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Abstract

Background: The childhood phenotype of myotonic dystrophy type 1 (DM1) involves impaired cognitive function-
ing starting in infancy, which may compromise later on their ability to carry out instrumental activities of daily living
(IADLs) necessary for living independently. The current study aims to document the ability to perform IADLs among
adults with the childhood phenotype of DM1 and to explore its links to cognitive functioning.

Methods: This cross-sectional exploratory study was conducted among 11 individuals living with DM1. IADLs related
to money management, home management & transportation and health & safety activities were assessed by the
Independent Living Scale (ILS). Neuropsychological tests assessed participants’intellectual abilities and executive
functioning. Associations were investigated using Spearman'’s rho correlation.

Results: Important difficulties were found in all three categories of IADLs, mostly in money management in which
only 2/11 participants were scored as independent. 8/11 participants showed low to very low intellectual functioning
and limit to impaired executive functioning. Apathy was also a common feature as 5/11 participants showed clinical
level of apathy. A lower IQ was associated with greater difficulty in the home management & transportation subtest of
the LS.

Conclusions: Adults with the childhood phenotype of DM1 demonstrate relative dependence in regard to the
following IADLs: money management and home management & transportation. Level of dependence is, at least par-
tially, associated with cognitive impairments. The work relates to results from an exploratory study; thus, studies must
be pursued to describe in more details difficulties experienced by this population.
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Background

Myotonic dystrophy type 1 (DM1) is a progressive
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muscular involvement (myotonia, muscular wasting and
weakness), there are also impairments in cardiac, respira-
tory, endocrine, ocular, skeletal and central nervous sys-
tems (CNYS) [2, 3].

DM1 is usually classified into five phenotypes [4,
5]: (1) congenital, (2) childhood, (3) juvenile, (4) adult
and (5) late-onset. Most studies have been conducted
among the adult and late-onset phenotypes and showed
the importance of conducting phenotype-specific stud-
ies has they present in different challenges in regard to
impairments, activity and participations restrictions [4,
6, 7]. Among them, the childhood phenotype has been
scarcely described although being regarded as present-
ing with a more severe long-term prognosis in relation to
independent living. It is characterized by facial weakness,
dysarthria, hand muscle myotonia and delayed motor
development [8], occurring between 1 and 10 years of age
with absence of neonatal problems. In addition, children
with the DM1 childhood phenotype usually present with
lower IQ levels and cognitive impairments [9-11] such as
speech and language delay, learning disability and lower
performance in relation to adaptive behaviors, socializa-
tion, communication, and daily living tasks [10, 12]. The
evolution of cognitive disability has provided conflict-
ing results in individuals with the childhood phenotype;
some documented a decline of the general 1Q [13, 14]
whereas a recent study documented rather stability in
cognitive abilities and adaptive behavior over a 7 years
period [15]. Those studies have included almost only
child or adolescents below 18 years old. Hence, the cog-
nitive profile of persons with the childhood phenotype
remains nearly unknown in adult life. More specifically,
it is unclear whether the cognitive profile from child-
hood to adulthood is stable or declines over time and the
impact it could have on their ability to live independently.

Independent living has been known to be disrupted
among the DM1 population [16, 17]. At the Saguenay
Neuromuscular Clinic (Quebec, Canada), precarious
situations such as substandard housing, loss of employ-
ment, bankruptcy, etc. have been observed among
patients by healthcare professionals in clinical follow-
up, which have raised important questions regarding
their abilities to live independently. A retrospective chart
review was thus conducted and identified that several
adult patients with the childhood phenotype experienced
participation restrictions in relation to independent liv-
ing, including home management and economic self-
sufficiency (Gagnon et al. 2017). However, no prospective
study to our knowledge has yet explored independent
living among adults living with the childhood phenotype
of DM1. Given the cognitive profile and the low compli-
ance in clinical visits in this phenotype, it was essential to
conduct an exploratory study to ensure that patients were
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able to answer our assessment battery within the two vis-
its scheduled.

Independent living is a complex notion and includes
the accomplishment of activities of daily living (ADLs),
which can be divided in two main categories: basic ADLs
(BADLs) and instrumental ADLs (IADLs). BADLS are
usually simple self-care tasks aimed to answer basic phys-
ical needs, such as brushing teeth, dressing or grooming.
IADLs are more complex activities required to partici-
pate to domestic and community life, such as cooking,
money management, transportation, etc. IADLs are usu-
ally the first affected activities with cognitive decline as
they require higher neuropsychological processing [18].
It has been demonstrated in the elderly population that
memory and other cognitive functions such as execu-
tive abilities may result in problems performing IADLs,
therefore jeopardizing their ability to live independently
[19-21]. Several studies have shown that cognitive
impairments may cause problems in IADLs performance
among other populations [22-25]. To our knowledge,
the link between cognitive functioning and IADLs has
never been investigated in the DM1 population, includ-
ing adults living with the childhood phenotype.

The objectives of this exploratory study were to docu-
ment performance-based IADLs accomplishment and
to explore their links with the cognitive profile, among
adults with the childhood phenotype of DM1.

Methods

Participants

Participants were recruited between July and October
2016 among patients with a DM1 childhood phenotype
followed at the Saguenay Neuromuscular Clinic (Québec,
Canada). Inclusion criteria were: (1) having a diagnosis of
DM1 confirmed by DNA analysis; (2) being classified as
having the childhood phenotype based on Koch’s classifi-
cation [5]; (3) being aged over 18 years; and (4) being able
to provide informed consent. Eleven participants were
recruited using a stratified purposive sampling by age
groups (18-29; 30-39; 40-49; 50-59) and sex to ensure
sample representativeness.

Data collection

Participants were seen over two half-day sessions. Prior
to the first session, all DM1 participants answered a soci-
odemographic questionnaire over the phone. The out-
come measures regarding IADLs were administered by a
trained research professional (registered social worker) at
the participant’s home. Assistance was given when ques-
tions arose. Participants were seen at home at the second
session to complete the neuropsychological tests’ battery
by a trained neuropsychologist.
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Outcome measures

Accomplishment of IADLs

IADLs accomplishment was assessed with a perfor-
mance-based measure and a retrospective chart review.
The Independent Living Scale (ILS) is an assessment of
adults’ competence in IADLs [26]. It requires the par-
ticipant to achieve problem solving, to demonstrate
knowledge or to perform a task that allows a direct and
objective evaluation of the person’s functioning in daily
life. The ILS is comprised of five subscales: (1) Memory/
Orientation, (2) Social adjustment, (3) Money manage-
ment, (4) Home and transportation and (5) Health and
safety. These scores are added to obtain an overall score
reflecting the participant’s ability to function indepen-
dently (total score). Only the last three categories were
considered as IADLs. The other subscales (memory/
orientation and social adjustment) were not considered
IADLs because they are not concrete activities but are
still important in the assessment of independent liv-
ing. Raw scores are derived into standard scores, which
ranged from 20 to 63 for individual categories, and from
55 to 121 for the total score, where a higher score indi-
cates better capacities. The ILS presents excellent inter-
rater reliability (K=0.99) and good test—retest reliability
(r=0.80) with the elderly [26]. There was no published
French version of the ILS, so the research team translated
test’s instructions prior to its administration following a
forward translation method with one translator and two
reviewers with a background in occupational therapy and
neuropsychology.

A structured review of participants’ health records
from the Neuromuscular Clinic (interdisciplinary reha-
bilitation team) was conducted by a research profes-
sional (registered social worker) to gather information
about services received by participants regarding IADLs
such as cleaning services. A standardized grid was used
to collect information according to the type of assistance
needed for each IADL category of the ILS: no help, help
from family and/or external resources such as home sup-
port services.

Neuropsychological assessment

Intellectual abilities were assessed by the Wechsler
Abbreviated Scale of Intelligence II (WASI-II), a robust
test providing estimate of full-IQ scores, as well as Ver-
bal and Performance IQs in only 4 subtests and within
30 min [27]. Executive functioning was assessed using a
short cognitive and behavioral battery to assess frontal
lobe functions, namely the Frontal Assessment Battery
(FAB) [28]. Additionally, level of apathy was assessed
with the Lille Rating Apathy Scale (LARS) [29], for its
possible impact on IADLs (higher level of apathy may be
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associated with a reduced level of activity, independently
of the level of functional impairment) [30, 31]. A posi-
tive score at the LARS indicated greater level of apathy.
Finally, levels of state anxiety, used as a control variable,
was assessed with the State questionnaire of the State-
Trait Anxiety Inventory (STAI) Y-form (STAI-Y) [32].

Data analysis and interpretation

Descriptive statistics were used to present participants’
sociodemographic data (mean scores and standard
deviation). Given the sample size and the objectives of
the study, we used cut-off scores to categorize partici-
pants according to performance or level of independ-
ence reflecting their potential for independent living.
For the ILS, standardized cut-off scores are available and
were used to classify participants in three distinct cat-
egories for each subscale: independent (activity accom-
plished > 50), semi-independent (40-49) and dependent
(<39). For the total score, the classification was inde-
pendent (activity accomplished > 100); semi-independent
(85-99); and dependent (< 84), with a maximum score
of 121. The standardization process was made from a
sample of 590 healthy older adults (age>65 years old)
in the United States population, depending on the living
status. Participants’ intelligence scores (WASI-II) were
compared with standardized normative data (after age
transformation of raw scores), and executive function-
ing participants’ scores (FAB) were classified as abnormal
if<16, limit if=16 and normal if>16. Regarding apathy
(LARS), the questionnaire has a cut-off score of —16, indi-
cating clinical apathy. Moreover, a more refined classifi-
cation of the intensity of apathy is proposed by authors as
follows: [— 36;— 22] for non-apathetic and [— 21;— 17],
[— 16;— 10], and [— 9;+36] for slightly, moderately,
or severely apathetic subjects, respectively. To explore
the links between the ILS raw subscale scores and total
scores of neuropsychological tests (WASI-II, BREF,
LARS), Spearman’s rho correlations were performed.
Due to the small sample size, non-parametric analyses
were used and only correlation coefficients are presented,
not the related p-values. Data were analyzed using IBM
SPSS Statistics for Windows, Version 25.0 (Armonk, NY:
IBM Corp).

Results

Sociodemographic data

Demographic and personal characteristics are pre-
sented in Table 1. Participants were aged between 18 and
59 years old (mean age of 39.9 years) and 6 out of 11 were
women. In the sample, only one participant lived alone.
Only one participant had completed high school and
was pursuing further education. None of them had held
a remunerative employment. Most participants were not
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Table 1 Demographic and personal characteristics of the  Table2 Level of independence for each subscale and for the
participants (n=11) total score of the ILS (n=11)
Characteristics n (%) Categories Level of independence ILS
n (%)
Sex Male 5(45)
Female 6 (55) Memory/Orientation Independent 8 (73)
Age 18-19 3027) Semi-independent 2(18)
30-39 3027) Dependent 1(9)
40-49 2(18) Money management Independent 2(18)
50-59 3027) Semi-independent 1(9)
Living environment Alone 1(9) Dependent 8(73)
With partner 4 (36) Home management and Independent 2(18)
With parent(s) 4(36) transportation Semi-independent 6 (55)
With roommate(s) 1(9) Dependent 3@
Foster home 10 Health and safety Independent 6 (55)
School education < 12th grade 11 (100) Semi-independent 109
Indoor mobility Without help 9(82) Dependent 4(36)
Walking aid 2(18) Social adjustment Independent 2(18)
Outdoor mobility Without help 7 (64) Semi-independent 5(45)
Walking aid 2(18) Dependent 4(36)
Manual wheelchair 2(18) Total scores Independent 3(27)
Income Social assistance 7 (64) Semi-independent 4(30)
Family support 2(18) Dependent 4(36)
Tax credit 109 Because of rounding, percentages might not add up to 100% exactly
Unknown 19
Anxiety Very low 8(73)
Low 327 but information gathered from health records indicated
Mild 0 that 9/11 received help from their family in this activity.
High 0 According to the health records, only one participant
Very high 0 required no help in all categories.

Because of rounding, percentages might exceed 100%

experiencing difficulties in indoor and outdoor mobility
(9/11 and 7/11 respectively). Additionally, participants
presented low to very low levels of anxiety.

IADLs accomplishment

IADLs accomplishment results are presented in Table 2
and level of assistance for each IADL according to the
health records are presented in Table 3. The IADLs with
the lowest independence level was money management,
followed by home management and transportation.
According to the ILS, a large proportion of participants
(8/11) were dependent for money management, which
is corroborated by health records indicating that 8/11
received help from their family and 1/11 received help
from both family and external services. According to the
ILS, participants were mostly semi-independent (6/11)
in home management and transportation; 8/11 required
help from their family and 2/11 from both family and
external services. More than half the participants were
independent regarding health and safety abilities (6/11),

Neuropsychological assessment

Descriptive neuropsychological performances are pro-
vided per participant in Table 4. Regarding intellectual
functions, and considering descriptive classifications
proposed in the WASI-II manual, only 3/11 presented

Table3 Number of participants who needed help to
accomplish instrumental activities of daily living according to
health records (n=11)

IADL category Level of assistance n (%)
Money management No help 2(18)
Family 8 (73)

Family and external resources 1(9)

Home management and No help 1(9)
transportation Family 8 (73)
Family and external resources 2(18)
Health and safety No help 2(18)
Family 9(82)

Family and external resources 0(0)

Because of rounding, percentages might not add up to 100% exactly
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Table 4 Neuropsychological performances per participant (n=11)*

Neuropsychological tests Participant’s no. Mean (SD)
1 2 3 4 5 6 7 8 9 10 11

Wechsler Abbreviated Scale of Intelligence™

Global score 64 93 81 65 72 75 73 65 82 93 92 77.7 (11.3)

Verbal intelligence quotient 64 90 73 67 59 67 84 73 98 76 87 762 (12.2)

Performance intelligence quotient 70 98 94 55 76 88 68 60 71 112 99 81.0(18.2)

Frontal assessment battery (/18) 17 15% 16 14% 15% 14* 14% 16 16 18 17

Lille Rating Apathy Scale (— 36 to+ 36) —18 — 14 -6 =5 —20 —18 — 5% —21 -20 —-21 —16*

*Score under normative data
T No cut-off score but classification (see manuscript)
' Norm:s are different for males and females

Table 5 1Q and executive functions scores classified according
to level of independence (n=11)

Table 6 Spearman’s rho correlations between the ILS subscale
scores and intellectual, executive and apathy scores (n=11)

Profile based Participants no. Full-scaleIQ  Executive functions

on ILS
Dependent 1 Extremely low Average
2 Average Impaired
3 Low average  Limit
4 Extremely low Impaired
Semi-independ- 5 Borderline Impaired
ent 6 Borderline Impaired
7 Borderline Impaired
8 Extremely low  Limit
Independent 9 Low average  Limit
10 Average Average
1 Average Average

average level and 3/11 presented extremely low level.
Regarding executive functions, 5/11 participants had
impaired scores (<16). An additional 3 participants pre-
sented limit scores (=16). For the assessment of apathy,
5/11 participants were considered clinically apathetic
according to the cut-off score of —16. When using the
intensity of apathy’s classification, 3/11 participants were
severely apathetic, 2/11 were moderately apathetic, 6/11
had a tendency to apathy, and none presented no apathy.

IADLs accomplishment and cognitive functioning

Results indicated that the only 3/11 participants that
were independent in IADLs total score had normal scores
in all cognitive batteries (Table 5). All participants except
one who categorized as semi-independent had border-
line level of intelligence and deficits in executive func-
tions. Interestingly, the only dependent participant with
average intellectual status had impaired executive func-
tioning. Correlations between IADLs accomplishment
sub-scores and cognitive scores are presented in Table 6.

WASI-Il total score  FAB total score  LARS total score

r correlation r correlation r correlation

Memory/orienta- 133 867 — 611
tion

Money manage- 563 215 —.508
ment

Home manage- 705 153 —.388
ment and
transportation

Health and safety 346 135 — 423

Social adjustment  —.179 296 050

Subscale total 498 321 — 550

sum

A moderate positive association was found between the
WASI-II full-scale IQ score with home management and
transportation.

Discussion
This exploratory study is the first step towards a better
understanding of independent living and its links to cog-
nitive functioning among adults who have grown with
the childhood phenotype of DM1. This study brings some
evidence of the large variety of difficulties encountered by
this population in performing IADLs. Even more impor-
tantly, it highlights their need for support to accomplish
these activities which are essential to function in every-
day life. In addition, a large proportion of participants
showed an intellectual functioning below average which
is related to the level of dependency exhibited by the
individuals. An evaluation of the IADLs should be rec-
ommended in this population, notably for individuals
with lower IQs.

Considering that there is currently no published study
addressing the ability to accomplish IADLs among adults
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with childhood phenotype of DM1, no comparison can
be made with other data. However, results emerging
from this research are in line with the retrospective study
of Gagnon et al. (2017), which had raised the presence
of participation restrictions among this population in
domestic life, education and employment.

First of all, if growing up with DM1 as a child may pro-
mote anxiety and social withdrawal in children and even
teenagers (11), it is to note that considering the low levels
of state anxiety found in participants, anxiety seem not to
contribute significantly in the difficulties observed in the
accomplishment of the IADLs assessed in the study.

Money management was the activity with the highest
proportion of dependent participants (8/11). Achieving
money management tasks (paying bills, writing a check,
planning a budget) involve a range of complex cognitive
abilities (e.g., planning, calculation, working memory,
problem solving, etc.). Working memory impairment
(12) and, more globally, lower intelligence (9,10) have
been previously documented in children with the child-
hood phenotype of DM1, which might contribute to par-
ticipants’ lower level of independence in this category.
These scores reflect problematic situations often reported
by patients during clinical follow-up (i.e., bankruptcy,
eviction, not paying rent in time, etc.). Health & safety
activities is the category with the highest number of inde-
pendent participants (6/11). This category assesses the
individual’s awareness of personal health status and abil-
ity to evaluate health problems, handle medical emergen-
cies, and take safety precautions. One of our hypotheses
to explain relatively high scores in this category is that
these abilities are developed early in and are reinforced
throughout our life (i.e., learning not to talk to strangers,
looking both sides before crossing the road, etc.). We sus-
pect that these behaviors become habits that are more
easily maintained with time, as opposed to more com-
plex abilities such as money management. Moreover, the
fact that participants from the Saguenay-Lac-Saint-Jean
region are followed up by a nurse case manager during
their lifetime, with whom they have a continuous and
close relationship, may contribute to their good knowl-
edge on appropriate behaviors in relation to health and
security [33].

Health records showed that, for all IADLs, the percent-
age of participants who needed help from their family
and/or from other external resources ranged from 8/11 to
10/11 (82 to 91%), suggesting that only few participants
were able to perform by themselves the IADLs required
for independent living. This is in accordance with the
previous study of Gagnon et al., which revealed that the
majority of individuals with this phenotype performed
house-related responsibilities adequately, but with ser-
vices or help [34].
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Considering the total scores of the ILS, 8/11 par-
ticipants were either dependent or semi-independent,
meaning that a high proportion of patients experienced
difficulties in their everyday life. Adults living with child-
hood phenotype of DM1 would thus benefit from inter-
ventions to help them maintain their ability to carry
out IADLs. Moreover, considering the young age of the
present sample and the fact that DM1 is a progressive
disease, it is essential that health care providers keep in
mind the evolution of those difficulties and their long-
term impact on quality of life.

The home management and transportation subscale
was associated to the global IQ, as reported in the ILS
manual. This tends to support the idea that the ability
to accomplish some IADLs may be influenced by intel-
lectual functioning, although intelligence tests did not
directly assess the ability of an individual to perform
activities of daily living. Surprisingly, the executive per-
formance scores were not correlated with the instrumen-
tal activities of the ILS involving executive functions such
as money management. The FAB is a short questionnaire
assessing different aspects of executive functions that
might not be specific enough to evidence the cognitive
functions involved in those ILS subscales. As an example,
the manual of the ILS revealed that the money manage-
ment subscale show a moderately high correlation with
the arithmetic subtest of the WAIS-R [26], thus providing
support that it requires specific cognitive functions that
are not assessed in the FAB neither the WASI-II.

In a descriptive manner, patients presenting lower IQs,
limit or impaired executive functions abilities showed dif-
ficulties in performing IADLs, thus raising the concern of
the functional impact of those impairments. Accordingly,
when neuropsychological clinical evaluation reveals
an IQ in the limit range in a patient with the childhood
phenotype of DM1, it should be referenced to an occu-
pational therapist to validate abilities to perform IADLs.

The high rate of apathy observed in the current study
(5/11 participants) may directly impact the level of activi-
ties performed by the individual and their need of help
from relatives. Preserved motivation and self-activa-
tion are required to initiate, execute and maintain daily
activities such as housekeeping and meal preparation.
However, in the present study, apathy was not associ-
ated to IADLs accomplishment. Difficulties described in
the current study might be underestimated considering
that results from the ILS were mostly obtained through
scenarios regarding IADLs instead of real-life tasks,
therefore not considering tangible apathy and initiative
abilities. Future studies should consider a more holistic
approach, assessing individuals in their real-life context
in order to understand more precisely where and when
difficulties emerge.
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As suggested by Van Heugten et al,, it is imperative that
rehabilitation services in DM1 address not only motor
but also neuropsychological symptoms, especially in the
childhood phenotype [35]. For example, acceptability and
feasibility of Stanford Chronic Disease Self-Management
Program has been previously assessed with patients with
DM1 and presented considerable potential [36]. Moreo-
ver, as suggested by authors such as Fujino et al. or Gra-
ham et al. [37, 38] and considering the implication of
cognitive area on IADLs found in this study, neuropsy-
chological rehabilitation techniques could be useful to
compensate for cognitive and behavioral impairments
and improve patients’ abilities to perform independently
IADLs; it could include, among others, goal management
training and problem-solving training. Finally, neuropsy-
chologists have an important role in risk reduction by
helping patients and colleagues of the multidisciplinary
teams understanding more precisely the problematic of
cognitive impairments and helping them to notice how
they impact their ability to perform IADLs.

Limits

This study has some limits to be considered. First, this
exploratory study was performed with a limited num-
ber of participants (n=11), which restrict its generali-
zation. Although those 11 participants were specifically
chosen to be a representative sample of the population
to limit bias, they can possibly represent the most active
DM1 childhood individuals as they accepted to be part
of the study. Also, tests assessing intellectual and execu-
tive functioning were purposely brief to avoid time and
fatigue burden in participants, because the aim of the
study was to assess both the performance in IADLs and
cognition. A more comprehensive neuropsychological
battery may be contributive in further studies.

Conclusions

This study demonstrated that DM1 patients with the
childhood phenotype experience difficulties with some
specific IADLs. As shown with descriptive results, the
cognitive profile of the participants is in line with their
level of dependence in IADLs. This study enhances the
importance of guiding patients through the continuum of
services available from their young age to their adult life.
They need to be supported and offered with all the help
necessary to accomplish IADLs. Larger studies need to
be conducted in order to establish a more detailed por-
trait of their difficulties in maintaining independent liv-
ing and the links with neuropsychological impairments.
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