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Thyrotoxic periodic paralysis: an overview
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SUMMARY: Thyrotoxic periodic paralysis (TPP) is a fairly common 
manifestation of hyperthyroidism in Asian populations, with an inci
dence of about 1.9% in thyrotoxic patients, but it is rarely diagnosed 
among Caucasians and blacks in the Western world. The diagnosis 
often can be made on the basis of the clinical manifestations alone. 
Sometimes, periodic paralysis precedes hyperthyroidism or occurs in 
silent hyperthyroidism. As a result, physicians may easily overlook it 
even when life-threatening hypokalemia is present. The pathophysi
ology of this disorder is still not well understood. Correction of the 
thyrotoxic state is the definitive treatment. Potassium supplemen
tation, propranolol, and spironolactone may be helpful both in the 
acute state and in preventing attacks.
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hyrotoxic periodic paralysis (TPP) is a fairly 
common manifestation of hyperthyroidism in 
Asian populations,1-3 being seen in about 1.9% 
of patients with hyperthyroidism,4 but is rare 

in Caucasians and blacks in the Western world.5 It may 
precede hyperthyroidism or accompany silent disease, in 
which case, it may be misdiagnosed even in the presence 
of life-threatening hypokalemia.6 This article reviews the 
features of this potentially fatal condition.
Clinical Manifestations
The clinical manifestations and biochemical features of 
TPP are similar to those of familial periodic paralysis 
(FPP) except for the symptoms related to hyperthyroid
ism. Patients often suffer recurrent attacks of muscle 
weakness, predominantly in the lower legs, with the 
proximal muscles being affected more severely than the 
distal muscles. Sensory function and mental status are not 
altered. Paralysis usually is limited to strenuously exercised 
muscles. Bulbar, ocular, and respiratory muscles are rarely 
involved, although impairment of respiratory function 
has been observed.7 Deep tendon reflexes are markedly di
minished or absent in most patients. Recovery of muscle 
function is usually in reverse order of the appearance of 
the paralysis and occurs within 24 hours, although re
sidual weakness and soreness may persist for several days. 
Neurologic examinations are normal between attacks. The 
fleeting paralysis is often misdiagnosed as being psycho
genic or malingering.

The major biochemical abnormality during an acute at
tack is hypokalemia, but total potassium stores of serum are 
not depleted.8 Instead, the abnormality is secondary to an 
intracellular shift of potassium.9 The severity of the hypo
kalemia usually parallels the extent of muscle weakness,1,10 
although this correlation is not absolute,11 and TPP may 
occur when the serum potassium concentration is within 
normal limits.1,5,12-15 Under these conditions, paralysis may 
result directly from abnormal thyroid hormone levels.12,14 
In addition to hypokalemia, hypophosphatemia and hy
pomagnesemia are common features of TPP.16

Some factors may provoke attacks of hypokalemic 
paralysis, such as ingestion of carbohydrate and strenuous 
physical activity followed by a period of rest.5,17-20 Other 
triggers include trauma, cold exposure, infection, menses, 
and emotional stress.21 In one patient, TPP followed in
gestion of prostaglandin prescribed to induce abortion.22 
Paralysis tends to appear on weekends, which maybe 
attributable to unusual physical activity and diet and to 
alcohol ingestion. However, most patients suffer periodic 
paralysis without an obvious triggering stimulus.

The frequency of paralytic attacks is variable. The 
attacks are common in the summer and rare in the win
ter,1,2,23 a pattern that may be related to increasing con
sumption of cold, sweet drinks; strenuous exercise; and 
potassium loss in sweat during warmer weather. In addi
tion, there is a diurnal pattern, with attacks being more 
frequent at night or in the early morning and rare in the 
daytime.1,2,17,20
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Cardiac problems, such as rhythm disturbances, are com
mon in TPP.24-26 Typical changes of hypokalemia are observed 
on electrocardiography (ECG) during attacks. Hypokalemic 
eletrocardiographic changes appear to predominate in TPP, 
which included a prominent U-wave, ST depression, and 
QTc prolongation.24 However, the different ECG findings of 
TPP may present in other reports.25,26 Overall, many abnormal 
ECG findings have been noted in TPP, such as atrial flutter 
or fibrillation,24,25sinus tachycardia,24,26 atrial and ventricular 
extrasystole,1,25,27 paroxysmal supraventricular tachycardia,1 
ventricular fibrillation6 and conduction defect.1,24,26,28 have all 
been reported. In Hsu et al study,26 a new finding of increased 
QRS voltage is seen in TPP which provided a simple test to 
use in combination with other ECG parameters, such as sinus 
tachycardia and AV block in guiding management decisions 
in cases of clinical suspicion of TPP.

Relation to Thyroid Status
Patients with TPP usually have attacks only when they are in 
the hyperthyroid state, although rarely, TPP develops when 
the patient becomes euthyroid.29 The first attack usually 
occurs with or shortly after the onset of hyperthyroidism 
symptoms.13,5,18 Paralytic attacks can be induced by insu
lin or carbohydrate injection only when patients are hy
perthyroid.1 Paralytic attacks may recur if patients relapse 
into a thyrotoxic state from euthyroidism. In Orientals, 
most TPP patients have clinical manifestations of hyper
thyroidism preceding or concurrently with periodic paral
ysis.1 However, hyperthyroidism has not been obvious in 
TPP patients in Western series.17,18 Several reports describe 
patients who have had recurrent episodes of periodic pa
ralysis for months or years before the hyperthyroidism 
was recognized.11,20,30,31 A series reported from the Mayo 
Clinic observed that nearly half of the affected patients 
had only subtle signs and symptoms of hyperthyroidism 
in spite of clear-cut biochemical evidence.18

The severity of paralysis may not correlate with the 
degree of hyperthyroidism.2,11 Some reports suggest that 
the level of zinc in red blood cells reflects the integrated 
functional state of the thyroid over the preceding 2 to 3 
months, which signifies recent onset of thyrotoxicosis.32,33 
Therefore, it may be a useful indicator in patients pre
sented with periodic paralysis without clinical symptoms 
of thyrotoxicosis. To measure the level of zinc in the red 
blood cells may provide early recognition of patients 
whose periodic paralysis preceded to hyperthyroidism.

The specific cause of the hyperthyroid state is not a 
critical factor in the expression of TPP. Although it has 
been suggested that TPP is seen only with Graves’ disease, 
TPP has been described in patients with a single toxic 
thyroid adenoma,18 toxic nodular goiter,34 iodine-induced 
thyrotoxicosis (Jod Basedow phenomenon),35 silent thy
roiditis,36 and thyrotropin-secreting pituitary adenoma.37

Epidemiology
As noted above, TPP occurs predominantly in Asian 
populations,1-3 the overall incidence being reported to 
be 1.8% to 8.8%.1,4,38 In the Western world, on the 
other hand, the incidence is as low as to 0.1% to 0.2%.18 
Unlike Graves’ disease without TPP, which has a definite 
female preponderance, TPP is predominantly a disease of 
males, with the male-to-female ratio ranging from 17: 
1 to 76:1 in different ethnic groups.1,2,4,35,38,39 The male 
predominance may reflect the action of androgens on 
Na+-K+-ATPase activity. The age of onset of TPP is most 
commonly between 20 and 40 years,1,3,5 which is similar to 
that of thyrotoxicosis.

Genetics
In view of the increased susceptibility of some ethnic 
populations and the autoimmune basis of Graves’ disease, 
an immunogenetic marker might be available that would 
identify the population at risk. Indeed, several reports 
suggest that there is a genetic basis for TPP.1,40'43 For ex
ample, in a study of a Chinese population, HLA antigens 
Bw46 and Bw46/B40 occurred frequently in patients with 
Graves’ disease, regardless of whether they had TPP.42 On 
the other hand, HLA A2, Bw22, and Awl 9, B17 were 
seen in some patients with TPP.42 However, although an
other study confirmed the association of HLA Bw46 with 
Graves’ disease in general, it did not demonstrate an excess 
of A2 or Bw22 in patients with TPP.43 Another Chinese 
study showed a significant association of haplotypes 
HLA-B46 and B9 and the allele DQB 1*303 with Graves’ 
disease, but the association became weaker in those people 
who had TPP.44 In a Japanese population, HLA DRw8 
was found more frequently in patients with TPP than in 
people without TPP.45 However, associations with HLA- 
B46/B40 or HLA-DRw8 were not seen in another study 
of Mexican patients.11 In this study, patients with Graves’ 
disease without TPP had a higher frequency of HLA-DR3 
than those having TPP,11 although the association between 
Graves’ disease and HLA-DR3 was relatively strong in 
Caucasians.46 Thus, available data cannot establish a defi
nite causal relation between the lack of HLA-DR3 and the 
development of TPP in patients with Graves’ disease.

In the meanwhile, no identified genetic mutation has 
been identified in patients with TPP in the past. Until 
recently, Dias da Silva and co-workers reported the iden
tification of a mutation in the potassium channel subunit 
gene (R83H-KCNE3), which codes for a potassium skel
etal muscle channel, in one sporadic patient of TPP.47 This 
genetic mutation is also one of the most common genetic 
defects seen in patients with FPP. Aside from displaying 
similar phenotype, there is also similar molecular defect 
between these two diseases. It is reasonable to classify this 
two diseases as channelopathies, which is characterized by
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mutations in voltage-gated ion channel gene,48 although
whether TPP is a channelopathy or not remained a con-

49troversy.

Pathophysiology
The mechanism responsible for TPP is still unknown, 
although the association between hypokalemia and the pa
ralysis may provide a clue. Thyroid hormone alters plasma 
membrane permeability to sodium and potassium, a func
tion that is linked to Na+-K+-ATPase activity.50,51 Thyroid 
hormone per se (T4) increases the activity of this enzyme in 
tissue,10 resulting in greater intracellular transport of potas
sium in hyperthyroidism. 52 Other studies likewise suggest 
that the sodium pump plays a role in the pathogenesis of 
TPP.53,54 Hyperthyroidism increases tissue responsiveness to 
beta-adrenergic stimulation,55 which is likewise linked to 
enhanced Na+-K+-ATPase activity.56 This response also ac
counts for the control of TPP and protection from paralytic 
attacks that are afforded by non-selective beta-adrenergic 
blockers.19,57 More precisely, beta 2 receptors have been 
found to be specific to this effect.56 Insulin also may activate 
Na+-K+-ATPase activity, which explains the relation of pe
riodic paralysis to carbohydrate loads.56 Patients with TPP 
usually have hyperinsulinemia,58'60 which is accompanied 
by higher Na+-K+-ATPase activity.60 However, elevation of 
the insulin concentration was not seen in another study.19

Another feature of potassium metabolism is the diurnal 
variation in its movement, with an influx of potassium into 
skeletal muscle at night and an exercise-induced daytime 
efflux from the intracellular compartment to the extracel
lular fluid.17 This pattern may explain why paralytic attacks 
occur at night. However, hypokalemia may not be the sole 
cause of the neuromuscular manifestations of TPP. It is 
clearly a component of TPP but may not be the ultimate 
mediator. Several other factors may also play roles. For ex
ample, it has been suggested that hypophosphatemia and 
abnormal calcium metabolism mediate TPP.61 This idea is 
supported by the observation of neuromuscular symptoms 
in thyrotoxic normokalemic paralysis associated with glu
cose- or insulin-induced hypophosphatemia.

The defect of TPP lies in the muscles, rather than in the 
nerve or neuromuscular junction,1 as shown by the lack of 
muscular excitability in response to direct electrical stimu
lation during attacks of TPP.62 There is evidence that the 
primary defect is in the sacrolemmal membrane.5,17,53

Differential Diagnosis
The typical manifestations of TPP are easily differentiated 
from those of other types of paralysis. Thus, although TPP 
is identical in clinical presentation and biochemical features 
to familial periodic paralysis (FPP), hyperthyroidism is 
evidenced in patients with TPP. An additional clue is that 
most patients with FPP are Caucasian,5 whereas TPP is seen

in Asian populations.3 Moreover, FPP is autosomal domi
nant in transmission, so the patient usually has a positive 
family history. Both types of periodic paralysis predomi
nantly affect males,1,4,18,23,35'38 but TPP occurs at a later age 
than FPP. The simultaneous presence of TPP and FPP is 
extremely rare. To differentiate FPP from TPP patients with 
clinically silent thyrotoxicosis, intra-arterial infusion of low 
doses of epinephrine is of diagnostic value. In FPP, eletro- 
myographic picture shows a marked decrease in compound 
muscle action potential amplitude in response to epineph
rine infusion, but not in TPP. 18,63

Furthermore, periodic paralysis can be classified into 
three subgroups according to the level of serum potassium: 
hypokalemic (Hypo-KPP), normokalemic (Normo-KPP) 
and hyperkalemic (Hyper-KPP).48 They are easy to dif
ferentiate from TPP if symptoms of thyrotoxicosis is obvi
ous. Besides, Hyper-KPP patients have characteristically 
a strong family history, younger onset of disease attack, 
frequent attack of paralysis, and mostly importantly, a spe
cific neurological presentation, paramyotonia congenita.64 
Normo-KPP is a rare subgroup whose clinical characteris
tics is similar to Hyper-KPP, and is considered a variant of 
Hyper-KPP in a recent report.65 It is difficult to differenti
ate Normo-KPP from TPP with normal serum potassium 
concentration other than previous mentioned characteris
tics. In Hypo-KPP, they have similar clinical presentations 
to hypokalemic TPP except for hyperthyroidism. Intra-ar
terial infusion of low doses of epinephrine is of diagnostic 
value. Ethnic factor, family history and genetic background 
may provide another clue to differentiate Hypo-KPP from 
hypokalemic TPP.

Hypokalemia and paralysis can occur in other meta
bolic disorders, such as primary aldosteronism, Bartter or 
Gitelmans syndrome, and renal tubular acidosis (RTA).66'67 
There is a report of simultaneous TPP and RTA.69 One 
should be cautious in making the diagnosis of TPP, espe
cially when clinical manifestations of hyperthyroidism are 
not obvious. In TPP and FPP, hypokalemia and paralysis 
are secondary to acute intracellular shift of potassium.70 On 
the other hand, in metabolic disorders, the paralysis may be 
secondary to excessive renal excretion of potassium.71

Treatment
Correction of the hyperthyroid state is the definitive 
treatment for TTP. There is only one report of a patient 
developing TTP while in the euthyroid state.72 During 
treatment of hyperthyroidism, precipitating factors, such 
as extreme exertion, alcohol drinking, and carbohydrate 
overload, should be avoided. Some authors have suggested 
that large doses of potassium chloride might prevent attacks 
of paralysis,1 but recurrent attacks are not consistently pre
vented by potassium supplementation.1,7,35 The value of us
ing supplemental potassium routinely to prevent TPP thus
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is questionable. However, it is useful to supply potassium 
during acute periodic paralysis, especially when complicat
ing hypokalemia is suspected. However, caution is necessary 
because of the possibility of rebound hyperkalemia.16

Beta-blockers are used to improve thyrotoxicosis and 
periodic paralysis, benefits that are related to these drugs’ 
anti-hyperadrenergic effect.30 A large dose of propranolol, 
either orally or intravenously, may terminate the paralysis 
and rapidly reverse hypokalemia and hypophosphatemia 
during an acute attack.73,74 In patients with normokalemic 
TPP, prednisolone is an alternative; this agent may reverse the 
acute paralytic attack secondary to its inhibitory effect on the 
release of thyroid hormones.12

Several drugs have been tried for prevention of periodic 
paralysis. Acetazolamide was used for treatment and prophy
laxis with good effect in one series,75 although variable results 
were was reported by other observers.19,30,34,76 It appears that 
acetazolamide may induct disease onset,19 worsen the severity 
of attacks30,76 or have no effect.34 Spironolactone may be effec

tive in preventing acute attacks of paralysis in some patients.1 
On the other hand, propranolol decreases the frequency 
and attenuates the severity of periodic paralysis in most 
patients.19,29,55 One paper has suggested that beta-blockers 
be evaluated as first-line therapy if there is no contraindica
tion.73

Summary
TPP is commonly seen in Asian patients with hyperthyroid
ism but only rare in other populations. The condition should 
be considered when one is confronted with patients with 
acute muscle weakness, especially if they are male, young, and 
Asian. Absence of clinical or previous evidence of thyrotoxi
cosis does not exclude the diagnosis. Although TPP is usually 
self-limited, fatal complications can occur during an acute at
tack. Prompt termination of TPP is therefore advisable. Early 
recognition and early treatment with K supplementation and 
beta-blockers are the principles of successful management.
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