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Myotonic Dystrophy Type 1
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Abstract:

Objective In myotonic dystrophy type 1 (DM1), the CTG repeat size in the dystrophia myotonica protein
kinase gene has been shown to correlate with disease severity and is a potential predictive marker for respira-
tory decline. However, genetic testing can be challenging in some clinical situations. We developed a simple
formula for estimating the CTG repeat size using a single spirometry test in patients with DM1.

Methods In this single-center retrospective study, we reviewed 50 consecutive patients with genetically con-
firmed DM1 whose follow-up visits were at our hospital. The patients were randomly assigned to training
and test analysis subsets. By applying a linear mixed model to the longitudinal spirometry results of the
training set, we calculated the fixed effects on the annual respiratory decline. Subsequently, we derived a pre-
diction formula to calculate the repeat size that incorporated %vital capacity (% VC) and the patient’s age at
the time of the spirometry evaluation; the results were validated by the test set.

Results A total of 157 spirometry tests were recorded. The fixed effects on the annual %VC decline were
B=-0.90. The derived formula [repeat size=-16.8x(age+%VC/0.90)+2663] had a moderate predictive per-
formance with a mean coefficient of determination R of 0.41.

Conclusion The CTG repeat size in patients with DM1 can be potentially predicted using a simple formula
based on a single spirometry test conducted at any time over the disease course. It can be useful as a suppor-
tive tool for advance care planning when genetic testing is not available.
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management of these patients (4-6). The prediction of respi-
ratory decline would be beneficial for advance care planning
and decision-making regarding the timing of introduction of
non-invasive ventilation.

Introduction

Myotonic dystrophy type 1 (DMI1), caused by the CTG

triplet repeat expansion on chromosome 19q13.3, is the
most muscular  dystro-
phy (1, 2). DM1 is characterized by a slowly progressive
muscle weakness involving multiple organs, including the
respiratory, cardiac, ocular, endocrine, and central nervous
systems (3). Respiratory dysfunction is the leading cause of
death in patients with DM1 (230-40%); therefore, regular
monitoring of the respiratory function is essential in the

common form of adult-onset

Larger CTG repeats have been associated with a younger
age at the disease onset and greater clinical severity (7, 8).
Although longitudinal respiratory decline in patients with
DMI1 is not well-documented, a significant inverse correla-
tion has been found between the repeat size and respiratory
function (9-12), indicating that the former is a potential pre-
dictive marker for respiratory decline.

Although genetic testing for CTG repeat in DM1 cases is
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routine in developed nations, that service may not always be
available in other areas (13). For example, a recent study
from Malaysia mentioned inaccessibility of genetic testing
in many Asian developing countries, which may cause a
large number of diagnostic delays or underdiagnoses for
DMI1 (14). Even in developed countries where genetic test-
ing is economically feasible, its usage is precluded by the
stigma associated with incurable hereditary diseases (15). In
fact, according to a survey conducted by the Japanese Soci-
ety of Neurology in 2011, 43% of Japanese neurologists re-
ported a negative attitude toward genetic testing for DM,
including reasons such as ‘difficulty in providing psycho-
logical support to patients and their families after disclosure
of the results’ (16). In addition, the diagnosis of a typical
case of DMI is established predominantly through neuro-
logical and physiological examinations, with genetic testing
being frequently omitted.

As an alternative to genetic testing, especially when it is
not available, we aimed to derive a simple formula to pre-
dict the CTG repeat size based on the results of a single spi-
rometry test and the patient’s age at the time of the test.
Given individual differences in the rate of respiratory de-
cline, we employed a linear mixed model to analyze the lon-
gitudinal data of respiratory parameters and subsequently at-
tempted to estimate the CTG repeat size using data from a
single spirometry test performed at an arbitrary time during
the disease course.

Materials and Methods

2.1. Ethical approval

This study was approved by the Ethics Committee of Shi-
moshizu National Hospital in March 2021.

2.2. Study population

We retrospectively reviewed the medical records of all pa-
tients with genetically proven DMI, who presented for
follow-up at a single center (The Neuromuscular Disease
Center of National Hospital Organization Shimoshizu Na-
tional Hospital, Japan) between January 2000 and July 2020.
The requirement for informed consent was waived by the in-
stitutional review board because of the retrospective study
design.

We included a total of 50 consecutive adult patients (218
years old) who had undergone at least 1 spirometry test
(Fig. 1). We recorded data on the patients’ age, sex, height,
body mass index, brain natriuretic peptide level, and spi-
rometry test results at follow-up visits.

2.3. The DM1 diagnosis

The DMI1 diagnosis was based on a clinical evaluation
and genetic confirmation of the CTG repeat expansion (250
repeats) in the 3' untranslated region of the dystrophia myo-
tonica protein kinase (DMPK) gene, as assessed by Southern
blotting or polymerase chain reaction (17). In cases with
variations in the CTG repeat length (e.g., m<repeat size<n),
the lower value (m) was used.

2.4. Spirometer test parameters

All spirometry tests were performed by a trained techni-
cian in a single session, with the patient in a seated position,
according to the standards of the Japanese Respiratory Soci-
ety (18). The slow vital capacity (VC) and forced vital ca-
pacity (FVC) were measured. We then calculated the per-
centage of VC (%VC) and FVC (%FVC) by comparing the
measured values with the predicted ones obtained from the
Japanese Respiratory Society.

2.5. Data analyses

2.5.1. Data splitting

To determine whether or not our prediction formula could
be generalized to new data, we randomly split the data from
the 50 patients into 2 subsets: a training set (60%, n=30)
and a test set (40%, n=20) (Fig. 1). For randomization, the
“random.sample()” function from the Python (3.9.2) Stan-
dard Library was used.
2.5.2. Model fitting

We used the training set to analyze changes over time in
%VC and %FVC. Since the %VC and %FVC declined with
age in patients with DM1 (Fig. 2), we used a linear mixed
model to evaluate the longitudinal decline as fixed effects
and incorporate individual differences in the rate of decline
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Figure 2. The time series of % VC against age. Each line represents the longitudinal respiratory

decline of each patient. Single points represent data of patients who underwent spirometry only once.

A general trend of a decline in % VC with age can be observed.

as random effects. Assuming that the i" patient completed an
s; number of spirometry tests in total during the entire obser-
vation, the %VC or %FVC value of the j" (j=1, ..., s)) spi-
rometry test of the i" (i=1, 2, ..., 30) patient was denoted by
vs, and the patient’s age at the time of the j test was de-
noted by as x;. Prior to fitting, the model was represented by
vi = (B + e€)x; + 0;, where 8 is a fixed effects parameter,
and € and 0 are random effects parameters reflecting indi-
vidual differences. To estimate the repeat size z; for each pa-
tient i, we used the value of B calculated from the linear
mixed model and the baseline (j=1) spirometry result y, at
an age of x,. Therefore, the linear regression model to be
fitted was z; = y(xi — y/B) +a.
2.5.3. Validation of the model

We used the test set to validate the prediction formula z =
7(x -yl B)+ 6, where &, B, and 7 are fitted parame-
ters from the training set (section 2.5.2.). To examine
whether or not this formula could be applied to spirometry
results at an arbitrary time during the disease course, we
randomly sampled a single result y; E(1, ... s;)) from the
longitudinal spirometry data for each patient i (i=1, 2, ...,
20) in the test set. This process was repeated 10 times at
various time points to generate 10 different sets of
randomly-sampled validation data. The accuracy of the
model was determined using R’, the coefficient of determi-
nation, which is a statistical measure of how well the data
fit the regression line. We calculated R°, the mean value of
R’s obtained from 10 sets of the above validation data.

Statistical analyses were performed using the R software
program, version 4.0.3. The “lmer()” function from lme4
package was used to fit the linear mixed model (19).

Results

The demographic characteristics of the patients are shown

in Table 1.

A total of 157 spirometry tests were recorded for the 50
enrolled patients (27 men; 54%). The average age at the first
spirometry test (baseline) was 43.0+13.1 years old. Applying
a linear mixed model to the longitudinal spirometry data of
the training set, the fixed effects on the decline in %VC and
%FVC were determined to be favc=-0.90 (t=-3.28) and
B arve=-0.81 (t=-2.98), respectively. Using these values, we
fitted the data of the training set to the linear regression
model. The fitted parameters were 7 «vc=-16.8 [95% confi-
dence interval (CI)=-20.4 to -13.3], @ 4v=2664 (CI=2119 to
3118), 7 ame=-14.7 (CI=-18.2 to -11.2), and & wwc=2517
(CI=2058 to 2976) (Table 2). The prediction formulas for
the CTG repeat size z based on %VC and %FVC were thus
determined as z = —16.8 x (age + %VC/0.90) + 2663 and
z=-14.7 x (age + %FVC/0.81) + 2517, respectively. These
formulas were validated by the test set (Fig. 3). The R®
value for both formulae was 0.41.

Discussion

We applied a linear mixed model to the longitudinal spi-
rometry data of the training set and derived a formula to es-
timate the CTG repeat size using a respiratory parameter (%
VC or %FVC) obtained from a single spirometry test and
the patient’s age at the time of the test. This estimation was
validated by the spirometry results in the test set at ran-
domly chosen time points over the follow-up period. To our
knowledge, this is the first study to estimate the genotype of
a patient with DM using a single spirometry test.

A linear mixed model framework is often used to model
the longitudinal data of patients with individual differ-
ences (20). The fixed effects on the annual decline in %VC
and %FVC were determined as B%vc=-0.90 and B%Fvcz-
0.81 (%lyear), respectively. Our results showed a similar
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Table 1. Demographic Characteristics of Patients within the Training and Test Sets.

Training set Test set
n 50 30 (60%) 20 (40%)
Sex (male) 27 (54%) 16 (53%) 11 (55%)
Age at baseline [y/o] 43.0+13.1 41.5+12.8 45.4+13.6
Body height [cm] 161.9+9.1 162.1+9.7 161.6+7.9
Body mass index [kg/m?] 22.4+4.8 22.5+4.9 22.3+4.7
CTG repeat size (z) 610.8+£555.6  657.3+612.6  541.0+463.3
50<z<200 16 9 7
200<z<500 6 3 3
500<z<1,000 18 12 6
1,000<z 10 6 4
Follow up period [year] 5.64+4.34 5.49+4.77 5.87+3.71
Total number of spirometry completed
in each patient [times/person] 3.14+4.02 3.13+4.92 3.15+2.06
%V C at baseline 70.9+17.5 70.0+18.0 72.2+17.0
%FVC at baseline 70.0+£19.0 69.1+18.1 71.3+£20.6
Invasive or non-invasive ventilator use initiated 7
during follow up period
Death during follow up period 2
BNP [pg/mL] 32.5£105.4

BNP: brain natriuretic peptide, %FVC: percentage of forced vital capacity, % VC: percentage of vital capacity
The data are expressed as the mean+standard deviation. The mean BNP was calculated using initial value for
each patient.

Table 2. Fitted Parameters for the Equation z = y (xi — yi/P) +
o and Their Validation.

B a v R
%NV C -0.90 2,664 [2,119,3,118] -16.8[-20.4,-13.3] 041
%FVC  -0.81 2,517[2,058,2,976] -14.7[-18.2,-11.2] 0.41

%FVC: percentage of forced vital capacity, % VC: percentage of vital capacity
Square brackets indicate 95% confidence interval.

(a) (b)

1500

Repeat size
Actual
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Age+%VC/0.90 Predicted

Figure 3. (a) An example of the validation process. Each point represents the randomly sampled

longitudinal spirometry data for each patient in the test set. The solid line represents the fitted line

from the training set, (repeat size, z) = —16.8 x (age + % VC/0.90) + 2663. The dotted lines represent

the limits of the 95% confidence interval. (b) Actual versus Predicted plot.

trend to those of previous longitudinal studies, wherein the the repeat size was shown to be linked to the subtraction of
annual decline in %VC was calculated as -1.57 (9) or % the fixed effects [age + %VC/0.90 (< y — Bx)]. The repeat size
FVC as -0.72 (21). We consider this study to be unique, as was positively correlated with a younger age at the disease

2284



Intern Med 61: 2281-2286, 2022 DOI: 10.2169/internalmedicine.8633-21

onset (smaller x) and severe decline in %VC (smaller y),
which is consistent with the findings from previous stud-
ies (7-12).

The linear mixed model has enabled the prediction of the
CTG repeat size from a single respiratory parameter meas-
ured at an arbitrary time, not limited to the time of the in-
itial visit or the diagnosis. Previous studies have suggested
that the respiratory decline in DMI1 is associated not only
with the repeat size but also with the severity of muscle (10)
and cardiac involvement (22). Although we were unable to
incorporate these features into a mixed model simultane-
ously due to the retrospective design of our study, our sim-
ple model achieved moderate fitting, with a mean R’ value
of 0.41 for the test set. This level of fitting may not be suf-
ficient for an accurate estimation required for diagnostic
purposes, and it does not rule out the clinical importance of
individualized care (23); nevertheless, our study suggests
that the prediction formula using a single spirometry test
may be a viable alternative tactic in terms of its simplicity
and applicability at any time, as genetic testing is sometimes
difficult to perform due to social, ethical, or economic con-
cerns.

The limitations of this study are largely attributed to its
single-center, retrospective design. The distribution of repeat
lengths was biased, since our center catered mainly to an
adult population. Consequently, congenital cases with very
large repeat sizes (>3,000) were not included. Despite the
simplicity of the linear formula that has been derived, a
Poisson regression model with a log link function might be
more suitable. Bias may also have been introduced by the
number of follow-ups, as the fixed effects may have been
heightened by cases with a greater number of follow-ups. In
our retrospective study, data on the family history, limb
muscle weakness, dysphagia, sleep apnea, cognitive impair-
ment, and other potential complications of DM1 were not
available due to missing or otherwise insufficient data, mak-
ing the generalizability of the results uncertain. As spirome-
try tests were performed in a single session at each time
point, there remains some concern about data reproducibility
particularly in patients with potential cognitive dysfunction.
Simultaneous arterial blood gas analyses, diaphragm ultra-
sonography, and phrenic nerve conduction studies may over-
come this reproducibility concern regarding the spirometry
test and thus increase the accuracy of the prediction. How-
ever, it may safely be said that our simple protocol is feasi-
ble, as it is often difficult to conduct multiple or invasive
tests in clinical settings. Further studies with a larger patient
cohort and longer follow-up period are required to deter-
mine whether or not our findings can be universally applied.
A prospective design is also preferable to control for con-
founding factors that may affect the respiratory function,
such as by simultaneously assessing the limb muscle and
cardiac involvement.

In conclusion, we derived a formula that can potentially
predict the repeat size of a patient with DM1 using a single
spirometry test performed over the disease course. This pre-

diction formula may be a feasible, simple alternative to ge-
netic testing when such testing is not available.
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