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ABSTRACT

Background: Although it is known that plant-based foods are important for physical health, little is
known about the relationship between plant-based foods and cognitive health. Emerging evidence
suggests that some macronutrients may influence cognition, but it is unclear which domains of
cognition are involved; more importantly, it is unknown how a plant-based diet relates to cognition.
Objective: To examine associations between a plant-based dietary pattern and cognitive
functioning.

Methods: Participants were 3,039 older adults who participated in the 2011-2014 waves of the
National Health and Nutrition Examination Survey (NHANES). The present cross-sectional study
used data on macronutrient intake from 24-hour dietary interviews, as well as performance on
tests of long-term memory and executive function (i.e, delayed word recall, digit symbol
substitution test, and animal fluency). Principal component analysis was used to extract a dietary
pattern consistent with a plant-based diet.

Results: Greater adherence to a dietary pattern consistent with a plant-based diet was related to
better performance on all cognitive tasks. Secondary analyses indicated that the associations
between a plant-based dietary pattern and executive function accounted for the association
between a plant-based dietary pattern and memory. Furthermore, this same plant-based dietary
pattern was associated with reduced baseline inflammation in a separate dataset.

Conclusions: Experimental manipulations are needed to determine the potential causal relations of
these associations, but these results suggest that a plant-based diet relates to better cognition,
especially through improved executive control. Future work should also attempt to extend these
results by examining potential mechanisms underlying these associations, such as reduced

KEYWORDS

Diet; memory; executive
function; nutrition; vegan
diet; older adults; NHANES;
plant-based diet

inflammation.

Abbreviations

CERAD Consortium to Establish a Registry for Alzheimer’s
Disease

DSST Digit symbol substitution test

NHANES National Health and Nutrition Examination Survey

Introduction

Diet-related diseases such as obesity, cardiovascular dis-
eases, type 2 diabetes and cancer have become a leading
cause of death in the United States [1-4]. However, some
interventions have seen success with treating diet-related
diseases. In particular, adherence to a plant-based diet—
that is, a diet primarily based on foods derived from
plants such as vegan, vegetarian, pescovegetarian, and
semi-vegetarian diets [5]—has been shown to reduce
or eliminate the need for medication in type 2 diabetes,
produce faster weight loss than standard weight-redu-
cing diets in people with obesity, and reduce biomarkers

of cardiovascular disease risk [6-10]. Although the evi-
dence points to a benefit of plant-based diets for physical
health, it is not known how plant-based diets might
relate to cognition.

Multiple studies have established that adherence to a
plant-based diet is characterized by low saturated fat
and protein intake, and high fiber and polyunsaturated
fat intake [5,11,12]. No study to our knowledge has
examined how a plant-based diet affects cognition,
but some studies have examined how individual macro-
nutrients—some relevant to plant-based diets—relate to
cognition. In particular, although adding protein beyond
the minimum requirement does not appear to influence
cognition [13,14], variations in the remaining macronu-
trients characteristic of plant-based diets do appear to
relate to cognition. That is, higher saturated fat intake
generally predicts or relates to worse cognitive function,
whereas higher intakes of polyunsaturated fat and fiber
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generally predict or relate to better cognitive function
[15-21]. Therefore, intake of individual macronutrients
consistent with a plant-based diet is related to better cog-
nition, suggesting that plant-based diets in general may
be related to better cognition.

However, two issues remain open. First, as men-
tioned above, it is unknown how these macronutrients
relate to cognition when considered together. That is,
because different types of foods contain distinct
profiles of macronutrients and micronutrients, examin-
ing macronutrients in isolation may obscure effects
that would otherwise arise from overall patterns of
food consumption. Second, most studies of individual
macronutrients related to plant-based diets are unclear
on which cognitive domains are involved; most studies
have used either a single cognitive outcome, or, more
commonly, a single measure of global cognition (e.g.
the Mini-Mental State Examination; [22]). In sum, it
is currently unknown whether a holistic consumption
pattern consistent with a plant-based diet might be
associated with cognition, or, if so, which domains of
cognition may be involved.

Understanding the specific cognitive domains that
may be affected by plant-based diets has particularly
notable implications for some populations, such as
older adults. First, improving memory in individuals at
high risk of developing dementia may slow or help pre-
vent cognitive decline in those individuals [23]. Even in
older adults without risk of pathological cognitive
decline, there exist specific physical health issues that
may be remediated by improving cognitive health.
Second, better executive functioning predicts better
medication adherence [24] and a smaller risk of falling
in older adults [25], both of which are strong contribu-
tors to physical health in older adults. In short, determin-
ing the specificity of the diet-cognition relationship could
help design targeted interventions for populations with
specific cognitive health needs, such as older adults.

Current research

The present cross-sectional study aimed to address the
question of whether macronutrient intake characteristic
of a plant-based diet is naturally present in older
adults, and whether this dietary pattern is associated
with performance on distinct cognitive tasks: namely,
one task that assesses long-term memory, and two
tasks that assess different aspects of executive function-
ing. We hypothesized that a dietary pattern consistent
with a plant-based diet would relate to better perform-
ance on the memory and executive function tasks.
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Methods
Participants

Data were obtained from the 2011-2014 National
Health and Nutrition Examination Survey (NHANES),
conducted by the National Center for Health Statistics
under the CDC. The survey collects cross-sectional
nutrition and health information from a nationally
representative, civilian, non-institutionalized popu-
lation using in-home interviews and questionnaires as
well as mobile centers for physical examinations [26].
Participants (N =3,039; 1,465 female; M, =69.79,
SD,g. = 6.88, range =60-80) included in the analyses
were those who completed the dietary assessment,
though some participants did not complete all cogni-
tive tasks; of the 3,039 participants, 211 had missing
recall data, 286 had missing digit symbol data, and
224 had missing fluency data. In total, 2,655 partici-
pants had complete data for every variable examined,
including covariates." Of the total sample, 47.6% ident-
ified as non-Hispanic White, 24.2% as non-Hispanic
Black, 8.9% as Mexican American, 9.8% as Other His-
panic, 8.0% as non-Hispanic Asian, and 1.6% as Other
(including multi-racial). This analysis of secondary
data was approved by the IRB of the University of
California, Davis.

Materials and procedure

To assess the relation between nutrient intake and
cognitive performance, we examined both cognitive
and dietary variables from the included NHANES
waves. Executive function was assessed using the ani-
mal fluency test and the digit symbol substitution
test, whereas memory performance was assessed
using the CERAD word learning test; detailed
descriptions of these measures are provided in the
following paragraphs. For further information regard-
ing these tasks, please see the descriptions from the
CDC [27].

Animal fluency measures categorical verbal fluency,
which is considered to be an executive function [27-
29]. Participants were given one minute to name as
many animals as they could, and a point was given for
each unique named animal.

The digit symbol substitution test relies primarily on
sustained attention and processing speed, along with
contributions from working memory [27,30]. The task
requires participants to use a legend—pairing nine num-
bers with symbols—to match 133 numbers with their
corresponding symbols within two minutes. Participants

"Note that the results were equivalent regardless of whether or not analyses were restricted to participants with complete data.
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were scored on how many correct matches were made
within the two-minute time limit.

The Consortium to Establish a Registry for Alzhei-
mer’s Disease (CERAD) word learning subtest includes
both immediate and delayed memory tests for verbal
information. Despite having been developed for individ-
uals with dementia, similar prior studies have found that
the CERAD successfully assesses memory performance
in individuals without dementia as well [31]. During
learning trials, 10 words were spoken aloud by the exper-
imenter; in the recall tests, the participants were asked to
recall as many of the 10 words as they could recall. Three
learning trials and the immediate recall test were com-
pleted prior to the fluency task and digit symbol substi-
tution test, whereas the delayed recall test was completed
8-10 min after initial learning. Performance on the
delayed recall test was scored as the number of words
recalled out of the 10 studied words.

Dietary interviews conducted on two separate days
assessed nutrient intakes over each preceding 24-hour
period. The cognitive tasks were completed during the
same session as the first dietary interview. The primary
diet variables of interest were participants’ average con-
sumption of saturated fat, polyunsaturated fat, fiber,
protein, and calories.

Statistical analysis

Dietary variables were skewed, and were square root
transformed such that they conformed to a normal
distribution.

Principal component analysis (PCA) was used to
confirm that participants’ macronutrient consumption
naturally varied along a dietary spectrum consistent
with high intake of plant-based foods (high intake of
fiber and polyunsaturated fat) and low intake of ani-
mal-based foods (low intake of saturated fat and
protein), to the opposite pattern. PCA is a dimensional-
ity reduction technique that is used to extract important
patterns by representing the data as a set of orthogonal
variables that maximally capture variation in the data
[32]. The resulting variables are known as components,
which are statistically independent and ordered accord-
ing to the amount of variation they explain (ie. the
first principal component explains more variation in
the data than does the fourth component). The macro-
nutrient variables that were included in the PCA were
saturated fat, polyunsaturated fat, fiber, and protein;
each was divided by calories consumed to normalize
them with respect to total intake. The goal of the PCA

was to produce a score for each participant, with higher
scores reflecting consumption of a diet more indicative
of a plant-based diet.

Linear regressions were used to assess the relation
between the plant-based scores (obtained using the
principal component analysis) and the cognitive vari-
ables. The models included the recommended dietary
weights provided by NHANES to increase the repre-
sentativeness of the data with respect to the U.S. popu-
lation. We averaged between the weights provided for
the day 1 and day 2 dietary recall interviews, as macro-
nutrient information from both days were used in
analysis. Demographic variables relevant to diet or cog-
nition served as covariates—namely age, sex, education,
and body mass index (BMI). In addition, to ensure
that any effects observed with the plant-based principal
component were not driven by overall healthier beha-
viors, we covariedpositive and negative health beha-
viors (i.e. minutes exercised over the past week,
cigarettes consumed per day on average, and excessive
alcohol consumption [>5 drinks/day or >15 drinks/
week for men; >4 drinks/day or >8 drinks/week for
women]). Our covariates were selected based upon
prior literature that had noted associations of each of
these variables with both diet and cognitive measures
[28,29,33-38].

When a null result was obtained, evidence for the null
was quantified with Bayesian analyses using the Bayes-
Factor package, version 0.9.12-4.2 in R, version 3.5.0.
For ease of interpretation, Bayes factors were inverted
(i.e. BFg;=1/BF;o) such that higher values indicate
greater evidence for the null. By convention, a Bayes fac-
tor BF,; greater than 3.16 indicates substantial evidence
in favor of the null hypothesis [39].

Results

Table 1 presents descriptive statistics and correlations
for the variables of interest. The participants’ perform-
ance on the cognitive tasks was similar to norms estab-
lished in healthy older adult populations, such that
the mean fell within one standard deviation of the
established means [34,40,41]. Total calories consumed
were controlled for to allow us to assess macronutrient
intakes relative to total intake, given that macronutri-
ent intakes were given in grams [42].

In the principal component analysis, the expected
dietary pattern (high polyunsaturated fat and fiber, low
saturated fat and protein) emerged as the second of
four principal components:* the loadings were .73 for

2The loadings for fiber, saturated fat, polyunsaturated fat, and protein, respectively, for PC1 were —.64, .64, .26, —.31; for PC3 they were —.08, .04, .63, .77; and for
PC4 they were .71,.71,.03, .12. The principal components were not rotated with an oblique transformation, and as such were uncorrelated, |r|s < .001, ps > .999,
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Table 1. Descriptive Statistics for Primary Variables and Covariates of Interest, and Associations with Cognitive Outcomes.

Association with Other Variables

Variable Range Mean SD Recall DSST Fluency
Age 60-80 69.79 6.88 —.30%** —.20%** —.23%**
BMI 13.4-82.1 29.03 6.36 .06** 01 .04*
Recall 0-10 5.85 2.38 - - -
DSST 0-105 46.01 17.31 AT - -
Fluency 1-40 16.51 5.54 A0*** ) -
Calories 156-5679 1801.18 690.70 .06** 0x** 10%**
SFA 0.71-87.21 21.65 11.60 —.05% —-.03 —.06**
PUFA 0.86-70.06 16.41 9.08 .04* 05%* 05%
Fiber 0.15-118.4 16.82 9.17 .02 .00 06%*
Protein 5.2-234.94 72.19 30.03 .04 .03 .04*
PB score —5.27-4.14 0.00 1.00 .04* .05%* .06**

Note: *p < .05, **p < .01, ***p < .001. DSST = Digit symbol substitution test; Fluency = Animal fluency; SFA = Saturated fatty acids; PUFA = Polyunsaturated fatty
acids; PB score = Plant-based score. Demographic statistics are provided for those participants who completed the dietary recall (N = 3039). Partial correlation
values are provided for the associations between the macronutrients (i.e. SFA, PUFA, fiber, protein) and the cognitive variables, controlling for calorie intake and
relevant demographic variables, and using the recommended dietary weights provided by NHANES. Associations with SFA and PUFA also control for total fat
intake, and associations with calories control for relevant demographic variables.

polyunsaturated fat, .27 for fiber, —.29 for saturated fat,
and —.56 for protein, such that higher scores were
more consistent with a plant-based diet. This component
explained 25% of the variance in the macronutrient data.
A chi-square goodness of fit test showed that even the
first three components were not sufficient to explain
the variance in intake patterns of these macronutrients
(X°=659.06, p<.001, RMSE=.13), indicating that all four
components were necessary to explain the variance in
macronutrient intake. Therefore, this analysis indicates
that the plant-based principal component (i.e. the second
principal component) was a necessary component in
explaining the data; that is, without the plant-based com-
ponent, the ability of the principal component analysis to
explain the variance in the macronutrient data would
drop significantly. This indicates that a pattern consist-
ent with a plant-based diet—based on prior findings
that a plant-based diet is low in protein and saturated
fat, and high in polyunsaturated fat and fiber
[5,11,12]—was naturally present in the sample.’

To assess whether a dietary pattern consistent with a
plant-based diet was associated with cognitive perform-
ance, scores on the plant-based component (i.e. plant-
based scores) yielded by the principal component analy-
sis were then related to performance on the recall, animal
fluency, and digit symbol substitution tasks. Higher
plant-based scores were associated with better perform-
ance on each of these cognitive variables (see Figure 1):

plant-based scores were positively associated with recall
performance, p=.07, p<.001, and this held when control-
ling for covariates of age, sex, education and body mass
index, although the effect size was reduced to about
two thirds of what it had been, $=.04, p=.022. Similarly,
plant-based scores were also associated with digit symbol
substitution performance, P=.08, p<.001, and these
associations held with covariates, $=.04, p=.004. Lastly,
plant-based scores were associated with better perform-
ance on the fluency task, p=.08, p<.001, which also
held with covariates, p=.06, p=.002.* Furthermore,
additional analyses indicated that all of these effects
held when additional health-related covariates (i.e. ciga-
rette smoking, exercise, and excessive alcohol consump-
tion) were added to the model containing the covariates
of age, sex, education, and body mass index, ps<.025.
Therefore, greater adherence to a dietary pattern consist-
ent with a plant-based diet is related to better memory
and executive functioning.

Exploratory analyses were conducted to examine
whether the associations between plant-based scores
and cognitive performance were due to domain-specific
or domain-general cognitive effects. That is, each cogni-
tive domain (memory and different aspects of executive
function) could be individually and uniquely related to
plant-based scores, or a more general cognitive factor
could instead underlie these associations. To assess
this, performance on one or both of the other cognitive

entailing that our second component could be examined independently of the others. Although they were not relevant to our a priori hypotheses, in the inter-
est of completeness, the associations between the other principal components and the cognitive tasks were as follows. PC1 (high fat, low fiber and protein) was
unrelated to any cognitive task, ps > .294. Interestingly, according to prior work, the macronutrient profile of PC1 was consistent with a dietary spectrum ran-
ging from highly processed to unprocessed foods [67]. PC3 (high polyunsaturated fat and protein, negligible fiber and saturated fat) was related to better
performance on all cognitive tasks, s > .07, ps < .001; and PC4 (high fiber and saturated fat, negligible loadings of polyunsaturated fat and protein) was weakly
related to digit symbol and fluency performance, s < .05, ps > .016, and unrelated to recall, f < .01, p = .609.

3|t should be noted, though, that our data cannot address the possibility that additional dietary choices may have resulted in consumption of this macronutrient

profile.

4AIthough education is sometimes used as a measure of socioeconomic status, for the sake of completeness, we also re-ran the analyses including income (i.e.,
ratio of family income to poverty level) as a covariate as well. All results held, ps<.023.
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Figure 1. Relation between dietary variables and cognitive outcomes. A) Long-term memory recall performance B) Digit symbol sub-
stitution test performance C) Animal fluency performance. Although the continuous variable was used for analyses, plant-based scores
were divided into quantiles for illustration. Error bars around each quantile estimate represent 95% confidence intervals for the mean of

that quantile.

tasks was controlled for in each model relating plant-
based scores to cognitive performance on a given task.
If the relation between a cognitive task and plant-based
scores was task-specific rather than global, one would
expect the association of plant-based scores with per-
formance on the cognitive task to remain significant
even when controlling for performance on the other cog-
nitive tasks. Whereas plant-based scores were no longer
significantly associated with recall when either or both of
the other tasks (i.e. the executive function tasks) were
covaried, ps>.17, the relation with plant-based score
held for both the digit symbol substitution and fluency
tasks with recall covaried out, ps<.025 (Table 2). Fur-
thermore, the relation between plant-based score and
fluency was most robust, as these variables remained sig-
nificantly associated regardless of which tasks were cov-
aried, ps<.036. The results of this analysis suggest that
plant-based scores may specifically be associated with
executive function, and their relation with memory
may be due to the underlying executive function com-
ponents that recall draws on, such as generation
(assessed by the fluency task) and processing speed
(assessed by the digit symbol substitution ask) [29]. Fur-
thermore, plant-based scores may be most related to pro-
cesses underlying verbal fluency.

Table 2. Relation Between Cognitive Tasks and Plant-Based
Scores When Controlling for Other Cognitive Tasks.

Other 2
Covariates: Recall DSST Fluency tasks
Outcome B p B p B p B p
Recall - - .02 19 .02 a7 .01 39
DSST .03 .02 - . .02 .10 .02 17
Fluency .05 <.01 .04 .02 - - .03 .04

Table 2. Beta and p values for linear models relating plant-based scores to
cognitive task performance, covarying out one or both of the other cogni-
tive tasks. Covariates are listed by column, whereas outcomes are listed by
row. Models controlled for BMI, age, sex, and education, and included the
dietary weights provided by NHANES. DSST = Digit symbol substitution test.

Secondary analyses

Monounsaturated fat

Studies of the Mediterranean diet—a dietary pattern that
shares some commonalities with a plant-based diet—
have suggested that monounsaturated fat is a primary fac-
tor in the health benefits of the diet [43,44]. We sought to
determine whether monounsaturated fat might be related
to cognitive performance as well. The relation between
monounsaturated fat intake and the three cognitive out-
comes was assessed using linear models with relevant
demographic covariates (i.e. BMI, age, sex, education),
as well as covariates for calories and total fat intake to
assess monounsaturated fat intake in relation to total



intake. Associations were nonsignificant between mono-
unsaturated fat and recall (f=.025, p=.70), monounsatu-
rated fat and digit symbol substitution (B=—.014,
p=.80), and monounsaturated fat and fluency (B=.08,
p=.24). In Bayesian implementations of the same models
as above, Bayes factors indicated substantial evidence for
the null for recall (BF,;=8.08) and digit symbol substi-
tution (BF;;=8.85), and inconclusive evidence for
fluency (BF(;=.94). For comparison, the equivalent ana-
lyses were carried out with polyunsaturated fat as the
independent variable in place of monounsaturated fat:
unlike monounsaturated fat intake, polyunsaturated fat
intake was significantly associated with better perform-
ance on each cognitive task (recall: f=.07, p=.041; digit
symbol substitution: P=.08, p=.008; fluency: P=.09,
p=.013). Taken together, this suggests that there is evi-
dence against—or in the case of fluency, no evidence in
support of—monounsaturated fat intake being related
to memory or executive function.

Inflammation

It has been suggested that the effects of diet on both phys-
ical and cognitive health may be mediated in part by
changes in inflammation [45-48]. To
indirectly examine this possibility, we carried out a sec-
ondary analysis to investigate whether a plant-based diet-
ary pattern was associated with a lower level of baseline
inflammation. The waves of NHANES that contained
cognitive data (2011-2014) did not include measures of
inflammation; therefore, only data from the 2007-2010
waves (which do not have cognitive measures) were
used to examine the relation between plant-based scores
and inflammation. The outcome of interest was levels of
C-reactive protein (CRP)—an acute phase protein syn-
thesized by the liver in response to multiple inflammatory
factors, making it an excellent indicator of overall inflam-
mation [49]—which was log transformed to reduce skew-
ness. The CRP data was collected during the same
assessment session as the first dietary interview. The load-
ings acquired from the principal component analysis, as
described above, were used to create plant-based scores
for the inflammation dataset. A linear model regressing
plant-based scores on CRP with covariates of BMI, age,
sex, and education showed that a higher plant-based
score was associated with significantly lower levels of
CRP, B= —.03, p<.001. Thus, greater adherence to a diet-
ary pattern consistent with a plant-based diet was related
to lower levels of systemic inflammation in these data.

Discussion

The results of the present study show that a dietary pat-
tern consistent with a plant-based diet was related to
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better performance in two executive function tasks and
one long-term memory task. These findings therefore
suggest that a more plant-based diet relates to better cog-
nition in terms of both memory and executive function
in older adults. Furthermore, the results of secondary
analysis suggest that a plant-based diet may be particu-
larly related to executive function, which may underlie
the associations observed with both executive tasks and
free recall. Future studies using additional cognitive
tasks will be useful in determining the specificity of the
cognitive domains that may be related to a plant-based
diet.

One possible mechanism that could have been
thought to underlie the present results is BMI: plant-
based diets reduce BMI, and lower BMI has been associ-
ated with better cognitive function [6-8,28]. The associ-
ations observed in the present study were stronger
without controlling for BMI, but they still held with
BMI as a covariate, which indicates that diet is also
associated with cognition independently of BMI.
Another possible mechanism linking diet and cognition
is inflammation; specifically, inflammation has been
shown to mediate the impairing effects of saturated fat
on memory in rodents [50]. Furthermore, consumption
of both fiber and polyunsaturated fat is related to lower
inflammation, whereas meat consumption predicts or
is related to higher inflammation [46-48]. It is therefore
possible that some effects of plant-based diets on health
[6-10] and cognition could be mediated in part by
inflammation. This hypothesis is consistent with the
results of one of our secondary analyses, which revealed
that a higher plant-based score was related to lower base-
line inflammation. Importantly, though, because data on
cognitive task performance and inflammation markers
were not collected for the same subjects in the National
Health and Nutrition Examination Survey, it is not
known whether inflammation may be associated with
cognition in the present sample. Future work is needed
to determine whether plant-based diets reduce inflam-
mation, and whether this may mediate any improve-
ments in cognition.

Indirect evidence from studies examining Western
and Mediterranean diets has also suggested that a
plant-based diet may be important for health and cogni-
tion. The Western diet—marked by high fat and sugar
intake—for example, may exert many of its detrimental
effects on cognition through saturated fat consumption
[51-58]. Importantly, the primary source of saturated
fat in the Western diet is animal products such as red
meat and dairy [59]. Thus, it is possible that the Western
diet may impair health and cognition in part through
high intakes of red meat and dairy, which are consumed
less by those eating a more plant-based diet [5].
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In a similar vein, a major component of the Mediter-
ranean diet responsible for its benefits is reduced meat
consumption [60,61]—in fact, when directly compared,
meat intake alone has been shown to account for more
variance in cognitive performance than does the stan-
dard Mediterranean diet score [62]. Another consistent
finding is that the Mediterranean diet components
encapsulating fruit, vegetable, and whole grain consump-
tion—all of which are high in fiber and ubiquitous in
plant-based diets—are important predictors of improved
health and global cognition [63-66]. Interestingly, some
argue that the consumption of olive oil plays an essential
role in the benefits of the Mediterranean diet due to its
uniquely high monounsaturated fat content, but results
are mixed [43,44]. In the present data, a secondary analy-
sis indicated that monounsaturated fat had no relation to
any of the cognitive outcomes, and Bayes factors sup-
ported this lack of effect. The present results, combined
with prior conflicting results [43,44], could be taken to
suggest that monounsaturated fat intake may not be as
important for cognition as the other aforementioned
aspects of the Mediterranean diet. Thus, the benefits of
a Mediterranean diet may be in part mediated by a
decrease in meat intake, and an increase in vegetable
and whole grain intake, which are in line with a shift
towards a more plant-based diet.

The present study has limitations that should be
noted. First, it was not possible to assess actual plant-
based food consumption, as the data consisted of macro-
nutrient information rather than food group infor-
mation. In other datasets, increased consumption of
plant-based foods relative to animal-based foods has
been strongly correlated with the macronutrient profile
we examined in this study (i.e. high in fiber, high in poly-
unsaturated fat, low in saturated fat, and low in protein
[5,11,12]), but a limitation of this study is that the dietary
data were macronutrient reports rather than actual plant
and nonplant food consumption. Finally, it should be
stressed that all associations were cross-sectional,
which precludes inference or discussion of cause and
temporal precedence. Reverse causality is certainly poss-
ible in this association; for example, people with better
cognitive function may be better able to adhere to a
diet touted as healthy (i.e. one high in fruits and veg-
etables), or a third factor may have led to increases in
both cognitive performance and a diet more consistent
with a plant-based diet. Although the included covariates
may suggest that the observed associations were not
entirely driven by an overall healthier lifestyle, future
experimental work should attempt to establish the causal
relationships of these effects.

In sum, these results suggest that plant-based diets are
related to more than just physical health—they are

related to better cognitive performance as well. If it is
found that plant-based diets are indeed able to improve
cognition, plant-based diets could prove to be an easily
implemented and high adherence [11] intervention for
cognitive impairment.
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