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Abstract.

BACKGROUND: The dominant feature of Alzheimer’s dementia (AD) is gradual cognitive decline, which can be reflected by
reduced finger dexterity.

OBJECTIVE: This review analyzed reports on hand function in AD patients to determine the possibility of using it for an early
diagnosis and for monitoring the disease progression of AD.

METHODS: PubMed, Web of Science, EMBASE, and Cochrane library were searched systematically (search dates: 2000—
2022), and relevant articles were cross-checked for related and relevant publications.

RESULTS: Seventeen studies assessed the association of the handgrip strength or dexterity with cognitive performance. The
hand dexterity was strongly correlated with the cognitive function in all studies. In the hand dexterity test using the pegboard,
there was little difference in the degree of decline in hand function between the healthy elderly (HE) group and the mild cognitive
impairment (MCI) group. On the other hand, there was a difference in the hand function between the HE group and the AD group.
In addition, the decline in hand dexterity is likely to develop from moderate to severe dementia. In complex hand movements,
movement speed variations were greater in the AD than in the HE group, and the automaticity, regularity, and rhythm were
reduced.

CONCLUSIONS: HE and AD can be identified by a simple hand motion test using a pegboard. The data can be used to predict
dementia progression from moderate dementia to severe dementia. An evaluation of complex hand movements can help predict
the transition from MCI to AD and the progression from moderate to severe dementia.

Keywords: Alzheimer’s dementia, hand function, hand dexterity, handgrip strength, cognitive impairment

1. Introduction

AD accounts for over half of all dementia cases [1]. The dominant feature of AD is a gradual decline in
cognition, particularly memory function and orientation. Although cognitive impairment can be observed,
even in the preclinical phase of AD [2], and memory dysfunction can be observed in all older age
group [3]. Therefore, other markers in addition to cognitive function are needed to detect people at high
risk of developing AD. The loss of fine motor skills has been investigated to identify the behavioral
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markers of neurodegenerative diseases [4,5]. In particular, the relationship with muscle weakness in the
hand has been reported [6,7]. Decreased finger dexterity may reflect cognitive decline, and an assessment
of the hand motor function should be of interest for use as an early diagnosis of AD and a possible
predictor of disease progression.

The hand function is an important part of the human movement repertoire and is essential in many
activities that demand well-coordinated hand and arm movements [8]. Grip strength is sensitive to age-
related and biological function changes in the hand functions. Decreased grip strength is a feature of
age-related muscle strength loss and can indicate overall health in older adults [9]. Hand agility is the
ability to make precisely coordinated movements of the fingers of one or both hands to grasp, manipulate,
or assemble very small objects [10,11,12]. Hand agility is more complex than the grip strength, and
dexterity can be an expression of creativity and precision in a range of activities [13]. Hand agility is
a highly complex physical function that requires a combination of planning in the center that receives
the senses, execution of the hand muscles, and attention [14]. Hand skill is developed continuously
throughout one’s life and is learned through motivation, purpose, and repetition of similar tasks. The
process requires a complex neural network [13].

It is important to determine if the cognitive decline is due to normal aging or a precursor to AD.
If changes in grip strength and dexterity can be used as a standard for determining whether cognitive
impairment is due to normal aging or a precursor symptom of dementia, it will be possible to cope with
dementia more quickly. It is highly usable and accessible as grip strength and can be measured in the
community without the need for expensive equipment or special facilities. Therefore, if dementia can be
predicted based on hand dexterity and grip strength, it can greatly contribute to a healthy old age.

In this study, we analyzed research related to hand function in dementia patients and investigated the
possibility of using it as an early diagnosis of Alzheimer’s disease and a predictor of disease progression.

2. Methods
2.1. Search strategy

The literature search for this study was conducted in the same way by connecting the two words
“dementia and dexterity” OR “dementia and hand function” OR “fine motor and Alzheimer’s” OR “fine
motor and Alzheimer’s disease” AND “grip” in PubMed, Web of Science core collection, EMBASE, and
Cochrane library. When searching with the above keywords, almost no studies before 2000 appeared.
Therefore, we set the research period from 2000 to 2022. The research search and selection were
conducted through a database search according to the PRISMA (preferred reporting items for systematic
reviews and meta-analysis) flow chart [15].

Eight hundred and forty-three articles were initially retrieved by entering the search term. Of these,
328 overlapping papers were excluded, 449 papers that met the exclusion conditions among 515 papers,
and papers without a full text were excluded. The final 17 papers were used for analysis. Two hundred
and nine articles from Pub-Med, 159 articles from the Web of Science core collection, 473 articles from
EMBASE, and two articles from the Cochrane library were found (Fig. 1).

Seventeen studies that met the exclusion and selection conditions were used for the final analysis; four
were longitudinal studies, and 13 were experimental studies. The title and abstract were reviewed to
determine the relevance to the research topic. If the appropriateness of the paper was ambiguous, the full
text was read to determine whether to include it.



S. Namkoong and H. Roh / Function of the hand as a predictor of early diagnosis and progression of AD S255

'd N
g Record identified through database searching
'.g PubMed: 209
O Web of Science core collection: 159
B EMBASE: 473
s Cochrane library: 2
= (n=843)
\ J
A4
)
00 Records after duplicate removed Recordstexcludedinot
c = meeting inclusion criteria
‘€ (n=515) (n=449)
[7]
(7]
S
(=]
(7]
~— v
Records excluded after
Records screened screening of titles and abstracts
(n=66) (n=14)
'R
>
=
- A 4
2 .
) Full-text articles assessed
i for eligibility (n=52)
\ J
Full-text articles excluded,
with the following reasons:
P, Review studies (n=8).
- 4 Not written in English (n=3).
) Did not focus on hand
'g Studies included in qualitative synthesis function (n=17)
5 (n=17) Symposium or Poster (n=7)
=
~——/

Fig. 1. PRISMA flow diagram for trials included and excluded from the systematic review.
2.2. Inclusion and exclusion criteria

The exclusion criteria were 1) dissertation, 2) review paper, 3) paper without full-text, 4) conference
poster, 5) survey paper, 6) research not targeting patients with dementia, and 7) qualitative research. The
inclusion criteria were 1) studies of adult subjects with dementia, 2) studies of hand function in people
with dementia, 3) full-text articles, and 4) studies published in English.

2.2.1. Population

This study reviewed previous observational studies examining the relationship between hand motor
function and dementia-related cognitive impairment. Hand function impairments caused by pathological
disorders, such as musculoskeletal disorders or rheumatism, among the people living in the community
and nursing homes were excluded.

2.2.2. Study design

This systematic literature review analyzed longitudinal and experimental studies that compared the
hand grip strength and hand agility of elderly people with AD symptoms and cognitive function problems
with those without cognitive problems. Only studies that reported differences in the hand function through
evaluation and measurements were included.

2.2.3. Quality assessment
The titles and abstracts were reviewed for relevance to the study topic. Full-text publications of selected
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studies were reviewed for the inclusion criteria, and reasons for their exclusion were noted at this stage.
In cases where the appropriateness of the paper was ambiguous, the full text was read and included. The
second author was reconfirmed in the same way as the first author. If there was any disagreement during
the review process, the final analysis target paper was determined through a discussion. For each of the
final selected papers, the authors did not share their opinions when arranging the results. The opinions
were combined and finalized after data analysis.

3. Data analysis

An evidence table was constructed to help organize and summarize the information of the studies
included in the review. The information extracted was study setting, authors and year of publication,
country, number of participants, anthropometric data, cognitive and hand grip strength and agility
measurements, and primary outcomes. In order to maintain accuracy, data analysis was also conducted
independently by two researchers and then exchanged and confirmed with each other. In case of differing
opinions, the results were presented, and through consensus and discussion, the results were integrated
and presented for narrative analysis.

4. Results

The search results and reasons for exclusion are presented in the PRISMA flow diagram in Fig. 1.
Seventeen articles were assessed after applying the inclusion and exclusion criteria. The searched
longitudinal studies revealed four studies, which were follow-up over more than four years, and 13 were
quasi-experimental studies.

4.1. Longitudinal studies

Four longitudinal studies reported in Table 1 comparisons of the hand grip strength and agility in older
adults. Among them, in addition to the hand fine motor skill, some studies observed the activities of daily
living and motor disability, but only hand agility was reviewed.

The hand grip strength was measured in one study using a Jamar dynamometer [16]. Various tools
were used for hand dexterity. The tools used were researched using finger tapping using a nine-hole
pegboard test, Purdue Pegboard Test (PPT), Grooved Pegboard Test (GPT), and Wacom, handwriting,
finger tapping, keyboard typing, handwritten graphical task, and Vienna system test. Mini-Mental State
Examination (MMSE), Dementia Rating Scale (DRS), Clinical Dementia Rating (CDR), Montreal
Cognitive Assessment (MoCA), Global Deterioration Scale (GDS), and Mattis Dementia Rating Scale
were used to evaluate dementia and cognitive function. The subjects were over 70 years old in the AD
and over 60 years old in the other subjects.

Beeri et al. [16] reported that the hand strength is related to cognitive function and is the only
independent motor factor for the incidence of dementia.

Hand dexterity was reported to be strongly related to the incidence of AD in four studies. Liou et
al. [17] reported that a decrease in hand fine motor skills is highly likely to develop in moderate to severe
dementia. de Paula et al. [18] showed that the mild cognitive impairment group exhibited a difference in
the degree of decline in hand function compared to HE, but the degree was not high. On the other hand,
the decline in hand function was reduced significantly in HE and AD patients.
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4.2. Quasi-experimental research

Of the 13 studies, 11 investigated the differences in hand function according to the type and severity
of dementia and the normal elderly or dementia subjects. These studies were analyzed and reported
in Table 2. The other two studies compared the neuropsychological profiles and studied the transfer
of learning. Of these two articles, only the part about hand function was extracted and used in this
study. In addition, only the hand function results extracted from studies on alcohol-induced dementia
symptoms [19], studies including depression groups [4], studies including Parkinson’s patients [20], and
studies on dementia and hypotension [21] were analyzed in this study.

Among the targeted studies, three studies were divided into AD group and HE groups; two studies
were classified into AD group and MCI groups; four studies were classified into three groups (normal
cognitive group, AD group, and MCI group). The study subjects were over 60 years old in 12 studies, and
subjects in their 20s, a group of young adults, were included in one study. Thirteen studies used MMSE to
evaluate the cognitive function; NINCDS-ADRDA criteria were used in six studies, and CDR and GDS
were additionally used to diagnose dementia. Five studies classified the cognitive function problems and
dementia groups using only the MMSE.

Among 13 studies, one study measured handgrip strength using a Jamar dynamometer, and hand
dexterity was measured using various types of tools in all 13 studies. The tools used to evaluate hand
dexterity were two studies using finger tapping using the PPT, GPT, Wacom, handwriting, finger tapping,
keyboard typing, handwritten graphical task, and Vienna system test.

The AD patients showed poor hand function in 13 studies. Schroter et al. [4] analyzed the pressure
and handwriting motion while drawing a circle using a tablet. They reported that AD patients showed
greater variation in speed and decreased automaticity and regularity than HE groups [4]. The HE group
showed a constant interval and speed in the finger-to-them tapping motion. In contrast, irregular intervals
and speeds were observed in the group with dementia and mild cognitive impairment, and the number
of taps was also small [22]. Suzumura et al. [23] reported that the rhythm of hand movements and the
time to contact the screen became irregular. The hand agility, reaction speed, rhythm, and coordination
decreased as the dementia worsened as AD progressed. Yu et al. [24] reported irregular movement to
and from the paper and space in the dementia group. They revealed amnestic MCI in the handwriting
task, and the handwriting size was large. The AD group exhibited strong pressure on the tablet when
drawing a spiral using a tablet [25]. Roalf et al. [20] also showed that the finger-tapping interval speed
appeared longer in AD and MCI than in the control and PD. Suzumura et al. [26] stated that the time
spent in contact with the tablet during finger tapping motion was longer and that the degree of activity in
the non-dominant hand had a stronger influence on the cognitive function than in the dominant hand. The
alcoholic dementia group took longer to use the pegboard than the non-alcoholic dementia group. On
the other hand, the alcoholic dementia group required more time, but the difference was not significant.
Nevertheless, the alcoholic dementia group and the AD group differed from the normal group [19].

5. Discussion

MCI, an early and transitional stage between normal brain aging and dementia, affects a range of
cognitive or motor functions [27]. A previous study reported that the finger function of patients with
dementia deteriorates in relation to fine finger movement control, finger tapping speed, and finger
agility [28]. This study reviewed studies on hand function in dementia patients to determine the possibility
of using it as a possible predictor of early diagnosis and disease progression of AD.
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Longitudinal studies of hand motor dysfunction in AD patients are clinically meaningful because
knowing the prognosis and cognitive abilities of AD patients with motor impairment at an early stage of
the disease can assist in making treatment decisions [4]. In the four longitudinal studies reviewed in this
paper, MMSE was used in three studies to evaluate dementia and cognitive function. In some cases, CT
or MRI was used to diagnose dementia, but evaluation tools, such as the DRS, were used in many cases.
In the hand function test, the grip strength and hand dexterity were measured together in a single study,
and only hand dexterity was measured in three studies. Hand agility evaluation tools were used in various
ways, but mainly to measure simple hand movements using a pegboard, and only one study measured the
hand agility using electronic devices. In all four studies, there was a strong correlation between the hand
dexterity and cognitive function, and the incidence of dementia was high when hand agility was low.
They reported that hand agility was lower in dementia than mild cognitive impairment, and the decline in
hand agility function in moderate dementia was highly likely to develop into severe dementia. Therefore,
the decline in hand agility function appears to be a variable that can predict the occurrence or worsening
of symptoms of dementia. On the other hand, there was no significant difference in hand agility between
the HE group and the MCI group and between the MCI group and the AD group, making it difficult to
understand the conversion of MCI to AD.

A functional hand can perform various activities, from writing and eating to communicative gestures
and interactions with the environment around us [13]. The motor activity originates in the motor cortices,
basal ganglia, and cerebellum. Voluntary and automatic movements originate in the motor cortex and
basal ganglia. The cerebellum integrates vestibular, visual, proprioceptive and tactile sensory information,
and using this integrated information. Appropriate adaptation to movement is transmitted through the
corticospinal tract, vestibulospinal and reticulospinal tracts, and descending neural pathways originating
from the brain stem. This results in an appropriate postural tone in the trunk and shoulder girdle, stabilizing
the upper limb and allowing flexible wrist control and fine, dexterous movement of the fingers [13].
Nevertheless, motor control is a learned skill developed throughout life and occurs alongside cognitive
functions, such as motivation, goals, and appropriate motor responses through similar experiences
and tasks. The process that underpins this cognition accepts and integrates multiple senses, such as
sight, hearing, and somatosensory, from a complex environment through afferent feedback. The sensory
information then enters the cerebral cortex, which includes the motor cortex, premotor area, accessory
cortex, and motor cortex [29].

In 13 experimental studies, the MMSE, which is used widely worldwide, was used to measure the
cognitive function. The NINCDS-ADRDA criteria were used as a criterion for diagnosing dementia in
50% of the studies. In the experimental study, pressure during writing was measured, or complex motions
were analyzed through hand motions, such as handwriting using a tablet or touching a specific point on
the screen. In a study that analyzed pressure and handwriting motion while drawing circles on a tablet,
AD patients showed greater variation in speed and less automaticity and regularity than HE groups.
Compared to healthy controls, MCI patients had worse hand function in tasks involving fine and complex
motor functions. In addition, the AD patients also showed motor dysfunction in tasks assessing gross
motor control [4]. The AD group showed a longer movement time than HE group when performing
handwriting tasks (forward or backward tilting movements) that require finger-wrist coordination [5]. In
addition, in the finger-to-them tapping motion, the interval and speed were constant in the HE group,
but the group with dementia and mild cognitive impairment showed irregular interval and speed, and the
number of tappings was also small [22].

Suzumura et al. [23] reported that the sense of rhythm in the movement of the hand touching the
mark on the screen and the time of contact with the screen becomes irregular. As AD progresses, the
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dementia worsens as the hand agility, reaction speed, sense of rhythm, and coordination decrease. Yu et
al. [24] reported irregular movement to and from the paper and a space in the AD group and amnestic
MCI groups in the handwriting task; the handwriting size was also large. When drawing a spiral using a
tablet, the AD group said the pressure to press on the tablet was strong [25]. Roalf et al. [20] also showed
that the finger tapping interval speed appeared longer in AD and MCI than in control and Parkinson’s
patients. Suzumura et al. [26] said that the time spent in contact with the tablet during the finger-tapping
motion was longer and that the degree of activity in the non-dominant hand had a stronger influence on
the cognitive function than in the dominant hand. The alcoholic dementia group took longer to use the
pegboard than the non-alcoholic dementia group, but the alcoholic dementia group needed more time, but
the difference was not significant, and there was a difference between the HE group and the alcoholic
dementia and AD groups [19].

Thirteen studies reported that the degree of hand agility was reduced in the MCI and AD groups
compared to the HE group. In the four studies on the hand function through handwriting, the degree
of automaticity, regularity, and rhythm in hand motion decreased in the AD group, suggesting that the
difference in the regularity of the hand function motion is related to cognitive function. In these studies,
the reaction time slowed as the cognitive function decreased; there was a difference in the equality of the
time staying on the contact surface and the time the hand stayed in the space increased. Yan et al. [5]
suggested that the speed in tasks, such as handwriting, could be substituted for diagnosing dementia.
Therefore, the uniformity of motion speed in hand function appears to be a major factor in determining
cognitive function.

6. Conclusion

Through studies related to dementia and hand function, hand dexterity is strongly related to dementia.
In addition, in a simple hand motion test using a pegboard, there was no significant difference between
the HE group and the MCI group, and between the MCI and AD groups. Third, in complex hand
movements, AD showed a decrease in automatism, rhythm, and regularity, so complex movements, such
as handwriting, can be used to predict the transition from MCI to AD and the progression from moderate
dementia to severe dementia.
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