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Psychobiological determinants for learning and 
cognition in lifelong perspective 

 Renate de Groot 

Biopsychological determinants 

•  Physical activity (sports, life style, commuting) 
•  Nutrition (fish consumption, breakfast 

consumption, caffeine) 
•  Sleep (quality, duration, time) 
•  Vitality (mental fatigue, mood) 

Lifelong 

•  Prenatal 
•  (Childhood) 
•  Adolescence 
•  Adulthood 
•  Aging 

Eating the right amount of fish  
Inverted U-shape association between fish consumption and cognitive 

performance and academic achievement in Dutch adolescents 

Renate H. M. de Groot¹, Carolijn Ouwehand, Jelle Jolles  

1 CEntre for Learning Sciences and TEChnologies, Open Universiteit, Heerlen. Contact: Renate.deGroot@ou.nl/ +31 (0)45 576 2276  
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Background  
  Brain of adolescents, and especially the prefrontal cortex, continues 
to mature until their late twenties. 
  Omega-3 fatty acids are structural components of the cell membrane. 
  They are involved in neuronal membrane fluidity, neurotransmission, 
signal transduction and blood-brain barrier function. 
  Fish consumption, rich in omega-3 fatty acids, has shown its benefits 
for cognitive functioning in elderly or children with disorders, but has 
rarely been investigated in relation to cognitive performance and 
school performance of healthy adolescents. 
  Therefore we investigated the association between fish consumption 
on the one hand and attention, cognitive performance and academic 
achievement on the other hand in healthy adolescents aged 12-18 
years. 

Figure 1: Structural role of fatty acids in the cell 
membrane 

Figure 2: Gray matter maturation over the 
cortical surface, Gogtay et al, 2004 

Methods 
  Observational study in 700 healthy Dutch high school students aged 
12-18 years. 
  Fish consumption measured by well-validated questionnaire 
  Outcome measures: scores on Amsterdam Vocabulary Test, Youth 
Self-Report and end term grades. 
  Covariates: sex, age, and level of parental education. 
  Analyses of covariance were used to examine whether the four fish 
consumption groups differed in attention, vocabulary, and/or academic 
performance. 
  In order to test for trends polynomial contrast analyses were used. 
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Results 
No intake <1575mg 1575-3150mg >3150mg 

N (%) 96 (13.7) 441 (63.0) 118 (16.9) 45 (6.4) 
Age (yr) 15.1 (1.7) 14.9 (1.8) 15.1 (1.8) 15.2 (1.9) 
Gender 
(%male) 

37.5 46 41.5 40 

Educ track 
(%HGSE) 

45.8 49.4 44.9 48.8 

LPE 5.5 (1.3) 5.6 (1.4) 5.8 (1.2) 5.6 (1.7) 

Note: HGSE= higher general secondary education, LPE= level of parental education 

  Recommended average omega-3 intake from fish is 3150 mg per 
week. 
  Only 6.4% met these national guidelines, 16.9% reached half of the 
norm, whereas the majority did eat fish, but rather irregularly or too 
little to meet at least half of the norm. 
  Fish consumption did not differ between boys and girls, and 
educational track, neither it was associated with age, nor with LPE. 

Conclusion 
  Higher fish consumption is associated with better vocabulary scores 
as well as better academic achievement. 
  However, as soon as the advised norm of 450 mg fatty acids from 
fish is exceeded, fish consumption is associated with lower 
vocabulary scores and lower academic achievement. 
  Possible explanation might be, in case of overconsumption of fish, 
the amount of toxic substances (mercury, cadmium, PCBs, dioxins) 
present in fish. 
  Intervention studies are needed to determine causality. In the 
meantime, it seems prudent to advise adolescents to consume fish 
twice a week, but not more than that. 

  No significant differences between the fish consumption groups 
regarding attention problems, F(3,681)=0.94, p=.42. 

  With respect to vocabulary, significant differences were found 
between the four fish consumption groups, F(3,624)=2.50, p=.05. 
  Polynomial contrast analyses revealed that the relation was 
quadratic, contrast=-0.59, p=.01. 

  A similar trend for differences between the four fish consumption 
groups was found regarding academic achievement, F(3,639)=2.35, 
p=.07. 
  Again, polynomial contrast analyses demonstrated a significant 
quadratic association, contrast=-.20, p=.01. 
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•  What is the influence of daily gym class on cognitive 
performance and academic achievement? 

Dependent variables: 
•  SDMT 
•  D2 
•  2-back task 
•  Self-esteem 
•  Motivation 
•  Mood 
•  Academic achievement 
•  Visual perception (Eye-tracking) 

Covariates: 
•  SES 
•  Pubertal stage 
•  Alcohol 
•  Smoking 
•  Weight 
•  Height 
•  Sex 

Methods 
•  60 students 14-15 years, vocational training 
•  Waiting list control design 
•  Baseline, 15 weeks intervention, recess effect, 15 weeks 

intervention (4 measurements)  

Current stage 
•  First data collection in progress 


