
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .

Neighbourhood characteristics and trajectories
of health functioning: a multilevel
prospective analysis

Mai Stafford1, David Gimeno1,2, Michael G. Marmot1

Background: Prospective data from over 10 years of follow-up were used to examine neighbour-
hood deprivation, social fragmentation and trajectories of health. Methods: From the third phase
(1991–93) of the Whitehall II study of British civil servants, SF-36 health functioning was measured on up
to five occasions for 7834 participants living in 2046 census wards. Multilevel linear regression models
assessed the Townsend deprivation index and social fragmentation index as predictors of initial health
and health trajectories. Results: Independent of individual socioeconomic factors, deprivation was
inversely associated with initial SF-36 physical component summary (PCS) score. Social fragmentation
was not associated with PCS scores. Deprivation and social fragmentation were inversely associated with
initial mental component summary (MCS) score. Neighbourhood characteristics were not associated
with trajectories of PCS score or MCS score for the whole set. However, restricted analysis on longer
term residents revealed that residents in deprived or socially fragmented neighbourhoods had lowest
initial and smallest improvements in MCS score. Conclusions: This longitudinal study provides
evidence that residence in a deprived or fragmented neighbourhood is associated with poorer mental
health and that longer exposure to such neighbourhood environments has incremental effects.
Associations between physical health functioning and neighbourhood characteristics were less clear.
Mindful of the importance of individual socioeconomic factors, the findings warrant more detailed
examination of materially and socially deprived neighbourhoods and their consequences for health.
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Introduction

A large literature now documents associations of neighbour-
hood deprivation with mortality, morbidity and perceived

health.1–8 These associations are seen in many developed
countries, using many different indicators of deprivation and
controlling for a wide range of individual-level explanatory
factors. The research evidence linking neighbourhood char-
acteristics, including deprivation, to health is overwhelmingly
based on cross-sectional analysis. Such studies cannot discount
the possibility that the illness or condition developed in a
different neighbourhood to the one in which the illness was
counted. The selective migration into deprived neighbour-
hoods of those with illness potentially confounds the rela-
tionship between deprivation and illness.9,10 Over the long
term, selective migration may have a substantial effect on area-
level differences in mortality and morbidity. Although too
numerous to list them all here, relatively few studies have used
longitudinal data to assess whether residence in certain kinds
of neighbourhoods is associated with disease incidence or a
relative worsening of health over time and the overwhelming
majority of these are based on data from just two time
points.4,6,11–14 With two time points it is possible to identify
incident disease and to assess the temporality of any
association between neighbourhood deprivation and disease.
It is possible to conclude from such studies that selective

migration is not the driver of the association between depri-
vation and disease. We would expect that greater exposure to
deprived neighbourhood would be incrementally associated
with poorer health. The association between deprivation and
health should be greater for people who have lived in deprived
neighbourhoods for longer (assuming that length of residence
is a suitable proxy for exposure). Longitudinal studies may
provide information on length of exposure which may help
refine estimates of the association between neighbourhood
deprivation and health. Additionally, with more than two time
points it is possible to model linear and non-linear change in
health and to assess whether differences between types of
neighbourhood widen over time. A widening would indicate
that residence in a deprived neighbourhood has on-going
implications for health, such that residents in deprived neigh-
bourhoods at baseline would likely experience greater declines
in health than those in less deprived neighbourhoods at base-
line. A plausible explanation for such a finding might be that
the physical, economic or social characteristics of deprived
neighbourhoods accelerate the ageing process, over and above
individual ageing-related factors.15 This could be as a result
of physical exposures affecting biological processes or lack
of amenities and opportunity structures preventing health-
promoting behaviours which protect against ageing, for
example. Here we use prospective data from over 10 years
of follow-up at up to five measurement occasions to examine
neighbourhood effects on trajectories of health functioning.
Deprivation indices may not fully capture the characteristics

of neighbourhoods that are important for all aspects of health.
Indices such as the Townsend deprivation index were designed
to capture material disadvantage and are based on indicators
such as unemployment rates and overcrowding.16 In recent
years there has been renewed interest in the role of socio-
relational characteristics, such as social capital, social cohesion
and social fragmentation in explaining health differences across
areas.17–21 Although highly correlated with socioeconomic
deprivation, social fragmentation is conceptually distinct.
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Social fragmentation refers to a lack of social integration into
society. Socially fragmented communities provide less stable
social institutions and social bonds, including the family and
religion. These institutions and bonds are thought to contribute
to the creation of stable identities, permanency in social con-
nections, access to resources that promote healthy behaviours
and good physical and mental health.19–29

We hypothesized that both neighbourhood deprivation
and social fragmentation are associated with poorer physical
and mental health functioning. We further hypothesized that
these associations would be greater in magnitude for those
with greater exposure to deprived or fragmented neighbour-
hoods. Using a hierarchical growth curve model, we explored
the shape of trajectories of functioning in different types of
neighbourhood.

Methods

The Whitehall II study

Prospective health data come from the Whitehall II study
of British civil servants. In 1985, all those aged 35–55 years
working in London were invited to participate. Of those
invited, 10 308 (73%) participated in the first phase. Data from
the third (1991–93), fourth (1995–96), fifth (1997–99), sixth
(2001) and seventh (2002–04) phases of the study were ana-
lysed. The health functioning measures were not introduced
before phase 3. Average follow-up was 10.7 years (95% range
3.0–12.7 years). The University College London Medical
School Committee on the Ethics of Human Research approved
the protocol.

Neighbourhood deprivation and social
fragmentation

Data from the 1991 UK census accessed through Manchester
Information and Associated Services (MIMAS) were used to
measure deprivation in neighbourhoods defined by census
ward boundaries (average population �5000). Whilst admin-
istrative boundaries may not correspond directly to a person’s
perception and experience of their neighbourhood, census
wards are used for public service organization and delivery and
are convenient for analytical purposes. Two indices were
derived from the census data. The Townsend index of
deprivation is based on proportions of unemployed, lacking
access to a car, overcrowding and renting.16 The social frag-
mentation index is based on proportions of single person
households (aged <65 years), persons not married or cohab-
iting, private renting and residential mobility in the previous
year.17 It is intended to capture lack of stable social bonds and
the four proxy variables used here indicate lack of couple
relationships and lack of permanency in local social relations.
The variables were transformed to a standard normal distri-
bution and summed with equal weighting to create a social
fragmentation score. For analysis, the Townsend and social
fragmentation indices were transformed to a standard normal
distribution to allow estimation of the effect of a 1 SD increase
in deprivation or social fragmentation. These scores were
categorized into four equal groups (quartiles) of deprivation
and social fragmentation for presentation in the descriptive
table but were included in regression models as continuous
variables as there was no evidence of non-linearity in their
association with health.

Individual health functioning and covariates

The UK standard version of the Short Form 36 (SF-36) ques-
tionnaire was administered at each of the five phases under
study. This validated tool measures health functioning on

eight scales (physical function, role limitations due to physical
problems, pain, general health perceptions, general mental
health, role limitations due to emotional problems, vitality and
social functioning) which can be combined into two higher
order summary scales capturing physical and mental health
components.30–32 The physical component summary (PCS)
and mental component summary (MCS) scores ranged from
0 to 100, with 100 indicating maximal functioning.
Participants’ sex, age, socioeconomic position captured by

12 levels of civil service employment grade and collapsed into
three groups (high, i.e. senior administrators and managers;
intermediate, i.e. professional, technical and executive staff;
and low, i.e. clerical officers and office support staff), and long-
term illness were ascertained by questionnaire. At each phase,
time in the study was calculated as current age minus age at
phase 3. Individual-level data were linked to neighbourhood
data via participant’s postcode at phase 3 using a postcode-
census ward look-up table from MIMAS.

Statistical analysis

Multilevel linear regression was used to model the relationship
between SF-36 PCS and MCS scores and neighbourhood dep-
rivation and social fragmentation. Three-level linear regres-
sion models (study phase nested within participant nested
within neighbourhood) models were built sequentially. The
base model included intercept and time in the study (centred
at the mid-point of 5.6 years) as fixed and random effects and
partitioned the variation in the intercept and slope of health-
related functioning into that which was between neighbour-
hoods (�2

v0, �
2
v1, respectively), between individuals in the same

neighbourhood (�2
u0, �

2
u1), and within individuals (�2

e0, �
2
e1).

The base model can be written as:

PCSijk¼�00þ�10timeijkþv0kþu0jkþe0ijkþv1ktimeijk

þu1jktimeijkþe1ijktimeijk

where �00 = overall mean PCS score, �10 = increase in PCS per
1-year increase in follow-up time (the overall slope),
v0k=difference from overall mean PCS in neighbourhood k,
u0jk=difference from neighbourhood mean PCS for jth person
in neighbourhood k, v1k=difference from overall slope in
neighbourhood k, u1jk0 = difference from neighbourhood slope
for jth person in neighbourhood k. The term e0ijk represents
the within-person error and the term e1ijk allows for the
within-person variation to change over time. According to this
model, an intercept and slope is estimated for each participant
and for each neighbourhood. The first two terms in the
equation above are fixed parameters and the remaining terms
are random parameters. The random parameters form a
distribution; e.g. the neighbourhood level intercepts, v0k, are
assumed to be normally distributed with mean 0 and variance
�v0

2. Higher values of �v0
2 indicate greater variation between

neighbourhoods in average PCS. Similarly, v1k�N(0, �v1
2)

and higher values of �v1
2 indicate greater variation between

neighbourhoods in the PCS-time slope.
The model was then extended by adding fixed parameters

for individual level variables (sex, age and socioeconomic
position) which were each allowed to vary over time. Finally,
neighbourhood level variables (deprivation and social frag-
mentation) were added in separate models to avoid collinearity
problems. These fixed parameters provided estimates of (i) an
association between initial SF-36 scores and neighbourhood
characteristics; and (ii) widening differences in SF-36 scores
over time by neighbourhood characteristics (by including
interaction terms for time by deprivation and time by social
fragmentation).
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The main analyses are based on 32 724 observations on 7834
participants living in 2046 neighbourhoods. All participants
with SF-36 scores at baseline were included and provided
from zero to four subsequent measures. The models were then
re-run excluding (i) excluding the 3672 participants who
moved before the end of follow-up; and (ii) excluding those
with long-term illness at baseline. The latter analysis aimed
to isolate the effect of neighbourhood on those who were
illness-free at baseline to remove the possibility that illness
preceded exposure to deprived or fragmented neighbourhood.
All models were essentially unchanged when men and women
were analysed separately so results are presented for the com-
bined model. Modelling was performed using MLwiN 2.02.

Results

A total of 7834 participants had complete data at baseline,
reducing to 6785 (Phase 4), 6262 (Phase 5), 5917 (Phase 6)
and 5926 (76% of original at Phase 7). In univariate analyses
(table 1), PCS and MCS scores were lower for those living
in more deprived or more socially fragmented neighbour-
hoods. PCS scores were higher and MCS scores were lower for
younger participants.

Analysis of movers and non-movers combined

PCS declined at a rate of 2.7 units for each 10 years of follow
up (table 2). Table 2 shows significant variation in PCS scores
between neighbourhoods, between individuals and within
individuals. The variation in average PCS between neighbour-
hoods was small in magnitude (1.241) compared with variation
within neighbourhoods (40.270 and 28.842). There was no
evidence that the change in PCS over time (i.e. the slope) varies
across neighbourhoods. However, there was evidence that the
slope varied across individuals. This could be interpreted
as evidence that the ageing process is heterogeneous across
individuals although this is not the focus of the present study.
On average, small improvements in MCS scores were seen over

time at a rate of �1.0 unit every 10 years. There was significant
variation in MCS scores between neighbourhoods which,
as for PCS scores, was small in magnitude compared with the
variation within neighbourhoods. The change in MCS over
time also varied across neighbourhoods (shown by variation
in slope of 0.010 and SE 0.005). The covariance between the
intercept and slope was positive (0.088 from table 2), indicating
that neighbourhoods with high initial levels of PCS saw greater
improvements in PCS over time. In other words, there was
a fanning out of PCS scores across neighbourhoods over time.
Table 3 summarizes the full models for physical component

scores which add neighbourhood and individual fixed effects.
Each one standard deviation increase in Townsend deprivation
score was associated with a drop in PCS score of 0.311 points
(P< 0.001) (Model 1). The relationship between PCS score and
time did not differ by Townsend deprivation. In other words,
the time-Townsend interaction term was not statistically sig-
nificant. Social fragmentation was not associated with PCS
scores (Model 2). Older people and those in lower socioeco-
nomic positions had lower PCS scores compared with older and
more advantaged participants and they also experienced greater
declines in PCS over time. Trajectories did not differ for men
and women so a gender by time interaction was not included.
No significant variation between neighbourhoods remained.
Each 1 SD increase in Townsend deprivation score was

associated with a drop in MCS score of 0.5 points (P< 0.001)
(table 4, Model 1). Although there was a suggestion that this
effect got larger over time, the Townsend-time interaction
term was not statistically significant [estimate (SE) �0.014
(0.010)]. Social fragmentation was also associated with MCS
scores but trajectories did not differ by social fragmentation
(Model 2, table 4). MCS scores increased over time and older
cohorts saw higher initial scores and greater increases over
time. Those in lower socioeconomic positions had lower MCS
scores and these socioeconomic differences widened over time.
After adjustment for individual and neighbourhood character-
istics, variation in the intercept and slope of MCS was of
borderline statistical significance.

Table 1 Description of study cohort and mean (standard error) SF-36 scores at baseline (Phase 3, 1991–93) and 10 year follow-up
(Phase 7, 2002–04)

Participants at baseline SF-36 PCS score SF-36 MCS score

Characteristics Baseline Follow-up Baseline Follow-up

Men 5382 53.0 (0.09) 49.8 (0.12) 51.4 (0.11) 52.5 (0.13)

Women 2452 49.9 (0.18) 46.2 (0.25) 50.2 (0.19) 51.4 (0.23)

Age at Phase 3

35–45 years 2530 53.4 (0.13) 50.5 (0.18) 49.5 (0.18) 50.0 (0.21)

45–55 years 3507 51.9 (0.13) 48.8 (0.17) 50.9 (0.15) 53.0 (0.17)

55–65 years 1797 50.4 (0.19) 45.8 (0.27) 53.4 (0.18) 53.9 (0.23)

Socioeconomic position at phase 3

High 2940 53.2 (0.11) 50.0 (0.16) 51.5 (0.15) 52.9 (0.17)

Intermediate 3559 52.1 (0.12) 48.6 (0.17) 50.7 (0.16) 51.7 (0.18)

Low 1335 49.3 (0.25) 45.0 (0.27) 51.1 (0.25) 54.6 (0.36)

Long-term illness at Phase 3 2662 48.3 (0.17) 45.5 (0.23) 50.0 (0.19) 50.8 (0.23)

No long-term illness 5172 53.9 (0.08) 50.4 (0.13) 51.6 (0.11) 52.9 (0.13)

Townsend deprivation scorea

Quartile 1 (least deprived) 2046 52.8 (0.14) 49.3 (0.21) 51.4 (0.19) 52.9 (0.21)

Quartile 2 2029 52.5 (0.15) 49.3 (0.22) 51.6 (0.18) 52.7 (0.22)

Quartile 3 1943 51.7 (0.17) 48.5 (0.24) 50.9 (0.20) 51.8 (0.24)

Quartile 4 (most deprived) 1816 51.0 (0.19) 47.5 (0.27) 50.2 (0.22) 50.9 (0.29)

Social fragmentation scoreb

Quartile1 (least fragmented) 2038 52.3 (0.16) 49.1 (0.22) 51.5 (0.19) 52.8 (0.22)

Quartile 2 1984 52.4 (0.15) 48.9 (0.22) 51.4 (0.20) 52.6 (0.22)

Quartile 3 1928 51.9 (0.17) 48.5 (0.25) 50.7 (0.20) 51.7 (0.25)

Quartile 4 (most fragmented) 1884 51.5 (0.19) 48.3 (0.25) 50.5 (0.21) 51.4 (0.26)

aDerived from 1991 census data on unemployment, non-ownership of car, overcrowding and renting.
bDerived from 1991 census data on private renting, single person households, persons not married or cohabiting and residential
mobility in last 12 months.
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Analysis of non-movers only

When analyses were confined to participants who were still
in the same neighbourhood after 10 years of follow-up, the
regression estimates for associations between PCS and neigh-
bourhood deprivation and social fragmentation were a little

larger in magnitude [�0.445 (SE 0.116) and �0.228 (0.113)
per 1 SD increase, respectively]. Estimates of the associations
between MCS and both deprivation and social fragmentation
were similar to those for the full dataset [�0.457 (SE 0.125)
and �0.458 (0.123), respectively] and terms representing
the interaction between these neighbourhood characteristics
and time indicated significant widening over time [�0.028
(SE 0.014) and �0.037 (0.013), respectively] (figure 1).

Analysis of participants who were
illness-free at baseline

Table 5 summarizes the associations between neighbourhood
characteristics and functioning for those who reported no
long-term illness at baseline. Neither neighbourhood char-
acteristic was associated with PCS score among those who were
free of long-term illness at baseline. However, neighbourhood
deprivation and social fragmentation remained significantly
associated with initial MCS scores for participants who were
illness-free at baseline.

Discussion

This study shows an inverse relationship between physical and
mental components of health-related functioning (captured
by the SF-36) and neighbourhood deprivation, independent of
individual socioeconomic characteristics. In contrast, social
fragmentation was associated with mental health functioning
but not with physical health functioning, independently of

Table 2 Variation in SF-36 PCS and MCS scores within and
between neighbourhoods from the base model (including
intercept and length of follow-up as fixed and random
parameters and no other covariates)

SF-36 PCS scores SF-36 MCS scores

Fixed estimates

Intercept 50.354 (0.086) 51.069 (0.090)

Slope �0.274 (0.008) 0.098 (0.010)

Variation (SE) between neighbourhoods

Intercept (�v0
2) 1.241 (0.346) 1.280 (0.410)

Slope (�v1
2) 0.000 (0.000) 0.010 (0.005)

Covariance intercept-slope 0.000 (0.000) 0.088 (0.031)

Variation (SE) between individuals within a neighbourhood

Intercept (�u0
2) 40.270 (0.820) 43.665 (0.940)

Slope (�u1
2) 0.174 (0.010) 0.166 (0.013)

Covariance intercept-slope 1.031 (0.061) 0.198 (0.076)

Variation (SE) within individuals

Intercept (�e0
2) 28.842 (0.451) 44.812 (0.668)

Slope (�e1
2) �0.149 (0.023) �0.319 (0.032)

Covariance intercept-slope 0.219 (0.034) �0.129 (0.049)

Table 3 Neighbourhood characteristics and SF-36 PCS scores

Model 1: Townsend

deprivation

Model 2: Social

fragmentation

Multilevel

regression

estimate (SE)

Multilevel

regression

estimate (SE)

Intercept 53.4 (0.18) 53.5 (0.18)

Time (per year of follow up) �0.189 (0.019) �0.187 (0.019)

Townsend deprivation

Score (per 1 SD increase) �0.311 (0.083)

Score�Time �0.008 (0.009)

Social fragmentation

Score (per 1 SD increase) �0.083 (0.079)

Score� time 0.000 (0.008)

Female �2.202 (0.177) �2.250 (0.176)

Age at Phase 3

Age 45–55 �1.612 (0.185) �1.593 (0.185)

Age 55–65 �3.371 (0.210) �3.338 (0.210)

Age 45–55� time �0.048 (0.020) �0.048 (0.020)

Age 55–65� time �0.148 (0.023) �0.147 (0.023)

Socioeconomic position

Intermediate �0.818 (0.170) �0.879 (0.169)

Low �2.433 (0.257) �2.648 (0.250)

Intermediate� time �0.035 (0.018) �0.036 (0.018)

Low� time �0.072 (0.027) �0.079 (0.026)

Variation (SE) between neighbourhoods

Intercept (�v0
2) 0.264 (0.260) 0.373 (0.268)

Slope (�v1
2) 0.000 (0.000) 0.000 (0.000)

Covariance intercept-slope 0.000 (0.000) 0.000 (0.000)

Variation (SE) between individuals

Intercept (�u0
2) 36.602 (0.748) 36.560 (0.749)

Slope (�u1
2) 0.172 (0.010) 0.172 (0.010)

Covariance intercept-slope 0.923 (0.058) 0.925 (0.058)

Variation (SE) within individuals

Intercept (�e0
2) 29.037 (0.451) 29.037 (0.451)

Slope (�e1
2) �0.162 (0.023) �0.161 (0.023)

Covariance intercept-slope 0.221 (0.033) 0.221 (0.033)

Multilevel regression estimates are adjusted for all other
variables listed in the Table.

Table 4 Neighbourhood characteristics and SF-36 MCS scores

Model 1: Townsend

deprivation

Model 2: Social

fragmentation

Multilevel

regression

estimate (SE)

Multilevel

regression

estimate (SE)

Intercept 49.5 (0.20) 49.6 (0.20)

Time (per year of follow up) 0.042 (0.022) 0.044 (0.022)

Townsend deprivation

Score (per 1 SD increase) �0.500 (0.091)

Score� time �0.014 (0.010)

Social fragmentation

Score (per 1 SD increase) �0.446 (0.087)

Score� time �0.011 (0.010)

Female �1.100 (0.197) �1.098 (0.197)

Age 45–55 2.422 (0.200) 2.432 (0.200)

Age 55–65 4.695 (0.226) 4.708 (0.226)

Age 45–55� time 0.155 (0.023) 0.155 (0.023)

Age 55–65� time 0.029 (0.026) 0.030 (0.026)

Socioeconomic position

Intermediate �0.799 (0.184) �0.906 (0.183)

Low �0.784 (0.280) �1.080 (0.272)

Intermediate� time �0.023 (0.020) �0.026 (0.020)

Low� time �0.102 (0.030) �0.109 (0.029)

Variation (SE) between neighbourhoods

Intercept (�v0
2) 0.677 (0.349) 0.743 (0.353)

Slope (�v1
2) 0.008 (0.005) 0.009 (0.005)

Covariance intercept-slope 0.051 (0.028) 0.053 (0.029)

Variation (SE) between individuals

Intercept (�u0
2) 40.466 (0.880) 40.434 (0.880)

Slope (�u1
2) 0.156 (0.013) 0.157 (0.013)

Covariance intercept-slope 0.195 (0.073) 0.195 (0.073)

Variation (SE) within individuals

Intercept (�e0
2) 44.414 (0.661) 44.427 (0.661)

Slope (�e1
2) �0.293 (0.032) �0.294 (0.032)

Covariance intercept-slope �0.134 (0.049) �0.134 (0.049)

Multilevel regression estimates are adjusted for all other
variables listed in the Table.
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individual socioeconomic characteristics. A previous study also
found that social fragmentation is more closely related to
mental rather than physical health outcomes.24

For participants who had lived in the same neighbourhood
for more than 10 years, there was evidence that neighbour-
hood deprivation and social fragmentation were associated
with both baseline mental health functioning and change

in mental health functioning throughout follow-up. Mental
health functioning tended to improve throughout follow-up
in this cohort of middle-aged workers but the improvements
were smaller in deprived and socially fragmented neighbour-
hoods. Mental health functioning actually declined over time
in the most deprived and fragmented neighbourhoods (those
with scores of 2 SD). This supports the notion that those with
greater cumulative exposure to deprived or fragmented neigh-
bourhoods experience smaller age-related improvements in
mental health functioning, although we did not have infor-
mation on the destination neighbourhoods of movers. In the
analysis of non-movers, health-related selective migration
cannot explain the associations seen between neighbourhood
characteristics and functioning. The results are also consistent
with the hypothesis that the local neighbourhood influences the
ageing process, in this case by diminishing the ageing-related
gains in mental health functioning. Data were not available
to examine the processes which may explain this finding.
However, it is interesting to note that neighbourhood charac-
teristics were not associated with trajectories of change in
physical health functioning.
Previous cross-sectional studies have described associa-

tions between neighbourhood deprivation and SF-36 scores
in line with those seen here.21,33–35 Our findings suggest that
differences in mental health functioning for people remain-
ing in deprived vs. less deprived areas or fragmented vs. less
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Figure 1 Mean predicted SF-36 PCS scores (upper graphs) and MCS scores (lower graphs) for Whitehall II participants through
years of follow up by level of neighbourhood deprivation and social fragmentation. Data correspond to all participants living
in the same neighbourhood for the last 10 years illustrated for man aged 35–45 in the highest socioeconomic position. The
short-dashed line represent trajectories for people living in the least deprived or fragmented area (lowest score), the solid
line represents an increase of 1 SD in the deprivation or fragmentation score, and the long-dashed line represents an increase
of 2 SD in the scores.

Table 5 Neighbourhood characteristics and SF-36 scores for
participants with and without long-term illness at baseline

SF-36 PCS scores SF-36 MCS scores

Multilevel

regression

estimate (SE)

Multilevel

regression

estimate (SE)

Time (per year of follow-up) �0.197 (0.021) 0.067 (0.025)

Townsend deprivation

Score (per 1 SD increase) �0.114 (0.078) �0.355 (0.104)

Score� time �0.004 (0.010) �0.011 (0.012)

Social fragmentation

Score (per 1 SD increase) �0.018 (0.075) �0.381 (0.100)

Score� time 0.003 (0.010) �0.006 (0.011)

Multilevel regression estimates are adjusted for gender, age,
age by time, socioeconomic position and socioeconomic
position by time.
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fragmented areas widen over time. The SF-36 is a subjective
assessment of health which focuses on the extent to which
health problems limit daily activities. It is plausible that a
person’s local neighbourhood constrains the way that person
copes with any health conditions and the extent to which that
condition results in functional impairment. This possibility
should be explored in future studies. Neighbourhood depriva-
tion has been hypothesized to be a marker for a range of
characteristics including poor public services, decaying urban
fabric and social disorder. Given the available data, we can only
speculate as to the pathways linking neighbourhood depriva-
tion to health functioning and echo calls for more research
to illuminate this.36 The Townsend deprivation and social
fragmentation indices are differently related to SF-36 scores,
suggesting that they are capturing different elements of the
residential environment. It has been argued that social frag-
mentation seeks to measure lack of social integration into
institutions such as the family, religion and the community
and that this can occur in affluent as well as deprived areas.37

However, with a correlation coefficient of 0.69 for England
in 1991 and even higher in other countries,27 they are clearly
closely associated constructs.

Strengths and limitations

Study strengths include its size, its prospective design with over
10 years of follow up, its multilevel approach and its inclusion
of two neighbourhood indices capturing both fragmentation
and deprivation. Some limitations must be acknowledged. The
study was observational in nature so the possibility of self-
selection into certain kinds of neighbourhoods as an explana-
tion for the findings is an important consideration. However,
we have adjusted for employment grade, which is a highly
accurate measure of individual socioeconomic position, being
highly correlated with income and education and a most
consistent predictor of health and disease in the Whitehall II
cohort,38 and is likely a major determinant of people’s ability
to choose where they live. Sixty percent of participants were
initially resident in London and a further 37% in the southeast
of England. There is no reason to suppose that the relation-
ships between deprivation/social fragmentation and health
would be different in other parts of the country and the range
of values for these indices was very similar for areas included
in this study and for England as a whole. However, the
extent to which these indices truly capture deprivation and
social fragmentation may vary across the country. Car
access, included in the Townsend deprivation index, may be
a less valid indicator of material deprivation in urban areas.39

Imprecision in the measurement of deprivation or social frag-
mentation might lead to underestimation of their associa-
tions with health. The use of administrative boundaries, rather
than theoretically-driven or participant defined neighbour-
hood boundaries, might also lead to imprecision in the neigh-
bourhood measures although other studies which compared
different areal units suggest that this might not have a large
impact on the estimation of the association between area dep-
rivation and health.40,41 The omission of important individual
or neighbourhood level variables might lead to under- or
overestimation for the variables that were included. We elected
not to include individual health behaviours and social support
as we conceived these to be on the explanatory pathway linking
neighbourhood characteristics to health. Differential loss to
follow-up can lead to bias but drop-out was greatest amongst
those in lower socioeconomic positions, living in more dep-
rived or socially fragmented areas and having lower initial
PCS and MCS scores so associations between neighbourhood
characteristics and SF-36 scores are unlikely to be over-
estimated here. Confining the analysis to non-movers reduces

the possibility that selective migration by health status is
driving any associations seen but a full exploration of this issue
requires longitudinal information on neighbourhood charac-
teristics at each residential location and on the changing nature
of neighbourhoods over time. Our study did not have
information on the destination neighbourhood of movers so
we are unable to confirm that their exposure to deprivation or
fragmentation was lower than non-movers.

Implications and conclusions

These prospective findings are indicative of a dose response
relationship between mental health and neighbourhood
deprivation or fragmentation. In the absence of intervention
studies, they provide one piece in the jigsaw of evidence linking
neighbourhood characteristics to health. It is important to
remember that the largest differences in physical and mental
functioning can be attributed to gender, age and socio-
economic position and initiatives to reduce functional
impairment should not ignore these individual level determi-
nants. Nevertheless, the large numbers of people that are
resident in deprived and fragmented neighbourhoods means
that neighbourhood-based interventions have the potential to
have an important public health effect. Our findings highlight
the need for greater understanding and more detailed studies
of deprived and fragmented neighbourhoods and their
consequences for health.
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Key points

� Independent of personal socioeconomic characteris-
tics, residence in a deprived neighbourhood is
associated with sub-optimal physical and mental
health functioning, as captured by the SF-36.

� Neighbourhood social fragmentation is additionally
associated with deficits in mental health functioning.

� Mental health functioning improves with age but
those with greater cumulative exposure to deprived or
fragmented neighbourhoods experience smaller age-
related improvements.

� This contributes further evidence that social and
economic features of the neighbourhood may be
important for health and functioning.
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