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Red blood cell omega-3 fatty acid levels

and markers of accelerated brain aging

ABSTRACT

Objective: Higher dietary intake and circulating levels of docosahexaenoic acid (DHA) and eicosa-
pentaenoic acid (EPA) have been related to a reduced risk for dementia, but the pathways under-
lying this association remain unclear. We examined the cross-sectional relation of red blood cell
(RBC) fatty acid levels to subclinical imaging and cognitive markers of dementia risk in a middle-
aged to elderly community-based cohort.

Methods: We related RBC DHA and EPA levels in dementia-free Framingham Study participants
(n=1,575; 854 women, age 67 = 9 years) to performance on cognitive tests and to volumetric
brain MRI, with serial adjustments for age, sex, and education (model A, primary model), addition-
ally for APOE €4 and plasma homocysteine (model B), and also for physical activity and body mass
index (model C), or for traditional vascular risk factors (model D).

Results: Participants with RBC DHA levels in the lowest quartile (Q1) when compared to others
(Q2-4) had lower total brain and greater white matter hyperintensity volumes (for model A: g +
SE=-049+0.19;p=0.009,and 0.12 + 0.06; p = 0.049, respectively) with persistence of
the association with total brain volume in multivariable analyses. Participants with lower DHA and
-3 index (RBC DHA+EPA) levels (Q1 vs Q2-4) also had lower scores on tests of visual memory
(B+SE=-0.47 = 0.18; p = 0.008), executive function (8 = SE = —0.07 = 0.03; p = 0.004),
and abstract thinking (8 + SE = —0.52 = 0.18; p = 0.004) in model A, the results remaining
significant in all models.

Conclusion: Lower RBC DHA levels are associated with smaller brain volumes and a “vascular” pat-
tern of cognitive impairment even in persons free of clinical dementia. Neurology® 2012;78:658-664

GLOSSARY

AD = Alzheimer disease; BMI = body mass index; DHA = docosahexaenoic acid; DM = diabetes mellitus; EPA = eicosapen-
taenoic acid; LM-d = delayed recall components of the Logical Memory test; NP = neuropsychological; PAl = physical activity
index; PUFA = polyunsaturated fatty acid; RBC = red blood cell; SBP = systolic blood pressure; SCI = silent cerebral infarct;
SIM = Similarities test; TCBV = total cerebral brain volume; THV = temporal horn volume; VR-d = delayed recall component
of the Visual Reproductions test; WMHV = white matter hyperintensity volume.

Higher fish intake has been associated with a reduced risk of cardiovascular mortality? and
stroke.> While several large epidemiologic studies®have shown an association between the
estimated intake of fatty fish and a lower risk for dementia, some other investigations have
failed to confirm such a protective association.® One possible reason for these inconsistent
results is the limited ability of dietary recall surveys and food frequency questionnaires to
quantify blood levels of fatty acids.”®

In the Framingham original cohort, participants in the top quartile of plasma phosphatidyl-
choline docosahexaenoic acid (DHA) levels had 37% and 47% lower risks of Alzheimer disease
(AD) and all-cause dementia, respectively.” Red blood cell (RBC) fatty acid composition re-
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flects dietary fatty acid intake averaged over
the RBC lifespan of up to 120 days, whereas
plasma concentrations reflect intake over only
the last few days.!® Further RBC membrane
omega-3 fatty acid composition is more bio-
logically stable than plasma concentrations,!!
and has been shown to be highly correlated
with omega-3 fatty acid concentrations in tis-
sues such as the heart.!? However, to our
knowledge, no prior study has related RBC
fatty acid composition to subclinical markers
of future dementia.

The middle-aged Framingham Offspring co-
hort has been evaluated for subclinical markers
of risk for dementia by brain MRI and cognitive
(neuropsychological [NP]) tests. We related
RBC omega-3 fatty acid levels to recognized
MRI and cognitive markers of subclinical AD
and vascular pathology and of risk for dementia
in a large, community-based sample.

METHODS Study sample. Framingham Offspring Study
participants who attended offspring core examination 8 (be-
tween March 2005 and January 2008) had blood drawn for mea-
surement of RBC fatty acid composition and were also invited to
undergo brain MRI studies and a NP assessment at a subsequent
call-back examination, typically about 3 months after the core
Framingham Heart Study examination. Of 3,021 participants
who attended the eighth Offspring examination, 2,900 had RBC
fatty acid measurements, and of these, 1,664 had NP data. Per-
sons with a contraindication to brain MRI (such as claustropho-
bia or a pacemaker) were excluded. A total of 36 participants
were excluded for neurologic conditions that could affect MRI
measurement (e.g., multiple sclerosis, brain tumor), 47 for prev-
alent stroke, and 6 for prevalent dementia, yielding our study
sample of n = 1,575 (854 women, mean age 67 * 9 years). The
MRI and NP testing were performed on the same day for most
participants, and in all cases, by evaluators blind to the RBC
fatty acid data.

Standard protocol approvals, registrations, and partic-
ipant consents. Data were obtained under a protocol ap-
proved by the Human Subjects Institutional Review Board of
the Boston University School of Medicine. Written informed

consent was obtained from all participants.

Brain MRI study. Image acquisition. The methods followed
for brain MRI have previously been described.!*'* MRI measures
assessed consisted of total cerebral brain volume (TCBV), tem-
poral horn volume (THYV, inversely related to hippocampal vol-
ume), white matter hyperintensity volume (WMHYV), and silent
cerebral infarcts (SCI). Brain volume was determined by manual
outlining in coronal images of the intracranial vault above the
tentorium to determine the total cranial volume as a function of
head size. Once the skull and other nonbrain tissues were re-
moved from the image, mathematical modeling was performed
to determine total parenchymal brain volume above the tento-
rium (cerebral). Hippocampal volume was estimated using

THYV; since the medial wall of the temporal horn is comprised of

the hippocampus, atrophy of the hippocampus will result in en-
largement of the THV. Both TCBV and THV were calculated as
ratios over total intracranial volume. WMHYV was measured ac-
cording to previously published methods” and expressed as a
proportion of total intracranial volume, and log-transformed to
normalize its distribution. The presence or absence of an SCI
was determined manually by the operator, based on the size (=3
mm), location, and imaging characteristics of the lesion. MRI
infarcts were classified as SCIs if the person had not had a clini-
cally documented stroke at any time before MRI. The inter-rater

reliability for these measures has been previously reported.!®

Cognitive evaluation. The NP battery has been previously
described.!”” From this battery we selected 3 tests that represent
cognitive domains previously associated with an increased risk of
developing AD in the original cohort'®: the delayed recall com-
ponents of the Logical Memory test (LM-d) assessing verbal
memory, the delayed recall component of the Visual Reproduc-
tions test (VR-d) assessing visuospatial memory, and the Similar-
ities test (SIM) which measures abstract reasoning skills, and a
fourth test (Trails B) which is a marker of attention and execu-
tive function and has been associated with vascular brain injury.
Poorer performance on VR-d and SIM tests has also been associ-

ated with presence of vascular risk factors."

RBC fatty acid analysis. RBCs were isolated from blood
drawn after a 10- to 12-hour fast and frozen at —80°C immedi-
ately after collection. RBC fatty acid composition was analyzed
according to the HS-Omega-3 index® methodology.” Briefly,
fatty acid methyl esters were generated from RBCs by acid transes-
terification with boron trifluoride and analyzed by gas chromatogra-
phy using a GC2010 Gas Chromatograph (Shimadzu Corporation,
Columbia, MD) equipped with a SP2560, 100-m column (Su-
pelco, Bellefonte, PA). Fatty acids were identified by comparison
with a standard mixture of fatty acids characteristic of RBCs. After
response factor correction, results were calculated as a percentage of
total identified fatty acids (as membrane fatty acid composition is
typically reported). From these values we derived the omega-3 index
(RBC EPA and DHA expressed as weight percentage of total fatty
acids).?! In our study population, on average DHA consisted of
87.4% of the sum DHA+EPA. The interassay coefficient of varia-
tion was 4.9% for both EPA and DHA.

Statistical analyses. Although multiple RBC fatty acids were
measured, we made an a priori decision to examine the associa-
tions of only RBC DHA and omega-3 index (independent vari-
ables) to the phenotypes described above (dependent variables)
since these fatty acids had been previously associated with the
risk of dementia. We used linear regression for the continuous
phenotypes and logistic regression for the dichotomous pheno-
types. We constructed multivariable regression models initially
adjusting for age, sex, time interval between date of blood draw
for measurement of fatty acids and date of brain MRI, and edu-
cation (for cognitive measures) (model A). Of note, we adjusted
for the time interval between the baseline examination when
blood was drawn for RBC omega-3 fatty acid measurement and
the date of MRI/NP testing since values of the covariates were
more likely to have changed during this time interval if the inter-
val was longer. For each phenotype, we first examined the linear
effect of a 1 SD unit increase in RBC DHA, and also explored
threshold models comparing the lowest quartiles of RBC DHA
(Q1) to the combined group of the upper 3 quartiles (Q2-4).
We then added additional covariates in sequential models; we
adjusted for APOE €4 allele status and homocysteine levels
(model B), then also for body mass index (BMI) and physical
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Table 1 Characteristics of participants at
examination 8 (2005-2008)

Characteristic Value

No. %575
Age, y, mean = SD 67 +9
Women, % 54

High school degree, %? 26
Current cigarette smoking, % 8
Systolic blood pressure, mm Hg, 128 +17
mean = SD

APOE4, % 23

Log plasma homocysteine, umol/L, 2.05+0.29
mean = SD

Total cholesterol, mg/dL, mean + SD 186 + 37
Prevalent CVD, % 12
Diabetes, % 13

Atrial fibrillation, % 5
Physical activity index, mean = SD 35+6
Body mass index, mean = SD 28+5

Time interval exam 8 to MRI, y, mean = SD 0.29 = 0.82

Time interval exam 8 to cognitive exam, 0.29 = 0.84
y, mean = SD

RBC omega-3 PUFA content (% of total

RBC fatty acids)
DHA
25th percentile 3.9
Median 4.7
75th percentile 5.7

DHA + EPA (omega-3 index)

25th percentile 4.4
Median 5.3
75th percentile 6.5

Abbreviations: CVD = cerebrovascular disease; DHA =
docosahexaenoic acid; EPA = eicosapentaenoic acid; PUFA =
polyunsaturated fatty acid; RBC = red blood cell.

2 High school education or above.

activity index (PAI)* (model C), or for all traditional vascular
risk factors diabetes mellitus (DM), systolic blood pressure
(SBP), cigarette smoking, atrial fibrillation, prevalent cerebrovas-
cular disease, and total cholesterol (model D). We chose model A
as the primary analysis since we wished to screen for a possible
association with lower tissue omega-3 fatty acid levels regardless
of whether or not this association was partly mediated through
vascular risk factors.” All analyses were performed using SAS

version 9.2 (SAS Institute Inc, Cary, NC).

RESULTS Results are illustrated in tables e-1 and e-2
on the Neurology®™ Web site at www.neurology.org. The
baseline characteristics of the participants are presented
in table 1, and characteristics stratified by baseline DHA
and EPA levels are presented in table e-1.

Association of RBC DHA with MRI measures of brain
aging. Results are presented in table 2. RBC DHA

was not linearly related to any of the brain MRI mea-
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sures examined. However, there was a threshold ef-
fect, and comparing persons with RBC DHA levels
in the lowest quartile to persons with a level in higher
quartiles (Q2—4) using model A we observed a sig-
nificantly lower TCBV. Additional adjustment for
APOE €4 and homocysteine (model B), BMI and
PAI (model C), and for the factors associated with an
increased risk of stroke, including cigarette smoking,
which was more prevalent in Q1 than in Q2-4, did
not attenuate this association (model D). Partici-
pants with Q1 of RBC DHA (<3.9%) had greater
WMHV  compared to participants in Q2-4
(>3.9%) in model A; this association was borderline
significant in models B and C but became statisti-
cally nonsignificant after adjusting for vascular risk
factors (models D). No statistically significant associ-
ations were observed between RBC DHA and THV
or SCI in any of the models. Analyses using the
omega-3 index yielded similar results: there was no
linear relation to any of the brain MRI measures but
low values (Q1 vs Q2-4; below vs above 4.4%) were
inversely associated with TCBV in all 4 models and
positively associated with WMHYV in model A. Sim-
ilar to findings for DHA levels alone, there were no
statistically significant associations observed between

omega-3 index and THV or SCL

Association of RBC DHA with cognitive measures of
brain aging. Results are presented in table 3. RBC
DHA levels showed a continuous positive association
with performance in tests of visual memory (VR-d),
executive function (Trails B), and abstract thinking
(SIM), respectively. Similar results were found with
omega-3 index and NP test performance. There were
no statistically significant relationships between RBC
DHA or omega-3 index and performance on verbal
memory (LM-d). Adjusting for covariates in all mod-
els did not alter the association between abstract
thinking and DHA or omega-3 index, while the ob-
servations for visual memory and executive function
were diminished in model D. Participants in the low-
est quartile (Q1) of DHA levels performed more
poorly on tests of visual memory, executive function,
and abstract thinking compared to participants in the
higher quartiles (Q2—4). This relationship remained
significant in all 4 models. In contrast, we found no
relationship between verbal memory and either
DHA or omega-3 index in any of the models.

DISCUSSION In this cohort study, we found that
lower levels of RBC DHA and EPA in late middle
age were associated with markers of accelerated struc-
tural and cognitive aging. The MRI finding of lower
brain volume represents a change equivalent to ap-
proximately 2 years of structural brain aging. These

findings extend the observations of the Cardiovascu-
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Table 2

Total cerebral brain

White matter
hyperintensity

Temporal horn
volume

Association of RBC membrane levels of the omega-3 fatty acids, DHA, and EPA (as a percent of
total RBC fatty acids) with MRl measures of brain aging®

Silent cerebral

infarct (presence of

MRI measure volume (percent) volume (logWMHV) (logTHV) one or more)
Mean + SD 78.98 + 3.85 0.18 +0.33 0.07 + 0.06 14%
Results B = SE B = SE p=SE OR (95% CI)
RBC DHA (per SD unit)
Model A 0.13+0.08 —0.05 = 0.03 —-0.01 = 0.02 1.00(0.85-1.18)
p=0127 p =0.061 p=0746 p=0.984
Model B 0.12 = 0.09 —-0.05 + 0.03 —0.01 = 0.02 1.02(0.87-1.20)
p=0.148 p=0.051 p=0.794 p =0.789
Model C 0.11 = 0.09 -0.06 = 0.03 —0.00 = 0.02 1.01(0.86-1.18)
p=0211 p = 0.045° p = 0.884 p=0.943
Model D 0.10 + 0.09 —0.05 = 0.03 —-0.00 = 0.02 1.01 (0.86-1.20)
p=0271 p =0.086 p=0995 p=0.881
RBC DHA (Q1 vs Q2-4)
Model A -0.49 = 0.19 0.12 + 0.06 0.05 +0.05 0.99(0.68-1.44)
p = 0.009° p = 0.049° p=0348 p=0.959
Model B -0.49 £ 0.19 0.12 = 0.06 0.04 = 0.05 0.97(0.67-1.40)
p=0.011° p = 0.053 p=0.421 p= 0852
Model C -0.48 = 0.19 0.12 = 0.06 0.04 = 0.04 0.98(0.68-1.43)
p=0.013° p=0.057 p = 0.396 p=0.923
Model D -0.45+0.19 0.10 + 0.06 0.03 +0.05 0.96 (0.66-1.40)
p =0.019° p=0.102 p=0595 p= 0.836
RBC DHA + EPA (per SD unit)
Model A 0.12 +0.08 —0.05 = 0.03 —-0.01 = 0.02 1.01(0.86-1.18)
p=0.145 p =0.097 p=0.800 p=0.920
Model B 0.12 = 0.09 —-0.05 = 0.03 —-0.004 = 0.02 1.03(0.88-1.21)
p=0.163 p=0.077 p =0.849 p=0.723
Model C 0.10 = 0.09 -0.05 = 0.03 —0.001 = 0.02 1.01(0.86-1.19)
p=0.243 p=0.066 p=0.948 p=0.888
Model D 0.09 + 0.09 —0.05 = 0.03 0.001 +0.02 1.02(0.87-1.21)
p=0.283 p=0111 p=0969 p=0.798
RBC DHA + EPA (Q1 vs Q2-4)
Model A -0.53+0.18 0.12 + 0.06 0.03 +0.05 1.01(0.70-1.46)
p = 0.005° p = 0.0445 p=0540 p=0.957
Model B -0.54 £ 0.19 0.12 = 0.06 0.02 = 0.05 1.00(0.69-1.45)
p = 0.005° p =0.062 p=0.621 p =0.998
Model C -0.51 = 0.19 0.12 = 0.06 0.03 = 0.05 1.02(0.71-1.48)
p = 0.008° p=0.064 p=0.611 p=0.910
Model D -0.49 = 0.19 0.11 + 0.06 0.01 +0.05 (0.68-1.45)
p =0.011° p =0.097 p=0817 p=0.980

Abbreviations: Cl = confidence interval; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid; OR = odds ratio;
RBC = red blood cell.

2 Model A: adjusted for age, sex, and time interval. Model B: model A with additional adjustment for APOE4 and homocys-
teine. Model C: model B with additional adjustment for physical activity index and body mass index. Model D: model B with
additional adjustment for diabetes mellitus, systolic blood pressure, smoking, atrial fibrillation, prevalent cardiovascular
disease, and total cholesterol. Higher white matter hyperintensity and temporal horn volumes and lower total brain volume
are correlated with the presence of vascular risk factors.

b Significant.
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Table 3

Association of RBC membrane levels of the omega-3 fatty

acids, DHA, and EPA (as a percent of total RBC fatty acids) with
cognitive performance

Mean + SD
Results

RBC DHA
(per SD unit)

Model A

Model B

Model C

Model D

RBC DHA
(Q1 vs Q2-4)

Model A

Model B

Model C

Model D

RBC DHA + EPA

(per SD Unit)
Model A

Model B

Model C

Model D

RBC DHA + EPA

(Q1 vs Q2-4)
Model A

Model B

Model C

Model D

Logical
Memory-
delayed
11.31 +3.90

B+ SE

0.11 + 0.09
p=0242
012 +0.10
p=0232
0.13 +0.10
p=0179
0.11 +0.10
p=0.258

-018 =022
p=0.394
-021+022
p=0.334
-022 022
p=0.324
-022 =022
p=0312

0.10 + 0.09
p=0.268
0.11 +0.10
p=0.250
0.13 +0.10
p=0.180
0.11 +0.10
p=0.282

-0.14 £ 0.22
p =0.526
-0.16 = 0.22
p=0.462
-017 =0.22
p =0.427
-0.15+0.22
p =0.489

Visual
Reproductions-
delayed

8.13 = 3.40

B = SE

0.17 +0.08

p = 0.026°
0.18 +0.08

p = 0.026°
0.18 + 0.08

p = 0.024P
0.14 +0.08

p=0.079

-0.47 +0.18

p = 0.008°
-0.44 +0.18

p =0.014°
—-0.44 +0.18

p = 0.015°
-0.37+0.18

p = 0.044"

0.15 + 0.08

p = 0.048°
0.15 = 0.08

p = 0.055
0.16 + 0.08

p = 0.050
0.12 + 0.08

p=0139

~0.45+0.18
p=0011
~0.44+018
p=0.016
-0.44+018
p=0.016
-0.34+018
p = 0.060

Trails B
(logTrB)

163 +1.30
B = SE

0.03 +0.01

p = 0.025b

0.02 +0.01

p = 0.038P

0.02 = 0.01

p = 0.046P

0.02 +0.01

p=0.108

-0.07 £ 0.03

p = 0.004°

-0.08 = 0.03

p = 0.005P

-0.07 £ 0.03

p = 0.006P

-0.06 = 0.03

p = 0.019°

0.02 +0.01

p=0.055

0.02 +0.01

p=0.081

0.02 =0.01

p=0.096

0.02 +0.01

p=0.183

-0.09 +0.03

p < 0.001

—-0.09 = 0.03

p =0.001

-0.09 = 0.03

p=0.001

-0.08 = 0.03

p =0.004

Similarities
17.12 = 3.55
B = SE

0.26 = 0.08

p =0.001P
0.26 = 0.08

p = 0.002°
0.25 + 0.08

p = 0.002°
0.27 = 0.08

p =0.001P

-0.52+0.18

p = 0.004
-0.52 +0.19

p = 0.006°
-0.51 +0.19

p =0.007°
-0.52+0.19

p = 0.006°

0.26 + 0.08

p < 0.001°
0.27 = 0.08

p = 0.001°
0.26 + 0.08

p = 0.002°
0.28 + 0.08

p < 0.001P

-0.60 = 0.18
p=0.001
-0.62 +0.19
p <0.001
-0.61 =0.19
p = 0.001
-0.65 = 0.19
p <0.001

Abbreviations: Cl = confidence interval; DHA = docosahexaenoic acid; EPA = eicosapenta-
enoic acid; OR = odds ratio; RBC = red blood cell.
2 Model A: Adjusted for age, sex, time interval, and education. Model B: model A with addi-
tional adjustment for APOE4 and homocysteine. Model C: model B with additional adjust-
ment for physical activity index and body mass index. Model D: model B with additional
adjustment for diabetes mellitus, systolic blood pressure, smoking, atrial fibrillation, preva-
lent cardiovascular disease, and total cholesterol.

b Significant.
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lar Health Study, which found that the consumption
of fish at least 3 times a week based on dietary ques-
tionnaires was associated with a lower risk of subclin-
ical vascular brain abnormalities.?* Fatty acids are
integral components of biological membranes, and
influence membrane fluidity, ion transport, and
other functions.?” The neuronal cell membrane is no
exception; the CNS has the highest concentration of
phospholipids in the body. Long-chain omega-3
polyunsaturated fatty acids (PUFA) are abundant in
the brain, particularly the omega-3 PUFA DHA and
the n-6 PUFA arachidonic acid, both essential fatty
acids that are very inefficiently synthesized from
shorter-chain dietary precursor (a-linolenic acid and

26 and are best obtained

linoleic acid, respectively),
preformed from the diet. Measurement of RBC fatty
acid composition is a reliable biological indicator of
dietary intake of omega-3 PUFAs. A longitudinal
study relating RBC PUFA levels with cognitive per-
formance showed that lower concentrations of
omega-3 PUFA were associated with a higher risk of
cognitive decline in an elderly French cohort fol-
lowed for 4 years.?” Dietary intake of fatty fish is the
main source of the omega-3 PUFAs DHA and EPA,
and thus although the results of population-based
studies are not all in accord, increased fish consump-
tion has been shown by the majority of studies pub-
lished to date to lower the risk of dementia and
cognitive decline.?® These findings are particularly
interesting when considered along with evidence that
biosynthesis of EPA and DHA from their precursor
a-linolenic acid appears to decrease with age.” A re-
cent clinical trial found that daily supplementation
with DHA in older adults for 24 weeks improved
learning and memory function,® but another trial
with DHA supplementation in persons with mild to
moderate AD failed to show attenuation of rates of
cognitive and functional decline and brain atrophy.?!
In a 6-month study?®? with DHA and EPA in subjects
with mild to moderate AD, there was no overall de-
lay the rate of cognitive decline, but a subanalysis in
subjects with very mild AD showed a positive effect,
suggesting that the protective effect of omega-3
PUFAs might occur during the earliest stages of
cognitive decline.

The biological mechanisms through which
omega-3 PUFAs might exert beneficial effects on the
brain can be broadly divided into vascular and non-
vascular pathways. DHA and EPA exert several fa-
vorable effects on the vasculature, including blood
pressure reduction,® lowering the risk of thrombo-
sis,** reducing inflammation,* and lowering serum
triglyceride levels.*® Since vascular risk factors, cere-
bral atherosclerosis, and stroke have been associated

with a higher risk of incident dementia,” omega-3



PUFAs may delay cognitive and structural brain ag-
ing by some combination of these mechanisms. The
omega-3 PUFA composition of both lipid rafts and
caveolae is known to influence membrane function
and the activities of membrane-bound proteins,*
suggesting another potential mechanism of action.
Other roles of omega-3 PUFAs may be more directly
linked to the neurodegenerative pathogenesis of AD,
including reduction of amyloid-B production, syn-
aptic protection by reducing neuroinflammation and
oxidative damage, by increasing levels of brain-
derived neurotrophic factor, and through reduction
of potentially excitotoxic arachidonic acid (omega-6)
levels.** Our findings of an association of RBC DHA
and EPA levels with total cerebral brain volume and
white matter hyperintensity volume but not with a
surrogate marker of hippocampal volume, and its as-
sociation with NP measures linked to vascular cogni-
tive impairment (visual memory, executive function,
abstract thinking), suggest that at least in the ecarly
preclinical phases, the underlying pathologic mecha-
nisms may be more vascular than neurodegenerative.

The strengths of the current investigation are the
focus on middle-aged to elderly subjects who were
free of clinical stroke and dementia, the simultaneous
availability of both structural and cognitive measures,
and the use of a reliable biological measure of
omega-3 fatty acid levels. Nonetheless, there are sev-
eral limitations. Given that the variables used were
measured during the most recent examination cycle,
there were no subsequent brain MRI and NP data
available to measure rates of change in both struc-
tural brain volume and cognitive performance mea-
sures. In other words, the cross-sectional design of
the study precluded examination of the relationship
between RBC omega-3 PUFA levels and the devel-
opment of clinical dementia. In addition, the primar-
ily Caucasian makeup of the Framingham offspring
cohort may limit the generalizability of our findings
to this racial/ethnic group. The association be-
tween lower RBC omega-3 fatty acid levels and
markers of accelerated cognitive and structural
brain aging observed here should be confirmed in
other populations and extended in the future to

include dementia outcomes.
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