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Abstract

Childhood and adolescent overweight/obesity is a major burden on public
health worldwide. A growing body of empirical evidence highlights the impact of
community characteristics of childhood obesity. This study explored socioeconomic
and spatial variations of adolescent overweight/obesity in Israel by using an ecolog-
ical approach. Towns’ socioeconomic and spatial characteristics were found associ-
ated with adolescent overweight/obesity in opposite directions in Jewish and Arab
towns. Adolescent overweight/obesity was found to be more prevalent in Jewish
towns characterized by lower socioeconomic rank (SER) and higher peripherality
levels and in Arab towns characterized by higher SER and lower peripheraliy levels.
Additionally, inequalities were found to be positively related to adolescent over-
weight/obesity in Jewish towns. After adjusting for SER, the associations between
peripherality and adolescent overweight/obesity were attuned in Jewish towns, but
not in Arab towns. These findings correspond with the literature, as the results ob-
tained for the Jewish and Arab towns are consistent with studies conducted in de-
veloped and in developing countries, respectively. Therefore, the findings highlight
the importance of macro level factors enhancing obesity, and suggest that national
policy may benefit from town-level interventions addressing adolescent overweight/
obesity. Several explanations to the study’s findings are discussed, involving social,
environmental and individual factors.
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Introduction

The high and rising prevalence of childhood overweight and obesity has
been a major public health concern in recent years, both in the developed and in the
developing world, primarily due to its’ health risks and their consequences during
childhood and throughout the life-course. Obesity in childhood is associated with
various health complications, including orthopedic, neurological, pulmonary, and
endocrine conditions!!!. Overweight and obese children are more likely to become
overweight/obese adults, and thus are at higher risk for adult health problems, such
as cardiovascular diseases, stroke and all-cause mortality!'-?.

Worldwide, ten percent of school-aged children and adolescents are estimat-
ed to be overweight and obesel. The prevalence of childhood and adolescent over-
weight/obesity varies by country. Until recently, high rates of childhood overweight/
obesity were observed mainly in developed countries, with an average prevalence of
above 20% in the Americas and Europe, compared to less than 10% in Africa and
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Asia¥. However, recent studies illustrate
an increase in prevalence of childhood
overweight and obesity in developing re-
gions, such as Africa and Asial>®, while in
developed regions childhood overweight/
obesity begins to reach a plateau (mostly
in the US, Europe and Oceania)’#!,

In recent years, a growing body
of literature has been emphasizing the
impact of community and environmental
factors on childhood obesity™'”, beyond
the effect of individual characteristics.
Socioeconomic status (SES) indicators
at various levels of society, from family
affluence to community or national SES,
may have an effect on overweight/obesity
via individual factors (e.g., calorie intake,
physical activity, gender and genetics)
and/or via community factors (e.g., avail-
ability of healthy foods and recreation
areas). Several studies have indicated
that the associations between SES and
childhood overweight and obesity vary
between countries with different wealth
characteristics!'"'?. These studies sug-
gest that in countries with higher income,
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childhood overweight and obesity are associated with lower
SES®128] " while in poorer countries childhood overweight and
obesity is associated with higher SES levels>'2!4,

In order to further understand the socioeconomic fac-
tors affecting overweight and obesity, studies looked at inequal-
ities within countries. These studies suggest that in communities
with high wealth, disparities tend to experience worse health
outcomes!'?, including prevalence of obesity!'®. However, the
associations between social inequality and health conditions
vary between countries with different income levels, indicating
a positive association between economic inequality with ado-
lescent overweight/obesity in high-income countries, versus a
negative association in middle-income countries!'”..

Spatial variations in childhood overweight/obesity
within countries has also been studied, with a focus on urban-ru-
ral comparisons!'"®'”). Similarly to the trends observed in the
association between SES and overweight/obesity, these studies
present an urban-rural gradient that differs by country’s wealth.
In economically developed regions childhood overweight/obe-
sity rates were found to be higher in rural settings!'*?!, while
in developing countries these rates were higher in urban set-
tings[12,14,18,20]_

In this study we explore socioeconomic and spatial
variations in overweight/obesity among adolescents residing in
Jewish and Arab towns in Israel. Obesity in Israel has increased
in the last few decades, both among adolescents® and adults?*.
While it rose more steeply over time among adolescent boys in
low SES towns!®!], it was found to be negatively associated with
SES among women®!. The social and economic gap between
Arab and Jewish citizens in Israel is expressed in different dimen-
sions, such as employment rate, wage, accessibility to services,
and poverty®l. Thus, given its vast socio-cultural diversity with-
in a relatively small area (approximately 8000 sq miles), Israel
provides an intriguing setting for this study. The current study
aims to examine the associations between town-level prevalence
of adolescent overweigh/obesity with towns’ socioeconomic and
spatial characteristics (town level wealth and inequalities, and
intra-regional and country-scale peripherality, respectively).

Methodology

An ecological analysis approach was used to examine
the associations between town’s prevalence of adolescent over-
weight/obesity with towns’ socioeconomic and spatial character-
istics. This analysis included three independent data sources: (1)
adolescents BMI data was obtained from the Maccabi Health-
care Services (MHS) database; (2) socioeconomic and spatial
attributes of towns were obtained from the Israeli Central Bu-
reau of Statistics (ICBS) database; and (3) inequality attributes
of towns were obtained from the National Insurance Institute
database. The study was approved by the ethical review boards
of the University of Haifa and MHS.

Variables and measures

Adolescent overweight/obesity

The dependent variable was defined as the town-lev-
el prevalence of adolescent overweight/obesity, measured by
the percent of overweight and obese adolescents (that are MHS
members) within each town. Adolescent overweight and obesity
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were defined according to the WHO growth curves, as follows:
Adolescents were classified as overweight if their BMI was be-
tween the 85" and 95" percentile (for age and sex), and obese if
their BMI was higher than the 95" percentile (for age and sex).
These cut-offs were based on the 2007 WHO’s BMI-for-age
growth references for boys and girls. In this study we defined
adolescents as overweight/obese if their BMI was in the 85" per-
centile and above.

Socioeconomic variables

Town-level wealth [Socio-economic rank (SER)]: Town-level
wealth was measured by the SER, calculated by the ICBSE7.
The SER index ranges from 1-10, where | represents the lowest
SER and 10, the highest. It integrates information regarding de-
mography (i.e., percent of immigrants), labor force (i.e., percent
of guaranteed minimal income), standard of living (i.e., average
income), education (i.e., percent of high-school pupils among
17-18 years old adolescents), and social welfare (i.e., percent of
receivers of national insurance welfare benefits).

Town-level Wealth inequalities (Gini coefficient): Town-level
wealth inequalities were measured by the Gini coefficient, calcu-
lated by the National Insurance Institute!®! (National Insurance
Institute of Israel 2011). The Gini coefficient reflects the distri-
bution of income among the population, and varies between 0
(perfectly equal distribution) and 1 (one individual has all the
income and all others have none).

Spatial variables (periperality/centrality)

Two spatial factors were examined: (1) intra-regional and (2)
country-scale pripherality/centrality. While the first indicates
the towns pripherality/centrality within it’s region, the latter in-
dicates the towns pripherality/centrality on a country scale, by
integrating the intra-regional measure with the distance to Tel-
Aviv area, which is considered to be Israel's economical and
business center.

Intra-regional peripherality/centrality [Potential accessibili-
ty rank (PAR)]: A town’s regional peripherality/centrality was
measured by the PAR, as it was calculated by the ICBS®.. The
PAR indicates the proximity of a given town to all other towns
in Israel, weighed by its size (and thus reflects closeness to em-
ployment opportunities, commercial and public services). The
values of PAR range between 1 to 252, where towns with higher
ranks are considered more likely to be central within their re-
gion (relatively large towns surrounded by other relatively large
towns).

Country-scale peripherality/centrality [Peripheral rank
(PER)]: The towns’ level of peripherality/centrality on a coun-
try wide-scale was measured by the PER, as calculated by the
ICBS™!. This rank integrates the aforementioned PAR with
proximity to Tel-Aviv district, which is considered to be Israel's
economical and business center. The values of PER range be-
tween 1 to 252, where towns with higher ranks are considered
more likely to be central within their region and closer to the
Tel-Aviv area.
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Statistical analysis

Statistical analyses were performed using SPSS version
16.0. Conventional descriptive statistics and t-test analysis were
used to explore the towns’ periperality/centrality and socioeco-
nomic characteristics and town-level prevalence of adolescent
overweight/obesity, while comparing between Jewish and Arab
towns. The association between adolescent overweight/obesity
and the independent variables (SER, Gini coefficient PAR and
PER) were measured using Spearman coefficients. Multivariable
linear regression models were calculated in order to analyze the
independent association between a town’s periperality/centrality
and socioeconomic characteristics and adolescent overweight/
obesity prevalence. The analyses were conducted separately on
two samples among Jewish and Arab towns. Arab towns include
of a high majority of Arab residents, while Jewish towns include
a high majority of Jewish residents. Of the 100 Jewish towns, 7
towns included mixed populations, but with a majority of Jewish
population. In order to detect gender differences, some of the
analyses were repeated by gender strata (boys and girls).

Data extraction and sample characteristics

An updated file including data on adolescent BMI was
extracted from MHS database. MHS insures 1.9 million people
in Israel, including about 300,000 adolescents aged 12-18. This
database consists of approximately 25% of the Israeli popula-
tion, and is likely to be representative, as MHS is obliged to
insure every citizen who wishes to join it, regardless of age, sex,
physical condition, or any other criterion. Around 60% of all
adolescents had their BMI measured and recorded in the MHS
database during the previous three years. Although this does not
represent the total population in Israel, it enabled us to explore
the hypothesis, as described in the objectives of the study.

The initial file included a sample BMI records of
133,041 adolescents (boys and girls aged 12-17), who reside in
1,095 towns. Towns with records of less than 100 adolescents
(n=952) and towns with no records of town level SER and/or
Gini coefficient (n=22) were excluded from this initial file. The
file used in our analysis included BMI records of 114,422 ado-
lescents (58,021 boys and 56,401 girls aged 12-17), who live in
121 Israeli towns (with a population of 5,600 to 815,000 res-
idents). The town-level prevalence of adolescent overweight/
obesity includes the BMI data of a least 100 adolescents in each
town.

Table 1 presents descriptive statistics of the socioeco-
nomic and spatial variables of the towns. First, all socioeconom-
ic and spatial measures are significantly higher in the Jewish
towns, indicating that compared to Arab towns, Jewish towns
are characterized by higher SER and greater social inequalities,
as well as by higher levels of centrality at both country- and in-
tra-regional scales. These differences reflect the gap between the
Jewish and Arab population in Israel?%3!, Given these differ-
ences all of the analyses in this study were conducted separately
for Jewish and for Arab towns.(legend).

Preliminary correlation analysis was conducted to
identify co-variability of the independent variables. The two
socioeconomic measures — SER and Gini coefficient — were
positively correlated in both Jewish towns (r=0.70, p<0.0001)
and Arab towns (r=0.52. p<0.0001). Similarly, and as expected
by their definitions, the two spatial measures — PAR and PER
- were strongly positively correlated in both Jewish and Arab
towns (r=0.95 and r=0.90, respectively. p<0.0001 for both). In
the Jewish towns, a positive and significant correlation was ob-
served between the socioeconomic and spatial variables. Specif-
ically, town-level SER in the Jewish towns is positively and sig-
nificantly associated with country-scale peripherality/centrality
(PER) (r=0.33, p=0.001), and with intra-regional peripherality/
centrality (PAR) (1=0.32, p=0.001). At the same time, town-lev-
el inequality is positively and significantly associated with
country-scale peripherality/centrality (PER) (r=0.33, p=0.001),
and with intra-regional peripherality/centrality (PAR) (r=0.35,
p<0.0001). On the other hand, in the Arab sector a significant
positive association was observed only between town-level
SER and intra-regional peripherality/centrality (PAR) (1=0.48,
p=0.03). These findings imply that in the Jewish sector, wealth-
ier towns and towns with higher wealth disparities tend to be
more central at both country- and regional scales, while in the
Arab sector a town’s wealth is associated with it’s regional cen-
trality, rather than with its vicinity to the economic center of the
country (Tel-Aviv district).

Table 1: Socioeconomic and spatial characteristics of Jewish and Arab towns included in the study

Overalzl\tl(;v;’;ni)sample Jewish towns (N=100) Arab towns (N=21)
T(df) P
Mean (SD) Range Mean (SD) Range Mean (SD) Range
Town level wealth (SER) 5.43 (2.19) 1-10 6(1.94) 1-10 2.71(0.35) 1-4 11.89(65) | <0.0001
Socioeconomic
characteristics Town level inequality
(Gini cocfficient) 0.41 (0.05) 0.31-0.60 0.43 (0.05) 0.35-0.60 0.35(0.02) 0.31-0.40 | 20.54(58) | <0.0001
Country-scale peripheral-
ity/centrality (PER) 155.39 (70.58) 1-252 163.16 (71.10) 1-252 118.38 (55.92) 4-216 2.71 (119) 0.008
Spatial
characteristics
Intra-regional peripheral-
ity/centrality (PAR) 157.77 (70.57) 3-252 164.90 (70.99) 3-252 123.81 (58.91) 7-213 2.48 (119) 0.015

Moran, M., et al.
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Results

The average prevalence of adolescent overweight/obe-
sity was found to be significantly higher (p<0.002) in Arab towns
than in Jewish towns (34.35% vs 29.34%), a tendency observed
both among boys (37.04% versus 30.60%, p<0.003) and girls
(30.87% versus 26.80%, P<0.01) (Table 2). In addition, over-
weight/obesity was found to be significantly higher (p<0.005) in
boys compared to girls in both Jewish and in Arab towns.

Table 2: The average distribution of overweight and obesity of adoles-
cents in Israeli towns by ethnicity and gender

Number of adolescents per % overweight and obese
town adolescents per town
mean (range) mean (range)

Total Boys Girls Total Boys Girls
Arab 314 167 150 34.35 37.04 30.87
Towns (116- | (57-534) | (59-519) | (24.4- (22.0- (20.9-
(N=21) | 1043) 46.3) 49.6) 46.9)
Jewish 1080 578 538 29.34 30.6 26.8
Towns (101- (52- (47- (19.12- (17.0- (12.2-
(N=100) | 7507) | 3991) 3784) 41.34) | 42.97) 39.6)
947 506 470 30.21 31.73 27.47

Total

(N=121) (101- (52- (48- (19.1- (17.0- (12.2-
7,507 3991) 3784) 46.3) 49.6) 46.9)
t test (for Jewish versus Arab towns): P<0.002 | p<0.003 | P<0.01

The association between towns' prevalence of over-
weight/obesity and the town-level SER (table 3) showed a clear
difference between Jewish and Arab towns. The correlation be-
tween these variables was negative in Jewish towns (r=-0.59,
p<0.0001) and positive in Arab towns (r=0.47, p<0.05). Namely,
the wealthier a Jewish town is, the lower the risk of adolescent
overweight/obesity. At the same time, the wealthier an Arab
town is, the higher the risk of adolescent overweight/obesity.
This tendency was observed, both, among boys and girls (data
not presented) though the correlation between SER and Arab
girls® overweight/obesity prevalence was insignificant.

Analysis of the association between towns' preva-
lence of overweight/obesity and the Gini coefficient (reflecting
town-level wealth inequalities) revealed a negative and signif-
icant correlation between the variables only for Jewish towns
(r=-0.71, p<0.0001), suggesting that adolescents in Jewish
towns characterized by higher wealth disparities have a lower
chance of being overweight/obese. Though the correlation be-
tween these variables was insignificant among Arab towns, the
direction of the correlation was positive, as opposed to a nega-
tive correlation in the Jewish towns. Given the strong positive
correlation between town-level SER and Gini coefficient in Jew-
ish towns (r=0.70, P<0.0001), the inequality-overweight/obesity
correlations observed in Jewish towns may be an attributed to
the SER-overweight/obesity correlations.

Analysis of the association between adolescent over-
weight/obesity and a town’s peripherality/centrality similarly
showed an opposite trend between Jewish and Arab towns (table
3). At a country-scale, central Jewish towns (i.e., higher values
of PER) exhibit a lower prevalence of adolescent overweight/
obesity (r=-0.40, p<0.0001), while central Arab towns exhibit
a higher prevalence of adolescent overweight/obesity (r=0.59;
p<0.005). This pattern was repeated at a regional scale, with
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lower rates of adolescent overweight/obesity in Jewish towns
that are central within their region (i.e., higher values of PAR)
(r=-0.31; p=0.005), versus higher rates of adolescents over-
weight/obesity in Arab towns that are central within their region
(r=0.66; p=0.001). Namely, the risk for adolescents overweight/
obesity is higher in Jewish peripheral towns (compared to Jew-
ish central towns), and in Arab central towns (compared to Arab
peripheral towns).

Given the relatively low average SER of the Arab
towns, compared to Jewish towns in our sample (see Table 1), it
may be assumed that the higher rates of adolescent overweight/
obesity observed in high SER and central Arab towns are at-
tributed to the towns® SER, rather than to their ethnic profile. To
examine this assumption, we repeated the aforementioned anal-
yses after dividing the Jewish towns sample into two sub-sam-
ples: (1) low SER Jewish towns [i.e., SER values ranging from
1-4 (which is identical to the SER range of Arab towns included
in this study)] (n=19), and (2) mid-high SER Jewish towns (i.e.,
SER values ranging from 5-6) (n=81). Interestingly, no signifi-
cant correlation was observed among the low SER Jewish towns
between adolescent overweight/obesity and the socioeconomic
and spatial variables (SER and Gini coefficient; PAR and PER,
respectively). On the other hand, the subsample of mid-high SER
Jewish towns resulted in relatively similar correlation values to
those observed when all Jewish towns (n=100) was included in
the analysis. These findings may suggest that the correlations
observed in the Arab sector may not be attributed solely to their
low SER, while in the Jewish sector they are prominent mostly
in mid-high SER Jewish towns.

Table 3: Correlations between prevalence of adolescents overweight/obe-
sity, town level SER, Gini coefficient and peripheral attributes (Spearman’s
rho, N=92)

Percent of Adolescent overweight/
obesity
Jewish towns Arab towns
(N=100) (N=21)
R P R P
(Tg’g’];‘)'level wealth | g sgues | 0,000 | 0.47%% | 0.03
Socioeconomic
Characteristics | 10Wn-level
inequality (GINI -0.71*** | 0.000 | 0.16 0.49
coefficient)
Country-scale
peripherality/cen- | -0.40%%* | 0.000 | 0.59** | 0.005
Spatial trality (PER)
Characteristics | [ntra-regional
peripherality/cen- -0.32** | 0.001 | 0.66** | 0.001
trality (PAR)
* p< 0.05, ** p<0.01, *** p<0.001

Multivariate linear regression analyses were performed
in order to determine the independent effect of the socioeco-
nomic and spatial factors on town-level adolescent overweight/
obesity (Table 4). Given the strong correlations found between
the country-scale and intra-regional peripherality/centrality vari-
ables (1=0.95, p<0.000 in Jewish towns and r=0.90, p<0.006, in
Arab towns), these two spatial variables were analyzed in two
separate models: one that included SER and country-scale pe-
ripherality/centrality (table 4, model 1), and one that included
SER and intra-regional peripherality/centrality (table 4, model 2).

The models, as presented in table 4, yielded opposite
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results for Jewish and for Arab towns, suggesting that in Jew-
ish towns the relative weight of SER was stronger than that of
the peripherality/centrality in predicting adolescent overweight/
obesity, while in Arab towns the relative weight of the periph-
erality/centrality was stronger than that of SER. As expected,
the directions of the correlation between adolescent overweight/
obesity with SER and peripherality/centrality factors were op-
posite in Jewish and Arab towns (this is expressed by negative
versus positive t values in the Jewish and in the Arab towns, re-
spectively). As shown in model 1 (table 4), in Jewish towns SER
was a stronger predictor of adolescents overweight/obesity than
PER, while in Arab towns PER remained a significant predictor,
but town-level SER was no longer significantly correlated with
adolescents overweight/obesity. This pattern was strengthened
in the second model (table 4), showing that in Jewish towns
SER remained a significant predictor, while PAR was no lon-
ger significantly correlated with adolescents overweight/obesity.
An opposite result emerged in Arab towns, showing that PAR
remained a significant predictor, while SER was no longer sig-
nificantly correlated with adolescent overweight/obesity. These
results were repeated when the models were implemented for
boys and for girls, separately.

The explained variance in town-level adolescent over-
weight/obesity was higher for Arab towns (46-51%) than for
Jewish towns (28-31%). In Arab towns, SER, together with
PAR, explained more of the variance in adolescent overweight/
obesity than did SER together with PER (51% vs 46%). A differ-
ent picture emerged in Jewish towns, where SER, together with
PER, explained more of the variance in adolescents overweight/
obesity than did SER together with PER (31% versus 28%).

Table 4: Multivariable linear regression models for prevalence of over-
weight/obesity in Arab and Jewish towns; regression models with SER

Model 1 Model 2
Jewish | Arab Jewish | Arab
towns towns towns towns
Socioeconomic | Town-level p| -0.46™ 0.36 -0.48™ 0.23
characteristics | wealth (SER) t 534 2.02 .5.46 1.23
Country-scale | B | -0.25"" | 0.50*
peripherality/
centrality t 22.88 2.83
Spatial (PER)
characteristics | Intra-regional B -0.17 0.60%*
peripherality/
centrality t -1.88 327
(PAR rank)
Model R>=0.31 | R=0.46 | R*=0.28 | R>=0.51
Summar P<.001 | P<.0001 | P<.0001 | P<.001
y N=100 N=21 N=100 N=21
* p<0.05, ** p<0.01, *** p<0.001

Additional multivariate models were conducted among
Jewish towns to predict adolescent overweight/obesity by the
Gini-coefficient and peripherality/centrality (both PER and
PAR) (data not presented). As expected based on the strong
positive correlation between the Gini-coefficient and SER in
Jewish towns, these models yielded similar results to those of
the models presented in table 4, indicating that the associations
between peripherality/centrality (both PER and PAR) and ad-
olescent overweight/obesity were attuned or insignificant after
adjustment for the Gini-coeffiecient.

Moran, M., et al.

Discussion

This study examined the associations between preva-
lence of adolescent overweight/obesity and socioeconomic and
spatial characteristics in Jewish and Arab towns in Israel. A re-
curring pattern in our findings suggests that both, among Jewish
and Arab towns, the prevalence of adolescent overweight/obe-
sity was associated with the socioeconomic and spatial charac-
teristics of the town of residence, but in an opposite direction.
Adolescent overweight/obesity was found to be more prevalent
in Jewish towns characterized by lower SER and higher periph-
erality levels and in Arab towns characterized by higher SER
and lower peripheraliy levels.

Overall, these findings correspond with the literature,
as the results obtained for the Jewish towns are consistent with
studies conducted in developed countries™!”), while our find-
ings among Arab towns support previous studies conducted
in developing countries®!®.. In other words, when it comes to
socioeconomic and spatial determinants of overweight/obesity,
Jewish towns seem to behave like developed countries/modern
societies, while Arab towns behave like developing countries/
traditional societies. To some extent, these similarities may have
been anticipated, given the socioeconomic gap between Jewish
and Arab communities in Israel in general®*3%31 and, specifical-
ly in our sample (see table 1). Therefore, our findings confirm
existing literature, on a smaller geographical scale (i.e. the town
level), and thereby strengthens the importance community level
factors that may impact obesity.

While this study focused on town-level factors, over-
weight/obesity is known to be related to many factors at various
level ranging from biological and individual factors to commu-
nity and environmental factors?®3*2**1. Therefore, the discussion
below seeks to explain the associations observed in this study by
several mechanisms, involving social, environmental and indi-
vidual factors that are known to be related with obesity.

Adolescent overweight/obesity was found to be re-
lated to SER in Jewish and Arab towns in opposite directions
(negative and positive correlations, respectively). The findings
correspond with previous studies conducted in the USAB*%], in-
dicating negative and positive associations between SER and ad-
olescent overweight/obesity in white and minority populations,
respectively.

The negative correlation between SER and overweight/
obesity, as observed in the Jewish sector, stands in line with
extensive literature, mainly from developed countries/modern
societies®¥331 Although the SER measure used here indicates
the socioeconomic level of a given town, it also reflects, at least
to some extent, socioeconomic factors at other levels, ranging
from individual to social and environmental levels. At the in-
dividual level, poorer towns may have a greater proportion of
poor residents, who may be more prone to overweight/obesity
due to various reasons, such as less leisure time for physical ac-
tivity?®®*7 and/or low awareness of healthy nutrition®®. At the
environmental level, municipalities of lower ranked towns may
have less funding for building healthier environments (including
high access to healthy food and recreational spaces). It was also
suggested that stress from living at the bottom of the hierarchy
of society may explain this association in the developed world,
however only when high calorie food is available!'sl. Future re-
search may benefit from employing multi-level approaches to
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explore the potential impact of SER indicators at various levels
(individual, social, environmental) on overweight/obesity.

In the Arab sector, adolescent overweight/obesity was
found to be positively related to a town's SER level. The as-
sumption that these association are attributed to the low-SER
of Arab towns, rather than to it’s ethnic profile, was rejected as
these associations were not repeated in low-SER Jewish towns.
These findings suggest that the correlations observed in the Arab
sector may not be attributed solely to their low SER, while in
the Jewish sector they are prominent mostly in mid-high SER
Jewish towns. The opposing associations between wealth and
obesity among the Arab and Jewish sectors brings up theoretical
challenges®’.. Given the overall low-SER of Arab towns, these
findings can be explained by the fact that in poor communities
where funds limit caloric intake, the more financial resources
available, the more food and prepared industrial food they can
obtain, and therefore the individual will have a higher chance
of being overweight or obesel*2. It should be remembered that
obesity has been called a disease of affluence, also because of
this reason™l.

In this study wealth inequality was found to be nega-
tively associated with adolescent overweight/obesity in Jewish
towns, but not in the Arab towns. Similar findings were report-
ed in a study conducted in Los Angeles County, suggesting that
neighborhoods with higher income inequalities had lower levels
of obesity™*!l. The positive correlation between inequality and
overweight/obesity observed in Jewish towns can be explained
by various mechanisms at both town- and individual levels. Giv-
en that in our study Jewish towns with higher inequalities tend
to be more affluent (see table 1), it may be hypothesizes that this,
at least partially, contributes to the inequality-overweight/obesi-
ty positive association. In other words, it may be assumed that,
given their higher SER, in towns with higher inequality more
funding among local authorities are allocated for developing
policies towards the creation of non-obesogenic environments
(i.e., walkable streets with paved and illuminated sidewalks,
sports facilities, community walking events, more school and
after-school physical activity classes). These policies would be
available for all residents, both affluent- and less affluent. There-
fore, policies of local authorities provide one possible explana-
tion for the low prevalence of adolescent overweight/obesity,
as observed in this study among Jewish towns characterized by
high inequalities. Another possible explanation lies at the indi-
vidual level, suggesting that in towns with higher inequalities
the more affluent residents may advocate towards more invest-
ments of local authorities in promoting healthier environment.
Therefore, less affluent adolescents living in these towns can
gain from physical and social environments that promote health.
From a more social perspective, it may be hypothesized that
towns with affluent sub-communities may form social norms
that enhance healthy lifestyles, including physical activity and
healthy nutrition. Again, less affluent adolescents in these towns
may benefit from these health promoting social norms. These
assumptions should be explored in future research focusing on
both macro- and micro-level indicators of wealth and inequality.
Two spatial factors were examined in this study: intra-regional
and country-scale pripherality/centrality. Most previous studies
on spatial correlates of overweight/obesity usually focused on
urbanity-rurality!'®!, Thus, for the sake of discussion, ‘urbani-
ty-rurality’ can be seen as corresponding to ‘center-periphery’,
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assuming that the more central settings are more likely to be
urban, while peripheral setting are more likely to be rural.

Similarly to the socioeconomic factors, peripherali-
ty level was also found to be related to adolescent overweight/
obesity in opposite directions among Jewish and Arab towns
(positive and negative correlations, respectively). The higher
prevalence of adolescent overweight/obesity in peripheral Jew-
ish towns and in central Arab towns stands in line with previous
studies conducted in developed countries!'*?!! and in developing
countriest'*'®22 respectively. These findings may be attribut-
ed to the socioeconomic gap between central and peripheral
towns that was observed in this study. The relatively high SER
observed in central towns (compared to peripheral towns) may
hold an inverse impact of adolescent overweight/obesity in Jew-
ish and Arab towns. In the Jewish sector, local authorities of cen-
tral towns may have more recourses to invest in creating healthy
environments (e.g. high access to healthy foods and recreational
settings), which, in turn, potentially facilitates non-obesogenic
behaviors (e.g. physical activity, healthy eating). On the other
hand, in the Arab sector high SER of central Arab towns may
be associated with increased exposure to more modern environ-
ments and lifestyles, which are likely to be obesogenic (e.g. high
access to fast-food restaurants, increased car-dependence). At
the same time, peripheral Arab towns are more likely to be asso-
ciated with more traditional lifestyles, which tend to be healthier
(e.g. daily walking and Mediterranean diet).

The socioeconomic gap between the center and periph-
ery in Israel*? was illustrated in this study, as peripheral towns
were found more likely to be poorer. Thus, it is reasonable to
assume that the observed association between peripherality and
obesity may be attributed to various socioeconomic factors.
However, this does not seem to be the case in Arab towns, as
after adjusting for town-level SER, the towns’ centrality re-
mained significantly correlated adolescent overweight/obesity.
These findings are opposed to previous studies, in which the ur-
ban-rural gap in overweight/obesity was attuned or insignificant
after adjustment for socioeconomic factorst'**#1, The low rate
of adolescent overweight/obesity in Arab peripheral towns that
was observed in this study may be attributed to the low expo-
sure to modern environments/lifestyles in those towns, which
is enhanced by their geographical isolation and segregation that
maintains a “closed” society with little cultural exchange with
neighboring communities?***7. Therefore, our findings highlight
the importance of the spatial dimension in the obesity epidem-
ic in the Arab sector in Israel, and future research is needed to
further deepen our understanding of the impact of peripherality/
centrality on overweight/obesity in Israel, and particularly in the
Arab population.

To the best of our knowledge, this study is the first to
distinguish between different scales of peripheriality (country
vs. intra-regional). This distinction is especially important giv-
en the different patterns of correlations between socioeconomic
and spatial characteristics that were observed in Jewish and Arab
towns.

In our study, Jewish towns were found more likely to
be richer if they were in a central location at both regional and
country scale (i.e. closer to Tel-Aviv district). However, in the
Arab sector, a towns” wealth was found to be related only with its
centrality within its region. In other words, in the Jewish sector,
geographical peripherality (at both country and regional levels)
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was found to correspond with economic peripherality, while in
the Arab sector this is the case only for intra-regional peripheral-
ity. This implies that vicinity to Israel’s economical and business
center (Tel-Aviv area) is related to higher SER in Jewish towns,
but not in Arab towns, whose SER is mainly affected by their
intra-regional centrality. These finding well reflect other social,
cultural and economic dimensions of the Israeli Arab population
as an ethnic minority that suffers from social segregation and
socioeconomic deprivation**3'4l. This may explain why in the
Arab sector intra-regional centrality explained more of the vari-
ance in overweight/obesity than did country-scale peripherality.

A major strength of this study lies in its unique setting
including two distinctive communities within one country, one
of which is more affluent and modern, while the other is more
deprived and traditional. And indeed, our findings in Jewish and
Arab towns correspond with previous studies that were conduct-
ed in developed/modern and developing/traditional countries,
respectively, and thereby emphasize the potential impact of
town-level factors on overweight/obesity. In addition, this study
used objective measures of weight and height, unlike previous
studies that used self-reported measures of BMI, which may be
biased.

Some limitations of this study should be noted. First,
by its nature the study’s cross-sectional ecological design does
not allow to identify causal relationships at the individual level.
Secondly, the sample used here was not randomly selected, and
thus may limit the results generalizability. However, the results
do have general implications, given the large overall sample size
(n=114,422) and the large samples within each town (n>100).
Third, the association between wealth and overweight/obesity
may depend on the wealth variable studied'*. The SER mea-
sures used in this study integrate various measures/characteris-
tics and thus, it is hard to decipher the impact of each measure
and their inter-relations within the general SER measure. Final-
ly, the number of Arab towns included in this study is relatively
small (compared to the number of Jewish towns), yet this stands
in line with the proportion of the Arab population in Israel: Arab
towns comprised 17% of the towns in the study sample, while
Arab towns consist of 11% of the towns in Israel (135 out of
1,205) and the Arab population consists of 20% of the total pop-
ulation in Israel (1,683.2K out of 8,134.5K)M4],

Conclusion

To conclude, this study explored socioeconomic and
spatial variations in adolescent overweight/obesity in Israel,
while distinguishing between Jewish and Arab towns. Our find-
ings highlight the importance of macro level factors enhancing
obesity, and may suggest that national policy should focus on
town-level interventions to combat the obesity epidemic among
adolescents. Several explanations to the study’s findings were
suggested, involving social, environmental and individual fac-
tors. However, given the ecological nature of our analysis, future
research, preferably of multi-level design, is needed to establish
substantial evidence.
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