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Background. Characteristics related to the areas where people live have been associated with suicide risk, although
these might reflect aggregation into these communities of individuals with mental health or social problems. No studies
have examined whether area characteristics during childhood are associated with subsequent suicide, or whether risk
associated with individual characteristics varies according to childhood neighbourhood context.

Method. We conducted a longitudinal study of 204323 individuals born in Sweden in 1972 and 1977 with childhood
data linked to suicide (n=314; 0.15%) up to age 26–31 years. Multilevel modelling was used to examine: (i) whether
school-, municipality- or county-level characteristics during childhood are associated with later suicide, independently
of individual effects, and (ii) whether associations between individual characteristics and suicide vary according to
school context (reflecting both peer group and neighbourhood effects).

Results. Associations between suicide and most contextual measures, except for school-level gender composition, were
explained by individual characteristics. There was some evidence of cross-level effects of individual- and school-level
markers of ethnicity and deprivation on suicide risk, with qualitative interaction patterns. For example, having
foreign-born parents increased the risk for individuals raised in areas where they were in a relative minority, but
protected against suicide in areas where larger proportions of the population had foreign-born parents.

Conclusions. Characteristics that define individuals as being different from most people in their local environment as
they grow up may increase suicide risk. If robustly replicated, these findings have potentially important implications
for understanding the aetiology of suicide and informing social policy.
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Introduction

To understand more about the aetiology of suicide and
inform potential strategies for prevention, research has
focused not only on characteristics of individuals that
increase risk of suicide but also on characteristics of
the environments in which they live. Neighbourhood
characteristics associated with suicide risk include
population density, income inequality and markers of
social fragmentation and deprivation (Gunnell et al.
1995; Whitley et al. 1999; Galea et al. 2003; Rehkopf &
Buka, 2006). Possible explanations put forward to ex-
plain the association between neighbourhood charac-
teristics, such as social fragmentation or deprivation,

and suicide risk in ecological studies relate to charac-
teristics of either the individuals living in such areas
(compositional effects) or the areas in which they live
(contextual effects).

Individual characteristics associated with suicide
risk include male sex, living alone, divorce, unemploy-
ment, physical illness, substance misuse and psychia-
tric illness (Yoshimasu et al. 2008; Li et al. 2011), and
it is difficult to know to what extent these explain,
through confounding, the area characteristics associ-
ated with suicide in ecological studies.

Statistical methods such as multilevel modelling that
allow us to tease out the effects of area independently
of the characteristics of individuals living there have
only been widely accessible in recent years, and few
studies have examined both area and individual influ-
ences on suicide risk. Although some of these studies
found that associations between suicide and area mar-
kers of deprivation, social fragmentation and ethnicity
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were explained by individual-level characteristics
(Agerbo et al. 2007; O’Reilly et al. 2008; Collings et al.
2009), other studies found that area-level associations
persisted (Cubbin et al. 2000; Martikainen et al. 2004).

All these studies examined area characteristics
measured around the time of suicide and these associ-
ations might therefore reflect aggregation into these
communities of individuals with mental health or
social problems. Neighbourhood characteristics meas-
ured a long time before suicide outcomes, such as
during childhood, will avoid this problem, and can
be informative about long-term contextual effects on
suicide risk. Such effects have been described for
schizophrenia, for example in relation to urbanicity
(Lewis et al. 1992; Pedersen & Mortensen, 2001), and
it is possible that where people live when they are
growing up also has long-term effects on mood, ability
to cope with adversity or other risk factors that
ultimately increase suicide risk. However, no studies
have examined the association between contextual
effects during childhood and subsequent risk of sui-
cide.

Neighbourhood context during childhood could
impact on long-term psychological development,
personality and mental health (Leventhal & Brooks-
Gunn, 2003; Xue et al. 2005; Hart et al. 2008) through,
for example, exposure to local drug use or violence cul-
tures, increased social defeat and reduced social cohe-
sion (McKenzie et al. 2002; Selten & Cantor-Graae,
2005). Such stressors could have a long-term impact
on suicide risk mediated through psychological (e.g.
negative self-worth or control schema; Goodyer,
2002; Evans et al. 2005) and biological (e.g. epigenetic
control of hypothalamic–pituitary–adrenal (HPA)
reactivity; Labonte & Turecki, 2012) mechanisms that
persist throughout adult life.

There has also been increasing interest in recent
years as to how the effects of individual-level risk fac-
tors for mental health outcomes vary across different
neighbourhood contexts. The most consistent finding
has been that risk of schizophrenia associated with
ethnic minority status varies according to the pro-
portion of ethnic minority individuals within a neigh-
bourhood (Boydell et al. 2001; Kirkbride et al. 2007;
Veling et al. 2008), and we recently showed that this
effect might not be specific to ethnic background but
to other characteristics that might mark individuals
out as different from others in their surrounding
environment, including markers of deprivation and
social fragmentation (Zammit et al. 2010). These
findings resonate with the work of Durkheim and
others implicating lack of social cohesion as a risk
factor for suicide and other adverse mental health out-
comes (Durkheim, 1951; Kawachi & Kennedy, 1997;
McKenzie et al. 2002; De Silva et al. 2005), and we

therefore wanted to extend this work to examine
whether individual-level risk factors for suicide also
varied by neighbourhood context.

We are aware of only three studies that have used
multilevel data to examine such cross-level interactions
for suicide. One study reported that ethnic minority
status was associated with increased suicide risk
in areas with small minority populations, but with
decreased risk in areas with large minority populations
(Neeleman &Wessely, 1999), similar to the findings for
schizophrenia. In another study there was no evidence
of interaction between individual and area measures
of socio-economic status on suicide (Martikainen et al.
2004), whereas in the third study evidence for
interactions was inconsistent across the subgroups
examined (Agerbo et al. 2007). Again, these studies
examined the effects of area around the time of suicide.
Whether the effect of individual characteristics on
suicide risk is moderated by the context in which
people grow up has not been previously investigated.

Therefore, the aims of this study were to: (i) estimate
the overall relative effects of individual- and higher-
level area (school, municipality and county) factors
during childhood on suicide, (ii) examine whether
area-level characteristics during childhood are associ-
ated with risk of suicide, independently of individual
characteristics, and (iii) examine whether individual
effects on suicide risk vary according to the context
in which individuals grow up.

Based on the literature to date, we hypothesized that
neighbourhood-level variation would account for only
a small proportion of variance in suicide risk (as it does
for other mental health outcomes), that growing up in
adverse (particularly deprived and socially fragmen-
ted) neighbourhoods would increase suicide risk inde-
pendently of individual-level markers of childhood
adversity (although much of the association between
neighbourhood characteristics and suicide would be
explained by these individual-level characteristics),
and that any characteristics that mark individuals out
as different from others in their surrounding environ-
ment as they grow up would increase suicide risk.

Method

Study population

The study population consists of all individuals born in
Sweden in 1972 and 1977 (cohorts selected as school
register data were available) and resident there at age
16 years (n=213395). Record linkages were performed
using unique person identification numbers. Data were
linked (up to 31 December 2003) to the National
Cause-of-Death Register, the Multi-Generation Regis-
ter, the Swedish National School Register and the
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Swedish National Patient Register, and to census
records (1980 and 1985; child age 8) and occupation
and income registers (1985 and 1990; child age 13) at
Statistics Sweden. Of those not having died by suicide
prior to the end of follow-up, 1422 individuals had
emigrated and 912 had died of other causes. A further
6738 had missing data on school or municipality at age
16 and were also excluded, leaving a sample of 204323
individuals.

Measures

Suicide

Deaths from suicide and, as is convention, from un-
determined causes (Allebeck et al. 1991; Linsley et al.
2001) according to the Swedish version of ICD-8
(ICD-9 from 1987 to 1996, ICD-10 from 1997) were
included within our definition of suicide outcome.
ICD codes for suicide were E950–E959 (ICD-8 and
ICD-9) and X60–X84 (ICD-10) and codes for deaths
of undetermined intent were E980–E989 (ICD-8 and
ICD-9) and Y10–Y34 (ICD-10). Of the 204323 subjects,
there were 314 [0.15%, 95% confidence interval (CI)
0.14–0.17] with a suicide outcome (225 definite suicides
and 89 deaths of undetermined intent).

Exposures

Data were structured at the following ascending
hierarchical levels: individuals (n=204323), school
year groups at age 16 (n=2106), schools (n=1264),
municipalities (n=286) and counties (n=24). Fixed
effects were examined at individual (individual-level),
school year group (school-level) and municipality
(municipality-level) levels. The median number of
individuals in the school year groups was 103 (range
1–260), and in the municipalities 416 (range 71–10113).

Individual-level variables included sex, family
history of suicide (in either biological parent), being
foreign born (0, 1 or 2 biological parents born abroad),
changing municipalities between age 8 and 16,
parental socio-economic position (SEP) at age 8
(unemployed/blue collar/white collar/company owner;
highest of rearing parents), parental receipt of welfare
benefit at age 13, family income (total of income,
welfare benefits and disability pensions for rearing
parents) at age 13, single-parent household at age 8,
parental education (<9 years/9–10 years/secondary
school/higher education; highest of rearing parents),
school grade achieved at age 16 [continuous score
between 1 (lowest) and 6 (highest)], and having
received a diagnosis of any psychotic disorder prior
to end of follow-up.

School-level variables were derived by aggregating
data from individuals in schools that had at least

10 children registered in a particular year group.
School-level variables included foreign-born average
(proportion of children with one or both parents
born abroad; median 0.15, 90% range 0.03–0.65), social
fragmentation average (proportion of children who
migrated into Sweden, moved into a different munici-
pality between ages 8 and 16 or were raised in single-
parent households; median 0.23, 90% range 0.08–0.46),
deprivation average (proportion of children with
parents unemployed, receiving welfare benefits or
in lowest 10% of income; median 0.15, 90% range
0.05–0.30), low-grade average (proportion of children
scoring in lowest 10% of grade score; median 0.10,
90% range 0.02–0.18), and males (proportion of
children who were male; median 0.51, range 0.29–1).

Municipality-level data included measures of urba-
nicity [residence in a city (Stockholm, Gothenburg
and Malmo), town (>20000 inhabitants in 1980) or
rural area (420000 inhabitants) at age 16], population
density, and markers of deprivation (derived by
summing z scores for mean income, proportion un-
employed and proportion on benefits) and social
fragmentation (derived by summing z scores for pro-
portion of people migrating in/out of the municipality,
voting in municipality elections, married and living in
single-person households).

Statistical analysis

Multilevel models were fitted using the MLwiN soft-
ware (Rasbash et al. 2009) through the runmlwin
(Leckie & Charlton, 2011) command in Stata. Null,
random-effects models were fitted first, and then
individual-, school- and municipality-level covariates
were added to the models. Birth year was included
in all models. As outcomes were binary, we used
multilevel logistic regression. To calculate variance
partition coefficients (VPCs) for higher-level random
effects in binary response multilevel models, it is com-
mon practice to appeal to the latent response formu-
lation of the multilevel logistic model (Goldstein,
2010), in which case a VPC is calculated in terms of
an individual’s propensity to die by suicide. In this
case the person-level variance is standardized to the
logistic variance of π2/3 ≈ 3.29. For example, in a three-
level model, where we denote the unexplained var-
iance at level 2 as v2, and at level 3 as v3, the proportion
of the total unexplained variance at level j is estimated
as vj/(v2+v3 +3.29).

All models were fitted using Markov chain Monte
Carlo (MCMC) methods (Browne, 2009). Models
were run for a burn-in of 10000 iterations followed
by 100000 monitoring iterations. The mean and stan-
dard deviation of each parameter chain give the par-
ameter point estimate and standard error, and the

Individual- and area-level influence on suicide risk 269

https://doi.org/10.1017/S0033291713000743 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291713000743


2.5th and 97.5th quantiles give the 95% interval esti-
mates. Effects for school-level variables are reported
for a 10% increase in proportion and those for
municipality-level variables are reported for a stan-
dard deviation increase. Statistical significance of
fixed effect estimates, including cross-level inter-
actions, was tested by deriving z ratios and comparing
them with a standard normal distribution.

Missing data for any of the exposure variables or
covariates were present in less than 5% of the sample
(n with complete case data=187316). Sensitivity ana-
lyses were conducted by comparing model results to
those based on a complete data set, where the missing
values were replaced with plausible values derived
from the observed data by single random imputation.

Cross-level interactions

We examined interactions between individual-level
and school-level characteristics as we hypothesized
that school-level measures would most strongly
characterize the environment within which the chil-
dren grew up. To do this, we created the following
variables:

(a) Individual-level deprivation: summed score of
parental unemployment (yes/no), welfare benefits
(yes/no) and family income in the lowest 10th
percentile (yes/no); score range 0–3.

(b) Individual-level social fragmentation: summed
score of single-parent family (yes/no), immigrated
during childhood (yes/no) and moved into a differ-
ent municipality between age 8 and 16 (yes/no);
score range 0 to 3.

We aimed to examine the following interactions:

(a) Individual foreign-born×school-level foreign-born
average.

(b) Individual social fragmentation×school-level social
fragmentation average.

(c) Individual deprivation×school-level deprivation
average.

(d) Individual grade×school-level grade average.

Results

Higher-level variation

The risk of suicide among individuals born in munici-
palities in the lowest risk quartile was 0.6 per 10000
(95% CI 0.1–1.7), and 34 per 10000 (95% CI 29–39)
in the highest quartile. However, in both the null
and full models only 3% of the estimated proportion
of variation in suicide risk was at a higher (non-
individual) level (Table 1). The CIs indicate that, even
at its upper-most limit, less than 15% of the variance
in suicide risk is explained by higher-level variation,
and that almost all variation is due to individual-level
variation.

Individual-level characteristics

Most individual-level variables, apart from parental
education, were associated with risk of suicide
(Tables 2 and 3). When adjusted for other individual-
level characteristics, having a history of a psychotic
disorder was the strongest risk factor for suicide
[odds ratio (OR) 22.8, 95% CI 16.4–31.2]. Other individ-
ual characteristics associated with increased risk were
male sex, having a low school grade, family history
of suicide and having foreign-born parents.

School grade score and diagnosis of psychosis were
not included in the adjusted models as these could
potentially mediate associations between other risk
factors and suicide. Although having a higher family
income at birth was strongly associated (p=0.003)
with reduced risk of suicide in the model adjusting
for background characteristics (Table 3), this associ-
ation was substantially attenuated when further
adjusting for grade score, such that there was now
only weak evidence for association between family
income and suicide (OR 0.80, 95% CI 0.62–1.01,
p=0.065). Adjustment for grade score or diagnosis of
psychosis did not change the adjusted estimates for
any other individual- or school-level variables in
Table 3.

Higher-level characteristics

Most school-level characteristics showed some evi-
dence for association with suicide in the unadjusted

Table 1. Variance partition coefficients (VPCs)a and 95%
confidence intervals (CIs)b at each level

Null modelc VPC
(95% CI)

Full modeld VPC
(95% CI)

County 0.29 (0.02–1.42) 0.32 (0.03–1.65)
Municipality 0.47 (0.03–2.57) 0.47 (0.03–2.63)
School 1.53 (0.03–6.81) 1.00 (0.03–3.63)
School year 0.68 (0.03–2.09) 1.12 (0.02–5.96)
Total higher
levels

2.97 (0.11–12.89) 2.91 (0.11–13.87)

Individual
level

97.03 (87.11–99.89) 97.09 (86.13–99.89)

a Markov chain Monte Carlo (MCMC) 100000 iterations.
b 95% CIs are calculated as the 2.5th and 97.5th percentiles

of the MCMC chain for each VPC statistic.
c Model including birth year.
dModel including all individual-, school year- and

municipality-level variables.
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analyses (Table 2), albeit school-level social fragmenta-
tion and school-level grade average only weakly so,
whereas school-level income inequality showed no
evidence of association. These associations were elimi-
nated after adjusting for individual-level character-
istics, with the exception of the association between
the proportion of male pupils in the school and suicide,
where the association strengthened markedly, par-
ticularly after adjusting for individual gender. This
association persisted when we restricted the analysis
to schools where the proportion of males fell within
3 standard deviations of the mean (33.6–65.8%,
p=0.001). Individuals in the 10% of schools with the
most males (range 57.4–100%) had approximately
half the odds of suicide (adjusted OR 0.56, 95% CI
0.34–0.92, p=0.023) compared to those in the 10% of
schools with the least males (range 28.6–45.0%).
There was no evidence to support a non-linear effect
for the proportion of males at school level (p value
for quadratic term=0.868).

None of the municipality-level characteristics were
associated with suicide in the null model or after
adjusting for individual-level factors (Table 3). The
risk of suicide was similar in cities (0.15%), towns
(0.16%) and rural areas (0.14%). There was a similar
level of variation in risk of suicide across rural areas
[suicide risk range 0–1.2%, interquartile range (IQR)
0.00–0.26%] as there was across areas within cities
(range 0–0.54%, IQR 0.06–0.23%).

Study of cross-level interactions

There was weak statistical evidence of cross-level inter-
actions of (a) being foreign-born×school foreign-born
average (OR 0.91, 95% CI 0.82–1.00, p=0.057) and
(b) deprivation×school deprivation and risk of suicide
(OR 0.81, 95% CI 0.64–1.03, p=0.087), and interaction
estimates were unchanged after adjustment (see online
Supplementary Table S1). Both interactions were
qualitative in nature; in other words, risk of suicide
associated with the presence of the individual-level
characteristic changed in an opposite direction com-
pared to individuals without that characteristic as the
context changed. For example, foreign-born individ-
uals were at a high risk of suicide if they were part
of a school group with very few others who were
foreign born, and this risk decreased if their school
group consisted of a large proportion of foreign-born
individuals (Fig. 1). However, an opposite pattern of
risks was observed for individuals whose parents
were both born in Sweden. A similar pattern of inter-
actions (Fig. 2) was observed for deprivation. Differ-
ences from baseline groups for these interactions were
significant primarily within the lower halves of the
school-level averages (see online Supplementary Figs
S1 and S2), with greater uncertainty around estimates
at the higher ends of the school-level averages as
these were based on relatively small proportions of
the sample.

There was no evidence of cross-level interactions
(a) between social fragmentation and school social
fragmentation (p=0.734) or (b) between grade and
school grade average (p=0.420). As a result of finding
an association between school-level male average and
suicide we also looked for an interaction between indi-
vidual sex×school-level male average, although this
was not an a priori aim. The reduced risk of suicide
associated with an increasing proportion of male
pupils in the school was similar for males (OR 0.72,
95% CI 0.54–0.96) and females (OR 0.62, 95% CI
0.38–1.00; interaction p=0.804).

The patterns of interaction remained very similar
when we used different methods of coding individual-
and school-level variables (for example using deciles
or grouping using different cut-offs), and when we

Table 2. Proportion of suicide cases and non-cases exposed to
individual-level characteristics

Suicide
n (%)

Non-case
n (%)

p
valuea

Male sex 232 (73.9) 104525 (51.2) <0.001
Family history of
suicide

14 (4.5) 2438 (1.2) <0.001

Foreign-born
0 parents 220 (71.7) 165817 (82.4) –
1 parent 41 (13.4) 19237 (9.6) –
2 parents 46 (15.0) 16172 (8.0) <0.001

Single-parent family 49 (16.3) 24974 (12.6) 0.050
Parent SEP
Unemployed 15 (5.0) 7014 (3.6) –
Low 118 (39.6) 66461 (34.2) –
Mid 134 (45) 99240 (51.0) –
High 31 (10.4) 21746 (11.2) 0.021

Parent education
<9 years 32 (13.1) 21040 (11.5) –
9–10 years 36 (14.7) 24367 (13.3) –
Secondary 102 (41.6) 74951 (41.0) –
Higher 75 (30.6) 62354 (34.1) 0.261

Parent on benefits 24 (8.2) 11397 (5.8) 0.077
Parent income
lowest 10%

47 (16.0) 19275 (9.8) <0.001

Lowest school grade 31 (10.2) 7451 (3.7) <0.001
Moved municipality 48 (16.0) 21663 (10.9) 0.005
Psychosis diagnosis 58 (18.5) 1862 (0.9) <0.001

SEP, Socio-economic position.
a For categorical variables the p value is from an omnibus

test for variables.
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excluded undetermined deaths from our outcome.
This suggests that these interactions are robust to
variation in the manner in which data were defined,
although the statistical evidence for interaction
remained relatively weak across these sensitivity
analyses. Evidence for interactions in the adjusted
models was slightly stronger using the imputed data
sample (p=0.047 for ethnicity and p=0.032 for
deprivation).

Psychotic disorder as a mediator for interactions
observed

Estimates of interaction were partly attenuated when
we excluded individuals who developed a psychotic
disorder, which might have mediated the associations
with suicide (foreign-born×school foreign-born aver-
age OR 0.94, 95% CI 0.83–1.06; deprivation×school
deprivation OR 0.84, 95% CI 0.65–1.08), although the

Table 3. Multilevel model results for association between suicide and individual-, school- and municipality-level variables

Crude OR
(95% CI)a

Adjusted OR
(95% CI)b p valueb

Individual-level
Male 2.78 (2.11–3.66) 2.82 (2.11–3.71) <0.001
Family history 2.99 (1.54–5.82) 2.55 (1.14–4.57) 0.013
Foreign-born
0 parents 1 1
1 parent 1.60 (1.12–2.29) 1.49 (1.00–2.08)
2 parents 2.49 (1.73–3.59) 2.26 (1.50–3.22) <0.001

Single parent 1.54 (1.11–2.13) 1.09 (0.73–1.53) 0.725
Parent SEPc

Unemployed 1.77 (1.01–3.07) 1.04 (0.53–1.78)
Low 1.30 (1.00–1.68) 1.04 (0.78–1.37)
Mid 1 1
High 1.02 (0.68–1.54) 0.92 (0.58–1.36) 0.865

Parent on benefits 1.52 (0.95–2.42) 1.03 (0.60–1.60) 0.939
Family incomed 0.64 (0.51–0.79) 0.70 (0.54–88) 0.003
School graded 0.56 (0.50–0.63) 0.66 (0.58–0.75) <0.001
Moved municipality 1.38 (0.97–1.95) 1.26 (0.86–1.75) 0.237
Psychosis diagnosis 27.2 (19.9–37.1) 22.8 (16.4–31.2) <0.001

School-level
Social fragmentatione 1.07 (0.98–1.17) 1.03 (0.93–1.13) 0.589
Foreign-borne 1.15 (1.05–1.26) 1.06 (0.95–1.16) 0.280
Deprivatione 1.25 (1.07–1.46) 1.12 (0.95–1.32) 0.165
Income inequalityd 0.80 (0.59–1.09) 0.81 (0.59–1.03) 0.147
Malee 0.77 (0.60–0.98) 0.70 (0.55–0.89) 0.005
Low gradef 1.24 (0.96–1.59) 1.00 (0.77–1.30) 0.993

Municipality-level
Urbanicityc

Rural 1 1
Town 1.10 (0.80–1.51) 1.08 (0.77–1.54)
City 1.13 (0.79–1.62) 1.06 (0.73–1.54) 0.829

Population densityd 1.05 (0.94–1.18) 1.03 (0.92–1.16) 0.569
Social fragmentationd 1.08 (0.97–1.22) 1.04 (0.92–1.17) 0.542
Deprivationd 0.98 (0.88–1.11) 0.97 (0.86–1.10) 0.591

OR, Odds ratio; CI, confidence interval; SEP, socio-economic position.
a Including birth year, and variance components at school, municipality and county levels.
b Adjusted for birth year, sex, family history, ethnicity, single-parent status, parental SEP, parental benefits, parental income

and moving municipality, and includes variance components at school, municipality and county levels.
c p value is overall p value for categorical variables.
d Per standard deviation
e Per 10% increase.
f Per 10% increase in proportion with grade <10th percentile; in adjusted model also adjusted for individual-level grade.
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number of suicides in these restricted analyses was
reduced (n=245).

Discussion

Area effects

This is the first cohort study to examine the effect of
area characteristics during childhood on suicide risk.
We observed very little variation (approximately 3%)

in incidence of suicide at higher (non-individual)
levels. The relative importance of higher-level and
individual-level factors on suicide risk has not been
previously reported, but is in keeping with findings
for other mental health disorders. For example,
although a substantial amount of variation in incidence
of depression has been observed at a household level
(Chandola et al. 2003; Thomas et al. 2007), which
could reflect shared psychosocial and environmen-
tal and, to a lesser extent, genetic influences, the
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Fig. 1. Cross-level interaction between foreign-born status and school-level foreign-born average. For non-foreign-born
individuals, risk of suicide increases as the proportion of foreign-born individuals within the school increases. However, for
foreign-born individuals, risk of suicide decreases as the proportion of foreign-born individuals within the school increases.
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Fig. 2. Cross-level interaction between deprivation score and school-level deprivation average. For individuals with low
deprivation, risk of suicide increases as deprivation within the school increases. However, for individuals with high
deprivation, risk of suicide decreases as deprivation within the school increases.
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proportion of variance for depression at neigh-
bourhood levels has consistently been reported as
being <5% (Duncan et al. 1995; Weich et al. 2003;
Wainwright & Surtees, 2004; Skapinakis et al. 2005;
Fone et al. 2007; Thomas et al. 2007), and was approxi-
mately 2% for psychosis in a previous study using this
dataset (Zammit et al. 2010). We were unable to model
household-level effects, and these therefore become
subsumed within the individual-level estimates of
variation in incidence of suicide.

We found no evidence that municipality-level
measures during childhood were associated with
suicide risk in young adults. However, municipality
measures reflect an average across large geographical
areas, and a single municipality could encompass
within it smaller neighbourhoods with low levels of
deprivation or social fragmentation, along with neigh-
bourhoods with high levels of these characteristics.
We used school-level data to capture this smaller
area variation as these measures potentially encompass
both peer-group influences and small neighbourhood
characteristics during childhood, given that school
attendance was based on catchment areas relating to
place of residence.

Several school-level measures were associated with
suicide risk. Higher levels of deprivation and of ethnic
minorities were both associated with increased risk,
although they were attenuated by approximately 50%
after adjusting for individual-level characteristics. We
also found that suicide risk was higher for individuals
who attended schools with a higher proportion of
females, and this applied equally to males and females.
It is possible that the social environment within schools
differs as the relative proportions of male and female
pupils change. However, although this seems to be a
robust finding within our data, this was not an a priori
hypothesis, and might be a chance finding. Future
studies examining this hypothesis are needed to
resolve this uncertainty.

Although ours is the first study that has examined
both compositional and contextual effects during
childhood on risk of suicide, other studies have
explored these effects measured in adulthood and
found little evidence for important contextual effects
once compositional effects were accounted for
(Agerbo et al. 2007; O’Reilly et al. 2008). For example,
in a large Danish nested case-control study, an associ-
ation between suicide and the proportion of people
living alone at a municipality level was attenuated
by more than 50% after controlling for individual-
level characteristics, whereas associations with
municipality-level unemployment and lower income
were eliminated completely (Agerbo et al. 2007).
Similarly, in a record-linkage study based in
Northern Ireland, associations between suicide and

area-level measures of deprivation and social fragmen-
tation were eliminated after adjusting for individual
and household characteristics (O’Reilly et al. 2008).
Although our study suggests that most neighbourhood
characteristics during childhood do not have a long-
term impact on suicide risk, the association with the
proportion of school peers who are female warrants
further study.

Individual effects

We observed several individual characteristics that
were associated with suicide, as reported consistently
in the literature (Yoshimasu et al. 2008; Li et al. 2011).
Having a diagnosis of a psychotic disorder was very
strongly associated with increased suicide risk, confer-
ring a greater than 20-fold risk on suicide; one in five
suicides, but less than one in 100 cohort members,
had a history of psychosis. Poorer performance acade-
mically in school grades at age 16 was also strongly
associated with increased suicide risk. The association
between lower family income during childhood and
risk of suicide was substantially attenuated after
adjusting for performance in school examinations,
indicating that performance on school grade examin-
ations might mediate the association between family
income and suicide.

Cross-level interactions

Although the proportion of variance explained at
higher levels within the study was very low, it is still
possible for higher-level effects to be important in the
context of cross-level interactions. We found some,
albeit weak, evidence that the relative risk between
individual characteristics and risk of suicide differed
according to the context where individuals were raised
(school-level characteristics). Having foreign-born
parents increased suicide risk for individuals brought
up in areas where they were in a relative minority,
but protected against suicide in areas where larger pro-
portions of the population had foreign-born parents.
We found some evidence of a similar interaction for
deprivation, whereby risk of suicide associated with
coming from a deprived family changed as the neigh-
bourhood context changed, but in an opposite direc-
tion compared to those coming from more affluent
families.

A similar interaction between ethnicity and neigh-
bourhood ethnic density at the time of suicide has
been reported previously (Neeleman & Wessely,
1999), and our results suggest this may be a long-term
effect starting during childhood. Our results also
suggest that this effect might not be specific to ethni-
city, but to other characteristics that mark individuals
out as being different from people living around
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them. This is consistent with a study showing that
associations between several individual characteristics
and risk for suicide varied across case-control studies,
with a wide range of contextual settings during adult-
hood (Crawford et al. 2010).

Similar interactions for psychosis have been
described previously within this dataset (Zammit
et al. 2010). However, the interaction estimates for
suicide were only partly attenuated when excluding
individuals with a history of a psychotic disorder,
suggesting that these interactions might also have
effects on suicide that are not mediated through devel-
opment of psychosis.

Strengths and limitations

One of the strengths of this study is that it is based on a
large cohort of individuals, with data on some impor-
tant exposures measured during childhood and ado-
lescence, many years prior to the outcome of suicide.
This is in contrast to almost all other studies of
neighbourhood-level exposures to date, and allows
us to exclude effects of selection into neighbourhoods
as a consequence of mental health or social problems
as an explanation for our findings.

However, we did not have data on all potentially
important factors that could confound or explain the
associations observed. We cannot therefore exclude
the possibility that the associations observed in our
study are due to residual confounding. Furthermore,
area-level measures of deprivation, and particularly
social fragmentation, are difficult to measure.
Routinely collected administrative data frequently
used to measure constructs of social cohesion and frag-
mentation include data on the proportion of people
married, voting, renting privately and living in single-
person households, along with levels of residential
stability and population turnover (Congdon, 1996).
Such data were available at the municipality level
whereas our school-level measure was based on the
proportion of children immigrating, moving area
or brought up in single-parent households. These
measures are likely to capture the construct of social
fragmentation to some extent, although ideally we
would have liked to survey the schools to obtain a
more direct measure of social cohesion within the
schools or small neighbourhoods the children were
raised in, and also more detailed measures of
deprivation.

It is also unclear to what extent our individual-level
measures of social fragmentation and deprivation
reflect disrupted social relationships or economic hard-
ship during childhood. Such direct measures are poss-
ible (Kirkbride et al. 2008) but unfortunately are not
available in large studies such as ours that rely on

administrative data. There are also clearly difficulties
in determining what size ‘neighbourhoods’ are or
how they should be defined. Ideally, neighbourhoods
would be defined such that contextual characteristics
within each neighbourhood are homogeneous, but of
course in reality research data usually rely on adminis-
trative information (e.g. schools or municipalities) to
define levels.

However, although misclassification of data may be
particularly likely for our higher-level measures,
especially those of social fragmentation, it is probably
non-differential. Furthermore, suicide and most of the
exposures examined were more common in individ-
uals excluded due to missing data, and this, as with
non-differential misclassification, may have resulted
in estimates being underestimated. Decisions about
recording deaths as suicide may have been influenced
by neighbourhood effects, but such bias is less likely
for neighbourhood measures during childhood.
Finally, although this was a large study, the rarity of
suicide limited the extent to which contextual effects,
and particularly cross-level interactions, could be ex-
amined.

Implications

If the cross-level interactions we observed are robustly
replicated, they lend support to the belief that contex-
tual effects during childhood can influence suicide
risk in young adults. Circumstances whereby individ-
uals fail to fit in with others in their immediate
environment during childhood can lead to a decreased
sense of connectedness (Durkheim, 1951) and to
increased levels of stress, perhaps through discrimi-
nation, hostility or isolation, in keeping with the
model of social defeat (Selten & Cantor-Graae, 2005).
For example, victimization has important effects on
psychological adjustment and is one of the most con-
sistently identified risk factors for suicidal ideation
and self-harm in early life (Winsper et al. 2012).
Furthermore, mechanisms linking repeated stressors
with long-term biological changes associated with
development of psychosis have been described
(Laruelle, 2000; Kapur, 2003), and it is possible that
these or other such effects also influence suicidal
behaviour.

If these qualitative interactions are replicated in
other studies, they have potentially important impli-
cations for understanding more about social policy.
Integration of individuals within communities is
clearly important to minimize risks associated with
social isolation (Durkheim, 1951), and because segre-
gation at local levels may undermine social cohesion
in society as a whole (Kawachi & Kennedy, 1997).
Our findings suggest that attending a school or
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growing up in a neighbourhood where at least some
others are of a similar ethnic and sociodemographic
background can potentially buffer suicide risk in
vulnerable individuals.

Supplementary material

For supplementary material accompanying this paper
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Acknowledgements

We thank J.-E. Gustafsson for allowing us data
access, and S. Lofving and H. Dal for their help with
data preparation. G. Lewis and D. Gunnell are
National Institute for Health Research (NIHR) Senior
Investigators.

We thank the Swedish Research Council for Work-
ing Life and Social Research for their funding. This
body had no further role in the collection, analysis or
interpretation of data, the writing of this manuscript,
or in the decision to submit this manuscript for pub-
lication.

Declaration of Interest

None.

References

Agerbo E, Sterne JA, Gunnell DJ (2007). Combining
individual and ecological data to determine compositional
and contextual socio-economic risk factors for suicide. Social
Science and Medicine 64, 451–461.

Allebeck P, Allgulander C, Henningsohn L, Jakobsson SW
(1991). Causes of death in a cohort of 50,465 young men –
validity of recorded suicide as underlying cause of death.
Scandinavian Journal of Social Medicine 19, 242–247.

Boydell J, van Os J, McKenzie K, Allardyce J, Goel R,
McCreadie RG, Murray RM (2001). Incidence of
schizophrenia in ethnic minorities in London: ecological
study into interactions with environment. British Medical
Journal 323, 1336–1338.

Browne WJ (2009). MCMC Estimation in MLwiN, v2.13.
Centre for Multilevel Modelling, University of Bristol:
Bristol, UK.

Chandola T, Bartley M, Wiggins R, Schofield P (2003).
Social inequalities in health by individual and household
measures of social position in a cohort of healthy people.
Journal of Epidemiology and Community Health 57, 56–62.

Collings S, Ivory V, Blakely T, Atkinson J (2009). Are
neighbourhood social fragmentation and suicide associated
in New Zealand? A national multilevel cohort study.
Journal of Epidemiology and Community Health 63, 1035–1042.

Congdon P (1996). Suicide and para-suicide in London: a
small area study. Urban Studies 33, 137–158.

Crawford MJ, Kuforiji B, Ghosh P (2010). The impact of
social context on socio-demographic risk factors for suicide:
a synthesis of data from case-control studies. Journal of
Epidemiology and Community Health 64, 530–534.

Cubbin C, LeClere FB, Smith GS (2000). Socioeconomic
status and injury mortality: individual and neighbourhood
determinants. Journal of Epidemiology and Community Health
54, 517–524.

De Silva MJ, McKenzie K, Harpham T, Huttly SR (2005).
Social capital and mental illness: a systematic review.
Journal of Epidemiology and Community Health 59, 619–627.

Duncan C, Jones K, Moon G (1995). Psychiatric morbidity:
a multilevel approach to regional variations in the UK.
Journal of Epidemiology and Community Health 49, 290–295.

Durkheim E (1951). Suicide: A Study in Sociology. The Free
Press: New York.

Evans J, Heron J, Lewis G, Araya R, Wolke D (2005).
Negative self-schemas and the onset of depression in
women: longitudinal study. British Journal of Psychiatry 186,
302–307.

Fone D, Dunstan F, Williams G, Lloyd K, Palmer S (2007).
Places, people and mental health: a multilevel analysis of
economic inactivity. Social Science and Medicine 64, 633–545.

Galea S, Ahern J, Vlahov D, Coffin PO, Fuller C, Leon AC,
Tardiff K (2003). Income distribution and risk of fatal drug
overdose in New York City neighborhoods. Drug and
Alcohol Dependence 70, 139–148.

Goldstein H (2010). Multilevel Statistical Models. Wiley:
Chichester.

Goodyer IM (2002). Social adversity and mental functions in
adolescents at high risk of psychopathology. Position paper
and suggested framework for future research. British Journal
of Psychiatry 181, 383–386.

Gunnell DJ, Peters TJ, Kammerling RM, Brooks J (1995).
Relation between parasuicide, suicide, psychiatric
admissions, and socioeconomic deprivation.
British Medical Journal 311, 226–230.

Hart D, Atkins R, Matsuba MK (2008). The association of
neighborhood poverty with personality change in
childhood. Journal of Personality and Social Psychology 94,
1048–1061.

Kapur S (2003). Psychosis as a state of aberrant salience:
a framework linking biology, phenomenology, and
pharmacology in schizophrenia. American Journal of
Psychiatry 160, 13–23.

Kawachi I, Kennedy BP (1997). Health and social cohesion:
why care about income inequality? British Medical Journal
314, 1037–1040.

Kirkbride JB, Boydell J, Ploubidis GB, Morgan C, Dazzan P,
McKenzie K, Murray RM, Jones PB (2008). Testing the
association between the incidence of schizophrenia and
social capital in an urban area. Psychological Medicine 38,
1083–1094.

Kirkbride JB, Morgan C, Fearon P, Dazzan P, Murray RM,
Jones PB (2007). Neighbourhood-level effects on psychoses:
re-examining the role of context. Psychological Medicine 37,
1413–1425.

Labonte B, Turecki G (2012). Epigenetic effects of childhood
adversity in the brain and suicide risk. In The Neurobiological

276 S. Zammit et al.

https://doi.org/10.1017/S0033291713000743 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291713000743


Basis of Suicide (ed. Y. Dwivedi), chapter 13. CRC Press:
Boca Raton, FL (http://www.ncbi.nlm.nih.gov/books/
NBK107193/).

Laruelle M (2000). The role of endogenous sensitization in the
pathophysiology of schizophrenia: implications from recent
brain imaging studies. Brain Research Reviews 31, 371–384.

Leckie G, Charlton C (2011). runmlwin: Stata module for
fitting multilevel models in the MLwiN software package.
Centre for Multilevel Modelling, University of Bristol:
Bristol, UK.

Leventhal T, Brooks-Gunn J (2003). Moving to opportunity:
an experimental study of neighborhood effects on mental
health. American Journal of Public Health 93, 1576–1582.

Lewis G, David A, Andreasson S, Allebeck P (1992).
Schizophrenia and city life. Lancet 340, 137–140.

Li Z, Page A, Martin G, Taylor R (2011). Attributable risk of
psychiatric and socio-economic factors for suicide from
individual-level, population-based studies: a systematic
review. Social Science and Medicine 72, 608–616.

Linsley KR, Schapira K, Kelly TP (2001). Open verdict
v. suicide – importance to research. British Journal of
Psychiatry 178, 465–468.

Martikainen P, Maki N, Blomgren J (2004). The effects of
area and individual social characteristics on suicide risk:
a multilevel study of relative contribution and effect
modification. Social Psychiatry and Psychiatric Epidemiology
20, 323–350.

McKenzie K, Whitley R, Weich S (2002). Social capital and
mental health. British Journal of Psychiatry 181, 280–283.

Neeleman J, Wessely S (1999). Ethnic minority suicide: a
small area geographical study in south London.
Psychological Medicine 29, 429–436.

O’Reilly D, Rosato M, Connolly S, Cardwell C (2008).
Area factors and suicide: 5-year follow-up of the Northern
Ireland population. British Journal of Psychiatry 192, 106–111.

Pedersen CB, Mortensen PB (2001). Evidence of a
dose-response relationship between urbanicity during
upbringing and schizophrenia risk. Archives of General
Psychiatry 58, 1039–1046.

Rasbash J, Charlton C, Browne WJ, Healy M, Cameron B
(2009). MLwiN Version 2.1. Centre for Multilevel
Modelling, University of Bristol: Bristol, UK.

Rehkopf DH, Buka SL (2006). The association between
suicide and the socio-economic characteristics of

geographical areas: a systematic review. Psychological
Medicine 36, 145–157.

Selten JP, Cantor-Graae E (2005). Social defeat: risk
factor for schizophrenia? British Journal of Psychiatry 187,
101–102.

Skapinakis P, Lewis G, Araya R, Jones K, Williams G (2005).
Mental health inequalities in Wales, UK: multi-level
investigation of the effect of area deprivation. British Journal
of Psychiatry 186, 417–422.

Thomas H, Weaver N, Patterson J, Jones P, Bell T, Playle R,
Dunstan F, Palmer S, Lewis G, Araya R (2007).
Mental health and quality of residential environment.
British Journal of Psychiatry 191, 500–505.

Veling W, Susser E, van Os J, Mackenbach JP, Selten JP,
Hoek HW (2008). Ethnic density of neighborhoods and
incidence of psychotic disorders among immigrants.
American Journal of Psychiatry 165, 66–73.

Wainwright NW, Surtees PG (2004). Area and individual
circumstances and mood disorder prevalence. British
Journal of Psychiatry 185, 227–232.

Weich S, Holt G, Twigg L, Jones K, Lewis G (2003).
Geographic variation in the prevalence of common
mental disorders in Britain: a multilevel investigation.
American Journal of Epidemiology 157, 730–737.

Whitley E, Gunnell D, Dorling D, Smith GD (1999).
Ecological study of social fragmentation, poverty, and
suicide. British Medical Journal 319, 1034–1037.

Winsper C, Lereya T, Zanarini M, Wolke D (2012).
Involvement in bullying and suicide-related behavior at
11 years: a prospective birth cohort study. Journal of the
American Academy of Child and Adolescent Psychiatry 51,
271–282.e3.

Xue Y, Leventhal T, Brooks-Gunn J, Earls FJ (2005).
Neighborhood residence and mental health problems of
5- to 11-year-olds. Archives of General Psychiatry 62, 554–563.

Yoshimasu K, Kiyohara C, Miyashita K (2008). Suicidal risk
factors and completed suicide: meta-analyses based on
psychological autopsy studies. Environmental Health and
Preventive Medicine 13, 243–256.

Zammit S, Lewis G, Rasbash J, Dalman C, Gustafsson JE,
Allebeck P (2010). Individuals, schools, and neighborhood:
a multilevel longitudinal study of variation in incidence
of psychotic disorders. Archives of General Psychiatry 67,
914–922.

Individual- and area-level influence on suicide risk 277

https://doi.org/10.1017/S0033291713000743 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291713000743

