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ABSTRACT
Background Neighbourhood deprivation has been
associated with poor health. The evidence for social
causation, however, remains scarce because selective
residential mobility may also create neighbourhood
differences. The present study examined whether
individuals had poorer health when they were living in a
deprived neighbourhood compared to another time
when the same individuals were living in a less deprived
neighbourhood.
Methods Participants were from the British Household
Panel Survey prospective cohort study with 18 annual
measurements of residential location and self-reported
health outcomes between 1991 and 2009 (n=137 884
person-observations of 17 001 persons in England).
Neighbourhood deprivation was assessed concurrently
with health outcomes using the Index of Multiple
Deprivation at the geographically detailed level of Lower
Layer Super Output Areas. The main analyses were
replicated in subsamples from Scotland (n=4897) and
Wales (n=4442). Multilevel regression was used to
separate within-individual and between-individuals
associations.
Results Neighbourhood deprivation was associated
with poorer self-rated health, and with higher
psychological distress, functional health limitations and
number of health problems. These associations were
almost exclusively due to differences between different
individuals rather than within-individual variations
related to different neighbourhoods. By contrast, poorer
health was associated with lower odds of moving to less
deprived neighbourhoods among movers. The analysis
was limited by the restricted within-individual variation
and measurement imprecision of neighbourhood
deprivation.
Conclusions Individuals living in deprived
neighbourhoods have poorer health, but it appears that
neighbourhood deprivation is not causing poorer health
of adults. Instead, neighbourhood health differentials
may reﬂect the more fundamental social inequalities that
determine health and ability to move between deprived
and non-deprived neighbourhoods.
Compared to people who live in afﬂuent and
socially cohesive neighbourhoods, those living in
socioeconomically disadvantaged neighbourhoods
have poorer physical health,1 2 higher risk of
mental disorders3 4 and higher mortality rate.5 6
However, most studies of neighbourhood effects
have been based on cross-sectional data3 7–8 or longitudinal data with only baseline measurement of
neighbourhood characteristics.1 9 10 These studies
cannot rule out social selection as an alternative

explanation for neighbourhood health associations.
For example, high socioeconomic status is associated with better health and better opportunities
for residential mobility, so neighbourhood health
associations might develop because socioeconomically advantaged and disadvantaged individuals
select their neighbourhoods differently.11 12 While
this methodological problem has been widely
acknowledged in studies of neighbourhood effects,
few studies have addressed the problem empirically.13–15
In a recent Australian study, people’s physical
and mental health did was not different when they
lived in different neighbourhoods with different
levels of socioeconomic disadvantage,15 suggesting
that social causation may not explain the neighbourhood health associations. Following the same
methodological approach, the present study examined whether people have poorer health when
living in a more deprived neighbourhood compared
to another time when the same people are living in
a less deprived neighbourhood. Causal effects of
neighbourhood deprivation should be observed as
within-individual associations in the longitudinal
models. The associations were hypothesised to be
stronger for self-rated health and psychological distress than for chronic illnesses, because the latter
take longer time to develop. Selective residential
mobility was assessed by examining whether health
status predicted moves to more compared to less
deprived neighbourhoods.

METHODS
Participants
The British Household Panel Survey (BHPS) is a
prospective cohort study of a nationally representative sample of over 5000 British households with
annual follow-ups. The original sample included
10 264 individuals aged 16–97 at baseline in 1991.
New participants have been included in the sample
over the years if they are born to original sample
member, if they have moved into a household in
the original sample or if a member of the original
sample moves into a new household with one or
more new people. The sample was enriched with
participants from Scotland and Wales wave nine
onwards, and from Northern Ireland wave 11
onwards.
For the present analysis, all adult participants
with at least one measurement time between 1991
and 2009 were included in the study (or at least
two measurement times for the within-individual
analysis), and each participant could contribute up
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to 18 annual person-observations across the follow-up time.
The neighbourhood deprivation indices have been developed
separately for England, Scotland and Wales, and they are not
directly comparable. The main results are presented for England
because of the largest sample size, with up to n=137 884
person-observations of 17 001 persons (aged 15 to 99,
mean=44.9, SD=18.5). Taking into account the participants’
different study entrance times, these 17 001 participants could
have contributed a total of 239 896 person-observations if all of
them had participated in all the study waves after their study
entrance (details not shown), so 42.5% of all the possible
person-observations were missing due to study attrition. Results
for subsamples from Scotland and Wales are reported in online
supplementary material.

Measures
Self-rated health over the past 12 months was reported on a
5-point scale (1=Excellent, 5=Very poor). Psychological distress
was assessed using the 12-item General Health Questionnaire
(GHQ-12) that asks the respondent to report symptoms of
depression, anxiety and stress-related concerns over the past few
weeks. The items were rated on a 4-point scale (0=not at all,
1=no more than usual, 2=rather more than usual, 3=much
more than usual) and a continuous sum score was created from
these items (range between 0 and 36). Physical limitations was
created as a sum score of three dichotomous variables: (1) functional health limitations assessed with four items on difﬁculties
in activities of daily living (ie, housework, climbing stairs, dressing and walking for at least 10 min), each item rated on a
dichotomous scale (0=no, 1=yes) and the scale was recoded so
that 0=no health limitations, 1=one or more health limitations
(n=118 187 person-observations of 16 731 persons because
these questions were not included in two study waves), (2)
work-limiting health conditions reported with the question
“Does your health limit the type of work or the amount of
work you can do?” (n=121 856 person-observations, 16 792
persons) and (3) whether the participant were registered as a
disabled person with Social Services or otherwise (0=not disabled, 1=disabled; n=89 501 person-observations, 14 563
persons). In addition, the participants were asked to indicate
(0=no, 1=yes) whether they had different health problems: (1)
problems or disability connected with: arms, legs, hands, feet
back or neck (including arthritis and rheumatism); (2) difﬁculty
in seeing (other than needing glasses to read normal size print);
(3) difﬁculty in hearing; (4) skin conditions/allergies; (5) chest/
breathing problems, asthma, bronchitis; (6) heart/high-blood
pressure or blood circulation problems; (7) stomach/liver/
kidneys or digestive problems; (8) diabetes; (9) anxiety, depression or bad nerves, psychiatric problems; (10) alcohol or
drug-related problems; (11) epilepsy; (l) migraine or frequent
headaches. From the 11th follow-up onwards the list also
included
(m)
cancer;
and
(n)
stroke
(n=56 627
person-observations, 11 057 persons). These health problems
were used to create the variables of number of health problems
(excluding cancer and stroke), number of neuropsychiatric illnesses (sum of items i, j, k and l) and number of cardiometabolic
illnesses (sum of items f, h, and n; calculated only from wave 11
onwards).
Information on the participant’s residential location was
recorded as part of the interview and data collection process in
each study wave. The addresses were then recoded at the geographically detailed level of Lower Layer Super Output Areas
(LSOA). In 2001, England was divided into 32 482 LSOAs, and
each LSOA contains between 1000 and 3000 persons
2

(mean=1500 persons per LSOA). Neighbourhood deprivation
was measured at the level of LSOAs using the 2004 Index of
Multiple Deprivation (IMD) which is a weighted area-level
aggregation score of seven dimensions of deprivation: income;
employment; health and disability; education, skills and training; barriers to housing and services; living environment; and
crime. The 2004 IMD has been constructed using 37 indicators
from the 2001 Census and other, mostly governmental data
sources, with the majority of the data based on information
from year 2001. The deprivation scores range from 0.6 to 85.6
(mean=20.8, SD=15.1) with higher scores indicating higher
level of economic and social deprivation. For all participants,
neighbourhood deprivation was assessed concurrently with the
assessment of health outcomes.
In order to test whether the within-individual analysis could
correctly identify associations that should most deﬁnitely vary
within individuals as they live in different neighbourhoods, two
additional variables were included as comparison outcomes.
Neighbourhood dissatisfaction was assessed with the question
‘Overall, do you like living in this neighbourhood?’ (0=Yes,
1=No; n=136 962 person-observations, 16 965 persons).
Preference to move was assessed with the question ‘If you could
choose, would you stay here in your present home or would
you prefer to move somewhere else?’ (0=Stay here, 1=Prefer to
move; n=136 200 person-observations, 16 944 persons). These
outcomes should be sensitive to changes in neighbourhood
deprivation, so that an individual is less satisﬁed and more eager
to move when living in a deprived neighbourhood compared to
living in non-deprived neighbourhood.

Statistical analysis
The repeated-measurement longitudinal data were analysed using
multilevel regression where the repeated person-observations
were nested within the individual participants. The total regression coefﬁcient in multilevel regression model can be decomposed into (1) between-individuals regression representing how
the outcome is related to exposure values averaged across all
person-observations within individuals, and (2) within-individual
regression representing how the outcome is related to variation
in the exposure around the individual’s mean level of the exposure across all person-observations.16 These two components can
be separated with the multilevel regression model of
i: Þ þ bB x
i: þ 1it where α is the overall
yit ¼ a þ b0i þ bW ðxit  x
intercept, β0i is the individual-speciﬁc intercept, xit is the exposure variable for the ith participant at the tth measurement time
i: is the mean value of the exposure variable
of the participant, x
averaged across all measurement times separately within each
participant, and εit is the error term. The regression coefﬁcient
βW gives the within-individual estimate and βB gives the
between-individuals estimate. The difference between these coefﬁcients was tested using the Wald test.17 All models were adjusted
for sex, age and self-reported race/ethnicity (0=white, 1=other).
Self-rated health and psychological distress were modelled with
linear regression, the number of illnesses with Poisson regression,
and neighbourhood dissatisfaction and preference to move with
logistic regression. Preliminary analyses with categorical neighbourhood deprivation score (0–20, 20–40, 40–60 and above 60)
suggested no major non-linear patterns with the outcomes (data
not shown), so the main analyses were ﬁtted with linear deprivation score.
Associations between health and subsequent residential moves to
more compared to less deprived neighbourhoods were tested with
logistic regressions among those for whom the level of neighbourhood deprivation changed between two consecutive follow-up
Jokela M. J Epidemiol Community Health 2015;0:1–6. doi:10.1136/jech-2014-204513
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waves. Individuals who did not move between consecutive
follow-up waves, or who moved across neighbourhoods with identical levels of deprivation, were excluded. The person-observations
for this analysis consisted of 2-wave datacycles in which health at
datacycle baseline was used to predict mobility between the datacycle and next study wave, and all the person-observations were
pooled in a single data set (n=12 014 person-observations of 5869
persons). All health variables were assessed in separate models,
adjusted for sex, age, study wave, race/ethnicity and neighbourhood
deprivation at datacycle baseline.
Analyses were ﬁtted using xtreg, xtlogit and xtpoisson
packages of Stata V.13.1 statistical software. To take into
account the non-independence of participants from the same
families, SEs were calculated using robust estimator with family
as the clustering variable in all analyses.

Sensitivity analysis
Neighbourhood effects may require long exposure periods, so the
above models were rerun by including only person-observations of
participants who had lived in the same neighbourhood for at least
three consecutive years, excluding the 1-year and 2-year
person-observations. This did not change the main results (see
online supplementary table S3), and increasing the inclusion criteria to 5 years of stable residence did not alter the conclusions
(see online supplementary table S4). Similarly, duration of residence in the neighbourhood did not moderate the
within-individual associations on health outcomes, suggesting no
cumulative effects with longer residence times (data not shown).
Adjusting for time-varying indicators of income, education,
employment status and marital status attenuated the
between-individuals associations but did not change the
within-individual associations (see online supplementary table S5).
While the participants’ residential locations were assessed at
each study wave, neighbourhood data were based on the 2004
Multiple Deprivation Index, for which most of the data were
derived from year 2001. The deprivation scores might therefore
become increasingly inaccurate as the time from year 2001
increases. Restricting the follow-up period to a 9-year period
between 1997 and 2005 did not alter the main results substantially (see online supplementary table S6). Finally, the results for
Scotland and Wales were very similar to the results for England
presented above (see online supplementary tables S7 and S8).

RESULTS
Of the 17 001 participants, 34.5% lived in at least two neighbourhoods (18.8% in two, 8.2% in three, 3.7% in four and
3.9% in ﬁve or more neighbourhoods) with different levels of
deprivation during the follow-up period (n=5869 persons contributing 68 150 person-observations), and these participants
provided data to estimate the within-individual associations
(table 1). Intraclass correlation for neighbourhood deprivation
was r=0.86, indicating stability in deprivation over time. Online
supplementary table S1 shows levels of deprivation of the origin
and destination neighbourhoods for all the moves—a substantial
proportion of moves were across neighbourhoods with different
levels of deprivation.
Neighbourhood deprivation was associated with poorer selfrated health, and higher psychological distress, number of
health problems and physical limitations (ﬁgure 1; see online
supplementary table S2). However, these associations were due
to between-individuals differences; the associations were not
observed in within-individual analyses of participants who
moved across neighbourhoods with different levels of deprivation. Individuals living in deprived neighbourhoods were more
likely to be dissatisﬁed with their neighbourhood and more
likely to prefer to move (ﬁgure 1). These associations were
stronger in the within-individual regressions compared to
between-individuals regressions, indicating that the method
could detect within-individual variation where it was expected.

Selective residential mobility
Among movers, poor self-rated health, psychological distress,
higher number of diseases, neuropsychiatric illnesses and functional limitations were associated with higher odds of moving to
a more compared to less deprived neighbourhoods (table 2),
suggesting that poorer health was associated with higher probability of moving to more deprived neighbourhoods among
those who moved. These associations remained the same or
strengthened when only moves across neighbourhoods with
more than a ﬁve deprivation-score difference were included in
the analysis (see online supplementary table S9).

DISCUSSION
Individuals who live in deprived neighbourhoods of Great
Britain have poorer health than those who live in more

Table 1 Descriptive characteristics of the England sample of the British Household Panel Survey 1991–2009, including only individuals who
moved at least once

Age
Multiple deprivation index
Poor self-rated health
GHQ score
Number of health problems
Cardiometabolic illnesses
Neuropsychiatric illnesses
Functional limitations
Sex (% female)
Race (% non-white)
Dislikes neighbourhood (%)
Wants to move (%)

Mean (SD)

SD (between)*

SD (within)*

39.5 (16.4)
20.4 (15.3)
2.15 (0.92)
11.2 (5.54)
0.95 (1.19)
0.17 (0.44)
0.17 (0.43)
0.19 (0.60)

16.3
13.3
0.68
3.74
0.97
0.38
0.32
0.54

4.5
7.8
0.64
4.26
0.70
0.22
0.29
0.32

Per cent (n)†

53.4 (36 616)
6.3 (4332)
9.2 (6258)
39.8 (26 903)

*SDs calculated separately for between-individuals and within-individual sources of variation.
†Percentages and numbers calculated based on person-observations. Total n=68 510 person-observations of 5869 persons, except for cardiometabolic illnesses (30 491 observations of
4942 persons), functional limitations (36 013 observations of 5349 persons), dislike of neighbourhood (67 999 observations of 5869 persons) and wanting to move (67 594 observations
of 5869 persons).
GHQ, General Health Questionnaire.
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Figure 1 Associations between neighbourhood deprivation and health outcomes for between-individuals, total and within-individual regressions.
Bars represent the magnitude of linear regression coefﬁcients per 20 units of multiple deprivation index (for self-reported health and psychological
distress), logged Poisson regression coefﬁcients per 20 units of multiple deprivation index (for the count variables of illnesses), and logit ORs per 5
units of multiple deprivation index (for disliking the neighbourhood and wanting to move). Error bars are 95% CIs. N=up to 137 884
person-observations from 17 001 unique individuals between years 1991 and 2009. See online supplementary table S2 for numerical details.
advantaged neighbourhoods. However, these associations were
absent when comparing the same individuals who lived in different neighbourhoods over time. That is, an individual living in
a deprived neighbourhood did not have poorer health compared

Table 2 Associations between health and moving to more
compared to less deprived neighbourhood among movers

Poor self-rated health (score <4)
Psychological distress (GHQ >1)
Number of health problems (>1
problems)
Cardiometabolic illnesses (>0
problems)
Neuropsychiatric illnesses (>0
problems)
Functional limitations (>0
limitations)
Dislikes neighbourhood (yes)
Wants to move (yes)

OR (95% CI)

Number of
person-observations
(persons)

1.34 (1.23 to 1.47)
1.18 (1.08 to 1.28)
1.27 (1.15 to 1.40)

12 014 (5869)
12 014 (5869)
12 014 (5869)

1.19 (0.93 to 1.52)

4266 (2731)

1.25 (1.12 to 1.40)

12 014 (5869)

1.40 (1.15 to 1.71)

7238 (4273)

0.98 (0.87 to 1.10)
0.81 (0.74 to 0.88)

11 917 (5846)
11 833 (5820)

Values are ORs and 95% CIs for moving to more (compared to less) deprived
neighbourhood associated with dichotomously coded variables. Each variable was
assessed in a separate logistic regression model, adjusted for age, sex, study wave and
baseline neighbourhood deprivation. Person-observations consist of two consecutive
study waves where datacycle’s baseline variables are used to predict odds of moving
to more deprived neighbourhood than their baseline neighbourhood between the study
waves among participants who moved across neighbourhoods (0=moves to less
deprived neighbourhood than the person’s baseline neighbourhood, 1=moves to more
deprived neighbourhood than the person’s baseline neighbourhood). Individuals who
did not move were excluded from this analysis.
GHQ, General Health Questionnaire.
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to another time when the same individual was living in a less
deprivedneighbourhood.
The
discrepancy
of
the
within-individual and between-individuals regressions was
observed in subsamples from England, Scotland and Wales, and
across multiple outcomes of physical and mental health. These
ﬁndings lend no support for the hypothesis that neighbourhood
deprivation causes poorer health. It seems more likely that the
presumed ‘neighbourhood effects’ are the ‘neighbourhood consequences’ of the more fundamental social inequalities that
determine people’s health and their opportunities to move to
desired residential areas.
The present study beneﬁts from many methodological
strengths, including the use of repeat-measures data to separate
within-individual versus between-individuals associations; up to
18 annual measurements of neighbourhood residence and
health outcomes; large population-based sample; wellestablished measure of neighbourhood deprivation; detailed
geographical recording of participants’ residence at the level of
lower super output areas; and the inclusion of two comparison
outcomes that demonstrated the validity of the within-individual
regression in the present context. The main limitation was the
use of self-reported health measures only. Also, neighbourhood
deprivation score was assigned to each residential location based
on the 2001 deprivation data. This introduced measurement
imprecision in the deprivation indicator over the follow-up
period, and it was not possible to examine whether neighbourhoods that became less or more deprived over time might have
affected the residents of those neighbourhoods. The analysis
was also limited by the restricted range of within-individual
variation in neighbourhood deprivation.
Longitudinal studies,1 2 multilevel studies18 19 and social
experiments20 are often cited as evidence for causality of neighbourhood effects. However, longitudinal studies with only one
Jokela M. J Epidemiol Community Health 2015;0:1–6. doi:10.1136/jech-2014-204513
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baseline neighbourhood measurement are subject to confounding, as age-related health trajectories may reﬂect stable individual characteristics,21–23 depending on the health measure.24 25
Multilevel studies may be biased by residual confounding due to
incomplete adjustment of relevant individual confounders,11 14 15 26 and the results from social experiments may not
be generalisable to neighbourhood effects in the general population. The current results of non-causal neighbourhood effects
are in agreement with the 10-year Australian study, which
observed very few within-individual associations between neighbourhood socioeconomic disadvantage and individual health
outcomes.15 Thus, the conclusions of the Australian study can
be generalised to Great Britain.
Among participants who moved between neighbourhoods,
individuals with poorer physical and mental health were more
likely to move to more deprived neighbourhoods. This suggests
that selective residential mobility might contribute to associations between individual health and neighbourhood deprivation
reported in cross-sectional studies.1–6 Similar health-related
associations with social selection were reported in the Australian
study cited above,15 and other studies have also found tentative
evidence for similar social selection.27–29 The present analysis
examined only moves to more or less deprived areas, and did
not attempt to estimate overall selective migration rates and
how much these migration ﬂows contribute to neighbourhood
differences. Also, the present analysis did not attempt to determine whether health is associated with selective mobility independently of socioeconomic status and other social risk factors,
or whether health is related to selective mobility because it is
correlated with social risk factors that inﬂuence residential
mobility. More detailed simulation models taking into account
overall migration rates between neighbourhoods are needed to
assess how much social selection might create neighbourhood
variation in health.
Within-individual analysis represents a methodological
improvement over cross-sectional studies, but it cannot identify
all the potential causal processes of neighbourhood health
effects. First, neighbourhood deprivation may cause poorer
health and risky health behaviours in childhood and adolescence,30 31 and these effects may be carried into adulthood.32 33
If the origins of neighbourhood effects can be traced to early
‘critical periods’ one would not expect to ﬁnd within-individual
effects in adulthood.34–36 Second, the neighbourhood effects
might take several years—maybe decades—to materialise, and
the current follow-up time might have been too short to detect
such long-term effects. However, there was no evidence of an
increasing dose–response pattern over 3 or 5 years, so it seems
unlikely that a dose–response pattern would emerge abruptly
with longer time periods. Third, the present study only examined social and economic deprivation, and did not address the
causal effects of speciﬁc environmental exposures, such as
noise,37 electromagnetic ﬁelds38 or lack of greenspaces.9 Fourth,
this study did not examine whether some individuals are more
vulnerable than others to potential causal neighbourhood
effects.4 39 40 Fifth, moving may be socially and psychologically
disruptive in itself, which might confound the possible mental
health beneﬁts of moving to less deprived areas. Finally, the
identiﬁcation of causal neighbourhood effects may depend on
various methodological factors, such as the geographical deﬁnitions of neighbourhoods, the measurement of relevant neighbourhood characteristics and health outcomes, as well as
differences between countries and regions.2
In conclusion, the present results from a within-individual
analysis of repeated-measurement data provide no evidence for
Jokela M. J Epidemiol Community Health 2015;0:1–6. doi:10.1136/jech-2014-204513

a causal association between neighbourhood deprivation and
adult health. neighbourhood differences in health may partly
reﬂect the effects of selective residential mobility across more
and less deprived neighbourhoods, but this needs to be investigated with more detailed analysis than was possible here. The
ﬁndings emphasise the need for studies on the life-course patterns of neighbourhoods and health, and on the fundamental
social inequalities that inﬂuence people’s health and their opportunities to select desired neighbourhoods.

What is already known on this subject
▸ People living in socioeconomically deprived neighbourhoods
have poorer health.
▸ It is unclear whether neighbourhood deprivation is a causal
risk factor for poor health.

What this study adds
▸ This study examined whether changes in residential
locations are associated with changes in health status.
▸ Although neighbourhood deprivation was associated with
poor health, individuals did not have poorer health when
they lived in a deprived neighbourhood compared to another
time when they were living in a less deprived
neighbourhood.
▸ These data suggest that neighbourhood deprivation is not a
causal risk factor for poor health in adulthood.

Funding This study was ﬁnancially supported by Kone Foundation (grant no. 31–
225) and the Academy of Finland (grant no. 268 388). The data used in this article
are available through the UK Data Archive (http://www.data-archive.ac.uk). The data
were originally collected by the ESRC Research Centre on Micro-social Change at the
University of Essex (now incorporated within the Institute for Social and Economic
Research.
Competing interests None.
Patient consent Obtained.
Ethics approval ESRC Research Centre on Micro-social Change at the University of
Essex.
Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1
2
3
4
5

6

7

Diez Roux AV, Merkin SS, Arnett D, et al. Neighborhood of residence and incidence
of coronary heart disease. NEJM 2001;345:99–106.
Diez Roux AV, Mair C. Neighborhoods and health. Ann N Y Acad Sci
2010;1186:125–45.
Kim D. Blues from the neighborhood? Neighborhood characteristics and depression.
Epidemiol Rev 2008;30:101–17.
Bassett E, Moore S. Gender differences in the social pathways linking neighborhood
disadvantage to depressive symptoms in adults. PLoS ONE 2013;8:e76554.
Halonen JI, Vahtera J, Oksanen T, et al. Socioeconomic characteristics of residential
areas and risk of death: is variation in spatial units for analysis a source of
heterogeneity in observed associations? BMJ Open 2013;3:pii: e002474.
Blomgren J, Martikainen P, Mäkelä P, et al. The effects of regional characteristics
on alcohol-related mortality—a register-based multilevel analysis of 1.1 million
men. Soc Sci Med 2004;58:2523–35.
Galster GC. The mechanism(s) of neighbourhood effects: theory, evidence, and
policy implications. In: van Ham M, Manley D, Bailey N, Simpson L, Maclennan D,
eds. Neighbourhood effects research: New perspectives. Springer, 2012:23–56.

5

Research report
8

9
10

11
12

13
14
15
16
17
18
19
20
21
22
23

24

25

6

Mair C, Diez Roux AV, Galea S. Are neighborhood characteristics associated with
depressive symptoms? A review of evidence. J Epidemiol Community Health
2008;62:904–46.
Bell JF, Wilson JS, Liu GC. Neighborhood greenness and 2-year changes in body
mass index of children and youth. Am J Prev Med 2008;35:547–53.
Balfour JL, Kaplan GA. Neighborhood environment and loss of physical function in
older adults: evidence from the Alameda County Study. Am J Epidemiol
2002;155:507–15.
Oakes JM. The (mis)estimation of neighborhood effects: causal inference for a
practicable social epidemiology. Soc Sci Med 2004;58:1929–52.
Jokela M, Kivimäki M, Elovainio M, et al. Urban/rural differences in body weight:
evidence for social selection and causation hypotheses in Finland. Soc Sci Med
2009;68:867–75.
Oakes JM. Causal inference and the relevance of social epidemiology. Soc Sci Med
2004;58:1969–71.
Diez Roux AV. Estimating neighborhood health effects: the challenges of causal
inference in a complex world. Soc Sci Med 2004;58:1953–60.
Jokela M. Are neighborhood health associations causal? A 10-year prospective
cohort study with repeated measurements. Am J Epidemiol 2014;180:776–84.
Curran PJ, Bauer DJ. The disaggregation of within-person and between-person
effects in longitudinal models of change. Annu Rev Psychol 2011;62:583–619.
Carlin JB. Regression models for twin studies: a critical review. Int J Epidemiol
2005;34:1089–99.
Subramanian SV. The relevance of multilevel statistical methods for identifying
causal neighborhood effects. Soc Sci Med 2004;58:1961–7.
Kawachi I, Subramanian SV. Neighbourhood inﬂuences on health. J Epidemiol
Community Health 2007;61:3–4.
Ludwig J, Duncan GJ, Gennetian LA, et al. Neighborhood effects on the long-term
well-being of low-income adults. Science 2012;337:1505–10.
Friedlander Y, Austin MA, Newman B, et al. Heritability of longitudinal changes in
coronary heart disease risk factors in women twins. Am J Hum Genet 1997;60:1502–12.
Silventoinen K, Kaprio J. Genetics of tracking of body mass index from birth to late
middle age: evidence from twin and family studies. Obes Facts 2009;2:196–202.
Christensen K, Frederiksen H, Vaupel JW, et al. Age trajectories of genetic variance
in physical functioning: a longitudinal study of Danish twins aged 70years and
older. Behav Genet 2003;33:125–36.
Christensen K, Gaist D, Vaupel JW, et al. Genetic contribution to rate of change in
functional abilities among Danish twins aged 75years or more. Am J Epidemiol
2002;155:132–9.
Nes RB, Røysamb E, Reichborn-Kjennerud T, et al. Symptoms of anxiety and
depression in young adults: genetic and environmental inﬂuences on stability and
change. Twin Res Hum Genet 2007;10:450–61.

26

27
28

29
30

31

32

33

34

35

36

37
38
39

40

Macintyre S, Ellaway A, Cummins S. Place effects on health: how can
we conceptualise, operationalise and measure them? Soc Sci Med
2002;55:125–39.
Eid J, Overman HG, Puga D, et al. Fat city: questioning the relationship between
urban sprawl and obesity. J Urb Econ 2008;63:385–404.
van Ham M, Manley D. The effect of neighbourhood housing tenure mix on labour
market outcomes: a longitudinal investigation of neighbourhood effects. J Econ
Geography 2010;10:257–82.
Oreopoulos P. The long-run consequences of living in a poor neighborhood. Q J
Econ 2003;118:1533–75.
Leventhal T, Brooks-Gunn J. The neighborhoods they live in: the effects of
neighborhood residence on child and adolescent outcomes. Psychol Bull
2000;126:309–37.
Sariaslan A, Langstrom N, D’Onofrio B, et al. The impact of neighbourhood
deprivation on adolescent violent criminality and substance misuse: a longitudinal,
quasi-experimental study of the total Swedish population. Int J Epidemiol
2013;42:1057–66.
Vartanian TP, Walker Buck P, Gleason P. Intergenerational neighborhood-type
mobility: examining differences between blacks and whites. Housing Stud
2007;22:833–56.
Galster G, Marcotte DE, Mandell M, et al. The inﬂuence of neighborhood poverty
during childhood on fertility, education, and earnings outcomes. Housing Stud
2007;22:723–51.
Glymour MM, Kosheleva A, Boden-Albala B. Birth and adult residence
in the Stroke Belt independently predict stroke mortality. Neurology
2009;73:1858–65.
Glymour MM, Avendano M, Berkman LF. Is the ‘Stroke Belt’ worn from childhood?
Risk of ﬁrst stroke and state of residence in childhood and adulthood. Stroke
2007;38:2415–21.
Patton KP, Benjamin EJ, Kosheleva A, et al. Early-Life antecedents of atrial
ﬁbrillation: place of birth and atrial ﬁbrillation-related mortality. Ann Epidemiol
2011;21:732–8.
van Kempen E, Babisch W. The quantitative relationship between road trafﬁc noise
and hypertension: a meta-analysis. J Hypertension 2012;30:1075–86.
Verkasalo PK, Kaprio J, Varjonen J, et al. Magnetic ﬁelds of transmission lines and
depression. Am J Epidemiol 1997;146:1037–45.
Jokela M, Lehtimäki T, Keltikangas-Järvinen L. The inﬂuence of urban/rural residency
on depressive symptoms is moderated by the serotonin receptor 2A gene. Am J
Med Genet B Neuropsychiatr Genet 2007;144B:918–22.
Jokela M, Bleidorn W, Lamb ME, et al. Geographically varying associations between
personality and life satisfaction in the London metropolitan area. Proc Natl Acad Sci
USA 2015;112:725–30.

Jokela M. J Epidemiol Community Health 2015;0:1–6. doi:10.1136/jech-2014-204513

