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Abstract—(1) Background: The purpose of this systematic
review is to find the incidence of dementia in adults with
cognitive, developmental, or physical disabilities and the
prescribed treatments for those comorbidities. The findings will
be used to determine the possible interventions for robots in the
treatment for comorbid dementia. (2) Methods: The studies
included in this review focused on the incidence of dementia
among various disabilities and the prescribed treatments,
published between 2018 and 2023, written in English, and have
full text availability. The databases used to collect the sources for
this review were Academic Search Premier, Gale Academic
Onefile, PubMed, Google Scholar, Web of Science, ProQuest,
and Scopus. Furthermore, data was collected through hazard
ratios (HR), adjusted hazard ratios (aHR), cases per number of
people-years, and percentage based on sample size or population.
No methods were selected to determine the risk of bias for the
sources. (3) Results: The methods of this review produced 30
sources to be included in the results. The highest hazard ratios
for the incidence of dementia depending on disease type are mild
behavioral impairment (MBI) with HR 8.07, mild cognitive
impairment (MCI) HR 7.05, and subjective cognitive decline
(SCD) with HR 6.81. These results are mostly consistent with the
findings for the cases per person-years data. Finally, the highest
comorbid illnesses with dementia, in terms of population size, are
type-2 diabetes (45.92%), type-2 diabetes with hypertension
(43.60%), and depression (42.90%). (4) Discussion: The
incidence of dementia is strongly correlated with the severity of
cognitive impairment caused by a disease. Furthermore, the best
instances where robots can fit in during the treatment and
prevention of dementia is through exercises that promote
cognitive function. (6) Funding: This systematic review received
no external funding.

Keywords—dementia, systematic review, comorbidity, incidence,
dementia treatments, alzhiemers disease, robots, robotics.

I. INTRODUCTION
The growth of the medical industry has increased the

average lifespan for adults. Coincidentally, the incidence of
dementia has also increased because cognitive impairment (CI)
is associated with old age. The conversion from the initial
diagnosis of mild cognitive decline (MCI) to dementia after a
single year is 18.4% [1]. Furthermore, the rate of conversion
from MCI to dementia increases as the duration and severity of

MCI increases over time [2]. A developing field of research is
looking into the incidence of dementia alongside different
cognitive, developmental, and physical disabilities. Robotics is
another growing field of technology that can provide many
benefits to healthcare applications, such as portable and
affordable assistance in elderly care, recovery, and hospital
settings.

The field of epidemiological studies with a focus on the
incidence of comorbid dementia is expanding. One review
suggested that depression may be one of many modifiable risk
factors for preventing and or delaying the onset of dementia [3].
An additional review linked various common risk factors
between dementia and various other disabilities, including both
modifiable and non-modifiable risk factors [4]; however,
additional research must be conducted to preview the large
scale incidence of dementia among people with cognitive,
developmental, and physical disabilities. One of the areas that
are heavily lacking in the current literature are studies that look
at treatment interactions for an illness on dementia or the
development thereof. Though current pharmaceutical studies
exist that support many treatments for comorbid dementia, few
studies have looked into non-pharmaceutical treatments for
comorbid dementia. To our current knowledge, no previous
study has been performed to look into robotic interventions
during the treatment of comorbid dementia for patients.
Therefore, in addition to finding the incidence of dementia
among cognitive, developmental, and physical disabilities, the
purpose of this systematic review is to analyze the current
literature on treatments for comorbid dementia that robots can
intervene. The first objective of this review is to see which
diseases or disorders have the highest incidence for dementia.
Additionally, the second objective of this review is to survey
the current treatments for comorbid dementia that robots can
intervene with and determine the ethics behind these
interventions.

II. MATERIALS AND METHODS

A. Protocol and Registration
The present systematic review follows the guidelines of the

Preferred Reporting Items for Systematic Reviews and Meta-
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Analyses (PRISMA) Statement. No adjustments were made to
the PRISMA format in this systematic review.

B. Eligibility Criteria
 Non-pharmaceutical. Pharmaceutical studies were
marked ineligible since non-drug related interventions
where robots can be placed were of greater value to this
review.

 Written in English. All reports included in this review
were to be writen in English to prevent translation
issues.

 Published between 2018 and 2023. All reports must
be published between 2018 and 2023. This is to ensure
the quality of the findings are relevant to the current
applications of dementia research.

 Open Full Text Availability. All reports must have
full texts available that are both accessible and free.

 Information Sources. The following is the list of
databases and the dates used to gather sources for this
review: Academic Search Premier, January 6, 2023;
Gale Academic Onefile, January 9, 2023; PubMed,
January 9, 2023; Google Scholar, January 10, 2023;
Web of Science, January 23, 2023; ProQuest, January
26, 2023; Scopus, January 27, 2023.

The primary keywords used in this systematic review are as
follows: dementia or dementia incidence, mental disability or
disorder, cognitive disability or disorder, developmental
disability or disorder, physical disability or disorder,
comorbidity, incidence, and treatment or treatments. The query
string varied slightly among the various databases due to the
lack of results one string would provide over another. For
instance, ProQuest did not provide any reports when given the
string “(dementia) AND (((mental OR cognitive) OR
developmental OR physical) AND (disability OR disorder))
AND incidence AND (treatment or treatments),” where
Scopus provided many. Instead, for the databases that did not
provide any sources given this first string, the secondary string,
“dementia incidence AND comorbidity AND treatments,” was
used.

An example search using the methods in this review is
conducted through Scopus. Using the “TITLE-ABS-KEY”
command and the string “(dementia) AND (((mental OR
cognitive) OR developmental OR physical) AND (disability
OR disorder)) AND incidence AND treatment*” provides
1090 reports. This search is refined by setting the publication
year range to be between 2018 and 2022. Furthermore, the
subject area was limited to neurology and psychology, the
language was set to English, and the state of the publication
was set to “final.” After refining the search using these
constraints, 39 reports are left remaining. This approach was
conducted similarly on all other databases included in this
review.

C. Study Selection
The reports in this review, after being collected from the

databases, underwent three stages of screening: title and
abstract screening, full text availability, and content screening.

1) Title and Abstract Screening
All reports underwent this first step of screening, which

involved looking through the titles and abstracts of the reports.
If the content of the titles or the abstracts did not fit the criteria
of this study, they were rejected and did not proceed to the
other two steps.

2) Full Text Availability
After going through the Title and Abstract Screening stage,

the reports were then screened for their full text availability. If
a full text was available for a certain report, then its PDF was
downloaded and the report proceeded to the Content Screen
stage. Otherwise, the report was rejected and did not continue
with the third and final stage.

3) Content Screening
If reports successfully passed the previous two steps, then

the entire contents of the reports were screened. The study
objective, methods, and discussion were the primary locations
where the reviewer would decide whether or not to include a
study in this review. If the content of a report fit within the
context of the review, then it was included in the data
collection process. The following is the list of reasons why
reports were excluded from this review: (1) report was a
review, (2) report did not discuss the incidence of comorbid
dementia nor corresponding treatments, (3) report has not yet
been conducted, or (4) report focuses on resulting illness from
dementia. The selection process was conducted by a single
reviewer. This decision was made in order to limit differences
in discretion between the inclusion of different reports.

D. Data Collection Process
The reports that remained after the screening stages

underwent the data collection process. During this process, the
methods, results, and discussion sections of the reports were
evaluated. The data that was gathered involved the incidence
of comorbid dementia and or the treatments for comorbid
dementia. Similar to the study selection process, the data
collection process was also conducted by a single reviewer. In
the situation where multiple studies intersected on a single
point of data, the average was taken between those studies.

E. Data Items
During the data collection process, the incidence of

dementia was reported differently among the various studies.
However, many studies included either the hazard ratios or
1000 person-years (or similar) of the incidence of dementia.
Additionally, the treatment method was also noted if it was
present in the study.

F. Risk of Bias
The primary risk of bias present in this study is due to the

discretion of the single reviewer. A stronger method of
preventing risk would involve multiple reviewers that gather
sources independently. This alternative method was not
selected because it was deemed unnecessary for the scope of
this review. Additionally, no methods were used to assess the
risk of bias.

G. Certainty Assessment
Although there was no standard practice of evaluating the

certainty of the body of evidence in this review, the limitations
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of each report were taken into consideration for how its
evidence should be used. If the limitations outweighed the
validity of the results, then the evidence provided by the report
was used with high discrepancy.

III. RESULTS

Fig. 1. PRISMA Flow Diagram. This figure shows a visualized review
process for gathering sources under the PRISMA format.

TABLE I. CONTRIBUTIONS OF STUDIES

Contribution Studies

Incidence [1, 2, 5-11, 13-16,
18-32]

Treatment [2, 12-20, 29, 31]

A. Study Characteristics
Incidence. Of the included studies, 28 reports (see TABLE

I) discussed the incidence of comorbid dementia among
various cognitive, developmental, and or physical disabilities.
Hazard ratios were included in 10 studies to present the risk of
developing dementia given a certain disability. However, of
the studies that did not provide hazard ratios for the incidence
of comorbid dementia, these studies either provided 1000
person-years or provided incidence based on percentage.
Additionally, 17 reports focused on the development of
Alzheimer’s Disease, a dementia subtype, in response to a
specified condition. On the other hand, two studies discussed
the incidence of developing Huntington’s Disease (HD).

Treatments. 12 studies among those included in this
review provided information about treatments that are used to
either treat or prevent dementia. The efficacies of these
treatments were evaluated based on the changes of hazard
ratios or cases of dementia compared to a control group.
Among the 12 studies that discussed various treatment options
for preventing dementia, five studies use their results from the
studies of dementia to provide future work for dementia

treatments. These types of treatments were not as heavily
considered as the ones that were the main focus of other
studies, which totalled to another six reports. The remaining
studies either look into the incidence of certain kinds of
treatments or provide evidence to not perform a certain kind of
treatment.

B. Risk of Bias in Studies
All studies, with the exception of two studies, were cohort-

based studies. The risks of biases were not evaluated for the
studies unless they were mentioned in the limitations sections
of the studies. One particular study [5] mentioned that due to
the retrospective nature of their study, recall bias may present
in their results. This kind of bias can be present in
questionnaires, surveys, or during data collection from medical
professionals because a patient may have forgotten to include a
key piece of information. A similar point of view as the above
mentioned study [5] has been assumed among the other studies
that have performed a retrospective study or prospective study
[2, 5-14, 29, 31].

Aside from the cohort-based studies, three studies included
in this systematic review were trial-based [15-17]. None of the
trial-based studies have mentioned any sort of biases that may
be present in their results. One potential reason for this is the
long-term nature of these studies and all of the studies focusing
on re-obtaining cognitive function. Thus, no assumptions were
made regarding these trial based studies.

C. Results of Synthesis

TABLE II. HAZARD RATIOS AND ADJUSTED HAZARD RATIOS OF
DEMENTIA INCIDENCE AMONG COMORBID ILLNESSES

Illness
HRs and aHRs of Dementia
Subtype with Comorbidities
Dementia AD

MBI / /

HR 8.07 /

aHR / /

MCI / /

HR 7.05 /

aHR / /

SCD / /

HR 6.81 /

aHR / /

Sleep Disorder / /

HR 0.71 /

aHR / /

Depressive Episode / /

HR 1.4 /

aHR 1.286 /

Migraine / /

HR 1.05 1.14
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Illness
HRs and aHRs of Dementia
Subtype with Comorbidities
Dementia AD

aHR 0.845 0.94

Stroke / /

HR 3.565 /

aHR 2.63 /

ETT-1 / /

HR / /

aHR 2.37 2.59

ETT-2 / /

HR / /

aHR 3.7 3.86

ITT / /

HR / /

aHR 3.63 4.11

DTT / /

HR / /

aHR 5.19 4.44

Depression / /

HR / /

aHR 1.832 /
Depression with
SCD / /

HR / /

aHR 2.466 /

CVD / /

HR / /

aHR 3.12 /

Physical Frailty / /

HR / /

aHR 1.13 /

Cognitive Frailty / /

HR / /

aHR 3.43 /

*Sources included in this table: [6, 10, 18, 19, 21, 24, 47, 29]. Abbreviations: ETT-1 (easy-to-treat depr
ession 1), ETT-2 (easy-to-treat depression 2), ITT (intermediate-to-treat depression), DTT (difficult to t

reat depression), CVD and (cardiovascular disease).

The results of the studies that have used HRs and aHRs can
be found in Table II. It is important to note that many of the
included studies have also used other dementia (Dem)
subtypes. Alzheimer’s disease (AD) was the only study that
was selected because it is the most common dementia subtype.
Furthermore, there was not enough data for other dementia
subtypes that warranted the need to add them in Table II.

TABLE III. INCIDENCE OF DEVELOPING DEMENTIA AMONG COMORBID
ILLNESSES

Illness
Incidence of Dementia Per 1000 Persons

Dementia Cases Per Persons

MBI / Dem 236.5 1000

MCI / Dem 230.4 1000

Delerium / Dem 149.3 1000
SCD without MBI /

Dem 107.9 1000

Delusional / Dem 88.7 1000
Other Psychiatric
Disorder / Dem 28.8 1000

Other Psychiatric
Disorder / HD 0.150 1000

Anxiety / Dem 27.1 1000
Depressive Episdoe

/ Dem 14.3 1000

Sleep Disorder 17.47 1000

Depression / HD 15.4 1000
PeDD with PD /

Dem 34.2 1000

PoDD with PD /
Dem 7.5 1000

Adjustment
Disorder / Dem 6.4 1000

Migraine 5.9 1000
Nonorganic Sleep
Disorder / Dem 7.23 1000

Insomnia / HD 0.37 1000
Somatoform
Disease / Dem 6.49 1000

Migraine / Dem 3.98 1000

Migraine / VD 36.33 1000

Migraine / OD 53.87 1000

Psychosis / HD 7.93 1000

Dementia / HD 41.87 1000

Pneumonia / HD 20 1000

CVD / HD 236.5 1000

Hypertension / HD 230.4 1000

Diabetese / HD 149.3 1000

*Sources included in this table : [6, 18, 21, 32]. Abbreviations: Dem (dementia), HD (Huntington’s Dis
-ease), PeDD (pre-diagnostic depression), PD (Parkinson’s Disease), and PoDD (post-diagnostic depr

ession), VD (vascular dementia), OD (other dementia).

According to the data collected in Table III, mild
behavioral impairment (MBI) had the highest incidence rate
for developing dementia compared to the other diseases.
Second to MBI, mild cognitive impairment (MCI) is the
second leading disease that leads towards the development of
dementia. It is worth noting that the only disorder that is not
based on cases per 1000 person-years basis is the comorbidity
of other psychiatric disorders and Huntington’s Disease (HD).
This suggests that it is very rare for other psychiatric disorders
to develop HD compared to other diseases, and it should be
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worth considering that this does not include patient
background information or family histories of the patients.

TABLE IV. INCIDENCE OF DEVELOPING DEMENTIA AMONG COMORBID
ILLNESSES ON A % PER POPULATION BASIS

Illness
Incident Rates of Developing

Dementia
Incidence Cases per persons

ADHD / HD 5.20% 308

Anxiety / HD 12.30% 308

Depression / HD 42.90% 308

Diab Mel / HD 11.00% 308

Dysphagia / HD 28.60% 308

Mvmt dis. / HD 30.50% 308

Insomnia / HD 13.30% 308

Osteoarth. / HD 17.90% 308

Sys Atrophies / HD 2.60% 308

MCI / dem 22.42% 87, 250

MD / AD 3.73% 30578

Bipolar / AD 1.33% 30578

PTSD / AD 6.06% 30578

Anxiety / AD 1.50% 30578

Panic / AD 0.22% 30578

Phobia / AD 0.10% 30578

Alco. Ab. / AD 1.82% 30578

Drug Ab. / AD 0.32% 30578

Tobac. Ab. / AD 4.58% 30578

Psychosis / AD 3.07% 30578

SCHZ / AD 1.26% 30578

PD / Dem 90+ 1.23% 110

PD / Dem 80-89 1.59% 110

Mood / FTD 19.00% 56296

Anxiety / FTD 20.00% 56296

Subst. / FTD 19.00% 56296

*Sources included in this table: [1, 7, 20, 23, 25]. Abbreviations: ADHD (attention hyperdefecit
disorder), Diab Mel (diabetes melitus), Mvmt dis. (movement disorder), Osteoarth (osteoarthritis), Sys
Atrophies (systemic atrophies), MD (mild dementia), Alco. Ab. (alcohol abuse), Drug Ab. (drug abuse),

Tobac. Ab. (tobacco abuse), SCHZ (schizophrenia), Subst. (substance disorder), and FTD (frontal
temporal dementia).

According to Table IV, the highest incidence of dementia
based on comorbidity is MCI (22.42%). This result is
consistent with the findings in Table 2, where MCI was one of
the highest comorbidities associated with dementia. In terms of
HD, the highest associated comorbidity is depression, which
accounts for 42.90% of HD cases. As for AD, the highest
associated comorbidity is PTSD, which accounts for 6.06% of
the cases that were studied [7].

D. Reporting Biases
The purpose of this review is to determine potential

interventions where robots can play a role in assisting patients
dealing with comorbid dementia. Due to the availability of
resources, the risk of bias among nearly all sources included in
this review are at high risk of bias. Most sources included in
this review are retrospective, population, and prospective
based cohort studies, which most have a high risk of bias.
Furthermore, most databases these studies use are based on
medical insurance and self-reported data. In these databases,
there is a high risk for recall bias and bias due to missing data.
Since these studies were the most available, no standard
assessments were used to evaluate the risk of missing data due
to bias.

E. Certainty of Assessment
Similarly to the previous section, no standard assessments

were used to determine the certainty of data collected from the
sources included in this review. However, most of these
studies include large population sizes that reach the
requirements for statistical power. Therefore, it should be
noted that while no assessment was used to determine the
certainty of data, in addition to the risk of bias, the sample
sizes of many of the studies are large enough to be statistically
significant.

IV. DISCUSSION
The incidence of dementia increases for disorders that have

cognitive impairing effects, such as mild cognitive impairment
[1, 6, 23], mild behavioral impairment [6], depression [6, 10,
20, 21, 27, 32], migraines [18, 29], and strokes [19].
Additionally, the incidence of dementia seems to depend on
the severity of the cognitive impairing effects of a particular
disease. An example is the difference in brain altering effects
that migraines inflict compared to strokes. Migraines, although
painful, do not inflict the same damage as strokes when they
occur. According to the incidences between migraines and
strokes, strokes have a higher incidence of developing
dementia [18, 19]. However, based on the limitations of most
of the studies in this review, the incidences of dementia are
only based on associations. This is apparent by the kinds of
databases that were selected by most of the studies, which only
include health insurance claims or self reported conditions.
While associations can be made on this data, causation data
would need information such as pre-dementia condition
severity and length before onset dementia.

No major contradictions were found between most of the
studies. The only differences that occurred were for incidence
data, which the average was taken between the conflicting
studies for a particular illness. The only areas where
intersections between studies occurred were migraine, stroke,
and depression for hazard ratios and only MCI for percentage-
based dementia incidence.

A trend in the treatments for comorbid dementia, according
to the studies in this review, was how the treatments targeted
onset dementia and not for pre-existing dementia. This trend
can be summarized by the saying “the best form of treatment is
the prevention of the illness.” Additionally, these treatments
place an emphasis on improving cognitive function and
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preventing the onset of CI. Due to the high conversion rate
from MCI to dementia, preventing cognitive impairment is key
to delaying onset dementia. The treatments that will be
discussed into further detail are the following: acupuncture,
cognitive training, exercise, and choral singing.

A. Acupuncture
Various conditions, such as migraines, headaches and

strokes, can eventually lead to the development of dementia in
the long run. Multiple studies [18, 19] have suggested that
acupuncture may be a promising treatment to prevent the long
term cognitive impairment caused by conditions like migraines
and strokes. One major limitation of these studies is that the
acupoints nor their long term effects were not noted by the
studies. A study has reported that acupuncture reduces the
onset of dementia with an incidence rate (IR) reduction of 4.16,
with the IR of no acupuncture treatment being 7.23 and the IR
of acupuncture treatment being 3.07 [18]. Another study came
to a similar conclusion in terms of aHRs when treating stroke
symptoms (post-stroke no acupuncture: 3.723 aHR and post-
stroke acupuncture: 0.529 aHR) [19].

While acupuncture poses a very promising treatment for
delaying onset dementia, the ethics of robotic interventions
should be heavily considered. It is highly not recommended to
introduce robots in the acupuncture environment because of
many serious concerns that include safety and fear responses.
While safety is self explanatory, it is worth noting that robots
are not precise enough for medical purposes unless they are
modeled after industrial robots. This is only effective though,
if the patients are relaxed during the procedure. This may not
be the case in an acupuncture setting because robots, next to
sharp, dangerous things like needles, can elicit fear in the
patients. This also poses many ethical concerns that prevent
recommending the use of robots in an acupuncture setting.

B. Cognitive Training
Cognitive training (CT) is a type of program that tries to

improve cognitive function through various brain-related tasks.
Computerized versions of CT can provide portable and
effective ways to provide CT to many individuals with any
degree of cognitive impairment (CI). One particular study
utilized electronic CTs alongside exercise to reduce the
incidence of dementia [15]. However, the effectiveness of this
is limited by another study that could not build a sufficient
claim to support computerized CTs for treating cognitive
impairment [16]. This study did note its lack in statistical
power, so computerized CT could not be either supported or
rejected by this study.

An alternative to using computerized CT is to have robots
perform the CT exercises with CI patients. A systematic
review discussed the different applications where robots can fit
during the CT exercises [34]. One of the primary implications
of the aforementioned review is that while robots may be able
to instruct these CT exercises, the replacement of human
trainers or other methods should be taken into account. While
robots can fit into CT exercises, factors like human dignity,
frustration tolerance, and safety can be impacted based on the
implementations.

C. Exercise
Many studies have shown that exercise is another effective

way to reduce the onset of dementia in the long run [15, 20].
Within the context of robotic interventions, robots can provide
an effective way to lead an exercise program without the need
of hiring workout trainers. One study proved the effectiveness
of socially assistive robots (SAR) when they assume the roles
of exercise trainers for older adults [33]. Additionally, the
effect trajectory of supplementing exercise alongside cognitive
training decreases the incidence of dementia (0.62) [15].

D. Choral Singing
One of the pre-existing treatments for dementia is health

education because education-level was found to be one of the
many modifiable risk factors for dementia. However, one
study has shown that choral singing might be an alternative to
health education [17]. This study showed that choral singing
can provide the same benefits as health education when
improving cognitive impairment. Furthermore, this study
suggests that choral singing should be used in conjunction or
replacement to health education because choral singing also
provides many rhythmic exercises and other music related
exercises. Robots, with the combination of music-intelligent
AI, can provide basic vocal exercises to participants at low
cost. Additionally, robots can structure rhythm games that can
provide many additional benefits aside from improved
cognitive function.

E. Limitations
This systematic review has many limitations. The first

limitation is the lack of specific research available for the goals
of this study. There does not exist many studies, aside from
literature and systematic reviews, that look at the incidence of
dementia alongside physical, cognitive, and developmental
disorders. Furthermore, the studies that do look at dementia
incidences are mostly cohort based studies. While this method
is robust for finding associations between dementia and other
diseases, no causation data could be collected. Additionally,
the databases did not have sufficient information to link pre-
dementia disease duration or severity to onset dementia.
Therefore, the accuracy of the data collected in this study is
limited by important information that was not collected by
those databases. Second, none of the studies included in this
review have discussed treatments for already existing
comorbid dementia. The only treatments discussed by some of
the studies in this review are preventative treatments to delay
the onset of dementia. Finally, this review did not have access
to medical school source databases, which could have provided
more meaningful data for the context of this review.

F. Review Implications
There is very little research that tries to look into treatments

for comorbid dementia. Due to the increasing incidence of
dementia, it is essential that more studies look into the
interactions of treatments on comorbid dementia and the
disorders alongside dementia. Additionally, longitudinal
studies should be constructed to observe potential causations
between disorders and dementia instead of associations. Most
studies that have observed dementia retrospectively suffer
recall bias due to the self report data in the databases used by
those studies. Studies should also focus on lengthening the
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observation time, whether that be through reviews or trials.
This is because certain dementia subtypes, such as dementia
with Lewy-Bodies, can have a later onset time than AD. A
third recommendation is to collect severity and timeline data
when observing the incidence of dementia. Since diseases, like
depression, can vary drastically in the severity and length, the
incidence of dementia may differ based on those parameters. A
final recommendation is to include many dementia subtypes
when evaluating the incidences of dementia among various
disorders. The basis behind this recommendation is how the
interactions of different dementia subtypes may differ for a
particular illness.
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