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Abstract

BACKGROUND: Information on the spatial distribution of the frail
population is crucial to inform service planning in health and social care.
OBJECTIVES: To estimate small-area frailty prevalence among older
adults using survey data. To assess whether prevalence differs between
urban, rural, coastal and inland areas of England.

DESIGN: Using data from the English Longitudinal Study of Ageing
(ELSA), ordinal logistic regression was used to predict the probability
of frailty, according to age, sex and area deprivation. Probabilities were
applied to demographic and economic information in 2020 population
projections to estimate the district-level prevalence of frailty.
RESULTS: The prevalence of frailty in adults aged 50+ (2020) in
England was estimated to be 8.1 [95% CI 7.3-8.8]%. We found
substantial geographic variation, with the prevalence of frailty varying
by a factor of 4.0 [3.5-4.4] between the most and least frail areas. A
higher prevalence of frailty was found for urban than rural areas, and
coastal than inland areas. There are widespread geographic inequalities
in healthy ageing in England, with older people in urban and coastal
areas disproportionately frail relative to those in rural and inland areas.
CONCLUSIONS: Interventions aimed at reducing inequalities in
healthy ageing should be targeted at urban and coastal areas, where the
greatest benefit may be achieved.
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Introduction

s the English population inexorably becomes older,

frailty is becoming an increasingly abundant and

demanding issue. Currently, almost one-in-five
(18%) people (over 12 million) are aged over 65 years (1).
By 2038, this proportion will have risen to almost one-in-four
(24%) (2) suggesting a continuous increase in health and social
care needs.

Primary care records suggest that, in 2016, approximately
3% of people aged 65 and over in England are living with
frailty (3) almost half of these are over 80 (4). However, this
may be an underestimate as medical records under-report
disabilities (5). Frailty is associated with poor quality of life,
adverse health outcomes, such as falls, and increased use of
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health and social care services (6-8), but research has shown
that frailty is not an inevitable consequence of ageing (9).
Preventing frailty is important to promote the health and well-
being of older people and reduce their need for National Health
Service (NHS) and social care, especially as the population
ages.

Frailty has been described as a distinctive health state
related to the ageing process, in which multiple body systems
gradually lose their in-built reserves (10-12). There is no
universal measurement of frailty and estimates of prevalence
vary significantly (13). However, there are two operational
definitions of frailty in common use, within which frailty
estimates have lower variation (13): frailty phenotype and
frailty index.

The frailty phenotype, proposed by Fried et al. (10),
describes a group of individual characteristics (weakness,
slowness, low level of physical activity, exhaustion, and
unintentional weight loss) that predict poor outcomes. A person
is judged to be frail if they have at least three of the five
characteristics; pre-frail if they have one or two characteristics;
and robust if they have none of the characteristics.

The frailty index, or cumulative deficit model, was
developed by Mitnitski et al. (14). In this model, people
accumulate ‘deficits’ over time that increase their risk of poor
outcomes. Deficits range from conditions (such as dementia)
to symptoms (e.g., hearing loss) and signs (e.g., tremor). The
deficits measured vary between frailty indices, although all
share a standard basis (15). The fraction of deficits present in
an individual can indicate whether they are frail (3). Frailty
indices have been shown to be associated with mortality,
hospitalisation and nursing home admission (3, 16).

To prevent the development of frailty and provide care
for people who are frail, policymakers and commissioners
require information on population health needs. Our current
understanding of the geographical distribution of frailty comes
from two multinational studies (17, 18), and three from single
countries (the USA (19), Australia (20), and China (21)). All
but the Australian study use large geographical areas, such as
countries or extensive regions, neglecting the effect of small-
area characteristics on older people’s health.

In the past, frailty amongst people admitted to hospital
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has been mapped to English Primary Care Trust areas using
surrogate diagnostic codes (22). This surrogate metric has
contributed to maps of ‘vulnerability’ produced by the British
Red Cross (23). However, frailty scores from surrogate
diagnostic codes are not necessarily equivalent to those derived
from standard frailty index measures. Furthermore, medical
records may underestimate the prevalence of disabilities (5).
To date, there have been no national, community-based studies
on the distribution of frailty in England. All previous work has
focused on the production of a single national or UK figure for
frailty, due to the absence of estimates of frailty at a small area
level.

Evidence suggests there are inequalities in the health of older
people associated with geographic location in the UK. Studies
have found higher rates of mortality and worse health among
urban areas than rural (24, 25), although there are exceptions
in remote rural areas of Scotland (26). The over 65 population
is expected to increase by 50% in both urban and rural areas by
2039, however the under 65 population is projected to grow by
8% in urban areas and not at all in rural areas (27).

On the other hand, a Public Health England review on health
inequalities in ageing reported a paucity of literature focusing
on coastal areas (28). This review further highlighted the
need for small-area information, rather than national statistics
which may overlook the differences between areas. Small-area
data can aid community-based approaches to reducing health
inequalities in older people.

This study aims to investigate the area-level distribution
of frailty in England, using synthetic estimation to derive
small-area profiles of frailty prevalence. It answers a series of
research questions: are there disparities in frailty prevalence
among areas in England; is the prevalence of frailty higher in
urban than rural areas; and is the prevalence of frailty higher
in coastal than inland areas? Understanding if, and where,
differences in the prevalence of frailty exist will help health
and care systems better target policies aimed at reducing
inequalities in ageing. This study allows for the description of
frailty to be undertaken across policy-relevant areas such as
lower tier local authority districts.

Methods

Data

This study drew on three data sources for the analysis: (a)
the English Longitudinal Study of Ageing (ELSA); (b) English
Index of Multiple Deprivation (IMD) scores; and (c) 2020
Office for National Statistics population projections for local
authorities.

ELSA is a prospective cohort study of approximately 18,000
adults aged 50 or older resident across England (29). ELSA
collects information on demographic and socioeconomic
characteristics, along with information on lifestyle, and health
and social care use. ELSA uses a panel design, in which the
same respondents are interviewed every two years, with new
survey participants added in waves 3,4, 6,7 and 9 to adjust for
ageing and attrition. In our analysis, we used the ELSA wave 8
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sample (interviewed in 2016/2017); this is the latest wave for
which deprivation scores (IMD) are available for participants’
residential areas (at time of study). The wave 8 sample with
deprivation scores comprised 8,355 individuals. Survey weights
were used to adjust for non-response and to ensure population
representativeness.

The 2019 IMD scores and 2020 population projections,
by age and sex, for local authority districts were the sources
of area-level data (2, 30). IMD is a measure of relative
deprivation for small areas in England. It uses metrics of
income, employment, education, health, crime, housing and
the environment to create a score which ranks areas of England
by their relative deprivation. IMD scores were categorised
into quintiles, grouping broadly similar areas of deprivation
together. IMD scores for the relative deprivation of each local
authority district were obtained from the Ministry of Housing,
Communities & Local Government (30).

England is divided into 314 lower tier local authorities
(as of April 2020) with populations typically ranging from
50-600 thousand. Each local authority’s governing council is
responsible for a range of services, including (for lower tier
councils which also function as upper tier councils) social care.
Forecast 2020 populations for each local authority district in
England, split into sex and five-year age bands, were obtained
from the Office for National Statistics (2). The list of variables
at area level and their definitions are provided in Appendix la,
with more detailed methods.

Local authority districts were categorised into urban or
rural using the Office for National Statistic’s 2011 rural-urban
classification (31). All districts whose borders include foreshore
(except within estuaries only) were categorised as coastal.
Appendix 2 provides the categorisation of each local authority.

Frailty definition

Individual-level variables were taken from ELSA wave 8. A
frailty index was constructed for each dataset, from variables
(termed ‘deficits’) representing conditions that a) accumulate
with age and b) are associated with adverse outcomes.
Deficits included functional and sensory impairments, clinical
diagnoses, and poor cognitive function. Higher frailty scores,
calculated by the fraction of deficits present in an individual,
indicate greater levels frailty.

The frailty index was generated following the procedure
described by Wade and colleagues (32). Appendix 3 provides
a list of variables included in the frailty index. The frailty index
was divided into three categories: frail (>0.36), pre-frail (>0.24-
0.36) and robust (<0.24) (3). To simplify the paper the main
manuscript concentrates on frail groups; the pre-frail results can
be found in Appendix 3. The list of individual-level covariates
(age, sex, and IMD score) and their definitions are provided in
Appendix 1b.
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Table 1. Characteristics of ELSA wave 8 participants (n=8,355). 600 individuals had missing data on at least one of the 51 variables
comprising the frailty index, hence the smaller number of individuals in the frailty categories. 44 individuals were missing an
IMD (English Index of Multiple Deprivation) quintile. Individuals with missing data were included by undertaking multivariate

imputation by chained equations (MICE)

Variable n Percent (weighted) Imputed percent
Sex
Male 3,727 47.5 47.5 (46.0-49.1)
Female 4,628 52.5 52.5 (50.9-54.0)
Age
50-54 433 12.6 12.6 (11.1-14.1)
55-59 821 18.6 18.6 (17.0-20.1)
60-64 1,623 16.1 16.1 (15.2-17.0)
65-69 1,732 16.7 16.7 (15.8-17.5)
70-74 1,391 130 13.0 (12.3-13.8)
75-79 1,033 9.7 9.7 (9.1-10.4)
80-84 792 7.1 7.1 (6.5-7.6)
85-89 358 39 39(3.5-44)
90+ 172 23 2.3(1.9-2.7)
IMD quintile
Most deprived 993 14.1 14.1 (13.0-15.3)
2 1.406 184 184 (17.1-19.7)
3 1,730 20.6 20.6 (19.4-21.8)
4 2,157 24.1 24.1(22.8-254)
Least deprived 2,025 229 229 (21.6-24.1)
(Missing) 44)
Frailty category
Robust 6,374 83.1 82.0 (81.0-83.1)
Pre-frail 835 99 9.9 (9.1-10.7)
Frail 546 7.1 8.0(7.3-8.8)
(Missing) (600)

Statistical analysis Results

Small area estimation is a statistical method for generating
estimates in small geographical areas that would otherwise not
have enough representative samples to derive precise direct
estimates (33). Predicted prevalence estimates of frailty were
estimated from ELSA wave 8 for respondents aged 50+ years
by age, sex and deprivation quintile using generalised ordered
logistic regression (34) on the frail and robust categories.
Fitting was conducted with Stata’s gologit2 program (35).
Inverse probability weighting was used to account for sampling
and non-response (17.6% in ELSA wave 8 (36)). Interactions
between frailty, age and sex were not significant. Missing
values in the frailty index variables were imputed using
multiple imputation by chained equation (MICE) (37) with 40
imputation samples. Predicted estimates were mapped to age,
sex and deprivation quintile for each area and the standardised
estimate of frailty for each local authority district calculated.
Appendix 4 describes the detailed method.

Complete information for all deficits in the frailty index
was available for 7,755 ELSA wave 8 participants, with 600
additional individuals with at least one missing variable on the
frailty index variables included by undertaking multivariate
imputation by chained equations (MICE). The imputation
model included age, sex, and area deprivation quintile.

Frailty prevalence

The prevalence of frailty among people age 50+ was
8.1 [95% Confidence Interval 7.3-8.8]%, respectively. The
estimates was higher for women (9.1 [8.0-10.1]%) than men
(6.8 [5.9-7.8]%). Table 2 indicates how sex-specific estimates
of frailty varies with age. The generalised ordered logistic
regression model shows positive associations between frailty
and deprivation, age and female sex (Appendix 5). The
prevalence of frailty increases steeply with advancing age.
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Table 2. Estimated frailty prevalence in 2020 by sex and age
using ordered logistic regression model calculated from ELSA
wave 8 data. 95% Confidence Intervals (Cls) given

Age group All (%, CI) Male (%, CI) Females (%, CI)
Frailty

50-54 2.8 (0.8-4.7) 2.3 (0.6-4.0) 32(1.0-54)
55-59 43 (23-6.3) 36(20-52) 4.9 (2.5-7.3)
60-64 6.8 (53-84) 5.8(4.3-72) 7.8 (59-9.7)
65-69 6.0 (4.7-7.3) 5.0 (3.7-6.3) 6.9 (53-84)
70-74 7.9 (6.3-9.5) 6.7 (5.1-8.3) 9.0 (7.1-11.0)
75-80 10.0 (7.9-12.1) 8.5 (6.4-10.5) 11.4(8.9-13.9)
80-84 13.9 (11.3-16.6) 119 (9.1-14.7) 15.7 (12.7-18.8)
85-89 229 (18.1-27.7) 20.0 (15.0-25.0) 25.5(20.4-30.7)
90+ 40.8 (32.3-49.4) 36.9 (28.0-45.8) 444 (35.5-53.3)
50+ 8.1 (7.3-8.8) 6.8 (5.9-7.8) 9.1 (8.0-10.1)

Geographical differences

Substantial area variations are found in the frailty estimates.
The prevalence among people age 50 and over in rural, urban,
inland and coastal areas are plotted in Figure 1 (numbers
included in Appendix 6). The highest median prevalence rates
of frailty are found in urban (7.3 [6.5-8.2]%) and coastal (8.9
[7.9-9.91%) areas, while rural (4.8 [4.3-5.3]%) and inland
(6.7 [6.2-7.1]%) areas have the lowest. Outlying data points
in Figure 1 are associated with local authorities in the highest
deprivation quintile.

Figure 1. Prevalence of frailty among over 50s in among
different local authority district area types
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All local authority districts are categorised as either rural or urban, and either inland or
coastal. Rural-inland shows areas that are both rural and inland; similarly for urban-inland,
rural-coast and urban-coast. Boxes indicate the 25th to 75th percentiles, notches the
uncertainty on the median, and whiskers the largest/smallest value no further than 1.5 times
the interquartile range above/below each box. Dots indicate outliers from the whiskers. See
Appendix 3b for pre-frailty prevalence.

The risk ratio of frailty in coastal areas relative to inland
areas is 1.3 [1.2-1.5] (Figure 2), while urban areas have a risk
ratio of frailty relative to rural areas of 1.5 [1.3-1.8].

Areas which are both rural and inland have lower frailty
prevalence (4.5 [4.1-5.0]%) than urban-inland (6.9 [6.4-7.4]1%),
rural-coastal (7.4 [6.2-8.6]%) and urban-coastal (9.0 [7.2-
10.8]%) areas (Figure 1).

The frailty estimate for each local authority district is
mapped in Figure 3 (all area prevalence estimates, along with
pre-frailty and male and female-only estimates, are provided
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in Appendixes 7 and 8). High estimates of frailty are clustered
in northern areas and the West Midlands. However, the highest
estimates are predominantly found in coastal areas, such as East
Lindsay (Lincolnshire), Tendring (Essex), and Great Yarmouth
(Norfolk), where frailty prevalence are both estimated to
exceed 15% of over 50s. The lowest estimates (<2.9% frailty
of over 50s) are found in rural areas and suburbs of the capital
(London), including Bracknell Forest (Berkshire), Richmond
upon Thames (London) and Kingston upon Thames (London).

Figure 2. Risk ratio of frailty in (left) urban, relative to rural
and (right) in coastal, relative to inland, local authority districts
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Risk ratios are calculated using median prevalence of local authority districts in each area
type. See Appendix 3c for pre-frailty risk ratios.

Figure 3. Estimated prevalence of frailty among people aged
over 50 in each local authority district in England, 2020
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Among local authorities, the lowest frailty prevalence of
people aged 50 and over is 4.0 [3.5-4.5]%, and the highest is
15.7 [14.6-16.8]%, a factor of 4.0 [3.5-4 4] difference.

Discussion

This study is among the first to produce small area estimates
for frailty prevalence in England and has found differences
in frailty prevalence between urban and rural areas, as well

166



JFA - Volume 11, Number 2, 2022

as between coastal and inland areas. We estimated that the
prevalence of frailty among adults aged 50+ in England in 2020
was 8.1%. There are widespread geographic inequalities in
healthy ageing, with the greatest frailty prevalence in coastal
areas. This suggests policies aimed at reducing inequalities in
healthy ageing should be targeted at coastal areas, as this is
where the greatest benefit may be achieved.

Deprivation is strongly associated with frailty prevalence.
Proportionally, urban and coastal areas are more deprived than
rural and inland areas (Appendix 9), offering an explanation for
the greater frailty levels in these areas.

Our estimation of national frailty prevalence is higher than
two previous studies of over 65s in the UK using the electronic
Frailty Index (eFI), which estimated 3% frailty prevalence
(35). The lower frailty estimates may arise from differences in
eFI data and the ELSA survey data: eFI is based on medical
records, which may under-report disabilities (5). If medical
records do not capture the number of distinct frailty deficits
in the frailest people, this may partially explain why our
survey-based study finds more frailty. The eFI also has greater
weighting on diseases and less on mobility, activities of daily
living and instrumental activities of daily living than the frailty
index used here, which may lead to higher frailty index scores
here.

A previous study assessing phenotypic frailty using ELSA
wave 4 (2008-09) found a national prevalence of frailty among
over 60s to be 14% (38); however frailty phenotype is a
complimentary measure to a frailty index, with results that are
not directly comparable (13). We therefore cannot compare
whether frailty prevalence has changed over time with this
study.

Another previous study, which used diagnosis codes as a
surrogate for frailty, estimated the geographic heterogeneity
of frailty prevalence to be consistent with the distribution of
the older adult population and location of NHS acute provider
sites (22). Our study suggests that urban and coastal areas have
a disproportionately high frailty burden among the over 50
population.

One plausible explanation for the differences in frailty
prevalence between area types is the internal migration of older
people in England. Migration trends show that older people
move mainly to coastal and rural locations (39).

Our study does not specifically evaluate the health status of
movers. However, if the ‘healthy migrant’ effect (40) applies
to these intra-national moves, we would expect migration to
improve the average health of the older population in rural and
coastal areas. Our results suggest this is only partially true:
older populations in coastal areas are significantly frailer than
those in rural areas. This is likely to be associated with area
deprivation. Coastal areas are typically more deprived than rural
areas (Appendix 9), and area-level deprivation may influence
which areas older people move to: people who live in less
deprived areas (and thus likely more healthy (41)) may be more
likely to move to less deprived areas. This may lead to older
people in deprived areas preferentially moving to disadvantaged
coastal areas.

While these results find higher levels of frailty in urban than

rural areas of England, this may not be the case elsewhere.
Australian (20) and Canadian studies (42) found a greater
prevalence of frailty in rural areas. Differences in the
demographic and socioeconomic characteristics of people living
in rural and urban areas between countries may contribute to
these contrasting findings.

The key strength of this study is that it provides comparable
frailty estimates for all local authority districts across England
using a large, nationally representative survey on ageing health
in England. This helps fill the need for small-area information
identified by Public Health England to help address inequalities
in ageing (28). The availability of geographically linked
deprivation data in ELSA allowed us to use area-based socio-
economic measures in our analysis, an important characteristic
in predicting frailty among older adults in England (43).

There are several issues to consider when interpreting the
results. First, it is important to acknowledge that the prevalence
of frailty in this study is based on synthetic estimates that
consider local demography and social-economic context. Other
factors that predict frailty, such as health behaviours, may be
included in future work. Second, we note that ELSA wave 8
has a limited number of respondents in the 90+ age category:
172. Inverse probability weights were used for each survey
to minimise bias in the analysis. Finally, our estimates are
based on future population estimates produced by the Office
for National Statistics (2); differences between these estimates
and actual population numbers will affect the accuracy of these
results.

We have described distinctive geographical variations in
frailty prevalence among local authorities in England. Areas
with high prevalence of frailty could be targeted to prevent or
delay the development of frailty among their robust and pre-
frail populations. Actions might include physical activity and
nutritional interventions (44). Future research could describe
frailty prevalence using boundaries for more recently defined
areas, such as Integrated Care Systems, and map areas where
levels of frailty are high, but receipt of care is low, to identify
foci of unmet need. This study could be replicated using
data for other countries to understand the commonalities and
differences in the geographical distribution of frailty between
countries.
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