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Abstract 

Myotonic Dystrophy type 1 (DM1) is a dominantly inherited disease comprehending multiple 

features. Fatigue and exhaustion during exercise often represent significant factors able to 

negatively influence their compliance to rehabilitation programs. Mitochondrial abnormalities 

and a significant increase in oxidative markers, previously reported, suggest the hypothesis of 

a mitochondrial functional impairment. The study aims at evaluating oxidative metabolism 

efficiency in 18 DM1 patients and in 15 healthy subjects, through analysis of lactate levels at 

rest and after an incremental exercise test. The exercise protocol consisted of a submaximal 

incremental exercise performed on an electronically calibrated treadmill, maintained in 

predominantly aerobic condition. Lactate levels were assessed at rest and at 5, 10 and 30 

minutes after the end of the exercise. The results showed early exercise-related fatigue in DM1 

patients, as they performed a mean number of 9 steps, while controls completed the whole 

exercise. Moreover, while resting values of lactate were comparable between the patients and 

the control group (p=0.69), after the exercise protocol, dystrophic subjects reached higher 

values of lactate, at any recovery time (p<0,05). These observations suggest an early activation 

of anaerobic metabolism, thus evidencing an alteration in oxidative metabolism of such 

dystrophic patients. As far as intense aerobic training could be performed in DM1 patients, in 

order to improve maximal muscle oxidative capacity and blood lactate removal ability, then, 

this safe and validate method could be used to evaluate muscle oxidative metabolism and 

provide an efficient help on rehabilitation programs to be prescribed in such patients. 
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 Myotonic Dystrophy type 1 (DM1) is a dominantly 

inherited multisystemic disorder, that is now 

recognized as one of the most common forms of 

muscular dystrophy in adults. In addition to muscle 

atrophy and myotonia (involuntary persistence of 

muscle contraction), DM1 causes a consistent 

constellation of clinical features, including: cardiac 

conduction defects, posterior subcapsular iridescent 

cataracts, and specific set of endocrine changes, such 

as  hyperinsulinemia, hyperglycemia and insulin 

insensitivity, together with testicular atrophy, 

premature frontal balding in men and cognitive 

impairment.
1,2

 The genetic cause of DM1 was 

identified in 1992 as a (CTG)n repeat in the 3’ 

untraslated region of a protein kinase gene, called 

myotonin protein kinase (DMPK), located on 

chromosome 19q13.3.
3,4

 The abnormal repeat triplet is 

situated in a non-coding region of the gene, so it was 

suggested a loss of function of DMPK protein, caused 

by either a transcriptional repression or a gain of 

function mediated by the mutant RNA transcripts. 

Actually, the best theory explaining the pathogenesis 

focuses on RNA transcripts containing pathogenic 

CUG repeats, which could produce defects in 

alternative splicing of multiple RNAs, thus providing 

the basis for the multisystemic features of DM1.
5,6,7

 

One of the most common symptoms in DM1 patients is 

represented by fatigue and early exhaustion during 

exercise. These factors are characterized by a loss of 

voluntary force-producing capacity of the muscles 

during exercise, due both to central mechanisms of 

motor input and to peripheral involvement of the lower 

motor unit or sensory nerves. In patients with 

myopathies, muscle fatigability is enhanced because of 

the presence of structural changes or for altered muscle 

metabolism, which may affect muscle contraction.
8
 

Some authors hypothesized an oxidative impairment in 

DM1 patients. Toscano et al. (2005) revealed a 

significant increase of several markers of oxidative 

stress, probably acting as a cofactor in disease 
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progression.
9
 Angelini et al. (2012) assessed the 

neuronal nitric oxide synthase activity, a molecule 

implied in protecting the cellular susceptibility to 

oxidative stress, to state the muscle involvement, 

probably at the basis of precocious fatigability.
10

 Ono 

et al. found mitochondrial abnormalities in muscle 

biopsy of DM1 patients, such as ragged red fibers, 

supporting the hypothesis that an impaired respiratory 

chain function could be relevant for the disease.
11

 

Moreover, the abnormal CTG repetition, responsible 

for an altered DMPK function, leads to a compromised 

myofiber metabolic homeostasis, thus increasing the 

susceptibility of cells to oxidative stress, through the 

activation of different pathways of signal transduction, 

as postulated by Usuki et al.
12,13,14

  

Histological studies of skeletal muscle sections from 

patients with DM1 show typical findings: variability of 

myofiber size, ring fibers, an increase in central nuclei, 

together with a prevalent atrophy in type 1 (slow 

twitch) fibers.
15

 Recent studies evidenced the higher 

presence of reactive oxygen species (ROS) that 

suggests a failure in the removal system of toxic 

proteins that interfere with mitochondria function, 

inducing the release of pro-apoptotic factors.
16

 

Mitochondria have the major role in energetic 

homeostasis, thus determining ATP availability in the 

cells. Indeed, their dysfunction will be unable to meet 

cellular ATP demands, thus compromising the cellular 

ability to adapt to physiological stress. In fact the ATP 

production following the oxidation of metabolic fuels 

depends on oxidative capacity and energetic efficiency 

of the mitochondrial compartment.
17

 

It is well known that skeletal muscle acidosis could 

impair oxidative metabolism and a reduced respiratory 

capacity could contribute to the onset of fatigue during 

exercise, even if quantitative assessment of this 

parameter is hard to be explored.
18,19,20

 Siciliano et al. 

reported an early activation of anaerobic metabolism, 

and a lower lactate threshold during a maximal 

exercise in DM1 patients.
21

 In this study we assess the 

oxidative metabolism efficiency in Myotonic 

Dystrophy patients, by means of analysis of haematic 

lactate levels at rest and after an incremental 

submaximal exercise test on treadmill. 

Materials and Methods 

We enrolled eighteen patients (mean age 43,67 ± 11,28 

years, 7 females and 11 males) affected by Myotonic 

Dystrophy type 1, followed by the Unit of 

Table 1.: Clinical features of patients, trend of lactate values, number of steps performed during aerobic exercise. 

Lactate values mmol/L 

Pz Sex/Age Rest 5 min 10 min 30 min Steps 

1 F 31 1.33 1.51 1.42 1.29 5 

2 M 33 1.6 1.83 1.93 1.44 7 

3 M 59 1.7 2.78 2.66 1.86 2 

4 M 39 1.29 4.51 3.73 2.01 11 

5 M 34 1.25 6.07 5.15 3.59 5 

6 F 49 2.6 4.44 3.52 3.05 11 

7 F 48 0.49 0.8 0.77 0.45 4 

8 F 57 1.22 1.53 1.78 1.48 11 

9 M 42 1.57 1.17 1.15 1.24 11 

10 F 35 0.74 1.89 1.4 0.9 11 

11 M 20 1.41 1.73   0.71 11 

12 M 52 1.91 3.15   1.65 11 

13 F 55 1.22 2 1.71 0.95 11 

14 M 39 0.73   1.95 0.95 9 

15 M 42 1.64 3.75 3.05 1.74 7 

16 F 39 2.64 4.11 4 2.45 11 

17 M 64 2.49 2.54 2.53 2.22 11 

18 M 48 2.21 2.39 2.16 1.93 11 
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Neurorehabilitation at the University Hospital of Pisa. 

Patients were entered into the study if they met the 

following criteria: 

1. Established clinical and genetic diagnosis of DM1.
22

 

2. Ability to perform physical exercise (lower limbs 

less impairment).  

Exclusion criteria were: clinically manifest pulmonary 

or cardiac disorders, fever, neoplasms, diabetes and 

insulin insensitivity.  Informed consent was given by 

each patient. Ethical Committee of the University 

Hospital of Pisa approved the study. For clinical details 

see Table 1. The control group was formed by fifteen 

healthy subjects: 10 females and 5 males, mean age 

43.2 years. 

To study oxidative metabolism we assessed blood 

lactate levels before and after a submaximal 

incremental exercise on a treadmill.
23

 The exercise 

protocol consisted of 11 steps, of 2-min duration each 

step, at a constant speed of 3 km/h. The slope was 0% 

at the start level and increased of 2.5% at each step. 

Capillary hemoglobin O2 saturation and heart rate 

were monitored during the exercise: if the patient 

reached 75% of the maximum theoretical heart rate 

(220-patient’s age), the test was stopped, so keeping 

the exercise predominantly aerobic. Venous blood 

samples were executed at rest and at 5, 10 and 30 min 

after the end of exercise.
24,25

.  

Blood samples were collected in EDTA tubes from the 

antecubital vein. Lactate was rapidly analyzed through 

an enzimatic assay, based on the conversion of lactate 

to piruvate and H2O2 by lactate oxidase. In the 

presence of the H2O2 formed, peroxidase catalyzes the 

oxidative condensation of chromogen precursor to 

produce a coloured dye with adsorption maximum at 

520 nm. The increase in absorbance at 520 nm is 

directly proportional to lactate concentration in the 

sample, as described by Chisari et al.
26

 Analysis of the 

differences in mean values was performed using the Z 

test, performed on average values.  

Results 

All subjects of the control group completed the 

exercise (11 steps) while the patients performed 9 steps 

on average (Tab. 1). The lactate resting values were 

comparable between DM1 patients and the control 

group: 1.56 mmol/L vs 1.63 mmol/L respectively. 

Lactate values were significantly higher in DM1 

patients compared to controls at any given time during 

the recovery period (Fig. 1).  
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Fig 1. Mean lactate values in Myotonic Dystrophy group and control, * p < 0.05 at any time during recovery period 

from control subjects 
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Discussion 

The first datum emerging in this study is the early 

exercise-related fatigue arising in DM1 patients 

compared to controls, as they performed a mean 

number of 9 steps, while the latter completed the   

exercise (11 steps) (Tab. 1). In the second hand, 

patients revealed normal lactate values at rest, which 

reached significantly higher levels during recovery 

after exercise (Fig. 1). These findings suggest an early 

activation of anaerobic metabolism, not proportional to 

workload executed, thus evidencing an alteration in 

oxidative metabolism of such dystrophic patients. 

During an increasing exercise, the working muscles 

and various tissues require more ATP production due 

to glycolytic or glycogenolytic pathway, and this 

mechanism leads to the final increase in lactate levels. 

During steady state sub-maximal exercise, the lactate 

concentration in the lactate pool remains constant and 

the rate of oxygen consumption is the measure of the 

whole body energy expenditure; when exercise 

intensities arise above steady state, a major 

concentration is attributed to an increase in the rate of 

lactate production or result from a decrease in the rate 

of lactate removal.
19,27

 The lactate anion together with 

decreased muscle pH seem to be involved in muscle 

function disturbances, such as impairing excitation-

contraction coupling, modifying protein conformation, 

altering channel properties and depressing the activity 

of key enzymes in glycolysis.
19

 Consequently, it may 

be crucial for exercising muscle cells to delay pH 

decline and lactate accumulation in the cytosol, to 

prevent muscle performance impairment.
20

 

The present study confirms what emerged in a previous 

one proposed by Barnes et al.
28

 in which it was 

investigated the glycogenolytic pathway by using P³¹ 

magnetic resonance spectroscopy: indeed they revealed 

an abnormal glycogenolytic ATP-production, during 

the first minute of aerobic exercise. In addition, the 

proportion of the total requirement provided by 

glycogenolysis resulted greater than in controls, 

revealing values similar to that in the control subject 

performing heavier works. During aerobic exercise in 

both calf muscle and flexor digitorum superficialis, 

phosphocreatine was depleted more rapidly in patients 

than in controls, evidencing how consistent is the 

metabolic demand in wasted muscle cells. Thomas et 

al. evidenced that the removal of lactate and protons 

from skeletal muscle is important to maintain force and 

prevent fatigue during continuous and intermittent 

supramaximal exercises in well-trained subjects.
18,27

 

Our data confirm the findings observed in an another 

study conducted by Siciliano et al. They reported an 

early activation of anaerobic metabolism in DM1 

patients, after performing an incremental bicycle 

exercise, as far as lactate threshold was achieved at 

values ranging from 30 to 50% of the predicted normal 

maximal power output (pnPOmax), while controls 

reached it at 60-70%. Hence, they concluded that the 

early achievement of lactate threshold represent a 

critical point, reflecting metabolic modifications in the 

oxidative metabolism.
21

   

Briefly, an evidence of oxidative impairment in DM1 

patients emerged in the work of Barnes et al.
28

, while 

an indirect assumption is proposed by Toscano et al.
9
 

Anyway, Angelini pointed out that depletion in 

neuronal nitric oxide synthase is frequently found and 

may correlate with post-exercise fatigability in 

Duchenne Muscular Dystrophy and in 

Sarcoglicanopathy, while in DM1 two different types 

of fatigue may be found.
10

 In fact, probably the cortical 

atrophy and the presence of white matter lesions could 

explain the mechanism of central fatigue, while the 

muscular fibers atrophy could count for peripheral 

fatigue. Moreover, another aspect probably implied in 

the presence of abnormal lactate levels in these patients 

is the predominant atrophy of type 1 fibers evidenced 

by histological studies of skeletal muscle sections. The 

histochemical analysis leads to the original division of 

muscle fibers into type I (slow-twitch) and type II 

(fast-twitch), evidencing how the greater myoglobin 

and capillary content in red muscles contributes to their 

greater oxidative capacity compared with white 

muscles.
29

 It could then be argued that the prevalent 

atrophy of slow-twitch muscle fibers in DM1 could 

represent one of the possible mechanism implied in the 

altered oxidative capacity evidenced in such patients,  

thus providing basis for the abnormal lactate levels 

assessed performing our aerobic protocol. 

So, as far as lactate determination during cycle or 

treadmill ergometry is used for diagnostic purpose in 

mitochondrial myopathies,
30

 this submaximal exercise 

could be a tolerable and safety method to assess 

aerobic capacity in this kind of patients. The interest of 

our study consists of the fact that our protocol is a safe, 

non exhaustive and easy reproducible method to be 

performed in such patients, who may frequently 

present early structural and functional myocardial 

abnormalities, strongly associated with cardiac 

conduction alterations.
31,32

 

Our findings confirm the alteration in oxidative 

capacity of DM1 skeletal muscle, which could 

negatively influence motor performances of these 

patients. The relevance to know one of the mechanisms 

implied in fatigue in DM1 consists of the possibility to 

state aerobic capacity of these patients, in order to 

plane specific rehabilitative protocols.  

In fact, in patients affected by mitochondrial 

myopathies, Taivassalo et al. investigated the role of a 

specific aerobic training, consisting of an 8-week 

aerobic program performed on a treadmill for 20 up to 

30 minutes, under constant supervision and heart rate 

monitoring, associated with stretching exercise, warm-

up and cool-down periods. They demonstrated an 

increase of aerobic capacity with a decrease of 30 % in 

lactate concentration at rest and after exercise, that was 
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correlated with a reduced fatigue and improved 

tolerance to daily activities.
33,34

 In patients affected by 

Polymyositis/Dermatomyositis, Bertolucci et al. 

evidenced  a precocious fatigability and higher lactate 

values after performing a submaximal aerobic exercise: 

they revealed an improvement both in muscle 

performance and in a reduction of fatigue symptom 

after a period of specific aerobic training.
25

 

This safe and easily reproducible protocol could be 

used to address aerobic training programs, which were 

provided to be a safety method to increase fitness, 

endurance and level of physical activity,
35-37

 in order to 

improve maximal muscle oxidative capacity and blood 

lactate removal ability, probably implied in early 

fatigability that arise in these patients. 

In conclusion, this kind of exercise protocol could 

provide a valid and safe method to evaluate aerobic 

capacity in Myotonic Dystrophy patients, able to reveal 

precocious alteration in oxidative metabolism of such 

patients and to direct rehabilitation trainings aiming at 

improving aerobic performances. 
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