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Abstract

Using multilevel logistic regression to analyse management data of reablement episodes

collected by Essex County Council, a UK local authority, this article identifies constraining

and enabling factors for successful reablement. Overall, 59.5% of reablement clients were

classed as able to care for themselves when assessed after 13 weeks following the reable-

ment intervention (N = 8,118). Several age-related, disability, referral, and social factors

were found to constrain reablement, but some of the largest constraining effects were neigh-

bourhood deprivation as measured through the Index of Multiple Deprivation and, particu-

larly, unfavourable geodemographic profiles as measured through Experian Mosaic

consumer classifications. The results suggest that in order to optimise reablement, pro-

grammes should consider broader social and environmental influences on reablement

rather than only individual and organisational aspects. Reablement might also be better tai-

lored and intensified for client groups with particular underlying disabilities and for those dis-

playing specific geodemographic characteristics.

1 Introduction

Generated by changing community structures and aging populations combined with govern-

ment budget cuts and facilitated by ‘empowerment orientated’ treatment philosophies that

aim to decrease dependence and increase self-sufficiency, short-term restorative health inter-

ventions involving physical and occupational therapy, health education, and/or assistive tech-

nologies, delivered outside of institutional settings and in clients’ homes for limited time

periods (for up to 6 weeks) have blossomed in health care provision in a number of Western

nations, particularly in the UK [1–3]. Although the specific content of reablement programmes

differs across and within countries, and also in relation to the particular needs of clients, all

programmes share the aim to enable and ‘re-able’ frail and disabled people to achieve ‘func-

tional independence’, i.e. the ability to live a self-reliant life in which vital everyday activities

like dressing, washing, eating, toileting and basic mobility are achieved by the clients them-

selves without the need for on-going assistance from homecare providers.
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Reablement programmes may also forestall client admission to hospitals or other institu-

tional care settings, possibly saving costs [3–7], and decreasing the probability of loss of func-

tional independence following periods of hospitalisation [8, 9]. However, research evaluating

reablement programmes has also demonstrated that substantial proportions of clients do not

benefit from reablement any more than those that receive more traditional home care—despite

their exposure to interventions that appear to be effective for others [9–11]. Moreover, system-

atic reviews of reablement tend to be inconclusive, showing rather mixed and contradictory

outcomes [12, 13]. In this paper, we examine some of the factors that may contribute to the

heterogeneity of outcomes, which have so far been little analysed in the reablement literature

[13, 14], focusing in particular on the association between neighbourhood deprivation and the

geodemographic profiles of reablement clients. To accomplish this, we use management data

from Essex County Council, an English local authority, linked to geolocation information that

contextualises clients in their local environments.

1.1 Reablement programmes

Compared to the provision of on-going homecare, reablement programmes have been shown

by some studies (almost all of which are based on analyses of reablement for older people) to

provide better outcomes for some clients in many areas including: subjective perceptions of

quality of life [7, 11, 15–17] and mental health [18]; dementia [19–21]; increased independent

coping with everyday activities [4, 17, 22, 23]; increased likelihood of remaining living at home

rather than admission to hospital or institutional care [15, 17]; and a subsequent decrease in

the levels and hours of on-going care provided by professional care workers [7, 11, 16, 17, 24,

25].

Despite some positive overall results, studies also show that not all clients become more

independent following reablement, and that some clients tend to benefit more than others [7,

14]. We know little about the overall effectiveness of reablement, and even less about the types

of clients that might benefit most, or least, from such programmes [3, 19], and there is scant

evidence about broader socio-economic and neighbourhood factors that likely confound or

facilitate successful reablement outcomes.

A handful of studies have identified some limited and limiting factors. Newbronner et al.

[25] indicate that clients over 85 years old tend to benefit most from reablement, and Lewin

et al [26] found that clients experiencing ‘severe frailty’ did not benefit from reablement inter-

vention any more than those that received no intervention—yet people with mild or moderate

frailties and those who lived alone tended to benefit most [see also 22]. In another study,

Wilde and Glendinning [27] suggest that reablement was less successful for those with chronic

disabilities and progressive conditions and also for those with sensory impairments, specific

cultural needs, and, paradoxically in relation to Lewin et al., less effective for those that lived

alone. There are clearly contradictions and knowledge gaps about which types of clients are

more likely to benefit or not from reablement.

Part of these lacunae are a result of reablement being implemented, resourced and orga-

nised in different ways under different programmes [28–31], but another part is a result of the

variability of clients in terms of their major disabilities and, as we demonstrate, their socio-eco-

nomic status and local neighbourhood conditions. Identification of the influence of socio-eco-

nomic and geo-environmental influences on reablement may provide an answer to some of

the contradictory outcomes of reablement programmes–or, at least, raise important questions

that have so far been largely excluded from the reablement debate.

Indeed, a number of recent studies have criticised reablement practice for its sole focus on

individual clients without considering broader forms of informal support and homecare that
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may be necessary to support independence–particularly over the long-term [31–34]. Studies

indicate that successful reablement tends to dwindle over time [13, 14, 35], and it makes sense

that, as people age, their needs change and reablement programmes thus need to be dynamic

[29]. Yet it has also been posed that successful reablement and, long-term success in particular,

are likely to be influenced by social conditions largely outside of an individual’s control, but

which are rarely considered in reablement policy or evaluation [31, 34, 36, 37]. These condi-

tions include levels of informal social support for clients and broader neighbourhood and

environmental conditions that may or may not aid independence. Neighbourhoods and local

communities, alongside various socio-economic factors, are thus a central but missing ingredi-

ent in the reablement debate.

1.2 Neighbourhoods, health and reablement

Economists, public health researchers (gerontologists) and sociologists have for a long time

emphasised the importance of neighbourhood conditions in shaping health [38–44], primarily

through neighbourhoods’ differing levels of social capital, physical environment, local services

and stressors [45]. This may be especially likely for reablement because some of its major goals

—like outdoor mobility (e.g. being able to walk in the local environment)—are directly linked

to neighbourhood conditions [46]. Reablement success may thus be especially dependent on

neighbourhood characteristics given that independent living necessarily requires access to

local services like transport, doctors, chemists and shops, and because such conditions outside

of the home will likely interact with people’s independence in the home (e.g. cooking one’s

own meals would be dependent on access to shops to buy the ingredients). It is also likely, in

this way, that informal social networks embedded in local neighbourhoods would be a key fac-

tor in supporting clients’ recovery [47]. Moreover, as is the case for old people in general [46],

reablement clients probably live in their respective neighbourhoods for long durations and, as

they are less physically mobile, are especially vulnerable to local neighbourhood conditions.

Low socio-economic status is also commonly associated with poor health outcomes [48–51],

and some researchers have made effective use of measures that combine neighbourhood

details and socio-economic status with a number of other measures, producing highly signifi-

cant results [52].

To better understand the inconsistencies that we have shown to emerge from previous

research, we use information about neighbourhoods and geodemography as predictors of rela-

tive reablement success. We do this by modelling detailed reablement management data

retained by Essex County Council, combining this with commercial marketing data based on

Experian’s Mosaic classification data [53] and a more traditional measure of neighbourhood

deprivation—the Index of Multiple Deprivation [54]. In contrast to more traditional measures

of deprivation, Mosaic reflects affluence and consumption patterns which are used to catego-

rise similar people into 66 distinct ‘lifestyle types’ and fifteen consumer groups (see Table 2 for

descriptive statistics). Mosaic has been shown to bear associations with more traditional depri-

vation data [55], but it is also able to aid in the production of more detailed and fine-grained

analyses and data [56]. The ‘big data’ provided through Mosaic presents new opportunities for

researchers and policy analysts in the field of neighbourhood research [56], and here we con-

tribute to this in our analysis of restorative care.

Exploiting these sources of geographically-based information, our principal research ques-

tion is:

1. To what extent do neighbourhood-level factors influence the relative success rate of a rea-

blement programme?
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Successful reablement is defined as the share of reablement clients who are in ‘self-care’ i.e.

the share of patients not requiring further care 13 weeks after the end of the reablement inter-

vention. Relative success is defined as the association of predictors with reduced or increased

probabilities of successful reablement in comparison to the overall rate of reablement success.

2 Data and methods

The data come from Essex County Council who monitored reablement programmes that were

delivered by a specialist private care company (Essex Cares). The dataset contains 10,724 rea-

blement client cases and represents the entirety of reablement programmes that took place in

Essex between January 2008 to January 2012. Although the data is a little old and represents an

early roll-out of reablement in the area, it provides a uniquely rich insight into reablement pro-

grammes by including the total population of reablement clients in Essex, classifications of

their major disabilities and frailties, routes of referral to reablement, socio-demographic infor-

mation and detailed geodemographic data.

In Essex, clients’ care-needs were assessed by the care company through a Service Measure-

ment Tool (SMT; see S1 Table) that measured clients’ scores for mobility and transfers, ability

for personal care, home skills, sensory abilities, levels of disability and cognitive understanding

(largely mirroring Activities of Daily Living). Other categories in the assessment included the

ability for communication, cooperation, and management of finances (largely resembling

Instrumental Activities of Daily Living), as well as information about the levels of care cur-

rently received. As shown in S1 Table, each measurement was scored on a scale from zero

(lowest level of independence) to four (full independence). Individual clients were then

assigned a reablement package tailored to meet their individual needs as ascertained by the

care company’s use of the SMT.

Although the management data contained no information about the specific content of the

reablement programmes delivered, all programmes were, in line with reablement philosophy,

ostensibly tailored to individual client need. However, each programme commonly provided

interventions in clients’ homes for up to six weeks that aimed to teach the skills necessary to

carry out everyday living activities in order to live independently or, at least, be less reliant on

ongoing homecare services.

2.1 Case selection

As is typical with administrative datasets, various checks for plausibility (such as inconsistent

or false codings, duplicate cases, and outliers) were conducted. All data management proce-

dures were carried out in Stata 15.1 (StataCorp, College Station, USA). An overview of the data

cleaning and case selection process is presented in Fig 1.

The chart shows that 204 cases were excluded because of coding errors and implausible val-

ues and that 1,524 so called repeat cases of patients who had already received a previous reable-

ment intervention were also excluded because this paper focuses only on first-time reablement

episodes. Due to data limitations on relevant covariates, we also restricted the analytic sample

to people aged 60 to 99. Only 5.3 per cent (457 cases) of the remaining sample had to be

dropped due to incomplete/missing information (listwise deletion). Robustness checks and

multiple imputations for variables with missing values were carried out but they did not appear

to change the results in any appreciable way.

The final dataset includes 8,118 clients with sufficient information at the start of the reable-

ment programme. Clients were referred for reablement through either a stay in hospital or fol-

lowing referral by a care visitor. The data show that 1,454 (17.9%) clients were referred to

reablement from a community context by a care visitor, and 6,664 (82.1%) from hospital. At
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the time of assessment, that is 13 weeks after their discharge from the reablement intervention,

988 patients were deceased: It is highly unlikely that the reablement programmes would have

prevented death over this short period of time, so these deceased patients have also been

excluded in our statistical models. The selected reablement episodes of 7,130 patients had an

average duration of 35 days and a median duration 38 days.

2.2 Variables

The outcome variable of our study is the ability to self-care 13 weeks after the reablement pro-

gramme versus those clients that continued to need care, either as residential or homecare or

in hospitals. Self-care at 13 weeks was used as the default follow-up period by the local author-

ity and can be seen to represent a short to medium term assessment point of the effectiveness

of the intervention. Even though patients were also assessed at discharge from the reablement

programme, and at 26 and 52 weeks, these data points could not be used for further modelling

because that data had been measured and coded inconsistently. Consequently, our modelling

focuses on indicators of self-care at 13 weeks and does not include longer-term outcomes.

With the exception of the IMD scores, predictors in our models are categorical variables

describing clients’ general social characteristics (age, sex, ethnicity and marital status), referral

route (hospital or community), two categorisations of clients’ general levels of disability (‘care-

need’ and ‘care condition’), and geodemographic profiles using the Mosaic classification data.

There were more women than men in the sample but this reflects the demographics of old age

in the UK.

Fig 1. Flow chart of case selection and data cleaning. Administrative dataset of reablement episodes that were managed by Essex

County Council, a UK local authority, from 01.2008 to 01.2012.

https://doi.org/10.1371/journal.pone.0237432.g001
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Four marital status categories were selected because the literature frequently states that

married or cohabiting people tend to have different health and care outcomes than single peo-

ple [57–59], and that cohabitation is likely to aid independence. Despite the relatively small

number of the non-white ethnic group (N = 262), ethnicity (classified as white British or not)

was also selected for analysis.

The coding of general levels of disability (‘care condition’) used at the initial assessment

contained the following impairments: dementia, frailty, function, sensory, physical disability

severe, physical disability appreciable, physical disability mild, and temporary illness. In addi-

tion, estimated daily social care-need was categorised into groups of 1–3, 4–6, 7–9, 10–12, 13–

15 and 16–23 hours. The distribution of these variables is illustrated in Table 1 below.

Neighbourhoods were classified via the fine-grained Lower Layer Super Output Areas

(LSOAs) based on the 2001 Census boundaries, with 866 separate areas in Essex which each

represent, on average, 1,500 people. The LSOAs are designed to represent coherent geographic

areas based on factors such as natural boundaries (rivers or roads) or population distributions

[56]. To maximise the information provided by the dataset, we employed multilevel logistic

regression models in which reablement clients were nested in LSOAs. The multilevel frame-

work allowed us to capture the amount of shared variance in reablement outcomes at the

neighbourhood levels and to adjust standard errors taking account of the hierarchically clus-

tered data structure. The dataset contained at least one reablement case in 846 out of the 866

LSOAs in Essex, thus representing an almost complete neighbourhood coverage of 97.7 per

cent. Further details can be found in the results section.

The LSOAs were matched with location data pertaining to levels of deprivation as measured

by the Index of Multiple Deprivation (IMD) for the year 2007. The IMD, which is scored from

0 (least deprived) to 100 (most deprived), is a composite area-based indicator of income,

employment, health deprivation and disability, education skills and training, barriers to hous-

ing and services, crime, and living environment statistics based on government data that is

commonly used in UK social research [54]. A supplementary indicator of income deprivation

affecting older people (IDAOPI) and two sub-indicators, each representing barriers to housing

and services (i.e. geographic and wider barriers) and the living environment (i.e. indoors and

outdoors), were also used. The IMD scores of each neighbourhood were double standardised

so that a one-unit increase approximates the difference between one of the most to one of the

least deprived neighbourhoods [60]. For purposes of mapping, a decile ranking of the overall

IMD indicator was calculated based on its percentile scores, and Geographic Information Sys-

tems (GIS) techniques were employed to visualise the results via the user-written Stata com-

mand ‘maptile’ [61].

We also utilised the commercially-produced Mosaic geodemographic classification as a

predictor of relative reablement success (Table 2). These data are derived from detailed demo-

graphic, financial, socio-economic and consumption data, as well as location, property value

and property characteristic information [62, 63]. The data is gathered from broad sources

including the UK census and council tax bands, and also proprietary datasets pertaining to

property valuations, house sale prices, self-reported lifestyle surveys, a survey of adults’ con-

sumption of products, brands and media; and intelligence gathered through monitoring inter-

net use [64]. Mosaic classifications can be linked with readily available location data (drawn by

postcodes) in administrative datasets, which is particularly useful when socio-economic factors

have not been directly collected. We had access to Mosaic data at the postcode level of the rea-

blement clients (about 20 properties per postcode) for the year 2010 and employed them as

detailed measures of the socio-economic conditions of the reablement clients. Of the 15

Mosaic groups, Group B (‘Residents of small and mid-sized towns with strong local roots’) was

chosen as the reference category.
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Table 1. Distribution of individual-level predictor variables and their row percentages with the three reablement outcomes.

Variables Continued care-need Self-care Deceased Chi-squared

Row % Row % Row % Sig.

Age groups
60–64 (n = 157) 21.0 70.1 8.9 102.8

65–69 (n = 290) 24.5 68.6 6.9 ���

70–74 (n = 434) 26.5 64.1 9.4

75–79 (n = 987) 24.7 64.7 10.5

80–84 (n = 1,727) 25.7 63.4 10.9

85–89 (n = 2,241) 28.3 57.7 14.0

90–94 (n = 1,690) 32.7 54.9 12.4

95–99 (n = 592) 35.5 48.1 16.4

Gender
Female (n = 5,371) 28.9 60.6 10.4 44.2

Male (n = 2,747) 27.2 57.2 15.5 ���

Ethnicity
White (n = 7,856) 28.4 59.3 12.2 2.5

Non-white (n = 262) 25.6 64.1 10.3 .

Marital Status
Never married (n = 446) 25.6 65.5 9.0 121.2

Widowed (n = 4,037) 32.4 56.7 11.0 ���

Divorced/separated (n = 435) 27.4 66.2 6.4

Married/cohabiting (n = 2,507) 25.5 59.2 15.3

Missing (n = 693) 17.7 68.7 13.6

Referral route
Community (n = 1,454) 29.8 59.4 10.8 4.1

Hospital (n = 6,664) 28.0 59.5 12.5 .

Main care condition
Dementia (n = 253) 41.9 55.3 2.8 133.2

Frailty (n = 2,115) 32.6 57.2 10.2 ���

Function (n = 85) 30.6 65.9 3.5

Sensory (n = 113) 23.9 59.3 16.8

Phys. dis. severe (n = 109) 47.7 45.0 7.3

Phys. dis. apprec. (n = 4,741) 26.6 59.9 13.5

Phys. dis. mild (n = 310) 24.5 59.7 15.8

Temp. illness (n = 392) 16.8 71.7 11.5

Initial care needs in hours
1–3 (n = 215) 25.6 60.9 13.5 141.2

4–6 (n = 2,303) 24.1 64.9 11.0 ���

7–9 (n = 3,004) 25.9 61.8 12.3

10–12 (n = 1,689) 33.7 54.4 11.8

13–15 (n = 652) 34.8 51.5 13.7

16–23 (n = 255) 45.9 35.7 18.4

Total (N = 8,118) 28.4 59.5 12.2

Administrative dataset of reablement episodes that were managed by Essex County Council, a UK local authority, from 01.2008 to 01.2012. Reablement outcomes were

assessed 13 weeks after discharge from the reablement intervention.

https://doi.org/10.1371/journal.pone.0237432.t001
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2.3 Statistical modelling

First, we present the outcome statistics of the reablement episodes when assessed 13 weeks

after discharge from the reablement programmes. Second, we fit three multilevel logistic

regression models to assess the effects of our predictors on the relative success rate of reable-

ment: Model 1 is the baseline model that includes commonly used client-level information,

model 2 adds the neighbourhood IMD deprivation indicator, and model 3 adds the Mosaic

classifications. Additional to the IMD single indicator model, we also fit twelve alternative

multilevel models, one separately for each IMD sub- or supplementary indicator, but only five

of them (models 2a-e) were statistically significant. Furthermore, we tested for all two-way

interaction terms between the predictors (e.g. care-need and sex) in all models, as well as

cross-level interactions (e.g. between individual care-need and neighbourhood or Mosaic char-

acteristics). None of these showed appreciable effects nor reached statistical significance, so

these results are not presented.

To enhance the interpretation of the odds ratios of the multilevel logistic regression models,

we present average marginal effects (AMEs) as they offer a convenient way to summarise the

average change in the probability of the outcome (‘successful reablement’) for a one-unit

increase in each of our covariates, estimated over all values of that covariate [65]. AMEs thus

give an intuitive indication of the size of the effect over the full distribution of the independent

variables. A 0.05 alpha (significance) level is used for the statistical tests and p-values, and 95%

confidence intervals are provided in the graphs of the average marginal effects. Overall model

fit is assessed via the AIC, Chi-squared and Log-Likelihood ratio tests. The intraclass correla-

tion coefficient (ICC) is presented to describe the amount of within-cluster correlation of indi-

vidual and neighbourhood-level reablement success rates.

Table 2. Frequencies of the Mosaic groups per reablement outcomes.

Mosaic Group Mosaic Group Description Continued care-need Self-care Deceased Chi-squared

Row % Row % Row % Sig.

A (n = 293) Residents of isolated rural communities 27.6 63.1 9.2 78

B (n = 1,631) Residents of small and mid-sized town with strong local roots 28.8 57.4 13.7 ���

C (n = 116) Wealthy people living in the most sought after neighbourhoods 24.1 66.4 9.5

D (n = 769) Successful professionals living in suburban or semi-rural homes 24.6 62.8 12.6

E (n = 759) Middle-income families living moderate suburban semis 27.5 58.5 14.0

F (n = 224) Couples with young children in comfortable modern housing 20.1 67.4 12.5

G (n = 113) Young, well-educated city dwellers 24.8 64.6 10.6

H (n = 111) Couples and young singles in small modern starter homes 25.2 66.7 8.1

I (n = 216) Lower income workers in urban terraces in often diverse areas 34.3 49.5 16.2

J (n = 504) Owner-occupiers in older-style housing in ex-industrial areas 29.0 59.9 11.1

K (n = 579) Residents with sufficient incomes in right-to-buy social housing 33.9 54.6 11.6

L (n = 1,017) Active elderly people living in pleasant retirement locations 25.3 61.3 13.5

M (n = 1,632) Elderly people reliant on state support 30.8 59.7 9.5

N (n = 65) Young people renting flats in high density social housing 21.5 66.2 12.3

O (n = 89) Families in low-rise social housing with high levels of benefit need 39.3 42.7 18.0

Total (n = 8,118) 28.4 59.5 12.2

Administrative dataset of reablement episodes that were managed by Essex County Council from 01.2008 to 01.2012. Repeated reablement episodes are excluded from

the sample. Mosaic classifications 2010 (Experian Ltd.).

https://doi.org/10.1371/journal.pone.0237432.t002
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2.4 Ethics

Before the dataset was made available to the researchers, Essex County Council conducted an

internal review that did not identify any privacy or ethical concerns. The dataset has been fully

anonymised. Ethical clearance was given in accordance with the regulations of the University

of Essex, and the researchers took care to comply with all necessary data protection policies

and practices.

3 Results

As seen in Table 3, the overall results reveal that after 13 weeks following the intervention, a

total of 59.5 per cent of clients were classified as no longer requiring on-going care—i.e. they

experienced ‘successful reablement’. In contrast, 28.4 per cent of clients continued to need

care and 12.2 per cent of clients were deceased. When excluding deceased clients, the ‘success

rate’ of the reablement programme is 67.7 per cent—i.e. 4,828 out of 7,130 clients were in self-

care 13 weeks after the programme.

Of course, we cannot know what proportion of clients would have achieved self-care

regardless of receiving reablement or not. For instance, those referred from hospitals might be

likely to move to increased self-care simply as result of healing over time due to natural recov-

ery from physical injuries.

3.1 Model 1: Baseline multilevel model of client-level covariates

Fig 2 plots average marginal effects for each of the client-level covariates with associated 95

percent confidence intervals. The underlying multilevel logistic regression coefficients and sta-

tistical tests are shown in Table 4.

Looking first at age, compared to the reference group of people 85–89 years old, people

slightly younger (80–84) had a four percentage point higher chance of successful reablement;

people aged 90–94 a four percentage point worse chance; and people in the older age group of

95–99 years a nine percentage point worse chance of experiencing self-care at 13 weeks. The

youngest age group—people aged 60–64—have an eight-percentage point higher chance of

experiencing self-care than 85-89-year olds. The results imply that very old people have an

especially reduced likelihood of self-care. The insignificant effect for the second and, margin-

ally significant effect for third-youngest age groups (p<0.1), could stem from the fact there is

much heterogeneity at younger ages and that some of them have a very severe care-need.

There is no statistically significant effect of ethnicity or sex. People referred from a hospital

had a three-percentage point higher chance of experiencing self-care, though this effect only

remained significant at the p<0.1 level in model three, and, as suggested above, it may be a

Table 3. Reablement outcome statistics 13 weeks after discharge from the programme.

Reablement clients’ outcomes 13 weeks after discharge from the programme Statistics

Count Column %

Self-care (i.e. successful reablement) 4,828 59.5

Continuing care-need (i.e. unsuccessful reablement) 2,302 28.4

Deceased 988 12.2

Total 8,118 100

Administrative dataset of reablement episodes that were managed by Essex County Council, a UK local authority,

from 01.2008 to 01.2012. The category of continuing care-need incorporates both homecare and residential care. The

analysis is limited to first-time reablement episodes.

https://doi.org/10.1371/journal.pone.0237432.t003
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result of physical recovery rather than reablement. Compared to married reablement clients,

those widowed had a four-percentage point lower chance of self-care. The missing category

had a highly positive effect of 10 percentage points.

Predictably, when the amount of initial care-need in hours is higher, the chances of

experiencing self-care at 13 weeks are lower. People with 13–15 hours of care-need have an

11-percentage point lower chance of self-care, and people in the highest category of 16 or

more hours have a 27-percentage point reduced probability of self-care, which is a substantial

difference. As seen initially, there is no significant difference for 1 to 9 hours of care-need, pos-

sibly because the hours of care-need are a broad measure and do not properly capture more

detailed care needs. With regards to the main care condition, arguably a major reason for

which reablement might be the solution, we see that people with frailty have a six percentage

point lower chance of self-care at 13 weeks; those with dementia have an 11 percentage point

reduced chance of self-care; and those with a severe physical disability have a 20 percentage

point lower chance of self-care. People whose main condition is classified as a temporary ill-

ness have a 10-percentage point better chance of self-care. Functional, sensory and mild physi-

cal disability have statistically indistinguishable effects from appreciable physical disability

(which is the comparison group among all conditions).

The intra-class correlations for models 1–3 reported in Table 4 are quite small at 0.02 (con-

fidence interval: 0.01 to 0.04). Nonetheless, the Log-Likelihood ratio tests of the multilevel

models compared to logistic regression models were highly significant at p<0.01 and hence

confirm the need to account for the hierarchically nested structure of the data. Other model

diagnostics, in terms of the AIC, show improved model fits when the neighbourhood

Fig 2. AMEs of reablement success (self-care) on individual-level covariates. Average marginal effects of the

individual-level predictor variables (model 1) on the chances of self-care, 13 weeks after the reablement episode. Notes:

Administrative dataset of reablement episodes that were managed by Essex County Council, a UK local authority, from

01.2008 to 01.2012. N = 7,130. Multilevel logistic regression model of reablement success (self-care 13 weeks after the

end of the reablement episode) with individual-level covariates (age, sex, ethnicity, marital status, referral avenue,

initial care needs in hours, and main care condition). Reablement clients (level 1) are nested in neighbourhoods (level

2) which are measured at Lower Layer Super Output Areas (LSOAs) in Essex, UK.

https://doi.org/10.1371/journal.pone.0237432.g002
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Table 4. Multilevel logistic regression results of reablement success (self-care) after 13 weeks including IMD and MOSAIC categories (N = 7,130).

Variables Model 1 Model 2 Model 3

Age groups (ref. 85–89)
60–64 1.53� (0.33) 1.53� (0.33) 1.56� (0.34)

65–69 1.24 (0.19) 1.25 (0.20) 1.27 (0.20)

70–74 1.06 (0.14) 1.07 (0.14) 1.08 (0.14)

75–79 1.19+ (0.11) 1.19+ (0.11) 1.18+ (0.11)

80–84 1.22� (0.09) 1.21� (0.09) 1.22� (0.09)

90–94 0.83� (0.06) 0.83� (0.06) 0.83� (0.06)

95–99 0.67��� (0.07) 0.67��� (0.07) 0.66��� (0.07)

Gender
Male 0.91 (0.05) 0.91 (0.05) 0.91+ (0.05)

Ethnicity (ref. white)
Non-white 1.10 (0.17) 1.10 (0.17) 1.11 (0.17)

Marital status (ref.married)
Never married 1.13 (0.14) 1.13 (0.14) 1.14 (0.14)

Widowed 0.83�� (0.05) 0.84�� (0.05) 0.84�� (0.06)

Divorced/separated 1.01 (0.13) 1.03 (0.13) 1.04 (0.13)

Missing 1.73��� (0.20) 1.73��� (0.20) 1.72��� (0.20)

Referral avenue (ref. community)
Hospital 1.15� (0.08) 1.16� (0.08) 1.15� (0.08)

Initial care needs in hours (ref. 1–3)
4–6 1.07 (0.19) 1.07 (0.19) 1.05 (0.18)

7–9 0.97 (0.17) 0.97 (0.17) 0.95 (0.16)

10–12 0.64� (0.11) 0.64� (0.11) 0.63�� (0.11)

13–15 0.59�� (0.11) 0.59�� (0.11) 0.59�� (0.11)

16–23 0.30��� (0.07) 0.30��� (0.07) 0.29��� (0.06)

Main care condition (ref. physical disability appreciable)
Dementia 0.61��� (0.08) 0.61��� (0.08) 0.61��� (0.08)

Frailty 0.76��� (0.05) 0.77��� (0.05) 0.77��� (0.05)

Function 0.82 (0.20) 0.82 (0.20) 0.82 (0.20)

Sensory 1.31 (0.31) 1.31 (0.31) 1.29 (0.31)

Physical disability severe 0.41��� (0.09) 0.41��� (0.09) 0.42��� (0.09)

Physical disability mild 1.11 (0.16) 1.12 (0.16) 1.12 (0.16)

Temporary illness 1.77��� (0.26) 1.78��� (0.26) 1.79��� (0.26)

IMD score (overall) 0.88� (0.05)

Mosaic (ref. B)
A 1.14 (0.17)

C 1.36 (0.32)

D 1.23+ (0.13)

E 1.05 (0.11)

F 1.61� (0.30)

G 1.22 (0.30)

H 1.33 (0.32)

I 0.69� (0.12)

J 1.07 (0.13)

K 0.81+ (0.09)

L 1.26� (0.13)

M 1.02 (0.09)

(Continued)
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deprivation and Mosaic indicators are added into models 2 and 3, thus arguing further in

favour of the multilevel analysis.

3.2 Model 2: Index of Multiple Deprivation (IMD)

In the analysed dataset (N = 7,130), on average, 8.4 reablement clients were living in each of

the 846 LSOAs (minimum: 1; maximum: 37). As indicated in the methods section, the IMD

was used to test if deprivation was associated with reablement outcomes and, while Essex is

not a particularly deprived area of the UK overall, it contains some pockets of very high depri-

vation—most saliently seaside towns like Clacton, Harwich and Jaywick—the latter regularly

being deemed the most deprived area of the UK [66–68].

Our results (Table 4) show that neighbourhood deprivation is a significant factor in reduc-

ing the relative likelihood of successful reablement—by 3 percentage points—an effect of a

similar size as some of the individual-level disability predictors. The Log-Likelihood ratio test

of model two versus model one is significant (Chi-squared = 5.24, p<0.05), suggesting an

improved fit to the data. Furthermore, there are remarkable differences in the neighbourhood

reablement success rates (mean 0.59; standard deviation 0.16), with some neighbourhoods

having a 100 per cent success rate, and others a zero per cent success rate. However, the main

part of this variability is associated with individual-level differences and the fact that despite

the large size of the dataset, many neighbourhoods only have few reablement cases.

Because of this, we adjusted for the composition of reablement client-level characteristics

within neighbourhoods through the multilevel specification of model one and we present the

random effects estimates, i.e. the amount of neighbourhood variation that remains when

accounting for the compositional effect of client-level variables. In Fig 3 we present two maps:

the first for the IMD scores of the neighbourhoods; the second for the random effects estimates

by the same LSOA neighbourhood boundaries. When comparing the two maps, there is not a

perfect overlap between the IMD and the neighbourhood random effects estimates. For

instance, many of the coastal areas around Jaywick in the north-east of Essex are extremely

deprived but show moderately good reablement outcomes. Moreover, the neighbourhood suc-

cess rate varies more in small clusters while the IMD shows a clear geographic pattern of pock-

ets in the north-east (Clacton and Jaywick), south, and south-west (Harlow).

Table 4. (Continued)

Variables Model 1 Model 2 Model 3

N 1.37 (0.44)

O 0.52� (0.13)

Observations 7130 7130 7130

Chi-squared 299.8 303.7 335.1

AIC 8691.2 8687.9 8679.3

ICC 0.024 0.023 0.017

LR test (Chi-squared) 5.24� 34.6���

Exponentiated coefficients; Standard errors in parentheses

+ p<0.10

� p<0.05

�� p<0.01

���p<0.001

Administrative dataset of reablement episodes that were managed by Essex County Council, a UK local authority, from 01.2008 to 01.2012. The results are based on

multilevel logistic modelling of the chances of reablement success (self-care) on individual-level covariates, neighbourhood deprivation statistics at the LSOA level and

the MOSAIC indicators (postcode level).

https://doi.org/10.1371/journal.pone.0237432.t004
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Compared to the IMD where some of the most deprived neighbourhoods are in densely

populated areas, many of the neighbourhoods with below-average reablement success appear,

by this measure, to be in medium or large areas (suburban/rural). Together, the results suggest

that relative reablement success rates do differ between neighbourhoods. Some of this effect is

captured via the IMD, but there is no direct overlap between the most deprived neighbour-

hoods and the best performing neighbourhoods in terms of reablement success rates. Admin-

istrative factors could play a role too, such as different reablement implementations between

different local administrative divisions and hospitals.

Table 5 shows the multilevel models in which each of the seven individual components of the

IMD, its four subdomains, and the supplementary indicator for income deprivation affecting

older people (IDAOPI) are separately included. In terms of AME, the results reveal that only

IDAOPI (-5 percentage points, p<0.001), crime (-4 percentage points, p<0.01), educational and

skills (-4 percentage points, p<0.01), general income (-4 percentage points, p<0.01), and the sub-

domain of the outdoor living environment—i.e. air quality and road traffic—(-3 percentage

points, p = .05) reached statistical significance. It is noteworthy that neither the indoors depriva-

tion subdomain nor the indicators for housing barriers are associated with the rate of relative rea-

blement success, and that even the outdoor living environment is only marginally significant.

These results suggest that general deprivation measured in terms of income and crime trump

more specific indictors of neighbourhood deprivation that one might have expected to be closely

related to reablement outcomes. This thus strengthens the notion of the importance of underlying

socioeconomic factors on reablement. Nonetheless, because the overall IMD score incorporates

data points of all deprivation measures, we focus the discussion on this overall measure.

3.3 Model 3: Mosaic geodemographic information

In order to distinguish the broad neighbourhood effects more granularly we utilised Mosaic

geodemographic classifications at the postcode level. A Log-Likelihood ratio test of model

Fig 3. Maps of neighbourhood deprivation (IMD) and random effects estimates of the reablement success (self-care) in Essex (N = 7,130). 2011 Maps of the IMD

scores per LSOA in Essex (A: left) and random effects estimates of the LSOAs in Essex (B: right). Notes: Administrative dataset of reablement episodes that were managed

by Essex County Council, a UK local authority, from 01.2008 to 01.2012. A: IMD 2007 scores. LSOA of 2001 Census Boundaries. The Index of Multiple Deprivation (IMD)

measures relative neighbourhood deprivation at the LSOA level. The IMD scores of the year 2007 are clustered into decile ranks from least to most deprived based on

percentile scores. B: The random effects estimates are the shrunken residuals of the LSOAs after the multilevel modelling of self-care 13 weeks after the reablement

intervention.

https://doi.org/10.1371/journal.pone.0237432.g003
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Table 5. Alternative specifications (Models 2a-e) with the individual IMD indicators (N = 7,130).

Variables Model 2a Model 2b Model 2c Model 2d Model 2e

Age groups (ref. 85–89)

60–64 1.52+ (0.34) 1.52+ (0.34) 1.53+ (0.34) 1.54+ (0.34) 1.52+ (0.34)

65–69 1.26 (0.19) 1.26 (0.19) 1.26 (0.20) 1.25 (0.19) 1.24 (0.19)

70–74 1.07 (0.14) 1.07 (0.14) 1.08 (0.14) 1.07 (0.14) 1.06 (0.14)

75–79 1.19+ (0.12) 1.18+ (0.12) 1.19+ (0.12) 1.19+ (0.12) 1.19+ (0.12)

80–84 1.21� (0.09) 1.20� (0.09) 1.22� (0.09) 1.21� (0.09) 1.21� (0.09)

90–94 0.83� (0.06) 0.83� (0.06) 0.83� (0.06) 0.83� (0.06) 0.83� (0.06)

95–99 0.67��� (0.07) 0.66��� (0.07) 0.67��� (0.07) 0.67��� (0.07) 0.67��� (0.07)

Gender

Male 0.91 (0.05) 0.91 (0.05) 0.91 (0.05) 0.91 (0.05) 0.91 (0.05)

Ethnicity (ref. white)

Non-white 1.11 (0.17) 1.10 (0.17) 1.09 (0.17) 1.12 (0.17) 1.10 (0.17)

Marital status (ref.married)

Never married 1.13 (0.14) 1.13 (0.14) 1.12 (0.14) 1.14 (0.14) 1.13 (0.14)

Widowed 0.84�� (0.06) 0.85� (0.06) 0.84�� (0.05) 0.84�� (0.06) 0.84�� (0.05)

Divorced/separated 1.03 (0.13) 1.05 (0.13) 1.03 (0.13) 1.03 (0.13) 1.02 (0.13)

Missing 1.73��� (0.20) 1.74��� (0.20) 1.73��� (0.20) 1.73��� (0.20) 1.73��� (0.20)

Referral avenue (ref. community)

Hospital 1.16� (0.09) 1.16� (0.09) 1.16� (0.09) 1.15+ (0.09) 1.16+ (0.09)

Initial care needs in hours (ref. 1–3)

4–6 1.07 (0.20) 1.07 (0.20) 1.07 (0.20) 1.06 (0.20) 1.07 (0.20)

7–9 0.97 (0.18) 0.97 (0.18) 0.97 (0.18) 0.96 (0.18) 0.97 (0.18)

10–12 0.64� (0.12) 0.64� (0.12) 0.64� (0.12) 0.64� (0.12) 0.64� (0.12)

13–15 0.59�� (0.12) 0.59�� (0.12) 0.59�� (0.12) 0.59�� (0.12) 0.60�� (0.12)

16–23 0.29��� (0.07) 0.29��� (0.07) 0.30��� (0.07) 0.30��� (0.07) 0.30��� (0.07)

Main care condition (ref. phys. dis. apprec.)

Dementia 0.61��� (0.09) 0.61��� (0.09) 0.61��� (0.09) 0.61��� (0.09) 0.61��� (0.09)

Frailty 0.77��� (0.05) 0.77��� (0.05) 0.77��� (0.05) 0.77��� (0.05) 0.76��� (0.04)

Function 0.82 (0.20) 0.82 (0.20) 0.82 (0.19) 0.82 (0.20) 0.81 (0.19)

Sensory 1.31 (0.31) 1.32 (0.31) 1.32 (0.31) 1.32 (0.31) 1.33 (0.31)

Phys. dis. severe 0.41��� (0.08) 0.41��� (0.08) 0.41��� (0.08) 0.41��� (0.08) 0.41��� (0.08)

Phys. dis. mild 1.12 (0.16) 1.13 (0.16) 1.12 (0.16) 1.15 (0.16) 1.12 (0.16)

Temp. illness 1.78��� (0.26) 1.78��� (0.26) 1.78��� (0.26) 1.81��� (0.27) 1.80��� (0.27)

IMD sub-indicators

Income 0.85�� (0.05)

IDAOPI 0.79��� (0.04)

Education 0.84�� (0.05)

Crime 0.83��� (0.05)

Outdoors 0.86�� (0.05)

Observations 7130 7130 7130 7130 7130

Log likelihood. -4313.2 -4309.2 -4312.8 -4312.0 -4314.0

Chi-squared 328.1 335.6 326.5 332.4 331.7

AIC 8684.4 8676.4 8683.7 8681.9 8685.9

Exponentiated coefficients; Standard errors in parentheses

+ p<0.10

� p<0.05

�� p<0.01

���p<0.001

Administrative dataset of reablement episodes that were managed by Essex County Council, a UK local authority, from 01.2008 to 01.2012. All twelve sub- and

supplementary Index of Multiple Deprivation indicators were individually modelled, but only the five presented ones reached statistical significance. The results are

based on multilevel logistic modelling of the chances of reablement success (self-care) on individual-level covariates and neighbourhood deprivation statistics at the

LSOA level.

https://doi.org/10.1371/journal.pone.0237432.t005
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three versus two confirms that the Mosaic improves the fit of the multilevel model to the data

(Chi-squared = 34.65, p<0.01). The average marginal effects of the multilevel logistic regres-

sion of model 3 are shown in Table 4.

We find that compared to Mosaic group B (‘Strong roots, mixed housing, small town, and

tradition’ characterised by ‘Better off empty nesters in low density estates on town fringes’), cli-

ents in group O (‘Disadvantaged, low income, long-term illness, low-rise council housing’

characterised by ‘Older tenants in low rise social housing estates where jobs are scarce’) had a

14 percentage points lower chance of successful reablement (p<0.05); and clients in group I

(‘Few qualifications, ethnic diversity, small homes, crowded, below-average incomes’ charac-

terised by ‘Older town centre terraces with transient, single populations’) had an eight percent-

age points lower rate at (p<0.05).

On the other hand, a positive effect is seen for clients in group F (‘Families, good incomes,

comfortable homes, ethical products’ characterised by ‘Busy executives in townhouses in dor-

mitory settlements’) with an increased chance of nine percentage points (p<0.05). Group L

(‘Retired, bought a smaller property, specialist shops, grandchildren’) had a five percentage

points increased chance of successful reablement (p<0.05). Moreover, group D (‘Significant

equity, executives and managers, comfortable, good education, car ownership’ characterised

by ‘Older people living in large houses in mature suburbs’) showed a four percentage points

increased chance of self-care at 13 weeks, but this effect was only marginally significant

(p = 0.05).

The differences between the most negative and most positive Mosaic groups are relatively

strong, often with as much or more influence on reablement success (self-care) than the major

care condition predictors. Particular groups of affluent people enjoy significantly better reable-

ment outcomes than the reference group (Mosaic group B), and those with less advantaged

geodemographic profiles have worse outcomes. Additionally, the strongly negative effect for

group O, the most deprived Mosaic group, shows that socio-economic disadvantage is

reflected in a very high social care-need. It has been noted that social care services might also

have communication challenges in effectively reaching these groups [69].

The significant positive effect for group F might stem from clients’ proximities to their chil-

dren, again stressing the importance of supportive social networks—in addition to factors like

high incomes and comfortable housing. It is noteworthy that group L has a significant positive

effect despite the high age of this group, suggesting that factors like purpose-built housing and

functional environments have enabling influences at all ages. In general, advantaged socio-eco-

nomic groups and people living in comfortable or purpose-built housing experience higher

relative success rates of reablement and are thus more ‘self’-reliant, while those in low-quality

housing and those who are socio-economically disadvantaged tend to experience relative rea-

blement success much less frequently.

4 Discussion

The nature of the monitoring data meant that there was no control or comparison group from

which to analyse the overall effectiveness of reablement programmes versus other types of pro-

grammes of care in Essex, and there were no opportunities to interrogate the institutional pro-

cesses underpinning the data collection or the ensuing quality of the data produced by the

specialist care company. We therefore cannot ascertain the extent to which the effect of the

reablement intervention is causal. Yet the findings do show the relative success of reablement

as measured by the share of clients that were in self-care 13 weeks after the intervention, and

they also highlight numerous client factors that had an influence on the relative rate of reable-

ment success. Moreover, as a result of the reablement programme having been provided on a
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large scale without strict selection criteria, it is unlikely that self-selection of comparatively

healthier people into the programme affected our results. Importantly, it is the very large size

of the dataset that makes our contextual (neighbourhood) and multilevel analysis possible.

The most influential predictive factors for negative reablement outcomes were related to

previous care-needs where having very high hours of initial care-need, being much older, and

having severe physical disability, dementia or frailty significantly mitigated the success of rea-

blement. This confirms some previous research that high levels of disability are likely to have a

negative effect on reablement success [5, 22, 26]. Similarly, our finding that people older than

90 were less likely to benefit from reablement is probably also the result of poor health and the

natural limits on health improvements at an older age. This is not to say older people do not

profit from reablement but it may be unrealistic to expect full self-care and, as studies have

suggested, reablement for the very frail and disabled may often need to be accompanied by at

least some level of home-care in order for it to be effective, especially over the long term [31,

33, 37]. Moreover, some level of informal care is likely to continue to aid independence for

many reablement clients and, although this was not included in the management data and is

thus an unknowable for our analysis, informal support has been shown by some studies [34,

37] to be an important component of successful reablement.

The outcomes of reablement for people with high levels of disability and thus high care

needs require further research as it is probable that they are also contingent on the specific

type of underlying disability and medical condition. Nonetheless, particular regressive health

problems and disabilities mean that reablement is bound to be quite restricted for some

groups. Similarly, it can be assumed that high initial care-need (as measured here by having

care needs greater than 13 hours) will be unlikely to be wholly ameliorated through reablement

and that some clients will continue to require some level of traditional home care alongside

reablement [31, 33, 37].

Our analysis found that men did not have significantly different outcomes from reablement

than women, and we did not observe any differences by ethnicity. However, only 3.2 per cent

of the study population were non-white while 11.8 per cent of Essex residents in general are

non-white, and this limits our conclusions. More significantly, we identified that hospital

referral to reablement had a positive bearing on successful reablement. This could mean that

cases referred from hospitals tend to be more acute and short-term, and thus more likely to be

aided through reablement (e.g. simple improvements to the home environment following a

fall), rather than what could potentially be more chronic and on-going health problems as in

cases referred from the community.

Using the overall IMD score, we uncovered that living in a very deprived neighbourhood

compared to a highly prosperous one reduced the chances of successful reablement by three

percentage points. The largest effect (five percentage points) was reached when using the sub-

indicator for income deprivation affecting older people. The second largest effect (four per-

centage points) was found when looking at the effect of the sub-indicator of crime in the

neighbourhood. Generally, we found that there was non-trivial neighbourhood variation in

the relative rate of reablement success and also that neighbourhood-level predictors were sig-

nificantly associated with the likelihood of successful reablement.

Drilling further down into the geodemographic data, we found that specific Mosaic groups

experienced very different reablement outcomes with, for example, group O (‘Older tenants in

low rise social housing estates where jobs are scarce’) having a 15 percentage point lower

chance of self-care after 13 weeks than the reference category; and group L (wealthy retirees)

having a six percentage point higher chance. What this indicates is that the Mosaic categories

associated with unpleasant living conditions (especially housing and broader environmental

conditions), weak social networks and unfavourable socio-economic positions, had a highly
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significant negative effect on reablement, while those indicating high socio-economic status

had strong positive effects. Reassuringly in terms of our statistical modelling, the Mosaic

groups that were not directly relevant for old people like group G (‘young, well-educated city

dwellers’) were not significant, even though the direction of the effects followed the previously

explored geodemographic direction. In a study with a similar design to ours, Nnoaham, Frater

[70] used Mosaic geodemographic indicators and the IMD to predict uptake in colorectal can-

cer screening. They also found both measures to be statistically significant, with the Mosaic

explaining a greater share of the variance [55].

Overall, the neighbourhood IMD and geodemographic Mosaic findings are evidence that

there is a need to see successful reablement not merely as an individual or institutional process,

but one intimately entwined with broader socio-economic, geographic, and community condi-

tions. Indeed, as one recent reablement study explained [36]: ‘The physical design of the com-

munity has a great impact on the seniors’ ability to be active. Walking paths, benches, curbs,

snow removal and icy roads are significant components. . . [Reablement] services cannot be

integrated into the general health service without a focus on the municipality as a whole’. Our

findings corroborate this, and they also demonstrate the relevance of the IMD and Mosaic

measures for understanding reablement, and possibly as a more general tool for all commu-

nity-based social care interventions. Following the 2014 English Social Care Act, reablement

interventions are largely replacing traditional home care provisions and the presented findings

on the role of neighbourhood conditions could therefore prove to be relevant for

policymakers.

4.1 Limitations and further research

One caveat could be selective neighbourhood residence, namely a scenario in which clients

more likely to benefit from reablement are more likely to live in better neighbourhoods. In

neighbourhood research, this is often referred to as the issue of composition versus context

[71]. Without longitudinal data of the clients’ residence history or experimental evidence,

this limitation cannot be ruled out. However, our results suggest clearly that local authori-

ties could utilise Mosaic to further narrow specific characteristics such as housing condi-

tions to better target and support reablement programmes, and that reablement, as also

suggested by a number of recent studies [33, 34, 37, 72], should not be based on individual

clients alone but should consider broader social and environmental conditions such as lev-

els of informal help, local services and environments and adequate housing. Indeed, given

that this study was based on the entire population of reablement episodes and was unusually

large, the unprecedented level of detail is likely to represent a powerful insight into the role

of neighbourhood factors.

In terms of avenues for further research, more studies are needed to see whether clients

with multiple care-needs or so-called comorbidities have different reablement experiences.

Moreover, in order to understand the significant factors that have been identified with more

certainty and accuracy, further research is required into the specific nature of individual rea-

blement programmes and the details of the underlying disabilities of reablement clients.

Another issue is the long-term effectiveness of reablement programs—it might be that initial

benefits are related to intervention effects where reablement initially boosts a client’s positive

outlook in the short-term but which become dampened over time when visits from reablement

teams end and the realities of trying to cope every day on one’s own sinks back into peoples’

lives [27]. A possible way to mitigate against this could be to trial short ‘booster’ reablement

sessions at regular intervals to these client groups [46], and to have some level of continued

home-care.
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Finally, alternative specifications could be used to measure reablement outcomes. This

paper employed a strict test, namely full reablement towards self-care. While this approach

carries the advantage of robustness compared to more relative outcome variables, future stud-

ies could also measure factors such as rates of improvement, maintenance, and deterioration

of care needs, consider domain specific outcomes, and also employ more subjective evalua-

tions based on quality-of-life indicators such as the EQ-5D-5L [19].

5 Conclusion

Using a uniquely comprehensive dataset provided by a UK local authority, this study high-

lights two major findings. Firstly, we illustrate the underappreciated importance of the socio-

geographic environment for recovery and reablement–showing that neighbourhood level vari-

ables in terms of the Index of Multiple Deprivation are significantly associated with the

chances of reablement success. Secondly, we show the utility of utilising commercial ‘big data’

like Mosaic geodemographic typologies for analytical purposes, which may uncover more

detailed outcomes than traditional data [55, 56].

This has important implications for healthcare policy and practice, which should clearly

consider broader socio-economic and social-geographic settings when planning, doing and

assessing reablement. Moreover, rather than a consideration of only individual or organisa-

tional factors, future research into reablement might examine what these neighbourhood fac-

tors are so as to identify where reablement interventions might be of most benefit and which

broader social-geographic factors are necessary for successful of reablement.

Supporting information

S1 Table. Reablement Service Measurement Tool (SMT).

(PDF)

Acknowledgments

We would like to acknowledge Essex County Council for the provision of the dataset. We are

grateful for the academic input of Professor Berthold Lausen, Stephen Simpkin, Dr Duncan

Wood, Vladimir Metodiev, Dr Ahmed Elhakeem, Dr Richard Hayhoe, and Danis Theodoulou.

We also thank the reviewers of PLOS One for their extremely helpful comments and

suggestions.

Author Contributions

Conceptualization: Christopher Justin Jacobi, Darren Thiel, Nick Allum.

Data curation: Christopher Justin Jacobi, Darren Thiel, Nick Allum.

Formal analysis: Christopher Justin Jacobi.

Investigation: Christopher Justin Jacobi, Darren Thiel, Nick Allum.

Methodology: Christopher Justin Jacobi, Darren Thiel, Nick Allum.

Project administration: Christopher Justin Jacobi, Darren Thiel.

Resources: Darren Thiel.

Software: Christopher Justin Jacobi.

Supervision: Darren Thiel, Nick Allum.

PLOS ONE Neighbourhoods and geodemography in reablement interventions

PLOS ONE | https://doi.org/10.1371/journal.pone.0237432 September 4, 2020 18 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237432.s001
https://doi.org/10.1371/journal.pone.0237432


Validation: Christopher Justin Jacobi, Darren Thiel, Nick Allum.

Visualization: Christopher Justin Jacobi.

Writing – original draft: Christopher Justin Jacobi, Darren Thiel.

Writing – review & editing: Christopher Justin Jacobi, Darren Thiel, Nick Allum.

References
1. UK Department of Health. Caring for our future: reforming care and support. Department of Health Lon-

don; 2012.

2. Pilkington G. Homecare re-ablement: Why and how providers and commissioners can implement a ser-

vice. Journal of Care Services Management. 2013; 2(4):354–67.

3. Ryburn B, Wells Y, Foreman P. Enabling independence: restorative approaches to home care provision

for frail older adults. Health Soc Care Community. 2009; 17(3):225–34. https://doi.org/10.1111/j.1365-

2524.2008.00809.x PMID: 19175428

4. Lewin G, Allan J, Patterson C, Knuiman M, Boldy D, Hendrie D. A comparison of the home-care and

healthcare service use and costs of older A ustralians randomised to receive a restorative or a conven-

tional home-care service. Health Soc Care Comm. 2014; 22(3):328–36.

5. Reidy H, Webber M, Rayner S, Jones M. Evaluation of the Southwark Reablement Service. London,

Kings College. 2013.

6. World Health Organisation. Active ageing: a policy framework. Geneva: WHO; 2002. http://

whqlibdocwhoint/hq/2002/who_nmh_nph_02. 2004;8.

7. Glendinning C, Newbronner E. The Effectiveness of Home Care Reablement—Developing the Evi-

dence Base. Journal of Integrated Care. 2008; 16(4):32–9.

8. Hu FW, Huang YT, Lin HS, Chen CH, Chen MJ, Chang CM. Effectiveness of a simplified reablement

program to minimize functional decline in hospitalized older patients. Geriatrics & Gerontology Interna-

tional. 2020; 20(5):436–42.

9. Cochrane A, Furlong M, McGilloway S, Molloy DW, Stevenson M, Donnelly M. Time-limited home-care

reablement services for maintaining and improving the functional independence of older adults.

Cochrane Database Syst Rev. 2016; 10:CD010825. https://doi.org/10.1002/14651858.CD010825.

pub2 PMID: 27726122

10. Legg L, Gladman J, Drummond A, Davidson A. A systematic review of the evidence on home care rea-

blement services. Clin Rehabil. 2016; 30(8):741–9. https://doi.org/10.1177/0269215515603220 PMID:

26374423

11. Lewin GF, Alfonso HS, Alan JJ. Evidence for the long term cost effectiveness of home care reablement

programs. Clin Interv Aging. 2013; 8:1273–81. https://doi.org/10.2147/CIA.S49164 PMID: 24124354

12. Sims-Gould J, Tong CE, Wallis-Mayer L, Ashe MC. Reablement, Reactivation, Rehabilitation and

Restorative Interventions With Older Adults in Receipt of Home Care: A Systematic Review. J Am Med

Dir Assoc. 2017; 18(8):653–63. https://doi.org/10.1016/j.jamda.2016.12.070 PMID: 28214234

13. Tessier A, Beaulieu MD, McGinn CA, Latulippe R. Effectiveness of Reablement: A Systematic Review.

Healthc Policy. 2016; 11(4):49–59. PMID: 27232236

14. Slater P, Hasson F. An evaluation of the reablement service programme on physical ability, care needs

and care plan packages. Journal of Integrated Care. 2018; 26(2):140–9.

15. Bragstad LK, Kirkevold M, Hofoss D, Foss C. Factors predicting a successful post-discharge outcome

for individuals aged 80 years and over. Int J Integr Care. 2012; 12:e4. https://doi.org/10.5334/ijic.691

PMID: 22371693

16. King AI, Parsons M, Robinson E, Jorgensen D. Assessing the impact of a restorative home care service

in New Zealand: a cluster randomised controlled trial. Health Soc Care Community. 2012; 20(4):365–

74. https://doi.org/10.1111/j.1365-2524.2011.01039.x PMID: 22106952

17. Tinetti ME, Baker D, Gallo WT, Nanda A, Charpentier P, O’Leary J. Evaluation of restorative care vs

usual care for older adults receiving an acute episode of home care. JAMA. 2002; 287(16):2098–105.

https://doi.org/10.1001/jama.287.16.2098 PMID: 11966384

18. Markle-Reid M, Weir R, Browne G, Roberts J, Gafni A, Henderson S. Health promotion for frail older

home care clients. J Adv Nurs. 2006; 54(3):381–95. https://doi.org/10.1111/j.1365-2648.2006.03817.x

PMID: 16629922

PLOS ONE Neighbourhoods and geodemography in reablement interventions

PLOS ONE | https://doi.org/10.1371/journal.pone.0237432 September 4, 2020 19 / 22

https://doi.org/10.1111/j.1365-2524.2008.00809.x
https://doi.org/10.1111/j.1365-2524.2008.00809.x
http://www.ncbi.nlm.nih.gov/pubmed/19175428
http://whqlibdocwhoint/hq/2002/who_nmh_nph_02
http://whqlibdocwhoint/hq/2002/who_nmh_nph_02
https://doi.org/10.1002/14651858.CD010825.pub2
https://doi.org/10.1002/14651858.CD010825.pub2
http://www.ncbi.nlm.nih.gov/pubmed/27726122
https://doi.org/10.1177/0269215515603220
http://www.ncbi.nlm.nih.gov/pubmed/26374423
https://doi.org/10.2147/CIA.S49164
http://www.ncbi.nlm.nih.gov/pubmed/24124354
https://doi.org/10.1016/j.jamda.2016.12.070
http://www.ncbi.nlm.nih.gov/pubmed/28214234
http://www.ncbi.nlm.nih.gov/pubmed/27232236
https://doi.org/10.5334/ijic.691
http://www.ncbi.nlm.nih.gov/pubmed/22371693
https://doi.org/10.1111/j.1365-2524.2011.01039.x
http://www.ncbi.nlm.nih.gov/pubmed/22106952
https://doi.org/10.1001/jama.287.16.2098
http://www.ncbi.nlm.nih.gov/pubmed/11966384
https://doi.org/10.1111/j.1365-2648.2006.03817.x
http://www.ncbi.nlm.nih.gov/pubmed/16629922
https://doi.org/10.1371/journal.pone.0237432


19. Beresford B, Mayhew E, Duarte A, Faria R, Weatherly H, Mann R, et al. Outcomes of reablement and

their measurement: Findings from an evaluation of English reablement services. Health Soc Care Com-

munity. 2019.

20. Jeon YH, Clemson L, Naismith SL, Mowszowski L, McDonagh N, Mackenzie M, et al. Improving the

social health of community-dwelling older people living with dementia through a reablement program.

Int Psychogeriatr. 2018; 30(6):915–20. https://doi.org/10.1017/S1041610217001533 PMID: 28805186

21. Poulos CJ, Bayer A, Beaupre L, Clare L, Poulos RG, Wang RH, et al. A comprehensive approach to

reablement in dementia. Alzheimers Dement (N Y). 2017; 3(3):450–8.

22. Gill TM, Baker DI, Gottschalk M, Peduzzi PN, Allore H, Byers A. A program to prevent functional decline

in physically frail, elderly persons who live at home. N Engl J Med. 2002; 347(14):1068–74. https://doi.

org/10.1056/NEJMoa020423 PMID: 12362007

23. Gitlin LN, Winter L, Dennis MP, Corcoran M, Schinfeld S, Hauck WW. A randomized trial of a multicom-

ponent home intervention to reduce functional difficulties in older adults. J Am Geriatr Soc. 2006; 54

(5):809–16. https://doi.org/10.1111/j.1532-5415.2006.00703.x PMID: 16696748

24. Glendinning C, Jones K, Baxter K, Rabiee P, Curtis L, Wilde A, et al. Home Care Reablement Services:

Investigating the Longer-term Inpacts (Prospective Longitudinal Study), Social Policy Research Unit.

2010.

25. Newbronner L, Baxter M, Chamberlain R, Maddison J, Arksey H, Glendinning C. Research into the lon-

ger term effects/impacts of re-ablement services. 2007.

26. Lewin G, De San Miguel K, Knuiman M, Alan J, Boldy D, Hendrie D, et al. A randomised controlled trial

of the Home Independence Program, an Australian restorative home-care programme for older adults.

Health Soc Care Community. 2013; 21(1):69–78. https://doi.org/10.1111/j.1365-2524.2012.01088.x

PMID: 23009672

27. Wilde A, Glendinning C. ‘If they’re helping me then how can I be independent?’The perceptions and

experience of users of home-care re-ablement services. Health Soc Care Comm. 2012; 20(6):583–90.

28. Hjelle KM, Skutle O, Forland O, Alvsvag H. The reablement team’s voice: a qualitative study of how an

integrated multidisciplinary team experiences participation in reablement. J Multidiscip Healthc. 2016;

9:575–85. https://doi.org/10.2147/JMDH.S115588 PMID: 27843324

29. Eliassen M, Henriksen NO, Moe S. Physiotherapy supervision of home trainers in interprofessional rea-

blement teams. J Interprof Care. 2018:1–7.

30. Jokstad K, Skovdahl K, Landmark BT, Haukelien H. Ideal and reality; Community healthcare profes-

sionals’ experiences of user-involvement in reablement. Health Soc Care Community. 2019; 27

(4):907–16. https://doi.org/10.1111/hsc.12708 PMID: 30588713

31. Liaaen J, Vik K. Becoming an enabler of everyday activity: Health professionals in home care services

experiences of working with reablement. Int J Older People Nurs. 2019:e12270. https://doi.org/10.

1111/opn.12270 PMID: 31486594

32. Aspinal F, Glasby J, Rostgaard T, Tuntland H, Westendorp RG. New horizons: Reablement—support-

ing older people towards independence. Age Ageing. 2016; 45(5):572–6. https://doi.org/10.1093/

ageing/afw094 PMID: 27209329

33. Bodker MN, Langstrup H, Christensen U. What constitutes ’good care’ and ’good carers’? The norma-

tive implications of introducing reablement in Danish home care. Health Soc Care Community. 2019; 27

(5):e871–e8. https://doi.org/10.1111/hsc.12815 PMID: 31321855

34. Doh D, Smith R, Gevers P. Reviewing the reablement approach to caring for older people. Ageing &

Society. 2019:1–13.

35. Langeland E, Tuntland H, Folkestad B, Forland O, Jacobsen FF, Kjeken I. A multicenter investigation of

reablement in Norway: a clinical controlled trial. BMC Geriatr. 2019; 19(1):29. https://doi.org/10.1186/

s12877-019-1038-x PMID: 30700255

36. Moe C, Brinchmann BS. Tailoring reablement: A grounded theory study of establishing reablement in a

community setting in Norway. Health Soc Care Community. 2018; 26(1):113–21. https://doi.org/10.

1111/hsc.12471 PMID: 28656740

37. Bodker MN, Christensen U, Langstrup H. Home care as reablement or enabling arrangements? An

exploration of the precarious dependencies in living with functional decline. Sociol Health Illn. 2019; 41

(7):1358–72. https://doi.org/10.1111/1467-9566.12946 PMID: 31020676

38. Diez-Roux AV. Bringing context back into epidemiology: variables and fallacies in multilevel analysis.

Am J Public Health. 1998; 88(2):216–22. https://doi.org/10.2105/ajph.88.2.216 PMID: 9491010

39. Pickett KE, Pearl M. Multilevel analyses of neighbourhood socioeconomic context and health outcomes:

a critical review. J Epidemiol Community Health. 2001; 55(2):111–22. https://doi.org/10.1136/jech.55.2.

111 PMID: 11154250

PLOS ONE Neighbourhoods and geodemography in reablement interventions

PLOS ONE | https://doi.org/10.1371/journal.pone.0237432 September 4, 2020 20 / 22

https://doi.org/10.1017/S1041610217001533
http://www.ncbi.nlm.nih.gov/pubmed/28805186
https://doi.org/10.1056/NEJMoa020423
https://doi.org/10.1056/NEJMoa020423
http://www.ncbi.nlm.nih.gov/pubmed/12362007
https://doi.org/10.1111/j.1532-5415.2006.00703.x
http://www.ncbi.nlm.nih.gov/pubmed/16696748
https://doi.org/10.1111/j.1365-2524.2012.01088.x
http://www.ncbi.nlm.nih.gov/pubmed/23009672
https://doi.org/10.2147/JMDH.S115588
http://www.ncbi.nlm.nih.gov/pubmed/27843324
https://doi.org/10.1111/hsc.12708
http://www.ncbi.nlm.nih.gov/pubmed/30588713
https://doi.org/10.1111/opn.12270
https://doi.org/10.1111/opn.12270
http://www.ncbi.nlm.nih.gov/pubmed/31486594
https://doi.org/10.1093/ageing/afw094
https://doi.org/10.1093/ageing/afw094
http://www.ncbi.nlm.nih.gov/pubmed/27209329
https://doi.org/10.1111/hsc.12815
http://www.ncbi.nlm.nih.gov/pubmed/31321855
https://doi.org/10.1186/s12877-019-1038-x
https://doi.org/10.1186/s12877-019-1038-x
http://www.ncbi.nlm.nih.gov/pubmed/30700255
https://doi.org/10.1111/hsc.12471
https://doi.org/10.1111/hsc.12471
http://www.ncbi.nlm.nih.gov/pubmed/28656740
https://doi.org/10.1111/1467-9566.12946
http://www.ncbi.nlm.nih.gov/pubmed/31020676
https://doi.org/10.2105/ajph.88.2.216
http://www.ncbi.nlm.nih.gov/pubmed/9491010
https://doi.org/10.1136/jech.55.2.111
https://doi.org/10.1136/jech.55.2.111
http://www.ncbi.nlm.nih.gov/pubmed/11154250
https://doi.org/10.1371/journal.pone.0237432


40. Bernard P, Charafeddine R, Frohlich KL, Daniel M, Kestens Y, Potvin L. Health inequalities and place: a

theoretical conception of neighbourhood. Soc Sci Med. 2007; 65(9):1839–52. https://doi.org/10.1016/j.

socscimed.2007.05.037 PMID: 17614174

41. O’Campo P, Salmon C, Burke J. Neighbourhoods and mental well-being: what are the pathways?

Health Place. 2009; 15(1):56–68. https://doi.org/10.1016/j.healthplace.2008.02.004 PMID: 18420446

42. Duran AC, Diez Roux AV, Latorre Mdo R, Jaime PC. Neighborhood socioeconomic characteristics and

differences in the availability of healthy food stores and restaurants in Sao Paulo, Brazil. Health Place.

2013; 23:39–47. https://doi.org/10.1016/j.healthplace.2013.05.001 PMID: 23747923

43. Plane J, Klodawsky F. Neighbourhood amenities and health: examining the significance of a local park.

Soc Sci Med. 2013; 99:1–8. https://doi.org/10.1016/j.socscimed.2013.10.008 PMID: 24355464

44. Jokela M. Does neighbourhood deprivation cause poor health? Within-individual analysis of movers in a

prospective cohort study. J Epidemiol Community Health. 2015; 69(9):899–904. https://doi.org/10.

1136/jech-2014-204513 PMID: 25878354

45. Kawachi I, Berkman LF. Neighborhoods and health. 2003.

46. Hjelle KM, Tuntland H, Forland O, Alvsvag H. Driving forces for home-based reablement; a qualitative

study of older adults’ experiences. Health Soc Care Community. 2017; 25(5):1581–9. https://doi.org/10.

1111/hsc.12324 PMID: 26806390

47. Doh D, Smith R, Gevers P. Reviewing the reablement approach to caring for older people. Ageing &

Society. 2020; 40(6):1371–83.

48. Adler NE, Ostrove JM. Socioeconomic status and health: what we know and what we don’t. Ann N Y

Acad Sci. 1999; 896(1):3–15.

49. Feinstein JS. The Relationship between Socioeconomic-Status and Health—a Review of the Literature.

Milbank Quarterly. 1993; 71(2):279–322. PMID: 8510603

50. Kennedy BP, Kawachi I, Glass R, Prothrow-Stith D. Income distribution, socioeconomic status, and self

rated health in the United States: multilevel analysis. BMJ. 1998; 317(7163):917–21. https://doi.org/10.

1136/bmj.317.7163.917 PMID: 9756809

51. Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic status and health: how education,

income, and occupation contribute to risk factors for cardiovascular disease. Am J Public Health. 1992;

82(6):816–20. https://doi.org/10.2105/ajph.82.6.816 PMID: 1585961

52. Sharma A, Lewis S, Szatkowski L. Insights into social disparities in smoking prevalence using Mosaic, a

novel measure of socioeconomic status: an analysis using a large primary care dataset. BMC Public

Health. 2010; 10:755. https://doi.org/10.1186/1471-2458-10-755 PMID: 21138555

53. Limited Experian. Experian Demographic Data, 2004–2005 and 2008–2011. UK Data Service; 2007.

54. Noble M, Wright G, Smith G, Dibben C. Measuring multiple deprivation at the small-area level. Environ-

ment and planning A. 2006; 38(1):169–85.

55. Moon G, Twigg L, Jones K, Aitken G, Taylor J. The utility of geodemographic indicators in small area

estimates of limiting long-term illness. Social Science & Medicine. 2019; 227:47–55.

56. Wami WM, Dundas R, Molaodi OR, Tranter M, Leyland AH, Katikireddi SV. Assessing the potential util-

ity of commercial ‘big data’for health research: Enhancing small-area deprivation measures with

Experian™Mosaic groups. Health & place. 2019; 57:238–46. https://doi.org/10.1016/j.healthplace.

2019.05.005 PMID: 31125848

57. Robles TF, Kiecolt-Glaser JK. The physiology of marriage: pathways to health. Physiol Behav. 2003; 79

(3):409–16. https://doi.org/10.1016/s0031-9384(03)00160-4 PMID: 12954435

58. Wood RG, Goesling B, Avellar S. The effects of marriage on health: A synthesis of recent research evi-

dence. Princeton, NJ: Mathematica Policy Research, Inc. 2007.

59. Johnson NJ, Backlund E, Sorlie PD, Loveless CA. Marital status and mortality: the national longitudinal

mortality study. Ann Epidemiol. 2000; 10(4):224–38. https://doi.org/10.1016/s1047-2797(99)00052-6

PMID: 10854957

60. Gelman A. Scaling regression inputs by dividing by two standard deviations. Statistics in medicine.

2008; 27(15):2865–73. https://doi.org/10.1002/sim.3107 PMID: 17960576

61. Stepner M. MAPTILE: Stata module to map a variable. 2017.

62. Farr M, Webber R. MOSAIC: From an area classification system to individual classification. Journal of

Targeting, Measurement and Analysis for Marketing. 2001; 10(1):55–65.

63. MOSAIC E. Optimise the Value of Your Customers and Locations, Now and in the Future Mosaic UK—

The Consumer Classification of the United Kingdom. Experian Mosaic. 2010.

64. Limited Experian. MOSAIC United Kingdom: The Consumer Classification for the UK. Experian Notting-

ham,, UK; 2004.

PLOS ONE Neighbourhoods and geodemography in reablement interventions

PLOS ONE | https://doi.org/10.1371/journal.pone.0237432 September 4, 2020 21 / 22

https://doi.org/10.1016/j.socscimed.2007.05.037
https://doi.org/10.1016/j.socscimed.2007.05.037
http://www.ncbi.nlm.nih.gov/pubmed/17614174
https://doi.org/10.1016/j.healthplace.2008.02.004
http://www.ncbi.nlm.nih.gov/pubmed/18420446
https://doi.org/10.1016/j.healthplace.2013.05.001
http://www.ncbi.nlm.nih.gov/pubmed/23747923
https://doi.org/10.1016/j.socscimed.2013.10.008
http://www.ncbi.nlm.nih.gov/pubmed/24355464
https://doi.org/10.1136/jech-2014-204513
https://doi.org/10.1136/jech-2014-204513
http://www.ncbi.nlm.nih.gov/pubmed/25878354
https://doi.org/10.1111/hsc.12324
https://doi.org/10.1111/hsc.12324
http://www.ncbi.nlm.nih.gov/pubmed/26806390
http://www.ncbi.nlm.nih.gov/pubmed/8510603
https://doi.org/10.1136/bmj.317.7163.917
https://doi.org/10.1136/bmj.317.7163.917
http://www.ncbi.nlm.nih.gov/pubmed/9756809
https://doi.org/10.2105/ajph.82.6.816
http://www.ncbi.nlm.nih.gov/pubmed/1585961
https://doi.org/10.1186/1471-2458-10-755
http://www.ncbi.nlm.nih.gov/pubmed/21138555
https://doi.org/10.1016/j.healthplace.2019.05.005
https://doi.org/10.1016/j.healthplace.2019.05.005
http://www.ncbi.nlm.nih.gov/pubmed/31125848
https://doi.org/10.1016/s0031-9384%2803%2900160-4
http://www.ncbi.nlm.nih.gov/pubmed/12954435
https://doi.org/10.1016/s1047-2797%2899%2900052-6
http://www.ncbi.nlm.nih.gov/pubmed/10854957
https://doi.org/10.1002/sim.3107
http://www.ncbi.nlm.nih.gov/pubmed/17960576
https://doi.org/10.1371/journal.pone.0237432


65. Williams R. Using the margins command to estimate and interpret adjusted predictions and marginal

effects. The Stata Journal. 2012; 12(2):308–31.

66. Malomo F. Why do some coastal communities rise while others decline? Ocean & Coastal Manage-

ment. 2018; 151:92–8.

67. Pooley A, Brown A. The Almshouse Reimagined: challenging students in creating community. 2017.

68. Fransham M. Income and population dynamics in deprived neighbourhoods: measuring the poverty

turnover rate using administrative data. Applied Spatial Analysis and Policy. 2019; 12(2):275–300.

69. Warwickshire Observatory. Using Mosaic to better understand households in Warwickshire2012. Avail-

able from: https://warksobservatory.wordpress.com/2012/01/10/using-mosaic-to-better-understand-

households-in-warwickshire/.

70. Nnoaham KE, Frater A, Roderick P, Moon G, Halloran S. Do geodemographic typologies explain varia-

tions in uptake in colorectal cancer screening? An assessment using routine screening data in the south

of England. J Public Health (Oxf). 2010; 32(4):572–81.

71. Roux AD. The examination of neighborhood effects on health: conceptual and methodological issues

related to the presence of multiple levels of organization. Neighborhoods and health. 2003:45–64.

72. Moe A, Ingstad K, Brataas HV. Patient influence in home-based reablement for older persons: qualita-

tive research. Bmc Health Serv Res. 2017; 17(1):736. https://doi.org/10.1186/s12913-017-2715-0

PMID: 29141681

PLOS ONE Neighbourhoods and geodemography in reablement interventions

PLOS ONE | https://doi.org/10.1371/journal.pone.0237432 September 4, 2020 22 / 22

https://warksobservatory.wordpress.com/2012/01/10/using-mosaic-to-better-understand-households-in-warwickshire/
https://warksobservatory.wordpress.com/2012/01/10/using-mosaic-to-better-understand-households-in-warwickshire/
https://doi.org/10.1186/s12913-017-2715-0
http://www.ncbi.nlm.nih.gov/pubmed/29141681
https://doi.org/10.1371/journal.pone.0237432

