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Abstract 

Background:  Frailty is a common condition in older adults and has a major impact on patient outcomes and service 
use. Information on the prevalence in middle-aged adults and the patterns of progression of frailty at an individual 
and population level is scarce. To address this, a cohort was defined from a large primary care database in England to 
describe the epidemiology of frailty and understand the dynamics of frailty within individuals and across the popula-
tion. This article describes the structure of the dataset, cohort characteristics and planned analyses.

Methods:  Retrospective cohort study using electronic health records. Participants were aged ≥50 years registered in 
practices contributing to the Oxford Royal College of General Practitioners Research and Surveillance Centre between 
2006 to 2017. Data include GP practice details, patient sociodemographic and clinical characteristics, twice-yearly 
electronic Frailty Index (eFI), deaths, medication use and primary and secondary care health service use. Participants 
in each cohort year by age group, GP and patient characteristics at cohort entry are described.

Results:  The cohort includes 2,177,656 patients, contributing 15,552,946 person-years, registered at 419 primary care 
practices in England. The mean age was 61 years, 52.1% of the cohort was female, and 77.6% lived in urban environ-
ments. Frailty increased with age, affecting 10% of adults aged 50–64 and 43.7% of adults aged ≥65. The preva-
lence of long-term conditions and specific frailty deficits increased with age, as did the eFI and the severity of frailty 
categories.

Conclusion:  A comprehensive understanding of frailty dynamics will inform predictions of current and future care 
needs to facilitate timely planning of appropriate interventions, service configurations and workforce requirements. 
Analysis of this large, nationally representative cohort including participants aged ≥50 will capture earlier transitions 
to frailty and enable a detailed understanding of progression and impact. These results will inform novel simulation 
models which predict future health and service needs of older people living with frailty.

Study registration:  Registered on www.​clini​caltr​ials.​gov October 25th 2019, NCT04​139278.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  b.m.walsh@soton.ac.uk
1 School of Heath Sciences, Faculty of Environmental and Life Sciences, 
University of Southampton, University Road, Southampton SO17 1BJ, UK
Full list of author information is available at the end of the article

http://www.clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT04139278?cond=The+Dynamics+of+Frailty+in+Older+People&draw=2&rank=1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-021-02684-y&domain=pdf


Page 2 of 11Fogg et al. BMC Geriatrics           (2022) 22:30 

Introduction
Frailty is a state of vulnerability to minor stressors such 
as infections or falls, which leads to a disproportionate 
decline in overall health status and increased risk of disa-
bility and death [1, 2]. Frailty can be identified and classi-
fied by severity using either a phenotype model following 
a physical assessment [3], or by using a frailty score or 
‘index’ based on an accumulation of conditions or defi-
cits, which can be derived from routinely collected data 
or other longitudinal surveys of health status [4]. Pooled 
analysis of European data estimates the prevalence of 
frailty in older adults at 18% in all settings, and 12% in 
community-based studies [5]. Frailty is more common 
as age increases but is not synonymous with ageing; evi-
dence suggests increased variability in frailty with age-
ing, but age only partly explains frailty trajectories [6, 
7]. Factors including sociodemographics, specific long-
term conditions, physical activity and education have 
been associated with frailty progression [8]. It has been 
estimated that a doubling in deficits (and therefore the 
frailty score) occurs over 12.6 years, although the small 
cohort size suggests further confirmation is needed [9]. 
There is still uncertainty as to the relationship between 
the rate of change of deficit accumulation and death [10, 
11]. Current evidence is predominantly cross-sectional 
and there is contradictory evidence from studies with 
different methods of assessing frailty and varying ana-
lytical approaches, necessitating standardisation of study 
methods and greater use of longitudinal cohorts [8]. In 
addition, little is known about the onset of frailty and 
its development in middle-aged and younger old adults 
and the impact of frailty transitions in these age groups 
within typical primary care populations, making popu-
lation health and social care planning across this part of 
the life-course difficult, given that frailty is already preva-
lent in people by the age of 65 [9].

Although frailty research has expanded over the last 
decade, use of different measures and concepts of frailty, 
small cohort sizes that are not representative of the 
wider older population, and variable lengths of follow-
up have led to uncertain conclusions on the occurrence 
and progression of frailty within ageing populations [12], 
particularly in primary care. There is therefore a need 
for larger, longer cohort representative studies which 
include standardised methods of establishing frailty, 
with key covariates related to frailty risk and risk of other 
adverse outcomes and clear descriptions of populations 
and methods. An electronic Frailty Index (eFI) has been 

developed and validated using routine primary care data 
and has demonstrated robust predictive validity for out-
comes of mortality, hospitalisation and nursing home 
admission, outcomes associated with the vulnerabilities 
attributed to frailty, and has the ability to detect longitu-
dinal changes at an individual level [13, 14]. The use of 
the eFI as a risk stratification tool is expanding and has 
become standard throughout primary care in England, 
making the eFI an appropriate measure for epidemiologi-
cal studies of frailty in primary care at population level. 
As the eFI score can be calculated from routine primary 
care records, it is possible to apply the tool to the study of 
large datasets to generate widely understood and trans-
ferable findings [15, 16].

The cohort described in this paper is part of a larger 
project which aims to describe the epidemiology and 
dynamics of frailty in the adult primary care population 
(aged ≥50 years) and its impact on patients and health 
and social care services and costs [17]. These analyses 
will inform the development of a System Dynamics simu-
lation model to predict future trends in frailty and related 
service demand for the purpose of developing guidelines 
and tools to facilitate commissioning and service devel-
opment [18].

This paper gives an overview of the cohort dataset and 
key variables, and presents baseline descriptive data both 
for the general practices from which patient records orig-
inated and for the participants.

Methods
Study design
Retrospective cohort using routinely collected electronic 
health records.

Study setting
The UK has a registration-based primary healthcare sys-
tem where patients are registered with a single general 
practice. Patients are allocated a personal lifetime unique 
identifier, (a National Health Service (NHS) number), 
which reduces the risk of duplicate records and facili-
tates the linkage of primary care to other healthcare data-
sets. The Oxford-Royal College of General Practitioners 
(RCGP) Research and Surveillance Centre (RSC) is a net-
work of around 5% of primary care practices in England 
which contribute electronic health record data voluntar-
ily. Practices registered with the RCGP RSC have been 
shown to be nationally representative in terms of the 
population served and health outcomes [19, 20].
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Electronic health records
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Eligibility criteria
The inclusion criteria were patients (i) aged ≥50 years, 
(ii) registered at a general practice contributing to the 
Oxford-RCGP RSC network database and (iii) registered 
at any time between 2006 to 2017. Potential duplicate 
patients were excluded, i.e. more than one sex present for 
a patient record, duplicated calendar years of data and 
differing birthdates in the patient record, and patients 
with missing or impossible birthdates. Yearly records 
were excluded as follows: (i) where a patient changed 
practice within a calendar year and had duplicate yearly 
records, the yearly record with the longest period was 
kept if continuous years of data were available; (ii) per-
son-years of data following a gap of 1 year or more in the 
observation record, even if the patient re-registered with 
an RCGP RSC practice.

Data from all participants constitutes the open cohort 
– i.e. a cohort which included entry of new registrants 
such as patients turning 50 and those entering RCGP 
RSC practices from other areas. A closed cohort was also 
defined, including only eligible participants present in 
the cohort index year of 2006. These two cohorts will be 
used for different analyses during the project and allow 
for exploration of cohort ageing and the impact of frailty 
on the overall population on service use.

Data sources
Electronic health records (EHR) were extracted from 
the RCGP RSC dataset. Publicly available datasets were 
linked to the primary care data, including the Income 
Deprivation Affecting Older People Index (IDAOPI) 
2015 [21], geographical information from the geography 
portal of the Office for National Statistics (ONS) [22] and 
workforce data for GP practices [23].

Measures
Electronic frailty index
The electronic frailty index (eFI) was used to identify 
and grade the severity of frailty [14]. The eFI includes 36 
deficits across disease states, symptoms/signs, abnormal 
laboratory values and indicators of disability which were 
identified according to standard methods for creating a 
frailty index [24]. An eFI score is derived as the number 
of deficits present as an equally weighted proportion of 
the total possible [14]. Using the same Read codes (Clini-
cal Terms Version 3 - CTV3) as in the original derivation 
of the score, variables for each deficit were created and 
flagged as ‘present’ if the Read codes were present in the 
patient EHR at any point in their prior medical history 
on the 1st January and 1st July for each calendar year for 
each participant. As this method retrieves codes from the 
patient’s complete medical record, there is no missing 

data for any of the deficits. An eFI score (total deficits 
at each 6-monthly cut-point/36) was then generated, 
and categorised into frailty states indicating increasing 
severity and risk of poor outcomes as: fit (0–0.12), mild 
(0.13–0.24), moderate (0.25–0.36) or severe (> 0.36) [14]. 
As the eFI is designed to be a cumulative index, reversals 
(for example data artefacts due to change in GP practice 
during follow-up) were imputed to the previous frailty 
state, apart from the polypharmacy deficit, which is cal-
culated from prescription information from the previous 
12 months.

Sociodemographic variables
Sociodemographic variables include age, sex, Indices 
of Multiple Deprivation (IMD) quintiles and IDAOPI 
quintiles. The IMD is a small-area measure of socioeco-
nomic status based on postcode, ranked nationally, which 
includes seven domains: income, employment, educa-
tion/skills/training, health and disability, crime, barriers 
to housing and services, and living environment [25]. The 
IDAOPI is a subset of the Income Deprivation Domain, 
and focusses specifically on the percentage of the popu-
lation aged 60 and over who receive income support, 
income based job seekers allowance, pension credit or 
child tax credit claimants aged 60 and over and their part-
ners aged ≥60. The 2015 deprivation indices were related 
to the last known patient address in the dataset or, where 
missing, were imputed using the IMD or IDAOPI indi-
ces related to the GP practice address (3.6% of patients). 
Ethnicity data was maximised using a customised ontol-
ogy and coded into categories (Asian, Black, White, 
Mixed/other) [26]. The most recent ethnicity reported 
in the patient record was used as the baseline ethnicity 
value to reduce missing values in the year of entry to the 
cohort. Age was categorised into four groups, reflecting 
groupings reported in literature relating to older adults’ 
healthcare, and cut-offs for services reported by the study 
Stakeholder Engagement Group (SEG): 50–64, 65–74, 
75–84 and ≥ 85. Receipt of residential care during the 
cohort period for each patient was coded ‘yes’ or ‘no’ 
by using a combination of Read codes [13] and use of a 
household key (11 or more patients at the same address 
with a median age of 50 or above) for the patient’s last 
known address at the date of data extraction (May 2019).

Clinical variables
Individual eFI deficits, associated specific common long-
term condition codes (e.g. COPD, asthma, rheumatoid 
arthritis) not included in the eFI and those present in 
the Quality Outcomes Framework (QOF) (e.g. demen-
tia, depression, cancer, obesity) with dates of onset, were 
generated on a yearly basis for each patient ascertained 
from the whole patient medical history. Other annual 
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data included smoking status, influenza and pneumo-
coccal vaccinations. All body mass index (BMI) meas-
urements present in the patient record were provided. 
Due to the differences in availability of values, a baseline 
BMI value was defined as the first recording in a patient’s 
cohort entry year, or, where missing, the first value in the 
nearest previous year to cohort entry (up to a maximum 
of 2 years) or the nearest year afterwards (up to 2 years).

General practice variables
General practice information included the geographical 
region, urban/rural indicators based on the 2011 rural/
urban classification (RUC11) [27], IMD and IDAOPI for 
the practice postcode, number of patients registered in 
the practice, and total practice consultations per year. 
The total general practitioner (GP), nurse and overall 
practice staff full-time equivalent (FTE) for each general 
practice in 2013 (the first year this information is availa-
ble to be linked on practice code) was included [28]. Each 
calendar year of participant data was linked to a general 
practice identifier and dates of the participant registering 
and leaving the RCGP RSC practice were provided.

Death
The month and year of death were provided. Primary 
care death data in the RCGP dataset has been shown to 
be accurate for this calendar period [29, 30].

Service use
Primary care service use outcomes include number of 
days in a calendar year with a consultation by consulta-
tion type (administrative, face-to-face, telephone, elec-
tronic consultation, or home visit), total number of GP 
prescriptions and number of unique prescriptions by 
British National Formulary (BNF) chapter [31].

Statistical analysis
A description of the primary care data from the open 
cohort is presented in this paper. The characteristics 
of RCGP RSC practices with participants in the cohort 
are described for the calendar year 2006 (first year of 
cohort). Age category distributions for both the open 
and closed cohorts were analysed and presented graph-
ically for the calendar years 2006–2017. The reasons 
for exit from the cohort are summarised. Patient soci-
odemographic and clinical characteristics at the year 
of cohort entry (i.e. for the open cohort) are described 
according to the four age groups, and missing data 
quantified.

Results
The open cohort comprised 2,177,656 patients, contrib-
uting 15,552,946 person-years of data (Fig. 1).

Fig. 1  Cohort definition
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Practice characteristics
Four hundred and  nineteen primary care practices 
distributed across England contributed to the cohort 
between 2006 and 2017 inclusive. Practices varied widely 
in their patient numbers and consequently their totals of 
yearly consultations (Table 1). Practices reflected popula-
tion distributions throughout England, with 78% in urban 
areas and an even spread across IMD quintiles.

Patient baseline characteristics
The sociodemographic and clinical baseline characteris-
tics of participants in their year of entry to the cohort are 
presented in Tables 2 and 3. The mean age of participants 
was 61 years (SD 12). Demographic trends with increas-
ing age were observed, including a higher proportion of 

female sex, lower ethnic diversity and rural residence in 
the older age groups. Ethnicity data was more likely to be 
missing with increasing age, decreasing deprivation, male 
sex, urban location and for people in residential care. Pat-
terns of indices of deprivation appeared similar across 
age groups, with half the cohort located in the two least 
deprived quintiles. Long-term conditions were more 
prevalent in older age groups at baseline, with the excep-
tion of depression and obesity which were more common 
in younger age groups. The eFI score increased with age, 
as did the proportion of participants in the mild, moder-
ate and severe frailty categories. The proportion of peo-
ple with frailty at cohort entry increased from 10% in the 
50–64 age group to 69% in people aged ≥85.

Follow‑up
Participant data was extracted for the 12-year period 
from 2006 to 2017, inclusive. There were 1,107,481 eligi-
ble patients in the first year of the cohort (2006), increas-
ing to 1,491,954 at the beginning of 2017, with a total of 
1,070,175 new participants joining the cohort between 
2007 and 2017. Patients contributed a mean of 5 years 
of data, with 647,239 patients (58.4%) who were present 
in the first cohort year (2006) having the full 12 years of 
data. Patients present in 2006 comprised 50.9% of the 
cohort and contributed 67.0% of the total person-years.

Between 2006 and 2017, 137,481 patients died (6.3% 
of cohort) and 635,400 patients moved out of an RCGP 
RSC practice (29.2% of the cohort). The full details of 
entry and exit to the cohort by calendar year according to 
age groups and frailty category at cohort entry are given 
in Supplemental Tables 1 and 2. There was an inflow of 
new participants over the cohort period, across all age 
groups and frailty categories, which was more nota-
ble in younger age groups. The mean follow-up period 
increased from 4.8 years in people categorised as fit at 
cohort entry to 7.4 years in people categorised as severely 
frail (Supplemental Table  3). The age distribution over 
the cohort period for the closed cohort (participants who 
were present in 2006 onwards, showing attrition due to 
death and leaving RCGP RSC practices) and the open 
cohort (participants present in 2006 plus those moving 
into an RCGP RSC practice and people turning 50) is 
given in Fig. 2.

Discussion
There is an urgent need for a better understanding of cur-
rent and future care requirements for people with frailty, 
including those in middle age to the younger old, where 
there is likely to be unmet need. This cohort of approxi-
mately 2.1 million adults aged 50 and over with long-
term follow-up data on frailty status using the electronic 
Frailty Index (eFI) applied to routinely collected primary 

Table 1  Primary care practice characteristics in 2006 (n = 419)

a Data not available for 2 practices
b Not specified in 30 practices

Practice characteristic n (%)

Geographic region (n, %)

  London 64 (15.3%)

  Midlands and East 90 (21.5%)

  North 128 (30.6%)

  South 137 (32.7%)

Rural/urban Classification

  Urban: Major conurbation 150 (35.8%)

  Urban: Minor conurbation 15 (3.6%)

  Urban: City and Town 163 (38.9%)

  Rural: Town and fringe 69 (16.5%)

  Rural: Village and dispersed 22 (5.3%)

Practice size (patients)

  median 6858

  Upper: lower quartile 4110: 9819

Practice size (staff - FTEs)a

  GPs (mean, SD) 6 (3)

  Nursesb (mean, SD) 2 (2)

  Total staffb (mean, SD) 14 (8)

Consultations (median, upper: lower quartile)

  Face to face 42,661 [22,426: 72,362]

  Clinical administration 20,474 [5811: 73,050]

  e-consultations (data from 2017) 4 [0: 43]

  Telephone 1713 [261: 4383]

  Home visits 669 [50: 1992]

Practice Index of Multiple Deprivation quintile

  Most deprived 93 (22.2%)

  2nd quintile 84 (20.1%)

  3rd quintile 83 (19.8%)

  4th quintile 85 (20.3%)

  Least deprived 74 (17.7%)
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care data is the largest cohort so far that will be used 
for longitudinal analysis to explore frailty dynamics and 
its impact using linked hospital and mortality data. The 
dataset includes adults aged 50 and over from around 5% 
of general practices from a single country (England), thus 
meeting the project aims to provide a whole-system anal-
ysis of representative population-level data. The general 
practices from which the cohort is derived vary in their 
characteristics, with a range of geographical locations, 
urban/rural mix, practice sizes and areas of differing 
deprivation, further demonstrating the representative-
ness and generalisability of the RCGP RSC dataset [19]. 
This diversity will reflect a variety of care settings and 
approaches to managing people with frailty, so that the 
subsequent simulation models can reflect population and 
care heterogeneity.

Characteristics of patients at cohort entry show 
expected patterns in sociodemographic variables and 
trends in clinical conditions and lifestyle factors, fur-
ther demonstrating representativeness of the data and 
suitability for planned analyses. The observed trends in 
increasing eFI with age group and the greater proportions 

of moderate and severe frailty categories in older age 
groups reflect current knowledge, and the observed pres-
ence of frailty in 10% of adults aged 50–64 in our cohort 
highlights the importance of examining frailty and its 
trajectories earlier in life. The study design of an open 
cohort allows entry of younger patients throughout its 
duration, representing a dynamically ageing population 
in which the overall mean age increases over the cohort 
period. The cohort therefore includes substantial data on 
middle-aged adults which is novel, and also crucial for 
observing potential earlier manifestations of frailty and 
its progression over time, as it is likely that future inter-
ventions to reduce incidence and progression to earlier 
stages of frailty may be targeted at this age group.

Study strengths and limitations
This dataset is derived from a single national health ser-
vice (NHS), in which registered patients are managed in 
accordance with specific guidelines and broadly similar 
care pathways even though living in different regions of 
the country and under different primary healthcare prac-
tices. Primary care is free at the point of delivery, as is 

Table 2  Participant sociodemographic baseline characteristics

a % as proportion of total cohort
b % as proportion of known values
c missing values as % of cohort

Age Group Total (%)

50–64 65–74 75–84 ≥85

Age groupa 1,413,576 (64.9%) 385,474 (17.7%) 259,125 (11.9%) 119,481 (5.5%) 2,177,656

Female 698,158 (49.4%) 199,914 (51.9%) 151,462 (58.5%) 84,437 (70.7%) 1,133,971 (52.1%)

Ethnicityb

Asian 52,703 (5.1%) 11,419 (4.1%) 4521 (2.7%) 916 (1.4%) 69,559 (4.5%)

Black 29,387 (2.8%) 5577 (2.0%) 2350 (1.4%) 440 (0.7%) 37,754 (2.4%)

Mixed/Other 15,461 (1.5%) 2480 (0.9%) 1110 (0.6%) 277 (0.4%) 19,328 (1.3%)

White 937,135 (90.6%) 260,473 (93.0%) 160,063 (95.3%) 63,054 (97.5%) 1,420,725 (91.8%)

Missingc 378,890 (26.8%) 105,525 (27.4%) 91,081 (35.2%) 54,794 (45.9%) 630,290 (28.9%)

Urban 1,102,809 (78.0%) 294,247 (76.3%) 200,358 (77.3%) 91,492 (76.6%) 1,688,906 (77.6%)

Residential care 1019 (0.1%) 1708 (0.4%) 5371 (2.1%) 9121 (7.6%) 17,219 (0.8%)

IMD quintile
  1 (Most deprived) 193,552 (13.7%) 49,320 (12.8%) 34,151 (13.2%) 14,894 (12.5%) 291,917 (13.4%)

  2 220,674 (15.6%) 60,287 (15.6%) 41,887 (16.2%) 19,592 (16.4%) 342,440 (15.7%)

  3 280,969 (19.9%) 79,288 (20.6%) 54,244 (20.9%) 25,806 (21.6%) 440,307 (20.2%)

  4 340,796 (24.1%) 93,998 (24.4%) 62,573 (24.2%) 28.815 (24.1%) 526,182 (24.2%)

  5 (Least deprived) 377,585 (26.7%) 102,581 (26.6%) 66,270 (25.6%) 30,374 (25.4%) 576,810 (26.5%)

IDAOPI quintile
  1 (Most deprived) 199,722 (14.1%) 50,167 (13.0%) 34,440 (13.3%) 15,493 (13.0%) 299,822 (13.8%)

  2 217,183 (15.4%) 58,934 (15.3%) 42,894 (16.6%) 19,930 (16.7%) 338,941 (15.6%)

  3 269,450 (19.1%) 76,828 (19.9%) 55,166 (21.3%) 27,233 (22.8%) 428,677 (19.7%)

  4 336,857 (23.8%) 93,684 (24.3%) 62,160 (24.0%) 29,063 (24.3%) 521,764 (24.0%)

  5 (Least deprived) 390,364 (27.6%) 105,861 (27.5%) 64,465 (24.9%) 27,762 (23.2%) 588,452 (27.0%)
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Table 3  Participant baseline clinical characteristics

a % as proportion of known values
b missing values as % of cohort

Age Group Total (%)

50–64 65–74 75–84 ≥85

eFI score
  median 0.028 0.083 0.139 0.167 0.056

  Upper: lower quartile [0: 0.083] [0.028: 0.139] [0.083: 0.194] [0.111: 0.250] [0.028: 0.111]

Frailty category
  Fit 1,273,304 (90.1%) 272,694 (70.7%) 120,357 (46.5%) 37,243 (31.2%) 1,703,598 (78.2%)

  Mild 127,029 (9.0%) 94,558 (24.5%) 99,154 (38.3%) 49,192 (41.2%) 369,933 (17.0%)

  Moderate 12,055 (0.9%) 16,167 (4.2%) 32,732 (12.6%) 25,360 (21.2%) 86,214 (3.4%)

  Severe 1188 (0.1%) 2055 (0.5%) 6882 (2.7%) 7686 (6.4%) 17,811 (0.8%)

Long-term conditions
  Atrial fibrillation 11,359 (0.8%) 15,381 (4.0%) 23,978 (9.3%) 17,553 (14.7%) 68,271 (3.1%)

  Coronary Artery Disease 16,176 (1.1%) 16,017 (4.2%) 12,015 (4.6%) 2419 (2.0%) 46,627 (2.1%)

  Dementia 7705 (0.6%) 7812 (2.0%) 18,748 (7.2%) 19,328 (16.2%) 53,593 (2.5%)

  Depression 271,343 (19.2%) 55,438 (14.4%) 37,418 (14.4%) 18,220 (15.3%) 382,419 (17.6%)

  Haemorrhagic Stroke 3938 (0.3%) 1959 (0.5%) 1733 (0.7%) 867 (0.7%) 8497 (0.4%)

  Heart Failure 6219 (0.4%) 8736 (2.3%) 14,976 (5.8%) 12,583 (10.5%) 42,514 (2.0%)

  Hypertension 265,702 (18.8%) 161,622 (41.9%) 136,905 (52.8%) 60,133 (50.3%) 624,362 (28.7%)

  Ischaemic Stroke 9833 (0.7%) 11,097 (2.9%) 15,836 (6.1%) 10,617 (8.9%) 47,383 (2.2%)

  Malignancy 48,115 (3.4%) 32,230 (8.4%) 29,796 (11.5%) 14,646 (12.3%) 124,787 (5.7%)

  Peripheral Arterial Disease 8144 (0.6%) 9541 (2.5%) 11,073 (4.3%) 4992 (4.2%) 33,750 (1.6%)

  Rheumatoid Arthritis 11,149 (0.8%) 6244 (1.6%) 5236 (2.0%) 2169 (1.8%) 24,798 (1.1%)

  Transient Ischaemic Attack 8065 (0.6%) 10,774 (2.8%) 15,795 (6.1%) 10,916 (9.1%) 45,550 (2.1%)

  Diabetes 89,567 (6.3%) 49,954 (13.0%) 37,755 (14.6%) 13,514 (11.3%) 190,790 (8.8%)

  Chronic Obstructive Pulmonary Disease 28,352 (2.0%) 22,538 (5.9%) 20,399 (7.9%) 7395 (6.2%) 78,684 (3.6%)

  Chronic Kidney Disease 83,821 (5.9%) 42,059 (10.9%) 36,783 (14.2%) 19,404 (16.2%) 182,067 (8.4%)

  Asthma 95,438 (6.8%) 31,682 (8.2%) 20,747 (8.0%) 6365 (5.3%) 154,232 (7.1%)

  Osteoporosis 26,939 (1.9%) 21,884 (5.7%) 24,155 (9.3%) 14,096 (11.8%) 87,074 (4.0%)

  Morbid obesity risk group 46,465 (3.3%) 9516 (2.5%) 3799 (1.5%) 697 (0.6%) 60,477 (2.8%)

BMI categorya

  Underweight 10,660 (1.2%) 4749 (1.6%) 6520 (3.5%) 5547 (8.8%) 27,476 (1.9%)

  Normal 270,394 (29.3%) 88,178 (29.9%) 70,979 (37.9%) 31,659 (50.4%) 461,210 (31.4%)

  Overweight 350,099 (38.0%) 119,969 (40.7%) 72,079 (38.4%) 18,858 (30.3%) 561,005 (38.2%)

  Obese 290,704 (31.5%) 82,017 (27.8%) 37,970 (20.3%) 6743 (10.7%) 417,434 (28.5%)

  Missingb 491,719 (34.8%) 90,561 (23.5%) 71,577 (27.6%) 56,674 (47.4%) 710,531 (32.6%)

Vaccinations
  Flu vaccination 248,157 (17.6%) 269,364 (69.9%) 187,976 (72.5%) 71,906 (60.2%) 777,403 (35.7%)

  Pneumococcal vaccination 119,926 (8.5%) 231,908 (60.2%) 184,638 (71.3%) 77,218 (64.6%) 613,690 (28.2%)

Smoking statusa

  Non-smoker 539,051 (40.7%) 138,073 (37.9%) 94,660 (39.7%) 51,381 (52.4%) 823,165 (40.6%)

  Ex-smoker 437,970 (33.0%) 157,393 (43.2%) 109,868 (46.1%) 37,801 (38.5%) 743,032 (36.7%)

  Active smoker 348,396 (26.3%) 68,858 (18.9%) 33,807 (14.2%) 8904 (9.1%) 459,965 (22.7%)

  Missingb 88,159 (6.2%) 21,150 (5.5%) 20,790 (8.0%) 21,395 (17.9%) 151,494 (7.0%)

Prescriptions
  median 4 18 32 39 8

  Upper: lower quartile [0: 15] [4: 42] [12: 60] [16: 71] [1: 29]
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hospital care. GP registration coverage in England is high 
[32] therefore data from the primary care population are 
essentially representative of the overall population. How-
ever, the cohort does not include information from pri-
vate healthcare, which is most commonly available via 
private medical insurance and accessed by around 11% of 
the UK population, although schemes have limited cover 
for general practice [33]. Information on adult social care, 

which is means tested, is also not available as it is organ-
ised via a mix of state, private and voluntary providers.

The large size of the dataset enables the stratification 
of the cohort by key characteristics whilst maintaining 
sufficiently sized subgroups to provide precise estimates 
to inform services for geographical areas with particular 
population characteristics. The dataset includes a wide 
range of covariates which have been identified in other 

Fig. 2  Age group distribution over cohort period
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studies as being associated with either frailty onset or 
outcomes following frailty occurrence. However, covari-
ates such as social factors (e.g. loneliness, living situation) 
and contemporaneous information on residential care 
status is not available. To address this, information on the 
impact of such factors on outcomes will be sourced from 
the literature and included within ongoing analysis sup-
porting the development of the simulation model. Large 
EHR datasets will necessarily reflect local differences in 
data entry and coding procedures, and accuracy of the 
eFI will also depend on timely attendance of patients to 
healthcare services to enable assessment and diagnosis, 
and on transfer of information between different health-
care services. The cumulative nature of the eFI and its 
validation in large routine healthcare datasets from dif-
ferent countries [34–36] demonstrate that the eFI is 
capable of identifying frailty as a vulnerability, and sug-
gests variability in coding accuracy or completeness does 
not have a significant impact on the ability of the eFI to 
identify changes in frailty status in ageing populations.

Approximately one third of participants have no eth-
nicity data, which is self-reported administrative data 
more prone to be missing than clinical data. There 
appears to be under-reporting of non-white ethnicity, 
with participants identifying as ‘white’ comprise 92% of 
the given values, as compared to 86% in the 2011 Census 
(data for England and Wales) [37]. It is possible that the 
under-representation of people from ethnic minorities 
could also be due to recognised issues with lower primary 
healthcare usage, rather than practices not reflecting 
their catchment populations, or due to a reporting bias 
in the primary care data [38]. However, inclusion of eth-
nicity data from HES in future planned analyses should 
increase the proportion of the cohort with recorded eth-
nicity [39].

During the cohort period, there was significant move-
ment of participants both into and out of the cohort, 
reflecting real-life population flows which are key param-
eters for simulation modelling of population health 
needs. Frailty data and patient and service use outcomes 
are being collected for each year that the patient is reg-
istered, thus providing full outcome ascertainment for 
each year of participation. The 65–74 group had the low-
est number of exits, and higher numbers in other age 
groups could be a consequence of greater mobility in 
the working age population or moves related to higher 
levels of support in older age groups, for example fol-
lowing a health or social care crisis [40]. This could lead 
to an underestimation of incidence and progression of 
frailty in our cohort, although participants of older age 
and greater frailty severity also had the longest follow-
up periods. Although the location of practices seemed 
equally distributed across the deprivation quintiles, there 

was a trend across all age groups for greater representa-
tion of patients from the least deprived quintiles, perhaps 
reflecting movement to wealthier retirement areas and 
the suburbs.

The 36 eFI deficits and other long-term conditions 
were defined using Read codes. For future data extrac-
tions, migration of clinical term definitions from Read 
codes to the Systemised Nomenclature of Medicine – 
Clinical Terms (SNOMED CT®) will be necessary to 
reflect national harmonisation of coding tools across the 
healthcare pathway [41].

Summary of planned analyses
This dataset will be linked with outcome data on second-
ary care service use from NHS Digital so that population-
level parameters for the simulation model, for example 
the numbers of hospital admissions for people in differ-
ent frailty states in each calendar year, can be calculated. 
The long follow-up period, averaging 5 years and with 
more than 600,000 participants over 12 years, is essential 
for being able to move beyond exploring impact of frailty 
states and associated outcomes at a defined timepoint. 
The time frame allows for many transitions between 
frailty states over the cohort period to be observed and 
gives ample scope for investigating frailty trajectories in 
the population to inform population-level planning for 
required services.

Epidemiological and statistical techniques will be 
employed to describe the incidence and prevalence of 
frailty over the cohort period and within population sub-
groups and rates of transitions between frailty states. 
Relationships between patient characteristics and frailty 
transitions and associations between frailty states and 
outcomes, including hospitalisations, mortality and ser-
vice use, will be explored. Costs will be attributed to ser-
vice use and predictions of future service use and costs 
under different scenarios will be produced using the sim-
ulation model.

Current evidence suggests that socioeconomic and 
educational deprivation is associated with higher frailty 
scores [42]. Analysis of this cohort will enable an in-
depth analysis of the patterns of frailty onset and transi-
tions according to social deprivation, which will inform 
decisions on whether this potentially high-risk popula-
tion may benefit from targeted earlier intervention to 
improve outcomes.

The geographical range of the data will enable param-
eterisation of the simulation model with more localised 
data, permitting adaptation to reflect local situations 
and facilitating planning on whichever scale is the most 
appropriate. If there is interest in looking at the data for 
particular GP characteristics, for example focussing on 
larger practices or practices positioned in more deprived 
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areas, the primary analyses can be re-run for the required 
subgroups to adjust parameters for the simulation model.

Conclusions
This cohort is the largest dataset compiling frailty transi-
tions and outcomes and will provide unique information 
on frailty within middle-aged to young-old populations. 
Data presented here show that frailty is already com-
mon in middle-age and continues to increase across the 
later life course. The cohort will allow exploration of the 
impact of morbidities, socioeconomic and lifestyle fac-
tors on frailty onset, trajectories and outcomes over time. 
Strengths of this cohort are the use of large-scale routine 
primary care data with linkage to secondary care and 
healthcare costs, and a dynamically ageing population 
with lengthy follow-up, enabling novel insights into the 
onset and progression of frailty.
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