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Abstract

Objective: To examine the trends in BMI and adiposity among schoolchildren
from Cuenca, Spain, during 2004–2010.
Design: Two methodologically comparable surveys were carried out in 2004
and 2010.
Setting: Primary schools in Cuenca, a province in the middle of Spain.
Subjects: All schoolchildren aged 8–11 years, belonging to 4th and 5th grades
from twenty schools in the Province of Cuenca, were invited to participate in
both cross-sectional studies. Weight, height and body fat percentage (BF%) from
bioelectrical impedance were measured with standardized procedures.
Results: The study included 550 boys and 539 girls in 2004, and 569 boys and 531
girls in 2010. In 2010, 8?1 % of children were underweight, 25?9 % overweight and
9?5 % obese. From 2004 to 2010, the prevalence of overweight rose from 21?6 %
to 28?0 % (P 5 0?004) and BF % increased from 22?6 % to 24?0 % (P 5 0?001)
among boys. No change was observed in overweight and BF % in girls, or in
underweight and obesity in either sex. In boys, most of the distribution of BMI
and BF % shifted to the right; in contrast, among girls no substantial change was
apparent in the distribution of BMI and BF %.
Conclusions: From 2004 to 2010 the prevalence of overweight and adiposity has
continued to increase among boys. However, the obesity epidemic may have
levelled off in girls. Given that the prevalence of childhood excess weight is still
very high, the current evidence-based efforts to halt the obesity epidemic in Spain
should be strengthened.
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Childhood obesity is a worldwide public health problem(1).

The prevalence of overweight and obesity in children

from the Province of Cuenca(2) is similar to that reported in

other Spanish studies(3), but slightly lower than in children

from the south of Spain and the Canary Islands(4). In the

European context, Spanish figures are similar to those

in children from most southern European countries(1);

Australian and US children have similar prevalence figures,

and a plateau has been reported in the trends of both

countries(5,6). In Spain, although due to the magnitude

of the problem has launched initiatives to tackle it(7),

no studies have been published on recent trends in child-

hood obesity.

Although obesity has been defined as excess accumu-

lation of body fat sufficiently high to create health risk(8),

most population-based data on the prevalence of obesity

have relied on the BMI, a surrogate measure not as

strongly associated with cardiometabolic risk in children(9).

Increased adiposity has been observed in children for

whom BMI mean remained stable(10). Furthermore, an

increase in the obesity prevalence, as indicated from

higher BMI, may not necessarily result from an increase in

body fat, particularly in population subgroups which have

augmented their physical activity over time(11,12). To our

knowledge, studies examining simultaneously the trends

in overweight and adiposity in population-based samples

of children in Europe are scarce(10,13). There is abundant

information on the childhood obesity epidemic, but in

developed countries trends in overweight and thinness

among children are very seldom described jointly(14,15).
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To our knowledge, the Cuenca Study is the first on

schoolchildren in a Mediterranean country which simul-

taneously examines the trends in overweight and thinness

in the last two decades(16).

Accordingly, the present work has examined the trends

in BMI and adiposity among schoolchildren from Cuenca,

Spain, over the period 2004–2010.

Materials and methods

Study design and population

Data were taken from two methodologically similar cross-

sectional surveys conducted in 2004 and 2010 among

schoolchildren aged 8–11 years in 4th and 5th grades

from twenty public schools in the Province of Cuenca. Of

these twenty schools, nineteen were located in the most

populated towns in the province and the other one was

situated in the City of Cuenca. The Province of Cuenca is

located in the middle of Spain; the predominant socio-

economic level is low–medium, and approximately 85 %

of the child population is living in the studied towns.

Both surveys were approved by the Clinical Research

Ethics Committee of the ‘Virgen de la Luz’ Hospital in

Cuenca. They were also approved by the Director and

Board of Governors (Consejo Escolar) of each school.

For data collection, parents gave written consent to the

participation of their children in the study, and children

gave verbal consent when, in informative talks held

class-by-class, they were asked to collaborate. After the

data were obtained, the parents were informed by letter

of their children’s results.

Study variables

Anthropometry and adiposity

Methods for data collection were identical in both surveys

and have been reported elsewhere(2,16). Briefly, for

weight we calculated the mean of two readings from a

digital scale (100 g accuracy) with children lightly dressed

and without shoes. Height was assessed as the mean of

two measures taken with a wall-mounted height rod on

shoeless children standing straight against the wall, so

that their spine was vertically aligned with the centre

of the height rod. The head was placed with the chin

parallel to the floor, and height was measured to the

nearest millimetre. BMI was calculated as weight in

kilograms divided by the square of the height in metres.

In both studies adiposity was assessed as body fat

percentage (BF %), estimated by bioelectrical impedance

using the BC-418MA Tanita Segmental Body Composition

Analyser (Tanita Corp., Tokyo, Japan). We calculated a

mean of two readings obtained in the morning, under

controlled temperature and humidity conditions, with the

child being shoeless and fasting, and after urination and a

15 min rest.

In the two cross-sectional surveys, the measurements

were obtained at the schools by trained and certified nurses.

Statistical analysis

Children were classified as underweight, normal weight,

overweight and obese according to the BMI cut-offs

proposed by the International Obesity Taskforce(17,18).

Differences in the frequency of each BMI category

between 2004 and 2010 were assessed with the x2 test.

For BMI and BF % differences were analysed with

an unpaired t test. Analyses were performed with the

statistical software package IBM SPSS Statistics 19 and

statistical significance was set at two-tailed P # 0?05.

For graphical comparisons of BMI and BF %, their

frequency distributions were smoothed with kernel

density estimation for univariate data(19) using the STATA

statistical software package version 8.

Results

In the 2004 survey, 1409 children were invited and 1119

(79?4 %) accepted to participate. Corresponding figures

for the 2010 survey were 1596 and 1070 (67?0 %). The

proportion of boys and girls in each study was approxi-

mately 50 %, with no statistically significant differences in

age between the sexes.

In 2004, 9?4 % of children were underweight, 22?2 %

overweight and 9?3 % obese; in 2010, these figures were

respectively 8?1 %, 25?9 % and 9?5 %. The prevalence of

overweight was higher in boys than in girls. BF % in 2010

was 24?0 % and 26?7 % in boys and girls, respectively, thus

higher in girls than in boys (Table 1).

From 2004 to 2010, the prevalence of overweight rose

from 21?6 % to 28?0 % (P 5 0?004) and BF % increased

from 22?6 % to 24?0 % (P 5 0?001) among boys. However,

no statistically significant change was observed in over-

weight and BF % in girls, or in underweight and obesity in

either sex, over the period 2004–2010 (Table 1).

The smoothed frequency distributions of BMI and BF %

at the two time points are compared in Fig. 1. In boys,

most of the distribution of BMI and BF % shifted to the

right from 2004 to 2010, thus the levels of BMI and BF %

have increased in this period time. In contrast, among

girls no substantial change in the distribution of BMI and

BF % was observed over the study period.

Discussion

From 2004 to 2010 in Cuenca, the prevalence of over-

weight and adiposity has continued to increase among

boys. However, the obesity epidemic may have levelled

off in girls. The underweight prevalence did not change

significantly in this period. Lastly, BF % increased signifi-

cantly only in boys.
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A levelling off of the obesity epidemic in 2–12-year-old

children in Australia, Japan, USA and many European

countries has recently been reported(20). However, we

have found no evidence of a halt of the epidemic

in male schoolchildren in Cuenca, despite the imple-

mentation of some promising initiatives to tackle this

health disorder in Spain(7). Changes in the distribution

of BMI over time were in line with the shift in the

distribution of BF %. Both BMI and BF % increased in

the period 2004–2010, but significantly so only in boys.

This indicates that the main driver of increased over-

weight registered in boys was an increase of adiposity.

Unfortunately, the specific factors responsible for the

continuing increase in overweight among children in

Cuenca are poorly understood. As the time frame of

our study was too short, it is inconceivable that genetic

or epigenetic factors are involved. Nevertheless, these

trends could be related to the so-called ‘obesogenic

environment’, which usually refers to societal or environ-

mental changes that promote or discourage behaviours

such as excess consumption of energy-dense foods and

beverages or screen time of watching television and

playing digital games(21–23).

There are notable differences between the distribu-

tions of childhood BMI and BF % in Cuenca and the USA,

since they have only moderate skewness in Spanish

children but are very skewed to the right in US

children(24). Therefore, although the prevalence of over-

weight plus obesity in Spanish children may seem very

high, the frequency of extreme obesity is lower than in

the USA.

In addition to in Spain(25), sex differences in obesity

trends have been reported in several countries. In

Sweden, the prevalence of obesity has recently increased

slightly in boys but decreased in girls(26,27). In England,

trends in obesity levelled off in boys and decreased

in girls aged 2–10 years in the period 1995–2007(28).

Moreover, in the USA the trends in excess of weight are

worse for boys than girls because, despite certain stability

in the prevalence of high BMI over the past 10 years, the

heaviest boys are getting even heavier(24). However, in

most European countries trends in obesity have been

consistent in boys and girls(20).

There is little information about trends in underweight

in European children. Data from Greek children sug-

gested that the prevalence of underweight remained

stable from 1997 through 2007(29); data from children and

adolescents in Tuscany, Italy, displayed an irregular

trend(15); and data from 9–10-year-old schoolchildren in

Liverpool, UK, also showed a fluctuating pattern in the

period 1998–2006(30). Our work suggests that the trends

in underweight prevalence may be easing off in Spanish

children. Figure 1 supports that, unfortunately, the

stabilization in the frequency of underweight in boys has

been accompanied by increased adiposity, including in

children with underweight.T
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A correct interpretation of our results requires some

methodological comments. Because we only studied chil-

dren aged 8–11 years in Cuenca, extrapolation of the results

to other age groups and geographic settings should be

done with caution. It is of note, however, that our analyses

are based on data which are comparable over time in terms

of population representativeness and measurement techni-

ques, and are unique in Spain for examining trends in

overweight and thinness among children. Furthermore, the

prevalence of obesity in Cuenca is similar to that reported

by other cross-sectional studies in different Spanish pro-

vinces whose data were collected at the same dates as

ours(3,4). Otherwise, we have not measured the socio-

economic level of children’s families and there is consistent

evidence about the relationship between this variable and

the prevalence of both overweight and underweight. We

consider that this is a strong limitation in studies aimed to

compare prevalence among regions or socio-economic

groups, but is not an important limitation in the compar-

ability of prevalence of underweight or overweight in the

same Spanish town in a short time period.

Conclusions

The overweight epidemic in boys in Cuenca is still diffi-

cult to overcome. Moreover, despite the slowing in the

progression of overweight and obesity prevalence in girls,

the prevalence of excess weight in schoolchildren

remains unacceptably high. Therefore, the current evi-

dence-based efforts to halt the obesity epidemic in Spain

should be strengthened.
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