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ABSTRACT 

Fish consumption has shown its benefits for cognitive functioning in the elderly or children 

with disorders (e.g,, autism, ADHD), but has rarely been investigated in relation to cognitive 

performance and school performance of healthy adolescents. Therefore an observational study 

in 700 Dutch high school students aged 12-18 years was executed. Fish consumption data, 

end term grades, scores on the Amsterdam Vocabulary Test, and scores on the Youth Self-

Report were collected. Results revealed that 13.6% of the Dutch adolescents never ate fish, 

6.4% met national guidelines, 16.9% reached half of the recommended amount, and 63.1% 

did eat fish but too little to meet at least half of the recommended amount. Analysis of 

variance, controlled for relevant covariates, showed significant differences between the four 

fish consumption groups in vocabulary (p= 0.05). A trend for significance was found for end 

term grades (p= 0.07). Contrast analyses demonstrated significant quadratic associations 

between fish consumption and vocabulary (p= 0.01) and end term grades (p= 0.01). Thus 

higher fish intake was associated with more advanced vocabulary and higher end term grades. 

However, eating more fish than the described recommended amount seemed no longer 

beneficial. 
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INTRODUCTION 

An increasing number of health benefits are attributed to the omega-3 long-chain 

polyunsaturated fatty acids (LCPUFA) present in fish. Not only the associations with 

cardiovascular diseases and mental diseases received attention in the past, but also the field of 

cognitive performance attracted interest. The fact is that n-3 LCPUFA docosahexaenoic acid 

(DHA, 22:6n-3) and eicosapentaenoic acid (EPA, 20:5n-3) are involved in many aspects of 

brain functioning including neuronal membrane fluidity, neurotransmission, signal 

transduction and blood-brain barrier function [1]. There are indications that consumption of 

omega-3 LCPUFA plays a protective role in age-related cognitive decline [2], as well as in 

cognitive disorders such as Alzheimer’s disease [3]. In premature babies, it has been shown 

that higher omega-3 LCPUFA consumption is associated with better cognitive development 

[4], and in children, consumption of these fatty acids might lead to improvement of symptoms 

associated with disorders such as autism and ADHD [5]. Although previous research has not 

established conclusive evidence, it does suggest that in certain sensitive periods, omega-3 

LCPUFA might contribute to the prevention of cognitive decline and to the optimization of 

cognitive performance and/or cognitive development. 

The period of adolescence was, until recently, rather neglected in this scientific field though it 

has been shown that the brain of adolescents, and especially the prefrontal cortex, continues to 

mature until their late twenties [6]. This period of brain maturation forms the basis of the 

development of the higher order cognitive functions as well as social and emotional behavior. 

Because of the continuing brain development during adolescence, it is important to take into 

account the role of the omega-3 LCPUFA, not in the last place because the omega-3 LCPUFA 

DHA and EPA are important structural components of the neural cell membranes and 

influence in this respect membrane fluidity and signal transduction [7, 8]. Moreover, higher 
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DHA intake has recently been associated with changes in the functional activity of the 

prefrontal cortex [9]. 

To our knowledge, there are only two studies, which highlight the effect of omega-3 

LCPUFA intake on cognitive functioning during adolescence. Kim and colleagues showed 

that 15 years old adolescents who regularly consumed fish rich in omega-3 LCPUFA had 

significantly better academic performance than their non- or less fish consuming counterparts 

[10]. Aberg et al. demonstrated that high fish consumption in boys at age 15 was associated 

with better cognitive performance at age 18 [11].  

In the current study, it is endeavored to extend these recent findings in a Dutch high school 

population with a broader age range and including both girls and boys. In addition to 

academic achievement, it is investigated whether DHA/EPA intake through fish consumption 

is associated with both objective and subjective current cognitive performance measured with, 

respectively, a vocabulary test and self-reported attention. In this way, new and important 

information about the role of omega-3 LCPUFA for cognitive development during normal 

adolescence is contributed. This was done through a large-scale observational study in almost 

700 healthy Dutch high school students aged 12-18 years. Data with respect to fish 

consumption were collected as well as end term grades to determine academic achievement, 

scores on the Amsterdam Vocabulary Test, and scores on the Youth Self-Report.
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METHODS 

Design 

This study was part of a larger study investigating developmental aspects of several cognitive 

functions of adolescents and their interaction with sex and level of education. For this study, 

data on fish intake were compared with cognitive performance and academic achievement. 

The Ethical Committee of the VU University Amsterdam approved the research protocol. 

 

Procedure 

Before the start of the study, all students received an information letter about the study. They 

were asked to take the letters home to also inform their parents and/or guardians. Participation 

was voluntary and without reimbursement. Both adolescents and their parents/guardians had 

to provide written permission for participation. Next, testing in class was scheduled one week 

after distribution of the information letters and the informed consent forms. Those students 

meeting the informed consent requirement were tested simultaneously in the classroom by 

two trained psychologists, while their non-participating classmates worked silently on an 

assignment given by the teacher. Completion of all questionnaires and tests took 

approximately 40 minutes. In addition, the parents/guardians of the participating students 

filled in a questionnaire regarding their adolescent’s development, lifestyle factors (e.g., fish 

consumption), and the socio-demographic background of the adolescent’s family. 

 

Participants 

Participants were recruited from four secondary schools in the south of the Netherlands. All 

participants were in grades 7 through 12 and followed one of the two highest educational 

tracks in Dutch secondary education: 5-year higher general secondary education or 6-year 

pre-university education. These two tracks contain 40% of all students in secondary school. In 
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order to be included in the study, participants had to be healthy. Participants suffering from 

learning, psychiatric or developmental disorders, using medication that might influence 

cognitive functioning, and/or skipping school regularly were excluded from the study. In 

addition, adolescents who took fish oil supplements were also excluded to be able to examine 

the exclusive association between fish intake and performance.  

 

Measures 

Fish consumption 

Fish consumption was measured by a validated self-report questionnaire (for further details, 

see [12]), which was filled in by the parents/guardians of the participants. They rated the 

frequency (never, once a month, two to three times per month, once a week, more often than 

once a week) of three types of fish consumption. These fish types were categorized according 

to their respective DHA/EPA contents as mentioned in the Dutch Food Composition Tabel 

2003 [13]: low (fish fingers, prawns, pickled herring, mussels, cod, plaice, tuna and tilapia); 

intermediate (trout, raw herring, smoked eel, smoked salmon, canned salmon); and high 

(smoked herring, herring in tomato sauce, mackerel, canned sardines, salmon). An estimated 

average DHA/EPA intake per week was calculated. According to the Dutch ‘guidelines for 

healthy food’ [14], the recommended average DHA/EPA intake is 450mg per day which 

yields an average of 3150 mg per week. Based upon this, participants were divided in four 

groups: (1) never eats fish, (2) DHA/EPA intake of less than 1575mg per week (i.e., less than 

half of the recommend amount), (3) DHA/EPA intake of a minimum of 1575mg per week, but 

less than the recommended amount, and (4) DHA/EPA intake of 3150mg per week or more. 

 

Vocabulary 
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Vocabulary of four types of words was assessed with the Amsterdam Vocabulary Test (for 

details, see [15]), which consists of 35 words of which five are concrete nouns (e.g., tool, 

island), ten are abstract nouns (e.g., initiative, point of view), ten are adjectives (e.g., 

reluctant, transparent), and ten are verbs (e.g., refuse, collect). The items were randomly 

ordered. For each item, participants chose one of the three options for explaining the meaning 

of that particular word. An overall score for vocabulary was calculated by summing the 

number of correct responses. 

Attention 

To determine attention, participants filled in the attention subscale of the Dutch version of the 

Youth Self-Report [16], a self-report questionnaire derived from the CBCL which has been 

shown to have good reliability and validity. It consists of nine items measured on a 3-point 

Likert scale (Cronbach’s alpha=.76). A higher score means that the participant has more self-

reported attention problems.  

Academic performance 

To determine academic performance, end of term grades for the three core school subjects 

Dutch, English and Mathematics were acquired from the school administration. The scores 

can range from 1 (very bad) to 10 (outstanding). Dutch, English, and Mathematics are 

mandatory for all students and are regarded by the Dutch government as essential for success 

in further education. Since schools may have differed in grading policies, standardized z-

scores were calculated. Academic performance was operationalized as the standardized mean 

grade for the three core school subjects.  

Background variables 

In a questionnaire filled in by the parent/guardian, information was gathered on potentially 

important control variables that could influence the relationship between fish consumption 

and cognitive functioning. Variables included sex, age, and level of parental education (LPE). 
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The latter was defined as the formal schooling level of the parent with the highest educational 

level achieved [17].  

 

Statistical analyses 

The statistical package SPSS 17.0 was used to perform the statistical analyses. To investigate 

whether there were differences in fish consumption for sex and educational track χ2 tests were 

used. To examine whether the four fish consumption groups differed in age or LPE analyses 

of variance (ANOVA) were used.  

Analyses of covariance (ANCOVA) were executed to examine whether the four fish 

consumption groups differed in attention, vocabulary and/or academic performance while 

controlling for age, sex, educational track, and LPE. Covariates were tested for the 

assumption of linearity with the dependent variables. Assumptions of normality were tested 

within each fish consumption group for each dependent variable separately. Since the four 

fish consumption groups differed in sample sizes, a correction was made for unequal cell 

sizes. The p-value required for significance was set at p<.05. 

 

 

RESULTS 

Results 

The study was performed in a sample of 786 adolescents who had indicated to be willing to 

participate in this study. From this group, 86 had to be excluded due to one or more of the 

following reasons: notably learning problems, psychiatric or developmental disorders with or 

without medication (n=10), skipping school regularly (n=7), taking fish oil supplements 

(n=74). This resulted in a final sample of 700 adolescents (394 girls, 306 boys) with a mean 
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age of 15.0 (SD=1.8). Of the participating students, 337 students were enrolled in higher 

general secondary education, whereas 363 students were enrolled in pre-university education. 

 

[insert Table 1 here] 

 

Fish consumption 

Results showed that 13.7% of the adolescents aged 12 to 18 never ate fish, while only 6.4% 

met the national guidelines of an average DHA and EPA intake of 450 mg per day (see Table 

1). In addition, 16.9% reached at least half of the recommended amount, while the majority 

(63.0%) did eat fish, but rather irregularly or too little to meet at least half of the 

recommended amount. Fish consumption did not differ between boys and girls, χ2(3)=2.95, 

ns, and educational track, χ2(3)=1.00, ns, neither was it associated with age, F(3,696)=.39, ns, 

nor with LPE, F(3,694)=.96, ns. 

 

Differences in attention 

Analysis revealed no significant differences between the fish consumption groups regarding 

attention problems, F(3,681)=0.94, p=.42. Of the covariates, only age was significant, 

F(1,681)=6.49, p=.01, ηp
2=.01. With increasing age, more attention problems were reported 

(see also Table 2).  

 

[insert Table 2 here] 

 

Differences in vocabulary 

Of the participants, 68 did not complete the vocabulary task resulting in a sample of 632 

students for analysis. With respect to vocabulary, significant differences were found between 
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the four fish consumption groups, F(3,624)=2.50, p=.05, ηp
2=.02, even after controlling for 

significant effects of the covariates age, F(1,624)=329.65, p<.001, ηp
2=.35, and educational 

track, F(1,624)=55.54, p<.001, ηp
2=.08. No significant effects were found for sex, and LPE. 

Polynomial contrast analyses revealed that the relation between fish consumption and 

vocabulary was quadratic, contrast=-0.59, p=.01. A higher average DHA/EPA intake per 

week was associated with more advanced vocabulary. However, eating more fish than the 

prescribed recommended amount seemed no longer to be beneficial. The model explained 

40% of the variance in vocabulary.  

 

Differences in academic performance 

A similar trend for differences between the four fish consumption groups was found regarding 

academic performance, F(3,639)=2.35, p=.07, ηp
2=.01. In this model, the covariates sex, 

F(1,639)=11.39, p=.001, ηp
2=.02, educational track, F(1,639)=41.08, p<.001, ηp

2=.06, and 

LPE, F(1,639)=11.57, p=.001, ηp
2=.02, were significant, whereas age was not, F(1,639)=2.43, 

p=.12. Polynomial contrast analyses demonstrated a significant quadratic association between 

fish consumption and academic performance, contrast=-0.20, p=.01. Academic performance 

increased with a higher DHA/EPA intake, but not for the group with the highest fish 

consumption. The model explained 12% of the variance in academic performance.  
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DISCUSSION 

The aim of this study was to investigate the association between fish consumption and 

cognitive performance measured by vocabulary scores, self-reported attention scores, and 

academic achievement. A significant inverted U-shape association between fish consumption 

and vocabulary scores as well as a trend for an inverted U-shape for academic achievement 

was found. This suggests that higher fish consumption is associated with better vocabulary 

scores as well as better academic achievement. However, as soon the advised recommended 

amount of 450 mg[14] EPA/DHA per day is exceeded, fish consumption was associated with 

lower vocabulary scores and lower academic achievement. Self-reported attention scores were 

not associated with fish consumption. 

In the Netherlands, little data is available on fish consumption of adolescents. The most recent 

available data concern data from the food consumption sounding held in 2003 under 750 

participants aged 19-30 years [18]. It found that only 19% of the population questioned 

consumed any fish. This resulted in an estimated average intake of only 8 g/d for the whole 

population, although the researchers also remark that this was not measured in a valid and 

reliable way. Our findings are representative for fish and seafood intake of Dutch adolescents 

aged 12 to 18 years old. The number of adolescents in this age group consuming any fish is 

much larger than that reported by Hulshof et al [18]. Of the adolescents in our study, 86% 

consumed fish every now and then. However, the number of Dutch high school students in 

our study who reached the national guidelines [14] of 450 mg of DHA/EPA consumption per 

day was only 6.4%. This is more in accordance with the 2006 findings in Dutch children aged 

2-3 years and 4-6 years of whom 9.5% and 8 % met the national guidelines respectively [19]. 

This is not surprising, since most Dutch adolescents stay at home until the age of 18 where 

their parents/guardians are primarily responsible for their daily food intake. Above, these 

numbers are in accordance with the numbers reported for Australia [20]. A limitation of the 
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current study might be that portion size is not taken into account when estimating fish 

consumption. However, there is a strong indication that this recently developed short self-

report questionnaire provided a reliable proxy of fish intake, as EPA and DHA concentrations 

in plasma phospholipids strongly correlated with fish intake [12] even better than correlations 

between other estimates for fish consumption and plasma concentrations found in other 

studies [21-23]. It is, thus, convincing that for the first time here a reliable estimate of fish 

consumption in Dutch adolescents aged 12-18 years is reported. 

Higher omega-3 LCPUFA intake was proposed as being associated with higher cognitive 

performance as well as higher academic achievement. Recently, Kim et al. [10] and Aberg et 

al. [11] published evidence from a large general population study supporting this. Our results 

demonstrated that after correction for age, sex, and educational track, higher omega-3 

LCPUFA intake was associated with higher vocabulary scores. In addition, academic 

achievement measured as the average end-term scores of the core subjects Dutch, English, 

and Mathematics seemed to be higher when more fish was consumed. No significant results 

were found for scores on the Youth Self Report, implicating that there were no differences 

between the four fish consumption groups in self-reported attention problems. These results 

imply that the more fish consumed by the adolescents, the better their objective cognitive 

performance (vocabulary), as well as their academic achievement. Interestingly, quadratic 

associations, meaning that as soon as the adolescents in our population consumed more 

DHA/EPA than the recommended amount of 450 mg/d, were found. This was associated with 

significantly lower scores on vocabulary and academic achievement.  

Thus, our findings suggest that irrespective of sex, age, and educational track, the association 

between fish consumption and cognitive performance and academic achievement in 

adolescents consist of an inverted U-shape. 
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These results are for the most part in line with two previous studies. Aberg et al found that 

frequent fish intake as compared to infrequent fish intake at age 15 in boys was associated 

with significantly higher cognitive performance as measured by combined intelligence, verbal 

skills, and visuospatial skills three years later [11]. Kim et al showed that after adjusting for 

sex and socioeconomic status, fish consumption among school children aged 15 years was 

significantly associated with higher school grades [10]. An important difference with our 

study, however, was that both studies divided fish consumption into only three categories in 

which the highest category represented eating fish more than once a week. Twice weekly fish 

consumption (red. thus more than once a week) equals the recommended amount of 450 mg 

EPA/DHA per day. We distinguished a fourth fish consumption group, namely more than the 

recommended amount. Although the number of persons in this group is considerably lower 

than in the other groups, it adds a special dimension to the study. And, to some extent 

unexpectedly, these findings suggest that if more fish is consumed than the advised amount of 

450 mg EPA/DHA daily, there is a negative association with vocabulary and academic 

achievement. 

This, however, is not the first negative association found between fish consumption and 

cognitive performance. Previously, our group reported negative correlations between DHA in 

plasma phospholipids and selective attention in pregnant women and young mothers [24]. 

Although selective attention represents another cognitive domain, it is still an indication of a 

negative association between intake and cognitive functioning. Another study revealed 

preliminary indications that a higher plasma phospholipid DHA status in healthy non-

pregnant women was associated with slower learning curves [25]. Although we take into 

account that associative studies do not answer any causality issues, we think the time is right 

to pay attention to possible negative consequences of ‘overconsumption’ of omega-3 PUFA 

or fish.  
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A possible explanation might be that, in the case of consumption of fish more than twice a 

week, persons are exposed with too many toxic substances present in fish. Fish intake 

involves the involuntary but unavoidable intake of unwanted substances such as heavy metals 

(e.g., mercury, cadmium, etc.) and leftovers of difficult to degrade substances (e.g., PCBs, 

dioxins). However, this hypothesis cannot be substantiated by the two earlier studies, because 

the results of those studies were not based upon fish consumption data but upon pure DHA 

concentrations in plasma phospholipids. The only way that conclusive evidence can be arrived 

at is through an intervention study. As far as we are aware of, this kind of thorough scientific 

research into the effects of n-3 LCPUFA on cognitive performance of healthy adolescents 

within the general population, without any pathology (i.e., ADHD, schizophrenia) is lacking.  

Although fish consumption is only a proxy for the actual fatty acid status, our observations 

indicate that the association between fish consumption and both cognitive performance and 

academic achievement in adolescents aged 12-18 years consists of an inverted U-shape. The 

differences found between the groups (e.g. for academic performance) could be relevant for 

educational practice. To calculate academic performance, we made use of standardized z-

scores in order to correct for possible grading policies of schools. The difference in z-score 

between the 1575-3150 mg fish group and the highest fish consumption group is 0.29 (.14 - -

.15). This equals 0.29 * .81 (raw population SD) 0.23 points differences on a 10 point scale 

(Dutch grades are not given in letters, but in numbers between 0-10). This difference in fish 

consumption could therefore account for the difference between passing or failing. Further 

prospective observational studies with repeated measures are required to confirm these 

findings, but ultimately interventions studies are required to determine the causality of this 

association. In the meantime, it seems prudent to advise adolescents to consume fish twice a 

week, but not more than that.  
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Tables 

 

Table 1. Characteristics and performance of the four fish consumption groups based on the 

average DHA/EPA intake per week (mean ± SD, unless otherwise indicated) 

 Group 1: 

no intake 

Group 2: 

<1575mg 

Group 3: 

1575 – 

3150mg 

Group 4: 

>3150mg 

n (%) 96 (13.7) 441 (63.0) 118 (16.9) 45 (6.4) 

Baseline     

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 

Educational track (% HGSE) 45.8 49.4 44.9 48.8 

LPE (measured by 8-point scale) 5.5 (1.3) 5.6 (1.4) 5.8 (1.2) 5.6 (1.7) 

Outcome     

Attention problems 4.61 (3.23) 4.97 (3.01) 5.21 (3.41) 4.57 (3.08) 

Vocabulary 28.34 (2.95) 28.53 (2.72) 29.10 (2.71) 28.17 (3.13) 

Academic Performance -.10 (.86) .02 (.77) .14 (.78) -.15 (.75) 

Notes. HGSE=higher general secondary education, LPE=level of parental education 
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Table 2. Zero-order Pearson correlations between main variables (N=700) 

 1 2 3 4 5 6 

1. Attention problems -      

2. Vocabulary .02 -     

3. Academic performance -.22** .12** -    

4. Age .11** .56** -.04 -   

5. Sex -.02 -.02 .12** .05 -  

6. Educational track -.06 .27** .28** .11** .01 - 

5. LPE -.06 .03 .21** .10* -.02 .29** 

Notes. LPE=Level of Parental Education, *p<.05, **p<.01 


