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eripheral nerve dysfunction is a well 
documented feature of clinical hypo-
thyroidism. Only a few studies have 
evaluated the functional alterations in 

central and peripheral nervous systems in sub-
jects with subclinical hypothyroidism and re-
sults obtained have been controversial. The pur-
pose of the present study was to investigate the 
effects of subclinical hypothyroidism on periph-
eral nerve function.  
Materials and Methods: Twenty-eight individu-
als (25 females and 3 males) with subclinical hy-
pothyroidism (defined biochemically as high se-
rum TSH with simultaneously normal serum 
free T4) as the study group and 30 age and sex 
matched subjects (27 females and 3 males) with 
normal thyroid function tests as the control 
group were enrolled into the study. None of the 
patients or controls had history of diabetes mel-
litus, neuromuscular, metabolic, vasculitic or 
rheumatologic diseases or were taking medica-
tions that may alter central or peripheral nerve 
function. Standard electrodiagnostic methods 
were used to study motor parameters including 
motor nerve conduction velocity, distal motor la-
tencies, compound muscle action potential am-
plitude from median, ulnar, tibial and deep per-
oneal nerves, minimal-F-response from tibial, 

median and ulner nerves and sensory parameters 
including sensory nerve conduction velocity, 
sensory nerve action potential amplitude and 
distal sensory latencies from median, ulnar and 
sural nerves. In all patients and controls, values 
were obtained from both right and left sides. 
Values from patients were compared with those 
of controls by unpaired student's t-test.  
Results: Motor and sensory nerve function val-
ues obtained from this electrophysiological 
study yielded no significant differences between 
patients with subclinical hypothyroidism and 
those with normal thyroid function.  
Conclusion: The results of this study show that 
there are no significant alterations in peripheral 
nerve function in patients with subclinical hypo-
thyroidism. 
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Introduction 

Thyroid hormones exert multiple effects on 
neural development and function.1 Overt hy-
pothyroidism is associated with significant 
alterations both in neuromuscular system and 
brain functions.2 The neurological manifesta-
tions of clinical hypothyroidism in adults are 
varied and include peripheral neuropathy, en-
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trapment neuropathy, mental dysfunction, 
hearing loss, seizures, possibly cerebellar 
ataxia and myxedema coma.2,16-19 In some pa-
tients with clinical hypothyroidism, periph-
eral nerves dysfunction may be the main and 
presenting manifestation. Obviously, the fre-
quency and severity of neuromuscular dis-
ease in overt hypothyroidism depend upon 
the severity and duration of thyroid hormone 
deficiency. 

Subclinical hypothyroidism defined as a 
biochemical state characterized by an ele-
vated serum TSH concentration with con-
comitant normal serum free thyroid hormone 
levels is a common disorder with an overall 
prevalence of 4-10 % in large general popula-
tion screening surveys3-6 and 7-26% in stud-
ies of the elderly.1,2,7-9 Some believe that sub-
clinical hypothyroidism represents mild thy-
roid failure and is a clinically important dis-
order that has adverse clinical and biochemi-
cal consequences.10 In response to a validated 
survey regarding symptoms of subclinical 
hypothyroidism, subjects who were identified 
as having the disorder, more often reported 
having dry skin, poor memory, slow think-
ing, muscle weakness, fatigue, muscle 
cramps, constipation and cold intolerance.4 
Biochemically, subclinical hypothyroidism 
has been reported to be associated with ab-
normalities in serum lipids,4,11 endothelial 
dysfunction,12 accelerated atherosclerosis and 
coronary artery disease.13 

Features of neuromuscular dysfunction at-
tributable to subclinical hypothyroidism in-
clude abnormal myocardial contractility, 

skeletal muscle dysfunction and sensory and 
motor neurological impairment.14,15 Elec-
trodiagnostic studies have shown low con-
duction amplitude in peripheral nerves20 and 
abnormal stapedial reflex21 in patients with 
subclinical hypothyroidism. However, only a 
limited number of studies evaluated the func-
tional alterations in central and peripheral 
nervous systems in patients with this disorder 
and the results obtained from these studies 
were controversial.20-22 Thus, the effect of 
subclinical hypothyroidism on the function of 
peripheral nerves remains mainly uncertain. 
The aim of the present study was to evaluate 
the possible adverse effects of subclinical 
hypothyroidism on peripheral nerve function. 
 
Materials and Methods 

Twenty-eight subjects (25 females and 3 
males) with newly discovered subclinical hy-
pothyroidism (mean age 46.7 years) and 30 
age and sex matched individuals (27 females 
and 3 males) without any history of thyroid 
disease and with normal TFTs (mean age 45 
years) were enrolled into the study from 
among people who were admitted at ENT 
and ophthalmic outpatients’ clinics of Sina 
medical center. Verbal informed consent was 
obtained from all subjects in the case and 
control groups. Demographic, clinical and 
laboratory characteristics of patients and con-
trols are shown in table 1. 

 

 
Table 1. Clinical and laboratory characteristics of patients and controls 
 

 Patients (N: 28) Controls (N: 30) P value 
Sex (female to male ratio) 25 F: 3M 27 F: 3M  
Age (mean ± SD) 46.7 ± 6.8 45 ± 8.6 NS 
Serum TSH (mIU/mL) 
 (mean ± SD) 
 (range)  

 
9.56 ± 1.96 
6.9 – 13.5 

 
2.58 ± 1.96 

0.7 – 4.2 
< 0.001 

Serum free T4 (ng/dL) 
 (mean ± SD) 
 (range) 

 
1.33 ± 0.27 

0.9 – 1.5 

 
1.42 ± 0.9 
1.1 – 1.8 

NS 
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Clinical Examination with more attention 
on neurological evaluation and thyroid size 
and consistency was performed in all patients 
and controls by an endocrinologist. A ques-
tionnaire for information regarding symp-
toms, medical history, demographic features, 
medications, personal and family history of 
thyroid disease was completed for both pa-
tients and controls. Patients with history of 
taking medications for thyroid problems, 
those with diabetes, alcoholism, renal failure, 
rheumatologic, metabolic or peripheral vas-
cular disease, known neuromuscular disor-
ders, or any other systemic diseases, pregnant 
women and those with abnormal neurologic 
findings were excluded from the study. 

Thyroid function tests including serum 
TSH and free T4 measurements were carried 
out by radioimmunoassay methods using re-
agents from Kavoshiar diagnostics commer-
cial kits (Iran) for all patients and controls. 
Antithyroid peroxidase antibodies (anti-TPO) 
were determined with reagents from Ka-
voshiar in the 15 females in the patient group 
in whom the etiology of subclinical hypothy-
roidism was obscure and serum TSH was 
repeated to confirm elevated levels in this 
group. Subclinical hypothyroidism was 
defined as a state of elevated serum TSH 
with concomitant normal free T4 levels. The 
normal values for serum TSH and free T4 
were considered to be 0.3-4.5 uIU/mL and 
0.8-1.9 ng/dL respectively. The etiologies of 
subclinical hypothyroidism were chronic 
autoimmune thyroiditis (diagnosed by posi-
tive anti-TPO antibodies) in 11 patients, ra-
dioiodine induced (radioactive iodine treated 
Graves’ hyperthyroidism or toxic multinodu-
lar goiter) in 5 patients, subtotal thyroidec-
tomy for Graves’ disease in 2 and for multi-
nodular goiter in 3 cases. Amiodarone, exter-
nal neck radiation, and postpartum thyroiditis 
were responsible in 3 patients. In the remain-
ing 4 cases the etiologies were unknown. 

Electrodiagnostic studies were performed 
in all patients and controls using Biomid 
2008 EMG-system equipment. The examina-

tion was done in (room temperatur 22-24oC). 
During the study period the skin temperature 
was kept above 32oC with a heating lamp. 
Motor nerve conduction velocity (MNCV), 
motor distal latency (MDL), and compound 
muscle action potential amplitude (CMAP 
Amplitude) were determined from median, 
ulnar, tibial and deep peroneal nerves bilater-
ally, using surface recording electrodes (nee-
dle size, 0.5×5 mm and interelectrode dis-
tance of 40 mm) and bipolar surface elec-
trode for stimulation (interelectrode distance 
of 25 mm). The median and ulnar nerves 
were stimulated 8 cm above the active re-
cording electrode at the wrist and elbow. The 
evoked muscle potentials were recorded from 
abductor pollicis brevis and abductor digiti 
minimi respectively. The tibial nerves were 
stimulated 8 cm above active recording elec-
trode posterior to the medial malleolus and 
popliteal fossa. The evoked muscle potentials 
were recorded from the abductor hallucis 
muscle. The deep peroneal nerve was stimu-
lated 8 cm above the active recording elec-
trode at the ankle and head of fibula and the 
evoked muscle potentials were recorded from 
the extensor digitorum brevis muscle.  

Minimal F-responses were measured in 
tibial, median and ulnar nerves bilaterally. 
The tibial nerve was stimulated 8 cm above 
active recording electrode posterior to medial 
malleolus with cathode proximal than anode 
and F-response was recorded from abductor 
hallocis muscle. The median and ulnar nerves 
were stimulated 8 cm above the active re-
cording electrode at the wrist with cathode 
more proximal than the anode and F-
responses were recorded from abductor polli-
cis brevis and abductor digiti minimi muscles 
respectively.  

Sensory nerve conduction velocities (sen-
sory NCV), sensory distal latency (sensory 
DL) and sensory nerve action potential Am-
plitudes (SNAPA) were measured antidromi-
cally from median, ulnar and sural nerves bi-
laterally, using a surface recording electrode 
(needle size, 0.5 × 5 mm and interelectrode 
distance of 40 mm) and bipolar surface elec-
trode for stimulation (interelectrode distance 
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of 25 mm). Median sensory parameters were 
obtained from the third finger with stimula-
tion of median nerve 14 cm proximal to 
wrist. Ulnar sensory parameters were ob-
tained from the fifth finger with stimulation 
of ulnar nerve 14 cm proximal to the wrist. 
Sural sensory parameters were obtained from 
posterior to the lateral malleolus with stimu-
lation of sural nerve 14 cm proximal lateral 
to Achilles tendon. The mean values of each 
electrodiagnostic parameter in patients with 
subclinical hypothyroidism and controls were 
compared using independent unpaired stu-

dents t-test. p<0.05 was considered statisti-
cally significant. 

 
Results 

The mean±SD values for serum concentra-
tions of TSH and FT4 in patient and control 
groups have been documented in table 1. As 
shown there was no statistically significant 
difference between serum levels of free T4 in 
both groups (1.33±0.27 vs.1.42±0.9 ng/dL, 
p=0.463) but TSH concentrations were sig-
nificantly higher in patients than in controls 
(9.56±1.96 vs. 2.58±1.07 µIU/mL, p<0.001). 

 
 

Table 2. Electrophysiological findings in patients with subclinical hypothyroidism and healthy controls  
Electrodiagnostic parameter Patients (n = 28) Controls (n = 30) P value 
Tibial motor     
Amp cmap (m.v) 
Distal Latency (m/sec) 
NCV (m/sec) 
F (m/sec) 
H (m/sec)  

10.92 ± 2.5 
5.09 ± 2.5 

45.59 ± 0.54 
47.98 ± 4.26 
28.29 ± 3.57 

10.97 ± 3.55 
5.17 ± 0.44 

46.94 ± 4.27 
46.56 ± 4.57 
28.30 ± 1.78 

NS 
NS 
NS 
NS 
NS 

Peroneal motor     
Amp cmap (mv) 
DL (m/sec) 
NCV (m/sec) 

5.14 ± 1.15 
4.80 ± 0.40 

46.87 ± 3.03 

5.16 ± 1.64 
4.70 ± 0.41 

46.23 ± 3.83 

NS 
NS 
NS 

Median motor    
CMAP Amp (mv) 
DL (m/sec) 
NCV (m/sec) 
F (m/sec) 

14.57 ± 4.90 
3.66 ± 0.20 

55.73 ± 4.52 
24.59 ± 1.95 

14.85 ± 4.48 
3.67 ± 0.31 

56.36 ± 4.70 
24.72 ± 1.60 

NS 
NS 
NS 
NS 

Ulnar motor     
CMAP Amp (mv) 
DL (m/sec) 
NCV (m/sec) 
F (m/sec) 

13.53 ± 4.07 
2.99 ± 0.33 

57.92 ± 3.64 
24.29 ± 1.90 

13.30 ± 3.34 
3.09 ± 0.39 

57.96 ± 4.26 
24.94 ± 1.87 

NS 
NS 
NS 
NS 

Median Sensory     
SNAP Amp (µv) 
DL (m/sec) 
NCV (m/sec) 

40.79 ± 11.05 
2.69 ± 0.27 

52.69 ± 4.51 

37.57 ± 11.55 
2.72 ± 0.23 

51.83 ± 3.36 

NS 
NS 
NS 

Ulnar Sensory    
SNAP Amp (µv) 
DL (m/sec) 
NCV (m/sec) 

39.51 ± 12.19 
2.54 ± 0.21 

54.21 ± 3.33 

36.61 ± 10.47 
2.60 ± 0.27 

53.18 ± 3.78 

NS 
NS 
NS 

Sural Sensory     
SNAP Amp (µv) 
DL (m/sec) 
NCV (m/sec) 

16.92 ± 2.95 
2.69 ± 0.29 

45.95 ± 3.02 

16.19 ± 3.84 
2.73 ± 0.30 

46.40 ± 2.21 

NS 
NS 
NS 

CMAP Amp; Compound Muscle Action Potential Amplitude, DL; Distal Latency, NCV; Nerve Conduction 
Velocity, SNAP; Sensory Nerve Action Potential, NS; Not Significant 
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In the present work, a total of 25 electro-

physiological parameters (the higher number 
studied so far) of peripheral nerves function, 
were studied in both patient and control 
groups. The obtained values (mean ± SD) in 
each group have been recorded and compared 
in table 2. Using independent unpaired stu-
dent's t-test for comparison of obtained re-
sults, we found no statistically significant dif-
ferences between the studied parameters in 
healthy controls and patients with subclinical 
hypothyroidism. 
 
Discussion  

Thyroid hormones exert multiple effects on 
neural development and function.1 Overt hy-
pothyroidism is associated with significant 
alterations in both the neuromuscular system 
and brain functions due to axonal damage or 
myelin abnormalities.2 Peripheral nerve dys-
function in hypothyroid subjects may be 
clinical or subclinical. The subclinical neu-
ropathies of hypothyroidism are detected by 
prolonged distal latencies in electrodiagnostic 
measurements. Prolonged distal latencies and 
slowing of motor and sensory functions of 
peripheral nerves have been shown in elec-
trophysiologic evaluation of patients with 
overt hypothyroidism. Subclinical hypothy-
roidism defined as a biochemical state char-
acterized by an elevated serum TSH concen-
tration with concomitant normal serum free 
thyroid hormone levels is a common disor-
der.3-6 Some believe that subclinical hypothy-
roidism represents mild thyroid failure and is 
a clinically important disorder that has ad-
verse clinical and biochemical conse-
quences.10 Features of neuromuscular dys-
function attributable to subclinical hypothy-
roidism include abnormal myocardial con-
tractility, skeletal muscle dysfunction and 
sensory and motor neurological impair-
ment.14,15 Electrodiagnostic studies have 
shown low conduction amplitude in periph-
eral nerves and abnormal stapedial reflex in 
patients with subclinical hypothyroidism.20, 21 
However, only a limited number of studies 

have evaluated the functional alterations in 
central and peripheral nervous systems in pa-
tients with this disorder and the results ob-
tained from these studies were controver-
sial.20-22 

In the present investigation, 25 electro-
physiologic sensory and motor parameters of 
peripheral nerves function were studied. The 
results showed no significant differences be-
tween values obtained for each parameter 
from patients with subclinical hypothyroid-
ism and those from subjects with normal thy-
roid function. In agreement with the results 
of this study, Ozata and his co-workers as-
sessed the principal electrophysiological pa-
rameters of peripheral nerves function in 27 
patients with subclinical hypothyroidism and 
20 age-and sex matched subjects without thy-
roid dysfunction. They were not able to find 
any significant differences between the 
measured electrodiagnostic parameters and 
interpeak latencies from patient and control 
groups. They concluded that subclinical hy-
pothyroidism does not lead to alterations in 
peripheral nerve function.22 

On the other hand, Misiunas et al studied 
electrophysiologic alterations in peripheral 
nerve function in 47 women. Subjects were 
divided into three groups: 1) Those with 
normal basal serum TSH but exaggerated 
TSH response to TRH, 2) Patients with high 
basal TSH and normal FT4 and 3) Those 
with normal thyroid function tests. Contrary 
to our results their findings showed incipient 
axonal alterations in patients with subclinical 
hypothyroidism (groups 1 and 2). The ab-
normality was more evident in patients with 
high basal levels of serum TSH. We were un-
able to explain the discrepancies between the 
two studies.20 Deposition of glycosaminogly-
cans in nerves and soft tissues surrounding 
them with resultant axonal degeneration and 
secondary segmental demyelination forms 
the pathogenetic basis of alterations in pe-
ripheral nerve function in thyroid hormone 
deficiency, which is reversible with thyroxine 
replacement. In subclinical hypothyroidism 
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serum free thyroxine levels are maintained 
within normal limits by elevated TSH con-
centrations. Thus, it seems reasonable to find 
no significant impairment in peripheral nerve 
function in subclinical hypothyroidism. 

In conclusion, the results of our investiga-
tion indicate that subclinical hypothyroidism 
does not lead to any degree of impairment of 
peripheral nerve motor or sensory functions. 
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