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Sedentariness has been considered to be a predictor of 

chronic diseases, even much more powerful than the 

recognized classic risk factors such as: 

 HYPERTENSION, HYPERLIPIDEMIA, DIABETES, OBESITY 
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Pérez de Heredia F, Gómez-Martínez S, Marcos A. Proc Nutr Soc. 2012; 71(2):332-8 

http://www.time.com/time/magazine/0,9263,7601040223,00.html


DIABETES 

CANCER 

CARDIOVASCULAR DISEASES 

NEUROLOGICAL DISORDERS 

AUTOIMMUNE DISEASES 

INFECTIONS 

ALLERGIES 

OBESITY 

Pérez de Heredia F, Gómez-Martínez S, Marcos A. Proc Nutr Soc. 2012; 71(2):332-8 



The presence of early  

precursors of atherosclerosis 

and atherosclerotic lesions 

in early stages 
(adolescence) 

Mc Gill HC et al, Am J Clin Nutr 2000:72(suppl):1307S-15S 

Lifespan 

Childhood 

Adolescence 

Fat presence in blood vessels  

during childhood  

is reversible 

Atherosclerotic risk – ADOLESCENCE 

Lipid accumulation and  

development of fibrous plaque 

Fat presence in blood vessels  

during adolescence  

is more dangerous 



Alimentación y Valoración del Estado Nutricional de los Adolescentes 

THE SPANISH EXPERIENCE OF THE 

 AVENA STUDY 

Food and Evaluation of the Nutritional Status of Adolescents 

UC 

A national multicenter and interdisciplinary study  



MADRID  

SANTANDER 

ZARAGOZA 

 Physical  Activity 

 Immunology 

 Psychology 

 General anamnesis 

 Statistics 

 Genetic study 

 Body Composition 

 Anthropometry 

U
C 

GRANADA 

 Biochemical survey 

 Physical fitness 

AVENA STUDY 

MURCIA  

 Diet analysis 

MULTICENTER STUDY 



CDC/AHA recommendations (for adults!): 
 

Low, intermediate, and high risk values are defined as  
   <1, 1-3, and >3 mg/L.   
 

A value >10mg/L should be repeated and patient  
   should be evaluated for infection. 

Pearson T, et al.  Circulation 2003; 107:499-511 

          C-Reactive Protein 



Prevalence of high levels of CRP  (>1mg/L) 

P < 0.001 between groups and sexes 

AVENA STUDY 

52% 

Normal Weight Overweight/obesity 

20% 

26% 

58% 

BOYS GIRLS 
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          C-Reactive Protein 

22% of European adolescents have  

C-Reactive Protein levels above 1mg/L, indicating low-

grade inflammation 

78%   < 1    mg/L (low risk) 

15%  1 – 3 mg/L (intermediate risk) 

7%  > 3    mg/L (high risk) 

20 out of 986 (2%) adolescents were excluded for having CRP levels above 10 mg/l 

WP9. IMMUNOLOGICAL BIOMARKERS  

IN EUROPEAN ADOLESCENTS 



505-512  



WAIST CIRCUMFERENCE AND INFLAMMATION PROTEINS 



N = 416 ADOLESCENTS 
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Ruiz et al. Arch Pediatr Adolesc Med. 2008  

NON-OVERWEIGHT OVERWEIGHT 

a 

b 

The higher muscle strenght level, the lower CRP values 



CRF: cardio-respiratory fitness 
by the 20mSRT  

CRF  C reactive protein 
Rho = -0.116, p = 0.007 

Muscular fitness  C reactive protein 
Counter movement jump 
Abalakov jump 
Bent arm hang 
Standing broad jump 

Rho ≈ -0.100, p = 0.010 

PA (accelerometry)  C reactive protein 
p > 0.05 

X 
Light 
Moderate 
Vigorouse 
Moderate-to-vigorouse 
Total  

www.helenastudy.com 

Total n= 1000 adolescents from  
10 cities (9 European countries) 



NH: normal weight-high fitness  

NL: normal weight-low fitness  

OH: overweight-high fitness  

OL: overweight-low fitness 

IT’S IMPORTANT TO BE FIT IN ORDER TO MITIGATE  

THE CONSEQUENCES OF INFLAMMATION DUE TO OBESITY 



N = 197 children 

Halle et al. Exerc Immunol Rev. 2004 

OBESITY 

FITNESS 

SLIM 

FIT 

SLIM 

UNFIT 

FAT 

UNFIT 

FAT 

FIT 

FITNESS IS EVEN MORE IMPORTANT THAN FATNESS TO REACH  

HEALTHY INFLAMMATORY BIOMARKER LEVELS 



 

 Physical activity 

  

 

Regular physical activity seems to 

offer protection against a wide 

variety of these chronic disease- 

related risk factors, reducing 

morbidity and mortality 

(Dandona P et al, 2004; Pedersen et al. 2006.) 

ANTI-INFLAMMATORY EFFECT  

 

Defined as any body movement produced by skeletal muscular action that 

increases energy expenditure  
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INTENSE 

EXERCISE 

IMMUNE 

SYSTEM 

IMMUNE 

SYSTEM 

MODERATE 

EXERCISE 



Plasma IL-6 levels 

Exercise intensity  

Exercise duration  

The mass of muscle recruited 

Endurance capacity 

Skeletal muscle Acute exercise 

Regular exercise 

During heavy exercise 

up to 60-fold increase in plasma IL-6 levels! 

IL-6 show a markedly lower response to acute exercise in trained subjects 

IL-6 physiological concentrations 

stimulate inhibit 

Anti-inflammatory cytokines 

(IL-1ra and IL-10)  

Pro-inflammatory cytokines 

(TNF-α)  

CRP 

Untrained subjects 

INFLAMMATION 

IL-6 and CRP 

INFLAMMATION 



THE METABOLIC AND CLINICAL 

EFFECTS OF ADIPOCYTE ACTIVITY

INSULIN 

RESISTANCE 

http://www.cardiab.com/content/7/1/30/figure/F2


BOYS                                GIRLS 

Jimenez-Pavon et al. Fitness and fatness are independently associated with markers of insulin resistance in European 

adolescents; The HELENA Study. Submitted.  

ASSOCIATION BETWEEN INSULIN RESISTANCE  

AND WEIGHT STATUS 



BOYS                       GIRLS 

Jimenez-Pavon et al. Fitness and fatness are independently associated with markers of insulin resistance in European 

adolescents; The HELENA Study. Submitted.  

POSITIVE ASSOCIATION BETWEEN  

INSULINE-RESISTANCE LEVELS AND TOTAL BODY FAT 



≥ 60 min MVPA 

n = 143 

< 60 min MVPA 

n = 55 
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* 

PA: physical activity by accelerometer  
CRF: cardiorespiratory fitness by the 20m shuttle run test 
MS: muscular strength by handgrip strength the standing broad jump tests  

Low CRF 

n = 46 
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High CRF 

n = 152 
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High muscular  

strength 

n = 132 

Low muscular  

strength 

n = 66 
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Leptin Adiponectin 
n = 198 Spanish adolescents; Controlling for age, sex, pubertal 
status, waist circumference 

PA CRF MS 

Adiponectin levels in children are higher among  

those who are less active  ? 

This outcome may be consistent with previous hypothesis 

related to the insulin sensitivity variability with regard to PA 

Martinez-Gomez D, Eisenmann JC, Gomez-Martinez S, Veses A, Romeo J, Veiga OL, Marcos A. 

Associations of physical activity and fitness with adipocytokines in adolescents: The AFINOS study. 

Nutr Metab Cardiovasc Dis.2010. 



HEALTHY 

(n=83) 

3+ 
Martinez-Gomez  et al., NMCD 2010  

MEDIUM 

(n=67) 

2+ 

UNHEALTHY 

(n=48) 

0-1+ 

a,b 

c,d 

PA 

CRF 

MF This outcome suggests that adiponectin secretion may be 

inhibited in those adolescents with enough insulin 

sensitivity, potentially due to physical activity and fitness 



Adiponectin 

Muscle strength 

N=1378* 
19-83 y 

N=434** 
>70   y 

**Huang et al., NMCD 2015; 25: 594-601 *Huang et al., NMCD 2014; 24: 42-9 



Martinez-Gomez D, Eisenmann JC, Wärnberg J, Gomez-Martinez S, Veses A, Veiga OL, Marcos A. Associations of physical activity, 

cardiorespiratory fitness and fatness with low-grade inflammation in adolescents: the AFINOS Study. Int J Obes (Lond). 2010 Jun 8. [Epub 

ahead of print] 

Association between HOMA and markers of obesity, fitness and C3  

but NOT with physical activity (measured by accelerometry)  



Martinez-Gomez D, Eisenmann JC, Gomez-Martinez S, Veses A, Romeo J, Veiga OL, Marcos A. 

Associations of physical activity and fitness with adipocytokines in adolescents: The AFINOS 

study. Nutr Metab Cardiovasc Dis.2010 

Adiponectin: association with body fat mass but NOT with HOMA or leptin 

Leptin: association with body fat mass and HOMA but NOT with adiponectin 



Walker, et al. PLoS One. 2014; 9(1):e83685. doi: 10.1371/journal.pone.0083685. 

*NVD = vitamin D sufficiency; VDD = vitamin D deficiency  



MAY, 2007 AUGUST, 2010 

Development, implementation and evaluation of the efficacy of a 

therapeutic programme for adolescents with overweight and obesity: 

A comprehensive intervention for education on nutrition and physical 
activity with the collaboration of psychologists and psychiatrics 



Moleres et al., FASEB, 27, 2013 



**P = 0.005 

Obese adolescents had a significantly 

higher genetic risk score than the overweight subjects at the 

beginning of the study 

Moleres et al., J. Pediatrics, 2012;161(3):466-470 

n = 168  

AGE: 12-16 



Non-conditional linear regression analyses adjusted for age, sex, and baseline BMI-SDS 

Moleres et al., J. Pediatrics, 2012;161(3):466-470 

After adjusting for baseline BMI-SDS, subjects with a GPS lower than 9 

significantly improved their metabolic profile, lowering their leptin, 

glucose, total cholesterol, and apolipoproteins A1 and B levels as they 

decreased their BMI-SDS  



Subjects with the lowest GPS showed a 

significant positive association between BMI 

and circulating leptin level changes 

 
Moleres et al., J. Pediatrics, 2012;161(3):466-470 

Subjects with the lowest GPS showed a 

significant negative association between 

BMI and physical activity level changes 



FIRMICUTES 

LEAN 

OBESE 

BACTEROIDETES 





< 2 KG 

> 4 KG 

INTENSIVE PHASE 

WEIGHT LOSS 

WEIGHT  

LOSS 

2 MONTHS 

RESPONDERS 

NON-RESPONDERS 







Significant correlations between fecal bacteria 

counts and weight lost after intervention in high 

responder adolescents (n=23; >4.0 kg weight lost) 









Garcia-Calzon S et al. PLoS ONE 2014;9(2) 

10 wk 





(*) Asterisks indicate significant differences between sleep categories as analyzed by ANCOVA, adjusting for gender, 

center, Tanner stage, and standardized body mass index (*P < 0.05, **P < 0.01). 

Adolescents reporting 8-<9 hours of sleep per night showed higher average 

values of serum cytokines, but a lower pro-inflammatory profile 

Perez de Heredia et al., Sleep medicine 10.1016/j.sleep.2014.04.010 



CONFOUNDING FACTORS: AGE, SEX, TANNER STATE, 

NUTRITIONAL STATUS, FOOD BEHAVIOUR, PHYSICAL 

ACTIVITY, FITNESS, SEDENTARY HABITS, SLEEP 
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