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Abstract

Background: frailty is a condition of reduced function and health due to ageing processes and is associated with a higher risk
of falls, hospitalisation, disability and mortality.
Objective: to determine the relationship between household wealth and neighbourhood deprivation with frailty status,
independently of demographic factors, educational attainment and health behaviours.
Design: population-based cohort study.
Setting: communities in England.
Subjects: in total 17,438 adults aged 50+ from the English Longitudinal Study of Ageing.
Methods: multilevel mixed-effects ordered logistic regression was used in this study. Frailty was measured using a frailty
index. We defined small geographic areas (neighbourhoods) using English Lower layer Super Output Areas. Neighbourhood
deprivation was measured by the English Index of Multiple Deprivation, grouped into quintiles. Health behaviours included
in this study are smoking and frequency of alcohol consumption.
Results: the proportion of respondents who were prefrail and frail were 33.8% [95% confidence interval (CI) 33.0–34.6%]
and 11.7 (11.1–12.2)%, respectively. Participants in the lowest wealth quintile and living in the most deprived neighbourhood
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quintile had 1.3 (95% CI = 1.2–1.3) and 2.2 (95% CI = 2.1–2.4) times higher odds of being prefrail and frail, respectively,
than the wealthiest participants living in the least deprived neighbourhoods Living in more deprived neighbourhood and
poorer wealth was associated with an increased risk of becoming frail. Those inequalities did not change over time.
Conclusions: in this population-based sample, living in a deprived area or having low wealth was associated with frailty in
middle-aged and older adults. This relationship was independent of the effects of individual demographic characteristics and
health behaviours.

Keywords: household wealth, neighbourhood deprivation, frailty, English Longitudinal Study of Ageing, health inequalities,
older people

Key points

• The most disadvantaged individuals have 2.2 times higher odds of being frail than the most advantaged ones.
• Living in more deprived neighbourhood and poorer wealth was associated with an increased risk of becoming frail.
• The relationships between individual wealth, household deprivation and frailty did not change over time.

Introduction

As the world population ages, frailty places an increasingly
substantial burden on health and wellbeing amongst older
people [1]. Frailty is an age-related condition characterised
by increased vulnerability to stressor events resulting from
a decline in physiologic and cognitive reserves and function
[2, 3]. A recent review identified that 49 and 24% of people
aged 50 years and older from 62 countries were prefrail and
frail, respectively [1]. Frailty is associated with adverse health
outcomes, such as falls, need for long-term care, hospitali-
sation and death [4–6]. Understanding the factors that are
associated with frailty is thus important for identifying the
target populations for interventions to prevent frailty.

The existence of socioeconomic inequalities in frailty
are well established [7–11]. Lower educational attainment,
income and wealth have been associated with a higher risk
of frailty in different regions and populations [10]. Using
longitudinal data from the Whitehall II study, Brunner
et al . showed that the higher prevalence of frailty amongst
individuals with low economic status in the UK is partly
explained by behavioural and cardiometabolic risk factors
[9]. Other studies have identified an association between
increased neighbourhood deprivation and an increased risk
of frailty [4, 7, 12]. A study using UK Biobank found that
adults aged 37–73 years living in areas in the most socio-
economically deprived quintile were more likely to be frail
after adjusting for individual income [4].

Some limitations are evident in the literature. First,
relatively little is known on how socioeconomic conditions
at the individual and neighbourhood level may act together
to influence frailty. We have previously reported substantial
differences in prefrailty and frailty between local authority
districts in England [11]. Second, a prior study suggesting
an association between individual and neighbourhood
socioeconomic factors and frailty [7] relied on a cross-
sectional data. Finally, that study did not consider the
impact of individual health behaviours [7], such as smoking
and physical activity, which are known to influence the

occurrence of frailty and may mediate the link between
individual and neighbourhood socioeconomic factors and
health [13, 14]. Previous work has demonstrated differences
in health behaviours (including smoking and physical
activity) amongst individuals with low socioeconomic status
between those who live in deprived areas and those who live
in less deprived areas [15]. To fill these gaps, this study aimed
to determine whether household wealth and neighbourhood
deprivation are related to frailty independently of the effects
of demographic, socioeconomic and health behaviours.
To achieve this aim, we used eight waves of the English
Longitudinal Study of Ageing (ELSA), taken at ∼2-year
intervals from 2002 to 2017, which allow us to use
assessment over time.

Methods

Study design and participants

We analysed data from ELSA, a nationally representative
prospective cohort study of people aged 50 years and older
living in England [16]. Details of the study design are given
elsewhere [17]. In this analysis, we used data from ELSA
waves 1–8 (covering 2002–2017) [18]. We did not include
the final wave of ELSA (Wave 9) as the information on
Index of Multiple Deprivation (IMD) was not available for
this wave at the time of this study. The original sample
of ELSA consisted of 11,391 participants, with occasional
refreshment samples recruited to maintain the representation
of people aged 50–53 years.

Frailty measures

Frailty was defined according to a frailty index (FI) previously
described by Wade et al. [19]. It comprised 60 variables
(‘deficits’) representing conditions that accumulate with age
and are associated with adverse outcomes, including disabil-
ity, mobility and sensory impairments, cognitive function
and chronic diseases. The 60 variables are presented in
Supplementary Table 1.
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Although the deficits used to construct an individual FI
vary between studies (depending in part on data availability)
there is evidence that relative fitness and frailty (in relation to
the accumulation of deficits with age) are closely comparable
across countries and are highly correlated with mortality
[20]. An individual’s FI score is given by the fraction of
deficits they present. Although FI scores are determined on a
continuous scale, prior studies show that subdivided FIs are
associated with institutionalisation [21] and mortality [22].
We categorised the FI into robust (≤0.08), prefrailty (>0.08
and <0.25) and frailty (≥0.25) [22, 23].

Household wealth

Household wealth was measured as net total wealth of a ben-
efit unit and comprises the sum of savings and investments
after financial debt has been subtracted. A benefit unit is
defined as a single adult or a married or cohabiting couple
and any dependent children [24]. We split household wealth
into quintiles to demonstrate hierarchical effects of wealth.

Neighbourhood deprivation

Deprivation was measured by the English IMD, grouped
into quintiles [18, 25]. The IMD comprises seven domains
of deprivation measured at the Lower layer Super Output
Area (LSOA) level, including (i) income deprivation, (ii)
employment deprivation, (iii) education, skills and training
deprivation, (iv) health and disability deprivation, (v) crime,
(vi) barriers to housing and services and (vii) living environ-
ment deprivation. LSOAs were additionally categorised as
urban or rural based upon population density and settlement
size [26].

Covariates

Information on socioeconomic factors, demographic factors
and health behaviours was obtained by questionnaire [4, 7,
13, 27]. Covariates included age, sex (a binary variable with
male as reference), ethnicity (a binary variable with white
as reference), and marital status (married as the reference,
other categories: single, divorced and widowed) and wealth.
We categorised age into four groups (50–59; 60–69; 70–79;
80+). Smoking status was categorised as non-smoker, past
smoker and current smoker. We categorised the frequency of
alcohol consumption: not at all; 4 days a week or fewer and
5 days a week or more.

Statistical analyses

We performed multilevel mixed-effects ordered logistic
regression models to assess the longitudinal relationship
between neighbourhood deprivation and frailty status. We
performed analyses with three models, comprising different
sets of covariates: (i) a simple adjustment (age, sex, ethnicity
and area deprivation covariates only); (ii) adjustment as in
Model 1 plus adjustment for individual wealth and (iii)
adjustment as in Model 2 plus adjustment for education
attainment, marital status, smoking behaviour and drinking

behaviour. Separate analyses were also conducted with
Model 3 for males and females [28]. A possible interaction
between household wealth and area deprivation was also
explored with Model 3. We further evaluated how wealth
inequalities in the incidence of frailty changed over time, by
including the interaction between wealth and wave groups
(waves 1–4 and waves 5–8).

Finally, we identified the association between household
wealth and neighbourhood deprivation at baseline and the
risk of frailty over a 15-year period adjusted for the covariates
using a Cox proportional hazard model with survey wave as
the time scale. Missing data on the FI variables and covariates
were determined using multivariate imputation by chained
equations [29]. Twenty imputation datasets were created [30,
31]. Survey weight was used in all analyses. Model fitting was
conducted with Stata 17 [32]. Further details are included in
Supplementary File 1.

Sensitivity analysis

We performed two sensitivity analyses to assess the robust-
ness of our findings (Supplementary File 2). The first com-
prised analysing the original data without imputation. The
second investigated the effect of area type (urban vs rural)
on the risks of having prefrailty or frailty. This utilised ELSA
waves 6–8, as the Census 2011 rural–urban indicators were
not available for earlier waves [17].

Results

In total 17,438 respondents contributed data to the anal-
ysis. Baseline characteristics of these participants are sum-
marised in Table 1. The mean age of the respondents at
baseline was 65.1 [standard deviation (SD) = 10.4] years.
The proportions of respondents who were prefrail and frail
using weighted estimates imputed for missing data were
33.8% [95% confidence interval (CI) 33.0–34.6%] frail
and 11.7 (95% CI 11.1–12.2)% prefrail. The proportion
of respondents who were prefrail and frail by demographic,
socioeconomic and health behaviour status is shown in
Table 1. Most notably, only 3.7 (3.0–4.4)% of the wealthiest
quintile were frail, compared with 20.9 (19.4–22.3)% of
the least wealthiest quintile. Table 1 is further described in
Supplementary File 3.

Influence of household wealth and neighbourhood
deprivation on the risk of having prefrailty or frailty
over 15 years

Model 1 shows a gradient effect of neighbourhood depri-
vation on the risk of being prefrail or frail over 15 years
(Table 2). Adjusting for age, sex and ethnicity, the expected
odds of being frail and prefrail as compared with robust,
or frail as compared with prefrail and robust, were almost
seven times higher [Adjusted Odds Ratio (AOR) = 6.9; 95%
CI 5.9–8.2] amongst respondents who lived in the most
deprived neighbourhood quintile than those who lived in the
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Table 1. Descriptive baseline characteristics and proportion of prefrail and frail adults aged 50 and older in England at
baseline. ∗unweighted frequency (%), original data; ∗∗weighted proportion (95% CI), estimated using multiple imputation
for missing variables

Characteristic Total∗ Prefrail∗∗ Frail∗∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Individual characteristics
FI, mean (SD) 0.11 (0.11)
Frailty status
Robust 9,338 (53.6)
Prefrail 6,062 (34.8) 0.338 (0.330–0.346)
Frail 2,032 (11.7) 0.117 (0.111–0.122)
Age, mean (SD) 65.1 (10.4)
Age group
50–59 8,505 (48.8) 0.252 (0.241–0.684) 0.075 (0.069–0.082)
60–69 4,562 (26.2) 0.361 (0.346–0.542) 0.112 (0.103–0.122)
70–79 3,077 (17.7) 0.506 (0.487–0.350) 0.161 (0.148–0.175)
80+ 1,200 (6.9) 0.523 (0.493–0.200) 0.299 (0.272–0.552)
Sex
Men 8,087 (46.4) 0.289 (0.277–0.300) 0.096 (0.045–0.103)
Women 9,351 (53.6) 0.383 (0.372–0.394) 0.135 (0.127–0.143)
Ethnicity
White 16,726 (95.9) 0.332 (0.288–0.376) 0.133 (0.101–0.164)
Non-white 712 (4.1) 0.338 (0.330–0.346) 0.116 (0.110–0.121)
Education
Less than high school 7,086 (40.6) 0.385 (0.372–0.398) 0.182 (0.172–0.192)
High school 2,890 (16.6) 0.318 (0.298–0.337) 0.074 (0.062–0.085)
College or higher 7,462 (42.8) 0.297 (0.285–0.308) 0.064 (0.058–0.071)
Marital status
Single 1,126 (6.4) 0.330 (0.299–0.361) 0.139 (0.115–0.164)
Married 11,964 (68.6) 0.311 (0.302–0.320) 0.084 (0.079–0.090)
Separated/divorced 2,068 (11.8) 0.331 (0.308–0.354) 0.146 (0.129–0.163)
Widowed 2,276 (13.1) 0.487 (0.465–0.508) 0.239 (0.220–0.257)
Wealth
1st quintile (least wealthy) 3,910 (22.4) 0.360 (0.343–0.378) 0.209 (0.194–0.223)
2nd 3,315 (19.0) 0.377 (0.359–0.396) 0.146 (0.133–0.159)
3rd 3,287 (18.8) 0.345 (0.326–0.362) 0.097 (0.087–0.108)
4th 3,280 (18.8) 0.324 (0.307–0.342) 0.057 (0.049–0.065)
5th (most wealthy) 3,278 (18.8) 0.271 (0.255–0.287) 0.037 (0.030–0.044)
Smoking behaviour
Non-smoker 6,298 (36.1) 0.297 (0.284–0.310) 0.090 (0.082–0.098)
Past smoker 8,030 (46.1) 0.357 (0.346–0.368) 0.121 (0.113–0.129)
Current smoker 3,110 (17.8) 0.374 (0.354–0.393) 0.159 (0.144–0.173)
Drinking frequency
Not at all 1,793 (10.2) 0.398 (0.373–0.424) 0.275 (0.252–0.298)
Drink 4 days a week or fewer 9,245 (53.0) 0.350 (0.340–0.362) 0.107 (0.101–0.114)
Drink 5 days a week or more 4.921 (28.2) 0.289 (0.275–0.303) 0.071 (0.063–0.079)
Area characteristics
Area deprivation
1st quintile (most deprived) 2,600 (14.9) 0.401 (0.380–0.422) 0.220 (0.202–0.239)
2nd 3,149 (18.1) 0.366 (0.347–0.385) 0.147 (0.134–0.161)
3rd 3,623 (20.8) 0.345 (0.328–0.362) 0.107 (0.097–0.118)
4th 4,023 (23.1) 0.309 (0.293–0.325) 0.086 (0.076–0.095)
5th (least deprived) 4,041 (23.2) 0.295 (0.279–0.310) 0.060 (0.052–0.068)

least deprived neighbourhood quintile. Respondents who
lived in the fourth-least, third-least and second-least deprived
neighbourhood quintiles had 3.4 (95% CI 3.0–3.9), 1.9
(95% CI 1.7–2.1) and 1.3 (95% CI 1.2–1.5) times higher
odds of being prefrail as compared with robust (or frail
as compared with prefrail) than those living in the least
deprived neighbourhood quintile, respectively. The signifi-
cant relationships between neighbourhood deprivation and
prefrailty or frailty were attenuated for all neighbourhood

deprivation groups after we included household wealth in
the analysis (Model 2).

A gradient of the risk of being prefrail or frail also exists
for household wealth. Independently of where a person lives,
increased wealth decreases their odds of prefrailty or frailty.
Wealth is associated with increased prefrailty or frailty across
wealth quintiles: the least wealthy quintile had 3.4 times
higher odds of being prefrail or frail than the most wealthy
quintile (95% CI 3.0–3.8). The fourth-most (AOR = 2.1;
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Table 2. Multilevel mixed-effects ordered logistic regression showing the odds ratio (and 95% CI) of older adults being
prefrail or frail, missing data imputed. Source: ELSA waves 1–8

Model 1 Model 2 Model 3
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wealth, reference: 5th
4th quintile (most wealthy) 1.25 (1.14; 1.37) 1.17 (1.07; 1.28)
3rd 1.56 (1.42; 1.72) 1.39 (1.27; 1.53)
2nd 2.11 (1.90; 2.34) 1.76 (1.58; 1.95)
1st (least wealthy) 3.36 (2.98; 3.79) 2.64 (2.35; 2.98)
Area deprivation, reference: 5th
4th quintile (least deprived) 1.30 (1.17; 1.45) 1.26 (1.14; 1.41) 1.19 (1.07; 1.32)
3rd 1.88 (1.66; 2.13) 1.72 (1.53; 1.94) 1.50 (1.33; 1.70)
2nd 3.39 (2.96; 3.88) 2.85 (2.50; 3.26) 2.25 (1.97; 2.57)
1st (most deprived) 6.99 (5.94; 8.22) 5.34 (4.58; 6.32) 3.70 (3.15; 4.34)

Notes: Model 1 is adjusted for age, gender, ethnicity and area deprivation. Model 2 is adjusted for age, gender, ethnicity, wealth and area deprivation.
Model 3 is adjusted for age, gender, ethnicity, education level, marital status, smoking and drinking behaviour, wealth and area deprivation. Details
in Supplementary Table 2.

95% CI = 1.9–2.3), third-most (AOR = 1.6; 95% CI = 1.4–
1.7) and second-most wealthy households (AOR = 1.3; 95%
CI = 1.1–1.4) are associated with greater odds of being
prefrail or frail relative to the wealthiest quintile inde-
pendently of neighbourhood deprivation. The associations
between frailty status and the covariates are further explained
in Supplementary File 4.

Frailty by household wealth and neighbourhood
deprivation

Figure 1 shows the AOR of being prefrail and frail over
15 years according to household wealth and neighbourhood
deprivation based on Model 3 (adjusted for the covariates).
The reference is the most wealthy respondents who lived in
the least deprived neighbourhood. A person in the lowest
wealth quintile and living in the most deprived neighbour-
hood quintile had 1.3 (95% CI 1.2–1.3) and 2.2 (95% CI
2.1–2.4) times higher odds of being prefrail and frail over
time, respectively, than the wealthiest person living in the
least deprived neighbourhoods (Figure 1).

Supplementary Figure 1 is similar to Figure 1, but addi-
tionally included the interactions between wealth and neigh-
bourhood deprivation. No significant differences appear in
the links between household wealth and neighbourhood
deprivation with the odds of being prefrail and frail in
other groups after we included the interactions between
household wealth and neighbourhood deprivation quintiles
in the analysis.

We repeated the model separately for men and women
(see Figure 2). The magnitude of the associations appeared
greater for prefrailty with men and frailty with women.
Men in the lowest wealth quintiles and living in the most
deprived neighbourhoods had 1.4 (95% CI 1.3–1.5) and
2.0 (95% CI 1.8–2.1) times higher odds of being prefrail
and frail, respectively, than the wealthiest men who lived in
the least deprived neighbourhoods. For women, these odds
ratios were 1.2 (95% CI 1.1–1.2) and 2.5 (95% CI 2.1–2.9),
respectively.

A Kaplan–Meier curves analysis for unadjusted rates of
incident frailty shows differences in risk according to house-
hold wealth (Supplementary Figure 2A) and neighbourhood
deprivation (Supplementary Figure 2B). Table 3 shows that
respondents living in less wealthy households and in more
deprived areas are more likely to be prefrail or frail, and
also to become prefrail or frail. The odds ratio for frailty
between the least wealthy and wealthiest quintiles was 1.8
[1.5–2.3] during waves 1–4 and 2.2 [1.3–2.8] during waves
5–8 (Supplementary File 5 and Supplementary Table 3). The
ratio of these odds ratios is 2.2/1.8 = 1.20 [95% CI 0.7–1.8].
This ratio indicates that there is no evidence that the gap
between the wealthiest and least wealthy changed over the
course of ELSA waves 1–8.

The sensitivity analysis using data without imputing miss-
ing values shows the same pattern of findings, namely that
both lower individual wealth and living in a deprived area are
independently associated with higher odds of being prefrail
or frail (Supplementary Table 4). The second sensitivity
analysis shows that living in urban areas is not associated
with an increased odds of prefrailty or frailty (Supplementary
Table 5).

Discussion

This study provides evidence on longitudinal relationships
between household wealth, neighbourhood deprivation and
the risk of prefrailty and frailty amongst middle-aged and
older people in England. Using frailty measures repeated
over 15 years, individuals who are less wealthy and live in
more deprived areas are more likely to become prefrail or
frail and have higher risks of being prefrail/frail. This finding
was robust to adjustment for a range of potential covariates,
including health behaviours. This data strengthens the evi-
dence base linking area deprivation and higher levels of men-
tal and physical ill-health amongst older people [7, 33, 34].

The relationship between neighbourhood deprivation,
less healthy lifestyles and higher mortality rates is well estab-
lished [35, 36]. Our findings extend the literature showing
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Figure 1. AORs of prefrailty and frailty for each deprivation quintiles, relative to the most advantage individuals (the most wealthy
living in the least deprived areas). Models are adjusted for age, gender, ethnicity, education level, marital status, smoking and drinking
behaviour. Error bars show 95% CI. Source: ELSA waves 1–8.

that the relationship between area deprivation and the risk
of prefrailty and frailty is not explained by differences in
individual socioeconomic circumstances, smoking or alcohol
consumption.

Other possible causes for the observed relationship
between area deprivation and frailty include both the
physical environment (e.g. environmental degradation and
proximity to major roads [37]) and the characteristics of
the neighbourhood (e.g. perceived safety [38], poor health
is associated with increased high school dropout rates [39]).
We found no evidence of an association between urban status
and frailty after adjusting for demographic, socioeconomic,
health behaviour and neighbourhood deprivation. However,
we used only three waves of the ELSA for the urban–rural
analysis due to limitation on the data availability. Further
research with a longer follow-up is needed to determine the
extent to which these factors may contribute.

Our data confirm that the poorest individuals who live in
the most deprived areas are at the highest risk of prefrailty
and frailty. The results suggest that the least advantaged
people (i.e. in the least wealthy and most deprived area
quintiles) were 1.3 and 2.2 times more likely to be prefrail
and frail (Figure 1), respectively, compared with the most
advantaged (i.e. the most wealthy in the least deprived areas),
taking into account demographic, education, marital status
and health behaviours. The wealthiest respondents living in
the most deprived areas had 1.5 (95% CI 1.4–1.6) higher
odds of being prefrail or frail over 15 years than the wealth-
iest respondents living in the least deprived areas. Those

significant associations persisted when we added interactions
between individual wealth and neighbourhood deprivation
quintiles, suggesting that there is no multiplicative effect
modification on the link between individual wealth and
neighbourhood deprivation on frailty [40].

We did not find evidence in our data that the inequality
in frailty incidence between the wealthiest and least wealthy
has changed over time, despite the impact of austerity in
the second half of our data set [41, 42]. It is possible that
the impact of austerity has not yet manifested in frailty
prevalence.

The findings have potentially important public health
implications. Data from systematic review studies suggest
that frailty is a strong predictor of hospitalisation and mortal-
ity [43, 44]. For example, in one previous report an increase
of 0.1 in FI score was associated with a 28% higher odds of
death [43]. The odds of having prefrailty or frailty were high-
est in the most deprived neighbourhood. Consequently, tar-
geting the 20% most deprived neighbourhoods provides the
best opportunity to benefit from interventions, as these areas
present the greatest opportunity for change. National Health
Service (NHS) England assesses all patients aged 65 years
and older for features of frailty [45]. Patients in deprived
areas with, or at risk for, frailty could be offered interventions
including advice on physical activity and exercise for older
people [46].

Another approach to prevention would be to target the
least wealthy, wherever they live. The odds of having pre-
frailty or frailty in middle-aged and older adults decrease
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Figure 2. AOR of having prefrailty or frailty by wealth and deprivation (IMD) quintile, for men (squares) and women (diamonds).
Models are adjusted for age, gender, ethnicity, education level, marital status, smoking and drinking behaviour. Error bars show
95% CI. Source: ELSA waves 1–8.

markedly between the least wealthy quintile and three most
wealthy quintiles. As middle-aged and older adults in the
lowest wealth quintile disproportionately live in the most
deprived neighbourhoods (Supplementary Figure 3), target-
ing those with the least wealth would preference the most
deprived neighbourhoods.

We found no evidence of an association between urban
status and frailty after adjustment for demographic and
socioeconomic characteristics, health behaviour and neigh-
bourhood deprivation variables. However, there is evidence
from other studies of higher mortality rates and worse health
in people living in urban areas in the UK [39, 47–50].
Consistent with previous studies, we found smoking was
related to a higher risk of frailty as was not being married [13,
27, 51]. People who drink alcohol were found to have lower
risk of prefrailty and frailty compared with people who do

not consume any alcohol. This finding supports a prior meta-
analysis, which suggested that heavier alcohol consumption
is related to lower incident frailty compared with no alco-
hol consumption amongst middle-aged and older adults
[52]. One plausible explanation is the ‘sick quitters’ effect,
in which individuals in worse health stop drinking or do
not start drinking, unlike healthier drinkers [53]. Another
explanation is that our data was limited to the frequency
of drinking alcohol (in days per week) not the quantity of
the alcohol. Drinking more frequently does not necessarily
mean drinking greater quantities. Frailty was more com-
mon amongst white than non-white individuals. This may
be due to selection factors as non-white respondents who
participated in ELSA tend to be healthier [17].

As with previous studies, frailty was more common in
women than men [54, 55]. Possible reasons include the fact
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Table 3. Survival analysis showing the association between household wealth, neighbourhood deprivation and the risk of
frailty

Unadjusted hazard ratio (95% CI) Adjusted hazard ratio (95% CI)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Model 1 Model 2
Individual characteristics
Age 1.08 (1.08; 1.09) 1.08 (1.07; 1.08) 1.08 (1.07; 1.09)
Female 1.28 (1.17; 1.41) 1.20 (1.09; 1.32) 1.23 (1.12; 1.36)
Non-white 0.60 (0.47; 0.77) 0.61 (0.47; 0.79) 0.61 (0.46; 0.78)
Education, reference: less than high school
High school 0.53 (0.47; 0.61) 0.89 (0.77; 1.02) 0.91 (0.79; 1.05)
College or higher 0.48 (0.43; 0.53) 0.85 (0.76; 0.94) 0.88 (0.78; 0.98)
Marital status, reference: married
Single 1.35 (1.11; 1.65) 1.13 (0.93; 1.38) 1.13 (0.93; 1.39)
Separated/divorced 1.16 (0.99; 1.36) 1.11 (0.95; 1.30) 1.11 (0.95; 1.30)
Widowed 2.65 (2.39; 2.94) 1.08 (0.96; 1.22) 1.08 (0.95; 1.22)
Smoking behaviour, reference: non-smoker
Past smoker 1.18 (1.06; 1.30) 1.20 (1.08; 1.34)
Active smoker 1.37 (1.20; 1.56) 1.62 (1.41; 1.86)
Drinking behaviour, reference: Not at all
Drink alcohol 4 days a week or less 0.50 (0.44; 0.57) 0.72 (0.63; 0.82)
Drink alcohol 5 days a week or more 0.43 (0.37; 0.50) 0.71 (0.61; 0.83)
Wealth, reference: 5th (most wealthy)
4th quintile 1.26 (1.07; 1.47) 1.17 (0.99; 1.36) 1.14 (0.97; 1.34)
3rd 1.82 (1.57; 2.11) 1.42 (1.22; 1.66) 1.41 (1.21; 1.64)
2nd 2.38 (2.05; 2.75) 1.58 (1.35; 1.85) 1.51 (1.29; 1.77)
1st (least wealthy) 2.31 (1.98; 2.68) 2.01 (1.71; 2.37) 1.86 (1.58; 2.21)
Area characteristics
Area deprivation, reference: 5th (least deprived)
4th quintile 2.33 (2.01; 2.70) 1.20 (1.04; 1.38) 1.19 (1.03; 1.37)
3rd 1.73 (1.50; 2.00) 1.24 (1.07; 1.44) 1.22 (1.05; 1.42)
2nd 1.40 (1.21; 1.62) 1.42 (1.22; 1.65) 1.36 (1.17; 1.59)
1st (most deprived) 1.32 (1.15; 1.52) 1.61 (1.37; 1.90) 1.50 (1.27; 1.77)

Notes: Model 1 is adjusted for age, gender, ethnicity, education level, marital status, wealth and area deprivation. Model 2 is adjusted for age, gender, ethnicity,
education level, marital status, smoking and drinking behaviour, wealth and area deprivation.

that women have a longer life expectancy than men [56,
57]. Men have, for example higher mortality rates due to
cardiovascular disease, and cancer [58], while women have a
higher risk of having chronic degenerative diseases [57]. We
observed though a greater effect of household wealth and
neighbourhood deprivation on having prefrailty or frailty
amongst men than women. The finding relating to wealth
and the odds of frailty amongst women and men is consistent
with data from the World Health Survey [28], which found
that higher household economic quintiles were significantly
associated with better self-reported health for men though
for women a positive association was significant only for the
fourth and fifth wealthiest quintile.

Our study analyses data from a large number of men and
women drawn from a representative longitudinal study of
older people in England and includes information about eco-
nomic, health, behavioural and social aspects of respondents’
lives. Nonetheless, there are limitations which need to be
considered when interpreting the results. Information con-
cerning lifestyle exposures was self-reported and therefore
subject to misclassification. As outlined earlier, there were
relatively few non-white participants, as funding constraints
precluded ELSA oversampling ethnic minority respondents
[17]. In relation to area type, as we used Census 2011 rural–
urban indicators, data on urban/rural location was restricted

to ELSA waves 6–8 and analysis on the effect of area type on
the risk of frailty was therefore limited to shorter follow-up.
Finally, the data used in this study are confined to England
and caution is required in generalising the results beyond this
nation.

In summary, household wealth and neighbourhood depri-
vation are associated with having prefrailty or frailty amongst
middle-aged and older adults in England, independently of
demographic characteristics, educational attainment, marital
status and health behaviours. The odds of being prefrail and
frail amongst the least wealthy people who lived in the most
deprived neighbourhoods were twice and almost three times
higher, respectively, than the wealthiest people who lived in
the least deprived area quintiles. In policy development,
neighbourhood deprivation should be considered in the
drive to reduce health inequalities in ageing populations.
Public health interventions targeting the most deprived
neighbourhoods provide the best opportunity for benefit
as these areas present the greatest opportunity for change.
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