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Abstract
BACKGROUND: Fruits are an important source of flavonoids, 
and greater intake of dietary flavonoids in older adults has been 
shown to be associated with decreased risk of dementia.  It is 
unclear whether this relationship is similar or different between 
younger adults and older adults. 
OBJECTIVES: We examined for associations between midlife 
and late-life intake of flavonoid-rich fruits and incident 
dementia.  We hypothesized that greater total cumulative intake 
of flavonoid-rich fruits in midlife and late-life adults would be 
associated with reduced risk of all-cause dementia.
DESIGN: Longitudinal, cohort study design.
SETTING: Framingham Heart Study, which is a longitudinal, 
multi-generational community-based cohort based in 
Framingham, Massachusetts, USA.  
PARTICIPANTS: Participants from the Framingham Heart 
Study Offspring cohort were included (n = 2,790) who attended 
the fifth core exam between 1991 to 1995, and were dementia-
free and at least 45 years of age at that time, as well as had 
valid food frequency questionnaires from the fifth to ninth core 
exams.
MEASUREMENTS: Consumption of fruits with high flavonoid 
content or are important contributors to overall flavonoid intake 
was collected via food frequency questionnaire.  Flavonoid-rich 
fruits from the food frequency questionnaire included raisins 
or grapes, prunes, bananas, fresh apples or pears, apple juice 
or cider, oranges, orange juice, grapefruit, grapefruit juice, 
strawberries, blueberries, and peaches, apricots, or plums.  
Dementia ascertainment was based on a multidisciplinary 
consensus committee, and included all-cause dementia and 
Alzheimer’s disease dementia diagnoses based on research 
criteria.  Cox models were used to examine associations between 
cumulative fruit intake and incident dementia, stratified by 
midlife (45-59 years; n = 1,642) and late-life (60-82 years; n = 
1,148).  
RESULTS: Greater cumulative total fruit intake in midlife, but 
not late-life, was significantly associated with a 44% decreased 
risk of all-cause dementia (HR = 0.56; 95% CI = 0.32 – 0.98; p = 
0.044).  Decreased risk of all-cause dementia was also associated 
with higher intake of apples or pears in midlife and late-life, as 
well as higher intake of raisins or grapes in midlife only, and 
higher intake of oranges, grapefruit, blueberries, and peaches, 
apricots, or plums in late-life only.    

CONCLUSIONS: Among participants from the Framingham 
Heart Study, greater overall consumption of flavonoid-rich 
fruits in midlife was associated with reduced risk of dementia, 
though intake of specific fruits in midlife and late-life may have 
a protective role against developing dementia.  These findings 
may help to inform future recommendations on when dietary 
interventions may be most beneficial to healthy brain aging 
across the life course.    

Key words: Dementia, fruit, flavonoids, midlife, late-life, Framingham 
Heart Study. 

Introduction

Increasing evidence suggests that a Mediterranean 
diet, which emphasizes flavonoid-rich fruits and 
vegetables, has the potential to reduce the risk of 

dementia, including Alzheimer’s disease (AD) dementia.
(1-5). Flavonoids are naturally occurring bioactive 
pigments found widely in plant-based foods and have 
been studied for their potential neurocognitive benefits.
(3, 4). Evidence from acute and short-term intervention 
studies on possible neurocognitive effects of flavonoid-
rich foods is promising (6-13). A study from the Nurses’ 
Health Study (NHS) and the Health Professional Follow-
Up Study found that long-term dietary flavonoid intake 
was associated with lower odds of subjective cognitive 
decline (14). Another study from the NHS showed that 
greater intake of blueberries and strawberries, which 
are one of the most common sources of flavonoids, was 
associated with slower rates of cognitive decline in older 
adults (15).   

Studies that examine the relationship between intake of 
fruits high in flavonoids and risk of dementia are limited, 
however. Results from observational studies that have 
examined the relationship between flavonoid intake and 
dementia risk also reveal mixed results.  Some studies 
failed to observe any associations between flavonoids and 
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dementia, despite long follow-up periods (16, 17), while 
others have found a lower risk of dementia associated 
with higher flavonoid intake (18, 19). A recent study 
from the Framingham Heart Study (FHS) examining 
long-term dietary flavonoid intake found that higher 
flavonoid intake was associated with a 76% decreased risk 
of dementia in adults (20). This evidence suggests that 
fruits rich in flavonoids could potentially reduce the risk 
of developing dementia. Additional studies are therefore 
needed to systematically examine the impact of dietary 
fruit intake high in flavonoid content on dementia risk.

Another important limitation is that previous studies 
have not considered whether the association between 
dietary flavonoid intake from fruits and risk of dementia 
may differ by age.  Most studies have focused on dietary 
flavonoid intake later in life (18, 21-24), but the potential 
benefits of flavonoids may begin earlier in life (25-27), 
including a study that found consumption of flavonoid-
rich berries in young adults aged 20-30 years was effective 
in maintaining or improving cognitive performance (28). 
As recognition grows around dementia being a life course 
disease, with social and physiologic antecedents in early 
life (29), understanding the impact that flavonoid-rich 
foods can have across different time points in life on 
brain aging-related outcomes has important implications 
for maintaining cognitive function across the lifespan, 
and ultimately for delaying or potentially preventing the 
onset of dementia (30-32).  

To address these limitations in previous studies 
examining associations between flavonoid-rich fruits 
and dementia risk, as well as extend previous work done 
at FHS by analyzing high-flavonoid fruit consumption 
measured earlier and later in life, we tested associations 
between total dietary intake of high-flavonoid fruits in 
midlife and late-life with incident all-cause dementia.  
We hypothesized that greater total intake of fruits high 
in flavonoid content during midlife and late-life is 
associated with decreased risk of all-cause dementia as 
compared to lower total intake of fruits high in flavonoid 
content.  

Methods

Participants and procedures

Initiated in 1948, FHS is a population-based cohort 
with regular health exams (33). The present study used 
data from the FHS Offspring (Gen 2) cohort, which began 
in 1971-1975 with 5,124 participants  who were 5-70 years 
of age and had, on average, health exams every four 
to eight years (34). To study the relationship between 
midlife and late-life consumption of flavonoid-rich 
fruits and dementia risk, analyses were based on 2,790 
participants (Supplemental Figure 1) who (1) attended 
Exam 5 (1991-1995); (2) did not have dementia at Exam 
5; (3) were at least 45 years of age at Exam 5; and (4) had 
valid food frequency questionnaires (FFQs) at Exams 5-9 

(as described below).  Informed consent was obtained 
from all study participants, and the study protocol was 
approved by the institutional review board of the Boston 
University Medical Campus.  

Dietary assessment

Participants’ dietary intakes were assessed at the 
fifth through ninth exams cycles (1991 - 2014) in the 
Gen 2 cohort using a validated semi-quantitative FFQ 
(35). Before each exam cycle, the FFQs were mailed to 
participants who were given instructions to complete 
the questionnaire by recording the frequency of foods 
consumed over the past 12 months, and to bring it to 
their exam appointment.  The FFQ is comprised of a list 
of 126 foods with a standard serving size and a selection 
of nine frequency categories ranging from “never, or 
less than one serving per month” to “more than or 
equal to six servings per day.”  A FFQ was judged as 
invalid if reported energy intakes were less than 600 
kilocalories (kcal) per day or greater than 4000 kcal per 
day for women, and greater than 4200 kcal per day for 
men, respectively, or if more than 12 food items were left 
blank.  Participants who had less than 12 blank items 
were included in the analysis and considered as non-
consumers of the blank items.  The validity of food intake 
measurements based on a comparison between the FFQ 
and two seven-day diet records collected during the 
time interval covered by the FFQ has been previously 
documented (36, 37).  

The exposure of interest was dietary intake of fruits 
with high flavonoid content or fruits which are important 
contributors to overall dietary flavonoid intake.  In the 
FFQ, there are a total of 15 fruit items included (raisins 
or grapes, prunes, bananas, cantaloupe, watermelon, 
fresh apples or pears, apple juice or cider, oranges, 
orange juice, grapefruit, grapefruit juice, other fruit 
juices, strawberries, blueberries, and peaches, apricots, 
or plums).  Among these, we selected raisins or grapes, 
prunes, bananas, fresh apples or pears, apple juice or 
cider, oranges, orange juice, grapefruit, grapefruit juice, 
strawberries, blueberries, and peaches, apricots, or plums 
to be included in the analysis, based on their relatively 
high flavonoid content, or that they represent a major 
proportion of the total flavonoids consumed based on 
their consumption frequency (38, 39).      

Dementia ascertainment

Participants suspected of cognitive impairment are 
classified by expert consensus, including a team with 
at least one neurologist and one neuropsychologist, 
as to whether they have dementia (40). For this study, 
we followed participants in the study sample for the 
development of incident dementia over 28 years from the 
study baseline period.  Diagnosis of all-cause dementia 
was based on the fourth edition of the Diagnostic and 
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Statistical Manual of Mental Disorders (41). Diagnosis 
of AD dementia was based on the National Institute 
of Neurological and Communicative Disorders and 
Stroke and Alzheimer’s Disease and Related Disorders 
Association criteria (42).  

Covariates

Potential confounders considered in the analyses 
included age, sex, years of education, body mass index 
(BMI; kg/m2), physical activity index (PAI) expressed 
in metabolic equivalents (43), current smoking status 
(yes vs. no), prevalent stroke, hypertension, diabetes, 
apolipoprotein E (ApoE) ε4 allele carrier (at least one 
ε4 allele vs. no ε4 allele), and total energy intake (TEI; 
kilocalories per day).  

Stroke was defined by the presence of any of the 
following events: atherothrombotic infarction of the 
brain, cerebral embolism, intracerebral hemorrhage, 
and subarachnoid hemorrhage (44). Hypertension was 
defined as having systolic/diastolic blood pressure 
≥130/80 mmHg, or the use of anti-hypertensive 
medication for treating high blood pressure (45). Diabetes 
was defined as having non-fasted blood glucose ≥200 
mg/dL, fasted blood glucose ≥126 mg/dL, or the use of 
insulin or hypoglycemic medication to lower blood sugar 
(46).      

Statistical analysis

Participants in the analytic sample (n = 2,790) were 
stratified into two age epochs, based on their age at Exam 
5: midlife (n = 1,642, age 45-59 years); and late-life (n = 
1,148, age 60-82 years).  We provided descriptive statistics: 
mean and standard deviation for continuous variables, 
or count and percentage for categorical variables.  When 
providing the distributions for the cumulative intake 
of total fruits and each fruit item included, we reported 
them as medians and interquartile ranges.    

To examine associations between total fruit intake in 
midlife and late-life with incident all-cause dementia, we 
first calculated the cumulative average total fruit intake 
by updating the selected fruit items at each exam prior 
to censoring or until reaching the updating-stop rule for 
participants who developed dementia.  Participants were 
followed from baseline until the occurrence of diagnosis 
of dementia, or death.  They were censored at the dates at 
which these events occurred.  Those who did not develop 
any of the above-mentioned events were followed up 
until the end of the study (December 31, 2019), at which 
time they were censored.   

We updated total fruit intake at each exam by using 
the cumulative average of intakes of each fruit item from 
all exams prior to censoring, except as noted below.  For 
participants diagnosed with dementia, we used a 365-day 
cutoff to determine when to stop updating their dietary 
data.  If the difference between a participant’s dementia 
diagnosis date and the exam prior to dementia diagnosis 

was at least 365 days, we stopped the update at the most 
recent exam prior to the dementia diagnosis.  However, 
if the difference was less than 365 days, then we stopped 
updating the dietary data at two exams prior to the exam 
at which dementia was diagnosed.  For participants who 
died without developing dementia, we stopped updating 
their dietary data at the exam prior to their death.  In the 
event that a participant was missing intake data from at 
least one of the follow-up exams, the cumulative average 
of total fruit intake was based on existing intake data.  
Finally, for participants who survived until the end of 
the study, we stopped updating their dietary information 
at the last exam (e.g., Exam 9).  The same cumulative 
average approach was used to update the covariates at 
each exam, except for baseline age, sex, education, and 
ApoE genotype.  

Separate Cox regression models were used to estimate 
hazard ratios (HRs) and 95% confidence intervals (CIs) for 
the association between total fruit intake in midlife and 
late-life, respectively, and incident all-cause dementia.  
We constructed models, unadjusted and adjusted for 
age, sex, education, BMI, physical activity, smoking, 
diabetes, hypertension, stroke, ApoE genotype, and 
TEI, that modeled total fruit intake as a binary variable 
(high, low) and categorical variable (highest, moderate, 
and lowest).  Based on prior studies that found risk of 
dementia increased more dramatically in individuals 
with flavonoid intakes in the lowest 30% compared with 
higher intake levels (20), we compared participants at or 
below the 30th percentile (low) to those above the 30th 
percentile (high).  As a categorical variable, we defined 
participants at the lowest 30th percentile as having lowest 
intake, followed by those between the 30th and 70th 
percentiles as having moderate intake, and finally, those 
at the 70th percentile or greater as having highest intake.  
We also conducted a sensitivity analysis to evaluate the 
impact of death as a competing event on the results from 
the primary analyses in the midlife and late-life groups.  

Secondary analyses included: (1)  examining 
independent associations with individual fruit intake 
in midlife and late-life, adjusting for intake of other 
specific fruit items; and (2) focusing on AD dementia 
as an outcome.  The significance level was set to 0.05.  
All analyses were performed using Stata version 17.0 
(StataCorp, College Station, Texas).       

Results

Baseline characteristics of midlife and late-life 
participants & distribution of cumulative fruit 
intake

At baseline, the average age of the 2,790 participants 
(52% female) was 57.5 years (Table 1). Of these, 1,642 were 
in midlife (45-59 years) and 1,148 were in late-life (60-
82 years) at study baseline. On average, participants in 
midlife were more likely to be female and individuals that 
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smoke, as well as had more years of education and higher 
levels of physical activity compared to those in late-life.  
Participants in late-life were, on average, more likely to 
have hypertension, diabetes, and stroke compared to 
those in midlife.

Among the individual fruits examined, participants in 
the midlife group reported consuming, on average, fewer 
total fruits (11.1 servings/week) cumulatively compared 
to those in the late-life group (13.2 servings/week) 
(Table 2).  The most commonly consumed fruit items in 
both groups were orange juice, bananas, and apples or 
pears, with consumption of these items being similar or 
higher among late-life participants compared to midlife 
participants.    

Associations between total fruit intake in 
midlife and late-life with risk of dementia

Based on multivariable models adjusted for age, sex, 
education, BMI, physical activity, smoking, diabetes, 
hypertension, stroke, ApoE genotype, and total energy 
intake, high cumulative total fruit intake in the midlife 
group was significantly associated with decreased risk 
of all-cause dementia as compared to low cumulative 
total fruit intake (HR = 0.56; 95% CI = 0.32 - 0.98; p = 0.04) 
(Table 3). High cumulative total fruit intake in the late-life 

group was not significantly associated with decreased 
risk of all-cause dementia (HR = 1.10; 95% CI = 0.79 - 
1.55; p = 0.56).  High cumulative total fruit intake in 
midlife or late-life groups was not significantly associated 
with decreased risk of AD dementia (Supplemental 
Table 1).  Accounting for death as a competing event 
did not meaningfully change the results, except that 
the association between high cumulative total fruit 
intake in the midlife group and decreased risk of all-
cause dementia was nominally significant (p = 0.08) 
(Supplemental Table 2).

When examining potential dose-response relationships 
between cumulative total fruit intake in midlife and 
late-life groups with risk of all-cause dementia, we did 
not observe the highest intake category (HRmidlife = 
0.54; 95% CImidlife = 0.26 - 1.09; pmidlife = 0.09; HRlate-
life = 0.90; 95% CIlate-life= 0.60 - 1.36; plate-life = 0.64) 
nor moderate intake category (HRmidlife = 0.57; 95% 
CImidlife = 0.31 - 1.08; pmidlife = 0.08; HRlate-life = 
1.22; 95% CIlate-life = 0.86 - 1.74; plate-life = 0.26) to be 
significantly associated with decreased all-cause dementia 
risk as compared with the lowest intake category (Table 
3).  Similar findings were also observed when examining 
potential dose-response relationships between cumulative 
total fruit intake in midlife and late-life groups with risk 
of AD dementia (Supplemental Table 1).  

Table 1. Baseline characteristics of the sample by midlife (45-59 years) and late-life (60-82 years) groups
Overall (n = 2,790) Midlife (n = 1,642) Late-life (n = 1,148)

  Age, years (mean (SD)) 57.5 (8.1) 51.8 (4.2) 65.7 (4.4)
  Sex (n (%))
    Female 1,461 (52.4) 874 (53.2) 587 (51.1)
    Male 1,329 (47.6) 768 (46.8) 56 (48.9)
  Education, years (mean (SD)) 14.0 (2.6) 14.3 (2.6) 13.5 (2.6)
  Body mass index, kg/m2 (mean (SD)) 27.5 (4.9) 27.5 (4.9) 27.6 (4.8)
  Physical activity index (median (IQR)) 33.1 (30.2 – 36.6) 33.4 (30.6 – 37.1) 32.3 (30.1 – 35.8)
  Current smoking (n (%))
    Yes 501 (18.0) 348 (21.2) 153 (13.3)
    No 2,286 (81.9) 1,294 (78.8) 992 (86.4)
  Hypertension (n (%))
    Yes 600 (21.2) 211 (12.8) 389 (33.9)
    No 2,174 (77.9) 1,425 (86.8) 749 (65.2)
  Diabetes (n (%))
    Yes 247 (8.8) 100 (6.1) 147 (12.8)
    No 2,502 (90.0) 1,511 (92.0) 991 (86.3)
  Stroke (n (%))
    Yes 274 (9.8) 100 (6.1) 174 (15.2)
    No 2,516 (90.2) 1,542 (93.9) 974 (84.8)
  ApoE ε4 allele carrier (n (%))
    Yes 627 (22.5) 378 (23.0) 249 (21.7)
    No 2,163 (77.5) 1,264 (77.0) 899 (78.3)
  Total energy intake, kcal (mean (SD)) 1844.0 (617.1) 1857.2 (629.0) 1825.2 (599.4)
SD: Standard deviation; kg: Kilogram; m2: Meters squared; IQR: Interquartile range; ApoE: Apolipoprotein E; kcal: Kilocalories; Missing values include: n=345 for 
education; n=10 for body mass index; n=76 for physical activity; n=3 for smoking; n=16 for hypertension; n=41 for diabetes
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Table 2. Distribution of median cumulative fruit intake 
by midlife and late-life groups
Fruit item (servings per week) Midlife Late-life
  Total fruit intake (IQR) 11.1 (6.7 – 16.2) 13.2 (8.6 – 18.9)
  Raisins or grapes (IQR) 0.4 (0.1 – 1.1) 0.5 (0.1 – 1.0)
  Prunes (IQR) 0 (0 – 0.1) 0 (0 – 0.2)
  Bananas (IQR) 1.7 (0.6 – 3.1) 2.5 (1.0 – 4.2)
  Fresh apples or pears (IQR) 1.2 (0.5 – 2.5) 1.2 (0.5 – 3.0)
  Apple juice or cider (IQR) 0.1 (0 – 0.5) 0.1 (0 – 0.5)
  Oranges (IQR) 0.5 (0.2 – 1.4) 0.5 (0.2 – 1.7)
  Orange juice (IQR) 2.0 (0.5 – 4.8) 3.5 (0.8 – 6.6)
  Grapefruit (IQR) 0.2 (0 – 0.5) 0.2 (0 – 0.9)
  Grapefruit juice (IQR) 0 (0 – 0.4) 0 (0 – 0.3)
  Strawberries (IQR) 0.5 (0.2 – 1.0) 0.5 (0.2 – 0.7)
  Blueberries (IQR) 0.3 (0.1 – 0.8) 0.2 (0 – 0.5)
  Peaches, apricots, or plums (IQR) 0.3 (0.1 – 0.7) 0.5 (0.1 – 1.0)
IQR: Interquartile range

Associations between individual fruits in 
midlife and late-life with risk of dementia

Decreased r i sk  of  a l l - cause  dement ia  was 
independently associated with high cumulative intake 
of raisins or grapes (HR = 0.55; 95% CI = 0.32 - 0.95; p = 
0.03), and apples or pears (HR = 0.56; 95% CI = 0.32 - 0.98; 
p = 0.04) in the midlife group (Table 4), after adjusting 
for intake of all other fruits included.  We observed a 
nominally significant association between high 

cumulative intake of oranges in the midlife group and 
decreased risk of all-cause dementia (HR = 0.58; 95% CI = 
0.34 - 1.00; p = 0.05).  In the late-life group, decreased risk 
of all-cause dementia was independently associated with 
high cumulative intake of apples or pears (HR = 0.67; 95% 
CI = 0.50 - 0.90; p = 0.01), oranges (HR = 0.69; 95% CI = 
0.52 - 0.93; p = 0.02), grapefruit (HR = 0.66; 95% CI = 0.49 
- 0.88; p = 0.01), blueberries (HR = 0.66; 95% CI = 0.49 - 
0.90; p = 0.01), and peaches, apricots, or plums (HR = 0.59; 
95% CI = 0.43 - 0.79; p <0.01) (Table 4), after adjusting 
for intake of all other fruits included.  Decreased risk of 
AD dementia was independently associated with high 
cumulative intake of apples or pears (HR = 0.66; 95% 
CI = 0.46 - 0.94; p = 0.02), grapefruit (HR = 0.69; 95% CI 
= 0.48 - 0.98; p = 0.04), blueberries (HR = 0.68; 95% CI = 
0.47 - 0.97; p = 0.04), and peaches, apricots, or plums (HR 
= 0.52; 95% CI = 0.36 - 0.74; p <0.01) in the late-life group 
(Supplemental Table 3).  Only high cumulative intake 
of raisins or grapes in the midlife group was nominally 
associated with decreased risk of AD dementia (HR = 
0.50; 95% CI = 0.25 - 1.00; p = 0.05). 

When examining potential dose-response relationships 
with cumulative intake of specific fruit items, highest 
intake of raisins or grapes (HR = 0.35; 95% CI = 0.16 – 
0.74; p = 0.01), apples or pears (HR = 0.51; 95% CI = 0.27 
– 0.96; p = 0.04), and oranges (HR = 0.49; 95% CI = 0.24 
– 0.98; p = 0.04) in the midlife group were independently 
associated with decreased risk of all-cause dementia 
(Table 5).  We also found that highest intake of raisins 
or grapes (HR = 0.64; 95% CI = 0.45 – 0.90; p = 0.01), 

Table 3. Associations between cumulative total fruit intake in midlife and late-life groups and risk of all-cause dementia
Midlife (85 all-cause dementia 

cases/1,642 participants
Late-life (238 all-cause dementia 

cases/1,148 participants)

Total fruit intake percentile Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

  Binary categorical
  ≤30th percentile (Low) 1.00

(Reference)
-- 1.00--

(Reference)
--

  >30th percentile (High) 0.72
(0.44 – 1.17)*

0.19 1.13
(0.85 – 1.52)*

0.40

0.56
(0.32 – 0.98)†

0.04 1.10
(0.79 – 1.55)†

0.56

Three-level categorical
  ≤30th percentile (Lowest) 1.00

(Reference)
-- 1.00

(Reference)
--

  >30th to 70th percentile (Moderate) 0.73
(0.42 – 1.25)*

0.25 1.24
(0.91 – 1.70)*

0.17

0.57
(0.31 – 1.08)†

0.08 1.22
(0.86 – 1.74)†

0.26

  >70th percentile (Highest) 0.71
(0.39 – 1.30)*

0.27 1.00
(0.71 – 1.40)*

0.98

0.54
(0.26 – 1.09)†

0.09 0.90
(0.60 – 1.36)†

0.64

CI: Confidence interval; *Unadjusted model; †Adjusted for age, sex, education, body mass index, physical activity, smoking, diabetes, hypertension, stroke, ApoE 
genotype, and total energy intake
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apples or pears (HR = 0.59; 95% CI = 0.42 – 0.83; p <0.01), 
grapefruit (HR = 0.59; 95% CI = 0.42 – 0.83; p <0.01), and 
blueberries (HR = 0.50; 95% CI = 0.34 – 0.74; p <0.01) in 
the late-life group were independently associated with 
decreased risk of all-cause dementia.  Moreover, we 
observed that the cumulative intake of oranges in the late-
life group at the highest (HR = 0.69; 95% CI = 0.50 – 0.97; 
p = 0.03) and moderate (HR = 0.70. 95% CI = 0.49 – 0.99; 
p = 0.04) categories, and with peaches, apricots, or plums 
(HRhighest = 0.51; 95% CIhighest = 0.35 – 0.74; phighest 
<0.01; HRmoderate = 0.64; 95% CImoderate  = 0.46 – 0.89; 
pmoderate <0.01), were significantly associated with 
decreased risk of all-cause dementia.  The association 
between highest levels of cumulative intake of prunes 
in the late-life group and risk of all-cause dementia 
was nominally significant (HR = 0.54; 95% CI = 0.29 – 
0.99; p = 0.05).  For associations with AD dementia risk 
(Supplemental Table 4), we found that only highest levels 
of cumulative intake of raisins or grapes in the midlife 
group (HR = 0.29; 95% CI = 0.11 – 0.78; p = 0.02) and in 
the late-life group (HR = 0.58; 95% CI  = 0.38 – 0.88; p = 
0.01), as well as highest levels of cumulative intake of 
apples or pears (HR = 0.60; 95% CI = 0.40 – 0.90; p = 0.01), 
grapefruit (HR = 0.55; 95% CI = 0.36 – 0.84; p <0.01), and 
blueberries (HR = 0.48; 95% CI = 0.30 – 0.76; p <0.01) 
in the late-life group were significantly associated with 
decreased risk of AD dementia.  Both the highest (HR = 
0.46; 95% CI = 0.30 – 0.72; p <0.01) and moderate (HR = 
0.56; 95% CI = 0.38 – 0.84; p <0.01) levels of cumulative 
intake of peaches, apricots, or plums in the late-life group 
were significantly associated with decreased risk of AD 
dementia.  

Discussion

The main finding of our study is that high cumulative 
intake of flavonoid-rich fruits starting in midlife was 
significantly associated with decreased risk of all-cause 

dementia.  High cumulative intake of flavonoid-rich fruits 
in the late-life group was not associated with decreased 
risk of all-cause dementia.  We did not observe dose-
response relationships between cumulative intake of 
flavonoid-rich fruits in midlife or late-life groups and 
risk of all-cause dementia.  This is one of the first studies 
to systematically examine for potential differences in 
associations between flavonoid-rich fruit intake in midlife 
and late-life individuals and incident dementia, which 
has important implications for developing more effective 
and timely prevention strategies for dementia.      

Previous observational studies that have examined the 
relationship between total flavonoid intake and incident 
dementia have shown mixed results.  Some studies found 
greater flavonoid consumption to be associated with 
decreased dementia risk (18, 20, 47, 48), but others did 
not observe an association between total flavonoid intake 
and dementia risk (16, 49, 50). Notably, most studies 
have only included participants and measurement of 
flavonoids in late-life (48-50). Very few studies included 
or exclusively focused emphasized adults in midlife or 
younger (20, 47), and those that included younger and 
older adults have not observed age to impact or modify 
the association between flavonoid intake and risk of 
dementia (20, 50). Other studies that focused on cognition 
as the outcome with a mixed age range of participants 
found that the association between greater total flavonoid 
intake and reduced cognitive decline was stronger in 
younger participants than older participants (14), though 
some did not find that age modified this association (12, 
51-53).

Our findings that higher consumption of flavonoid-
rich fruits, especially in the midlife group, was associated 
with decreased risk of all-cause dementia is consistent 
with hypothesized mechanisms of the beneficial 
neuroprotective effect of flavonoids.  While much of their 
potential impact has been attributed to their antioxidant 

Table 4. Associations between cumulative individual fruit intakes in midlife and late-life groups and risk of all-cause 
dementia

Midlife Late-life

Individual fruit intake (high vs. low)* Hazard ratio (95% Confidence interval)† p-value Hazard ratio (95% Confidence interval)† p-value

  Raisins or grapes 0.55 (0.32 – 0.95) 0.03 0.77 (0.57 – 1.04) 0.09

  Prunes 0.89 (0.49 – 1.61) 0.69 0.77 (0.58 – 1.04) 0.08

  Bananas 1.16 (0.62 – 2.16) 0.64 0.94 (0.68 – 1.30) 0.70

  Apples or pears 0.56 (0.32 – 0.98) 0.04 0.67 (0.50 – 0.90) 0.01

  Apple juice or cider 1.10 (0.64 – 1.90) 0.73 0.93 (0.70 – 1.23) 0.62

  Oranges 0.58 (0.34 – 1.00) 0.05 0.69 (0.52 – 0.93) 0.02

  Orange juice 1.46 (0.77 – 2.77) 0.24 1.10 (0.80 – 1.52) 0.55

  Grapefruit 1.10 (0.63 – 1.94) 0.74 0.66 (0.49 – 0.88) 0.01

  Grapefruit juice 1.48 (0.86 – 2.53) 0.16 0.99 (0.75 – 1.31) 0.95

  Strawberries 0.98 (0.55 – 1.76) 0.95 0.82 (0.60 – 1.11) 0.20

  Blueberries 0.90 (0.50 – 1.63) 0.73 0.66 (0.49 – 0.90) 0.01

  Peaches, apricots, or plums 0.79 (0.45 – 1.39) 0.42 0.59 (0.43 – 0.79) 0.001

*High group: >30th percentile; and Low group: ≤30th percentile (Reference); †Adjusted for age, sex, education, body mass index, physical activity, each specific fruit item, 
smoking, diabetes, hypertension, stroke, ApoE genotype, and total energy intake
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potential (54), either by means of their ability to scavenge 
reactive species or influence on intracellular redox 
status (55), flavonoids are more likely to exert favorable 
cognitive effects by protecting neurons from neurotoxins 
and combating neuroinflammation (56-58). Flavonoids 
and their metabolites may also result in favorable changes 
in cerebrovascular blood flow, which in turn can induce 
angiogenesis and neurogenesis (57, 59-61). It is believed 
that, through these proposed mechanisms, intake of 

flavonoid-rich foods, including fruits, over the lifespan 
may hold promise in delaying or possibly preventing the 
onset of dementia and age-associated cognitive decline.                          

We found that high intake of apples or pears starting in 
midlife and in late-life was significantly associated with 
decreased risk of all-cause dementia, while high intake 
of raisins or grapes starting in midlife and high intake of 
oranges, grapefruit, blueberries, and peaches, apricots, 
or plums starting in late-life was significantly associated 

Table 5. Dose-response associations between cumulative individual fruit intakes in midlife and late-life groups and 
risk of all-cause dementia 

Midlife Late-life

Individual fruit intake (highest vs. moderate vs. lowest)* Hazard ratio (95% Confidence interval)† p-value Hazard ratio (95% Confidence interval)† p-value

  Raisins or grapes

    Highest 0.35 (0.16 – 0.74) 0.01 0.64 (0.45 – 0.90) 0.01     

Moderate 0.72 (0.40 – 1.30) 0.28 0.94 (0.67 – 1.32) 0.75

  Prunes

    Highest 0.87 (0.34 – 2.24) 0.78 0.54 (0.29 – 0.99) 0.05 

    Moderate 0.89 (0.45 – 1.78) 0.75 0.84 (0.62 – 1.15) 0.28

  Bananas

    Highest 0.93 (0.43 – 2.00) 0.86 0.85 (0.59 – 1.21) 0.36

    Moderate 1.30 (0.68 – 2.48) 0.43 1.07 (0.74 – 1.55) 0.71

  Apples or pears

    Highest 0.51 (0.27 – 0.96) 0.04 0.59 (0.42 – 0.83) 0.002

    Moderate 0.64 (0.33 – 1.25) 0.41 0.78 (0.56 – 1.10) 0.16

  Apple juice or cider

    Highest 0.94 (0.48 – 1.81) 0.84 0.89 (0.63 – 1.26) 0.52

    Moderate 1.31 (0.69 – 2.50) 0.41 0.97 (0.69 – 1.35) 0.85

  Oranges

    Highest 0.49 (0.24 – 0.98) 0.04 0.69 (0.50 – 0.97) 0.03

    Moderate 0.65 (0.36 – 1.18) 0.16 0.70 (0.49 – 0.99) 0.04

  Orange juice

    Highest 1.37 (0.68 – 2.73) 0.38 0.91 (0.64 – 1.30) 0.62

    Moderate 1.60 (0.78 – 3.30) 0.20 1.42 (0.99 – 2.04) 0.06

  Grapefruit

    Highest 0.87 (0.43 – 1.75) 0.69 0.59 (0.42 – 0.83) 0.002

    Moderate 1.31 (0.71 – 2.42) 0.39 0.75 (0.53 – 1.07) 0.11

  Grapefruit juice

    Highest 1.42 (0.70 – 2.92) 0.33 0.93 (0.62 – 1.39) 0.73

    Moderate 1.50 (0.82 – 2.76) 0.19 1.03 (0.74 – 1.42) 0.87

  Strawberries

    Highest 0.82 (0.39 – 1.71) 0.60 0.79 (0.55 – 1.14) 0.22

    Moderate 1.08 (0.58 – 2.76) 0.19 0.84 (0.60 – 1.16) 0.29

  Blueberries

    Highest 0.58 (0.27 – 1.28) 0.18 0.50 (0.34 – 0.74) <0.001

    Moderate 1.10 (0.60 – 2.03) 0.76 0.79 (0.57 – 1.09) 0.15

  Peaches, apricots, or plums

    Highest 0.67 (0.33 – 1.36) 0.27 0.51 (0.35 – 0.74) <0.001

    Moderate 0.88 (0.48 – 1.63) 0.69 0.64 (0.46 – 0.89) 0.01

*Highest group: >70th percentile; Moderate group: >30th to 70th percentile; and Lowest group: ≤30th percentile (Reference); †Adjusted for age, sex, education, body mass 
index, physical activity, each specific fruit item, smoking, diabetes, hypertension, stroke, ApoE genotype, and total energy intake
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with decreased risk of all-cause dementia.  These findings 
should be interpreted cautiously, however, since we did 
not account for multiple testing as part of these secondary 
analyses.  Published literature on the relationship 
between specific fruits and incidence of dementia is 
relatively limited, though a previous study of over 13,000 
older adults found that consuming citrus fruits at least 
three to four times a week compared to two times or less 
a week was associated with a decreased risk of dementia 
(62). A meta-analysis including a sample of middle-aged 
and older adults found an inverse association between 
fruit and vegetable consumption and risk of cognitive 
impairment, though there was no significant association 
for individuals under 65 years of age (63). We also found 
that high intake of blueberries, as well as apples or pears, 
grapefruit, and peaches, apricots, or plums, in the late-life 
group was significantly associated with decreased risk of 
AD dementia.  One study of mostly older adults found a 
significant association between increased consumption of 
berries and decreased AD dementia risk (64). Evidence 
from preclinical and animal studies is mixed, though, 
on whether blueberries and other flavonoid-rich fruits 
impact AD pathways, such as beta-amyloid accumulation 
or clearance (65-68). Further study is needed to confirm 
and extend our findings, especially in regards to 
examining the relationship between fruit consumption 
and incidence of dementia in younger adults.

Strengths of this study include the large sample sizes 
among midlife and late-life participants, cumulative 
average fruit intake assessment to reflect long-term 
impact, and long follow-up time for the occurrence of 
incident dementia cases.  There are several limitations 
of this study that need to be considered.  Our study 
focused on only midlife and late-life intake of flavonoid-
rich fruits as data were limited or unavailable earlier in 
life, including early adulthood, as well as childhood and 
adolescence.  We also acknowledge that consumption 
of flavonoid-rich fruits in late-life may be dependent 
or affected by consumption of flavonoid-rich fruits in 
midlife, which we could not examine in this analysis 
due to sample size limitations.  Future studies should 
examine dietary factors across the entire life course, as 
well as evaluate changes in within-person consumption 
levels longitudinally across the life course and their 
associations with dementia risk.  The FFQ intake data 
may be affected by misclassification, which likely 
would weaken our observed associations.  To help 
address potential misclassification, we adjusted for 
total energy intake in our analyses.  Our analyses were 
also limited in that we could not account for certain 
dementia risk factors because they were not available, 
such as depression.  Therefore, unmeasured or residual 
confounding cannot be ruled out.  Finally, participants in 
our study are primarily European American, which may 
limit generalizability of our findings to more ethnically 
diverse populations.  Further study is needed to confirm 
our findings in more diverse study samples.           

In conclusion, our findings are an important addition 
to the limited evidence that greater consumption of fruit, 
particularly starting in midlife, may be beneficial to 
brain aging by possibly reducing the risk of developing 
dementia later in life.  These findings also highlight 
potential differences in the impact that fruit consumption 
may have on contributing to dementia risk across the 
life course. Future studies in larger and more age, as 
well as racially and ethnically, diverse individuals are 
warranted. With greater recognition of AD as a life course 
disease, more precise and effective prevention strategies 
are needed that emphasize the importance of tailoring 
interventions, such as diet, to the right person at the 
right time to promote brain health and delay or even 
potentially prevent the onset of dementia.      

Funding: Funding for this project came from the US Highbush Blueberry 
Council Health Research Grant.  The sponsor had no role in the design or 
conduct of the study; in the collection, analysis, or interpretation of data; in the 
preparation of the manuscript; or in the review or approval of the manuscript.  
We also acknowledge support from the Framingham Heart Study of the National 
Heart Lung and Blood Institute of the National Institutes of Health and Boston 
University School of Medicine.  This project has been funded in whole or in part 
with Federal funds from the National Heart Lung and Blood Institute, Department 
of Health and Human Services, under Contract No. 75N92019D00031.  Grants from 
the National Institute on Aging R01-AG016496, R01-AG008122, R01-AG049810, 
RF1AG054156, R01-AG062109, and U19AG068753 also supported this work, as 
well as from USDA ARS Cooperative Agreement #58-8050-9-004.  

Acknowledgements: We are grateful to the Framingham Heart Study participants 
for their decades of dedication and to the Framingham Heart Study staff for their 
hard work in collecting and preparing the data.

Ethical standards: Informed consent was obtained from all study participants, 
and the study protocol was approved by the institutional review board of the 
Boston University Medical Campus.

Conflict of interest: PMD has received research grants from the National Institute 
on Aging, DARPA, DOD, ONR, Salix, Avanir, Avid, Cure Alzheimer’s Fund, Karen 
L. Wrenn Trust, Steve Aoki Foundation, US Highbush Blueberry Council, and 
advisory fees from UMethod, Clearview, Lumos, Otsuka, Lundbeck, Compass, 
Sermo, Nutricia, and Transposon.  PMD is a co-inventor of patents for the 
diagnosis or treatment of Alzheimer’s disease and a patent for infection detection.  
PMD owns shares in several biotechnology companies whose products are not 
discussed here.  PMD serves on boards of health systems and advocacy groups.  
RA is a scientific advisor to Signant Health, and a consultant to Biogen and the 
Davos Alzheimer’s Collaborative (DAC).  RA is also Director of the Global Cohort 
Development program for DAC.  PHH has received research grants from the 
Alzheimer’s Association, National Institute on Aging, and US Highbush Blueberry 
Council.  All other authors report no conflicts of interest.  

Open Access: This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecommons.org/
licenses/by/4.0/), which permits use, duplication, adaptation, distribution and 
reproduction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative Commons 
license and indicate if changes were made.

References
1.	 Safouris A, Tsivgoulis G, Sergentanis TN, Psaltopoulou T. Mediterranean diet 

and risk of dementia. Curr Alzheimer Res 2015;12:736-744.  doi: 10.2174/15672
05012666150710114430. 

2.	 Anastasiou CA, Yannakoulia M, Kosmidis MH, et al. Mediterranean diet and 
cognitive health: initial results from the Hellenic Longitudinal Investigation 
of Ageing and Diet. PLoS One 2017;12:e0182048.  doi: 10.1371/journal.
pone.0182048. 

3.	 Berti V, Walters M, Sterling J, et al. Mediterranean diet and 3-year 
Alzheimer brain biomarker changes in middle-aged adults. Neurology 
2018;90:e1789-e1798.  doi: 10.1212/WNL.0000000000005527. 

4.	 Petersson SD, Philippou E. Mediterranean diet, cognitive function, and 
dementia: a systematic review of the evidence. Adv Nutr 2016;7:889-904.  doi: 
10.3945/an.116.012138. 

5.	 Valls-Pedret C, Lamuela-Raventos RM, Medina-Remon A, et al. Polyphenol-



1278

MIDLIFE AND LATE-LIFE FRUITS AND DEMENTIA 

rich foods in the Mediterranean diet are associated with better cognitive 
function in elderly subjects at high cardiovascular risk. J Alzheimers Dis 
2012;29:773-782.  doi: 10.3233/JAD-2012-111799. 

6.	 Rendeiro C, Rhodes JS, Spencer JP. The mechanisms of action of flavonoids in 
the brain: direct versus indirect effects. Neurochem Int 2015;89:126-139.  doi: 
10.1016/j.neuint.2015.08.002. 

7.	 Orhan IE, Daglia M, Nabavi SF, et al. Flavonoids and dementia: an update. 
Curr Med Chem 2015;22:1004-1015.  doi: 10.2174/0929867322666141212122352.

8.	 McNamara RK, Kalt W, Shidler MD, et al. Cognitive response to fish oil, 
blueberry, and combined supplementation in older adults with subjective 
cognitive impairment. Neurobiol Aging 2018;64:147-156.  doi: 10.1016/j.
neurobiolaging.2017.12.003.

9.	 Butchart C, Kyle J, McNeill G, et al. Flavonoid intake in relation to cognitive 
function in later life in the Lothian Birth Cohort 1936. Br J Nutr 2011;106:141-
148.  doi: 10.1017/S0007114510005738. 

10.	 Kent K, Roodenrys S, Charlton KE, et al. Dietary flavonoid intake and 
cognitive performance in older adults with Alzheimer’s type dementia. J 
Aging Res Clin Pract 2016;5:93-97.  doi: 10.14283/jarcp.2016.95 

11.	 Letenneur L, Proust-Lima C, Le Gouge A, et al. Flavonoid intake and cognitive 
decline over a 10-year period. Am J Epidemiol 2007;165:1364-1371.  doi: 
10.1093/aje/kwm036.

12.	 Nooyens AC, Milder IE, van Gelder BM, et al. Diet and cognitive decline 
at middle age: the role of antioxidants. Br J Nutr 2015;113:1410-1417.  doi: 
10.1017/S0007114515000720. 

13.	 Kalmijn S, Feskens EJ, Launer LJ, et al. Polyunsaturated fatty acids, 
antioxidants, and cognitive function in very old men. Am J Epidemiol 
1997;145:33-41.  doi: 10.1093/oxfordjournals.aje.a009029

14.	 Yeh TS, Yuan C, Ascherio A, Rosner BA, Williett WC, Blacker D. Long-
term dietary flavonoid intake and subjective cognitive decline 
in US men and women. Neurology 2021;97:e1041-e1056.  doi: 10.1212/
WNL.0000000000012454. 

15.	 Devore EE, Kang JH, Breteler MMB, Grodstein F. Dietary intake of berries and 
flavonoids in relation to cognitive decline. Ann Neurol 2012;72:135-143.  doi: 
10.1002/ana.23594.  

16.	 Laurin D, Masaki KH, Foley DJ, White LR, Launer LJ. Midlife dietary intake of 
antioxidants and risk of late-life incident dementia: the Honolulu-Asia Aging 
Study. Am J Epidemiol 2004;159:959-967.  doi: 10.1093/aje/kwh124. 

17.	 Lefevre-Arbogast S, Gaudout D, Bensalem J, et al. Pattern of polyphenol intake 
and the long-term risk of dementia in older persons. Neurology 2018;90:e1979-
1988.  doi: 10.1212/WNL.0000000000005607. 

18.	 Commenges D, Scotet V, Renaud S, et al. Intake of flavonoids and risk of 
dementia. Eur J Epidemiol 2000;16:357-363.  doi: 10.1023/a:1007614613771. 

19.	 Engelhart MJ, Geerlings MI, Ruitenberg A, et al. Dietary intake of antioxidants 
and risk of Alzheimer disease. JAMA 2002;287:3223-3229.  doi: 10.1001/
jama.287.24.3223. 

20.	 Shishtar E, Rogers GT, Blumberg JB, Au R, Jacques PF. Long-term dietary 
flavonoid intake and risk of Alzheimer disease and related dementias in 
the Framingham Offspring Cohort. Am J Clin Nutr 2020;112:343-353.  doi: 
10.1093/ajcn/nqaa079. 

21.	 Bowtell JL, Aboo-Bakkar Z, Conway ME, Adlam AR, Fulford J. Enhanced 
task-related brain activation and resting perfusion in healthy older adults after 
chronic blueberry supplementation. Appl Physiol Nutr Metab 2017;42:773-779.  
doi: 10.1139/apnm-2016-0550. 

22.	 Krikorian R, Shidler MD, Nash TA, et al. Blueberry supplementation improves 
memory in older adults. J Agric Food Chem 2010;58:3996-4000.  doi: 10.1021/
jf9029332. 

23.	 Miller MG, Hamilton DA, Joseph JA, Shukitt-Hale B. Dietary blueberry 
improves cognition among older adults in a randomized, double-blind, 
placebo-controlled trial. Eur J Nutr 2018;57:1169-1180.  doi: 10.1007/s00394-
017-1400-8. 

24.	 Krikorian R, Kalt W, McDonald JE, et al. Cognitive performance in relation 
to urinary anthocyanins and their flavonoid-based products following 
blueberry supplementation in older adults at risk for dementia. J Funct Foods 
2020;64:103667.  doi: 10.1016/j.jff.2019.103667. 

25.	 Khalid S, Barfoot KL, May G, Lamport DJ, Reynolds SA, Williams CM. 
Effects of acute blueberry flavonoids on mood in children and young adults. 
Nutrients 2017;9:158.  doi: 10.3390/nu9020158.

26.	 Barfoot KL, May G, Lamport DJ, Ricketts J, Riddell PM, Williams CM. The 
effects of acute wild blueberry supplementation on the cognition of 7-10-year-
old schoolchildren. Eur J Nutr 2019;58:2911-2920.  doi: 10.1007/s00394-018-
1843-6. 

27.	 Whyte AR, Schafer G, Williams CM. Cognitive effects following acute 
wild blueberry supplementation in 7- to 10-year-old children. Eur J Nutr 
2016;55:2151-2162.  doi: 10.1007/s00394-015-1029-4. 

28.	 Whyte AR, Cheng N, Butler LT, Lamport DJ, Williams CM. Flavonoid-rich 
mixed berries maintain and improve cognitive function over a 6 h period in 
young health adults. Nutrients 2019;11:2685.  doi: 10.3390/nu11112685 

29.	 Cadar D. A life course approach to dementia prevention. J Aging Geriatr Med 
2017;1:2. 

30.	 Liu S, Jones RN, Glymour MM. Implications of lifecourse epidemiology for 
research on determinants of adult disease. Public Health Rev 2010;32:489-511.  
doi: 10.1007/BF03391613. 

31.	 Shatenstein B, Barberger-Gateau P, Mecocci P. Prevention of age-related 
cognitive decline: which strategies, when, and for whom? J Alzheimers Dis 
2015;48:35-53.  doi: 10.3233/JAD-150256. 

32.	 Dominguez LJ, Barbagallo M. Nutritional prevention of cognitive decline and 
dementia. Acta Biomed 2018;89:276-290.  doi: 10.23750/abm.v89i2.7401. 

33.	 Dawber TR, Meadors GF. Epidemiological approaches to heart disease: the 
Framingham Study. Am J Public Health Nations Health 1951;41:279-281.  doi: 
10.2105/ajph.41.3.279.

34.	 Kannel WB, Feinleib M, McNamara PM, Garrison RJ, Castelli WP. An 
investigation of coronary heart disease in families. The Framingham offspring 
study. Am J Epidemiol 1979;110:281-290.  doi: 10.1093/oxfordjournals.aje.
a112813.

35.	 Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett 
WC. Reproducibility and validity of an expanded self administered 
semiquantitative food frequency questionnaire among male health 
professionals. Am J Epidemiol 1992;135:1114–26;1127–1136.  doi: 10.1093/
oxfordjournals.aje.a116211.

36.	 Feskanich D, Rimm EB, Giovannucci EL, Colditz GA, Stampfer MJ, Litin LB, 
Willett WC. Reproducibility and validity of food intake measurements from a 
semiquantitative food frequency questionnaire.  J Am Diet Assoc 1993;93:790–
6.  doi: 10.1016/0002-8223(93)91754-e.

37.	 Yue Y, Petimar J, Willett WC, et al. Dietary flavonoids and flavonoid-rich 
foods: validity and reproducibility of FFQ-derived intake estimates. Public 
Health Nutr 2020;23:3295-3303.  doi: 10.1017/S1368980020001627. 

38.	 Bhagwat, S., Haytowitz, D.B. 2015. USDA Database for the Flavonoid Content 
of Selected Foods, Release 3.2. U.S. Department of Agriculture, Agricultural 
Research Service. Nutrient Data Laboratory Home Page: http://www.ars.
usda.gov/nutrientdata/flav 

39.	 Haytowitz DB, Bhagwat S, Hamly J, Holden JM, Gebhardt SE. (2006). Sources 
of flavonoids in the US diet using USDA’s updated database on the flavonoid 
content of selected foods. US Department of Agriculture (USDA). Agricultural 
Research Services, Beltsville Human Nutrition Research Center, Nutrient Data 
Laboratory and Food Composition Laboratory: Beltsville, MD. 

40.	 Au R, Seshadri S,Wolf PA, et al. New norms for a new generation: cognitive 
performance in the framingham offspring cohort. Exp Aging Res 2004;30:333-
358.  doi: 10.1080/03610730490484380.

41.	 Diagnostic and Statistical Manual of Mental Disorders: DSM-IV. American 
Psychiatric Association; 1994.

42.	 McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. 
Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA 
Work Group under the auspices of Department of Health and Human Services 
Task Force on Alzheimer’s Disease. Neurology 1984;34:939-944. doi: 10.1212/
wnl.34.7.939.

43.	 Kannel WB, Sorlie P.  Some health benefits of physical activity.  The 
Framingham Study.  Arch Intern Med 1979;139:857-861.

44.	 Dufouil C, Beiser A, McLure LA, et al.  Revised Framingham stroke risk profile 
to reflect temporal trends.  Circulation 2017;135:1145-1159.  doi: 10.1161/
CIRCULATIONAHA.115.021275.   

45.	 Whelkton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the 
prevention, detection, evaluation, and management of high blood pressure in 
adults: executive summary: a report of the American College of Cardiology/
American Heart Association task force on clinical practice guidelines. J Am 
Coll Cardiol 2018;71:2199-2269.  doi: 10.1161/HYP.0000000000000066.

46.	 American Diabetes Association. 2. Classification and diagnosis of diabetes: 
standards of medical care in diabetes-2021 [published correction appears in 
Diabetes Care. 2021;44(9):2182]. Diabetes Care 2021;44:S15-S33.  doi: 10.2337/
dc21-S002.

47.	 Bondonno CP, Bondonno NP, Dalgaard F, et al. Flavonoid intake and incident 
dementia in the Danish Diet, Cancer, and Health cohort. Alzheimers Dement 
(NY) 2021;7:e12175.  doi: 10.1002/trc2.12175. 

48.	 Holland TM, Agarwal P, Wang Y, et al. Dietary flavonols and risk of 
Alzheimer dementia. Neurology 2020;94:e1749-e1756.  doi: 10.1212/
WNL.0000000000008981. 

49.	 Yang JJ, Fike L, Keohane L, Shrubsole M, Braun K, Munor H, Lipworth L, 
Shu XO, Yu D. Dietary Polyphenols and the Risk of Alzheimer’s Disease and 
Related Dementias Among Low-income Black and White Americans. Curr 
Dev Nutr 2022;6:814.  doi: 10.1093/cdn/nzac064.033. 

50.	 Devore EE, Grodstein F, van Rooij FJ, Hofman A, Stampfer MJ, Witteman 
JC, Breteler MM. Dietary antioxidants and long-term risk of dementia. Arch 
Neurol 2010;67:819-825.  doi: 10.1001/archneurol.2010.144.

51.	 Sheng LT, Jiang YW, Feng L, Pan A, Koh WP. Dietary Total Antioxidant 



1279

JPAD  -  Volume 11, Number 5, 2024

Capacity and Late-Life Cognitive Impairment: The Singapore Chinese Health 
Study. J Gerontol A Biol Sci Med Sci 2022;77:561-569.  doi: 10.1093/gerona/
glab100.

52.	 Jennings A, Steves CJ, Macgregor A, et al.  Increased habitual flavonoid intake 
predicts attenuation of cognitive ageing in twins. BMC Med 2021;19:185.  doi: 
10.1186/s12916-021-02057-7.

53.	 Shishtar E, Rogers GT, Blumberg JB, Au R, Jacques PF. Long-term dietary 
flavonoid intake and change in cognitive function in the Framingham 
Offspring cohort [published correction appears in Public Health Nutr. 
2020 Sep;23(13):2455]. Public Health Nutr 2020;23:1576-1588.  doi: 10.1017/
S136898001900394X.

54.	 Rice-Evans CA, Miller NJ, Paganga G. Structure-antioxidant activity 
relationships of flavonoids and phenolic acids. Free Radic Biol Med 
1996;20:933-956.  doi: 10.1016/0891-5849(95)02227-9.

55.	 Pollard S, Kuhnle G, Vauzour D, Vafeiadou K, Tzounis X, Whiteman 
M, Rice-Evans C, Spencer J. The reaction of flavonoid metabolites with 
peroxynitrite. Biochem Biophys Res Commun 2007;350:960-968.  doi: 10.1016/j.
bbrc.2006.09.131.

56.	 Spencer JPE. Flavonoids: modulators of brain function? Br J Nutr 
2008;99:ES60–77.  doi: 10.1017/S0007114508965776.

57.	 Vauzour D, Vafeiadou K, Rodriguez-Mateos A, Rendeiro C, Spencer JPE. The 
neuroprotective potential of flavonoids: a multiplicity of effects. Genes Nutr 
2008;3:115-126.  doi: 10.1007/s12263-008-0091-4.

58.	 Vauzour D. Dietary polyphenols as modulators of brain functions: biological 
actions and molecular mechanisms underpinning their beneficial effects. Oxid 
Med Cell Longev [Internet] 2012.  doi: 10.1155/2012/914273. 

59.	 Spencer JP, Vauzour D, Rendeiro C. Flavonoids and cognition: the molecular 
mechanisms underlying their behavioural effects. Arch Biochem Biophys 
2009;492:1–9.  doi: 10.1016/j.abb.2009.10.003.

60.	 Williams RJ, Spencer JP. Flavonoids, cognition, and dementia: actions, 
mechanisms, and potential therapeutic utility for Alzheimer disease.  Free 
Radic Biol Med 2012;52:35–45.  doi: 10.1016/j.freeradbiomed.2011.09.010.

61.	 Rendeiro C, Rhodes JS, Spencer JP. The mechanisms of action of flavonoids in 
the brain: direct versus indirect effects. Neurochem Int 2015;89:126–139.  doi: 
10.1016/j.neuint.2015.08.002.

62.	 Zhang S, Tomata Y, Sugiyama K, Sugawara Y, Tsuji I. Citrus consumption and 
incident dementia in elderly Japanese: the Ohsaki Cohort 2006 Study. Br J Nutr 
2017;117:1174-1180.  doi: 10.1017/S000711451700109X.

63.	 Jiang X, Huang J, Song D, Deng R, Wei J, Zhang Z. Increased Consumption of 
Fruit and Vegetables Is Related to a Reduced Risk of Cognitive Impairment 
and Dementia: Meta-Analysis. Front Aging Neurosci 2017;9:18. doi: 10.3389/
fnagi.2017.00018.

64.	 Agarwal P, Holland TM, Wang Y, Bennett DA, Morris MC. Association of 
Strawberries and Anthocyanidin Intake with Alzheimer’s Dementia Risk. 
Nutrients 2019;11:3060.  doi: 10.3390/nu11123060.

65.	 Chan A, Shea TB. Dietary supplementation with apple juice decreases 
endogenous amyloid-beta levels in murine brain. J Alzheimers Dis 
2009;16:167-171.  doi: 10.3233/JAD-2009-0959.

66.	 Doraiswamy PM, Miller MG, Hellegers CA, Nwosu A, Choe J, Murdoch DM. 
Blueberry Supplementation Effects on Neuronal and Pathological Biomarkers 
in Subjects at Risk for Alzheimer’s Disease: A Pilot Study. JAR Life 2023;12:77-
83.  doi: 10.14283/jarlife.2023.13.

67.	 Wang S, Cui Y, Wang C, Xie W, Ma L, Zhu J, et al. Protective Effects of Dietary 
Supplementation with a Combination of Nutrients in a Transgenic Mouse 
Model of Alzheimer’s Disease. PLoS One 2015;10:e0143135.  doi: 10.1371/
journal.pone.0143135.  

68.	 Jeong HR, Jo YN, Jeong JH, Kim HJ, Kim MJ, Heo HJ. Blueberry (Vaccinium 
virgatum) Leaf Extracts Protect Against Aβ-Induced Cytotoxicity and 
Cognitive Impairment. Journal of Medicinal Food 2013;16:968-976.  doi: 
10.1089/jmf.2013.2881.

© The Authors 2024

How to cite this article: C. Lyu, P.F. Jacques, P.M. Doraiswamy, et al. Flavonoid-
Rich Fruit Intake in Midlife and Late-Life and Associations with Risk of 
Dementia: The Framingham Heart Study. J Prev Alz Dis 2024;5(11):1270-1279; 
http://dx.doi.org/10.14283/jpad.2024.116


