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Introduction

The beneficial effect of fish consumption on elderly health
and particularly on brain aging has been extensively studied
(1). As fatty fish is the main dietary source of long-chain 3
PUFA, this protective effect has been attributed to the long-
chain 3 PUFA content of fish (2, 3). In observational studies,
high consumption of fish long-chain 3 PUFA has been
reported to reduce cognitive decline (4-6), risk of dementia (7-
11), and to protect against stroke (12), cardiovascular diseases
(13), metabolic syndrome (14), diabetes (15, 16) and cancer
(17). However, these effects on health are controversial (18) as
fish contains other nutrients than 3 PUFA (19) that could be
involved in the health benefits related to its consumption. 

In the EVA (Epidemiology of Vascular Aging) study, we
previously reported that high levels of red blood cell (RBC) 6
PUFA and low levels of RBC 3 PUFA were associated with
greater risk of cognitive decline (20). We also reported that
lower plasma selenium (Se) concentrations, were associated
with higher risk of cognitive decline (21, 22). Fish is an
important contributor to both long-chain 3 PUFA and Se
intake in older persons (23) as a number of commonly

consumed fish species contain high concentrations of Se (24).
Long-chain 3 PUFA (in particular eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA)) are synthesized from
the essential FA alpha-linolenic acid, by elongating and
desaturase enzymes. This enzymatic activity decreases with
aging (25) and FA status is then, in ageing, more dependent on
dietary supply of EPA and DHA. 

We hypothesize that the role of Se has been underestimated
when interpreting the beneficial effect of fish consumption on
health. Thus, the present secondary analysis aimed to examine
relationships between fish consumption, plasma Se
concentration, and erythrocyte FA composition in older people. 

Methods

Study population
The aims, design and funding of the 9-year longitudinal

EVA study have been previously described (22, 26). The study
protocol was approved by the ethics committee of Hospital of
Kremlin-Bicêtre, (Paris). Signed informed consent was
obtained from all participants at enrolment in 1991-1993.
Follow-up examinations were conducted every 18 months to 2
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years until 2001-2002. In 1995-1997 (wave 3), due to financial
limitations, only 342 blood samples, selected in chronological
order, were analyzed for determination of erythrocyte FAs (20)
(see figure 1). During the last follow-up of the EVA study in
2001-2002 (wave 6), volunteers answered the self-administered
food frequency questionnaire (FFQ) and had blood sampled for
plasma selenium determination. Out of the 342 selected
subjects in 1995-1997, 200 had completed FFQs and blood
sampling. These subjects did not differ from the initial
subgroup for any of their demographic or health characteristics
(data not shown). 

As shown in figure 1, determinations of RBC-membrane
FAs were performed more than 4 years before FFQ and plasma
Se determination. We hypothesized that nutritional habits
remained stable and we partially tested this hypothesis by
examining the associations between baseline plasma Se
determinations(1991-1993) and wave 6 Se determinations
(2000-2001). The two determinations are highly correlated
(r=0.43, p<0.001). Furthermore even 9 years before the FFQ
administration, the association between plasma Se
concentration and fish consumption (in quartiles) was clear.
Mean baseline selenium value (sd) was  1.00 μmol/l ( 0.19) in
quartile,1.07 (0.17) in quartile 2, 1.11 (0.17) in quartile 3 and
1.14 (0.17) in quartile 4 ( p=0.0007). 

Figure 1
Selection of the studied population

Data collection

Self-administered food frequency questionnaire 
A self-administered food frequency questionnaire assessed

dietary habits, based on each meal (breakfast, lunch and dinner)
and on consumption of each of the following foods: fish, eggs,
milk and dairy products, cereals and starchy foods, fruit and
vegetable, sugar and chocolate products. 

Selenium  and fatty acid determination
Plasma Se (μmol/l) was determined as previously

reported(27). FA composition of red blood cells (RBC) was
determined as described previously (20). 

General information
During face-to-face interviews conducted by trained

psychologists, we gathered information on standard
demographic variables and health status. Educational
achievement was divided into two levels: no school or primary
school (primary school) versus high school or university (high
school or above). BMI was calculated. Subjects who reported a
medical history of diabetes or who used anti-diabetic drugs or
those who had a plasma glucose level  7.80 mmol/l (1.40g/l)
were considered to be diabetic. Hyperlipidemia was defined as
having LDL cholesterol  4.1 mmol/l (2.80 g/l) or using lipid-
lowering drugs or reporting a hyperlipidemia medical history.
Subjects with systolic blood pressure  140 mm Hg or diastolic
blood pressure  90mm Hg, or using hypertensive drugs or
those reporting a medical history of hypertension were
considered to be hypertensive. History of vascular diseases was
defined as self-reported history of myocardial infarction, angina
pectoris and stroke or use of vascular drugs.

A global cognitive test, the Mini Mental Status Examination
(MMSE) (28) and the Digit Symbol Substitution (DSS) from
the Wechsler Adult Intelligence Scale-Revised (WAIS-R) that
measures sustained attention and logical reasoning (29) were
analysed in the current study. Cognitive assessment at wave 6 is
available only on a sample of 143 subjects due mostly to refusal
of cognitive evaluation. 

Statistical analysis
From the food frequency questionnaire, we first examined

the numbers of meals with fish consumption per week. In this
population living on the Atlantic coast of France, the range was
large [0-12] and we constructed dummy variables in 4 classes
according to the quartile distribution: one meal with fish
consumption or fewer per week (n=45), 2 meals per week
(n=51), 3 meals per week (n=34) and 4 or more meals per week
(n=70). Few subjects had a low consumption, only 3 never ate
fish and only ten less than once a week. 

The number of FA species identified was large. We
restricted analyses to a limited number of chemical families and
the most abundant FAs: saturated fatty acids (SFAs), mono-

unsaturated fatty acids (MUFAs) and PUFAs ( 3 and � 6),
DHA (22:6 3), EPA (20:5 3), arachidonic acid (AA) (20:4

6) and linoleic acid (18:2 6). 
Qualitative and quantitative characteristics were compared

between the four classes of fish consumers respectively by
analysis of variance and chi-square test. We examined
correlation between the selenium determinations and fatty acid
membrane composition using Pearson’s correlation coefficient. 

In order to examine the respective link between fish
consumption (dependant variable in 4 classes) and biological
measurements (Se and FA), linear regression models were used
(Proc REG from SAS software). The lowest intake level of fish
(one or fewer fish meal per week) was the referent category.
Covariates systematically included in the models were age, sex
and education.
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Moreover, we included as potential confounding variables
factors that had previously been associated with fish
consumption in a previous study (30), even though some were
not statistically significantly associated with it in this sample:
diabetes, hypertension, dyslipidemia and a history of
cardiovascular disease. We further added the consumption of
other broad food categories, each considered in two classes,
with respect to median values in the population. 

Statistical significance was defined by a p value <0.05.
Statistical analyses were performed using SAS software version
9.1 (SAS Institute, Inc. Cary, North Carolina).

Results

As indicated in table 1, 35% of subjects were heavy fish
consumers whereas 22.5% ate fish less than once a week.

Compared to moderate fish consumption (2 or 3 fish meals a
week), low and high fish consumption is more frequently
associated with hypertension. MMSE score did not differ
between the 4 groups but there was an association between
DSS performance and fish consumption, lower fish consumers
having the poorest DSS performances. This association,
described on a small sub-sample (n=143), did not remain
significant when adjusting for age, sex and education.

Se concentration increased linearly with fish consumption
from 0.92 μmol/l in the lowest consumption group to 1.10
μmol/l in the highest group. Similarly, increases were observed
for total 3 PUFAs (from 9.2% to 10.3 %), both for DHA and
EPA. Conversely, levels of total 6 PUFAs were lower in the
highest fish consumption group (27.3%) compared to subjects
with the lowest consumption per week (28.6%). 
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Table 1a
Demographic characteristics, health indicators and biological measurements according to fish consumption frequency 

(meals/week)

 1 fish meal/w 2 fish meals/w 3 fish meals/w 4 fish meals/w P value
n=45 n=51 n=34 n=70

Sex ( % female) 53.3 58.8 67.6 54.3 0.55
Age (m ± sd) 73.3 ±3.0 73.8 ±3.1 72.6 ± 2.6 73.8 ± 3.3 0.24
High school education (%) 33.3 43.1 55.9 51.4 0.33
Diabetes (%) 4.4 7.8 2.9 10.0 0.50
Dyslipidémia (%) 33.3 31.4 52.9 40.0 0.20
Hypertension (%) 86.7 64.7 70.6 87.1 0.008
Cardiovascular diseases (%) 20.0 21.6 26.5 22.9 0.91
BMI (m ± sd) (n=162) 24,7 ± 3.6 24,8 ±  4.2 24,7 ± 3.0 25.1 ± 3.3 0.96
MMSE (m ± sd) (n=151) 28.6 ±1.2 28.4 ± 1.5 29.1 ± 0.8 28.5 ± 1.7 0.16
DSS score < 41 % (n=143) 43.7 37.8 19.2 18.8 0.04
Selenium (μmol/l ) 0.92 ± 0.17 0.97 ± 0.16 1.01 ± 0.13 1.10 ± 0.19 <10-4
Total SFA (%) 43.6 ± 1.6 43.4 ± 1.2 44.3 ± 3.8 43.6 ± 1.6 0.31
Total MUFA % 16.8 ± 1.3 16.5 ± 1.1 16.9 ± 1.5 16.7  ± 1.1 0.33
Total 6 PUFA (%) 28.6 ± 2.3 28.3 ± 1.9 26.8 ± 2.4 27.3  ± 2.5 0.0005

AA (20:4 6) (%) 13.8 ± 1.3 14.1± 1.2 13.3 ± 1.5 13.2  ± 1.5 0.0017
Linoleic Acid (18:2 6) (%) 9.42 ± 1.7 9.05 ± 1.5 8.82 ± 1.2 9.17 ± 1.6 0.36

Total 3 PUFA  (%) 9.20 ± 1.9 9.91 ± 1.4 9.95 ± 1.4 10.3 ± 2.0 0.01
DHA ( 22:6 3) (%) 5.78 ± 1.27 6.40 ± 1.05 6.33 ± 1.0 6.52 ± 1.1 0.008
EPA (20:5 3) (%) 0.98  ± 0.44 1.08  ± 0.33 1.24 ± 0.39 1.29 ± 0.72 0.014

BMI = Body Mass Index = weight / heigh2; MMSE = Mini Mental Status Examination;  DSS = Digit Symbol Substitution ; FA expressed as percent of total fatty acids; SFA= Saturated
Fatty Acids; MUFA= Monounsaturated Fatty Acids; PUFA= Polyunsaturated Fatty Acids; AA= Arachidonic Acid; DHA= Docosa Hexaenoic Acid; EPA= Eicosa Pentaenoic Acid

Table 1b
Dietary habits associated  to fish consumption frequency (% above the median of the sample)

 1 fish meal/w 2 fish meals/w 3 fish meals/w 4 fish meals/w P value
n=45 n=51 n=34 n=70

Meat 44.4 52.9 50.0 57.1 0.61
Dairy products 46.7 54.9 50.0 50.0 0.88
Eggs 42.2 39.2 41.2 60.0 0.07
Cereals and starchy foods 33.0 33.0 50. 33.0 0.32
Fruits &Vegetables 51.1 51.0 38.2 55.7 0.42
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Se was negatively correlated with total 6 PUFA (r=-0.21,
p 0.01) and its major component AA (r=0.15, p 0.05).
Conversely, correlation between plasma Se and total 3 PUFA
was positive (r=0.22, p 0.01). This positive association was
found both for DHA (r=0.22, p 0.01) and for EPA (r=0.21,
p 0.01). No correlation was observed between Se and SFAs
(r=0.05, P>0.05) or MUFAs (r=0.025, P>0.05). Therefore,
these two FAs groups were not considered in further analyses.

Fish consumption remained positively associated with
plasma Se as well as with 3 PUFAs and, negatively with 6
PUFAs after adjusting for demographic indicators (table 2) The
model explained 15% of the variance of selenium whereas the
proportion of variance explained was much lower for PUFAs,
6.2% for 6, 2.6% for 3. These effects were mostly observed
in the two highest classes of consumption. These associations
were not modified when further adjusted for diabetes,
hypertension, dyslipidemia, history of cardiovascular diseases
and other food categories (data not shown).

Discussion

In this secondary cross-sectional analysis of a sample of
elderly subjects, fish consumption was independently positively
associated with both plasma Se and RBC-membranes 3
PUFAs. The significant linear increase of both plasma Se and
RBC-membrane 3 PUFA levels with increasing fish
consumption suggests that the beneficial effect of fish
consumption on health may not be exclusively attributed to
long-chain 3 PUFAs.

These independent associations remained significant even
when controlling for a large number of demographic and health
factors and broad food categories. These relationships are in
agreement with previous reports (32-34). In a Chinese rural
population, plasma Se and glutathione peroxidase activity were
positively associated with RBC DHA. In that same population,

3 PUFAs were negatively associated with coronary and
hypertensive heart disease mortality whereas Se levels were
negatively associated with chronic bronchitis, emphysema and
respiratory heart diseases (32). In Greenland Inuits, Se intake
has always been high and is closely linked to the consumption

of traditional foods of marine origin. In addition, Se blood
concentrations are highly correlated with long-chain marine
FAs (34). In a Finnish population, the comparison of high fish
consumers to low fish consumers (41 pairs, mean age 54.3 y)
showed higher plasma 3 PUFAs and lower 6 in high fish
consumers (33).

Long-chain n-3 PUFAs as found in some fish are susceptible
to lipid peroxidation forming lipid hydroperoxides.  Se, as the
selenoenzymes GPx1 and GPx4, is required for the removal of
these lipid hydroperoxides before they can be broken down to
undesirable products (35). Thus a high oily fish intake probably
requires a high Se intake to avoid deleterious health effects.
Luckily, fish have a good Se content. The other role of Se in
relation to fatty acid metabolism relates to peroxide tone which
is lowered by the GPxs thereby down-regulating eicosanoid
metabolism and associated physiological events (35).

Our results show that the highest fish consumers who also
had the highest plasma selenium and RBC-membrane 3
PUFA concentrations had the best cognitive performances in
crude analyses. Therefore apparent protection against dementia
in fish consumers, documented by previous epidemiological
studies in large cohorts (19, 31, 32) should not be exclusively
attributed to long-chain -3 PUFAs but might involve a
possible synergistic effect between selenium and long chain 3
FA intakes. 

The present study has however a number of limitations.
First, the FFQ was completed retrospectively by the
participants and we used a global indicator of fish consumption
in this population of elderly subjects. We estimated the
frequency of fish consumption but not the quantities, nor the
type of fish consumed. The amount of PUFAs and Se vary
largely according to fish species (24). PUFA content of fish is
highly dependent on its fat content (fatty fish such as salmon,
mackrel, herring, trout, tuna having a higher content than lean
fish such as plaice or cod) and on whether it is farmed or wild.
In addition, the cooking process (steamed, baked, or fried) may
also considerably influence the final FA content of the dish. As
regards Se, fish processing (cooking or enzyme and salt
treatment) has not been reported to affect Se bioavailability
(36). 
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Table 2
Fish consumption (  1, 2, 3,  4 meals per week): association with selenium and PUFA levels in an elderly population (n=200):

results of linear regression models including systematically age, sex and education (Reference  1meal/week, n=45)

2 meals/week 3 meals/week 4 meals/week R2

n=51 n=34 n= 70
* ± sd p * ± sd p * ± sd p

Selenium 0.046 ± 0.035 0.19 0.076 ± 0.040 0.06 0.17 ± 0.03 <0.0001 0.149
Total PUFA 6 -0.30 ± 0.47 0.52 -1.88 ± 0.53 0.0005 -1.34 ± 0.44 0.003 0.062
Total PUFA 3 0.74 ± 0.37 0.04 0.77 ± 0.41 0.06 1.14 ± 0.34 0.001 0.026
DHA (22:6 3) 0.60 ± 0.23 0.01 0.51 ± 0.26 0.06 0.73 ± 0.21 0.001 0.040
EPA(20:5 3) 0.10 ±  0.11 0.37 0.28 ± 0.12 0.03 0.31 ± 0.10 0.003 0.027

*  regression coefficient is expressed for 1 unit 
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Second, our sample size was limited by attrition during
follow-up which limits the study power for comparing
characteristics and health status of fish consumers. Multivariate
results for cognition are not presented due to limited sample
size and poor statistical power. Third, evaluation of the reported
parameters was not performed simultaneously. Nevertheless,
despite these limitations, the statistical link between fish
consumption and biological indicators is powerful enough to
allow us to hypothesize that the beneficial effect of fish
consumption may not be limited to 3 PUFAs alone but can
also be attributed to Se. Besides Se, other micronutrients (for
example iodine) may also be involved as already suggested (19,
31, 32). It is important to take our findings into account when
discussing and interpreting associations between fish
consumption and health status, particularly brain function, in
the elderly.
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