR from first regis-
tration. People in receipt of a home care package and care
home residents prior to 1 April 2018 were excluded from
the development cohort, given that they would be unable to
experience key outcomes of interest (new home care package,
care home admission) and may therefore deflate the risk
of the composite outcome if included. External validation
is intended to assess the validity of a model in practice;
therefore our external validation was performed including
patients with existing home care package or who were already
resident in a care home.

Outcome

The binary outcome was any one (or more) of the following
four outcomes occurring within 12 months of cohort entry
(1 April 2018):

1. Hospitalisation with fall or fragility fracture (as indi-
cators of a serious fall), defined using established code
lists.
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2. Care home admission, identified in Connected Brad-
ford using a care home residence flag in linked local
authority data, or using the linked care homes dataset
in SAIL.

3. All-cause mortality, identified using date of death in
Connected Bradford and linked ONS data in SAIL.

4. New home care package, identified in Connected Brad-
ford using a home care receipt flag in the linked Local
Authority data. Home care package is not recorded in
SAIL and so this was not included in the composite
outcome for the external validation.

The four outcomes were selected with input from a Patient
and Public Involvement (PPI) Frailty Oversight Group
(FOG), because they best represent frailty-related adverse
outcomes and loss of independence.

Predictors

Candidate predictors included the 36 deficit variables from
the original eFI in addition to those identified by a sys-
tematic review of prognostic factors in older people with
frailty [20], targeted scoping reviews of the literature, and
consultation with clinical practitioners. We restricted our
candidate predictors to those that are routinely recorded
in primary care. Systematised Nomenclature of Medicine
Clinical Terms (SNOMED CT) code lists for each candidate
predictor were developed from the original eFI, National
Health Service (NHS) Quality and Outcomes Framework
incentivisation scheme code lists (2018/19), [21] and from
established code lists. Mapping between coding ontologies
(SNOMED CT used in Connected Bradford and Read ver-
sion 2 in SAIL) was via NHS Technology Reference Update
Distribution mapping tables. Where mapping was unsuc-
cessful, manual searching for an appropriate Read code was
conducted via searching the code’s text description in www.
athena.ohdsi.org. There were a small number of SNOMED
CT codes that could not be mapped to an appropriate READ
code, and these codes were therefore not included. Mapped
codes were checked by clinical authors A.C., K.W., S.C.,
D.N. and C.A.

There were 79 candidate predictor variables (Supplementary
Materials, Appendix 1). Of the 79 candidate predictors,
70 were binary and four had multiple ordered categories
(alcohol intake (reference category = zero intake), body mass
index (BMI, reference category = Recommended BMI),
smoking status (reference category = none, ex, or missing),
and polypharmacy (reference category 0–4 medications). All
predictors were derived based on the presence of a relevant
SNOMED CT or READ code.

Several predictors had additional inclusion rules, such
as occurrence only in the previous 5 years (Supplementary
Materials, Appendix 1). We excluded candidate predictors
with low prevalence in the development cohort (<0.05%).
Age was not included as a predictor because frailty is consid-
ered to identify increased risk of adverse outcomes for people
compared to same-age peers, aligning with well-established
theoretical understanding of frailty.

Sample size

Using Riley et al’s ‘pmsampsi’ package in Stata, a prespecified
sample size calculation for model development was derived
[22]. Based on existing estimates of one year mortality,
hospitalisation for falls and care home admission (4%, 5%
and 0.7%, respectively [14, 23]) we estimated between 6%
and 10% of patients would experience our composite out-
come. Conservatively using the lower range of the estimated
incidence, assuming a maximum of 90 predictor parameters
would be included in the final model, with a Cox-Snell R-
squared of at least 5%, 15 746 patients were required for
model development.

Prediction model sample size guidance recommends tai-
loring the sample size required for external validation based
on the model being validated [24]. We adapted Riley et al’s
Stata script for time-to-event models [24] to estimate that
a sample size of 60 000 patients (with at least 4016 experi-
encing the composite outcome), is sufficient to target a 95%
confidence interval of width 0.2 around the estimate of the
calibration slope. The available sample sizes in both cohorts
exceeded the sample size estimates required.

Missing data

Decisions on missing data were taken in collaboration with
wider stakeholders, including suppliers of EHR systems,
so that the final eFI2 model would be suitable for imple-
mentation and rollout. For binary predictors, patients that
did not have a relevant code recorded in their primary
care EHRs were assumed not to have the corresponding
condition. Similarly, only recorded medications contributed
to the polypharmacy variable. Missing lifestyle data for BMI,
smoking status and alcohol intake were represented by a
‘missing’ category so that when the eFI2 is implemented
in primary care EHR systems, patients who have miss-
ing lifestyle data in practice will still have an eFI2 score
generated.

Statistical analysis

Time until the composite outcome was modelled using
a multivariable Cox proportional hazards model with all
predictors included. Using the penalised package in R [25],
we applied a positivity constraint to shrink predictor param-
eters with negative coefficients (i.e. apparently ‘protective’
variables) to zero, in line with established definition of a
frailty index deficit variable [26].

Each regression coefficient was rescaled, dividing the coef-
ficient by the sum of coefficients. For categorical predictors
with more than two categories, the category with the largest
coefficient contributed to the sum of coefficients. The eFI2
score was calculated for each patient as the sum of the total
possible rescaled coefficients. The rescaling of the coefficients
to a 0–1 scale makes the interpretation of the eFI2 score
comparable to the original eFI score, and the conventional
method of presenting an FI score.

Discrimination (C-index), Nagelkerke R2, the Expected/
Observed (E/O) ratio and the calibration slope were
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calculated in the development and external validation
cohorts, with these being estimated using bootstrapping (50
bootstraps) in the internal validation. Further information
on the interpretation of C-index, Calibration slope and E/O
can be accessed elsewhere [27].

In the development and external validation cohorts, cal-
ibration performance was examined using calibration plots
that compared the observed and predicted risk of the com-
posite outcome at one year, with the predicted risk being
the exponentiated linear predictor multiplied by the baseline
hazard derived from the development cohort data [28].
Calibration plots included a smoothed calibration curve,
estimated using a cubic spline smoother.

Selection of thresholds for frailty risk groups

Cut-points for the original eFI were calculated by splitting
the distance between 0 and the 99th centile eFI score in the
development cohort into four equally spaced categories. The
original eFI cut-point distinguishing between fit and mild
frailty was often clinically scrutinised by clinicians for not
matching the clinical view of mild frailty. Therefore, the cut-
points between the ‘robust’ and ‘mild frailty’ categories for
the eFI2 score were assigned based on mapping from the
cut-point of a research standard frailty index, using data from
the Community Ageing Research 75+ (CARE75+) national
longitudinal cohort study [29]. The eFI2 scores could be
calculated for 267 CARE75+ participants with linked pri-
mary care electronic health record data across five time points
(1316 observations). The reference standard FI score was
derived using the cumulative deficit model with 60 deficits,
with a score ≥ 0.25 representing any degree of frailty [30].
Therefore, we mapped this FI value to the corresponding
eFI2 value using linear regression. The eFI2 cut-points that
distinguish between mild, moderate and severe frailty were
assigned in the external validation cohort by dividing the
space between the mapped mild frailty cut-point and the 99th

centile eFI2 score into three.

Comparison with the eFI

The original eFI score was calculated in the external vali-
dation cohort and model performance measures (C-index,
Nagelkerke’s R2) estimated using the composite outcome.

All analyses were performed in R (R Core Team 2020).

Patient, public and practitioner involvement

Our PPI FOG, established as part of the National Institute
for Health and Care Research Applied Research Collabora-
tion Yorkshire & Humber (NIHR ARC YH) [31], helped us
develop our research questions and informed the delivery
of the project, including the selection of outcomes that
best represent frailty. The list of potential deficits for the
eFI2 was reviewed by the Frailty Clinical Network-London
Region, a multi-disciplinary group representing Geriatric
Medicine, General Practice, Community and Acute Nurs-
ing, Mental Health, Ambulance Service, Occupational
Therapy, Community Physiotherapy, Pharmacy, Third

Sector, Patient Public Voice and Social Care. The group
reviewed the content of the eFI and proposed additional
variables to include, highlighting consideration of chronic
pain and mental health variables. Both the Frailty Clinical
Network and FOG advocated weighting variables in eFI2,
and identified which variables they felt could potentially
resolve within a 5-year time horizon.

Results

Study population and characteristics

There was a lower one-year incidence of the composite out-
come in the development cohort compared to the external
validation (6.1% vs 8.5%), which was partially due to the
exclusion of 2925 (3.5%) patients with previous home care
or care home admission in the development cohort, and
partially due to a lower incidence of hospital admissions for
falls and fragility fractures in the development cohort (2.6%
vs 4.9%). Cohort demographics are shown in Table 1. The
prevalence of each predictor in the development and external
validation cohorts is shown in Table 2.

Model development

Thirty-six predictors were included in the final eFI2 model,
with 42 of the original 79 candidate predictors removed
by the positivity constraint, and one candidate predictor
(managing finances) excluded due to low prevalence in the
development cohort (<0.05%). The median predicted risk
was 3.0%, with the minimum predicted risk being 1.51%
(the baseline hazard) and the 99th centile being 44%. The
hypothetical total possible sum of coefficients was 8.429,
meaning the transformed coefficients were calculated as the
coefficient divided by 8.429 (Table 3). The median eFI2
score, calculated using the transformed coefficients, was
0.083 (IQR = 0.042–0.16) in the development cohort.

Internal validation using development cohort

The model showed excellent discrimination (boot-strapped
C-index = 0.803), with 9.7% of the variation being explained
by the predictors (bootstrapped Nagelkerke’s R2 = 0.0971)
(Table 4). The average predicted risk of the composite out-
come was 2.3% lower than observed risk (bootstrapped
E/O = 0.987), and while the calibration slope was 1.000,
there was slight underestimation where the predicted risk was
between 10% and 30%, and some slight over-estimation of
risk where the predicted risk was > 30% (Figure 1a). Cali-
bration plots by age and sex are presented in Supplementary
Materials, Appendix 5.

External validation

The model had good discrimination in the external valida-
tion (C-index = 0.723, 95% CI: 0.721, 0.725) (Table 4). The
model explained 6.4% of the variation in the time until
the composite outcome (Nagelkerke’s R2 = 0.064). However,
on average the model tended to underestimate the risk
of the composite outcome (E/0 = 0.443). There was some
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Table 1. Baseline characteristics and outcome incidence in development and external validation cohorts.

Characteristic/outcome Development cohort
N = 78 760

External validation cohort
N = 660 417

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age (years), mean (SD) 75.1 (7.5) 74.9 (7.5)
Gender, n (%)
Male
Female

36 345 (46.1)
42 415 (53.9)

311 742 (47.2)
348 675 (52.8)

IMD quintile∗, n (%)
1 (most deprived)
2
3
4
5 (least deprived)
Missing

17 751 (28.9)
11 618 (18.9)
13 806 (22.5)
10 896 (17.7)
7401 (12)
17 288 (22)

85 421 (16.1)
102 410 (19.3)
108 496 (20.4)
111 726 (21.1)
122 619 (23.1)
129 745 (19.6)

Falls or fragility fractures, n (%) 2056 (2.6) 32 199 (4.9)
New home care package, n (%) 748 (0.9) N/A
Care home admission, n (%) 343 (0.4) 5381 (0.8)
All-cause mortality, n (%) 2560 (3.3) 25 216 (3.8)
Composite outcome∗, n (%) 4800 (6.1) 56 408 (8.5)

Key: IMD, index of multiple deprivation- The English IMD was applied to the Development cohort and the Welsh IMD was applied to the external
validation cohort. a) Care home admission only counted where there was no pre-existing admission before the study period; b) Home care package only counted
where there was no pre-existing home care package before the study period; ∗Composite outcome does not include new home care package in external validation
data. N/A, data not available.

evidence of miscalibration (calibration slope = 1.104, 95%
CI: 1.093,1.113) with the calibration slope indicating the
spread of predicted risks may be too narrow. The under-
estimation of observed risk was apparent over the whole
spectrum of predicted risk (Figure 1b).

The median eFI2 score was 0.066 (95% CI: 0.036, 0.119)
in the external validation cohort. The reference standard cut-
point of 0.25, between robust and mild frailty, was mapped
to an eFI2 score of 0.0857 using the CARE75+ data. Cut-
points to distinguish between mild, moderate and severe
frailty were 0.1624 and 0.2392. Using these cut-points, 402
427 (60.9%) were identified as robust, 169 301 (25.6%) as
mild frailty, 63 019 (9.5%) as moderate frailty and 25 670
(3.9%) as severe frailty. The risk of the composite outcome
increased over the frailty categories (log-rank test P < 0.001)
(Supplementary Materials, Appendix 2). Similarly, the indi-
vidual risks of falls, care home admission and mortality
increased with increasing frailty (Supplementary Materials,
Appendix 4).

The original eFI had moderate discrimination in the
external validation cohort (C-index = 0.687, 95% CI: 0.684,
0.689, Nagelkerke’s R2 = 0.050).

Implementation

An example of how to calculate the eFI2 score, the eFI2
frailty category and the predicted risk of the composite
outcome at 12 months is shown in Supplementary Materials,
Appendix 3.

Discussion

We have developed and externally validated the eFI2, which
demonstrates good predictive performance for the composite

of four key frailty outcomes. We have defined new frailty
categories using a reference standard FI measure. While
there was evidence that the eFI2 underestimated the risk
of frailty in the external validation cohort, the eFI2 had
better discrimination for the composite outcome than the
original eFI.

The study is strengthened by the use of large population-
based cohorts, with external validation to examine poten-
tial overfitting of the model and assess generalisability. We
ensured high ascertainment of predictors and outcomes by
developing, testing and implementing an inclusive list of
SNOMED CT codes. The mapping from SNOMED CT
to Read v2 suggests that the eFI2 could be successfully trans-
lated to different coding systems. However, some variation in
coding systems is inevitable and likely contributed to varia-
tion in the prevalence for some predictors and outcomes.

The eFI2 underestimated the observed risk in the external
validation cohort. Several factors may have contributed to
this. Firstly, the external validation cohort included care
home residents and people in receipt of a new home care
package. These patients were excluded from the development
cohort, reducing incidence of the composite outcome from
7.4% to 6.1%. Conversely, although we included people
in receipt of home care packages in the external validation
cohort, it was not possible to ascertain the home care package
outcome in SAIL, which may have reduced the baseline
hazard of the composite outcome. Secondly, the external
validation cohort had a greater incidence of injurious falls,
even after accounting for the inclusion of patients with
previous care home admissions or people in receipt of a home
care package. The higher incidence might represent a real
difference in the populations, differences in coding, or use of
different coding ontologies. Lastly, the prevalence of a small
number of predictors varied considerably between cohorts.
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Table 2. Prevalence of deficit variables included as predictors in the eFI2.

Deficit Prevalence n(% of cohort)

Development cohort
N = 81 685

External validation cohort
N = 660 417

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Alcohol
Harmful intake 2943 (3.7) 4714 (0.7)
Higher intake 883 (1.1) 686 (0.1)
Lower intake 5613 (7.1) 11 231 (1.7)
Previous harmful/higher 25 (0.03) 90 (0.01)
Zero 5303 (6.7) 1247 (0.2)
Missing 63 993 (81.3) 642 449 (97.3)
Activity limitation 1293 (1.8) 5646 (0.9)
Atrial fibrillation 11 048 (14.0) 59 098 (8.9)
Cancer 20 642 (26.2) 134 167 (20.3)
BMI
Underweight
Recommended
Overweight
Obese
Missing

1424 (1.8)
23 695 (30.1)
28 883 (36.7)
21 151 (26.9)
3607 (4.6)

14 856 (2.2)
180 164 (27.3)
224 119 (33.9)
171 436 (25.96)
69 392 (10.5)

Cognitive impairment 25 890 (32.9) 6644 (1.0)
COPD 10 230 (13.0) 77 849 (11.8)
Dementia 7003 (8.9) 18 870 (2.9)
Dressing or grooming problems 10 662 (13.5) <10
Environment problems 2577 (3.3) 12 249 (1.9)
Falls 16 163 (20.5) 106 839 (16.2)
Fracture 18 255 (23.2) 157 004 (23.8)
Fragility fracture 13 947 (17.7) 79 033 (12.0)
Heart failure 8386 (10.6) 76 939 (11.7)
Housebound 7076 (9.0) 74 800 (11.3)
Hypotension or syncope 13 409 (17.0) 48 961 (7.4)
Liver problems 1071 (1.4) 3400 (0.5)
Medication management problems 432 (0.5) <10
Memory concerns 844 (1.1) 25 552 (3.9)
Mobility problems 13 796 (17.5) 8894 (1.3)
Motor Neuron Disease 81 (0.1) 251 (0.04)
Palliative care 4435 (5.6) 5451 (0.8)
Parkinsonism or tremor 2285 (2.9) 20 670 (3.1)
Peptic ulcer disease 922 (1.2) 4941 (0.7)
Peripheral vascular disease 10 020 (12.7) 44 496 (6.7)
Polypharmacya

0–4 medications
5–9 medications
10+ medication

45 015 (57.2)
23 132 (29.4)
10 613 (13.5)

392 508 (59.4)
202 158 (30.6)
65 751 (10.0)

Requirement for care 4794 (6.1) 23 427 (3.5)
Respiratory disease 8285 (10.5) 58 989 (8.9)
Seizures 1922 (2.4) 15 238 (2.3)
Self-harm 566 (0.7) 1601 (0.2)
Skin ulcer 8919 (11.3) 75 506 (11.4)
Social vulnerability 8956 (11.4) 186 887 (28.3)
Stroke 9776 (12.4) 48 091 (7.3)
Smoking
None, Ex or missing
Current

57 225 (72.7)
21 535 (27.3)

473 530 (71.7)
186 887 (28.3)

Transient ischaemic attack 4577 (5.8) 29 018 (4.4)
Weight loss 4998 (6.3) 49 466 (7.5)

COPD = Chronic obstructive pulmonary disease, BMI = Body mass index. More information on the definitions of the predictors in available in Supplementary
Materials, Appendix 1. aNumber of medications from different BNF sub-subchapters (level 3) prescribed in previous 90 days.
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Table 3. eFI2 model coefficients and transformed coefficients (n = 36)

Predictor Coefficient Transformed coefficient
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Activity limitation 0.15284 0.018
Alcohol, harmful intake 0.23107 0.027
Alcohol, missing 0.13175 0.016
Alcohol, previous harmful/higher 1.36434 0.162
Atrial fibrillation 0.13025 0.015
Cancer 0.2406 0.029
Cognitive impairment 0.10985 0.013
COPD 0.11683 0.014
Dementia 0.41715 0.049
Dressing or grooming problems 0.05422 0.006
Environment problems 0.11886 0.014
Falls (history of ) 0.62743 0.074
Fracture 0.07353 0.009
Fragility fracture 0.17425 0.021
Heart failure 0.11086 0.013
Housebound 0.33254 0.039
Hypotension or syncope 0.18253 0.022
Liver problems 0.23787 0.028
Medication management problems 0.32125 0.038
Memory concerns 0.11915 0.014
Mobility problems 0.46836 0.056
Motor neuron disease 0.35347 0.042
BMI, missing 0.25318 0.030
BMI, underweight 0.4417 0.052
Palliative care 0.5145 0.061
Parkinsonism or tremor 0.03537 0.004
Peptic ulcer disease 0.05427 0.006
Peripheral vascular disease 0.02672 0.003
Polypharmacy, 5–9 medications 0.32301 0.038
Polypharmacy, 10+ medications 0.50801 0.060
Requirement for care 0.21428 0.025
Respiratory disease 0.01049 0.001
Seizures 0.02885 0.003
Self-harm 0.00900 0.001
Skin ulcer 0.21935 0.026
Smoker current 0.10291 0.012
Social vulnerability 0.23585 0.028
Stroke 0.10565 0.013
Transient ischaemic attack 0.02305 0.003
Weight loss 0.19256 0.023

BMI = body mass index, COPD = chronic obstructive pulmonary disease. More information on the definitions of the predictors in available in Supplementary Box
1. A worked example for calculating a hypothetical patient’s eFI2 score, frailty category and predicted risk is shown in Appendix 3.

Table 4. Model performance statistics

Statistic Internal validationd

Statistic
External validation
Statistic (95% CI)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Calibration slopea 1.000 1.104 (1.093, 1.113)
Concordance (C-statistic)b 0.803 0.723 (0.721, 0.725)
Nagelkerke’s R2 0.0971 0.064
E/Oc 0.987 0.443

aThe calibration slope represents the spread of expected versus observed incidence, with a slope > 1 indicating that the spread of predicted risk are too
narrow and a slope < 1 that the spread is too extreme [27]. bThe C-index ranges from 0 to 1 with a value of 0.5 suggesting the model predicts the composite
outcome no better than chance, and 1 being indicative of perfect discrimination such that everyone in the data with the composite outcome have higher predicted
risk than all those without the outcome [27]. cThe E/O ratio compares the one year incidence (expected) to the incidence in reality (observed). An E/O ratio of 1
indicates that the predicted one-year incidence of the composite outcome is equal to the observed incidence of the composite outcome. Where the ratio is under 1,
this suggests that the model under-estimates the incidence compared to what happened in reality (and vice vera) [27]. dBootstrapped statistics (50 bootstraps).
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Figure 1. Calibration curves for performance of the eFI2 model
at one year. Groups represent 20ths of the linear predictor.

The prevalence of cognitive impairment in particular was sig-
nificantly higher in the development cohort where primary
care incentivisation schemes increased recording.

We combined four frailty-related outcomes and used this
as a single composite outcome. As a marker of independence,
we were able to include local authority organised/funded
care as an outcome in the development cohort. However,
it was not possible to ascertain informal care or privately
organised/funded care, which means we have not perfectly
captured loss of independence. While the size of the associ-
ation with the predictors is likely to vary for each outcome,
they are the key outcomes that best represent the overall state
of frailty.

Our novel approach to eFI2 development, with use of
weighted predictor variables, time-constraints and updated

frailty categories has resulted in good prognostic perfor-
mance for our composite outcome. Although the main use
of eFI2 should be for population-level risk stratification to
identify groups of individuals who should be considered for
frailty-related interventions, in primary care batch coding
should be avoided and clinical judgement should be used
to confirm a formal diagnosis of mild, moderate or severe
frailty before adding this to the clinical record, aligned with
previous NHS guidance on eFI implementation [32]. We
mapped from a research standard frailty index to define
frailty categories, although alternative approaches could have
been used, for example to employ decision curve analysis or
to work with clinical and patient reference groups to derive
risk thresholds [33].

The robust prognostic performance of the eFI2 and the
improved classification of frailty categories could support
development of improved care pathways for older people
living with frailty. Our use of global standard SNOMED
CT nomenclature will support external validation of the
eFI2 internationally as a necessary step prior to interna-
tional implementation, with potential for global scientific,
practice and health policy impact, given the contemporary
international interest in this area [34].

Potential next steps include decision curve analysis, or
decision analytic modelling to assess how model predictions
might lead to improved patient and system-level outcomes,
including the economic perspective [33]. Comparison of the
eFI2 frailty categories to those derived from clinical measures
of frailty would add further evidence on overall validity,
along with further validation to assess performance across
different demographics.

Conclusion

The eFI2 demonstrates robust prediction for key frailty-
related outcomes, with improved discrimination for a com-
posite outcome of falls, care home admission and mor-
tality compared with the original eFI. We anticipate that
the eFI2 will support development and implementation of
new models of primary care for older people living with
frailty in the United Kingdom, with future impact extending
into other key areas including perioperative care, oncology
and cardiovascular care. Our use of novel methodology to
develop and validate the eFI2 will advance the field of
frailty-related research internationally, setting a new method-
ological standard for international research. Similar clinical
impact could be anticipated internationally, following future
external validation of eFI2 in international settings prior to
implementation.
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