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Abstract (236 words)

Background Neighbourhood income inequality may contribute to differences in body weight. We
explored whether neighbourhood social capital mediated the association of neighbourhood income

inequality with individual body mass index (BMI).

Methods A total of 4,126 adult participants from 48 neighbourhoods in France, Hungary,
Netherlands and the UK provided information on their levels of income, perceptions of
neighbourhood social capital and BMI. Factor analysis of the 13-item social capital scale revealed two
social capital constructs: social networks and social cohesion. Neighbourhood income inequality was
defined as the ratio of the amount of income earned by the top 20% and the bottom 20% in a given
neighbourhood. Two single mediation analyses —using multilevel linear regression analyses— with
neighbourhood social networks and neighbourhood social cohesion as possible mediators- were
conducted using MacKinnon’s product-of-coefficients method, adjusted for age, gender, education

and absolute household income.

Results Higher neighbourhood income inequality was associated with elevated levels of BMI and
lower levels of neighbourhood social networks and neighbourhood social cohesion. High levels of
neighbourhood social networks were associated with lower BMI. Results stratified by country
demonstrated that social networks fully explained the association between income inequality and
BMI in France and the Netherlands. Social cohesion was only a significant mediating variable for

Dutch participants.

Conclusion The results suggest that in some European urban regions, neighbourhood social capital

plays a large role in the association between neighbourhood income inequality and individual BMI.

Keywords: body mass index; Europe; income inequality; social capital; neighbourhood
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Introduction (588 words)

Obesity is a major global public health problem.(1-3) Overweight and obesity are unequally
distributed across and within societies.(4—6) Low socio-economic status (SES), as indicated by low
income, educational level and/or occupational status, is recognized as a risk factor for increased body
weight.(5) It has been suggested that income inequality rather than low SES per se contributes to this

phenomenon, but it remains unclear why this could be the case.(7, 8)

Income inequality is generally defined as the income gap between those with the highest
income and those with the lowest income within a given geographical unit (e.g. country or
neighbourhood). A number of studies have shown higher average body weight as well as prevalence

of overweight/obesity in countries with high income inequality.(7-9)

In studies from Europe, more consistent evidence is available for associations of income
inequality with body weight than with other health outcomes.(9—11) It has been suggested that
country-(9) or state-level(12) income inequality influences population health via political
mechanisms, for example through associations with patterns of state spending on education and
welfare.(13) Among more egalitarian countries, such as those in Europe, income inequality at
neighbourhood level may be more important than inequalities at national level.(14) Lower levels of
health in more unequal neighbourhoods may be related to lower levels of community social
capital.(7) Neighbourhoods have emerged as a potentially relevant unit because they provide social
and physical resources that are likely to contribute to better health, and because place of residence is

often patterned by socioeconomic status.(15)

Neighbourhood social capital can be conceptualised as a collective characteristic through
which individuals living in a particular area share behaviour patterns and social norms.(16) Although
the study findings are mixed,(17) there is increasing evidence that higher levels of social capital are
associated with lower levels of overweight and obesity.(18) Income inequality could affect health via

perceptions of place in the social hierarchy.(19) In accordance with neighbourhood disadvantage
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theories, (20, 21) a perceived low position in the social hierarchy leads to social disconnection (lack of
social capital) and social distress(22) which has been associated with risk factors for overweight and

obesity such as over-eating(23) and preferences for energy-dense foods(24).

If neighbourhood social capital mediates the association between neighbourhood income
inequality and BMI, higher levels of neighbourhood social capital may help to reduce the negative
effects of income inequality on BMI. Mediation analysis is one approach that can be used to study
such underlying mechanisms. One study has examined if collective efficacy (a measure of social
capital) mediated the association between neighbourhood income inequality and obesity in the US,

but no such evidence was found.(25)

A review on associations between country-level income inequality and health outcomes
outlined methodological requirements for future research.(8) First, analyses should be adjusted for
individual income, to ensure that observed associations are due to true income differences and not
to the diminishing marginal gains of income at the individual level.(26) That is, each additional unit of
income is associated with improvements in a person’s health, but by ever smaller amounts. Second,
analyses should be adjusted for educational attainment to take into account residual confounding.
Third, studies should focus on the examination of pathways linking income inequality to health;

fourth, appropriate geographical scales should be used for analyses.(8)

In a previous study (27), we showed that neighbourhood social capital was associated with
weight status.(18) In the present study we studied the association between neighbourhood income
inequality and BMI of adults from neighbourhoods in urban regions in Europe, and assessed the

mediating role of neighbourhood social capital.
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Methods (857 words)

Study design and population

This study was part of the SPOTLIGHT project, conducted in five urban regions in Belgium, France,
Hungary, the Netherlands and the United Kingdom. Neighbourhoods were defined according to small
scale local administrative boundaries as used in each country except for Hungary, where we used 1
square km areas to represent neighbourhoods. Sampling of neighbourhoods, detailed characteristics
of the neighbourhoods and recruitment of participants has been described in detail elsewhere.(27)
Neighbourhood sampling was based on a combination of residential density and SES data at
neighbourhood level. This resulted in four types of neighbourhoods: low SES/ low residential density,
low SES/ high residential density, high SES/ low residential density and high SES/ high residential
density. In each country, three neighbourhoods of each type were randomly sampled (i.e.12
neighbourhoods per country, 60 neighbourhoods in total). Subsequently, a random sample of adults
was invited to participate in an online survey that contained questions on demographics,
neighbourhood perceptions, social environment, health, motivations and barriers for healthy
behaviours, obesity-related behaviours and weight and height. A total of 6,037 (10.8%) individuals
participated between February and September 2014. The study was approved by the local ethics

committees of participating countries and all participants provided informed consent.

Measures

Dependent variables

BM, calculated from self-reported weight and height was normally distributed and treated as a
continuous variable. In a sensitivity analysis, we present results with weight status (BMI > 25 kg/m?)

as outcome variable.

Independent variables
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Participants from France, Hungary, the Netherlands and the United Kingdom provided information
on their annual or monthly net household income, according to five categories that represented
national quintiles of net household income. Participants from Belgium did not provide information on

household income due to country-specific ethical considerations and were excluded.

To calculate the neighbourhood income inequality ratio the sum of the total earnings of the richest
20% of included households was divided by the sum of the total earnings of the poorest 20% of

included households resulting in a 20:20 ratio.(28)

Potential mediating variables

Aspects of perceived neighbourhood social capital were measured as described by Beenackers et
al.(29) using a reliable 13-item scale (Cronbach’s alpha = 0.86). Responses ranged from 1 (totally
disagree) to 5 (totally agree). Factor analysis was performed and identified two reliable constructs,
namely ‘social network’ (Cronbach’s alpha =0.83) and ‘social cohesion’ (Cronbach’s alpha =0.79).(18)
Supplementary Table 1 describes the item description and rotated factor loadings for the 13 items.
The mean of all individual social capital scores were calculated to generates scores for

‘neighbourhood social cohesion’ and a ‘neighbourhood social network’.

Covariates

Covariates included were country of residence, age, gender, education level (higher [i.e. college or
university] and lower), household composition (number of children and adults) and absolute monthly

net household income.

Statistical analysis
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We excluded individuals who could not be allocated to a sampled neighbourhood (n=137), and
respondents from Belgium, who did not provide information on household income (n=1,774), leaving

a sample of 4,126 participants available for analyses.

Iltem-nonresponse ranged from 1% (age) to 19% (household income). Missing values for all variables
were imputed using Predictive Mean Matching in SPSS version 22.0. All variables described under
‘measures’ were used as predictors in the imputation model to create 20 imputed datasets, and
‘neighbourhood type” and “urban region” were used as auxiliary variables. A sensitivity analysis was

carried out using a non-imputed dataset.

To explore the hypothesised mediating roles of the neighbourhood social networks score and the
neighbourhood social cohesion score, two single mediation analyses were performed using
MacKinnon’s product-of-coefficients method(30). A series of linear regression analyses were

conducted using a four-step process (Figure 1).

-- Figure 1 about here —

First, we performed multivariable multilevel linear regression analyses to explore the association
between neighbourhood income inequality and BMI (path c), taking into account clustering at the
neighbourhood level. All covariates were tested as potential effect modifiers, but only country of
residence turned out to be a significant effect modifier in the a- and b-paths (p<0.05). Covariates that
were not effect modifiers were included in the model as confounding variables. Model 1 represents
unadjusted analyses and model 2 represents analyses adjusted for age, gender and education. As
suggested by Wagstaff and van Doorslaer (2000), we also present a third model in which we adjusted
for household composition and household income. This allows for the conclusion that income

inequality is associated with BMI regardless of absolute levels of income.(26)

Second, we explored the association between neighbourhood income inequality and neighbourhood
social networks (path a;) and neighbourhood social cohesion (path a,) using linear regression

analyses. Third, the association between neighbourhood social networks (path b;) and
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neighbourhood social cohesion (path b,) and BMI were analysed, adjusted for the independent
variable neighbourhood income inequality. The regression coefficients of these multilevel analyses
were multiplied to compute the mediating effects (i.e. a:b; and azb;) and the statistical significance
(Sobel test; z-score). Finally, the proportion of the association between neighbourhood income
inequality and BMI that was mediated by neighbourhood social networks and neighbourhood social
cohesion (path ¢’) was calculated by dividing ab by c. The statistical analyses were performed using

SPSS version 22.0. A p-value <0.05 was considered to be statistically significant.
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Results (541 words)

Mean BMI was highest in Hungary, while the highest income inequality ratio was observed in the UK.
Neighbourhood level scores of social networks and social cohesion were highest in the Netherlands

(Table 1).

---- Table 1 about here ---

The association between neighbourhood income inequality and BMI is shown in Table 2. In the
empty model, variances of BMI at the individual and neighbourhood level were 19.58 and 0.99,
respectively. After adjustment for age, gender and education (model 2), a 1-point increase in the
neighbourhood income inequality ratio was associated with a 0.37 kg/m? higher body mass index
(95%CI=0.03; 0.70). Further adjustment for absolute household income slightly attenuated the
association. In the fully adjusted model, BMI variances at the individual and neighbourhood level
were 17.81 and 0.74, respectively. Table S2 displays the results when analyses were additionally

adjusted for country of residence, which slightly strengthened the associations.

---- Table 2 about here ---

The results of the two single mediation models are presented in Table 3 (coefficients for covariates
are presented in Table S2). Country of residence was an effect modifier in the a- and b-paths, so
results are presented for the total sample and stratified by country. In the total sample,
neighbourhood income inequality was statistically significantly associated with the neighbourhood
social networks score (path a;) and the neighbourhood social cohesion score (path a;). A 1-point
increase in neighbourhood income inequality was associated with a 0.56 point lower neighbourhood
social networks score, and a 0.79 point lower neighbourhood social cohesion score. A 1-point higher
neighbourhood social networks score was associated with a 0.35kg/m2 lower BMI (path b,). In the
total sample, neighbourhood social cohesion was not significantly associated with BMI (path b,).
Stratified results show that income inequality was associated with lower levels of social networks and

social cohesion in all four countries, but these associations were strongest in France and the
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Netherlands (a-path). In France and the Netherlands, a negative association of social networks with
BMI was observed, while a positive association was observed in the UK. Only in the Netherlands, the

neighbourhood social cohesion score was significantly associated with a lower BMI.

In the total sample, the Sobel test showed that the association between neighbourhood income
inequality and BMI was significantly (p=0.006) mediated by neighbourhood social networks, but not
by neighbourhood social cohesion (p=0.24). The proportion of the association between
neighbourhood income inequality and BMI that was mediated by neighbourhood social networks
was 46%. For participants from France (p=0.04) and the Netherlands (p=0.03), the association
between neighbourhood income inequality and BMI was fully mediated by neighbourhood social
networks, while this was not the case for participants from Hungary and the UK. Neighbourhood
social cohesion was only a significant mediator in the association between income inequality and BMI

in the Netherlands (p=0.04).

---- Table 3 about here ---

Tables S3 and S4 show the un-stratified results using non-imputed data. Results were comparable,
with a significant (Z-score = 2.73, p=0.006) mediating effect of social network, and a non-significant
(Z-score=1.05, p=0.29) mediating effect of social cohesion. Table S3 and S5 show the results using
overweight as dependent variable; a 1-point increase in the neighbourhood income inequality ratio

was associated with a 1.24 times higher odds of being overweight/obese (95%Cl: 1.07. 1.43).

10
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Discussion (1008 words)

Using data from a cross-European survey, we found a mediating role of neighbourhood social capital
in the association between neighbourhood income inequality and individual BMI. This suggests that
income inequality affects the provision of neighbourhood social resources that are relevant for a
healthy body weight.(15)

To our knowledge, this is the first study to provide evidence for an association between
neighbourhood income inequality and body weight in Europe. This association was modest in size,
with a one point increase in the neighbourhood income inequality ratio (which differed by three
points between the least and most unequal neighbourhoods in this sample) associated with 1.24
times higher odds of being overweight/obese. However, the consequences of, and ways of
responding to, income inequality may become increasingly important given the rising levels of
income inequality in Europe associated with ageing populations, smaller family structures (single-
parent families/fewer children in the household), globalised markets, and governmental policies.(31—

33)

Higher neighbourhood income inequality was consistently associated with lower levels of
neighbourhood social networks and social cohesion. This supports the idea that a certain degree of
homogeneity within neighbourhoods is required for neighbourhoods to serve as resources for social
connections.(34) These associations were modest overall, but strongest in participants from France.
In concordance with findings from previous studies(18, 21, 35), a higher neighbourhood social
networks score was associated with lower BMI in French and Dutch participants. The higher social
networks and social cohesion scores in the Dutch neighbourhoods are in concordance with previous
reports describing relatively high levels of membership belonging, sense of trust and doing voluntary
work in the Netherlands compared to other European countries such as Hungary.(36, 37) In French
participants, mean BMI was about 2.2 kg/m? lower in neighbourhoods with the highest compared to
the lowest social network scores. In contrast, mean BMI of UK participants was about 1.5 kg/m?

higher in neighbourhoods with the highest compared to the lowest social network scores. This may

11
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suggest that there are socio-cultural differences in the role of social networks for behaviours that

influence weight status.

A number of studies have found social capital to be a mediator in the association between income
inequality and mortality or self-rated health (i.e.(20)), but the only study to date (conducted in the
US) that examined potential mediation of social capital in the association between income inequality
and BMI did not find evidence for such mediation.(38) Following the observed country differences, it
may be speculated that in countries like France and the Netherlands social connections generally
stimulate healthier behaviours. Alternatively, it may be that social networks are mostly stronger
among healthier individuals in the Netherlands and France, while social networks are stronger among
unhealthier individuals in the UK.

While reforming tax and benefit policies are considered to be the most direct and powerful
instrument for increasing redistributive effects at the national level,(32) it remains unknown how to
decrease neighbourhood income inequality without promoting segregation by socio-economic
status. The findings from this study also suggest that the potential adverse effects of neighbourhood
income inequality may be at least partially addressed via the enhancement of social interactions. On
a regional level this could include (re)designing neighbourhoods to promote active social
interactions, e.g. via the social use of neighbourhood public spaces, community centres or outdoor
recreational facilities and more walkable streets. On a national level, policies to prevent
discrimination and social exclusion and the promotion of civic participation may contribute to

stronger social networks.

Strengths and limitations

Several studies have shown that self-reported height and weight data are valid for identifying
relationships in epidemiological studies, but these data may be prone to a degree of reporting bias,
such as higher levels of underestimation among heavier men and women.(39, 40) Lack of continuous

data on household income prevented us from calculating the Gini coefficient, the most used method

12
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for measuring household income inequality. Instead, 20:20 ratios were calculated but this does not
provide an absolute measure of income inequality, and it does not include the middle part of the
income distribution.(41) On the other hand, the 20:20 ratio is a useful method to measure
neighbourhood income inequality since it quantifies the range between the richest and the poorest
in an area. It should be noted though, that this measure only measured income inequality among the
survey participants, and thus may not be accurately representative of the actual neighbourhood
income inequality. Additionally, the neighbourhood income inequality ratios, ranging from 1.7-4.9,
were quite small compared to national income inequality statistics, which may imply that the
consequences of neighbourhood income inequality in areas with higher neighbourhood income
inequalities will be larger in terms of BMI and weight status differences. Further, the cross-sectional
data limit the interpretation of mediation effects. The results give an indication of relations between
the studied variables, but we were not able to determine the direction of the pathways. Lastly, the
response rate in the SPOTLIGHT survey, at about 10%, may have resulted in a selection bias with
potentially more highly motivated people participating in the survey, so there is a need for caution

when generalising these findings.

This study also benefits from a number of strengths. First, we were able to include a relatively large
sample of adults from high and low SES neighbourhood in four European countries. This provided
power to conduct multilevel mediation analysis, which resulted in comparable relationships across
several countries with different political and social systems. Second, the multilevel approach allowed
us to differentiate the possible sources of variability (individual and neighbourhood) and it enabled
us to control for clustering effects. Third, we were able to adjust our analysis for a number of
relevant covariates such as individual income and educational level, which decreases the likelihood

of the observed associations being confounded.

Conclusions

13
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The results from this study suggest that social capital plays a large role in the association between
neighbourhood income inequality and individual BMI, especially in France and the Netherlands.
Further investigation of the activities done within social networks will help identify potential

intervention tools to attenuate the adverse effects of income inequality on BMI in European adults.
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Key-points:

e Income inequality is consistently associated with lower levels of social networks and social
cohesion across urban European regions

e In France and the Netherlands, neighbourhood social networks fully explained the
association between neighbourhood income inequality and body mass index

e Actions to reduce socio-economic inequalities in health may benefit from approaches that

stimulate healthy behaviours in social networks
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414  TABLES

415  Table 1. Characteristics of the study population
Variable N total Characteristics France Hungary Netherlands UK (N=824)
sample’ total sample (N=835) (N=875) (N=1609)
Age (mean (SD)) 4107 51.4 (16.3) 46.7 (15.8) 48.5 (15.4) 54.9 (15.9) 49.4 (17.4)
Gender (% male) 4116 42.6% 41.5% 36.9% 46.0% 43.2%
BMI (mean (SD)) 3616 25.1(4.5) 24.5(4.4) 26.0(5.12) 25.0(3.9) 25.1(4.8)

% overweight 1610 44.5% 37.9% 52.8% 42.7% 45.6%
Income 3371

First quintile (%) 297 8.8% 7.6% 7.4% 8.4% 11.9%

Second quintile (%) 589 17.5% 20.9% 10.6% 21.6% 12.7%

Third quintile (%) 625 18.5% 21.5% 13.8% 21.8% 13.9%

Fourth quintile (%) 727 21.6% 20.6% 20.4% 25.3% 16.4%

Fifth quintile (%) 1133 33.6% 29.3% 47.7% 22.9% 45.1%
Neighbourhood income inequality ratio 4126 3.0(1.5-4.9) 2.8 (1.7-3.4) 2.9 (1.5-3.6) 3.0(1.9-4.8) 3.7 (1.9-4.9)
(median, range)

Educational level (% higher) 3746 43.1% 64.7% 49.6% 56.4% 58.1%
Household composition (median, range) 3732 2 (1-10) 2.0(1.0-8.0) 2.0 (1.0-8.0) 2.0 (1.0-8.0) 2.0 (1.0-10.0)
Social networks sum score (median, 3818 10.3 (4-20) 10.6 (8.7-11.7) 9.3 (7.9-10.8) 11.4 (8.9-12.6) 10.1 (8.3-11.0)
range)

Social cohesion sum score (median, 3799 17.3 (5-25) 16.7 (14.8- 17.4 (14.9-18.0) 18.8(14.8-19.6) 16.5(14.8-18.8)
range) 18.4)




416
417

418

"The Randstad comprises a conurbation including Amsterdam, Rotterdam, the Hague and Utrecht
¥N varies due to missing data
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419

420

421

422

423

424

425

426

427

Table 2. Multilevel linear regression coefficients of the association between neighbourhood income inequality and individual body mass index (N=4126).

Model 1 Model 2 Model 3

B (95%Cl) B (95%Cl) B (95%Cl)

Neighbourhood income inequality’ 0.33(-0.05; 0.71) 0.37(0.03; 0.70)* 0.35(0.01; 0.69)*

T This ratio reflects the neighbourhood income inequality between the poorest and the richest quintiles
Model 1 crude model.

Model 2 adjusted for age, gender, education.

Model 3 adjusted for age, gender, education, household composition and income.

*P value <0.05

B = coefficient, 95%Cl = 95% confidence interval
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428  Table 3. Linear regression coefficients (path a) and multilevel linear regression coefficients (path b and c) of the mediation analysis with neighbourhood

429  social networks and neighbourhood social cohesion

Path a (B, 95%Cl)

Path b (B, 95%Cl)

Path c (B, 95%Cl)

Path ¢’ (B, 95%Cl)

Sobel test

(z-score)

Proportion

mediated

Neighbourhood social networks score
— total sample

France

Hungary

Netherlands

United Kingdom

Neighbourhood social cohesion score

— total sample

France

Hungary

Netherlands

-0.56 (-0.61; -0.51)*

-0.81 (-0.89; -0.74)*

-0.31 (-0.46; -0.17)*

-0.61 (-0.66; -0.55)*

-0.33 (-0.40; -0.27)*

-0.79 (-0.85; -0.73)*

-1.61 (-1.66; -1.55)*

-0.82 (-0.99; -0.64)*

-0.84 (-0.91; -0.77)*

-0.35 (-0.61; -0.09)*

-0.73 (-0.81; -0.66)*

0.38 (-0.22; 0.97)

-0.32 (-0.60; -0.03)*

0.56 (0.00; 1.12)*

-0.13 (-0.38; 0.12)

-0.04 (-0.78; 0.69)

0.09 (-0.44; 0.61)

-0.24 (-0.47; -0.01)*

0.35(0.01; 0.69)*

0.25 (-0.29; 0.80)

1.09 (-0.15; 2.34)

0.19 (-0.21; 0.59)

0.36 (-0.19; 0.92)

0.35 (0.01; 0.69)*

0.25 (-0.29; 0.80)

1.09 (-0.15; 2.34)

0.19 (-0.21; 0.59)

0.19 (-0.16; 0.53)

-0.20 (-0.89; 0.49)

1.21 (0.00; 2.41)

-0.02 (-0.39; 0.36)

0.49 (-0.04; 1.01)

0.26 (-0.18; 0.70)

0.19 (-1.14; 1.51)

1.16 (-0.16; 2.49)

-0.03 (-0.42; 0.36)

2.75*

2.10*

-1.19

2.21*

-1.93

1.18

0.11

-0.34

2.03*

46%

100%

100%

100%
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430

431

432

433

434

435

436

437

438

439

United Kingdom -0.73(-0.81; -0.66)*  0.15(-0.36; 0.67) 0.36 (-0.19; 0.92) 0.46 (-0.19; 1.12) -0.56 -

Path a represents the association between the neighbourhood income inequality ratio and neighbourhood social networks/cohesion. Path b represents the

association between neighbourhood social networks/cohesion and body mass index. Path c represents the direct association between the neighbourhood

income inequality ratio and body mass index. Path ¢’ represents the indirect association between the neighbourhood income inequality ratio and body mass

index.
Associations are adjusted for age, gender, education, household composition and income.
*P value <0.05

B = coefficient, 95%Cl = 95% confidence interval
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440

Figure 1. Overview of the analyses that were conducted
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