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Dietary diversity and cognitive performance
in older adults: a systematic review
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Abstract

Background and objective Promoting dietary diversity (DD), which refers to the variety or the number of different
food groups that people eat over the time given, is important for brain health maintenance and may be beneficial for
inhibiting neurodegenerative diseases. This research aimed to review the literature and summarize research evidence
for achieving an inclusive estimate concerning the relationship between DD and cognitive function in adults.

Methods We systematically queried the databases of PubMed, Web of Science, and Google Scholar, without
imposing any date restrictions, up to June 2024 to identify original literature that sheds light on the intricate
relationship between DD and cognitive function. Employing rigorous criteria, we meticulously screened studies,
eliminating duplicates or those unrelated to our focus. Subsequently, we critically evaluated the findings from the
selected studies, descriptively summarizing them. Additionally, we engaged in an in-depth exploration of potential
mechanistic pathways linking DD to cognitive performance.

Results Of the 388 citations obtained, 23 articles were included in the final review. All the studies reported a positive
association between DD score and cognitive functioning and indicated that higher DD was accompanied by good
memory (n=3) and lower risk of cognitive decline (n=19), dementia (n=3), and Alzheimer’s disease (n=1).

Conclusion The results indicate that sustaining a diverse diet among older people may help maintain cognitive

functioning. Dietary diversity represents a promising clinical avenue for mitigating cognitive decline associated with
diverse brain disorders, potentially preventing or attenuating deterioration.
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Introduction

Population aging is one of the main challenges of the
contemporary world. Based on the World Health Orga-
nization estimation, the percentage of the world’s older
population aged>60 will increase from 12% in 2015
to 22% in 2050 [1]. Between 2020 and 2050, it is antici-
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[3, 4]; the incidence of degenerative dementia, including
Alzheimer’s disease (AD); and high exposure to stress
hormones [5] and toxins [6] can independently destroy
the brain with age and contribute to cognitive dysfunc-
tion. In opposition, choosing an appropriate lifestyle,
such as having a healthy and balanced diet [7, 8], regular
physical activity [9], and low alcohol intake [10], might
increase neuroplasticity and delay neurodegeneration
and cognitive decline possibly by diminishing inflamma-
tion and oxidative stress [11, 12].

According to Food and Agriculture Organization (FAO)
definition, “dietary diversity (DD) is a qualitative measure
of food consumption that reflects household access to a
variety of foods, and is also a proxy for nutrient adequacy
of the diet of individuals” [13]. Dietary diversity addresses
the count of various foods or food groups consumed in
a defined period. For household DD, the potential score
range is 0—12 and for Women’s DD is 0-9, a higher score
reflects a more diverse diet [13]. Adherence to higher DD
is associated with numerous favorable health outcomes.
According to cross-sectional studies, having a high DD
reduces the risk of cardiovascular diseases, hypertension,
and diabetes mellitus among community-dwelling older
people [14] and depression [15] and increases mental
health [16].

Scientific evidence suggests that diverse diets can
be beneficial for brain health and may preserve cogni-
tive performance. A direct link has been documented
between high DD and healthy aging in aged individu-
als [17]. A monotonous diet and insufficient nutrient
intake may be related to cognitive dysfunction [18, 19].
Several studies have evaluated the association between
DD and cognitive performance [20, 21]. Given that sys-
tematic reviews on specific nutrients or dietary patterns
and cognitive function exist, to our knowledge, there is
no comprehensive report focusing on measuring dietary
diversity and cognitive performance. The research ques-
tion was: Is DD associated with cognitive function in
older adults? Therefore, this research aimed to system-
atically review the literature and summarize research evi-
dence for achieving an inclusive estimate concerning the
relationship between DD and cognitive function in older
adults.

Table 1 Description of the PECO strategy

Population Older adults

Exposure Low dietary diversity

Comparator People with high dietary diversity or healthy
subjects (few studies used dietary diversity data
as continuous scale and had no comparator)

Outcome Risk of cognitive impairment, Alzheimer’s

disease, dementia, or memory loss
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Methods

We used the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guidelines
to deliver a transparent and systematic report [22]. The
Deputy for Research and Technology, Tabriz Univer-
sity of Medical Sciences, Tabriz, Iran, registered and
approved the protocol of this study, prospectively (IR.
TBZMED.VCR.REC.1403.058) (file:///C:/Users/Admin/
Downloads/balsa8sdh3y4clbh.pdf).

Search strategy

An advanced search was performed in PubMed, Web of
Science, and Google Scholar databases until June 2024
to identify original published studies investigating the
relationship of DD with cognitive performance or AD or
dementia or memory loss. A systematic evidence search
was performed using the following keywords: “cogni-
tive” OR “cognition” OR “dementia” OR “memory” OR
“learning” OR “Alzheimer’s disease” OR “mental” and
“dietary diversity” OR “food variety” OR “diet variety” OR
“dietary variety” in title-abstract-keywords. The search
had no date constraint. A hand search was conducted in
the Google Scholar database up to the twentieth page,
besides an advanced search. Supplementary Table 1 pres-
ents a comprehensive search strategy. Table 1 provides a
PECO approach for this review.

Eligibility criteria

Original investigations on older adults appraising the
relationship between DD and cognitive functioning were
suitable for inclusion. Only investigations with the Eng-
lish language were addressed in this review. Protocols,
chapters, books, reviews, abstracts, and the thesis were
exclusion criteria. Articles that studied the association
of dietary patterns, quality, habits, and behaviors with
cognitive performance were not qualified for inclusion
in the current study. Studies on children or adolescents
were also excluded. In addition, studies on other neu-
rological diseases, such as Parkinson’s and Huntington’s
diseases, and those on mental health, such as depression,
anxiety, and distress, were excluded, because different
neurological conditions can have distinct pathologies,
progression patterns, and responses to dietary factors,
which could confound the results and reduce the speci-
ficity of our findings. We also excluded animal studies to
ensure that our findings are directly applicable to human
populations.

Selection of the studies

We transferred the acquired investigations from the
search to an Endnote file and organized them to oblit-
erate replicated evidence. Two investigators rated the
studies independently to achieve appropriate articles for
this systematic review based on reviewing the title and
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abstract in the first step, and then full text of the publi-
cations (results, tables, or other sections) were reviewed.
Although disagreements between two investigators
were minimal, however, in the case of different opin-
ions regarding the eligibility of a study, a consensus was
gained via discussion or by arbitration of a third indepen-
dent investigator.

Data extraction

Our analysis encompassed several key variables: the first
author’s name and publication year, geographical region,
study design, subject count, health status of participants,
gender distribution, age demographics, follow-up dura-
tion in prospective studies, DD assessment method and
definitions for “low” vs. “high” DD, food intake evalua-
tion approach, cognitive functioning assessment method
and clinical diagnosis (dementia and AD), data analysis
techniques, consideration of confounding factors, and
the resulting findings regarding global cognitive function,
memory loss, risk of AD/dementia.

Evaluation of article quality and bias risk

Two independent reviewers assessed the quality and bias
risk of the chosen studies using the Newcastle-Ottawa
quality assessment tool [23]. They evaluated cross-sec-
tional and cohort studies on three criteria: the selection
of groups with and without exposure, the comparabil-
ity of these groups, and the outcomes. The studies were
classified using a star system into three categories: high,
moderate, or low quality. Studies scoring 7 or higher in
total were deemed high quality [23].

Results

Selection of studies

In our investigation, we retrieved 388 research studies
initially (as depicted in Fig. 1). After eliminating dupli-
cates, 323 studies remained. We identified 51 publications
relevant to the study’s topic and scope when reviewing
titles and abstracts. Subsequent critical appraisal led to
the exclusion of 28 studies: 19 were deemed irrelevant,
one was a commentary article, and six were duplicates
of other included studies, one was in chines, and one
assessed the combination effect of DD and traffic-related
air pollution on cognitive function. Ultimately, our
review included 23 relevant studies (Fig. 1).

Characteristics of the included studies

Most included studies (1 =18) were published from 2020
onwards, indicating the topic’s novelty (Table 2). All the
investigations exclusively focused on adults with a mean
age of 50 years or older. Studies were mostly from East
Asia (n=19; China (n=12), Taiwan (n=3), and Japan
n=4). All studies considered both sexes. Most stud-
ies (mn=15) used the MMSE tool to assess cognitive
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functioning, and 19 investigations regarded the role of
main confounding factors in their statistical analysis.

Quality assessment of studies

The quality scores for cohort studies ranged between
eight and nine, except one, indicating minimal bias
(Supplementary Table 2). A significant concern was the
ambiguity regarding whether the outcome of interest was
present at the beginning of the study.

For the eight cross-sectional studies, quality scores var-
ied from 5 to 8 (Supplementary Table 3). A primary issue
identified was the non-response rate among the groups.
Notably, none of the studies provided information on the
dropout rate. Another issue was not considering con-
founders such as age, gender, and other covariates in the
analysis.

Association between DD score and cognitive performance
As shown in Tables 2 and 19 studies [17, 21, 24—40]
investigated the link between DD score and cognitive
performance and all found a positive association between
DD score and cognitive functioning and indicated that
higher DD was accompanied with lower risk of cognitive
decline (odds ratios ranged from 0.54 to 0.92).

Chen et al. [24], in a cross-sectional study of 14,318
older people, demonstrated that cognitive impairment,
assessed by the MMSE tool, was higher among people
with low DD (a score of <2 from seven food groups
derived from FFQ) compared with people with a high
DD. Psychological balance mediated the association
between DDS and cognitive decline. Chen et al. [25], in
a prospective cohort study of 81,847 older individuals,
showed that higher DD (a score of 4-7 from seven food
groups derived from FFQ) was correlated to reduced
probability of cognitive decline, measured by MMSE
tool, among older people. The authors found that smok-
ing behavior may adversely affect the association among
women. Chen et al. [26], in a prospective cohort study of
1,839 elderly, explored that low DD (a score of <3 from
six food groups derived from 24-hour dietary recall)
was associated with cognitive impairment, measured
by a short portable mental status questionnaire. Clau-
sen et al. [27], in a household survey of 1085 older sub-
jects, demonstrated a positive association between food
variety score (ranged 0-5 food groups derived from 21
food-item FFQ and 24-hour recall) and improved cog-
nitive function measured by the MMSE tool. Hsiao et
al. [28], in a cohort study of 3213 community-dwelling
adults (aged>50), showed an inverse dose-response
association between the dietary variety score and the
risks of cognitive decline. Huang et al. [21], in a cross-
sectional study of 1115 older adults, found higher cogni-
tive decline (measured by MMSE tool) in people with low
DD (a score of <4 derived by 24-hour dietary recall and
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Fig. 1 Flow diagram of the study

79-food item FFQ). Huang et al. [29], in a cohort study of
15,777 older individuals, found a reduced risk of cogni-
tive frailty (assessed by the MMSE tool) in people with
high DD, derived by simplified FFQ. Kiuchi et al. [30],
in a cross-sectional study of 8987 older adults, revealed
a direct association between DD (considering 10 food
groups) and reduced mild and global cognitive impair-
ment, assessed by MMSE and national center for geri-
atrics and gerontology-functional assessment tool. Liu
et al. [31], in a prospective cohort study of 9726 older
adults, demonstrated a low cognitive impairment inci-
dence rate in people with consistent high DD. Milte et

(n=1)

al. [32], in a prospective cohort study of 617 adults (aged
55-65), found improved cognitive function (evaluated by
the telephone interview of cognitive status) among peo-
ple with higher DD, obtained from 111-item FFQ. Otsuka
et al. [33], in a cohort study of 298 men and 272 women,
showed that each SD increase in DD was accompanied
by 21% reduced cognitive decline and participants in the
highest quartile of DD were 44% less likely to have cogni-
tive impairment. Song et al. [34], in a prospective study
of 6237 older adults, observed an increased risk of cogni-
tive impairment and a faster decline in the MMSE score
in participants with low-low and high-low DD score
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change patterns compared to the high—high pattern. Xiao
et al. [35], in a cross-sectional study of 1,982 middle-aged
and older adults, showed that the risk of mild cognitive
impairment was 45% lower in participants with the high-
est DD compared to those with the lowest DD. Higher
DD was positively associated with better performance in
cognitive domains, including global cognitive function,
episodic memory, attention, language fluency, and exec-
utive function. Yang et al. [36], in a longitudinal study
of 1201 old adults, found that increased levels of DD
delayed cognitive impairment. Yin et al. [37], in a cross-
sectional study of 8,571 elderly participants, showed that
poor DD was associated with increased cognitive impair-
ment. Zhang et al. [17], in a prospective cohort study of
3085 older adults, reported that higher DD was associ-
ated with better cognitive function. Zheng et al. [38], in
a prospective cohort study of 11,970 older participants,
indicated that each one-unit increase in DD score was
associated with a 4% lower risk of cognitive impairment.
Zhong et al. [39], in a prospective cohort study of 14,382
older adults, observed an increased cognitive frailty risk
in people with low-to-low DD compared to those with
high-to-high DD. A persistent low DD and a moderate
or extreme declining DD were associated with a signifi-
cantly higher incidence of cognitive frailty risk. Kheirouri
et al. [40], in a cross-sectional study of 60 Alzheimer’s
patients, found a positive association between DD score
and total MMSE score.

Association between DD and memory

Three studies [35, 40, 41] investigated the correlation
between DD score and memory and all found a posi-
tive association between DD score and good memory
(P ranged from 0.21 to 0.74). Kheirouri et al. [40], in a
cross-sectional study of 60 Alzheimer’s patients, found
a positive association between DD and memory. Xiao et
al. [35], in a cross-sectional study of 1,982 middle-aged
and older adults, showed that a higher DD was positively
associated with episodic memory. Zhang et al. [41], in a
prospective cohort study of 4356 participants, showed
that a higher DD was associated with self-reported good
memory and inversely with bad memory. In participants
aged>65 years, the association between DD and self-
reported good memory was insignificant.

Association between DD and dementia and AD
Four studies [20, 40, 42, 43] investigated the connection
between DD score and dementia or AD and all reported
a positive association between DD score and dementia
(n=3, hazard ratios ranged from 0.67 to 0.82) and AD
(n=1,0R=0.21).

Dutta et al. [20], in a cross-sectional study of 60
dementia patients and 60 controls (aged >60), found that
people with dementia had lower DD (considering seven
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food groups obtained from 24-hour dietary recall) than
healthy people. Otsuka et al. [42], in a study of 38,797
participants, reported that the DD score was inversely
associated with disabling dementia among women, but
not among men. Yokoyama et al. [43], in a prospective
cohort study of 4972 community-dwelling adults, found
that disabling dementia incident was 18% lower in people
with the highest DD score compared with those in the
lowest group. Kheirouri et al. [40], in a cross-sectional
study of 60 Alzheimer’s patients and 29 healthy indi-
viduals, showed lower DD in patients with Alzheimer’s
than in healthy people and found a positive association
between DD and total MMSE score. The authors indi-
cated that a high DD reduced the chance of AD by 79%.

Discussion

There are new modifying therapies for AD, but these
are not widely available and their cognitive effects in
the long-term are not yet known, preventive strategies
assume paramount importance in mitigating the antici-
pated rise in cognitive decline. Promoted DD, which
ensures the adequacy of diverse vitamins, minerals,
nutrients, phytochemicals, and flavonoids, is important
for brain health maintenance and might be beneficial to
inhibit nutrient deficiencies and neurodegenerative and
chronic diseases [14, 44]. Extensive research has explored
the potential impact of diverse nutrients and dietary
components on preventing cognitive dysfunction, AD,
and other forms of dementia [45, 46]. The results from
the present systematic review of observational studies
provided an evidence that sustaining a diverse diet among
older people may help maintain cognitive functioning.

Considering that studies utilizing various methodolo-
gies for assessing DD and cognitive performance yielded
consistent results regarding their association, it appears
that the differing methods did not significantly influence
the overall outcomes.

The prefrontal cortex and hippocampus are important
brain structures involved in cognitive functioning and
memory processing and are recognized to be atrophies
in dementia [47, 48]. Studies concerning the association
of DD and hippocampal performance are limited. How-
ever, scientific evidence suggests that higher adherence
to healthy, high quality, and diverse diet may help protect
hippocampal structure (Fig. 2). Akbaraly et al. [49], in a
study of 459 participants, reported that long-term expo-
sure to a high-quality diet (11 years) was related to larger
hippocampal volume measured by multimodal magnetic
resonance imaging examination. Otsuka et al. [50], in a
study of 1683 community dwellers, demonstrated that
higher DD was associated with less reduction in total
grey matter and hippocampal volumes over a two-year
follow-up. Gaudio et al. [51], in a study of 9925 partici-
pants, showed a positive connection between vegetable
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Fig. 2 Conceivable mechanistic pathways for the association between dietary diversity and cognitive performance

consumption and total white matter volume and between
fresh fruit intake and grey matter volume in several brain
structures that strongly contributed to the pathophysiol-
ogy of dementia, including the hippocampus. Mou et al.
[52], in a prospective population-based study of children,
found lower cerebral white matter volume in children
with a higher intake of snacks, sugar, and processed foods
at the age of one year. The authors observed larger total
brains in children with higher intake of whole grains,
dairy, and soft fats at age eight and larger cerebral gray
matter volumes at age ten. Greater brain gyrification
and surface area were observed in those with higher diet
quality and intake of whole grains, dairy, and soft fats at
age eight. Croll et al. [53], in a population-based study of
4447 participants according to brain magnetic resonance
imaging data, reported that higher diet quality was asso-
ciated with larger brain volume, hippocampal volume,
and gray and white matter volumes. Jensen et al. [54], in
a systematic review study, found that poor dietary quality
was associated with decreased volume and connectivity
of different brain structures, such as the hippocampus.
Raji et al. [55], in a study of 260 cognitively normal peo-
ple based on brain magnetic resonance imaging data,
demonstrated that dietary fish intake was associated
with higher gray matter volumes. Kokubun and Yamak-
awa [56], in a study of 171 healthy individuals based on
brain magnetic resonance imaging data, showed that
gray matter volume was high in the individuals with high
consumption of milk and yogurt. Participants with high

intake of alcohol and animal foods had low gray matter
volume. Brain atrophy may not accrue in those with a
balanced intake of vegetables and animal foods.

The brain is greatly susceptible to oxidative destruction,
and older people commonly have high serum oxidative
stress and low antioxidant status [57, 58]. According to
experimental studies, the hippocampus is more vulner-
able to oxidative stress damage [59]. As shown in Fig. 2,
retaining a high DD promotes serum and dietary total
antioxidant capacity [58, 60, 61]. Kong et al., in a cross-
sectional study of 335 older adults, concluded that adher-
ence to high DD influences oxidative stress levels and is
related to high total antioxidant capacity [62]. Therefore,
eating diverse foods may help mitigate the risk of oxida-
tive damage on brain and cognitive impairment by reduc-
ing oxidative stress.

Another explanation for the mechanism of action of
high dietary variety in improving cognitive performance
may be attributed to the possible high content of phyto-
chemicals and flavonoids in varied foods. Earlier evidence
shows that a high intake of phytochemicals and flavo-
noids is associated with improved brain function and
cognitive performance, learning, and memory. This is,
possibly because they support neuronal proliferation and
survival, lower oxidative stress, promote hippocampus
function, and enhance synaptic plasticity [63, 64]. Scien-
tific researchers believe that a varied diet is rich in phy-
tochemicals and flavonoids. However, until now, there is
no scientific evidence to directly assess the relationship



Kheirouri and Alizadeh BMC Neurology (2025) 25:144

between DD and dietary phytochemicals or flavonoids,
and this subject deserves more research attention.

Recent evidence suggests the involvement of various
neurotransmitters such as glutamate, gamma-aminobu-
tyric acid (GABA), serotonin, and dopamine in cogni-
tion, memory, learning, and their changes [65, 66]. Diet
might affect the production, transport, and metabolism
of the neurotransmitters. Sandoval-Salazar et al. showed
that high-fat diet consumption increased frontal cortex
glutamate and glutamine but decreased GABA levels in
rats. But Berrycactus fruit intake reduced glutamate con-
centration [67]. Shah et al.,, in an animal study, reported
that vitamin C treatment reduced brain glutamate con-
centrations and inverted the hippocampus alterations
induced by increased glutamate [68]. High diverse diet
may involve indirectly in the production, transport,
and metabolism of neurotransmitters by enhancing the
intake of certain food components such as fats or vita-
min C. Molani-Gol et al,, in a systematic review study,
demonstrated that consuming more diverse foods pre-
dicts dietary vitamins adequacy, particularly vitamin C
[69]. Ruel, in a review study, indicated that greater DD
was linked to an increase in energy, fat, protein, carbo-
hydrates, and several vitamins, especially vitamin C, and
minerals [70]. However, the effect of DD on neurotrans-
mitter synthesis, transport, and function remains unclear
(Fig. 2).

Strengths of the study

The freshness of the publication year of most included
studies refers to the newness of the topic. The presence
of prospective cohort studies with substantial sample
sizes promotes the statistical power of the findings. Con-
sidering gender balance in the studies enhances the soci-
etal relevance of the investigation. Most included studies
deemed the role of potential confounders in the DD-cog-
nitive functioning evaluation, which refers to the inde-
pendent role of DD in the relationship.

Limitations of the study

Using different cut-off points for high and low DD and
considering different numbers of food groups to calculate
DD across the included studies may affect the results of
the studies. Using a subjective and questionnaire-based
method (e.g., MMSE) or self-reported tools to evalu-
ate cognitive performance may lead to miscategoriza-
tion of cognitive function and act as a potential source
of bias, especially across different populations. Although
many studies controlled for known confounders (e.g.,
age, sex, BMI, socioeconomic status), there may still be
unmeasured variables, such as genetic factors or subtle
differences in lifestyle, that could affect some observed
associations. The observational nature of the studies is
not able to explore the causal effect of DD on cognitive
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performance. Due to high heterogeneity among the stud-
ies, regarding statistical analysis and measured endpoint
outcome, we could not assess publication bias, which
may skew the apparent consensus about the result of this
review.

Conclusion

The results indicate that sustaining a diverse diet among
older people may help maintain cognitive functioning.
Dietary diversity represents a promising clinical avenue
for mitigating cognitive decline associated with diverse
brain disorders, potentially preventing or attenuating
deterioration.

Suggestions for future research

The effect of DD on phytochemicals and neurotransmit-
ters that contribute to cognition remains an unresolved
question, necessitating further investigation. Further-
more, randomized trials to explore causality, and mecha-
nistic animal studies or particular population subgroups
(e.g., those at risk for dementia) are suggested for future
investigations.

Implication of the findings

The results of this study hold considerable applications
for public health, particularly in preserving cognitive per-
formance during aging. Moreover, these findings offer
valuable insights for formulating dietary recommenda-
tions to prevent cognitive disturbances. However, we
reiterate that evidence is mostly associative and that pub-
lic health guidelines would benefit from stronger causal
data or intervention trials.
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