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The simultaneous development of diabetic ketoacidosis (DKA) and thyroid storm (TS) is a rare but potentially life-
threatening condition that requires immediate and targeted treatment. However, their combined diagnosis poses a 
serious challenge because of the similarities between their clinical manifestations. To date, only a few dozen cases 
have been described; most of which have been linked to the progression of thyrotoxicosis or uncontrolled hypergly-
cemia as contributing factors. We present the case of a 37-year-old woman with type 1 diabetes mellitus and 
Graves’ disease who presented with both TS and DKA. She was initially admitted to the emergency department as 
a suspected case of stroke. Severe hypoglycemia significantly lowered her alertness to TS and probably provoked a 
sharp hyperthyroid decompensation, thereby leading to subsequent DKA development.
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INTRODUCTION

Autoimmune thyroid diseases and type 1 diabetes mellitus (T1DM) 

are the most common autoimmune endocrinopathies collectively 

contributing to the development of autoimmune polyglandular syn-

drome type 3A.1)

 Acute complications of these diseases, such as thyroid storm (TS) 

and diabetic ketoacidosis (DKA), are life-threatening conditions and 

therefore require rapid verification and treatment.2,3) Untimely diagno-

sis and treatment can result in mortality rates as high as 10% in pa-

tients with TS.3)

 The simultaneous development of TS and DKA presents a mortality 

risk of 15%, thus requiring special attention. A combined diagnosis is 

often challenging because of the similarities between their clinical 

manifestations, various predisposing factors, and clinical masks at the 

outset.4) In contrast to DKA, the diagnosis of TS remains complicated; 

it is not based on laboratory parameters but on clinical symptom scor-

ing, which may be obscured when both conditions co-exist. In most 

instances, hyperglycemia is considered as an initiating mechanism 

having less frequent associations with thyrotoxicosis exacerbations.4,5) 

There is a pathophysiologic substantiation between the mutually po-

tentiating effects of thyrotoxicosis and hyperglycemia or DKA.6) How-

ever, isolated cases with an unusual combination of hypoglycemia and 

thyrotoxicosis or TS have been reported.7,8)

 In this article, we present a case of simultaneous TS and DKA devel-

opment in a patient with both T1DM and Graves’ disease, with an ini-

tial presentation of hypoglycemia and neurologic deficits.

CASE REPORT

Patient K is a 37-year-old female without a history of alcohol consump-

tion, smoking, or drug use. She was admitted to a city hospital’s emer-

gency department as a suspected case of acute cerebrovascular acci-

dent (ACV). Upon hospitalization, the patient exhibited the following 

symptoms: dizziness, unsteady gait, bilateral upper and lower extrem-

ity numbness, generalized weakness, cognitive deficits, and an episode 

of confusion.

 The patient has been suffering from T1DM for 5 years and has been 

receiving insulin therapy (insulin glargine 300 units/mL [18 units] and 

insulin aspart [1.0–1.7 units per meal]). Six months before admission, 

the patient had maintained a hemoglobin A1c level of 6.3%. Occasion-

al mild episodes of hypoglycemia (54–70 mg/dL) occurred approxi-

mately once a month, thus leading to palpitations and vestibular is-

sues; these episodes were resolved by consuming easily digestible car-

bohydrates. The patient had not been previously diagnosed with DKA.

 Upon hospitalization, the patient had a body temperature of 37.2°C, 

a body mass index of 19.6 kg/m2, a blood pressure of 137/85 mm Hg, 

and a heart rate of 120 beats/min. The patient’s skin was clean and dry. 

Neurologic status showed an episode of confusion and quadriparesis, 

with a strength of up to 4 points in the arms and up to 3 points in the 

legs. Babinski’s signs were positive on both sides. Coordination tests 

revealed severe ataxia in both sides. The thyroid gland was not en-

larged; no eye symptoms or exophthalmos were observed. Other or-

gan systems remained intact.

 Laboratory investigations (Table 1) revealed hypoglycemia (45–47.61 

mg/dL) and mild acidemia. Prior electrocardiogram revealed sinus 

tachycardia with a heart rate of 118 beats/min.

 Following a comprehensive evaluation including cerebrospinal fluid 

analysis, there was no evidence of stroke or infection. Changes in the 

central nervous system (CNS) were attributed to encephalopathy of 

dysmetabolic genesis.

 The patient’s condition improved after receiving the following: a bo-

lus injection of 100 mL of 50% dextrose with subsequent infusion, neu-

roprotective therapy, and metoprolol 50 mg (Betaloc ZOK; AstraZene-

ca AB, Södertälje, Sweden). Consciousness and lower-extremity 

movements were restored; although, the patient continued to experi-

ence generalized weakness, occipital pain, and dizziness. Glycemic 

levels were controlled by administering a short-acting insulin. The pa-

tient was then transferred to the therapeutic department on the sec-

ond day of hospitalization.

 Six years prior to admission, the patient had been diagnosed with 

Graves’ disease. She received thiamazole (Thyrozol; Merck KGaA, 

Darmstadt, Germany) for 12 months (at an initial dose of 30 mg with a 

gradual dose reduction to 5 mg), but was discontinued upon achieving 

clinical and laboratory remissions. Subsequently, the symptoms of 

thyrotoxicosis recurred, primarily in the form of hand tremors. The pa-

tient intermittently resumed thiamazole treatment without laboratory 

control until her symptoms subsided.

 Approximately 1 month prior to the current hospitalization, the pa-

tient noticed a decrease in her appetite, which she attributed to emo-

Table 1. Laboratory investigation

Variable
Day of hospitalization

1 5 7 10 Reference

рН 7.333 7.130 7.315 7.434 7.350–7.450
Glucose (mg/dL) 45/47 277.4 225.2 113.5 70–108
сНСО3 (mmol/L) 22 6.3 13.9 27.9 26.0–32.0
Anion gap (mmol/L) 15 36.3 43.9 11.1 10–12
Hemoglobin (g/L) 123 119 104 95 120–140
Leukocyte count (109/L) 8.6 19.8 11.7 5.9 4.0–9.0
Neutrophil, absolute (109/L) 7.4 11.9 9.9 5.4 1.8–6.6
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tional stress due to her child’s serious illness. Moreover, clinical symp-

toms, including shortness of breath, tremors, and palpitations, ap-

peared 2 days before hospitalization. The patient assumed that these 

symptoms were manifestations of hyperthyroid relapse; thus, she re-

sumed thiamazole treatment at 10 mg per dose.

 On the 3rd day of hospitalization, the endocrinologist decided to 

continue thiamazole treatment at a dose of 10 mg/d while awaiting 

hormonal profile test results, considering the clinical data showing the 

probability of thyrotoxicosis recurrence. Ultrasonography revealed dif-

fuse heterogeneity in the thyroid gland parenchyma and an enhanced 

vascular pattern in its tissues. The patient was also prescribed an inter-

mediate-acting insulin (8 units, 2 times/d) and insulin aspart (1.0–1.7 

units) to control hyperglycemia.

 On the 4th day of treatment, the patient experienced a single epi-

sode of vomiting, along with hyperglycemia (up to 315 mg/dL) and ke-

tonuria (45.3 mg/dL). Despite adjusting the insulin dose, the patient’s 

condition rapidly deteriorated the following day. This deterioration 

was marked by recurrent vomiting, vestibulo-ataxic symptoms, fever 

of up to 38.2°C, a decreased level of consciousness, tachycardia with a 

heart rate of up to 150–160 beats/min, and a respiratory rate of up to 20 

cycles per minute. Subsequently, the patient was transferred to the in-

tensive care unit.

 Laboratory investigations conducted on the 5th day revealed the fol-

lowing (Table 1): leukocytosis (19.8 thousand), increased C-reactive 

protein levels (23.4 g/L), increased blood glucose levels (277.4 mg/dL), 

severe ketonuria (greater than 45.3 mg/dL), and glycosuria (504.4 mg/

dL). The results of the acid-base status test indicated the development 

of DKA, as characterized by severe anion gap as well as fluid and elec-

trolyte imbalances (Na+ 131, K+ 3.5, and Cl- 101 mmol/L). Liver pa-

rameters and procalcitonin levels remained within normal ranges 

throughout hospitalization.

 Considering the manifestation of fever and signs of inflammatory 

syndrome, which are not typical of DKA, additional investigations 

were conducted; these included serological and microbiological diag-

nostics, a chest computed tomography scan, and ultrasound examina-

tions of the abdominal cavity and small pelvis. However, the tests did 

not reveal any underlying pathologic findings. Therefore, the observed 

changes in the CNS were attributed to metabolic disorders caused by 

acutely decompensating carbohydrate metabolism. Therefore, inten-

sive DKA therapy as well as correction of fluid and electrolyte imbal-

ances were initiated, thereby involving insulin infusions as well as so-

dium chloride and electrolyte solutions.

 Despite the partial resolution of metabolic derangements, the pa-

tient continued to experience obtundation, fever, tachycardia, and 

vomiting on the 7th day following hospitalization. These symptoms 

prompted an assessment for TS development. According to the Burch-

Wartofsky Point Scale (BWPS), the patient scored 65 points as follows: 

body temperature of 38.2°C (10 points), a heart rate of 150–160 beats/

min (25 points), nausea and vomiting (10 points), and moderate se-

verity of neurological manifestations (20 points) (Table 2).9) These 

scores indicated the presence of TS. Furthermore, when considering a 

history of hypoglycemia as a precipitating factor, the likelihood of TS 

increased to 75 points. Using the Japanese scale, the patient was cate-

gorized under the TS 2 (alternative combination) criteria for a diagno-

sis of TS.3)

 The dose of thiamazole was increased to 20 mg every 6 hours; that 

of metoprolol was adjusted to 25 mg every 6 hours. In addition, Pred-

nisolone was administered at 30 mg every 6 hours. The patient contin-

ued to receive insulin infusions as well as rehydration and electrolyte 

imbalance correction, accompanied with urine volume and central 

venous pressure monitoring on a per-hour basis. Due to hypoalbu-

minemia (26 g/L), supplementary parenteral nutrition was adminis-

tered. After 3 days of treatment, which was on the 10th day of hospital-

ization, the patient experienced a cessation of vomiting, normalization 

of body temperature, a reduction in heart rate to 78 beats/min, in-

creased motor activity, the return of appetite, and resolution of DKA. 

Laboratory tests confirmed the presence of thyrotoxicosis as follows: 

Table 2. The Burch-Wartofsky Point Scale for diagnosis of thyroid storm9)

Criteria Points

Temperature (°F [°C])
   99–99.9 (37.2–37.7) 5
   100–100.9 (37.8–38.2) 10
   101–101.9 (38.3–38.8) 15
   102–102.9 (38.9–39.2) 20
   103–103.9 (39.3–39.9) 25
   ≥104.0 (≥40.0) 30
Heart rate (beats/min)
   100–109 5
   110–110 10
   120–129 15
   130–139 20
   ≥140 25
Atrial fibrillation
   Absent 0
   Present 10
Congestive heart failure
   Absent 0
   Mild (pedal edema) 5
   Moderate (bibasilar rales) 10
   Severe (pulmonary edema) 15
Gastrointestinal-hepatic dysfunction
   Absent 0
   Moderate (diarrhea, nausea/vomiting, abdominal pain) 10
   Severe (unexplained jaundice) 20
Central nervous system effects
   Absent 0
   Mild (agitation) 10
   Moderate (delirium, psychosis, extreme lethargy) 20
   Severe (seizures, coma) 30
Precipitating event
   Absent 0
   Present 10
Total score
   >45 Thyroid storm
   25–45 Impending storm
   <25 Storm unlikely
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thyroid-stimulating hormone <0.01 (0.35–5.5 μIU/mL), free thyroxine 

3.31 (0.89–1.76 ng/dL), free triiodothyronine 7.07 (2.3–4.2 pg/mL), thy-

roid-stimulating hormone receptor antibodies 3.16 (0–0.75 IU/L). Ow-

ing to positive clinical dynamics, the thiamazole and metoprolol dos-

ages were adjusted to 40 mg/d and 50 mg/d, respectively; Predniso-

lone was continued at 30 mg/d orally, with a recommendation to 

gradually reduce its dose by 5 mg every 5 days until discontinuation.

 On the 14th day of treatment, the patient was transferred to the ther-

apeutic department. Based on sustained positive clinical dynamics, 

she was subsequently discharged from the hospital on the 17th day 

and was recommended to undergo radioiodine therapy after achiev-

ing compensation for hyperthyroidism.

 Written informed consent for publication of this case was obtained 

from the patient. 

DISCUSSION

The simultaneous occurrence of TS and DKA in our patient represent-

ed a rare yet potentially life-threatening clinical situation. To date, only 

a few cases involving this combination have been described, with only 

one published systematic review on this subject.4) An important con-

clusion arising from these observations was the extreme complexity of 

TS diagnosis, mostly due its overlapping clinical symptoms with DKA. 

There are two main reasons for developing such a combination, i.e., 

progression of thyrotoxicosis or uncontrolled hyperglycemia. The 

specificity of our clinical case was that severe hypoglycemia probably 

contributed to the development of TS and DKA.

 Under these conditions, the timely recognition of the prerequisites 

for TS and DKA is crucial. Prerequisite recognition depends on the 

presence of thyrotoxicosis and/or DM in a patient’s history as well as 

any potential triggering factors.5) Triggering factors may ultimately lead 

to decompensating thyrotoxicosis or DM. The relationship between 

hyperglycemia and thyrotoxicosis is often discussed and realized by 

involving mechanisms such as increased gluconeogenesis and glyco-

genolysis as well as reduced peripheral insulin sensitivity. Insufficient 

compensation for carbohydrate metabolism and thyrotoxicosis are 

common triggers for the development of both TS and DKA.5,6)

 In our case, the development of TS and DKA in our patient with 

T1DM and Graves’ disease was preceded by the unusual occurrence 

of hypoglycemia. Indeed, there have been very few documented clini-

cal scenarios in which severe thyrotoxicosis, including TS, co-mani-

fested with severe hypoglycemia; this may have been caused by an-

orexia, liver dysfunction, heart issues, or adrenal insufficiency, either 

primary or as a result of ß-blocker therapy.7,8)

 We hypothesized that the development of severe hypoglycemia in 

our patient was likely provoked by a prolonged reduction in daily ca-

loric intake due to decreased appetite and lack of insulin therapy ad-

justment. Poorly controlled latent hyperthyroidism may also have 

contributed to this effect, thereby potentially masking hypoglycemia 

by accelerating basal metabolism as well as facilitating the peripheral 

transport and utilization of glucose by various tissues.10)

 Our patient was initially admitted with acute neurologic deficits, 

thus necessitating an investigation to exclude stroke; this was success-

fully ruled out. It was highly probable that these symptoms, including 

quadriparesis, vestibular symptoms, and confusion, were primarily 

associated with thyrotoxicosis rather than hypoglycemia.10) Addition-

ally, the presence of thyrotoxicosis upon hospitalization was further 

supported by the unexplained hyperthermia and increased vascularity 

of the thyroid gland. However, the patient’s confusion and absence of 

pathognomonic symptoms of Graves’ disease, i.e., exophthalmos, goi-

ter, and tremors, posed challenges in approaching the differential di-

agnoses. Upon hospitalization, the probability of developing TS ap-

peared to be low (BWPS=20 points) as CNS changes did not fully meet 

the criteria; only elevated body temperature and tachycardia were ob-

served. Consequently, thiamazole was resumed at a dose of 10 mg, 

which was later found to be insufficient.

 Between the 4th and 5th day of hospitalization, despite a brief peri-

od of improvement and management of glycemia with insulin, there 

was a resurgence of hyperglycemia and severe DKA. Moreover, the re-

currence of unexplained fever and severe tachycardia, even during 

DKA treatment and in the absence of infection or other causes, led to 

reconsidering a high probability of TS (BWPS=75 points). Several indi-

rect indicators suggested the simultaneous development of DKA and 

TS. First, a significant improvement in the patient’s condition was ob-

served after increasing the doses of thiamazole and metoprolol as well 

as adding Prednisolone in accordance with the recommended TS 

treatment protocols. Second, the laboratory results confirmed the 

presence of primary hyperthyroidism.

 The present case not only demonstrated the complexity and impor-

tance of timely diagnosing TS against the background of DKA, but also 

illustrated another scenario for TS development. It is likely that more 

severe-than-usual hypoglycemia in a patient with unstable remission 

of Graves’ disease leads to thyrotoxic decompensation by activating 

contra-insular (stress) mechanisms. Subsequently, a well-known cas-

cade of metabolic disorders may be triggered, thus culminating the 

onset of DKA.6)

 Currently, the diagnostic scales for TS have not been validated for 

use in patients with DKA, owing to the rarity of such co-existing condi-

tions. Therefore, gathering information regarding the features of such 

clinical situations remains of paramount importance for enhancing 

diagnostic algorithms. Therefore, if our assumption about the role of 

hypoglycemia as a precipitating factor is accurate, it suggests that our 

patient might have had a higher risk for TS according to the BWPS (+10 

points) from the outset; earlier correction of thyrostatic therapy could 

have prevented the development of DKA.

 In conclusion, the simultaneous development of thyrotoxicosis and 

DKA is an uncommon yet potentially life-threatening clinical scenario, 

thereby rendering prompt TS and DKA assessments difficult even in 

patients with a known history of T1DM and Graves’ disease. Severe 

hypoglycemia can also lead to the development of TS. Therefore, it 

may be a compelling reason to further re-evaluate and provide adjust-

ments to the thyroid status.
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