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ABSTRACT
Objective: Although the relationship between area
socioeconomic environment and obesity is known,
previous research has measured area socioeconomic
environment at only one point in time. This study
evaluates the relationship of cumulative area-based
adverse socioeconomic environment with body mass
index (BMI) and overweight.
Design: Cross-sectional study.
Setting: Spain.
Participants: 17 917 subjects in 2001.
Main outcome measure: Information from 1980, 1990
and 2000 was used for the percentage of the population
with low educational achievement, gross domestic
product per capita (GDPpc), and Gini coefficient to
estimate BMI and prevalence of overweight by the
number of times each province had an adverse exposure
to each of these measures of socioeconomic environ-
ment.
Results: After adjusting for individual variables and sports
facilities in the area, the difference in BMI in residents of
provinces with the highest percentage of population with
low educational achievement in 1980, 1990 and 2000,
compared with residents of provinces with no history of
adverse socioeconomic environment based on this
indicator, was 0.61 kg/m2, whereas the prevalence of
overweight was 1.46 times higher. Similar results were
obtained for residents of provinces with cumulative low
GDPpc versus residents of provinces that had never had
low GDPpc. Neither BMI nor overweight were associated
with cumulative income inequality based on the Gini
coefficient.
Conclusion: Cumulative adverse socioeconomic envir-
onment based on indicators of educational level or wealth,
but not of income inequality, is positively associated with
BMI and overweight. This association is not explained by
individual characteristics or by the availability of sports
facilities.

The relationship between socioeconomic environ-
ment and obesity is well established. Mean body
mass index (BMI) and prevalence of overweight are
higher in areas with greater material deprivation
and in those with larger income inequality.1–6

It has been proposed that health behaviours such
as dietary patterns, physical inactivity, alcohol
intake and smoking play an important mediating
role.1 4 Differences in area facilities, such as the
availability and price of healthy food and the
absence of sports and recreational facilities, may
give rise to area differences in dietary intake and
physical inactivity.7–11 Poorer areas and those with
higher income inequality may provide fewer

opportunity structures for health-promoting activ-
ities than more affluent areas and those with lower
income inequality.1 3 5 The possible mediating role
of psychosocial factors has also been suggested.3–6

The chronic stress generated by a person’s percep-
tion of how his income ranks in comparison with
others could affect obesity directly or indirectly
through behaviours such as smoking, drinking, and
overeating.12 13

All previous investigations have measured indi-
cators of area-based socioeconomic environment at
a single point in time. Any effect of socioeconomic
environment on BMI and overweight is, however,
highly unlikely to be instantaneous. The avail-
ability of facilities and the level of stress in an area
probably reflect the socioeconomic environment
over time and not so much the socioeconomic
environment at that particular moment. The
failure to consider cumulative exposure to the
socioeconomic environment of the area of resi-
dence may represent a limitation when determin-
ing how socioeconomic context is related to BMI
and overweight.

In this investigation we used information on
three indices of socioeconomic environment, edu-
cational level, wealth and income inequality, over
the last two decades of the 20th century to
evaluate the relationship of cumulative area-based
adverse socioeconomic environment with BMI and
overweight in the Spanish population in 2001.

METHODS
Study population
Study subjects were taken from the 2001 National
Health Survey. Individuals were selected using a
multistage procedure in each of the 50 provinces:
first, towns were chosen by random selection
proportional to the size of the population, and
then census areas were chosen by simple random
selection. The median number of residents in the
Spanish provinces was 535 000 inhabitants, with
an interquartile range of 345 000–900 000. The
non-response rate was 15%. The study was
restricted to the population aged 16–74 years.
Older individuals were not included because the
health survey excluded institutionalised persons
from the sample, and the probability of being
institutionalised is relatively high in those over 74
years.

Individual-level variables
Information on weight and height was collected by
asking: ‘‘About how much do you weigh without
your shoes or clothes on? (in kg)’’ and ‘‘About how
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tall are you are without your shoes on? (in cm)’’. The non-
response rate to weight and/or height was 10.2%. BMI was
calculated as weight in kilograms divided by height in square
metres. Overweight was defined as a BMI of 27 or greater,
because the risk of mortality increases after this cut-off point.14

Monthly household income, social class, and highest level of
education completed by the person interviewed were the
measures of socioeconomic position. The response categories
for the question on income consisted of six income ranges.
Income was assigned to each person by transforming this
variable into a quantitative variable using the mid-point of each
interval and dividing by the square root of the number of
individuals in the household, using the equivalence scale of the
Luxembourg Income Study.15 The quartiles of the distribution
of household equivalent income were then estimated, and each
respondent was included in one of these quartiles. The 20% of
subjects with missing information on income were included in
an additional category. Most of these individuals probably had
high income because 70% of them had 12 or more years of
education. Social class was assigned on the basis of the
occupation of the head of household. Occupation was coded
in accordance with the National Classification of Occupa-
tions and subjects were assigned to one of the following
categories: professionals, managers and intermediate professions
(I), self-employed workers and workers in the service industry
(II), skilled manual workers (III) and unskilled manual workers
(IV). Finally, subjects were assigned to one of four categories
based on the highest educational level achieved: no education
(fewer than five years), primary level (five years), low secondary
level (nine years), and high secondary/third level (12 years or
more).

Subjects were asked about the type of physical exercise done
in their free time. The response categories were: (1) no exercise;
(2) occasional physical activity (walking, riding a bicycle,
gardening, light exercise, recreational activities requiring mod-
erate effort, etc); (3) regular physical activity several times a

month (tennis, gym, running, swimming, cycling, team games,
etc); and (4) vigorous exercise several times a week.

As skipping breakfast has been associated with an increased
prevalence of obesity,16 participants were grouped into three
categories depending on the type of breakfast: no breakfast;
something liquid (coffee, tea, milk, juices) with or without toast
or sweet rolls; and a more substantial breakfast (eggs, ham,
cheese, etc, and something liquid). Participants were also asked
about their weekly intake of different foods. The consumption
of fruits and vegetables less than three days a week was
considered to be low. Smoking was categorised as current
smoker if the person was a regular or daily smoker, and non-
smoker for all others. Alcohol intake was measured using a
quantity–frequency index. Heavy drinkers were considered to
be those with a daily consumption of more than 50 ml (men) or
30 ml (women) of absolute alcohol.

Area-level variables
We estimated three indicators of socioeconomic environment in
each of the 50 Spanish provinces around 1980, 1990 and 2000:
the proportion of the population with low educational
achievement (less than primary level) as the indicator of
underinvestment in human capital; gross domestic product
per capita (GDPpc) as the indicator of wealth, and the Gini
coefficient as the indicator of income inequality. On the basis of
these indicators we estimated three indices that reflect the
cumulative exposure of each province to an adverse economic
environment in the last two decades of the 20th century.

For the first index we calculated the proportion of people aged
10 years and older with low educational achievement based on
the population censuses of 1981, 1991 and 2001, and then
calculated for each province the number of times this percentage
was higher than the 60th percentile. We constructed a
combined index describing the number of adverse exposures in
each province: provinces with no unfavourable exposures were
at one end of the index, and those with three unfavourable

Table 1 Sample size, characteristics of study subjects, and mean number of sports facilities per 1000 population, by indices of cumulative area-based
adverse socioeconomic environment

Sample size (n), individual characteristics
and mean number of sports facilities

Indices of cumulative area-based adverse socioeconomic environment

No of times % population
with low educational
achievement was high{

p*

No of times GDPpc was
low{

p*

No of times Gini coefficient
was high1

p*0 1–2 3 0 1–2 3 0 1 2 3

n 10 427 2056 5434 10 609 2429 4879 5333 5578 5343 1663

Individual characteristics

Body mass index (mean) 25.0 25.4 25.7 ,0.001 25.0 25.5 25.7 ,0.001 25.2 25.3 25.2 25.5 0.055

Overweight (%) 27.4 31.9 33.8 ,0.001 27.7 32.3 33.2 ,0.001 29.2 29.9 29.8 31.9 0.420

Mean age (years) 42.5 41.5 40.7 ,0.001 42.4 41.1 41.0 ,0.001 42.4 41.9 41.3 41.8 0.004

Female sex (%) 50.1 49.5 49.0 0.185 50.1 48.9 49.2 0.260 50.2 49.0 50.3 48.7 0.720

No education (%) 6.2 11.9 12.5 ,0.001 6.7 10.3 12.5 ,0.001 8.2 7.4 9.5 13.2 ,0.001

Unskilled manual occupation (%) 21.5 23.5 25.0 ,0.001 21.9 22.2 25.3 ,0.001 23.4 23.2 21.6 24.0 0.305

Poorest income quartile (%) 12.2 15.4 21.7 ,0.001 11.4 17.3 22.4 ,0.001 13.0 16.2 14.2 20.4 ,0.001

Physical inactivity (%) 40.1 43.8 53.6 ,0.001 40.2 45.2 54.0 ,0.001 42.6 46.0 44.0 48.6 0.025

No breakfast (%) 3.9 4.7 3.3 0.132 3.7 5.1 3.3 0.466 4.3 3.6 3.8 2.8 0.014

Low vegetable consumption (%) 30.3 31.5 35.8 ,0.001 29.9 33.1 36.4 ,0.001 30.3 31.6 33.0 36.8 ,0.001

Low fruit consumption (%) 20.0 23.2 20.7 0.160 20.1 24.1 19.9 0.700 20.6 20.7 22.0 15.2 0.054

Current smoker (%) 34.4 35.1 34.0 0.750 35.0 35.8 32.4 ,0.001 33.5 33.7 37.4 29.7 0.900

Heavy drinker (%) 6.4 7.5 7.9 ,0.001 6.5 7.0 8.1 ,0.001 7.0 7.2 6.5 7.4 0.250

Mean number of sports facilities (per 1000 population) 5.1 5.7 3.5 0.007 5.5 4.2 3.6 ,0.001 5.0 5.0 4.2 3.7 0.078

*p Value for trend.
{Number of times percentage of population with low educational achievement was above the 60th percentile in 1980, 1990, and 2000.
{Number of times gross domestic product per capita was below the 40th percentile in 1980, 1990, and 2000.
1Number of times Gini coefficient was above the 60th percentile in 1980, 1990, and 1999.
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exposures were at the other. For the second index we used the
information on provincial GDPpc provided by Eurostat for the
years 1980, 1990 and 2000,17 and calculated the number of times
that the GDPpc in each province was lower than the 40th
percentile. We then constructed a combined index, similar to
the one previously described. For the third index we used the
Gini coefficient for the years 1980, 1990 (calculated by the
Valencian Institute of Economic Research from the Household
Budget Surveys of 1980 and 1990)18 and 1999 (calculated from
the 1999 National Survey on Disabilities), and calculated the
number of times the Gini coefficient for each province was
higher than the 60th percentile. We then constructed a
combined index in a similar way. We chose the 60th percentile
(40th for GDPpc) from the distribution of provincial values
because these cut-off points ensured the presence of provinces in

all four categories defined for each index. The use of stricter cut-
off points would have left the intermediate categories of the
combined index without any provinces.

Information on the number of sports facilities in each
province was obtained from the 1998 National Census of
Sports Installations, which includes all collective sports installa-
tions, plus the sports facilities contained in each of them. We
estimated the number of sports facilities per 1000 population in
each province. Because within-province heterogeneity, in terms
of urbanity/rurality or population density, may affect the
relationship between the availability of sports facilities and
physical inactivity, we used as control variables the percentage
of the population living in municipalities with fewer than
20 000 inhabitants and the population density per square
kilometer in each province.

Table 2 Associations between individual characteristics and BMI and overweight

Individual characteristics

BMI Overweight

Difference (95% CI) Odds ratio (95% CI)

Age* 0.08 (0.07 to 0.08) 1.03 (1.03 to 1.04)

Sex

Men 0.00 1.00

Women 21.36 (21.47 to 21.24) 0.61 (0.57 to 0.66)

Education

High secondary/third level 0.00 1.00

Low secondary level 0.61 (0.47 to 0.76) 1.49 (1.35 to 1.64)

Primary level 1.15 (0.97 to 1.33) 1.89 (1.69 to 2.53)

No education 1.53 (1.27 to 1.79) 2.17 (1.86 to 2.53)

Social class{
I 0.00 1.00

II 20.05 (20.23 to 0.13) 1.08 (0.96 to 1.22)

III 0.34 (0.19 to 0.50) 1.22 (1.10 to 1.35)

IV 0.26 (0.09 to 0.43) 1.18 (1.06 to 1.32)

Equivalent household income

Missing 20.34 (20.53 to 20.14) 0.79 (0.69 to 0.90)

.867.5 euros 0.00 1.00

608–867.5 euros 0.18 (20.03 to 0.39) 1.02 (0.88 to 1.18)

434–607.9 euros 0.17 (20.03 to 0.36) 1.00 (0.88 to 1.13)

,434 euros 20.13 (20.38 to 0.12) 0.86 (0.74 to 1.01)

Physical activity

Vigorous excercise 0.00 1.00

Regular physical activity 20.02 (20.29 to 0.25) 1.02 (0.82 to 1.27)

Occasional physical activity 0.34 (0.11 to 0.57) 1.54 (1.29 to 1.85)

No exercise 0.74 (0.51 to 0.97) 1.96 (1.63 to 2.34)

Breakfast

Substantial breakfast 0.00 1.00

Coffee and/or tea and/or sweet rolls 20.03 (20.30 to 0.23) 0.91 (0.77 to 1.07)

No breakfast 0.79 (0.65 to 0.94) 1.48 (1.18 to 1.87)

Vegetable consumption

Three or more times a week 0.00 1.00

Less than 3 times a week 0.15 (0.02 to 0.27) 0.94 (0.87 to 1.02)

Fruit consumption

Three or more times a week 0.00 1.00

Less than 3 times a week 20.08 (20.23 to 0.06) 1.12 (1.02 to 1.23)

Current smoker

No 0.00 1.00

Yes 20.51 (20.63 to 20.39) 0.77 (0.71 to 0.83)

Heavy drinker

No 0.00 1.00

Yes 0.23 (0.00 to 0.45) 1.19 (1.04 to 1.36)

BMI, Body mass index.
*This is a continuous variable.
{I: professionals, managers and intermediate professions; II: self-employed and workers in service industry; III: skilled manual
workers; IV: unskilled manual workers.
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Statistical analysis
Linear and logistic regressions were used to evaluate the
relationship of the measures of socioeconomic position and
health behaviours with BMI and overweight, respectively. To
evaluate the association of cumulative area-based adverse
socioeconomic indices with BMI and overweight, we used
multilevel models to take into account the hierarchical nature of
the data (subjects clustered within provinces). We estimated
random-effect models with a random intercept for each
province. Multilevel linear regression and multilevel logistic
regression were used to evaluate the association of each index
with BMI and overweight, respectively.19–21

Provincial fixed parameters were expressed as differences with
95% confidence intervals (CI) for BMI, and as odds ratios (OR)
with 95% CI for overweight. We also calculated provincial and
individual-level variances and intraclass correlation (percentage
of the total variance in the outcome that is attributable to the
province). In the case of overweight we calculated the median
OR, whereas the intraclass correlation was approximated
according to the latent variable method.22 23 To determine the
proportion of differences between provinces in BMI and the
prevalence of overweight that is explained by the different
variables, we calculated the proportional change in variance.24

Finally, a multilevel logistic regression model was used to
examine whether the availability of sports facilities was
responsible for area differences in physical inactivity, one of
the main risk factors for high BMI and overweight.

RESULTS
Table 1 shows characteristics of the study subjects and the
mean number of sports facilities, according to each of the three
indices of cumulative area-based adverse socioeconomic envir-
onment. Table 2 shows the association of age, sex, measures of
socioeconomic position, and health behaviours with BMI and
overweight based on a multivariate model. All these factors
were independently associated with BMI and/or overweight. A
sensitivity analysis was performed on the variable income,
introducing quartiles of household income in the models instead
of equivalent household income, but little change was seen in
the results.

Tables 3 and 4 show the association of cumulative area-based
adverse socioeconomic environment with BMI and overweight.
There was a significant graded association of the indices based
on the percentage of the population with low educational
achievement and on GDPpc with BMI and overweight. We

Table 3 Difference (95% CI) in BMI according to cumulative area-based adverse socioeconomic environment indices, province and individual-level
variance and intraclass correlation

Index of socioeconomic environment Adjusted for age and sex
Adjusted for age, sex,
and measures of SEP*

Adjusted for age, sex,
measures of SEP, and
health behaviours{

Adjusted for age, sex,
measures of SEP, health
behaviours{, and sports
facilities

No of times % population with low
educational achievement was high1

0 0.00 0.00 0.00 0.00

1–2 0.54 (0.21 to 0.86) 0.39 (0.12 to 0.66) 0.38 (0.10 to 0.67) 0.41 (0.14 to 0.68)

3 0.84 (0.60 to 1.07) 0.65 (0.45 to 0.85) 0.63 (0.42 to 0.84) 0.61 (0.40 to 0.82)

p Value for trend ,0.001 ,0.001 ,0.001 ,0.001

Province-level variance (SE) 0.092 (0.032) 0.053 (0.022) 0.061 (0.024) 0.050 (0.023)

Individual-level variance (SE) 17.3 (0.15) 13.4 (0.14) 13.2 (0.14) 13.2 (0.14)

ICC 0.7% 0.3% 0.5% 0.4%

22 Log likelihood 95 801.8 95 355.9 94 462.1 94 522.8

No of times GDPpc was low"

0 0.00 0.00 0.00 0.00

1–2 0.59 (0.25 to 0.94) 0.43 (0.15 to 0.71) 0.44 (0.14 to 0.73) 0.44 (0.16 to 0.73)

3 0.72 (0.45 to 0.99) 0.56 (0.33 to 0.78) 0.53 (0.30 to 0.76) 0.49 (0.24 to 0.74)

p Value for trend ,0.001 ,0.001 ,0.001 ,0.001

Province-level variance (SE) 0.124 (0.040) 0.070 (0.028) 0.082 (0.031) 0.074 (0.029)

Individual-level variance (SE) 13.7 (0.15) 13.4 (0.14) 13.2 (0.14) 13.2 (0.14)

ICC 0.9% 0.5% 0.6% 0.6%

22 Log likelihood 95 812.0 95 365.2 94 471.5 94 525.7

No of times Gini coefficient was high**

0 0.00 0.00 0.00 0.00

1 0.32 (20.07 to 0.71) 0.22 (20.09 to 0.54) 0.20 (20.12 to 0.51) 0.24 (20.07 to 0.54)

2 0.34 (20.10 to 0.78) 0.27 (20.09 to 0.62) 0.31 (20.05 to 0.66) 0.28 (20.06 to 0.63)

3 0.41 (20.08 to 0.90) 0.32 (20.08 to 0.72) 0.30 (20.10 to 0.71) 0.24 (20.16 to 0.64)

p Value for trend 0.066 0.073 0.066 0.120

Province-level variance (SE) 0.218 (0.062) 0.122 (0.041) 0.122 (0.042) 0.114 (0.039)

Individual-level variance (SE) 13.7 (0.15) 13.4 (0.14) 13.2 (0.14) 13.3 (0.14)

ICC 1.5% 0.9% 0.9% 0.8%

22 Log likelihood 95 830.3 95 381.4 94 483.8 94 536.2

BMI, Body mass index; GDPpc, gross domestic product per capita; ICC, intraclass correlation coefficient; SE, standard error; SEP, socioeconomic position.
*Social class, educational level and income.
{Health behaviours: type of breakfast, consumption of fruits and vegetables, smoking, drinking, and physical activity.
{Physical activity was not included.
1Number of times percentage of population with low educational achievement was above the 60th percentile in 1980, 1990, and 2000.
"Number of times GDPpc was below the 40th percentile in 1980, 1990, and 2000.
**Number of times Gini coefficient was above the 60th percentile in 1980, 1990, and 1999.
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found no significant association between the index based on the
Gini coefficient and the two outcome variables.

The age and sex-adjusted difference in BMI between subjects
living in provinces where a high percentage of the population
had low educational achievement in 1981, 1991 and 2001 and
those living in provinces with no history of adverse socioeconomic

environment according to this index was 0.84 (95% CI 0.60 to
1.07). Adjustment for age, sex and measures of individual
socioeconomic position reduced the difference to 0.65 (0.45 to
0.85). Additional adjustment for health behaviours and sports
facilities resulted in a difference of 0.63 (0.42 to 0.84), and 0.61
(0.40 to 0.82), respectively (table 3). The results were similar for

Table 4 Odds ratio (95% CI) in overweight according to cumulative area-based adverse socioeconomic environment indices, province-level variance,
median odds ratio and intraclass correlation

Index of socioeconomic environment Adjusted for age and sex
Adjusted for age, sex,
and measures of SEP{

Adjusted for age, sex,
measures of SEP, and
health behaviours{

Adjusted for age, sex,
measures of SEP, health
behaviours1, and sport
facilities

No of times % population with low educational achievement was high"

0 1.00 1.00 1.00 1.00

1–2 1.37 (1.13 to 1.65) 1.29 (1.08 to 1.53) 1.28 (1.08 to 1.53) 1.30 (1.11 to 1.52)

3 1.61 (1.59 to 1.64) 1.50 (1.32 to 1.71) 1.49 (1.30 to 1.70) 1.46 (1.29 to 1.65)

p Value for trend ,0.001 ,0.001 ,0.001 ,0.001

Province-level variance (SE)* 0.030 (0.011) 0.022 (0.009) 0.023 (0.009) 0.0132 (0.007)

Median OR 1.18 1.15 1.16 1.12

ICC (latent variable method) 0.9% 0.6% 0.7% 0.4%

22 Log likelihood 80 906.9 81 496.1 81 454.0 81 309.1

No of times GDPpc was low**

0 1.00 1.00 1.00 1.00

1–2 1.43 (1.16 to 1.76) 1.34 (1.11 to 1.62) 1.35 (1.11 to 1.63) 1.38 (1.15 to 1.66)

3 1.46 (1.24 to 1.72) 1.37 (1.18 to 1.59) 1.34 (1.15 to 1.57) 1.31 (1.12 to 1.53)

p Value for trend ,0.001 ,0.001 ,0.001 ,0.001

Province-level variance (SE)* 0.046 (0.017) 0.034 (0.012) 0.036 (0.013) 0.026 (0.011)

Median OR 1.23 1.19 1.20 1.17

ICC (latent variable method) 1.3% 1.0% 1.0% 0.8%

22 Log likelihood 80 904.9 81 485.1 81 441.4 81 292.8

No of times Gini coefficient was high{{
0 1.00 1.00 1.00 1.00

1 1.18 (0.94 to 1.48) 1.13 (0.93 to 1.38) 1.12 (0.92 to 1.37) 1.19 (0.99 to 1.43)

2 1.23 (0.95 to 1.58) 1.19 (0.95 to 1.49) 1.23 (0.99 to 1.54) 1.20 (0.98 to 1.48)

3 1.19 (0.90 to 1.59) 1.15 (0.89 to 1.49) 1.16 (0.90 to 1.49) 1.10 (0.86 to 1.41)

p Value for trend 0.132 0.145 0.102 0.206

Province-level variance (SE)* 0.072 (0.021) 0.049 (0.016) 0.046 (0.016) 0.044 (0.015)

Median OR 1.29 1.24 1.23 1.22

ICC (latent variable method) 2.1% 1.5% 1.3% 1.3%

22 Log likelihood 80 915.0 81 488.6 81 448.8 81 298.9

GDPpc, Gross domestic product per capita; ICC, intraclass correlation coefficient; OR, odds ratio; SE, standard error; SEP, socioeconomic position.
*Variance at the provincial level in a logit model.
{Social class, educational level and income.
{Health behaviours: type of breakfast, consumption of fruits and vegetables, smoking, drinking, and physical activity.
1Physical activity was not included.
"Number of times percentage of population with low educational achievement was above the 60th percentile in 1980, 1990, and 2000.
**Number of times GDPpc was below the 40th percentile in 1980, 1990, and 2000.
{{Number of times Gini coefficient was above the 60th percentile in 1980, 1990, and 1999.

Table 5 Province-level variance in BMI and the prevalence of overweight, and explained variance for subsequent models that includes individual and
area variables

BMI Overweight

Province-level variance
(SE)

Explained province-
level variance (%)*

Province-level variance
(SE)

Explained province-
level variance (%)

Model 1: age + sex 0.247 (0.065) Reference 0.081 (0.022) Reference

Model 2: model 1 + individual measures of socioeconomic position
+ health behaviours

0.145 (0.045) 41.3 0.056 (0.017) 30.9

Model 3: model 2 + sports facilities 0.131 (0.041) 47.0 0.047 (0.015) 42.0

Model 4: model 3 + no of times % population with no education was high 0.050 (0.023) 79.8 0.013 (0.007) 84.0

Model 5: model 3 + no of times GDPpc was low 0.074 (0.029) 70.0 0.026 (0.011) 67.9

Model 7: model 3 + no of times Gini coefficient was high 0.114 (0.039) 53.8 0.044 (0.015) 45.7

BMI, Body mass index; GDPpc, gross domestic product per capita; SE, standard error.
*(Variance of the initial model 2 variance of the present model)/variance of the initial model.
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the association between the number of times GDPpc was low
during the past two decades and BMI.

The odds of overweight in subjects in provinces where a high
percentage of the population had low educational achievement
in 1981, 1991 and 2001 were 1.61 times greater (95% CI 1.59 to
1.64) than in individuals living in provinces with no history of
this type of adverse socioeconomic environment. Adjustment
for age, sex and measures of individual socioeconomic position
reduced the OR to 1.50 (1.32 to 1.71). Additional adjustment for
health behaviours resulted in an OR of 1.49 (1.30 to 1.70), and
finally, the inclusion of sports facilities yielded an OR of 1.46
(1.29 to 1.65; table 4). The results for the association between
cumulative low GDPpc and overweight were similar. The only
exception was that the highest OR after adjusting for all the
variables was seen in the provinces that had low GDPpc one or
two times.

As can be seen in tables 3 and 4, there was very little
clustering of either BMI or overweight (intraclass correlations in
the different models ranged between 0.3% and 2.1%), suggest-
ing much greater heterogeneity within than between provinces.
Intraclass correlations and median OR were larger in the models
that included the index based on the Gini coefficient, thus they
explain a smaller percentage of the provincial variance. Table 5
shows that the cumulative area-based income inequality
explains a smaller proportion of provincial differences in BMI
or prevalence of overweight than the other two indices of
cumulative area-based adverse socioeconomic environment.

There was a graded association between the number of sports
facilities and the prevalence of physical inactivity. Subjects
living in provinces with fewer sports facilities had an odds of
physical inactivity 1.43 times higher (1.07 to 1.92) than those
living in provinces with a larger number of sports facilities, after
adjusting for rurality, population density and measures of
socioeconomic position (table 6). The association disappeared
after adjusting for either the education or the gross domestic
product indicator of adverse socioeconomic environment.

DISCUSSION
Our results show a graded association between the number of
periods of adverse socioeconomic environment based on
indicators reflecting the percentage of the population with
low educational achievement or GDPpc and the outcome
variables.

It has been suggested that the relationship between area-
based socioeconomic environment and BMI and overweight
may be the result of area differences in the prevalence of
individual determinants of BMI or overweight, such as physical
activity, dietary patterns, smoking and alcohol intake.1 4

Although health behaviours were associated with the outcome
variables, adjusting for these individual determinants reduced
only slightly the association of cumulative area-based adverse
socioeconomic environment with BMI and overweight. Given
the possibility that the measures of health behaviour are
unreliable, we cannot rule out a measurement error in these
individual determinants as a possible explanation for the
residual association of cumulative area-based adverse socio-
economic environment with BMI and overweight.

It has also been argued that the socioeconomic environment
of an area may affect BMI and overweight through potential
community-level mediators, such as access to supermarkets, the
price of healthy food, and community access to sports facilities
and parks.3–5 Furthermore, it has been noted that these
characteristics would be responsible for individual determinants
such as dietary patterns or physical activity.1 The availability of
sports facilities explained part of the between-province variance.
After adjusting for this variable, the association between
cumulative area-based adverse socioeconomic environment
and BMI or overweight decreased slightly. These findings
suggest that part of the effect of socioeconomic environment
on BMI/overweight may be mediated by the provincial supply
of sports facilities and its relationship with physical inactivity.
Nevertheless, the relationship between the availability of sports
facilities and physical inactivity disappeared after adjusting for
the measures of cumulative area-based adverse socioeconomic
environment, suggesting this variable may be an indicator of
exposure to socioeconomic environment rather than a factor
responsible for the observed differences in physical inactivity.

We did not evaluate the possible mediating role of the price
and availability of healthy food. Nevertheless, evidence of the
relationship between the socioeconomic environment of the
area of residence and access to ‘‘healthier’’ food comes mainly
from the United States, whereas this kind of evidence is less
consistent in other developed countries.25

Another explanation for the residual association observed
could be what has been called the influence of contagion in the
area of residence;26 that is, the propensity of an individual to
behave in a particular way varies with the prevalence of that

Table 6 Association between availability of sports facilities and physical inactivity, odds ratio and 95% CI, and province-level variance and intraclass
correlation

Adjusted for age, sex,
rurality and population
density (model 1)

Adjusted for variables of
model 1 and measures of
SEP{ (model 2)

Adjusted for variables of
model 2 and one index of
area socioeconomic
environment{

Adjusted for variables of
model 2 and other index of
area socioeconomic
environment1

No of sports facilities/1000 population (quartiles)

.5.6 1.00 1.00 1.00 1.00

5.6–4.3 1.15 (0.85 to 1.55) 1.11 (0.83 to 1.49) 0.93 (0.69 to 1.26) 0.94 (0.69 to 1.29)

,4.3–3.2 1.61 (1.19 to 2.20) 1.54 (1.14 to 2.08) 1.24 (0.91 to 1.71) 1.20 (0.87 to 1.67)

,3.2 1.55 (1.15 to 2.10) 1.43 (1.07 to 1.92) 1.07 (0.77 to 1.49) 0.99 (0.70 to 1.40)

p Value for trend 0.001 0.005 0.368 0.784

Province-level variance (SE)* 0.143 (0.035) 0.135 (0.034) 0.103 (0.028) 0.107 (0.029)

ICC (latent variable method) 4.1% 3.9% 3.0% 3.1%

22 Log likelihood 82 239.8 82 889.6 83 035.3 83 036.2

ICC, Intraclass correlation; SE, standard error; SEP, socioeconomic position.
*Variance at the provincial level in a logit model.
{Social class, educational level and income.
{Number of times percentage of population with low educational achievement was above the 60th percentile.
1Number of times gross domestic product per capita was below the 40th percentile.
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behaviour in the group.27 To evaluate the importance of the
mediating role of contagion, some authors have proposed that
the percentage of overweight in the group studied be included in
the models.5 The presence of the mean outcome of the group as
a regressor in the equation, however, violates the assumptions
of multivariate regression models.28 29 The pathways involved in
the association between the context of the area of residence and
health may well be complex and, as noted by these authors,
their identification could require other methodological
approaches than those traditionally used in epidemiology.27–29

The lack of a relationship between exposure to income
inequality and the outcome variables stands in contrast to the
results of two US studies that showed an association of state
income inequality with BMI and obesity after adjusting for
measures of individual socioeconomic position.3 5 Another US
study also found a relationship between state income inequality
and abdominal obesity.30 Stressful psychosocial environment is a
mechanism by which income inequality may affect obesity.3 5 30

Underinvestment across a wide range of public infrastructures is
another proposed mechanism to explain the relationship
between income inequality and health.31

Cumulative area-based income inequality in Spain may not
reflect either stressful aspects of the socioeconomic environ-
ment or underinvestment in public infrastructure. Neither can
it be ruled out that the association in our study is under-
estimated as a result of non-differential misclassification of the
exposure that reflects cumulative income inequality. Whereas
the estimates of the percentage of individuals with low
educational achievement and of GDPpc are based on compre-
hensive information—population censuses and the System of
National Accounts—the Gini coefficient was obtained from
surveys on population samples. The variation in the relative
position of each province in accordance with its Gini coefficient
during the two decades studied may have been affected by
imprecise estimates of the three measurements.

Finally, this relationship may be specific to the United States:
international evidence on the cross-sectional relationship
between income inequality and health is inconsistent, except
for US studies that have frequently observed this association
with respect to various health problems.31–34 Several authors
have suggested that, above a certain country level of equity in
income distribution, intranational differences in income
inequality do not matter for health.35 36 Subramanian and
Kawachi35 have noted that the absence of an association
between income distribution and health may reflect a threshold
effect of income inequality on poor health. They observed
that the United States has the largest inequality in
income distribution of the developed countries in which the

relationship between income inequality and health has been
investigated.

In interpreting our results, it must be assumed that BMI and
overweight are underestimated because they are based on self-
reported height and weight.37 38 These measurement errors will
certainly have underestimated the association, because there is
no reason to suppose that these information biases are
differential with respect to the cumulative area-based socio-
economic environment. Likewise, we cannot rule out a
classification bias in the measure of exposure. In a previous
study,39 the effect of childhood area of residence on health
outcomes was independent of the effect of adult area of
residence. We obtained information on the place of residence in
2001, but not the place of residence in the two previous decades.
This bias will also have contributed to an underestimate of the
true association, because it is unlikely that being overweight
would cause individuals to change their residence.

Finally, one must consider whether the level of data
aggregation used is the most appropriate to evaluate the
association of cumulative area-based adverse socioeconomic
environment with BMI and overweight. We may need to study
smaller areas to evaluate whether the availability of structures
for health promotion near the place of residence is responsible
for this association. The association also depends on the level of
decision-making with regard to investment in particular kinds
of public infrastructure, such as the availability of food in
centrally located markets or of sports facilities. In this regard,
the use of the province as the ecological variable of analysis in
our study is appropriate, because political and economic
decisions affecting these types of investments are made at the
provincial and regional level. This approach does not support
the importance of psychosocially mediated effects between
prolonged exposure to income inequality and obesity.40 It is,
however, consistent with the neo-materialist interpretation of
the effect of income inequality on health made by Lynch et al,34

for whom income inequality is a cluster of structural conditions
determined by historical, cultural and political economic
processes.
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