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Abstract
Objective—to assess whether incident mobility disability and neighbourhood deprivation in older
people are associated independent of the effects of individual socio-economic status, health
behaviours and health status.

Methods—prospective cohort study with a 2-year follow-up.

Setting—the English Longitudinal Study of Ageing (ELSA), a national probability sample of non-
institutionalised older people.

Participants—4,148 participants aged 60 years and over.

Measurements—exposure was a census-based index of neighbourhood deprivation [the Index of
Multiple Deprivation (IMD)]; outcomes were measured and self-reported incident mobility
difficulties.

Results—neighbourhood deprivation had a statistically significant effect on physical function
following adjustment for individual socio-economic factors, health behaviours and health status.
Compared to those living in the least deprived 20% of neighbourhoods, those in the most deprived
neighbourhoods had a risk ratio (RR) of incident self-reported mobility difficulties of 1.75 (95% CI
1.14–2.70) and RR of incident-impaired gait speed of 1.63 (95% CI 1.01–2.62). In adjusted models,
4.0 per 100 (95% CI 3.0–5.4) older adults in neighbourhoods in the least deprived 20% had incident
mobility difficulties over a 2-year period, whereas 13.6 per 100 (95% CI 10.5–17.4) older adults had
incident mobility difficulties in neighbourhoods in the most deprived 20%.

Conclusions—older people living in deprived neighbourhoods are significantly more likely to
experience incident mobility difficulties than those in less-deprived neighbourhoods. The
mechanisms underlying this relationship are unclear and research to identify mechanisms and
appropriate interventions is needed.
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Introduction
Living in a deprived neighbourhood is associated with undesirable health outcomes including
poor cardiovascular health [1], higher rates of mortality [2] and depression [3], and higher
levels of risky health behaviours [4]. The mechanisms by which neighbourhood qualities
impact health outcomes of individuals are unclear and suggested mechanisms include built
environment [5], level of access to healthcare and other resources [6], and having neighbours
who are themselves disadvantaged [7].

Older people may be at a heightened risk of neighbourhood effects [8]. Mental health [9,10],
cognitive function [11,12] and self-reported physical function [13–15] have been found to be
poorer among older people in deprived urban neighbourhoods. To our knowledge the
relationship between neighbourhood characteristics and objective measures of impaired
mobility in older people has not been examined.

Impaired mobility is predictive of nursing home entry and mortality [16], and assessing
physical performance can help identify those with pre-clinical limitations who are at higher
risk for developing further disability [17]. Mobility disability, by which we mean problems
with walking or climbing a single set of stairs, often occurs early in the disablement process,
is a basic everyday function common to most cultures, and has a negative impact on the quality
of life [18,19]. Assessing both self-reported and measured difficulties allows us to combine an
objective measure of poor performance with an indication of how everyday mobility is affected
[20].

This topic is important for two reasons: the significance of good mobility to older people’s
health and well-being, and understanding the ways in which older people’s physical and social
environments impact their functioning, which enables us to improve and maintain those
environments. In this study, we examined the relationship between neighbourhood deprivation
and incident self-reported and measured mobility difficulties in a nationally representative
cohort of community-dwelling older people in England. Our hypothesis was that
neighbourhood socio-economic deprivation is associated with incident mobility disability
independent of the effect of individual socio-economic circumstances and health behaviours.

Methods
We used data from the English Longitudinal Study of Ageing (ELSA), a nationally
representative cohort study of older adults (aged 50 years and over) in England. The baseline
wave of ELSA was drawn from households participating in the Health Survey for England
(HSE), an annual government-funded cross-sectional health survey, in 1998, 1999 and 2001.
Households were included in ELSA if one or more individuals living there were aged 50 years
or over. There were 19,924 individuals in households that responded to HSE who would have
been aged 50 years by the time the ELSA sample was taken in 2002, although not all these
individuals participated in HSE. A total of 2,596 of these older individuals died or were
ineligible for follow-up; of the remainder, 11,392 (65.7%) became ELSA participants.
Analyses of socio-demographic characteristics against census results indicated that the ELSA
sample remained population representative [21].
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The gait speed test (described below) was administered to those aged 60 years and over. A
total of 4,148 individuals aged 60 years and over who were alive and responded in 2004, and
had complete data for our exposures and outcomes of interest, were included in our analyses.
This study was conducted using fully anonymised publicly available datasets and therefore no
additional ethical clearance was necessary.

Measures of neighbourhood deprivation
The Index of Multiple Deprivation (IMD) 2004 is a measure based on distinct dimensions of
deprivation that can be measured at the small-area level. Seven dimensions are included:
income deprivation; employment deprivation; health deprivation; education, skills and training
deprivation; barriers to housing and services; living environment deprivation and crime. IMD
2004 has been used to examine the association between socio-economic deprivation and a
range of health and health service outcomes [12,22–24].

Using information from the 2001 UK census, the UK Office for National Statistics (ONS)
calculated IMD scores at the super output area (SOA) level [25]. These areas contain a
minimum of 1,000 individuals and a mean of 1,500 individuals. There are 34,378 SOAs in
England [26]. Because IMD scores at the SOA level are potentially disclosive, IMD
information in ELSA is only available divided by quintiles. In this study IMD divided by
quintiles was used to represent the level of socio-economic deprivation of the neighbourhoods
in which study participants lived.

Outcome measures
Self-reported mobility difficulties

At both Wave 1 and Wave 2, participants were asked whether they experienced difficulties,
because of a health problem, with walking 100 yards or with climbing one flight of stairs
without resting. Participants were asked to exclude any difficulties that they expected to last
less than 3 months. We classified incident mobility difficulty as reporting difficulties with
either of these activities at Wave 2 among those who reported no difficulties with them at Wave
1.

Measured gait speed
A gait speed test was performed as part of the main ELSA interview at both Wave 1 and Wave
2. Participants were excluded if they refused to attempt the test; if they or the interviewer felt
that attempting the test would be unsafe; or if questions were being answered on their behalf
by someone else (a proxy interview). The test involved timing how long it took to walk a
distance of 8 feet. Participants began with both feet together at the beginning of the course.
The interviewer started timing as soon as a participant placed either foot down on the floor
across the start line. They were asked to walk (not race) to the other end of the course at their
usual speed, just as if they were walking down the street to the shops, and to walk all the way
past the other end of the tape before stopping. Timing was stopped when either foot was placed
down on the floor across the finish line. Participants were then asked to repeat the test by lining
up their feet and walking back along the course, all the way past the other end.

We used the mean of the two recorded times. Those who had a gait speed of 0.4 m/s or slower,
or who were unable to walk alone, were categorised as having impaired gait speed. A 0.4-m/
s threshold is conventionally used in this 8-foot test and is intended to represent the speed at
which individuals may need to be able to walk, for example, to cross the street in the time
allowed to cross signals [18,27]. Participants who did not have impaired gait speed at Wave 1
but who had impaired gait speed at Wave 2 were classified as having incident-impaired gait
speed.
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Adjustment for potential confounders
We entered potential confounders into our model in three stages. All models were adjusted for
age and gender. In Model 1 we adjusted for rurality, classed using census information as rural,
small town or urban fringe (≤10,000 inhabitants), or urban, and for population density of the
area divided by quintiles. We also adjusted for the length of time for which participants reported
having lived in their current location, which would be significant if those in neighbourhoods
in socio-economic decline live there because they lack the health or economic resources to
leave [28].

In Model 2 we adjusted for individual- and household-level socio-economic factors:
• Age of completion of full-time school education: having left school at age 14 or

younger, age 15, age 16 or at age 17 or older.
• Household wealth, including total financial, physical and housing wealth, but not

pension wealth, divided by quintiles.

In Model 3, we added the following health status and health behaviours known to be associated
with physical function:

• Number of co-morbidities [29], that is having been told by a doctor that they have the
following conditions: diabetes, cancer, psychological or emotional problems,
arthritis, stroke, high blood pressure, chronic lung disease, congestive heart failure,
categorised by number 0, 1, 2, 3 or more.

• Smoking status [30]: never having smoked cigarettes, having quit smoking, being a
current smoker.

• Body mass index (BMI) [31]; height and weight were measured by a research nurse
at ELSA baseline, and we calculated BMI as weight in kilograms divided by height
in metres squared. BMI was categorised as: 25 or below, 25+ to 30, 30+ to 35 and 35
+.

• Self-reported level of physical activity [32], categorised in four levels as: none;
engaging at least once a week in sports or activities that are mildly energetic;
moderately energetic; and vigorous.

Statistical analysis
Logistic regression was used to estimate the effects of neighbourhood deprivation level on
physical functioning. Because the primary sampling unit in ELSA is the household, cluster
correction was used to take into account the anticipated similarity between individuals living
in the same household. Analyses were weighted for non-response and conducted using Stata
SE Version 9.2 (StataCorp PL, College Station, Texas).

Results
Baseline characteristics of participants, and percentages of participants in each category free
from self-reported mobility difficulties and measured gait speed impairment, are summarised
in Table 1. Participants free from baseline mobility difficulties, both self-reported and
measured, were more likely to be men, better educated, wealthy, with fewer co-morbidities,
with low BMI, physically active and living in less-deprived neighbourhoods.

Figure 1 shows the relationship between incident mobility difficulties and level of
neighbourhood deprivation. For both self-reported mobility difficulties and impaired gait speed
there is a monotonic increase in the incidence rate associated with increasing neighbourhood
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deprivation (P for trend <0.001). For impaired gait speed, the incidence rate in the least
deprived neighbourhoods is 59.2 per 1,000 (95% CI 42.7–75.8), and in the most deprived
neighbourhoods it is 149.4 per 1,000 (95% CI 117.7–181.1). For self-reported mobility
difficulties, the mean incidence in the least deprived neighbourhoods is 80.3 per 1,000 (95%
CI 61.6–98.9), and in the most deprived neighbourhoods it is 195.0 per 1,000 (95% CI 156.7–
233.3).

Table 2 shows the outcomes of analyses in which the relationship between level of
neighbourhood deprivation and incident self-reported mobility difficulties is adjusted for three
different sets of potential confounders. Table 3 shows the same thing for incident-impaired
gait speed. In each table there is a marked relationship between level of deprivation and our
outcome of interest in Model 1, which is attenuated but remains significant when socio-
economic variables are added (Model 2), and attenuated further, but still significant, when
health and health behaviours are added (Model 3). For self-reported difficulties the relative
risk ratio (RR) of a poor outcome in the most deprived areas compared to the least deprived is
1.75 (95% CI 1.14–2.70), and for impaired gait speed the RR is 1.63 (95% CI 1.01–2.62). A
test for trend in these fully adjusted models was significant for both outcomes (RR 1.13, 95%
CI 1.02–1.26 for self-reported difficulties, RR 1.12, 95% CI 1.02–1.25 for impaired gait speed).

Based on Model 3, for self-reported outcomes, 4.0 per 100 (95% CI 3.0–5.4) older adults in
neighbourhoods in the least deprived 20% had incident mobility difficulties over a 2-year
period, whereas 13.6 per 100 (95% CI 10.5–17.4) older adults had incident mobility difficulties
in neighbourhoods in the most deprived 20%. For measured outcomes, 2.0 per 100 (95% CI
1.4–2.9) older adults in neighbourhoods in the least deprived 20% had incident mobility
difficulties over a 2-year period, whereas 7.3 per 100 (95% CI 5.4–9.8) older adults had incident
mobility difficulties in neighbourhoods in the most deprived 20%.

Similar trends were apparent when we analysed men and women separately (results not shown).
The effect on impaired gait speed was more marked in men and the effect on self-reported
mobility difficulties was more marked in women, but interaction terms were not statistically
significant. In order to provide more precise estimates we present only the combined results
here.

Sensitivity analysis
We conducted sensitivity analyses to test the robustness of our models. In particular, we wanted
to assess the effects of additional individual- and household-level socio-economic variables.
We added the following variables to our model:

• Income (including income from employment, self-employment, private or state
pension, benefits, assets and other sources), divided by quintiles.

• Childhood socio-economic status has been shown to be predictive of physical
functioning in mid-life [33], and we adjusted for participant’s self-reports of his/her
father’s or main carer’s occupation when the participant was aged 14.

• Individual occupational social class, based on the UK National Statistics Socio-
economic Classification Analytic Classes (NS-SEC8).

• Occupational social class of spouse or partner in the same household, also using the
NS-SEC8.

• Level of education of spouse or partner, categorised as for the participant.

When we re-ran our models including these additional variables there was little change in the
overall shape of the response.
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A contributing factor to poor health in deprived neighbourhoods may be that the better-off tend
to leave declining neighbourhoods [28]. We repeated our analyses excluding individuals who
reported having lived in their current location for longer or shorter periods of time. Again, this
produced little change in the shape of the responses observed.

We repeated our analyses to examine transitions in the opposite direction, i.e. looking at those
who reported mobility problems at baseline but did not have them at follow-up, or had impaired
gait speed at baseline but not at follow-up. Six hundred and twenty-three individuals reported
mobility problems at baseline but not at follow-up, and 174 had impaired gait speed at baseline
but not at follow-up. For both outcomes those who lived in deprived neighbourhoods were less
likely to show improvement at follow-up, although the differences were not statistically
significant. (Results of all analyses available from authors on request.)

Discussion
Community-dwelling older adults had a higher risk of incident self-reported mobility
difficulties and incident-impaired gait speed if they lived in a neighbourhood with higher levels
of deprivation. This relationship was attenuated but remained statistically significant when
adjustment was made for individual demographic and socio-economic factors, health status
and health behaviours.

To our knowledge, no previous studies have assessed the effects of neighbourhood deprivation
on objectively measured mobility difficulties. Our findings are in line with studies that found
higher levels of self-reported difficulties with physical function in older people in more
deprived areas [12,13]. This is the first study to use data from a nationally representative survey
to assess these outcomes.

We used an objective measure of neighbourhood deprivation, the IMD (IMD 2004), calculated
using national census data. Intended to capture multiple aspects of neighbourhood deprivation,
IMD scores are calculated in relation to neighbourhoods with a mean population of 1,500
individuals, areas smaller and more locally specific than the 1990 US Census Tracts used in a
previous study [13]. One shortcoming with IMD scores is that, because they summarise
deprivation, we cannot assess how specific aspects of deprivation are associated with poor
outcomes. Examining specific features of areas can help to assess the relationship between
neighbourhood deprivation and individual outcomes [34]. The strongest association with poor
outcomes in our analyses was with number of co-morbidities, and it may be that some residual
effect of the severity of co-morbidities in people in deprived neighbourhoods partially explains
the differences we observed.

These findings answer existing questions and raise new ones. The mechanisms by which
neighbourhood deprivation affects health outcomes have been the subject of much recent
discussion [35–38]. The exposures used here do not capture all possible variation in situation
to which people are exposed. The ‘lifespace’ of individuals is broader than the areas they
inhabit: people travel, work and live in areas that go far beyond the neighbourhoods where
they have their homes, and simple measures of socio-economic status may leave out important
aspects of this. Ignoring this poses the risk of falling into the ‘local trap’ [36] and potentially
failing to account for the full range of contexts to which individuals are exposed. The IMD
measure may also miss other factors more likely to affect deprived neighbourhoods, such as
air quality and pollution levels [39]. Future research must look more broadly, including into
the realm of culture [40], if we are to understand how living in deprived neighbourhoods
impacts individual health.

An important aspect of these findings is that they indicate the importance of assessing
relationships between health in later life and the socio-economic factors associated with
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neighbourhoods, as well as those associated with individuals and households. Previous
analyses of socio-economic influences on incident mobility problems have focussed on
individual or household differences, but we found that the effects of neighbourhood deprivation
were of similar size to the effects of household wealth. One implication of our findings may
be that even if redistribution of socio-economic resources across individuals was attempted, it
might be insufficient to level out differences in health. To achieve that, direct intervention at
the neighbourhood level—whether through GP practices, local government or by engaging
communities in some other way—may be necessary.

Holding confounders constant, in neighbourhoods in the least deprived 20%, approximately 4
in 100 older adults had new self-reported mobility difficulties over a 2-year period, whereas
14 of 100 older adults in neighbourhoods in the most deprived 20% had new mobility
difficulties. These higher levels of incident disability undoubtedly bring with them an increased
burden of costs. These costs may be borne by health services [41] or informal carers [42], but
are liable to affect those least able to cope with them: the inhabitants of, and health services
in, the most deprived areas.

Key points
• Living in a deprived neighbourhood is known to have adverse effects on individual

health and is associated with self-reported mobility difficulties in older people.
• We found that in community-dwelling older people, both measured and self-reported

incident mobility disabilities are associated with living in a deprived neighbourhood.
• These effects are independent of the effects of individual socio-economic

circumstances and health behaviours.
• The policy implications of these findings relate to the need for community-level

interventions to address the effects of both neighbourhood and individual socio-
economic inequalities upon health among older people.
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Figure 1.
Rate of incident mobility difficulties after 2-year follow-up in relation to baseline level of
neighbourhood deprivation (bars show 95% confidence intervals). Note: Self-reported
mobility difficulties = difficulties with one or both of walking 100 yards or climbing one flight
of stairs without resting. Impaired gait speed = measured gait speed of 0.4 m/s or less.
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