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Abstract
Objective: To investigate the gap betw een  consum er perception  and  scientific 
evidence related to health  benefits and  safety risks from  fish consum ption.
Design: Consum er perceptions from  a cross-sectional survey in March 2003 in 
Belgium w ere com pared  w ith scientific evidence based  on  a literature review. 
Method: A quota sam pling procedure was used  w ith age as quota control variable. 
Subjects com pleted  a self-adm inistered questionnaire including health  benefit beliefs 
from  fish, fish content and  effect beliefs for nutrients and  harm ful substances. 
Subjects: Adults (n  — 429), w ho w ere the m ain person  responsible for food 
purchasing in the household  (284 w om en; 145 m en), aged 18 -83  years, from 
different regional, education, family size and  incom e groups.
Results: Fish is predom inantly  perceived as a healthy food that reduces risk for 
coronary heart disease, w hich corroborates scientific evidence. This perception is 
stronger am ong w om en  than am ong m en. In contrast w ith scientific evidence, 46% of 
the consum ers believe that fish contains dietary fibre, w hereas less than  one-third is 
aw are that fish contains om ega-3 fatty acids and  that this nutrient has a positive im pact 
on  hum an health. The gap betw een  perception  and  evidence is larger am ong 
consum ers w ith low er education. In general, consum ers are better aw are of the 
content and  effect o f harmful substances than of nutrients in fish.
Conclusions: D espite conclusive evidence about the conten t and  positive effect of 
omega-3 fatty acids in fish, related consum er aw areness and  beliefs are poo r and 
often wrong. This study exemplifies the n eed  for nutrition education and  m ore 
effective com m unication about the health  benefits o f fish consum ption.
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O ver past decades, nutritional research has identified a 
num ber of food groups that are recom m ended to take a 
prom inent position in the hum an diet on  the basis o f their 
po ten tia l beneficia l effect o n  chronic degenerative  
diseases. O ne such food group is the group of marine 
animal products, w hich are recognised in general term s for 
their conten t of proteins w ith high biological value, their 
low  content o f saturated fat and  the presence of certain 
m inerals and  vitamins. In relation to o ther foods, marine 
foods represent a very im portant source o f vitam in D 1’2, 
w hich is essential for p ro p er bone m ineralisation. Perhaps 
m ost importantly, fish represents a un ique source of long- 
chain polyunsaturated fatty acids (PLJFA) of the n - 3 family 
(colloquially, omega-3 fatty acids), mainly eicosapentae- 
noic acid and  docosahexaenoic acid (DHA), w hich play an 
essential role in  hum an health3,4. Several studies indicate 
tha t fish is also  p e rce iv ed  as a h ea lth y  food  by 
consum ers5,6, particularly com pared  w ith m eat -  the 
m ain substitute source of protein. Nevertheless, dietary

recom m endations of eating tw o portions of fish a w eek, of 
w hich one should  be fatty fish, are no t m et by  large groups 
of the population  in  m any countries7,8.

O ne of the potential barriers to eating fish m ore 
frequently9-11 m ay pertain  to safety risks. Recently, the 
percep tion  of fish as healthy food has b een  troubled  by 
less favourable inform ation regarding safety risks, m ore 
specifically the po ten tia l adverse hea lth  im pact o f 
chemical contam ination in w ild fish. Fish is a major 
source of hum an exposure to contam inants such as methyl 
m ercury, polychlorinated  b iphenyls (PCBs), dioxins, 
o rganoch lo rine  pestic ides an d  o th e r  env ironm enta l 
con tam inan ts12,13. R ecent research  has for instance 
indicated that fish is the major source o f exposure to 
dioxin-like substances via food in the Belgian p o p u 
lation14. The health  risks related to the consum ption of 
contam inated fish can be due to carcinogenic contam i
nants (e.g. PCBs and  dioxins), o n  the one hand, and  to the 
very toxicological characteristics o f som e heavy metals
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(e.g. arsenic, m ercury and  cadm ium ), o n  the other. Apart 
from  the intrinsic toxicological effects, the hypothesis 
arises that methyl m ercury can dim inish the beneficial 
health  effect o f the n - 3 PLJFA in fish3,12,13.

The psychological im pact o f inform ation provision 
about food health  risks depends mainly on  consum er trust 
in the inform ation source, percep tion  of hazard  charac
teristics, inform ational con ten t and  presen tation  for
m at15,16. W hereas food risk percep tion  in the strict sense 
is w ell-docum ented, little is know n about the balance of 
safety risks and  health  benefits in consum ers’ food 
choice17,18. Studies on  com m unication effectiveness and 
inform ation processing have show n that adverse messages 
or negative press related to food health  issues can heavily 
influence consum ers’ food consum ption decisions19-21. In 
this respect, it has b ee n  indicated that unfavourable new s 
w eighs five to seven times m ore heavily in consum er 
decisions than favourable new s22,23. The overall picture in 
the case of fish consum ption forms the basis for potential 
conflict m odels of com m unicating scientific facts related to 
dietary recom m endations and  toxicological food safety 
assurance. Mass-media inform ation about pollution and 
contam ination of fish can have an  im pact on  consum ers’ 
percep tion  and  attitude w ith respect to  the incorporation 
of fish in their diet. At the sam e time, it can interfere w ith 
com m unication on  the health  aspects of fish. As a result, 
consum ers m ay face difficulties in balancing eventual risks 
w ith potential health  benefits and  in m aking behavioural 
changes. The conflict m odel represents also a serious 
challenge for authorities in the fields o f public health, food 
and  nutrition policy.

The objective of the present pap e r is to investigate the 
potential gap betw een  scientific evidence versus con
sum er perception  related to fish consum ption benefits and 
risks. First, m ethods and  results from  em pirical consum er 
research  ab o u t fish p ercep tio n  are reported . Next, 
consum er percep tion  of fish healthiness and  safety is 
com pared  w ith evidence-based facts. This com parison 
m ay reveal im portant gaps in  public understanding and 
points on  w hich authorities in the dom ain  o f public health, 
food and  nutrition policy have to focus in  form ulating 
future fish consum ption advice.

M e th o d s  

S tu d y  d e s ig n  a n d  su b je c ts
Survey data w ere collected th rough questionnaires in 
Belgium during March 2003- Subjects w ere personally 
contacted an d  asked to  com plete a self-adm inistered 
anonym ous questionnaire. The total sam ple consisted of 
429 subjects. The sam ple was com posed  of 284 w om en 
(66.2%) and  145 m en (33-8%). This gender distribution 
reflects the criterion that each  respondent w as the main 
p erson  responsib le for food purchasing  w ith in  the 
household. A quota sam pling procedure w ith age as the 
m ain quota control variable was applied. R espondents

w ere recruited in shopping  streets, at superm arkets o r at 
hom e during a door-by-door walking route procedure, 
until the envisaged age quotas w ere met. The sam ple 
covers a w ide range of consum ers in term s o f socio
dem ographic characteristics such as education, income, 
family size, presence of children and  region (coastal 
versus inland) (Table 1). The age of the respondents 
ranged from  18 to 83 years, w ith  a m ean o f 40.63 years 
(standard deviation 14.98 years). A small over-sam pling 
of younger respondents (< 2 5  years) com pared w ith 
the population  occurred. The presence of children in 
the household  closely m atches the distribution w ithin the 
Belgian population, w hereas average family size in  the 
sam ple is som ew hat higher com pared  w ith the population  
average24.

E x te rn a l v a l id ity
The non-probability sam pling and  respondent recruitm ent 
procedure do not strictly yield a statistically representative 
sam ple of the Belgian population. Therefore, external 
valid ity  w as ch e ck e d  th ro u g h  co m p ariso n  o f the 
behavioural characteristics o f our sam ple w ith those 
ob ta ined  recently by  o ther sources. First, based  on  a 
statistically representative sam ple of 4100 respondents, the 
Belgian Scientific Institute o f Public H ealth in  their 2001 
H ealth Interview  Survey reported  that 55.6% of the 
popula tion  consum es fish once a w eek  o r m ore25. Second, 
a share of 52.0% of a representative consum er sam ple 
consum ed fish at least once a w eek  in 20 0226. The 
equivalent num ber ob tained in ou r study am ounts to 
56.9%, w hich m atches very closely w ith data available 
from  previous sources.

Table 1 Sample characteristics (%, n = 429)

Gender
Male 33.1
Female 66.9

Age (years)
<  25 21.9

26-35 17.5
36-45 22.9
46-55 22.9
>  55 14.9

Mean (standard deviation) 40.6 (15.0)
Family size

1 or 2 persons 48.5
3 or 4 persons 38.0
5 or more persons 11.9

Children in the household
Yes 57.3
No 42.7

Net income (€ per month)
<  850 5.9

850-1700 25.6
1700-2550 36.4
>  2550 32.1

Education
s  18 years 32.6
>  18 years 67.4
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Q u e stio n n a ire
First, general consum er percep tion  of fish as being 
nutritious, healthy and  safe was m easured o n  a 5-point 
interval scale ranging from ‘totally not agree’ over ‘neutral’ 
to ‘totally agree’. Second, consum er beliefs o f potential 
health  benefits from consum ing fish w ere assessed. Three 
groups of scientific evidence-based health  benefits w ere 
included. Based on  the evidence that fish contains vitamin 
D, w hich  is essential for b o n e  m ineralisation, the 
statem ents that regular fish consum ption ‘im proves bone 
developm ent’ and  ‘m akes people strong’ w ere included. 
Three statem ents w ere included b ased  on  fish’s content of 
om ega-3 fatty acids and  its potential beneficial role in the 
prevention of coronary heart disease and  certain cancers: 
‘reduces risk for coronary heart disease’, ‘reduces risk for 
certain cancers’ and  ‘prolongs peop le’s life’. Finally, given 
the presence of DHA in fish and  its potential role in  brain 
deve lopm ent, co n su m er’s beliefs in  the sta tem ents 
‘stimulates brain  developm ent’ and  ‘m akes peop le sm art’ 
w ere m easured. Note that benefits w ere included w ith 
bo th  scientific and  lay formulations. Third, consum ers 
w ere p robed  abou t their know ledge of nutrients and 
contam inants in  fish. They w ere asked w hether they 
believe that fish contains vitam in D, omega-3 fatty acids 
an d  dietary  fibre. Similarly, consum ers w ere asked  
w hether they believe that fish contains PCBs and  dioxins, 
pesticide and  other residues, heavy metals, medicinal 
residues and  colorants as potential harmful substances. 
Consum ers w ere also asked to indicate the perceived 
effect o f these com ponents on  hum an health  in term s of 
‘negative’, ‘neutral’, ‘positive’ and  ‘d o n ’t know ’.

S ta tis t ic a l  a n a ly se s
Data w ere analysed using SPSS 11.01 (SPSS Inc., Chicago, 
IL, USA). M ean scores and  standard deviations on  5-point 
scales, as well as frequency distributions in re-coded 
categories (strongly disagree and  disagree; agree and 
strongly agree), are p resen ted  in table format. Bivariate 
analyses th rough correlation and  com parison of m ean 
scores, i.e. independen t sam ples ¿-tests and  analysis of 
variance P-tests w ith Tukey post hoc com parison of m ean 
scores, w ere used  to  detect differences in consum er beliefs 
and  perception  betw een  different sociodem ographic and 
behavioural consum er groups.

R e s u lts  

B e h a v io u ra l s a m p le  c h a r a c te r is t ic s
Behavioural characteristics included in the analyses are 
fish consum ption frequency, total fish consum ption and 
fish choice in restaurants. In the sample, 56.9% of the 
respondents consum ed fish once or several times per 
week; hereafter referred to as ‘heavy users’. Most of the 
fish consum ers ate cod (92.0%), salm on (88.5%), tuna 
(68.5%) and  tongue (68.4%). The least consum ed fish 
species w ere haddock (17.4%), brill (23.6%) and  sprat

(25-9%). There w as a tendency for higher percentage of 
w om en  to eat fish w eekly or m ore com pared  w ith m en 
(F — 3-104; P — 0.076). Furtherm ore, w om en declared  to 
choose fish in the restaurant 5.4 times (average o n  10) 
com pared  w ith 3-9 times for m en (P <  0.001). Respon
den ts ag ed  > 4 0  years sco red  significantly  h ig h e r 
(P <  0.001) for fish consum ption frequency com pared 
w ith younger age groups. Young respondents ( <  25 years) 
consum ed significantly (P <  0.001) less fish w hen  visiting 
restaurants than d id  older consum ers. R espondents w ith 
children reported  a significantly higher frequency of fish 
consum ption com pared w ith families w ithout children 
(P <  0.001). However, a significantly low er fish consum p
tion frequency w as found for respondents w hose children 
w ere younger than  18 years. A tendency w as seen  for 
respondents w ith the low est incom e level (net m onthly 
household  incom e < 8 5 0 € ) to report a low er frequency 
for total fish consum ption, in com parison w ith o ther 
incom e groups (P  =  0.081). R espondents from  the lowest 
incom e group also chose fish in the restaurant significantly 
less often (P  =  0.002). No significant im pact o f family size 
and  education  on  behavioural characteristics was noticed.

G en era l b e lie fs  a b o u t f i s h
Consum ers had  a very strong belief that fish is healthy and 
nutritious (Table 2). W om en sco red  h igher in  the 
percep tion  that ‘fish is healthy’ than  m en (P  =  0.003). 
The percep tion  o f fish as a healthy food increased w ith 
increasing  age (co rre la tio n  coeffic ien t r =  0.218; 
P C  0.01), being also higher am ong respondents w ith 
children (P  <  0.001) and  am ong respondents w ith low er 
education (P  =  0.041). Heavy users o f fish had  a stronger 
belief (P  =  0.001) that fish is healthy than d id  low  users. 
More doubts w ere expressed w ith respect to fish safety. 
Specifically, about one-fifth o f the subjects claim ed that 
fish is unsafe. Young respondents ( <  25 years) in particular 
perceived fish as less safe com pared  w ith o ther age 
groups. Furtherm ore, percep tion  of fish as safe tended  to 
be stronger am ong families w ith  children (P  =  0.069). No 
fu rther soc iodem ograph ic  differences in  fish safety 
percep tion  w ere found.

H e a lth  b en efit b e lie fs  f r o m  r e g u la r  f i s h  
co n su m p tio n
Table 2 show s that respondents held  the strongest belief 
that regular fish consum ption reduces risks for coronary 
heart disease (p. =  3-83). In contrast, relatively low  to 
neutral scored beliefs w ere that regular fish consum ption 
m akes people sm art ( p  =  2.52), strong (p. =  2.95) and 
prolongs life (p. =  2.98). Except for the statem ent relating 
to coronary heart disease, about half of the respondents 
scored neutral for health  benefit beliefs, w hich reflects 
doubts o r uncertainty at the level of consum ers. W omen 
had  a significantly stronger (P  =  0.013) belief that regular 
fish consum ption reduces risks o f coronary heart disease. 
This belief w as also higher am ong respondents w ith
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Table 2 Consumer beliefs about fish (%, n =  429), mean score and standard deviation (SD) on 5-point scale*

Item Strongly disagree/disagree* Neutral Agree/strongly agree* Mean SD

General beliefs about fish
Fish is nutritious 1.9 17.8 80.3 3.95 0.67
Fish is healthy 3.1 18.4 78.5 3.98 0.76
Fish is safe 18.4 59.1 22.5 3.06 0.74
Health benefit beliefs 
‘Regular fish consumption...’

Reduces risk for coronary heart disease 4.0 23.0 73.0 3.83 0.75
Reduces risks for certain cancers 12.8 47.9 39.3 3.29 0.81
Prolongs your life 22.3 55.9 21.8 2.98 0.81
Improves bone development 10.9 56.0 33.1 3.22 0.76
Makes people strong 22.3 59.5 18.3 2.95 0.73
Stimulates brain development 12.1 51.3 36.6 3.29 0.82
Makes people smart 44.8 46.0 9.2 2.52 0.89

Fish content beliefs 
‘Fish contains...’

Vitamin D 4.6 42.1 53.3 3.65 0.82
Omega-3 fatty acids (PUFA) 6.3 61.9 31.8 3.37 0.79
Dietary fibre 17.1 37.4 45.5 3.35 1.01
PCBs 18.8 50.6 30.6 3.16 0.82
Dioxins 22.6 48.3 29.1 3.08 0.86
Pesticide and other chemical residues 28.4 46.8 24.9 2.94 0.89
Heavy metals 12.2 42.0 45.8 3.40 0.83
Medicinal residues 29.3 52.0 18.7 2.87 0.83
Colorants 37.2 41.3 21.5 2.79 0.97

PUFA -  polyunsaturated fatty acids; PCBs -  polychlorinated biphenyls.
'C atego ries  'strongly disagree’ and ‘disagree’ , and ‘agree’ and 'strongly agree’, from the initial 5-point scale have been merged for clarity of presentation; 
statistical analyses as reported in the text have been performed with the original 5-point scale data.

children (P  — 0.044). The belief that regular fish con
sum ption prolongs life differed betw een  age classes. The 
oldest respondents ( >  55 years) scored significantly low er 
than the youngest (< 2 5  years) and  the m iddle (40 -55  
years) age groups (P — 0.031). Subjects w ith higher 
education (after 18 years) scored higher (P <  0.001) on 
the belief that regular fish consum ption stimulates brain 
developm ent. Incom e level and  family size did not have 
any significant im pact on  the health  benefit beliefs from 
regular fish consum ption.

F ish  n u tr ie n t co n te n t b e lie fs
Table 2 show s that respondents’ strongest belief w as about 
the presence o f vitam in D in fish. Surprisingly, 45.5% o f the 
subjects claim ed that fish contains dietary fibre, w hereas 
less than  one-third o f respondents w ere aw are of omega-3 
fatty acids in fish. Almost 62.0% of the respondents in  the 
case of om ega-3 fatty acids and  42.0% in the case of 
vitam in D w ere unsure that fish contains those nutrients. 
Further analysis o f the nutrient content percep tion  yielded 
som e significant d iffe rences b e tw e e n  re sp o n d en ts . 
W om en scored higher for the belief that fish contains 
dietary fibre (P  =  0.035). With respects to age groups, the 
youngest respondents (< 2 5  years) had  a higher score 
(P — 0.034) for the belief that fish contains omega-3 fatty 
acids in com parison w ith consum ers aged > 4 0  years. 
R espondents w ithout children tended  to have a higher 
score for the belief that om ega-3 fatty acids are presen t in 
fish (P  =  0.053). Lower scores for the presence of omega-3 
fatty acids in  fish w ere found for families w ith  children

younger than bo th  12 and  18 years. A significantly stronger 
belief that fish contains vitam in D (P  =  0.039) as well as 
om ega-3 fatty acids (P  =  0.034) w as observed for the 
respondents w ho have higher education  (after 18 years). 
In contrasts, subjects w ith low er education  (below  18 
years) tended  to have a stronger belief that fish contains 
dietary fibre (P  =  0.091). Incom e level and  family size 
w ere not found to influence nutrient content beliefs in 
fish. Finally, heavy users had  a stronger belief (P  =  0.034) 
that fish contains vitamin D than did low  users, w hereas no 
differences w ith  respect to om ega-3 fatty acids and  dietary 
fibre w ere detected  betw een  fish use levels.

F ish  c o n ta m in a n t c o n te n t b e lie fs
R espondents held  the strongest beliefs that fish m ay 
contain heavy metals ( / a  =  3-40), PCBs ( / a  =  3-16) and 
dioxins ( / a  =  3-08) as harmful substances. The low est level 
o f belief w as noticed for the statem ent that fish contains 
colorants ( / a  =  2.79). The average belief scores for harmful 
substances w ere low er than the belief scores for nutrients, 
w hich denotes a stronger belief in the presence of 
beneficial than harmful com ponents. M en had  a higher 
belief in the presence o f PCBs (P  =  0.045), and  tended  to 
believe m ore in the presence of heavy metals (P  =  0.077) 
and  colorants (P  =  0.080) in  fish. The youngest age group 
had  higher scores for the presence of PCBs (P  =  0.005), 
dioxins (P — 0.003) and  colorants CP = 0 .0 5 ). Respon
dents w ithout children had  a stronger belief that fish 
contains PCBs (P  — 0.009), colorants (P  — 0.002) and 
dioxins (P  =  0.001) than d id  families w ith children.
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Respondents w ith higher education had  a significantly 
stronger belief in the presence of heavy metals (P — 0.019) 
and  PCBs (P — 0.040) in fish. Furtherm ore, they tended  to 
have a stronger belief in the presence o f dioxins 
(P — 0.090). Incom e level and  family size d id  not influence 
the perception  of harm ful substances in fish. Low users 
held  a stronger belief (P  =  0.003) that fish contains heavy 
metals than  did heavy users.

P e r c e iv e d  e ffe c t o f  n u tr ien ts
A large majority o f the subjects w ere aw are that vitamin D 
and  dietary fibre have a positive effect on  hum an health 
(Table 3), although the latter is obviously not relevant 
w hen  considering fish. Remarkably, only 30% of the 
respondents stated that omega-3 fatty acids have a positive 
effect o n  hum an health. W om en (P  — 0.012) had  a 
stronger belief that vitam in D has a positive effect on  
health. In general, the younger the respondent, the better 
the acquired know ledge abou t the effect o f nutrients. 
Y ounger respondents scored higher for the positive effect 
o f vitamin D (P — 0.014) and  dietary fibre (P <  0.001). A 
significantly stronger belief in  the positive effect o f vitamin 
D CP <  0.001) and  dietary fibre (P <  0.001) w as also found 
am ong respondents w ho have higher education. The 
higher the incom e, the better the aw areness of the positive 
effect o f vitam in D (P  =  0.013) o n  hum an health. Fish 
consum ption level was not associated w ith the perceived 
effect of nutrients.

P e r c e iv e d  e ffe c t o f  c o n ta m in a n ts
Most of the respondents believed that heavy metals 
(77.3%), medicinal residues (76.3%), pesticide and  other 
chemical residues (83-1%), PCBs (77.1%) and  dioxins 
(81.7%) have a negative effect o n  hum an health  (Table 3). 
As w ith perceived effects o f nutrients, younger respon
dents w ere better aw are o f the negative effect o f harmful 
substances. The youngest respondents (< 2 5  years) scored 
significantly higher for the negative effect o f heavy metals 
CP— 0.036), m edical residues CP — 0.05) an d  PCBs

Table 3 Consumer perception of effects, frequency distribution 
(% , n =  429)

Item Negative Neutral Positive Don’t know

‘Effect of...’
Vitamin D 2.4 10.8 71.6 15.2
Omega-3 fatty acids 16.3 14.4 30.0 39.3
(PUFA)
Dietary fibre 3.3 9.8 70.3 16.5
PCBs 77.1 2.9 4.1 15.9
Dioxins 81.7 1.9 5.0 11.4
Pesticide and other 83.1 1.4 4.1 11.4
chemical residues
Heavy metals 77.3 2.6 5.0 15.1
Medicinal residues 76.3 5.0 4.1 14.6
Colorants 53.0 27.4 4.5 15.0

PUFA -  polyunsaturated fatty acids; PCBs -  polychlorinated biphenyls.

CP — 0.04), as well as for the neutral effect o f colorants 
CP— 0.004). Pesticide residues and  dioxins w ere con
sidered to have a negative effect, irrespective of consum er 
age. R espondents w ithout children had  a significantly 
stronger belief that heavy m etals have a negative 
CP — 0.012) and  that colorants have a neutral CP <  0.001) 
effect o n  health. H igher educated  respondents w ere m ore 
aw are of the negative effect o f heavy metals CP <  0.001), 
m ed ica l residues CP <  0.001), p es tic id e  residues 
CP<  0.001), PCBs CP<  0.001) and  dioxins ( P =  0.001) 
com pared  w ith low er educated  consum ers. Finally, m ore 
respondents w ith  higher education  CP — 0.001) believed 
that colorants have a neutral effect on  health. The higher 
the incom e, the better the aw areness of the negative effect 
of PCBs CP — 0.004) on  hum an health. No significant 
im pact o f fish consum ption level w as noticed for the 
percep tion  of contam inants’ effects on  hum an health.

D is c u s s io n  

G en era l p ic tu r e  o f  in d iv id u a l d if fe re n c e s  in  
p e r c e p t io n
In general, w om en  consum e m ore fish, bo th  at hom e and 
in restaurants. They ho ld  stronger beliefs that fish is 
healthy and  that regular fish consum ption reduces risks of 
coronary heart disease. Additionally, w om en believe m ore 
strongly that fish contains nutrients. W om en’s stronger 
belief holds particularly for dietary fibre, w hich is a clear 
exam ple of m isperception. In contrast, m en ho ld  stronger 
beliefs that fish contains harm ful substances. The youngest 
respondents (< 2 5  years) consum e fish least frequently, 
w hich corroborates w ith their w eaker belief that fish is 
healthy and  safe. O n the o ther hand, they have the best 
know ledge about the nutrients in fish, particularly om ega- 
3 fatty acids. The youngest respondents have also the 
strongest belief that fish m ay contain harm ful substances. 
Furtherm ore, younger consum ers are better aw are of the 
positive effects o f nutrients and  the negative effects of 
contam inants. O lder consum ers ( >  40 years) consum e fish 
m ost frequently. They ho ld  the strongest belief that fish is 
healthy, although they have the w eakest know ledge that 
fish contains omega-3 fatty acids. It should  be no ted  that 
today’s consum ers in the > 4 0  years age group have 
typically b een  educated  w ith  product-based nutrition 
inform ation like ‘eating fish is healthy’, w hereas today’s 
adolescents have rather b ee n  educated  w ith nutrient- 
based  messages like ‘fish contains omega-3 fatty acids, 
w hich is beneficial for hum an health’. The findings of our 
study suggest that this difference in the scope of public 
health  and  nutrition education is reflected in consum ers’ 
beliefs abou t fish. Tradition (Catholic religious habits of 
eating fish o n  Friday) and  econom ic factors partly explain 
age-dependent differences in fish consum ption. Never
theless, a hypothesis from  this study is that differences in 
consum er understanding and  effectiveness of the older 
‘food product-based’ approach  to nutrition education,
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versus the current ‘nutrient-based’ approach, contribute 
to the explanation of the fish consum ption gap betw een  
the young and  elderly population.

O ther individual differences are that respondents w ith 
children ho ld  stronger beliefs that fish is healthy and  that 
regular fish consum ption reduces risks of coronary heart 
disease. In contrast, families w ithout children have w eaker 
beliefs that fish contains nutrients, particularly omega-3 
fatty acids. They also ho ld  w eaker beliefs about the 
possible presence o f harmful substances in fish. Lower 
educated  respondents believe m ore strongly that fish is 
healthy. However, they have a poorer know ledge of fish, 
w hich is exem plified by their stronger belief that fish 
contains dietary fibre an d  w eaker belief that fish contains 
omega-3 fatty acids and  vitam in D. R espondents w ith a 
higher education have a stronger belief that fish m ay 
contain harmful substances.

B en efic ia l e ffe c ts  o f  f ish :  c o n su m e r s ’ b e lie fs  v e r s u s  
sc ie n tif ic  e v id e n c e
Consum ers believe w ith  reason that fish is healthy and 
nutritious, in  view  of its content o f proteins and  essential 
m icronutrients (e.g. vitamin D) and  o f the fact that fish and 
other m arine foods are a un ique source of long-chain n - 3 
PUFA. Surprisingly, only 17.1% of the respondents really 
knew  that fish contains no  dietary fibre. It is assum ed that 
this m isunderstanding results from the ‘fibrous’ texture of 
the flesh o f som e fish species, w hich how ever has nothing 
to do  w ith dietary fibre. K now ledge of the vitam in D 
content in fish is better, bu t the results w ith respect to 
omega-3 fatty acids show  that m ost peop le are not fully 
aw are of the nutrient con ten t o f fish. This show s that there 
is a definite need  to inform  people abou t the nutritional 
value and  benefit of fish.

A majority of consum ers score neutral on  the belief that 
fish is safe. Fish safety is difficult to confirm  from a 
scientific po in t o f view, given the large num ber o f quite 
divergent concentrations for contam inants in fish found in 
the literature and  the scientific debate and  uncertainty 
about the effects o f contam inants in  fish on  hum an health. 
In cases w here science is inconclusive, it should  com e as 
no  surprise that consum ers score neutral.

Thanks to the conten t o f w -3  PUFA in m arine food 
products, regular fish consum ption reduces risk for 
coronary heart diseases, w hich is also the strongest health 
benefit belief o f consum ers. Scientific data indicate that 
regular fish consum ption and  the intake of w -3  PUFA play 
an  im p o rtan t ro le in  the  p rim ary  a n d  seco n d a ry  
p rev e n tio n  o f co ro n a ry  h ea rt d isease  an d  
stroke3,4,12’13’27’28. Possible m echanism s involved in this 
protective action o f w -3  PUFA relate mainly to their anti- 
arrhythmic, antithrom botic, anti-inflamm atory and  anti
atherogenic effects3,12,13, w -3  PUFA also have a beneficial 
effect on  endothelial function and  the im m une system, 
and  can help in  low ering b lood  pressure in hypertensive 
individuals12.

People have som e belief that regular fish consum ption 
reduces risk for som e types of cancer, although this belief 
is m uch w eaker than  the belief in risk reduction for 
coronary heart disease. The potential protective effect of 
regular fish consum ption vis-â-vis the developm ent of 
m alignant tum ours is currently som ew hat controversial 
and  subject to further debate. O n one hand, there is 
increasing evidence from animal and  in  vitro studies that 
w -3  PUFA in fatty fish and  fish oil can inhibit specific steps 
in the carcinogenesis p rocess4,29,30. Some ecological 
epidem iological studies have show n that a high per 
capita fish consum ption  is correlated w ith a low er 
incidence of som e types of cancer in the population31,32. 
O n the o ther hand, contam ination of fish w ith dioxins, 
chem ical residues or heavy metals possibly stimulates 
carcinogenesis12. The fact that science is inconclusive in 
this m atter is reflected to som e extent in consum ers’ belief 
scores.

Regular fish consum ption can im prove the develop
m ent o f bones, ow ing to the conten t o f vitamin D 
in fish. In contrast w ith scientific evidence, this fact 
is believed only by  one-third o f consum ers. Vitamin D 
is essential for p roper bone mineralisation; its intake is 
especially im portant for young children to prevent 
rickets and  for elderly people, w ho are at risk for 
osteoporosis and  osteomalacia. Apart from  fish, there are 
relatively few  food items e.g. eggs, liver and  bu tter that 
naturally contain nutritionally significant quantities of 
vitam in D2.

The presence o f DHA m ay be one of the probable 
causes that regular fish consum ption stimulates brain 
developm ent. This health  benefit is believed only by 
slightly over one-third of the respondents. It has been  
know n since the 1960s that DHA is one of the major 
com ponents of the grey m atter of the nervous system 
(brain) and  the phospholip ids of the retina of the hum an 
eye (vision)3. It appears to play a vital role in the 
developm ent o f these organs and  systems. Therefore, the 
m aintenance of an  adequate level o f DHA in b o th  the brain 
and  the retina is im portant for p ro p er functioning o f the 
nervous system and  visual functions33,34.

Today it is generally accepted  that fish is an im portant 
com ponent o f a healthy and  balanced om nivorous hum an 
diet, seeing its nutritious benefits. Such a healthy diet will 
benefit hum an health, strength and  life expectancy. In this 
context, it is notew orthy that the lay o r popular statem ents 
relating to health  benefits (‘prolongs peo p le ’s life’, ‘m akes 
peop le  strong’ an d  ‘m akes p eop le  sm art’) received 
significantly low er belief scores than the m ore scientific 
form ulation of the belief statements. This finding suggests 
that com m unication m essages w ith a clear scientific base 
and  form ulation have a higher potential effectiveness 
(h igher belief and  plausibility) than do lay or vulgarised 
slogans. Further research should  confirm  this issue of 
effectiveness depending  on  the baseline form ulation of 
public health  and  nutrition inform ation messages.
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R is k s  o f f is h :  c o n su m e r s ’ b e lie fs  v e r s u s  sc ie n tif ic  
e v id e n c e
The release of toxic chemicals into the environm ent leads 
to the contam ination of surface w ater and  sedim ents of 
stream s, rivers an d  lakes. Fat-soluble contam inants 
concentrate in the fatty tissues of fish by  bioaccum ulation 
and  biom agnification processes. Therefore high levels of 
environm ental contam inants may be stored in fatty tissues 
of fish12,13,35. Examples are PCBs, dioxins, brom inated  
flame retardants, organochlorine pesticides and  heavy 
metals (mercury, arsenic, cadm ium ). O n the o ther hand, 
residues of colorants and  antibiotics (m edicinal residues) 
are contam inants of concern  in farm -raised fish and 
shellfish36,37. W ith regard  to  fish and  o ther m arine 
organism s that en ter the food chain, a large num ber of 
quite divergent concentrations for these harm ful sub
stances can be found  in the literature38,39. Nevertheless, 
fish consum ption is considered as a m ajor source of 
hum an exposure to the above-m entioned environm ental

SS 40contam inants ’ .
Potential health  risks related to fish consum ption may 

be due to the contam ination of fish w ith carcinogenic and 
non-carcinogenic environm ental contam inants. Dioxins 
for exam ple have a b road  series of toxic and  biochem ical 
effects, mainly related to the im m une an d  reproductive 
systems, and  som e of them  are classified as know n 
carcinogens35. Mercury has b ee n  show n to produce a 
variety of toxic an d  teratogenic effects in hum ans. 
Moreover, the hypothesis arises that methyl m ercury can 
dim inish the beneficial health  effect o f the n —3 PUFA in 
fish12.

The results o f the consum er study show  that the best 
know n of the contam inants that can be present in fish are 
heavy metals, PCBs and  dioxins. It is rem arkable to see 
that the belief that fish contains heavy metals has a higher 
score than the belief that fish contains om ega-3 fatty acids. 
This denotes that consum er aw areness of these safety risks 
is higher than their aw areness of a definite health  benefit. 
Furtherm ore, consum ers’ aw areness of the negative effect 
o f harm ful substances is higher than their aw areness of the 
positive effect o f nutrients. These findings exem plify the 
alleged conflict m odel in consum ers’ minds, and  it shows 
that there is a lot that m ust be done abou t the im age of fish 
for hum an consum ption. The question  is w hether ‘safety 
first’ an d  safety-related risk inform ation intrinsically 
prevail over health  benefit inform ation in  consum ers’ 
decision-m aking, o r w hether ‘safety’ prevails only because 
‘hea lth ’ is already taken  for g ranted  (m ost strongly 
believed in) in this specific case of fish.

C o n c lu s io n s

G aps b e tw e en  co n su m er p e rc ep tio n  an d  scientific 
ev idence re la ted  to fish have b ee n  discovered, in 
particular w ith respect to the nu trient con ten t and  
health-prom oting effects o f fish. D espite conclusive

evidence abou t the content and  positive effect o f om ega- 
3 fatty acids in fish, related consum er aw areness and 
beliefs are rather poor, especially am ong consum ers w ith 
low er education  level. Y ounger consum ers are better 
aw are that fish contains beneficial nutrients and  harmful 
substances. They have better know ledge that harmful 
substances have a negative effect, bu t their know ledge of 
the positive im pact o f om ega-3 fatty acids does not differ 
from that o f older consum ers. H igher aw areness of 
conflicting inform ation am ong young consum ers can be a 
reason to eat less fish. In general, the healthy image of fish 
prevails over its image o f being potentially unsafe. 
Nevertheless, 43% of the respondents do  not eat fish at 
least once a w eek. This study exemplifies the need  for 
nutrition education  and  m ore effective com m unication 
about fish to the b roader public. Fish is one of the few 
food products w here consum ers will have to balance d e a r  
health  benefits against potential safety risks. Hence, 
further research is needed  about the im pact o f conflicting 
inform ation and  com m unication on  consum er decision
m aking. F urther research  is also recom m ended  to 
strengthen scientific evidence abou t benefits and  risks 
from fish consum ption. More specifically, insight into 
balancing  nu trien t intake versus harm ful substance 
exposure from  fish consum ption is n eed ed  in order to 
issue appropriate dietary recom m endations and  public 
health  information.
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