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INTRODUCTION
Thyroid dysfunctions are significant endocrine disorders 
common among adults and may be associated with 
morbidity and mortality, especially in elderly individuals. 
Both hypothyroidism and hyperthyroidism can cause 
signs and symptoms of neuromuscular dysfunction (1,2).
In hypothyroidism, myopathy characterized by 
proximal muscle weakness may be observed 
alongside mononeuropathy and sensorimotor axonal 
polyneuropathy. The prevalence of these symptoms and 

findings varies in different publications. In previous 
studies, the prevalence of neuropathy in hypothyroid 
patients ranged from 10% to 70%, while the prevalence of 
myopathy ranged from 20% to 80%. Electrophysiologic 
studies have shown that carpal tunnel syndrome (CTS) is 
the most common neuropathy in hypothyroidism (3-5).

In hyperthyroidism, myopathy, mononeuropathy, and 
sensorimotor axonal polyneuropathy may be observed 
with a less prevalence Neuropathy is less frequent 
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and typically subclinical in hyperthyroidism. It is 
believed that weight loss, weakness, infiltration of the 
tendon sheath with mucopolysaccharides, infiltrative 
dermopathy, and the direct effects of thyroid hormones 
on axonal function may contribute to the development of 
mononeuropathy in thyrotoxic patients. In hyperthyroid 
patients, the prevalence of myopathy ranged from 60% to 
80%, while polyneuropathy and neuropathy were rarely 
reported, with low prevalence in a few publications (6-
9).
The aim of our study was to investigate the 
prevalence of neuromuscular symptoms in newly 
diagnosed hypothyroid and hyperthyroid patients, 
to demonstrate neuromuscular dysfunction using 
electroneurophysiology, and to determine the possible 
correlation with creatine kinase (CK) concentration 
and serum thyroid hormone levels in the presence of 
neuropathy and myopathy.

METHODS
Twenty-one patients with hyperthyroidism (14 
females/7 males) and 19 patients with hypothyroidism 
(17 females/2 males), who had not received a previous 
hormone replacement therapy, and whose symptoms 
had lasted for more than one month, were included in 
the study. Twenty healthy volunteers with no previous 
history of thyroid disease and who were clinically and 
biochemically euthyroid were assigned as the control 
group.

Patients over 65 and under 18 years of age, with chronic 
diseases (such as diabetes mellitus, malignancy, chronic 
liver disease, chronic renal failure, collagen tissue 
diseases), vitamin B12 and folic acid deficiency, chronic 
alcohol use, a history of drug use causing neuropathy 
and myopathy, and central or peripheral nervous system 
diseases were excluded.

Symptoms of the participants; such as paresthesia, muscle 
cramps, muscle weakness, and diffuse pain fatigue were 
noted. Subjective symptoms were thoroughly evaluated 
by performing physical examination. Serum creatinine 
kinase (CK) levels, nerve conduction studies, and needle 
electromyography (EMGs) were assessed retrospectively 
from hospital files.

Electroneurophysiologic studies were conducted using 
the Nihon Kohden Neuropack 2 device in all patients 
and the control group in accordance with the American 
Diabetes Association diabetic neuropathy protocol. 
Median motor conduction studies, ulnar, peroneal, and 
motor nerve conduction velocities, distal latencies, and 
compound muscle action potentials (CMAPs) were 
examined. In sensory conduction studies, median, 
ulnar, and sural nerve sensory conduction velocities, 
distal latencies, and sensory amplitude potentials (SAP) 
were measured. Deviations from reference values 

were recorded according to recommended protocols. 
The presence or absence of polyneuropathy (PNP) 
was determined by electrophysiologic involvement of 
more than one of the examined nerves, with pathologic 
findings of the involved nerves (SAP decrease, decrease 
in sensory conduction velocity, slowing, prolongation 
in motor nerve distal latency, CMAPS decrease in 
amplitude, slowing of motor conduction velocity, 
F-wave latency prolongation) evaluated based on the 
fulfillment of at least one of these criteria.
The presence of spontaneous muscle fibril activity 
(fibrillation potentials, positive sharp waves, 
fasciculations, or complex repetitive discharges) and 
signs of reinnervation activity (polyphasic or giant motor 
unit action potential) were measured. A visual analysis 
method was used to measure motor unit action potential 
(MUAP) values.

This study was conducted in agreement with the 
Declaration of Helsinki-Ethical principle for medical 
research involving human subjects.

STATISTICAL ANALYSIS
SPSS version 10.0 for Windows was used in the 
assessment of the study data. The distributions of 
numeric variables were assessed using both the 
Kolmogorov-Smirnov test and the Shapiro-Wilk test. 
Parametric variables were presents as mean ± standard 
deviation. Anova and posthoc Tukey tests were used in 
the comparison of multiple groups. Categorical variables 
were exhibited by number and percentage. Spearman 
correlation coefficient was applied for the analyses of 
nonparametric data. Pearson’s chi-square test was used 
to compare categorical variables. The level of statistical 
significance was set at P<0.05.

RESULTS
A total of 40 patients (31 females and 9 males) with a 
diagnosis of hypo or hyperthyroidism were evaluated. 
The mean ages were 42.23±12.09 and 40.47±14.11 
years in hypothyroidism and hyperthyroidism groups, 
respectively. The control group consisted of 20 healthy 
individuals with a mean age of 42.25±12.01 years (Table 
1).

Hypothyroidism
(n=19)

Hyperthyroidism 
(n=21)

Control group 
(n=20)

P1 P2

Age (year) 40.47±14.11 42.23±12.09 40,38±9,27 0.870 0.571
sT3(pg/ml) 1.38±0.39 12.62±5.78 2.73±0.40 0.001* 0.001*
sT4 (ng/dl) 0.62±0.82 4.04±1.94 1.12±0.20 0.001* 0.001*
TSH (mIU/ml) 74.21±33.9 0.059±0.002 1.89±0.87 0.001* 0.001*
CK (IU/l) 336.21±140 80.52±64.88 83.12±37.46 0.001* 0.752

Table 1. Clinical and laboratory characteristics of 
hypothyroidism and hyperthyroidism patients

*: p<0.05, TSH: Tiroid Stimulan Hormon, fT4: free T4, fT3:serbest T3,  CK: Creatinin 
Kinase. n: Patient number P1: Significance value between hypothyroidism and control 
group, P2: Significance value between hyperthyroidism and control group
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Clinical and laboratory features of the participants 
were given in Table 1. The neurological symptoms of 
patients including weaknes, cramping, paresthesia, 
diffuse pain were more common in hypothyroidism and 
hyperthyroidism groups compared the control group 
(p<0.05) (Table 2). The prevalence of symptoms in 
patients with abnormal thyroid hormone status as follows; 
weakness 80.9% (in hyperthyroidism) and 78.9% (in 
hypothyroidism), cramping 52.3% (in hyperthyroidism) 
and 84.2% (in hypothyroidism), paresthesia 47.6% (in 
hyperthyroidism) and 78.9% (in hypothyroidism), and 
diffuse pain 66.6% (in hyperthyroidism) and 68.4% 
(in hypothyroidism). The prevalence of neuromuscular 
complaints in the control group was lower than in the 
hypothyroid and hyperthyroid patient groups (p<0.05). 
Neurological examinations suggesting myopathy 
or polyneuropathy (PNP) did not reveal weakness, 
decreased deep tendon reflexes, or glove-sock-style 
sensory deficits.

Electrophysiologic studies revealed myopathy in 2 
patients (10%) and polyphasia potential abnormalities 
in 4 patients (21%) in the hypothyroid group. In the 
hyperthyroidism group, myopathy was detected in 1 
patient (4%) and polyphasia potential abnormalities in 
3 patients (14%).

Since myopathy was detected in only 1 patient in the 
hyperthyroidism group, the relationship between 
CK and thyroid functions was not evaluated. In the 
hyperthyroidism group, serum CK concentration was 
elevated in 1 patient (4%). In hypothyroid patients, CK 
concentration was elevated in 8 patients (42%), and 
there was no significant correlation between serum T3 
and T4 levels and myopathy (p>0.05).

There was no statistically significant correlation between 
neuromuscular symptoms and CK concentration 
in both groups (p>0.05). There was no significant 
difference in CK concentration between patients with 
electroneurophysiologically detected myopathy and 
patients without myopathy (p>0.05). There was no 
significant difference in sT3, sT4, and TSH values 
between patients with high CK concentrations and 
patients with normal levels (p>0.05).

The findings of the hypothyroidism and 
hyperthyroidism groups and the control group in the 
electroneurophysiologic studies are presented in Table 
3. Median nerve motor and sensory amplitudes, as 
well as ulnar nerve sensory amplitude, were lower in 
hyperthyroid patients compared to the control group 
(p<0.05). Median nerve motor and sensory amplitudes 
were also lower in hypothyroid patients compared to the 
control group (p<0.05) (Table 4).

In the hypothyroidism and hyperthyroidism groups, 
decreased sural nerve sensory conduction velocity and 
absence of SAP were detected, although not statistically 
significant, sural nerve sensory conduction velocity was 
found to be lower than in the control group. This suggests 
that sensorial conduction may be impaired earlier than 
motor conduction in thyroid dysfunctions.

There was no statistically significant difference between 
the serum sT3 and sT4 levels of patients with neuropathy 
and thyroid patients without neuropathy (p>0.05). 
No electrophysiologic neuropathy was detected in 
the control group. The incidence of neuropathy was 
higher in patients with thyroid dysfunction compared to 
the control group, and this difference was statistically 
significant (p<0.05).

DISCUSSION
This study demonstrates that symptoms such as weakness, 
cramps, paresthesia, and pain are more common in 
patients with hypothyroidism and hyperthyroidism, and 
these patients may exhibit electroneurophysiological 
findings more frequently than individuals with normal 

Hypothyroidism 
(n:19)

Hyperthyroidism 
(n:21)

Control  
(n:20)

P1 P2

Weakness 15 (78.9 %) 17 (80.9 %) 6 (30%) 0.004 0.002
Cramps 16 (84.2%) 11 (52.3%) 2 (10%) <0.001 0.006
Paresthesia 15 (78.9%) 10 (47.6%) 2 (10%) <0.001 0.015
Diffuse pain 13 (68.4%) 14 (66.6%) 3 (15%) 0.001 0.001

Table 2. The neurological complaints of the patient and control groups 

Hyperthyroidism 
(n:21)

 Hypothyroidism 
(n:19)

Control 
(n:20)

Normal 18 14 20
Polyneuropathy 0 2 0
Sural conduction 
velocity decrease or 
no SAP

2 1 0

CTS 0 2 0
Peroneal CMAP 
amplitüd low 1 0 0

Table 3. Electroneurophysiologic Neuropathy Findings 
in Hypothyroidism-Hyperthyroidism and Control 
Group

SAP: Sensory amplitude potential CTS:carpal tunnel syndrome CMAPS: compound 
muscle action potentials 

n: Patient number P1: Significance value between hypothyroidism and control group, P2: 
Significance value between hyperthyroidism and control group
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thyroid hormone levels.

The prevalence of neuromuscular involvement in thyroid 
dysfunction varies between 20% and 80% (3,10-13). 
Approximately 40% of hypothyroid patients and 20% 
of hyperthyroid patients show predominantly sensory 
signs of sensorimotor axonal neuropathy early in the 
course of thyroid disease (3). In our study, the frequency 
of cramps increased in both patient groups, and fatigue 
complaints were reported by 80% of the patients, while 
the frequency of diffuse pain and paresthesia increased.

Although neuropathies seen clinically and 
electrophysiologically in hypothyroidism and 
hyperthyroidism are often sensorial, mixed sensorial and 
sensorimotor neuropathies may be present in the early 
stages of the disease. Motor nerve conduction velocity 
is generally within normal limits, but sensorial nerve 
action potentials may be decreased in the early stages of 
the disease (14).

Hypothyroidism affects many systems, including the 
central and peripheral nervous system. Some publications 
suggest that electroneurophysiological abnormalities, 
such as decreased motor and sensorial nerve conduction 
velocity, may be observed (15-16). Electrophysiological 
studies of peripheral neuropathy in hypothyroid 
patients yield findings varying between 17% and 72% 
(3,17,18). The development of peripheral neuropathy 
in hypothyroidism may be due to various causes, such 
as the accumulation of mucopolysaccharides in the 

endoneurium and perineurium, segmental demyelination, 
glycogen aggregates, and axonal degeneration (19). In a 
study by Khedr et al., an electroneurophysiological study 
was conducted in 23 patients with hypothyroidism, and it 
was found that the peripheral nervous system was affected 
in 52% of the patients, with entrapment neuropathy 
developing in 35% of them, myopathic changes in 9%, 
and axonal polyneuropathy in 9% (15). While neuropathy 
due to hypothyroidism has been demonstrated in studies, 
neuropathy due to hyperthyroidism is reported to be less 
common. Duyff et al. found a neuropathy rate of 19% 
in patients with hyperthyroidism in their study (3). In 
a study by Berlit et al., 27 hyperthyroid patients were 
examined neurophysiologically (20). Although motor 
nerve conduction velocities of the peroneal and median 
nerves were mostly normal in patients, 29.6% exhibited 
pathologic findings in the sensorial nerve conduction 
velocities of the sural nerve, and 22.2% had borderline 
findings.

In our study, among patients with thyroid dysfunction, 
the rate of neuromuscular complaints was higher than 
in the control group. Neuropathy rates were 26% in the 
hypothyroid patient group and 14% in the hyperthyroid 
patient group. Polyneuropathy was found in 10% of the 
hypothyroid patient group but not in the hyperthyroid 
patient group. However, the absence of sensory action 
potentials or decreased sural nerve conduction velocity 
was found in 9%, and low compound muscle action 
potential was found in 4% in the hyperthyroid patient 

Table 4. Comparison of the groups according to the electroneurophsiological findings  

Hyperthyroidism
Group

Hypothyroidism
Group

Control 
Group Normal 

Value P1 P2

D lat 3.04± 0.08 3.10± 0.08 3.15± 0.05  <3.6 m/sn 0.2 0.51
Median Amp 9.07± 0.97 9.19± 0.93 11.84± 0.95 ˃ 5 mV 0.027* 0.034*
Motor NCV 58.39± 0.83 56.54± 1.26 57.35± 0.82 ˃ 49.96 m/sn 0.382 0.643

F 27.66± 0.42 27.71± 0.55 26.99± 0.3  <29.7 m/sn 0.192 0.683
Median NCV 46.07± 0.68 45.93± 1.27 46.97± 0.92 ˃41.26 m/sn 0.715 0.615

Amp 25.54± 2.45 25.49± 2.5 31.22± 3.33 ˃ 10 mV 0.044* 0.042*
D lat 2.30± 0.04 2.40± 0.1 2.29± 0.03  <2.51 m/sn 0.824 0.97

Ulnar Amp 10.22± 0.59 12.26± 0.7 13.06± 0.51 ˃ 5 mV 0.002* 0.177
Motor NCV 61.32± 1.41 58.04± 1.08 61.26± 1.22 ˃ 50.61 m/sn 0.917 0.126

F 27.35± 0.48 27.17± 0.38 27.20± 0.27  <30.26 m/sn 0.927 0.694
Ulnar Amp 19.07± 1.27 21.02± 1.87 18.02± 0.87 ˃ 8 mikroV 0.392 0.112

NCV 43.32± 0.75 45.30± 0.87 44,57± 0,46 ˃ 39.26 m/sn 0.667 0.627
D lat 3.72± 0.11 4.39± 0.22 3.80± 0.15  <4.78 m/sn 0.705 0.039

Peroneal Amp 6.05± 0.69 6.54± 0.74 8.04± 0.77 ˃ 4 mV 0.087 0.423
Motor NCV 47.19± 0.72 46.87± 0.77 48.24± 0.80 ˃41.83 m/sn 0.279 0.152

F 45.88± 0.69 48.38± 0.9 46.62± 0.72  <55.38 m/sn 0.389 0.292
Sural NCV 38.9 38.4 39.38± 0.72 ˃ 34.68 m/sn 0.483 0.383

Amp 15 20.8 27.65± 3.56 ˃ 6 mikroV 0.327 0.173
D lat: Distal latency, Amp: Amplitude, NCV: Nerve conduction velocity, F: F latency, p1: Significance value between hyperthyroidism 
and control group, p2: Significance value between hypothyroidism and control group. *:P<0.05
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group. The reasons for the varying frequency of peripheral 
neuropathy in studies may be attributed to differences in 
the criteria used to diagnose peripheral neuropathy in the 
literature. Median nerve motor and sensorial amplitudes, 
as well as ulnar nerve sensorial amplitude, were lower 
in hyperthyroid patients compared to the control group. 
In hypothyroid patients, median nerve motor and 
sensory amplitudes were also lower than in the control 
group, with the decrease in sensory amplitude being 
more pronounced. The rate of sural sensory conduction 
velocity decrease was high in both patient groups. This 
suggests that sensory conduction is impaired earlier than 
motor conduction in thyroid dysfunctions. Akarsu et al. 
found that axonal motor fibers were mostly affected in 
hypothyroidism, while Duffy et al. emphasized that the 
sensory conduction system was affected earlier than the 
motor conduction system in thyroid dysfunctions based 
on electrophysiological findings (3,13).

Carpal tunnel syndrome is one of the most common 
entrapment neuropathies. In hypothyroidism, CTS 
is thought to develop due to mucinous infiltration 
of the median nerve perineurium and endoneurium. 
The association of hypothyroidism and CTS has been 
reported with varying rates in the literature. Suresh et 
al. reported that thyroid dysfunction (hypothyroidism 
or hyperthyroidism) slightly increased the rate of CTS 
in their study (21). Van Dijk et al. found a prevalence 
of hypothyroidism between 1.3% and 10.3% in patients 
with CTS in their review (22). While the rate of CTS in 
patients with subclinical hypothyroidism was found to 
be 12.5%, CTS was detected at a higher rate of 32.5-
37.5% in patients with overt hypothyroidism (22-24). 
Apart from differences in diagnostic criteria, other 
factors, such as gender, advanced age, and duration of 
hypothyroidism, may influence the prevalence of CTS 
in hypothyroid patients (23).

There are few studies investigating the prevalence of 
CTS in patients with hyperthyroidism. Çakır et al. found 
a 7.1% prevalence of CTS with nerve conduction tests 
in patients with thyrotoxicosis (42 patients) (8). In their 
study, CTS was not detected in any of the 23 patients with 
subclinical thyrotoxicosis. In our study, the incidence 
of carpal tunnel syndrome was found to be 10% (2/19 
patients) in the hypothyroid patient group, supporting 
the literature, while no carpal tunnel syndrome was 
observed in the hyperthyroid patient group.

Myopathy is a well-recognized complication of 
hypothyroidism. Khaleeli et al. found myopathy 
in 80% of 15 patients with severe hypothyroidism 
and suggested that myopathy was more frequent in 
patients with serous effusion and may be related to 
the degree of hypothyroidism (24). They found no 
statistical significance between myopathy and disease 
duration. Khedr et al. examined 23 hypothyroid 

patients electrophysiologically and found myopathy in 
2 patients (9%), while Duyff et al. found a myopathy 
rate of 33% (3,15). Although the severity of myopathy 
is often correlated with the degree and duration of 
hypothyroidism in electrophysiological examinations, 
there is no consistent correlation between myopathy 
findings in muscle tissue obtained via needle biopsies 
and the duration and severity of hypothyroidism (11). 
EMG findings in hypothyroidism are quite variable, 
and EMG is often observed as normal. Rarely, typical 
myopathic patterns and abnormal spontaneous activities 
may be observed on EMG (24). These rate variations 
may be attributed to this variability.

The incidence of muscle dysfunction in hyperthyroidism 
can be up to 80%. However, although this rate seems to 
reflect the frequency of myopathy, it cannot be supported 
by electrophysiological studies. The mechanism of 
myopathy in hyperthyroidism is thought to be related 
to the decrease in muscle function due to the increased 
myosin alpha concentration in skeletal muscle with 
adrenergic stimulation of thyroid hormones (6). Duyff et 
al. found myopathic changes in 10% of 21 hyperthyroid 
patients electrophysiologically and reported a correlation 
between muscle weakness clinically and elevated T4 
levels (3).

In our study, myopathy was found in 2 patients (10%), 
and electrophysiologically increased polyphasia was 
observed in 4 patients (20%) in the hypothyroid group. 
These findings were not correlated with TSH, sT3, sT4 
values. In the hyperthyroid patient group, myopathy was 
detected in 1 patient (4%), and electrophysiologically 
increased polyphasia was observed in 3 patients (14%).

Serum CK concentration is usually elevated in 
hypothyroid patients. Rarely, hypothyroidism may cause 
severe skeletal muscle involvement and rhabdomyolysis. 
Elevated CK may be due to direct cellular damage, 
decreased cellular metabolism, or a reversible defect 
in glycogenolysis. Although some publications suggest 
that the degree of hypothyroidism is correlated with 
elevated CK levels, no consistent correlation has 
been observed between the severity of symptoms and 
serum CK concentration (25,26). In a case report of a 
patient with severe hypothyroidism, it was reported 
that rhabdomyolysis and axonal neuropathy developed, 
and the very high CK level decreased to normal after 
hormone treatment. In hyperthyroidism, serum CK 
levels generally do not change (27-29).

CONCLUSION
Our study, in patient with thyroid dysfunction, the rate of 
neuromuscular complaints was higher than in the control 
group. PNP and CTS were higher in the hypothyroid 
patient group compared to the control group, while 
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PNP and CTS were not detected in the hyperthyroid 
patient group. Sural conduction velocity decrease or 
no SAP rate was higher in both patient groups. Our 
electroneurophysiologic studies have shown that 
sensorial nerve conduction velocity is affected before 
motor nerve conduction velocity in early thyroid 
dysfunction. Again, electroneurophysiologically, the 
percentage of myopathy was found to be higher in the 
hypothyroid patient group than in the hyperthyroid 
patient group and control. There was no statistical 
correlation between serum TSH, T3 and T4 levels 
and neuropathy and myopathy in both patient groups. 
Although serum CK concentration was not correlated 
with the degree of disease and myopathy, it was found to 
be significantly higher in hypothyroid patients.

Although the mechanism by which thyroid dysfunction 
affects the neuromuscular system is still debated. 
Neuromuscular symptoms may improve after treatment 
of thyroid disease.  In future studies, comparison of post-
treatment electrophysiologic values with pre-treatment 
values and clinical values may show the effect of thyroid 
function on the neuromuscular system more clearly.
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