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Abstract

Introduction: the identification and management of frailty occurs mostly in primary care. Several different models of care
exist. This study aimed to assess the impact of a new General Practitioner (GP)-led modified Comprehensive Geriatric
Assessment (CGA) on service delivery, healthcare utilisation and patient outcomes.
Method: patients with moderate–severe frailty (electronic Frailty Index score > 0.24) in Newbattle Medical Practice, Scotland,
were eligible for a novel intervention (MidMed) in which an additional GP performed a modified CGA and was directly
accessible for appointments. The recruits to the intervention (MidMed) group were compared with those waiting to be enrolled
(non-MidMed). Outcomes included unscheduled hospital admissions, primary care consultations, continuity of care (Usual
Provider of Care (UPC) index), outpatient attendances and mortality. Adjusted rate ratios (aRR), for MidMed compared to
non-MidMed, were estimated using regression models adjusting for demographics and healthcare utilisation histories.
Results: 510 patients were included: 290 MidMed (mean(SD) age 80.1(7.6)years; 59.6% female) and 220 non-MidMed
(75.4(8.6)years; 57.7% female). Median follow-up was 396 days. aRR(95%CI) was 0.46(0.30–0.71) for >1 admission,
0.62(0.41–0.95) >1 Emergency Department (ED) attendance and 1.52(1.30–1.75) for use of primary care, with no difference
in outpatient appointments or mortality. Continuity of care was better for the MidMed group (MidMed UPC 0.77(SD 0.19),
non-MidMed 0.41(0.18), P < 0.001).
Conclusion: this GP-led service for frail patients was associated with lower risk of hospital readmission/ED reattendance,
greater use of primary care and improved continuity of care. More detailed evaluation of novel primary care frailty services,
over longer time-periods, including robust randomised controlled trials, are needed.
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Key Points

• MidMed was a novel primary care intervention for moderate-severe frailty (modified GP-led CGA and ongoing care).
• Patients who received MidMed had reduction in recurrent hospital admissions, more primary care contacts and better

continuity of care.
• GP-led services for frail patients can impact outcomes.
• Future studies need robust evaluation, including randomised controlled trials, and longer follow-ups.
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Introduction

People living with frailty are at an increased risk of hospital
admission, disability, and death [1–3]. Those living with
moderate and severe frailty are among the highest users of
healthcare [4, 5] comprising 15 and 5%, respectively, of
people aged over 64 in Scotland, with a further 35% having
mild frailty [6]. Therefore, the proactive identification and
management of frailty is central to many guidelines and
policies [7] aiming to improve care for older people. Around
90% of all NHS contacts take place in general practice [8],
and with an ethos emphasising the importance of holistic
care in the community [9], General Practitioners (GPs) are
in an ideal position to identify people with frailty and deliver
appropriate interventions.

Primary care services are, however, not generally config-
ured to meet the needs of frail populations [10, 11] and
GP workload is nearing ‘saturation point’ [12]. Care can be
reactive and fragmented, and appointments are time limited,
making it challenging to tackle the complex presentations
of this vulnerable group with the available resource [13].
Several options have been explored to transition to a more
proactive, integrated, person-centred model of primary care,
but there is currently no consensus on a particular approach
and evidence around models of care is lacking [14–17].

There is good evidence for the benefit of delivering Com-
prehensive Geriatric Assessment (CGA) in the hospital set-
ting, however, evidence for its use in other settings, such
as the community, is less strong [18, 19]. There is low-
certainty evidence that a community-based full CGA may
have a reduced risk of unplanned hospital admission [19].
Continuity of care is also important in high-quality care for
frail older people [8]. Increased continuity of care is asso-
ciated with improved patient outcomes, such as decreased
hospital utilisation [20]. Conversely, low continuity of care
is associated with a higher risk of mortality [21].

GP practices in Midlothian, Scotland, were allocated
funding in 2019 by the Midlothian Health and Social Care
Partnership (HSCP) to support the identification and man-
agement of frailty in their patients. The aim of this study
is to evaluate the impact of a new GP-led modified CGA
for people living with moderate to severe frailty on service
delivery, healthcare utilisation and patient outcomes.

Method

An observational retrospective study of linked routinely col-
lected healthcare data was used to evaluate the effectiveness
of MidMed, a primary care intervention.

Study population

Newbattle Practice is a large urban GP practice in the county
of Midlothian, on the outskirts of Edinburgh in Scotland,
employing 21 GPs who provide primary care to 18,000
patients (13% aged ≥65). People with frailty were identified

using the electronic Frailty Index (eFI) [22], which uses rou-
tinely collected primary care data, available through GP Read
codes, to identify and grade frailty severity. Those categorised
as moderately or severely frail using the eFI (score > 0.24)
and living at home (i.e. not in a care home) were eligible for
the new service called MidMed.

The use of the eFI

In Scotland, the routine identification of frailty is not man-
dated and is currently not commonly embedded in routine
practice. To optimise the use of the eFI, since 2018, staff
used opportunistic contacts such as seasonal flu vaccination
clinics to add information such as disability deficits to patient
records. eFI reports used the subset of Read codes to capture
the relevant deficits that contribute to the eFI score [4].
The eFI was only used to screen for eligibility to MidMed.
Any subsequent formal diagnosis of frailty or changes to the
patient record was only made following clinician assessment.

The MidMed intervention

MidMed was a new model of care introduced by the GP
practice in partnership with Midlothian HSCP in June 2019,
funding an additional GP (MidMed GP) for nine sessions
with a special interest in frailty and multi-morbidity to
provide modified CGA and direct patient care to MidMed
patients only. The role did not include other GP work,
such as being duty doctor. Patients were not randomised to
MidMed. The order of enrolling patients to MidMed was
determined by the MidMed GP and was mainly based on
practicalities, such as ability to contact, or proximity to other
MidMed patients.

Phase 1: started June 2019:—modified CGA

Patients received a proactive home visit from the MidMed
GP who performed a CGA adapted for primary care. The
detailed assessment used the framework and recommen-
dations outlined in the Comprehensive Geriatric Assessment
Toolkit for Primary Care Practitioners [23], focusing on the
following assessments: physical, functional, social, psycho-
logical and medications aligned with the overall person-
centred goals. A problem list was generated, resulting in a
tailored management plan, including further investigations
or referrals, and an anticipatory care plan (ACP), which helps
patients consider what is important to them and plan for
their future care [24]. The visit usually lasted between 60
and 90 minutes with additional time for administrative tasks
afterwards, including updating the patient’s Key Informa-
tion Summary (KIS) [25] (an ACP document accessible by
all healthcare professionals).

Phase 2: started October 2019—Continued care

The MidMed GP also took over the ongoing care of MidMed
patients. MidMed patients could book appointments
directly with reception, bypassing the usual telephone and/or
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online triage system. Longer appointments and home visits
were more readily available than for patients who were not
part of MidMed.

Study participants

Patients who were enrolled into MidMed between 1 June
2019 and 30 September 2020 were included (MidMed
group). The comparison group was those patients who were
eligible for MidMed, but who had not yet been enrolled by
the end of the study, i.e. were still receiving usual care (non-
MidMed group). An individual’s enrolment date to the study
was the first contact date with MidMed for the MidMed
group and the date on the eFI report for the non-MidMed
group. Each patient was followed up until the first of the
following events: death, a long-term move to a care home, a
move away from the practice area or the study end date. An
independent Midlothian HSCP data analyst cleaned, linked
and pseudonymised datasets from hospital and primary care
administrative databases.

Outcomes

The primary outcome was unplanned hospital admission.
Secondary outcomes included: emergency department (ED)
attendance and outpatient attendance, primary care con-
sultations, continuity of GP care and mortality. Continu-
ity of care (how often the patient sees the same GP) was
measured using the Usual Provider of Care (UPC) [26]
index. This is the proportion of contacts with the most-
seen GP for patients with ≥2 GP contacts within the study
period, expressed as a fraction (number of contacts with most
frequently seen GP divided by the total number of contacts)
[26]. A score of 1 means all visits were to the same GP. High
continuity of care has previously been defined as between 0.7
and 1 [27].

Statistical approach

Age, sex, socioeconomic deprivation scores (grouped into
fifths based on local thresholds using the Scottish Index of
Multiple Deprivation score), level of frailty at enrolment
to the study and healthcare utilisation histories (number of
emergency inpatient admissions, ED attendances, outpatient
attendances and GP contacts) in the 12 months prior were
extracted from the healthcare record for the MidMed group
at enrolment and the non-MidMed group on the eFI report
date. Baseline continuous data were presented as mean (with
standard deviation (SD)) or median (with an interquartile
range (IQR)) depending on data dispersion, and categorical
counts as percentages. All analyses were performed using R
software (version 4.0.0) [28].

The differences between groups were analysed by fitting
multivariable regression models. Different models were used
depending on the characteristics of the data. A hurdle model
was used for unplanned hospital admissions and ED atten-
dances. Most patients do not have an unplanned healthcare

attendance so standard models perform poorly in summaris-
ing risk of repeated admissions. In this two-part method,
modelling of the number of attendances first has to cross a
hurdle (any attendance) and then a separate process assesses
the count of attendances [29–31].

Negative binominal models were used for the number of
primary care contacts and number of outpatient attendances
[32]. The regression model assumptions for each model were
checked and held true. An exposure term was incorporated
to account for varying follow-up durations.

The Mean Cumulative Function (MCF) was used to
summarise the average number of primary care contacts per
patient over time, taking into account censoring events such
as loss to follow-up and death [33]. MCF was plotted for the
MidMed and non-MidMed group, subdivided by severity
of frailty. For continuity of care, the difference between the
UPC index was calculated.

Based on a prior Cochrane review [34], which reported
CGA had little or no difference in mortality, it was assumed
MidMed was unlikely to have a large positive or nega-
tive impact on mortality. Therefore, mortality rates between
the two groups were used to assess the effect of residual
cofounding. A Cox proportional hazard model was used, and
proportionality assumptions were tested using Schoenfeld
Residuals and met.

The MidMed intervention and evaluation protocols were
reviewed by the local NHS ethics committee. An ethics
application waiver was approved as these formed part of a
service improvement programme.

Results

Baseline characteristics

About 290 patients were enrolled into MidMed between
June 2019 and September 2020, leaving 220 patients in
the non-MidMed group (Supplementary S1). Table 1 shows
baseline characteristics for both groups. The MidMed group
were older and included a larger proportion of patients with
severe frailty. The two groups were otherwise similar across
all domains, although MidMed group had on average more
primary care contacts and fewer outpatient attendances in
the 12 months prior to baseline.

The median follow-up time was 396 days (IQR 367 to
468 days). A total of 47 patients died and 8 moved to a care
home. About, 273 (94%) MidMed patients had a modified
CGA and care plan developed; non-completion was mainly
due to moves into care homes.

Outcomes

Key primary and secondary outcomes for MidMed are sum-
marised in Table 2, with the non-MidMed group used as
reference.

Healthcare utilisation

There were similar rates of having at least one recorded
hospital admission in both groups during the follow-up
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Table 1. Baseline patient characteristics in MidMed and non-MidMed patients

MidMed
(n = 290)

Non-MidMed
(n = 220)

P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age (years)—mean (SD) 80.1 (7.6) 75.4 (8.6) <0.001
Frailty (eFI)a—median (IQR) 0.33 [0.28,0.39] 0.28 [0.25,0.31] <0.001
Sex - female, n (%) 173 (59.6) 127 (57.7) 0.72
Social Deprivation (SIMD)b,c most deprived quintile, n (%) 150 (51.7) 130 (59.1) 0.12
Comorbidities: Number of ICD 10 chapters where diagnoses are
recordeda- mean (SD)

3.66 (1.50) 3.72 (1.37) 0.64

Healthcare contact in the 12 months prior to study inclusion
Hospital admissions

One or more admissions, n (%)
94 (32.4) 66 (30.0)

Total number of admissions 182 110
Crude rate 0.63 0.5 0.19

ED attendances
One or more attendances, n (%) 122 (42.1) 91 (41.4)
Total number of admissions 251 172
Crude rate 0.87 0.78 0.50

Outpatient attendances
Mean (SD) 5.7 (6.9) 6.8 (8.0) 0.08

Primary care contacts
GP/nurse, mean (SD) 14.2 (12.1) 11.6(9.5) 0.01

SD: standard deviation, eFI: electronic Frailty Index, IQR: Interquartile Range, ED: Emergency Department an = 14 excluded from eFI median as only frailty
category known (rather than actual score) bSIMD: Scottish Index of Multiple Deprivation quintile based on area of residence (postcode), relative to other places in
Midlothian (lowest quintile most deprived) cComorbidities grouped by the International Classification of Disease (ICD-10) chapter headings

Table 2. Rates of hospital admissions, ED attendances and primary care contacts for MidMed patients, compared to non-
MidMed
Outcome MidMed

(n = 290)
Non-MidMed
(n = 220)

Model 1
Adjusted only for
length of follow-up

Model 2
Fully adjusted for
baseline differences

Patients with
any event
n (%)

Total number
of events

Crude
rate∗

Patients with
any event
n (%)

Total number
of events

Crude
rate∗

Estimate
(95% CI)

Estimate
(95% CI)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hospital admissions† 95 (32.8) 148 0.51 75 (32.7) 161 0.63 OR (any admission or not)

1.19 (0.82–1.73) 1.10 (0.72–1.69)
RR (one or more admission)
0.54 (0.33–0.87)∗∗ 0.46 (0.30–0.71)∗∗∗

ED attendances† 122 (42.1) 203 0.70 100 (45.5) 208 0.81 OR (any attendance or not)
1.03 (0.72–1.48) 0.92 (0.62–1.37)
RR (one or more attendance)
0.73 (0.48–1.12) 0.62 (0.40–0.95)∗∗

Primary care contacts 276 (95.1) 5,948 20.7 185 (84.1) 3,279 12.8 RR
1.62 (1.39–1.90)∗∗∗ 1.52 (1.30–1.75)∗∗∗

Outpatients 232 (80.0) 1,357 4.7 188 (85.4) 1,553 6.2 RR
0.80 (0.65–0.98)∗∗ 0.88 (0.73–1.07)

Died 32 (11.0) - - 20 (9.1) - - HR
1.36 (0.77–2.38) 1.32 (0.72–2.45)

Reference group: non-MidMed. CI: Confidence Interval. OR: Odds Ratio. RR: Rate Ratio. HR: Hazard Ratio. Green: reduced odds with MidMed. Red: increased
odds with MidMed. ∗Crude rate: estimated number of events per person per patient-year. †Hurdle model for ED attendances and hospital admission. In this two-
part method, modelling of the number of attendances first has to cross a hurdle (any attendance/admission) then a separate process assesses the count of attendances.
∗∗ P value <0.05, ∗∗∗P < 0.001.

period (MidMed n = 95, 32.8%; non-MidMed n = 75,
32.7%, aOR1.10, 95%CI 0.72–1.69). However, patients
in the MidMed group with at least one admission had a
significantly lower risk of future admissions, compared to
those in the non-MidMed group (aRR 0.46, 95%CI 0.30–
0.71, P < 0.001). There was also a reduced risk of multiple

ED attendances in the fully adjusted model (aRR0.62,
95%CI 0.40–0.95, P = 0.03). Prior hospital admissions/ED
attendances and eFI scores were independent predictors in
the hurdle models (Supplementary S2).

Patients in the MidMed group had more primary
care contacts than those in the non-MidMed group
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Figure 1. Comparison of numbers of primary care contacts over follow-up time for all patients expressed as a MCF (Mean
Cumulative Function: average number of primary care contacts per patient over time, taking into account censoring events such as
death), sub-grouped by frailty (unadjusted).

(20.7 vs 12.8 per patient-year, respectively), even after
adjustment for age, sex, social deprivation, frailty and
previous primary care in the previous 12 months (aRR
1.52, 95%CI 1.30–1.75). The MidMed group received
more home visits compared to the non-MidMed group,
but more of the MidMed contact was by telephone (1.5
telephone appointments for every face-to–face appointment)
(Supplementary S3).

The rate of GP contacts was generally constant over
time, differing by frailty and higher in the MidMed group
(Figure 1): the orange and red MidMed lines are approxi-
mately linear with a steady gradient. In the severely frail non-
MidMed group, there is an appearance of a ‘catch up’ after
6 months, but this is based upon a small number of patients
with this length of follow-up.

Continuity of care

The mean UPC was higher for the MidMed group
(MidMed UPC 0.77 (SD 0.19), non-MidMed 0.41 (0.18),
P < 0.001), as expected as the MidMed GP was aiming to
provide all ongoing care to the MidMed group as part of
phase 2 (Supplementary S4).

Anticipatory care planning and mortality

The proportion of patients with a KIS increased from 23
to 100%, and with a community ‘Do Not Attempt Cardio-
Pulmonary Resuscitation’ form from 4 to 44%. About, 23%
were added to the palliative care register. Unfortunately, this
information was not available for the non-MidMed group.
Mortality was slightly higher in the MidMed group (11%)
compared to the non-MidMed group (9%), but this was
not statistically significant when adjusted for demographics
(aHR 1.32 (95%CI 0.72–2.45, P = 0.37)).

Discussion

Summary of results

In this retrospective observational service evaluation of a
GP-led modified CGA intervention for people living with
moderate–severe frailty, MidMed care was associated with
a reduction of approximately 50% in the rate of recurrent
hospital admissions and ED attendances. However, there was
no reduction in overall risk of any unplanned hospitalisa-
tion or any ED attendance, or mortality, in those receiving
MidMed care. The intervention increased the rate of primary
care contacts by 50%, but with improved continuity of care.

This highlights the importance of considering repeated
admissions, as well as single admissions, as outcomes. Pos-
sible explanations include more comprehensive GP follow-
up on hospital discharge, more thorough advanced care
planning or improved continuity of care, all of which are
associated with fewer admissions [27, 35, 36]. The lack of
impact on the risk of having at least one ED attendance or
hospital admission may be true lack of effect, or could be
due to the timescale of the evaluation: those admitted in the
first few weeks following enrolment in MidMed are unlikely
to have had enough time to benefit meaningfully from the
enhanced care it provided.

The increase in primary care usage in addition to the
high rate of completed CGA and anticipatory care plans
suggests successful implementation of MidMed. This may
reflect identification of unmet need for frail patients; i.e. the
increased activity in this group reflected appropriate care,
rather than inappropriate attendance, but we did not collect
data on this. The change to a steeper MCF gradient for the
severely frail, non-MidMed group in Figure 1 indicates that
reactive primary care appointments may, with time, become
close to equivalent to those in the MidMed group, which
also included proactive appointments. This suggests that
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longer evaluation is essential, and the burden of increased
primary care contacts from MidMed may reduce with time.
The COVID-19 pandemic may have also affected outcomes.
The first UK lockdown occurred during the study period.
As patients were enrolled at different time points, lockdown
would have been at variable times after enrolment. MidMed
continued throughout the pandemic except for the tempo-
rary suspension of routine elements of the CGA between
March and June 2020.

Strengths and weaknesses

Strengths of this study include that the intervention was
provided by a single GP, leading to a consistent approach
in performing CGA. Both groups had the same access to all
primary and secondary care services (except for the MidMed
service being evaluated) and both would have been affected
similarly by service changes unrelated to MidMed, such as
the introduction of Red Cross welfare calls or the recon-
figuration of primary care in response to the COVID-19
pandemic. The study population was identified by eFI, a
routine data measure that is available to all GPs, strength-
ening its generalisability. There were no exclusion criteria
for entry into MidMed (if patients were moderately-severely
frail and living at home). Outcome data were extracted
by an independent data analyst from routine data, thereby
limiting bias.

Common to many service evaluation methodologies, a
limitation of this study is the use of observational data. This
means that unmeasured baseline variables and inadequate
adjustment for differences in baseline characteristics between
groups may have caused residual confounding.

The eFI is a recognised feasible and acceptable population
risk stratification tool for identifying patients with frailty and
is widely available to GP Practices across the UK [6, 22].
The eFI was chosen to select patients eligible for MidMed
because this had been a previous area of development work
for the GP Practices in Midlothian and also, on balance,
it was felt that this was the most practical screening tool
in a practice with over 18,000 patients [4]. A limitation of
using the eFI is that, due to its relatively high sensitivity and
low specificity, some patients may have been inappropriately
targeted for MidMed [37]. The GP who conducted the
MidMed CGAs found that none of those identified by eFI
were not frail, and only 12 patients were identified by other
sources.

As MidMed was an older and frailer group, this group
was more likely to be at higher baseline risk of adverse
outcomes meaning there is a possibility of selection bias, and
an underestimation of the effects of MidMed. As MidMed
was designed as a proactive service and enrolment was based
on practical factors, for example, patients who lived close
to each other were enrolled at the same time to limit travel
between visits. Patient location could have also introduced
selection bias for the intervention but greater than 95% of
the GP practice live in an urban area and at most 10-minute
drive from the practice [38].

MidMed was delivered by one GP only, so we cannot
be certain whether the benefits seen in the study are truly a
reflection of the service itself or whether they are determined
by the skills of the specific MidMed GP. Contamination bias
may have also been present if other staff were influenced in
how they cared for non-MidMed patients, leading to the
impact of MidMed being underestimated.

Context of existing literature

MidMed is a composite intervention and so we cannot iden-
tify which components have the most impact on outcomes.

MidMed identified those with moderate and severe frailty
using the eFI. Other studies have included patients at all
levels of frailty [39] or patients recruited using less defined
criteria [40]. The nature, components and extent of the CGA
intervention also differs between studies, with some being led
by nurses rather than GPs [41], some having enhanced access
to geriatricians and a multidisciplinary team [42]. MidMed’s
approach was novel in the addition of a named GP and
increased appointment availability. However, there was no
routine input of other multidisciplinary team members or
robust absence cover. A reduction in healthcare usage might
be expected following interventions, which deliver more
accessible, holistic, person-centred care. CGA and better
continuity of care have each been shown to be associated
independently with fewer hospital admissions [18, 27, 43].
Increased primary care usage has been observed in other
studies with similar follow-up times where new models of
care have been introduced [10, 44–46] but may not extend
beyond one year [46].

Relevance and future studies

Robust evaluation designs including randomised trials are
needed to determine whether GP-run CGA interventions
improve outcomes for frail patients. Many UK primary care
guidelines and policies for the management of frail patients
now include such interventions among their key recommen-
dations [7]. To our knowledge though, there are as yet no
randomised studies published in the UK assessing impact.
A randomised feasibility trial of CGA implementation in
primary care has recently been completed [47]. Trials should
also be complemented by a process evaluation to examine
whether the intervention was implemented and delivered
as planned. Future studies would benefit from conducting
an economic evaluation and from measuring patient-related
outcomes such as function and quality of life.

The findings are relevant to other practices in the UK,
and beyond frailty prevalence, and outcomes for the non-
MidMed group are similar to elsewhere [22]. The model of
employing a single additional GP can be replicated elsewhere
with appropriate funding and training, though other models
have been developed e.g. ‘micro-teams’ within a large GP
practice [48], or GPs in the practice running a service
alongside their usual work [49]. Evaluation should consider
the use of eFI to identify frailty, the ability of healthcare data
to determine outcomes, and integration into the healthcare
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system. Developments of the eFI, such as the eFI+, will
better identify people with moderate to severe frailty who
would most benefit from community interventions [50].

Conclusion

MidMed was successfully introduced and resulted in some
reduction to secondary care use at the potential cost of more
primary care contacts. This study suggests a possible model of
care for meeting the needs of an increasingly frail population.
We now need rigorous randomised controlled trials across
a broader multi-practice population. These should include
not only service level outcomes, but also patient/carer expe-
riences and satisfaction with care.
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