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ABSTRACT
We explored effects on cognitive function of following plant-
based vegetarian compared with non-vegetarian dietary pat-
terns in otherwise healthy older community-dwelling mem-
bers of the Adventist Health Study-2 cohort (n¼ 132).
Cognition was assessed using a comprehensive neuropsycho-
logical battery; a principal components analysis derived proc-
essing speed, executive function, and memory/language
factors. Mild memory impairment (MMI) (n¼ 26, 19.7%) was
identified by memory tests. Vegetarians consumed (a) meats,
fish, and dairy <1 time/month, (b) dairy �1 time/month and
meats, and fish <1 time/month, or (c) fish �1 time/month, no
limits on dairy, and meats <1 time/month. Dietary patterns
were determined at baseline, for each decade, and at cogni-
tive assessment; a diet stability score was calculated. Factor
scores were not different between vegetarians and non-vege-
tarians, nor was dietary pattern associated with a lower odds
of MMI. A more stable diet over the life course was associated
with better memory/language [b¼ 0.021 SE(b) ¼ 0.008;
p¼ 0.01]. This exploratory study did not support differences in
processing speed, executive function, or memory/language
abilities between vegetarians and non-vegetarians but did
suggest that a more stable dietary pattern which was charac-
teristic of vegetarians was associated with better memory/lan-
guage abilities.
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Introduction

It is estimated that between 16 and 20% of US adults aged 60 and older
suffer from mild cognitive impairment (MCI),1,2 which is understood as an
intermediate stage between normal age-related cognitive decline and
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dementia.2 Specifically, MCI increases the risk for Alzheimer’s disease
(AD),3 and persons with cognitive impairment progress to dementia at a
rate of 10–15% per year.1,4,5 Age increases the risk of MCI, but the sub-
stantial cognitive decline is not believed to be an inevitable consequence of
aging, and instead reflects underlying diseases or conditions.4 Despite con-
siderable investment, no therapy is currently available to effectively treat
the pathogenic substrates thought to underly MCI, thus emphasizing the
importance of focusing efforts on prevention. By identifying factors that
can contribute to healthy cognitive aging, it may be possible to develop
approaches for preventing future cognitive decline and incipient dementia,
which is an important goal as adults aged 60 years and older continue to
live longer6 and are expected to increase in number to more than 72 mil-
lion or 20% of the US population by 2030.7 Factors should be targeted that
are modifiable and for which interventions can be made early in life prior
to significant accumulation of associated damage to the central nervous sys-
tem (CNS).
Cognitive dysfunction in older adults has been associated with cardio-

vascular disease (CVD) and metabolic disorders including high blood
pressure, diabetes, and stroke.8 Numerous vascular risk factors have been
linked to AD and vascular dementia (VD), the second most common
form of dementia in human populations, and AD is increasingly recog-
nized as having links with cerebrovascular disease.9 Diet is strongly asso-
ciated with CVD,10 and diets rich in vegetables and fruits, and low in
saturated fats are recommended to reduce CVD risk.11 A number of
population-based observational and experimental studies suggest that fol-
lowing the Mediterranean diet (a dietary pattern rich in fruits, vegeta-
bles, legumes, and cereals, with olive oil as the main source of fat,
moderate consumption of red wine especially during meals, and low
consumption of red meat) may reduce the risk of developing MCI.12–14

Vegetarian dietary patterns are plant-based, typically incorporate large
quantities of fruits and vegetables, and exclude consumption of some or
all animal products.15 Thus, vegetarian diets are rich in phytochemicals
and antioxidant micronutrients,16 many of which may exert anti-
inflammatory and antioxidant effects.17 Population-based research into
vegetarian dietary patterns and MCI has not been explored. Thus, ques-
tions remain as to whether these common dietary patterns followed by
subsets of the population in the US and elsewhere in the world are
related to cognitive function in the aged. From a public health stand-
point, recommendations related to modifying personal diet present
potential safe and relatively low-cost opportunities for prevention, and
are additionally an accessible topic to human populations.
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Here we preliminarily investigate whether there are differences in cogni-
tive function between vegetarians and non-vegetarians in older community-
dwelling members of the longstanding prospective cohort, the Adventist
Health Study-2 (AHS-2). We explored the hypothesis that vegetarian diet-
ary patterns would be associated with better cognitive function and a lower
prevalence of memory impairment at the same age compared with non-
vegetarian dietary patterns.

Materials and methods

Study population: Adventist Health Study-2 (AHS-2) cohort

The AHS-2 is a prospective cohort study of over 96,000 Seventh-day
Adventists in the US and Canada, which was originally established in 2002
to investigate the role of various foods and nutrients, lifestyle factors and
metabolic risk indicators in cancer causation. During 2002–2007, Caucasian
(65.3%) and African-American (26.9%) adult men and women with a mean
age of 59 years (range 30–110 years) were enrolled in the AHS-2 cohort and
completed a 50-page baseline questionnaire which included sections on
demographic, dietary, anthropometric and lifestyle factors.18 The cohort is
healthy: at baseline, high proportions reported being in excellent health;
45% of cohort members follow vegetarian diets, the non-vegetarians con-
sume relatively lower amounts of meat compared to the general popula-
tion,19,20 only 1.1% are current smokers and 6.6% currently drink alcohol.18

Since the majority of the cohort are older adults, the AHS-2 presents an
opportunity to study additional age-related (non-cancer) chronic diseases.
In 2016, 10 years after enrollment was completed, we conducted a fol-

low-up study on a subset of the AHS-2 cohort. We identified 2,685 mem-
bers of the cohort for whom study records indicated were 60 years or older,
community-dwelling, and living within 75 miles of Loma Linda University
(LLU). During 2016–2018, 199 were reached by telephone and invited to
participate in the study. Of those, 168 (84%) agreed to participate and were
screened for eligibility. Two did not meet inclusion criteria for being profi-
cient in writing, speaking, and understanding English. Twelve changed their
mind, one could not be scheduled, twelve could not be reached again, and
five postponed participation due to travel or health-related reasons. One
hundred and thirty-six otherwise healthy adults were enrolled in the study
and attended an in-person visit at our study clinic where the cognitive
function was assessed. Three were later excluded for having a medical con-
dition that could adversely impact cognition, and one could not complete
the study, leaving 132 participants who were included in analyses
(Figure 1).
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Data collection

Classification of vegetarian dietary patterns and calculation of diet stabil-
ity score
Dietary intake was initially assessed at enrollment (baseline) in the AHS-2
cohort (2002–2007) using a self-administered mailed food frequency ques-
tionnaire21 which was originally designed to include foods commonly con-
sumed by US Adventists. The FFQ assessed over 200 food items including
fruits, vegetables, legumes, grains, oils, dairy products, meats, beverages,
and commercially prepared products such as dietary supplements, dry cere-
als, meat substitutes, and soy products. Participants reported their average
frequency of intake and usual serving size of the food as consumed during
the past year using predefined frequency categories according to the food
under evaluation. The reported intake frequency of specific animal-based

Figure 1. Flow of participants in the AHS-2 CAN GRASP study.

4 N. M. GATTO ET AL.



food variables was used to define dietary patterns. These included meats
(meatþ poultry), fish, and dairy (dairy productsþ eggs). Vegetarians at
baseline were defined as either (a) consuming meats, fish, and dairy <1
time/month (vegans), (b) consuming dairy �1 time/month and meats, and
fish <1 time/month (lacto-ovo vegetarians), or (c) consuming fish �1
time/month, no limits on dairy, and meats <1 time/month (pesco-vegeta-
rians). Otherwise, participants were classified as non-vegetarian if they con-
sumed meats �1 time per month with the sum of meats and fish <1 time
per week (semi-vegetarians) or if they consumed meats �1 time per week.
The performance of the FFQ to estimate dietary intake was evaluated
against multiple 24-h dietary recalls as a reference using data from the
AHS-2 calibration study participants.21,22 Dietary intake data from FFQ
and 24-h dietary recalls were entered using Nutrition Data System for
Research (NDS-R) version 4.06 or 5.0 (The Nutrition Coordinating Center,
Minneapolis, MN, USA). The validity correlations (between FFQ and diet-
ary recall estimates) of the animal-based foods used to classify vegetarian
dietary patterns ranged from 0.5 to 0.7, indicating moderate to
high validity.21

For our follow-up study, diet stability was assessed using a historic
dietary habits survey instrument, which queried participants about their
dietary habits for each decade from 10 years of age (Supplemental
Appendix). During their data collection study visit when the cognitive
assessment was conducted (see below), participants were asked to recall
the frequency of consumption of five animal-based food categories
(meat, poultry, fish, eggs, and dairy). Vegetarians and non-vegetarians
were defined using the categories applied at baseline, following methods
previously described.23 Reliability correlations when recalling intake of
these foods over 33 years were moderate, and agreement with the vege-
tarian dietary pattern was high (r¼ 0.72).23

Also using the historic dietary habits survey data and following previous
work,23–25 we calculated a diet stability score as a construct to evaluate how
stable participants’ dietary consumption of the five food categories had
been over their lifetime. Possible stability scores could range from 0 to 100,
with higher relative scores indicating a more stable dietary pattern. We
assessed the consistency of the dietary pattern throughout the previous
three decades prior to cognitive assessment and inclusive of their current
age. Current dietary pattern (i.e., vegetarian or non-vegetarian at time of
cognitive assessment) was determined using the participant’s current age.
We used questionnaire responses for each decade to identify long-term veg-
etarians during midlife and older ages, defined as those participants who
had consistently followed either a vegan, lacto-ovo-vegetarian, or pesco-
vegetarian diet throughout the last three decades.
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Assessment of cognition
At the in-person visit, participants were administered a 2-hour comprehen-
sive neuropsychological battery, which included tests of verbal learning and
memory [Rey Auditory Verbal Learning Test (RAVLT), and Logical
Memory subtest of the Wechsler Memory Scale—4th edition], attention
(Digit Span subtest of the Wechsler Adult Intelligence Scale—4th edition,
WAIS-IV), processing speed (Coding subtest of the WAIS-IV, Stroop,
Trail-Making Test, Cogstate), executive function (Stroop, Trail-Making
Test, FAS), visuospatial abilities (Rey-O Complex Figure), language (Boston
Naming Test, FAS, Animals), and global cognitive functioning [Montreal
Cognitive Assessment (MoCA)] by trained psychometrists. The Mini-
Mental State Examination (MMSE) was used to screen for dementia26 and
the American National Adult Reading Test (AMNART)27 was used as a
measure of estimated premorbid verbal intelligence (VIQ). The Geriatric
Depression Scale (GDS)28 was administered to assess mood. Height was
measured with a portable stadiometer and weight with a TanitaVR scale;
body mass index was calculated [weight (kg)/height (m2)].

Biospecimen collection and genotyping for ApoE
Approximately 8ml of peripheral blood from each participant was drawn
into BD VacutainerVR Mononuclear Cell Preparation Tubes (CPTs) with
sodium citrate (REF 362761; Becton Dickinson, Franklin Lakes, NJ) by a
phlebotomist following standard venipuncture procedures and manufac-
turer’s instruction. CPTs were delivered to and processed within 2 hours of
the blood draw at the Center for Genomics at LLU following manufac-
turer’s protocols. Briefly, the CPTs were centrifuged at 1,300 RCF for
30minutes at room temperature in a swing-bucket centrifuge. The bottom
layer containing white blood cells (WBCs) was transferred into 15ml con-
ical tubes and washed with PBS by centrifugation at 300 RCF for
15minutes. Cell pellets were treated with RBC Lysis Solution (Cat. 158902;
Qiagen, Hilden, Germany) and washed again with PBS. WBCs were col-
lected and examined on a TC10 automated cell counter (BioRad, Hercules,
CA) for cell numbers and viabilities. WBC pellets were stored in �80 �C
freezers before DNA extraction.
Genomic DNA was extracted using the Qiagen All prep DNA/RNA/

miRNA Universal Kit (Qiagen, Hilden, Germany) from frozen human
WBCs. DNA was quantified using Qubit 3.0 with dsDNA high sensitivity
reagent (Life Technologies, Pleasanton, CA). Genotyping was carried out in
96-well plates using TaqMan Genotyping Master Mix and SNP probes (Life
Technologies, Pleasanton, CA). qPCR was performed on the Applied
Biosystems QuantStudio 7 Real-Time PCR System according to the manu-
facturer’s specifications and data was analyzed using the SDS2.4 software.
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Genotyping for two single nucleotide polymorphisms (rs429358 and
rs7412) was used to determine the apolipoprotein E (ApoE) genotype (2,3;
3,3; 3,4; 4,4). For analyses, ApoE genotype was collapsed into three catego-
ries (2,3; 3,3; 3,4 or 4,4).

Statistical analysis

For data reduction purposes, a principal component analysis was performed
on the individual neuropsychological test scores using ones as prior com-
munality estimates. The principal axis method was used to extract compo-
nents employing a varimax (orthogonal) rotation. Nine eigenvalues were
>1 which would have resulted in more components than was desirable in
relation to our sample size. Visual examination of a scree plot led to a deci-
sion to retain the first three components, which accounted for 49% of the
total variance. An item was considered to have loaded on a given compo-
nent if the factor loading was greater than j0.40j. Participants were classi-
fied as having mild memory impairment if at least one of their scores on
individual tests of memory (RAVLT and Logical Memory immediate and
long-delayed recalls) were less than 1.5 standard deviations below popula-
tion-based normative means (n¼ 27, 20%). We focused primarily on mem-
ory impairment as this particular subtype of MCI has been identified as a
precursor to AD.29

Analysis of covariance (ANCOVA) methods were used to calculate mean
z-scores adjusted for age and education for cognitive factors between vege-
tarian and non-vegetarian dietary pattern groups. Generalized linear models
were used to estimate b coefficients for associations between dietary pattern
variables and cognitive factors in z-score units. Multivariable logistic regres-
sion models were used to estimate odds ratios (ORs) for mild memory
impairment adjusted for age and education. Because we did not have geno-
typing data on all participants, we ran separate models with and without
including ApoE genotype as a confounder and report both in the results.
As there were no differences in sex or mood (GDS score) between groups,
no adjustments were made for these variables.
This study was conducted according to the guidelines laid down in the

Declaration of Helsinki. All procedures involving research study partici-
pants were approved by the Institutional Review Board at Loma Linda
University. Written informed consent was obtained from all subjects.

Results

Study participants ranged in age from 60 to 96 years (mean age
75.1 ± 8.1 years), were predominantly white and the majority were

JOURNAL OF NUTRITION IN GERONTOLOGY AND GERIATRICS 7



female (Table 1). Thirteen items from the neuropsychological battery
loaded on the first factor which was named “processing speed”; eight items
loaded on the second factor (“executive function”) and ten items loaded on
the third-factor “memory/language” (Table 2). Participants on average had
16.7 years of education and their estimated VIQ indicated a high level of
premorbid intelligence; 19.7% were categorized as having mild memory
impairment, based on scores indicating impairment on at least one of the
four individual tests of memory. Average GDS scores indicated that partici-
pants did not exhibit significant depressive symptoms.28,30 Fifty-four and a
half percent of participants followed vegetarian dietary patterns at enroll-
ment in the cohort. Participants following a vegetarian dietary pattern were
older, more educated, had higher GDS scores, and were less likely to be
overweight or obese (Table 1). At the time of cognitive assessment, 62.3%
of participants were vegetarian, and 26 (19.7%) identified as lifelong
vegetarians.
After adjustment for age and education, there were no differences in scores

on the processing speed, executive function, or memory/language factors
between vegetarians and non-vegetarians, when FFQ data collected at enroll-
ment (baseline) was used to determine a dietary pattern. There were also no
differences in these factor scores between vegetarians and non-vegetarians
when data collected at the time of cognitive assessment was used to determine
dietary habit, nor were there any differences by long-term vegetarian dietary
status (data not shown). Following a vegetarian dietary pattern was not

Table 1. Characteristics of study participants (n¼ 132).

Characteristic

Mean ± SD or n (%)

p-Value‡Vegetarian, n¼ 72 Non-vegetarian, n¼ 60

Age, years 76.6 ± 8.3 73.5 ± 7.7 0.029
Sex
Male 32 (44.4) 24 (40.0) 0.607
Female 40 (55.6) 36 (60.0)

Race
White 62 (86.1) 44 (73.3) 0.066
Non-White 10 (13.9) 16 (26.7)

Education, years 17.0 ± 2.4 16.2 ± 2.7 0.049
MMSE 29.0 ± 1.3 29.1 ± 1.0 0.808
MOCA 25.3 ± 3.3 25.0 ± 3.0 0.599
GDS 3.7 ± 3.5 2.3 ± 2.3 0.009
AMNART IQ 118.7 ± 7.1 118.7 ± 7.9 0.984
Mild memory impairment, yes 16 (22.5) 10 (16.7) 0.399
BMI 26.3 ± 5.5 28.0 ± 5.4 0.075
Underweight or normal (BMI � 24.9) 38 (52.8) 17 (28.3) 0.016
Overweight (BMI 25–29.9) 21 (29.2) 25 (41.7)
Obese (BMI > 30) 13 (18.1) 18 (30.0)

ApoE genotype† 0.332
2,3 9 (14.8) 5 (10.6)
3,3 34 (55.7) 33 (70.2)
3,4/4,4 18 (29.5) 9 (19.2)

†n¼ 109.
‡p-value from t-test or chi-square.
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associated with a lower odds of mild memory impairment. These findings
were unchanged when we adjusted for the ApoE genotype.
Diet stability scores were statistically significantly higher among partici-

pants who followed vegetarian dietary patterns at baseline/enrollment com-
pared to those who were non-vegetarians (78.7 ± 12.8 versus 72.7 ± 12.9,
respectively, p¼ 0.009). This was also true if data at the time of cognitive
assessment was used to define dietary habits. A more stable diet over the
life course was associated with better scores on the memory/language factor
[b¼ 0.017 SE(b) ¼ 0.007; p¼ 0.02 (unadjusted for ApoE genotype);
b¼ 0.02 SE(b) ¼ 0.008; p¼ 0.02 (adjusted for ApoE genotype)] (Figure 2).

Discussion

To our knowledge, this is the first study to explore the effect of vegetarian
dietary patterns on cognitive function among healthy non-demented older

Table 2. Rotated factor pattern from principal components analysis.

Neuropsychological battery item

Factor

Processing speed Executive function Memory/language

RAVLT—List A Trial 1 recall �5 32 55�
RAVLT—Total recall Trials 1–5 13 18 78�
RAVLT—List A, short-delay recall 17 6 79�
RAVLT—List A, long-delay recall 8 9 75�
Logical Memory I, Total Recall 3 18 78�
Logical Memory II, Total Recall 2 11 82�
Logical Memory II, Recognition Total 0 12 74�
Rey—Osterrieth, Copy 15 25 12
Rey—Osterrieth, 3-minute recall 14 30 42�
Boston Naming Test 9 36 43�
FAS, Total 17 48� 15
Animals, Total 32 17 56�
Stroop Word, Total Correct 56� 36 4
Stroop Color, Total Correct 69� 24 9
Stroop Color-Word, Total Correct 64� 29 12
Trail Making Test A, completion time 60� 9 14
Trail Making Test B, completion time 57� 33 36
Coding, Total 68� 15 12
Digit Span—Longest sequence forward �6 78� 8
Digit Span—Longest sequence backward 14 73� 25
Digit Span—Longest sequence sequencing 11 69� 16
Digit Span Forward (raw score) �3 81� 11
Digit Span Backward (raw score) 15 77� 19
Digit Span Sequencing (raw score) 17 77� 17
Digit Span Total Raw Score 12 96� 19
CogState—Detection, reaction time (mean) 54� �11 �8
CogState—Identification, reaction time (mean) 79� 3 �3
CogState—One-Back, reaction time (mean) 81� 5 �3
CogState—Two-Back, reaction time (mean) 71� 4 6
CogState—Set-Shifting, reaction time (mean) 60� �6 6
CogState—Detection, accuracy 45� 6 30
CogState—Identification, accuracy 22 22 26
CogState—One-Back, accuracy 37 11 25
CogState—Two-Back, accuracy 46� 19 41�
CogState—Set-Shifting, accuracy 32 12 26
�Indicates a factor loading >j0.40j.
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community-dwelling adults. Our data did not support differences in scores
on measures of processing speed, executive function, or memory/language
abilities between vegetarians and non-vegetarians. This was the case
whether we examined dietary patterns at the time of cognitive assessment
or more than 10 years prior to that assessment, or when we compared cog-
nitive scores among those who had followed vegetarian dietary patterns
long term to those who had not. However, because this was a pilot study
and we enrolled a small number of participants, we had low power (�20%)
to detect small differences (�0.2) in cognition between the dietary pattern
groups. We did find that vegetarians had higher diet stability scores and a
more stable dietary pattern indicating more consistent adherence to dietary
habits over the lifetime. This was associated with better memory/lan-
guage abilities.
Dietary patterns reflect the combined effect and interactions between

components of diet and account for the overall quality of diet. As such,
analyzing dietary patterns is useful for studying relationships between diet
and disease because they represent the overall effects of food and nutrient
consumption rather than individual foods or nutrients,31,32 providing a
more accurate representation of what people eat. Vegetarian dietary pat-
terns are traditionally plant-based, and characterized by low intakes of

Figure 2. Association between diet stability and memory and language abilities.
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saturated fat and high intakes of vegetables, fruits, whole grains, legumes,
soy products, vegetable oils, nuts, and seeds, and often dairy products and/
or eggs.15,33 In epidemiologic studies, vegetarian dietary patterns have been
associated with a reduced incidence and mortality from ischemic heart dis-
ease and incidence of total cancer, as well as a lower risk of a number of
chronic disease risk factors including higher body mass index, total choles-
terol, LDL-cholesterol, and glucose levels.34 Based on a critical analysis of
the current body of research, the Academy of Nutrition and Dietetics’ pos-
ition is that appropriately planned vegetarian diets are healthful, nutrition-
ally adequate, and may provide health benefits for the prevention and
treatment of certain diseases.35 Within the AHS-2 cohort on which this
pilot study was based, there are large variations in dietary exposures and
large proportions of participants who consume plant-based diets. Within
the same cohort are adults who follow five variations of well-described
vegetarian and non-vegetarian dietary patterns. These dietary patterns are
actual rather than derived, and are similar to those followed by many
US adults.
Similar to vegetarian diets, the Mediterranean dietary pattern is also rich

in fruits, vegetables, legumes, and grains. Several existing observational
studies—two among non-demented older adults aged �65 in the WHICAP
cohort in the US, one among Greek participants of the EPIC study aged
�60 and another among older Greeks residents in Velestino aged �65, one
in black and white adults aged �65 in the CHAP study, one in older
women aged �70 in the NHS, one among a subsample of adults aged �65
in the French Three-City Cohort and one in the Rancho Bernardo Study
cohort—have examined the effect of the Mediterranean diet on cognitive
function, some comparing it with other dietary patterns.13,14,36–42 These
studies generally find inverse associations with global cognition, AD or
MCI incidence and prevalence, and with MCI conversion to AD, from con-
suming a Mediterranean diet, though associations with specific areas of
cognitive function require more investigation. Apart from being compo-
nents of healthy diets like the Mediterranean diet, higher fruit and vege-
table consumption was concluded to be independently associated with a
lower risk of cognitive impairment in a meta-analysis of six studies.43

Other mainly cross-sectional studies have utilized derived indices of the
degree of concordance between a person’s diet with dietary recommenda-
tions and then associated these indices with cognitive dysfunction. A
healthy and well-balanced diet as indicated by an increased Healthy Diet
Indicator (HDI) was associated with a lower prevalence of cognitive
impairment (MMSE score � 23) in a population-based cross-sectional
study of older men in Finland, Italy, and Netherlands44 and with a lower
prevalence of any cognitive deficit assessed by a neuropsychological test in
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a cross-sectional population-based study of older Italian men and women
aged �70,45 but not with slower cognitive decline among black and white
adults �65 years in the CHAP study.41 Increasing quartiles of the
Recommended/non-recommended Food Score (RFS), indicating a greater
number and variety of foods recommended by the current Dietary
Guidelines for Americans,46 were positively associated with higher baseline
MMSE among older men and women aged �65 years in the population-
based Cache County study in Utah and with less decline in cognition over
eleven years of follow-up. Given some of the similarities between vegetarian
diets and the Mediterranean diet, that vegetarian diets score highly on diet
quality indices47 and the popularity of vegetarian diets, additional research
into vegetarian dietary patterns on cognitive function is needed.
Dietary patterns could affect brain health through a number of mecha-

nisms including oxidative stress, inflammation, and immune pathways.48,49

Several studies have shown that dietary patterns which include substantial
nutrients obtained from the plant rather than animal sources attenuate
markers of chronic inflammation.50–53 A recent meta-analysis of forty
observational and intervention studies reported that vegetarian dietary pat-
terns are associated with lower serum C-reactive protein, fibrinogen, and
total leukocyte concentrations compared with non-vegetarian diets.54 By
virtue of their high intakes of fruits, vegetables, and other nutrients, vege-
tarian diets are rich in phytochemicals and antioxidant micronutrients16,55

which could protect against oxidative stress-induced tissue damage by pre-
venting the formation of radicals, scavenging them, or by promoting their
decomposition.56

Our study suggested that more stable dietary consumption over decades
may be important to cognitive function in older years, in particular for
memory and language abilities. This result is consistent with research that
has shown that adherence over a 2-year period to a diet meeting national
recommendations for intakes of fat, fruits, and berries, fiber and vegetables
among other targets was associated with improved cognition in the execu-
tive function domain among older adults at risk for dementia in Finland.57

Among older women in France, long-term dietary habits over a thirteen-
year period were related to cognitive decline.58

We did not have a baseline assessment of cognition with which to deter-
mine the level of functioning at which our participants started. It is fair to
assume that cohort participants who completed the original 50-page ques-
tionnaire at enrollment were cognitively intact in order to do so.
Additionally, our cohort was exceptionally healthy with a relatively low rate
of overall cognitive impairment; even among those with mild memory
impairment, more than half had an impaired score on only 1 of the 4
memory scores. Further, when scores were age-adjusted according to

12 N. M. GATTO ET AL.



published normative data, mean scores for our cohort were generally higher
than the general population. With cross-sectional data, we also cannot infer
the directionality or temporality of the associations that we found. Thus,
reverse causation cannot be entirely ruled out, though less likely with meas-
ures of long-term stability. One of our measures of vegetarian dietary pat-
terns was based on baseline data, and collection of dietary data at baseline
preceded the assessment of cognitive function in our study by at least
10 years. At the time of cognitive assessment, our study did not obtain an
updated assessment of dietary intake with an FFQ, and the measure of diet-
ary habits was based on the recall of five animal-based food categories
(meat, poultry, fish, eggs, and dairy). The former would have allowed us to
examine dietary patterns in greater detail, focusing on a range of foods
consumed by vegetarians and non-vegetarians in our cohort. We examined
BMI, mood, and ApoE genotype as potential confounders and adjusted for
age, education, and ApoE genotype in our analyses. We did not take into
consideration other factors such as comorbidities or medication use.
Prospective studies suggest that smoking is associated with an increased
risk of AD59 and MCI.36,60 A great advantage of AHS-2 is that confounding
by smoking status is not a significant concern as the cohort is essentially
nonsmoking: 80% of the cohort are life-long nonsmokers and only �1%
are current smokers. Thus, we had a rare opportunity to estimate diet-
related effects that are largely unbiased by smoking. Since meat consump-
tion among non-vegetarians in the AHS-2 is lower than that of the general
population,19,20 this could have potentially minimized contrasts between
vegetarians and non-vegetarians in our study. Because of our small sample
size, we did not examine differences in associations by sex despite that bio-
logical sex has been suggested as a possible mediator of relationships
between diet and cognition in aging.61 For small studies such as ours of
older adults who may be early in pre-clinical stages of cognitive decline,
more sensitive biomarkers of cognitive dysfunction may have been useful
rather than relying on neuropsychological test measures.62 As neurodegen-
eration associated with cognitive decline likely starts during mid-life deca-
des, timing and duration of exposure to risk or protective factors such as
diet are relevant.63 We were able to examine dietary patterns at two time
periods and followed long term, and derived diet stability score to measure
stability in participants’ dietary consumption over the lifetime.23 Finally, it
could be argued that the lifestyle factors characteristic of the study popula-
tion may limit the generalizability of such research. However, we have no
reason to believe that members of the AHS-2 cohort are biologically or
genetically different from the greater US population on average. In any
case, our results are preliminary, and additional larger studies of older
adults are needed to further examine the effect on cognitive decline of
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vegetarian dietary patterns and stability or change of dietary consumption
over time. This topic is timely in that personal diet is largely modifiable,
and access to and interest in diverse varieties of foodstuffs in the US make
dietary recommendations potential, cost-effective approaches to prevention
of cognitive decline that may reduce anticipated growing burdens on the
healthcare system.

Take away points

� Processing speed, executive function or memory/language abilities did
not differ between vegetarians and non-vegetarians.

� A more stable dietary pattern characteristic of vegetarians was associ-
ated with better memory/language abilities.
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