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ARTICLE INFO ABSTRACT
Keywords: Background: Evidence remains inconclusive regarding plant-based diets preventing cognitive impairment and
Cognitive impairment dementia, as certain plant-based foods, including refined carbohydrates, sweets, sugar-sweetened beverages, and
Dementia

trans fats, may increase dementia risk.

Objectives: To quantitatively synthesize prospective cohort studies on associations between adherence to plant-
based diets and the risks of cognitive impairment and dementia.

Design: Systematic review and meta-analysis. This study adhered to the PRISMA guidelines and was registered on
PROSPERO (No: CRD42024501334).

Setting: Studies published until December 2025 were systematically identified using AgeLine, CINAHL, Embase,
MEDLINE, PsycINFO, Scopus, and Web of Science.

Participants: The study population comprised adults aged > 20 years with no cognitive impairment at baseline.
Intervention: Studies were enrolled if the participants (1) assessed dietary patterns characterized by higher plant-
based food consumption and decreased or ceased consumption of animal-based foods or (2) used established
dietary indices, including overall plant-based diet index (PDI), healthful plant-based diet index (hPDI), and
unhealthful plant-based diet index (uPDI).

Measurements: Data extraction, risk of bias assessment, and the GRADE approach for assessing certainty of evi-
dence were performed independently by three reviewers. A random-effects model with restricted maximum
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likelihood was used to calculate pooled risk ratios and 95% confidence intervals. The dose-response meta-
analysis used two-stage dose-response regression.

Results: The meta-analysis based on seven studies (number of participants: 221,380; number of cases of incident
cognitive impairment and dementia: 5668) indicated that participants with greater adherence to plant-based
diets had significantly lower risks of cognitive impairment and dementia (pooled risk ratio, 0.74; 95% confi-
dence interval, 0.56-0.97; I* = 92.3%) than those with lower adherence. Dose-response relationships modeled
using restricted cubic splines indicated that overall PDI and hPDI were negatively associated with risks of
cognitive impairment and dementia, whereas uPDI was significantly positively associated with these risks.
Conclusions: This meta-analysis suggests that adherence to plant-based diets, particularly those rich in healthful
plant foods, may be associated with a lower risk of cognitive impairment and dementia. However, given the
residual heterogeneity and the inherent limitations of observational study designs, large randomised controlled
trials are warranted to establish causality.

1. Introduction

Cognitive impairment and dementia represent major global health
challenges, with annual costs of approximately US$1 trillion worldwide
[1]. Various dietary patterns have been proven to be associated with the
prevention of cognitive impairment and dementia, such as the Medi-
terranean [2,3] and Nordic [4] diets.

Plant-based diets, which emphasise plant-derived foods with simul-
taneously reduced or ceased consumption of animal products, have
gained considerable attention in recent years for their potential to pre-
vent cognitive impairment and dementia [5-7]. The suggested protec-
tive mechanisms of plant-based diets against cognitive impairment
involve various classes of bioactive compounds that support metabolic
and vascular health through anti-inflammatory pathways [8-10].
However, these diets may exclude certain animal products, such as
yogurt and fish, that are potentially beneficial for preventing neuro-
cognitive diseases [11,12]. Moreover, not all plant-based diets confer
equivalent health benefits. While some plant foods (whole grains, fruits,
vegetables, nuts, and legumes) may be protective, others (refined grains,
sugar-sweetened beverages, and sweets) may be linked to a higher de-
mentia risk [13-15]. Satija et al. distinguished healthful from un-
healthful plant-based dietary patterns to address this heterogeneity
[16]. Given the varying effects of plant-based foods, the differential
effects of plant-based diets on the risks of cognitive impairment and
dementia remain limited and inconclusive [5,7,17-19].

To address this knowledge gap, a systematic review and meta-
analysis of prospective studies was conducted to investigate the associ-
ation between plant-based diets and the risks of cognitive impairment
and dementia. Furthermore, the dose-response relationship between
adherence to plant-based diets and the risks of cognitive impairment and
dementia was evaluated.

2. Methods

This systematic review adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [20].
The study protocol was registered with the International Prospective
Register of Systematic Reviews (PROSPERO) registry (registration
number: CRD42024501334). Ethical approval was obtained from the
Institutional Review Board of Dalin Tzu Chi Hospital, Buddhist Tzu Chi
Medical Foundation, Taiwan (approval number: B11403022).

2.1. Data sources and searches

AgeLine, CINAHL, Embase, MEDLINE, PsycINFO, Scopus, and Web
of Science databases were comprehensively searched without language
restrictions for relevant articles published from database inception to
December 2025.

2.2. Study selection

To ensure a systematic approach, the population, exposure,

comparator, and outcomes (PECO) framework was adopted. The study
population comprised adults aged > 20 years with no cognitive
impairment at baseline. The exposure was adherence to plant-based
diets, defined as a higher consumption of plant-based foods with a
simultaneous lower consumption or exclusion of animal-based foods,
including vegetarian or vegan diets. For studies that classified adherence
to plant-based diets using overall plant-based diet indices (PDIs),
healthful plant-based diet indices (hPDIs), or unhealthful plant-based
diet indices (uPDIs), the association with overall PDI was included in
the pooled risk estimate [16]. For studies that used dietary indices, a risk
estimate comparing the highest and lowest quantiles was used to
represent the best and poorest adherence, respectively. For studies that
compared priori-defined dietary patterns, the study estimates
comparing diets that were most restrictive of animal-based foods (e.g.
vegan diets) with those that were least restrictive (e.g. omnivorous diets)
were considered. The outcome was the incidence of cognitive impair-
ment (e.g. minimal cognitive impairment, dementia) during the
follow-up period, as assessed in the enrolled studies based on relevant
International Classification of Diseases (ICD) codes or the results of
cognitive screening tests. Moreover, the reference lists of the retrieved
articles were searched to identify additional studies. A detailed search
strategy (eTable 1 in the Supplement) was developed under the guidance
of an expert librarian.

The inclusion criteria were as follows: (1) having a cohort design, (2)
including a comparator group, and (3) reporting risk estimates (e.g. odds
ratio [OR], relative risk, hazard ratio [HR] with a corresponding 95 %
confidence interval [CI]) or providing sufficient raw data for their
calculation. The exclusion criteria were (1) focusing on pescatarians
(adding fish and seafood to a vegetarian diet), (2) having a cross-
sectional design (excluded to avoid reverse causation), (3) being irrel-
evant to the present study’s objective, (4) involving paediatric pop-
ulations, (5) focusing on animal models, and (6) being published as
review articles, case reports, editorials, or letters.

2.3. Data extraction and quality assessment

The titles and abstracts were independently screened by three re-
viewers (C.-Y.W., H.L., and H.M.). Discrepancies were resolved either
through discussion until consensus or through adjudication by another
reviewer (T.-Y.T.). The extracted data included study characteristics (e.
g. author names, publication year, and country), participant character-
istics (e.g. age and diet), diet-scoring systems, comorbidities, outcome
categories, and effect estimates with corresponding measures of uncer-
tainty. Study quality was assessed using the Newcastle-Ottawa Scale
(NOS) [21]. The certainty of evidence was evaluated using the Grading
of Recommendations, Assessment, Development, and Evaluation
(GRADE) methodology [22].

2.4. Data synthesis and analysis

Data analysis was performed by calculating a pooled risk ratio (RR)
using a random-effects meta-analysis with the restricted maximum
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likelihood (REML) approach of HR, relative risk, OR from each study
with a low incidence (<10 %) of cognitive outcomes [23,24]. The risk
estimate from each study that had the highest level of statistical
adjustment was included. Heterogeneity was evaluated using the
Cochran Q-test and I° statistic [25,26]. Sensitivity analyses were con-
ducted to assess the robustness of the overall findings. These included
the evaluation of the impact of different levels of risk of bias, types of
diet scoring systems, and outcome measures. Publication bias was
assessed visually using Egger’s tests [27].

In a subset of studies that defined adherence to plant-based dietary
patterns using PDI, we performed a dose-response meta-analysis to
assess potential nonlinearity. We conducted a two-stage random-effects
dose-response meta-analysis with the REML approach to summarize the
relationship between treatment dose and outcome [28,29]. Nonlinearity
was modelled using 2-stage restricted cubic splines, with three knots
placed at the 10th, 50th, and 90th percentiles of the exposure distri-
bution; the REML approach was used for model fitting [30]. Wald tests
were used for spline coefficients to assess potential nonlinearity.

The dose value was defined as the median plant-based diet index
score for each exposure category within the study. If the median was not
reported, the midpoint of the category, calculated as the average of the
lower and upper boundaries, was used. The components used to
construct plant-based diet indices may be slightly modified depending
on the study population or, in some cases, researchers may develop their
own scoring systems. Therefore, similar scores may not reflect equiva-
lent degrees of adherence to plant-based diets across studies. To address
this issue and enhance comparability, all scores were rescaled propor-
tionally to a standardised range of 20-100. The original scores were
converted according to a standardised scale. If person-years of follow-up
by dose category were not reported, we estimated the person-years for
each dose category by assuming that the mean follow-up time within
each dose category was equal to the overall mean follow-up time re-
ported in the enrolled studies.

All statistical analyses were conducted using R software (version
4.4.1; Foundation for Statistical Computing, Vienna, Austria). The meta-
analyses were performed using the ‘metagen’ function from the meta
package, while dose-response meta-analyses were conducted using the

Table 1
Overview of the included prospective cohort studies.
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dosresmeta package. Restricted cubic spine models were implemented
using the rcs package. A two-sided P value of <0.05 was considered
statistically significant.

3. Results
3.1. Characteristics of the included studies

Fig. 1 shows the literature search and study selection process, and the
exclusion reasons for studies after comprehensive assessment are re-
ported in eTable 2 in the Supplement. Seven prospective cohort studies
[17-19,31-34] were included in the final quantitative synthesis, five of
which had a low risk of bias (eFig. 1 in the Supplement). Table 1 shows
the characteristics of the studies included in this meta-analysis. Collec-
tively, these studies comprised 221 380 participants, with 5668 cases of
incident cognitive impairment or dementia. The median follow-up
duration was 10 years (range, 5-30 years). The median age of the par-
ticipants at baseline was 63.9 years (range 53.0-79.6 years). Among the
included studies, four were conducted in Asia, two in Europe, and one in
North America. Regarding dietary assessment methods, four studies
[17-19,32] assessed adherence to plant-based diets using PDI, one study
[33] evaluated adherence to plant-based diets using a food frequency
questionnaire, and two studies [31,34] compared individuals following
a vegetarian or vegan diet with non-vegetarians. In five of the seven
included studies [18,19,31,33], incident cases of cognitive impairment
and dementia were confirmed using validated questionnaires assessing
symptoms or medication use. The remaining two studies [17,34] relied
on ICD codes for case identification (Table 2). Four studies addressed
potential reverse causation through lag analyses, excluding participants
who developed cognitive impairment during the early follow-up pe-
riods. Exclusion windows ranged from 1 year (Giem et al.) [31] to 5
years (de Crom et al.) [18], with intermediate lag periods of 2 years (Tsai
etal.) [34] and 3 years (Wu et al.) [17] (Table 2). Statistical adjustments
varied across the included studies, with most adjusting for dementia risk
factors, such as age, sex, cerebrovascular disease, education level,
physical activity, and history of alcohol consumption and smoking
(eTable 3 in the Supplement).

Study Country Database Mean Age Female ( Sample Event Follow-Up Dietary Exposure vs. Comparator
at Baseline %) Size Number Duration Assessment
(yrs)

Giemetal., USA California residents 65.0 NA 204 20 30.0 Dietary Long-term vegan vs.
1993 pattern” nonvegetarian
[31]

Wu et al., Singapore Singapore Chinese 53.0 59.2 16 948 2443 19.7 PDI, hPDI PDI and hPDI, comparing
2019 Health Study extreme quantiles
[32]

Shang China China Health and 63.9 50.8 2307 364 7.0 FFQ Beans and mushroom
etal, Nutrition Survey dietary pattern, comparing
2021 extreme quantiles
[33]

Tsai et al., Taiwan Tzu Chi Vegetarian 57.9 63.1 5710 121 9.0 Dietary Vegetarian vs.

2022 Study pattern”® nonvegetarian
[34]

Zhu et al., China Chinese Longitudinal 79.6 46.3 6136 NA 10.0 PDI, hPDI, PDI, hPDI, and hPDI,
2022 Healthy Longevity uPDI comparing extreme
[19] Survey quantiles

de Crom Netherlands  population-based 64.1 58.0 9543 1472 14.5 PDI, hPDI, PDI, hPDI, and hPDI,
etal, Rotterdam Study uPDI comparing extreme
2023 quantiles
[18]

Wu et al., UK UK Biobank cohort 56.5 55.2 180 532 1248 5.0 PDI, hPDI, PDI, hPDI, and hPDI,
2023 study uPDI comparing extreme

[17]

quantiles

FFQ = food frequency questionnaire; hPDI = healthful plant-based diet index; PDI = plant-based diet index; UK= United Kingdom; uPDI = unhealthful plant-based diet

index; USA = United States of America.
" Dietary pattern: vegan, vegetarian (lacto- or lacto-ovo-vegetarian).
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1488 Records from databases/registers

476 Embase

330 Scopus

269 Web of Science

267 MEDLINE

98 CINAHL

35 PsycINFO

13 Ageline
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770 References removed

762 Duplicates identified by Covidence
8 Duplicates identified manually

718 Studies screened

678 Studies excluded

40 Studies assessed for eligibility

33 Studies excluded
15 Wrong outcomes
6 Duplicated database

Y

7 Prospective cohort studies included

6 Review article
4 Wrong study design
2 Wrong intervention

Fig. 1. Flow diagram of the literature search and included studies.

3.2. Associations of adherence to plant-based diets with the risks of
cognitive impairment and dementia

Greater adherence to plant-based diets was associated with a lower
risk of cognitive impairment and dementia (Fig. 2). The random-effects
meta-analysis yielded a pooled RR of 0.74 (95 % CI, 0.56-0.97), with
high heterogeneity among studies (I> = 92.3 %, P < 0.01). Egger’s test
revealed no evidence of publication bias (P = 0.95; eFig. 2 in the Sup-
plement), however, with only seven included studies, the statistical
power of this test is limited [35]. The results of the sensitivity analyses of
studies with a low risk of bias, those using various scoring systems, and
those using different outcome assessment methods are presented in
eTable 4 in the Supplement. The certainty of evidence for the association
between greater adherence to plant-based diets and lower risks of
cognitive impairment and dementia was low (eTable 5 in the
Supplement).

3.3. Results of subgroup analyses and meta-regression

eTable 6 in the Supplement presents the results of the subgroup
analyses based on study characteristics, participant characteristics, di-
etary pattern, and outcome categories. Baseline age likely contributed to
the heterogeneity in the study findings. Among participants aged > 65

years at baseline, the random-effects pooled RR was 0.45 (95 % CI,
0.39-0.52, I2 = 0 %), suggesting strong associations between adherence
to plant-based diets and the risks of cognitive impairment and dementia.
In contrast, among participants aged < 65 years at baseline, the pooled
RR was 0.90 (95 % CI, 0.77-1.04, I? = 57.5 %). Meta-regression analysis
revealed that the participants’ mean age at baseline explained 45.7 % of
the total variance across the studies. Results stratified by geographical
region explained 48.5 % of the total variance. Notably, no heterogeneity
was observed in dietary patterns or diet classification methods.

3.4. Results of dose-response meta-analysis

A dose-response meta-analysis was performed using data from four
studies [17-19,32] that assessed adherence to plant-based diets using
similar plant-based diet indices (PDI, hPDI, and uPDI). These studies
accounted for 96.3 % (213 159 participants) of all participants and 91.1
% (5163 patients) of all cognitive impairment or dementia cases. Index
values ranged from 34.0 to 58.0 for overall PDI, 35.6 to 61.0 for hPDI,
and 37.2 to 65.0 for uPDI, with higher values indicating greater
adherence to the respective dietary pattern. The detailed plant-based
dietary index components across studies are presented in eTable 7 in
the supplement. Minor variations in diet assessment methods across the
studies necessitated a proportional transformation of index values to a
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Table 2
Overview of the included prospective cohort studies.

Study Outcome Outcome Diagnostic ~ Lag-period exclusion of
Category Tool early incident events
Giem Dementia Chart review Exclude participants with a
et al., history of cognitive
1993 impairment before
[31] enrollment or within 1
year after study start
Wu et al., Cognitive Singapore-modified NA
2019 impairment MMSE with
[32] education-specific
cut-off points
Shang Cognitive Telephone Interview NA
et al., decline for Cognitive Status
2021 (modified version)
[33]
Tsaietal,,  Cognitive ICD-9-CM codes Exclude participants with a
2022 impairment history of cognitive
[34] impairment before
enrollment or within 2
years after study start
Zhu et al., Cognitive MMSE NA
2022 impairment
[19]
de Crom Dementia DSM-III Exclude participants in the
et al., first 5 years of follow-up in
2023 sensitivity analysis
[18]
Wu et al., Dementia ICD-10 codes Excluded those diagnosed
2023 with depression or

dementia in the first 3
years of follow-up

[17]

DSM = Diagnostic and Statistical Manual of Mental Disorders; ICD = Interna-
tional Classification of Diseases; MCI = mild cognitive impairment; MMSE =
Mini-Mental State Examination; NA=Not available.

standardised range of 20-100 (eTable 8 in the Supplement), with
study-specific distributions presented in eFig. 3 in the Supplement sec-
tion. The dose-response meta-analysis revealed nonlinear negative as-
sociations between adherence to plant-based diets and the risks of
cognitive impairment and dementia; this negative association became
non-significant at very high consumption levels (Fig. 3A). When
adherence was assessed using the hPDI, significant negative associations
were observed, indicating that greater adherence to a healthy
plant-based diet was associated with a lower risk of cognitive

The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100521

impairment and dementia (Fig. 3B). Conversely, uPDI showed signifi-
cant positive associations, suggesting that greater adherence to an un-
healthy plant-based diet was associated with higher risks of cognitive
impairment and dementia (Fig. 3C). The Wald test revealed potential
nonlinearity for all associations.

4. Discussion

To the best of our knowledge, this study represents the most
comprehensive quantitative assessment of the association between
adherence to plant-based diets and the risk of cognitive impairment and
dementia. The results of this meta-analysis of prospective cohort studies
indicate that greater adherence to plant-based diets is associated with
lower risks of cognitive impairment and dementia. The dose-response
analysis revealed trends toward negative associations between PDI
and the risk of cognitive impairment and dementia, with significant
inverse associations found for hPDI. Conversely, higher uPDI values
were associated with higher cognitive impairment and dementia risk.
Our dose-response meta-analysis also integrated dose ranges and cutoff
points from different studies, providing a higher granularity of the
curves describing the associations of PDI, hPDI, and uPDI with the risks
of cognitive impairment and dementia.

Previous systematic reviews have demonstrated the positive effects
of plant-based diets on the prevention of cognitive impairment and de-
mentia. However, these studies did not provide quantitative summary
estimates [36-38]. Meta-analyses from 2021 [5] and 2025 [7] demon-
strated that compared with omnivorous diets, vegetarian diets showed
no associations with lower risk of cognitive impairment; however, both
meta-analyses aggregated fewer than three studies. A meta-analysis
from 2025 [7] demonstrated an association between healthy
plant-based diets and a lower risk of cognitive impairment, but in
addition to the abovementioned drawbacks, it incorporated
cross-sectional studies. Furthermore, it did not present dose-response
relationships for plant-based diets. To enhance causal inference, only
prospective cohort studies were included to investigate the association
between plant-based diets and cognitive impairment. Additionally, we
presented the dose-response effects for overall plant-based diets, healthy
plant-based diets, and unhealthy plant-based diets.

In our meta-analysis, higher adherence to plant-based diets was
associated with a lower risk of cognitive impairment. However, different
reference groups across studies may have contributed to heterogeneity.
When the reference groups were more oriented toward heavy meat

Exposure Comparator

Study Events Total Events Total Weight Risk ratio (95% Cl)
Giem 1993 4 68 16 136 4.6% 0.33[0.11, 1.00] <—'—:—
Wu 2019 560 3950 706 4406 17.6% 0.82[0.71, 0.94] e
Shang 2021 62 462 84 462 12.5% 0.74[0.48, 1.15] I—':'—-|
Tsai 2022 37 1737 84 3154 13.3% 0.67 [0.45, 1.00] =
Zhu 2022 NR 1287 NR 1547 17.6% 0.45[0.39, 0.52] F= E
de Crom 2023 308 1753 283 2084 17.2% 1.04 [0.87, 1.24] |
Wu 2023 262 35489 272 38812 17.2% 1.03[0.87, 1.22] E e

|
Summary 1233 44746 1445 50601 100.0% 0.74 [0.56, 0.97] <I>

\ T

Heterogeneity: = 92.3%; = 0.10; P <.001

Random-effects REML model

Favors high  Favors low
PBD adherence PBD adherence

Fig. 2. Forest plot of studies examining the association between plant-based diets and the risks of cognitive impairment and dementia. CI = confidence interval; NR
= not reported; PBD = plant-based diet; REML = restricted maximum likelihood.
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consumption, the positive association between plant-based diets and
dementia risk became more pronounced. For instance, Giem et al.
(1993) [31] used “heavy meat eaters” as the reference group, and their
participants with long-term plant-based diets demonstrated a substan-
tial association with lower dementia risk (HR = 0.33). Conversely, Tsai
et al. (2022) [34] used volunteers from a Buddhist foundation as the
reference group. Despite being non-vegetarian, these participants
maintained relatively healthier dietary patterns owing to their founda-
tion affiliation, resulting in a modest effect size.

Subgroup analyses and meta-regression also identified that hetero-
geneity was mainly attributable to participants’ mean baseline age and
geographical region, explaining 45.7 % and 48.5 % of the among-study
heterogeneity, respectively. Although current research lacks sufficient
age-stratified comparisons to determine whether older adults derive
greater benefits from plant-based diets than younger adults, most
available evidence suggests that this dietary pattern can reduce the risk
of chronic diseases, including stroke, cardiovascular disease, and dia-
betes, as well as all-cause mortality among older adults [39]. For older
adults, plant-based diets rich in antioxidant and anti-inflammatory
compounds may support muscle mass maintenance while meeting pro-
tein requirements, helping preserve normal physical function. These
dietary patterns are also potentially associated with a lower risk of
cognitive decline [40]. Regarding geographical variations, the observed
differences by geographic region may reflect variations in dietary
composition, cooking methods, food processing techniques, and eating
behaviours. Asian plant-based diets traditionally emphasise soy prod-
ucts, fermented foods, and rice prepared by steaming or stir-frying,
whereas Western plant-based diets typically feature legumes, nuts, and
whole grains prepared using different methods. Notably, Western pop-
ulations tend to consume higher proportions of ultra-processed plant
foods compared with traditional Asian dietary patterns that prioritise
minimally processed whole foods, a distinction consistent with our
finding that unhealthful plant-based diets were associated with
increased cognitive impairment risk. In addition, previous research has
suggested that ethnic differences in insulin sensitivity and plant-based
dietary patterns may explain the differential effects of plant-based
diets on cardiometabolic outcomes between Asian and Western pop-
ulations [41-43]. However, given that the current evidence is limited
and inconclusive, further studies are required to confirm these patterns.

Our meta-analysis identified a dose-response relationship between
PDI and the risks of cognitive impairment and dementia. For clinical
interpretation, the highest PDI scores reflected the greatest plant-based

and lowest animal food consumption, the lowest PDI scores reflected the
lowest plant-based and greatest animal food consumption, and inter-
mediate scores reflected the high intake of both food groups. In our
study, the dose-response relationship between adherence to plant-based
diets and dementia risk was nonlinear. Increased consumption of plant-
based foods may be linked to lower dementia risk; however, this po-
tential protective association plateaued at intermediate scores and
became non-significant dose response relationship at very high PDI
scores (Fig. 3A). This nonlinear relationship may be attributable to the
uniform use of PDI across the included studies to measure plant diet
adherence. Although the studies used the same PDI, the varying com-
positions of plant-based diets affected their associations with cognitive
impairment and dementia risk. Specifically, some studies reported that
individuals consuming large quantities of plant-based foods may also
consume more unhealthful plant-based foods, which may diminish the
overall protective effects against cognitive impairment. These findings
align with those of previous studies. The studies by Wu et al. (2023) [17]
and de Crom et al. (2023) [18] demonstrated that higher adherence to
plant-based diets according to the PDI was not associated with lower
dementia risk. However, both studies included Western participants,
suggesting that plant-based diets in these populations may correlate
with a higher average intake of unhealthful plant foods, including soft
drinks and sweets [43]. The association trends between PDI and de-
mentia risk in both studies paralleled those observed for unhealthful
plant-based diets, supporting this hypothesis. Conversely, Wu et al.
(2019) [32] concluded that plant-based diets were associated with lower
dementia risk. The association trends with dementia risk were similar
for PDI and hPDI, possibly indicating that their study participants with
greater adherence to plant-based diets also maintained a higher intake of
healthful plant-based foods. These observations are similar to our
dose-response meta-analysis results, demonstrating that hPDI values
were significantly associated with lower risks of cognitive impairment
and dementia in a dose-response relationship. In contrast, our study
found that uPDI values were significantly and dose-dependently asso-
ciated with a higher risk of cognitive impairment and dementia. To
illustrate the clinical implications, greater consumption of healthful
plant foods combined with lower intake of both animal foods and un-
healthful plant foods was significantly associated with lower risks of
cognitive impairment and dementia in a dose-response relationship. The
converse pattern, characterised by greater consumption of unhealthful
plant foods combined with lower intake of both healthful plant foods
and animal foods, was associated with dose-dependent higher risks of
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these cognitive outcomes.

Our findings also support the current dietary guidelines for cognitive
health. The results align with the 2025-2030 Dietary Guidelines for
Americans, which emphasize limiting highly processed foods, sugar-
sweetened beverages, and refined carbohydrates, while prioritizing
whole plant foods such as vegetables, fruits, whole grains, nuts, and
seeds [44,45]. Several mechanisms may explain the associations be-
tween different plant-based dietary patterns and the risks of cognitive
impairment and dementia. Healthful plant-based diets, rich in poly-
phenols, antioxidants, unsaturated fatty acids, and micronutrients,
reduce oxidative stress and neuroinflammation, enhance endothelial
function, and improve lipid metabolism, processes implicated in
cognitive decline pathogenesis, particularly in older adults [46-48].
Healthful plant-based foods contain high concentrations of compounds
such as fibre, magnesium, iron, folic acid, and vitamins B1, C, and E that
collectively reduce inflammation and modify gut microbiome compo-
sition, ultimately being associated with lower dementia risk [36,38],
and lower prevalence of dementia-associated risk factors, including
hypertension, diabetes, obesity, cardiovascular disease, and stroke
[49-54]. Conversely, unhealthful plant-based diets rich in refined grains
and sugar-sweetened beverages impair neuronal function through in-
sulin resistance, oxidative stress from disrupted fat metabolism, and
increased inflammation, thereby elevating the risk of cognitive impair-
ment [13,14].

4.1. Strengths and limitations

A key strength of this meta-analysis is the systematic, comprehensive
assessment of prospective cohort studies and their dose-response re-
lationships between adherence to plant-based diets and the risks of
cognitive impairment and dementia. However, this study has several
limitations. First, this meta-analysis included only studies conducted in
high- and middle-income countries, raising concerns about the gen-
eralisability of the findings to populations in low-income countries.
Notably, most studies included in the dose-response analysis involved
Asian populations; thus, caution should be exercised when extrapolating
the results to other demographic groups. Second, as with all cohort
studies, this meta-analysis was inherently susceptible to selection bias
and unmeasured confounding effects. Survey responses regarding diet
were also highly subject to social desirability bias, which may have
affected the results. Third, dietary exposure was assessed using self-
reported food frequency questionnaires, which likely led to differen-
tial misclassifications. This problem is particularly relevant because
most studies did not include repeated dietary assessments. These biases
tend to weaken associations toward the null, potentially resulting in an
underestimation of the true effect. Fourth, although greater adherence
to plant-based diets was found to be associated with lower risks of
cognitive impairment and dementia, and geographical region and par-
ticipants’ mean age at baseline explained the heterogeneity to some
extent, some residual heterogeneity remained unexplored. Fifth, pooling
risk measures from different follow-up periods may present potential
challenges. Generally, HR, RR, and OR can be pooled from studies with
low incidence rates (< 10 %); however, the results should be interpreted
with caution because of the inherent limitations of pooling different risk
measures [23,24]. Sixth, the study pooled cognitive impairment,
cognitive decline, and dementia as a single composite outcome, with
outcomes assessed using heterogeneous methods, including question-
naires, MMSE, ICD codes, and DSM criteria. While sensitivity analysis
showed that this did not significantly contribute to heterogeneity,
caution is warranted when interpreting results based on pooled het-
erogeneous outcome definitions. Seventh, only four of the seven studies
performed lag analyses, excluding early events. Reverse causation from
preclinical cognitive decline influencing dietary patterns cannot be
excluded from the pooled estimates. Eighth, given that the
dose-response analysis was based on only four studies and required the
transformation of dietary index scores to a standardised scale, these
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findings should be interpreted with caution. Finally, this meta-analysis
used aggregate data from individual studies rather than
individual-level data, which limits the direct applicability of the con-
clusions to individual cases.

4.2. Implications and conclusions

In conclusion, this systematic review and meta-analysis suggests that
greater adherence to plant-based diets, particularly those rich in healthy
plant-based foods, is associated with lower risks of cognitive impairment
and dementia. Increasing the intake of healthy plant-based foods while
minimising unhealthy plant-based foods within daily energy re-
quirements may be associated with a lower risk of dementia. Although
these results suggest a potential link between plant-based dietary ap-
proaches and a lower risk of dementia, residual heterogeneity and low
certainty of evidence (GRADE assessment) necessitate validation
through large-scale randomised controlled trials.
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