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Abstract: Fruits and vegetables are rich in antioxidants and other vitamins and
thus may be neuroprotective.  We investigated whether long-term intake of fruits
and vegetables may protect against cognitive decline among 13,388 women whose
diets were assessed repeatedly from 1984 with food frequency questionnaires.
From 1995 to 2001, we administered, by telephone, six cognitive tests measuring
general cognition, verbal memory, category fluency, and working memory; we
repeated assessments two years later (>90% follow-up).  Our results show that
fruits were not associated with cognitive decline. However, total vegetable intake
was significantly associated with less decline; specifically, women in the highest
quintile of cruciferous vegetables or green leafy vegetables declined slower over two
years compared with women in the lowest quintile. These differences in decline
were equivalent to those observed for women about 1 to 2 years apart in age.
Higher intake of vegetables may thus be neuroprotective for aging women.
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Ear ly  cogni t i ve decl ine i s a st rong r i sk  factor  for  development of
dementia and understanding prevention of early cognitive decline could
eventually have substantial importance for preventing dementia.

High intake of fruits and vegetables decreases risks of heart disease and
stroke, and may thereby reduce the risk of cognitive decline.  In addition,
frui ts and vegetables are high in antioxidants and folate, and in both
laboratory and human studies these micronutrients have been related to
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cognitive benefits.  There is laboratory evidence that rather than single-
vitamin supplements, the combinations of nutrients available in fruits and
vegetables might have greater cognitive benefi ts.  How ever, almost no
epidemiological studies have examined whether fruit and vegetable intake
may be related to cognitive decline.  

We had the opportunity to use data collected from more than 13,000 older
women in the US NursesÕ Health Study, who have repeatedly provided
detailed dietary information over 10 to 16 years, to examine the relations
between fruits and vegetables and subsequent cognitive performance.

The NursesÕ Health Study includes 121,700 female nurses. It began in
1976, w hen registered nurses aged 30 to 55 years, l iv ing in 11 states,
returned a mailed questionnaire about their lifestyle and health.  Since 1976,
participants have completed biennial questionnaires to update information
on r isk factors and major  i l lnesses. Semiquant i tat ive food f requency
quest i onnai res (FFQs) that  hav e been extensi v el y  v al i dated  w ere
administered in 1980, 1984, 1986, and every 4 years thereafter.

The FFQ includes 15 fruits (including juices) and 30 vegetables (excluding
fried potatoes).  For each food, a common serving size is specified and
respondents estimate the average frequency of consumption in the past
year, ranging from Òalmost neverÓ to Ò6 or more times/day.Ó  For primary
analyses, we examined total daily intake of fruit and vegetables and also
intakes of six major groups: ci trus foods (including juices), cruci ferous
vegetables, green leafy vegetables, legumes, all fruits, and all vegetables.  To
capture long-term intake, we averaged intakes across the FFQ data (four to
five questionnaires) from 1984 through the initial cognitive interview (see
below).

In 1995-2001, we began a substudy of cognitive function among the oldest
participants aged 10 years or older who were free of diagnosed stroke.  We
identified 15,080 participants who completed the first cognitive interviews
and completed dietary questionnaires.  A  follow-up cognitive assessment
began 2 years after initial testing; 90% completed the second interview ,
whereas 5% refused, 2% were lost to follow-up, and 3% were deceased. In
prospective analyses of cognitive decline, the population was restricted to
the 13,388 participants on whom the second wave of cognitive tests was
completed at the time of the study. 

We administered the cognitive function assessment by telephone and the
battery of tests included the following six tests: 1) Telephone Interview for
Cognitive Status (TICS), a telephone adaptation of the Mini-Mental State
Examination (mean score in our population 33.8; SD, 2.7; range, 8Ð41)
[Brandt et al, 1988] 2) immediate (mean score, 9.4; SD, 1.7; range, 0Ð12) and
3) delayed (mean score, 9.0; SD, 2.0; range, 0Ð12) recalls of the East Boston
Memory Test, 4) category fluency (naming animals; mean score, 17.0; SD,
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4.7; range, 1Ð38), 5) delayed recall of TICS 10-word list (mean score, 2.3; SD,
2.0; range, 0Ð10), and 6) digi t span backward (mean score, 6.7; SD, 2.4;
range, 0Ð12).  Our telephone cognitive interview  has been found to be
reliable and valid in comparison to in-person cognitive assessments.  In
addition, cognitive decline based on our telephones assessment has been
found to be highly associated with later development of dementia.

To est imate overal l  cogni t i ve per formance, w e calculated a global
composite score by averaging Z-scores from the six primary tests among
women who completed all these tests; the global score was our primary
outcome.  As a key secondary outcome, we calculated a episodic memory
score where we combined results of the four verbal memory tests using Z-
scores (immediate and delayed recalls of both the East Boston Memory Test
and TICS 10-word list) for women who completed all these tests.

In our analyses, we examined the relation between differences in intake
of fruits and vegetables and decline from the 1st to the 2nd assessment.  In
all our analyses, we were able to adjust for potential confounders (e.g. age,
education, high blood pressure, high cholesterol, diabetes, coronary heart
disease, hormone therapy, age at menopause, body mass index, smoking,
antidepressant use, nonsteroidal antiinflammatory drug use, alcohol intake,
physical activ ity, total energy int ake, mental health and vitalit y indices of
the 36-question short-form health survey (SF-36), vitamin supplementation,
cogni t ive score on the ini t ial  assessment and t ime betw een cogni t ive
interviews.

For all fruits and vegetables, the median daily intake was 5.6 servings per
day, with an almost threefold difference from the 10th to 90th percentile (3.3
and 8.7 servings/ day, respectively).  Median daily servings were 3.1 for
vegetables and 2.4 for fruits. The most consumed food group was citrus
fruits and the least was legumes.

Although total fruit intake was unrelated to cognitive decline, there was
significantly less decline among those w ith high vegetable intake, w ith a
significant l inear doseÐresponse trend (see Table 1). On the global score,
women with the highest quintile of vegetable intake declined less by 0.04
standard units (95% CI, 0.01, 0.08) compared w ith women in the lowest
quintile; apparent benefits generally increased linearly w ith each level of
intake (mean difference compared with lowest quintile is 0.02, 0.02, and 0.04
for the second, third, and fourth quintiles, respectively). The slower rate of
decline associated with the fifth quintile was cognitively equivalent to being
1.5 years younger in age. Greatest intake of green leafy vegetables was
associated with less decline, with significant linear trends for both cognitive
measures. Associations were particularly strong in relation to episodic
memory.  Finally, for cruciferous vegetables, we found significantly less
global and episodic memory decl ine in those at the highest quinti le of
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intake. No linear doseÐresponse relations were observed; there appeared to
be threshold effects, w ith significant differences observed starting at the
fourth versus the bottom quinti le for both outcomes. The differences in
decline observed with high intake of green leafy and cruciferous vegetables
modest and were equivalent to the differences we observed in women who
were younger in age by about 1 to 2 years.

Table 1
Multivariable Adjusted Mean Differences (95% Confidence Interval) in Cognitive

Decline over 2 years between Women in the Highest Quintile versus Lowest Quintile
of Fruit and Vegetable Intake (=Decline in Q5 Ð Decline in Q1) [Kang et al, 2005]

The significance of this study for future clinical practice would be that
higher intakes of vegetables be recommended to patients 60 or over.  The
neuroprotective mechanisms of fruits and vegetables is being elucidated; the
combination of their protective effects against cardiovascular diseases, the
abundant antioxidants including carotenoids, ascorbic acid and polyphenols
[Ramassamy, 2006] and other vitamins such as folic acid may contribute to
their neuroprotective effects.  Since the publ ication of this study, other
studies have also confirmed these associations.  For example, in the Kame
Project, [Dai et al, 2006] where 1836 Japanese-Americans were followed for
10 years, those who drank vegetable juices at least 3 times per week were
76% less likely to develop A lzheimerÕs disease compared w ith those who
drank them less than once per week. Similarly, Scarmeas et al [Scarmeas et
al 2006] found that those with a diet consistent with the Mediterranean diet
(which includes plenty of fruits and vegetables) had 40% reduced risk of
AlzheimerÕs disease compared with those not adherent to this diet.  Thus,
recommending higher intakes of vegetables among the elderly may be
beneficial for preservation of overall health and cognitive function in later
years.

Global Score Episodic Memory 
(n=11572) (n=11585)

All vegetable 0.04 (0.01 to 0.08) 0.06 (0.02 to 0.11)
(Q5: 5.1 servings vs. Q1: 1.7 servings) p trend <0.01  p trend = 0.002
All fruits -0.01 (-0.04 to 0.03) -0.02 (-0.06 to 0.02)
(Q5: 4.0 servings vs. Q1: 1.2 servings) p trend = 0.7 p trend = 0.6
Green leafy vegetables 0.05 (0.02 to 0.09) 0.06 (0.02 to 0.10)
(Q5: 1.4 servings vs. Q1: 0.3 servings) p trend < 0.001 p trend < 0.001
Cruciferous vegetables 0.04 (0.003 to 0.07) 0.05 (0.01 to 0.09)
(Q5: 0.9 servings vs. Q1: 0.2 servings) p trend = 0.1 p trend = 0.02
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