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Abstract

Barcelona, adjusting for possible confounding factors.

Background: To evaluate relationship between socio-economic environment and overweight in Madrid and

Methods: We obtained three indicators which reflected socio-economic context, namely, unemployment rate,
percentage of population with tertiary education, and percentage with a second home. The design is a cross
sectional study. The association with overweight was estimated using odds ratios by multilevel logistic regression.
The statistical analysis, data synthesis, or model creation was performed from the 2017. In all, 707 children from 21
districts of Madrid and 474 children from 10 districts of Barcelona were analysed.

Results: In Madrid, standardised ORs for personal and family characteristics were 1.17, 1.53 and 1.57 by reference to
unemployment rate and percentages of population with a university education and second home. After adjustment,
only the OR obtained with unemployment rate decreased, specifically by 58%. In Barcelona, the following ORs were
obtained: 1.80 with unemployment rate; 1.80 with population having a university education; and 1.86 with population
having a second home. After being standardised, these ORs decreased by 14% in the case of unemployment rate, 10%
in the case of population with a university education, and 9% in the case of population with a second home.

Conclusions: Overweight displayed a risk gradient in Madrid and Barcelona alike. This risk of overweight is
not accounted for by physical inactivity and could, in part, be due to the availability of sports facilities.
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Background
Prevalence of overweight and obesity in children and ado-
lescents is increasing in developed countries such as Spain
(31.8%) [1]. This in turn implies future health problems,
such as obesity itself (70% of obese children and adoles-
cents will be obese adults), [2] various chronic processes,
[3] and, in addition, an increase in the risk of mortality
due, in particular, to ischaemic heart disease, [4].

Several factors have been proposed as determinants of
childhood weight and one of them is the socioeconomic
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context of the area of residence of individuals. The find-
ings of a wide variety of studies in children and adoles-
cents show that the prevalence of overweight is greater
in areas with greater material deprivation or less wealth,
regardless of household socio-economic position, [5-9].

Furthermore, the principal cause of weight gain is known
to be an imbalance between energy intake and expenditure,
[3], where regulation of food intake in sedentary individuals
is different to that in active individuals, [10]. In this equilib-
rium there is a threshold of physical activity: under it, body
weight increases even at low calorie intakes; above it, small
changes in exercise will suffice to maintain weight, even
when calorie consumption increases, [4].

Different epidemiological studies on children have re-
ported a negative association between physical activity and
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body mass index (BMI), [5, 11, 12], as well as a direct rela-
tionship between the presence of neighbourhood sports fa-
cilities and doing physical exercise, [9, 13, 14]. The presence
of neighbourhood sports facilities might thus explain the re-
lationship between exercise and BMI: even so, the results
are controversial. Whereas some authors have found an as-
sociation between sports facilities or parks and a decreased
risk of excess weight, [15-17], other studies have failed to
observe this association, [4, 14, 18—21].

Most of the above evidence comes from research carried
out in the USA, Canada, New Zealand and the United
Kingdom, and yet few studies have been conducted in
other European countries, where the influence exerted by
socio-economic environment on weight might well differ
to that seen in English-speaking countries, [2]. Accord-
ingly, we sought to study the relationship between socio-
economic environment, as reflected by three indicators,
and overweight in the cities of Madrid and Barcelona, the
two towns with most inhabitants in Spain, adjusting for
possible confounding factors, such as age, sex, household
socio-economic position, physical inactivity and availabil-
ity of sports facilities.

Methods
Overweight and physical inactivity
Estimates of overweight and physical inactivity were
drawn from the 2005 Madrid City Health Survey and
the 2006 Barcelona Health Survey. In the Madrid City
Health Survey, a representative sample of the population
of 1057 subjects under the age of 16 was selected and
the data collection was carried out between November
2004 and June 2005. In the Barcelona Health Survey, a
representative sample of the population of 758 subjects
under 16 years of age and the data collection was carried
out between December 2005 and July 2006 [22, 23]. In-
dividuals were selected by two-stage cluster sampling,
with stratification by census districts, which constituted
the first-stage units. The census districts were selected
with a probability proportional to their population size,
while respondents within each district were chosen by
simple random selection. Interviews were conducted at
the homes of the persons selected, with questionnaires
being completed by one of the parents or, where this
was not possible, by the person’s guardian. Children
aged 6-15years were selected for analysis purposes. In
all, 707 children from 21 districts of Madrid and 474
children from 10 districts of Barcelona were analysed.
Overweight was analyzed through the body mass index
(BMI, weight in kg divided by height in m?), based on the
weight and height referred by the parents or guardians of
the children. Overweight was defined according to the cri-
teria of Cole et al. [24]. The values of BMI derived from
the limits proposed for adults by the International Obesity
Task Force, (this is 25 kg / m2) [IOTF, 24] are established
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for boys and girls between 2 and 18 years old, according
to their age and sex.. In the questionnaire, respondents
were also asked, “Which of these possibilities best de-
scribes the frequency with which the child does some
physical activity or sport in his/her free time?” In Madrid
the four possible replies were: “1. No exercise”; “2. He/she
does some physical or sports activity less than once a
month”; “3. He/she does some physical or sports activity
one or more times a month” and “4. He/she does some
physical or sports activity one or more times a week”. In
the case of the Barcelona survey, the answer was chosen
from among 5 options: 1. Never; 2. Seldom; 3. Sometimes;
4 Often; and, 5 Every day. These responses were grouped
into the following two categories: no physical activity (first
and second replies in Madrid; first reply in Barcelona);
and some activity (any of the other alternatives).

Measures of household socio-economic position

Two measures of household socio-economic position
were used: educational and professional qualifications of
the person who contributes the most income to the
household. Children were classified by the first measure
as 2nd-cycle secondary or higher education and less than
2nd-cycle secondary education, and by the second meas-
ure as non-manual (managers, businessmen/women,
university-qualified professionals, self-employed persons,
supervisors and service sector workers) and manual
workers (skilled, semi-skilled and unskilled).

Measures of socioeconomic context of the area

To reflect the socio-economic context of Madrid and
Barcelona city districts, three indicators were used:
unemployment rate and the respective percentages of
the population with tertiary education and a second
home. The first can be considered an indicator of
material deprivation and the others would be indica-
tors of wealth.

Districts were grouped into tertiles according to the
above three indicators. These data were estimated on
the basis of the 2001 population census. Each respond-
ent was then assigned to a tertile of each indicator based
on his/her district of residence.

Information on the number of sports facilities in each
neighbourhood was obtained from the 2005 National Cen-
sus of Sports Facilities (Censo Nacional de Instalaciones
Deportivas). Around 40% of the population practiced one or
several sports in both cities. The sports facilities had an aver-
age construction age of 18.6 years in Madrid and 17.0 years
in Barcelona. In Madrid, 60.8% of sports facilities were de-
prived 39.2% were public, while in Barcelona 59.5% were
public and 40.5% private [25]. The number of sports facil-
ities per 1000 population was estimated for each district,
and each individual was assigned to a tertile according to
his/her district of residence.
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Statistical analysis

The statistical analysis, data synthesis, or model cre-
ation was performed from the 2017. We evaluated
the following: firstly the relationship between indica-
tors of socio-economic environment and overweight,
population characteristics and area of residence; and
secondly, the relationship between population char-
acteristics and overweight, using the chi-squared test.
The association between the three indicators of socio-
economic environment and overweight was assessed using
the odds ratio (OR) calculated by multilevel logistic re-
gression. Given the hierarchical structure of the data
shown at two levels, ie., individuals within districts and
the possible residual correlation among persons within
districts, the OR for districts’ characteristics was estimated
using multilevel logit models, which included a random
effect of the intercept at the origin for each neighbour-
hood. The models were adjusted using the SAS GLIM-
MIX procedure (SAS Institute 1999). We first calculated
the OR adjusted for sex and age. Educational level and oc-
cupational class were then added in a second model. After
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adjusting for sex, age, educational level and occupational
class, physical inactivity was included to determine if this
substantially reduced the magnitude of the association.
The percentage change in the OR after inclusion of the
physical inactivity variable was then estimated according
to the formula: [(physical inactivity-adjusted OR — previ-
ous OR)/ (previous OR - 1.00)] x 100. Similarly, the avail-
ability of sports facilities was added to the model adjusted
for sex, age, educational level and occupational class, and
the percentage change in the OR was also calculated.

Results
The characteristics of the subjects in the two cities, accord-
ing to the three variables of area of residence, are shown in
Table 1. The two cities showed a similar magnitude in the
socio-economic context indicators. For example, the un-
employment rate was 6.0% Madrid and 6.5% in Barcelona.
Overweight was related, in the case of Madrid, to the per-
centages of population with a tertiary education (p = 0.008)
and second home (p = 0.015) respectively, and in the case of
Barcelona to the unemployment rate (p =0.034), higher

Table 1 Sample size, study subjects’ characteristics and area of residence, and effect size according to indicators of socio-economic

environment:® Madrid and Barcelona city districts

Sample size (n) and study Unemployment rate®

Percentage of population with tertiary education®

Percentage with a second home®

subjects’ characteristics and

area of residence ! 2 3 ! 2 3 W 2 3

Madrid
n 265 232 210 254 232 221 241 247 219
Overweight (%) 253 315 314 0128 354 26.7 244 0.008 328 316 224 0.015
Mean age (years) 109 107 110 0392 109 10.88 1.0 0.797 109 108 109 0972
Girls (%) 442 513 424 0802 437 478 46.6 0.509 444 46.2 475 0.506
Low educational level® (%) 294 433 543 0948 53.1 416 276 0.551 46.1 480 288 0.389
Manual occupation® (%) 294 455 565 0488 530 429 30.8 0.901 479 488 30.1 0.840
Physical inactivity (%) 189 216 276 0025 268 17.7 22.2 0.200 315 14.2 21.5 0.007
Sports facilities/1000 pop. 27 15 1.3 0000 14 2.1 2.2 0.000 1.8 1.5 24 0.000

Barcelona
n 195 142 137 180 138 156 183 135 156
Overweight (%) 192 239 292 0034 283 23.2 18.2 0.029 29.0 222 18.2 0.019
Mean age (years) 104 103 107 0586 106 104 10.28 0.590 106 1041 10.28 0.597
Girls (%) 492 465 453 0464 439 50.0 487 0.362 486 437 487 0.979
Low educational level® (%) 6.1 140 323 0000 287 104 6.3 0.000 280 1.2 6.3 0.000
Manual occupation® (%) 210 423 547 0000 528 370 19.2 0.000 525 370 19.2 0.000
Physical inactivity (%) 144 85 113 0331 110 9.6 14.6 0.344 11.6 88 14.6 0441
Sports facilities/1000 pop. 33 24 19 0000 19 25 36 0.000 20 25 36 0.000

“Based on the unemployment rate, percentage of population with tertiary education, and percentage of population with a second home
PThe categories according to the unemployment rate were as follows: Madrid, tertile 1 (< 11.01%), tertile 2 (11.02-13.57%) and tertile 3 (> 13.57%); Barcelona,
tertile 1 (< 10.32%), tertile 2 (10.32-11.13%) and tertile 3 (> 11.13%)
The categories according to the population with tertiary education were as follows: Madrid, tertile 1 (< 15.21%), tertile 2 (15.22-30.31%) and tertile 3 (> 30.31%);

Barcelona, tertile 1 (< 15.01%), tertile 2 (15.01-27.15%) and tertile 3 (>21.15%)

The categories according to the population with a second home were as follows: Madrid, tertile1 (< 22.42%), tertile 2 (22.43-28.32%) and tertile 3 (> 28.32%);

Barcelona, tertile 1 (< 19.82%), tertile 2 (19.82-26.14%) and tertile 3 (> 26.14%)
“Refers to the educational level and occupation of the primary household earner

* The p-value for subjects’ characteristics was based on the chi-square test for trend; the p-value for area characteristics was based on linear regression
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education (p =0.029) and a second home (p =0.019). The
areas with higher proportion of the population with higher
education and with a greater proportion of the population
with a second home show a negative relationship with over-
weight. In addition, in Barcelona the areas with higher
unemployment rate showed a positive relationship with
overweight.

When it came to parents’ low level of education and
manual occupation, there was an association in Barce-
lona with all three variables (p = 0.000).

Insofar as physical inactivity was concerned, in Madrid
this was related to the unemployment rate (p =0.025)
and percentage of a second home (p = 0.007), whereas in
Barcelona there was no relationship with any of the 3
environmental variables.

Lastly, the number of sports facilities per 1000 inhabi-
tants was associated, both in Madrid and Barcelona, with
the three area variables (p = 0.000).

Table 2 shows the prevalence of overweight in rela-
tion to the personal variables, variables of household
socio-economic position and variables of physical
inactivity, for the two cities. In Madrid and Barcelona
alike, the prevalence of overweight was highest among
the youngest children (p =0.000 and p =0.000
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respectively), and in Madrid, in addition, among
males (p =0.013).

Table 3 lists the ORs with their confidence intervals for
overweight according to the three area indicators, for both
cities. In Madrid, after adjustment for sex, age, educational
level and occupational class, the ORs for the districts situ-
ated in the tertile with the worst socio-economic context
were: 1.17 (0.74-1.86) by reference to the unemployment
rate; 1.53 (1.00-2.32) by reference to the percentage popula-
tion with a university education; and 1.57 (1.02-2.42) by ref-
erence to the percentage of the population with a second
home. Adjustment for physical inactivity did not greatly re-
duce the magnitude of the OR. Adjustment for availability
of sport facilities similarly failed to reduce the magnitude of
the OR, except when the indicator of socio-economic con-
text was the unemployment rate, in which case the magni-
tude decreased by 58% (from 1.17 to 1.07). In Barcelona,
after adjusting for sex, age, educational level and occupa-
tional category, the ORs for the districts situated in the ter-
tile having the worst socio-economic context were: 1.80
(1.01-3.22) by reference to the unemployment rate; 1.80
(1.00-3.23) by reference to the percentage of the population
with a university education; and 1.86 (1.04-3.33) by refer-
ence to the percentage of the population with a second

Table 2 Percentage frequency of overweight by age, sex, household socio-economic characteristics and obesity risk behaviours:

Spain
Characteristics Madrid Barcelona
Sample size (n) Overweight Sample size (n) Overweight

Age (years)

6-10 314 373 228 317

11-15 393 226 246 159
p-value 0.000 0.000
Sex

Boy 382 32.7 250 253

Girl 325 249 224 215
p-value 0.023 0.335
Educational level®

High 412 26.0 393 23.2

Low 295 336 81 290
p-value 0.942 0304
Occupation®

Non-manual 402 264 297 223

Manual 305 332 177 256
p-value 0.121 0418
Physical inactivity

No 549 288 411 24.7

Yes 158 304 63 19.6
p-value 0.697 0422

“Refers to the educational level and occupation of the primary household earner
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Table 3 Odds ratio (95% confidence interval) for overweight, by indicators of socio-economic environment: Madrid and Barcelona

Indicators of socio-
economic environment

Adjusted for age
and sex

Adjusted for age, sex, and
socio-economic position?

Adjusted for age, sex, socio-
economic position and physical

Adjusted for age, sex, socio-
economic position and sports

inactivity facilities
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Madrid

Unemployment rate

Less than 11.01%  1.00 1.00 1.00 1.00

11.02 to 13.57% 134 087-205 125 0.81-1.95 1.26 0.81-1.96 1.16 0.68-1.99

Higher than 13.57% 1.31 084-2.02 117 0.74-1.86 1.16 0.73-1.85 1.07 0.61-1.91
Population with a university education

Higher than 3031% 1.00 1.00 1.00 1.00

15.22 t0 30.31% 1.11 0.72-1.71 1.04 0.67-161 1.05 0.68-1.63 1.04 0.67-1.61

Lessthan 1521% 165 1.10-248 153 1.00-2.32 152 1.00-2.32 1.50 0.96-2.35
Population with a second home

Higher than 2832% 1.00 1.00 1.00 1.00

2243 t0 2832% 154 101-236 145 0.94-233 147 0.95-2.27 143 0.89-2.28

Less than 22.42% 165 1.08-252 157 1.02-242 1.56 1.01-2.40 1.54 0.79-3.00

Barcelona

Unemployment rate

Less than 10.31% 1.00 1.00 1.00 1.00

1032 to 11.13% 130  074-227 123 069-2.17 1.20 0.68-2.14 117 0.65-2.13

Higher than 11.13% 200 1.16-344  1.80 1.01-3.22 1.78 0.99-3.18 1.69 0.90-3.18
Population with a university education

Higher than 27.15% 1.00 1.00 1.00 1.00

15.03 to 27.15% 141 0.77-258 135 0.73-2.50 1.34 0.72-2.47 1.32 0.69-2.52

Less than 1503% 199  1.15-346 180 1.00-3.23 1.77 0.99-3.19 1.72 0.88-3.37
Population with a second home

Higher than 26.14% 1.00 1.00 1.00 1.00

19.83 to 26.14% 134 073-247 1.28 0.69-2.38 1.26 0.68-2.35 1.25 0.65-2.41

Less than 19.82% 205 1.18-356 1.86 1.04-3.33 1.84 1.03-3.29 1.79 0.93-3.48

*The variables of socio-economic position were the educational level and social class of the primary household earner

home. Adjustment for physical inactivity did not greatly re-
duce the magnitude of the OR. Adjustment for availability
of sport facilities reduced the magnitude of the OR in the
tertile having the worst socio-economic context: by 14%
when the indicator was the unemployment rate (from 1.80
to 1.69); by 10% when the indicator was the percentage of
the population with a university education (from 1.80 to
1.72); and by 9% when the indicator was the percentage of
the population with a second home (from 1.80 to 1.79).

Discussion

This study sought to assess the influence exerted on
overweight by socio-economic context, measured by ref-
erence to the unemployment rate, and the percentages
of the population having a tertiary education and second

home respectively, in view of the fact that earlier studies
have shown that, regardless of household characteristics,
children and adolescents living in deprived neighbour-
hoods tend to have a higher body weight, [5, 26].

As a first step, a descriptive study was conducted
to measure the relationship between individual and
socio-economic factors. Since a strong association
was found between the latter indicators and the
number of neighbourhood sports facilities (Table 1,
p <0.000), it was decided to include these in the ad-
justments in the regression analysis. While previous
studies undertaken in the USA, Canada and the
United Kingdom [14, 27] have shown that people liv-
ing in underprivileged areas are more inactive, it is
equally likely that they have fewer sports facilities
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and green areas, [14, 28], and moreover, that this
availability varies from city to city, [14].

Overweight in Madrid displayed a risk gradient, except
vis-a-vis the unemployment rate, which was highest in the
intermediate tertile (Table 3). In Barcelona, this increased
risk was again in evidence, especially in the case of the
population that had a second home (Table 3). Physical in-
activity would not account for this risk of overweight in ei-
ther of the two cities: in Madrid, the availability of sports
facilities reduced this risk by 58% for the upper tertile of
the unemployment rate; and in Barcelona, the availability
of sports facilities accounted for around 10% of overweight
with respect to all three indicators.

A previous study, undertaken in Canada, [5], reported a
relationship between a socio-economic environmental in-
dicator, i.e., the unemployment rate, and weight, an
association also reported for other indicators by a number
of studies, [5, 29-31]. Although it is reasonable to assume
that one of the mechanisms whereby socio-economic level
influences overweight would be greater physical inactivity,
[13, 14, 27], a certain degree of controversy nevertheless
surrounds this contention, [5]. In this regard, while previ-
ous studies have found that the number of neighbourhood
sports facilities is related to lower weight, [15, 16, 32] and
that the most underprivileged neighbourhoods have fewer
centres at which people can do physical exercise, [33],
other studies have failed to observe this relationship, [34].
It should be borne in mind here that a range of factors, in-
cluding the availability of foot or cycle-paths leading to
such sports facilities, [35], the distance to be covered, [17],
their ease of access, [21, 36], the quality of the sports cen-
tres themselves, and the safety of the neighbourhoods in
which they are situated, [3, 37-39], could exert an influ-
ence, giving rise to these differences in results.

It should be stressed that, in general, socio-economic
factors were better indicators of risk in the case of
Barcelona than in that of Madrid. This might be due to
the administrative reorganisation of the city of Barce-
lona, implemented in 2007, which divided it into neigh-
bourhoods created on the basis of sociological criteria,
[40]. In Madrid, in contrast, districts are administrative
divisions of the city; hence, rather than being constructs
devised for the purpose of grouping together neighbour-
ing areas with similar characteristics, they are units
having a certain degree of internal homogeneity, [40].

Furthermore, it should be borne in mind that that socio-
economic environmental determinants have less influence
than do individual determinants on risk of overweight [5],
for the simple reason that, because they are drawn from cen-
sus data, they probably yield an underestimate of the real ef-
fects, due to a smaller degree of variability in the population
and less opportunity for differential misclassification bias.

Insofar as the strong points of this study are concerned,
mention should be made, firstly, of the fact that the data
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were drawn from 2 random samples of the two largest cit-
ies in Spain, and that use was made of routine census data
collected by government authorities for public health pur-
poses. Moreover, the study assessed both the individual
factors (age, sex, socio-economic position and physical
inactivity), and the environmental factors of wealth and
poverty (unemployment rate, population with tertiary edu-
cation, and population having a second home), and inte-
grated the relationship between the two types of factors
and the weight of children and adolescents, as well as the
presence of neighbourhood sports facilities, by means of
multilevel analysis.

A potential limitation of our study is its cross-sectional de-
sign, which does not take the temporal relationship among
the variables into account, though it is highly unlikely that
overweight among children would be determined by the
neighbourhood in which they resided. It should likewise be
noted that the BMI data were reported by the interviewees,
who might not have measured the weight accurately, [41].
Various studies on obesity in children have used
weight and height referred by the person responsible
for the child [42, 43] and in other countries [44, 45].
In a study conducted in Spain, the BMI with infor-
mation declared by the parents showed a sensitivity
of 78% and a specificity of 96% [46] and in a study
conducted in Germany the authors obtained sensitiv-
ities between 78 and 85% and specificities close to
100%. In any case, we cannot rule out an informa-
tion bias in the measurement of overweight in our
study, although there is no reasons to think that
misclassification of subjects be differential with re-
spect to the socioeconomic context indicators used.

In our study, the questionnaire was validated in 50 inter-
viewees in the Madrid City Health Survey and in 18% of
those interviewed in the Barcelona Health Survey, and it
was found that information on weight and height had high
reliability [22, 23] Similarly, the possibility of there being un-
known errors of measurement in the collection of data on
physical inactivity should not be ruled out; even so, there is
no need to suppose that such errors would differ in terms of
neighbourhood of residence. The use of a comprehensive
population source, such as the census, for the socioeco-
nomic characterization of the population, has the advantage
that there is less probability of an information bias in this
exposure measure. On the other hand, being able to reflect
the great socioeconomic heterogeneity may have led to an
underestimation of the effect.

Finally, as in other studies, future research is called for to
study the working mechanisms through which neighbour-
hood social environment exerts its effect on BMI, [47].

Conclusions
We study the relationship socio-economic environment,
and overweight in two southern European cities: overweight



Albaladejo et al. BMC Pediatrics (2019) 19:307

displayed a risk gradient in Madrid and Barcelona. That is,
the areas of these cities with the best socioeconomic indica-
tors show the lowest prevalence of overweight and the areas
with the worst socioeconomic indicators showed the highest
prevalence of overweight among the childhood population.
Although in our study we have not shown that physical in-
activity is a determining factor in overweight, there is a de-
crease in the risk of overweight in relation to the availability
of sports facilities in the two cities.
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