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ABSTRACT

Objective: To determine whether the levels of
docosahexaenoic acid (DHA), eicosapentaenoic acid
(EPA), arachidonic acid (AA), total n-3 polyunsaturated
fatty acids (PUFAs), and total n-6 PUFAs were changed
in patients with dementia or predementia syndrome.

Data Sources: PubMed was searched for studies from
first date available to July 2011 using the following
search terms: (dementia OR cognitive impairment OR
mild cognitive impairment) AND (omega-3 OR omega-6
OR polyunsaturated fatty acid OR docosahexaenoic acid
OR DHA OR eicosapentaenoic acid OR EPA). The search
was limited to literature in English and to human
studies. The references of relevant articles and review
articles were searched for citations not indexed

in PubMed.

Study Selection: Studies were included if they
measured levels of EPA, DHA, AA, total n-3 PUFAs,
or total n-6 PUFAs from peripheral blood tissues
in subjects with cognitive deficits (dementia or
predementia syndrome) and elderly controls and
were published in peer-reviewed journals. The
search yielded 10 articles including 2,280 subjects.

Data Extraction: The study design, sample size, PUFA
levels for both patients and control subjects, sampling
tissue, diagnoses and diagnostic criteria for cognitive
deficits, and distribution of mean age and gender

of included subjects were extracted for each study.

Results: In a random-effects model, we found that the
levels of EPA (effect size [ES]=—0.47, P<.0001), DHA
(ES=-0.33,P=.017), and total n-3 PUFAs (ES=-0.46,
P=.001) were decreased in patients with dementia.
However, the levels of EPA (ES=-0.44, P=.002), but
not DHA or other PUFAs, were significantly lower in
patients with predementia syndrome.

Conclusions: Our results support the important role
of n-3 PUFAs in the pathophysiology of dementia. In
addition, the analyses of predementia studies indicate
that EPA might be not only a disease-state marker but
also a risk factor for cognitive impairment.
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D ementia is a progressive, devastating, and fatal neurodegen-
erative disorder.! There are 24.3 million patients suffering from
dementia, with an estimated 4.6 million increase in incidence every
year throughout the world.> Although cognitive decline is an aging
process, dementia is definitely a major clinical disorder and causes sig-
nificant cognitive and memory deterioration, progressive impairment
of daily living, and a variety of behavioral disturbances.! Predementia
syndromes, including cognitive impairment with no dementia (CIND)
and mild cognitive impairment (MCI), are in the continuum between
age-related cognitive changes and dementia and are important risk
factors for developing clinical dementia.** Dementia could be due
to numerous medical conditions including vascular changes, head
trauma, neurodegenerative diseases, human immunodeficiency virus
infection, or Alzheimer’s disease; however, the phenomenology defined
by current diagnostic systems might not be distinguishable.! Indeed,
reflecting the heterogeneity of dementia, several hypotheses have been
proposed for its etiology, including genetic susceptibility, vascular risk
factors, lifestyle in midlife, inflammatory process, oxidative stress, and,
recently, deficiency of n-3 polyunsaturated fatty acids (PUFAs).>”?

Polyunsaturated fatty acids are classified into mainly omega-3 (n-3)
and omega-6 (n-6) groups. Docosahexaenoic acid (DHA) and eicosap-
entaenoic acid (EPA), the major bioactive components of n-3 PUFAs,
are associated with neuronal membrane stability and fluidity, neuro-
genesis, neuroplasticity, neurotransmission, and anti-inflammation,
which might all connect to the etiology of several neuropsychiatric
diseases including depression and dementia.!®"!> On the other hand,
arachidonic acid (AA), the major bioactive component of n-6 PUFA,
is a precursor of eicosanoids with proinflammatory, vasoconstric-
tive, and platelet proaggregatory effects, which might also link to the
pathogenesis of neuroinflammatory and neurodegenerative diseases
like dementia.!®1” Consistent with the theoretical relevance, supportive
evidence linking PUFAs to dementia has been reported extensively
from epidemiologic studies. For example, it has been observed that
societies with a high consumption of fish, which is a good source of
n-3 PUFAs, appear to have a lower prevalence of dementia'®-?? and
MCI.** Although clinical studies until now have failed to demonstrate
beneficial effects of n-3 PUFA supplementation in patients with mod-
erate or severe Alzheimer’s disease,*»* n-3 PUFA supplementation
may benefit patients with mild Alzheimer’s disease or MCI and those
without the APOE ¢4 allele.?*-2

Abnormal fatty acid compositions in patients with dementia and
predementia syndrome have been reported extensively,’*® while
findings of the differences in individual PUFAs between patients and
control groups are inconsistent. In 2000, Conquer and colleagues®®
reported that people with dementia or CIND had lower plasma levels
of EPA, DHA, and total n-3 PUFAs; higher plasma levels of total n-6
PUFAs; and a lower n-3/n-6 ratio as compared with healthy elderly
controls. The links between dementia and lower DHA were further
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supported in other studies.***!3 However, other groups did
not replicate the finding of lower DHA levels in patients
with dementia,** multi-infarct dementia,?® or MCL?* but
some did find lower plasma a-linolenic acid (ALA) and total
n-3 PUFA levels in dementia,** lower serum EPA and higher
AA levels in multi-infarct dementia,?® and lower erythrocyte
EPA, higher AA, and higher total n-6 PUFA levels in MCL.*
In addition, serum DHA levels have been found to be sig-
nificantly correlated to the severity of dementia.’! However,
a few studies®”?%>? found no significant differences in levels
of any n-3 or n-6 PUFAs in patients with dementia, MCI, or
CIND as compared to the elderly controls.

The discrepancies among these studies may be caused
by differences in the sampling process, characteristics of
subjects, or selection of PUFA measurement. To test the
hypothesis that the levels of n-3 PUFAs are lowered in
patients with dementia or predementia, we performed
a meta-analysis to examine whether individual PUFAs
are changed in patients with dementia or predementia
syndrome.

METHOD

Literature Search

To identify eligible studies, 3 independent investigators
(P-Y.L.,C.-C.C., and K.-P.S.) searched for studies from first
date available to July 2011 in the electronic databases of
PubMed at the National Library of Medicine. The search
was performed using the following search terms: (dementia
OR cognitive impairment OR mild cognitive impairment)
AND (omega-3 OR omega-6 OR polyunsaturated fatty acid
OR docosahexaenoic acid OR DHA OR eicosapentaenoic acid
OR EPA). The search was limited to literature in English and
to human studies. The references of relevant articles and
review articles were searched for citations not indexed in
PubMed. The titles and abstracts of studies obtained by this
search strategy were scrutinized by the independent inves-
tigators to determine whether the studies were potentially
eligible for inclusion in this review. In cases of disagree-
ment about eligibility, the investigators reached agreement
through consensus.

Inclusion Criteria for Studies
Chosen for the Meta-Analysis

The inclusion criteria for this meta-analysis were as
follows: the studies (1) measured levels of EPA, DHA, AA,
total n-3 PUFAs, or total n-6 PUFAs; (2) used samples from
erythrocyte membrane, blood phospholipids, or cholesteryl
esters; (3) included subjects with cognitive deficits (demen-
tia or predementia syndrome) and elderly control subjects;
and (4) were published in peer-reviewed journals. Studies
that analyzed the same data set with overlapping subjects
were not considered as independent, and we included only
the study with the larger sample size among these studies.
When the reports provided data from different sample
tissues from the same subjects, we first used data from
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= Studies have shown an association between peripheral
blood levels of polyunsaturated fatty acids (PUFAs) and
dementia and predementia syndrome.

= |ntervention with n-3 PUFAs might be beneficial for
patients with dementia or predementia syndrome,
but the outcomes are not consistent.

= The results of this meta-analysis suggest that patients
with dementia and predementia syndrome have lower
levels of n-3 PUFAs, supporting an important role of
n-3 PUFAs in cognitive disorders.

erythrocyte membrane, followed by blood phospholipids
and then blood cholesteryl esters.

Data Extraction

The study design, sample size, PUFA levels for both
patients and control subjects, sampling tissue, diagnoses and
diagnostic criteria for cognitive deficits, and distribution of
mean age and gender of included subjects were extracted
for each study.

Meta-Analytic Methods

The primary outcomes were comparisons of EPA, DHA,
AA, total n-3 PUFA, and total n-6 PUFA levels and the ratio
of total n-3/total n-6 PUFA levels between patients with
dementia and controls for all included studies. The secondary
outcomes were comparisons of levels of these PUFA indices
between patients with predementia syndrome and controls.
The diagnoses of dementia and predementia syndromes
were based on criteria provided in individual articles.

For each identified study, the effect size (ES) expressing
the difference in PUFA levels between patients with cogni-
tive deficits and controls was described as the standardized
mean difference based on Hedges adjusted g, for which
values greater than 0 indicated that the PUFA levels were
higher in patients. The means and standard deviations of
each PUFA index for both patients and controls were used
to derive the ES from each included study. When these data
were not available from the articles, we contacted the authors
to acquire the data, or we derived the ES from other statisti-
cal parameters. One included study did not present data for
age and sex for subjects with dementia and controls.?” The
data were provided upon request. The ESs for the individual
studies were synthesized by the random-effects model.*” The
significance of the pooled ES was determined by the Z test.
Sensitivity analyses were performed for any analysis that
resulted in a significant difference to determine whether any
individual study was responsible for the significant result.
Each study was individually removed, and the significance
was retested.

Heterogeneity was examined to determine whether
the group of ESs came from a homogeneous source—and
assessed by the Q statistic, the related P value, and the I°
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Figure 1. Flowchart of Article Search and Study Selection for the
Meta-Analysis

PubMed search terms: (dementia OR cognitive impairment OR
mild cognitive impairment) AND (omega-3 OR omega-6 OR
polyunsaturated fatty acid OR docosahexaenoic acid OR DHA
OR eicosapentaenoic acid OR EPA)

Time period: first date available to July 2011

Limitations: limited to human studies and English language

550 results were identified

462 studies were excluded:
« Reviews, 205 results
- Comments on other articles, 17 results
- Case reports, 5 results
« Irrelevant to inclusion criteria, 235 results

88 articles were screened
for the inclusion criteria

—————| 73 articles did not meet the inclusion criteria|

15 articles met the
inclusion criteria

5 articles failed to report relevant data
to calculate the effect size or provided
repetitive data from other articles

10 articles were included in
the meta-analysis

relevant data to calculate effect size. Finally, 10 articles
covering 2,280 participants were included in the current
meta-analysis.?”’-3¢ The selection process is shown in
Figure 1. The characteristics of the included studies are
described in Table 1.

For the primary outcomes, we compared the PUFA
levels between patients with dementia (n=481) and
controls (n=1409); the data were extracted from 10
articles.”’-3 Among these articles, the study by Conquer
and colleagues® provided data for both Alzheimer’s
disease and other dementias, so it was analyzed as 2
studies. Our analyses showed a significant decrease for
the patient group in levels of EPA (ES=-0.47, P<.0001)
(Figure 2A), DHA (ES=-0.33, P=.017) (Figure 2B), and
total n-3 PUFAs (ES=-0.46, P=.001) (Figure 2C). The
levels of AA (ES=0.40, P=.157) (Figure 3A) and total
n-6 PUFAs (ES=-0.29, P=.059) (Figure 3B) and the
ratio of total n-3/total n-6 PUFAs (ES=-0.48, P=.069)
(Figure 3C) were not significantly different for patients
compared with controls. However, significant hetero-
geneity existed among the studies for EPA (Qg=20.84,
I?=61.6%, P=.008), DHA (Qg=32.07, I?=75.1%,
P<.001), AA (Qs=61.78, I>=90.3%, P<.001), total n-6
PUFAs (Q5=20.55, I?=75.7%, P=.001), and the ratio

statistic, which is the percentage of the variability in the
estimate of effects that is due to heterogeneity rather than
random error.’” A larger value for the I? statistic indicates
higher heterogeneity. A rejection of homogeneity suggests
that there may be systemic differences existing among the
included studies. In addition, publication bias was assessed
by plotting the ES against the precision (inverse of the
standard error) for each study in a funnel plot, and then
the symmetry of the dots in the funnel plot was visually
examined. We used the Egger regression to statistically test
for evidence of publication bias.*® To examine whether dis-
tribution of age and gender (percentage of men) of included
subjects moderated the ES, we performed meta-regression
by using the unrestricted maximum likelihood method.

Meta-analyses were conducted using Comprehensive
Meta-Analysis software, Version 2 (Biostat, Englewood,
New Jersey). Two-sided P values <.05 were considered sta-
tistically significant. We reported the methods and results
of our meta-analysis by following the Preferred Reporting
Items for Systematic Reviews and Meta- Analyses (PRISMA)
checklist.*

RESULTS

Our initial computerized search identified 550 articles.
Of these, 462 articles were excluded because they were irrel-
evant to the inclusion criteria or were not research articles.
Of the remaining 88 articles, 15 met the inclusion criteria.
Of these 15 articles, 5 were excluded because they analyzed
the same dataset with overlapping subjects or did not present
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of total n-3/total n-6 PUFAs (Q;=13.84, I>=78.3%,
P=.003), but not for total n-3 PUFAs. Sensitivity analyses
showed that the significant differences in the levels of EPA,
DHA, and total n-3 PUFAs were not influenced by any single
study. However, in meta-regression, we found that the age
factor significantly moderated the effect size (point estimate
of slope =0.08; P=.04) in the comparison of total n-6 PUFA
levels. Specifically, the higher the age of the patients, the
larger the differences in total n-6 PUFAs between patients
with dementia and control subjects. Neither age nor gender
distribution significantly influenced the effect size for com-
parison of other PUFA measurements.

For the secondary outcomes, we compared PUFA levels
between patients with predementia syndrome (n=363)
and controls (n=979); the data were extracted from 5 stud-
ies.?32-35 The levels were significantly lower in patients for
EPA (ES=-0.44, P=.002) (Figure 2A), but not for DHA
(ES=-0.13, P=.306) (Figure 2B), total n-3 PUFAs (ES=-0.32,
P=.066) (Figure 2C), AA (ES=0.26, P=.227) (Figure 3A), or
total n-6 PUFAs (ES=0.03, P=.871) (Figure 3B). Only 1 study
(Conquer et al**) showed a significant decrease in the ratio of
total n-3/total n-6 PUFAs in patients with predementia syn-
drome (ES=-1.10, P=.0002) (Figure 3C). As with the primary
outcomes, the sensitivity analysis showed that the significant
difference in EPA was not contributed by any single study. In
addition, significant heterogeneity existed among the studies
for EPA (Q,=14.10, I?=71.6%, P=.007), DHA (Q,=10.76,
I?=62.8%, P=.029), AA (Q,=6.67,1>=70.0%, P=".036), and
total n-3 PUFAs (Q; =10.30, I? =70.9%, P=.016), but not for
total n-6 PUFAs. In meta-regression, age and gender distri-
bution of subjects did not significantly moderate the effect
sizes in secondary analysis.
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Figure 2. Forest Plots Showing Effect Sizes (Hedges g) and 95% Cls From Individual Studies and Pooled Results Comparing
(A) Eicosapentaenoic Acid (EPA), (B) Docosahexaenoic Acid (DHA), and (C) Total n-3 Polyunsaturated Fatty Acid (PUFA) Levels
Between Patients With Dementia or Predementia Syndrome and Control Subjects

A. EPA
Statistics
Group Study Hedges g 95% CI ZValue P Value Hedges g and 95% CI
Dementia Conquer et al, 200035 (AD) -0.994 —1.656 to —0.333  —2.946 .0032 i
Dementia Conquer et al, 200035 (OD) -0.927 —1.709 to —-0.145 -2.325 .0201
Dementia Laurin et al, 200329 -0.117 —0.465 to 0.231 -0.659 .5098 e
Dementia Tully et al, 200331 -0.750 —1.085to -0.414 —4.380 .0000 i
Dementia Boston et al, 200427 -0.379 —-1.114 t0 0.355 -1.012 3116 -
Dementia Hirai et al, 200528 -0.694 —1.048 to —0.341 -3.847 .0001 ——
Dementia Selley, 200736 0.042 —-0.480 to 0.564 0.158 .8748 i —
Dementia Arsenault et al, 200932 -0.134 —-0.436t0 0.168 -0.872 .3832 i
Dementia Cherubini et al, 200734 -0.568 —0.839 to —0.297 —4.110 .0000 =
Dementia pooled -0.467  -0.693t0-0.241 -4.057  .0000 <>
Predementia Conquer et al, 200035 —0.981 -1.559t0 —-0.403  -3.328 .0009 e —
Predementia Laurin et al, 200329 -0.219 -0.589 to 0.151 -1.158 .2468 et
Predementia Cherubini et al, 200734 -0.278 -0.453t0 -0.103  -3.121 .0018 ==
Predementia Arsenault et al, 200932 -0.138 -0.414 10 0.138 -0.981 .3267 ==
Predementia Milte et al, 201133 -0.972 -1.462to -0.482  -3.888 .0001 s ]
Predementia pooled —-0.437 -0.719t0 -0.155  -3.041 .0024 =
Overall —-0.455 —-0.631t0-0.279  -5.068 .0000 <>
—-2.00 -1.00 0.00 1.00 2.00
Controls higher Patients higher
B. DHA
Statistics
Group Study Hedges g 95% ClI ZValue P Value Hedges g and 95% CI
Dementia Conquer et al, 200035 (AD) -1.210  -1.889t0 -0.531  -3.490 .0005 ———
Dementia Conquer et al, 200035 (OD) —0.702 —1.468 to 0.064 -1.797 .0724 -
Dementia Laurin et al, 200329 0.190 -0.159 to 0.538 1.066 .2863 —rell—
Dementia Tully et al, 200331 -0.962  -1.303t0-0.622 -5.542 .0000 —l—
Dementia Boston et al, 200427 -0.270 —1.001 to 0.462 -0.723 .4699 =
Dementia Hirai et al, 200528 —0.047 —0.394 to 0.300 -0.265 7911 ——
Dementia Selley, 200736 -0.263 —0.787 to 0.262 -0.982 .3261 ———
Dementia Cherubini et al, 200734 -0.368 —-0.638 to —-0.098 —-2.675 .0075 —f—
Dementia Arsenault et al, 200932 0.103 —0.199 to 0.404 0.666 .5052 —tl—
Dementia Lopez et al, 201130 -0.185 —0.514 to 0.144 -1.105 .2693 -
Dementia pooled —0.327  -0.595t0-0.058 -2.387  .0170 =
Predementia Congquer et al, 200035 -0.911 -1.485t0 -0.337  -3.112 .0019 S
Predementia Laurin et al, 200329 0.000  -0.369 to 0.369 0.000  1.0000
Predementia Cherubini et al, 200734 -0.162 —0.337 t0 0.012 -1.823 .0683
Predementia Arsenault et al, 200932 0.100 —0.176 to 0.376 0.711 4769
Predementia Milte et al, 201133 0.029 —0.436 to 0.494 0.124 .9013
Predementia pooled —-0.128 -0.372 to 0.117 -1.023 .3062
Overall -0.218  -0.3981t0-0.037 -2.364  .0181 @
-2.00 -1.00 0.00 1.00 2.00
Controls higher Patients higher
C. Total n-3 PUFAs
Statistics
Group Study Hedges g 95% ClI ZValue P Value Hedges g and 95% CI
Dementia Conquer et al, 2000%% (AD) -1.276  -1.962to -0.591  -3.649 .0003 1
Dementia Conquer et al, 200035 (OD) -0.924  -1.706 to -0.143  -2.318 .0204
Dementia Laurin et al, 200329 0.100 —0.248 to 0.448 0.562 5739 =il
Dementia Tully et al, 200331 -0.517 -0.848t0-0.185 -3.054 .0023 i
Dementia Boston et al, 200427 -0.316 —1.049 to 0.417 —0.846 3977 -
Dementia Hirai et al, 200528 -0.449 —0.799 to —0.100 —-2.518 .0118 i
Dementia Cherubini et al, 200734 -0.371 —0.641 to -0.101 -2.697 .0070 =i
Dementia pooled -0.455  —0.727t0 -0.184 -3.287  .0010 =
Predementia Conquer et al, 200035 -1.119  -1.705t0 -0.532  -3.740 .0002 e | ]
Predementia Laurin et al, 200329 -0.058  -0.427t0 0.312 -0.306 .7595 ——
Predementia Cherubini et al, 200734 -0.157  -0.331t00.017 -1.765 .0776 24
Predementia Milte et al, 201133 -0.236 —0.703 to 0.230 —0.993 .3205 b o
Predementia pooled -0.320 -0.661 to 0.022 -1.836 .0663 <>
Overall -0.403 -0.615t0-0.190 -3.715  .0002 >
-2.00 -1.00 0.00 1.00 2.00
Controls higher Patients higher

Abbreviations: AD = Alzheimer’s disease, OD = other dementias.
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Figure 3. Forest Plots Showing Effect Sizes (Hedges g) and 95% Cls From Individual Studies and Pooled Results Comparing (A)
Arachidonic Acid, (B) Total n-6 Polyunsaturated Fatty Acid (PUFA), and (C) Ratio of Total n-3/Total n-6 PUFA Levels Between
Patients With Dementia or Predementia Syndrome and Control Subjects

A. Arachidonic Acid

Statistics
Group Study Hedges g 95% CI ZValue P Value Hedges g and 95% CI
Dementia Conquer et al, 2000% (AD) 0.397 —0.232 to 1.026 1.238 .2159 -
Dementia Conquer et al, 20003 (OD) 0.253 —0.494 to 1.000 0.663 .5073 -
Dementia Tully et al, 2003°" -0.264 —0.593 to 0.064 -1.576 1151 it
Dementia Boston et al, 200427 -0.317 —1.049 to 0.416 -0.847 .3970 -
Dementia Hirai et al, 20052 0.753 0.398 to 1.108 4.160 .0000 e
Dementia Selley, 2007% 2.255 1.585 to0 2.926 6.590 .0000 —t
Dementia Cherubini et al, 20073 -0.146 -0.416 t0 0.123 -1.063 .2878 it
Dementia pooled 0.400 -0.153 to 0.953 1.417 .1565 -
Predementia Conquer et al, 2000% 0.085 —0.463 to 0.633 0.303 .7620
Predementia Cherubini et al, 20073 0.049 —-0.125t0 0.223 0.553 .5801
Predementia Milte et al, 201133 0.718 0.239 to 1.197 2.940 .0033 —l—
Predementia pooled 0.255 -0.158 to 0.668 1.209 .2268
Overall 0.307  -0.024 to 0.637 1.816 .0693
-2.00 -1.00 0.00 1.00 2.00
Controls higher Patients higher
B. Total n-6 PUFAs
Statistics
Group Study Hedges g 95% CI ZValue P Value Hedges g and 95% CI
Dementia Conquer et al, 2000% (AD) 0.665 0.025 to 1.305 2.035 .0418 -
Dementia Conquer et al, 2000% (OD) 0.293 -0.455to0 1.041 0.768 4426 -
Dementia Laurin et al, 2003 -0.360 -0.710t0-0.009 -2.010 .0445 el
Dementia Tully et al, 2003°" -0.337  -0.666 to —0.007  —2.002 .0452 L
Dementia Boston et al, 2004%" -0.419 -1.1551t0 0.316 -1.117 .2640 =
Dementia Hirai et al, 2005% -0.559 -0.910t0-0.207 -3.116 .0018 i
Dementia Cherubini et al, 20073 -0.748 -1.019t0-0.476  -5.389 .0000 =t
Dementia pooled -0.292  -0.596 to 0.011 -1.891 .0586 <
Predementia Conquer et al, 2000%° 0.523 -0.034 to 1.080 1.842 .0655 e e ]
Predementia Laurin et al, 2003%° -0.257 -0.627t0 0.114 -1.358 1743 et
Predementia Cherubini et al, 200734 -0.001 -0.175t0 0.173 -0.012 19905
Predementia pooled 0.027 —0.296 to 0.350 0.163 .8708
Overall -0.143  —-0.364 to 0.078 -1.267 .2050
-2.00 -1.00 0.00 1.00 2.00
Controls higher Patients higher
C. Ratio of Total n-3/Total n-6 PUFAs
Statistics
Group Study Hedges g 95% CI ZValue P Value Hedges g and 95% CI
Dementia Conquer et al, 2000% (AD) -1.265 -1.950t0-0.581 -3.623 .0003
Dementia Conquer et al, 2000% (OD) —-0.901 -1.681t0-0.122 -2.266 .0235
Dementia Tully et al, 2003°" -0.121  -0.449 to 0.207 -0.725 4683 —_——
Dementia Hirai et al, 200528 0.000 —0.347 to 0.347 0.000 .0000 e !
Dementia pooled -0.479  -0.994 to 0.037 -1.820 .0687
Predementia Conquer et al, 2000%° -1.101 -1.686 to —0.516  -3.688 .0002
Predementia pooled -1.101 -1.686t0 -0.516 -3.688 .0002
Overall -0.750 -1.137t0-0.364 -3.803 .0001
-2.00 -1.00 0.00 1.00 2.00

Controls higher Patients higher

Abbreviations: AD = Alzheimer’s disease, OD = other dementias.

Finally, when we pooled patients with dementia and pre-
dementia syndrome together, the levels were significantly
lower in patients for EPA (ES=-0.46, P<.0001) (Figure 2A),
DHA (ES=-0.22, P=.018) (Figure 2B), total n-3 PUFAs
(ES=-0.40, P=.0002) (Figure 2C), and ratio of total n-3/
total n-6 PUFAs (ES=-0.75, P=.0001) (Figure 3C), but not
for AA (ES=0.31, P=.069) (Figure 3A) or total n-6 PUFAs
(ES=-0.14, P=.205) (Figure 3B). The heterogeneity tests
did not reach significant levels for meta-analysis of any of
these PUFAs (data not shown). Also, no publication bias was
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detected for meta-analysis of any of these PUFAs (see funnel
plots in Figure 4), evidenced by linear regression analysis
(EPA, P=.108; DHA, P=.205; total n-3 PUFAs, P=.052; AA,
P=.207; and total n-6 PUFAs, P=.690), except for the ratio
of total n-3/total n-6 PUFAs (P=.026).

DISCUSSION

To our knowledge, this meta-analysis is the first to dem-
onstrate PUFA abnormalities in dementia. The main finding
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Figure 4. Funnel Plots (effect sizes [Hedges g] of studies vs their precision [inverse of standard error]) Examining Publication
Bias in Studies Comparing (A) Eicosapentaenoic Acid (EPA), (B) Docosahexaenoic Acid (DHA), (C) Total n-3 Polyunsaturated
Fatty Acid (PUFA), (D) Arachidonic Acid (AA), (E) Total n-6 PUFA, and (F) Ratio of Total n-3/Total n-6 PUFA Levels Between
Patients With Dementia or Predementia Syndrome and Control Subjects?
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of this meta-analysis confirms that dementia is associated
with lower levels of total n-3 PUFAs and both major types
of n-3 PUFAs, EPA and DHA. In spite of some negative find-
ings,??%3%4041 several studies have revealed that patients
with dementia had n-3 PUFA deficit in blood,?330-31:34-36
liver,*? and brain tissues.*>** In addition, a negative asso-
ciation between intake of fish or n-3 PUFAs and the risk of
dementia or Alzheimer’s disease has been shown in epide-
miologic observations.'?~*2 Furthermore, placebo-controlled
clinical trials seem to support n-3 PUFA supplementation as
beneficial for cognitive function in subjects with MCI or mild
dementia?*?®* but not in subjects with moderate or severe
dementia.**** Our results extend the findings of these clini-
cal observational and interventional studies that n-3 PUFA
deficits play an important role in the risk of dementia.
Theories have been hypothesized about the mechanisms
of n-3 PUFA deficits in dementia. First, n-3 PUFA supple-
mentation may decrease amyloid-B deposition (a theory
supported by some animal models*>*¢), thus reducing
the consequences of amyloid- deposition, such as oxida-
tion and lipid peroxidation, glutamatergic excitotoxicity,
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inflammation, and activation of biochemical cascades
underlying apoptotic cell death.! Second, the association
may result from the microvascular protective effects of
n-3 PUFAs.#”% EPA or DHA may exert antithrombotic
properties via inhibition of platelet aggregation and fur-
ther increased blood flow and supply of nutrients, as well
as increased removal of toxic metabolites and proteins from
the brain.*® Third, n-3 PUFAs are anti-inflammatory by way
of inhibiting production of AA-derived proinflammatory
eicosanoids.”! For example, a new family of EPA- and DHA-
derived lipid mediators, resolvins, has been reported to have
potent anti-inflammatory and inflammation-resolving
properties.>?

The second main finding of this meta-analysis is that
subjects with predementia syndrome had significantly
lower levels of EPA, but not DHA or total n-3 PUFAs.
Selectively lower levels of EPA, rather than DHA, in pre-
dementia patients may have a specific biological meaning.
Specifically, DHA is a major structural component of phos-
pholipids in neuronal cell membranes, while EPA is present
in a very small amount in neuronal cell membranes.>® It
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has been proposed that DHA is the important n-3 PUFA
in brain functioning.!*!>>*% In subjects with predementia
syndrome, the cognitive impairment is not as severe as in
dementia. Therefore, the deficit of DHA might not be pro-
found enough to be detectable. EPA, on the other hand, is
important in balancing inflammatory and microcirculatory
dysfunctionings,”"*® which are all risk factors contributing
to dementia.>">”-%8 Interestingly, our meta-analysis was able
to demonstrate that EPA is already lower in predementia
syndrome, supporting the concept that low EPA might act
as a risk factor for development of dementia.

Previous work examining DHA and EPA treatment of
major depression has found mixed results with regard to
whether the ratio of total n-3/total n-6 PUFAs may be asso-
ciated with antidepressant response.’®% A lower ratio of
total n-3/total n-6 PUFAs has also been found to be associ-
ated with risk of dementia.® In addition, a specific total n-3/
total n-6 PUFA ratio has been suggested to be the most
effective in learning performance.®! Although the ratio of
total n-3/total n-6 PUFAs was significantly lower in patients
when we pooled dementia and predementia syndrome
studies together in our meta-analysis, the role of total n-3/
total n-6 PUFA ratio in dementia needs more investigation
considering that only 3 studies®®**® in our analysis reported
the ratio of total n-3/total n-6 PUFAs. Higher AA and n-6
PUFA levels have been reported to be associated with cog-
nitive decline,*%* cognitive impairment,* and dementia.’
However, this meta-analysis did not detect any significant
difference in levels of AA or n-6 PUFAs. Considering that
the relationship between blood levels (erythrocyte or plasma)
and brain levels is less correlated for AA and n-6 PUFAs than
for n-3 PUFAs,*% the negative findings from this present
meta-analysis should be interpreted with caution.

There are some limitations. First, the diagnoses and defi-
nitions for dementia and predementia syndrome for this
meta-analysis were different across pooled studies. Demen-
tia is heterogeneous. Individuals with clinical or subclinical
cognitive impairments could have distinguishable pheno-
types and etiologies. However, the 10 articles meeting our
study criteria for the current meta-analysis either did not
provide or provided insufficient subtyping information for
predementia and dementia. There would be a significant
loss of statistical power to carry out our meta-analysis by
stratifying subtypes of dementia. Although we applied more
conservative approaches (ie, a random-effects model) for the
analyses, one should still interpret the results with consid-
eration of the heterogeneity of studies. Second, PUFA levels
from the pooled studies were not directly from central ner-
vous system tissues; hence, these results could not be applied
to brain PUFA levels. Nonetheless, n-3 PUFA levels from
peripheral blood tissues of red blood cells and plasma might
strongly reflect brain levels of n-3 PUFAs in mammals.®*¢7
For example, in a study® that gave piglets assigned diets
and measured PUFA levels in tissues from blood plasma,
erythrocytes, liver, muscle, adipose tissue, retina, and brain,
the levels of EPA and DHA in both plasma and erythrocytes
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were highly correlated to the levels in brain tissue. Spe-
cifically, the coeftficients (1) of EPA and DHA in plasma in
correlation with brain tissue were 0.78 (P<.001) and 0.80
(P<.001), respectively. Meanwhile, the r values of EPA and
DHA in erythrocyte in correlation with brain tissue were
0.78 (P<.001) and 0.80 (P<.001), respectively.* Although
data from human subjects are not yet available, similar find-
ings of high brain-plasma-erythrocyte correlations of EPA
and DHA have been reported in rhesus monkeys® and rats.®’
Third, we combined the different blood measurements for
fatty acid levels together. Although the levels of n-3 and
n-6 PUFA levels are highly correlated in peripheral blood
plasma and erythrocyte, the reliability of combining plasma
and erythrocyte levels of PUFAs is uncertain. In this study
and in our previous meta-analytic review of PUFA composi-
tions in depression,'> we expect that the use of “percentage”
(individual PUFAs from the obtained tissues) as the unit of
measure might have offered better reliability in combining
PUFA concentration for data analysis.®” Fourth, only 10
articles met study criteria from a total of 88 relevant articles
in the literature. The results from the current meta-analysis
should be interpreted with caution regarding its represent-
ability. Finally, as with all retrospective case-control studies,
the association that was found does not necessarily mean
that lower n-3 PUFA levels are involved in the predisposi-
tion to cognitive impairment. For instance, it is possible that
lower EPA levels in patients with dementia and predementia
syndromes reflect an effect of the disease on dietary intake.
Therapeutic trials to study the symptomatic and presymp-
tomatic stages of the disorder are needed to clarify this
issue further.

Our current analysis might have important clinical impli-
cations. Patients with dementia have lower levels of total n-3
PUFAs, EPA, and DHA—findings that support an important
role of n-3 PUFAs in dementia. Since only EPA is lower in
patients with predementia, EPA might be a potential bio-
marker and a candidate preventive treatment for populations
at risk for dementia. Further investigations are highly rec-
ommended for the possible use of n-3 PUFAs in subtyping
predementia and dementia and for determining the biologi-
cal mechanisms of the effects of EPA or DHA in human and
animal models with dementia or predementia syndrome.
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