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ABSTRACT

Alzheimer’s disease (AD) is a debilitating disease
leading to great social and economic burdens
worldwide. During the past decades, increasing
understanding of this disease enables dynamic
trials for disease interventions. Unfortunately,
at present, AD still remains uncurable, and

therefore, developing intervention strategies for
improving symptoms and slowing down the
disease process becomes a practical focus in
parallel with searching for a disease-modifying
medication. The aim of this review is to sum-
marize the outcomes of AD clinical trials of
non-drug therapies published in the past dec-
ade, including cognitive-oriented interventions,
physical exercise interventions, brain stimula-
tion, as well as nutrition supplementations, to
find out the most effective interventions in theXianqian Li and Min Ji contributed equally to this work.
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category by looking through the primary and
secondary outcomes. The outcomes of the trials
could be varied with the interventional
approaches, the tested cohorts, the settings of
observing outcomes, and the duration of fol-
low-ups, which are all discussed in this review.
Hence, we hope to provide crucial information
for application of these interventions in real-
world settings and assist with optimization of
clinical trial designs in this area.

Keywords: Alzheimer’s disease; Non-drug
therapy; Clinical trial; Human; Intervention

Abbreviations
AChEIs Acetylcholinesterase inhibitors
AD Alzheimer’s disease
ADAS-Cog Alzheimer’s Disease Assessment

Scale-Cognitive subscale
ADL Activities of daily living
AMB Aberrant motor behavior
BI Barthel Index
BPSD Behavioral and psychological

symptoms of dementia
CAMCOG Cambridge cognitive examination
ChEIs Cholinesterase inhibitors
CST Cognitive stimulation therapy
DBS Deep brain stimulation
DHA Docosahexaenoic acid
EPA Eicosapentaenoic acid
fMRI Functional magnetic resonance

imaging
GDS Geriatric Depression Scale
iTBS Intermittent theta burst

stimulation
MCI Mild cognitive impairment
MMSE Mini-Mental State Examination
NPI Neuropsychiatric inventory
x3 FA Omega-3 fatty acid
PBLs Peripheral blood leukocytes
PUFAs Polyunsaturated fatty acids
QoL Quality of life
RCT Randomized controlled trial
rTMS Repetitive transcranial magnetic

stimulation
tDCS Transcranial direct current

stimulation
TPS Transcranial pulse stimulation

Key Summary Points

There are three main types of cognitive-
oriented interventions: cognitive training
focuses on targeting particular cognitive
functions with changes of associated brain
regions, cognitive stimulation aims to
enhance general cognitive and social
functioning of the individual, and
individualized cognitive rehabilitation
addresses specific functional difficulties and
sets realistic goals to help patients and their
families in daily life.

Physical exercise interventions are
documented to improve cognition and
quality of life (QoL) via improving
cardiovascular fitness and well-being of
patients with dementia, which is strongly
associated with less brain atrophy, less
harmful effects of cerebral amyloid on
cognition, and reduced risk of dementia.

Brain stimulation techniques, including
deep brain stimulation (DBS), transcranial
direct current stimulation (tDCS), repetitive
transcranial magnetic stimulation (rTMS),
transcranial pulse stimulation (TPS), and
intermittent theta burst stimulation (iTBS),
have all been tested on patients with
Alzheimer’s disease (AD) with varied
effectiveness.

Nutrition interventions, which can be
performed by supplementation of a
combined formula, specific active
ingredients or probiotics, or nutritional
guidance, have shown beneficial effects
on both cognition and function of
patients with prodromal and mild AD.

Factors such as type of intervention, sample
size, targeted cohort, standardized protocol,
primary and secondary outcome measures
need to be carefully considered when
designing randomized controlled trials
(RCTs) for further investigations.
Interventions on individuals at more severe
stages, outcomes of increase in QoL and
decrease in caregivers’ burdens are things to
be investigated in future studies.
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INTRODUCTION

Alzheimer’s disease (AD) is a chronic progressive
neurodegenerative disorder which may impair
multiple cognitive domains, cause loss of
motivation, and disrupt daily activities and
social functions, and subsequently affect quality
of life (QoL) of both patients and their care-
givers and families. It has been estimated that
35 million people and their families live with a
diagnosis of AD or related dementia worldwide
[1]. Numerous clinical trials have been per-
formed or are ongoing; however, AD is still an
untreatable disease and the most common
cause of dementia at present. In the past dec-
ades, efforts have been made to develop disease-
modifying therapies and symptomatic treat-
ments, including therapies targeting amyloid-
beta, amyloid-related proteins, tau, or therapies
used for improving cognition or other AD-re-
lated conditions such as gait disorder and neu-
ropsychiatric and behavioral symptoms. To
date, no disease-modifying therapies seem to
significantly delay or even reverse the progres-
sion of the disease, while symptomatic treat-
ments seem to be more effective in achieving
short-term improvements. However, even for
the acetylcholinesterase inhibitors (AChEIs),
which remain the mainstream of medication for
symptom relief, their effects stay within a range,
and no additional benefit is added with
increased doses or prolonged treatment [2, 3].
Therefore, recent research has indicated that
the intervention should be multifocal and
multidisciplinary to maximize the beneficial
effects.

The repeated failures in the development of
pharmacological treatments for AD have
aroused increasing interests in developing
alternative nonpharmacological interventions,
with various major trials, such as the EXERT
(https://clinicaltrials.gov/ct2/show/
NCT02814526), FINGER(https://clinicaltrials.
gov/ct2/show/NCT05109169?term=
FINGER&draw=2&rank=1), and POINTER
(https://clinicaltrials.gov/ct2/show/
NCT03688126) studies underway. Though no
general agreement has been reached on these
approaches, studies based on the

epidemiological findings have emerged as well
as practical practice, and some have shown
beneficial effects of these management approa-
ches to different extents. Increasing evidence
suggests that these nonpharmacological inter-
ventions or complementary treatments may be
optimal routes to relieve physical and mental
symptoms without causing serious side effects
[4]. This narrative review comprehensively
summarizes clinical trials of non-drug AD
therapies published in the past decade, includ-
ing cognitive-oriented interventions, physical
exercise interventions, brain stimulation, as
well as nutrition supplementations. We also
detail the positive and negative outcomes of
these clinical trials, together with the critical
factors that may affect the trial outcomes,
including the interventional approaches, the
tested cohorts, the settings of observing out-
comes, and the duration of follow-ups, aiming
to point out the advantages and limitations of
the trial design, and thereby, to provide valu-
able information for application of these inter-
ventions in clinical practice and assist with
optimization of clinical trial designs in the field.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

SEARCH STRATEGY
AND SELECTION CRITERIA

The literature search included terms ‘‘Alzhei-
mer’s disease’’, ‘‘treatment’’, ‘‘clinical research’’
or ‘‘clinical trial’’ or ‘‘clinical study’’. For
PubMed, the search strategy is (Alzheimer’s
disease) AND (treatment) AND ((clinical
research) OR (clinical trial) OR (clinical study));
for Embase, the search strategy is ((clinical
research or clinical trial or clinical study) and
Alzheimer’s disease and treatment); for
Cochrane Library, the search strategy is (Alz-
heimer’s disease) AND (treatment) AND ((clini-
cal research) OR (clinical trial) OR (clinical
study)). Papers published in English between
2010 and 2021 and limited to human studies
were collected for subsequent screening. Addi-
tional articles were selected on the basis of
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articles in these searches. Regarding nutritional
supplements, an additional search was con-
ducted on ClinicalTrials.gov, showing several
ongoing clinical studies, including Mediter-
ranean diet (NCT03841539, NCT04439097),
modified Atkins diet (NCT02521818), ketogenic
diet (NCT03690193), low-protein diet
(NCT05480358) as well as olive oil leaves
(NCT04440020). These studies have not been
completed and/or the results have not been
published yet; thus, they were not included in
the present review.

The search results were reviewed by two
authors independently, and any discrepancies
were evaluated by a third author. Duplicate
studies from the same cohort were removed
manually using Endnote 20. Original full-text
research articles on clinical non-drug interven-
tion in AD were included. Exclusion criteria
were drug-related interventions, animal and cell
studies, reviews, letters, case reports, commen-
taries, and protocols. Studies on different dis-
ease stages were searched and included;
however, studies on prodromal AD did not
appear in search results for nonpharmacological
interventions other than nutritional interven-
tions. In addition, this review was particularly
focused on interventions as treatments or
symptom reliefs for AD; thus, articles with a
main focus on prevention of disease or reducing
disease risks were not included.

COGNITIVE-ORIENTED
INTERVENTIONS

Cognitive-oriented interventions are composed
of three main types, namely cognitive training,
cognitive stimulation, and individualized cog-
nitive rehabilitation. These interventions have
received increasing attention in recent years as
preventive or enhancing treatment for AD [5].
The randomized controlled trials (RCTs) of
cognitive-oriented interventions on individuals
with AD published in the last decade are sum-
marized in Table 1.

Cognitive Training

Cognitive training is the first established non-
pharmacological intervention that focuses on a
particular cognitive function in dementia, e.g.,
memory, attention, language, or executive
functions. It improves dementia-associated
cognition by completing some theoretically
driven standard tasks to improve or maintain
the normal functioning of the targeted cogni-
tive domains as long as possible [6]. For
instance, it has been reported that the adaptive
chunking training provided to patients with
mild AD has led to significant improvements in
verbal working memory performance, which
was evidenced by reduced task-related activa-
tion of the lateral prefrontal and parietal cortex
on functional magnetic resonance imaging
(fMRI), indicating that chunking-based cogni-
tive training may help maintain cognitive
functions in early stage of AD [7]. For another
instance, prospective memory refers to remem-
bering to perform an intended action in the
future (e.g., taking medications, turning off an
oven), and deficits in prospective memory are
pronounced in patients with AD even in very
mild or preclinical stages [8]. A simple perspec-
tive memory encoding strategy has shown
effectiveness in restoring prospective memory
function in older adults and individuals with
very mild AD [9]. In addition, utilizing fMRI
echo planar with blood oxygenation level
dependent (BOLD) contrast revealed increased
activation of the bilateral superior temporal
gyrus, the right lentiform nucleus, and thala-
mus following interventions [10]. The magni-
tude of activation in the left superior gyrus,
precuneus, and left thalamus was correlated
with change in cognitive assessments [10].
These fMRI data correlated well with the neu-
ropsychological and neurobehavioral measures,
which supports the notion that multidimen-
sional stimulation targeting cognition, behav-
ior, and motor functioning significantly
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improved cognitive-behavioral status of
patients with AD at least partially by restoring
neural functioning [10]. Improved cognitive
performance, including memory, attention, and
language, was also observed after a culture-
specific picture-based cognitive training on
patients with early AD [11]. Overall, the cogni-
tive training seemed to be effective to the tar-
geted cognitive domains, and its functional
effectiveness correlated well with the fMRI data,
indicating that fMRI could be included as an
observing outcome for this type of clinical
study. However, no publications or registered
RCTs comparing the effects of cognitive train-
ing and donepezil were found. Shortcomings of
cognitive training may exist, such as lack of
sufficient training provider, the narrow AD
cohort that may benefit from the training, and
the relatively short duration of effects following
training. In addition, the standardized training
protocol may not benefit each individual
patient, yielding the need for individualized
patient management. Furthermore, the effects
of cognitive training are relatively difficult to
compare across studies for subsequent opti-
mization because of lack of standardized pro-
tocols. Resolving or improving these issues
requires longitudinal studies and standardized
methodologies.

Cognitive Stimulation

Cognitive stimulation therapy (CST) is a model
based on the theories and evidence in the
Cochrane Review of Reality Orientation data-
base [12]. Cognitive stimulation typically refers
to a wide range of group activities and discus-
sions, including reminiscence therapy and
reality orientation therapy, aiming to enhance
the general cognitive and social functioning of
the individual. This approach has been recom-
mended in the 2006 NICE guideline to be used
as a routine procedure for those with mild-to-
moderate dementia, based on the result show-
ing that this approach was at least as effective as
cholinesterase inhibitors (ChEIs) to reduce
cognitive decline [13]. CST also helps patients
with dementia via enhancing certain cognitive
areas, including memory, orientation, language

comprehension, coping and adaptation skills,
facilitating communication, ensuring sustain-
ability, decreasing anxiety and depression, and
consequently improving their QoL [14–16]. In
addition, CST in combination with emotion
recognition rehabilitation has generated better
outcomes in emotion identification as well as
precision and speed of processing compared to
the CST only group [17].

Reminiscence therapy is a non-specific
stimulation treatment that uses all the senses as
memory triggers (e.g., audiovisual materials) to
help individuals with dementia remember
events, people, and places from their past lives,
verbally or nonverbally, alone or with a group,
in order to increase the adaptation to the pre-
sent time [18]. This is because individuals with
dementia often preserve remote memories, so
they are usually able to recall events from youth
or even childhood, but not from earlier on the
same day (ecmnesia). Positive memories, speci-
fic subjects for sessions, and a general summa-
rization and evaluation for the closing session
are highly recommended for reminiscence
therapy [19]. A 12-week reminiscence therapy
for patients with mild-to-moderate AD showed
increased cognitive levels (assessed by stan-
dardized Mini Mental Test) but decreased
depressive emotions (assessed by Geriatric
Depression Scale, GDS) [20]. In addition, a
computerized process-based cognitive training
combined with reminiscence therapy has
demonstrated positive effects on cognition
(assessed by Mini-Mental State Examination,
MMSE) and functional abilities (assessed by
instrumental activities of daily living, ADL) in
patients with mild AD [21]. The clinical trial of a
reminiscence therapy on a Chinese cohort is
still ongoing [22]. For reminiscence therapy,
audiovisual materials are often used to trigger
the retrieval of autobiographical memories.
Familiar music seems to be a privileged stimulus
to influence emotions and memory in patients
with AD or dementia, and musical memory
appears to be a relative preservation in AD
[23, 24]. On the basis of this evidence, music-
based therapies alone [25] or in combination
with visual stimulation [26] have been actively
studied in clinical trials and resulted in positive
outcomes in cognition, emotion, and behavior.
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Furthermore, the most significant improve-
ments in emotion and behaviors of mild-to-
moderate AD cases have been observed when
using 40 Hz for rhythmic sensory stimulation
[26].

On the other hand, CST incorporates the
positive aspects of reality orientation therapy,
which presents patients with continuous
memory and orientation information related to
personal issues and living environment, and
uses such repeated stimulation to person, time,
and place in both group and individual settings.
During each session, the individual is encour-
aged to discuss topics related to recent events,
personal interests, or daily routines [27]. The
RCT has revealed that a mindfulness stimula-
tion may maintain cognitive function for
donepezil-treated patients with AD, which was
equivalent to cognitive stimulation and supe-
rior to muscle relaxation, and thus could be
used as a nonpharmacological treatment for AD
[28]. In another RCT, the 6-month reality ori-
entation combined with AChEIs improved
cognitive outcomes whereas AChEIs only did
not, suggesting the potentiality of reality ori-
entation as a valuable complementary inter-
vention for AD-related dementia [29]. The
problem is that CST appears to benefit cogni-
tion only in a short-term manner (e.g., during
the intervention period), but not in a long-term
manner (e.g., 6 or 24 months after intervention)
[30]. The long-term benefits of maintenance of
CST are being tested on patients with early and
mild-stage dementia [31].

Individualized Cognitive Rehabilitation

Initially developed through work with younger
brain-injured patients, cognitive rehabilitation
has been increasingly discussed and applied in
the field of dementia. Cognitive rehabilitation
refers to an individualized interventional pro-
gram which addresses specific functional diffi-
culties and sets realistic goals to help patients
and their families in daily life. The rehabilita-
tion program focuses mainly on developing
compensatory strategies for impairment and
improving the individual’s performance in daily
situations to some extent, rather than on

cognitive performance itself, and main care-
givers are often involved in the studies as well
[6, 32]. Therefore, the instrumental ADL, the
goal performance, the individual’s satisfaction,
and the caregiver’s burden are usually the pri-
mary measures for this type of intervention
[33–35]. In a parallel-group trial comparing
cognitive training, reminiscence therapy, and
individualized cognitive rehabilitation to usual
care, only individualized cognitive rehabilita-
tion, but not the other two, significantly low-
ered functional disability and delayed
institutionalization [36]. In addition, the man-
ual-guided cognitive rehabilitation intervention
was superior to standardized cognitive training
in non-cognitive domains such as QoL rather
than cognitive functions [37]. Furthermore, the
individualized cognitive rehabilitation also
helps patients and their caregivers mentally or
psychologically. In a preliminary open trial, the
cognitive-behavioral intervention reduced
patients’ depression and caregivers’ distress
simultaneously, and such a reduction was
maintained at the 3-month follow-up after
intervention, although the results need to be
further confirmed because of the small sample
size and lack of controls [38]. Additionally,
further cognitive rehabilitation studies should
pay close attention to the aberrant motor
behaviors (AMB), which refer to aimless move-
ment without a specific purpose and leads to
early institutionalization and caregivers’ burden
in patients with AD. In another 4-week home-
based trial of cognitive rehabilitation for learn-
ing/relearning an instrumental ADL, patients
with AD in the intervention group had
increased AMB [39], which required further
investigations in larger-scaled trials. The inter-
vention may be provided in various ways. In the
comparison of three cognitive rehabilitation
programs, positive outcomes (decreased
depressive symptomology, improved instru-
mental ADL) have only been observed in the
groups with Memo? (a paper and pencil mem-
ory training program) and SenseCam (a wear-
able camera used as a passive external memory
aid), but not in the group with written diary (a
personal journal) [33], indicating the impor-
tance of selecting appropriate ways to deliver
the intervention. Though early diagnosis and
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intervention is believed to be critical and rec-
ommended for individuals with AD, early psy-
chosocial intervention including education,
counseling, and social support did not seem to
benefit the patient’s disease progression or delay
the patient’s institutionalization compared to
controls [40].

Assessments of Outcomes

Firstly, the evaluation and re-evaluation of sta-
tus of different cognitive domains should be a
major part of the outcome assessments. MMSE,
Alzheimer’s Disease Assessment Scale-Cognitive
subscale (ADAS-Cog), and Cambridge Cognitive
Examination (CAMCOG) are the most com-
monly used cognitive assessments in these sce-
narios. MMSE is a widely used test of multiple
cognitive domains including orientation,
attention, memory, language, and visual-spatial
skills. ADAS-Cog is the FDA-approved cognitive
measure for drug RCTs. CAMCOG is a

standardized instrument for measuring the
extent of cognitive impairment or dementia
which has been used for decades. Apart from
these global measures, changes in specific cog-
nitive domains, including attention, memory,
language, executive function, processing speed,
etc., should also be carefully examined. For
instance, the Trail Making A&B tests are mainly
used to assess visual scanning/processing speed
and executive functions, respectively.

Secondly, in addition to traditional assess-
ments for cognitive domains, the measurement
of behavioral disturbances is also critical for the
evaluation of trial outcomes, since these symp-
toms affect up to 90–98% of patients with AD in
all stages of the disease [41] and often lower
QoL of patients and their caregivers [42]. Thus,
when designing clinical trials of cognitive
rehabilitation for AD, assessing changes of
behavioral and psychological symptoms of
dementia (BPSD), especially AMB, needs to be
taken into consideration. Unlike other BPSD

Fig. 1 Summary of total time of interventional sessions
and measures of outcomes. Total time of interventional
sessions can be calculated for ten reviewed trials in Table 1
owing to availability of the information in the original
article, including two trials of cognitive training (red), six
trials of cognitive stimulation (green), and two trials of
cognitive rehabilitation (purple). The average time of
intervention is 42 h for cognitive training, 12 h for

cognitive stimulation, and 15 h for cognitive rehabilitation.
The assessment of outcomes includes (1) cognitive
domains (left flask); (2) neuropsychological measures
(middle flask); (3) QoL & ADL (right flask). Each trial
has been put into these three flasks on the basis of their
outcome measurements
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such as depression and delusions, which were
reported to be improved after cognitive inter-
ventions, AMB was observed to be worsened
[39]. Several studies have shown that AMB
symptoms are correlated with the severity of
cognitive impairment, and tend to increase
throughout the natural course of AD [43, 44]. It
is common in patients with AD and leads to
early institutionalization and caregivers’ bur-
den. The worsening in AMB observed in
patients with AD may be explained at least
partly by increased anxiety during intervention
and, therefore, it is necessary to integrate
relaxing components into cognitive interven-
tion programs, such as listening to soothing
music and aromatherapy [45], which may help
the patients to cope better with the disease- or
intervention-induced stress. Several hypotheses
have been developed to explain the increase of
AMB during the cognitive intervention for AD,
among which the reduced stress-threshold
model [46] provides a most plausible explana-
tion. The psychological symptoms can also be
evaluated by other useful tools such as the
Neuropsychiatric Inventory (NPI), or depres-
sion- and anxiety-specific assessments, e.g.,
Cornell Scale for Depression in Dementia
(CSDD) and Hamilton Depression Rating Scale
(HDRS).

Thirdly, since AD is a chronic progressive
disease and requires long-term clinical man-
agement, we also need to pay attention to the
QoL of both the patients and their caregivers.
Apart from the questionnaire of QoL and the
carer’s burden, factors that may affect QoL,
including Barthel Index (BI) for daily activities,
ADL, delay of institutionalization, should also
be evaluated.

Limitations

The inconsistency of the results is one of the
biggest problems when developing these cog-
nitive-based approaches into clinical practice.
The discrepancies were largely due to the dif-
ferences in sample size, methodological
heterogeneity in different studies, and notably
the bias in intervention protocols, follow-up
strategies, outcome measures, which also

impede drawing solid conclusions. Addition-
ally, it is largely unknown whether severe AD
cases will achieve any benefits from this type of
nonpharmacological intervention.

Therefore, we need to highlight the need for
additional well-designed RCTs with larger sam-
ple sizes and outcome measures beyond the
direct cognitive outcomes evaluated simulta-
neously. A summary of total time of interven-
tional sessions and measures of outcomes (1.
cognitive domains; 2. neuropsychological mea-
sures; 3. QoL & ADL) of reviewed trials, whereby
information is available in the original article, is
shown in Fig. 1.

PHYSICAL EXERCISE
INTERVENTIONS

It has been well documented that poor physical
function and muscle strength coexist in
patients with dementia, which is associated
with adverse events such as gait abnormalities,
risk of falls, fall-related fracture, increased sus-
ceptibility to injury, and other comorbidities. In
addition, recent studies suggested that walking
might be considered as a cognitive process and
that cognitive dysfunction, such as executive
dysfunction, was associated with gait distur-
bances and subsequent falls in patients with AD
[47]. Therefore, physical exercises have been
proposed to be an effective type of intervention
for improving physical health and well-being of
patients with dementia, based on the observa-
tional evidence showing that higher levels of
physical activity and cardiorespiratory fitness
are strongly associated with less brain atrophy,
less harmful effects of cerebral amyloid on
cognition, and reduced risk of dementia
[48–51]. Though the mechanisms remain lar-
gely unclear, one study has shown that a
12-month exercise regimen effectively pre-
vented falls not only in mild AD but also in
advanced AD [52]. Physical exercises not only
improve physical health of patients with AD but
also bring additional benefits by reducing BPSD
[53] and enhancing performance in ADL [54].
Furthermore, epidemiological research suggests
exercise training as a nonpharmacological
approach to protect against AD [55–57], which
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is evidenced by changes in brain structures such
as increased hippocampus size [58] and upreg-
ulation of brain neurogenesis [59].

Physical exercise intervention for AD can be
performed by specific exercise program (often
aerobic exercise) with moderate-to-high inten-
sity, or exercise based on individuals own
exercise habits with low intensity; the inter-
vention can be either home-based or group-
based, either single-task, dual-task, or multitask
training. The RCTs of physical exercise inter-
ventions on individuals with AD published in
the last decade are summarized in Table 2.

Different Types of Physical Exercise
Interventions

Aerobic exercise offers a low-cost, low-risk,
widely available intervention that may have
disease-modifying effects. A 26-week aerobic
exercise training with moderate intensity
improved functional ability compared to non-
aerobic exercise in older adults with probable
AD [60], while another 16-week aerobic exercise
training with moderate-to-high intensity was
superior to usual care in the improvement of
cardiorespiratory fitness, single-task and dual-
task physical performance, and exercise self-ef-
ficacy in patients with mild AD with high
attendance [61, 62]; however, neither inter-
vention exerts markedly positive effects on
cognitive domains. Different results have been
observed in another two trials, in which
3-month aerobic exercise training improved
cognitive function and QoL in patients with
mild AD [63, 64]. The cognitive improvement,
as demonstrated by improved Stroop color
naming test and Trail Making A&B tests, was
likely to be achieved by improving brain energy
metabolism via increasing ketone utilization
while maintaining brain glucose uptake [64].
One large-scale RCT for observing the effec-
tiveness of 6-month moderate-intensity cycling
intervention on global cognition of mild-to-
moderate AD is still ongoing, and vascular
biomarkers for cardiorespiratory fitness will be
measured simultaneously [65]. Not just in older
adults without cognitive decline [66], exercise
also reduced the number of falls in those with

advanced AD [52, 67]. Home-based exercise
with physical and cognitive stimuli combined
in one program has demonstrated transfer
effects to ADL, cognitive and physical perfor-
mance in patients with AD [68], and more
importantly home-based exercise appeared to
contribute more benefits in executive function
than group-based exercise [52, 67]. A 12-week
dual-task training of patients with AD has
shown improvements in multiple aspects
including cognitive functions, depressive status,
aerobic fitness, etc., which were associated with
an increase in brain oscillation (the electrical
activity of the cerebral cortex recorded by EEG)
and decrease in theta/alpha ratio [69], indicated
as improved cerebral blood flow, cognitive
function, and occipital gray matter density [70].
In addition, improved balance and increased
muscle strength in the same study is especially
important, as balance and mobility impair-
ments in patients with AD are associated with
the risk of falling and reduced QoL [69]. Exercise
based on individuals own habits is an easier,
safer, and feasible way to deliver physical
intervention to patients with AD. For instance,
regular walking is effective to benefit individu-
als with sundown syndrome [71], which is
regarded as the appearance or increase in neu-
ropsychiatric symptoms in the late afternoon,
evening, or at night, with a prevalence of
approximately 66% in community-dwelling
patients with AD [72]. Even lower levels of
weekly energy expenditure may be associated
with health benefits, but not with cognitive
improvements, for older patients with mild-to-
moderate AD [73].

Intensity and Duration of Intervention

Physical exercise intervention is a promising
approach to maintain or improve body fitness
and functional ability for patients with mild
AD, which may in turn improve ADL perfor-
mance and QoL, and reduce fall risks. However,
it remains uncertain whether physical exercise
is beneficial for cognition in AD. Beneficial
cognitive outcomes were seen in some but not
all of the reported clinical trials, and often
existed during the intervention period, but not
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in the long term. As a result of the hetero-
geneity of reported training methods (e.g., aer-
obic training on treadmill, cycling, home-based
physical activities), training intensities (mild,
moderate to high), durations (3, 4, 6, 12,
24 months), and outcome measures (global
cognition and specific domains), and small
sample size that limits the power to detect sig-
nificant group effects, it is hard to draw a solid
conclusion about optimized protocols of this
type of intervention. Therefore, large-scale
comparative studies are needed to explore the
most effective type of exercise intervention, the
necessary amount of exercise, the most sensitive
and significant outcome measures, and strong
evidence for physical activity affecting patients’
cognition. Moreover, cohorts with severe AD or
early-onset familial AD should also be studied
for the possibility of using this type of
intervention.

BRAIN STIMULATION

Brain stimulation techniques, including deep
brain stimulation (DBS), transcranial direct
current stimulation (tDCS), repetitive transcra-
nial magnetic stimulation (rTMS), transcranial
pulse stimulation (TPS), and intermittent theta
burst stimulation (iTBS), can regulate cognitive
functions in a variety of neuropsychiatric dis-
eases. Previous studies have shown some
promising effects of brain stimulation in the
treatment of AD. The RCTs of brain stimulation
on individuals with AD published in the last
decade are summarized in Table 3.

Deep Brain Stimulation (DBS)

DBS is an invasive neurosurgical technique that
modulates neuron activity by using internal
pulse generators connected to electrodes in
specific areas of the brain. DBS of the fornix or
nucleus basalis of Meynert seemed to be safe
and well tolerated in patients with AD in an
observatory period of 12 months [74–76], with-
out any obvious nutritional side effect [76].
Within 12 months post implantation, although
mean hippocampal atrophy was significantly
slower [75], cognitive functions were not

significantly different between positive-treated
and sham-treated groups, and cerebral glucose
metabolism was only found to be increased at
6 months but not at 12 months post implanta-
tion [74].

Transcranial Direct Current Stimulation
(tDCS)

tDCS is a non-invasive technique and works by
inducing a low direct current in the cortical area
of interest. During the procedure, small elec-
trodes are placed on the scalp above the tar-
geted brain area. This stimulation facilitates
cortical excitability and thereby neuroplasticity
[77]. Compared to other brain stimulation
techniques, tDCS is relatively simple, safe, por-
table, and inexpensive to administer. These
merits are very important for tDCS to be
administered for a long time at home. An
increasing number of clinical studies have
reported the potential of tDCS in enhancing
cognition of individuals with cognitive impair-
ment. A short period (10 days) of stimulation at
the left temporal cortex failed to improve verbal
memory function significantly [78], whereas a
longer period (6 months) of stimulation at the
dorsolateral prefrontal cortex improved global
cognition and language function [79]. It is
noteworthy that in advanced AD cases, anodal
tDCS appeared to be able to maintain the level
of neuropsychological performance and slow
down the progression of AD both for the short-
term (10 days) and long-term (over 8 months)
intervention [80].

Repetitive Transcranial Magnetic
Stimulation (rTMS)

The rTMS technique has been reported as a safe
and non-invasive tool to regulate and balance
the activity of neural cells. When applied
repetitively, rTMS can either stimulates (e.g.,
using 5–20 Hz stimulation) or suppresses (e.g.,
using B 1 Hz stimulation) excitability of corti-
cal neurons by producing magnetic fields to
modulate the synaptic activities of neuronal
circuits across specific brain networks [81]. Most
of the studies have chosen the dorsolateral
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prefrontal cortex (DLPFC) as the target brain
region because of its neuroplasticity and critical
role in cognition [82]. A 6-week rTMS inter-
vention significantly improved global cognitive
functions as well as memory and language
levels especially in the mild stage of AD [83].
The improved visual recognition memory
functions and clock drawing scores after left
lateral parietal rTMS were associated with ele-
vated peripheral BDNF levels and antioxidant
capacity [84]. rTMS is often administered with
cognitive training, and previous reports found
that patients with mild-to-moderate AD treated
with a combined therapy of cognitive training
and real rTMS showed excellent safety profile
and high adherence, as well as more benefits in
cognition than those receiving cognitive train-
ing and sham rTMS [85–87].

Transcranial Pulse Stimulation (TPS)

TPS is a novel ultrasound sonication technique
for clinical applications, which is based on sin-
gle ultrasound pulses (3 ls) repeated every
200–300 ms. Ultrasound is the first technique
that allows non-invasive DBS and can be reli-
ably targeted [88]. This also enables a control-
lable stimulation of a target brain region
without affecting other brain areas. The neu-
ropsychological scores improved significantly
after TPS treatment in patients with probable
AD, which was associated with upregulation of
memory network and could last up to 3 months
[89]. In the follow-up study, the pre-to-post
analysis revealed a significant improvement in
neuropsychological test battery, which was
associated with a reduced cortical atrophy
within AD critical brain regions [90]. For future
research on the application of TPS in patients
with AD, a standard brain sonication concept
must be developed, including standardizations
of local skull thickness for the inclusion criteria.
Cognitive training should also be considered as
a combined treatment with TPS in future
studies.

Intermittent Theta Burst Stimulation
(iTBS)

iTBS is a novel brain stimulation technique that
enables elevated cortical excitability more
rapidly than conventional rTMS [91]; however,
research of its application in the treatment of
AD is very limited. There was only one pilot
study published within the reviewed period,
showing that iTBS of the left DLPFC of patients
with AD improved association memory (AM)
and other cognitive performance including
memory, attention, executive, and language
functions, which were negatively correlated
with connectivity of the DLPFC and right pre-
cuneus [92]. Blinded RCTs with a larger sample
size are needed to confirm these results and
identify optimized treatment parameters.

Limitations and Future Research
Directions of Brain Stimulation in Patients
with AD

The long-term effects of brain stimulation on
cognitive performance of patients with AD are
still largely unclear, and further research to
quantify these effects is of clear value. Further
research could focus on following up individu-
als who benefit from this type of treatment
throughout a period of up to 1 year after the
intervention course to work out the longevity of
the effects, and on exploring the time course of
efficacy. Additionally, further research on more
severe patients may be valuable as well, in
which a higher stimulation intensity relative to
motor threshold may be required to increase
efficacy. Finally, the exact neurobiological
mechanisms of brain stimulation remain to be
further elucidated.

NUTRITION SUPPLEMENTATIONS

Diet is an important modifiable risk factor for
mild cognitive impairment (MCI) and dementia
[93], and a nutrient intervention in MCI
showed beneficial effects on brain atrophy [94].
The nutrient intervention is unlikely to produce
a swift effect in a short period of time; therefore,
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clinical trials in this area often take several
months or even years to observe the outcomes.
The RCTs of nutritional interventions on indi-
viduals with AD published in the last decade are
summarized in Table 4.

A 24-month nutrient supplementation (a
combined formula including docosahexaenoic
acid (DHA), eicosapentaenoic acid (EPA), vita-
min B12, B6, C, E, and folic acid, etc.) for
patients with prodromal AD resulted in benefi-
cial effects on cognition and function and hip-
pocampal atrophy measures (secondary
outcome), but not on neuropsychological test
battery (primary outcome) [95]. When admin-
istrating a nutrient supplementation (Souve-
naid) of similar ingredients, a significant
increase in the exploratory memory outcome
was observed in addition to good tolerability,
safety, and high intake adherence [96, 97].
Moreover, a combined formula has also been
administered in another large-scale trial, and
the cognitive and behavioral performance of
the active-treated group improved over 3–-
6 months and was maintained during open-la-
bel extensions [98, 99]. These critical nutrient
ingredients have also been tested separately in
different studies. For instance, as part of the
OmegAD study, the cognitive function of
patients with mild-to-moderate AD was pre-
served with the increase of plasma omega-3
fatty acid (x3 FA) levels [100], and a 6-month
supplementation of dietary DHA led to an
increased plasma concentration of DHA and
EPA, as well as an upregulated global DNA
hypomethylation in peripheral blood leuko-
cytes (PBLs), which may influence inflamma-
tory and other critical processes during AD
progression [101]. However, the daily supple-
mentation of EPA- and DHA-enriched omega-3
polyunsaturated fatty acids (PUFAs) did not
seem to have obvious benefits in cognition or
mood for individuals with cognitive impair-
ment or dementia [102]. Low serum folate levels
can alter inflammatory reactions in AD; there-
fore, supplementation of folic acid is beneficial
to patients with AD at different disease stages
[103]. Cognitive improvement was only detec-
ted in ApoE4 noncarriers after a 3-month
administration of medium-chain triglyceride-
containing food [104]. Supplementation with

Macushield (including meso-zeaxanthin, lutein,
and zeaxanthin) has merely improved visual
function but not cognitive function in patients
with AD [105]. Supplementation of scallop-
derived purified plasmalogen has improved
cognitive function in mild AD [106], while
supplementation of soy isoflavones has not
[107]. On the basis of the association between
changes in microbiota and cognitive behaviors
through the gut–brain axis, probiotics have
been added into the nutritional supplementa-
tions and showed positive outcomes in cogni-
tive improvements as indicated by elevated
MMSE score and changed metabolic status
[108, 109], suggesting their potential as a non-
pharmacological intervention for patients with
mild AD. In addition to the aforementioned
nutrients or their critical components, amino
acids are also being used to ameliorate the
cognitive impairment. Previously in a clinical
trial of middle-aged and older adults, seven
essential amino acids (Leu, Phe, Lys, Ile, His,
Val, Trp) showed beneficial effects on the
improvement of cognitive and psychosocial
functioning [110]. More recently, oral adminis-
tration of combined metabolic precursors
(CMAs), consisting of NAD? and glutathione
precursors, improved cognitive functions in
patients with AD as indicated by significantly
decreased ADAS-Cog score on day 84 compared
to baseline (preprint: https://doi.org/10.1101/
2021.07.14.21260511).

Apart from nutrient formula supplementa-
tion, nutritional guidance is a different type of
intervention, which is particularly important
for home-dwelling patients with AD and their
families to maintain appropriate nutritional
status, improve QoL, and prevent falls. The
guidance with high feasibility has inspired these
studied AD families to make positive changes in
and positive attitudes toward diets and nutri-
tion [111], thus improving QoL and reducing
rate of falls without any change in body weight
[112].
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LIMITATIONS AND FUTURE
DIRECTIONS

Several factors must be carefully considered
when designing future clinical trials for the
nonpharmacological interventions. Firstly, like
pharmacological treatments, the non-drug
interventions may tend to be influenced by
some confounding factors, e.g., participants’
‘‘everyday’’ and ‘‘clinical day’’ variables [113], as
well as cultural differences [114]. These hidden
variables may have the potential to obscure the
perceived efficacy of an intervention. Some
statistical approaches such as stratification and
multivariate modeling are utilized to minimize
the potential influence of confounding vari-
ables; however, these approaches require large
sample sizes to obtain sufficient statistical
power. Alternatively, adopting pair-matched,
case-controlled studies may also reduce the
influence of confounders. Therefore, large
sample trials or carefully designed pair-matched
studies may be needed to eliminate the dis-
torted effects.

Secondly, as cognitive impairment in
dementia is progressive because of neurode-
generation or aging dystrophy, the evaluation
of efficacy in the short-term period may
emphasize the superficial initial results. For
instance, when short-term cognition was
detected to be improved following a compre-
hensive intervention, such benefits disappeared
during a long-term follow-up period of
24 months [30]. The same situation was seen for
physical exercise interventions, where cogni-
tion (indicated by MMSE) was not improved at a
2-year follow-up visit [73]. Regarding the
nutritional interventions (Table 4), beneficial
cognitive outcome was observed in a follow-up
period of less than 6 months, but often disap-
peared when follow-up was longer than
6 months. Although overwhelming, the reality
here should trigger us to rethink the direction of
developing non-drug interventional strategies
for patients with AD. Therefore, when designing
future studies, the effects of interventions
should be confirmed in the long-term course
with placebo or sham stimulations.

Thirdly, it is noteworthy that some non-
pharmacological treatments may include a
time-dependent dilution (so-called placebo
effects) as a resolution of reactive neuropsychi-
atric symptoms against temporary psychosocial
conflicts, which may secondarily improve the
QoL in individuals with dementia. Thus, these
invisible hidden effects must be critically
reconsidered to avoid drawing an incorrect
conclusion. Other factors, such as study dura-
tion, sample size, and study design may affect
the placebo response [115]. As time-dependent
effects play a crucial role in drawing a conclu-
sion on effectiveness of an intervention, and
data from current clinical trials may not be
sufficient to draw a firm conclusion, placebo-
controlled studies should be performed wher-
ever possible in the future. In addition, utiliza-
tion of a control database with model
predictions conditioned for baseline severity
may also be considered as an option to evaluate
placebo response. Hopefully, more conclusions
would be approached for these non-drug inter-
ventions for AD.

CONCLUSIONS

The clinical management of patients with AD
and dementia is a significant public health
concern because of the lack of effective treat-
ments for AD at the moment, especially lack of
disease-modifying therapies. The research and
development of effective nonpharmacological
interventions for controlling the symptoms of
patients with AD and relieving the heavy bur-
den posed on our society is therefore of great
importance. The exploration for nonpharma-
cological intervention of AD is still an ongoing
and expanding area of interest. Performing
these interventions requires practical consider-
ations, as these processes are usually continuous
particularly when long-term effects on patients
and extra benefits for carers are expected. The
aims of clinical trials are to develop effective
strategies that will maximize tolerance and
efficacy, and minimize risks the intervention
itself may bring. Therefore, several aspects
should be considered, including type of inter-
vention, sample size, targeted cohort,
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standardized protocol, primary and secondary
outcome measures, etc. In addition to cognitive
improvements, the next step is to focus on
maintaining independence in daily life,
increasing the QoL, and releasing the caregivers’
burdens.
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