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Abstract

Background/Aims: In adolescents, overweight and obesity
are associated with an increased cardiovascular risk. The aim
of this study was to determine the impact of a school-based
nutritional education program (NEP) on lifestyle changes in
Spanish adolescents. Methods: We selected 263 secondary
school students (127 males) aged 12-16 years from Granada
(Spain), who were followed up throughout 1 school year
(2009-2010). At the beginning and end of the school year,
data were gathered on the food consumption frequency,
and anthropometric and biochemical profile. The NEP com-
prised a class on nutritional recommendations every 15 days,
and administration of a daily breakfast of 275-350 kcal. Re-
sults: After the intervention, the prevalence of overweight
and obesity decreased among both male and female stu-
dents (p <0.001) and there was also a global reduction in the
prevalence of the metabolic syndrome (MS) from 32.2 to
19.7% (p < 0.001); in addition, body mass index was signifi-
cantly decreased in normal weight, overweight and obesity
groups (p =0.001 and p = 0.02, respectively), and high-den-

sity-lipoprotein cholesterol and lean body mass was in-
creased in all groups (p = 0.001). Conclusion: The NEP
achieved a medium-term reduction in the prevalence of
overweight and obesity and had a significant and positive
effect on MS components in all groups.

Copyright © 2012 S. Karger AG, Basel

Introduction

The prevalence of obesity among children is rising in
developed countries [1]. In many countries such as Spain,
there is an elevated and increasing prevalence of child-
hood obesity and overweight. The EnKid study, which
was conducted in Spain between 1998 and 2000, found
that 26% of children and young people were overweight
or obese, with a higher prevalence of obesity in males
than in females [2]. Childhood obesity is known to be an
independent risk factor for adult obesity [3]. Further-
more, a high body mass index (BMI) in childhood, espe-
cially from the age of 13 years, is associated with a higher
risk of coronary disease in adulthood [4] and has also
been associated with all-cause and cardiovascular mor-
tality in adults [5].
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The increase in the prevalence of overweight and obe-
sity has been accompanied by a rising prevalence of the
metabolic syndrome (MS) among school-age children
over the past 2 decades [6, 7]. The short-term risk of MS-
related comorbidities and the longer-term risk of cardio-
vascular morbidity-mortality make this a matter of con-
cern [8, 9].

There is strong evidence that childhood obesity is re-
lated to the energetic content of their diet and their sed-
entary lifestyle. Hence, there is a need for interventions
designed to change these habits and reduce the risk of
obesity. The school is the preferred setting for this type of
program due to the intensive and continuous contact
with the children and since it is able to provide the neces-
sary infrastructure to exert an influence on childhood
health [10, 11].

The main objective of this study was to assess the re-
percussion of a nutritional education program (NEP) on
anthropometric variables, eating habits and MS compo-
nents in adolescents.

Subjects and Methods

The study included individuals aged between 12 and 16 years
(the age range of secondary education in Spain) recruited at edu-
cational centers in the city of Granada and outskirts. Granada is
a city in southern Spain with 250,000 inhabitants and 90 second-
ary schools (69 public and 21 private). In the first phase of the
study, we determined the prevalence of overweight and obesity
and the dietary habits in adolescents from Granada. Based on a
total population of 51,349 students, an estimated proportion of
14%, precision of 1.5 and confidence interval of 95%, we estimat-
ed a sample size of 2,372 adolescents. The school was the primary
sampling unit and the class the final unit. Eleven public schools
and 5 private schools were randomly selected, inviting a total of
2,568 students to participate. We obtained informed consent from
the parents for 2,246 of them (1,102 males and 1,144 females).

For the study of the effects of the intervention (second phase),
the sample size estimation was based on the prevalence study
data; for an o risk of 0.05 and a 3 risk of 0.20, a sample size of 261
adolescents was estimated, assuming initial and final prevalence
rates of overweight of 24 and 15%, respectively, and losses to the
study were <10%. Two schools (1 public and 1 private) were ran-
domly selected from among the participating schools, and 5 class-
es were randomly selected from each school. Out of the 298 stu-
dents selected for NEP, written informed consent was obtained for
256: 127 males and 129 females, mean age (£SD): 13.9 (£1.4)
years. The research project was approved by the ethics committee
of our hospital and was presented to the local education depart-
ment, the directors and school council of each center, and the
teachers and parents of the school students. A program of classes
was conducted throughout the 2009-2010 school year, directed at
the students, their family members (usually parents and occasion-
ally grandparents) and their teachers. The classes focused on di-
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etary and lifestyle recommendations, with a well-balanced diet
which contains: 5 portions/day of fruits and vegetables, 4 por-
tions/day of dairy products and 4-6 portions/day of starchy food,
e.g. bread, potatoes, pasta and rice. The weekly consumption did
not exceed 2 daily portions of eggs, lean meat, fish, pulses, nuts
and dried fruit, and only occasional eating of fatty meats, cold
meats, cakes and sweets. The consumption of 1,500 ml of non-
fizzy, non-sugary drinks was recommended. The energy content
of a healthy diet is in accordance with age and sex [12].

Other contents were: epidemiology of obesity and analysis of
the nutritional factors that produce this disease during childhood
and adolescence; misleading publicity and activity/inactivity
(hours of daily screen time with TV, computer and internet). Fort-
nightly classes lasting 45 min were given by endocrinologists and
nutrition specialists to the students in each class (25/30 students/
class), 1 or 2 family members per student and their teachers. Stu-
dents, family members and teachers were together in these class-
es, but specific teaching material was developed for each group.

In this study, a questionnaire to measure physical activity,
based on the long, self-report version of IPAQ (International
Physical Activity Questionnaire) [13], was developed. This pro-
vides respondents with individualized feedback on their behavior
in such a way that an appropriate individual response is facili-
tated and consolidated.

For the purpose of monitoring adherence to the prescribed
diet, we used the 24-hour recall format as a standard method [14]
every month in the intervention group. In the context of dietary
lifestyle, we enforced a food culture based on ‘foods to eat’ rather
than “foods to avoid’.

The students received a daily breakfast at the school (Monday-
Friday) composed of a dairy product (milk or yoghurt), fruits,
cereals, nuts and a sandwich with protein content (tuna or dry-
cured or boiled ham); the total caloric value ranged from 275 to
350 kcal. Breakfast taking was monitored daily by project re-
searchers and teachers at the schools.

At the beginning and end of the school year, the weight and
height of participants were measured, and their BMI was calcu-
lated (kg/m?) They were classified as normal weight, overweight
or obese according to the BMI cutoff values proposed by Cole et
al. [15]. Waist circumference (WC) was measured with a flexible
steel tape at the narrowest point between the lower costal border
and the iliac crest [16]. At the same time, impedance measure-
ments were performed using a model TBF-300 Tanita body com-
position analyzer [17] in a standardized way for the study of body
composition. The impedance measurements have to be taken af-
ter 2 h of fasting and after at least 8-12 h of strenuous exercise or
other factors that could affect hydration [18].

Morning blood samples were drawn by standard venipunc-
ture technique after overnight fasting. Samples were kept on ice
and sent to the projectlaboratory for analysis. Plasma glucose was
measured by the glucose oxidase method. Triglycerides were
measured enzymatically (Menarini Diagnostic, Florence, Italy)
with an RA-1000 AutoAnalyzer (coefficient of variation of
3.42%). High-density-lipoprotein cholesterol (HDL-c) was also
assessed with the RA-1000 AutoAnalyzer after precipitation of
apolipoprotein-B-containing lipoproteins with phosphotungstic
acid and Mg (Roche Diagnostics, Barcelona, Spain). After a
5-min rest, blood pressure (BP) readings were taken at 2-min in-
tervals, using an Omron M5-1 automatic sphygmomanometer
[19] with three cuffs of different arm circumference sizes (17-22,
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Fig. 1. Follow-up protocol for the whole
study group and the intervention group.
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22-32 and 32-42 cm). The mean of three BP readings was used
in the analyses.

The students completed a food frequency questionnaire [20]
on the daily, weekly, monthly and annual frequency of consump-
tion of 80 items divided among 10 food groups. Energy and mac-
ronutrient consumption was calculated from responses using
Spanish food composition tables [21].

Following recently published International Diabetes Federa-
tion criteria for the 10- to 16-year age group [22], MS was defined
by WC >90th percentile plus the presence of two or more associ-
ated factors: triglycerides >1.7 mmol/I (150 mg/dl), HDL-c <1.03
mmol/I (40 mg/dl), systolic BP >130 mm Hg or diastolic BP >85
mm Hg, glucose >5.6 mmol/1 (100 mg/dl) or known type 2 diabe-
tes mellitus. Participants showing some alteration in biochemical
data were immediately referred to the Department of Endocrinol-
ogy for clinical history, physical examination and repeat bio-
chemical study. If glucose levels exceeded 100 mg/dl in the second
determination, a standard oral glucose tolerance test was per-
formed [23]. Based on its results, participants were classified into
one of three groups: (i) normal glucose tolerance, fasting plasma
glucose (FPG) <100 mg/dl and 2-hour glucose <140 mg/dl; (ii)
impaired fasting glucose, FPG of 100-126 mg/dl and 2-hour glu-
cose <140 mg/dl, or (iii) impaired glucose tolerance, FPG <100
mg/dl and 2-hour glucose of 140-199 mg/dl [24].

Figure 1 depicts the protocol followed in the whole series and
in the intervention group. The follow-up and adherence to the
program were supported by allowing parents of the intervention
group to make phone contact with nutrition specialists on any day
of the week throughout the school year.

School-Based Nutrition Intervention in
Spanish Adolescents

Out of the 263 students in the intervention group with written
consent, 7 were lost to the follow-up: 6 because of the impossibil-
ity of obtaining a blood sample and 1 because of a history of fish
allergy.

Statistical Analysis

Categorical data were expressed as frequencies and numerical
data as means (£SD). First and second measurements were com-
pared using Student’s t test for paired samples in the case of nu-
merical and McNemar’s test in the case of binary data. Inter-
group comparisons were done with Student’s t test or, if variances
were unequal, with Welch’s approximation. Associations between
variables were assessed using Pearson’s correlation coefficient.
p < 0.05 was considered significant. STATA 9.2 was used for the
analyses.

Results

Table 1 shows the prevalence of overweight and obe-
sity in the global sample (representative of adolescents in
Granada) and in the intervention group at the beginning
of the school year.

At the end of the school year, the percentage of male
and female adolescents with overweight or obesity in the
intervention group was significantly lower. The preva-
lence of overweight fell from 31.5% before to 21.3% after
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Table 1. Prevalence of overweight and obesity in global and intervention groups before dietary intervention

Global group Intervention group

males females males females
n 1,102 1,144 131 132
Age, years 13.6 13.9 13.7 14.1
WC (£SD), cm 77.2 (9.6) 75.9 (9.5) 77.94 (9.68) 76.9 (9.6)
Overweight (95% CI), % 22.8 (20.2-25.3) 15.8 (13.7-18.0) 31.5 (22.9-39.6) 21.7 (14.5-29.4)
Obesity (95% CI), % 6.7 (5.1-8.2) 3.1 (2.0-4.1) 7.9 (2.7-12.6) 4.7 (0.6-8.5)

Table 2. Impedance measurements before (PRE) and after the intervention (POST) by sex

Basal metabolism Fat mass, % Fat mass, kg Lean mass, kg Total body water, kg Impedance, )

males females males females males females males females  males females males females
PRE 1,704.06 1,415.31 18.54 28.44 11.52 16.58 47.67 39.25 34.90 28.78 522.45 602.55
POST 1,620.58 1,370.76 18.63 28.38 11.79 17.03 48.24 40.01 35.17 28.96 526.20 602.27
p value <0.001 NS NS NS NS NS <0.001 <0.001 NS <0.001 NS NS

the intervention in the males (p < 0.001) and from 21.7 to
14% in the females, respectively (p < 0.001). The preva-
lence of obesity fell from 7.9% before to 5.5% after the in-
tervention in the males (p < 0.001) and from 4.7 to 3.9%
in the females, respectively (p < 0.001).

Table 2 shows the impedance-measured body compo-
sition data before and after the intervention. A significant
increase in lean mass (before vs. after) was observed in
both males (48.24 vs. 47.67 kg; p < 0.001) and females
(40.01 vs. 39.25 kg; p < 0.001), although being within the
normal range for the age group.

Table 3 details anthropometric variables, blood lipid
and glucose concentrations, and BP values before and af-
ter the intervention. We found significant differences in
BMI (p < 0.001), total cholesterol and HDL-c (p < 0.001)
before versus after the intervention in both sexes, in WC
(p < 0.001) only in females, and in triglycerides (p <
0.004) and glucose (p < 0.001) only in males. Glucose val-
ues >100 mg/dl were found in 10.2% of adolescents before
the intervention and in only 1.4% after the intervention
(p < 0.001). Among those with baseline glycemia >100
mg/dl, 5.2% were diagnosed with increased FPG and
3.8% with impaired glucose tolerance. No student was
diagnosed with diabetes. After the intervention, the per-
centage of students with triglycerides >150 mg/dl was sig-
nificantly lower than before the intervention (0.8 vs.
4.7%; p <0.001) and the percentage with HDL-c <40 mg/
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dl was also significantly lower (2.8 vs. 7.0%; p < 0.001). No
student had systolic BP =130 mm Hg or diastolic BP =85
mm Hg. The percentage of students with biochemical
data suggestive of MS was significantly lower after the
intervention (32.2 vs. 19.7%, p < 0.001).

Table 4 shows dairy macronutrient and energy con-
sumption values before and after the intervention by sex.
Before the intervention, both sexes showed a lower con-
sumption of carbohydrates and higher consumption of
proteins and fats than recommended dietary reference
intakes (DRI,) [25]. After the intervention, both sexes had
a significant reduction in the total calorie and fat intake
(p < 0.001), although it remained above nutritional rec-
ommendations; both sexes showed a reduction in satu-
rated fatty acids and cholesterol (p < 0.001). After the in-
tervention, results showed a higher consumption of car-
bohydrates in both sexes, but the difference only reached
significance in the males (41.7 vs. 44.5%; p < 0.001) and
consumption remained below nutritional recommenda-
tions. Protein consumption was lower in both sexes, but
the differences did not reach significance.

Based on BMI, the intervention group was divided
into normal weight, overweight and obese. Table 5 com-
pares the anthropometric, biochemical and impedancio-
metric variables obtained before versus after the inter-
vention. After the intervention, BMI and WC significant-
ly decreased in the normal weight and overweight groups

Campos Pastor et al.



Table 3. Anthropometric variables, biochemical data and blood pressure values in male and female students before (PRE) and after
the intervention (POST)

Males (n = 127) Females (n = 129)

PRE POST pvalue PRE POST p value
BMI 21.7 (3.4) 21.2 (3.3) 0.001 21.6 (3.6) 21.1(3.3) 0.001
WC, cm 77.9 (9.6) 77.0 (9.7) 0.059 76.8 (9.6) 74.9 (9.4) 0.001
Systolic BP, mm Hg 108.1 (7.9) 109.0 (8.0) 0.61 106.4 (6.8) 107.02 (7.2) 0.83
Diastolic BP, mm Hg 63.3 (6.1) 65.4 (6.8) 0.73 65.4 (6.8) 65.6 (7.1) 0.63
Total cholesterol, mg/dl 151.6 (27.8) 145.0 (26.9) 0.001 169.8 (26.4) 155.1 (32.1) 0.001
Triglycerides, mg/dl 71.6 (41.7) 60.5 (27.4) 0.004 65.1(26.2) 67.1 (35.6) 0.518
HDL-c, mg/dl 50.3 (10.3) 53.3(9.7) 0.001 50.9 (8.3) 54.2 (7.7) 0.001
Glucose, mg/dl 92.4 (6.9) 80.5 (7.3) 0.001 90.4 (14.3) 88.5 (6.9) 0.222

Values are means (£SD).

Table 4. Intake of energy and macronutrients before (PRE) and after the intervention (POST) by sex

Males (n = 127) Females (n = 129)
PRE POST pvalue  PRE POST p value
Daily calorie intake, kcal 2,780.3 (1,062.1) 2,232.2 (1,004.7) 0.001 2,465.8 (701.1) 2,107.7 (1,082.5) 0.001
Carbohydrates, % 41.7 (6.7) 44.5 (6.0) 0.001 41.1 (6.3) 42.1 (6.0) 0.093
Proteins, % 26.0 (7.4) 23.0 (6.0) 0.086 24.5 (6.1) 23.9 (7.1) 0.429
Fats, % 32.5(5.6) 32.2 (6.8) 0.001 34.8 (6.1) 33.3(5.89) 0.001
Saturated, % 7.9 (1.7) 7.8 (2.0) 0.001 7.9 (1.9) 7.5(2.0) 0.001
Monounsaturated, % 12.9 (2.8) 12.7 (3.4) 0.032 13.5(3.2) 14.3 (3.4) 0.032
Polyunsaturated, % 3.7(1.4) 3.7 (1.6) 0.036 3.7 (1.4) 4.2 (1.6) 0.001
Cholesterol, mg 440.1 (199.0) 392.8 (225.1) 0.001 390.6 (167.8) 368.2 (255.5) 0.001
Fiber, g 20.8 (11.0) 24.1(9.2) 0.496 20.6 (13.2) 23.6 (7.4) 0.556

Macronutrients are expressed as percentage of the total caloric value. Values are means (£SD).

Table 5. Anthropometric variables, biochemical data and impedance measurements before (PRE) and after the intervention (POST)
by BMI

Normal weight Overweight Obesity

PRE POST p PRE POST p PRE POST p
Weight, kg 53.1%85 53.2%8.3 0.60 68.4x7.8 67.3£8.0 0.02 86.5x10.3 85.0x10.6 0.03
Height, cm 161.1£8.0 163.1x8.1 0.001  165.1%6.7 167.9£7.0  0.001 166.2%£6.3 167.1£6.7 0.06
BMI 20.4*+4.8 20.0x2.4 0.001 25.0x1.6 23.8*1.6 0.001 31.2%2.1 30.1£1.6 0.02
WC, cm 743%73 73.0x7.4 0.001 74373 73.0x7.4  0.001 99.8%7.6 98.0£9.8 0.37
FG, mg/dl 96.2+6.7 90.6x7.1 0.65 1179*242 948*15 0.53 90.9%5.5 80.6 £8.6 0.001
TG, mg/dl 60.2+24.6 68.2+39.0 0.001 64.4+27.4 64.2%x299 097 98.9%+36.8 108.7*x48.0 0.62
TC, mg/dl 159.7%£27.0 150.2%£28.8 0.001  159.1%x32.9 145.7%33.5 0.01 183.8£294 173.7%x26.1 0.13
HDL-c, mg/dl 51.4%*95 54.4%+9.0 0.001 48.1*8.7 51.8*x8.4  0.001 49.2%83 52274 0.001
FM, % 213x79 21.4=x7.7 0.12 28.0x7.6 279%74 0.54 40.3x5.2 40.1x5.2 0.07
LM, kg 41.6x7.1 422%7.1 0.001 495%78 499x77  0.001 51.5*6.1 51.7%x6.0 0.001

FG = Fasting glucose; TG = triglycerides; TC = total cholesterol; FM = fat mass; LM = lean mass.
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(p=0.001), but only BMI (p = 0.02) decreased in the obese
group. Fasting glycemia was significantly lower (p =
0.001) in the obese group after the intervention. Total
cholesterol levels were lower in all three groups: normal
weight (p = 0.001), overweight (p = 0.01) and obese (p =
0.13). After educational intervention, there were signifi-
cant increases in the levels of HDL-c and lean body mass
(p =0.001) in all three groups.

Discussion

This study reports that a school-based program of nu-
tritional intervention had a positive impact on the food
habits, anthropometric and body composition variables,
and MS-related biochemical parameters of a population
of adolescents in a southern Spanish city.

The alarming finding that 22.8% of these adolescents
(12-16 years old) were overweight and 6.7% were obese
confirms previous reports of an increasing prevalence of
overweight and obesity in Spanish children over the past
few decades [26]. In two recent studies, EnKid and
AVENA, the prevalence of adolescent obesity in Spain
was reported to be among the highest in Europe [2, 27].
In fact, the prevalence of overweight in the present series
is virtually the same as in Cyprus, which has the highest
reported prevalence (23%) in Europe [28].

A study of an 11- to 14-year-old population in a city in
the Basque Country (northern Spain) classified 7.2% as
obese and found a higher prevalence of overweight and
obesity among males than females [29]. A study of a
younger Spanish population (6-8 years) reported a high-
er prevalence of overweight (18 vs. 15.7%) and obesity
(10.5 vs. 9.4%) among females than males [30].

Our medium-term nutritional intervention program
produced a major reduction in the prevalence of over-
weight and obesity in both sexes. There was a fall in over-
weight prevalence over the school year of 32.4% among
the males and 35.5% among the females, and a decrease
in obesity prevalence of 30.4% in the males versus 17% in
the females.

There is no clear published evidence of the efficacy of
dietary interventions to prevent childhood or adolescent
obesity. However, there has been a marked increase in re-
ports on this type of program, with a growing number of
studies in the secondary school setting [31, 32].

A meta-analysis [33] examined school-based studies
using exercise alone, diet alone or diet plus exercise and
found them to be heterogeneous in study design, study
population and type of intervention. Significant differ-

286 Ann Nutr Metab 2012;61:281-288

ences between intervention and control groups were only
observed in a study that used diet alone (one of three with
this approach), which was a very short-term program [34].
In this investigation, the intervention consisted of the dai-
ly administration of breakfast (during the school week)
along with information on the importance of a healthy
diet, while the control group only received the dietary in-
formation. The BMI significantly increased in both sexes
in the control group but not in the intervention group.
Strengths of our study include the large sample size and
the length of the study, which allowed significant changes
to be detected in the prevalence of overweight and obesity
and in dietary habits. Despite the randomized selection of
our global and intervention samples, the prevalence rates
of overweight and obesity were higher among the inter-
vention group than among the overall series in both sexes,
although their confidence intervals overlapped.

Once the group had been divided into normal weight,
overweight and obese, we were able to show that all three
groups benefitted from both the weight reduction and the
metabolic variables after the application of NEP to the
lifestyle changes. The obese group was the least respon-
sive, indicating that it would be necessary to use a more
specific intervention program that would unite changes
in lifestyle with changes in behavior over a long period of
time.

We believe that the educational program aimed at the
parents has also been shown to be beneficial, given that
the changes in lifestyle should take place inside the fam-
ily unit and that the teaching of good food habits is a task
that parents should undertake seriously, which requires
time and concomitant attempts to make it both fun and
educational in order to gain the trust and support of their
children [35].

Interventions have been found to have different and
inconsistent effects on girls and boys. Although the rea-
sons for these differences remain unclear, males and fe-
males in this age group may respond distinctly to differ-
ent elements of interventions [33]. Thus, in the present
study, the response to the intervention program was su-
perior in the obese males than in the obese females.

Our medium-term intervention program achieved
progress towards our objective of changing dietary hab-
its, with both males and females showing highly signifi-
cant decreases in the daily calorie and fat intake, although
they remained below nutritional recommendations.
There were some other minor qualitative changes in the
diet, with a significant increase in carbohydrate con-
sumption to 44% of dairy caloric intake, although this
also remained below DRI recommendations.

Campos Pastor et al.



Despite producing only a modest change in dietary
habits, the NEP achieved striking reductions in BMI and
WC levels. The administration of breakfast had appar-
ently a major effect on our intervention. A history of no
breakfast is frequently reported in studies of obese chil-
dren and is considered to predispose children to the con-
sumption of foods with high energetic content mid-
morning or at lunch [36, 37]. In our program, the break-
fast contributed to an increased intake of fruits. In fact,
for some children, it was the first time that their diet in-
cluded fruit. The change in energy and macronutrient
consumption after the intervention is explained by the
increased intake of vegetables, legumes and fruits, and
the reduced intake of sweets, pastries, cold meats and
sugary drinks (soft drinks and bottled juices).

The intervention did not include an exercise program
or monitor the children’s exercise activities, but the chil-
dren were repeatedly encouraged in the fortnightly class-
es to increase their physical exercise and reduce sedentary
activities. It should be borne in mind that Spain is among
the five most sedentary countries of the European Union
[38]. In fact, our results suggest that the adolescents may
have increased their physical exercise as a result of the
lifestyle recommendations received. The weight loss re-
sults were striking given the moderate diet changes
achieved, and the weight loss was produced in adipose
mass, since both male and female students showed a
highly significant increase in lean mass and HDL-c.

Studies of physical exercise programs for adolescents
mainly described short-term programs with a small
number of participants. Kondo et al. [39] studied a
7-month aerobic exercise program in young obese fe-
males aged 18-23 years and reported a decrease in BMI,
leptin, TNF-a and C-reactive protein, with an increase in
HDL-c and adiponectin levels (by up to 42%). Aerobic
physical exercise improved sensitivity to insulin even
without weight loss in a group of obese girls [40]. Blither
et al. [41] demonstrated that physical training increases
circulating levels of adiponectin and the expression of its
receptors in skeletal muscle, improving insulin sensitiv-
ity and MS components.

The NEP drastically reduced the prevalence of MS in
the intervention group from 32 to 19%. Interestingly, al-
though there were students with 5% prevalence of im-
paired fasting glucose or 4% prevalence of impaired glu-
cose tolerance at baseline, none of the study population
presented with type 2 diabetes, which may be attributable
to the low age of the study population. Recent studies in
southern Spain [42] found a 9-35% prevalence of MS re-
gardless of the definition used.

School-Based Nutrition Intervention in
Spanish Adolescents

Garcés et al. [30] studied the lipid profile of younger
obese children in Spain and reported elevated triglycer-
ides and cholesterol/HDL-c ratios, and reduced HDL-c
and insulin resistance but no changes in glucose levels,
which may be related to the chronology of sexual matura-
tion. We did not assess the pubescent stage of our study
participants, but a proportion of the children might have
been in the prepubertal stage, especially boys. Insulin re-
sistance significantly increases at the beginning of pu-
berty and returns to prepubescent levels at the end of pu-
bescent development [43, 44]. However, the effects of sex
and pubescent stage on the development of insulin sensi-
tivity are not as well differentiated in moderately or se-
verely obese adolescents. It could be argued that a more
severe metabolic phenotype would appear at older ages
and higher Tanner stages [24].

In conclusion, we believe that our NEP has resulted in
beneficial effects, i.e. decreases in overweight, obesity
and MS components, in adolescents of both sexes. Ac-
cording to these results, the school can play an important
role in health promotion and should offer dietary and
nutritional education to pupils from a young age.
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