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ABSTRACT

Objective: The widely reported associations between various nutrients and cognition may occur
through many biologic pathways including those of �-amyloid (A�). However, little is known about
the possible associations of dietary factors with plasma A�40 or A�42. The aim of the current
study was to evaluate the association between nutrient intake and plasma A� levels.

Methods: In this cross-sectional study, plasma A�40 and A�42 and dietary data were obtained
from 1,219 cognitively healthy elderly (age �65 years), who were participants in a community-
based multiethnic cohort. Information on dietary intake was obtained 1.2 years, on average, be-
fore A� assay. The associations of plasma A�40 and A�42 levels and dietary intake of 10
nutrients were examined using linear regression models, adjusted for age, gender, ethnicity, edu-
cation, caloric intake, apolipoprotein E genotype, and recruitment wave. Nutrients examined in-
cluded saturated fatty acid, monounsaturated fatty acid, �-3 polyunsaturated fatty acid (PUFA),
�-6 PUFA, vitamin E, vitamin C, �-carotene, vitamin B12, folate, and vitamin D.

Results: In unadjusted models that simultaneously included all nutrients, higher intake of �-3
PUFA was associated with lower levels of A�40 (� � �24.7, p � 0.001) and lower levels of A�42
(� � �12.3, p � 0.001). In adjusted models, �-3 PUFA remained a strong predictor of A�42 (� �

�7.31, p � 0.02), whereas its association with A�40 was attenuated (� � �11.96, p � 0.06).
Other nutrients were not associated with plasma A� levels.

Conclusions: Our data suggest that higher dietary intake of �-3 PUFA is associated with lower
plasma levels of A�42, a profile linked with reduced risk of incident AD and slower cognitive
decline in our cohort. Neurology® 2012;78:1832–1840

GLOSSARY
A� � �-amyloid; AD � Alzheimer disease; DHA � docosahexaenoic acid; MCI � mild cognitive impairment; MUFA � monoun-
saturated fatty acid; PUFA � polyunsaturated fatty acid; SFA � saturated fatty acid; SFFQ � semiquantitative food fre-
quency questionnaire; WHICAP � Washington Heights/Hamilton Heights Columbia Aging Project.

There is increasing evidence to suggest that diet may play an important role in preventing or
delaying the onset of Alzheimer disease (AD).1 We have previously reported that a
Mediterranean-type diet and a dietary pattern explaining the maximum variation of 7 AD-
related nutrients were associated with lower risk of prevalent AD, incident AD, incident mild
cognitive impairment (MCI), or MCI conversion to AD2–5 in a New York population. How-
ever, the potential biologic mechanisms for the relation between diet and AD have not been
well addressed.

One important pathologic hallmark of AD is �-amyloid (A�) peptide (mainly A�40 and
A�42) deposition in the brain, resulting in formation of plaques. Although the brain burden of
A� has been considered to be the most direct marker of AD pathology and has been well
associated with clinical manifestations of AD severity, it is not easy or practical to measure in
epidemiologic studies. In contrast, plasma A� is relatively easy to obtain and minimally inva-
sive. In addition, it has been suggested that a dynamic equilibrium between central and periph-
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eral pools of A� might exist; thus, the changes
in A�42 content in blood over a longer period
of time may reflect A� deposition in the
brain.6 Several large-scale studies have found
that plasma levels of A� peptides have predic-
tive value for AD or cognitive decline.7–12

In the present study, we aimed to examine
whether dietary intake of nutrients was associ-
ated with plasma A� levels in a cross-sectional
analysis of an elderly (65 years or older) New
York population.

METHODS Study design. We performed a cross-sectional
study to examine the association between dietary intake of nutri-
ents and plasma A� levels.

Study setting and participants. Washington Heights/Ham-
ilton Heights Columbia Aging Project (WHICAP) is a large-
scale community-based project with the aim of understanding
the antecedents, biologic risk factors, genetics, and course of cog-
nitive aging and dementia. Participants in the cohort were iden-
tified from a probability sample of Medicare beneficiaries aged
65 or older, residing in northern Manhattan,2–4 stratified by age
and ethnicity.

The initial sample for this study included 2,778 participants of
the WHICAP-II cohort, which represents a combination of con-
tinuing members of the subcohort originally recruited in 1992 (n �

604) and members of a new subcohort recruited in 1999 (n �

2,174). Both subcohorts used similar sampling, assessments and
study procedures.2,3 In brief, at entry, a physician elicited each par-
ticipant’s medical and neurologic history and conducted a standard-
ized physical and neurologic examination. Each participant also
underwent a structured in-person interview including an assessment
of health and function and a neuropsychological battery.13 Partici-
pants were followed at intervals of approximately 1.5 years, repeat-
ing the baseline examination and consensus diagnosis.2,3 The
diagnosis of any type of dementia or its absence was based on stan-
dard research criteria14 and was established using all available infor-
mation including medical records gathered at the initial and
follow-up assessments at a consensus conference of physicians, neu-
rologists, neuropsychologists, and psychiatrists. The diagnosis was
made blind to diet information.

Because dementia itself may affect participants’ dietary habits or
participants’ report of dietary habits, we excluded participants with
prevalent dementia (n � 345) from the initial study sample of
2,778. We further excluded participants with no dietary assessments
(n � 189). An additional 1,025 participants were excluded from the
analysis because their A� levels were not measured. Thus, the ana-
lytic sample for the current study included a total of 1,219 nonde-
mented participants with available dietary evaluations and A� levels,
representing a subset (approximately half) of the study population
used in our previous studies.2,3,5

Standard protocol approvals, registrations, and patient
consents. The Columbia University Institutional Review
Board has reviewed and approved this project. All individuals
provided written informed consent.

Outcome variable: plasma A�40 and A�42. Details on
methods of A� measurements have been previously reported by
our group.7,9,10,15 In brief, a 10-mL sample of venous blood (tri-
potassium EDTA) was collected at baseline after standard han-

dling procedures. Plasma samples had since been stored, within 2
hours after collection, at �70°C. Laboratory personnel were
blinded to the cognitive status of the samples. Plasma levels of
A�40 and A�42 were measured in duplicate by using a combi-
nation of monoclonal antibody 6E10 (specific to an epitope
present on 1�16 amino acid residues of A�) and rabbit antisera
R165 (vs A�42) and R162 (vs A�40) in a double-antibody sand-
wich ELISA as described previously.7,9 The detection limit for
these assays was 9 pg/mL for A�40 and 10 pg/mL for A�42. All
the samples of the same recruitment wave (which is controlled
for in the analysis) were tested in a single day, limiting the day-
to-day variation of our assays. The mean of the within-assay
coefficient of variation was 4.6% for A�40 and 9.3% for A�42.
The test-retest reliability of the measurement of plasma A�40
and A�42 was excellent (Cronbach � coefficient � 0.91).7

Exposure variable: dietary intake of nutrients. Dietary
data regarding average food consumption over the prior year
were obtained using the 61-item version of Willett’s semiquanti-
tative food frequency questionnaire (SFFQ) (Channing Labora-
tory, Cambridge, MA), administered by trained interviewers in
English or Spanish. Our dietary questionnaires were sent to
Channing Laboratory from where dietary data (both consump-
tion frequency for foods and consumption amount for nutrients)
were returned in electronic format. The daily dietary consump-
tion amount of a nutrient was computed by summing up the
nutrient amount contained in each food (i.e., the daily consump-
tion frequency of food portion multiplied by the nutrient con-
tent of the specified portion). Previous studies have reported
reasonable validity and reliability of the SFFQ in other popula-
tions16–21 and in our study population.22–24

The nutrient intakes from foods and from supplements were
separately estimated, and only the nutrient intake from foods
was used in the current analysis. We regressed caloric intake
(measured in kilocalories) and calculated the derived residuals
for each nutrient.25 Similarly to our previous report,5 in the cur-
rent study, we focused on 10 nutrients that are most consistently
reported to be related to AD or cognitive function according to
the previous literature: �-3 polyunsaturated fatty acid (PUFA),
�-6 PUFA, monounsaturated fatty acid (MUFA), saturated fatty
acid (SFA), �-carotene, vitamin C, vitamin E, vitamin B12, fo-
late, and vitamin D.26

Dietary information was collected on average 1.2 (SD 3.1) years
before the collection of blood samples used for A� assessments.

Potential confounders. Age (years), education (years), and
caloric intake (kcal) were used as continuous variables. Ethnic
group was based on self-report using the format of the 1990
census. Participants were then assigned to 1 of 4 groups: African
American (black non-Hispanic), Hispanic, white (non-
Hispanic), or other. Ethnicity was used as a dummy variable
with white (non-Hispanic) as the reference. Gender was used as a
dichotomous variable with male as the reference. Apolipoprotein
E (APOE) genotypes were used as a dichotomous variable: ab-
sence (as reference) vs presence of either 1 or 2 �4 alleles. Re-
cruitment wave was included in the regression models as a
dichotomous variable to indicate either the 1992 or the 1999
subcohort. Alcohol intake was used as a dichotomous variable:
mild-moderate alcohol consumption (�0��30 g/day) (as refer-
ence) vs either no (0 g/day) or more than moderate (�30 g/day)
consumption.

Statistical analyses. We compared demographic characteris-
tics, clinical characteristics, memory status, and dietary intakes of
nutrients according to the tertiles of A� peptides, using �2 tests
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for categorical variables and analysis of variance for continuous
variables. For nutrients found to be associated with A� peptides,
we examined their associations with participants’ demographic-
clinical characteristics using similar analytical methods.

We used generalized linear regression models to evaluate the
association between nutrients and plasma A� peptides. Models
were initially unadjusted and then adjusted for age, sex, educa-
tion, recruitment wave, ethnicity, caloric intake, and APOE ge-
notype. The results from analyses with log-transformed and
nontransformed A� levels were similar; we present the result for
the nontransformed A� variables. Although we used caloric
intake-adjusted residuals for nutrient variables, we also included
caloric intake as a covariate in the models.25 Finally, in a fully
adjusted model, we additionally adjusted for alcohol drinking,
use of medication (medications affecting blood vessel thrombus
formation propensity including warfarin, heparin, aspirin, and
antiplatelet and antidiabetic agents including insulin and oral
hypoglycemic),12,27 and intake of nutrients from supplements
(except for MUFA and SFA, for which no supplements were
consumed). For nutrients that appeared to be associated with A�

levels, we further examined their food sources by examining the
correlations between foods and the nutrients.

We performed a series of supplementary analyses. Because
dementia in preclinical stages may influence the report of dietary
intake, we performed sensitivity analysis to further exclude par-
ticipants who might be at the preclinical stages of dementia, i.e.,
participants with incident dementia who progressed to dementia
over the course of the follow-up. We also performed supplemen-
tary analyses on 3 major subtypes of �-3 PUFAs, including do-
cosahexaenoic acid (DHA, 22:6), eicosapentaenoic acid (20:5),
and �-linolenic acid (18:3). Finally, because literature reports
suggest that benefits of some PUFAs are contingent on the
APOE �4 status,28–30 we examined effect modification by APOE
for �-3 PUFA in adjusted models that included a multiplicative
term between the �-3 PUFA and APOE.

All analyses were conducted using PASW Statistics (IBM,
Chicago, IL). All p values were based on 2-sided tests. The signif-
icance level was set at 0.05 for all tests.

RESULTS Missing data analysis. Participants who
were included in the analysis (n � 1,219) and partic-
ipants who were excluded from the analyses because
of missing diet or A� levels (n � 1,214) did not
differ in age, gender, education, race, or APOE geno-
type (data not shown).

Clinical, demographic, and dietary characteristics and
plasma A� level. Participants with higher plasma
levels of A� peptide (either A�40 or A�42) were
older and less educated and had lower intakes of
�-3 PUFA, �-6PUFA, and MUFA (table 1 for
A�40 and table 2 for A�42). Plasma A� was not
related to other clinical, demographic, or nutri-
tional variables. Table e-1 on the Neurology� Web
site at www.neurology.org shows the average
scores of selected neuropsychological tests of the
participants.

Clinical, demographic, and A� characteristics and nu-
trient intake. Participants with higher �-3 PUFA,
higher �-6 PUFA, or higher MUFA intakes had
higher education, were more likely to be white or

black and less likely to be Hispanic, and had lower
levels of A�42 (table 3). Participants with higher
�-3 PUFA also had lower levels of A�40 (table 3).

Nutrients and A� peptides. In the unadjusted models,
higher intake of �-3 PUFA was significantly associated
with reduced plasma levels of both A�40 and A�42
(table 4, model 1). The association of higher intake of
�-3 PUFA with lower levels of A�42 remained signifi-
cant after multivariable adjustment, whereas its associa-
tion with A�40 was attenuated (table 4, model 2). In
the fully adjusted model, �-3 PUFA intake remained
significantly associated with A�42 (table 4, model 3).
None of the other nutrients was associated with A�

peptides in these models. The �-3 PUFA was mainly
from salad dressing, fish, poultry, margarine, and nuts,
with correlation coefficients of 0.53, 0.44, 0.30, 0.19,
and 0.09, respectively.

Supplementary analyses. A total of 128 participants
developed incident dementia after a mean 3.8 (SD �

2.2) years of follow-up. Among the remaining 1,091
participants, higher intake of �-3 PUFA remained
associated with lower levels of A� peptides (� �

�14.3, p � 0.04 for A�40 and � � �7.39, p �

0.02 for A�42)in models adjusted for age, sex, edu-
cation, recruitment wave, ethnicity, caloric intake,
and APOE genotype, whereas other nutrients were
not associated with A� peptide levels (data not
shown). In models adjusted for age, sex, education,
recruitment wave, ethnicity, caloric intake, and
APOE genotype, none of the subtypes of �-3 PUFA
was significantly associated with the level of A� (data
not shown), suggesting that the overall intake of �-3
PUFAs might play a more important role. There
seemed to be no significant interaction between �-3
PUFA and APOE status on plasma level of A�40
(p � 0.67) or on A�42 (p � 0.39).

DISCUSSION In this cross-sectional study of a
group of elderly participants without dementia, we
found that higher dietary intake of �-3 PUFA was
associated with decreased plasma A�42 levels, inde-
pendent of age, gender, ethnicity, education, and
APOE genotype. For this population, the �-3 PUFA
was most likely from salad dressing, fish, poultry,
margarine, and nuts.

Data from transgenic animal models of AD have
consistently demonstrated reduced A� production/
accumulation after treatment with �-3 PUFA.31–34 In
one study, DHA-enriched diets significantly reduced
total detergent-insoluble A� by more than 70%
compared with low-DHA or control chow diets.32

Image analysis of brain sections revealed that overall
plaque burden was reduced by 40.3%.32 Other inves-
tigators reported that dietary supplementation with
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DHA in the 3xTg-AD mouse model of AD reduced the
intraneuronal accumulation of A�.33 In a different
study, 6-month-old APP/PS1 mice were fed either a
typical Western diet chow containing 1% cholesterol or
a DHA-enriched diet for 12 months.34 The mice fed
with the DHA-enriched diet had increased regional ce-
rebral blood volume, indicating a larger circulation in
the brain, probably due to vasodilatation and a de-
creased amount of vascular A� deposition.34 Thus, our
data are consistent with results observed in these animal
studies, pointing to a beneficial role of dietary �-3
PUFA in brain pathology.

In humans, a recent clinical trial evaluated the
effect of �-3 PUFA supplementation on the CSF
level of A�42 in patients with mild to moderate
AD.35 No effect on the CSF A�42 levels was noted

after treatment with �-3 PUFA supplement for 6
months (compared with the placebo-treated
group).35 However, the null results might have been
partly due to the few participants (n � 35), the short
period of treatment (6 month), and the inclusion of
participants who already have dementia.35 Future
clinical trials with larger sample sizes and longer
follow-up period are warranted. Alternatively, our
study supports the potential of using an observa-
tional study design to examine the effects of �-3
PUFA, in particular those of dietary source, on circu-
lating levels of A�.

The results of the present study are also consistent
with previous reports from the WHICAP popula-
tion. We have reported a lower risk of incident AD,
incident MCI, and progression from MCI to AD

Table 1 Demographic, clinical, and dietary characteristics of participants by A�40 tertiles

Total

A�40 tertiles

p ValueaLowest Middle Highest

No. 1,219 407 406 406

A�40, pg/mL, mean (SD) 81.9 (58) 26.5 (15) 76.2 (15) 143.0 (54) �0.0001

Range 9–588 9–51.4 51.5–101 101.1–588

Age, y, mean (SD) 75.4 (6.1) 74.6 (5.7) 75.1 (5.8) 76.3 (6.5) 0.001b,c

Education, y, mean (SD) 10.1 (4.8) 10.5 (4.7) 10.3 (4.9) 9.4 (4.7) 0.004b,c

Caloric intake, kcal/d, mean (SD) 1,433 (525) 1,453 (539) 1,461 (506) 1,386 (527) 0.08

Women, n (%) 831 (68) 279 (69) 269 (66) 283 (70) 0.56

Ethnicity 0.44

White, n (%) 360 (30) 122 (30) 133 (33) 105 (26)

Black, n (%) 388 (32) 131 (32) 119 (29) 138 (34)

Hispanic, n (%) 458 (38) 149 (37) 149 (37) 160 (39)

Others, n (%) 13 (1) 5 (1) 5 (1) 3 (1)

APOE �4�, n (%) 314 (26) 110 (27) 99 (25) 105 (26) 0.73

Moderate alcohol intake, n (%) 413 (34) 144 (35) 145 (36) 124 (34) 0.22

Memory: SRT40

Total recall 38.28 (9.9) 38.78 (9.93) 38.33 (9.47) 37.54 (10.39) 0.29

Delayed recall 5.47 (2.59) 5.53 (2.57) 5.48 (2.53) 5.38 (2.69) 0.78

Vitamin E, mg, mean (SD) 5.67 (3.7) 5.87 (3.9) 5.77 (3.3) 5.38 (3.9) 0.14

Vitamin C, mg, mean (SD) 139 (91) 140 (106) 145 (91) 134 (72) 0.22

�-Carotene, �g, mean (SD) 4,358 (3,467) 4,361 (3,434) 4,582 (3,698) 4,133 (3,247) 0.18

Vitamin D, IU, mean (SD) 165 (108) 166 (109) 165 (105) 164 (112) 0.96

Folate, �g, mean (SD) 353 (168) 352 (167) 361 (164) 347 (173) 0.50

Vitamin B12, �g, mean (SD) 7.1 (8.3) 6.6 (6.3) 7.5 (10.5) 7.2 (7.4) 0.30

�-3 PUFA, g, mean (SD) 0.77 (0.39) 0.82 (0.42) 0.77 (0.38) 0.71 (0.37) �0.0001b,c

�-6 PUFA, g, mean (SD) 6.3 (3.4) 6.6 (3.8) 6.4 (3.0) 5.9 (3.2) 0.018b,c

MUFA, g, mean (SD) 15.9 (8.5) 16.7 (8.7) 16.0 (7.8) 14.9 (8.9) 0.046b

SFA, g, mean (SD) 15.9 (8.2) 16.1 (7.8) 16.1 (7.9) 15.4 (8.9) 0.46

Abbreviations: A� � �-amyloid; MUFA � monounsaturated fatty acid; PUFA � polyunsaturated fatty acid; SFA � saturated
fatty acid; SRT � Selective Reminding Test.
a p Values from �2 tests for categorical variables and analysis of variance for continuous variables.
b Post hoc test: lowest vs highest tertile, p � 0.05.
c Post hoc test: middle vs highest tertile, p � 0.05.
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among participants who adhered more to a
Mediterranean-type diet, a diet characterized by high
intake of fish (a main dietary source of �-3
PUFA).2–4 We also found that a dietary pattern char-
acterized by (among other nutrients) high �-3 PUFA
was associated with a nearly 40% reduced risk of in-
cident AD.5 Recently, we found that increasing in-
take of �-3 PUFAs was associated with a 20�30%
lower risk of dementia.36 In this cohort, higher base-
line A�40 or A�42 levels are associated with in-
creased risk of incident AD7,9,15 and faster decline in
multiple cognitive domains.10 Taken together, our
results support the hypothesis that �-3 PUFA could
be associated with AD at least partially via its associ-
ation with A�; i.e., a higher dietary intake of �-3
PUFA might lead to lower plasma levels of A�42

(and possibly A�40)and a subsequent lower risk
of AD.

We detected no persistent association for other
nutrients, including �-6 PUFA, MUFA, SFA, an-
tioxidants (vitamin E, vitamin C, and �-carotene),
homocysteine-related B vitamins (vitamin B12 and
folate), or vitamin D, suggesting that these nutri-
ents might have little or no association with A�-
related mechanisms. Thus, their potential
associations with AD or cognitive decline might
involve other pathways, such as antioxidative, vas-
cular, anti-inflammatory, or metabolic. Alterna-
tively, in contrast with �-3 PUFAs, which have
been shown to correlate well with plasma fatty ac-
ids biomarkers,37,38 it is possible that the SFFQ
nutrient estimates for other nutrients are not re-

Table 2 Demographic, clinical, and dietary characteristics of participants by A�42 tertiles

Total

A�42 tertiles

p ValueaLowest Middle Highest

No. 1,208 403 403 402

A�40, pg/mL, mean (SD) 38.7 (27) 14.5 (5.3) 33.9 (5.3) 67.9 (26) �0.0001

Range 5–272 5–25 25–43 44–272

Age, y, mean (SD) 75.3 (6.0) 74.8 (5.7) 75.0 (6.0) 76.2 (6.3) 0.002b,c

Education, y, mean (SD) 10.0 (4.8) 10.4 (4.7) 10.3 (4.7) 9.6 (4.9) 0.045b

Caloric intake, kcal/d, mean (SD) 1,433 (525) 1,434 (529) 1,453 (561) 1,412 (483) 0.55

Women, n (%) 823 (68) 287 (71) 259 (64) 277 (69) 0.10

Ethnicity 0.73

White, n (%) 356 (30) 119 (30) 105 (33) 132 (30)

Black, n (%) 385 (32) 132 (33) 142 (26) 111 (32)

Hispanic, n (%) 454 (38) 148 (37) 151 (38) 155 (38)

Others, n (%) 13 (1) 4 (1) 5 (1) 3 (1)

APOE �4�, n (%) 311 (26) 108 (27) 106 (26) 97 (24) 0.68

Moderate alcohol intake, n (%) 408 (34) 147 (37) 134 (33) 127 (32) 0.33

Memory: SRT40

Total recall 38.33 (9.9) 38.96 (10.04) 38.3 (9.47) 37.6 (10.19) 0.21

Delayed recall 5.49 (2.58) 5.58 (2.57) 5.52 (2.59) 5.33 (2.6) 0.43

Vitamin E, mg, mean (SD) 5.66 (3.7) 5.85 (3.8) 5.62 (3.5) 5.52 (3.8) 0.42

Vitamin C, mg, mean (SD) 139 (91) 136 (84) 137 (103) 146 (85) 0.26

�-Carotene, �g, mean (SD) 4,358 (3,475) 4,332 (3,763) 4,327 (3,466) 4,416 (3,180) 0.92

Vitamin D, IU, mean (SD) 165 (108) 170 (114) 165 (109) 160 (102) 0.42

Folate, �g, mean (SD) 353 (168) 355 (176) 344 (163) 360 (166) 0.39

Vitamin B12, �g, mean (SD) 7.1 (8.3) 7.1 (8.4) 7.1 (8.8) 7.0 (7.7) 0.98

�-3 PUFA, g, mean (SD) 0.77 (0.39) 0.81 (0.42) 0.78 (0.41) 0.71 (0.35) �0.0001b,c

�-6 PUFA, g, mean (SD) 6.3 (3.4) 6.4 (3.1) 6.6 (3.9) 5.9 (3.0) 0.017b,c

MUFA, g, mean (SD) 15.9 (8.5) 16.0 (8.2) 16.7 (9.2) 14.1 (8.0) 0.03c

SFA, g, mean (SD) 15.9 (8.2) 15.8 (7.8) 16.4 (8.6) 15.4 (8.3) 0.21

Abbreviations: A� � �-amyloid; MUFA � monounsaturated fatty acid; PUFA � polyunsaturated fatty acid; SFA � saturated
fatty acid; SRT � Selective Reminding Test.
a p Values from �2 tests for categorical variables and analysis of variance for continuous variables.
b Post hoc test: lowest vs highest tertile, p � 0.05.
c Post hoc test: middle vs highest tertile, p � 0.05.
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Table 3 Demographic and clinical characteristics of participants by nutrients intake tertiles

All

�-3 PUFA tertiles

p ValueaLowest Middle Highest

No. of participants 1,219 406 407 406

�-3 PUFA, g, mean (SD) 0.77 (0.4) 0.52 (0.2) 0.69 (0.3) 1.1 (0.4)

A�40, pg/mL, mean (SD) 81.9 (58) 90.8 (63) 79.3 (52) 75.5 (58) �0.0001b,c

A�42, pg/mL, mean (SD) 38.7 (27) 44.1 (31) 37.2 (24) 34.9 (25) �0.0001b,c

Age, y, mean (SD) 75.4 (6.1) 75.4 (6.3) 74.9 (6.0) 75.8 (6.0) 0.13

Education, y, mean (SD) 10.1 (4.8) 9.5 (4.9) 9.8 (4.6) 10.9 (4.8) �0.0001c,d

Women, n (%) 831 (68) 278 (69) 278 (68) 275 (68) 0.97

Ethnicity, n (%) 0.001

White 360 (30) 117 (29) 108 (27) 135 (33)

Black 388 (32) 103 (25) 141 (35) 144 (36)

Hispanic 458 (38) 182 (45) 154 (38) 122 (30)

Other 13 (1) 4 (1) 4 (1) 5 (1)

APOE �4�, n (%) 314 (26) 114 (28) 111 (27) 89 (22) 0.09

All

�-6 PUFA tertiles

p ValueLowest Middle Highest

No. of participants 1,219 406 407 406

�-6 PUFA, g, mean (SD) 6.3 (3.4) 4.8 (1.9) 5.5 (2.2) 8.7 (3.0)

A�40, pg/mL, mean (SD) 81.9 (58) 84.8 (57) 83.1 (63) 77.7 (54) 0.19

A�42, pg/mL, mean (SD) 38.7 (27) 41.8 (30) 38.2 (24) 36.2 (26) 0.013b

Age, y, mean (SD) 75.4 (6.1) 75.8 (6.4) 75.2 (6.0) 75.1 (5.8) 0.21

Education, y, mean (SD) 10.1 (4.8) 9.6 (4.7) 9.8 (4.9) 10.8 (4.7) �0.0001c,d

Women, n (%) 831 (68) 278 (68) 286 (70) 269 (66) 0.47

Ethnicity, n (%) �0.0001

White 360 (30) 119 (29) 108 (27) 133 (33)

Black 388 (32) 97 (24) 142 (35) 149 (37)

Hispanic 458 (38) 186 (46) 154 (38) 118 (29)

Other 13 (1) 4 (1) 3 (1) 6 (2)

APOE �4�, n (%) 314 (26) 111 (27) 103 (25) 100 (25) 0.67

All

MUFA tertiles

p ValueLowest Middle Highest

No. of participants 1,219 406 407 406

MUFA, g, mean (SD) 15.9 (8.5) 11.7 (5.3) 14.4 (6.0) 21.7 (10.0)

A�40, pg/mL, mean (SD) 81.9 (58) 85.5 (54) 80.8 (62) 79.2 (59) 0.28

A�42, pg/mL, mean (SD) 38.7 (27) 41.1 (28) 38.9 (26) 36.3 (24) 0.04c

Age, y, mean (SD) 75.4 (6.0) 75.4 (5.9) 75.5 (6.0) 75.2 (6.3) 0.74

Education, y, mean (SD) 10.1 (4.8) 9.4 (4.9) 9.8 (4.8) 11.0 (4.5) �0.0001c

Women, n (%) 831 (68) 288 (71) 277 (68) 266 (66) 0.25

Ethnicity, n (%) �0.0001

White 360 (30) 105 (26) 130 (32) 125 (31)

Black 388 (32) 93 (23) 108 (27) 187 (46)

Hispanic 458 (38) 203 (50) 166 (41) 89 (22)

Other 13 (1) 5 (1) 3 (1) 5 (1)

APOE �4�, n (%) 314 (26) 111 (27) 97 (24) 106 (26) 0.49

Abbreviations: A� � �-amyloid; MUFA � monounsaturated fatty acid; PUFA � polyunsaturated fatty acid.
a p Values from �2 tests for categorical variables and analysis of variance for continuous variables.
b Post hoc test: lowest vs middle tertile, p � 0.05.
c Post hoc test: lowest vs highest tertile, p � 0.05.
d Post hoc test: middle vs highest tertile, p � 0.05.
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flecting their respective blood levels very well, pro-
viding another explanation for the failure to reject
the null hypothesis for these nutrients.

Some limitations need to be considered when
these results are interpreted. The present study has a
cross-sectional design; thus, causal inferences cannot
be drawn. Our outcome is not a stable trait but
rather a moving target with temporal dynamic

changes, because previous studies have consistently
shown that blood A� levels change during the pro-
cess of AD development.7,9,12 A single assessment of
A�s may be susceptible to short-term variation.
There could also be measurement error of nutrients
from the SFFQ, which could bias our results if re-
porting error is associated with the A� measure-
ments. We tried to minimize this possibility by

Table 4 Multivariable linear regression effect estimates for the association between dietary intake of
nutrients and plasma levels of A�40 and A�42a

Modelb Predictor

A�40 (dependent variable) A�42 (dependent variable)

No. � p Value No. � p Value

Model 1 Vitamin E 1,219 �0.34 0.68 1,208 �0.10 0.78

Vitamin C �0.01 0.69 0.02 0.10

Folate 0.00 0.86 0.00 0.87

Vitamin B12 0.21 0.34 0.00 0.96

Vitamin D 0.02 0.29 0.01 0.57

�-Carotene 0.00 0.86 0.00 0.84

�-6 PUFA 1.94 0.09 0.63 0.23

SFA 0.93 0.15 0.53 0.08

MUFA �1.21 0.11 �0.65 0.07

�-3 PUFA �24.74c �0.001c �12.31c �0.001c

Model 2 Vitamin E 1,200 �0.06 0.93 1,189 �0.01 0.97

Vitamin C �0.03 0.24 0.01 0.22

Folate �0.01 0.65 �0.01 0.44

Vitamin B12 0.31 0.11 0.07 0.46

Vitamin D 0.02 0.38 0.00 0.69

�-Carotene 0.00 0.76 0.00 0.86

�-6 PUFA 0.33 0.74 0.07 0.88

SFA �0.47 0.41 �0.06 0.83

MUFA 0.33 0.62 0.00 0.99

�-3 PUFA �11.96 0.06 �7.31c 0.02c

Model 3 Vitamin E 1,137 �0.62 0.41 1,137 �0.12 0.75

Vitamin C �0.02 0.36 0.02 0.13

Folate �0.01 0.61 �0.01 0.26

Vitamin B12 0.33 0.11 0.07 0.45

Vitamin D 0.01 0.44 0.00 0.75

�-Carotene 0.00 0.56 0.00 0.78

�-6 PUFA 0.03 0.98 �0.02 0.96

SFA �0.60 0.32 �0.06 0.84

MUFA 0.57 0.41 0.03 0.92

�-3 PUFA �10.13 0.13 �7.70c 0.02c

Abbreviations: A� � �-amyloid; MUFA � monounsaturated fatty acid; PUFA � polyunsaturated fatty acid; SFA � saturated
fatty acid.
a Nutrients included in the models were �-3 PUFA, �-6 PUFA, MUFA, SFA, �-carotene, vitamin C, vitamin B12, vitamin E,
folate, and vitamin D. Caloric intake�adjusted residuals of nutrients were used.
b Model 1, unadjusted. Model 2, adjusted for age, sex, education, ethnicity, caloric intake, APOE genotype, and recruitment
wave. Model 3, adjusted for all the covariates in model 2, plus alcohol drinking, use of medications (medications affecting
blood vessel thrombus formation propensity and antidiabetic agents), and use of nutrients from supplements. A total of
563, 594, 518, 497, 464, 449, 18, and 7 subjects in the study sample reported taking vitamin E, vitamin C, folate, vitamin
B12, vitamin D, �-carotene, �-6 PUFA, and �-3 PUFA supplements, respectively.
c Significant ( p � 0.05) nutrients.
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excluding participants with prevalent dementia and
subsequently those with incident dementia. Estima-
tion of nutrient intake from a SFFQ may be different
and potentially less accurate than nutrient levels mea-
sured in blood, which may have more direct biologic
relevance.39 However, plasma nutrients can be af-
fected by many other factors such as metabolic rate
and genetic factors, are reflective of instantaneous
time points (and less of long-term habitual intake of
foods), are subject to other types of measurement er-
rors, and are often technically and financially diffi-
cult to measure in large-scale epidemiologic studies
such as ours. We focused on dietary intake of nutri-
ents in our study because findings regarding dietary
intakes can be directly translated into a lifestyle mod-
ification measure. We analyzed 10 selected nutrients
and may have missed potential associations that
other unanalyzed nutrients might have with A� pep-
tides. Although �-3 PUFAs have been shown to cor-
relate well with plasma fatty acid biomarkers37,38 and
they remained significantly associated with A�42 af-
ter controlling for multiple factors, we could not
completely rule out the possibility of this association
being due to residual confounding. Results from this
population may not be directly generalizable to other
populations. Finally, because A� physiology is not
fully understood, the associations of nutrients with
plasma A� may not be directly interpreted as associ-
ations with brain A�.

Our study has several strengths. This study in-
cludes a large and ethnically diverse community-
based population. We used a previously validated
instrument to collect dietary data.22 Exclusion of par-
ticipants with prevalent dementia (and incident de-
mentia in supplementary analyses) allowed us to
examine the relationship between dietary nutrient in-
take and the A� levels free from the influence of cog-
nitive impairment in reporting of dietary habits.
Measures for multiple potential confounding factors
have been carefully recorded and adjusted for in the
analyses.

In the current study, we found that higher dietary
�-3 PUFA intake was associated with lower plasma
A�42 level, suggesting that the potential beneficial
effects of �-3 PUFA intake on AD and cognitive
function in the literature might be at least partly ex-
plained by an A�-related mechanism.
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