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Abstract. It has been suggested that the dietary intake of omega-3 polyunsaturated fatty acids could be inversely related to
the risk of dementia and cognitive decline. This analysis examined the association between plasma concentration of omega-3
polyunsaturated fatty acids and prevalence and incidence of cognitive impairment and dementia. Data are reported on subjects 65
years or older who had a complete clinical evaluation at the firsttaxes(1991-1992 and 1996-1997) of the Canadian Study of
Health and Aging. Main outcome measures were cognitive impairment and dementia by mean relative plasma concentrations of
fatty acids in the phospholipid fraction at baseline. Results were adjusted for age, sex, education, smoking, alcohol intake, body
mass index, history of cardiovascular disease, and apolipoprotein E e4 genotype. In the cross-sectional analysis, no significant
difference in omega-3 polyunsaturated fatty acid concentrations was observed between controls and both prevalent cases of
cognitive impairment and dementia. In the prospective analysis, a higher eicosapentaenqgica€id{) concentration was

found in cognitively impaired cases compared to controls while higher docosahexaenoip aciti(7), omega-3% < 0.04)

and total polyunsaturated fatty aciol £ 0.03) concentrations were found in dementia cases. These findings do not support the
hypothesis that omega-3 polyunsaturated fatty acids play a protective role in cognitive function and dementia.
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1. Introduction acting with oxidative processes, inflammation or some
other mechanism [7,9,40]. In fact, DHA represents a
Omega-3 (n-3) polyunsaturated fatty acids (PUFAs) major PUFA of the phospholipid fraction of the brain
became noteworthy when original investigations re- and nervous tissue [30], and is recognized as an essen-
ported that diets rich in fish and marine oils, main  tja| nutrient in the pre- and postnatal development of
sources of n-3 eicosapentaenoic acid (EPA) and docosa- e prain [10]. It has also been postulated that a high
hexaenoic acid (DHA), were associated with a lower dietary intake of DHA or n-3 PUFAs could be associ-
risk of coronary heart disease and cerebrovascular ac- .. \vith a reduced risk of dementia or cognitive de-

cidents [4,5,22]. Recently, it has been suggested that . . :
[ ] Y, . Uggest cline [23,40]. Few studies have explored this hypothe-
n-3 PUFAs could also be involved in cognition by inter- . ; .
sis but data so far suggest that fish consumption could
be inversely associated with cognitive decline and de-
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samples that were collected at onset of a large-scale Ottawa, under the supervision of one of the authors

prospective study of dementia.

2. Materialsand methods

The present data are from the Canadian Study of
Health and Aging (CSHA), a national prospective co-

(J.L.). Apolipoprotein E (apoE) genotype was deter-
mined based on a modified method of Zivelin et al. [29].
Plasma fractions were divided into aliquots and stored
at—20°C.

Finally, subjects without dementia or their proxy
were asked to complete and return by mail a risk fac-
tor questionnaire covering sociodemographic charac-

hort study involving 18 research centers across Canada, teristics, occupational and environmental exposures,
and designed to focus on the prevalence, incidence, and lifestyle, and medical and family histories.

risk factors for dementia in elderly Canadians. Method-

ological details of the study have been described else-

where [8,38]. Briefly, during 1991-1992 (CSHA-1),

Follow-up was carried out in 1996-1997 (CSHA-
2). All subjects who could be contacted and agreed
to participate were re-interviewed to measure changes

representative samples of men and women aged 65 in health status and cognitive function. Subjects took

years or older were drawn from population-based list-
ings in all provinces. A total of 10263 persons were
interviewed; 9008 were from the community, and 1255
from institutions. Participants were screened for de-
mentia using the Modified Mini-Mental State (3MS)
Examination [37]. Community subjects who screened
positive (3MS Examination scoke 78/100), a random
sample of those who screened negative, and all insti-

partin the same diagnostic process (screening and clin-
ical evaluations) as in CSHA-1. If subjects had been
clinically examined at CSHA-1, they were automati-
cally invited for the clinical examination at CSHA-2.
CSHA-2 diagnoses were made without knowledge of
CSHA-1 diagnoses. Final diagnoses for dementia and
AD were made according to more recent Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edi-

tutionalized subjects were asked to attend an extensive tion criteria [3] while diagnosis for vascular dementia
standardized three-stage clinical evaluation. Prelimi- was made according to NINDS-AIREN (National In-
nary diagnoses of dementia were made independently stitute of Neurological Disorders and Stroke — Associ-
according tdiagnostic and Satistical Manual of Men- ation Internationale pour la Recherche et 'Enseigne-
tal Disorders, Third Edition, Revised [2] criteria by a ment en Neurosciences) [33] criteria. All procedures
physician and a neuropsychologist who subsequently were done in accord with the Helsinki Declaration of
arrived at a diagnosis in a consensus conference. Diag- 1975. Ethical approval for the study was obtained from
noses comprised: no cognitive impairment, cognitive ethics review boards in all participating centers.
impairment-no dementia (CIND) according to a modi-
fied version of Zaudig’s criteria [16], Alzheimer’s dis-
ease (AD) according to NINCDS-ADRDA (National
Institute of Neurological and Communicative Disor- Because of logistic limitations, the current analyses
ders and Stroke — Alzheimer's Disease and Related were restricted to subjects who had clinical evaluations
Disorders Association) criteria [28], vascular dementia at both waves of CSHA, and for whom a blood sample
according to World Health Organizatidnternational was available at baseline. Of the 10263 subjects ini-
Classification of Diseases, 10th Revision criteria [39], tially enrolled in the cohort, 2914 had a clinical eval-
and other specific and unclassifiable dementia. uation in CSHA-1. Among these, 1398 subjects were
As part of an add-on study, subjects who had com- from the nine research centers participating to the add-
pleted the clinical evaluation in CSHA-1 were invited  on study, of which 425 provided blood including 201
to give extra blood in order to conduct a long-term study subjects with dementia, 106 with CIND and 118 with
of biological markers. Nine out of the 18 research cen- no cognitive impairment. Of the 425 subjects, 227 died
ters took part in this add-on study. All subjects who before follow-up and 24 refused to participate or were
were diagnosed as being demented, and an equal sizedmissing whereas 174 completed the clinical evaluation
group of controls were asked to provide blood speci- at CSHA-2 (26% of the demented subjects, 41% of the
mens. Blood was drawn by venipuncture and collected CIND subjects and 67% of the cognitively normal sub-
from subjects in a nonfasting state (approximately 3to jects), and constituted the study sample for a first anal-
4 hours after meal), and stored at the same time. Blood ysis. At baseline (CSHA-1), 79 of them were cogni-
samples were batched and shipped to the CSHA tissue tively unimpaired, 43 were diagnosed as having CIND,
bank at the Laboratory Center for Disease Control in and 52 as having dementia. Among the 79 initially

2.1. Sudy population
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unimpaired subjects, 52 remained as such at CSHA-2,
16 were diagnosed as having CIND, and 11 as having

317

jects with the characteristic. Because apoE4 has been
reported to modify the association of various factors

dementia, and constituted the study sample for a second with dementia, modification of risk by apoE4 status

analysis.
2.2. Fatty acid analysis

Fatty acid analyses of the 174 blood specimens were
performed at the Lipid Analytical Laboratory of the
University of Guelph Research Park, Ontario, Canada,
under the supervision of one of the authors (B.J.H.).
Total phospholipid was isolated from the lipid extract
by thin-layer chromatography. The fatty acid profile
was determined, after transmethylation, using capillary
gas-liquid chromatography [1]. Plasma phospholipid
concentrations of fatty acids correspond to relative per-
centages by weight of total fatty acids.

2.3. Statistical analysis

First, a cross-sectional analysis was performed using
prevalent CIND and dementia subjects at CSHA-1 as

was investigated using interaction terms.

3. Results

Baseline characteristics of subjects between the
study sample and the total cohort were very similar
(Table 1). Among subjects with no cognitive impair-
ment, those from the study group were on average
slightly older (mean (standard deviation), 76.9 ((5.9)
versus 75.2 (6.9) years,= 0.03), less educated (9.2
(4.0) versus 10.3 (3.8) years= 0.01), with a greater
body mass index (26.1 (4.6) versus 24.7 (4.5) k§/m
p = 0.01), and included fewer regular smokers (40.0
versus 54.9% = 0.01) compared to the total cohort.
No difference was observed for sex, apoE4 status, reg-
ular intake of alcohol, and history of cardiovascular
disease. Characteristics of subjects with CIND from
the study group were all similar to those from the to-

cases, and unimpaired subjects as controls. Second, atal cohort. Finally, except for body mass index where

prospective analysis was performed with the 79 unim-
paired subjects at baseline, using incident CIND and

mean value was slightly higher in the study group than
in the total cohort (25.1 (4.6) versus 23.2 (4.8) kgim

dementia subjects at CSHA-2 as cases, and subjects resp = 0.01), characteristics of subjects with dementia

maining unimpaired as controls. For both analyses, we
were interested in the effects of EPA, DHA, total n-3
PUFAs, total n-6 PUFAs, and total PUFAs. Compar-
isons of crude and adjusted means of continuous fatty

acid variables between cases and controls were exam-

ined usingt test and analysis of covariance, respec-
tively. All variables were normally distributed with the
exception of EPA which was log-transformed. Results
were adjusted for age, sex, education, body mass in-
dex, smoking, alcohol intake, history of cardiovascular

were also similar between the two groups.
Cross-sectional analysis. No significant difference
in EPA, DHA, n-3, n-6 and total PUFA mean rela-
tive concentrations was observed between controls and
both CIND and dementia cases (Table 2). Due to the
presence of an effect modification with apoE4 when
controls and demented cases were considered, results
were stratified according to apoE4 status. In subjects
with apoE4, demented cases-£ 24) had significantly
lower mean relative concentrations of n-6 (28.6 (3.6)

disease, and apoE genotype. Regular smoking statusversus 31.2 (2.0)%p = 0.02) and total PUFAs (32.2

(ever smoked nearly everyday) and regular alcohol in-

(3.9) versus 35.6 (1.9)%, = 0.01) compared to con-

take (ever drank at least once a week) were coded astrols (n = 13). In subjects without apoE4, demented

a binary variable. A history of cardiovascular disease
was present if the subject had reported ever suffering
from a heart attack, other heart condition, stroke or hy-

cases# = 28) showed higher mean relative concen-
tration of DHA (2.40 (0.74) vs 2.06 (0.73)%,= 0.06)
compared to controlsy(= 65). No other difference

pertension. Since there were no subjects homozygous was observed between controls and demented cases

for apoE epsilon 4 allele (apoE4), all carriers of apoE4

without apoE4 as well as no evidence of interaction

were combined together, and coded as a binary variable with apoE4 between controls and CIND cases.
presence/absence of apoE4. Confounders with missing  Prospective analysis. Compared to controls, sub-

values were replaced with missing-value dummy vari-
ables when variables were discrete or were given the
mean value of the distribution when continuous. Mod-
ification of risk by family history of dementia could
not be evaluated due to an insufficient number of sub-

jects who developed CIND had higher mean relative
concentration of EPA(= 0.01) by 31% (Table 3). No
other difference was observed between the two groups.
Subjects who developed dementia had higher mean rel-
ative concentrations of DHA by 30% (= 0.07), n-3
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Table 1
Baseline characteristics of subjects from the study sample and the total CSHA cohort, by cognitive status
Unimpaired subjects Subjects with CIND Subjects with dementia
Study sample  Total cohort Study sample  Total cohort Study sample Total cohort

(n =T79) (n = 8270) (n = 43) (n = 861) (n = 52) (n = 1132)
Age (y) 76.9 (5.9) 75.2 (6.9)* 79.2 (7.8) 80.3 (7.4) 81.4 (7.3) 83.1(7.3)
Sex (% female) 65.8 59.8 60.5 61.3 75.0 68.9
Education (y) 9.2 (4.0) 10.3 (3.8)** 7.3(3.3) 8.1(3.9) 8.8 (3.6) 8.5(3.8)
ApoE4 (%) 16.7 23.2 18.6 25.1 46.2 38.4
Body mass index (kg/R) 26.1 (4.6) 24.7 (4.5)** 25.2 (4.5) 24.2 (4.8) 25.1 (4.6) 23.2 (4.8)**
Smoking (% yes) 40.0 54,9%* 53.7 46.6 44.7 42.4
Alcohol intake (% yes) 29.0 39.7 43.6 32.6 36.4 30.3
History of cardiovascular dis- 48.0 49.6 43.9 49.4 39.6 47.1

ease (% yes)

Mean (standard deviation).

*P < 0.05 and**p < 0.01, for comparison between study sample and total cohort.

PUFAs by 21% % = 0.04) and total PUFAS by 6%

(p = 0.03) than controls. No other difference was no-
ticed between the two groups. Effect modification ac-
cording to apoE4 status could not be investigated due
to small numbers of CIND and dementia cases.

4. Discussion

The present findings did not provide evidence for
a protective effect of n-3 PUFAs on cognitive impair-
ment or dementia. In the cross-sectional analysis,
no difference among demented, CIND and cognitively
normal subjects on concentration of n-3 PUFAs was
found. Unexpectedly, higher EPA concentration was
observed among CIND incident cases compared to con-
trols as well as higher n-3 and total PUFA concentra-
tions among subjects who later developed dementia.
Although statistically significant, some of these differ-
ences among groups were relatively small and may be
of little clinical significance.

Experimental studies have generally shown benefi-
cial effects of n-3 PUFAs on brain functions in normal
and AD animal models. Supplementation of DHA im-
proved memory-related learning ability in young [14]
and old [15] rats. DHA pre-administration provided
protection from the decline of learning ability-related

cognitive function have given contradictory and incon-
clusive results. One cross-sectional study has found
low relative concentrations of n-3 PUFAs in the plasma
of CIND and AD cases compared to normal individ-
uals [11], but the data was not adjusted for important
confounders. Few authors have prospectively analyzed
the effects of n-3 PUFAs in cognitive function. Higher
proportions of EPA, DHA and total PUFAs in erythro-
cyte membranes were recently reported by Heude et
al. [18] to be related to a lower risk of cognitive decline
by 40% in a 4-year prospective analysis using data from
the French EVA cohort. Other fatty acids including
stearic acid and total n-6 PUFAs were associated with
a greater risk of cognitive decline. Kalmijn et al. [20]
examined the relation between dietary intake of PUFASs
as assessed in a semiquantitative food frequency ques-
tionnaire, and global cognitive function in men from
a community-based longitudinal study in the Nether-
lands. Compared with no fish consumption, more than
20 grams of fish per day were associated with a reduced
risk of cognitive impairment and cognitive decline by
37% and 55%, respectively. In contrast, no association
between dietary intake of EPA and DHA estimated from
food intake using a food table, and cognitive function
was found. Using data from another Dutch prospec-
tive population-based study, Kalmijn et al. [21] found
that usual fish consumption was inversely related to the

memory, and associated oxidative stress and neuronal risk of dementia after a relatively short follow-up, and

apoptotic products in AD model rats [17]. DHA was
also found to be slightly higher in hippocampus of old
rats receiving fish oil and to have a marked impact on
the expression of the transthyretin (TTR) gene. Con-
centrations of TTR in cerebrospinal fluid have been
correlated positively with age, but were significantly
lower in individuals with AD [35].

Compared to experimental studies, clinical and epi-
demiological studies on the role of n-3 PUFAs in the

most strongly to AD without cerebrovascular disease
(relative risks of 0.4 and 0.3, respectively). However,
a more recent analysis of the latter data set with longer
follow-up reported that low intake of n-3, n-6 and to-
tal PUFAs and high intake of total, saturated, trans fat
and cholesterol were not related to increased risk of
dementia and AD [12].
Low levels of circulating DHA in the serum of el-

derly Americans have been reported to be significantly



D. Laurin et al. / Omega-3 fatty acids and risk of cognitive impairment and dementia

Table 2
Mean (standard deviation) relative concentrations of selected fatty acids in
plasma phospholipids of prevalent cases and controls, Canadian Study of Health

and Aging, 1991-1992

Fatty acid Controlsi = 79) CIND (n = 43) Dementiaf = 52)
% by weight of total fatty acids

EPA 0.58 (0.22) 0.53(0.24) 0.55 (0.30)
P valugt 0.32 0.29

DHA 2.13(0.79) 2.13(0.76) 2.28 (0.78)
P value 0.65 0.51

N-3 PUFAs 3.69 (1.02) 3.63 (1.06) 3.80 (1.20)
P value 0.92 0.83

N-6 PUFAs 30.6 (2.6) 29.9 (2.9) 29.6 (3.0)
P value 0.16 0.10

Total PUFAs 34.3(2.8) 33.6 (3.4) 33.4(3.5)
P value 0.21 0.16

* P value for comparison between case and control groups, after adjusted for
age, sex, education, smoking, alcohol intake, body mass index, history of car-

diovascular disease, and apoE4 allele.

Table 3
Mean (standard deviation) relative concentrations of selected fatty acids in
plasma phospholipids of incident cases and controls, Canadian Study of Health

and Aging, 1991-1992/1996-1997

Fatty Acid Controlsf = 52) CIND (n = 16) Dementiaf = 11)
% by weight of total fatty acids

EPA 0.52 (0.17) 0.71 (0.26) 0.66 (0.30)
P valugt 0.01 0.35

DHA 2.03 (0.66) 2.09 (0.78) 2.69 (1.17)
P value 0.64 0.07

N-3 PUFAs 3.49 (0.78) 3.78 (1.05) 4,52 (1.52)
P value 0.29 0.04

N-6 PUFAs 30.4 (2.2) 30.5(3.4) 31.7 (2.6)
P value 0.98 0.14

Total PUFAs 33.9(2.3) 34.2(3.7) 36.2 (2.9)
P value 0.70 0.03

* P value for comparison between case and control groups, after adjustment
for age, sex, education, smoking, alcohol intake, body mass index, history of
cardiovascular disease, and apoE4 allele.

associated with the occurrence of AD in a research let-
ter [23]. Subjects at baseline whose serum DHA level
in the phosphatidylcholine fraction was in the lower
half of the distribution had a 67% greater risk of de-
veloping AD over 10 years. No relationship was ob-
served between other n-3 PUFAs and dementia. How-
ever, no details were provided about number of cases,
diagnostic procedures and methods of follow-up.
Subjects included in our analyses constituted a fairly
representative sample of participants from the original
CSHA cohort. These subjects were followed for five
years using a rigorous prospective design including ex-

of dietary intakes [6,26] as fish, and are generally con-
sidered as better estimates than those obtained from di-
etary assessments. Even though long-term storage has
resulted in lower than fresh absolute values, the relative
differences across the groups remain valid and similar
to those obtained with fresh samples.

Our study has a number of limitations which need
to be addressed. First, data on plasma specimens were
available for a small number of subjects. Of the ini-
tial pool of subjects/{ = 425), 118 were cognitively
normal at baseline and eligible for analysis, but only
79 of them could be reexamined at CSHA-2. Baseline

tensive standardized evaluations by a physician and a characteristics of the study sample were compared with

neuropsychologist. PUFAs present in the brain cannot
be synthesized de novo [36], and are obtained from the
diet. Plasma measurements of n-3 PUFAs are recog-
nized as good markers of their status in the body, and

those of the total cohort, and results showed that the
study sample seemed representative of the total cohort.
Post-hoc calculations showed that with a power of 0.80
and an alpha of 0.05 (two-sided test), the minimum de-
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tectable difference of means for the comparison of con- and 2 demented while the other nine remained cogni-
trol and case groups varied from 4 to 21% in the cross- tively normal. Finally, determination of fatty acids was
sectional analysis, and from 5 to 31% in the prospective made only once at baseline. Plasma fatty acid concen-
analysis. These are reasonably relevant detectable dif- trations reflect short-term intake, but are likely to rep-
ferences of means. Second, itwas not possible to exam- resent longer exposure in the case of plasma phospho-
ine associations by type of dementia. Protective effects [ipid [26] since dietary patterns of elderly individuals
of n-3 PUFAs have been mainly reported for AD. In  are well-defined in this age group.

our sample, 40 of the 52 prevalent dementia cases and  |n this analysis, higher concentrations of n-3 and to-
8 of the 11 incident cases were of the Alzheimer type. ta] PUFAs were found in incident cases of CIND and
When analyses were restricted to these AD cases, thedementia. This phenomenon could be explained by
results did not change appreciably. Third, the prospec- subjects’ caloric intake. Dietary restriction during ag-
tive analysis was restricted to unimpaired subjects at jng has been demonstrated to improve membrane fluid-
baseline who provided a blood sample and completed ity and increase the number of newly-generated neural
the 5-year follow-up evaluation. Among the 118 eligi-  cells in brain [27]. People with greater concentrations
ble subjects, 32 died before CSHA-2 and 7 were lost ofn.3 pUFAs may be people with greater caloric intake.
to follow-up. As previously mentioned, fatty acid con-  another interpretation for this phenomenon could be
centrations of subjects not examined at follow-up were ot higher concentrations in CIND and dementia cases
not measured. Excluding them may have produced o ertransiate a lower incorporationrate of n-3 PUFAS
biased results. If missing subjects had both lower n- ., the periphery to the brain. As mentioned by sev-
3 PUIF.A concentrations and hlgher risk of developing .41 authors [13,32], more attention should be drawn to
cognitive _|mpa|rment or de_mentla, our re_gults_ wou_ld the rates of perfusion of n-3 PUFAs from plasma into
under-est_lmate the protection from cognitive impair- brain in relation to the content in cellular membranes.
ment derived from the n-3 PUFAs. However, cross- Higher proportions of DHA tended to be observed in

sectional analysis failed to show significantly lower L :
. : ) prevalent cases of dementia without apoE4 as well as in
n-3 PUFA concentrations among subjects with CIND . . e
incident cases of dementia. Unfortunately, verification

and dementia compared to cognitively normal subjects. o : .
) . . of the potential interaction according to apoE4 status
Furthermore, since higher concentrations of n-3 PU- =~ =~ o
in incident cases could not be tested. This informa-

FAs were observed in CIND and dementia incident tion miaht have exolained some of the discr nei

cases, inclusion of missing subjects presumably cog- g gd : ?heli p? c bs'? € Of. he ;Cpf)rg\cej

nitively impaired or demented with low concentrations Observed in the literature between Nish, n- an
total fat intake. Furthermore, we were not able to ex-

of n-3 PUFAs would reduce the difference observed i . !
here between case and control groups. Nevertheless,am'”ethe potential confounding effects of methyl mer-

the possibility of some selection bias cannot be ruled Cury and polychlorinated biphenyls (PCBs) which have
out. Fourth, average follow-up duration was relatively 2€€nassociated with seafood consumption, and related
short. As demonstrated in epidemiological studies on t© cognitive impairment and AD [19,25,34].

midlife status of blood pressure [24] and serum total _ [N’ Summary, no evidence for a beneficial effect of n-
cholesterol [31] and dementia, studies with short pe- 3 PUFAS on cognitive function was observed. Rather,
riod of time between exposure and onset of disease may increased relative concentrations of n-3 PUFAs were
infer associations that are not necessarily causal. Al- found in incident cases of CIND and dementia. Our

though our prospective analysis was restricted to cog- analyses were restricted to a small sample of subjects
nitively unimpaired subjects at baseline, it cannot be Who had clinical evaluation at both waves of CSHA,
excluded that n-3 PUFAs were affected by preclinical Which may have created some selection and biased
dementia, and that longer follow-up time would have the results observed using one measure of fatty acids.
been needed. Fifth, again in our prospective analy- Nonetheless, this analysis suggests that n-3 PUFAs may
sis, 66 subjects came from the community at CSHA-1 play a role in the process of cognitive decline in elderly
whereas 13 were living in institutions. It may be argued persons, and that apoE4 could act as an effect modi-
that institutionalization may alter the diet of subjects, fier. Further examination of their effects in larger care-
and that this variable should have been considered as fully designed epidemiological and intervention studies
a potential confounder. However, the discrimination seems warranted, as is a clarification of the turnover of
value of the institutionalization variable was poor. Of PUFAs and their relationship between diet, periphery
the 13 institutionalized subjects, only 2 became CIND and central nervous system.
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