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Abstract 
Background. An increase of cardiovascular disease (CVD) risk in the younger population has been reported in Spain. Adolescents 
have changed their dietary habits and increased the risk of metabolic syndrome (MS). The Longitudinal study in the area of Toledo 
aims to evaluate food intake and nutritional habits and their relationship with early development of CVD and insulin 
resistance/sensitivity biomarkers. 
Methods. A cross-sectional study was performed on 53 adolescents aged 16-17 years belonging to the Area of Toledo. Energy, 
macronutrient and micronutrient intakes and diet quality were assessed, as well as the prevalence to being overweight, the presence of 
CVD risk factors and parameters related to glucose homeostasis to identify candidates for MS.  
Results. Adolescents consumed monotonous diets, with low Mediterranean diet Adherence (MDA) and Health Eating Index (HEI) 
scores and with elevated energy contribution of saturated fatty acids and low carbohydrates. Being overweight but not obese was 
moderately prevalent in volunteers. However, a low percentage of them showed dyslipemia or insulin resistance. No significant 
differences between male and female adolescents were found for any dietary parameter tested. HEI and MDA scores appear inversely 
related to insulin resistance markers in boys and to fat mass in girls, respectively.  
Conclusions. The high similitude of diet in both male and female subjects suggests a general adherence to potentially negative dietary 
habits in this population. Paradoxically, dietary components and altered lipoprotein factors were not related. The overweight  
prevalence and, the association between diet quality and MS-markers found demands a follow-up study to ascertain the importance of 
present results later in life. 
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Resumen 
Antecedentes: En España se han reportado incrementos en algunos factores de riesgo cardiovascular. Los adolescentes, entre otros, 
han cambiado sus hábitos alimentarios y se ha constatado un aumento del riesgo de padecer síndrome metabólico (SM). El estudio 
longitudinal Área de Toledo tiene como objetivo evaluar la ingesta de alimentos y los hábitos nutricionales y su relación con el 
desarrollo temprano de la enfermedad cardiovascular (ECV) y la resistencia a la insulina / biomarcadores de sensibilidad. 
Métodos: Estudio transversal que se realizó en un 53 adolescentes de 16-17 años pertenecientes al estudio Área de Toledo. Se 
evaluó la ingesta energética, de macro y micronutrientes así como de calidad de la dieta, la prevalencia de sobrepeso y la presencia 
de factores y parámetros relacionados con la homeostasis de la glucosa para identificar candidatos para MS y riesgo de ECV. 
Resultados: Los adolescentes consumen dietas monótonas, con baja adherencia a la puntuación del Índice de Alimentación 
Saludable (IES) y a la dieta mediterránea (MDA), y con el aporte de energía elevada de ácidos grasos saturados y baja de hidratos de 
carbono. E 20% de los adolescentes tenían sobrepeso, pero se mostró un bajo riesgo de ECV y se objetivó una sensibilidad a la 
insulina aceptable. No se encontraron diferencias significativas entre hombres y mujeres adolescentes para cualquier parámetro de la 
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dieta evaluados. Las puntuaciones del IES tuvieron relación inversa con marcadores de resistencia a la insulina en los varones, 
mientras que la puntuación de la MDA con la masa grasa en las chicas. 
Conclusiones: La alta similitud de las niñas y los niños respecto al tipo de dietas sugiere una adhesión general a los posibles hábitos 
alimentarios negativos en esta población. Paradójicamente, componentes de la dieta y los factores alterados de lipoproteínas no 
estaban relacionados. La alta prevalencia de sobrepeso relativa y las asociaciones entre la calidad de la dieta y marcadores de MS 
encontrados exigen un estudio de seguimiento para determinar la importancia de presentar los resultados más adelante en la vida. 
 
PALABRAS CLAVE 
Adolescentes; dieta; síndrome metabólico; marcadores de riesgo cardiovascular. 
 

Introduction: 
Atherosclerosis remains the main cause of morbidity and mobility all over the World with Spain scoring among 

countries with the lowest global and cardiovascular disease (CVD) mortality rates(1). Improvement in primary prevention 
seems related(2). However, during the last  few decades, CVD risk incrementation has occurred in Spanish children and 
adolescents. The situation has become even worse on coastal Mediterranean provinces, traditionally showing low CVD 
rates and high Mediterranean diet adherence (MDA)(3-6). Thus, the incidence and prevalence of child obesity and 
dyslipidemia, among other factors, has increased in Andalusia and the Canary Islands on several ocasions, while Madrid 
and the central provinces display the lowest rates(4,6). Changes in dietary pattern (e.g. decrease in complex carbohydrates 
and increase in saturated fats) and physical activity have been reported(5,7). Moreover, the present Spanish diet(7-9) is 
frequently lacking in mineral and vitamin Recommended Dietary Intakes(10) or present Dietary Reference Intakes(11).  

The Mediterranean diet has been considered one of the healthiest diets as it is associated with a low prevalence of 
major degenerative diseases(12-14). It is rich in vegetable foods and moderately rich in fish, poor in red meat. Olive oil is 
almost unique as a culinary oil(14,15). This food combination assures a proper fatty acid profile and a large content of 
vitamins, bioactive and antioxidant compounds. However, reduction in the MDA in Spain and other Mediterranean 
countries(16) has been reported as well as potential health benefits(13,14,17,18). 
Based on the previous premise, the present paper aims to study a sample of adolescents in the area of Toledo, Spain, in 
order to ascertain: a) their dietary characteristics, b) their anthropometrical values, lipoproteins and CVD ratios, insulin  
ensitivity/resistance markers and c) to ascertain possible relationships between those parameters in order to design, if 
needed, primary intervention to reduce future CVD and Metabolic Syndrome risks. 

 
Methods: 
Subjects 

A cross-sectional study was performed on a sample of 53 single adolescents aged 16-17 years of normal weight and 
who had not suffered fetal distress at birth. All these adolescents were born at the Virgen de la Salud Hospital (Toledo, 
Spain), a regional hospital of 650 beds, placed in a town of approximately 80,000 inhabitants, giving medical support to 
250,000 people. The volunteers, 120 families belonging to the area of study in Toledo, were contacted to participate in 
the study. Eighty adolescents, together with their respective parents, showed interest and attended the hospital where 
they were informed about the aims and details of the study. Written consent was requested and finally obtained in 53 
volunteers before participation. All of them adequately filled in the nutritional survey, thus were included in the study. 
Reasons given for not participating were availability, attending classes, distance from the Hospital, type of analysis 
required, and concern about blood extraction. This study was approved by the Ethical Committee for Research Involving 
Human Subjects of the Hospital Virgen de la Salud de Toledo (Spain). The study protocol was performed in accordance 
with the ethical standards laid down in the 1961 Declaration of Helsinki (as revised in 2000).  

 
Instruments and procedures: 
Anthropometry. Height and weight were measured by standardized procedures. Weight was measured in underwear 
and without shoes with an electronic scale (Type SECA 861, Birmingham, UK) to the nearest 0.1 kg, and height was 
measured barefoot in the Frankfort horizontal plane with a telescopic height measuring instrument (Holtain® Ltd., Dyfed, 
UK) to the nearest 0.1 cm. Body mass index was calculated as body weight in kg divided by the square of height in 
meters. Fat body mass (in percentage) was assessed by bio impedance (Omron BF306, Hoofddorp, the Netherlands). 
Age and gender-specific cut points were used to assess their BMI category namely underweight, normal weight, 
overweight or obese(19). The Conicity index(20) was calculated according to the following formula: 

 

 
 

Blood measurements. Blood samples were collected from the antecubital vein between 8:00 and 9:00 AM, after an 
overnight fast. Serum lipids were determined in a Hitachi Modular ISE® (Tokyo, Japan). Total cholesterol (TC) and 
triglycerides (TG) were tested according to standard enzymatic methods, while HDLc was determined by the Tietz direct 
method(21). Low-density lipoprotein cholesterol (LDLc) was determined by direct method using cLDL-Plus in Hitachi 917 
Roche Diagnostics® (Basel, Switzerland). Apolipoproteins (ApoA1 and ApoB) were determined by nephelometry 
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(IMMAGE800 BECKMAN®, Mervue Galway, Ireland). Glucose was determined using the direct hexoquinase method of in 
Hitachi Modular ISE® (Tokyo, Japan). The LDLc/HDLc, CT/HDLc, ApoA1/ApoB, and the molar TG/HDLc ratios were 
calculated. Plasma leptin concentrations were determined by means of Sandwich ELISA (Human Leptin ELISA Kit, 
Abcam®100581), plasma adiponectin concentrations were determined by means of Sandwich ELISA (Human Adiponectin 
ELISA Kit, Abcam®99968), and plasma IGF1 concentrations were determined by means of Sandwich ELISA (Human 
IGF1 ELISA Kit, Abcam®100545).  

Our laboratory participates in the Spanish Clinical Chemistry Society (SEQC) External Quality Evaluation Program, 
which follows UNE-EN-ISO 9001:2000 standards and is certified by AENOR. All assays were properly calibrated and 
performed under internal and external quality controls provided by the manufacturers and SEQC, respectively. Intra-
assay and inter-assay variation coefficients were 0.8% and 1.7% for TC; 1.5% and 1.8% for TG; 0.9% and 1.85% for 
HDLc; 1% and 2.4% for ApoA1; 1.5% and 2.5% for ApoB; 1% and 1.7% for glucose, 1.5% and 4.9% for insulin, 4.4% and 
6.6% for IGF1; 5.5% and 6.7% for leptin and 2.3% and 5.0% for adiponectin. The indices used to test insulin resistance or 
sensitivity was the Quantitative insulin sensitivity check index (QUICKI), calculated as 1/[log Insulin (mUI/L)+log Glucose 
(mg/dL)]. Homeostatic model assessment-insulin resistance (HOMA-IR), as: Glucose (mmol/L) x Insulin ( IU/mL)/22.5. 
HOMA-B evaluated the ability to produce insulin by beta-pancreatic cells under non-stimulation conditions according to 
the formula: HOMA-B= 20 x mUI/L glucose (mmol/L) - 3.5. HOMA-D was estimated to evaluate the relationship between 
basal glucose and basal insulin according to the formula: HOMA-D= HOMA-S x HOMA-B. 

 
Dietary assessment. One month before the interview, a 72 hour dietary recall was sent to the families. On the interview 
day, volunteers delivered their recalls and any doubt about the records was solved. An interview for 1 to 1.5 hours with 
the adolescents together with their parents was performed. Food intake, food habits, and also cooking methods and 
location were registered. Participants completed a food frequency questionnaire (FFQ) that included several items 
classified according to food groups and based on the FFQs used and validated in the enKid study(22). Photographs of 
sample portions were used to help estimate serving size and volume consumed. The dietitian conducting the survey 
reviewed, together with the volunteers and their parents, the usual frequency of consumption of each food (per 
day/week/month), together with the normal size of helping. The energy, nutrient intakes per person and the Healthy 
Eating Index (HEI) were calculated using a computer program (DIAL  Madrid, Spain)(23) to evaluate diet quality 
consumed. The HEI index used, based on a 10-component, 100-point scale, is a slight modification for the Spanish 
population of that of Kennedy et al.(24) taking into account recommended energy intakes and the required servings. Diets 
with HEI-scores of 70 were labelled “inadequate”, while those with HEI-scores of >70 were considered “adequate”. 

The Mediterranean Diet Adherence (MDA) score of 14 points used in the PREDIMED study was selected(15,17). 
However, taking into account that wine should not be consumed by adolescents and information on alcoholic beverages 
in adolescence could be misleading, the MDA-score used was based on just 13 points. Each of the 13 components 
comprising the MDA-score contributing a maximum of one point to the final score. 

 
Data analysis. The statistical analysis was performed with the SPSS® 15.0 software. Statistical significance was set up at 
p < 0.05. Descriptive statistics (median and interquartile range) and the U de Mann-Whitney test were used for statistical 
analysis to test gender differences on anthropometric, biochemical and dietary parameters. The relationships between 
HEI, MDA, anthropometrical and biochemical parameters were analyzed by the Spearman correlation test. 

 
Results: 
Table  1 summarizes the anthropometric and blood pressure results of the total male and female adolescents. Non-
significant  differences were found.  

 

Total (n=53) Boys (n=22) Girls (n=31) P
Weight (kg) 59.5 (16.5) 64.2 (20.0) 59.0 (13.5) 0.698
Height (cm) 166 (16.0) 164.7 (14.3) 166.5 (17.3) 0.698
Body mass index (kg/m2) 21.5 (5.0) 21.8 (5.6) 21.3 (4.7) 0.652
Waist circumference (cm) 73.0 (14.0) 75.2 (14.9) 72.0 (13.0) 0.814
Hip circumference (cm) 95.0 (13.3) 97.0 (12.6) 92.0 (14.0) 0.426
Waist-to-hip ratio 0.76 (0.1) 0.76 (0.1) 0.76 (0.1) 0.993
Brachial perimeter (cm) 26.0 (4.7) 26.5 (5.0) 26.0 (5.0) 0.942
Tricipital fold (mm) 17.0 (12.0) 16.5 (11.5) 19.0 (12.0) 0.575
Body fat mass (%)* 21.2 (16.0) 20.0 (18.2) 23.4 (16.5) 0.718
Conicity index 1.11 (0.12) 1.13 (0.10) 1.10 (0.12) 0.248
Systolic blood pressure (mmHg) 116.0 (11.0) 115.0 (10.3) 118.0 (11.0) 0.170
Diastolic blood pressure (mmHg) 75.0 (10.5) 77.0 (10.3) 73.0 (10.0) 0.342

Table 1 Anthropometric parameters and blood pressure in adolescents of Area 

Results are reported as Median (interquartile range); U de Mann-Whitney 
(statistical significance was set up at P  < 0.05). *Determined by bioimpedance.  
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Table  2 reportes results on glucose, insulin, insulin sensitivity/resistance markers, leptin and adiponectin in this 
selected population. No significant differences between males and females were observed.  

 

Total (n=53) Boys (n=22) Girls (n=31) P
Glucose (mg/dL) 88.0 (11.5) 88.5 (10.0) 87.0 (13.0) 0.613
Insulin (mUI/L) 8.4 (5.5) 8.6 (4.0) 8.0 (8.0) 0.843
HOMA-IR 1.1 (0.7) 1.2 (0.5) 1.1 (1.0) 0.745
HOMA-B 107.5 (37.2) 105.5 (23.6) 116.0 (52.6) 0.957
HOMA-D 98.0 (40.9) 96.8 (39.6) 100.6 (48.3) 0.773
QUICKI 0.34 (0.04) 0.34 (0.03) 0.34 (0.05) 0.857
IGF1 (ng/ml) 304.0 (96.5) 291.5 (155.3) 305.0 (65.0) 0.878
Adiponectin (mg/mL) 26.0 (19.0) 25.9 (22.5) 26.0 (14.6) 0.935
Leptin (ng/mL) 6.3 (13.2) 8.2 (11.2) 6.1 (16.3) 0.671
Leptin/Adiponectin 0.26 (0.66) 0.30 (0.83) 0.25 (0.43) 0.448

Table 2 Glucose, insulin, and resistance/sensitivity insulin markers in 
adolescents of Area Toledo Study

Results are reported as Median (interquartile range); U de Mann-
Whitney (statistical significance was set up at P  < 0.05). HOMA, 
Homeostatic model assessment; QUICKI, Quantitative Insulin 
Sensitivity Check Index, marker of insulin sensitivity; IGF, Insulin-like 
growth factor.  

 
Lipid and lipoprotein markers for adolescents are summarized in Table  3. Non-significant gender differences were 

found. 
 

Total (n=53) Boys (n=22) Girls (n=31) P
TC (mg/dL) 151.0 (39.0) 155.5 (38.0) 149.0 (35.0) 0.705
HDLc (mg/dL) 57.0 (13.5) 58.0 (7.5) 57.0 (16.0) 0.658
LDLc (mg/dL) 96.0 (36.0) 95.5 (38.3) 96.0 (41.0) 0.626
TG (mg/dL) 60.0 (23.0) 65.0 (32.8) 58.0 (19.0) 0.271
ApoA1 (mg/dL) 141.0 (37.5) 143.0 (32.3) 139.0 (42.0) 0.814
ApoB (mg/dL) 74.2 (29.4) 67.6 (27.5) 75.6 (31.3) 0.620
TG/HDLc* 0.44 (0.24) 0.46 (0.23) 0.42 (0.20) 0.348
TC/HDLc + 2.51 (1.0) 2.58 (1.0) 2.43 (1.0) 0.658
LDLc/ HDLc 1.54 (0.80) 1.61 (0.62) 1.54 (0.83) 0.588
ApoA1/ApoB 2.05 (1.01) 2.10 (1.10) 1.88 (1.12) 0.732
HDLc/ApoA1 0.39 (0.09) 0.39 (0.10) 0.39 (0.10) 0.836
LDLc/ApoB 1.29 (0.31) 1.31 (0.25) 1.29 (0.31) 0.745

Table 3 Lipid and lipoprotein values in adolescents of Area 
Toledo Study

Results are reported as Median (interquartile range); U de 
Mann-Whitney (statistical significance was set up at P  < 0.05). 
TC, total cholesterol; HDLc and LDLc, cholesterol transported 
by HDL and LDL, respectively; TG, triglycerides; Apo, 
apolipoprotein.*ratio molar;  

 
Table 4 summarizes data for correlations founds between BMI and body fat mass (%) with selected anthropometric, 

biochemical values. Leptin appears significantly related (p = 0.036) to BMI in all adolescents, while to body fat mass in (all 
adolescents (p < 0.001) as well as in both genders (both p < 0.001)). Insulin, HOMA-IR and QUICKI appeared significantly 
related to BMI in all adolescents (at least p = 0.035) and girls (at least p = 0.019) while to body mass fat in all adolescents 
(at least p = 0.002). The conicity index was not significantly correlated with BMI or body fat mass. The conicity index 
highly correlated (p < 0.001) with waist circumference in male and female adolescents. 
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BMI BMF TF BP WC Insulin HOMA-IR QUICKI Leptin Leptin/adiponectin
0.555 0.489 0.712 0.476 0.290 0.324 -0.329 0.288

P  < 0.001 P  < 0.001 P  < 0.001 P  < 0.001 P  = 0.035 P = 0.018 P  = 0.016 P  = 0.036
0.467 0.649 0.466

P  = 0.028 P < 0.001 P = 0.038
0.571 0.535 0.727 0.462 0.420 0.458 -0.461

P  < 0.001 P  = 0.002 P  < 0.001 P  = 0.009 P  = 0.019 P  = 0.010 P  = 0.009
BMI TF BP WC Insulin HOMA-IR QUICKI Leptin Leptin/adiponectin

0.555 0.800 0.498 0.408 0.403 -0.413 0.701 0.650
P  < 0.001 P  < 0.001 P  < 0.001 P  = 0.002 P  = 0.003 P  = 0.003 P  < 0.001 P  < 0.001

0.467 0.798 0.730 0.730
P  = 0.028 P  < 0.001 P  < 0.001 P  < 0.001

0.571 0.775 0.603 0.771 0.687
P  < 0.001 P  < 0.001 P  < 0.001 P  < 0.001 P  < 0.001

BMI BMF TF BP WC Insulin HOMA-IR QUICKI Leptin Leptin/adiponectin
0.734

P  < 0.001
0.809

P  < 0.001
0.689

P  < 0.001
Only significant correlations were shown. P

BMI (All)

BMI (Boys)

BMI (Girls)

BFM (All)

BFM (Boys)

BFM (Girls)

CI (All)

CI (Boys)

BMI, Body mass index; BMF, Body fat mass; BP, Brachial perimeter; CI, Conicity index; HOMA-IR, Homeostatic model assessment- Insulin resistance; QUICKI, Quantitative Insulin Sensitivity 
Check Index; TF, Tricipital fold; WC, waist circuference

Table 4. Spearmen correlations between BMI, Body Fat Mass (BMF) (%), conicity index and other anthropometrical and biochemistry parameters in all, boys and girls adolescents.

CI (Girls)

 
  
Tables 5 and 6 report data of the diets consumed by the adolescents. Non-significant differences for the energy and 

nutrient intakes between males and females, except for polyunsaturated fatty acid (PUFA) that was marginally 
significantly higher in boys (p = 0.067), were found. Boys also displayed higher PUFA/SFA ratio (p = 0.002). Non- 
significant differences were observed between the diet quality (HEI and MDA) of boys and girls. 

 

Total (n=53) Boys (n=22) Girls (n=31) P
Energy intake (kcal) 2147 (392) 2279 (522) 2060 (259) 0.151
Energy intake (kJ) 8983 (1640) 9535 (2184) 8619 (1084) 0.151
Protein (g) 87.8 (26.0) 89.3 (20.0) 86.2 (33.0) 0.386
Carbohydrates (g) 238.6 (62.4) 244.5 (76.8) 235.1 (44.2) 0.608
Fats (g) 89.8 (28.0) 97.8 (37.0) 89.1 (17.0) 0.490
SFA (g) 30.0 (11.0) 30.0 (14.0) 29.8 (10.0) 0.401
MUFA (g) 41.0 (13.0) 46.8 (14.0) 40.6 (13.0) 0.520
PUFA (g) 9.9 (4.0) 11.4 (5.0) 9.5 (3.0) 0.067
w-6 PUFA/w-3 PUFA (g/g) 6.9 (2.9) 7.3 (3.1) 6.8 (2.3) 0.461
Fiber (g) 19.6 (9.0) 19.3 (13.0) 19.6 (8.0) 0.751
Cholesterol (mg) 354.5 (176.0) 392.0 (226.0) 349.0 (118.0) 0.601
Alcohol (g) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.835
Proteins (%kcal) 16.0 (4.0) 16.7 (3.0) 15.5 (5.0) 0.430
Carbohydrates (%kcal) 45.3 (6.0) 45.3 (6.0) 45.5 (7.0) 0.874
Fats (%kcal) 38.3 (6.0) 37.8 (8.0) 38.4 (6.0) 0.978
Alcohol (%kcal) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.835

Table 5 Differences in energy, macronutrients, fiber and cholesterol among 
adolescents’ diets of Area Toledo Study

Results are reported as Median (interquartile range); U de Mann-Whitney 
(statistical significance was set up at P < 0.05). SFA, Saturated fatty acids; 
MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids.   

 

Total (n=53) Boys (n=22) Girls (n=31) P
SFA (%kcal) 13.0 (4.0) 13.0 (5.0) 12.9 (3.0) 1.000
MUFA (%kcal) 17.4 (4.0) 17.7 (3.0) 16.7 (4.0) 0.468
PUFA (%kcal) 4.3 (1.0) 4.7 (1.0) 4.2 (1.0) 0.062
SFA/Carbohydrates (g/g) 0.12 (0.26) 0.12 (0.26) 0.13 (0.20) 0.508
PUFA/SFA (g/g) 0.34 (0.0) 0.41 (0.0) 0.32 (0.0) 0.002
(MUFA+PUFA)/SFA (g/g) 1.7 (0.0) 1.8 (0.0) 1.6 (0.0) 0.130
Adherence to Mediterranean diet, scorea 5.0 (2.0) 5.0 (2.0) 5.0 (2.0) 0.909
Healthy Eating Index (HEI), scoreb 64.9 (22.0) 64.0 (29.0) 67.0 (19.0) 0.859
HEI. Cereals-Legumes (0-10) 8.2 (2.4) 8.3 (2.9) 8.4 (2.39) 0.704
HEI. Vegetables (0-10) 6.6 (5.4) 7.3 (5.3) 6.0 (5.8) 0.281
HEI. Fruits (0-10) 7.6 (7.0) 7.4 (8.1) 8.4 (6.9) 0.496
HEI. Dairy (0-10) 6.5 (3.6) 6.8 (3.9) 6.5 (3.7) 0.765
HEI. Meat-Fish-Eggs (0-10) 10.0 (0.0) 10.0 (0.0) 10.0 (0.0) 0.818
HEI. Food variety (0-10) 5.0 (4.0) 5.5 (5.0) 5.0 (5.0) 0.419

Table 6 Differences in energy, macronutrients, fiber and cholesterol among adolescents’ 
diets of Area Toledo Study

Results are reported as Median (interquartile range); U de Mann-Whitney (statistical 
significance was set up at P  < 0.05). SFA, Saturated fatty acids; MUFA, 
Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids. aAdherence to 
Mediterranean diet (0-13 score); bHEI, Health Eating Index (0-100 score).  
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Figures 1 and 2 show the percentage of adolescents covering less than 66% of nutritional objectives and 
Recommended Dietary Intakes. A large percentage of boys and girls did not cover such percentages or has large 
macronutrient and micronutrient consumption. 

 

 
 

 

 
 

Discussion: 
Present results give extra data to the existing apparent paradox observed in some Spanish regions where inadequate 

diets co-exist with low CVD risk rates(4,6,25). Diet, anthropometry, lipoprotein, and insulin sensitivity markers were 
measured and correlated in an adolescent population belonging to one of the lowest CVD areas in Spain(4,6). Adolescents 
showed monotonous diets and moderate prevalence of being overweight but low prevalence of obesity. Diet quality 
measured by means of MDA or HEI did not significantly correlate with lipid-lipoprotein markers, but distinctly correlated 
with anthropometric or insulin resistance markers. Present results show that prevalence towards dyslipidemia and insulin 
resistance was not high, even when negative anthropometric and dietary profiles were present. 

 
Anthropometric characteristics and blood pressure  

Participants ranged in similar height to other adolescent Spanish groups(19). Contrasting with other European studies 
(26,27) where male adolescents are taller and heavier, no gender differences for BMI were observed. Being overweight is 
presently considered a cornerstone of CVD and metabolic syndrome(28,29). The prevalence of being overweight is 
increasing all over the world among children, adolescents, and adults(26-31). Twenty-six percent of the adolescents studied 
showed overweight but the obesity rate (1.9%) was lower than that observed in some Spanish Autonomic Communities or 
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in the whole of Spain(29). Moreno et al in the AVENA study(30) reported body fat percentage was highest in female 
adolescents of 16.5 years.  

As already mentioned Spain still presents one of the lowest CVD rates in Europe(1), with the province of Toledo 
showing a medium-low cardiovascular mortality rate of 140 per 100.000 inhabitants(6). Average systolic blood pressure 
tended to be lower while diastolic blood pressure was higher than that observed in the Helena Study(30). The prevalence 
of high blood pressure (>120 mmHg and >80 mmHg for systolic and diastolic blood pressures respectively) was 11%. The 
similarity observed for blood pressure between boys and girls was observed in other studies for normal weight 
adolescents(27,31,32).  

Serum cholesterol has increased, mainly in young populations, during the last few decades in Spain(25,33). In fact, more 
than 20% of Spanish children have TC 5.14 mmol/l or 200 mg/dl(25). The present adolescent population can be defined 
to be at low risk as 13% had TC 185 mg/dl; 18% LDLc 115mg/dl; 6% 110 mg/dl of TG and 19% HDLc <50mg/dL.  

The molar TG/HDLc ratio has been used as a size and atherogenicity marker of LDL(34). Volunteers display low 
atherogenicity values for LDL as the TG/HDLc ratio was much lower than 1.33, cut-off point suggested by Austin et al.(35). 

The potential protective effect of estrogens on lipoprotein profile was poorly evident in the 16-17 year old adolescents 
in the Toledo Study, as lipid, lipoprotein, and Apo values, and CVD ratios were similar in both genders. Similarities in 
lipoprotein lipids and ratios could be related, in addition to the absence of anthropometrical characteristics, to the 
equivalence of diet composition as we will discuss below. Moreover, the low prevalence of obesity in both male and 
female adolescents also helps us to understand lipoprotein results due to the relationship between bodyweight and 
obesity and TG, and HDLc values(28,32).  

Levels of glucose, insulin, HOMA-IR and QUICKI suggest adequate insulin sensitivity in present volunteers. Only 7.5% 
of adolescents present insulinemia >15 mUI/L, a value used as a cut-off point for hyperinsulinemia(36,37). Twenty-five 
percent of adolescents showed HOMAS-IR > 1.5. However, considering that the mean and the 90th percentile values 
reported for HOMA-IR in Spanish children were 1.72 and 3.43(38), it can be deduced that a high percentage of our 
adolescent population showed high insulin sensitivity.  

Normal leptinemia has been suggested for a leptin range of between 1 and 15 ng/mL(39). Approximately 25% of 
adolescents showed leptinemia 15 mg/mL. However, according to the 3-30 g/mL normality range for adiponectin(40), 
only 8% of adolescents were hypoadiponectinemics.  

As for anthropometrical and lipoprotein parameters, non-significant gender differences were found for insulin 
resistance/sensitivity markers, adiponectin and leptin. Adiponectin has been described to play a protective role against 
insulin resistance. In fact, the low insulin resistance observed seems related to the normal adiponectin values found. 
Women show higher adiponectin and leptin values than men(40). Thus the similarities observed in those hormones and in 
the leptin/adiponectin ratio suggest, again, the minor impact of estrogen at 16-17 years, at least in the present population 
studied.  

It is interesting to point out the absence of significant relationships between BMI and body fat mass and lipid and 
lipoprotein markers. However, the conicity index showed significant correlation with TG and the TG/HDLc molar ratio. 
Ruperto et al(41) found that serum TG correlates with the conicity index but not with the fat mass. However, 
anthropometrical measurements, despite the relative normality of data obtained, appear significantly related to 
sensitivity/resistance markers. Thus, fat mass measured by bioimpedance correlated significantly with leptin and 
insulin/sensitivity markers in all adolescents. Leptinemia is highly dependent on fat mass and it is increased by being 
overweight and obese(42). Leptin and BMI were not significantly related to boys and girls but weakly in all volunteers 
suggesting the subestimation of BMI in comparison to other anthropometric methods in the fat mass determination(20,43) . 
These results show the importance of measuring body fat mass instead of BMI.  

 
General characteristics of adolescent diets 

The diets of volunteers appear inadequate in several aspects and far from what is considered to be a prudent diet (5,44-

46). Dietary lipid profile was similar to the one observed in the present Spanish youth, where the energy contribution of 
saturated fatty acids (SFA) is about twice the 7% suggested as the secondary objective for optimum CVD prevention (22,46-

48). Nonetheless, the MUFA and PUFA energy contribution appears adequate. In addition, the contribution of PUFA -6 
and -3 was inside the range suggested for an admissible intake according to the criteria of some scientific entities(45) 
that suggest that the PUFA -6 to PUFA -3 ratio have to be lower than 10, but preferably about 3-4. Nonetheless, 
FAO/WHO(46) has suggested that this ratio is not important when the contribution to total energy of both PUFA groups is 
in the recommended range. The absolute cholesterol intake was higher than that which was suggested in nutritional 
guidelines(45,46) while that of dietary fibre was lower according to the nutritional guidelines(5,11,45) but in line with that 
reported in the enKid(22) and AVENA(48) studies. The median for the PUFA -6/ PUFA -3 ratio in all, males and females 
was 6.9; 7.3 and 6.8, respectively and higher than the theoretical optimum mentioned previously. Paradoxically, the 
limitations of the study diet did not seem to negatively affect lipid and lipoprotein levels in the adolescents of the Toledo 
study, due to the lower prevalence of increased CVD risk factor observed.  

HEI and DMA are two well accepted indices for assessing diet quality(15,23,49,50). Adolescents displayed a MDA median 
of 5 over 13 points in all, males and females, clearly suggesting that the diet of volunteers was far from the Mediterranean 
diet profile. This dietary circumstance could be conditioned by the geographical situation and/or cultural and gastronomic 
traditions of Toledo, where the consumption of pork and pig products is rather high while that of fish is low. All this 
suggests the need to start information and formation programs in order to implement or recover the Mediterranean Diet 
as soon as possible. A large percentage of adolescents, displayed HEI lower than 70, with no differences between males 
and females. In addition 56.8 % of volunteers followed a diet that was unacceptable under both MDA and HEI points of 
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view. As HEI evaluates fat, SFA energy contribution, cholesterol intake, diet variety and the consumption of different food 
groups, it can be indicated that more than half of the adolescents were far from the nutritional objectives set(44). 

MDA score significantly correlated with some anthropometrical data (p.e. fat mass, r =-0.359; p = 0.047; brachial 
perimeter, r=-0.416; p = 0.020; tricipital fold, r = -0.485; p = 0.006) in girls but not in boys. Negative significant correlation 
was found between MDA scores and tricipital fold values in all volunteers (r = -0.352; p = 0.011). On the other hand, HEI 
scores correlated significantly with insulin (r= -0.50; p = 0.021), HOMA-IR (r =-0.524; p = 0.015), and QUICKI (r = 0.604; p    
= 0.004) levels in boys but not in girls. HEI scores appear also correlated with insulin (r = -0.283; p = 0.042), HOMA-IR (r 
= -0.275; p = 0.049) and QUICKI (r = 0.314; p = 0.024) values in all adolescents. We are far from knowing the reasons 
implicated in the differences related to gender for these relationships obtained, as diet quality did not significantly differ 
between male and female adolescents. Gesteiro et al(50) have recently suggested that diet followed at pregnancy with low 
HEI or MDA scores are associated with high cord-blood insulin levels and insulin-resistance markers at birth in normal 
weight neonates.  

 

Conclusions: 
Present results clearly suggest the absence of gender effects in adolescent diet composition and quality. Despite 

adolescent diets being monotonous, and presenting low quality scores, the volunteers tested showed low prevalence of 
altered CVD risk factors and an acceptable level of insulin sensitivity. However, the 20% rates of being overweight and 
the correlations observed between HEI and insulin sensitivity/resistance markers demand urgent dietary education and 
intervention to decrease the negative effects of being overweight later in life and to recover traditional healthy diets. 
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