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Abstract
Introduction  Myotonic dystrophy type 1 (DM1) is a progressive, multisystemic, and autosomal dominant disease. Muscle 
wasting and weakness have been associated with impaired functional capacity and restricted social participation in affected 
individuals. The disease’s presentation is very heterogenous and its progression is still under-documented.
Objective  The aim of the study was to document the progression of muscular strength and functional capacity in the DM1 
population over a 3-year period.
Methods  Twenty-three individuals with juvenile or adult phenotypes of DM1 were recruited to complete clinical assessments 
in 2016 and 2019. Maximal isometric muscle strength (MIMS) was evaluated with quantified muscle testing and functional 
capacity was evaluated with the Mini-BESTest, the 10-m walk test at comfortable and maximal speeds, the Timed Up and 
Go and the 6-min walk test. Participants also completed three questionnaires: DM1-Activ, Upper Extremity Functional Index 
and Lower Extremity Functional Scale (LEFS). Subgroup analyses were evaluated for sex, phenotype, and type of physical 
activity practiced during the 3-year period.
Results  For the whole group, there was a significant decline in the scores of the Mini-BESTest and the LEFS. Also, MIMS 
significantly declined for prehension, lateral pinch as well as for hip abductors, knee extensors and ankle dorsiflexors muscle 
groups. Subgroups analyses revealed that men lost more MIMS than women, and that adult phenotype lost more MIMS than 
juvenile phenotype.
Conclusion  Quantified muscle testing is a better indicator of disease progression over a 3-year period than functional tests. 
Phenotype and sex are important factors that influence the progression of DM1.

Keywords  Myotonic dystrophy type 1 · Maximal muscle strength · Quantitative muscle testing · Function · Natural history 
study · Rehabilitation

Introduction

Myotonic dystrophy type 1 (DM1) is an autosomal domi-
nant disease and represents the most common form of adult 
dystrophy [1]. The worldwide prevalence is 1:20,000 [2] but 
reaches 1:475 in the Saguenay—Lac-St-Jean (SLSJ) region 
of Canada [3]. DM1 is caused by an abnormal expansion of 
the cytosine-thymine-guanine (CTG) triplet repeat located 
on the myotonic dystrophy protein kinase (DMPK) gene [4]. 

DM1 is slowly progressive and multisystemic where myoto-
nia along with muscular wasting and weakness are among 
the cardinal symptoms [1]. Muscle weakness has important 
consequences in the daily life of DM1 individuals. The 
decrease of muscle strength is correlated with mobility limi-
tations, [5] and lower-limb muscle strength is an explanatory 
factor of disrupted participation in daily activities and social 
roles [6]. DM1 is classically categorized into five pheno-
types based on the age of onset and the number of CTG 
repeats: congenital, infantile, juvenile, adult, and late-onset 
[7]. The presence and severity of signs and symptoms, as 
well as their progression, vary greatly not only between but 
also within the different phenotypes [8]. Previous studies 
have also shown that the adult and late phenotypes present 

 *	 Elise Duchesne 
	 elise1_duchesne@uqac.ca

Extended author information available on the last page of the article

http://orcid.org/0000-0003-2829-8470
http://orcid.org/0000-0002-9953-8315
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-021-10533-6&domain=pdf


4222	 Journal of Neurology (2021) 268:4221–4237

1 3

different profiles of upper- and lower-limb muscle impair-
ments and should then not be pooled together to assess mus-
cle strength [9–11]. To the best of our knowledge, these dif-
ferences in phenotypes have never been examined between 
adult versus juvenile phenotypes. Sex is another important 
factor that contributes to the heterogeneity of the disease, 
as the disease presents itself differently in men and women 
[10–12]. Men tend to present more often with myotonia and 
severe muscle deficiencies while women tend to present 
more with cataracts and digestive tract dysfunctions [10].

To counter the impacts of DM1 on muscle deficiencies 
and physical limitations, the development of any interven-
tion meant to decelerate or stop its progression, such as 
rehabilitation interventions, is needed. Especially given that 
physical activity and strength training have been shown to 
be safe in the DM1 population [13] and that a study on DM1 
lifestyle risk factors has shown that 82.3% of respondents 
exercised less than three times a week, while 75.9% of them 
wished they did more exercise [14]. Furthermore, it has been 
shown that starting habitual exercise can have a protective 
effect on muscle strength [15] and that strength training can 
result in maximal strength gains in DM1 [16]. To assess 
the effect of a given intervention on physical deficiencies 
progression, a thorough understanding of the evolution of 
the disease is essential. A first transversal study has shown 
that maximal muscular strength and functional capacities 
are decreased in DM1 compared to healthy people [17]. It 
has been reported in this study that people with DM1 have 
48.9% of maximal muscle strength of the knee extensors 
compared to healthy subjects and took more time to ascend 
and descend stairs [17]. Another transversal study has com-
pared muscle strength loss to the time of duration of the dis-
ease [5] and has estimated that maximal strength loss varies 
between 1.2 and 3.0% a year, depending on the muscle group 
[5]. However, considering their transversal design, these two 
studies do not provide information on the actual decline of 
muscular and functional capacities over time. Our group 
recently demonstrated that, over a 9-year period, individu-
als with DM1 presented a significant decline in: (1) maximal 
muscle strength (24.5–52.8% of depending on the muscle 
group evaluated) [11] (2) hand strength and dexterity [12] 
and (3) social participation [18]. In all of these three stud-
ies, sex and phenotype (adult vs late-onset) were important 
explanatory factors in the differences of observed decline 
[11, 12, 18]. However, from these longitudinal studies, with 
two-time points 9 years apart, one cannot extrapolate the loss 
of maximal muscle strength over a shorter period. Another 
work from a different group studied muscle strength, gait, 
and balance progression over a 5-year period [19]. A sig-
nificant decline in four muscle groups was observed after 
five years and was influenced by sex. However, in this study, 
muscle strength was measured by performing “break tests” 
which is known to be less reliable than “make tests” [20, 21] 

and results were reported in newtons without considering the 
lever arm length. There is a clinical need to document the 
progression of muscle impairment over a shorter period to 
guide clinical conduct and inform therapeutic trial design. 
The aim of the study was therefore to document the progres-
sion of muscle strength and functional capacity over a 3-year 
period, in the juvenile and adult DM1 population.

Methods

Study setting and participants

This present study is part of a larger ongoing longitudinal 
study that started in 2002 which has had 4 phases until now 
(Fig. 1). The present study used the data collected from 
the phases 3 (P3) and 4 (P4) since outcome measures were 
exactly the same between these two phases. From the 91 
participants recruited at P3, 32 volunteers agreed to under-
take a muscular biopsy procedure for the purposes of a study 
relying on fundamental analyses. The recruitment at P4 
was first conducted among this group of participants since 
larger objectives related to muscle biopsy analyses are pur-
sued with this study. Out of these 32 participants, 29 were 
still alive in 2019 and were invited to participate in P4. To 
counter attrition and maintain our longitudinal cohort at 32 
participants, other participants were recruited from those 
who did not agree to a muscle biopsy but completed a clini-
cal assessment at P3 (n = 59), according to the same inclu-
sion/exclusion criteria given below. All participants were 
recruited from the neuromuscular clinic of the Centre intégré 
universitaire de santé et de services sociaux (CIUSSS) du 
Saguenay‒Lac-St-Jean (SLSJ), site Jonquière. The inclusion 
criteria were (1) to have a genetically confirmed diagnosis of 
the adult or juvenile phenotype of DM1, (2) to be between 
18 and 70 years old and (3) to be able to give informed 
consent. Exclusion criteria were (1) to have any other neu-
romuscular disease and, (2) to have any contraindication 
to a physical evaluation. A written informed consent was 
obtained from all participants and the project was approved 
by the committee of ethics of research of the CIUSSS of 
Saguenay‒Lac-St-Jean.

Procedures

Sociodemographic characteristics were obtained through a 
general questionnaire (age, sex) or the participant’s medical 
record (phenotype, CTG repeat length in blood). All evalu-
ations (muscle strength assessment, functional evaluation 
and questionnaires) were done in 2 separate visits at both P3 
and P4 to limit fatigue. Participant’s anthropometric meas-
urements were taken at P3 and P4. At P4, participants were 
asked if they had practiced strength training, other types of 
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physical activity (including physically active job or regular 
physical activity without doing strength training) or no phys-
ical activity in the last 3 years. This question was essential to 
be able to take into account the interference of the practice of 
physical activity with the natural progression of the disease 
considering that some participants (n = 6) have participated 
in a 12-week supervised strengthtraining program during the 
3-year period carried out by our research group [16]. Only 
the patients that have completed the strengthtraining pro-
gram have been classified into the strengthtraining category. 
Maximal isometric muscle strength (MIMS) was evaluated 
by quantified muscle testing (QMT) for the following muscle 
groups: prehension, lateral pinch, shoulder flexors, elbow 
flexors, hip flexors, hip extensors, hip abductors, knee exten-
sors, knee flexors and ankle dorsiflexors. Functional tests 
were the 6-min Walk Test (6MWT), the Timed Up and Go 
(TUG), the 10-m Walk Test (10mWT) at comfortable and 
maximal speed and the Mini-BESTest. The questionnaires 
were the DM1-Activ, the Upper Extremity Functional Index 
(UEFI) and the Lower Extremity Functional Scale (LEFS). 
All evaluations were performed by the same physical thera-
pist (M-P R) at both P3 and P4 except for the DM1-Activ 
and the UEFI which were administered by a social worker 
at P3. All tests were chosen for their metrological properties 
and based on the conclusions of the Outcome Measures in 
Myotonic Dystrophy type 1 (OMMYD) report [22].

Quantified muscle testing

All MIMS evaluations were done with at least two tri-
als: if the two initial trials had more than 10% difference, 
another trial was made until there were two trials within 
10% (to a maximum of 6 trials per muscle group to limit 
fatigue). All muscle groups were evaluated on both sides 
except if the participant had an injury preventing the use of 
maximal strength. MIMS contractions lasted at least 10 s 
while the evaluator gave a vigorous standardized encourage-
ment. Prehension strength was evaluated using the Jamar 
hand dynamometer (JLW instruments, Chicago, USA) with 
the participant sitting and his elbow at 90-degree flexion, 

forearm in mid-pronation. Lateral pinch was evaluated in 
the same position as prehension with the Jamar Plus digital 
pinch gauge (JLW instruments, Chicago, USA). All other 
muscle groups were evaluated with the Medup® linear hand-
held electronic dynamometer (Atlas medic, Québec, Can-
ada). Participants were positioned according to standardized 
procedures, developed by Hébert et al. [23], to eliminate the 
effect of gravity, minimize compensatory mechanisms and 
keep the evaluated muscles at optimal length. The lever arm 
was measured to report the results in newton meters.

6‑min walk test

Walking endurance was assessed by the 6MWT. Before the 
test, the participants had a mandatory 5-min sitting rest to 
limit fatigue. Participants were then instructed to walk the 
most laps they were safely able to, in a 30-m corridor, within 
6 min. They were allowed to take standing or sitting rests as 
needed; however, the stopwatch would not be paused while 
they rested. For this one-trial test, participants could use 
their usual walking aids and were asked to wear comfortable 
walking shoes.

10‑m walk test

Comfortable and maximal walking speeds were assessed by 
the 10mWT. Participants were instructed to walk at a com-
fortable pace at a 14-m distance. The stopwatch would be 
started on the 2-m mark and stopped on the 12-m mark. A 
2-m acceleration and deceleration zone were used to ensure 
the accuracy of the measurement. Participants could use 
their usual walking aids during the test and had to wear com-
fortable walking shoes. The same procedure was repeated at 
the participant’s maximal walking speed with the appropri-
ate instructions. Only one trial was performed for both tests 
[24].

Fig. 1   Description of the different steps of the longitudinal study. The frame represents the phases where the data from the present study were 
taken. P phase, Yr year, N number of participants
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Mini‑BESTest

To assess their balance, participants performed the 14 
tasks following standardized instructions [25]. Each task 
was graded from 0 to 2 points, with a total possibility of 
28 points with a higher score representing a better perfor-
mance. Shoes and orthoses were allowed. For walking tasks, 
participants were allowed to use their walking aid, however, 
they would automatically lose a point in each specific task 
the walking aid was used.

Timed Up and Go

The TUG is a test that provides information about balance, 
gait speed and functional mobility [26]. The TUG was done 
with 3 trials where the participants had to get up from a 
chair, walk 3 m and come back to sit on the chair. Partici-
pants were allowed to use their usual walking aid for these 
tests.

Questionnaires

The participants answered all questionnaires with an evalu-
ator who read the questions and provided clarifications if 
needed. The DM1-Activ is a 20-item questionnaire designed 
to evaluate activities and participation in individuals with 
DM1. Its maximal score is 40 points, where a lower score 
represents a bigger impact of the disease [27]. The UEFI and 
the LEFS are both 20-item questionnaires designed to evalu-
ate disabilities of the upper and lower limbs, respectively. 
Their maximal score is 80 points each, where a lower score 
represents more severe disabilities.

Data analysis

The participant’s age was described as mean, minimum, 
maximum, and standard deviation at P3 and P4. Other par-
ticipants’ characteristics (phenotype, sex, type of physical 
activity, and the number of CTG repetitions at P3) were 
described as the frequencies and the percentage. All eval-
uation results are presented as the means with the stand-
ard deviation. The results of QMT for each muscle group 
were calculated from the average of the two closest trials 
on each side, meaning that the result is an average of 4 
measurements. The TUG results were calculated from an 
average of the 3 trials. A linear mixed model was used to 
compare measures for all tests and questionnaires between 
the baseline (P3) and follow-up (P4) for the whole group 
of participants and for subgroups of participants separated 
by sex, phenotype and type of physical activity practiced 
during the 3-year period between the evaluations (strength 
training, physical activity and sedentary). The same lin-
ear mixed model was used to determine the within- and 

between-participant interactions where the within interaction 
represents time and the between interaction represents the 
different subgroups. A significant within-participant inter-
action indicates that the subgroups progressed at a different 
rate during the 3 years of the study. A significant between-
participant interaction means that the subgroup averages 
were different. A significant within-participant interaction 
with the absence of a between-participant interaction, there-
fore, means the slope of progression between the groups are 
different but the subgroup averages are not different. Then, 
significant within and between interactions for the same var-
iable do not allow to discriminate if the effect observed is a 
true difference in progression or solely a difference between 
the subgroups. To further the analysis, the baseline results at 
P3 were compared between subgroups. These results were 
expressed as the percentage of the means at P3 for one sub-
group compared to another. The Mann–Whitney U test for 
non-parametric unmatched data was used to assess the statis-
tical difference between subgroups at P3. In every analysis, 
a p value of < 0.05 was considered significant.

Due to a delay in material acquisition, twelve participants 
did not complete one item of the mini-BESTest (item 8) at 
P3. Some data were also missing for an item in the UEFI at 
P3. In these situations, the P4 score was used to impute the 
missing data to minimize the influence on the results. All 
data were analyzed using IBM SPSS Statistics for Windows, 
Version 23 (IBM, North Castle, USA).

Results

Demographics

Of the 91 participants of P3, it was aimed to recruit the 32 
who volunteered for the muscle biopsy. From them, 3 partic-
ipants died, 7 participants did not have juvenile or adult phe-
notypes and 3 refused to participate in P4 for personal rea-
sons. To counteract attrition at P4, 4 people from those who 
completed the clinical assessment only at P3 (n = 59) were 
recruited, for a total of 23 participants (Fig. 2). Patient’s 
characteristics are given in Table 1. 

Functional assessment and questionnaires

All results from the functional assessments and question-
naires can be found in Table 2. For the whole group, there 
was a significant decrease in the score of the Mini-BEST-
est and the LEFS over the 3-year period. These significant 
differences were present in the subgroup of men, but not 
in women. The 6MWT, Mini-BESTest and LEFS scores 
decreased significantly in the adult phenotype subgroup. In 
the juvenile phenotype and strength training subgroups, only 
the LEFS score has decreased significantly. In the sedentary 
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subgroup, participants significantly decreased in their Mini-
BESTest and LEFS scores, but they also presented a signifi-
cant decrease in the 6MWT and TUG tests. In the subgroup 
analysis, significant within interactions without significant 
between interactions were only observed for LEFS (sex, 
phenotype, strength training vs physical activity and physi-
cal activity vs sedentary subgroups) and Mini-BESTest 
scores (phenotype and strength training vs physical activity 
subgroups).

Maximal muscle strength

Maximal muscle strength results can be found in Table 3. 
For the whole group, there was a significant decrease in 
prehension, lateral pinch, hip abduction, knee extension, 
and ankle dorsiflexion. In the women subgroup, there was 
a significant decline in two muscle groups while for men, 
the decline was significant in seven muscle groups. In the 
adult phenotype subgroup, there was a significant decline 
for five muscle groups while for the juvenile phenotype sub-
group three muscle groups had decreased significantly. In 
the strength training group, there was a significant decline 
in four muscle groups, the physical activity group had a sig-
nificant decline in four different muscle groups and the sed-
entary group had no significant MIMS decline. The strength 

training subgroup had more significant loss in upper limb 
muscle groups (three out of four) while the physical activ-
ity subgroup had more significant losses in the lower limb 
(three out of four). In the subgroup analysis, significant 
within interactions without significant between interactions 
were observed for prehension, hip abduction, knee extension 
and ankle dorsiflexion for phenotype and physical activity 
vs sedentary subgroups, and lateral pinch for all subgroups 
except strength training vs sedentary.

Baseline comparisons

Results for baseline comparisons can be found in Table 4 for 
functional assessments and questionnaires and in Table 5 
for maximal muscle strength. At P3, men performed sig-
nificantly better than women for almost every evaluation 
except the TUG, DM1-Activ, UEFI, and lateral pinch. The 
juvenile and adult phenotypes had no significant differences 
at baseline. Physical activity and strength training were only 
significantly different for the 10mWT at maximal speed for 
functional tests (strength training subgroup walked faster 
than physical activity subgroup) while they were signifi-
cantly different for maximal strength in every muscle group 
(strength training group was stronger) except for prehen-
sion and lateral pinch. Sedentary and strength training were 

Total N=91

2019 (P4)

2016 (P3)

Total N=23

Recruited to counter 
a�ri�on

N=4

Deceased N=3
Refused N=3

Late or childhood 
phenotype N=7 

Clinical assessment only
N=59

Clinical assessment and biopsy
N=32

Fig. 2   Flow chart for the recruitment of the present study
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significantly different in almost every evaluation (strength 
training subgroup was more functional and stronger) except 
DM1-Activ, UEFI, and prehension. Finally, the sedentary 
and physical activity subgroups were only different for  knee 
extension muscle strength evaluation at P3. 

Discussion

This study is the first to assess DM1 disease progression 
on muscle strength and functional capacities over a 3-year 
period by taking sex, phenotype, and the practice of physical 
activity into consideration. This study reinforced the con-
cept that DM1 individuals should not be pooled together 
by showing that: (1) evolution of the disease is different 
between juvenile and adult phenotypes, (2) sex influences 
disease progression [11, 19] and (3) physical activity type 
can have a protective effect on the loss of functional capaci-
ties such as walking endurance and balance.

Among the whole group, Mini-BESTest, was the only 
functional test which showed significant decline over the 
3-year period and this change was above the standard error 
of the measurement (SEM) of 1.26 points measured in adults 
with balance impairments [28]. The Mini-BESTest has been 
shown to be valid in DM1 population [29] and our results 
showed that the impact of the disease progression on balance 
can be captured by this test on a 3-year period as the change 
in three years is below the standard error of the measure. 
However, more studies are needed to confirm if this effect 
has not been driven only by one of the subcategories evalu-
ated that also had a significant change (men, adult phenotype 
and/or sedentary). Clinically speaking, this result is highly 
important since individuals with DM1 stumble or fall up to 
10 times more often than healthy volunteers [30, 31]. Fur-
thermore, since balance requires many complex systems, 
such as sensory orientation and motor control, the decline 
in performance in the Mini-BESTest could be explained by 
other factors than the observed MIMS losses in this study 
[29]. The TUG, the 6MWT and the 10mWT tests do not 
seem sufficiently sensitive to measure a significant differ-
ence on a 3-year period in the whole group. The decline 
of the TUG was only significant for the sedentary subgroup. 
The subjective dimension associated with the standardized 
instructions asked the participants to walk at a self-selected 
speed might have influenced the results by affecting partici-
pant motivation and subsequently increase intra-individual 
variability [32]. This element is especially important in 
DM1, where 40% of the population presents apathy [33]. 
Even if not statistically significant, the increase in time to 
complete the TUG (P4 vs P3) exceeds the SEM calculated 
in a DM1 population of 0.7 s [34] for women and adult sub-
groups. Despite that most of the results for the 6MWT were 
not significant, a significant decline was seen for the adult 
and sedentary subgroups. Also, the difference between P3 
and P4 for men was superior to the SEM established in the 
elderly (22 m) [35], a population similar to DM1, which is 
described as a model of premature aging [36]. More impor-
tantly, while all 23 participants were able to complete the 
6MWT at P3, four of them were unable or refused (due to 

Table 1   Patient’s characteristics

n = number, SD = standard deviation

P3 P4

Age, years, mean (SD) 45.3 (11.8) 48.6 (11.8)
 [min–max] [24–62] [27–65]

Sex
 Women, n (%) 13 (56.5)
 P3 Age, average (SD) [min–max] 45 (12) [24–60]
 Men, n (%) 10 (43.5)
 P3 Age, average (SD) [min–max] 46 (12) [29–62]

Phenotype
 Juvenile, n (%) 12 (52)
 P3 Age, average (SD) [min–max] 41 (11) [24–57]
 [n women, n men] [3, 9]
 Adult, n (%) 11 (48)
 P3 Age, average (SD) [min–max] 50 (10) [29–62]
 [n women, n men] [4, 7]

Type of physical activity
 Strength training, n (%) 6 (26)
 P3 Age, average (SD) [min–max] 43 (11) [29–58]
 [n women, n men] [0, 6]
 [n juvenile, n adult] [2, 4]
 Physical activity, n (%) 10 (44)
 P3 Age, average (SD) [min–max] 42 (13) [24–62]
 [n women, n men] [2, 8]
 [n juvenile, n adult] [3, 7]
 Sedentary, n (%) 7 (30)
 P3 Age, average (SD) [min–max] 52 (8) [36–60]
 [n women, n men] [2, 5]
 [n juvenile, n adult] [3, 4]

CTG repetitions
 0–599, n (%) 9 (39)
 Age, average (SD) [min–max] 48 (11) [32–62]
 [n women, n men] [4, 5]
 [n juvenile, n adult] [2, 7]
 600–899, n (%) 9 (39)
 Age, average (SD) [min–max] 42 (14) [24–60]
 [n women, n men] [3, 6]
 [n juvenile, n adult] [3, 6]
 > 900, n (%) 5 (21)
 Age, average (SD) [min–max] 46 (8) [32–54]
 [n women, n men] [2, 3]
 [n juvenile, n adult] [1, 4]
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perceived difficulty) to complete the test at P4. These four 
participants have thus significantly lost walking capabilities 

but had not been included in the results. Furthermore, three 
of the four who did not complete the 6MWT at P4 were 

Table 4   Baseline (P3) subgroup 
comparisons for functional 
assessment and questionnaires

Results are presented as a percentage of one subgroup compared to another at P3 as presented in the table
Significant difference (in italics with a star *) between subgroups is obtained using the Mann–Whitney U 
test for non-parametric unmatched data
W women, M men, J juvenile, A adult, PA physical activity, ST strength training, S sedentary

Functional tests and questionnaires

6MWT TUG​ 10mWT 
comfort-
able speed

10mWT 
maximum 
speed

Mini-BESTest DM1-Activ UEFI LEFS

Women vs men
 % (W/M) 69.0 137.8 77.1 71.1 68.0 89.2 93.0 79.5
 p value 0.013* 0.121 0.016* 0.008* 0.027* 0.250 0.162 0.047*

Juvenile vs adult
 % (J/A) 86.2 101.4 92.2 94.0 90.4 99.3 100.0 97.0
 p value 0.325 0.580 0.325 0.805 0.710 0.853 1.000 0.666

Physical activity vs strength training
 % (PA/ST) 78.8 116.2 82.1 75.9 81.9 92.8 96.0 83.7
 p value 0.083 0.448 0.065 0.023* 0.228 0.548 0.550 0.091

Sedentary vs strength training
 % (S/ST) 62.6 164.1 70.4 64.1 55.6 81.0 88.2 71.4
 p value 0.015* 0.046* 0.032* 0.010* 0.010* 0.115 0.115 0.032*

Sedentary vs physical activity
 % (S/PA) 79.4 141.3 85.7 84.5 67.8 87.3 91.8 85.4
 p value 0.329 0.172 0.435 0.435 0.129 0.187 0.353 0.283

Table 5   Baseline (P3) subgroup comparisons for maximal muscle strength

Results are presented as a percentage of one subgroup compared to another at P3 as presented in the table
Significant difference (in italics with a star *) between subgroups is obtained using the Mann–Whitney U test for non-parametric unmatched data
Flex flexion, ext extension, ABD abduction, DF dorsiflexion, W women, M men, J juvenile, A adult, PA physical activity, ST strength training, S 
sedentary

Muscular strength

Prehension Lateral pinch Shoulder flex Elbow flex Hip flex Hip ext Hip ABD Knee ext Knee flex Ankle DF

Women vs men
 % (W/M) 59.2 77.8 42.3 52.0 55.5 59.1 59.0 41.5 48.4 51.2
 p value 0.047* 0.182 0.001* 0.026* 0.002* 0.001* 0.005* < 0.001* 0.001* 0.002*

Juvenile vs adult
 % (J/A) 81.3 88.0 72.7 81.2 82.2 81.6 85.9 72.5 73.0 80.0
 p value 0.538 0.518 0.295 0.758 0.538 0.389 0.667 0.295 0.218 0.622

Physical activity vs strength training
 % (PA/ST) 56.8 75.2 39.5 47.9 50.6 52.3 52.8 49.8 43.6 50.4
 p value 0.129 0.278 0.001* 0.030* 0.005* 0.003* 0.002* 0.003* 0.001* 0.013*

Sedentary vs strength training
 % (S/ST) 48.6 52.9 33.3 45.7 49.2 52.9 49.2 29.5 49.0 45.7
 p value 0.116 0.045* 0.003* 0.046* 0.010* 0.010* 0.004* 0.003* 0.007* 0.015*

Sedentary vs physical activity
 % (S/PA) 85.6 70.4 84.1 95.4 97.3 101.2 93.1 59.2 112.2 90.6
 p value 0.495 0.171 0.380 0.922 0.845 0.922 0.696 0.032* 0.845 0.626
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juvenile, which might explain why the difference in the 
6MWT is not significantly different between P3 and P4 
for the juvenile phenotype. Nevertheless, we can hypoth-
esize that strength training and physical activity can have 
a protective effect. This might explain why only sedentary 
participants showed a significant decline of the 6MWT 
result. Likewise, the difference of time needed to execute 
the 10mWT comfortably between P3 and P4 is superior to 
the SEM, which is of 0.6 s for a DM1 population [34], for 
the whole group, women, adult and juvenile phenotypes as 
well as sedentary subgroups (10mWT data in seconds not 
shown). This is also true for the 10mWT at a maximum 
speed, where the SEM is of 0.4 s for a DM1 population [34], 
for the whole group, men, women, adult phenotype, juve-
nile phenotype, physically active and sedentary subgroups. 
This shows a certain walking speed decline over time, even 
though it was not statistically significant.

The absence of change in the DM1-Activ and the UEFI 
scores could be explained by the slowly progressive nature 
of DM1 as well as compensatory mechanisms developed 
by participants overtime to counter the observed maximal 
strength loss. The LEFS was the only questionnaire that 
showed a significant decline for the whole group and many 
subgroups. Conceivably, perceived changes may be more 
evident when they involve lower limbs in the DM1 popu-
lation. Interestingly, there was a significant change for the 
strength training subgroup although they were the group that 
declined the least in general for functional capacities. Per-
haps strength training allows for better awareness of their 
physical capabilities. Overall, the sedentary subgroup has 
presented the worst functional portrait, which suggests that 
strength training and physical activity have a positive impact 
on the preservation of function in DM1 over time.

Regarding the upper limb muscle strength, distal muscle 
groups lost more strength than proximal muscle groups dur-
ing the 3 years between the evaluations. This agrees with 
previously reported patterns of distal to proximal strength 
loss [11, 12]. When comparing progression between men 
and women, the former significantly lost MIMS in all upper 
limb muscle groups while the latter only had significant 
loss in the  lateral pinch grip. Greater MIMS loss in men 
compared to women has also been observed over a 9-year 
period [12]. In the phenotype subgroup analysis, the only 
significant MIMS loss in the juvenile phenotype was lateral 
pinch, while both lateral pinch and prehension were sig-
nificantly declined in the adult subgroup. More progression 
of MIMS loss for the adult phenotype may seem surpris-
ing, however, it is to be noted that on average, the juvenile 
subgroup was 9 years younger. The duration of the disease 
could therefore be another hypothesis that explains differ-
ences in the progression of the disease. When comparing 
upper limb strength between physical activity types, it is 
surprising to note that the strength training subgroup has 

more significant MIMS losses than the two other sub-
groups. It is important to note that all 6 participants in the 
strength training subgroup participated in a program that 
focused on lower limb strength only, which could explain 
a lack of protective effects in upper limb muscle groups. 
Moreover, all participants in the strength training subgroup 
were men, which could be another confounding factor that 
explains their greater loss in maximal strength. Further-
more, we hypothesize that in DM1, stronger muscles tend 
to lose more. The strength training subgroup was indeed 
significantly stronger for the shoulder and elbow flexors at 
P3. Although the difference was not significant for prehen-
sion and lateral pinch, the maximal strength of the physical 
activity and sedentary subgroups ranged between 48.6 and 
75.2% of the strength training subgroup. Thus, a floor effect 
could be seen in weaker muscle groups. This would also 
explain why the sedentary subgroup, which had the lowest 
strength scores at P3, showed no significant change over 
time in upper limb MIMS.

For lower limb muscle strength, the proximal/distal maxi-
mal strength loss pattern was not so clear. As it may seem 
surprising that the juvenile phenotype had no significant loss 
in ankle dorsiflexion, while the adult phenotype did signifi-
cantly lose strength, as with the upper limb, the difference 
in age between the subgroups should be noted once again. 
As with the upper limb, the sedentary subgroup also showed 
no significant MIMS decline. However, when considering 
the percentage of strength loss, even if the results were not 
statistically significant, the sedentary subgroup has almost 
always lost more than the other two subgroups. The absence 
of statistically significant results in the sedentary subgroup 
could therefore be explained by a decreased statistical power 
of this study due to a limited number of participants. Fur-
thermore, even if they were significantly stronger at P3, the 
strength training subgroup only significantly lost strength 
in hip abduction and had a lower relative loss than the two 
other groups. This is consistent with the hypothesis of a pro-
tective effect of strength training as the program in which the 
subjects participated focused on lower limb muscle strength, 
namely on the knee extensors [16]. These participants still 
lost MIMS in their lower limbs, probably due to the limited 
time they were training (12-week training program over a 
3-year period) [16]. However, as they were only men, more 
studies are needed to be able to generalize these conclusions 
to the whole DM1 population. Interestingly, there was a sig-
nificant increase of MIMS for the knee flexors for the physi-
cal activity subgroup. Although strength gains are surpris-
ing, this may be due to a coping mechanism to compensate 
for strength loss in other muscle groups.

Subgroup analysis for within and between interactions 
brings further insight into the progression of deficiencies 
in this cohort of DM1 subjects. In the sex subgroup analy-
sis, the majority of between interactions were significant, 
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indicating that women performed significantly differently 
than men, which hinders our capacity to differentiate if there 
was a true difference in progression. This was confirmed 
in the baseline comparisons, where men performed signifi-
cantly better than women in almost every evaluation. It is 
therefore difficult to distinguish if greater capacity allows 
for more loss or if there is a true difference in progression 
due to sex. LEFS and lateral pinch were the only depend-
ent variables where the within-participant was significant 
without a significant between-participant interaction for sex 
subgroups and therefore, we can conclude of a true influ-
ence of sex in the progression of these variables. Subgroup 
analysis for phenotype showed that none of the between 
interactions are statistically significant, showing that adult 
and juvenile phenotypes were not different in every test 
and evaluation performed. This was confirmed in baseline 
comparisons were the adult and juvenile phenotypes had no 
significant differences at P3. However, many within interac-
tions were significant, showing a difference in progression 
for the mini-BESTest, the LEFS and MIMS in prehension, 
lateral pinch, hip abduction, knee extension and ankle dor-
siflexion. This reinforces that juvenile and adult phenotypes 
should not be pooled together to assess the progression of 
the disease, bringing further weight to the 5-category clas-
sification presented by De Antonio et al. [7]. In the physical 
activity type subgroup analysis, only the mini-BESTest had a 
significant within interaction in the functional tests. The sig-
nificant within interaction was probably driven by the sed-
entary subgroup, which was the only one with a significant 
difference between P3 and P4, showing the protective effect 
of physical activity and strength training on balance. The 
LEFS score showed the only significant within interaction 
among the questionnaires. Interestingly, only the strength 
training and sedentary subgroups had a significant between 
interaction, showing that the physical activity subgroup pro-
gressed differently than other two subgroups, where physi-
cal activity had no significant change in their LEFS score 
between P3 and P4. An interesting trend shows that none of 
the between interactions for physical activity and sedentary 
subgroups were significant for every MIMS test. Their mus-
cle strength scores were also statistically similar at P3 for 
every muscle group except the knee extensors. Every other 
between interaction, except for strength training and physical 
activity for lateral pinch, were significant. This may initially 
seem surprising, since the physical activity subgroup had 
significant changes between P3 and P4 in three different 
muscle groups while there were no significant changes in 
the sedentary subgroup. Some caution needs to be taken 
when interpreting this data as there are a very low number 
of subjects in each subgroup. Although it was not significant, 
the sedentary subgroup lost between 3.8 and 23.2% MIMS 
(except for the shoulder flexors). More subjects would be 
needed in this subgroup to better understand the effect of a 

sedentary lifestyle in DM1. Further caution should be taken 
as general physical activity was self-reported and not a con-
trolled intervention as with the strength training subgroup. 
For lateral pinch, when compared to the strength training 
subgroup, where the between interaction with the physical 
activity subgroup was not significant, it was the physical 
activity subgroup that progressed the most in three years. It 
is to be noted that physical activity and strength training did 
not specifically train the muscles involved in lateral pinch 
and therefore the subgroup categories may have had no influ-
ence on this MIMS progression.

The present study has some limitations: the small sample 
size may not represent the whole DM1 population, more 
participants would decrease the risk of type II error. Further-
more, the decrease of statistical power of this study limits 
further interaction analysis, such as phenotype X sex. This 
could have provided better insights to factors influencing the 
progression of the disease. Another limitation is that some 
participants were unable to perform some of the tests at T4, 
due to loss in functional capacities and/or muscle strength. 
This data was therefore not available for analysis, probably 
eliminating the greatest decline rates for these tests. Also, for 
a more comprehensive clinical evaluation, the use of a qual-
ity of life questionnaire specific for neuromuscular diseases 
that captures physical limitations specifically relevant to the 
muscle condition would have been interesting. Lastly, even 
if all evaluations were done in 2 separate visits, the effect of 
fatigue per se on motor performance has not been assessed 
[38]. However, the order of assessment was standardized and 
designed to minimize fatigue.

Conclusion

In conclusion, the aim of the study was to document the 
progression of muscular strength and functional capacities 
on a 3-year period in the adult and juvenile DM1 popula-
tion. For the whole group, the Mini-BESTest is the only 
functional test that showed a significant decline, despite the 
significant loss of strength observed in many muscle groups. 
Overall, quantified MIMS evaluations are a better disease 
progression indicator in DM1 than functional tests. A bet-
ter understanding of the disease progression is essential to 
measure the impact of any intervention that aims to reduce 
functional and strength decline. It also enables profession-
als to provide evidence-based prognostics to patients and 
their families. Thereby, with a better understanding of the 
progression, clinicians would be able to use evidence-based 
evaluation and interventions for a better management of 
signs and symptoms in DM1.
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