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Abstract.
Background: Assistive technology for cognition (ATC) can be defined as external devices aimed at supporting cognitive
function. Studies in neurological populations suggest that use of ATC is a promising strategy to ameliorate negative effects
of cognitive impairment and improve Health-related Quality of Life (HRQoL). There is a lack of studies on the effects of
ATC in HD.
Objective: This study aimed to describe the use of ATC in patients with HD, and to investigate the association between ATC
and HRQoL.
Methods: A cross-sectional population-based study, including eighty-four patients with a clinical HD diagnosis (stages
I–V). Socio-demographic and clinical data were collected, including information regarding various aspects of ATC use
and an evaluation of cognitive impairment was performed. The Unified Huntington’s Disease Rating Scale (UHDRS) Total
Functional Capacity scale (TFC) and the EQ-5D Visual Analogue Scale were used to evaluate functional ability and HRQoL.
Descriptive analyses were conducted to describe ATC use and regression analyses to investigate associations between ATC
and HRQoL.
Results: Thirty-seven percent of the patients had ATC, and ATC was used most frequently in stages I-III. Information about
ATC, needs evaluation and training was provided to 44%, 32.1% and 20.2% respectively. The regression analysis showed a
significant association between TFC and HRQoL (� value = –0.564, p = 0.001), but there was no association between ATC
and HRQoL.
Conclusions: One-third of all patients used ATC, mainly those with mild to moderate cognitive impairment (stage I – III).
No association between ATC and HRQoL was found. More research is needed to investigate effects of ATC in HD.
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INTRODUCTION

Cognitive impairment is one of the hallmark
symptoms of Huntington’s disease (HD), an autoso-
mal dominant hereditary neurodegenerative disease.
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Subtle signs of cognitive decline appear more than
a decade prior to clinical diagnosis and develop
progressively [1–5]. Neuro-imaging studies have
revealed alterations in brain function, -structure and
-connectivity in individuals with pre-manifest and
manifest HD, and has found relationships between
neuro-imaging measures and poorer performance
on cognitive tasks [3, 4, 6, 7]. While changes in
cognition vary from individual to individual, cog-
nitive impairments are usually most pronounced in
the cognitive domains of psychomotor speed, execu-
tive functions and memory (specifically visuo-spatial
memory), progressing until developing global cogni-
tive impairment and dementia in advanced stages of
HD [4, 8, 9].Cognitive impairment in HD can have
a detrimental effect on health-related quality of life
(HRQoL) through affecting ability to work and par-
take in leisure activities, interpersonal relationships,
and ability to maintain self-care [10–13]. Two studies
on HD have identified impaired cognitive function
as the strongest negative determinants of HRQoL
[12, 14]

Despite extensive efforts, no known cure exists for
HD at present and no pharmacological interventions
have been shown to improve cognitive function in
HD [15]. Patients suffering from HD are dependent
on the provision of individually tailored multidisci-
plinary comprehensive healthcare across the disease
spectrum [14, 16–18]. The broad established knowl-
edge about cognitive impairment in relation to brain
function and mechanisms that has emerged during
the last decades, has contributed to an increased
interest in non-invasive, non -pharmacological inter-
ventions that may have a positive effect on cognitive
function [4, 19]. Studies conducted in patients with
traumatic brain injury (TBI), Alzheimer’s disease
and elderly with cognitive deficits, have shown that
assistive technology for cognition (ATC) has the
potential to support and maintain cognitive function
and thereby improve functional ability and HRQoL
[20–25]. Assistive technology for cognition (ATC)
can be defined as an item that increases, maintains
or improves functional capabilities for individu-
als whose cognitive changes limit their effective
participation in daily activities [26]. ATC are exter-
nal aids that can address disabilities in memory,
executive functions such as planning, organization
and attention, in addition to reduced psychomotor
speed [26, 27]. Wilson et al. assessed a person-
alized electronic paging system as a method of
reducing everyday problems in individuals with cog-
nitive impairment (memory, attention, planning, and

organizational problems) following TBI, stroke and
other acquired progressive and non-progressive brain
injuries. They found use of the paging system to be
significantly associated with greater ability to carry
out daily activities, such as self-care and keeping
appointments [23]. Two studies conducted in the HD
population investigated the use of talking mats as a
way to support communication in nine patients. Ferm
et al. examined the effect of talking mats in one-to-
one communication in five patients and found that
they were able to have more structured conversations
compared to a control group with no communica-
tion aids [28]. Hallberg et al. investigated the use of
talking mats in group conversations and found that
patients had more effective conversations and asked
more questions with the help of talking mats [29].

Despite broad knowledge regarding cognitive
impairment in HD, and literature investigating ATC
as a beneficial intervention to compensate negative
effects of cognitive dysfunction in patients with other
neurological conditions, the two previously men-
tioned studies are the only studies that have been
conducted on ATC in HD [28, 29]. No studies sys-
tematically describing ATC have been conducted in
HD. Moreover, to the authors’ knowledge, ATC as a
way of alleviating cognitive impairment in HD has
not been proposed as a potential cognitive interven-
tion or as a part of comprehensive multidisciplinary
care in literature on cognition in HD. Thus, there
is a need for studies systematically describing the
use of ATC and to investigate its potential as a non-
pharmacological intervention in HD, by exploring
the association between ATC and HRQoL. Otherwise
we may discount an important non-pharmacological
intervention for patients with HD.

The aims of the present study are to:

• Describe the use of ATC across the disease
stages in a Norwegian cohort of HD patients.

• Investigate the association between ATC and
HRQoL.

MATERIALS AND METHODS

Participants and recruitment procedure

A total of 158 patients with a clinical diagnosis
of HD residing in the South-Eastern region of Nor-
way (population of 2.7 million), equal to a prevalence
of 5.9/100.000 inhabitants, were identified. These
patients were invited to participate in a survey study
on healthcare needs and utilization and quality of
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life. Eighty eight patients gave their consent to par-
ticipate and were included in the survey. Of those,
two patients were excluded due to lack of clini-
cal diagnosis of HD. Of the 86 patients, 2 did not
return the EQ-5D-3L for Health-related Quality of
Life (HRQoL) questionnaire, resulting in 84 patients
included in the data-analyses (53.2% of the total num-
ber of patients invited to study participation) (see flow
chart in Fig.1 illustrating patient recruitment).

The identification of eligible patients was com-
pleted through the regional academic medical center,
Oslo University Hospital, the Department of Neu-
rohabilitation, Department of Neurology and the
Department of Medical Genetics, and through the
national advisory service for HD, the Centre for
Rare Disorders. Furthermore, Vikersund Rehabilita-
tion Centre, offering a rehabilitation program for HD
patients, distributed invitations to additional patients.
Wealsocollaboratedwith theNorwegianProfessional
Network for Community Care in HD (Huntington
fagnettverk) and the Norwegian HD lay association
(Landsforeningen for Huntington sykdom), in a fur-
ther attempt to reach as many patients as possible.

Approval for the study was obtained from the
Regional Ethical Committee (ref. 2013/2089). All
patients included in the study provided their informed
consent. For patients unable to give informed con-
sent themselves, consent was given by the primary
caregiver or legal representative.

Procedures for data collection

Data was collected from January to August 2014
either as outpatient study visits (39%) or as study

Fig. 1. Flow chart of recruitment process.

visits at the patients’ home (61%). The survey
interviews and patient ratings were performed by
two experienced clinical psychologists (MRvW and
EIH). At the beginning of the visit information on
socio-demographic and clinical characteristics was
collected. For three patients we were unable to obtain
information about the number of CAG repeats in the
HTT-gene. Furthermore, for four patients we used
supplementary information from the patients’ med-
ical records in order to estimate educational level
(low vs. higher) and for three patients we determined
the occupational type (manual vs. non-manual). For
three patients the disease duration (number of years
with clinical diagnosis of HD) was estimated from
information in patients’ medical records. As part of
the clinical characteristics a clinical evaluation of
cognitive impairment was conducted. Furthermore,
patients were rated regarding their functional ability
and asked to report their self-experienced health-
related quality of life (HRQoL) by filling out a generic
questionnaire. Primary carers, either family members
or healthcare personnel involved with the patient on
a daily basis assisted patients who were unable to
complete the questionnaire themselves. The primary
carer completed the questionnaire on behalf of eight
patients with advanced disease. They were explicitly
instructed to reflect the patients experienced health
status and HRQoL to the best of their ability. When
unable to do so the questions were kept open and
became missing values. A prepaid reply envelope was
used to return questionnaires, which were not filled
out during the study visit.

Collecting information on assistive technologies
for cognition (ATC)

For the specific purpose of the present study, infor-
mation concerning ATC was collected. The existing
literature on ATC (29, 31) suggests that individuals
with cognitive impairment may start using exter-
nal aids of their own in order to support impaired
cognitive function, and include mainstream products
such as cell phones, calendars, planner books, alarm
clocks etc. We wanted to document the use of such
devices and chose to define such items as informal
ATC. Formal ATC was defined as items or software
specifically designed to support patients with cogni-
tive impairment acquired through a formal process
of implementation. The information regarding ATC
that was collected included the following: a) whether
patients had ATC and whether these were formal or
informal b) whether they used ATC, c) whether they
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had been informed about the possibility of receiv-
ing ATC, d) whether they had undergone a formal
needs assessment for ATC, and e) whether they had
received training in the use of the ATC. This infor-
mation was recorded as part of the survey interview
at the beginning of the study visits.

Clinical evaluation of cognitive impairment

A clinical evaluation of the patients’ cognitive
status was performed. This evaluation was based
on information concerning cognitive function and
symptoms obtained from the patient and informa-
tion from their relative and/or professional caregiver,
in addition to the clinicians’ observations during
the evaluation. The clinical evaluation of cogni-
tive impairment included the following categories:
1) mild cognitive impairment, defined as a slight
reduction in one or more cognitive domains caus-
ing changes in or impaired ability to perform daily
activities and the need for minor adjustments in order
to be able to perform everyday activities, with next-
of-kin starting to notice changes in the patient, 2)
moderate cognitive impairment, defined as overt cog-
nitive impairment in more than one cognitive domain
as compared to premorbid function, with clear need
for support/adjustments in order to continue carrying
out daily activities and no longer being able to per-
form complex tasks, evident to next of kin, 3) severe
cognitive impairment, defined as severe cognitive
dysfunction in all domains, impaired communication,
no longer being able to carry out daily activities or
maintain self-care and in need of around the clock
care, 4) Unable to evaluate, defined as cases where
the raters were in doubt of the patients cognitive func-
tion due to lack of comparative information from
next-of-kin or primary healthcare professional.

Measurements

As a measure of functional ability, we used the Uni-
fied Huntington’s Disease Rating Scale (UHDRS)
– Functional Assessment, including the Total Func-
tional Capacity scale (TFC) (scoring range of 0 –
13), the Functional Assessment scale (FAS) rating
ability to perform activities of daily living (scor-
ing range 0–25), and the Independence Scale (IS),
indicating the level of independence (scoring range
0–100). The TFC was used to classify the patients
in five functional stages of HD: Stage I corresponds
to a TFC score of 11–13, Stage II to a TFC score
of 7–10, Stage III to a TFC score of 3–6, Stage IV

to a TFC score of 1-2 and Stage V to a TFC score
of 0. Higher scores on these scales indicate better
functioning.

In order to measure self-perceived overall HRQoL,
we used the Visual Analogue Scale (VAS) of the
EQ-5D-3L. The EQ-5D-3L is a generic measure
developed by the Euro-Qol Group [30]. The VAS has
a scoring range from 0 (worst health-state) to 100
(best health state) and is often used as a general mea-
sure for HRQoL. The EQ-5D-3L has been used in
various health conditions including HD, and it has
been found valid to use in the Norwegian population
[31–34].

Statistical analysis

Descriptive statistics of mean values and stan-
dard deviation (SD) were calculated for normally
distributed variables and median and interquartile
range (IQR) for non-normally distributed socio-
demographic and clinical variables. Frequencies and
percentages were calculated in order to describe the
nominal socio-demographic and clinical variables,
as well as to describe ATC use as recorded by
the five information items regarding ATC. Group
differences between disease stages for the socio-
demographic and clinical data were calculated using
one-way ANOVA for normally distributed variables
and Kruskal-Wallis tests for K-samples for non-
normally distributed variables. Chi-square tests were
performed in order to calculate overall group differ-
ences on ATC use between stages I – V.

In order to investigate associations between the
independent variables including formal and informal
ATC and the dependent variable representing HRQL
(EQ-5D VAS score) simple regression analyses were
performed. These revealed significant associations
for all disease-related variables (TFC, cognitive
impairment, disease duration, informant, housing
situation), while none of the socio-demographic vari-
ables reached significance. Further, we performed
multivariate linear regression analyses in order to
assess the contribution of the variables of interest
and other potentially confounding variables (con-
trol variables) on the dependent variable. Based on
results of the simple regression analyses and clini-
cal importance, all disease-related variables, except
for living situation due to high correlation with
TFC of >0.7, were entered into multiple regression
model as control variables. Additionally, the model
was controlled for variables age and education, both
known to influence HRQoL [35, 36]. Variables TFC
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and cognitive impairment were entered as disease-
specific control variables in separate models as they
correlated highly with each other and are consid-
ered important relating to both variables of interest
and HRQoL. Findings are presented in Adjusted R2

and in standardized Beta (�) values with confidence
intervals and partial r2. Inspection of violation of
assumptions resulted in logarithmical transformation
of the values of disease duration. Multicollinear-
ity between independent variables was investigated
using inflation factor (VIF). Influential data points
were examined using Cook’s distance and resid-
ual analyses were conducted revealing no outliers
among any of the variables included in the analy-
ses. Significance levels were set at p = 0.05 and all

statistical tests were two sided. SPSS version 21.0;
SPSS Inc. Chicago IL was used to perform all statis-
tical analyses.

RESULTS

Description of participants

Socio-demographic and clinical characteristics of
all 84 included patients are presented in Table 1. Dis-
ease Stage I included 12 patients (14%), Stage II 22
patients (26%), Stage III 19 patients (23%), Stage IV
14 patients (17%) and Stage V 17 patients (20%). The
mean age of the patients was 56.7 (SD 11.4) years.
Significant overall group differences (p < 0.001) were

Table 1
Socio-demographic and clinical characteristics for total sample and divided across disease stages

Complete sample Stage I Stage II Stage III Stage IV Stage V
(N = 84) (n = 12) (n = 22) (n = 19) (n = 14) (n = 17)

Variables Categories Mean Mean Mean Mean Mean Mean p-value
(SD) (SD) (SD) (SD) (SD) (SD)

Socio-demographic characteristics
Age∗ 56.7 (11.4) 49.8 (9.5) 54.6 (12.9) 58.9 (11.1) 61.1 (11.5) 57.8 (9.0) 0.084
Education (years)∗ 12.9 (3.5) 14.3 (3.3) 13.8 (3.8) 11.7 (3.2) 12.5 (3.7) 12.4 (3.3) 0.179

n (%) n (%) n (%) n (%) n (%) n (%) P-value
(2 sided)

Gender Female 37 (44) 5 (42) 8 (36.4) 7 (37) 7 (50) 10 (59) 0.616
Male 47 (56) 7 (58) 14 (63.6) 12 (63) 7 (50) 7 (41)

Education Lower (≤12 years) 51 (60.7) 5 (42) 11 (50) 15 (79) 9 (64.3) 11 (65) 0.221
Higher (>12 years) 33 (39.3) 7 (58) 11 (50) 4 (21) 5 (45.7) 6 (35)

Marital status Single 36 (42.9) 4 (33) 7 (31.8) 9 (47) 8 (57.1) 8 (47) 0.560
Married 48 (57.1) 8 (67) 15 (68.2) 10 (53) 6 (42.9) 9 (53)

Occupation# Manual 40 (47.6) 5 (42) 9 (40.1) 12 (63) 6 (46.1) 8 (47) 0.643
Non-manual 41 (48.8) 7 (58) 13 (59.1) 7 (37) 7 (53.8) 7 (41)

Employment Employed 14 (16.7) 11 (92) 3 (13.6) 0 (0) 0 (0) 0 (0) <0.001
Unemployed 70 (83.3) 1 (8) 19 (86.4) 19 (100) 14 (100) 17 (100)

Housing situation Living at home 52 (61.9) 12 (100) 22 (100) 13 (68) 5 (35.7) 0 (0) <0.001
Not living at home 32 (38.1) 0 (0) 0 (0) 6 (32) 9 (64.3) 17 (100)

Residence Rural 12 (14.3) 1 (8) 3 (13.6) 2 (10.5) 3 (21.4) 3 (18) 0.859
Urban 72 (85.7) 11 (92) 19 (86.4) 17 (89.5) 11 (78.6) 14 (82)

Informant Patient Patient & 27 (32.1) 9 (75) 14 (63.6) 4 (21) 0 (0) 0 (0) <0.001
informant/ 57 (67.9) 3 (25) 8 (36.4) 15 (79) 14 (100) 17 (100)
informant only

Variables Median Median Median Median Median Median p-value
(IQR) (IQR) (IQR) (IQR) (IQR) (IQR)

Clinical characteristics
Disease duration∗∗ 6 (7) 2 (2) 5 (6) 7 (5) 8 (7) 11 (7) <0.001
Total FAS score∗∗ 15 (17) 24 (2) 20 (2) 15 (4) 5 (3) 0 (2) <0.001
Independence score∗∗∗ 60 (26.5) 95.8 (5.1) 79.1 (2.9) 64.7 (6.3) 40.4 (10.8) 20.9 (5.7) <0.001

n (%) n (%) n (%) n (%) n (%) n (%) P-value
(2-sided)

Overall cognitive Mild to moderate 46 (54.8) 12 (100) 22 (100) 12 (63.2) 0 (0) 0 (0) <0.001
impairment## Severe 34 (40,5) 0 (0) 0 (0) 6 (31.6) 12 (85.7) 16 (94.1)

Comorbid conditions No(ne) 48 (57.1) 7 (58) 9 (41) 9 (47) 10 (71) 13 (76) 0.143
Yes 36 (42.9) 5 (42) 13 (59) 10 (53) 4 (29) 4 (24)

FAS: Functional Assessment Scale; SD: Standard deviation; IQR: Interquartile range; ∗using ANOVA; ∗∗Kruskall-Wallis for k samples
∗∗∗normally distributed: reported mean (sd) and Anova; all other variables Chi-square; #3 responses missing (1 in Stage IV and 2 in stage
V); ##4 patients unable to evaluate (1 in Stage III, 2 in Stage IV, and 1 in Stage IV).
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found for employment, housing situation and infor-
mant. Furthermore, overall group differences for
disease-specific clinical characteristics were signifi-
cant (p < 0.001). As expected, patients with advanced
disease had longer disease duration compared to
patients in the early phase of disease, while total
scores for scales indicating functional disability (FAS
and IS) showed a decline from stage I to stage V.
The number of patients with severe cognitive impair-
ment increased in advanced disease (all patients
in stage IV and V had severe cognitive impair-
ment, while all patients in stage I had mild to
moderate cognitive impairment). There were no sig-
nificant group differences for comorbid conditions
(p = 0.143).

Description of distribution of informal
and formal ATC

Table 2 presents frequencies and percentages
of ATC. Overall, approximately one third (36.9%,
n = 31) of all patients had ATC (either formal or
informal) with the majority of patients in stages I
to III (Stage I: 75%, n = 9, Stage II: 63.7%, n = 14,
Stage III: 36%, n = 7, respectively). Formal ATC was
most frequent in stage III (36.8%, n = 7), while infor-
mal ATC was most frequent for patients in stages I
and II (75%, n = 9 and 45.5%, n = 10, respectively).
Overall significant group differences across the five
disease stages were found for having and using ATC
(p < 0.001). Forty four percent of all patients (n = 37)
had received information about the possibility of
receiving ATC. Only 32.1%, (n = 27) had undergone
a formal needs assessment for ATC, while even fewer
patients (20.2%, n = 17) had received training for use

of the provided ATC. Information regarding ATC
provision was predominantly given to patients in
stage II (45.4%, n = 10) and III (73.7%, n = 14).
Information regarding a formal needs assessments
and training provided for ATC showed similar pat-
terns. In stage I, four patients (33.3%) had received
information about ATC and none of the patients
in stage I had yet received an evaluation regard-
ing provision of formal ATC or received training. A
similar number of patients in the advanced disease
phase (stage IV and V) had received informa-
tion, evaluation and training for the use of ATC.
Overall group differences across disease stages
were significant for the provision of information
about ATC and performance of ATC evaluations
(p = 0.045 & p = 0.006 respectively), while no gen-
eral group difference was found for ATC training
(p = 0.150).

Health-related quality of life

An average score of 52.1 (SD 26.1) (n = 82) was
found for overall self-reported HRQoL measured by
EQ-5D VAS. Average scores declined across dis-
ease stages I to III (stage I: mean 83 (SD = 16.4);
stage II: mean 57.9 (SD = 20.3); stage III: mean 49.3
(SD 23.5)) and remained stable in advanced disease
(stage IV: mean 35 (25.5); stage V: mean 38.3 (20.9)
(n = 15)).

The relationship between ATC and health-related
quality of life

When investigating the relationship between for-
mal and informal ATC on HRQoL (n = 82) using

Table 2
Description of information for ATC

Complete sample Stage I Stage II Stage III Stage IV Stage V
(N = 84) (n = 12) (n = 22) (n = 19) (n = 14) (n = 17)

Variables n (%) n (%) n (%) n (%) n (%) n (%) P-value (2-sided)

ATC formal/informal Formal 12 (14.3) 0 (0) 4 (18.2) 7 (36.8) 1 (7.1) 0 (0) P < 0.001
Informal 19 (22.6) 9 (75) 10 (45.5) 0 (0) 0 (0) 0 (0)
None 53 (63.1) 3 (25) 8 (36.4) 12 (63.2) 13 (92.9) 17 (100)

ATC use Yes 30 (35.7) 9 (25) 14 (63.6) 7 (36.8) 0 (0) 0 (0) P < 0.001
No 48 (57.1) 3 (75) 8 (36.4) 12 (63.2) 11 (78.6) 14 (82.3)
Used previously 6 (7.1) 0 (0) 0 (0) 0 (0) 3 (21.4) 3 (17.7)

ATC information∗ Yes 37 (44) 4 (33.3) 10 (45.4) 14 (73.7) 4 (28.6) 5 (29.4) P = 0.045
No 46 (54.8) 8 (66.7) 12 (54.5) 5 (26.3) 10 (71.4) 11 (64.7)

ATC evaluation∗∗ Yes 27 (32.1) 0 (0) 7 (31.8) 12 (63.2) 4 (28.6) 4 (23.5) P = 0.006
No 56 (66.7) 12 (100) 15 (68.2) 7 (36.8) 9 (64.3) 13 (76.4)

ATC training Yes 17 (20.2) 0 (0) 5 (22.7) 7 (36.8) 2 (14.3) 3 (17.6) P = 0.150
No 67 (79.8) 12 (100) 17 (77.3) 12 (63.2) 12 (85.7) 14 (82.4)

ATC: Assistive Technologies for Cognition/cognitive disabilities. Chi-squares were used to calculate overall group differences; ∗1 missing
in Stage V; ∗∗1 missing in Stage IV.
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simple regression analysis, we found a positive �
value that reached significance for informal ATC,
indicating that informal ATC was associated with
higher HRQoL (� value = 0.356, � 95% CI: 8.45 –
34.16, p = 0.001). The formal ATC was not signif-
icantly associated with HRQoL (� value = –0.045,
� 95% CI –19.04 – 12.58, p = 0.685) in the simple
regression analysis.

Results of the multivariate linear regression analy-
sis investigating the associations between having for-
mal and informal ATC and HRQoL (n = 82), are dis-
played in Table 3. The final model controlled for TFC
score, disease duration, informant, age and education
explained one-third of the variance in HRQL scores
(adjusted R2 = 30%, p < 0.001). The model produced
only one significant predictor, the TFC. TFC had
a negative Beta value (� value = –0.564, � 95% CI
1.47 – 5.34, r2 = 0.142, p = 0.001) showing that a
higher TFC score corresponded to higher HRQoL,
and explained almost all variance in the model. For-
mal ATC, informal ATC or other control variables
were not associated with HRQoL in the final model.

Collinearity statistics were found to be acceptable
(VIF: 1.15 – 2.99). No outliers were identified. No
single case had undue influence on the model as
indicated by Cook’s distance (D = max 0.145). The
external validation of the model performed using
the variable cognitive impairment instead of TFC
showed the same value of the explained variance and
other results.

DISCUSSION

The current study is the first to describe ATC and
its association with HRQoL in HD. We found that 31
of 84 patients had ATC. Use of ATC was most fre-
quent in disease stages I-III, in patients with mild to
moderate cognitive impairment, with informal ATC
most frequently used in disease stages I-II and formal
ATC in disease stages II-III. Information about ATC,

needs evaluation and training was provided most fre-
quently in stages II-III. Multiple regression analysis
showed that neither formal nor informal ATC were
significantly associated with HRQoL. Of the assessed
variables, functional capacity as assessed by TFC
was the only variable significantly associated with
HRQoL.

We found that relatively few patients in this study
used formal ATC. The fact that a minority of the
patients had formal ATC may be explained by dif-
ferences between formal and informal ATC: informal
ATC is introduced by the patients themselves in order
to compensate for self-experienced reduced cognitive
function and maintain their daily functioning. These
items are well-known to the patients and easily acces-
sible. Formal ATC, on the other hand, requires an
implementation process and training. Additionally,
patients in earlier disease stages have less pronounced
cognitive impairment and higher functional capac-
ity. They may be able to recognize and compensate
for early symptoms of cognitive impairment by using
such familiar objects. Needs for more complex aids
may arise as the disease progresses and cognitive
impairments increase in severity. More than 50%
of the assessed patients had not received informa-
tion or undergone a needs assessment for ATC, and
few had received training. This finding is in line
with other studies on patients with cognitive dis-
abilities, showing that patients often do not receive
information concerning ATC, and pointing to lack
of knowledge regarding available ATC and a lack of
trained personnel to implement them [37, 38]. In this
study formal ATC was most frequently used in dis-
ease stages II-III, while informal ATC was used in
stages I and II. This could be a result of the needs
for formal ATC arising later in the course of dis-
ease. An additional explanation could be lack of
awareness for and knowledge about the provision
of formal ATC among professionals working with
HD patients resulting in late performance of ATC

Table 3
Results of linear regression analyses on HRQoL (N = 82)

Independent Variables � � (95% CI) Partial r2 p-value

Formal ATC –0.067 –19.05–9.5 0.006 0.511
Informal ATC 0.018 –14.8–17.03 0.002 0.889
TFC 0.564 1.47–5.34 0.142 0.001
Disease duration –0.156 –11.63–2.56 0.021 0.207
Informant 0.097 –8.81–19.51 0.008 0.454
Age –0.108 –2.29–0.67 0.016 0.280
Education 0.037 –0.37–0.54 0.002 0.715

Note: � = standardized coefficients, partial r2 = squared partial correlation coefficients.
R-square = 0.36, Adjusted R2 = 0.30, p < 0.001.
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needs assessment and implementation. The latter may
negatively influence patients’ ability to benefit from
ATC as the progressive nature of cognitive impair-
ment may reduce ability to learn to use ATC through
training and thereby reduce the period of time for
effectively being able to use ATC. Overall use of
ATC was least frequent in stages IV-V, including
the patients with more severe cognitive impairment.
This may be expected as patients in advanced disease
stages have global cognitive impairment (dementia)
and motor symptoms causing increasing difficulty
applying external aids.

In this study, we did not find an association between
ATC and HRQoL. The TFC was the only factor sig-
nificantly associated with HRQoL. This finding is in
line with previous studies [12, 39, 40]. One possible
explanation may be that improving HRQoL through
the use of ATC requires more than access to devices.
One may have to take into account the interactions
between the device and everyday life environments
in order to make ATC an effective intervention
[41]. Prior studies have identified critical factors
for successful use of ATC underlining the impor-
tance of establishing a match between the person
with impaired cognition and the ATC through com-
prehensive assessment of individual characteristics
[20, 26, 37]. These characteristics include personal
characteristics of the individual, the environment and
the ATC [37, 41]. Our results may indicate that
ATC has not been successfully implemented. Several
reviews and clinical studies show promising results
for ATC as a mean to support and maintain cog-
nitive function and to improve functional ability in
patients with impaired cognition [22, 23, 42–46]. An
improvement in the quality of life (QoL) and in the
ability to perform daily activities was also found in
a recently published study on home-based electronic
assistive technology for memory in individuals with
memory deficits [43]. ATC is thought to positively
affect HRQoL through improving functional ability.
Therefore, it may be that the effect of ATC is reflected
in the TFC score in the present study.

Limitations and strengths

A number of limitations of the present study
should be addressed. Firstly, this is a cross-sectional
study that prevents us from describing the process
of ATC implementation over time and discussing
causal relationships. Secondly, our evaluation of cog-
nitive impairment was based on clinical evaluation
during the interview with the patient without using

a standardized instrument. However, we pre-defined
three categories of cognitive impairment (mild, mod-
erate and severe) based on our clinical knowledge
of cognitive functioning and work experience with
patients suffering HD. The high correlation (>0.9)
between cognitive impairment and TFC indicates that
our evaluation can be considered sufficiently reli-
able. Thirdly, the present study does not include other
disease-specific clinical assessments, which may pro-
vide more information about the characteristics of the
patients who use ATC, and may help to tease apart
associations between ATC and HRQoL. It should
further be noted that a disease specific measure of
HRQoL could potentially have been more sensitive
to an association between ATC and HRQoL. Yet we
consciously chose a generic measure in the form
of the EQ-5D VAS as it is less complicated and
therefore, easier to administer for advanced patients,
which we specifically aimed to recruit. Some form of
population bias cannot be excluded as patients with
reduced self-awareness may not be in contact with
healthcare institutions. They may also be more likely
to decline participating in the study as they perceive
themselves symptom free. Yet, despite reducing the
statistical power, the response rate of 53.2% included
in the analyses of this study can be considered satis-
factory, given the clinical picture of HD. The present
study also comes with strengths. Patients in stages IV
and V (advanced stages) are relatively equally repre-
sented. Moreover, this is the only study to describe
use of ATC in HD, a potential additional resource to
existing comprehensive healthcare services.

Clinical recommendations and recommendations
for future research

Previous studies on ATC and cognitive impairment
propose that ATC can be effective and that a compre-
hensive process of identifying needs, personal and
environmental factors, implementation through train-
ing (matching the person with the device) increases
the likeliness of patients being able to benefit from
ATC. The results of the present study suggest the
need for increased awareness about ATC as an inter-
vention to support and compensate cognitive abilities
in HD in Norway. Our findings further suggest that
professionals need to be aware of the requirements for
successful implementation and awareness of the pro-
cess towards successfully providing ATC to patients
with HD. It is important to bear in mind the com-
plex and changing character of HD, including motor
impairments, calling for regular monitoring of ATC
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needs and use. The relatively low number of patients
using formal ATC and the absence of an associ-
ation between ATC and HRQoL may indicate an
insufficient ATC implementation process, lacking
comprehensive and individually tailored assessment.
The results call for further research on ATC as a treat-
ment intervention, and for further investigation of the
effectiveness of ATC on cognition and ADL in HD.
Future studies should also seek to further tease apart
associations between ATC and other disease specific
factors, including cognitive function and functional
abilities, and HRQoL.

Conclusion

ATC was used mainly in stages I-III, in patients
with mild to moderate cognitive impairment. Use
of informal ATC was most frequent in stages I –
II, and formal ATC in stages II-III. Information
about ATC, needs evaluation and training was pre-
dominantly provided to patients in stages II-III. No
association between ATC and HRQoL was found.
Results may reflect lack of awareness and knowl-
edge about the availability of ATC among healthcare
professionals. Results further suggest the importance
of a thorough assessment and implementation pro-
cess matching device with the individual, requiring
healthcare professionals to see the patient and ATC
in a social context.
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