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Abstract

BACKGROUND

Thyrotoxic periodic paralysis (TPP) is an endocrine emergency caused by
thyrotoxicosis, manifesting mainly as periodic myasthenia and hypokalemia, and
posing a serious threat to the patient's health. Fatigue, strenuous exercise, alcohol
abuse, high carbohydrate intake and insulin injections are common triggers of
paralysis. This article reports a case of severe TPP induced by insulin injection,
elucidates the characteristics and pathogenesis of the disease, analyses the risk
factors for triggering TPP, and hopefully provides more clinical data for TPP
patients.

CASE SUMMARY

A 38-year-old Asian man presented to the emergency department with a one-
week history of limb weakness and worsening half-day. His medical history
included poorly controlled type 2 diabetes and he had been switched to Aspart50
a week earlier. He was alert and oriented with upper extremity strength grade 3
and lower extremity strength grade 1. Emergency department tests showed
hypokalemia of 1.6 mmol/L. The paramedics administered 1.5 g of potassium
intravenously, followed by 4.0 g orally. Weakness in the arms and legs improved.
He was referred to endocrinology where he was diagnosed with Graves' disease,
with suboptimal control and insulin injections possibly causing TPP. We stopped
his insulin and he was discharged with a potassium level of 4.0 mmol/L.

CONCLUSION

Insulin is a trigger for TPP and should be avoided in patients with hyper-
thyroidism. Early recognition and treatment of TPP is crucial, especially in
patients presenting with hypokalemic periodic paralysis.

Key Words: Thyrotoxic periodic paralysis; Potassium metabolism disorders; Insulin;
Triggers of paralysis; Case report
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Core Tip: Thyrotoxic periodic paralysis (TPP) is a severe endocrine emergency associated with potassium metabolism
disorders. We report a case of severe TPP induced by insulin injection, which is rarely reported, and our study systematically
elucidates the characteristics and pathogenesis of the disease, analyses the risk factors for triggering TPP, and hopefully
provides more clinical data for TPP patients.

Citation: Wang YL, Li J. Insulin-induced severe thyrotoxic periodic paralysis: A case report. World J Clin Cases 2025; 13(7): 101214
URL: https://www.wjgnet.com/2307-8960/full/v13/i7/101214.htm
DOI: https://dx.doi.org/10.12998/wjcc.v13.i7.101214

INTRODUCTION

Thyrotoxic periodic paralysis (TPP) is a severe complication of thyrotoxicosis. Its clinical manifestations are dominated by
metastatic hypokalemia and flaccid muscle paralysis. Although TPP can be caused by thyrotoxicosis for a variety of
reasons, the most common aetiology is Graves' disease[1]. In contrast to the global distribution of Graves' disease, TPP
shows significant racial and gender differences. TPP occurs at higher rates in Asian populations, ranging from 2% to 24%,
but only 0.1% to 0.2% in non-Asian North Americans. It is also more common in males, with a male-to-female ratio of
about 20:1, and the age of onset is usually 20-40 years[2,3]. Patients with TPP usually have subtle symptoms related to
hyperthyroidism, and in about 75% of cases, it appears shortly after hyperthyroidism is diagnosed, but may precede its
onset[4]. It is characterized by hypokalemia associated with acute proximal symmetrical weakness of the lower limbs and
pelvic girdle, and may extend to all four limbs and the respiratory muscles[5]. Rapidly recognizing and stopping TPP is
essential to avoid potentially fatal complications. Several factors can induce TPP, and a case of TPP induced by insulin
injection is reported below.

CASE PRESENTATION

Chief complaints
One-week history of limb weakness and worsening half-day.

History of present illness

The patient had a history of primary hyperthyroidism and had been started on methimazole 10 mg Per Os daily without
regular endocrine monitoring. At the onset of this episode his limb weakness was minimal, but in the last 12 hours the
limb weakness has worsened dramatically.

History of past illness
His medical history included five years of poorly controlled type 2 diabetes mellitus treated with oral glimepiride and
metformin. A week earlier, he had been switched to injectable insulin Aspart50.

Personal and family history
No family history of hyperthyroidism or related conditions, father had type 2 diabetes mellitus.

Physical examination

On clinical examination, the man was obese with clammy skin. He was alert and oriented with a respiratory rate of 20
breaths/min, heart rate of 91 beats/min, and blood pressure of 111/73 mmHg. Notable findings included grade II non-
tender thyroid enlargement and an audible vascular murmur over both thyroid lobes. The patient had grade 3 upper
extremity strength and grade 1 lower extremity strength. Deep tendon reflexes were reduced in the legs but normal in the
arms.

Laboratory examinations

Laboratory tests in the emergency department showed hypokalemia of 1.6 mmol/L. The results of other biochemical
investigations are shown in Table 1. Thyroid function tests were consistent with biochemical thyrotoxicosis (Table 1).
Other hormones affecting blood potassium were all within normal ranges (Table 1).

Imaging examinations

The electrocardiogram showed sinus tachycardia with a flattened T wave (Figure 1), no electromyography information
was available as the patient's muscle strength quickly returned. Thyroid ultrasound showed that the thyroid was regular
shaped, internal echoes were coarse and heterogeneous, and blood supply was abundant. Left superior thyroid artery
peak flow velocity was 120 cm/s, resistive index (RI): 0.56, and right superior thyroid artery peak flow velocity was 157
cm/s, RI: 0.63.
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Table 1 Laboratory findings obtained of thyrotoxic periodic paralysis

Wang YL et al. Insulin-induced TPP

Laboratory test Patient’s result Normal value range
Hormonal data

TSH (mIU/L) 0.013 0.35-5.1

FT4 (pmol/L) 326 6.44-18.02
FT3 (pmol/L) 12.8 2.76-6.45
TRAD (IU/L) 18.7 0-1.75
Renin (mIU/L) 18.63 4.67-47.59
Aldosterone (ng/dL) 12.77 3.1-35.1
Cortisol (nmol/L) 343.79 176.57-629.0
Blood biochemistry (mmol/L)

Potassium 1.6 3:5-5.3
Calcium 218 211-2.52
Magnesium 0.64 0.75-1.02
TCO, 21.3 23-29
Plasma glucose 10.36 3.85-6.11
Urinary biochemistry

Potassium (U) (mosm/KgH,0) 723 600-1000
Osmolarity (U) (mmol/L) 15.50 25-100

TSH: Thyroid-stimulating hormone; FT4: Free thyroxine; FT3: Free triiodothyronine; TRAb: TSH receptor autoantibodies; TCO,: Total carbon dioxide.

Figure 1 Electrocardiogram results.

FINAL DIAGNOSIS

TPP and Graves' disease.
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TREATMENT

The paramedics immediately administered 1.5 g of intravenous potassium, followed by 4.0 g of oral potassium. The
weakness in the arms and legs was progressively reduced, with full recovery of muscle strength approximately 10 hours.
The patient was referred to endocrinology for further evaluation as his serum potassium level normalized to 3.8 mmol/L.
The clinical presentation and laboratory findings supported the diagnosis of Graves' disease, with suboptimal control and
insulin injections possibly causing TPP. We stopped his insulin and he was discharged with a potassium level of 4.0
mmol/L without potassium supplementation.

OUTCOME AND FOLLOW-UP

The patient was discharged from hospital and scheduled for radioactive iodine treatment at the Nuclear Medicine
Department. The patient was cured of hyperthyroidism with no hypokalemia during the six months of follow-up and
normal thyroid hormone levels were monitored. The patient is at risk of developing hypothyroidism and needs to be
followed closely.

DISCUSSION

TPP is closely associated with impaired potassium metabolism; maintaining normal total body potassium levels suggests
that hypokalemia is caused by translocating potassium into the intracellular space[6]. Thyroid hormones can increase
skeletal muscle Na/K ATPase activity, thereby accelerating potassium space transfer. Hyperthyroidism can amplify the
b2 adrenergic pump by increasing intracellular cAMP. Insulin induces cellular K+ shifts by stimulating the intrinsic
activity or membrane insertion of the Na/K ATPase[7]. Studies have shown that mutations and functional defects in the
skeletal muscle-specific inward rectifier potassium ion channel Kir2.6 are the cause of this disease. Deletion of Kir2.6 has
been found in approximately 33% of TPP patients[8,9]. TPP is also associated with genetic mutations (e.g., KCNE3) and
certain leukocyte antigen subtypes (A2BW22, AW19B17, B5, BW 46, DRw8) that increase Na/K ATPase pump activity or
alter other potassium channels in skeletal muscle cells[10]. In addition, hyperthyroid patients have calcium channel
abnormalities, which can affect muscle contraction coupling, leading to muscle paralysis[7]. Young and middle-aged
adult males appear to be most affected by TPP, possibly due to the stimulatory effect of testosterone on the Na/K
ATPase, while estrogen reduces its activity[11]. Unfortunately, we do not have the genetic test results in this case, which
we hope to obtain during subsequent follow-up.

TPP is rare. Other conditions to consider include familial hypokalemic periodic paralysis and myasthenia gravis.
Familial hypokalemic periodic paralysis is familial and easy to identify. Hyperthyroidism and myasthenia gravis are
autoimmune diseases that may occur together in patients with autoimmune deficiencies[12]. Hyperthyroidism is present
in 3%-5% of patients with myasthenia gravis, which is 20-30 times more common in women. Patients usually present with
hyperthyroidism, leading to missed diagnoses of myasthenia gravis. This is similar to myasthenia gravis in general, but
milder, with ocular muscle involvement and anti-acetylcholine receptors not readily detected in serum[13].

Initial symptoms of TPP are non-specific and include cramps, pain, or stiffness. Typically, muscle involvement is most
severe in the proximal lower limbs, and upper motor neuron involvement may cause respiratory paralysis[5]. Paralysis
can last from minutes to days and occur from a few times a year to several times a day, often more frequently at night or
when resting after exercise[5]. In some cases, severe hypokalemia can cause fatal arrhythmias, such as ventricular fibril-
lation. Rapid intravenous potassium replacement is necessary to reverse muscle weakness and prevent life-threatening
cardiac complications. In acute hypokalemia without systemic K+ deficit, cells rapidly release potassium once the seizure
resolves; aggressive treatment may cause rebound hyperkalemia, occurring in about 40%-60% of TPP[14]. Low-dose
potassium supplementation is recommended in the absence of serious cardiovascular complications. Research has shown
that beta-blockers can be used as an adjunct treatment, particularly in patients with hypokalemia related to high adrenal
activity[15]. Potassium supplementation may relieve symptoms during episodes, but will not prevent them. The long-
term goal of treating TPP is to normalize thyroid function and avoid triggering acute episodes.

Factors such as high carbohydrate intake, excessive exercise, psychological stress, infection and trauma can trigger
TPP. Chronic alcohol abuse may increase a patient's tolerance to profound hypokalemia, it may cause patients, partic-
ularly those with hyperthyroidism, to develop TPP[16]. Medications such as insulin, potassium-sparing diuretics,
adrenaline, digitalis and propranolol should be avoided. Recent research suggests that new coronavirus infections may
potentially cause TPP[17]. People with TPP have increased insulin release on oral glucose challenge, supporting the
theory that insulin plays a role in the pathogenesis of hypokalemia[9]. Insulin has been shown to stimulate Na/K ATPase
activity and the insulin response sequence is located in the upstream region of the Na/K ATPase gene[9]. This may explain
why large carbohydrate intakes or insulin injections can induce TPP. In this case, the patient's flaccid paralysis was
confirmed by elevated thyroid hormone levels and severe hypokalemia, excluding other possible causes. The patient
suffered acute hypokalemia after insulin injection, suggesting insulin injection may indicate TPP. Future clinical practice
should pay more attention to choosing hypoglycemic agents to avoid using insulin. There is currently no consensus on
treatment recommendations for hyperthyroidism in patients with TPP. Radioiodine therapy can rapidly reverse thyrotox-
icosis and prevent the recurrence of TPP, but lifelong hypothyroidism is a significant side effect. Oral anti-thyroid drugs
have a slow onset of action, require long treatment periods, and can result in fluctuating thyroid hormone levels.
Therefore, choosing the appropriate treatment regimen for hyperthyroidism in TPP patients remains a challenging issue
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and decisions should be based on patient preference.

CONCLUSION

All patients with muscle weakness, especially middle-aged men of Asian descent presenting with acute muscle weakness
or paralysis and hypokalemia, should be considered for TPP. Even if there are no overt symptoms or signs of thyrotox-
icosis, thyroid function tests should be carried out. Treatment includes replacing potassium and controlling
hyperthyroidism. Moderate potassium replacement to prevent rebound hyperkalemia, and beta-blockers for refractory
symptoms. Avoidance of known triggers and restoration of euthyroid status with appropriate treatment may reduce
relapses.
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