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Abstract

Background/Objectives: Mild cognitive impairment (MCI) represents an intermediate
stage between normal ageing and dementia, with a high annual progression rate. Despite
its clinical relevance, no pharmacological treatment has been definitively approved for
this condition; however, multiple pharmacological and non-pharmacological strategies
have been investigated for their potential benefits. This systematic review assessed the
effectiveness of both types of interventions in adults with MCI, aiming to identify effective
strategies to preserve cognitive function. Methods: A systematic search (2017-2025) was
conducted in PubMed, Scopus, ScienceDirect, SpringerLink, and WOS, following PRISMA
guidelines. Randomised controlled trials and quasi-experimental studies involving adults
aged > 50 years with a diagnosis of MCI were included. Outcomes were evaluated in
terms of cognitive, functional, behavioural, and quality-of-life improvements. Risk of bias
was assessed using the RoB 2 and ROBINS-I tools. Results: Of 108,700 records screened,
40 studies were included. Non-pharmacological interventions, such as cognitive training
(conventional, computerised, or virtual reality-based), consistently improved memory,
attention, and executive functions (e.g., MoCA: +3.84 points; p < 0.001). Transcranial mag-
netic stimulation combined with physical exercise also demonstrated significant benefits
(p = 0.025). Among pharmacological treatments, only vortioxetine and choline alfoscerate
showed modest improvements; cholinesterase inhibitors had limited effects and frequent
adverse events. Complementary therapies (yoga, probiotics, and acupuncture) yielded
promising outcomes but require further validation. Conclusions: Non-pharmacological
strategies, particularly cognitive training and physical exercise, emerge as the most effective
and safe approaches for managing MCI. The inclusion of pharmacological interventions
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with preliminary evidence of benefit should be considered within a personalised, mul-
timodal approach, while recognising the current absence of approved drug treatments
for MCI. Further research is needed in underrepresented populations, such as those in
Latin America.

Keywords: mild cognitive impairment; drug therapy; non-pharmacologic therapy; cognition;
treatment outcome

1. Introduction

Mild Cognitive Impairment (MCI) constitutes an intermediate clinical stage, a di-
agnostic crossroads between the cognitive changes associated with normal ageing and
the early manifestations of overt dementia (Feldman & Jacova, 2005). It is defined as
a syndrome characterised by an objective decline in one or more cognitive functions—
such as memory, attention, or language—that, although noticeable to the individual or
those around them, does not significantly impair functional independence in daily life
(Knopman & Petersen, 2014). Owing to its clinical and aetiological heterogeneity, MCI con-
tinues to pose a challenge to the development of a universal definition and a standardised
diagnostic profile (Hughes et al., 2011).

Although current classification systems such as the DSM-5 and ICD-11 favour an
aetiological approach and avoid the term “impairment”, Ronald Petersen’s proposal from
the late 1990s remains a cornerstone in clinical practice. His pragmatic model suggests
subtypes of MCI as potential precursors of various dementia syndromes. This classification
comprises four categories (Gonzélez Martinez et al., 2021): (a) Amnestic single-domain
MCI: exclusively affects memory. (b) Amnestic multiple-domain MCI: involves memory
and other cognitive domains. (c) Non-amnestic single-domain MCI: affects a non-memory
cognitive function, such as language or executive functioning. (d) Non-amnestic multiple-
domain MCI: involves several cognitive functions with relatively preserved memory.

The continued relevance of this typology lies in its clinical utility: it facilitates the early
identification of individuals at high risk of progressing to dementia. Within this framework,
the concept of subjective cognitive decline has emerged, referring to an individual’s per-
ception of declining cognitive ability, often preceding objective test detection (Pavel et al.,
2023). However, a reliable diagnosis of MCI requires a comprehensive neuropsychological
assessment. A cognitive performance at least 1.5 standard deviations below the norma-
tive mean—adjusted for age and educational level—is typically considered indicative of
impairment (Jak et al., 2009).

In clinical settings, recurrent memory lapses are often the first warning sign. A
longitudinal study of 148 participants found that, in 118 of them, memory failures were the
initial symptom, later accompanied by difficulties in daily activities and temporal-spatial
disorientation (Devier et al., 2010). However, MCl is not purely a cognitive phenomenon. A
systematic review and meta-analysis by (John et al., 2019) revealed that affective symptoms
such as depression and anxiety are common in MCI and are associated with a 36% increased
risk of developing the condition (OR = 1.36; 95% CI: 1.05-1.76; p = 0.02). Behavioural
symptoms such as irritability, agitation, and aggression have also been linked to faster
cognitive decline (Bidzan et al., 2023).

Age remains the most significant non-modifiable risk factor for MCI. Although onset
varies, studies commonly report its emergence between the ages of 60 and 66 (Moustaka
et al., 2023). A study by (Molano et al., 2010) in the United States found that approximately
two in every three older adults exhibit some degree of cognitive impairment by the age
of 70 (Hale et al., 2020). Additional risk factors—including low educational attainment,
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tobacco use, and alcohol or substance consumption—have been consistently associated
with increased MCI risk (Muhammad et al., 2021; Ware et al., 2024). Furthermore, genetic
factors—most notably the APOE ¢4 allele—represent a well-established non-modifiable
risk. APOE ¢4 carriers show elevated risk of MCI and Alzheimer’s disease, with one allele
increasing risk two- to three-fold and homozygosity conferring up to a ~15-fold increase,
as well as earlier age at onset; APOE ¢4 is also associated with greater hippocampal atro-
phy in individuals with MCI (Hu et al., 2017; Jefferson et al., 2015; C.-C. Liu et al., 2013;
Petersen et al., 2010). Gender, on the other hand, remains a debated factor with no clear con-
sensus in the literature (Y. Liu et al., 2022). Notably, while major depression is often linked
to MCI, some reviews suggest it may be more of an early consequence of emerging brain
changes than a predictor or biomarker of the condition (Gonzélez Herndndez et al., 2022).

From an epidemiological perspective, MCI represents a growing public health concern.
A systematic review by Petersen estimated that global prevalence among adults over the
age of 60 ranges between 12% and 18%. Even more concerning is the annual conversion rate:
between 8% and 15% of individuals with MCI progress to dementia each year (Petersen,
2016). In Colombia, a recent situational analysis involving 23,694 participants reported
a prevalence of cognitive impairment without dementia of 8.9%, underscoring its local
significance (Guerrero Barragdan et al., 2023).

In response to this scenario, therapeutic interventions are generally divided into
two main approaches: pharmacological and non-pharmacological. The former, involv-
ing cholinesterase inhibitors (also used in Alzheimer’s disease), faces a major limitation:
to date, no medication has been approved by the US Food and Drug Administration
(FDA) specifically for the treatment of MCI (Andrango Pilataxi & Lopez Barba, 2022;
Chertkow et al., 2008). Multiple meta-analyses, including those by (Fitzpatrick-Lewis et al.,
2015) and (Raschetti et al., 2007), have failed to demonstrate significant cognitive benefits
over placebo, and instead report a higher incidence of adverse effects.

Given the limited effectiveness of pharmacological treatments, non-pharmacological
strategies have gained increasing attention. Cognitive stimulation has emerged as the
most robust intervention, supported by a substantial body of evidence indicating its ca-
pacity to maintain, improve, and particularly slow the progression of cognitive decline
(Carcelén-Fraile et al., 2022). Additional approaches—such as transcranial magnetic stimu-
lation (Malavera et al., 2014), regular physical exercise (Russo et al., 2020), and nutritional
interventions (Buckinx & Aubertin-Leheudre, 2021; Power et al., 2020)—have also shown
promising results. Meanwhile, psychotherapy has proven to be a relevant tool, particularly
in light of the frequent comorbidity of MCI with mood disorders or impulse control difficul-
ties (Apostolova et al., 2014; Ginsberg et al., 2019; Saari et al., 2021). It contributes not only
to emotional well-being but may also positively influence the functional and behavioural
course of the condition.

In this context, the present systematic review seeks to critically examine the therapeutic
interventions available for MCI, assessing their reported effectiveness and real-world
applicability. The significance of this study is twofold: on one hand, it addresses the
growing scientific interest in this clinical phenomenon; on the other, it aims to identify
the most effective strategies to potentially alter the course of a condition that frequently
precedes devastating neurodegenerative diseases such as dementia (Katsuno et al., 2018).

2. Materials and Methods

This systematic review was conducted following the PRISMA guidelines (Page et al.,
2021), with the aim of identifying, analysing, and synthesising the best available evi-
dence on the various types of therapeutic interventions—both pharmacological and non-
pharmacological—directed at individuals formally diagnosed with MCI, aged 50 years
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and older. The analysis focused not only on the primary and secondary effects of these
interventions, but also on the methodological quality of the findings reported. The review
protocol is available in the International Prospective Registry of Systematic Reviews (PROS-
PERO) with the code number PROSPERO 2025 CRD420251121047, version 1.1, published
6 August 2025.

2.1. Research Question

The guiding question for this review was structured using the PICO model, which fa-
cilitates the clear organisation of the central components of a clinical review. In community-
dwelling adults (>50 years) with MCI (P), do pharmacological or non-pharmacological
interventions (I), compared to placebo or standard care (C), improve cognition, functionality,
behaviour, general health status, or mortality (O)? (see Table 1).

Table 1. PICO Component Description.

Population (P)

Adults aged 50 years or older with MCIL

Intervention (I)

Pharmacological: Medications such as cholinesterase inhibitors, memantine, etc.
Non-pharmacological: Cognitive therapies, physical exercise, dietary interventions,
cognitive stimulation.

Comparison (C)

Placebo, standard care, or no intervention.

Outcomes (O)

Primary: Improvement in cognition (assessed through standardised cognitive tests).
Secondary: Improvement in function (activities of daily living), behaviour (neuropsychiatric
symptoms), general status (quality of life), and mortality.

2.2. Inclusion Criteria

To ensure the relevance and methodological quality of the studies selected, specific
inclusion criteria were established. Eligible studies were those published between 2017 and
2025, in order to guarantee the timeliness and applicability of the evidence. The studies
had to include participants aged 50 years or older, with a formal diagnosis of MCI based
on recognised clinical criteria, specifically the Petersen criteria or the National Institute
on Aging—Alzheimer’s Association (NIA-AA) guidelines. All included studies adhered to
one of these two diagnostic frameworks; no other diagnostic criteria were accepted. For
cognitive screening, studies were required to report acceptable cut-off scores, defined as a
Montreal Cognitive Assessment (MoCA) score < 25 or a Mini-Mental State Examination
(MMSE) score < 27, ensuring consistency in participant selection across studies. These
thresholds were applied as part of our own screening process during eligibility assessment,
in addition to verifying that the original studies reported values within these ranges. Only
articles written in English were included, due to considerations related to accessibility,
standardisation, and critical appraisal. Furthermore, only studies with experimental or
quasi-experimental designs were selected, as these provide greater rigour in assessing
the effectiveness of interventions. Lastly, the studies were required to explicitly examine
pharmacological or non-pharmacological interventions targeting MCI, with an evaluation
of their effects on clinical, cognitive, or functional outcomes.

2.3. Exclusion Criteria

Studies that did not meet the aforementioned criteria were excluded from the review.
In particular, research published prior to 2017 or involving participants under the age
of 50 was not considered. Studies that did not focus primarily on MCI—such as those
addressing subjective cognitive decline, dementia, or other neurocognitive disorders—were
also excluded, as were publications in languages other than English. Similarly, studies
employing descriptive designs, systematic reviews, or narrative reviews were excluded,
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as they do not allow for direct evaluation of intervention outcomes. Finally, any study
that failed to clearly assess either pharmacological or non-pharmacological therapeutic
approaches to MCI was excluded from the analysis.

Search Strategy

The search strategy was carefully designed to maximise both sensitivity and specificity
in identifying relevant scientific literature on therapeutic interventions for MCI. Key terms
commonly used in the fields of clinical neuroscience and geriatrics were selected and
adapted into English using standardised descriptors from DeCS (Health Sciences Descrip-
tors) and MeSH (Medical Subject Headings). This allowed the construction of robust search
algorithms that incorporated synonyms and related terms, thereby enhancing thematic
coverage without compromising precision (see Table 2).

Table 2. Descriptors used in the search strategy.

Term DeCS/MeSH
Pharmacological intervention Drug Therapy, Pharmacologic Treatment, Medication Therapy
Non-pharmacological intervention Non-Pharmacologic Therapy, Non-Drug Treatment, Behavioural Therapy

Mild cognitive impairment
Older adults

Cognition

Behaviour

Mortality

Cognitive Dysfunction, Mild Cognitive Impairment, Cognitive Decline
Aged, Elderly, Older Adults

Cognition, Knowledge, Understanding

Behaviour, Conduct, Attitude

Mortality Rate, Fatality, Death Rate

2.4. Databases and Search Algorithms

Based on the selected terms, combined search algorithms were developed using
Boolean operators (AND, OR, NOT) and applied across the following databases: PubMed,
Scopus, Web of Science, ScienceDirect, and SpringerLink. These databases were chosen for
their broad thematic coverage and relevance to fields such as mental health, geriatrics, and
neuropsychology. The search process was conducted between November 2024 and April
2025 by the research team. Each algorithm was adapted to the specific requirements of
each database, which helped to optimise article retrieval and minimise the risk of omitting
relevant records (see Table 3).

Table 3. Search algorithms used.

Algorithm

1 PubMed

(“Drug Therapy” OR “Pharmacologic Treatment” OR “Medication Therapy” OR
“NMDA Receptor Antagonists” OR “Memantine” OR “Cognitive Rehabilitation” OR
“Cognitive Remediation” OR “Cognitive Training” OR “Behavioural Therapy”) AND
(“Cognition” OR “Knowledge” OR “Understanding” OR “Behaviour” OR “Conduct”
OR “Attitude” OR “Mortality Rate” OR “Fatality” OR “Death Rate” OR “Cognitive
Dysfunction” OR “Mild Cognitive Impairment” OR “Cognitive Decline”) AND
(“Aged” OR “Elderly” OR “Older Adults”)

2 Scopus

(“Drug Therapy” OR “Pharmacologic Treatment” OR “Medication Therapy” OR
“NMDA Receptor Antagonists” OR “Memantine”) AND (“Cognition” OR “Knowledge”
OR “Understanding” OR “Behaviour” OR “Conduct” OR “Attitude” OR “Mortality
Rate” OR “Fatality” OR “Death Rate” OR “Cognitive Dysfunction” OR “Mild Cognitive
Impairment” OR “Cognitive Decline”) AND (“Aged” OR “Elderly” OR

“Older Adults”)
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Table 3. Cont.

No. Algorithm
(“Behavioural Therapy” OR “Cognitive Therapy” OR “Cognitive Behavioural Therapy”
OR “Cognitive Rehabilitation” OR “Cognitive Remediation”) AND (“Cognitive
3 ScienceDirect Dysfunction” OR “Mild Cognitive Impairment” OR “Cognitive Decline” OR
“Cognition” OR “Knowledge” OR “Understanding” OR “Behaviour” OR “Conduct”
OR “Attitude” OR “Mortality Rate” OR “Fatality” OR “Death Rate”) AND (“Aged” OR
“Elderly” OR “Older Adults”)
(“Cognitive Rehabilitation” OR “Cognitive Remediation” OR “Cognitive Training” OR
4 SpringerLink “Behavioural Therapy”) AND (“Cognitive Dysfunction” OR “Mild Cognitive
Impairment” OR “Cognitive Decline”) AND (“Older Adults” OR “Elderly”)
Note: The search algorithms were tailored and adapted to the specific syntax and indexing terms of the databases
PubMed, Scopus, ScienceDirect, SpringerLink, and Web of Science (WOS).
2.5. Database-Specific Application
Table 4 presents the distribution of search algorithms across the different databases.
Each team was assigned a specific combination and was responsible for adapting the
algorithms to the maximum or minimum number of terms allowed by each platform. This
ensured rigorous control over the search process and enhanced the replicability of the
methodology.
Table 4. Compilation of Selected Studies.
. . Non-Compliance .
Database Total Type of Time No Reviews/Incomplete with Variable Final
Found Document Period Access Texts/Duplicates o Sample
Criteria
PubMed 75,900 58,932 10,899 2553 0 3495 20
Scopus 22,731 2382 11,756 3682 2 4910 0
ScienceDirect 5330 3262 670 718 1 666 13
SpringerLink 3845 1950 943 9 0 940 3
WOS 894 242 162 166 0 320 4
Total 108,700 66,768 24,430 7128 3 10,331 40

Note: Database: source of search; Total found: total records retrieved; Document type: records by publication
type filter; Time period: records within the study’s inclusion date range (count, not duration); No access: full
text unavailable; Reviews/Incomplete/Duplicates: excluded for being reviews, incomplete texts, or duplicates;
Non-compliance: excluded for not meeting variable criteria; Final sample: studies included after all exclusions.

2.6. Data Collection

The information was organised and systematised using a state-of-the-art matrix devel-
oped in Microsoft Excel, complemented by a compilation table that enabled the identifi-
cation, recording, and documentation of the metadata of the studies selected for the final
sample. Data extraction included key information such as sample size, characteristics of
the intervention (treatment applied to the experimental group), study duration, and the
main findings reported.

3. Results

This section presents the selected studies and the findings related to interventions for
MC, following a rigorous process of search, selection, and analysis of the studies included
in the systematic review. Based on a carefully planned methodological strategy, relevant
evidence was identified that addresses the objectives of the research, ensuring transparency
and traceability throughout the entire process.
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Identification ]

[

]

Screening

3.1. Study Selection

The PRISMA flow diagram (see Figure 1) illustrates the process of study selection
undertaken in this systematic review (Rethlefsen & Page, 2021), covering the phases of
identification, screening, eligibility assessment, and inclusion. It also outlines the reasons
for the exclusion of studies that did not meet the established criteria.

Identification of studies via databases and registers ] [ Identification of studies via other methods ]
Records identified from: 108700 Records removed before screening:
Databases: (n=5) Duplicate records removed
PubMed: 75900 n=3) Records identified from:
Scence Direct: 5330 Records marked as ineligible Websites (n=0)
Scopus: 22731 by automation tools (n= Organisations (n=0)

SpringerLink: 3845
Web Of Science: 594

31558)

Citation Searching (n=0)

Records removed for other

:

reasons (n=66768)

Records screened

Records excluded
(n=10322)

(n=10371)

Reports sought for retrieval

n=0
!

Reports assessed for eligibility
(n=49)

Y

| Reports not retrieved Reports sought for retrieval | Reports not retrieved
(n=0) (n=0) | m=0)
Re t: d for eligibilit
> R X eports assessed for eligibtlity »| Reports excluded:
eports excluded: n=0) iod of ti _
Did not meet the diagnosis of Reason period of time (n=0)
Reason no access (n=0)
MCI (n=9)
Reason study variable (n=0)

[ Included ] [

Studies included in review
(n=40)

Figure 1. PRISMA Flow Diagram. Source: adapted from PRISMA 2020 guidelines (Page et al.,
2021). Note: The flow diagram outlines the study selection process in accordance with the PRISMA
guidelines. From an initial 105,700 records identified across the five databases consulted, 40 met all
the inclusion criteria and were incorporated into the review. The exclusion of 9 studies during the
eligibility assessment phase was primarily due to non-adherence to the established diagnostic criteria
for Mild Cognitive Impairment (MCI). No additional studies were added through manual searches
or other sources.

3.2. Risk of Bias Analysis

The risk of bias assessment was conducted using Cochrane’s RoB 2 tool for a total
of 37 randomised controlled trials (RCTs). As for the remaining three studies, which did
not meet the methodological criteria of a controlled clinical trial, the ROBINS-I tool was
employed in order to rigorously evaluate their methodological quality and responsibly
integrate their evidence into this review.

Figures 2 and 3 present the risk of bias evaluation for the non-randomised studies.
Although the primary focus of this systematic review was on randomised controlled trials,
the inclusion of these three studies was considered appropriate, as they examined poten-
tially relevant interventions in the context of pharmacological and combined treatment
approaches. Their inclusion broadened the spectrum of available evidence, particularly
regarding the use of medication, since most experimental studies tend to focus on dementia
interventions, and few address MCI.
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Study

Bias due to confounding 1

Bias due to selection of participants .
Bias in classification of interventions

Bias due to deviations from intended interventions=

Bias due to missing data .

Bias in measurement of outcomes

Bias in selection of the reported result
Overall risk of bias .

0% 25% 50% 75% 100%

| . Low risk |:| Moderate risk . Serious risk . No information

Figure 2. Percentage distribution of risk of bias. Source: Own elaboration based on the ROBINS-I
tool. Note: The figure shows the percentage of studies classified within each domain of the ROBINS-I
tool. The colours represent the level of risk of bias: green indicates low risk of bias, yellow indicates
moderate risk of bias, red indicates serious risk of bias, and blue indicates insufficient information.
The assessed domains include: bias due to confounding, bias due to selection of participants, bias in
classification of interventions, bias due to deviations from intended interventions, bias due to missing
data, bias in measurement of outcomes, and bias in selection of the reported result. The category
Opverall risk of bias reflects the overall risk of bias level across studies.

Risk of bias domains
| bt | b2 | p3 | b4 | b5 | be | D7 | overal|

(Tan & Tan, 2021)

©@ 0 0 @
(Nakagawa et al., 2024) @ @ . . @ . .
(Hassan et al., 2021) @ @ @ . . @ .

@ e @

Domains: Judgement

D1: Bias due to confounding. )

D2: Bias due to selection of participants. @ serious

D3: Bias in classification of interventions. - Moderate

D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. . Low

D6: Bias in measurement of outcomes. . No information

D7: Bias in selection of the reported result.

Figure 3. Risk of bias assessment by domain. Source: Own elaboration based on the ROBINS-I tool
(Tan & Tan, 2021; Nakagawa et al., 2024; Hassan et al., 2021). Note: The figure shows the risk of
bias diagram (ROBINS-I) applied to quasi-experimental clinical trials. The colours represent the bias
judgement for each domain: green denotes low risk of bias, yellow denotes moderate risk of bias,
and red denotes serious risk of bias. The evaluated domains are: D1 (bias due to confounding), D2
(bias due to selection of participants), D3 (bias in classification of interventions), D4 (bias due to
deviations from intended interventions), D5 (bias due to missing data), D6 (bias in measurement of
outcomes), D7 (bias in selection of the reported result), and “overall” indicates the overall risk of bias
for each study.

As expected, the three non-randomised studies displayed methodological limitations
inherent to their design. The most affected domains were: confounding (D1), selection
of participants (D2), and handling of missing data (D5). Issues identified included the
lack of comparison groups, unclear participant selection procedures, and inadequate (or
unreported) management of attrition and missing data.
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Study 28
Study 29
Study 31
Study 32
Study 36
Study 37

Nevertheless, the domain related to selective reporting (D7) showed no signs of bias in
any of the three studies, suggesting that outcomes were reported completely and without
manipulation. Additionally, the domains concerning intervention during the study (D3)
and deviations from intended intervention (D4) did not reveal significant bias, indicating
that the intervention was administered appropriately and without major deviations.

Following the comprehensive evaluation, it was concluded that the three studies
presented an overall moderate risk of bias. Accordingly, their findings should be interpreted
with caution, close attention to detail, and avoidance of unwarranted generalisations.
However, we argue that these findings should not be disregarded, as they offer valuable
insights into interventions that are seldom explored in research on MCI, particularly within
the pharmacological domain.

Figures 4 and 5 present the risk of bias analysis, conducted using Cochrane’s RoB 2 tool,
which enabled an assessment of the methodological quality of the 37 included studies.
Significant limitations were identified in the design and implementation of the trials, which
affected the reliability of the findings and reduced their internal validity. Only 2 studies
were classified as having a low risk of bias across all domains, highlighting the persistent
methodological challenges in research on MCI. One of the most critical sources of bias
was the type of statistical analysis employed. While 28 studies used an intention-to-treat
approach, 9 conducted per-protocol analyses. The latter were generally associated with
a higher risk of bias, likely due to the exclusion of participants who did not complete the

intervention, potentially introducing systematic distortions in the outcomes.
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(Katsipis et al., 2024)
(Wu et al., 2023)
(Nwosu et al., 2024)
(Eyre et al., 2017)
(Carvalho et al., 2025)
(Devanand et al., 2018)
(Steinbeisser et al., 2020)

D1 Randomisation process

D3 Missing outcome data
D4 Measurement of the outcome

D5 Selection of the reported result
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Figure 4. Risk of bias assessment by domain, intention to treat. Source: Own elaboration based on
the Cochrane’s RoB 2 tool (Montero-Odasso et al., 2023; Sakurai et al., 2024; Orr et al., 2024; Gozdas
etal., 2024; T. M. Lee et al., 2017; Wang et al., 2024; Jeon et al., 2024; Castellote-Caballero et al., 2024;
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Unique ID

Study ID

Study 1

Study 4

Study 11
Study 16
Study 25
Study 30
Study 33
Study 34
Study 35

(Liao et al., 2020)
(Peng et al., 2019)
(Shin et al., 2021)

(B.-Y.Y.Lietal, 2019)
(J. Lee et al., 2023)
(Fu & Wang, 2025)
(Jones et al., 2023)

(Prokopenko et al., 2019) !

(Zhao et al., 2021)

Lau et al., 2024; Rovner et al., 2018; Buele et al., 2024; Schneider et al., 2019; Baik et al., 2024; Sung
et al., 2023a; Bray et al., 2023; Pantoni et al., 2017; Rotenberg et al., 2024; Luo et al., 2024; Park, 2022;
Motter et al., 2024; Fei et al., 2023; Katsipis et al., 2024; Wu et al., 2023; Nwosu et al., 2024; Eyre
etal., 2017; Carvalho et al., 2025; Devanand et al., 2018; Steinbeisser et al., 2020). Note: In the bias
potential diagram (RoB 2), the colours indicate the degree of bias potential for each area assessed:
green represents low bias potential (no bias), yellow represents some risk (moderate bias potential)
and red represents high bias potential. Columns D1, D2, D3, D4, D5 and ‘overall’ correspond to the
different areas of bias potential assessed using the RoB 2 tool, including the overall assessment of
bias potential for the study.

=}
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. High risk

D1 Randomisation process

D2 Deviations from the intended interventions

0-0-0=08
00000000
000000 -0:
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000000 - 00
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D3  Missing outcome data

D4  Measurement of the outcome

D5 Selection of the reported result

Figure 5. Risk of bias assessment by domain, per protocol. Source: Own elaboration based on the
Cochrane’s RoB 2 tool (Liao et al., 2020; Peng et al., 2019; Shin et al., 2021; B.-Y. Y. Li et al., 2019; J. Lee
et al.,, 2023; Fu & Wang, 2025; Jones et al., 2023; Prokopenko et al., 2019; Zhao et al., 2021). Note: In the
risk of bias (RoB 2) diagram, the colours indicate the level of risk of bias for each assessed domain:
green denotes low risk of bias (free of bias), yellow denotes some concerns (moderate risk of bias),
and red denotes high risk of bias. The columns D1, D2, D3, D4, D5 and “overall” correspond to the
different risk of bias domains assessed by the RoB 2 tool, including the overall judgement of risk of
bias for the study. This figure presents only those trials that performed a per-protocol analysis.

Domain 5—related to outcome reporting—was the most frequently compromised. In
many studies, pre-specified protocols were either not declared or not accessible, making
it difficult to compare planned and reported outcomes. Furthermore, signs of post hoc
decisions and unreported exploratory analyses were identified, which may have artificially
inflated the observed effects. In contrast, Domains 1 (random sequence generation), 2 (devi-
ations from intended interventions), and 3 (missing outcome data) showed comparatively
lower risk, though not without issues. Instances such as lack of allocation concealment,
absence of blinding among intervention staff, participant attrition, and poor adherence to
protocols were still observed. Many of these limitations appeared to be closely linked to the
nature of non-pharmacological interventions—such as cognitive training, physical exercise,
or psychosocial programmes—in which blinding is often unfeasible and adherence tends
to fluctuate considerably.

3.3. Characteristics of the Included Studies

Following a rigorous and systematic literature review, 40 studies were identified that
met the established eligibility criteria. The majority of these (n = 37) were randomised
controlled trials (RCTs), while two were single-arm studies and one employed a quasi-
experimental design. Table 5 provides a summary of the main methodological characteris-
tics and the most relevant findings reported in each of the included studies.
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Table 5. Complete Summary of Included Studies (n = 40).

Author(s) (Year) Country Design Duration Intervention Sample (n) Key Findings Clinically Significant? Diagnostic Criteria
(Liao et al., 2020) Taiwan RCT 12 weeks VR training 34 Executlvg function Yes, p < 0'00.1.’ mn MMSE, MoCA
gains global cognition
(Montero-Odasso et al., 2023) Canada RCT 20 weeks Multimodal 175 Memory gains d Yes, p s 0.005, Coher} S MoCA, Albert
=0.71 in global cognition
No, p = 0.226, Cohen’s
(Sakurai et al., 2024) Japan RCT 78 weeks Multimodal 433 No prevention d =0.087, in MMSE, Weschler
global cognition
2 _
(Peng et al., 2019) China RCT 26 weeks Cognitive training 140 Cognitive gains Yes,.p <0001, mp . 0295, MoCA
2 in global cognition
(Orr et al., 2024) USA RCT 10 weeks Nicotinamide 20 No change No, p= 0,57,'111 MoCA
global cognition
(Gozdas et al., 2024) USA RCT 26 weeks Multidomain 34 Brain connectivity Yes, p =0.007, in MMSE, Weschler
global cognition
. .. Improved Yes, p < 0.001, in
(T. M. Lee et al., 2017) Hong Kong RCT 13 weeks Auditory training 239 attention/memory global cognition MoCA
(Tan & Tan, 2021) Singapore Single-arm 26 weeks Vortioxetine 111 Cognitive gains Yes,p < 0'00.1.’ m MoCA, CDR
global cognition
Yes, p = 0.002, Cohen’s
(Wang et al., 2024) China RCT 7 weeks Lifestyle program 123 Significant gains d =0.63,in MMSE, MoCA
global cognition
(Jeon et al., 2024) South Korea RCT 12 weeks Choline supplement 100 Cognitive gains Yes,p = 0'04.8.’ m ADAS-cog, MoCA
global cognition
(Castellote-Caballero et al., 2024) Spain RCT 12 weeks Physical + cognitive 95 Global cognition Yes,p = 0'04.1.’ m MMSE
global cognition
(Shin et al., 2021) South Korea RCT 24 weeks Herbal treatment 30 Beat placebo Yes,p = 0'04.5.’ m Seoul Battery
global cognition
. .. . Yes, p < 0.001, in
(Lau et al., 2024) Taiwan RCT 5 weeks tDCS + training 21 Better gait P Petersen
global cognition
Yes, p = 0.002, (RR) 0.12
(Rovner et al., 2018) USA RCT 16 weeks Behavioural therapy 221 Improved attention (IC 95%: 0.02-0.74) Hopkins tests
decline in memory
Yes, p < 0.001,
(Buele et al., 2024) Ecuador RCT 6 weeks VR + physical 26 Less depression Cohen’s = 1.54, in MoCA

global cognition
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Table 5. Cont.

Author(s) (Year) Count Design Duration Intervention Sample (n) Key Findings Clinically Significant? Diagnostic Criteria
Ty 8 P y 8 y 018 8
(Schneider et al., 2019) Multinational RCT 156 weeks Ladostigil 202 No delay n No, p = 0'42.6f mn MMSE, CDR
dementia global cognition
Moderate, p = 0.002, in
(B-Y. Y. Li et al., 2019) China RCT 26 weeks Computerised 141 Short-term gains 81002l cognition (this effect MMSE, ATN
training was not sustained in the
long term)
Yes, (F = 34.44, p < 0.001),
aik et al., 2024 outh Korea weeks omputerise ess depression in global cognition an oCA,
Baik et al., 2024 South K RCT 8 ki Computerised 50 Less depressi in global cogniti d MoCA, MMSE
group differences
Yes, (p =1.47;
o/ _ = .
ung et al., 2023 aiwan weeks ultidomain oordination e
Sung et al., 2023b Tai RCT 8 week Multidomai 72 Coordinati = 25_/"0 0883131 3 CDR
global cognition
(Bray et al., 2023) Canada RCT 20 weeks Exercise + D3 90 Minimal effects No, p> 0'0.5’. n Albert criteria
global cognition.
(Pantoni et al., 2017) Italy RCT 20 weeks Cognitive training 43 No improvements No, p = 0'38.1f m Winblad criteria
global cognition
No, p =0.775, Cohen’s
(Rotenberg et al., 2024) Canada RCT 10 weeks Metacognitive 264 No benefits d=-0.06to0.15, in Hopkins tests
global cognition
(Luo et al., 2024) China RCT 12 weeks Arts program 38 Verbal fluency Yes, p =0.021, in Petersen, MoCA
verbal fluency
Yes, p < 0.001 in memory
(Park, 2022) South Korea RCT 8 weeks VR spatial training 56 Spatial memory spatial, p < 0.05 in MMSE, CVLT
episodic memory
(Motter et al., 2024) USA RCT 12 weeks Computerised 107 _ Global Yes, p < 0.05,in MMSE
training improvements global cognition
(J. Lee et al., 2023) South Korea RCT 8 weeks Self-efficacy 32 kDemen’na Yes,. (F=13.880, p < .0'001)’ Petersen
nowledge in global cognition
(Fei et al., 2023) China RCT 12 weeks Probiotics 0 Sleep/cognition Yes, p <0.001, in Petersen, MMSE
global cognition
(Katsipis et al., 2024) Greece RCT 12 weeks Exercise + training 53 Biomarker changes Yes,p <0.05 en IL-18, IL-6, Petersen, MMSE

p-taul8l/A[p42
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Table 5. Cont.

Author(s) (Year) Country Design Duration Intervention Sample (n) Key Findings Clinically Significant? Diagnostic Criteria
Yes, p = 0.008 in immediate
(Wu et al., 2023) China RCT 8 weeks Computerised 53 Episodic memory memory, p = 0.009 in Petersen, CDR
delayed recall
. 1 Yes, p = 0.009 compared i
(Nwosu et al., 2024) USA RCT 78 weeks Computerised 105 Racial differences to whites Not specified
Yes, p = 0.020 in CFI, no
(Nakagawa et al., 2024) Japan Single-arm 34 weeks Multimodal 68 Maintained function = improvement in the MMSE MMSE
p=0.147
(Fu & Wang, 2025) China RCT 8 weeks VR + acupuncture 46 Memory Yes, Z=338 (p < .0'.0001)’ mn Petersen, MMSE
global cognition
(Eyre et al., 2017) USA RCT 12 weeks Yoga 81 Better executive  Yes F(2,74) =324, p =004,y rop popkins
7 function in executive function
Moderate, p = 0.01,
F(1,45)=7.07,d =0.79 in
(Carvalho et al., 2025) Brazil RCT Unspecified Digital 66 Selective gains functional performance, MoCA, Stroop
but with no effect on
overall cognition
Moderate, F (1.31,
(Jones et al., 2023) USA RCT 4 weeks tDCS + training 27 Mixed attention . 23.56) N 625 p =0.014 MoCA, CVLT
in attention, but no effect
on memory
(Prokopenko et al., 2019) Russia RCT Unspecified Comp}l t.erlsed 68 Better processing Yes, p = 0'0(.)6. n MMSE, FAB
training speed global cognition
(Hassan et al., 2021) Pakistan Quasi-exp. 6 weeks Exercise + meds 30 Memory gains Yes, p = 0‘0('),.m MMSE, MoCA
global cognition
(Zhao et al., 2021) China RCT 16 weeks Creative arts 36 Attention gains Yes, p - 0'0.11’ n DSM-1V, MoCA
reaction times
evanand et al., 2018 weeks onepezil combo o benetfits =S eschler Memor
D detal USA RCT 62 week Donepezil comb 61 No benefi No, p=0.13, in Weschler Memory
global cognition
Steinbeisser et al., 2020 German RCT 26 weeks Multimodal 433 Daily function Yes, p = 0.02 (95% CI): 0.17 MMSE, ADL
y y

to 1.67, in global cognition
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The studies included in this review display a diverse geographical distribution, with
a predominance in countries across Asia, North America, and Europe. Latin America,
by contrast, was underrepresented, highlighting a significant research gap in the region.
China, South Korea, the United States, and Canada (Jeon et al., 2024; Montero-Odasso
et al., 2023; Peng et al., 2019; Rovner et al., 2018) accounted for the highest concentration of
studies, which limits the generalisability of findings and underscores the need to strengthen
scientific output on MCl in Latin American contexts.

Regarding methodological approaches, most studies employed clinical trials as their
primary design, in accordance with the inclusion criteria established. However, only a small
number of studies adopted alternative designs, such as single-arm or quasi-experimental
approaches (Hassan et al., 2021; Nakagawa et al., 2024). This indicates a predominance
of controlled investigations, while also suggesting the need to broaden methodological
perspectives in order to better capture the complexity of the phenomenon.

The duration of interventions varied considerably, ranging from 4 to 156 weeks.
Nevertheless, the majority of trials were concentrated within periods of 8 to 26 weeks,
suggesting that short- to medium-term interventions may be sufficient to produce cognitive
improvements (Buele et al., 2024; Jones et al., 2023; Lau et al., 2024). This observation
reinforces the value of implementing accessible and sustainable programmes, particularly
in settings with limited resources.

In terms of therapeutic strategies, a wide variety of non-pharmacological treatments
were identified. Cognitive training was the most frequently used intervention and also
reported the most favourable outcomes in terms of cognitive function enhancement (Goz-
das et al., 2024; Sung et al., 2023b), a finding that aligns with the specialised literature.
Additional interventions such as transcranial magnetic stimulation, yoga, the use of probi-
otics, and the administration of vortioxetine were also evaluated. These showed promising
effects by targeting biological mechanisms related to oxidative stress, brain inflammation,
and neural connectivity (Eyre et al., 2017; Fei et al., 2023; Lau et al., 2024; Tan & Tan, 2021).

Sample sizes varied considerably across studies: while some trials involved small
groups (20 to 50 participants), others engaged much larger populations (Sakurai et al.,
2024; Steinbeisser et al., 2020). Despite this variability, most investigations reported statisti-
cally significant improvements following the intervention, particularly in domains such as
memory, attention, processing speed, and verbal fluency. However, not all studies yielded
positive results; notably, some trials involving pharmacological interventions—such as
ladostigil, donepezil, and nicotinamide riboside—did not demonstrate significant ef-
fects compared with control or placebo groups (Devanand et al., 2018; Orr et al., 2024;
Schneider et al., 2019).

Multimodal interventions based on lifestyle changes also emerged as a particularly
relevant strategy. The combination of physical activity, healthy nutrition, and sleep hygiene
not only showed cognitive benefits but also supported a holistic approach to wellbeing,
with potential for both preventive and therapeutic applications (Wang et al., 2024).

Finally, the criteria used to diagnose MClI varied across studies, reflecting the absence of
a universally accepted diagnostic standard. Among the most commonly used instruments
were the Mini-Mental State Examination (MMSE), the MoCA, clinical dementia rating
scales, as well as the criteria proposed by Petersen, Marilyn Albert, and Winblad. While
this methodological diversity enriches the field, it also poses challenges for comparing
studies and standardising diagnostic protocols.

Table 6 presents the studies that implemented various therapeutic strategies based on
neurocognitive intervention modalities.
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Table 6. Cognitive Interventions and Assessed Domains (n = 29).

Author(s) (Year)

Intervention Type

Cognitive Domains Assessed

(T. M. Lee et al., 2017)

Auditory cognitive training

Sustained auditory attention, visual attention,
visuospatial working memory

(Pantoni et al., 2017)

Cognitive training

Verbal fluency, memory, executive functions, attention

(Sakurai et al., 2024)

Cognitive training

Memory, attention, executive functions, processing speed

(Peng et al., 2019)

Cognitive training

Attention, language, abstraction, delayed recall,
orientation, naming

(B-Y.Y. Li et al., 2019)

Computerised cognitive training

Attention, memory, language, visuospatial skills,
processing speed, executive functions

(Prokopenko et al., 2019)

Computerised cognitive training

Attention, visual memory, visuospatial abilities

(Motter et al., 2024)

Computerised cognitive training

Episodic memory, working memory, daily functioning,
global cognition

(Liao et al., 2020)

Cognitive training

Global cognition, executive functions, verbal memory

(Park, 2022)

Virtual reality cognitive training

Spatial cognition, episodic memory

(Steinbeisser et al., 2020)

Cognitive training

Global cognitive function

(Katsipis et al., 2024)

Cognitive training

Attention, language, executive functions

(Castellote-Caballero et al., 2024)

Cognitive training

Verbal fluency, executive functions, memory, attention,
language, orientation, abstraction, visuospatial skills

Executive functions, inhibitory control, episodic memory,

(Gozdas et al., 2024) Cognitive training . .

working memory, processing speed
(Wang et al., 2024) Cognitive training Memory, attention, executive functions

Attention, verbal fluency, executive functions, short-term
(Buele et al., 2024) Virtual reality cognitive training memory, visuospatial memory, language,

temporal/spatial orientation, calculation

(Lau et al., 2024)

Computerised training + tDCS

Working memory, episodic memory (Stimulation: Left
frontal cortex, 2 mA, 20 min/session)

(Rotenberg et al., 2024)

Metacognitive therapy

Verbal memory, visuospatial memory,
executive functions

(Nakagawa et al., 2024)

Cognitive stimulation

Attention, memory, visuospatial function,
language, reasoning

(Nwosu et al., 2024)

Computerised cognitive training

Memory, functional abilities

(Baik et al., 2024)

Computerised cognitive training

Sustained attention, selective attention, visual perception,
memory, executive functions

(Sung et al., 2023b)

Multidomain cognitive training

Working memory, selective attention, visuospatial
attention, divided attention, coordination

(Bray et al., 2023)

Cognitive training

Working memory, attention, executive functions

(Montero-Odasso et al., 2023)

Computerised cognitive training

Memory, orientation, attention, language, executive
functions, praxis

(J. Lee et al., 2023)

Cognitive training

Orientation, abstraction, language, attention, naming,
visuospatial memory, delayed recall

(Wu et al., 2023)

Computerised cognitive training

Episodic memory, attention, working memory,
response speed

(Jones et al., 2023)

Cognitive training + tDCS

Working memory, attentional orientation, visuospatial
search, inhibitory control (Stimulation: Prefrontal cortex,
1.5 mA, 15 min/session)

(Fu & Wang, 2025)

Virtual reality training

Verbal tracking, abstract thinking, naming ability,
visual/executive function

(Carvalho et al., 2025)

Digital cognitive training

Executive functions, memory, language, visuospatial
skills, attention, orientation, processing speed,
inhibitory control

A notable diversity of approaches is evident, with conventional cognitive training
being the most frequently employed modality. This intervention was delivered through
both computerised formats and virtual reality, and in several cases was combined with
techniques such as transcranial magnetic stimulation. These findings reflect an ongoing
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trend towards the use of non-invasive treatments, which are widely accepted in both clinical
and experimental settings.

Most studies focused on intervening in specific cognitive functions, particularly mem-
ory (in its various forms), attention, and language. This focus suggests that these functions
are the most commonly affected during the early stages of cognitive decline. Moreover,
there was a consistent interest in assessing executive functions globally, highlighting the
importance of considering functional performance in daily life as a key clinical criterion in
the diagnosis of MCL

Among the most relevant findings, several studies (Castellote-Caballero et al., 2024;
Gozdas et al., 2024; T. M. Lee et al., 2017; Liao et al., 2020; Montero-Odasso et al., 2023;
Peng et al., 2019; Wang et al., 2024) reported significant improvements in global cognitive
functioning, with notable gains in attention, memory, and verbal fluency. In contrast, some
trials (Carvalho et al., 2025; Jones et al., 2023) demonstrated only moderate clinical effects,
while other investigations (Bray et al., 2023; Pantoni et al., 2017; Rotenberg et al., 2024;
Sakurai et al., 2024) reported no significant benefits. These included interventions such
as metacognitive therapy (Rotenberg et al., 2024), standalone cognitive training (Pantoni
et al., 2017), a hybrid combination of physical exercise, cognitive training, and vitamin
D3 supplementation (Bray et al., 2023), as well as nutritional counselling focused on
cardiovascular risk management (Sakurai et al., 2024).

Table 7 presents the two studies that evaluated non-pharmacological interventions
with psychotherapeutic components aimed at individuals with MCI. Both studies integrated
behavioural and emotional strategies to promote cognitive and functional well-being
(J. Lee et al., 2023; Rovner et al., 2018).

Table 7. Non-Pharmacological Interventions (Psychotherapeutic Approaches).

Intervention . .. Clinically
Author(s) (Year) Type Behavioural Strategy Sample (n) Key Findings Significant?
- Personalised action plan (reading,
Behavioural walking with neighbours, Improved
(Rovner et al., 2018) L. weekly calls) 221 attention/mental Yes
activation . . o
- Visual reminders for flexibility
activity execution
- Verbal persuasion about MCI
o Social dialogue spaces .
(J. Lee et al., 2023) Self-efficacy Practical workbook activities 32 Increased deme.nha Yes
enhancement knowledge/confidence

- Emotional regulation through
music and physical exercises

The first study, conducted by (Rovner et al., 2018), implemented a behavioural ac-
tivation intervention in a sample of older African American adults. The intervention
aimed to prevent the progression of MCI through the structured increase of meaningful
activities—such as reading, walking with neighbours, and weekly phone calls—supported
by personalised action plans and visual reminders. After a two-year follow-up, only 1.2%
of participants in the intervention group showed memory decline, compared to 9.3% in the
control group. Moreover, participants who received the behavioural activation intervention
maintained their ability to carry out everyday tasks such as managing finances and using a
mobile phone, whereas those in the control group experienced a decline in these functions.
The study also found a significant improvement in problem-solving speed, with treated
participants showing an increase of 13 s per year compared to controls.

The second study, conducted by (J. Lee et al., 2023), implemented a comprehensive pro-
gramme aimed at enhancing self-efficacy by combining emotional strategies with physical
and cognitive interventions. The programme included social dialogue sessions, practical
workbook activities, verbal persuasion about MCI, and emotional regulation through music
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and physical exercise. Results indicated significant improvements in the experimental
group in terms of dementia-related knowledge (F = 4.582, p = 0.005), levels of self-efficacy
(F=5.547, p = 0.002), and frequency of preventive behaviours (F = 6.376, p = 0.001). Ad-
ditionally, the study reported an improvement in global cognitive function (F = 13.880,
p < 0.001). However, as the intervention was multifaceted, the clinical effects could not be
attributed specifically to individual components.

The eight studies presented in Table 8 employed physical interventions as a non-
pharmacological therapeutic strategy. Generally, these interventions were structured as
multimodal programmes incorporating aerobic, resistance, and balance exercises (Bray
et al., 2023; Montero-Odasso et al., 2023). The most common frequency was two to three
sessions per week, although the study by (Hassan et al., 2021) implemented a more intensive
schedule of five sessions per week. Session durations ranged from 40 to 120 min. Notably,
the protocol by (Buele et al., 2024) was the shortest, while that of (Steinbeisser et al., 2020)
was the longest. Other studies, such as those by (Montero-Odasso et al., 2023), (Bray et al.,
2023), and (J. Lee et al., 2023), maintained an average session length of 60 min.

Table 8. Non-Pharmacological Physical Interventions (Complete).

Author(s) (Year) Country Intervention Type Physical Activity Description Frequency
(Steinbeisser et al., 2020) Germany Motor stimulation Balance e.xerc1§e§,'balloon §ames, gross 2-h daily sessions
motor skill activities
(Hassan et al., 2021) Pakistan Resistance training Dumbbell and elastic band exercises 5x /Week, .
50 min/session
(Montero-Odasso et al., 2023) Canada Aerobic + resistance "l."re.admlll w.alklng, static cycling, weight 3x /Week, .
lifting, elastic bands 60 min/session
Running, static cycling, leg press, 3% /week
(Bray et al., 2023) Canada Physical exercise hamstring curls, chest press, S
: 60 min/session
balance/stretching
(J. Lee et al., 2023) South Korea Physical activity Not specified Lx/week,

60 min/session

Slow walking, chair exercises (heel lifts,
torso twists), ball passes, agility circuits,
balance/stretching

2% /week,

(Castellote-Caballero et al., 2024) Spain 45-50 min /session

Physical exercise

2x /week,
40 min/session

Balance exercises, squats, brisk walking,

(Buele et al., 2024) Ecuador stair climbing

Physical exercise

Head/neck movements, shoulder exercises, 2-3x/week,

(Katsipis et al., 2024) Greece dual hand-foot tasks 45 min/session

Physical exercise

In the case of (Montero-Odasso et al., 2023), although meaningful improvements were
observed when the physical intervention was combined with other components of the ex-
perimental protocol, the effects did not reach statistical significance compared to the control
group when analysed in isolation (p = 0.19). Similarly, the studies by (Castellote-Caballero
etal., 2024), (J. Lee et al., 2023), and (Steinbeisser et al., 2020) also reported post-intervention
improvements within their respective groups; however, their clinical effectiveness appears
to rely more on a comprehensive approach than on physical exercise alone.

In contrast, the studies by (Buele et al., 2024) and (Hassan et al., 2021) demonstrated sig-
nificant effects on cognitive variables following exclusively physical interventions. (Buele
et al., 2024) reported improvements in cognitive function as measured by the MoCA, with
an increase in mean scores from 20.83 (£1.8) to 23.67 (£2.24) (p < 0.001), alongside a re-
duction in depressive symptoms from 5.58 (£2.07) to 2.75 (£1.42) (p < 0.001). Similarly,
(Hassan et al., 2021) found that resistance training led to significant cognitive gains across
various neuropsychological tests, including: MoCA (from 17.60 & 1.35 to 21.93 £ 1.57;
p < 0.01), Mini-Mental State Examination (from 20.60 £ 1.35 to 23.20 £ 1.69; p < 0.01), and
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the Trail Making Tests A (from 1.47 &+ 0.03 to 1.23 & 0.04; p < 0.01) and B (from 2.51 & 0.04
t0 2.08 & 0.04; p < 0.01).

Conversely, the study by (Bray et al., 2023) did not report cognitive improvements,
even when physical intervention was combined with other treatments. In a different
vein, (Katsipis et al., 2024) did not directly assess cognitive performance but did report
improvements in biomarkers associated with the progression of MCI and inflammatory
processes. Although these results do not provide direct evidence of cognitive impact,
they suggest a potential neuroprotective effect of physical activity in the early stages of
cognitive decline.

Table 9 presents information from recent studies that have explored the effectiveness
of non-pharmacological interventions in the treatment and management of MCI. These
strategies, ranging from nutritional supplementation to mind-body therapies and cre-
ative expression programmes, have been developed as alternatives or complements to
conventional treatments.

Table 9. Non-Pharmacological (Alternative) Interventions.

Author(s) (Year) Country Intervention Type Procedure Details Duration Frequency
(Eyre et al., 2017) USA Kundalini yoga Breathing techniques, fmger 12 weeks 12—m1n .
/ movements, and rest periods sessions daily
Creative expression Interactive games, drawing,
(Zhao et al., 2021) China © exp story creation from artwork, 16 weeks Not specified
(narrative-based) . .
group discussions
3 g herbal granules
. Kami-guibi-tang (15 medicinal herbs) dissolved
(Shin et al., 2021) South Korea (herbal formula) in warm water, 3x daily 24 weeks 3 doses/day
after meals
. . L 2 g daily probiotic blend .
(Fei et al., 2023) China Probiotics (18 bacterial strains) 12 weeks Daily
(Montero-Odasso et al., 2023) Canada Vitamin D . 10,000 IU three times weekly 20 weeks 3x /week
supplementation
Vitamin D3 .
(Bray et al., 2023) Canada . 10,000 IU three times weekly 20 weeks 3x /week
/ supplementation
(Luo et al., 2024) China Intensive creative VlsuaI. arts (pa1ntu_1g, collage) + 12 weeks 60-min sessions
arts programme narrative storytelling 2x /week
(Fu & Wang, 2025) China Acupuncture Fine needles at three head 8 weeks 30-min sessions

points (vertex, crown, forehead) 5x /week

In the field of nutrition, the use of vitamin D as a therapeutic supplement stands out.
(Montero-Odasso et al., 2023) and (Bray et al., 2023) administered doses of 10,000 inter-
national units three times per week. However, in neither study was the effect of vitamin
D evaluated in isolation as monotherapy, which limits the ability to draw definitive con-
clusions about its specific efficacy. In fact, Bray and colleagues did not report significant
improvements in cognitive function, suggesting that, while vitamin D may play a com-
plementary role in combined interventions, its isolated effect appears to be limited in this
clinical context.

Traditional medicine has also been explored as a promising therapeutic avenue. The
study by (Shin et al., 2021) examined the effects of Kami-guibi-tang, a Korean herbal
formula composed of 15 medicinal plants, administered three times daily over a 24-week
period. The results showed significant improvements in cognitive performance, measured
by the Seoul Neuropsychological Dementia Battery, with the average score increasing from
176.00 (£24.76) at baseline to 198.47 (£31.29) at the end of the intervention (p < 0.001).
Moreover, the treatment was well tolerated, with no reports of serious adverse effects,
supporting its viability as a safe complementary therapy.
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One of the most consistent findings has emerged from research on the gut-brain axis,
particularly in interventions targeting the gut microbiota. In this regard, (Fei et al., 2023)
assessed the daily administration of 2 g of probiotics composed of 18 different bacterial
strains. The results demonstrated statistically significant improvements in cognitive func-
tion: The MMSEscore increased from 21.75 &+ 2.57 to 24.75 + 2.47 (p < 0.001), and the
MoCA score improved from 19.80 £ 1.85 to 22.05 £ 2.14 (p < 0.001). The most notable
improvements were observed in recall memory and visuospatial function, supporting the
relevance of the gut-brain axis as a therapeutic pathway in neurodegenerative processes.

Among mind-body therapies, two approaches have shown particularly positive out-
comes. The study by (Eyre et al., 2017) implemented a daily yoga routine involving mindful
breathing, gentle finger movements, and moments of relaxation. This practice, carried out
for just 12 min a day, resulted in significant improvements in verbal memory (d = 0.95) and
in executive functions, as measured by the Trail Making Test (d = —0.75) and the Stroop
Test (d = 0.71). In a separate study, (Fu & Wang, 2025) combined intensive acupuncture
sessions at three cranial points—the vertex, crown, and forehead—with virtual reality
training, five times per week. Although improvements were noted in MMSE and MoCA
scores, the combined nature of the intervention prevents a clear attribution of effects solely
to acupuncture, highlighting the need for further studies that assess its isolated impact.

Creative interventions have also emerged as effective alternatives for stimulating
cognitive, emotional, and social functions. The programme designed by (Luo et al., 2024)
incorporated activities such as painting, clay modelling, collage-making, and the creation
of artistic narratives, delivered in one-hour sessions twice a week. This intervention led to
statistically significant improvements in verbal fluency (p = 0.021). Complementarily, (Zhao
et al.,, 2021) implemented a programme focused on storytelling and drawing, in which
participants constructed narratives based on their illustrations and shared reflections in
group settings. This had a positive impact on cognitive processing speed, a critical function
in individuals with MCI.

Comparatively, interventions that address multiple dimensions of human functioning—
such as probiotics, yoga, or expressive arts—tend to yield more consistent and sustained
outcomes. In contrast, unidimensional approaches, such as isolated vitamin D supplemen-
tation, while safe and well-tolerated, show limitations in terms of effectiveness. Likewise,
interventions that are applied with greater frequency and regularity—such as daily yoga,
intensive acupuncture, or continuous probiotic intake—appear to be associated with more
pronounced cognitive benefits.

As shown in Table 10, six studies were identified that evaluated the use of phar-
macological interventions in individuals with MCI. Most of these studies investigated
compounds with neuroprotective or antidepressant properties, aiming to exert a favourable
impact on cognitive function. The pharmacological agents examined included nicotinamide
riboside (Orr et al., 2024), vortioxetine (Tan & Tan, 2021), choline alfoscerate (Jeon et al.,
2024), ladostigil (Schneider et al., 2019), cholinesterase inhibitors, and, in combination,
donepezil with antidepressants such as citalopram and venlafaxine (Devanand et al., 2018).

Of these studies, only two reported clinically meaningful effects in terms of cognitive
improvement or deceleration of decline (Jeon et al., 2024; Tan & Tan, 2021). In the first, vor-
tioxetine was considered a promising therapeutic option; however, the authors emphasised
the need to replicate the findings through randomised clinical trials, given that the absence
of a comparative group limited the strength of the conclusions. The second study, focused
on choline alfoscerate, demonstrated significant improvements in specific domains such as
language and memory, supporting its potential use in cases of amnestic MCI.
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Table 10. Pharmacological Intervention Studies.

Author(s) (Year)

Intervention

Dosage

Safety Profile

(Devanand et al., 2018)

Donepezil + Citalopram/Venlafaxine

Donepezil: 5 mg/day (titrated to
10 mg/day)

Moderate adverse events:
diarrhoea, headaches, fatigue,
insomnia, nightmares, dizziness

No serious drug-related adverse

(Schneider et al., 2019) Ladostigil 10 mg/day events reported

(Tan & Tan, 2021) Vortioxetine 5 mg/day No serious drug-related adverse
events reported

(Hassan et al., 2021) Cholinesterase inhibitors Not specified Not specified

(Orr et al., 2024)

Nicotinamide riboside

Week 1: 250 mg/day; Week 2:

No serious drug-related adverse

500 mg/day; Week 3: 750 mg/day;

Week 4+: 1 g/day events reported

(Jeon et al., 2024)

Choline alphoscerate

No serious drug-related adverse

600 mg/day events reported

In contrast, the clinical trial involving ladostigil (Schneider et al., 2019) showed a
statistically significant reduction in global brain volume loss (p = 0.025) and hippocam-
pal atrophy (p = 0.043); however, it failed to demonstrate clinically relevant benefits in
terms of progression to dementia, based on post-treatment neuropsychological assess-
ments. Similarly, the study involving nicotinamide riboside (Orr et al., 2024) did not report
improvements in global cognitive function when compared to the placebo group.

The study that examined the combination of donepezil with citalopram and venlafax-
ine (Devanand et al., 2018) in participants with MCI and depressive symptoms not only
showed limited clinical efficacy but also reported the highest number of adverse effects
among the studies reviewed. The most frequently reported symptoms included fatigue,
insomnia, headache, and dizziness, raising concerns about the safety of this combined
approach in this vulnerable population.

On the other hand, the intervention that integrated cholinesterase inhibitors with a
structured resistance exercise programme (Hassan et al., 2021) yielded positive results com-
pared to the control group. However, the observed benefits were attributed primarily to the
physical component of the intervention, as details regarding the specific pharmacological
agent used were not reported.

Regarding the dosages administered, two studies showed variability. The nicotinamide
riboside protocol (Orr et al., 2024) employed a progressive titration strategy, starting
with 250 mg/day and reaching 1 g/day from the fourth week onwards. Likewise, the
dosage of donepezil (Devanand et al., 2018) was adjusted according to each participant’s
individual tolerance, highlighting the importance of personalised dosing strategies in the
pharmacological management of MCI. In terms of safety, most studies did not report serious
adverse events. The exception was the trial by Devanand et al. (Devanand et al., 2018), in
which a significant burden of side effects was documented.

4. Discussion

Following the analysis of 40 clinical trials included in this systematic review, a sus-
tained effort by the scientific community over the past eight years is evident in attempting
to clearly define effective intervention strategies for MCI. However, the findings remain
markedly heterogeneous, a fact that necessitates a more integrated and critical interpre-
tation rather than a simple summary of interventions. This heterogeneity is not only
attributable to the diversity of treatments but also to crucial methodological variations
across studies.

Regarding pharmacological interventions, findings related to the use of vortioxetine
and choline alphoscerate suggest a potentially beneficial effect on cognitive functions such
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as memory and language; nonetheless, these results remain inconclusive (Jeon et al., 2024;
Tan & Tan, 2021). Conversely, compounds such as nicotinamide riboside and ladostigil
did not demonstrate clinically significant benefits (Orr et al., 2024; Schneider et al., 2019),
aligning with previous meta-analyses that question the efficacy of cholinesterase inhibitors
in this population. Although such inhibitors may be useful in established dementia, their
effectiveness in MCI appears limited and is frequently associated with adverse effects
(Raschetti et al., 2007), as confirmed in the study by (Devanand et al., 2018), which reported
side effects such as insomnia and dizziness with donepezil. When directly compared
with non-pharmacological alternatives, current pharmacological strategies present a less
favourable profile. Their limited efficacy, coupled with a higher incidence of side effects,
raises significant concerns regarding long-term patient adherence and the overall risk-
benefit balance. This disparity underscores the critical need for, and the growing appeal of,
safer, more accessible, and patient-centred therapeutic options.

Among these alternatives, cognitive training—delivered through conventional meth-
ods, computer-based platforms, or virtual reality—has emerged as the most effective
non-pharmacological intervention in slowing cognitive decline. Several studies have re-
ported significant improvements in domains such as memory, attention, executive function,
and global cognition (Gozdas et al., 2024; Liao et al., 2020). These results are consistent
with previous meta-analyses supporting the efficacy of such interventions (Sung et al.,
2023a), and highlight their non-invasive nature as a key factor in patient acceptance and
adherence, due to their perceived low risk, accessibility, and safety. However, studies such
as that by (Sakurai et al., 2024) reported no significant benefits following a multidomain
intervention, possibly due to factors such as treatment intensity, duration, or participant
adherence, which emphasises the importance of optimising not only the intervention
strategies themselves but also the conditions under which they are implemented.

Furthermore, the mixed or inconclusive evidence for some interventions requires a
nuanced discussion. The failure of a multidomain intervention to show benefits, as in
the study by (Sakurai et al., 2024), should not lead to a blanket dismissal of the approach.
Instead, it compels an analysis of plausible explanatory factors, such as insufficient treat-
ment intensity, short duration, or low participant adherence—variables that are critical
to an intervention’s success. Similarly, while psychotherapy is not a primary treatment
for the cognitive symptoms of MCI, its potential is highlighted by the high comorbidity
with depression. The innovative behavioural activation protocol used by (Rovner et al.,
2018), which differed from standard depression treatments, succeeded in maintaining daily
living skills.

From a clinical and public health perspective, these findings have clear implications.
There is a strong rationale for prioritising non-pharmacological interventions that are
low-risk, highly accessible, and can be integrated into a patient’s lifestyle. Cognitive
training, structured physical exercise, and dietary modifications represent feasible first-line
strategies in both preventive and clinical contexts. It is vital to recognise that even modest
improvements in cognitive performance can have a profound impact on an individual’s
daily life. Maintaining the ability to manage finances, use a telephone, or live independently,
as seen in the study (Rovner et al., 2018), represents a clinically meaningful outcome that
preserves quality of life and functional autonomy.

A key insight emerging from this review is that the most promising interventions are
not isolated but rather synergistic and multimodal. The evidence suggests that combining
approaches may yield superior outcomes. For instance, two studies demonstrated that
transcranial magnetic stimulation (TMS) was effective when paired with cognitive and
physical tasks, improving multiple cognitive domains (Malavera et al., 2014; Yan et al.,
2023). This aligns with a broader principle seen in physical therapy, which also showed
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greater effects on global cognition and neurodegeneration biomarkers when combined with
cognitive training (Buele et al., 2024; Katsipis et al., 2024). These findings are consistent
with the results of (Longhurst et al., 2020), who observed improvements in attention
and memory following one month of physiotherapy. Likewise, the meta-analysis by
(H. Li et al., 2022) highlighted the benefits of resistance training in individuals over 60 years
of age, particularly in enhancing attention and executive functions. Nonetheless, reviews
such as that by (Kaufman et al., 2024) suggest that the effects of short or moderate-intensity
physical interventions may not be sustainable over time; thus, promoting an active lifestyle
appears to be a more effective strategy for maintaining cognitive function in this population.
These strongly suggest that successful interventions often share common features: they
are active rather than passive, often multimodal, and their impact is likely modulated by
factors such as treatment intensity, duration, and personalisation to the patient’s specific
deficits. Targeting specific brain regions, like the dorsolateral prefrontal cortex, with TMS,
further exemplifies this move towards more tailored and precise therapeutic strategies.

Other, less explored interventions, such as psychotherapy, have also shown potential
in this area. Although not considered a first-line treatment for MCI, studies have docu-
mented high comorbidity with emotional disorders such as depression (Pellegrino et al.,
2013), supporting the inclusion of psychotherapy within a comprehensive therapeutic
approach. In this context, the study by (Rovner et al., 2018) stands out: using a behavioural
activation protocol, the authors found a significant maintenance of cognitive functions
and daily living skills—such as mobile phone use and financial management—among
African American patients with MCI, compared to the control group. It is important to
note that this protocol differs from the standard model commonly used in treating depres-
sive disorders (Cuijpers et al., 2023), making it an innovative proposal worthy of further
research attention.

Similarly, complementary therapies such as the use of probiotics, yoga practice, and
the consumption of Korean herbal beverages have yielded promising preliminary results in
slowing MCI progression (Eyre et al., 2017; Fei et al., 2023; Shin et al., 2021), in some cases
surpassing those of pharmacological treatments. From this perspective, such findings call
for a reconsideration of current paradigms concerning the aetiology, diagnosis, and treat-
ment of MCI. For example, the benefits of probiotics observed in this review are consistent
with the meta-analysis by (Xiao et al., 2025), which identified cognitive improvements in
individuals with both Alzheimer’s disease and MCI. Likewise, the cognitive benefits of
yoga reported here are supported by the systematic review by (Karamacoska et al., 2023),
while improvements associated with Korean herbal beverages are in line with the findings
of (Kumar et al., 2013), who reported enhanced cognitive performance linked to several
Southeast Asian herbal formulas in individuals with MCIL

5. Limitations

When interpreting the findings of this review, several methodological limitations should
be taken into account. The considerable heterogeneity across the included studies—in terms of
design, duration, diagnostic criteria, assessment tools, and sample sizes—limited the feasibility
of conducting a robust meta-analysis and complicated systematic comparisons.

In addition, a number of trials exhibited a high risk of bias in key areas such as
randomisation, blinding, and outcome assessment, which weakens the overall reliability of
the conclusions. Many of the studies were exploratory or at an early stage of development,
preventing the establishment of clear causal relationships and requiring the findings to be
viewed as tentative associations.

Another relevant concern is the limited availability of longitudinal data, which restricts
the ability to assess the long-term impact of the interventions. Therefore, caution is advised
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when generalising these results, and there is a clear need for more rigorous research with
stronger methodological controls, extended follow-up periods, and more representative
samples to enhance future clinical recommendations in the field of MCL

6. Conclusions

This systematic review highlights the need to move beyond conventional approaches
to the treatment of MCI, emphasising the value of non-pharmacological interventions as
a primary means of preserving cognitive function. Strategies such as cognitive training,
regular physical activity, and behavioural stimulation have shown tangible benefits, both
in slowing cognitive decline and in restoring key cognitive abilities, with fewer associated
risks than traditional pharmacological treatments.

Complementary practices such as yoga, the use of probiotics, and the incorporation
of herbal infusions also offer promising preliminary evidence. Although further scientific
validation is required, these approaches point towards a broader and more integrative
model of care, extending beyond a strictly biomedical perspective.

The current direction in MCI management thus appears to favour more person-centred
strategies, where tailored interventions, long-term sustainability, and the enhancement
of quality of life take precedence. This implies acknowledging the human dimension of
cognitive processes by integrating emotional, social, and behavioural aspects that directly
shape the lived experience of individuals affected by MCI.
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