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ABSTRACT

Objective: To determine the frequency and relative importance of the most life-affecting symp-
toms in myotonic dystrophy type 2 (DM2) and to identify the factors that have the strongest asso-
ciation with these symptoms.

Methods: We conducted a cross-sectional study of adult patients with DM2 from a National Reg-
istry of DM2 Patients to assess the prevalence and relative importance of 310 symptoms and 21
symptomatic themes. Participant responses were compared by age categories, sex, educational
attainment, employment status, and duration of symptoms.

Results: The symptomatic themes with the highest prevalence in DM2 were the inability to do
activities (94.4%), limitations with mobility or walking (89.2%), hip, thigh, or knee weakness
(89.2%), fatigue (89.2%), and myotonia (82.6%). Participants identified the inability to do activ-
ities and fatigue as the symptomatic themes that have the greatest overall effect on their lives.
Unemployment, a longer duration of symptoms, and less education were associated with a higher
average prevalence of all symptomatic themes (p < 0.01). Unemployment, a longer duration of
symptoms, sex, and increased age were associated with a higher average effect of all sympto-
matic themes among patients with DM2 (p < 0.01).

Conclusions: The lives of patients with DM2 are affected by a variety of symptoms. These symp-
toms have different levels of significance and prevalence in this population and vary across DM2
subgroups in different demographic categories. Neurology® 2015;85:2136-2146

GLOSSARY

DM2 = myotonic dystrophy type 2; FSHD = facioscapulohumeral muscular dystrophy; PRISM-2 = Patient-Reported Impact
of Symptoms in Myotonic Dystrophy Type 2 Study.

Myotonic dystrophy type 2 (DM2) is an autosomal dominant adult muscular dystrophy caused
by abnormal CCTG repeat expansions in the cellular nucleic acid binding protein (CNBP) gene
(also known as the zinc finger protein 9 [ZNF9] gene) on chromosome 3." Clinically, DM2
produces a multisystemic and diverse set of symptoms. Frequently reported DM2 symptoms
include pain, progressive weakness, myotonia, cataracts before age 50, hypogonadism, cognitive

impairment, cardiac arrhythmias, tremor, hypersomnia, and fatigue.>”

2,6-11 12-17

While prior studies have identified the importance of pain, and

18-22

impaired sleep,
cognitive symptoms in myotonic dystrophy, the prevalence of each of these varied symp-
toms in DM2 is unknown. In addition, the relative burden that each symptom has on the DM2
population has not been defined. In preparation for DM2 clinical trials, and in order to optimize
the clinical care and understanding of patients with DM2, it is important to know what
symptoms and issues are perceived by this population as having the greatest effect on their
daily life.

The Patient-Reported Impact of Symptoms in Myotonic Dystrophy Type 2 (PRISM-2)
Study is a national cross-sectional evaluation of DM2-affected participants. Herein, we describe

patient interviews and a large-scale survey initiative to (1) clinically define DM2 disease burden
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from the patient’s point of view, and (2) iden-
tify factors potentially associated with reduced
disease burden.

METHODS Study participants. Inclusion criteria included
(1) age 21 years or older and (2) diagnosis of DM2 by genetic
confirmation or clinical criteria. Genetic confirmation required
a CCTG repeat size greater than 75 in the CNBP gene on chro-
mosome 3. Participants without genetic testing were required to
have (1) clinical signs of weakness and myotonia (clinical or
electrodiagnostic) with one parent or child with clinically or
genetically proven DM2, or (2) clinical DM2 based on clinical
guidelines,’® the patient’s family history, and a review of the pa-

tient’s medical record by a physician expert in this disorder.

Study design. Phase 1: DM2 qualitative interviews. We con-
ducted in-depth individual interviews with 15 genetically con-
firmed adult patients with DM2 known to the University of
Rochester neuromuscular clinic. We used semistructured inter-
views and open-ended questions about clinical symptoms. Dur-
ing each interview, we asked participants to identify the
symptoms and issues that have the greatest impact on their lives.
Participant responses were audio-recorded, transcribed, coded
into symptom clusters, and analyzed using a 3-investigator
approach and a qualitative framework technique.?** Interview
transcripts were reviewed by 3 independent coders to identify
symptoms. Consensus meetings were held to identify discrep-
ancies between reviewers and then to construct a final list of
symptoms. Patient-reported symptoms were then grouped and
tabulated. Symptoms were further classified into symptomatic

themes to obtain an overall picture of DM2 health status.”?°

Phase 2: National cross-sectional study of participants
with DM2. Phase 2 utilized participants with DM2 from the
National Registry of Myotonic Dystrophy and Facioscapulohum-
eral Muscular Dystrophy (FSHD) Patients and Family Members
(http://www.urmc.rochester.edu/nihregistry/).>° Registry mem-
bership is based on written consent, patient-reported information
(family history, symptoms, etc.), and review of each member’s
medical record including clinical examinations and laboratory
results.”® Approximately 60% the DM2 members of the registry
have genetic confirmation of their disease. Patients without DNA
testing are classified through stringent review of medical records
and based on current clinical guidelines and family history. The
principal investigator of the National Registry (Richard T.
Moxley III, MD) confirms the diagnosis obtained through
medical record review for DM2.

We generated a survey of questions representing all of the
DM2 symptoms and symptomatic themes identified in phase 1
and additional symptoms previously reported to be important
in other adult muscular dystrophy populations (i.e., myotonic
dystrophy type 1, and FSHD).?>?* For each symptom, partici-
pants were asked, “How much does the following impact your life
now?” Participants responded using a Likert-type scale ranging
from 1 to 6: (1) I don’t experience this; (2) I experience this but it
does not affect my life; (3) It affects my life a litte; (4) It affects
my life moderately; (5) It affects my life very much; and (6) It
affects my life severely. Participants provided their age, race, sex,
age of symptom onset, employment status, and level of education.
Participants were also given an opportunity to list and describe
symptoms that were important to them but not included in
the survey.

Registry participants were mailed a recruitment letter and
DM2 survey with instructions. Surveys were sent on March 8,
2011, and collected until May 26, 2011. In an effort to have a

questionnaire of comfortable length and to reduce participant
burden, 2 DM2 surveys were produced. Each included demo-
graphic questions, the 21 symptomatic themes identified in phase
1, and close to half of the 310 symptom questions. We randomly
allocated each DM2 registry subject to one of the 2 surveys. Par-
ticipants were offered the option to verbally answer survey ques-
tions over the phone if they thought that hand weakness, poor
vision, or reading difficulties would interfere with their ability
to complete the paper survey. A summary of the activities and

analyses of phases 1 and 2 is provided in figure 1.

Statistical analysis. We determined the frequency of each DM2
symptom and theme using input from participants in phase 2. In
addition, we calculated the average importance of each symptom
and theme (/fe impact score) to the DM2 phase 2 participants
who experience the symptom or theme. For this metric, numerical
values were assigned to each participant response as follows: the
patient experiences the issue but it does not affect the patient’s
life = 0; the issue affects the patient’s life a little = 1; the issue
affects the patient’s life moderately = 2; the issue affects the pa-
tient’s life very much = 3; and the issue affects the patient’s life
severely = 4. In instances in which a participant marked between 2
choices, the response was scored as the average of the 2 choices.
Average life impact scores for each symptom and theme were cal-
culated using the average response of all participants who stated that
they experienced the symptom or theme. In addition, a population
impact score (percentage of participants in whom an issue was expe-
rienced multiplied by the average life impact score of the issue) was
determined for each item. Lastly, composite prevalence scores and
composite impact scores were calculated by averaging participant
responses across all themes.”

Participant responses were further categorized based on (1)
sex, (2) age (18-60 years; 61+ years of age), (3) employment
status, (4) education level (those with a college degree; those
without a college degree), and (5) duration of symptoms (0-20
years; 21+ years). Group categorization cutpoints were deter-
mined before analysis. We obtained descriptive statistics for the
prevalence and impact score for each theme for the entire sample
and for each subgroup. We compared the prevalence of each
theme between the different subgroups using Fisher exact tests.**
We compared the distributions of relative impact scores for each
theme, composite prevalence scores, and composite impact scores

between the different subgroups using Kruskal-Wallis tests.**

Standard protocol approvals, registrations, and patient
consents. The University of Rochester institutional review board
approved all aspects of this study. As directed by the local institu-
tional review board, all interviewed participants and survey partic-
ipants received and reviewed a detailed information letter before

their involvement with this research.

RESULTS Phase 1: DM2 qualitative interviews. We
conducted exploratory interviews with 7 woman
and 8 men with DM2. We obtained 943 direct
quotes. These quotes related to the symptoms and is-
sues that, in the opinion of the participants, had the
greatest impact on their everyday life. Recurring sim-
ilar quotes were grouped to identify 310 symptoms
and 21 symptomatic themes potentially relevant to
the DM2 population.

Phase 2: National cross-sectional study of participants
with DM2. We sent surveys to all DM2 registry partic-
ipants (n = 120). Seventy-four patients with DM2
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[ Figure 1 Flow diagram of activities and analyses
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Table 1 Clinical and demographic information of
phase 2 DM2 respondents from the
National Registry
No. of patients studied 74
Sex, n (%)
Male 26 (35.1)
Female 48 (64.9)
Age, y
Mean (SD) 57.0 (12.0)
Range 27-82
Responded by paper survey, n (%) 74 (100.0)
Race, n (%)
White 73(98.7)
Other 1(1.4)
Stated that they had a genetic
test for DM2, n (%)
Yes 67 (90.5)
No 5 (6.8)
Omitted?® 2(2.7)
States represented 31
Hispanic or Latino, n (%) 1(1.4)
Reported age when symptoms 36.2 (13.4)
started, y, mean (SD)
Employed, n (%) 33 (44.6)
Level of education completed, n (%)
Master's or doctorate 24 (32.4)
College 27 (36.5)
Technical degree 6 (8.1)
High school 15 (20.3)
Grade school 1(1.4)
Omitted?® 1(1.4)

Abbreviation: DM2 = myotonic dystrophy type 2.
2Number of times the question was left unanswered by
study participants.

(62%) chose to become participants in the cross-
sectional study. Participants represented 31 different
states and answered 12,713 of 13,008 (97.7%) DM2
symptom survey questions. Table 1 presents their
demographic information.

Prevalence of DM2 themes and symptoms. The most fre-
quently occurring symptomatic themes included the
inability to do activities (94.4%), limitations with
mobility or walking (89.2%), hip, thigh, or knee weak-
ness (89.2%), and fatigue (89.2%).

The frequency of each symptomatic theme is
shown for sex and age subgroups in table 2 and for
employment, education, and symptom duration sub-
groups in table 3. The relative prevalence of all 310
symptoms and 21 themes is shown in table e-1 on the

Neurology® Web site at Neurology.org.

Of the 310 evaluated symptoms, 11 core symp-
toms were present in more than 95% of the respond-
ents. These symptoms included difficulty getting up
from the floor or ground (100%), leg weakness
(100%), difficulty squatting down (100%), difficulty
walking up hills or inclines (100%), difficulty rising
from a seated position (97.4%), difficulty lifting ob-
jects because of leg weakness (97.4%), impaired walk-
ing (97.4%), difficulty with stairs (97.4%), the
inability to run (97.4%), difficulty with balance
(97.3%), and difficulty with rough ground (97.2%)
(table e-1). Anger toward a parent who transmitted
the disease was the only issue that was not reported
by any participants.

The prevalence of select symptomatic themes was
different between subgroups (tables 2 and 3). Partic-
ipants older than 60 years had a higher prevalence of
pain (p = 0.04) compared with younger participants.
There were no differences in theme prevalence
between female and male participants. Participants
who had a college degree had problems with their
shoulders and arms less frequently than those without
a college degree (p = 0.03). Participants with a longer
duration of symptoms were more likely to report
fatigue (p < 0.01), limitations with mobility or walk-
ing (p = 0.02), or problems with shoulders or arms
(p = 0.04).

Compared with employed participants, unem-
ployed participants had a higher prevalence of limita-
tions with mobility or walking (p» < 0.01), problems
with shoulders or arms (p < 0.01), emotional issues
(p < 0.01), decreased satisfaction in social situations
(p < 0.01), hip, thigh, or knee weakness (p =
0.0189), fatigue (p = 0.02), decreased performance
in social situations (p = 0.02), problems with vision,
hearing, or smell (p = 0.03), and activity limitation
(p = 0.04) (figure 2, table 3).

The overall mean composite prevalence across all
themes was associated with disease duration, education
level, and employment status (p < 0.01) (table 3) but
not with sex or age older than 60 years (table 2). The
largest subgroup difference (in composite prevalence
across all themes) occurred between employed
(62.4%) and unemployed (79.4%) participants (table 3).
Among individual symptomatic themes, the largest
subgroup difference in prevalence occurred with
“decreased satisfaction in social situations.” There
was a 37.5% difference in the prevalence of this
symptomatic theme between groups defined by
employment status, with only 40.6% of employed
participants with DM2 endorsing this issue and
78.1% of unemployed participants with DM2
endorsing this issue (figure 2).

Themes with the greatest life impact scores. The themes
that had the highest life impact score (range 0—4) in
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[ Table 2 Prevalence and relative impact of 21 critical themes as identified by patients with DM2? ]
Relative impact on
Prevalence % lives Prevalence % Relative impact on lives
Relative - -
Prevalence % impact Female Male Female Male Age 18-60y Age 61+ y Age 18-60y Age 61+ y

Symptomatic themes (n=74) on lives SD (h=48) (h=26) pValue (h=48) (h=26) pValue (n=38) (n = 35) p Value (n = 38) (n = 35) p Value
Limitations with mobility or walking 89.2 221 1.14 91.7° 84.6 0.44 2.27 2.09° 0.75 84.2 94.3° 0.26 1.81 2.64° <0.01°
Hip, thigh, or knee weakness 89.2 2.22 1.14 91.7° 84.6 0.44 242 1.82 0.06 86.8 914 0.71 1.79 2.61 <0.01°
Back, chest, or abdominal weakness 74 2 1.2 74.5 731 1.00 217 1.68 0.16 711 771 0.60 1.63 2.37 0.02°
Problems with shoulders or arms 75.3 1.75 1.2 76.6 731 0.78 1.85 1.58 0.35 70.3 80 0.42 1.88 1.66 0.47
Problems with hands or fingers 77 1.52 1.25 81.3 69.2 0.26 1.63 1.28 0.24 84.2 68.6 0.17 1.39 1.75 0.36
Emotional issues 64.4 1.45 1.08 68.8 56 0.31 1.39 1.57 0.56 68.4 61.8 0.62 123 171 0.12
Changed body image due to disease 67.1 1.39 1.26 68.8 64 0.79 1.58 1 0.14 711 64.7 0.62 1.04 1.82 0.04°
Difficulty thinking 61.6 1.89 1.05 63.8 57.7 0.62 2 1.67 0.35 68.4 55.9 0.33 1.77 2.05 0.43
Decreased satisfaction in social situations 61.6 1.89 1.24 62.5 60 1.00 1.85 1.33 0.13 62.2 60 1.00 135 212 0.08
D_ecre_ased performance in social 65.3 1.68 1.29 68.1 60 0.60 1.84 iLE3 0.15 70.3 61.8 0.47 1.27 219 0.03°
situations

Impaired sleep or daytime sleepiness 77 2.23 1.3 771 76.9 1.00 2.57 1.6 <0.01¢ 78.9 74.3 0.78 2.4 2.08 0.34
Fatigue 89.2 2.29° 1.24 85.4 96.2 0.25 2.61° 1.76 0.01°¢ 84.2 943 0.26 2.34° 227 0.83
Pain 79.7 1.98 1.41 85.4 69.2 0.13 217 1.56 0.12 89.5 68.6 0.04¢ 2 2.04 0.89
Myotonia 82.6 1.65 111 82.2 833 1.00 1.81 1.35 0.12 84.2 80.6 0.76 1.63 1.68 0.91
Problems with vision, hearing, or smell 74 1.96 1.15 76.6 69.2 0.58 2 1.89 0.54 76.3 70.6 0.60 1.72 221 0.13
Gastrointestinal issues 78.4 19 1.37 85.4 65.4 0.07 212 1.35 0.05¢ 81.6 771 0.77 1.87 1.93 0.87
Problems choking or swallowing 65.8 1.19 0.89 66 65.4 1.00 1.39 0.82 0.03° 658 67.6 1.00 112 1.26 0.78
Issues having children 344 214 1.65 333 36.8 0.78 221 2 0.64 371 32 0.79 2 2.38 0.58
Inability to do activities 94.4° 2.24 1.19 913 100° 0.29 2.38 2 0.25 94.7° 93.6 1.00 2.08 242 0.27
Communication difficulties 542 1.28 0.94 50 61.5 0.46 1.52 0.94 0.05¢ 51.4 58.8 0.63 111 1.45 0.30
Difficulty with medication side effects 45.2 1.48 1.28 511 346 0.22 1.42 1.67 0.71 50 412 0.49 121 1.86 0.23
Composite across all themes (21) 71.7 1.85 1.24 73.20 69.00 0.09 2.00 1.55 <0.01¢ 73.10 70.70 0.33 1.68 2.05 <0.01°¢

Abbreviation: DM2 = myotonic dystrophy type 2.

The p values are from Fisher exact tests or Kruskal-Wallis tests, as appropriate, comparing responses among the subgroups; see text for details.

?Includes subgroup analyses based on sex and age. Subgroup analyses are confined to those who responded to age and sex questions. The possible range of “relative impact on lives” is 0.0-4.0 with higher values
representing greater theme impact. Data based on phase 2 participants.

b Signifies highest prevalence or impact in the column.

¢ Signifies a p value =0.05.
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Table 3

Symptomatic
themes

Limitations with
mobility or walking

Hip, thigh, or knee
weakness

Back, chest, or
abdominal
weakness

Problems with
shoulders or arms

Problems with
hands or fingers

Emotional issues
Changed body
image due to
disease

Difficulty thinking
Decreased
satisfaction in
social situations
Decreased
performance in

social situations

Impaired sleep or
daytime sleepiness

Fatigue

Pain

Myotonia
Problems with
vision, hearing, or

smell

Gastrointestinal
issues

Problems choking
or swallowing

Issues having
children

Inability to do
activities

Prevalence %

Unemployed Employed p

(n=41)

100.0°

97.6

80.0

87.8

80.5

781

70.7

70.0

781

77.5

85.4

97.6

80.5

88.9

85.0

781

70.0

34.4

100.0°¢

(n=33)

75.8

78.8

66.7

59.4

72.7

46.9

62.5

51.5

40.6

50.0

66.7

78.8

78.8

75.8

60.6

78.8

60.6

34.5

87.5°

Value

<0.01¢

0.02¢

0.28

<0.01¢

0.58

<0.01¢

0.62

0.15

<0.014

0.02¢

0.09

0.02¢

1.00

0.21

0.03¢

1.00

0.46

1.00

0.04¢

Relative impact on lives

Unemployed Employed p

(n=41)

2.54

2.66

241

iLe®

1.82

1.69

1.86

2.07

1.73

1.84

2.26

2.53

2.39

1.75

218

2.25

1.46

2.82°

2.55

(n=33)

1.68

1.54

1.41

1.32

11

0.93

0.7

1.59

1.54

1.38

2.18°

1.92

1.46

1.52

1.6

1.46

0.8

1.4

1.79

Value

<0.01¢

<0.01¢

<0.01¢

0.06

0.04¢

0.03¢

<0.01¢

0.20

0.73

0.26

0.87

0.05¢

0.01¢

0.46

0.08

0.03¢

0.01¢

0.05¢

0.01¢

Prevalence and relative impact of 21 critical themes as identified by patients with DM2?

Prevalence %

Non-
college
graduate®
(n=22)
100.0¢
100.0°

86.4

90.9
77.3
59.1

63.6

63.6

63.6

81.0

90.9

95.5
81.8
89.5
76.2
86.4
72.7

36.8

100.0°

College
graduate®
(n=51)
84.3

84.3

68.0

68.0
76.5
66.0

68.0

68.2

60.0

63.0

70.6

86.3°
78.4
79.6
72.6
74.5
62.0

317

92.0

p
Value
0.10

0.10

0.15

0.03¢

1.00

0.60

0.79

0.80

0.80

0.10

0.07

0.42

1.00

0.49

1.00

0.36

0.43

0.77

0.31

Relative impact on
lives

Non-

college College
graduate graduate
(h=22) (n=51)
2.36° 216
2.27 217
221 1.85
1.68 1.76
1.59 1.45
1.46 1.45
1.71 1.21
1.93 1.87
214 1.45
1.71 1.66

2 2.33°
2.24 2.32
217 1.9
1.47 1.69

2 1.95
2.32 1.63
131 1.1
2.57 1.77
2.57 2.04

P
Value
0.48

0.80

0.30

0.81

0.98

0.24

1.00

0.07

0.83

0.42

0.87

0.51

0.40

0.85

0.06

0.25

0.29

0.11

Prevalence %

Relative impact on lives

Duration of
symptoms
0-20y

(n = 40)
82.5

87.5

67.5

67.5

75.0

57.5

70.0

57.5

61.5

66.7

72.5

80.0

80.0

79.5

66.7

77.5

60.0

36.4

89.7°¢

Duration of
symptoms
21+y
(n=31)
100.0¢
96.8

83.9

90.0

83.9

76.7

70.0

70.0

61.3

66.7

83.9

100.0°

80.7

9219

80.7

83.9

80.0

34.6

100.0°¢

P
Value
0.02¢

0.22

0.17

0.044

0.40

0.13

1.00

0.33

1.00

1.00

0.39

<0.01¢

1.00

0.17

0.28

0.56

0.12

1.00

0.13

Duration of Duration of

symptoms

1.99

1.74

1.56

1.27

1.57

1.29

1.83

1.67

1.69

214

2.28°

1.84

1.32

1.69

1.84

1.04

1.92

2.06

symptoms
21+y P
(h=31) Value
2.48 0.08
243 0.12
2.35 0.06
1.98 0.22
1.87 0.07
13 0.40
1.52 0.45
1.9 0.83
1.76 0.76
1.7 0.95
2.35 0.62
2.35 0.84
2.38 0.25
2.04 0.01¢
22 0.11
2.04 0.55
1.33 0.35
2.44 0.38
2.57° 0.09
Continued



P
Value
0.32
0.08
<0.01¢

symptoms
21+y
(h=31)
1.45

1.93

2.04

Duration of Duration of

symptoms

Relative impact on lives
0-20y

(n=41)

111
111

p
Value

0.22

1.00

<0.01¢ 1.69

Duration of Duration of
symptoms
21+y
(n=31)
64.5
48.4
78.8

symptoms
0-20y

Prevalence %
Value (n = 40)

0.57 474
0.66 46.2
68.4

p
0.03¢

College
graduate
(h = 51)
1.23
1.58
1.78

Relative impact on
lives

Non-

college

graduate

(n=22)

1.42

1.38

p
Value

1.00

0.13

<0.01¢ 1.96

College
graduate®
(n=51)
531

38.0

68.6

Prevalence %
Non-

college
graduate®
(n=22)

54.6

59.1

77.7

Value
0.53
0.11
<0.01¢

Unemployed Employed p
(n=33)
1.14
1.44

(n = 41)

Relative impact on lives

1.36
1.76
211

Value
0.10
0.24
<0.01¢

(n = 33)
42.4
36.4
62.4

Unemployed Employed p

Prevalence %
(n=41)

64.

525

79.4

Symptomatic
Communication
difficulties
Difficulty with
medication side
effects
Composite across
all themes (21)

themes
2Includes subgroup analyses based on employment, education, and duration of symptoms. Subgroup analyses are confined to those who responded to employment, education, and duration of symptom questions.

The possible range of “relative impact on lives” is 0.0-4.0 with higher values representing greater theme impact. Data based on phase 2 participants.

P College graduate: participants who completed a college, master's, or doctorate degree; non-college graduate: did not complete or obtain a college degree.

¢ Signifies highest prevalence or impact in the column.

The p values are from Fisher exact tests or Kruskal-Wallis tests, as appropriate, comparing responses among the subgroups; see text for details.
9 Signifies a p value =0.05.

Abbreviation: DM2 = myotonic dystrophy type 2.
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participants with DM2 were fatigue (2.29), inability
to do activities (2.24), impaired sleep or daytime
sleepiness (2.23), hip, thigh, or knee weakness
(2.22), and limitations with mobility or walking
(2.21) (table 2).

Of the 310 other symptoms evaluated, a lack of
job secondary to disability (3.00), an inability to turn
on a light with a pull cord (3.00), difficulty with stairs
(2.88), difficulty getting up from the floor or ground
(2.87), difficulty playing sports (2.85), difficulty
squatting down (2.82), and a reliance on hand railings
(2.80) had the highest life impact scores (table e-1).

In subgroup analyses of themes, female partici-
pants were more affected by impaired sleep or day-
time sleepiness (p < 0.01), fatigue (p < 0.01),
problems choking or swallowing (» = 0.03), and gas-
trointestinal issues (p = 0.0453) than male partici-
pants (table 2). Older participants were more affected
than younger participants by mobility and walking
(p < 0.01), hip, thigh, or knee weakness (p <
0.01), back, chest, or abdominal weakness (p =
0.02), changed body image (» = 0.04), and decreased
performance in social situations (p = 0.03) (table 2).

Participants who were unemployed were more
affected (life impact score) than employed participants
with DM2 in the following areas: limitations with mobil-
ity and walking (» << 0.01), hip, thigh, or knee weakness
(p < 0.01), back, chest, or abdominal weakness (p <
0.01), and changed body image due to disease (p <
0.01). There were no differences in life impact scores
between participants with high vs low educational
achievement. Participants with longer duration of symp-
toms were more affected by myotonia (p = 0.01) than
those with symptom duration less than 21 years (table 3).

The average composite impact from all themes
was worse in those who were unemployed, female,
of older age, and had a longer duration of symptoms
(p < 0.01) (tables 2 and 3). Having a college degree
was also associated with a less severe composite bur-

den from all themes (p = 0.03) (table 3).

Population impact scores. The themes that had the
greatest population impact scores (range 0—4) included
inability to do activities (2.11), fatigue (2.04), hip,
thigh, and knee weakness (1.98), and limitations with
mobility or walking (1.97). The symptoms that had
the greatest population impact scores were difficulty
getting up from the floor or ground (2.87), difficulty
squatting down (2.82), difficulty with stairs (2.80),
and leg weakness (2.71) (table e-1).

DISCUSSION This study utilizes direct patient input
to identify the most prevalent and life-altering
symptoms in DM2. These symptoms, including
some that are clinically underrecognized, represent
dysfunction in the physical, emotional, and social



[ Figure 2 Prevalence of symptomatic themes by employment status ]

Limitations with mobility
or walking *

Hip, thigh, or knee
weakness *

Back, chest, or abdominal
weakness

Problems with shoulders
orarms *

Problems with hands
or fingers

Emotional issues *

Changed body image due M Unemployed
to disease H Employed

Difficulty thinking

Decreased satisfaction in
social situations *

Decreased performance in
social situations *

Impaired sleep or daytime
sleepiness

Fatigue *
Pain

Myotonia

Problems with vision,
hearing, or smell *

Gastrointestinal issues

Problems choking or
swallowing

Issues having children
Inability to do activities *

Communication difficulties

Difficulty with medication
side effects {

0 10 20 30 40 50 60 70 80 90 100

Prevalence of theme (%)
*Signifies p < 0.05.
aspects of health. Our findings help define the diverse Patients with DM2 are often misdiagnosed early
clinical phenotype of DM2 and potentially provide in the course of their disease. Prior work has identified

clues for the early identification and treatment of an average delay of 14.4 years from a patient’s first
mildly symptomatic patients. symptoms to their initial diagnosis.”” While
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additional research is needed, we think that the symp-
toms identified by our participants are similar to those
symptoms that initially motivate a patient with
DM2 to seek clinical care. Clinicians capable of
identifying the early clinical features of DM2 have
an opportunity to limit the diagnostic delay of their
patients. A correct and efficient diagnosis of DM2
may lead to earlier treatment, appropriate monitor-
ing for superimposed disease (e.g., cancer, hyperlip-
idemia, diabetes, cardiac conduction block, and
hypothyroidism), and timely reproductive and med-
ical counseling.

This study demonstrates that the symptoms that
are most prevalent in a population are not always
those that are most important to a population. While
limitations with mobility and walking and hip, thigh,
or knee weakness were the most prevalent sympto-
matic themes in participants with DM2, both were
deemed to have less impact on participants’ lives than
fatigue. Both the prevalence and relative impact of
individual symptoms will be worthwhile to consider
when identifying the most appropriate therapeutic
objectives in DM2. Of note, myotonia, one of the
characteristic features by which DM2 is often recog-
nized, ranked only 15th in relative impact among the
21 symptomatic themes.

The prevalence of different symptomatic themes
varied among subgroups. One unexpected example
was that participants aged 18 to 60 years had a higher
prevalence of pain compared with those older than 60
years. While the basis for this finding is uncertain, it
may be related to the higher amount of muscle mass
in younger patients, increased coping mechanisms for
pain among older individuals, or possibly that older
participants were less severely affected (e.g., survival
effect or other form of sampling bias). The higher
prevalence of pain in the older group may also be
related to age alone irrespective of DM2.

In some instances, the prevalence of a specific
symptom was similar between subgroups while the
average impact of the symptom on the patients in
the subgroups differed. For instance, we found that
women with DM2 were more severely affected by
impaired sleep or daytime sleepiness, fatigue, problems
choking or swallowing, and gastrointestinal issues than
their male counterparts. While gastrointestinal issues
are known to occur at higher rates in women,” the
association between these other symptoms and sex in
DM2 warrants additional study.

The greatest difference in symptomatic theme
prevalence and impact was seen between those pa-
tients who were employed vs those who were unem-
ployed. We believe that employment status is highly
dependent on a patient’s overall disease burden.
However, it is also possible that employment has spe-
cific effects on certain aspects of disease burden. For
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instance, we found that patients who were employed
reported better satisfaction in social situations than
those without jobs.

A limitation of our study is that our sample may
not be a perfect representation of the general DM2
population. For example, we cannot exclude the pos-
sibility that the nonresponding registry participants
have a different clinical profile than our responders,
or that the symptoms of registry participants differ
from the general DM2 population. Our sample was
also predominantly female (64.9%). While we did
not find any statistically significant difference in the
prevalence of any symptomatic themes based on sex
(table 2), our sample may overemphasize the impact
of symptomatic themes that have a greater impact on
the lives of women with DM2 (e.g., gastrointestinal
issues and fatigue). In addition, because medication
use and quality of care were not assessed, it is possible
that the prevalence of treatable symptoms (e.g., pain,
fatigue, daytime sleepiness, myotonia) was affected by
symptomatic treatments.

The findings from PRISM-2 indicate that there is a
distinct and diverse pattern of symptomatic disease in
DM2. Knowledge from this study helps us to more
clearly understand the complexities of the DM2 pheno-
type from a patient’s perspective. In addition, knowl-
edge of this study may ultimately prove useful in the
clinical management of patients with DM2, in reducing
DM2 diagnostic delay, and in the future design of
disease-specific patient-reported outcome measures for
this population.
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