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ABSTRACT 

High academic performance 

during adolescence is considered a 

strong predictor of future work conditions 

and health status. Since adolescence is 

an important time frame in terms of 

development of academic skills and 

establishment of healthy lifestyle factors, 

it is likely that these factors have an 

influence on adolescents’ academic 

performance. Thus, the main aim of this 

PhD Thesis was to investigate the 

associations and the possible 

mechanisms between healthy lifestyle 

factors and academic performance in 

secondary school students. 

A total of 274 secondary school 

students (aged 13.9±0.3 years) from the 

DADOS (Deporte, ADOlescencia y Salud) 

study were involved in the present PhD 

Thesis. 

The main findings of the present 

PhD Thesis reveal that academic 

performance in secondary school 

students is 1) positively associated with 

sleep quality (mediated by internet use 

time); 2) positively associated with 

adherence to the Mediterranean diet 

(mediated by sleep quality) and daily 

meal frequency, and negatively 

associated with the risk of eating 

disorders; 3) negatively associated with 

tumor necrosis factor-α; 4) positively 

associated with cardiorespiratory fitness 

(mediated by leptin concentration and 

body composition) and muscular 

strength (mediated by leptin 

concentration); 5) not associated with 

physical activity levels, and negatively 

associated with screen media usage.  

Overall, the present PhD Thesis 

indicates a positive association between 

healthy lifestyle factors and academic 

performance in secondary school 

students.
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RESUMEN 

Un rendimiento académico alto 

durante la adolescencia se considera un 

potente predictor de la empleabilidad y 

del estado de salud en etapas posteriores 

de la vida. La adolescencia es un periodo 

muy importante en lo que se refiere a 

desarrollo de habilidades académicas y 

adquisición de hábitos saludables. Por lo 

que dichos hábitos podrían influir en el 

rendimiento académico de los 

adolescentes. Por ello, el objetivo principal 

de esta Tesis Doctoral fue investigar las 

asociaciones y los posibles mecanismos 

entre los hábitos saludables y el 

rendimiento académico en estudiantes de 

educación secundaria obligatoria. 

Un total de 274 estudiantes de 

educación secundaria obligatoria 

(13.9±0.3 años), participantes del 

proyecto DADOS (Deporte, ADOlescencia 

y Salud) fueron incluidos en los estudios 

de esta Tesis Doctoral. 

 Los principales hallazgos de la 

presente Tesis Doctoral revelan que el 

rendimiento académico en estudiantes de 

educación secundaria obligatoria: 1) se 

asocia positivamente con la calidad del 

sueño (a través del tiempo de uso de 

internet); 2) se asocia positivamente con 

la adherencia a la dieta Mediterránea (a 

través de la calidad del sueño), y la 

frecuencia diaria de comidas, y 

negativamente con el riesgo de padecer 

trastornos de la alimentación; 3) se 

asocia negativamente con la 

concentración del factor de necrosis 

tumoral-α; 4) se asocia positivamente con 

la resistencia cardiorrespiratoria (a través 

de la concentración de leptina y de la 

composición corporal) y la fuerza 

muscular (a través de la concentración de 

leptina); 5) no se asocia con los niveles de 

actividad física, y se asocia 

negativamente con el tiempo empleado 

en actividades de pantalla. 

 La presente Tesis Doctoral indica 

una asociación positiva entre los hábitos 

saludables y el rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 
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FRAMEWORK 

The present PhD Thesis provides 

new insights on the associations between 

healthy lifestyle factors and academic 

performance in secondary school 

students within the context of the DADOS 

(Deporte, ADOlescencia y Salud) study. 

The DADOS study is a 3-year longitudinal 

research project (from the academic year 

2015/16 to the academic year 2017/18) 

aimed to assess the influence of physical 

activity on health, psychological wellness 

and academic performance through 

adolescence. 

DADOS study contributes to the 

development of international strategies 

such as the Global Strategy on Diet, 

Physical Activity and Health (World Health 

Organization), as well as, of national 

strategies such as the NAOS strategy 

(Strategy for Nutrition, Physical Activity 

and the Prevention of Obesity, Ministerio 

de Sanidad, Servicios Sociales e Igualdad) 

and the Integral Plan on Physical Activity 

and Sport (A+D Plan 2010-2020, Spanish 

National Sport Council). Thus, the results 

obtained from the present PhD Thesis will 

be relevant not only to provide scientific 

information, but also to establish new 

initiatives and school-based programs 

aimed to improve both, health status and 

academic performance in secondary 

school students. 

This PhD Thesis is structured 

around four parts: general introduction, 

aims, manuscripts and conclusions. The 

parts of general introduction, aims and 

conclusions are divided into five sections. 

Each section addresses the importance of 

a different lifestyle factor for academic 

performance in secondary school 

students: 1) sleep; 2) diet; 3) circulating 

inflammatory biomarkers; 4) physical 

fitness; and 5) physical activity and 

sedentary behaviours. The aims were 

approached through eight scientific 

publications included in the part 

manuscripts. The present PhD Thesis has 

been designed and developed in 

accordance with the Universitat Jaume I 

Doctorate Regulations (approved on 26 

January 2012, with last modification on 

25 July 2013) and with the Doctoral 

Programme in Education Regulations for 

the academic year 2015/2016, both 

based on the Royal Decree 99/2011, of 28 

January, which regulates official doctoral 

studies (information retrieved from: 

www.uji.es/estudis/centres/escola-

doctorat/normativa/normestudi/). 
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GENERAL INTRODUCTION 

The Spanish educational system 

is structured on two compulsory 

educational levels that are primary 

education and secondary education. The 

Royal Decree 126/2014, of 28 February, 

which regulates primary education 

curricula, states that primary education 

comprises six academic years, from 6 to 

12 years of age. The Royal Decree 

1105/2014, of 26 December, which 

regulates secondary education curricula, 

states that secondary education 

comprises four academic years, from 12 

to 16 years of age. 

ACADEMIC PERFORMANCE: 

DEFINITION AND CURRENT STATE 

Academic performance refers to 

educational goals that students have to 

reach in a particular period of time,1 and 

can be assessed through several 

academic indicators such as school 

dropout and academic grades, or using 

standardized tests. 

SCHOOL DROPOUT 

School dropout is a progressive 

process that ends with a personal choice 

of leaving school.2 In terms of adolescent 

school dropout, Spain has been pointed 

out as the country with the second 

greatest incidence within the European 

Union. Data from 2016-2017 from the 

Spanish Ministry of Education and 

Vocational Training show that between 

11% and 15% of adolescents did not pass 

to the next academic year of secondary 

education (see figure 1).3 In fact, only 

75.6% of Spanish adolescents 

successfully finished the studies of 

secondary education, with a higher rate in 

girls than in boys (see figure 2). In the 

Valencian Community, the incidence of 

adolescents not passing each academic 

year of secondary education is greater 

than that showed by national statistics 

(see figure 1), and revealed that only the 

66.7% of adolescents graduated from the 

secondary school system (see figure 2).3 

ACADEMIC GRADES 

Academic grades are the most 

used academic performance indicators. 

In Spain, academic grades are 

represented using a ten-point scale, 

where 0 is the worst and 10 is the best, 

and a score of ≥5 is needed to pass each 

subject.3 Previous research has proposed 

individual grades of mathematics and 

language as the most relevant academic 

grades because of the key role that 

executive function (i.e., cognitive 

flexibility, cognitive inhibition and working 

memory) plays on these areas of 

knowledge.4 In consonance with these 

findings, Spanish students should repeat 

the academic year whether they fail more 

than two, or these specific two subjects.3 

Moreover, the grade point average (GPA), 

defined as an average of all examinable 

subjects, is also widely used as an 

indicator of academic performance 

possibly due to its determinant role for 

college selection and admission.  



  

22 

 

Figure 1. Percentage of students successfully passing to the next academic year of 

secondary education. 

.

Figure 2. Percentage of students graduated from the secondary school system. 
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STANDARDIZED TESTS 

Standardized tests can be used 

to assess academic abilities, attitudes, 

and even behaviours. One of the most 

renowned tests of academic performance 

is included in the Programme for 

International Student Assessment (PISA), 

a triennial international survey which 

evaluates education systems worldwide 

by assessing the skills and knowledge of 

students aged 15 years old. According to 

the last PISA report (2015), Spain showed 

similar scores in science, better scores in 

reading and poorer scores in 

mathematics compared to the mean 

values of the countries included in the 

Organisation for Economic Cooperation 

and Development (OECD) (see figure 3).5 

Regarding the Valencian 

Community, students show slightly better 

scores in science and reading, and lower 

scores in mathematics compared to the 

OECD values.5 

 

 

Figure 3. Skills and knowledge results obtained in the Programme for International 

Student Assessment (PISA) 2015. OECD: Organisation for Economic Cooperation and 

Development.
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HEALTHY LIFESTYLE FACTORS 

AND ACADEMIC PERFORMANCE 

Adolescence is a crucial period of 

life often viewed as an important time 

frame in terms of development of 

cognitive skills and establishment of 

healthy lifestyle factors. Successful 

academic performance during this life 

stage is considered a strong predictor not 

only of future work conditions,6 but also of 

health status.7 Thus, to elucidate through 

solid scientific evidence the influence of 

healthy lifestyle factors on academic 

performance in secondary school 

students is an emerging concern to health 

and education professionals.  

SECTION 1. SLEEP AND ACADEMIC 

PERFORMANCE 

Sleep is defined as an active, 

repetitive and reversible brain process of 

reduced perception and responsiveness 

to environmental stimuli.8,9 Sleep 

patterns, including sleep duration (i.e., 

total sleep time per night) and sleep 

quality (i.e., the satisfaction level of the 

sleep experience) can be subjectively 

(e.g., sleep logs, questionnaires, 

interviews) or objectively measured (e.g., 

actigraphy, polysomnography). 

The association between sleep 

patterns and academic performance has 

been the focus of a considerable number 

of studies during the last years. In fact, a 

large meta-analysis suggested that both, 

sleep quality and sleep duration were 

positively related to school performance 

in children and adolescents.10 However, 

another meta-analysis published only two 

years later revealed that children’s sleep 

duration (but not sleep quality) was 

positively associated with executive 

function and academic performance, but 

not with intelligence, attention or 

memory.11 More recently, experimental 

sleep manipulation research in 

adolescents has indicated that sleep 

restrictions do not seem to alter cognitive 

functioning, while sleep disruptions could 

adversely affect cognition.12 Thus, 

although most of the studies seem to 

indicate a positive association between 

sleep and academic performance, results 

are not conclusive probably due to 

methodological issues (e.g., heterogeneity 

in study samples and measurement tools, 

lack of control for potential confounders, 

etc.). Therefore, it is of particular interest 

to clarify the association between sleep 

and academic performance in order to 

explore different ways to improve 

academic performance based on sleep 

behaviours and practices. 

SECTION 2. DIET AND ACADEMIC 

PERFORMANCE 

Diet represents the quantity, 

frequency and composition of all food 

regularly consumed by a person. Thus, 

diet can be analysed through several 

issues such as dietary habits (e.g., 

frequency of consuming carbohydrate 

foods), dietary patterns (e.g., adherence to 

the Mediterranean diet, number of meals 

per day, skipping breakfast), and nutrition-

related disorders (e.g., anorexia nervosa, 

bulimia nervosa). The analysis of diet can 

be performed using questionnaires, 

interviews or even food records.  
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There is a growing body of 

evidence showing that specific dietary 

habits such as consuming fish, milk, 

fruits, or vegetables may positively 

influence academic performance in 

adolescents.13 However, prior literature 

suggests that due to the synergistic 

effects of each food components, dietary 

patterns seem to be more strongly related 

to cognitive function than individual 

foods.13 For instance, adherence to the 

Mediterranean diet, characterised by a 

high consumption of plant based foods, a 

low intake of red meat, a low-to-moderate 

consumption of fish, and the use of olive 

oil as the principal source of fat, has 

shown to be directly associated with 

academic performance in 

adolescents.14,15 In addition, other 

appropriate dietary patterns such as 

regular five-meal-a-day or not skipping 

breakfast have also been positively 

associated with academic performance in 

youths.16  

Eating disorders are defined as 

complex diseases characterised by 

disruptive eating behaviours.17 Some 

studies have examined the association 

between these eating disorders and 

academic performance showing non-

conclusive results since inverse18 and 

null19 associations have been reported. 

Since limited research has been 

undertaken, to elucidate the association 

between diet and academic performance 

in secondary school students is important 

in order to develop effective diet-based 

interventions within the school context, 

and thereby to achieve both, health and 

academic benefits. 

SECTION 3. CIRCULATING 

INFLAMMATORY BIOMARKERS AND 

ACADEMIC PERFORMANCE 

Inflammation is a natural immune 

system response to injury, infectious 

agent or oxidative stress. Despite the fact 

that this mechanism can confer immune 

protection, promoting tissue survival, 

repair, and recovery, a prolonged 

activation of the peripheral immune 

system could lead to a state of systemic 

low-grade inflammation, with deleterious 

effects on health.20  

Inflammatory biomarkers can be 

classified into different groups of proteins 

with specific effects on a wide variety of 

biological processes, including immunity 

and inflammation acute phase response 

(e.g., white blood cells, C-reactive protein, 

and cytokines such as interleukin-6 and 

tumor necrosis factor-α), appetite and 

energy balance, insulin sensitivity and 

glucose metabolism (e.g., adipokines 

such as leptin and adiponectin). 

Circulating inflammatory 

biomarkers can be mainly assessed 

through blood (plasma or serum) and 

salivary analyses. Interestingly, although 

salivary analysis offers a less-invasive 

alternative to blood-based circulating 

inflammatory biomarkers measurement, it 

has been proposed that inflammatory 

biomarkers derived from saliva samples 

may only reflect systemic inflammation 

predominately produced by the liver and 

not that one produced by other tissues.21 

Inflammatory biomarkers have 

shown to play a key role in the 

pathogenesis of several cardiovascular 
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and metabolic diseases such as 

atherosclerosis, diabetes, autoimmune 

diseases and cancer.22,23 Moreover, an 

emerging body of evidence suggests that 

high levels of circulating inflammatory 

biomarkers might alter brain functioning 

and structure.24 In fact, circulating 

inflammatory biomarkers could access 

the central nervous system crossing the 

blood–brain barrier,25 and also be 

expressed by astroglia, microglia, neurons 

and endothelial cells within the brain.26 

Thus, it is likely that elevated 

concentrations of circulating 

inflammatory biomarkers influence 

cognitive processes, and in turn, 

academic performance in youths. 

Prior research investigating the 

relationship between circulating 

inflammatory biomarkers and cognition in 

humans have mainly focused on the two 

endpoints of the lifespan, that is, preterm 

infants and elderly populations.27–30 

However, in developing adolescents, 

limited research has only shown a 

negative relationship between salivary C-

reactive protein and cognitive function,31 

and a negative association of white blood 

cells, C-reactive protein and interleukin-6 

measured in blood with school grades.32 

Thus, further studies are needed to clarify 

how inflammation is linked to cognitive 

function, as well as to academic 

performance in secondary school 

students. This evidence would help 

education and health professionals to 

explore new pathways to enhance 

academic performance.  

 

SECTION 4. PHYSICAL FITNESS AND 

ACADEMIC PERFORMANCE 

Health-related physical fitness 

can be defined as a summative measure 

of health and skill-related attributes 

involved in the performance of physical 

activity and/or physical exercise, including 

cardiorespiratory fitness, muscular 

strength, speed-agility, and body 

composition.33 Cardiorespiratory fitness, 

reflects the overall capacity of the 

cardiovascular and respiratory systems, 

as well as the capacity to carry out 

prolonged physical exercise.34 Muscular 

strength refers to the ability to carry out 

work against a resistance, while speed-

agility is the ability to move the body 

quickly, changing direction while 

maintaining control and balance.34 Finally, 

body composition reflects the relative 

percentage of muscle, fat, bone and other 

tissues that comprise the body.35 

Components of physical fitness 

can be objectively measured using 

laboratory and field-based tests. 

Laboratory tests require sophisticated 

systems and instruments, as well as 

qualified staff. Field-based tests have 

been proposed as a good alternative to 

laboratory tests due to facilities in 

administration, time efficiency and low 

cost. Recently, the ALPHA (Assessing 

Levels of PHysical Activity) has been 

revealed as strongly reliable health-related 

fitness test battery for adolescents.36,37 

The ALPHA battery includes the following 

tests: 1) the 20-m shuttle run test to 

assess cardiorespiratory fitness; 2) the 

handgrip strength and the standing long 

jump tests to measure upper and lower 
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muscular strength, respectively; 3) the 

4x10-m shuttle run test to assess speed-

agility; and 4) body mass index 

(weight/height squared), waist 

circumference, and skinfold thicknesses 

(triceps and subscapular) to assess body 

composition. 

In addition to the well-established 

positive relationship between physical 

fitness and health,33,38,39 there is an 

increasing evidence suggesting an 

association between physical fitness and 

academic performance during 

adolescence.1,40,41 Prior large reviews 

have reported a strong positive 

association between cardiorespiratory 

fitness and adolescents’ academic 

performance,41,42 which may be related to 

the positive influence of cardiorespiratory 

fitness on brain structure and function.43 

In addition, unhealthy body composition 

(i.e., overweight and obesity) has shown 

to negatively influence academic 

performance in adolescents.44 However, 

the relationship of muscular strength and 

speed-agility with academic performance 

remains unclear.41 Thus, a deeper 

understanding of the association between 

physical fitness components and 

academic performance in secondary 

school students is needed to establish 

feasible and effective intervention 

programs aimed to promote both, positive 

health and better academic performance. 

SECTION 5. PHYSICAL ACTIVITY, 

SEDENTARY BEHAVIOURS AND 

ACADEMIC PERFORMANCE 

Physical activity and sedentary 

behaviours are related, but not 

complementary concepts. Physical 

activity reflects any bodily movement 

produced by skeletal muscles that implies 

an increase in energy expenditure.34 

However, sedentary behaviours can be 

defined as sitting or lying down activities 

which do not involve an increasing of 

energy expenditure.45 Although physical 

activity and sedentary behaviours are 

different constructs, both can be 

assessed using subjective (e.g., 

questionnaires, interviews) or objective 

tools (e.g., actigraphy, pedometers, 

calorimetry). 

A growing body of literature 

suggests that regular physical activity 

may positively influence academic 

performance during adolescence.42,46 In 

addition, there is a strong evidence 

revealing a negative association between 

sedentary behaviours and adolescents’ 

academic performance.47 Specifically, 

screen media usage has shown to be the 

most popular leisure-time sedentary 

behaviour among secondary school 

students, with a 28% of them engaged in 

screen-based sedentary activities more 

than 4h per day.48 However, the vast 

majority of previous studies assessed 

physical activity and sedentary behaviours 

using subjective tools.  

More investigation is still needed 

for a better understanding of the 

association of physical activity and 

sedentary behaviours with academic 

performance in secondary school 

students in order to design new strategies 

for the improvement of health and 

academic performance. 
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AIMS 

The main aim of this PhD Thesis 

was to investigate the associations and 

the possible mechanisms between 

healthy lifestyle factors and academic 

performance in secondary school 

students. 

The aim mentioned above was 

approached by the following specific aims 

according to five sections: 

SECTION 1. SLEEP AND ACADEMIC 

PERFORMANCE 

- To analyse the association between 

sleep patterns and academic 

performance in secondary school 

students (Studies 1, 2, 8). 

- To examine the role of screen media 

usage on the association between 

sleep patterns and academic 

performance in secondary school 

students (Study 2). 

SECTION 2. DIET AND ACADEMIC 

PERFORMANCE 

- To analyse the association between 

dietary patterns and academic 

performance in secondary school 

students (Studies 3, 8). 

- To examine the role of sleep patterns 

on the association between dietary 

patterns and academic performance in 

secondary school students (Study 3). 

- To analyse the association between 

the risk of eating disorders and 

academic performance in secondary 

school students (Study 4).  

 

 

SECTION 3. CIRCULATING 

INFLAMMATORY BIOMARKERS AND 

ACADEMIC PERFORMANCE 

- To analyse the association between 

circulating inflammatory biomarkers 

and academic performance in 

secondary school students (Study 5). 

SECTION 4. PHYSICAL FITNESS AND 

ACADEMIC PERFORMANCE 

- To analyse the association between 

physical fitness and academic 

performance in secondary school 

students (Studies 6, 7). 

- To examine the role of leptin on the 

association between physical fitness 

and academic performance in 

secondary school students (Study 6). 

- To examine the role of body 

composition on the association 

between physical fitness and 

academic performance in secondary 

school students (Study 7). 

SECTION 5. PHYSICAL ACTIVITY, 

SEDENTARY BEHAVIOURS AND 

ACADEMIC PERFORMANCE 

- To analyse the association of physical 

activity and sedentary behaviours with 

academic performance in secondary 

school students (Study 8). 
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OBJETIVOS 

El objetivo principal de la 

presente Tesis Doctoral fue investigar las 

asociaciones y los posibles mecanismos 

entre los hábitos saludables y el 

rendimiento académico en estudiantes de 

educación secundaria obligatoria. 

El objetivo arriba mencionado se alcanzó 

a través de los siguientes objetivos 

específicos estructurados en cinco 

secciones: 

SECCIÓN 1. SUEÑO Y RENDIMIENTO 

ACADÉMICO 

- Analizar la asociación entre patrones 

de sueño y rendimiento académico en 

estudiantes de educación secundaria 

obligatoria (Estudios 1, 2, 8). 

- Examinar el papel del tiempo 

empleado en actividades de pantalla 

en la asociación entre patrones de 

sueño y rendimiento académico en 

estudiantes de educación secundaria 

obligatoria (Estudio 2). 

SECCIÓN 2. DIETA Y RENDIMIENTO 

ACADÉMICO 

- Analizar la asociación entre patrones 

de dieta y rendimiento académico en 

estudiantes de educación secundaria 

obligatoria (Estudios 3, 8). 

- Examinar el papel de los patrones de 

sueño en la asociación entre patrones 

de dieta y rendimiento académico en 

estudiantes de educación secundaria 

obligatoria (Estudio 3). 

- Analizar la asociación entre el riesgo 

de padecer trastornos de la 

alimentación y el rendimiento 

académico en estudiantes de 

educación secundaria obligatoria 

(Estudio 4). 

SECCIÓN 3. BIOMARCADORES DE 

INFLAMACIÓN Y RENDIMIENTO 

ACADÉMICO 

- Analizar la asociación entre los 

biomarcadores de inflamación y el 

rendimiento académico en estudiantes 

de educación secundaria obligatoria 

(Estudio 5). 

SECCIÓN 4. CONDICIÓN FÍSICA Y 

RENDIMIENTO ACADÉMICO 

- Analizar la asociación entre la 

condición física y el rendimiento 

académico en estudiantes de 

educación secundaria obligatoria 

(Estudios 6, 7). 

- Examinar el papel de la leptina en la 

asociación entre condición física y 

rendimiento académico en estudiantes 

de educación secundaria obligatoria 

(Estudio 6). 

- Examinar el papel de la composición 

corporal en la asociación entre 

condición física y rendimiento 

académico en estudiantes de 

educación secundaria obligatoria 

(Estudio 7). 

SECCIÓN 5. ACTIVIDAD FÍSICA, 

COMPORTAMIENTOS SEDENTARIOS Y 

RENDIMIENTO ACADÉMICO  

- Analizar la asociación de la actividad 

física y los comportamientos 

sedentarios con el rendimiento 

académico en estudiantes de 

educación secundaria obligatoria 

(Estudio 8). 
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ABSTRACT 

Introduction. Circulating inflammatory biomarkers 

have shown to play a key role on cognition during 

the early and late stages of the human lifespan; 

however, its relationship with academic 

performance during school age has been poorly 

investigated. Thus, the present study aimed (1) to 

examine the association between circulating 

inflammatory biomarkers and academic 

performance in adolescents, and (2) to identify the 

ability of circulating inflammatory biomarkers to 

predict low academic performance. 

Methods. A total of 244 adolescents (13.9 ± 0.3 

years, 112 girls) from the DADOS (Deporte, 

ADOlescencia y Salud) study were included in the 

analysis. Four inflammatory biomarkers were 

quantified: white blood cell (WBC) count, 

interleukin-6, tumor necrosis factor-α (TNF-α), and C-

reactive protein (CRP). Academic performance was 

assessed through academic grades and the Spanish 

version of the Science Research Associates Test of 

Educational Abilities. 

 

Results. TNF-α was negatively associated with math, 

Spanish and grade point average (β ranging 

from -0.166 to -0.124; all p<0.05), while CRP was 

negatively associated with verbal ability (β=-0.128; 

p<0.05). Overall, receiver operating characteristic 

(ROC) curves analyses showed discriminatory ability 

of WBC and TNF-α in identifying low academic 

performance (all p<0.05). Moreover, logistic 

regression analyses indicated that students with 

levels of WBC and TNF-α above the ROC cut-offs 

values showed between 78% to 87% increased 

likelihood of lower academic performance (p<0.05). 

Conclusion. Our findings suggest that circulating 

inflammatory biomarkers, particularly TNF-α and 

CRP, were negatively associated with academic 

performance in adolescents. Further studies are 

warranted to clarify the relationship between 

inflammation and academic performance in youths. 

KEYWORDS. Inflammation, academic grades, 

academic abilities, cognition, adolescents, 

adolescence. 
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INTRODUCTION 

Inflammation is a natural immune system 

response to injury, infectious agent, or oxidative 

stress. This mechanism can confer immune 

protection, promoting tissue survival, repair, and 

recovery. However, a prolonged activation of the 

peripheral immune system could lead to a state of 

systemic low-grade inflammation.1 Prior research 

has suggested systemic low-grade inflammation to 

be both a cause, and a consequence of pathological 

processes related to several cardiovascular and 

metabolic diseases (e.g., atherosclerosis, diabetes, 

cancer),2,3 as well as to the development of 

neuropsychiatric disorders.4 

Emerging evidence indicates that 

circulating inflammatory biomarkers might also play 

a key role on cognition during the early and late 

stages of the human lifespan.5 In fact, most of the 

studies reporting an inverse association between 

circulating inflammatory biomarkers and cognition 

have been focused on preterm infants,6,7 and aging 

populations,8,9 as well as in populations with 

neuropsychiatric disorders.10 However, few studies 

have investigated the link between inflammation and 

cognitive function in adolescents, showing 

controversial results since not only negative,11 but 

also null12 associations have been found. 

Cognition may be closely linked to 

academic performance, which has shown to predict 

future health status13 and work opportunities.14 

However, only one study has analysed the 

association between inflammation and academic 

performance in children and adolescents, showing 

an inverse association between circulating 

inflammatory biomarkers and academic grades.15  

Given the influence that inflammation may 

have on cognition, and the importance of academic 

performance for adolescents’ future, it is of 

particular interest to clarify if inflammatory 

biomarkers are associated with academic 

performance in this age group. Thus, the present 

study aimed (1) to examine the association between 

circulating inflammatory biomarkers and academic 

performance in adolescents, and (2) to identify the 

ability of circulating inflammatory biomarkers to 

predict low academic performance.   

 

METHODS 

Study design and sample selection 

The present work is part of the DADOS 

(Deporte, ADOlescencia y Salud) study, a research 

project aimed to analyse the influence of physical 

activity on health, academic performance, and 

psychological wellness through adolescence.16 All 

participants were recruited from secondary schools 

and sport clubs of Castellon (Spain) and met the 

general inclusion criteria: enrolled in 2nd grade of 

secondary school (i.e., the 8th grade) and free of any 

chronic disease. The results presented in this work 

belong to baseline data obtained between February 

and May of 2015. From the total sample (n = 274), a 

subsample of 244 students (112 girls) with valid 

data for at least one circulating inflammatory 

biomarker, and academic performance were 

included in the analyses. 

Students and their parents or guardians 

were informed of the nature and characteristics of 

the study, and all provided written informed consent. 

The study protocol was designed in accordance with 

the ethical guidelines of the 1961 Declaration of 

Helsinki (last revision of Fortaleza, Brazil, 2013) and 

approved by the Research Ethics Committee of the 

Jaume I University of Castellon. 

Circulating inflammatory biomarkers 

Blood samples were drawn from the 

antecubital vein after an overnight fast of at least 10 

h (at 8:00 a.m.), and collected in two tubes 

containing EDTA (Greiner bioone, Kremsmünster, 

Austria). One tube was kept refrigerated at 4º C for 

immediate analyses in whole blood, while the other 

tube was centrifuged to obtain serum (3500 rpm for 

10 min at 4 °C). The following inflammatory 

biomarkers were quantified: white blood cell (WBC, 

103/μL) count, interleukin-6 (IL-6, pg/mL), tumor 

necrosis factor-α (TNF-α, pg/mL), and C-reactive 

protein (CRP, mg/dL). WBC count was measured in 

whole blood by automated blood cell counters (ABX 

Pentra XL 80, Horiba ABX SAS; Montpellier, France) 

with an intra-assay precision coefficient of variation 

(CV) of <2%. IL-6 and TNF-α were determined in 

serum using specific sensitive Enzyme-Linked 

Immunosorbent Assay (ELISA) kits (DRG 

Instruments GmbH, Marburg, Germany) with a 

sensitivity of 2 pg/mL for IL-6 and 0.7 pg/mL for 
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TNF-α. The intra- and inter-assay precision CVs were 

4.2% and 4.4% for IL-6, and 6.6% and 4.5% for TNF-α, 

respectively. The CRP concentration was quantified 

in serum by immunoturbidimetry (CRP 981699, 

Thermo Fisher Scientific Oy; Vantaa, Finlandia) with 

a sensitivity of 6 pg/mL and intra- and inter-assay 

CVs of 2.6% and 0.8%, respectively. 

Academic performance 

Academic performance was assessed 

using academic grades and a standardized test of 

academic abilities. Academic grades were taken 

from the participants’ official report cards obtained 

at the end of the academic year, which were 

provided by parents or guardians. Individual grades 

for math, Spanish and English, as well as the grade 

point average score were included in the analyses. 

The grade point average score was calculated as the 

single average for geography and history, natural 

sciences, maths, Spanish, Catalan and English 

languages and physical education grades. All the 

subjects were measured on a ten-point scale, where 

0 was the worst and 10 was the best. Academic 

abilities were assessed through the Spanish version 

of the Science Research Associates Test of 

Educational Abilities.17 This test measures three 

basic academic abilities: verbal ability (command of 

language), numeric ability (speed and precision in 

performing operations with numbers and 

quantitative concepts), and reasoning ability (the 

aptitude to find logical ordination criteria in sets of 

numbers, figures, or letters). Scores for the three 

abilities were obtained by adding positive answers. 

Overall academic ability was calculated by adding 

the three abilities’ scores (verbal + numeric + 

reasoning). The present study used level three, 

which is designed for adolescents aged 14–18 

years. The alpha scores for its reliability have been 

reported to be 0.74 for verbal ability, 0.87 for 

numerical ability, 0.77 for reasoning ability and 0.89 

for overall academic ability.17 Participants were 

classified in high academic performance (≥50th of 

the median) and low academic performance (<50th 

of the median) for each academic performance 

indicator. 

Covariates 

Sex, pubertal stage, parental educational 

level, type of school, waist circumference and 

adherence to the Mediterranean diet were included 

as covariates. 

Pubertal stage. Pubertal stage was self-

reported according to the five stages described by 

Tanner18 based on the assessment of two 

components: pubic hair growth for boys and girls, 

plus breast development in girls, and genital 

development in boys. A 5-point maturity rating was 

used where stage 1 corresponds to the prepubertal 

state and stage 5 to mature state, and the highest 

rating of the two components was used for the 

analyses. 

Parental educational level. Parental 

educational level was used as a proxy of 

socioeconomic status.19 Both parents reported their 

educational level and responses were combined as: 

neither of the parents had a university degree, and at 

least one of the parents had a university degree. 

Type of school. Students’ school type was 

classified into ‘public’ or ‘private’ school, and entered 

as a dummy variable. 

Anthropometry. Measures were assessed 

in duplicate by experienced researchers following 

standardized procedures,20 and average measures 

were used for the analyses. Briefly, body weight was 

measured to the nearest 0.1 kg using an electronic 

scale (SECA 861, Hamburg, Germany). Height was 

measured to the nearest 0.1 cm using a wall-

mounted stadiometer (SECA 213, Hamburg, 

Germany). Body mass index (BMI) was calculated as 

weight/height squared (kg/m2). Waist circumference 

was measured to the nearest 1 mm with a non-

elastic tape applied horizontally midway between the 

lowest rib margin and the iliac crest, at the end of 

gentle expiration with the adolescent in a standing 

position. 

Adherence to the Mediterranean diet. 

Adherence to the Mediterranean diet was evaluated 

using the KIDMED questionnaire, which includes 16 

yes/no questions related to participants 

consumption of fast food, sweets and soft drinks, 

daily fruit and vegetables, and weekly fish and 

legumes.21 Regarding the affirmative answers, a 

value of +1 was assigned to the questions with 

positive connotation in relation to Mediterranean diet 

(e.g., regular fruit consumption), while a value of -1 

was assigned to the questions that constitute 
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negative aspects (e.g., fast food consumption). 

Questions answered with “no” scored 0. The score 

for the students’ level of adherence to the 

Mediterranean diet was calculated as the sum of 

each answer, ranging from 0 to 12. 

Statistical analysis 

Descriptive characteristics of the study 

sample are presented as means ± standard 

deviation or frequency (%). Differences between 

sexes were examined by independent two-tailed t-

tests and Chi-squared tests for continuous and 

categorical variables, respectively. All variables were 

checked for normality using both graphical (normal 

probability plots) and statistical (Kolmogorov-

Smirnov test) procedures. Due to its skewed 

distribution, circulating inflammatory biomarkers 

were log-transformed when required. As preliminary 

analyses showed no significant interactions of sex 

with circulating inflammatory biomarkers in relation 

to academic performance indicators (all p>0.1), all 

analyses were performed with the total sample. 

Linear regression analyses were used to 

study the association between circulating 

inflammatory biomarkers and academic 

performance indicators adjusting for sex, pubertal 

stage, parental educational level, type of school, 

waist circumference and adherence to the 

Mediterranean diet. 

Receiver operating characteristic (ROC) 

curves were conducted to investigate the ability of 

circulating inflammatory biomarkers (i.e., WBC, IL-6, 

TNF-α, and CRP) in discriminating low academic 

performance. The area under the curve (AUC) 

ranges between 0 and 1, where 0 represents a 

worthless test, and 1 a perfect ability of circulating 

inflammatory biomarkers to identify students with 

low academic performance. When the AUC was 

statistically significant, cut-off points were selected 

according to the highest Youden index, which is 

calculated with the best trade-off between sensitivity 

and specificity. 

Based on the ROC curves analyses, 

logistic regression analyses were conducted to 

examine the relationships between high circulating 

inflammatory biomarkers concentrations (i.e., ≥cut-

off values) and low academic performance, 

adjusting for sex, pubertal stage, parental 

educational level, type of school, waist 

circumference and adherence to the Mediterranean 

diet. These analyses were performed only for those 

circulating inflammatory biomarkers that showed a 

discriminatory ability to predict low academic 

performance (AUC>0.5 and p<0.05). All the analyses 

were performed using the IBM SPSS Statistics for 

Windows version 22.0 (Armonk, NY: IBM Corp), and 

the level of significance was set to p<0.05.  

RESULTS 

Table 1 summarizes adolescents’ 

characteristics by sex. Our study included 244 

adolescents aged 13.9 ± 0.3 years old, of which 112 

(45.9%) were girls. Boys presented higher values in 

height (164.7 vs. 160.9; p<0.001), waist 

circumference (68 vs. 66; p<0.01), TNF-α (5.6 vs. 4.8; 

p<0.01), and numeric ability (14.9 vs. 12.4; p<0.001) 

than girls. 

Linear regression analyses between 

circulating inflammatory biomarkers and academic 

performance indicators after adjustment for sex, 

pubertal stage, parental educational level, type of 

school, waist circumference, and adherence to the 

Mediterranean diet are shown in Table 2. WBC and 

IL-6 were not associated with academic 

performance indicators. TNF-α was negatively 

associated with math (β=-0.166; p<0.01), Spanish 

(β=-0.127; p<0.05), and grade point average (β=-

0.124; p<0.05), while CRP was negatively associated 

with verbal ability (β=-0.128; p<0.05). 

Table 3 presents the parameters of the 

ROC curve analyses regarding the diagnostic ability 

of circulating inflammatory biomarkers to predict 

low academic performance in adolescents. ROC 

analyses showed that IL-6 and CRP concentrations 

did not discriminate among academic performance 

categories. However, significant AUC were found for 

WBC with English, and for TNF-α with all the 

academic grades indicators (all AUC>0.5 and 

p>0.05). No circulating inflammatory biomarker 

showed discriminatory ability to identify low 

academic abilities (data not shown). 

Figure 1 shows logistic regression 

analyses for the associations between high 

circulating inflammatory biomarkers (i.e., above the 

cut-off values provided by the ROC curve analysis) 

and low academic performance (i.e., <50th of the 
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median) after adjustment for sex, pubertal stage, 

parental educational level, type of school, waist 

circumference, and adherence to the Mediterranean 

diet. High levels of WBC were associated with low 

academic performance in English (OR=1.78; 

95%CI:1.00-3.15). In addition, students with high 

concentration of TNF-α had 79%, 86% and 87% 

increased odds of achieving low academic 

performance in math, Spanish and English, 

respectively. 

DISCUSSION 

The main finding of the present study 

reveals an inverse association of TNF-α with math, 

Spanish and grade point average after adjusting for 

potential confounders. In addition, CRP was 

negatively associated with verbal ability. Our study 

indicates that WBC presented discriminatory ability 

in identifying low academic performance in English, 

while TNF-α showed discriminatory ability in 

identifying low academic performance in all the 

academic grades analysed. Overall, students with 

high levels of WBC and TNF-α showed between 78% 

to 87% increased likelihood of low academic 

performance. These results further contribute to the 

scarce prior literature suggesting that inflammation 

may negatively influence academic performance in 

healthy adolescents.15 

To the best of our knowledge, no previous 

studies have examined the association between 

circulating inflammatory biomarkers and academic 

abilities, neither their ability for identifying low 

academic performance, which hampers 

comparisons among studies. To date, there is only 

one study that has investigated the association 

between inflammatory biomarkers and academic 

grades.15 In contrast to our results, Esteban-Cornejo 

et al.15 found that WBC, IL-6 and CRP, but not TNF-α, 

were negatively associated with academic grades in 

math, Spanish, the mean of math and Spanish, and 

grade point average, independently of adiposity, in a 

sample of Spanish children and adolescents aged 6-

18 years. 

The reasons underlying the inverse 

association of TNF-α with academic grades and of 

CRP with verbal ability cannot be elucidated in the 

current study. However, these findings may be 

partially related to the key role that these 

inflammatory biomarkers play on brain functioning. 

In fact, in a review examining in vitro studies, TNF-α 

has been suggested to reduce neurogenesis, 

increasing apoptosis of neurons, and consequently, 

inhibiting synaptic plasticity and memory 

consolidation,4 which could affect academic 

outcomes. In addition, prior research suggested that 

CRP may negatively influence under-developed 

frontal brain regions involved in letter fluency-related 

skills,11 which in turn, might affect verbal ability. 

On the other hand, in the present study 

there was a lack of association of WBC and IL-6 with 

academic performance. Similarly, other previous 

interventional22 and prospective12 studies 

investigating the association between inflammation 

and cognitive function in youth have reported null 

findings. There are several hypotheses that could 

partially explain the lack of association found in our 

study. First, it is interesting to highlight that the lack 

of association found between IL-6 and academic 

performance indicators is generally consistent with 

previous research, suggesting that IL-6 does not 

affect proliferation and gliogenesis,4 which in turn, 

may have no influence on cognition or academic 

performance. Second, the fact that circulating 

inflammatory biomarkers at physiological levels can 

act with both, anti- and pro-inflammatory effects9 

could partially explain the divergent results found in 

the present study. Third, our sample showed optimal 

values of adherence to the Mediterranean diet and 

body composition, which have been related to lower 

levels of inflammatory biomarkers.23,24 Thus, it is 

likely that those concentrations do not affect 

students' academic performance. Lastly, the 

academic performance indicators included in the 

current study might not entirely capture the adverse 

effects that some circulating inflammatory 

biomarkers could have on cognition in adolescents. 

The mixed results found in prior literature 

investigating the relationship of inflammation with 

cognition and academic performance in youths 

could be due to differences in participants’ 

socioeconomic status,25 ethnicity26 and lifestyles, as 

well as, to methodological issues. In fact, divergent 

results could be related to the matrix (whole blood, 

serum or plasma, saliva) in which inflammatory 

biomarkers are measured in the studies,11 and even 

to the different technics of analysis implemented. 
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Limitations and strengths 

The results of the present study should be 

interpreted with caution. The cross-sectional design 

of our study does not allow us to draw any 

conclusion on the causal direction of the 

associations. In addition, the inclusion of a sample 

of healthy adolescents limits the generalizability of 

our findings across the population. However, the 

strengths of the study comprise the use of different 

blood-derived inflammatory biomarkers, and the 

inclusion of a standardized test of academic 

abilities. In addition, as suggested by previous 

research, our statistical analyses were controlled for 

pubertal stage, parental educational level,27 waist 

circumference24 and adherence to the 

Mediterranean diet,23 which are relevant given their 

association with inflammation and academic 

performance. 

Conclusions 

In conclusion, our results suggest that 

circulating inflammatory biomarkers, particularly 

TNF-α and CRP, were negatively associated with 

academic performance in adolescents. Additionally, 

our results revealed the utility of inflammatory 

biomarkers in identifying students with higher risk of 

low academic performance. Since academic 

performance has shown to play a key role on future 

employability14 and health status,13 further studies 

are warranted to clarify the relationship between 

inflammation and academic performance in youths. 
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Table 1. Descriptive characteristics for the study sample. 

 All Boys Girls p 

n (%) 244 (100) 132 (54) 112 (46)  

Age (y) 13.9 ± 0.3 13.9 ± 0.3 13.9 ± 0.3 0.709 

Pubertal stage (II-V) (%) 8/35/47/10 9/33/43/15 0/6/38/52/4 - 

Height (cm)  163.0 ± 8.1 164.7 ± 8.6 160.9 ± 7.0 <0.001 

Weight (kg)  53.8 ± 9.1 54.4 ± 9.3 53.1 ± 8.8 0.297 

Body mass index (kg/m2)  20.2 ± 2.6 19.9 ± 2.4 20.5 ± 2.8 0.106 

Waist circumference (cm) 67.1 ± 5.6 68.0 ± 5.2 66.0 ± 5.8 0.006 

Adherence to the Mediterranean diet (0-12) 7.1 ± 2.1 7.3 ± 2.2 6.8 ± 2.1 0.059 

Parental educational level      

University studies (%) 118 (48) 58 (44) 60 (54) 0.134 

School type     

Private (%) 67 (28) 41 (31) 26 (23) 0.171 

Circulating inflammatory biomarkers a     

White blood cells (103/μL) 5.7 ± 1.4 5.6 ± 1.3 5.8 ± 1.4 0.426 

Interleukin-6 (pg/mL) (n = 206) 3.1 ± 3.0 3.1 ± 3.1 3.1 ± 2.9 0.975 

Tumor necrosis factor-α (pg/mL) 5.2 ± 2.2 5.6 ± 2.3 4.8 ± 2.1 0.004 

C-reactive protein (mg/dL) 0.53 ± 0.21 0.54 ± 0.25 0.52 ± 0.14 0.312 

Academic grades (0-10) 

Math 6.5 ± 1.7 6.5 ± 1.7 6.6 ± 1.7 0.423 

Spanish 6.7 ± 1.7 6.5 ± 1.7 7.0 ± 1.7 0.014 

English 6.9 ± 1.7 6.7 ± 1.7 7.2 ± 1.7 0.025 

Grade point average 6.9 ± 1.4 6.8 ± 1.3 7.0 ± 1.4 0.136 

Academic abilities     

Verbal (0-50) 19.0 ± 5.4 19.2 ± 6.0 18.8 ± 4.5 0.579 

Numeric (0-30) 13.8 ± 4.7 14.9 ± 4.6 12.4 ± 4.4 <0.001 

Reasoning (0-30) 16.7 ± 5.8 16.2 ± 5.7 17.3 ± 5.8 0.131 

Overall (0-110) 49.5 ± 12.4 50.3 ± 13.0 48.5 ± 11.7 0.262 

Data are presented as mean ± standard deviation or frequency (%). Differences between sexes were 

examined by t test or chi-square test. Statistically significant values are in bold. 

a Values were log-transformed before analysis, but non-transformed values are presented. 



  

94 

Table 2. Linear regression analysis examining the association between circulating inflammatory 

biomarkers and academic performance. 

 White blood cells Interleukin-6 
Tumor necrosis 
factor-α 

C-reactive 
protein 

 β p β p β p β p 

Academic grades          

Math -0.072 0.252 0.020 0.765 -0.166 0.008 -0.068 0.275 

Spanish -0.058 0.357 -0.042 0.532 -0.127 0.043 -0.082 0.190 

English -0.108 0.084 0.053 0.426 -0.112 0.072 -0.087 0.160 

Grade point average -0.066 0.281 0.009 0.897 -0.124 0.042 -0.071 0.242 

Academic abilities         

Verbal -0.041 0.512 0.083 0.243 0.020 0.745 -0.128 0.036 

Numeric -0.017 0.773 0.105 0.117 -0.067 0.250 0.015 0.790 

Reasoning -0.113 0.910 0.057 0.431 -0.096 0.125 -0.058 0.355 

Overall -0.027 0.664 0.100 0.159 -0.061 0.319 -0.075 0.220 

β: standardized coefficient. Analyses were adjusted for sex, pubertal stage, parental educational level, type 

of school, waist circumference and adherence to the Mediterranean diet. 
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Table 3. Parameters of the receiver operating characteristic curve analysis for the diagnostic performance of 

circulating inflammatory biomarkers in identifying low academic grades. 

Low academic 

grades 

 
White blood cells Interleukin-6 

Tumor necrosis 

factor-α 

C-reactive 

protein 

Math AUC 0.499 0.496 0.582 0.536 

 95%CI 0.426 – 0.572 0.417 – 0.575 0.510 – 0.653 0.463 – 0.609 

 p 0.982 0.929 0.028 0.329 

 Cut-off - - ≥5.75 - 

 Sensitivity (%) - - 0.713 - 

 Specificity (%) - - 0.425 - 

Spanish AUC 0.549 0.491 0.604 0.505 

 95%CI 0.477 – 0.622 0.412 – 0.570 0.533 – 0.675 0.431 – 0.579 

 p 0.186 0.822 0.005 0.893 

 Cut-off - - ≥5.85 - 

 Sensitivity (%) - - 0.732 - 

 Specificity (%) - - 0.443 - 

English AUC 0.581 0.500 0.585 0.552 

 95%CI 0.508 – 0.653 0.420 – 0.580 0.513 – 0.658 0.479 – 0.626 

 p 0.032 0.992 0.023 0.166 

 Cut-off ≥5.25 - ≥5.85 - 

 Sensitivity (%) 0.493 - 0.721 - 

 Specificity (%) 0.654 - 0.442 - 

Grade point 
average 
 

AUC 0.562 0.514 0.598 0.506 

95%CI 0.490 – 0.634 0.435 – 0.593 0.524 – 0.667 0.433 – 0.579 

 p 0.094 0.727 0.010 0.872 

 Cut-off - - ≥5.85 - 

 Sensitivity (%) - - 0.727 - 

 Specificity (%) - - 0.430 - 

AUC: area under the curve; CI: confidence interval; Values in bold font indicate statistically significant AUC.  
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Figure 1. Logistic regression model predicting low academic grades according to high concentration of circulating inflammatory biomarkers (above the cut-off values 

provided by the ROC curve analysis). 

Analysis adjusted for sex, pubertal stage, parental educational level, type of school, waist circumference and adherence to the Mediterranean diet. Values in bold font 

indicate statistically significant results. OR: Odds ratio; CI: confidence interval. Reference (OR = 1.00): students with low concentration of circulating inflammatory 

biomarkers. n indicates number of students from the total sample (n = 244) over the cut-off values.  
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CONCLUSIONS 

The main conclusions of the present PhD 

Thesis are:  

SECTION 1. SLEEP AND ACADEMIC 

PERFORMANCE 

- Sleep quality, but not sleep duration, is 

positively associated with academic 

performance in secondary school 

students.  

- Internet use time plays a mediating 

role on the association between sleep 

quality and academic performance in 

secondary school students. 

SECTION 2. DIET AND ACADEMIC 

PERFORMANCE 

- Adherence to the Mediterranean diet is 

positively associated with academic 

performance in secondary school 

students. 

- Sleep quality plays a mediating role on 

the association between adherence to 

the Mediterranean diet and academic 

performance in secondary school 

students. 

- Daily meal frequency of five-meal-a-

day is positively associated with 

academic performance in secondary 

school students.  

- The risk of eating disorders is 

negatively associated with academic 

performance in secondary school 

students. 

SECTION 3. CIRCULATING 

INFLAMMATORY BIOMARKERS AND 

ACADEMIC PERFORMANCE 

- Tumor necrosis factor-α is negatively 

associated with academic perfor-

mance in secondary school students.  

- White blood cells, interleukin-6 and C-

reactive are not associated with 

academic performance in secondary 

school students. 

SECTION 4. PHYSICAL FITNESS AND 

ACADEMIC PERFORMANCE 

- Cardiorespiratory fitness is positively 

associated with academic 

performance in secondary school 

students. 

- Muscular strength and speed-agility 

are not associated with academic 

performance in secondary school 

students. 

- Circulating leptin concentration plays a 

mediating role on the association of 

cardiorespiratory fitness and muscular 

strength with academic performance 

in secondary school students. 

- Body composition plays a mediating 

role on the association between 

cardiorespiratory fitness and 

academic performance in secondary 

school students. 

SECTION 5. PHYSICAL ACTIVITY, 

SEDENTARY BEHAVIOURS AND 

ACADEMIC PERFORMANCE 

- Very high levels of physical activity are 

not associated with low academic 

performance in secondary school 

students. 

- Screen media usage is negatively 

associated with academic 

performance in secondary school 

students. 

 Overall, the present PhD Thesis 

indicates a positive association between 

healthy lifestyle factors and academic 

performance in secondary school 

students. 
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CONCLUSIONES 

Las principales conclusiones de la 

presente Tesis Doctoral son: 

SECCIÓN 1. SUEÑO Y RENDIMIENTO 

ACADÉMICO 

- La calidad del sueño, pero no la 

duración, se asocia positivamente 

con el rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

- El tiempo de uso de internet juega un 

papel mediador en la asociación 

entre la calidad del sueño y el 

rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

SECCIÓN 2. DIETA Y RENDIMIENTO 

ACADÉMICO 

- La adherencia a la dieta 

Mediterránea se asocia 

positivamente con el rendimiento 

académico en estudiantes de 

educación secundaria obligatoria. 

- La calidad del sueño juega un papel 

mediador en la asociación entre la 

adherencia a la dieta Mediterránea y 

el rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

- Realizar cinco comidas al día se 

asocia positivamente con el 

rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

- El riesgo de padecer trastornos de la 

alimentación se asocia 

negativamente con el rendimiento 

académico en estudiantes de 

educación secundaria obligatoria. 

SECCIÓN 3. BIOMARCADORES DE 

INFLAMACIÓN Y RENDIMIENTO 

ACADÉMICO 

- La concentración del factor de 

necrosis tumoral-α en sangre se 

asocia negativamente con el 

rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

- La concentración de leucocitos, 

interleucina-6 y proteína C reactiva 

en sangre no se asocia con el 

rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

SECCIÓN 4. CONDICIÓN FÍSICA Y 

RENDIMIENTO ACADÉMICO 

- La resistencia cardiorrespiratoria se 

asocia positivamente con el 

rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

- La fuerza muscular y la velocidad-

agilidad no se asocian con el 

rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

- La concentración de leptina en 

sangre juega un papel mediador en 

la asociación de la resistencia 

cardiorrespiratoria y la fuerza 

muscular con el rendimiento 

académico en estudiantes de 

educación secundaria obligatoria. 

- La composición corporal juega un 

papel mediador en la asociación 

entre la resistencia 

cardiorrespiratoria y el rendimiento 

académico en estudiantes de 

educación secundaria obligatoria. 
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SECCIÓN 5. ACTIVIDAD FÍSICA, 

COMPORTAMIENTOS SEDENTARIOS Y 

RENDIMIENTO ACADÉMICO  

- Niveles elevados de actividad física 

no se asocian con un bajo 

rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

- El tiempo empleado en actividades 

de pantalla se asocia negativamente 

con el rendimiento académico en 

estudiantes de educación secundaria 

obligatoria. 

 En resumen, la presente Tesis 

Doctoral pone de manifiesto una 

asociación positiva entre los hábitos 

saludables y el rendimiento académico 

en estudiantes de educación secundaria 

obligatoria. 
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IMPLICATIONS AND FUTURE 

PERSPECTIVES 

The main findings of the present 

PhD Thesis indicate a positive association 

between healthy lifestyle factors and 

academic performance in secondary 

school students. This scientific evidence 

reveals an additional reason to promote 

the collaborative work between educators 

and health professionals. During school 

age, educational centres seem to be the 

ideal place to implement health promotion 

strategies and programs, which may 

contribute to the improvement of 

academic performance. 

The present PhD Thesis also 

identifies the main limitations of the 

current scientific knowledge. Further 

longitudinal and interventional research is 

warranted to address the question of 

causality, and thus, to elucidate the 

influence of healthy lifestyle factors on 

academic performance in children and 

adolescents. Moreover, future 

investigations should also consider 

cognitive function and structural imaging 

data, instead of focusing only on 

academic performance measurements. 
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