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Abstract

Objective—Nuts contain nutrients that may benefit brain health; thus, we examined long-term 

intake of nuts in relation to cognition in older women.

Design—Population-based prospective cohort study.

Setting—Academic research using data from the Nurses’ Health Study.

Participants—Nut intake was assessed in a food-frequency questionnaire beginning in1980, and 

approximately every four years thereafter. Between 1995–2001, 16,010 women age 70 or older 

(mean age = 74 years) without a history of stroke were administered 4 repeated telephone-based 

cognitive interviews over 6 years. Our final sample included 15,467 women who completed an 

initial cognitive interview and had complete information on nut intake.

Main Outcome Measures—The Telephone Interview for Cognitive Status (TICS), a global 

score averaging the results of all tests (TICS, immediate and delayed verbal recall, category 

fluency, and attention), and a verbal memory score averaging the results of tests of verbal recall.

Results—In multivariable-adjusted linear regression models, higher long-term total nut intake 

was associated with better average cognitive status for all cognitive outcomes. For the global 

composite score combining all tests, women consuming at least 5 servings of nuts/week had 

higher scores than non-consumers (mean difference=0.08 standard units, 95% confidence interval 

0.00–0.15; p-trend=0.003). This mean difference of 0.08 is equivalent to the mean difference we 
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find between women 2 years apart in age. Long-term intake of nuts was not associated with rates 

of cognitive decline.

Conclusions—Higher nut intake may be related to better overall cognition at older ages, and 

could be an easily-modifiable public health intervention.
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Introduction

Nuts contain both monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA), and 

are low in saturated fats (1). Short-term randomized trials have shown that nut intake 

decreases total cholesterol and LDL cholesterol (2), and in observational epidemiologic 

studies, nuts have been associated with reduced risk of cardiovascular disease (3–5) and type 

2 diabetes (6, 7). Because all of these vascular factors have been related to cognition, nuts 

may also have the potential to prevent or slow cognitive decline in older adults. Moreover, 

walnuts in particular are high in α-linolenic acid (ALA), an essential fatty acid important for 

brain function (8), and thus merit focused research.

Despite a clear rationale for the hypothesis that nut intake may be related to better cognitive 

function in late life, and the relative ease of modifying nut intake in the population, few 

studies have investigated nut intake in relation to cognitive outcomes (9–11). These existing 

studies have largely focused on broad dietary patterns (10, 11) (including one study of 

Mediterranean diet in the Nurses’ Health Study (11)), with only one study carefully 

examining nuts in particular (9). Thus, we utilized the Nurses’ Health Study to investigate in 

detail how long-term dietary intake of nuts is related to cognitive outcomes in later life.

Subjects and methods

The Nurses’ Health Study (NHS) began in 1976, when 121,700 female registered nurses, 

aged 30–55 years, completed a mailed questionnaire on their health and lifestyle. Similar 

questionnaires have been mailed to participants every two years thereafter. Beginning in 

1980, a food-frequency questionnaire (FFQ) was included in this assessment (12); food 

frequency data are collected approximately every four years. Between 1995–2001, a 

telephone-based sub-study of cognitive function was started, and women age 70 or over, 

without a history of stroke, were invited to participate; 93% of eligible women completed an 

initial interview (n = 19,415). A total of four telephone cognitive assessments were 

administered, at approximately two-year intervals. Over 90% follow-up was maintained in 

the cognitive sub-study, among those who remained alive at each interview. The 

Institutional Review Board of Brigham and Women’s Hospital (Boston, MA) approved this 

study.

Diet Assessment

Dietary information was assessed with the Willett semi-quantitative food frequency 

questionnaire. The 1980 questionnaire contained 61 items, and an expanded 130-item 
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version was used in 1984, 1986, and every subsequent four years. Participants reported their 

average frequency of food consumption during the previous year, by specified units or 

portion sizes (e.g., 1 small packet or 1 oz of nuts). There were nine response choices: never/

almost never, one to three times a month, once a week, two to four times a week, five to six 

times a week, once a day, two to three times a day, four to six times a day, or more than six 

times a day. Reproducibility and validity of the dietary questionnaires has been documented 

(13).

In 1980 and 1984, participants were asked, “How often, on average, did you consume nuts 

(serving size, 28g [1 oz]) during the previous year?” In 1986, 1990, and 1994, the question 

for nuts was split into two categories: one for peanuts, and one for other nuts. In 1998, the 

questionnaire was expanded to include a question for peanuts, other nuts, and walnuts, since 

the fat content of walnuts is distinct from other nuts (they are particularly high in alpha-

linolenic acid). Total nut consumption for each year was calculated as the sum of intakes of 

peanuts and other nuts. In a validation study, nut intake from the FFQ correlated well with 

intakes based on four, one-week dietary records collected over one year (r = 0.57–0.75 for 

nuts, corrected for within-person variation in dietary records) (14).

Cognitive Assessment

Our cognitive interview consisted of six tests; the Telephone Interview for Cognitive Status 

(TICS), a modified version of the Mini-Mental State Examination; immediate and delayed 

recalls of the East Boston Memory Test; a test of category fluency (i.e., naming as many 

animals as possible in one minute); a delayed recall of the TICS 10-word list (given at the 

end of the interview, approximately 15 minutes later); and the digit span backwards test.

In analyses, we focused on three primary outcomes encompassing global cognition and 

verbal memory: (1) the TICS; (2) a composite score of global cognition (i.e., an average of 

all cognitive tests); and (3) a composite score of verbal memory (i.e., an average of the 

immediate and delayed recalls of the East Boston Memory Test and the 10-word list). We 

chose to consider verbal memory since it is an important predictor of Alzheimer’s disease 

(15). Since the individual cognitive tests are scaled differently, we used z-scores to create 

the composite global and verbal memory scores. Specifically, we subtracted the mean of 

each test at the initial assessment from the individual’s score and divided the difference by 

the standard deviation at the initial assessment. Composite scores were calculated only for 

women who completed all contributing tests. We considered the results of the individual 

tests in the cognitive battery as secondary outcomes.

In a previous validation study of the telephone cognitive testing, the correlation between the 

global composite score from the telephone interview versus an extensive in-person 

assessment was 0.81. There was also high reliability of TICS performance between 35 

women who were given the test twice, 31 days apart (test-retest correlation = 0.7), as well as 

high inter-rater reliability across 10 interviewers who scored the same interview (r > 0.95 for 

each cognitive test).
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Population for analysis

Of the 19,415 women who completed the initial cognitive interview, we excluded 3,405 

participants from our analysis because they did not provide dietary data at the initial dietary 

assessment. Of the 16,010 remaining women, 15,467 had complete information on total nut 

intake and were thus part of our analytic sample for total nuts. Women included in our 

analysis were similar to those who were excluded (e.g., mean age = 74.2 v. 74.5 years; 17% 

v. 18% with BMI > 30 kg/m2; 77% v. 80% with an associate’s degree, 23% v. 20% with a 

bachelor’s degree or higher, respectively).

Because walnuts were only included on the FFQ beginning in 1998, analyses of walnuts are 

based on the 16,995 people who completed the 1998 FFQ.

Statistical analysis

Because cognitive decline develops over many years, long-term exposures are probably 

most relevant for prevention. Thus, to obtain a stable measure of long-term nut intake 

beginning in mid-life, we averaged total nut intake from 1980 through the dietary 

assessment immediately before the first cognitive interview. Since walnut intake was not 

available prior to 1998, analyses of walnut intake are based only on that single measure.

We divided total nut intake into five categories: never or < 1/month, 1–3/month, 1/week, 2–

4/week, ≥ 5/week. Although there were relatively few people in the highest intake categories 

for nuts, we specified these categories a priori based on previous research in the NHS on 

other health outcomes (e.g., type 2 diabetes (6), CHD (4)), which has demonstrated that 

inverse associations are strongest in these highest intake categories. Nonetheless, walnut 

intake had a particularly limited distribution, prohibiting us from examining categories 

beyond ≥ 1/week; thus, our ability to examine walnut intake separately was somewhat 

limited.

We analyzed the cognitive outcomes with two different, complementary approaches. First, 

we averaged the four repeated measures of cognitive function taken over 6 years to create an 

outcome representing overall cognitive status at older ages, and modeled the association of 

long-term nut intake to cognitive status using linear regression (with separate models for the 

TICS, global composite and verbal memory composite scores). Such averaging of repeated 

measures of cognition has some advantages, since it attenuates variability in each single 

cognitive assessment, which may be helpful when cognition is measured in a population of 

well-educated women with moderate follow-up time. Furthermore, given the long exposure 

period over which we measured nut intake (approximately 15–20 years) prior to our first 

cognitive assessment, it is possible that any influence of nut intake on cognitive decline was 

initiated prior to our first assessment of cognitive function, and thus it is important to 

capture relations of nut consumption to “average” cognition in late life.

At the same time, it is of interest to assess the trajectory of the four repeated cognitive scores 

and their relation to nut consumption, and we have seen significant relationships between 

dietary factors and cognitive change in some of our previous research (16–18). Thus, in our 

second approach we used multivariable-adjusted, linear mixed effects models to estimate 

mean differences in rates of cognitive decline over the follow-up period, across categories of 
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nut intake. We observed a non-linear pattern of test scores over time (e.g., mean scores 

improved from the first to second administration likely due to learning effects, and generally 

declined subsequently as subjects aged and as learning effects diminished). Thus, for models 

of cognitive decline we used an average of the cognitive scores from the first two 

timepoints, or a “robust baseline”, and then applied the linear mixed effects model on three 

data points (i.e., an average of timepoints one and two; timepoint three; and timepoint four). 

By using a robust baseline, the relation of cognitive change and time was linear. These 

models included randomly varying intercepts and slopes to allow for description of 

individual cognitive trajectories over time, as well as explicit tests for the relationship of nut 

intake to rates of cognitive decline. Tests for trend were calculated using a continuous 

variable of servings per week.

We adjusted for the following potential confounders in our models: age (continuous), 

education (registered nurse, bachelor’s degree, graduate degree), time span between 

cognitive interviews (continuous; for models of average cognition only), body mass index 

(BMI) (<22, 22–24, 25–30, 30+ kg/m2), use of antidepressants (yes, no), smoking status 

(never, past, current), physical activity (quintiles), total energy intake (quintiles), alcohol 

intake (none, 0–14 g/day, 15+ g/day), use of multivitamins (yes, no), history of high blood 

pressure (yes, no), high cholesterol (yes, no), myocardial infarction (yes, no), and type 2 

diabetes (yes, no). All covariates were determined as of the time of the initial cognitive 

interview, except that total caloric intake was averaged to correspond with the method used 

to calculate nut intake. In some analyses, we also considered tooth loss as a potential 

confounding variable, utilizing an item on the 1996 Nurses’ Health Study mailed 

questionnaire inquiring about the number of teeth lost.

All analyses were performed with SAS software (version 9.2; SAS, Cary, NC).

Results

The characteristics of study participants at the initial cognitive interview are presented in 

Table 1, according to long-term total nut intake. Women who consumed nuts most 

frequently had slightly higher educational attainment, tended to be more physically active, 

and were more likely to use multivitamins and have a lower BMI. Higher frequency nut 

consumers were less likely to be smokers, or have a history of high blood pressure.

After adjusting for potential confounding factors, increasingly higher total nut intake was 

related to increasingly better overall cognition at older ages, as assessed by the TICS (P-

trend = 0.02; Table 2), global composite score (P - trend = 0.003), and the verbal composite 

score (P- trend = 0.005). For example, for the global score, the mean difference in cognitive 

scores comparing the highest to the lowest categories of nut intake was 0.08 standard units 

(95% CI: 0.004, 0.15), and for the verbal score this difference was 0.09 standard units (95% 

CI: 0.01, 0.17). To help interpret these mean differences, we derived the effect of aging 

directly from this cohort. In this population, we find that one year of age is associated with a 

mean decline of 0.04 standard units on both the global and verbal composite scores. 

Therefore, the mean differences reported here comparing the highest to lowest categories of 

nut intake are equivalent to approximately two years of cognitive aging. When we examined 
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the individual tests in the cognitive battery as secondary outcomes (supplementary table 1), 

we saw the general pattern that higher intakes of total nuts were associated with better 

scores, with statistically significant or borderline significant results for the 10-word list 

immediate recall (p-trend=0.0015), 10-word list delayed recall (p-trend=0.07), and digit 

span backwards test (p-trend=0.01).

Furthermore, there was a suggestion that those who consumed walnuts 1 to 3 times per 

month had better cognition than those who consumed walnuts less than once per month, on 

all three cognitive outcomes, with statistically significant findings on the global and verbal 

memory composite scores; for example, on the global composite score, those with moderate 

walnut intake of 1–3 servings per month scored higher by 0.03 standard units (95% CI 0.01–

0.06) than women with lower walnut intake. However, findings should be interpreted 

cautiously, since results were unstable in the highest category of walnut intake (>1 serving/

week), due to the small sample in that group, and we found no overall trend of increasingly 

better cognitive performance with increasing walnut intake.

When comparing rates of cognitive decline over the follow-up period according to total nut 

intake, nut intake was not significantly associated with rate of decline on any of the tests (P-

trends = 0.61 for TICS, 0.21 for global composite score, and 0.26 for verbal composite score 

in fully adjusted models) (Table 3), although there was less decline in the highest category 

of total nut intake (i.e., ≥ 5/week). When we examined the individual tests in the cognitive 

battery as secondary outcomes (supplementary table 2), we also found no relations of nut 

intake to decline on the cognitive tests. There was no significant difference in rates of 

decline over the follow-up period for walnut intake (p-trends = 0.42 for TICS, 0.27 for 

global composite score, and 0.29 for verbal composite score for fully adjusted models).

In additional analyses, we removed cardiovascular risk factors (i.e., history of high 

cholesterol, high blood pressure, myocardial infarction, type 2 diabetes, depression) because 

these covariates could possibly mediate the association of interest, but results remained 

essentially unchanged. Moreover, the exclusion of women with clinical diagnosis of type 2 

diabetes or myocardial infarction as of the initial cognitive interview (who may have 

changed their diet due to diagnosis) did not change these results meaningfully either. To 

evaluate the influence of other potentially confounding dietary components, we adjusted for 

total red meat, fruit, vegetable and fish intake. Although the overall pattern of results did not 

change, estimates were slightly attenuated (e.g., the mean difference in the global score (i.e., 

where the average of the four repeated scores was the outcome) comparing the highest to 

lowest categories of nut intake was 0.06 standard units (95% CI: −0.02, 0.13, p-trend = 

0.03). Finally, additional adjustment for tooth loss did not change our findings.

Discussion

Higher total nut intake over the long term was associated with modestly better cognitive 

performance at older ages across all three of our cognitive outcomes in this cohort. There 

was a suggestion that walnut intake may be related to better cognitive performance, although 

it is difficult to draw conclusions since very few women consumed walnuts more than 1 to 3 

times per month. Neither total nut intake nor walnut intake was related to rates of decline in 
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cognitive function over the follow-up period, although our follow-up period for measuring 

cognitive decline was relatively short compared to the long period over which we measured 

dietary exposures.

The largest mean differences in analyses of average cognition were observed between the 

highest total nut intake categories (e.g., 2–4 times per week, or ≥ 5 times per week) and the 

non-consumers, despite the limited sample size in the high frequency intake categories. 

These findings are consistent with those we observe for other chronic health conditions in 

this cohort (eg, type 2 diabetes, coronary heart disease), and future research should probably 

focus on these higher intake categories. We did not have adequate distribution of walnut 

intake in our sample to separately consider higher levels of intake, and clearly research is 

merited in investigations which can also focus on broader distributions of walnut intake due 

to their particular biologic interest, with high levels of ALA.

To our knowledge, only one detailed prospective study has focused on the relation of nut 

intake to cognition. A study from the Doetinchem Cohort with 2613 participants reported 

that total nut intake was associated with better cognitive function at their initial assessment, 

but not with decline over five years of follow-up (9). Likewise, our data suggest that nut 

intake is related to overall level of cognition at older ages, but not with cognitive decline 

over 6 years; thus, their results were fairly consistent with ours.

Several lines of evidence support the hypothesis that nut intake is related to cognitive 

function. Nuts are nutrient-dense (e.g., high in protein, unsaturated fat, dietary fiber, 

antioxidants, phyto-estrogens and other phytochemicals (19)), and inverse associations have 

been identified involving nut intake and numerous vascular outcomes (e.g., non-fatal 

myocardial infarction (3, 4), fatal coronary heart disease (3, 4, 20), and type 2 diabetes (6, 

7)). Randomized clinical trials have demonstrated vascular benefits of nuts (e.g., lipid 

lowering effects (21), improved inflammatory markers (22), decreased insulin resistance 

(22), and improved endothelial function (23)), which all appear to contribute to improved 

cognitive function (24). Additionally, while most nuts are high in monounsaturated fatty 

acids, walnuts are unique because they are composed largely of polyunsaturated fatty acids, 

especially ALA, and studies have shown that rodents given diets rich in α – linolenic acid 

have improved learning and memory (25).

Strengths of the current study include the prospective study design, multiple dietary 

assessments over approximately 15–20 years, and repeated measurements of cognition. Our 

study also has several limitations. Since it is an observational study, uncontrolled or residual 

confounding could explain the relation between frequent nut intake and improved cognitive 

performance. Specifically, if eating more nuts clusters with higher educational attainment, 

better health behaviors and health awareness, these factors could explain part of the 

observed association between nut intake and better cognitive function. That said, detailed 

information on the health and lifestyle of the participants permitted adjustment for many 

potential confounders, and the medical knowledge of the Nurses improves the accuracy of 

self-reported medical information. We also considered the possibility that poor tooth health 

could make nut consumption difficult, as research has demonstrated that poor oral health 

predicts poor diet quality [26], and can be a reflection of overall health. However, our study 
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design, with multiple assessments of nut intake over many years, from mid-life through 

older ages, would limit such biases. In addition, over 90% of participants reported having 

lost fewer than two teeth in the years immediately preceding the baseline cognitive 

assessment; furthermore, to address this limitation, we tried to adjust for tooth loss in our 

models and this did not change our results.

Secondly, diet assessments are subject to misclassification. However, since data on dietary 

intake was collected prospectively, any misreporting of diet information should be random, 

and would result in the underestimation of associations. Furthermore, we were able to 

reduce random measurement error by averaging together total nut intake from multiple time-

points, and our validation data indicate that nut intake is reasonably well-measured. Thus, 

such bias is likely to be minimal. Of note, walnut intake was evaluated from a single food 

frequency questionnaire, and thus those results are more likely to underestimate true 

relations.

In conclusion, we found a modest relationship between long-term total nut intake and 

cognitive function. Nut intake could potentially represent a fairly simple dietary 

modification if future research confirms our findings. Additional investigations- particularly 

with a focus on those who consume nuts frequently - is warranted.
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