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ABSTRACT

Background. Myotonic dystrophy types 1 (DM1) and 2 (DM2) occur due to pathogenic
repeat expansions; DM1 due to a repeat expansion in the DMPK gene and DM2 due to a
repeat expansion in the CNBP gene. Myotonic dystrophy (DM) is an autosomal dominant
multisystem disorder characterized by increasing muscle weakness, myotonias (muscle
stiffness), cataracts, abnormalities in cardiac conduction, and endocrine dysfunction. Alt-
hough the molecular mechanisms that lead to DM are well defined, its diagnosis is often
delayed by many years due to the broad phenotype of the conditions and their overlap with
other neuromuscular and metabolic disorders.

Objectives. This review examines DM from a clinical, molecular, and diagnostic perspec-
tive in order to examine what causes diagnostic mistakes and how recent advances in DM
detection techniques and multidisciplinary approaches to its diagnosis may have contrib-
uted to reducing these errors.

Methods. A scoping review of the literature has been conducted to determine what was
known prior to 1993 about clinical variability, molecular testing methods, and new diag-
nostic methods for DM type 1 and type 2 (DM1 and DM2). We evaluated studies published
in the peer-reviewed and non-peer-reviewed literature between January 1993 and June
2025, focusing specifically on studies that document delays in diagnosis, patterns of accu-
racy, and awareness of physicians. In addition, high-quality pre-print articles were also
included when they provided significant new information regarding novel approaches to
the diagnosis of DM1 and DM2 using the same type of research methodologies as typically
used in peer-reviewed journals.

Results. Previous studies indicated that diagnostic delay was found for both DM1 (5-7 year
delay) and DM2 (10-14 year delay), with some regional differences influenced by clini-
cians’ familiarity with these diagnoses. The utility of electrophysiological methods of di-
agnosis varies; however, both triplet-primed PCR and long-read sequencing provide in-
creased accuracy with regard to identifying atypical and/or large repeat expansions. Other
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Bridging the Neurological Misdiagnosis...

barriers to timely diagnosis include phenotypic variability, limited physician knowledge
about these diagnoses outside of neuromuscular specialties, limited access to advanced
molecular testing, and the lack of standardized diagnostic pathways.

Conclusion. Overlapping clinical features, inconsistent levels of physician awareness, and
unequal access to molecular diagnostics within various healthcare settings are all factors
that contribute to the persistent difficulty in diagnosing both DM1 and DM2. As such, it is
critical to develop strong multidisciplinary collaboration, enhance the infrastructure for
molecular diagnostics, and establish global harmonized standards for the diagnosis of DM
in order to ensure that patients can be accurately identified promptly.

Keywords: clinical variability, diagnostic delay, molecular genetics, myotonic dystrophy
(DM), triplet-repeat disorders, TP-PCR, nanopore sequencing

GRAPHICAL ABSTRACT
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S NS | 4dg
@

MDT: DAPEICTG) 5
Ex sion o
e coic 5 m
M. N
g [
o o

MDZ: C7
Iy pansion

Aulosomal Daminant

Genetic Origin of DM

Delayed Diugnosis

gl Wi entraphy 1
Frovimal Weakness are iocluded in Myotonic Dystrophy *
Loug-Read Scquoae
E Dingnestic Iy 5 14 Years

Once the molccular diagnosis is confirmed, patients enter a multidisciplinary carc pathway, involving coordinated management
by A iology, pul logy, endocrinology, and genetics teams.

/ ‘ This integrated approach enables: @
g ] Early diagnosis
Confinational H i -

.
Initial Delayed Molecular Multidisciplinary 4 ® Cardiac and respiratory surveillance
Diaguosis > Dingnosis Diaggmosis Care i » Genetic counseling for patients and families
H + TImproved overall clinical outcomes
Highlights

e Diagnostic delays of up to 5-14 years in DM are driven by phenotypic variability, lim-
ited physician awareness, and inconsistent access to molecular testing.

e Integration of clinical assessment with modern molecular diagnostics, particularly TP-
PCR and long-read sequencing, substantially improves the detection of complex and
atypical repeat expansions in DM1 and DM2.

e A multidisciplinary and standardized diagnostic pathway is essential to reduce misdi-
agnosis, enable timely surveillance for systemic complications, and improve patient
outcomes in DM.
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1. INTRODUCTION

Myotonic dystrophy (DM) is a type of au-
tosomal dominant genetic disorder that af-
fects many different parts of the body. The
two main types of DM are DM type 1 (DM1)
and DM type 2 (DM2), caused by unstable
repeat expansions in the DMPK gene and
the CNBP gene, respectively [1, 2]. Both of
these types of DM have some similarities in
terms of how they affect the body, including

causing weakness of skeletal muscle, cata-
ract formation, disruption of electrical con-
duction in the heart, endocrine dysfunction,
cognitive impairment, and progressive my-
otonia [1-3]. Although the molecular basis
of DM1 was established many years ago
(after Steinert’s original description), accu-
rate diagnosis remains difficult due to the
large degree to which these two disease
processes vary in their presentation and
overlap with other neuromuscular and met-
abolic diseases [4, 5].
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Figure 1. Clinical Spectrum, Diagnostic Delay, and Diagnostic Pathway in Myotonic
Dystrophies (DM1 and DM2)
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According to epidemiological studies,
approximately 1 in 8,000 people have DM1,
globally [6-8]. DM2 is much less frequently
diagnosed than DM1, may go undetected
due to later onset and more varied presenta-
tions. Thus, when diagnosed later, the pa-
tient cannot receive cardiac/respiratory
evaluations and genetic counseling, which
could help reduce the risk of morbidity and
intergenerational transmission [9-11].

Fast-moving advances in PCR-based
diagnostics and next-generation sequencing
still leave many patients misdiagnosed.
Commonly, patients are misdiagnosed with
inflammatory myopathies or fibromyalgia,
or disorders of mitochondria, resulting in
inappropriate intervention and prolonged
uncertainty [12-14]. This review provides a
synthesis between the clinical and molecu-
lar evidence used for diagnostic confusion
in DM and supports clinical improvements
in the methods of detection based on evi-
dence.

2. METHODOLOGY
2.1. Study Design

This review was developed as a narra-
tive scoping review that examined the
scope of problems associated with the diag-
nosis, patterns of misdiagnosis, and newer
technologies available for the molecular di-
agnosis of DM1 and DM2. For this exercise,
PRISMA guidelines developed for scoping
reviews (PRISMA-ScR) were used to pro-
vide transparency in the identification and
selection of studies. We did not conduct
quantitative synthesis or meta-analysis of
the reviewed studies due to the heterogene-
ity of the studies with respect to methodol-
ogy and outcome measurement.

2.2. Search Strategy

Systematic searches were performed in
PubMed, Scopus, Web of Science, Sci-
enceDirect, and Google Scholar for studies

published between 1993 and 2025 that were
pertinent to the area of interest. Supple-
mental searches were made in SpringerLink,
Elsevier, Oxford Academic, and bioRxiv.
Search terms included various combina-
tions of the following words/phrases: myo-
tonic dystrophy, DM1, DM2, delay in diag-
nosis, misdiagnosis, triplet repeat, DMPK,
CNBP, PCR, nanopore sequencing, and
electromyography. We also reviewed the
reference lists of relevant articles to iden-
tify additional potentially suitable publica-
tions.

2.2.1. Inclusion Criteria. Both origi-
nal peer-reviewed research articles and
clinical case studies that explored the diag-
nostic routes, molecular testing, or misdiag-
nosis of DM1/DM2 were included. Eng-
lish-language publications were considered
as a primary source of evidence, supple-
mented with non-English significant publi-
cations only if they presented unique clini-
cal information or provided a translation for
their abstract into English, where possible.
High-quality preprints were included if
they contained new information on devel-
oping technologies to diagnose diseases/en-
vironments not yet published in a peer-re-
viewed publication (these types of studies
are labelled as ‘preprints’ in the body of
work and reference section).

2.3. Data Extraction and Synthesis

We extracted 1) author details; 2) year
of publication; 3) type of research con-
ducted; 4) method of diagnosis; 5) number
of days taken between the time of diagnosis
and report; and 6) author-reported accuracy
of their respective diagnosis. Data were
synthesized with minimal effort and as nar-
rative summary (one group of findings rep-
resented one theme) with no attempts to
conduct cross-study statistical analyses.
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2.4. Quality Assessment

The methodological quality of obser-
vational/review studies was evaluated us-
ing the Joanna Briggs Institute (JBI) Criti-
cal Appraisal Instrument - Observational
and Review Studies. Studies were assigned
three categories (high, moderate, and low).
The quality of each study was determined
by a) clarity of research objectives; b) clar-
ity of methodology goals; and c) reproduc-
ibility of study results. The interpretation of
lower-quality studies was made using cau-
tionary language and, in most cases, low-
quality studies provided context to arrive at
better absolute conclusions.

3. CLINICAL SPECTRUM AND
SYMPTOM VARIABILITY

3.1. Phenotypic Range

DM1 typically begins earlier in life and
presents with distal muscle weakness,
prominent myotonia, and extensive multi-
system complications, whereas DM2 tends
to appear later with proximal muscle weak-
ness and a slower, more variable clinical
course [5, 15]. In DM, early manifesta-
tions may include reduced muscle tone in
infancy, breathing difficulties, and delayed
developmental milestones, while adults
commonly develop cataracts, hormonal ir-
regularities, and cardiac rhythm disturb-
ances [2, 16].

The more subtle early presentation of
DM?2 often leads clinicians to consider in-
flammatory or metabolic myopathies first.
Patients may experience fatigue or mild
muscle pain for years before more obvious
weakness develops, resulting in substantial
delays before genetic testing is pursued [10,
Q’ H]'

Department of Life Sciences

3.2. Atypical and Systemic Manifesta-
tions

DM can present with atypical symp-
toms, making diagnosis more difficult. For
some patients, their initial medical contact
may not be for muscle symptoms, but other
medical problems such as respiratory fail-
ure, isolated eye symptoms, and cardiac ar-
rhythmias [18, 19]. There have been reports
of acute respiratory failure diagnosed later
as being the result of DM. This correlates
with the need to evaluate neuromuscular
conditions as possible causes of acute res-
piratory failure and provide options for
these patients to be transferred to an inten-
sive care unit [17, 20]. Some patients with
posterior subcapsular cataracts may be di-
agnosed with DM at their first eye doctor
visit due to subtle signs and symptoms [18,
2’ 2]'

3.3. Genotype-Phenotype Discordance

There have been several documented
cases of patients with DM who exhibited
symptoms consistent with diagnosis but
showed no detectable CTG or CCTG repeat
expansions using the standard methods.
This indicates either pathophysiological
mechanisms or failure of conventional de-
tection methods [11, 16, 23, 24]. This vari-
ability in diagnostic results emphasizes the
need for molecular diagnostic technologies
which provide a high level of resolution, in
addition to careful clinical correlation with
diagnostic results. This variability under-
scores the need for high-resolution molecu-
lar diagnostic approaches and careful clini-
cal correlation. Table 1 summarizes repre-
sentative studies illustrating the range of
clinical presentations and associated diag-
nostic delays in DM1 and DM2.

UMT—21
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Table 1. Representative Studies Illustrating Clinical Variability and Diagnostic Delay

Reported Diag-

Study Year Key Phenotypic Features nostic Delay Diagnostic Challenges Key Insight
. . . Limited awareness outside Misdiagnosis is common due to
Eymard & 2004 High multisystem involve- 5-10 years neurology; overlapping symp- insufficient familiarity with
Dobon [1] ment; variable presentation y 28 ppIng symp .. Y
toms physicians
Turnpenny & Classical DM1 features: fam- . Clinical and EMG findings are  Need for molecular confirma-
1993 a1 . Variable . . .
Kelly [4] ily history is often present non-specific tion emphasized
Meola et al. DM?2 mild and heterogeneous Subtl.e ez.:lrly symptoms; over- DM2 is significantly underdiag-
2014 . 10-14 years lap with inflammatory myopa-
[12] presentation thies nosed compared to DM1
Wenninger et Overlapping DMI/DMZ fea- Phenotypic overlap between Integrated diagnostics reduce
2018 tures; proximal vs distal 5-8 years . . )
al. [2] subtypes misclassification
weakness
AlNawaiseh Ophthalmic findings as the Cataracts and ocular symp- Ophthalmology can enable ear-
2020 . 2-4 years toms often precede muscle in- . .
[18] presenting feature lier detection
volvement
Yamada et al. Respiratory presentation with- . Neuromuscular causes are not ~ Requires high clinical suspicion
2023 . Variable . . . e
[19] out obvious muscle weakness considered in ICU settings in critical care
Nishihara et Acute respiratory failure as Previously un-  Atypical presentation, delayed ICU awareness essential for
2020 . . X o . . .
al. [17] the first manifestation diagnosed recognition timely diagnosis
Meola & Car- 2015 Distinct pathomolecular 8-10 vears DM2-specific featurses are Need for subtype-specific phy-
dani [13] mechanisms DM1 vs DM2 y poorly recognized sician training
Silvestri & Wide phenotypic spectrum; . Clinical heterogeneity compli- Comprehensive phenotyping
. 2023 b : Variable : 4 -
Modoni [5] multisystem involvement cates diagnosis Improves accuracy
2 I B S B BioScientific Review
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Table 2. Diagnostic Methods and Relative Performance

Diagnostic Method

Sensitivity/Specificity

Primary Advantages

Principal Limitations

Clinical Utility

Key References

Clinical Examination

Moderate sensitivity; var-

iable specificity

Non-invasive; widely
available; guides further
testing

Non-specific; depends
on examiner expertise;
variable presentation

Initial screening; raises
clinical suspicion

Turnpenny & Kelly [4];
Quinn & Salajegheh
[25]

Electromyography
(EMG)

Moderate sensitivity (60-
70%); low-moderate
specificity

Can detect myotonic
discharges; widely
available

Non-specific; variable
with disease stage; re-
quires expertise

Supports clinical diag-
nosis; differential diag-
nosis

Miller [26]; Quinn &
Salajegheh [25]

Conventional PCR +
Southern Blot

High for moderate expan-

sions (85-90%)

Established standard,
reliable for typical ex-
pansions

Cannot reliably detect
very large repeats; la-
bor-intensive

Gold standard for dec-
ades; still widely used

Longman [6]; Savi¢
Pavicevi¢ et al. [36]

Triplet-Primed PCR
(TP-PCR)

Very high (>95%)

Rapid; cost-effective;
detects large expan-
sions; high sensitivity

Limited quantitation of
exact repeat size

Current preferred mo-
lecular method for
screening

Meng et al. [28]; Dry-
land et al. [30]

Repeat-Primed PCR
(RP-PCR)

Very high (>95%)

Detects expansions re-
gardless of size; rapid

Does not provide pre-
cise sizing

Excellent screening
tool; confirms presence
of expansion

Meng et al. [28]

Nanopore Sequencing

Near-complete (<99%)

Direct sizing; detects
interruptions; reveals
mosaicism; full charac-
terization

Expensive; requires spe-
cialized expertise; lim-
ited availability

Research and complex
cases; most compre-
hensive characteriza-

tion

Alfano et al. [29]

Muscle Biopsy

Variable; supportive evi-

Reveals histopathologic
changes; rules out other

Invasive; non-specific
findings; variable sam-

Adjunct when molecu-
lar testing is ambigu-

Raheem [34]; Schiiller

dence . . etal. [35]
myopathies pling ous
Cardiac Evaluation Detects cardiac involve- I((iie;;gcil:.s cr(:)n(il;csttli(():n Ng{z(ﬂfg:zsgi(fﬁfs[)g; Essential for manage- Wenninger et al. [2]
(ECG/Echo) ment » Prog gsa P ment; not for diagnosis & =
value cific
Ophthalmologic Ex- High for detecting cata- Non-invasive; cataracts ~ Not specific to DM; re- Earl'y ('k:tectlon oppor- .
. . . - . tunity; supports diag- AlNawaiseh [18]

amination racts are highly characteristic quires correlation

nosis

Combined Clinical +
Molecular

Highest overall accuracy

Holistic assessment
confirms diagnosis;
guides management

Resource-intensive; re-
quires coordination

Optimal diagnostic
strategy

Schiiller et al. [35];
Ashizawa & Harper
[19]
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4. DIAGNOSTIC CRITERIA AND MO-
LECULAR APPROACHES

4.1. Evolution of Diagnostic Standards

Historically, the diagnosis of DM has
been based on clinical examination and
electromyography (EMGQG) for the detection
of myotonic discharge. However, both of
these methods are based on subjective in-
terpretation of the associated signs or
symptoms. Such an interpretation lacks any
diagnostic specificity. Hence, the results
may vary depending on the patient’s stage
of disease and the muscle sampled for EMG
evaluation [25, 26]. The two-step approach
currently favored by experts is a combina-
tion of clinical examination and EMG eval-
uation. The former aims to establish clinical
suspicion for indicative signs and symp-
toms before proceeding to molecular test-
ing for repeat expansions [18, 27].

4.2. Molecular Techniques

The first reliable methods of confirm-
ing the diagnosis of DM1 were polymerase
chain reaction (PCR) and Southern blot-
ting®. Since PCR, refinements to molecular
genetic testing methods, such as triplet-
primed PCR (TP-PCR), repeat-primed PCR,
and long-read nanopore sequencing, have
improved the ability to accurately size and
identify even large or interrupted repeat ex-
pansions [28, 29]. Current PCR methods
are very sensitive and specific, with signif-
icantly fewer false negatives than older
techniques [30].

4.3. Challenges in Molecular Diagnosis

Although there has been a huge pro-
gress in developing molecular diagnostic
technologies, challenges still remain. So-
matic mosaicism leads to a significant
amount of variability between tissues of the
same individual, making it difficult to cor-
relate genotype with phenotype [22, 31].
Many advanced molecular assays remain

24 —|BSR

prohibitively expensive and are thus not
available in the majority of healthcare set-
tings worldwide, especially in developing
countries with limited resources and diag-
nostic capabilities [15, 32, 33]. Additionally,
the lack of standardized molecular diagnos-
tic procedures across laboratories contrib-
utes to variability in test performance, data
interpretation, and inter-laboratory compar-
ison of results. This variability can diminish
the reliability of diagnostic test results.

4.4. Integration of Multimodal Diagnos-
tics

Combining molecular findings with
EMG, histopathology, and imaging results
provides greater confidence in the accuracy
of a diagnosis. Muscle biopsies can reveal
type I fiber atrophy and central nuclei,
which correlates with genetic testing results
[34, 35]. When molecular testing initially
remains unclear or negative, EMG can pro-
vide further information to assist in differ-
entiating DM from other neuromuscular
disorders. Table 2 provides an overview of
the various diagnostic methods and their
relative performance characteristics, as de-
scribed in the reviewed literature.

5. CLINICAL CONSEQUENCES OF
MISDIAGNOSES

The consequences resulting from the
misdiagnosis or delayed diagnosis of DM
include their clinical, psychological, and
economic effects. Many patients are given
inaccurate diagnoses, such as chronic fa-
tigue syndrome, fibromyalgia, and psycho-
somatic illnesses due to this misdiagnosis,
leaving them to receive inappropriate treat-
ment for years [1, 12].

5.1. Impact on Patient Care and Progno-
sis
Late diagnosis can prevent the timely

recognition of life-threatening cardiac ar-
rhythmias and respiratory failure. Many of

BioScientific Review
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the aforementioned problems result from
misdiagnosis and documentation of respir-
atory muscle dysfunction associated with
DM. Complications that were documented
in postoperative or critical care cases can be
attributed in part to the lack of recognition
of DM respiratory muscle dysfunction [17,
19]. Untreated endocrine and metabolic
manifestations, which may include, but are
not limited to, insulin resistance, thyroid
dysfunction, and hypogonadism, are asso-
ciated with increased morbidity [2, 12].

Psychologically, the extended period
from when a patient becomes symptomatic
until diagnosis causes significant anxiety,
delay in planning for a family, and emo-
tional distressl. These observations indi-
cate that the clinical consequences of an ac-
curate and timely diagnosis of DM1 and
DM2 are considerable and have implica-
tions for clinical outcome and future treat-
ment.

5.2. Health System and Research Impli-
cations

The effects of misdiagnosis on the
healthcare system are multifactorial and in-
clude increased costs to the healthcare sys-
tem from the patient due to the fact that
misdiagnosed patients continuously present
to the healthcare provider and have unnec-
essary diagnostic tests or inappropriate
treatment!'2. Patients who are misdiag-
nosed also may not be able to participate in
clinical trials of new therapeutic ap-
proaches, such as gene-targeted and anti-
sense therapies, which may affect both the
research for treatment options and the epi-
demiologic data related to DM patients [9,
10].

Department of Life Sciences

6. EMERGING DIAGNOSTIC TECH-
NOLOGIES

Recent technological developments have
greatly advanced the accuracy of diagnos-
ing DM through improved methods.

6.1. Advanced Molecular Tools

Innovative PCR technologies, espe-
cially triplet primed PCR (TP-PCR), allow
for much higher sensitivity in detecting so-
called CTG and CCTG repeats [20, 22]. Re-
cent advances in long-read sequencing us-
ing both nanopore technology and Cas9
methods allow the identification of repeat
length, interruptions within a repeat, and
somatic mosaicism with nearly total diag-
nostic success [29].

6.2. Integrative and Omics Approaches

Emerging omics technologies (ge-
nomics, transcriptomics, and proteomics)
provide insight into the molecular under-
pinnings of disease and may ultimately be
used to predict genotype to phenotype in a
more precise manner. By combining omics
data with advanced clinical phenotyping,
there is a real potential to create more per-
sonalized methods of diagnosing diseases;
however, research in this area is still in in-
fancy.

6.3. Implementation Challenges

Advanced diagnostic technologies
have significant potential but their imple-
mentation is limited by the lack of eco-
nomic and physical resources, as well as the
requirement for highly qualified staff [15,
37]. The absence of standardized guidelines
further constrains interlaboratory reproduc-
ibility. Table 3 compares traditional and
emerging diagnostic techniques, highlight-
ing their respective advantages, limitations,
and current accessibility as reported in var-
ious studies [38-41].

ey
-
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Table 3. Comparison of Traditional and Emerging Diagnostic Techniques

Technolo Approxi- Com- Cost Current
Technique &Y mate Turna- Primary Strengths Primary Weaknesses plexity Availa- Best Use Case
Type - Level e
round Time Level bility
Clinical Eval- Electro- Wldel){ acces51b1§, non qu specificity; Low- ' Inltlgl screening
. . 1-2 days invasive; established variable accuracy; Low Universal  and differential di-
uation + EMG  physiology Moderate .
workflow operator-dependent agnosis
Conventional  First-gener- Reliable for moderate ex- Cannot detevct very . Standard confir-
. . . large expansions; la- Moder- Wide- S
PCR + South- ation mo- 3-5 days pansions; established . . . Moderate mation in many
. bor-intensive; tech- ate-High spread
ern Blot lecular method; well-validated . R centers
nically demanding
Triplet- Second- Cost-effective; high sensi- Limited precise . Current preferred
. . L . o Low- Widely .
Primed PCR generation 1-2 days tivity; rapid; detects large quantitation; re- Moderate . screening/confir-
. . L Moderate  available .
(TP-PCR) molecular expansions quires optimization mation method
Repeat Secon('i Size-independent detec- No Drecise sizing, Low- Widely Screening and ini-
Primed PCR generation 1-2 days tion; rapid; reliable requires confirma- Moderate Moderate  available tial confirmation
(RP-PCR) molecular > rapid; tion for exact length
Long-Read Third-gen- Detec.ts large r'epeats, re Expens%ve, requires L1m1t.ed Complex cases:
. 1-2 days (af-  veals interruptions; char- expertise; limited . . (special-
Nanopore Se- eration se- . L [ High High . research; full char-
. . ter prep) acterizes mosaicism; most availability; infra- ized cen- .
quencing quencing . . . acterization
comprehensive structure-intensive ters)
Cas9 M?dl Advanced Targeted approach; high Highly specialized; Yery lim Research applica-
ated Enrich- molecu- 2-3 days (af- o L Very Very ited (re- L
resolution; detects struc- expensive; limited X . tions; refractory
ment + Se- lar/sequenc- ter prep) . o High High search
. - tural variants accessibility . cases
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EMG = electromyography; PCR = polymerase chain reaction; TP-PCR = triplet-primed PCR; RP-PCR =repeat-primed PCR; Cas9 = CRISPR-associated protein 9
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7. PHYSICIAN AWARENESS AND
MULTIDISCIPLINARY COLLABO-
RATION

7.1. Physician Knowledge Gaps

The lack of physician knowledge has
been recognized as a significant reason for
slow diagnoses, especially for types of DM
[21, 15, 42, 43]. Whereas, the lack of
awareness is thought to be the main cause
of missed diagnosis or delayed diagnosis.
Many of the earlier signs (e.g., grip myoto-
nia, early-onset cataracts, or insulin re-
sistance) cannot be diagnosed by physi-
cians who are non-specialists (e.g., GPs,

Molecular Mechanism

Toxic RNA Foci

é < /MBNL7

aCTG

pulmonologists, ophthalmologists, and en-
docrinologists) because these signs are sub-
tle12,19.

7.2. Multidisciplinary Diagnostic Ap-
proach

Correct diagnosis can be improved
through multidisciplinary diagnostic ap-
proaches, whereby combining expertise
(e.g., neurology, cardiology, pulmonology,
ophthalmology, and clinical genetics) has
been shown to greatly enhance the ability to
detect DM [9, 37, 44]. Also, cascade ge-
netic testing and a detailed family history
are important to identify asymptomatic car-
riers of the diagnosis [4, 36, 45].

CCTG

P rotems

— Spliceapathy

DMPK Gene (Chr 19)
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Clinical Presentation & Barriers

Cataracts

Barriers to Diagnosis:

Diagnostic Delay Cardiac
Conduction — * Limited Physician Awareness
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Weakress/ enethitvic arfa |rty
DM1: 5-7 Years + Phenehttvic Vgnabhty
+ Overlap with Fibenomalia/Myostis
| Endorine
DM2: 10-14 Years Dyshustion . Enderine
Myotonia
Diagnostic Algorithm Flowchart
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(Weakness, Myotonia, (EMG & (TP-PCR for (Nanopore - lalﬂlglcﬂrpﬂ:ly
Family History) Lab Work) CTG/CCCG) Sequeecting/ anageme
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if incolusive/negative)

Figure 2. Molecular Pathogenesis of DM and Rationale for Molecular Diagnostics
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7.3. Educational and Policy Implications

There is a need for standardized clini-
cal practice guidelines and education pro-
grams to create globally focused physicians
for equity (e.g., DM modules) in continuing
medical education and graduate medical
programs to help provide physicians with
information regarding the disease [14, 46,
47].

8. DISCUSSION

This review highlights that diagnostic
delay and misdiagnosis of DM remain per-
sistent global challenges despite major ad-
vances in molecular genetics, consistent
with earlier observations by Eymard et al.
[48]. Delayed recognition is frequently at-
tributed to phenotypic heterogeneity and
limited awareness among non-neurologists.
Similarly, Meola et al. demonstrated that
DM2 remains particularly underdiagnosed
due to its milder and more variable pheno-
type, as compared with DM112,15 .

Our findings align with Wenninger et
al. [2], who emphasized the overlapping yet
subtype-specific features between DMI1
and DM2, which complicate clinical differ-
entiation. The average diagnostic delay of
5-7 years in DM1 and up to 10-14 years in
DM2 reported in prior studies [10, 12] is
consistent with the trends synthesized in
this review. Case-based evidence further
supports this concern, particularly in atypi-
cal presentations such as acute respiratory
failure [17, 19] or ophthalmologic manifes-
tations preceding neuromuscular symptoms
[18].

From a molecular perspective, the tran-
sition from conventional PCR and southern
blotting to repeat-primed PCR and triplet-
primed PCR significantly improves detec-
tion sensitivity [28, 30]. More recently, na-
nopore sequencing and Cas9-mediated en-
richment approaches have demonstrated

28 ——|BSR

near-complete characterization of repeat
expansions, including the detection of re-
peat interruptions and somatic mosaicism
[29]. However, as previously discussed by
Giordano et al. [22] and Morales et al. [31],
somatic instability remains a critical factor
limiting genotype—phenotype correlations.

Importantly, several studies stress that
molecular tools alone remain insufficient
without structured clinical pathways.
Schneider-Gold et al. [37] and Rimoldi et al.
[9] advocated for multidisciplinary diag-
nostic frameworks integrating neurology,
cardiology, pulmonology, ophthalmology,
and clinical genetics. This integrated ap-
proach not only enhances diagnostic accu-
racy but also facilitates early surveillance
of systemic complications.

Collectively, the evidence supports a
paradigm shift from symptom-based suspi-
cion to integrated, early molecular confir-
mation, combined with multidisciplinary
evaluation. Addressing physician aware-
ness gaps and improving equitable access
to advanced molecular diagnostics remain
essential to reducing diagnostic inertia in
both DM1 and DM2.

8.1. Conclusion

Myotonic dystrophy (DM) is a clini-
cally heterogeneous multisystem disorder
in which diagnostic delay and misdiagnosis
remain common due to overlapping symp-
toms, phenotypic variability, limited physi-
cian awareness, and inconsistent access to
molecular diagnostics. Although advances
in PCR-based assays and long-read se-
quencing technologies have significantly
improved the detection of repeat expan-
sions, challenges such as somatic mosai-
cism, genotype—phenotype discordance,
and limited availability of advanced testing
continue to hinder timely diagnosis. Early
integration of clinical suspicion, electro-
physiological evaluation, and confirmatory
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molecular testing—within a standardized
multidisciplinary diagnostic framework—
is essential to reduce misdiagnosis, enable
proactive monitoring of systemic complica-
tions, and improve patient outcomes.
Strengthening global diagnostic infrastruc-
ture and clinicians’ education are critical
steps toward bridging the neurological mis-
diagnosis gap in DM.

8.2. Future Directions

Research initiatives must concentrate
on designing standardized, widely available,
diagnostic algorithms that include clinical
evaluations, electrophysiological evalua-
tions, and molecular evaluations. The es-
tablishment of educational programs for
healthcare providers, along with the provi-
sion of global access to advanced sequenc-
ing technology, are important steps in
achieving equitable access to diagnostic
testing for DM. The establishment of mul-
ticenter diagnostic registries and the use of
artificial intelligence-based analysis to
evaluate genetic and image data may also
increase accuracy and decrease the time
needed to obtain a diagnosis. The broader
implementation of screening strategies
would allow for the earlier identification of
DM and the enhancement of patient out-
comes across a variety of healthcare set-
tings.
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