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Purpose: In a recent study based on data from the Danish National Patients Registry (DNPR), 
we reported the prevalence of Charcot-Marie-Tooth disease (CMT) in Denmark to be 22.5 per 
100.000. This prevalence is most likely a minimum estimate, as many cases of CMT may be 
misdiagnosed or remain undiagnosed due to the heterogeneous nature of the disorder. The aim of 
this study was to investigate the possible number of undiagnosed CMT cases among patients 
registered with unspecified polyneuropathy (UP) diagnoses in the DNPR.
Patients and Methods: From the DNPR we extracted data on all patients given an UP 
diagnosis in the period 1977 to 2012. We selected all patients diagnosed with a primary UP 
diagnosis before age 40 at a department of neurology, neurophysiology, clinical genetics or 
pediatrics, and excluded all patients with a specified polyneuropathy diagnosis or with diag-
nostic codes related to alcohol and diabetes mellitus. To assess the proportion of possible CMT 
patients, we performed medical record review in a random sample of patients diagnosed in the 
Central Denmark Region. To further investigate the possible overlap between UP and CMT in 
the DNPR, we performed a series of searches for ICD-8 and ICD-10 codes related to CMT.
Results: Between 1977 and 2012, 30.903 patients were diagnosed with UP without also being 
diagnosed with CMT. A total of 940 patients fulfilled the selection criteria. We found that 21.5% 
(95% CI 13.1%–32.2%) of the cases in the random sample fulfilled our criteria for CMT. This 
estimate increases the prevalence of CMT in Denmark with 3.6 per 100,000 (95% CI 2.4%–5.5%).
Conclusion: This study illustrates how hitherto undiagnosed CMT patients may be identi-
fied in the DNPR and further reports the number of possible CMT cases. Our results support 
the hypothesis that the true prevalence of CMT is higher than recently reported.
Keywords: registries, International Classification of Disease codes, epidemiology, 
hereditary neuropathy

Plain Language Summary
In this study we evaluate the large group of patients diagnosed with unspecified polyneuro-
pathy (UP). We suspect that some of these patients may have a hereditary polyneuropathy 
called Charcot Marie Tooth disease, we therefore also suspect that the previously reported 
prevalence of Charcot Marie Tooth disease is underestimated. To investigate this, we 
collected data on all patients diagnosed with UP in the Danish National Patients Registry 
between 1977 and 2012. We further selected those UP patients who did not have diabetes- or 
alcohol-related diagnoses and who had received their diagnosis at a relevant clinical depart-
ment. We then took a random sample from this selected group and reviewed their medical 
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files to see how many fulfilled our criteria for CMT. We found 
that in total 30,903 patients were diagnosed with UP between 
1977 and 2012, and 940 of these patients fulfilled our selection 
criteria (diagnosis at relevant clinical department and no alcohol 
or diabetes-related diagnosis). We found that 21.5% of random 
sample fulfilled our criteria for CMT. Our study shows that 
a considerable number of patients may have CMT but remain 
undiagnosed, and confirms that the previously reported preva-
lence of CMT is probably underestimated.

Introduction
Charcot-Marie-Tooth disease (CMT) is characterized by 
great clinical and genetic heterogeneity, which challenges 
the diagnosis of cases with mild or atypical symptoms. 
CMT displays great variation in age of onset, severity and 
symptoms combined with a broad phenotypic overlap with 
other neurological disorders such as hereditary sensory 
and autonomic neuropathies (HSAN), distal hereditary 
motor neuropathy (dHMN), spinal muscular atrophy 
(SMA) and hereditary spastic paraplegia (HSP).1,2

The most common phenotype includes length depen-
dent and slowly progressive muscle atrophy and weakness 
starting in the lower limbs, and later progressing to the 
upper limbs. Onset is often within the first two decades. 
Deformities of the feet and hands are common, tendon 
reflexes are usually reduced or absent, and many patients 
have sensory loss, although motor symptoms are 
predominant.3

Nagai et al have studied the prevalence of CMT among 
patients with bilateral cavovarus feet presenting between 
age 3 and 18 and found that 76% (116/148) were later 
diagnosed with CMT.4 Laurá et al reported foot deformi-
ties in 71% of a large cohort recruited into the Inherited 
Neuropathies Consortium5 Some patients develop addi-
tional symptoms such as scoliosis, hip dysplasia and hear-
ing loss.6–8 In a study of associated features in CMT by 
Werheid et al, the authors found one or more additional 
symptom in 87% (43/49) of CMT cases, deafness, scolio-
sis and tremor were all reported in association with muta-
tions in a large number of different CMT-related genes.9

Recently, we have performed a study on the prevalence 
of CMT in Denmark using data on patients registered with 
a CMT diagnosis in the Danish National Patients Registry 
(DNPR). The prevalence in 2012 was 22.5 per 100,000.10 

The DNPR is a high-quality national registry,11 and the 
validity of the CMT diagnosis in the registry is high.12 

However, likely the CMT population in the DNPR is 
incomplete as patients with atypical or mild symptoms 

may be misdiagnosed or go undiagnosed. Furthermore, 
due to diagnostic administrative procedures, probably 
some patients will not have been registered with a CMT 
diagnosis if they were already diagnosed with unspecified 
polyneuropathy, and then later reclassified as CMT.

The aim of the present study was to investigate 
whether the prevalence of CMT in Denmark is higher 
than previously reported by estimating the proportion of 
possible CMT cases among patients diagnosed with unspe-
cified polyneuropathy (UP) diagnoses in the DNPR. The 
investigation was performed using two different study 
approaches: 1) A medical record review and 2) 
A combined search strategy for diagnoses related to 
CMT (foot and hand deformities, scoliosis and hearing 
loss).

Patients and Methods
Setting and Data Sources
In 2012 the population in Denmark was 5.6 million.13 

Every resident has access to tax-supported healthcare pro-
vided by The Danish National Health Service, and every 
resident is registered in the Civil Personal Registry and is 
given a unique identification number (CPR number). The 
CPR number allows for unique matching of data between 
databases.14 Since 1977, information from all somatic 
hospital admissions in Denmark has been registered in 
the DNPR. Since 1995, outpatient contacts have been 
registered. The DNPR includes information on discharge 
diagnosis, diagnosis type, admission date, and hospital and 
department type. The International Classification of 
Diseases (ICD) version 8 (ICD-8) was used until 1993 
and was then replaced by the ICD version 10 (ICD-10).11 

Denmark is divided into 5 regions. The Central Denmark 
Region had 1.271.223 inhabitants in 2012.13

Data analyses were performed using STATA version 
13.1.15 Exact 95% confidence intervals (CI) were calcu-
lated based on binomial distribution. A significance level 
of 5% was used for hypothesis testing.

The study was approved by The Danish Data 
Protection Agency (1–16-02-18-12) and the local ethics 
committee of the Central Denmark Region (1–10-72- 
331-12).

Identification of Study Populations
Using the DNPR, we extracted data from the period 1977 
to 2012 on all patients diagnosed with the following diag-
noses (collectively labelled “unspecified polyneuropathy” 
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(UP) in this paper): Polyneuritis (ICD-8 35401), Idiopathic 
progressive neuropathy (ICD-10 G60.3), Other hereditary 
and idiopathic neuropathies (G60.8), Hereditary and idio-
pathic neuropathy, unspecified (G60.9), Other specified 
polyneuropathies (G62.8) and Polyneuropathy, unspecified 
(G62.9). We excluded all patients already diagnosed with 
CMT (ICD-8 33009 or ICD-10 DG60.0) or Refsums dis-
ease (ICD-10 DG60.1). Thereafter, we excluded the fol-
lowing patient groups: 1) Patients who had not been 
diagnosed with UP at a department of neurology, neuro-
physiology, clinical genetics or pediatrics, 2) patients with-
out a primary UP diagnosis, 3) patients with their first 
neuropathy diagnosis after age 40 and 4) patients 

registered with a specified polyneuropathy diagnosis (eg, 
inflammatory polyneuropathy) or a diagnosis related to 
alcohol or diabetes mellitus as these conditions may be 
the cause of polyneuropathy. This selection process is 
illustrated in Figure 1, and a list of all exclusion diagnoses 
is presented in Table 1.

From the final cohort, we selected those who had been 
given their first UP diagnosis in the Central Denmark 
Region and generated a random sample by randomly 
selecting 20 patients for every 5 calendar years. The ran-
dom sample was then used in the medical record review.

The combined search strategy for diagnoses related CMT 
was performed on 1) the entire group of UP patients without 

Figure 1 Flowchart of the selection process and review of the medical records. 
Notes: aDiagnostic codes ICD-8 35401, ICD-10 G60.3, G60.8, G60.9, G62.8 and G62.9; b516 CMT diagnoses and 3 Refsum disease diagnoses; cAccording to medical record 
review. 
Abbreviations: UP, unspecified polyneuropathy; CMT, Charcot-Marie-Tooth disease.
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a CMT diagnosis, and 2) the final study population (see 
Figure 1). To compare the findings with those in patients 
a CMT diagnosis, we performed the combined search on 
a cohort of patients diagnosed with CMT obtained by 
extracted data on all patients registered with a CMT diag-
nosis (ICD-10 DG60.0 Hereditary motor and sensory neuro-
pathy and ICD-8 33009 Atrophia mm. neuropathica, 
Charcot-Marie-Tooth) from the DNPR between 1977 and 
2012.

Medical Record Review
Medical records were identified and located using CPR 
numbers. Medical records were accessed without written 
informed consent from the patients; this was approved by 
the local ethics committee of the Central Denmark Region 
and The Danish Data Protection Agency. All cases were 
reviewed by SV and undetermined cases were reviewed 
together with HA. Cases were classified as “possible- 
CMT” or “non-CMT” using a list of seven criteria devel-
oped for validation of CMT diagnoses in a recent study.12 

These criteria were based on the European CMT 
Consortium criteria,16,17 and are shown in Table 2. 
A case was labeled possible-CMT if 1) at least 4 of the 7 
criteria were fulfilled, and 2) one of the fulfilled criteria 
was criterion 1, 2 or 3. The proportion of possible-CMT 
cases in the random sample was calculated and applied to 
the final study population to assess the volume of patients 
with UP who may have undiagnosed CMT.

Combined Search Strategy for Diagnoses 
Related to CMT
We performed seven different searches using data from the 
DNPR, in which we counted the number of patients regis-
tered with a diagnosis related to hearing loss, limb deformi-
ties or scoliosis in different combinations (see Tables 3 and 
4). The search was performed on the following three study 
populations: 1) patients diagnosed with UP who did not also 
have a CMT diagnosis, 2) the final study population (see 
Figures 1) and 3) a cohort of patients registered with a CMT 
diagnosis in the DNPR. We chose to restrict the hearing loss 
diagnoses to those given before the age of 40, to reduce the 
amount of cases with age-related hearing loss.

Results
In total, 31.422 patients have been given an UP diagnosis in 
the DNPR between 1977 and 2012; hereof 516 were also 
diagnosed with CMT and 3 were diagnosed with Refsums 
disease. Of the remaining 30.903 cases, a total of 22.517 
were diagnosed at a department of neurology, neurophysiol-
ogy, clinical genetics or pediatrics, hereof 39.5% (95% CI 
38.9–40.2) were female, and 60.5% (95% CI 59.8–61.1) 
were male. The vast majority was diagnosed with G62.9. 
After performing all exclusion steps, the final study cohort 
consisted of 940 cases (Figure 1).

Medical Record Review
In the final study cohort (n=940), a total of 202 cases 
were diagnosed in the Central Denmark Region. The 
random sample consisted of 95 cases and we were able 
to locate 85 medical records. All except one of the 10 
missing medical records were dated earlier than 1994. 
Six records did not hold sufficient data to allow 

Table 1 Diagnoses Used as Exclusion Criteria

Diagnosis Code Diagnosis Name

ICD-8 249 Diabetes mellitus insulin dependent
ICD-8 250 Diabetes mellitus

ICD-8 291 Alcoholic psychosis

ICD-8 303 Alcoholism
ICD-8 57109 Hepatic cirrhosis non alcoholic

ICD-8 57110 Hepatic steatosis alcoholic

ICD-8 57710 Chronic pancreatitis alcoholic
ICD-10 E10 Type 1 diabetes mellitus

ICD-10 E11 Type 2 diabetes mellitus
ICD-10 F10 Alcohol related disorders

ICD-10 K70.0 Alcoholic fatty liver

ICD-10 K86.0 Alcohol-induced chronic pancreatitis
ICD-10 G61 Inflammatory polyneuropathy

ICD-10 G62.0 Drug-induced polyneuropathy

ICD-10 62.1 Alcoholic polyneuropathy
ICD-10 62.2 Polyneuropathy due to other toxic agents

ICD-10 G63 Polyneuropathy in diseases classified elsewhere

Abbreviation: ICD, International Classification of Diseases.

Table 2 Criteria for CMT Validation

At least 4 out of the 7 criteria below have to be fulfilled, and at least 

one of the fulfilled criteria has to be criteria nr. 1, 2 or 3.

1. Neurophysiological evaluation or nerve biopsy consistent with 

CMT
2. Muscle weakness of the lower limbs

3. Reduced or loss of tendon reflexes of the lower limbs

4. Muscle atrophy
5. Foot deformities

6. Family history of CMT

7. Disease onset before age 35

Abbreviation: CMT, Charcot-Marie-Tooth Disease.
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a conclusion. In total, 79 medical records were success-
fully assessed, hereof 17 fulfilled our criteria for CMT 
corresponding to 21.5% (95% CI 13.1%-32.2%) of the 
random sample. Among the 17 cases that fulfilled our 
CMT criteria, 1 had a genetically confirmed hereditary 
neuropathy with liability to pressure palsy (HNPP), 13 
had a neurophysiological analysis result consistent with 
CMT and 1 had a nerve biopsy consistent with CMT. 
When applying the percentage of possible CMT to the 
study cohort of 940 cases, this results in approximately 
200 patients with possible undiagnosed CMT in 
Denmark, and corresponds to an estimated increase in 
prevalence of 3.6 per 100000 (95% CI 2.4%–5.5%).

Based on this estimate and the results from our pre-
vious study,10 the prevalence of CMT in Denmark is 26.1 
(22.5+3.6) per 100000 (95% CI 24.1%–28.0%).

Combined Search Strategy for Diagnoses 
Related to CMT
Our search results are presented in Table 4. A positive 
finding in one or more of the searches was recorded in 
7.2% (95% CI 6.9%–7.5%) of the total UP cohort (2212/ 
30.903) and in 8.4% (95% CI 6.7%–10.4%) of the final 
study cohort (79/940) compared to a significantly higher 
percentage, 16.9% (95% CI 15.3%–18.5%), the CMT 
cohort (348/2065). In all three cohorts, the search for 
limb deformities alone gave the highest number of positive 
findings. “Hearing loss diagnosed before age 40” was the 
only category with a significant difference between the 
two UP cohorts (p<0.0001); 2.2% in the selected cohort 
compared to 0.2% in the total UP cohort.

Discussion
The main finding of this study is that 21.5% (95% CI 
13.1%–32.2%) of a selected cohort of patients diagnosed 
with UP may have undiagnosed CMT. This supports our 
hypothesis; that using only CMT diagnoses from the 
DNPR will lead to an underestimation of the prevalence 
of CMT in Denmark. Our finding is supported by a study 
from 1981 by Dyck et al. They performed an intensive 
evaluation of 205 patients with undiagnosed polyneuropa-
thy, and found that 42% could be diagnosed with inherited 
neuropathies.18

Our study revealed only a very small difference 
between the number of CMT-related diagnoses (limb 
deformities, scoliosis and hearing loss) in the selected 
and the unselected UP cohort. Based on the strict selection 
criteria used in the selection of UP cases, we expected to 
find a larger difference. This finding suggests that limb 
deformities, scoliosis and hearing loss are not useful to 
identify undiagnosed CMT patients in the DNPR. 
Alternatively, the findings could indicate that the selection 
process of UP cases did not have the effect we expected - 
to increase the concentration of possible CMT cases.

A number of strengths and limitations should be con-
sidered when interpreting our results. Firstly, the DNPR is 
a very high-quality national registry containing prospec-
tively collected data.11 The use of a national database 
minimizes selection bias, however, misclassification of 
patients will cause information bias.19 An unknown num-
ber of cases registered with the diagnoses used for selec-
tion in this study, may be misclassified, and therefore lead 
to a false selection. Likewise, an unknown number of true 
cases will not have been selected due to missing diagnosis. 

Table 3 Diagnosis Used in the Combined Search Strategy

Diagnosis Group and 
Code

Diagnosis Name

Hearing loss
ICD-8 38909 Surditas totalis bilateralis

ICD-8 38919 Surditas totalis unilateralis, partialis 
auris alt

ICD-8 38929 Surditas totalis unilateralis

ICD-8 38999 Surditas partialis unilateralis sive 
bilateralis

ICD-10 H90 Conductive and sensorineural hearing 

loss
ICD-10 H91 Other hearing loss

Limb deformities
ICD-8 73699 Pes planus(acquisitus)

ICD-8 73799 Hallux valgus et varus (acquisita)
ICD-8 73800 Coxa valga

ICD-8 73801 Coxa vara

ICD-8 73802 Genu valgum
ICD-8 73803 Genu varum

ICD-8 73804 Hallux rigidus

ICD-8 73805 Digitus malleus
ICD-8 73806 Digitus superponens

ICD-8 73809 Deformitas ossium et articulorum alia

ICD-10 M20 Acquired deformities of fingers and 
toes

ICD-10 M21 Other acquired deformities of limbs

Scoliosis
ICD-8 73501 Scoliosis columnae vertebralis

ICD-8 73502 Kyphoscoliosis columnae vertebralis
ICD-10 M41 Scoliosis

Abbreviation: ICD, International Classification of Diseases.
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We have reported a high PPV of CMT diagnoses in DNPR 
(PPV=88.5).12 According to an extensive review by 
Schmidt et al,19 only two other diagnoses used in the 
present study (or closely related to) have been validated: 
diabetes mellitus (PPV= 96.9)20 and alcoholic cirrhosis 
(PPV=77.7).21 We do not know the completeness of the 
remaining diagnoses. Furthermore, in a patient with poly-
neuropathy a secondary diagnosis of limb deformities, 
scoliosis or hearing loss might go unregistered as 
a separate diagnosis in the medical record.

Secondly, our medical record review only provides the 
proportion of possible CMT cases in a strictly selected UP 
cohort. If additional medical record reviews had been per-
formed in random samples from the unselected cohort and, 
eg, in a cohort without age-restriction, we would have 
achieved a more complete picture of the proportion of pos-
sibly undiagnosed CMT patients in the DNPR. Likewise, it 
could have been of interest to perform a review of the 
medical records within each of the diagnoses collectively 
termed UP (35401, G60.3, G60.8, G60.9, G62.8, and 
G62.9), as some may contain a higher proportion of possible- 
CMT patients than others. Furthermore, we have chosen to 
exclude all cases with “specified polyneuropathy” such as 
inflammatory polyneuropathy. In some cases, CMT cannot 
clearly be separated from inflammatory polyneuropathy; and 
undiagnosed CMT cases could be found in this group of 
patients also.22,23 The same could be the case for some 
patients diagnosed with acquired or toxic polyneuropathy, 

as several studies describe cases of undiagnosed or asympto-
matic CMT in patients with drug-induced 
polyneuropathy.24–26 Thirdly, the list of criteria used in the 
medical record review were based on the classical CMT 
phenotype, hence atypical CMT cases and mildly affected 
cases will remain unidentified using these criteria. This is 
problematic, as especially these subgroups of CMT are at 
a higher risk of remaining undiagnosed or misdiagnosed. The 
criteria in this study are designed to ensure high specificity; 
therefore, patients with undiagnosed CMT with medical files 
that do not fulfill our selected criteria will be missed by this 
study. Fourthly, in some cases the medical record did not hold 
sufficient data. Most missing cases were old, and probably 
lost over time; however, other reasons for loss of data may 
have caused bias. Lastly, limb deformities, especially pes 
cavus and hammer toes, belong to the classical CMT 
phenotype.1 The list of diagnoses in our “limb deformities” 
group contains a very broad range of conditions, whereof not 
all are as common in CMT. It may have been better to 
separate this group into smaller entities, eg, feet, hands, hip, 
etc., or in groups according to how commonly they are 
observed.

Conclusion
In a selected group of patients diagnosed with an unspeci-
fied polyneuropathy diagnosis in the DNPR, we found that 
21.5% could have undiagnosed CMT. This corresponds to 
an increase in the prevalence of CMT in Denmark with 

Table 4 Distribution of Cases in Three Study Populations from the Danish National Patients Registry According to Different Search 
Combinations on Diagnoses of Limb Deformities, Scoliosis and Hearing Loss

Search Combinations Study Population N (% of Group)

Patients Diagnosed with UP and Not 
Diagnosed with CMT (N=30.903)

Final UP Study 
Cohorta (N=940)

Patients Diagnosed with 
CMT (N=2065)

Only limb deformitiesb 1786 (5.8) 43 (4.6) 258 (12.5)

Only scoliosisc 314 (1.0) 13 (1.4) 42 (2.0)

Only hearing lossd 69 (0.2) 21 (2.2) 26 (1.3)
Limb deformities AND Scoliosis 32 (0.1) 2 (0.2) 10 (0.5)

Limb deformities AND Hearing 

loss

5 (0.0) 0 6 (0.3)

Scoliosis AND Hearing loss 5 (0.0) 0 5 (0.2)

Limb deformities AND Scoliosis 

AND Hearing loss

1 (0.0) 0 1 (0.0)

Total 2212 (7.2) 79 (8.4) 348 (16.9)

Notes: aFinal UP study cohort. All cases are diagnosed with at least one primary UP diagnosis at a department of neurology, neurophysiology, clinical genetics or pediatrics 
before the age of 40, and no cases have a specified polyneuropathy diagnosis or a diagnosis related to alcohol or diabetes mellitus; bLimb deformities diagnoses, ICD-8 73699, 
ICD-8 73799–73806, ICD-8 73809, ICD-10 M20 and ICD-10 M21; cScoliosis diagnoses, ICD-8 73501–73502 and ICD-10 M41; dHearing loss diagnoses = ICD-8 38909, ICD- 
8 38919, ICD-8 38929, ICD-8 38999 and ICD-10 H90-H91, all diagnoses of hearing loss were registered before the age of 40. 
Abbreviations: UP, unspecified polyneuropathy; CMT, Charcot-Marie-Tooth disease; ICD, International Classification of Diseases.
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3.6 per 100,000 (95% CI 2.4%-5.5%): from 22.5 per 
100,000 (95% CI 21.2%-23.7%) as reported previously10 

to 26.1 per 100,000 (95% CI 24.1%-28.0%). This study 
supports the hypothesis, that many patients with CMT are 
undiagnosed. As we expected, the estimates of prevalence 
and incidence of CMT in Denmark, as reported in an earlier 
study, are likely to be underestimated.
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