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Abstract

Because of its high prevalence, fibromyalgia (FM) is a major general health issue. Myotonic
dystrophy type 2 (DM2) is a recently described autosomal-dominant multisystem disorder. Besides
variable proximal muscle weakness, myotonia, and precocious cataracts, muscle pain and stiffness
are prominent presenting features of DM2. After noting that several of our mutation-positive DM2
patients had a previous diagnosis of FM, suggesting that DM2 may be misdiagnosed as FM, we
invited 90 randomly selected patients diagnosed as having FM to undergo genetic testing for DM2.
Of the 63 patients who agreed to participate, 2 (3.2%) tested positive for the DM2 mutation. Their
cases are described herein. DM2 was not found in any of 200 asymptomatic controls. We therefore
suggest that the presence of DM2 should be investigated in a large sample of subjects diagnosed as
having FM, and clinicians should be aware of overlap in the clinical presentation of these 2 distinct

disorders.

Fibromyalgia (FM) is a common chronic pain syndrome characterized by diffuse
musculoskeletal aches, stiffness, and exaggerated tenderness. Classification criteria were
elaborated by the American College of Rheumatology in 1990 (1). The pathogenesis of FM is
incompletely understood. Most investigators favor the view that the major cause of FM is
dysfunctional pain processing in the central nervous system (CNS) (2). Muscle histologic data
are mixed, but predominantly demonstrate nonspecific changes (3). Core symptoms are chronic
widespread pain, generalized stiffness, poor-quality sleep, and fatigue. Chronic widespread
pain is defined as pain involving at least 3 quadrants of the body and the axial skeleton, and
tenderness of at least 11 of 18 specified tender points (1). Symptoms wax and wane in intensity
over days and weeks, and flare with increased exertion, lack of sleep, and exposure to
temperature changes and other changes in weather conditions, as well as to psychological
stressors. Persistent widespread muscle pain is quite common in the general population, with
a prevalence of ~10%, while the prevalence of FM has been estimated to be as high as 2-4%
(0.5% in men and 3.4% in women) (4).
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The myotonic dystrophies are the most common muscular dystrophies in adults. They are
multisystem disorders with autosomal-dominant inheritance, progressive muscle weakness and
atrophy, myotonia, precocious cataracts, cardiac conduction abnormalities, endocrinologic and
gastrointestinal involvement, and CNS symptoms (5). Myotonic dystrophy type 1 (DMZ1,;
Steinert disease) was first described more than 100 years ago (5). In 1992 the genetic cause of
DM1 was clarified as an expansion mutation of an unstable trinucleotide (CTG) n repeat in the
3'-untranslated region of DMPK (the gene for myotonic dystrophy protein kinase) in
chromosome 19q (6). Once genetic testing for DM1 became available, it was found that some
patients with similar features did not have the DM1 mutation (7-9). In the vast majority of
these DM1 mutation—negative families, the clinical features proved to be linked to another
locus in chromosome 3g21, which has been designated myotonic dystrophy type 2 (DM2).
DM2 is caused by a large (CCTG) n repeat expansion mutation in intron 1 of the zinc-finger
protein 9 gene (ZNF9) (10).

The clinical picture of DM2 is generally milder and more variable than that of adult-onset DM1
(Table 1). Prominent symptoms in DM2 are pain and muscle stiffness (11-13). Muscle pain
in DM2 can be very disabling, especially in individuals who perform physically demanding
work.

We noted that a considerable number of our patients in the Jyvéskyl& Central Hospital region
who had DM2 as documented by genetic testing had a previous diagnosis of FM (5 of 36 [14%)])
(Auvinen S: unpublished observations). Therefore, we undertook a study of the occurrence of
the DM2 mutation in patients with previously diagnosed FM.

METHODS AND RESULTS

Patients

The study was approved by the Institutional Review Board of Jyvéskyld Central Hospital and
carried out according to the Helsinki Declaration. The Rheumatology Center in the Jyvaskyla
Central Hospital region has long been involved in FM research and has a database of patients
with a standardized FM diagnosis (14). Ninety patients were randomly selected from the
database to participate in the study. Of the 90 patients invited, 63 consented to provide blood
samples for genetic testing for the DM2 mutation. Six of the 90 patients who were invited were
men (6.7%) and 84 were women (93.3%), and the mean age was 45.7 years. Proportions were
similar among the group of 63 patients who were studied (4 men [6.3%], 59 women [93.7%];
mean age 49.3 years).

As a disease control cohort, 70 patients with long QT syndrome caused by one single Finnish
founder mutation, G589D in the KCNQ1gene (15), were tested for the DM2 mutation as a
possible modifier gene because of the large variation of the phenotype despite identical channel
mutation. A control population of 200 healthy individuals (400 chromosomes) was also
analyzed for the DM2 mutation.

Genetic analyses

DNA extracted from peripheral blood leukocytes was used for diagnostic polymerase chain
reaction (PCR) (16,17). First, PCR across the DM2 (CCTG) n repeat in the first intron of
ZNF9 was used to identify individuals with 2 heterozygous normal alleles. Samples with only
1 allele were further analyzed by repeat-primed PCR specific for the DM2 mutation, to
distinguish mutated expansion alleles from normal homozygous alleles (17). The results from
both screening and repeat-primed PCR were obtained using fluorescent fragment analysis with
capillary electrophoresis (ABI 3130) and analyzed with GeneMapper software (Applied
Biosystems, Foster City, CA).
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In the group of 63 patients diagnosed as having FM, we identified 2 patients (3.2%) with the
DM2 mutation (see below). No DM2 mutations were identified in the cohort of 70 patients
with long QT syndrome or in the 200 healthy controls.

After the DM2 genetic diagnosis was obtained, patients with negative findings were informed
about the test result. The 2 patients who tested positive for the DM2 mutation were clinically
reexamined, and their previous records were reevaluated. Both patients were also referred for
genetic counseling.

CASE REPORTS

Patient 1

Patient 2

Patient 1, a 48-year-old woman, had been diagnosed as having FM at the age of 45 years. She
reported having experienced some muscle stiffness since her teens and had difficulty with
physical exercise, but there was no proven relationship of these symptoms to the current illness.
Since the age of 38, she had had muscle pain, provoked by exercise. Besides myalgia and
stiffness, she had difficulty bending her knees, climbing stairs, and working with her arms
elevated. Even daily housekeeping activities provoked widespread muscle pain and prevented
gainful employment. On reexamination, after the positive DM2 result, very mild ptosis and
slightly slow opening of the fist without any activation or percussion myotonia were observed.
Her walking was stiff, but no increased muscle tone or weakness was detected upon testing of
individual muscles. There was neither proximal muscle atrophy nor calf hypertrophy. Without
knowledge of her positive genotype for the DM2 mutation, her clinical signs would easily have
been overlooked. Her mother had developed muscle stiffness and walking difficulties at a later
age, and many of her 8 siblings were reported to have similar muscle symptoms.

Patient 2, a 45-year-old woman, had been diagnosed as having FM at the age of 39 years, and
sensorineural hearing loss was observed 2 years later. She reported having had muscle stiffness
and difficulty with physical exercise since she was a teenager, but these early symptoms cannot
be proven to be related to the current illness. Chronic lumbago had started at the age of 20
years and worsened during her pregnancies. Since the age of 37, she had had diffuse muscle
pain and could not work with her arms elevated. Climbing stairs was difficult, and she reported
having hand tremors and excessive sweating. She had falls, pains in her limbs, fatigue, and
palpitations. Her working capacity had been extensively evaluated 1 year prior to this study;
this included a full neurologic examination, without abnormal findings recorded. On
reexamination after the positive DM2 result, her walking was found to be stiff, but results of
manual strength testing of individual muscles were normal. Her calf muscles were large, and
she had no clinical myotonia. When she was asked about her family, it was discovered,
surprisingly, that she was the sister of patient 1.

The clinical characteristics of the 2 patients with DM2 are summarized in Table 2.

DISCUSSION

Inaccordance with our initial hypothesis, we identified patients with DM2 from among a cohort
of patients in whom FM had been diagnosed at a specialized tertiary referral center. Indeed,
the features of myalgia and muscle stiffness in DM2 as described in current diagnostic criteria
(13) are in many respects indistinguishable from those recorded in FM. FM is frequent in the
general population, with the prevalence of diagnosed cases as high as 1/25-1/50 in many
countries (4). Thus, it is of obvious interest to determine whether there are specific, genetically
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determined disease entities that go undiagnosed among patients who have been diagnosed as
having FM. This is of particular importance with regard to progressive and genetic disorders
such as DM2, in which the prognosis, and clinical and social consequences for patients and
their families, differ from those associated with FM.

In this pilot study, we found that 2 of 63 patients diagnosed as having FM (3.2%) had DM2.
Even if the frequency of undiagnosed DM2 among patients with FM were 10-fold lower than
that recorded in the present analysis, the total number of known cases of DM2 would be
increased by tens of thousands, which would prompt a profound revision of the current
estimates of DM2 prevalence (11,12). There are no exact data available on the prevalence of
the DM2 mutation in Finland or elsewhere, but even a 10-fold higher regional prevalence than
the current estimate that the frequency is similar to that of DM1 (12/100,000) would not explain
this finding of a 3.2% frequency of DM2 among patients diagnosed as having FM.

Avre there clinical clues to identify DM2 among patients who have been diagnosed as having
FM? Widely fluctuating muscle pain and stiffness, which may be provoked by exercise and
other stressors, occur in both disorders. Clinical findings may be minor in both disorders, e.g.,
muscle tissue changes are not seen in FM, and muscle atrophy is not found in DM2. However,
both of our patients who were found to have DM2 presented with several extramuscular
symptoms, including fatigue, irritable bowel, and numbness, that are typical in FM, and both
clearly fulfilled classification criteria for FM even at reevaluation after DM2 had been
diagnosed.

One symptom suggestive of DM2, if present, is myotonia. However, half or more of DM2
patients exhibit no clinical myotonia, and a considerable proportion lack myotonia even on
electromyography (EMG) (13). Proximal weakness of the lower limbs is another clue pointing
to DM2. Furthermore, if present at a relatively early age, cataracts in the subject or family
members, as well as elevated serum creatine kinase (CK) and/or gamma glutamy! transferase
levels, are certainly suggestive of DM2. Since not all patients with DM2 exhibit myotonia on
EMG, EMG is not a perfect screening method. Even when myotonia is present, multiple muscle
insertions may be needed in order for it to become apparent on EMG, which is a fairly invasive
and unpleasant procedure. The early onset of muscle stiffness reported by both patients with
DM2 described herein is unusual. Onset of muscle stiffness in adulthood is more common, and
in women, exacerbation during pregnancy is frequently reported.

Taken together, our findings indicate that DM2 appears to be a true candidate in the differential
diagnostic of FM. Molecular genetic DNA testing is the gold standard to distinguish DM2 from
FM. Serum CK elevation is nonspecific and is sensitive to even moderate physical exercise or
minor muscle trauma. Moreover, in many patients with DM2, serum CK levels remain within
the normal reference range. Nevertheless, in adult patients with myalgia and elevated CK
levels, referral for genetic testing for DM2 should be considered. We suggest that the frequency
of DM2 should be investigated in a larger sample of subjects who have been diagnosed as
having FM, and clinicians should be aware of overlap in the clinical presentation of these 2
distinct disorders.
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Core features
Clinical myotonia
Myotonia on electromyography
Muscle weakness
Cataracts
Localization of muscle weakness
Facial weakness, jaw muscles
Bulbar weakness, dysphagia
Respiratory muscles
Distal limb muscle weakness
Proximal limb muscle weakness
Sternocleidomastoid weakness
Muscle symptoms
Myalgic pain
Muscle strength variations
Visible muscle atrophy
Calf hypertrophy
Muscle biopsy findings
Fiber atrophy
Nuclear clump fibers
Cardiac arrhythmias
Brain
Tremors
Behavioral change
Hypersomnia
Cognitive decline
Other features
Anticipation
Childhood-onset central nervous system involvement
Congenital form

Present in fewer than half

Absent or variable in many patients
Onset may occur after age 60-70 years
Present in a minority of patients

Usually absent

Absent

Exceptional cases

Flexor digitorum profundus on testing, only in some patients
The main disability in most patients

Prominent in few patients

The most disabling symptom in many patients
Can be considerable

Usually absent

Present in half or more

Highly atrophic type 2 fibers
Scattered early, before weakness is clinically evident
From absent to severe

Prominent in many patients
Not apparent

Infrequent

Not apparent

Exceptional
Absent
Absent
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Clinical findings in the 2 fibromyalgia-diagnosed patients who were found to have myotonic dystrophy type 2

Patient 1 Patient 2
Age at fibromyalgia diagnosis, years 45 39
Age at evaluation, years 48 45
Age at symptom onset, years 38 37
Symptoms at onset Muscle pain and muscle stiffness Muscle pain and muscle stiffness
Years of subjective weakness 5
Clinical myotonia Absent Absent
Myotonia on electromyography Present and widespread Absent
Cataracts Absent Absent
Myalgia Present and widespread Present and widespread
Serum creatine kinase, units/liter (normal 35-210) 411 60
Serum gamma glutamyl transferase, units/liter (normal 10— 76 Not tested

75)
Other

Cholecystectomy at age 39 years

Sensorineural hearing loss, excessive
sweating, tremor of hands
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