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Introduction
Charcot-Marie-Tooth disease (CMT) is the most common 
inherited disorder of the peripheral nervous system with an 
estimated average prevalence of 1 in 1,214 (Braathen et al., 
2011). The most frequent genetic form of CMT is CMT type 
1A (CMT1A) which constitutes about 70% of CMT1 and 
50% of all CMT cases (Nelis et al., 1996). CMT1A is caused 
by a duplication on chromosome 17p11.2–p12 containing 
the PMP22 gene that encodes peripheral myelin protein 22 
(Lupski et al., 1991; Raeymaekers et al., 1991). Most patients 
with CMT1A have a typical phenotype characterized by 
onset in childhood, distal weakness, sensory loss, foot defor-
mities, and absent reflexes (Thomas et al., 1997; Krajewski et 
al., 2000).

Diabetes mellitus (DM) is a group of metabolic disorders 
characterized by chronic hyperglycemia. Diabetic neurop-
athy is the most common and troublesome complication 
of diabetes with a prevalence of 50–60% (Said et al., 1998; 
Sima, 2006). We describe the clinical, electrophysiologic, and 
neuropathologic features of a Chinese family with CMT1A 
and type 2 diabetes mellitus (type 2 DM).

Subjects and Methods
Subjects
We studied a pedigree that includes seven affected subjects 
over three generations (Figure 1). Patients were clinically 
evaluated by taking a detailed history. Muscle power was 
evaluated manually using the Medical Research Council 
scale (5/5) (O’Brien, 2010). Electrophysiological studies were 

performed on participants with symptoms of neuropathy. 
Conduction studies of the median, ulnar, tibial, peroneal, 
and sural nerves were performed by conventional procedures 
using a Key point electromyography instrument (Dantec, 
Copenhagen, Denmark). Parameters measured included 
distal motor latency, motor nerve conduction velocity, com-
pound motor action potential, sensory nerve conduction 
velocity, and sensory nerve action potential. A measurement 
deviating from the standard range by ±20% was considered 
abnormal. The study was approved by the Hospital Ethics 
Committee of Peking University Third Hospital in China.

The proband (II-1) was a 64-year-old man who presented 
with an 8-year history of slowly progressive weakness and 
sensory loss in the distal extremities, especially the lower 
limbs. He was diagnosed with type 2 DM at the age of 44 
years. Physical examination revealed pescavus and hammer 
toes. Neurological examination showed hands with evident 
wasting, weakness (2/5 on the Medical Research Council 
scale) of the interosseus and thenar muscles, and hypotro-
phy of the distal lower limbs with associated weakness (3–/5). 
Steppage gait was caused by weakness of the distal lower 
extremities. There was mild weakness (4/5) in the muscle 
groups of both forearms and in the extension and flexion of 
both knees. Atrophy was noted in the thenar, hypothenar, 
interosseous, peroneal, and anterior tibial muscle groups. Vi-
bration and position sensations were decreased in the upper 
extremities, and absent in the lower extremities. Glove and 
stocking hypoesthesia were detected bilaterally. Deep tendon 
reflexes were absent in all extremities. Electrodiagnostic ex-
amination revealed a diffuse demyelinating neuropathy with 
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severe axonal loss.
Two male relatives (II-2 and II-3) had CMT phenotypes 

similar to the proband. Bilateral hypotrophy and mild weak-
ness of the distal upper and lower muscles were noticed in 
patient II-2 (a 58-year-old man) at the age of 40 years, and 

Figure 2 Nerve biopsy of the proband with Charcot-Marie-Tooth 
disease and diabetes mellitus. 
Photomicrograph of a sural nerve biopsy showing loss of large myelin-
ated fibers, abundant onion bulb formations (arrow), and thickened 
capillary walls (arrowhead) with no inflammation. (A) Hematoxy-
lin-eosin staining (× 400); (B) toluidine blue staining (× 1,000).
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A B he was diagnosed with type 2 DM at 38 years. Patient II-3, a 
56-year-old man, experienced similar symptoms at the age 
of 44 years and developed type 2 DM at 41 years. Atrophy 
and weakness of the distal extremities progressed gradually. 
Both had sensory loss in a stocking-glove distribution and 
absence of deep tendon reflexes in all extremities.

Patient II-4, the proband’s 54-year-old sister, was diag-
nosed with type 2 DM at the age of 51 years. At that time, 
she had no symptoms of CMT, but electrophysiological stud-
ies showed slowing of motor conduction velocity, especially 
in the lower extremities. Sensory-nerve action potentials of 
the bilateral median, ulnar, and sural nerves could not be 
elicited. Two years later, at the age of 53 years, she began to 
suffer from numbness and weakness of the toes, which pro-
gressed to the lower legs and hands. Neurologic examination 
showed mild wasting of the hands, weakness (4/5) of the 
interosseus and thenar muscles, and distal lower limb hyp-
otrophy with weakness (3+/5). Sensory loss was detected in a 
stocking-glove distribution. All tendon reflexes were absent.

Patient II-5, the proband’s 49-year-old brother, presented 
with slight atrophy and weakness of the interosseus and the-
nar muscles (5–/5). Sensation was normal. He had no history 
of type 2 DM. Patient II-7 died in a traffic accident at the age 
of 46; he had been diagnosed with type 2 DM at the age of 
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Table 1 Electrophysiologic studies of four family members with both CMT1A and DM

Patient Side

Motor nerves Sensory nerves

Median nerve Ulnar nerve Peroneal nerve Median nerve Sural nerve

CMAP (mV) CV (m/s) CMAP (mV) CV (m/s) CMAP (mV) CV (m/s) SNAP (µV) CV (m/s) SNAP (µV) CV (m/s)

II-1 Left 0.7 24.4 0.4 26.6 A A 0.5 35 A A

Right 0.1 17.7 0.7 20.9 A A A A A A

II-2 Left 0.6 21.2 0.5 22.1 A A A A A A

Right 0.4 18.6 0.8 23.8 A A A A A A

II-3 Left 2.3 20.9 0.5 21.2 A A A A A A

Right – – – – – – – – – –

II-4 Left 1.7 22.5 1.6 15.9 A A A A A A

Right 1.3 20.1 0.9 20.3 A A A A A A

CMAP: Compound motor action potential; SNAP: sensory nerve action potential; CV: conduction velocity; A: absent evoked response; –: not 
measured; CMT: Charcot-Marie-Tooth disease; DM: diabetes mellitus. 
 

Figure 1 Pedigree of CMT1A + DM family. 
     : CMT1A male patient;       : CMT1A female patient;       : DM male patient;       : CMT1A + DM male patient;       : CMT1A + DM female patient; 

□ : healthy male; ○ : healthy female; /: death; ↑ proband; CMT: Charcot-Marie-Tooth disease; DM: diabetes mellitus. 
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38. Patients III-1 (34 years old) and III-2 (28 years old) had 
no symptoms of CMT or type 2 DM.

The proband’s father also had symptoms of both CMT1A 
and type2 DM according to his history, but as he was de-
ceased he could not be included in the study group.

Nerve biopsy
A sural nerve biopsy was obtained from the proband. One 
piece of the nerve was fixed in 4% formaldehyde, paraf-
fin-embedded, cut into 8-μm-thick sections, and stained 
with hematoxylin and eosin. For ultrastructural observation, 
3% glutaraldehyde-fixed tissue was post-fixed with 1% osmi-
um. After dehydration and epoxy resin embedding, ultrathin 
sections were cut and stained with uranyl acetate and lead 
citrate solution, and observed under an electron microscope 
(JEM-100; Hitachi, Japan).

Molecular genetic studies
Genetic testing was performed at the Department of Genet-
ics, Medical Center, Peking University, China. DNA samples 
were extracted from peripheral whole blood using a Che-
magic DNA Blood Kit (Chemagen, Baesweiler, Germany), 
according to the manufacturer’s instructions. Multiplex 
ligation-dependent probe amplification was employed to 
analyze duplications of the PMP22 gene on chromosome 
17p11.2, using a SALSA multiplex ligation-dependent probe 
amplification P033 CMT1 kit (Medical Research Council, 
Amsterdam, Holland).

Results
Electrophysiological findings 
Electrophysiological examination was performed in the 
proband, patients II-2, II-3, and II-4 (the other members 
declined) and the findings are shown in Table 1. All four 
individuals had symptoms of neuropathy. The results re-
vealed a diffuse demyelinating neuropathy with severe ax-
onal loss. No conduction block was detected. Motor-nerve 
conduction studies demonstrated decreased amplitudes of 
compound muscle action potentials and slowing of motor 
conduction velocities in the bilateral median, ulnar, pero-
neal, and tibial nerves, which were more severe in the lower 
extremities. Sensory action potentials and F-waves could 
not be elicited.

Neuropathological findings
A sural nerve biopsy of the proband revealed severe loss of 
myelinated fibers with abundant “onion bulb” formations. 
Ultrastructurally, well developed onion bulbs had the typi-
cal appearance of concentrically proliferated Schwann cells 
surrounding a central myelinated axon or a small cluster of 
regenerating axons. The capillary walls showed thickening 
and no evidence of inflammation; this is characteristic of 
DM (Figure 2).

Molecular findings
The proband possessed a duplication of the PMP22 gene 
on chromosome 17p11.2, confirming CMT1A (data not 

shown). Patients II-1, II-2, II-3, II-4, II-5, III-1, and III-2 
also had the PMP22 duplication. Among these, II-1, II-2, II-
3, and II-4 had both CMT1A and type 2 DM, but II-5, III-1, 
and III-2 had no history of type 2 DM and no symptoms of 
CMT1A. 

We hypothesize that the duplication was inherited from 
the proband’s father, who had symptoms of weakness and 
numbness in the distal extremities suggestive of CMT1A, al-
though he died from type 2 DM-related ketoacidosis.

Discussion
CMT is a genetically heterogeneous hereditary neuropathy 
that is phenotypically variable even between monozygotic 
twins (Garcia et al., 1995; Marques et al., 1999). As the most 
common form of CMT, CMT1A has been reported to be 
associated with several other disorders, such as type 2 DM, 
myotonia congenita, myotonic dystrophy, facioscapulohu-
meral muscular dystrophy, chronic inflammatory demyelin-
ating polyneuropathy, adrenomyeloneuropathy, and CMTX 
(Çelik et al., 2001; Ota and Osawa, 2003; Hodapp et al., 2006; 
KoÇ et al., 2006; Kim et al., 2010; Kurt et al., 2010; Carvalho 
et al., 2013; Schreiber et al., 2013). In a literature search, we 
identified several reports of patients with CMT1A and DM 
(Çelik et al., 2001; Ota and Osawa, 2003; KoÇ et al., 2006; 
Carvalho et al., 2013). It is worth noting that there were two 
families with co-occurrence of CMT1A and DM (Çelik et al., 
2001; KoÇ et al., 2006), similar to our report. It is likely that 
if both diseases run in the family, an individual is likely to 
have both conditions. The fact that three families (including 
the one described here) with both CMT1A and type 2 DM 
have been reported raises the possibility of a chance associ-
ation between CMT1A and type 2 DM. Moreover, in these 
three families, the symptoms of CMT1A were not apparent 
until the fourth decade or later. It is widely known that the 
onset of symptoms is most frequently within the first decade 
(over 60%) (Harding and Thomas, 1980; Thomas et al., 
1997). In the families with co-occurring CMT1A and type 2 
DM, the late onset is notable, and is more similar to the usu-
al onset age of type 2 DM (after 35–40 years old). Although 
there is no known genetic link between them, this might be 
interesting to explore in the future. Late onset in a CMT1A 
family is rare. As we know, CMT1A mostly affects childhood, 
and with the progression of the disease, disabilities become 
evident. Further studies may look for genetic modifiers that 
could account for a later age of onset; this might identify 
new therapeutic targets.

CMT1A and DM are both common causes of peripheral 
neuropathy. CMT1A is an inherited demyelinating neurop-
athy, with PMP22 gene duplications resulting in abnormal 
myelin adhesion, while diabetic neuropathy is the most com-
mon complication of DM. The pathogenesis of diabetic 
neuropathy is considered to be multifactorial, with con-
tributions from both metabolic and vascular factors. The 
common pattern of diabetic neuropathy is associated with a 
progressive distal axonopathy. The role of microangiopathy 
in the development of diabetic neuropathy has been high-
lighted (Estrella et al., 2008). Capillary basement membrane 
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thickening is the classical pathological feature of diabetic 
microangiopathy. A sural nerve biopsy from our proband 
showed loss of large myelinated fibers, abundant onion bulb 
formation, and thickened capillary walls. These pathological 
features demonstrate coexistent changes caused by CMT1A 
and type 2 DM, suggesting that these two conditions might 
cause compound injuries to the peripheral nerves, exacerbat-
ing the severity and progression of the phenotypes. Clearly, 
having two diseases that directly affect the peripheral nerves 
will likely have a cumulative negative effect. Sheth et al. 
(2008) observed a trend for CMT1A patients with diabetes 
to have low compound muscle action potentials and sensory 
nerve action potentials, indicating, in accordance with our 
findings, that DM exacerbates motor and sensory impair-
ment in CMT1A.

All family members with symptoms of polyneuropathy had 
type 2 DM, except patient II-5 who displayed a mild phe-
notype with slight atrophy and weakness of the interosseus 
and thenar muscles (5–/5). Genetic testing showed PMP22 
duplication. In addition, patients III-1 and III-2 had PMP22 
duplication, but no symptoms of CMT1A or DM. Unfortu-
nately, these individuals declined electrophysiological exam-
ination, which might have demonstrated subclinical evidence 
of polyneuropathy. The number of affected individuals in our 
pedigree who were first diagnosed with DM and then with 
CMT was considerable. As DM is the most common cause 
of neuropathy, this might lead to clinical referral. The most 
common pattern of diabetic neuropathy is length-dependent 
polyneuropathy with symptoms of distal, symmetrical neu-
ropathy. Sensory disturbances are the main clinical manifes-
tations, including numbness, burning and tingling sensations, 
and intractable pain. However, our patients with neuropathy 
presented distal weakness and atrophy, which are rare symp-
toms in DM. Thus, further genetic studies were performed, 
which eventually demonstrated CMT1A.

In conclusion, we describe the coexistence of CMT1A and 
type 2 DM in a Chinese family. Both are common causes of 
neuropathy that are likely to have a cumulative negative effect 
on peripheral nerves. There might be an as-yet-unknown ge-
netic linkage between CMT1A and type 2 DM. Further stud-
ies will yield insights into the pathogenesis of neuropathy.
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