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Background: Cardiac myopathy manifesting as arrhythmias is common in the neurological disease,
myotonic dystrophy type 1 (DM1). The purpose of the present study was to evaluate heart rate
variability (HRV) in patients with DM1.

Methods: In a multicenter study, history, ECG, and genetic testing were performed in DM1 patients.
Results: In 289 patients in whom the diagnosis of DM1 was confirmed by a prolonged cytosine-

thymine-guanine (CTG) repeat length the most common ambulatory ECG abnormality was frequent
ventricular ectopy (16.3%). The 24-hour time domain parameters of SDNN (SD of the NN interval)
and SDANN (SD of the mean NN, 5-minute interval) declined as age and CTG repeat length increased
(SDNN: −8.5 ms per decade, 95% confidence intervals [CI] −12.9, −4.2, −8.7 ms per 500 CTG
repeats, CI −15.7, −1.8, r = 0.24, P < 0.001; SDANN: −8.1 ms per decade, CI −12.4, −3.8, −8.8 ms
per 500 CTG repeats, CI −15.7, −1.9, r = 0.23, P < 0.001). Short-term frequency domain parameters
declined with age only (total power: −658 ms2 per decade, CI: −984, −331, r = 0.23, P < 0.001; low
frequency (LF) power −287 ms2 per decade, CI: −397, −178, r = 0.30, P < 0.001; high frequency
(HF) power: −267 ms2 per decade, CI: −386, −144, r = 0.25, P < 0.001). The LF/HF ratio increased
as the patient aged (0.5 per decade, CI: 0.1, 0.9, r = 0.13, P = 0.03).

Conclusions: In DM1 patients a decline in HRV is observed as the patient ages and CTG repeat
length increases. A.N.E. 2003;8(3):227–232
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Myotonic dystrophy type 1 (dystrophia myotonica
type 1, [DM1]) is a progressive, systemic, autoso-
mal dominant neuromuscular disease.1 The heart
is commonly involved in DM1 primarily with my-
ocardial fibrosis and degeneration often preferen-
tially affecting the conduction system.2,3 Patients
with DM1 typically manifest cardiac involvement
with arrhythmias including atrioventricular block,
atrial and ventricular tachyarrhythmias, and sud-
den death.4−8 Whether cardiac autonomic nervous
system (ANS) abnormalities influence or accom-
pany the myocardial degenerative changes in pa-
tients with DM1 is not clear.9−14

The genetic basis of DM1 is an expanded trin-
ucleotide cytosine-thiamine-guanine (CTG) repeat
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found on chromosome 19 in the 3′-untranslated re-
gion of a serine-threonine protein kinase, known
as DMPK.15−17 Individuals without DM1 have be-
tween 5 and 35 copies of the repeat, whereas in
patients with DM1 between 50 and 2000 repeats
have been observed.1 The severity of skeletal mus-
cle weakness in DM1 patients increases with in-
creasing CTG repeat length.18,19 The severity of
cardiac conduction involvement and arrhythmias
in DM1 patients increases with both increasing age
and CTG repeat length.20

The purpose of the present report is to evaluate
the relationship between ANS function measured
using heart rate variability (HRV) indices and clin-
ical and genetic factors in patients with DM1.
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METHODS

Patients

The Arrhythmias in DM1 Study is a multicenter
registry designed to identify and evaluate individ-
uals with DM1 and prospectively follow them to
determine the arrhythmic outcome. The study was
initiated in March 1997 with patients recruited at 23
neuromuscular specialty clinics associated with the
Muscular Dystrophy Association (see Appendix).
All adult patients (age ≥ 18 years) who carry a diag-
nosis of DM1 based on one or more characteristics
of clinical findings, family history, electromyogra-
phy, and muscle biopsy were invited to participate.
The presence or absence of cardiac disease was not
a consideration used to select patients for study en-
try. The Institutional Review Board at Indiana Uni-
versity and at each participating site approved the
study. Informed consent was obtained from each
study participant.

Clinical Evaluation, Resting ECG,
and Genetic Testing

Neurological and cardiac characteristics were as-
certained from the medical history and by physi-
cal examination done by the physician investiga-
tors. The severity of skeletal muscle weakness was
scored using a standardized and validated 5-point
muscular disability rating scale.21

Each patient underwent a standard 12-lead ECG
using local equipment. The ECGs were analyzed by
a single investigator (W.J.G.) blinded to other study
results.

Ten milliliters of venous blood was collected
from each patient. Analysis of the DM1 CTG
repeat sequence was performed on peripheral
blood lymphocytes (Athena Diagnostics Labora-
tory, Worcester, MA). Polymerase chain reaction
(PCR) based assays were used to determine small al-
lele lengths of 5–100 repeats.22 Southern-blot-based
assays were used to estimate repeat lengths greater
than 100.17 Accuracy of allele length determination
is estimated at two CTG repeats for repeats of 5 to
100 and 10% for repeats greater than 100.

24-Hour ECG Ambulatory ECG
Recording

Each site was provided with a digital monitor
(Space Labs Burdick, Redmond, WA) to obtain the
24-hour ambulatory ECG. During the initial 20 min-
utes of recording the patients were left quiet in an

examining room in a resting and supine position.
Normal activity was allowed during the remain-
der of the recording. The digital sampling rate was
1000 Hz during the initial 20 minutes and 200 Hz
during the remainder of the 24-hour recording.

Ambulatory ECG analysis and annotation were
done using commercial software (Vision Premier,
Space Labs Burdick, Redmond, WA) with review
and editing by a single investigator (W.J.G.). Pa-
tients with known coronary artery disease or di-
abetes mellitus, with less than 18 hours of use-
able ECG data, with atrial fibrillation or flutter, or
with a pacemaker were excluded from the current
report.

HRV Analysis

Long-term time-domain analysis was measured
from the entire useable ECG recording with HRV
indices derived from the normal-to-normal RR (NN)
intervals.23 Three HRV indices were measured in-
cluding standard deviation (SD) of the NN intervals
(SDNN) as an estimate of overall HRV, the SD of the
mean NN intervals measured over each 5 minutes
(SDANN) as an estimate of long-term components
of HRV, and the square root of the mean of the
sum of the squares of the NN interval difference
(RMSSD) as an estimate of short-term components
of HRV.

A 5-minute duration, preferentially minute 6
to 10, during the initial 20 minutes of recording
was used for short-term frequency domain analy-
sis. Fast Fourier transform was used to determine
power for a low frequency component (LF, 0.04–
0.15 Hz), a high frequency component (HF, 0.15–
0.4 Hz), and a total frequency (TF, 0–0.4 Hz). The
ratio of LF to HF (LF/HF) was used as an index of
sympathovagal balance.23

Statistical Analysis

Variables are given as mean ± SD. Step-wise
multivariate linear and logistic regression analy-
ses were used to determine the relationship be-
tween the factors. All tests were conducted with
a two-sided alpha risk level of 0.05. We used SPSS
10.0 for Windows (SPSS, Inc., Chicago, IL) for all
analyses.

RESULTS

Of the 391 patients with a clinical diagnosis of
DM1 enrolled in the registry, 11 had indeterminate
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Table1. Clinical and Resting ECG Characteristics in Patients with Myotonic
Dystrophy Type 1

Characteristics Finding (n = 289, ±SD)

Age (range), years 41.4 ± 12.1 (18.0–77.8)
Gender 153 female (52.9%)
Muscular disability rating scale (1–5) 3.1 ± 1.0

1. No clinical muscular impairment 12 (4.2%)
2. Minimal signs without distal muscular weakness 71 (24.6%)
3. Distal muscular weakness 83 (28.7%)
4. Mild to moderate proximal muscular weakness 110 (38.1%)
5. Severe proximal muscular weakness 13 (4.5%)

Heart failure (related to myotonic dystrophy) 5 (1.7%)
CTG repeat length (range) 630 ± 376 (54–1965)
Resting 12-lead ECG

Normal ECG 108 (37.4%)
PR interval, ms 195 ± 35
First-degree AV block 129 (44.6%)
QRS duration, ms 102 ± 20
QRS duration ≥ 120 ms 46 (15.9%)

SD = standard deviation.

and 32 had normal CTG repeat length and were
excluded because the diagnosis of DM1 was ques-
tionable. In the remaining 348 patients, 11 carried a
diagnosis of coronary artery disease and/or diabetes
mellitus and were excluded because of a possible
alteration in HRV related to these conditions. In
the remaining 337 patients, HRV analysis was un-
available in 48 because 10 had a permanent pace-
maker, 13 had atrial fibrillation or flutter, and 25
did not have an ambulatory ECG of sufficient du-
ration or quality. This report evaluates the remain-
ing 289 patients. Clinical, genetic, and resting ECG
characteristics (Table 1) are similar to other pub-
lished series of DM1 patients and to a previous re-
port from this registry.20,24,25 Similar to a previous
report from this registry the muscular disability rat-
ing, ECG PR interval, and ECG QRS duration were
related to age and CTG repeat length using multi-
variate linear regression.20 As the DM1 patient aged
and as CTG repeat length increased the muscular
disability and cardiac conduction disease reflected
in the PR interval and QRS duration worsened.

24-Hour Ambulatory ECG and HRV

Ambulatory ECG results including HRV findings
are reported in Table 2. The most common ECG ab-
normality observed was ventricular ectopy. Pauses
of more than 3 seconds were observed in seven pa-
tients, related to paroxysmal AV block in five pa-
tients and sinus node slowing in two patients. The

mean time domain analysis results are consistent
with values at or slightly below accepted normal
values.23 The short-term frequency domain analy-
sis results showed wide variability with mean val-
ues consistent with overall diminished power and
sympathetic predominance compared to accepted
normal values.

Whether a relationship existed between HRV and
clinical and genetic characteristics in the DM1 pop-
ulation was analyzed using multivariate linear re-
gression. SDNN, as an estimate of overall HRV, was
used as the dependent variable. Only two factors,
age and CTG repeat length, were independently re-
lated to SDNN (r = 0.24, P < 0.001). The linear rela-
tionship was an inverse one with SDNN decreasing
as age (SDNN: −8.5 ms per decade, 95% confidence
intervals [CI]: −12.9, −4.2) and CTG repeat length
(SDNN: −8.7 ms per 500 repeats, CI: −15.7, −1.8)
increased. Using logistic regression both age (rela-
tive risk [RR]: 1.3 per decade, CI: 1.0, 1.6) and CTG
repeat length (RR: 1.4 per 500 repeats, CI: 1.0, 2.0),
P = 0.04 were predictive of an increased likelihood
of a depressed SDNN of less than 100 ms.

No significant relationship was observed be-
tween the severity of skeletal muscle weakness and
SDNN (r = 0.10, P = NS).

Measurement of the ECG PR interval provides
a quantitative assessment of the degree of cardiac
conduction degeneration present in the DM1 pa-
tient.3,25 A weak but significant inverse relationship
was present between SDNN and the PR interval
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Table2. 24-hour Ambulatory ECG Characteristics of Patients with Myotonic
Dystrophy Type 1

Characteristics Finding (n = 289, ±SD)

Duration of recording, hours 23.5 ± 1.0
Average heart rate, beats per minute 75 ± 9
Ventricular pause > 3 seconds 7 (2.4%)
Ventricular ectopy

VPDs > 10 per hour 47 (16.3%)
Ventricular couplets 39 (13.5%)
Nonsustained ventricular tachycardia 12 (4.2%)

Time domain analysis (24-hour recordings)
SDNN (ms) 131 ± 44
SDANN (ms) 117 ± 43
RMSSD (ms) 39 ± 28

Frequency domain analysis (5-minute supine, resting)
Low frequency power (ms2) 888 ± 1179
High frequency power (ms2) 520 ± 1299
Total power (ms2) 2482 ± 3454
Low frequency/high frequency ratio 4.0 ± 4.4

SD = standard deviation; VPDs = ventricular premature depolarizations; SDNN = SD of the NN
intervals; SDANN = SD of the mean 5-minute NN intervals; RMSSD = square root of the mean
of the sum of the squares of the NN interval.

(SDNN: −3.1 ms per 20 ms increase in PR interval,
CI: −6.0, −0.2, r = 0.12, P = 0.04).

The relationship between age and CTG repeat
length and SDNN is shown in Figure 1.

In a similar fashion to the relationship with
SDNN, SDANN was inversely and independently
related to age (SDANN: −8.1 ms per decade, CI:
−12.4, −3.8) and CTG repeat length (SDANN: −8.8
ms per 500 repeats, CI: −15.7, −1.9), r = 0.23,
P < 0.001. There was no significant relationship

Figure1. Mean SDNN values (ms) in relation to age and
CTG repeat length. Shown is age divided at a median
value compared with the CTG repeat length tertile. SDNN
values declined as age and CTG repeat length increased
(see text for linear regression analysis).

observed between RMSSD and age and CTG repeat
length (r = 0.13, P = NS).

All short-term frequency domain parameters
were correlated to age but not CTG repeat length or
other clinical variables by linear regression analy-
sis. The relationship between age and power was an
inverse one with total power (−658 ms2 per decade,
CI: −984, −331, r = 0.23, P < 0.001), LF power
(−287 ms2 per decade, CI: −397, −178, r = 0.30,
P < 0.001), and HF power (−267 ms2 per decade,
CI: −389, −144, r = 0.25, P < 0.001) decreasing as
the DM1 patients aged. The relationship between
LF/HF and age was weaker but remained signif-
icant with increasing sympathetic predominance
(LF/HF: 0.5 per decade, CI: 0.1, 0.9, r = 0.13, P =
0.03) as the DM1 patients aged.

DISCUSSION

The present study demonstrates that in a large
group of unselected DM1 patients the factors of
age and the genetic abnormality of CTG length re-
peat correlate with HRV. The relationship is such
that as the DM1 patient ages and/or as their CTG
repeat length prolongs several time-domain HRV
indices decline. This study demonstrates an asso-
ciation between HRV and the severity of the ge-
netic abnormality in DM1. The relationship of HRV
with age and CTG repeat length is similar to the
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correlation seen between the severity of skele-
tal muscle weakness and cardiac conduction ab-
normalities with age and CTG repeat length.18−20

These similar findings suggest that the patho-
physiological process responsible for the genetic-
influenced, time-dependent skeletal and cardiac
muscle degeneration could as well depress cardiac
autonomic function. Whether this depression in au-
tonomic function is secondary to a direct cardiac
effect or an indirect effect is not clear.

In this study, frequency domain HRV power de-
clined with an overall increasing sympathetic pre-
dominance as the DM1 patient aged without an
apparent association with CTG repeat length. A
decline in the frequency domain HRV parameters
with age has been previously shown in a normal
population.26,27

Previous Studies

Previous studies disagree on whether ANS ab-
normalities occur in patients with DM1. Mechler
and Mastaglia found abnormal skeletal muscle
blood flow response to pharmacological challenge
in DM1 patients that they believed was secondary
to the abnormalities in the vascular adrenergic re-
sponse.28 Other workers have reported abnormal-
ities in pupillary light response related either to
ANS abnormalities9 or to smooth muscle dysfunc-
tion.11 Several authors could not find significant ab-
normalities in cardiovascular autonomic reflexes in
DM1 patients.9−12 Inoue and colleagues reported
abnormal short-term frequency domain findings in
10 DM1 patients compared to age- and gender-
matched controls.14 They found that total, LF, and
HF power were all depressed in the DM1 patient.
The small number of DM1 patients studied limits
the interpretation of all of these previous reports.

Study Limitations

We did not include a control group to compare
with the DM1 patients. The goal of the present
study was to evaluate the ambulatory ECG in a
large, clinically diverse population with DM1 to de-
termine what factors associate with HRV.

The short-term frequency domain data that were
collected showed wide variations in parameter val-
ues. This wide variation could be responsible for
the lack of a statistically significant association with
CTG repeat length as was seen with the time-
domain HRV indices. Because the study was done

at multiple centers there may have been variations
in patient activity during frequency-domain data
recording despite the careful instructions given.

We cannot ascertain the etiology of the decline
in HRV as the DM1 patient ages and as their CTG
repeat length increases. The sympathetic predom-
inance observed could be secondary to increasing
weakness and a sedentary lifestyle. This seems less
likely in that we did not observe a direct relation-
ship between the severity of skeletal muscle weak-
ness and HRV parameters. We did observe a re-
lationship between the severity of cardiac conduc-
tion abnormalities reflected by the PR interval and
HRV parameters supporting cardiac degenerative
changes leading to a decline in HRV. Cardiac dener-
vation determined by I-123 metaiodobenzyl guani-
dine (MIBG) without perfusion abnormalities has
been reported in a DM1 patient.13

CONCLUSIONS

Sudden, presumptively arrhythmic, death is re-
sponsible for up to one third of deaths in DM1 pa-
tients.7,8 The present study demonstrates that HRV
declines as the DM1 patient ages and as CTG repeat
length increases. This sympathetic predominance
could play a role in a propensity to lethal arrhyth-
mias in the DM1 patient.
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