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Abstract

BACKGROUND: Dexterity and bimanual coordination, cognitive function, and mental and cognitive
wellbeing had not previously been examined in people with young onset dementia. Therefore, this
study examined dexterity and bimanual coordination, cognitive function, and mental and cognitive

wellbeing in people with young onset dementia (n=16), and age-matched healthy controls (n=17).

METHODS: Both groups completed the Purdue Pegboard Test (dexterity and bimanual coordination),
Addenbrooke’s Cognitive Examination III (ACE-III; cognitive function), General Anxiety Disorder-7
(GAD-7; general anxiety), Generic health-related quality of life measures (EQ-5D-3L; overall health),
General Self-Efficacy Scale (GSE; self-efficacy), Patient Health Questionnaire (PHQ-9; depression)

and The Pittsburgh Sleep Quality Index (PSQI; sleep quality).

RESULTS: The main findings of the present investigation were that people with young onset
dementia displayed poorer dexterity and bimanual coordination, generic health-related quality of life
analogue and generic self-efficacy compared to age-matched healthy controls. However, people with
young onset dementia and age-matched healthy controls were comparable for anxiety, depression,

generic health-related quality of life index, and sleep quality index.

CONCLUSION: This study highlights differences in dexterity and bimanual coordination, quality of
life, and self-efficacy between people with young onset dementia and controls. People with young
onset dementia exhibited poorer dexterity, generic health-related quality of life analogue, and self-
efficacy. The study highlights the potential impacts of young onset dementia on dexterity, health-
related quality of life, and self-efficacy. More longitudinal research is needed to assess the time course

of this impact and explore support strategies.
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Introduction

Dementia is a neurological condition characterised by a decline in cognitive function'. Several risk
factors are linked to its development, including age, education level, diet, alcohol consumption, sleep
patterns, smoking, and various chronic comorbidities>. Currently, more than 55 million people
worldwide are living with dementia, projected to rise to 152 million by 2050°. The global economic
burden of dementia is equally concerning, with the cost of care expected to soar to between $1.6-2.4
trillion by 2050% Alzheimer’s disease is currently the leading dementia in terms of incidence,
representing 60% of dementia cases’ which affects ~10% of people aged over 65 years of age®. Dementia
affects multiple domains of cognitive function, including memory, attention, executive function,
language and visuospatial abilities’. As these cognitive domains decline, individuals’ capacity for

independence diminishes, reducing their outlook on life®.

Young onset dementia is the onset of dementia before the age of 65 years of age’ and represents 5% of
all dementia cases in the UK, and up to 3.9 million cases worldwide!?. A systematic review highlighted
there was an average time of 4.4 years between symptom onset and diagnosis of young onset dementia’.
Young onset dementia is heterogenous in symptomology compared to late onset dementia, with early
symptoms including behaviour change and difficulties with language’. The average life expectancy is
7.9 years from diagnosis, emphasising the aggressiveness of the condition'!. Research concerning young
onset dementia remains limited, with the largest body of research focused on late onset dementia.
However, assuming early onset dementia is analogous with late onset dementia is invalid, and more
research is required concerning young onset dementia, despite this only contributing 5% of total

dementia cases.

Some previous literature has explored dexterity and bimanual coordination in individuals with dementia,

primarily late onset dementia. Menengi¢ et al.'?

identified reduced dexterity test performance in
individuals with Alzheimer’s disease compared to healthy controls, with Alzheimer’s disease patients

significantly slower at the dominant hand nine hole peg test. Previous work by Starkstein et al.'* found



that 144 of 552 Alzheimer’s disease patients reported excessive anxiety and worry. This study used the
diagnostic and statistical manual of mental disorders to examine anxiety in dementia patients. This
comprehensive tool was used to assess the concurrence of anxiety and depression in relation to
Alzheimer’s disease diagnosis and the neuropsychological and functional impact anxiety exerted. More
recent findings by Mendez '* have further demonstrated the impact of anxiety and depression in
dementia cases, stating that these symptoms often worsen throughout dementia prognosis. Health
related quality of life is often impacted by these symptoms. This has previously been assessed in late
onset dementia patients by Huang et al.'® using the EuroQol-5 dimensions-5 levels (EQ-5D-5L; utility
and visual analogue scale [VAS] scores), Mini-Mental State Examination (MMSE), and clinical
dementia rating (CDR). The study highlighted activities of daily living, dementia severity, cognitive
function, and depressive symptoms directly influence quality of life and these worsen throughout

prognosis.!®

Concerning depression in dementia patients, Tetsuka '© highlighted in their neuropsychological review
that out of 20,892 patients from 57 studies, depression prevalence in patients with mild cognitive
impairment was 32%. Changes in daily life caused by dementia often contributes to anxiety and
depression, leading to reduced self-efficacy and worse mental health. Regarding self-efficacy, dementia
patients exhibit poorer self-efficacy compared to healthy controls, as demonstrated by Tonga et al.
(2020)"7 utilising the GSE, Quality of Life in Alzheimer’s Disease (QOL-AD) scale, and Hospital
Anxiety and Depression Scale (HADS). These authors reported that self-efficacy often dictates anxiety

and depression in dementia patients and increases in GSE may lead to better mental health outcomes.

Dementia is well known to disrupt sleep and has been demonstrated in much of the previous literature'®
2! Indeed, a recent systematic review found across 11 studies that 24% of those with Alzheimer’s
disease reported sleep disturbance, and this number rose to 49% patients with Lewy Body dementia'®.
While these parameters have been investigated in late onset dementia (>65 years), there is a dearth of

research in young onset dementia, which the present manuscript aimed to address.



The aim of this experiment was therefore to compare Dexterity and Bimanual Coordination, General
Anxiety Disorder-7 (GAD-7; general anxiety), Generic health-related quality of life measures (EQ-
5D-3L; overall health), General Self-Efficacy Scale (GSE; self-efficacy), Patient Health
Questionnaire (PHQ-9; depression), and The Pittsburgh Sleep Quality Index (PSQI; sleep quality)
between young onset dementia patients and age-matched healthy controls. We hypothesised a priori
that people with young onset dementia would exhibit poorer values across all variables compared to

healthy age-matched controls.

Methods

Participants

Thirty-four participants were initially recruited: 17 with young-onset dementia (YOD) via
NHS clinical partners and 17 healthy age-matched controls via social media (X, formerly
Twitter). One YOD participant withdrew due to an unrelated injury, resulting in a final
sample of 33 (YOD: n=16; controls: n=17). Participants attended a single visit at the
Cardiovascular Imaging Laboratory, University of the West of Scotland (Lanarkshire
campus), between January and November 2023, where they completed the Purdue Pegboard
Test (manual dexterity and coordination). Questionnaires assessing anxiety (GAD-7),
depression (PHQ-9), self-efficacy (GSE), sleep quality (PSQI), and quality of life (EQ-5D-
3L) were completed remotely via an online platform. Cognitive function was assessed in both
groups using the Addenbrooke's Cognitive Examination-III (ACE-III) to provide a baseline
cognitive profile, or "staging", common in dementia research. The study adhered to the
Declaration of Helsinki and was approved by the NHS London Riverside Ethics Committee.
Written informed consent was obtained from all participants. Descriptive statistics are

presented in Table 1.



**INSERT TABLE 1 ABOUT HERE**

Protocol
Dexterity and Bimanual Coordination: Purdue Pegboard Test
Five values were obtained from the test battery, from the four tasks below, plus the sum of dominant
hand (task 1), non-dominant hand (task 2), both hands (task 3), and assembly (task 4). Measurements
were performed in following order:

1. Dominant hand (30 seconds)

2. Non-dominant hand (30 seconds)

3. Both hands (30 seconds)

4. Assembly (60 seconds)

For brevity and to avoid self-plagiarising, the test has been previously described, and published open

access?.

ACE-IIT

Cognitive function was assessed using the Addenbrooke’s Cognitive Examination (ACE-III),
comprising 19 tasks across five domains: attention (e.g. date recall, serial subtraction; scored /18),
memory (e.g. word and historical fact recall; /26), fluency (word generation by letter; /14), language
(sentence writing; /26), and visuospatial processing (e.g. clock drawing; /16).The maximum score was

100, with cut off points of <88 (suggestive of cognitive impairment) or <82 (suggestive of dementia)®.

Mental and Cognitive Wellbeing



Mental and cognitive well-being were assessed using a series of questionnaires delivered via
Microsoft Forms (Forms, Microsoft, Redmond, WA). Anxiety was measured using the
General Anxiety Disorder assessment (GAD-7), a 7-item self-report tool taking ~5 minutes to
complete. It evaluates how often participants felt worried, anxious, on edge, or restless over
the past two weeks. Each item is rated 0-3 (0 = not at all; 3 = every day), with a maximum

score of 21. Scores of 5, 10, and 15 indicate mild, moderate, and severe anxiety, respectively.

Depression was assessed with the 9-item Patient Health Questionnaire (PHQ-9), based on
DSM-1V criteria. It asks how often participants experienced depressive symptoms affecting
mood and daily functioning over the past two weeks. Items are rated 0-3, giving a total score

of 0-27. Scores of 5-9 indicate mild, 10—14 moderate, and >20 severe depression.

Quality of life was evaluated using the European Quality of Life Five Dimension
Questionnaire (EQ-5D-3L), which includes five domains: mobility, pain/discomfort,
anxiety/depression, and usual activities. It takes ~3 minutes to complete. Each item is rated
0-3, producing a five-dimension profile used to calculate an index score (0—1), where higher
values reflect better health. Participants also rated their overall health on a visual analogue

scale (VAS) from 0 to 100.

Self-efficacy was measured using the 10-item General Self-Efficacy Scale (GSE), which
assesses optimistic beliefs in handling difficult life situations. Items are rated on a 4-point
Likert scale (1 = not at all; 4 = exactly true), yielding a total score of 10—40, with higher

scores indicating stronger perceived self-efficacy.

Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI), a self-report tool
covering the previous month. It includes 19 items grouped into seven components: subjective

sleep quality, sleep latency, duration, efficiency, disturbances, use of medication, and



daytime dysfunction. Each component is rated 0—3 and summed for a total score out of 21,
where higher scores indicate poorer sleep quality. Participants and their carers received
guidance from the research team on how to complete the forms, which were distributed via

email using URLs.

Statistical Analysis

Data were assessed for normal distribution and homogeneity of variance. To assess the differences of
dependent variables, independent samples t-tests were performed. Data were analysed using R Studio
(2023.12.0+369). Data are presented without subjective terminology and o levels are reported as exact
p values, without dichotomous interpretation of 'significant' or 'non-significant' as advised by the
American Statistical Association®*. Effect size for paired comparisons is presented as Cohen's d whereby
the difference in means between two samples was divided by the pooled standard deviation (SD).
Thresholds of 0.2, 0.5, and 0.8 for small, moderate, and large effects were used for Cohen's d*°. Figures
were generated in R Studio (2023.12.0+369) and displayed as grouped dot plots with mean and median
lines (dependant on satisfaction of assumptions) as recommended by Drummond and Vowler?®?’. Data

are presented in text as mean + SD.

Results

Descriptive participant parameters are displayed in Table 1. Dexterity and bimanual coordination
(figure 1), Generalised Anxiety Disorder-7 (figure 2), Patient Health Questionnaire-9 (figure 3), Euro
Quality of Life — 5 Dimension — 3 Levels (figure 4), General Self Efficacy (figure 5) and Pittsburgh
Sleep Quality Index (figure 6) are visualised below. Pairwise comparisons suggest there were large
differences on all dexterity parameters (left p=0.013, d=1.0; large effect, right p=0.008, d=1.0; large
effect, both p<0.001, d=1.4; large effect, left + right + both p<0.001, d=1.3; large effect, assembly

p<0.001, d=1.6; large effect). The young onset dementia group had worse EQ-5D-3L analogue scores



(p=0.007, d=1.1; large effect). However, no differences were evident for index scores (p=0.137, d=0.6;
moderate effect). Controls also had a greater GSE score than the young onset dementia group (p<0.001,
d=1.3; large effect). There were no differences found in in GAD-7 scores (p=0.483, d=0.2; small effect),

PHQ-9 scores (p=0.287, d=0.2; small effect), or Global PSQI scores (p=0.889, d=0.2; small effect).

**INSERT FIGURE 1 ABOUT HERE**

**INSERT FIGURE 2 ABOUT HERE**

**INSERT FIGURE 3 ABOUT HERE**

**INSERT FIGURE 4 ABOUT HERE**

**INSERT FIGURE 5 ABOUT HERE**

**INSERT FIGURE 6 ABOUT HERE**

Discussion

The purpose of this study was to compare dexterity and bimanual coordination, and mental and
cognitive wellbeing between individuals with young onset dementia and age-matched healthy controls.
The main findings were that differences existed in all dexterity parameters, EQ5D — 3 Levels analogue
score and GSE score. There were no differences between groups in EQS5D — 3 Levels index scores,
GAD-7, PHQ-9 and Pittsburgh Sleep Quality Index scores. Thus, our hypothesis that all parameters
would be poorer in people with young onset dementia compared to controls was only partially

supported.



We found the young onset dementia group performed worse than controls on the Purdue Pegboard Test.
Although previous literature concerning dexterity in young onset dementia is scarce, our findings agree
with previous literature suggesting worse dexterity in late onset dementia compared to cognitively
healthy adults'>. Within dementia research, reduced dexterity has been shown to have a close
relationship with worse cognitive function 2. This reduction in motor function has a profound impact
on the ability to complete daily activities, significantly and negatively influencing quality of life®.
Areas of the brain such as the primary motor cortex are responsible for planning and executing fine
motor movements®!. Dementia can cause atrophy to this brain area, reducing motor control and

coordination?.

The present study found no differences in EQ-5D-3L index score. Conversely, the analogue score was
inferior in the young onset dementia group compared to controls, confirming previous observations*.
The reason for this difference was likely caused by the sudden loss of independence post-young onset
dementia diagnosis, whereafter people with young onset dementia become reliant on '°. The current
study observed lower GSE scores in the young onset dementia group, consistent with previous

literature!'®, likely due to young onset dementia patients’ perceptions declining capacity'”.

There were no differences in GAD-7 values. Previous work has found anxiety is a common feature of
the young onset dementia process, and is associated to the early awareness of cognitive decline and a

t**. People with young onset dementia have

reshaping of one’s life that may include medical retiremen
greater pre-disposition to anxiety than late onset dementia, partly due to the unique challenges faced at
the earlier stage of life*. The present study may have observed no differences between those diagnosed
with dementia and controls due to having a lower sample size. To demonstrate this, a post-hoc power
calculation using our observed effect size (0.2) for GAD-7 data, statistical power of 0.8, and a of 0.05

resulted in a sample size of 393 per group. This was beyond the scope of the current investigation as

our primary outcome variable was maximal oxygen uptake®.

The present study found no differences in PHQ-9 data between groups. Previous research has reported

depression is prevalent in young onset dementia, mainly due to apathy accompanying diagnosis®’.


Lawrence Hayes
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Depressive symptoms are more common in young onset dementia than in late onset dementia, and a
recent meta-analysis observed 25% prevalence of depression in late onset dementia®®, with other studies
reporting this prevalence as high as 66% in young onset dementia®. It is possible the present study
found no differences between groups for depressive symptoms due to the small sample size. The small
sample makes it difficult to arrive at a consensus and results from this study cannot be extrapolated

across the clinical population until this design is scaled up.

No differences were detected between groups in PSQI data. Previous work has demonstrated poor sleep
quality in people diagnosed with dementia®®, however, have failed to demonstrate a significant
difference between dementia groups and control groups, similar to the present findings. Therefore, more

research may be needed, especially in young onset dementia patients.

Some findings observed herein were not reflective of the existent literature. This may be due to reasons
highlighted previously such as participant age and stage of diagnosis. Our recruitment strategy may
partially explain this, as study information and invitations to participate were provided at the point of
diagnosis from our participant identification centre. Therefore, young onset dementia patients who are

further on in prognosis are unlikely to yield similar findings*'.

Implications

Dexterity and bimanual coordination, and mental and cognitive wellbeing had not been reported within
the same study until now. Therefore, we hope this novel investigation can help guide future work by
adding information related to these domains. We have highlighted key areas of impairment across

Purdue pegboard test, EQ-5D-3L analogue score, and General Self Efficacy scale score.

Strengths and Limitations

A key strength of the current study was the target population, focussing on those with young onset
dementia addressed an under-represented population, paving the way for further research in the area.
However, this study is not without limitations, including a modest sample size. To address this, we
communicated magnitude-based inferences and precise o values instead of binary ‘significance’

classifications. This was necessary due to scant normative values in young onset dementia. Secondly,



young onset dementia is progressive and therefore data from this study may not be extrapolated to
young onset dementia patients in the latter stages of prognosis. To address this, future research should

consider cross sectional designs from people at multiple stages of prognosis.

We revealed stark variance in the young onset dementia group exhibited for the Purdue pegboard test,
EQ-5D-3L analogue score and General Self Efficacy scale score. The control group exhibited smaller
variance, likely due to its more homogeneous composition. We postulate this was due to a broader range

of symptoms inherent to their diagnosis and/or different duration of illness*.

Conclusion

The identified deficits in dexterity and bimanual coordination, EQ-5D-3L analogue score and general
self-efficacy may contribute to disease burden, emphasising the need to recognise and address these
issues to improve quality of life. We identified differences between the young onset dementia group
and controls in dexterity, health rating and self-efficacy. To confirm the findings described above, we
suggest more studies are completed longitudinally and at scale to broaden understanding on how
diagnosis interacts with the parameters studied herein. This research would lay the foundations for

designing and evaluating complex support packages.
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