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Abstract
Objective
To determine whether dietary intake of ﬂavonols is associated with Alzheimer dementia.
Methods
The study was conducted among 921 participants of the Rush Memory and Aging Project
(MAP), an ongoing community-based, prospective cohort. Participants completed annual
neurologic evaluations and dietary assessments using a validated food frequency questionnaire.
Results
Among 921 MAP participants who initially had no dementia in the analyzed sample, 220
developed Alzheimer dementia. The mean age of the sample was 81.2 years (SD 7.2), with the
majority (n = 691, 75%) being female. Participants with the highest intake of total ﬂavonols had
higher levels of education and more participation in physical and cognitive activities. In Cox
proportional hazards models, dietary intakes of ﬂavonols were inversely associated with incident Alzheimer dementia in models adjusted for age, sex, education, APOE ɛ4, and participation in cognitive and physical activities. Hazard ratios (HRs) for the ﬁfth vs ﬁrst quintiles of
intake were as follows: for total ﬂavonol, 0.52 (95% conﬁdence interval [CI], 0.33–0.84); for
kaempferol, 0.49 (95% CI, 0.31–0.77); for myricetin, 0.62 (95% CI, 0.4–0.97); and for isorhamnetin, 0.62 (95% CI, 0.39–0.98). Quercetin was not associated with Alzheimer dementia
(HR, 0.69; 95% CI, 0.43–1.09).
Conclusion
Higher dietary intakes of ﬂavonols may be associated with reduced risk of developing Alzheimer
dementia.
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Glossary
AD = Alzheimer disease; BMI = body mass index; CI = conﬁdence interval; DASH = Dietary Approaches to Stop Hypertension;
FFQ = food frequency questionnaire; HR = hazard ratio; MAP = Rush Memory and Aging Project; RADC = Rush Alzheimer’s
Disease Center; USDA = US Department of Agriculture.

Flavonoids are a class of polyphenol representing more than
5,000 bioactive compounds that are found in a variety of fruits
and vegetables. A number of ﬂavonoid classes, including ﬂavonols, are known to have antioxidant and anti-inﬂammatory
properties.1–4 Two previous studies reported that high levels of
ﬂavonoid intakes are associated with lower risk of Alzheimer
dementia1,5 but to date, there has not been investigation of the
ﬂavonol subclass in humans, even though it is the most abundant ﬂavonoid in foods. Animal studies have demonstrated that
dietary ﬂavonols improved memory and learning and decreased
severity of Alzheimer disease neuropathology including β-amyloid, tauopathy, and microgliosis.6,7 In this study, we related
dietary intakes of ﬂavonols, including kaempferol, quercetin,
myricetin, and isorhamnetin, to the development of Alzheimer
dementia in a large community study.

Methods
Study population
The study was conducted in the Rush Memory and Aging
Project (MAP), an ongoing (1997–present) communitybased cohort of older persons dwelling in Chicago area retirement communities and public housing. Volunteers, who
have consented to being participants of MAP, have no known
2
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dementia at enrollment and undergo annual clinical neurologic examinations.8 Beginning in 2004, participants were
asked to complete a comprehensive food frequency questionnaire (FFQ) during their annual evaluations. As of August
2018, a total of 1,920 older persons were enrolled in MAP,
and 1,062 completed a FFQ, of whom 970 had at least 2
clinical evaluations to assess disease incidence. We excluded
36 participants who had a diagnosis of probable Alzheimer
dementia at the time of their baseline diet assessment and 13
participants who had missing data on model covariates,
leaving 921 participants for the analyses relating ﬂavonol intake to incident Alzheimer dementia.
Standard protocol approvals, registrations,
and patient consents
The institutional review board of Rush University Medical
Center approved the study and all participants gave written
informed consent.
Data availability
Anonymized data, used for the study, are available through the
Rush Alzheimer’s Disease Center (RADC). Qualiﬁed investigators can ﬁnd information regarding the formal requirements
for access to data on the RADC research resource-sharing hub
(https://www.radc.rush.edu).
Neurology.org/N
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Alzheimer dementia
As described previously,9 the clinical diagnosis of probable
Alzheimer dementia was determined at each annual evaluation using a 3-stage process: computerized scoring of performance on 19 cognitive tests and impairment rating for
cognitive domains based on a decision tree mimicking clinical
judgment; clinical judgment after review of the impairment
ratings and clinical information by a neuropsychologist blinded to participant demographics; and ﬁnal diagnostic classiﬁcation by an experienced clinician (neurologist, geriatrician,
or geriatric nurse practitioner) after review of all available data
and examination of the participant. The clinical diagnoses of
Alzheimer and other dementias are based on criteria of the
joint working group of the Neurologic and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association.9,10
Dietary assessment
Diet was assessed by a modiﬁed version of the Harvard FFQ
that was validated for use in an older Chicago population.11
The FFQ ascertains usual frequency of intake of 144 food
items over the previous 12 months. Nutrient levels and total
energy for each food item were based either on natural portions (e.g., 1 egg) or according to age- and sex-speciﬁc serving
sizes from national diet surveys. For food levels (grams per
serving) of the ﬂavonols (kaempferol, quercetin, myricetin,
and isorhamnetin) and total ﬂavonols (calculated as the sum
of the 4 individual ﬂavonols), we used the Nutrition Coordinating Center Flavonoid and Proanthocyanidin Provisional Table from University of Minnesota. The majority of
values in this table are based on the US Department of Agriculture (USDA) Database for the Flavonoid Content of
Selected Foods, Release 3.3 (March 2018) and the USDA
Database for the Proanthocyanidin Content of Selected
Foods, Release 2.1 (March 2018). Some values, however, are
based on journal values from other studies.12 The bioactive
contents of the food items were multiplied by the intake
frequency and summed across all FFQ items. The top food
item contributors to the individual ﬂavonols in our cohort
were kale, beans, tea, spinach, and broccoli for kaempferol;
tomatoes, kale, apples, and tea for quercetin; tea, wine, kale,
oranges, and tomatoes for myricetin; and pears, olive oil, wine,
and tomato sauce for isorhamnetin. Energy adjustment
of nutrients was computed using the regression residual
method.13 Flavonol intakes were based on the ﬁrst completed
valid FFQ, the analytic baseline for each participant in the
analyses of incident Alzheimer dementia.
Model covariates
Nondietary model covariates were obtained from structured
interview questions and measurements at the clinical evaluation
of participants’ analytic baseline. Age (in years) was computed
from self-reported birth date and date of the baseline cognitive
assessment. Education (years) is self-reported years of regular schooling. APOE genotyping was performed using highthroughput sequencing as previously described.14 Participation
in cognitively stimulating activities was computed as the
Neurology.org/N

average frequency rating, based on a 5-point scale, of diﬀerent
activities (e.g., reading, playing games, writing letters, visiting
the library).15 Physical activity (hours per week) was computed
from self-reported minutes spent within the previous 2 weeks
on 5 activities: walking for exercise, yard work, calisthenics,
biking, and water exercise.16 Number of depressive symptoms
was assessed by a modiﬁed 10-item version of the Center for
Epidemiologic Studies–Depression scale.17 Body mass index
(BMI) (weight in kg/height in m2) was computed from
measured weight and height and modeled as 2 indicator variables, BMI ≤20 and BMI ≥30, with BMI >20 and <30 as the
referent. Hypertension history was determined by self-reported
medical diagnosis, measured blood pressure (average of 2
measurements ≥160 mm Hg systolic or ≥90 mm Hg diastolic)
or current use of hypertensive medications. Myocardial infarction history was based on self-reported medical diagnosis or
use of cardiac glycosides (e.g., lanoxin, digitoxin). Diabetes
history was determined by self-reported medical diagnosis or
current use of diabetic medications. Information on medications was obtained by interviewer inspection. Clinical diagnosis of stroke was based on clinician review of self-reported
history, neurologic examination, and cognitive testing history.18
Statistical analyses
We used Cox proportional hazards models programmed in
SAS 9.4 (SAS Institute, Cary, NC) to investigate the relationships between dietary intakes of the ﬂavonols and the
development of Alzheimer dementia. Basic-adjusted models
included terms for confounders with the most established
scientiﬁc evidence for association with Alzheimer dementia:
age, sex, education, participation in cognitively stimulating
activities, physical activity, and APOE e4 status.8 Further
analyses added covariates to the basic-adjusted models. We
analyzed ﬂavonol intakes modeled in quintiles and as a single
ordinal variable in which intake levels within each quintile
were scored the median quintile value. We report the p value
of the ordinal variable as a measure of linear trend. Eﬀect
modiﬁcation of ﬂavonol associations by various covariates was
investigated by including a multiplicative term between the
ﬂavonol categorical trend variable and the potential eﬀect
modiﬁer in the basic-adjusted model. Statistically signiﬁcant
interactions were further investigated by reanalyzing the
basic-adjusted models within strata of the eﬀect modiﬁer.
Throughout, statistical signiﬁcance corresponds to p ≤ 0.05.

Results
Among the 921 MAP participants who initially did not have
dementia in the analyzed sample, 220 developed Alzheimer
dementia (39.06 cases per 1,000 person-years) during the
follow-up period (mean follow-up 6.1 years; SD 3.1).
The mean age of the sample was 81.2 years (SD 7.2), with the
majority (n = 691, 75%) being female (table 1). Participants
with the highest intake of total ﬂavonols had higher levels
of education and were more likely to participate in physical
and cognitive activities (table 1). Spearman correlation
Neurology | Volume 94, Number 16 | April 21, 2020
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Table 1 Cohort characteristics by quintile of 921 Rush Memory and Aging Project participants
Total flavonol intake quintile, mean ± SD or n (%)
Baseline characteristic

Q1

Q2

Q3

Q4

Q5

No.

182

185

185

183

186

Total flavonol intake, mg/d

5.3 ± 1.1

7.5 ± 0.5

9.2 ± 0.5

11.0 ± 0.7

15.3 ± 2.7

Age, y

81.6 ± 7.5

80.7 ± 7.4

82.0 ± 6.8

81.7 ± 7.0

80.0 ± 7.0

Education, y

14.2 ± 2.8

14.7 ± 3.1

14.9 ± 2.8

15.4 ± 2.7

15.6 ± 3.1

Physical activity, h/wk

2.3 ± 3.3

3.4 ± 3.5

3.2 ± 3.5

3.8 ± 4.0

4.1 ± 3.8

Late-life cognitive activities, n/wk

3.1 ± 0.7

3.2 ± 0.7

3.2 ± 0.7

3.3 ± 0.6

3.4 ± 0.6

Total energy, kCal/d

1,685 ± 679

1,761 ± 541

1,825 ± 540

1,759 ± 496

1,638 ± 391

Female

146 (80)

139 (75)

141 (76)

133 (73)

132 (71)

APOE ɛ4

42 (23)

37 (20)

41 (22)

36 (20)

43 (23)

Depressive symptoms

1.35 ± 1.8

1.12 ± 1.7

1.06 ± 1.5

0.83 ± 1.3

0.98 ± 1.5

Body mass index

27.9 ± 5.4

27.4 ± 5.2

26.6 ± 4.7

27.4 ± 5.2

26.9 ± 4.8

Diabetes

24 (13)

36 (20)

26 (14)

16 (9)

18 (10)

Hypertension

141 (78)

144 (77)

143 (80)

145 (80)

129 (71)

Myocardial infarction

34 (19)

24 (13)

32 (17)

30 (16)

31 (17)

Stroke

24 (15)

20 (11)

20 (11)

16 (9)

17 (10)

Cardiovascular conditions

coeﬃcients among dietary intakes of the individual ﬂavonols
were low to moderate (range of r = 0.14 to r = 0.51), as were
the correlations of ﬂavonols to high-quality diet scores
(Dietary Approaches to Stop Hypertension [DASH], Mediterranean, and Mediterranean–DASH Intervention for Neurodegenerative Delay [MIND]) (r = 0.13–0.48).
Dietary intakes of total ﬂavonols (ﬁgure 1) and the ﬂavonol
constituents were statistically signiﬁcantly associated with

Figure 1 Estimated survival function of Alzheimer dementia by quintiles 1, 4, and 5 of dietary intake of
total flavonols over time

reduced risk of Alzheimer dementia (table 2). Participants in
the highest vs lowest quintiles of total ﬂavonol intake had
a 48% lower rate of developing AD in the basic-adjusted
model including the covariates age, sex, education, APOE ɛ4,
late-life cognitive activity, and physical activity (table 2).
Among the ﬂavonol constituents, isorhamnetin, kaempferol
(ﬁgure 2), and myricetin were each associated with a reduction in the rate of incident AD, with reductions of 38%,
50%, and 38%, respectively, for persons in the ﬁfth vs ﬁrst
quintiles of intake (table 2). Dietary intake of quercetin was
not associated with incident AD (hazard ratio [HR], 0.70;
conﬁdence interval [CI], 0.44–1.10). The tests for linear
trend were statistically signiﬁcant for total ﬂavonols and all
subclasses except for quercetin (p = 0.06).
We next investigated whether the ﬂavonol associations with AD
could be attributed to their potential protective eﬀects on cardiovascular conditions by adding terms for diabetes, hypertension, myocardial infarction, and stroke to the basic model.
There were no substantial changes in the results (table 2). We
then explored whether intakes of other nutrients related to AD,
including vitamin E, saturated fat, folate, lutein, and omega-3
fatty acids, could account for the results. However, there were
no material changes in the estimated eﬀects (table 2).
In secondary analyses, we further adjusted for BMI and depression, covariates that may be both risk factors and clinical
sequelae of AD.8 The eﬀect estimates for ﬂavonols in these

4

Neurology | Volume 94, Number 16 | April 21, 2020

Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

Table 2 Estimated effects of energy-adjusted dietary intakes of flavonols on incident Alzheimer dementia among 921
participants of the Rush Memory and Aging Project over an average of 6.1 years
Total flavonols, hazard ratio (95% confidence interval)
p For trend

Q1

Q2

Q3

Q4

Q5

5.3

7.5

9.2

11.0

15.3

ref

0.84 (0.57–1.25)

0.98 (0.67–1.44)

0.71 (0.46–1.10)

0.52 (0.33–0.84)

0.006

ref

0.85 (0.56–1.29)

1.04 (0.70–1.55)

0.73 (0.47–1.14)

0.56 (0.35–0.92)

0.02

ref

0.87 (0.58–1.30)

1.01 (0.67–1.52)

0.76 (0.48–1.21)

0.57 (0.32–1.01)

0.06

Intake, mg/d

0.52

1.00

1.48

2.25

4.25

Basic

ref

0.73 (0.49–1.07)

0.89 (0.61–1.30)

0.56 (0.37–0.86)

0.50 (0.31–0.79)

0.002

Basic + CVD

ref

0.72 (0.48–1.07)

0.87 (0.59–1.28)

0.48 (0.31–0.76)

0.48 (0.30–0.78)

0.001

Basic + other nutrients

ref

0.73 (0.49–1.08)

0.90 (0.61–1.34)

0.57 (0.36–0.89)

0.50 (0.27–0.91)

0.02

Intake, mg/d

3.98

5.68

6.83

8.10

10.73

Basic

ref

0.99 (0.66–1.49)

1.11 (0.75–1.65)

0.78 (0.51–1.20)

0.70 (0.44–1.10)

0.06

Basic + CVD

ref

0.97 (0.63–1.48)

1.18 (0.78–1.77)

0.77 (0.48–1.21)

0.76 (0.48–1.21)

0.14

Basic + other nutrients

ref

1.03 (0.68–1.55)

1.17 (0.78–1.75)

0.86 (0.54–1.35)

0.82 (0.49–1.37)

0.35

Intake, mg/d

0

0.03

0.06

0.12

0.28

Basic

ref

1.04 (0.67–1.60)

1.0 (0.67–1.49)

0.97 (0.64–1.48)

0.62 (0.39–0.98)

0.02

Basic + CVD

ref

1.16 (0.74–1.81)

1.06 (0.69–1.63)

1.10 (0.70–1.71)

0.68 (0.42–1.09)

0.04

Basic + other nutrients

ref

1.05 (0.68–1.62)

1.01 (0.68–1.51)

1.02 (0.67–1.57)

0.66 (0.42–1.06)

0.049

Intake, mg/d

0.14

0.29

0.43

0.65

1.37

Basic

ref

0.87 (0.60–1.27)

0.83 (0.56–1.24)

0.66 (0.43–1.02)

0.62 (0.40–0.97)

0.03

Basic + CVD

ref

0.87 (0.59–1.28)

0.91 (0.60–1.39)

0.71 (0.46–1.11)

0.63 (0.40–1.01)

0.04

Basic + other nutrients

ref

0.89 (0.61–1.30)

0.85 (0.57–1.28)

0.72 (0.46–1.12)

0.66 (0.42–1.05)

0.07

Intake, mg/d
Basic modela
Basic + CVDb
c

Basic + other nutrients
Kaempferol

Quercetin

Isorhamnetin

Myricetin

a
b
c

Basic adjustment: age, sex, education, APOE ɛ4, late-life cognitive activity, physical activity.
Cardiovascular disease (CVD): myocardial infarction, stroke, diabetes, hypertension.
Other nutrients: saturated fat, omega-3 fatty acids, vitamin E, folate, lutein.

models were either materially unchanged or more protective.
The association of total ﬂavonols with Alzheimer dementia
was statistically signiﬁcant; the HR (95% CI) for Q5 vs Q1
of total ﬂavonol intake was 0.49 (0.30–0.79) (p = 0.003).
Eﬀect estimates for the ﬂavonol constituents were as follows:
kaempferol (HR Q5 vs Q1, 0.52; 95% CI, 0.33–0.83;
p = 0.005), quercetin (HR Q5 vs Q1, 0.60; 95% CI,
0.38–0.97; p = 0.02), isorhamnetin (HR Q5 vs Q1, 0.55; 95%
CI, 0.34–0.88; p = 0.008), and myricetin (HR Q5 vs Q1,
0.62; 95% CI, 0.39–0.98; p = 0.02).
In subsequent analyses, we investigated independent eﬀects of
the ﬂavonols by simultaneously modeling all 4 (kaempferol,
quercetin, myricetin, and isorhamnetin) in the basic-adjusted
Neurology.org/N

model. In these analyses, only kaempferol (p for trend = 0.03)
had an independent association with AD. The other ﬂavonols
were not statistically signiﬁcant: isorhamnetin (p for trend =
0.053), quercetin (p for trend = 0.83), and myricetin (p for
trend = 0.35).
To investigate the extent to which the observed protective
associations of ﬂavonol intake may be biased by preclinical
eﬀects of AD on dietary behavior, we reanalyzed the data
after excluding cases (n = 29) that were diagnosed during
the ﬁrst year of follow-up. In these analyses, the ﬁndings
were unchanged for intakes of total ﬂavonol (Q5 vs Q1: HR,
0.57; 95% CI, 0.34–0.94; p for trend = 0.03), kaempferol
(HR, 0.49; 95% CI, 0.29–0.80; p = 0.007), isorhamnetin
Neurology | Volume 94, Number 16 | April 21, 2020
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Figure 2 Estimated survival function of Alzheimer dementia by quintiles 1, 4, and 5 of dietary intake of
kaempferol over time

(HR, 0.67; 95% CI, 0.40–1.10; p = 0.04), and myricetin
(HR, 0.54; 95% CI, 0.33–0.89; p = 0.01). However, the
ﬁndings for quercetin were not statistically signiﬁcant (HR,
0.68; 95% CI, 0.42–1.12; p = 0.11). In further analyses that
removed the ﬁrst 2 years of follow-up (n = 65), the ﬂavonol
associations were no longer statistically signiﬁcant at p ≤
0.05, but strongly suggestive: total ﬂavonol (p-trend =
0.051), kaempferol (p-trend = 0.051), quercetin (p-trend =
0.07), myricetin (p-trend = 0.08), and isorhamnetin
(p-trend = 0.13). We investigated to what extent baseline mild
cognitive impairment could bias the protective association of
dietary ﬂavonols and Alzheimer dementia. We reran our basic
model after excluding those with MCI at baseline (n = 217).
The statistical signiﬁcance remained for total ﬂavonol (HR,
0.41; 95% CI, 0.20–0.84; p = 0.02) and kaempferol (HR, 0.51;
95% CI, 0.27–0.99; p = 0.045). The association with quercetin
(HR, 0.52; 95% CI, 0.26–1.02; p = 0.03) was highly suggestive
while myricetin (p = 0.38), and isorhamnetin (p = 0.23) became
nonsigniﬁcant.
We explored potential eﬀect modiﬁcation in the observed
associations by age (≤80, >80), sex, education (≤12 years, >12
years), and APOE ɛ4 status in the basic-adjusted model. The
only statistically signiﬁcant modiﬁcation of eﬀect was by sex,
such that the association of total ﬂavonol intake was stronger
in men (Q5 vs Q1: HR, 0.24; 95% CI, 0.08–0.76) than in
women (Q5 vs Q1: HR, 0.59; 95% CI, 0.35–0.99).

Discussion
In this community-based prospective study of older persons, we found evidence that higher ﬂavonol intake
through food sources, and kaempferol and isorhamnetin in
particular, may be protective against the development of
Alzheimer dementia. The associations were independent
of many diet and lifestyle factors and cardiovascularrelated conditions.
6
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To our knowledge, no previous study has examined the relation of ﬂavonol intake with incident Alzheimer dementia.
Two previous studies reported inverse associations with incident AD and intake of the larger class of total ﬂavonoids, of
which ﬂavonols are a subclass.1,5 In a previous study, we found
that kaempferol intake, which is abundant in leafy green
vegetables, was associated with slower rate of cognitive decline.19 The Nurses’ Health Study observed higher global
cognitive scores over 6 years among women with higher ﬂavonoid intakes.20 The PAQUID study (Personnes Agées
Quid) reported an association between total ﬂavonoid intake
and cognitive decline over 10 years of follow-up.21 Earlier
studies have demonstrated an association of healthy diet
patterns with Alzheimer dementia and cognitive decline.22,23
Although the correlations of these diets with ﬂavonol intake,
as mentioned above, are mild to moderate, these studies lend
support to the prior temporal eﬀect of dietary exposure on
Alzheimer dementia.
We focused on ﬂavonols for these analyses due to the fact
that the biochemical composition of this ﬂavonoid subclass
likely makes them particularly eﬀective antioxidants.2,3
The catechol structure, found in polyphenolic compounds
and abundant in ﬂavonols, has the capability to act as
a radical ion scavenger. This action can take place in the
plasma, and the gut, where ﬂavonols can limit reactive
oxygen species formation.3 In animal models, treatment
with kaempferol and myricetin signiﬁcantly reduced the
level of oxidative stress via increased activity of superoxide
dismutase in the hippocampus and improved learning and
memory capabilities.6 Another model of transgenic mice
with AD-like pathology found that 3-month treatment
with a myricetin derivative, dihydromyricetin, improved
cognition and reduced the accumulation of soluble Aβ40 in
the hippocampus and both soluble and insoluble Aβ42 in
the cortex.24 In mice that were injected with Aβ25-35 to
induce an Alzheimer dementia–like disease, the mice that
were then supplemented with oral intake of quercetin
exhibited improved cognitive function and memory and
inhibited lipid peroxidation and nitric oxide in the brain vs
the Aβ25-35 control group.25 Another animal model of
triple transgenic AD mice demonstrated that mice treated
with quercetin vs the vehicle-treated mice had signiﬁcantly
lower β-amyloidosis and tauopathy and decreased astrogliosis and microgliosis in several parts of the brain.
Quercetin supplementation also improved cognitive
function as measured by memory and learning.7 Animal
models have demonstrated that ﬂavonoids may act directly
on neurons and glia through a signal transduction cascade.
There is also an indirect eﬀect via interaction with the
cerebral vascularity as well as the blood–brain barrier.4,26
Furthermore, in vitro studies have demonstrated the
capability of some ﬂavonoid constituents and metabolites
to cross the blood–brain barrier.27
The study has a number of strengths that lend to the validity
of the ﬁndings. These include the prospective design among
Neurology.org/N
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community-dwelling residents, structured annual neurologic
assessments, standardized diagnostic criteria for Alzheimer
dementia, a long follow-up period (up to 12 years), use of
a comprehensive, validated diet assessment tool, and annual
assessment of the major lifestyle and other factors associated
with dementia. A limitation of the study is its observational
study design, and thus the possibility of residual confounding
by measured and unmeasured factors. The FFQ is a selfreported tool and may introduce recall bias. Given that our
population sample was almost exclusively white, highly educated, and altruistically motivated (organ donation is a requirement for participation), the ﬁndings cannot be
generalized to nonwhite, low-educated, or nonvolunteer
populations. In addition, there is the possibility that dietary
changes in participants with subclinical AD biased the observed estimates of eﬀect. It is diﬃcult to determine whether
this could lead to underestimation or overestimation of the
observed associations. However, supportive ﬁndings from
long follow-up studies of ﬂavonoid intake and cognitive
decline20,21 would appear to lessen this alternative explanation
of our ﬁndings.
Our ﬁndings suggest that dietary intake of ﬂavonols may
reduce the risk of developing Alzheimer dementia. Conﬁrmation of these ﬁndings is warranted through other
longitudinal epidemiologic studies and clinical trials
in addition to further elucidation of the biologic mechanisms. Although there is more work to be done, the associations that we observed are promising and deserve further
study.
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