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Abstract
Background: Neighbourhood socioeconomic disadvantage and social capital have been
associated with adolescent well-being, but the majority of studies were cross-sectional, and the
time window over which the neighbourhood may impact on development is unknown. Therefore,
the contribution of the neighbourhood environment to adolescents' quality of life and the course
of these effects during the period of transition from childhood to early adolescence was examined.

Methods: A cohort of adolescents living in Maastricht (The Netherlands), with a mean age of 11.2
years at baseline and of 13.5 years at follow-up was followed. Adolescents who responded both at
baseline and at follow-up were included in the analysis (n = 475). Multilevel regression analyses
estimated neighbourhood effects while controlling for individual-level effects. Neighbourhood-level
socioeconomic and social capital variables, individual-level confounders, and baseline values of the
outcome measures were included in the models.

Results: None of the neighbourhood factors was associated with changes in general health or
mental health over the two-year period. However, two-year exposure to greater disparity
between individual level socioeconomic status on the one hand and neighbourhood level of
socioeconomic status on the other (e.g. high socioeconomic status adolescents living in deprived
neighbourhoods and vice versa) negatively impacted on self-esteem and satisfaction.

Conclusion: The neighbourhood environment per se does not contribute to change in quality of
life during the transition to early adolescence. However, adolescents living in families whose
socioeconomic status deviates from the mean level of neighbourhood socioeconomic deprivation
may be negatively affected.
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Background
Previous cross-sectional research has demonstrated asso-
ciations between neighbourhood factors and adolescent
well-being, mental health and smoking initiation [1-3].
However, in order to make causal inferences longitudinal
studies are required. In addition, the time window over
which neighbourhood impacts on development is
unknown. Effects demonstrated in adolescence may be
evidence of an exposure that originated in childhood.
Alternatively, neighbourhood effects may impact cumula-
tively over the developmental course with effects increas-
ing linearly with exposure time. Previously, a longitudinal
study [4] reported increasing youth-reported behavioural
problems (YSR) between the ages of 11 and 13 years in
socioeconomically deprived neighbourhoods. Another
cohort study also reported more behavioural problems in
5-to 11-year olds in disadvantaged or low collective effi-
cacy neighbourhoods in a 2-year time period [5]. Further-
more, a retrospective case-control study showed that
neighbourhood socioeconomic disadvantage (NSD) was
associated with increased rates of children's mental health
service use when neighbourhood social cohesion was low
[6].

Several mechanisms have been proposed in explaining
why the neighbourhood may be associated with various
mental health outcomes. Social factors, physical aspects
and poor provision of services in disadvantaged areas may
cause and/or aggravate health problems, and/or there is
selective migration or retention of persons with mental
health problems in disadvantaged areas [7-9]. A specific
effect of social control may be expected because if neigh-
bours correct deviant behaviour in an early stage of child-
hood development, this collective intervention may
directly prevent the children from developing behavioural
problems as well as indirectly provide them with self-con-
fidence and a sense of protection [3]. However, the only
study reporting on this issue was cross-sectional [3].

The two neighbourhood constructs measuring the wider
social environment are NSD and social capital; social
cohesion is a dimension of social capital. NSD is a pri-
mary concept of the quality of neighbourhood social and
structural environment. It is synonymous with neighbour-
hood poverty, and low neighbourhood socioeconomic
status. It represents a different concept than individual-
level socioeconomic status and can impact on all residents
of a neighbourhood, both affluent and poor. Usually NSD
is a summary score of a series of neighbourhood-level
objective socioeconomic measures. On the other hand,
the concept of neighbourhood social capital can be best
measured by asking community members; they are the
best informants of their neighbourhood. Social capital
can be seen as the "glue that holds society together" [10].
It has been defined as "those features of social organisa-

tions that act as resources for individuals and facilitate col-
lective action, e.g. high levels of interpersonal trust and
norms of mutual aid and reciprocity" [9,11,12]. Social
capital is a characteristic that may apply to a group of per-
sons living in the same state, country, or neighbourhood.
In addition to these, many other groups can be defined to
which the study of social capital may be relevant. How-
ever, the impact of social capital may differ depending on
the level of aggregation. For example, acquaintances on
the other side of the city or the country can be helpful
finding a job, but this is rather similar with the effect of
individual-level personal social networks. On the other
hand, norms, values, and behaviour of neighbours can
impact on every day life. Therefore, we specifically studied
neighbourhood-level social capital. When restricting the
definition of social capital to the neighbourhood-level,
this is synonymous with the availability of social
resources, social support and social control that neigh-
bourhood residents can rely on [13]. Sampson and col-
leagues developed two collective efficacy scales that can be
seen as constructs of social capital: (1) informal social
control and (2) social cohesion and trust [14,15]. The first
scale measures the willingness of neighbours to intervene
in hypothetical neighbourhood-threatening situations,
for example in the case of children misbehaving. The sec-
ond scale measures bonds and trust among the residents
of the neighbourhood. These two scales were used as
measures of social capital in the present study.

Associations between NSD and various health outcomes
have been widely studied in children and adolescents [1].
However, although neighbourhood social capital has
been identified as an important contextual factor in
adults' health, [9,10] the number of studies on neighbour-
hood-level social capital and adolescents' mental health is
limited [3,16], and longitudinal studies on this issue are
scarce [17].

Baseline results of the cohort used in the current study
showed that NSD and social capital were associated with
children's general health and satisfaction [3]. Children's
mental health was specifically associated with one aspect
of social capital: the degree of informal social control [3].
Because independence and autonomy increase during
adolescence with more time spent away from the parents,
increasing neighbourhood influences and decreasing fam-
ily influences may be expected [18,19]. Early adolescence
(11–15 years) involves many life events and developmen-
tal tasks, such as changing school and joining (and leav-
ing) multiple peer groups, which may result in larger
variability in changes in quality of life over time. We,
therefore, hypothesised that associations between neigh-
bourhood environment and health related quality of life
would not be static, and that changes in quality of life
Page 2 of 11
(page number not for citation purposes)



BMC Public Health 2006, 6:133 http://www.biomedcentral.com/1471-2458/6/133
from age 11 years into early adolescence would be simi-
larly linked to the neighbourhood environment.

Previous research implied the need to account for several
interaction effects. Firstly, effects of NSD could be differ-
ent for families of high and low socioeconomic status
[3,20]. Secondly, there may be an interaction between
NSD and social cohesion and trust. Previous research
showed that higher levels of social cohesion and trust mit-
igated the detrimental effects of NSD [6]. Another study
indicated that social capital was associated with lower lev-
els of behavioural problems, but only in affluent neigh-
bourhoods [5].

Thus, the present paper studies associations between
neighbourhood environment and changes in health
related quality of life between late childhood and early
adolescence, also considering interaction of neighbour-
hood variables with family socioeconomic status and
interaction between NSD and social cohesion and trust.

Methods
Research design
Maastricht is a small city located in the extreme south of
the Netherlands (122 000 inhabitants) with a predomi-
nantly white population. The present study aimed to fol-
low a cohort of 1007 adolescents living in the 36
Maastricht residential neighbourhoods and attending the
same grade [3]. At baseline and follow-up, adolescents
and their parents were asked to fill in a quality of life ques-
tionnaire that also included individual and family con-
founding variables. All adolescents meeting inclusion
criteria, rather than baseline responders only, were asked
to fill-in the follow-up questionnaire. The present paper
reports on the follow-up measurement two to three years
after baseline (2002/2003).

The study was been approved by the Medical Ethics Com-
mittee of the Maastricht University Hospital (AZM). Both
at baseline and at follow up, parents were asked to sign an
informed consent form conform legal requirements in
The Netherlands.

Neighbourhood variables
The measure of NSD was based on various neighbour-
hood socioeconomic characteristics obtained from the
Maastricht Statistics Department and Statistics Nether-
lands (CBS) [3]. To summarise these data an exploratory
factor analysis (principal factors without rotation) was
carried out. Two identified factors explained 70.0% of the
total variance [3]. Percentage single parent families, eth-
nicity, non-voters, unemployment, unemployment more
than 1 year, social security, social security more than 3
years, mean income, mean income for persons employed
52 weeks a year, percentages high and low incomes, and

percentage economically inactive loaded on the first factor
NSD. Single persons and various mobility variables
loaded on 'residential instability'. Regression factor scores
were calculated for NSD, yielding a continuous variable
with mean 0 and unity standard deviation. Higher scores
indicated more socioeconomic disadvantage. This varia-
ble had a normal distribution.

In order to assess social capital, approximately 200 adult
inhabitants from each of the 36 Maastricht neighbour-
hoods, aged 20 to 65 years, were randomly selected, using
the municipal database. Forty-eight percent of the 7236
selected adults responded (hereafter: community survey).
These inhabitants received a questionnaire on social capi-
tal, which they were asked to send back. Social capital was
measured using the two collective efficacy scales: informal
social control (ISC) and social cohesion and trust (SC&T),
developed by Sampson and colleagues [15]. The two sum
scores were obtained from individual answers in the com-
munity survey and aggregated to the neighbourhood level
[3]. The ISC scale measures the willingness to intervene in
hypothetical neighbourhood-threatening situations, for
example in the case of children misbehaving. The SC&T
scale measures bonds and trust among neighbourhood
residents. These data were collected separately and the
neighbourhood-level variables can be matched with all
Maastricht data collections, such as the family cohort
studied in the present paper.

The validity of ISC and SC&T was demonstrated in a selec-
tion of Chicago neighbourhoods representing the whole
city [14,15]. Collective efficacy was also associated with
mortality in Hungary [21] and with child mental health in
Chicago [22]. The construct and concurrent validity was
also examined at the Maastricht study site: both informal
social control and social cohesion and trust were highly
associated with NSD [3] (construct validity) and with
measures of social contacts and cosiness as described in
[23] at the neighbourhood level (concurrent validity,
unpublished results: Spearman's rho between 0.60 and
0.91, p < 0.001, n = 36). The concurrent validity of social
cohesion and trust was also tested at the individual level
(unpublished results: Spearman's rho 0.56 and 0.53,
respectively, p < 0.001, n = 3047).

The three neighbourhood variables were standardized to
mean zero and unity standard deviation. Higher scores
indicated more NSD and lower levels of social capital [3].

Adolescents' health-related quality of life
Both baseline and follow-up questionnaires of adoles-
cents consisted mainly of the Child Health Questionnaire
(CHQ) child form (87 items) [24]. The CHQ-subscales
general health, mental health, and self-esteem were
selected for the analyses [3]. Furthermore, items on satis-
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faction (including amongst others: satisfaction with rela-
tionships, with friends and teacher, school performance,
leisure activities) were added to the questionnaire and a
satisfaction scale was constructed combining self-esteem
and satisfaction items [3]. Because this scale was con-
structed in the same way as the original CHQ scales [24],
general health, mental health, self-esteem, and satisfac-
tion scales could all range from 1 to 100 and were all pos-
itively scored, higher scores indicating better outcomes.

Individual and family variables
Family socioeconomic status was assessed using occupa-
tional status and educational status. Occupational status
was measured using the current or last profession of the
parents, and scored according to the International Socio-
Economic Index of occupational status ISEI-92 [25]. Par-
ent questionnaires also assessed the highest level of
completed education. Family occupational and educa-
tional status were based on the parent with the highest
score. In order to ensure control for family level processes,
a variable measuring the quality of child-parent interac-
tion at baseline was included in the models as the family-
level equivalent of neighbourhood social capital. This var-
iable, parental perceived difficulty (in child raising), was
measured using the NOSIK (Nijmegen Parental Stress
Index Short Version), a Dutch 25 item questionnaire
(items such as "I have much more problems raising my
child than expected", and "I notice that I am less able to
take care of my child than expected") [26]. Sum scores of
the 11 items of the parent domain were used in the
present analyses.

Statistical analysis
All analyses were performed using STATA (version 7/SE)
[27]. Hierarchically structured data were subjected to mul-
tilevel regression analysis [28] in order to investigate
neighbourhood effects while controlling for individual
effects. Multilevel or hierarchical linear regression tech-
niques are a variant of the more often used unilevel linear
regression analyses and are ideally suited for analysis of
clustered data, in this case consisting of multiple persons
clustered within a single neighbourhood. The βs are the
regression outcomes of the predictors in the multilevel
model and can be interpreted identically to the estimates
in the unilevel analyses.

Regression models analysing quality of life (general
health, mental health, self-esteem, or satisfaction)
included baseline quality of life, parental occupational
status, parental educational status, parental welfare recip-
ient status, single parent family status, child's gender,
grade retention (age), and parental perceived difficulty
(NOSIK). Occupational status, parental perceived diffi-
culty, and parental educational status were entered as
dummy variables in the equation, high occupational sta-

tus, high educational status, and low perceived difficulty
being the reference categories. The above-mentioned indi-
vidual and family variables were all individual-level vari-
ables in the analysis because only one child per family was
included in the cohort. Neighbourhood-level variables
were NSD, ISC, and SC&T (included separately).

Two a priori interaction terms were added to the models:
NSD * individual socioeconomic status and NSD * SC&T.
When results suggested interaction, two methods were
used to further clarify the dynamics of the interaction. (1)
If one of the interacting variables was educational status,
analyses were performed stratified by combined catego-
ries (university or higher vocational, higher secondary or
intermediate vocational, lower secondary or elementary).
(2) If SC&T was the interacting variable, the model includ-
ing the interaction term was used to calculate effects of
NSD for very low social cohesion and trust neighbour-
hoods (i.e. SC&T variable-2SD), low social cohesion and
trust (i.e. SC&T variable-1SD), average social cohesion
and trust (SC&T variable), high social cohesion and trust
(SC&T variable+1SD), and very high social cohesion and
trust (SC&T variable+2SD), respectively.

Results
Descriptives and correlations
Of the 1007 adolescents in the cohort, 598 responded at
baseline (59%) and 703 (70%) at follow-up. Of all base-
line respondents, 79% responded at follow-up and these
adolescents were included in the present analysis (n =
475). In 94%, address or neighbourhood was the same as
at baseline. Adolescents' mean age was 11.2 years at base-
line and 13.5 years at follow-up, and 52% was female.
Generally, follow-up scores on the quality of life variables
were lower than baseline scores (table 1), but baseline and
follow-up scores were highly correlated (table 2).

Associations between neighbourhood factors and changes 
in general and mental health
Neither crude analyses nor analyses controlling for con-
founders (see statistical analyses) showed large or statisti-
cally significant associations between neighbourhood
factors and changes in general or mental health (data not
presented).

Associations between neighbourhood variables and 
changes in self-esteem and satisfaction
Self-esteem models suggested interaction effects between
(1) NSD and SC&T (p = 0.13) and (2) NSD and parental
educational status (p = 0.11), although statistically impre-
cise by conventional alpha. Therefore, table 3 shows
regression coefficients (βs) of NSD stratified by parental
educational status. Regression coefficients were calculated
for 5 different levels of SC&T in all 3 strata of parental edu-
cational status. NSD was associated with a statistically sig-
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nificant positive change in self-esteem in adolescents with
lower educated parents. This association was stronger
when adolescents lived in lower cohesion and trust neigh-
bourhoods (table 3). Conversely, NSD was associated
with a decrease in self-esteem in adolescents with higher
educated parents. However, these latter associations were
not statistically significant.

Additionally, models analysing satisfaction suggested an
interaction between NSD and parental educational status
(p = 0.12). Therefore, regression coefficients stratified by
parental educational status are presented in table 4. Again,
NSD was associated with lower levels satisfaction in ado-
lescents with higher educated parents, after controlling for
baseline values and other confounders (table 4). Thus,
adolescents of higher educated parents reported lower lev-

els of satisfaction when living in socioeconomically disad-
vantaged neighbourhoods as compared to those living in
affluent neighbourhoods.

Individual-level variables and outcomes
Baseline values of general health, mental health, self-
esteem, and satisfaction were all highly associated with
their respective follow-up variables. All quality of life out-
comes were lower in girls and in families with more per-
ceived difficulty. Adolescents from single parent families
reported lower levels of general health, self-esteem, and
satisfaction, after controlling for baseline values. Lower
parental educational status was negatively associated with
changes in general health, albeit non-linearly – and it was
positively associated with changes in satisfaction (data
not presented).

Table 2: Pearson correlations between quality-of-life variables at baseline and at follow-up.

quality-of-life at follow-up

general health mental health self-esteem Satisfaction

quality-of-life at follow-up
general health 1 0.49a 0.50a 0.44a

mental health 1 0.66a 0.60a

self-esteem 1 0.88a

quality-of-life at baseline
general health 0.46a

mental health 0.38a

self-esteem 0.44a

satisfaction 0.40a

a p < 0.001

Table 1: Descriptives: quality-of-life of the study sample at baseline and at follow-up.

quality-of-life

general health mental health self-esteem satisfaction

Baseline
N 472 472 473 474
mean 79.9 82.9 81.0 80.0
standard deviation 15.1 11.4 11.9 11.0
range 23.8 – 100 23.4 – 100 28.8 – 100 32.3 – 100

Follow-up
N 475 475 474 475
mean 77.4 78.4 75.2 69.1
standard deviation 14.7 12.5 11.9 11.9
range 23.3 – 100 28.3 – 100 32.7 – 100 31.3 – 99.0

Change
N 472 472 472 474
mean -2.5 -4.5 -5.9 -10.8
standard deviation 15.5 13.4 12.6 12.6
range -44.2 – 49.6 -54.7 – 51.6 -50.0 – 42.3 -43.8 – 29.2
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Discussion
Results showed that neighbourhood factors did not pre-
dict changes in general health or mental health in the
period of transition from late childhood to early adoles-
cence. However, NSD was associated with a positive
change in self-esteem and satisfaction in adolescents from

lower educated parents, while it predicted a negative
change in adolescents from higher educated parents.

The baseline measurement of the present study did show
associations between neighbourhood factors and general
and mental health [3], and a Chicago cohort study in chil-
dren aged 5–11 year, using a 2-year follow-up period, also

Table 4: Multilevel regression analysis: the association between neighbourhood socioeconomic deprivation (NSD) and changes in 
satisfaction βs and 95% confidence intervals (CI)ab

Parental educational status: University or 
higher vocational (n = 173)

β CI

NSD -2.20c -4.41; -0.04

Parental educational status: Higher secondary or intermediate vocational (n = 128)
NSDd 1.61 -0.73; 3.96

Parental educational status: Lower secondary or elementary (n = 118)
NSD 0.98 -1.09; 3.05

aStratified by parental educational status.
bβs of NSD controlled for all confounders (baseline values, welfare recipient status, parental occupational status (5 categories), parental educational 
status (6 categories), parental perceived difficulty in child raising (5 categories), single parent family, gender, grade retention).
cp < 0.05.
dGrade retention dropped due to collinearity.

Table 3: Multilevel regression analysis: association between neighbourhood socioeconomic deprivation (NSD) and changes in self-
esteem βs and 95% confidence intervals (CI)a

Parental educational status: University or higher vocational (n = 173)

βb CI
very little cohesion and trust NSD -4.91 -13.9; 4.04
little cohesion and trust NSD -3.93 -11.7; 3.89
average cohesion and trust NSD -2.95 -10.1; 4.19
good cohesion and trust NSD -1.97 -9.00; 5.07
very good cohesion and trust NSD -0.99 -8.53; 6.56

Parental educational status: Higher secondary or intermediate vocational (n = 128)

βb CI
very little cohesion and trust NSDc 5.60 -2.16; 13.4
little cohesion and trust NSDc 4.57 -2.40; 11.5
average cohesion and trust NSDc 3.53 -3.38; 10.5
good cohesion and trust NSDc 2.50 -5.14; 10.1
very good cohesion and trust NSDc 1.46 -7.47; 10.4

Parental educational status: Lower secondary or elementary (n = 118)

βb CI
very little cohesion and trust NSD 9.85d 2.57; 17.1
little cohesion and trust NSD 7.97e 1.79; 14.2
average cohesion and trust NSD 6.09e 0.17; 12.0
good cohesion and trust NSD 4.21 -2.38; 10.8
very good cohesion and trust NSD 2.33 -5.64; 10.3

aStratified by parental educational status and models analysed using 5 different levels of SC&T.
bβs of NSD controlled for all confounders (baseline values, welfare recipient status, parental occupational status (5 categories), parental educational 
status (6 categories), parental perceived difficulty in child raising (5 categories), single parent family, gender, grade retention).
cGrade retention dropped due to collinearity.
dp < 0.01.
e p < 0.05
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showed associations with mental health [22]. Therefore,
any effect of the neighbourhood may be restricted to chil-
dren aged 11 years or younger. Informal social control
may prevent mental health problems in primary school
children only, because older children spent more time
outside the neighbourhood, for example in the neigh-
bourhood of their school. This is also in agreement with a
study in older adolescents and young adults (15–25 years)
that did not find evidence for an association in Mexico
[29]. An U.S. experimental study including children
between 8 and 18 years old (Moving to Opportunity:
MTO) showed that children that were randomly assigned
to receive vouchers to move to a non-poor neighbour-
hood had higher levels of mental health; again greatest
effects were found in the younger children, possibly
because older children can travel back to their old neigh-
bourhood [17].

However, in the present study, levels of self-esteem and
satisfaction increased when family socioeconomic status
and NSD concurred. This indicates that the neighbour-
hood also impacts on 13/14 year-olds. In a previous
study, minority children living in a dissonant environ-
ment were reported to have lower levels of self-esteem
than minority children from segregated but protected
environments [30]. The current results suggest this type of
contextual interaction may apply not only to ethnic group
status, but also to socioeconomic status itself.

The increased self-esteem of adolescents from lower edu-
cated families in poor neighbourhoods may indicate the
mediating effects of peer influence on self-reported qual-
ity of life. Much of the emphasis in social capital-related
research concerning the transition from childhood to ado-
lescence has been on the family and school social control
processes as well as neighbourhood factors. However, it
has also been recognized that peer influences in life course
transitions cannot be ignored and the suggestion has been
made that peer attachments may have a neutralizing influ-
ence on the informal social bonds formed in family and
school [31]. Youth in poor neighbourhoods with rela-
tively weaker school and family social bonds may be
likely to associate with specific peer groups of adolescents
with similar family backgrounds as has been suggested in
the literature on selection and assortative pairing in ado-
lescent behaviour [32,33]. To our knowledge, the present
article is among the first that reports these specific statisti-
cal associations between neighbourhood deficit factors
and positive psychological well-being factors in youth.
These findings will have to be replicated in future studies.
The hypothesis that needs to be investigated is that under
the specific conditions of persistent poverty and lower lev-
els of parental education, disadvantaged youth may be
more likely to pair with others in youth peer groups that
have compensatory functions for deficits in the neigh-

bourhood, schools and at home. Under these concen-
trated disadvantaged conditions where low self-esteem
might well be expected, the youth peer group intervenes
to provide a countervailing force producing a strong iden-
tity and with it an unexpected heightened sense of self-
esteem. This process has been extensively documented in
studies of youth gangs that are especially prevalent in
urban areas characterized by concentrated disadvantage,
migration and residential instability [34-36]. Although
similar gangs do not exist in a small European city, like
Maastricht, current results suggest that psychological out-
come and socioeconomic conditions are similar in Maas-
tricht.

Furthermore, both the positive association in adolescents
of lower educated parents and the negative association in
adolescents of higher educated parents between NSD and
self-esteem appeared stronger in neighbourhoods low in
social cohesion and trust. Thus, strong cohesion and trust
mitigated effects of non-concurring family socioeconomic
status and NSD. This is in line with a previous study,
showing a stronger association between NSD and chil-
dren's mental health service use in neighbourhoods low
in social cohesion and trust [6]. This previous study con-
cluded that neighbour interplay reduced the association
between neighbourhood poverty and mental health,
therewith stressing the beneficial effects of social capital.
This NSD * social cohesion and trust interaction found in
the present paper also indicates that the associations
between cohesion and self-esteem are strongest in affluent
neighbourhoods, in particular in children of lower edu-
cated parents. Thus, although children of lower educated
parents tend to do worse in these areas, social cohesion
and trust seems to reduce deterioration of self-esteem. On
the other hand, this association was weaker in poor neigh-
bourhoods and not statistically significant. This is in
agreement with a previous study reporting that "sense of
community" is positively associated with behavioural
problems in affluent, but not in poor neighbourhoods
[5]. However, the conclusion that social capital is only
beneficial in affluent neighbourhoods is not warranted
because social cohesion and trust also mitigated the
effects of neighbourhood poverty both in the present and
in a previous study [6].

Methodological issues
Social capital is an umbrella term including many differ-
ent constructs [37]. Only two of these constructs were
included in the present study (informal social control;
social cohesion and trust). These two scales were selected
because these were the best validated measures at the time
and the scales were used in a large cohort study in Chi-
cago, with a very similar design, so that we could compare
effects [38]. It is possible that analysing other constructs
would yield different results. These previous analyses also
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showed that in Maastricht, ethnicity is not associated with
quality of life outcomes [38]. Therefore, ethnicity was not
included as a confounder in the present analyses. Because
the Maastricht population is predominantly white, it may
not be possible to extrapolate findings to larger and ethni-
cally more diverse cities. However, for European small cit-
ies and towns like Maastricht, that typically have a low
proportion of non-Western immigrants [39], the results
may provide a public health perspective. In addition, a
study in a relatively homogeneous population avoids dif-
ficulties of studying ethnically heterogeneous popula-
tions, such as language problems and cultural differences.
More research in ethnic minority groups and ethically
diverse populations can give more insight in the external
validity of the present findings. Results regarding self-
esteem and satisfaction may be stronger in ethnically
more diverse populations because minority children liv-
ing in a dissonant environment were reported to have
lower levels of self-esteem than minority children from
segregated but protected environments [30] (see above).

The strength of the present study is its longitudinal design
that enables the prospective investigation of changes in
quality of life in the transition to early adolescence. Fur-
thermore, a principle objective of our methodology was to
examine effects of neighbourhood variables that were
obtained independently of the responding adolescents.
Because perceptions of social capital are always biased by
individual mental health status, it is difficult to disentan-
gle cause and effect. The purpose of studying more distal
mechanisms constituting objective social capital was real-
ized by measuring social capital scale items in a group of
informants that was different than the cohort investigated
[40]. However, although both ISC and SC&T were meas-
ured independently of the study sample, answers of all
informants are coloured by their individual characteristics
[41]. On the other hand, individual socioeconomic and
demographic composition provide the basis for social
interactions in a neighbourhood and, therefore, control-
ling for individual characteristics leads to over adjustment
[41].

The present paper has some limitations. First, in a longi-
tudinal study there is always loss to follow-up. Although
79% of the baseline responders also responded at follow-
up, which is relatively high, parental educational status
differed between those who dropped out after baseline
and those who responded to the follow-up questionnaire
(t-test, p = 0.01). However, it is unlikely that this impacted
on the results, as results (table 3 and 4) were stratified by
parental educational status because of interaction
between individual and neighbourhood socioeconomic
status. This selective non-response could have led to a
decreased power in the stratum of adolescents with low

parental education, but table 3 shows greatest effects in
this group.

Second, the response rate in the social capital community
survey in adults was only 48% [3]. However, the commu-
nity sample respondents and the general population
between 20 and 65 years of age do have similar distribu-
tions in age, gender and ethnicity. Furthermore, all
respondents were considered to be "key" informants
about their own neighbourhood, with the implicit
assumption that responders gave the same information
about the neighbourhood as the non-responders would
have given. The validity of the sample might have been
judged differently if the principle objective was to obtain
information on the person, not his or her neighbourhood.
Thus, this information is more or less independent of the
response rate. In order to verify this assumption, we exam-
ined post hoc associations between ISC and SC&T collected
in the family cohort (parents), and those collected in the
community survey (reproducibility). Neighbourhood
scores on ISC and SC&T based on these questionnaires
were highly correlated.

Inclusion of educational status and occupational status
guarantees satisfactory control for individual level socioe-
conomic status in the Netherlands [42]. However, the
possibility remains that residual confounding may have
lead to spurious results at the neighbourhood level,
because of omitted variable biases [1]. Families moving
into poor or not moving out of poor neighbourhoods
may differ from their peers although equally poor or afflu-
ent (e.g. in motivation, literacy etc). Smoking and obesity
are factors that are associated with neighbourhood of res-
idence and can hypothetically influence health outcomes
[43-45]. Because at baseline none of the adolescents
smoked, post hoc we repeated the analyses including
obesity only as an extra confounder. Results were very
similar, but effects in self-esteem in the middle stratum of
parental education were somewhat stronger and statisti-
cally significant. In addition, although physical activity
may be associated with health and quality of life out-
comes, this measure was not included in the present
study. Physical activity may be more easily obtainable or
attractive in advantaged neighbourhoods, because of the
neighbourhood environment or the presence of better
equipped facilities. Given the fact that adolescents' quality
of life in advantaged neighbourhoods as a result of more
and better sports facilities, controlling for physical activity
would result in smaller effects. Therefore, it is highly
unlikely that physical activity is the reason that we did not
find an effect of neighbourhood variables on quality of
life. On the other hand, the problem of unhealthy reduc-
tions in physical activity tends to increase only in late ado-
lescence [46], while our study ended in young
adolescence. In addition, it is not likely that it impacts our
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main finding: the interaction between individual socioe-
conomic status and neighbourhood socioeconomic dis-
advantage.

Furthermore, none of the models showed statistically sig-
nificant variance at the neighbourhood level (σµ2), and
intra class correlations (ρ) were low. Theoretically, vari-
ance at each level warrants including that level in the anal-
yses [28]. However, neighbourhood researchers tend to
analyse neighbourhood effects, even when intra class cor-
relations and neighbourhood variation are low, and it is
generally held that this is warranted [47]. In addition, in
line with low neighbourhood-level variance, results
showed no main effects of any of the neighbourhood var-
iables. This does not rule out hypothesized interaction
effects: neighbourhood-level variables were associated
with outcomes in subgroups of adolescents.

The main outcomes of our study were quality of life and
mental health and, therefore, the CHQ was included in
the research instruments. CHQ-subscales are all continu-
ous variables. Some prefer the use of dichotomous health
outcomes. However, dichotomization results in loss of
information and was not necessary here. This could
reduce the comparability of the results to studies that did
use dichotomous outcomes, but in neighbourhood
research both dichotomous and continuous outcomes
have been studied. Although the CHQ is a comprehensive
instrument, the number of items per psychological
domain is relatively low compared to psychological ques-
tionnaires like the CBCL. Therefore, the questionnaire is
suited for research in the general population. However, in
order to enable studies to address multiple research ques-
tions after a single data collection, one may prefer to fur-
ther reduce the number of items. For general health, there
is a widely-used and validated one-item alternative: "How
do you perceive your health?" (answers on a 5-item Likert
type scale: 1 excellent, 2 very good, 3 good, 4 fair, or 5
poor) [38]. This question (in Dutch) as well as one ques-
tion on psychological problems (yes/no) are included in
a new Maastricht data collection. Both concurrent (e.g.
with the strengths and difficulties questionnaire, SDQ)
and predictive validity will be studied in the future, using,
amongst others, matching procedures with the psychiatric
case register that records psychiatric service consumption.
More research is needed to find and validate one-item
alternatives for the self-esteem and satisfaction questions.

Associations between NSD, informal social control, and
social cohesion and trust were so strong that collinearity
problems would likely have arisen had these three varia-
bles been entered jointly in one regression model. There-
fore, all neighbourhood variables were entered in the
models separately, except when analysing interaction
effects between two neighbourhood variables.

Finally, a previous study in another Dutch city on changes
in behavioural problems between the age of 11 and 13
years, showed a statistically significant association
between NSD and only one of the six behaviour outcomes
[4]. Because all changes in behaviour were in the expected
direction, the authors proposed that a longer follow-up
period could reveal statistically significant changes. Future
data collections with longer follow up periods may reveal
more associations between neighbourhood factors and
changes in general and mental health, and associations
with self-esteem and satisfaction (in subgroups) could be
replicated.

Conclusion
None of the neighbourhood variables were associated
with (changes in) general health or mental health. How-
ever, the present study showed that NSD and social capital
were associated with self-esteem and satisfaction in spe-
cific subgroups of adolescents. Neighbourhood dynamics
seemed to have put adolescents with non-concurring fam-
ily socioeconomic status at disadvantage. However, while
results might suggest that further segregation of the neigh-
bourhoods improves self-esteem and satisfaction in these
adolescents, this must be weighed against a far more
severe level of disadvantages, such as social isolation with
the full range of negative outcomes that co-occur.
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