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This report describes a case of concomitant diabetic ketoacidosis (DKA) and
thyroid storm (TS) in a 20-year-old male patient that presented both diagnostic
and management challenges owing to their intricate interrelationship in
endocrine-metabolic disorders. The patient, previously diagnosed with type 1
diabetes mellitus (TIDM) and hyperthyroidism, was admitted to the emergency
department with symptoms of DKA and progressive exacerbation of TS. Initial
treatment focused on correcting DKA; as the disease progressed to TS, it was
promptly recognized and treated. This case emphasizes the rarity of
simultaneous occurrence of DKA and TS, as well as the challenges in clinical
diagnosis posed by the interacting pathophysiological processes and overlapping
clinical manifestations of DKA and TS. The patient’s treatment process involved
multiple disciplines, and after treatment, the patient’s critical condition of both
endocrine metabolic diseases was alleviated, after which he recovered and was
eventually discharged from the hospital. This case report aims to emphasize the
need for heightened awareness in patients with complex clinical presentations,
stress the possibility of concurrent complications, and underscore the
importance of prompt and collaborative treatment strategies.
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1 Introduction

Hyperthyroidism and diabetes mellitus (DM) are both widespread endocrine disorders
with profound implications for global public health. Thyroid storm (TS), a crucial and
potentially fatal manifestation of hyperthyroidism, is characterized by an abrupt surge in
thyroid hormone levels, precipitating severe hypermetabolic symptoms (1). The global
prevalence of hyperthyroidism is approximately 0.8%, and while the incidence of TS is
relatively low, it is associated with a substantially high mortality rate ranging from 10% to
20% (2). Type 1 diabetes mellitus (DM) is an autoimmune disease characterized by the
autoimmune destruction of pancreatic B-cells, necessitating a lifelong dependency on
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insulin (3). Diabetic ketoacidosis (DKA), a serious complication of
DM, manifests with hyperglycemia, elevated ketone bodies, and
metabolic acidosis (4).

Several epidemiological studies have revealed a higher
prevalence of comorbidity between thyroid disease and diabetes
than in the general population, although direct evidence is lacking
(5-7). This suggests a complex interrelationship between the
pathophysiological processes of hyperthyroidism and diabetes,
and the two disorders are often present in the same individual
(8). The coexistence of these conditions complicates treatment and
increases patient risk, particularly when hyperthyroidism
progresses to TS and DM progresses to DKA, requiring rapid
recognition and urgent treatment.

Despite the well-established diagnostic approaches and
treatment protocols for TS and DKA, limited literature is
available on the diagnostic approaches and treatment strategies
for their simultaneous presentation. This rare clinical situation
poses a significant challenge to clinicians, requiring
interdisciplinary knowledge and decision-making skills in the
management of acute and critical illnesses. Here, we present a
case of concomitant DKA and TS in a young male patient, who
recovered and was eventually discharged from the hospital with
prompt and effective treatment. The objective of this case report is
to share the diagnostic challenges and therapeutic passages when TS
and DKA co-occur to inform clinical practice.

2 Case presentation

A 20-year-old male patient was admitted to the emergency
department 2 months ago with suspected DKA. The patient was
diagnosed with T1IDM ketoacidosis and hyperthyroidism 4 years
ago, following the onset of symptoms such as polydipsia, polyuria,
and xerostomia. Unfortunately, specific details regarding the initial
diagnostic and treatment process as well as prior medical records
are unavailable. He was treated with rehydration and glucose-
lowering therapies during the hospital stay. Following discharge,
the patient was initiated on subcutaneous insulin therapy. However,
he exhibited frequent insulin omissions, approximately 4-5 times
per week, leading to inadequate glycemic control. Additionally, the
patient was prescribed methimazole treatment for 9 months but
discontinued it based on medical advice without subsequent thyroid
function tests or related antibody assessments. One year ago, the
local hospital adjusted the insulin regimen to insulin aspart 15 units
subcutaneously three times daily and insulin detemir 30 units
subcutaneously nightly, with no accompanying blood glucose
monitoring. He presented to the emergency room primarily
because of acute medical concerns—a significant 3-day history of
fever, vomiting, and abdominal pain. He reported 8-10 episodes of
non-bilious vomiting without hematemesis, associated with
generalized abdominal pain. Further, he described the abdominal
pain as intermittent, colicky, 7/10 on the numeric rating scale, and
non-radiating. He denied having cough, expectoration, sore throat,
rhinorrhea, diarrhea, melena, and dysuria. Importantly, he had
discontinued his subcutaneous insulin therapy 3 days prior to
this admission.
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In the emergency room, he was conscious with a temperature of
36.4°C, pulse of 145 beats/min, respirations of 35 breaths/min,
blood pressure of 135/69 mmHg, SPO2 of 99% on room air, and a
Glasgow Coma Scale (GCS) score of 15. He had generalized dry,
warm skin, an enlarged neck, a grade 2 enlargement of the thyroid
gland with no palpable nodules, and no vascular murmur. The
lungs were clear on auscultation, heart rate was 145 beats/min with
regular rhythm, and heart sounds were hyperdynamic. The
abdominal muscles were tense, and there was tenderness and
rebound pain throughout the abdomen. There was no bilateral
lower extremity edema. Initial laboratory data indicated significant
metabolic acidosis, with a plasma glucose level of 20.4 mmol/L and
B-hydroxybutyrate level of 6.76 mmol/L. Arterial blood gas analysis
showed a pH of 7.21, an anion gap of 19 mmol/L, and a delta ratio
of 0.65. Thyroid function tests revealed thyrotropin at <0.01 uIU/
mL (0.60-4.40), free triiodothyronine at 9.86 pg/mL (2.25-3.58),
and free thyroxine at >5.00 ng/dL (0.85-1.38). Additionally,
infectious markers such as leukocytes and neutrophil ratio and
other biochemical tests were elevated (detailed in Table 1). The
electrocardiogram displayed marked sinus tachycardia. Abdominal
computed tomography scans revealed diffuse severe fatty liver, that
did not reveal any findings necessitating surgical intervention.
According to the Burch-Wartofsky Point Scale (BWPS) (1) and
the Japanese Thyroid Association’s (JTA) guidelines for the
management of TS (9), our patient met the diagnostic criteria for
TS which included a score of 45 points and TS2, respectively.
Because he did not exhibit persistent hyperthermia and had a
normal temperature in the emergency room, he was believed to
be experiencing inflammation as a result of a bacterial infection.
Conversely, his tachycardia and gastrointestinal symptoms were
attributed to DKA, leading to a diagnosis of DKA and pre-TS.
Consequently, he was transferred to the endocrinology ward for
further treatment.

In the endocrinology ward, he received continuous intravenous
infusion of insulin to maintain glycemic control and aggressive
intravenous fluid therapy to replenish lost fluids. Additionally, he
was administered propylthiouracil 100 mg (t.i.d) to control thyroid
function, propranolol 10 mg (t.i.d) to regulate his heart rate, and
piperacillin tazobactam as the antibiotic. During treatment, the
patient’s heart rate gradually ranged between 113-123 beats/min,
and his blood pressure fluctuated between 146 and 156/84-89
mmHg. Concurrently, his body temperature peaked at 37.6°C,
which eventually returned to normal without intervention.
Approximately 10 hours after admission, the patient experienced
a sudden onset of coughing, accompanied by the expulsion of pink,
frothy sputum, shortness of breath, agitation, a heart rate of 128
beats/min in sinus rhythm, a respiration rate of 25 beats/min, and a
decrease in pulse oximetry to 88%. Furthermore, chest auscultation
revealed bilateral wet rales and slight wheezing, and bedside chest
radiography was promptly performed, which showed bilateral
pulmonary markings and scattered patchy infiltrates around both
pulmonary hila, leading to the diagnosis of acute heart failure.
Accordingly, he was administered deacetyldigoxin injection,
furosemide, and nitroprusside intravenously, and budesonide via
nebulization to alleviate airway spasm. Following this treatment, the
patient’s cough and shortness of breath improved, and he was
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TABLE 1 Summary of patient’s laboratory test results.
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Test Name 11/29/2023 11/30/2023 12/01/2023 12/04/2023 12/07/2023 ng;r?::]ce
Day 1 Day 2 Day 3 DEVAS Day 9 Ran

ge
WBC 14.23 12.03 7.50 5.46 6.57 3.5-9.5x1019/L
NEUT% 79.9 87.6 71.9 33.5 444 40.0-75.0%
Hb 131 126 129 148 142 130-175 g/L
PLT 285 263 178 196 203 125-350x1079/L
CRP 11.86 25.10 10.79 <10.00 <10.00 < 10.00 mg/L
PCT 0.34 0.35 321 0.33 - < 0.05 ng/mL
BC Negative - - - - negative
PH 7.21 7.38 7.25 7.36 7.34 7.35-7.45
Na* 127 134 133 134 138 137-147 mmol/L
K" 4.60 3.94 3.92 3.33 4.26 3.50-5.30 mmol/L
Glu 20.40 7.94 10.80 5.88 9.66 3.90-6.10 mmol/L
CO, 6.07 19.57 11.57 20.78 23.83 20-30 mmol/L
BHB 6.76 0.49 6.41 0.46 0.25 <0.30 mmol/L
HbAlc 9.9 - - - - 4.0-6.4%
ALT 43.11 - - 50.00 47.28 9-50 U/L
AST 3717 - - 51.74 43.37 15-45 U/L
TBIL 20.29 14.14 16.54 <23.00 umol/L
TSH <0.01 N = - - 0.60-4.40 pIU/mL
FT3 9.86 - - - - 2.25-3.58 pg/mL
FT4 >5.00 - - - - 0.85-1.38 ng/dL
TRAb 19.17 - - - - <1.75 IU/L
TgAb 10.50 - - - - <4.11 TU/mL
TPOADb >1000.00 - - - - <5.61 TU/mL
GADA positive - - - - negative

WBC, white blood cell count; NEUT%, neutrophil percentage; Hb, hemoglobin; PLT, platelet count; CRP, c-reactive protein; PCT, procalcitonin; BC, blood culture; PH, blood pH; Na+, sodium;
K+, potassium; Glu, glucose; CO2, carbon dioxide; BHB, B-hydroxybutyric acid; HbAlc, glycated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total
bilirubin, TSH, thyroid stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; TRAb, thyroid receptor antibodies; TgAb, thyroglobulin antibodies; TPOAb, thyroid peroxidase

antibodies; GADA, anti-glutamic acid decarboxylase antibodies.

immediately transferred to the intensive care unit for further
assessment and care.

In the intensive care unit, the patient experienced hyperthermia,
with a peak temperature of 39.7°C accompanied by diarrhea, blood
pressure of 160/95 mmHg, and a heart rate of >150 beats/min in
sinus rhythm. At this time, the patient’s BWPS score reached 85,
and the JTA criteria met TSI, which indicated the presence of TS.
The patient was administered an intravenous push of
dexamethasone injection 2 mg every 6 h, along with oral
propylthiouracil tablets at a dosage of 200 mg every 8 h, and an
oral compound iodine solution at a dosage of 0.5 mL every 6 h,
containing 63.5 mg of iodine. In addition, intravenous esmolol was
used to control the ventricular rate, and other appropriate
treatments were provided. Post-treatment, the patient experienced
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relief from abdominal pain and a return to normal body
temperature, with the heart rate dropping to a rate of 100-110
beats/min. The patient was subsequently re-transferred to the
Department of Endocrinology. Upon transfer, iodine was
discontinued, and the dosage of glucocorticoids was gradually
reduced until they were completely discontinued. Additionally,
the dosage of propylthiouracil was reduced to 100 mg every 8 h.
Follow-up assessments revealed thyrotropin receptor antibodies at
19.17 TU/L (normal range: <1.75), anti-glutamic acid decarboxylase
antibodies (+), and glycosylated hemoglobin levels of 9.9%. During
his hospitalization, ketoacidosis with normal blood glucose levels
was observed on several occasions, necessitating the administration
of strengthened parenteral nutrition and subcutaneous insulin
injections to maintain blood glucose levels between 8 and 12

frontiersin.org


https://doi.org/10.3389/fendo.2024.1403893
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Huang et al.

mmol/L. After the patient was transferred back to the
endocrinology ward, we conducted systematic patient education
to help him better understand the objectives of various treatment
measures and their potential impact on his condition. After 9 days
of hospitalization, the patient’s health improved. His blood glucose
levels were maintained within the target range of 8-12 mmol/L,
multiple re-evaluations of blood gas analyses indicated a return to
normal acid-base balance, and the anion gap was consistently
within the normal range. Additionally, repeated tests for both
blood and urine ketones were negative. Based on these clinical
and laboratory findings, we concluded that the patient’s DKA had
been effectively resolved. The patient was subsequently discharged
from the hospital and instructed to continue receiving
subcutaneous insulin injections to lower glucose levels and to
switch from propylthiouracil to methimazole for the treatment of
hyperthyroidism. After discharge, the patient continued his
recovery in a home environment. He reported that with proper
medication management over time, there was a significant
improvement in his quality of life.

3 Discussion

The relationship between DM and thyroid disease is a complex
one, involving several genetic, biochemical, and pathophysiological
factors. Abnormal thyroid function has been identified as a risk
factor for DM, and it can also complicate disease progression and
treatment. It is crucial to diagnose and treat diabetic patients who
have concomitant thyroid disease as early as possible to prevent
further complications and optimize outcomes.

A systematic review has indicated that the yearly incidence of
DKA among individuals with TIDM encompasses a spectrum
ranging from 0 to 56 instances per 1,000 individuals (10).
Furthermore, a study from Japan reported a yearly incidence of
TS in hospitalized patients at 0.2 cases per 100,000 individuals,
along with a notably high mortality rate of 10.4% (11). Noteworthy
catalysts for TS onset include irregular utilization of anti-thyroid
medications, infectious etiologies, occurrences of DKA, surgical
interventions, radioiodine therapy, adrenal insufficiency, and
administration of iodine-containing contrast agents (1). Among
these, the cessation of antithyroid medications, infectious episodes,
and occurrences of DKA are particularly prevalent and deemed
conceivable triggers for TS in the clinical scenario under
consideration. The present case manifests a cascade of events
wherein an acute infectious episode precipitated DKA,
subsequently culminating in TS. Of paramount concern, an
empirical report underscored a mortality rate of 15% in cases
where TS coexists with DKA (12). Despite the substantial fatality
associated with this complex clinical entity, it is noteworthy that the
incidence of TS complicating DKA remains infrequent. However,
meticulous statistical data pertaining to this specific intersection of
pathologies are not yet readily available.

Hyperthyroidism exerts its influence on glucose metabolism by
inducing insulin resistance through the upregulation of glucose
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production via glycolytic and gluconeogenic pathways, while
concurrently enhancing intestinal glucose absorption (13).
Additionally, thyroid hormones contribute to lower serum insulin
levels by augmenting renal excretion (14). This dual impact results
in insulin deficiency and resistance, lifting the inhibition on
hormone-sensitive lipase, thereby fostering uncontrolled fat
breakdown and increased fatty acid oxidation, ultimately elevating
ketone production (15). The amalgamation of these metabolic
perturbations manifests as hyperglycemia and DKA, a
phenomenon that explains the recurrent episodes of
normoglycemic DKA observed in the present case, thereby posing
challenges for prompt resolution. In severe cases, the confluence of
TS and infection may accelerate (3-cell destruction (16). During
DKA, the body experiences both inflammatory and physiological
stress, further predisposing it to the onset of TS. A comprehensive
review was conducted in 2019 by Rathish and Karalliyadda (12),
wherein the characteristics of the 26 cases featuring the coexistence
of TS and DKA were summarized through database retrieval. While
most cases had pre-existing diabetes diagnosis preceding the
occurrence of TS, the temporal sequence of DKA antedating TS
remains ambiguous. Some scholars posit that excess thyroid
hormones precipitate DKA, subsequently culminating in TS (17).
Notably, in patients with uncontrolled diabetes, reductions in T3
levels may be attributed to impaired T4-T3 peripheral conversion, a
situation potentially alleviated with improvements in blood glucose
control (18). Similar observations were made in our patient, marked
by significantly elevated T4 levels, mildly elevated T3 levels, and
noticeable decrease in TSH levels. The intricate interplay between
hyperthyroidism and DKA constitutes a multifactorial process that
requires comprehensive medical management and treatment.
Specifically in diabetic patients with concomitant thyroid
disorders, vigilant monitoring of metabolic status is imperative
for timely intervention and prevention of complications.

Grave’s disease (GD) and T1DM share autoimmune
underpinnings, constituting prevalent endocrine disorders that are
frequently encountered in clinical practice. Remarkably, these
conditions often coexist within the same individual. However, the
relationship between GD and type 2 diabetes mellitus (T2DM)
remains unclear. From a diagnostic perspective, the current case
aligns with the criteria characteristic of autoimmune polyendocrine
syndrome type 2 (APS-2), necessitating the presence of a minimum
of two among the following autoimmune conditions: autoimmune
thyroid disease, TIDM, and Addison’s disease (19). Genetic scrutiny
of APS-2 has brought to light common genes and single-nucleotide
polymorphisms associated with various organ-specific autoimmune
diseases. Notably, individuals at risk for celiac disease within the APS-
2 spectrum often exhibit variations in DR3-DQ2 and DR4-DQ8 (20),
haplotypes synonymous with TIDM (21), autoimmune thyroid
disease (22), and Addison’s disease (23). Additionally, genes
encoding cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
(24), protein tyrosine phosphatase (PTPNI), non-receptor type 22
(PTPN22), transcription regulator protein BACH2 (25, 26), and
CD25-interleukin-2 receptor (27) have been recognized for their
association with APS-2 risk. Despite substantial progress in
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elucidating disease-related genetic factors, the heritability of APS-2
remains complex. A specific method for APS-2 detection is currently
unavailable. However, the assessment of autoimmune antibodies has
emerged as a valuable tool for evaluating disease risk, because these
antibodies are often detectable several years before the onset of
clinical manifestations. Among these antibodies, the thyroid
peroxidase, glutamic acid decarboxylase, and 21-hydroxylase
antibodies are the most prominent.

The incidence of DKA combined with TS is extremely low, and
there are no clear criteria for the diagnosis and treatment of the
intersection of the two endocrine emergencies. The diagnosis of TS
relies on severe thyrotoxic symptoms, including persistent elevated
body temperature that is difficult to reduce, tachycardia, congestive
heart failure, central nervous system involvement, and gastrointestinal
symptoms, among others. Interestingly, in this case, the patient did
not have a high temperature in the emergency room and subsequently
presented with hyperthermia in the intensive care unit after adequate
rehydration. Previous literature reports suggest that this patient was
not the only one to develop such a condition (28, 29), which may be
related to the occurrence of DKA leading to a decrease in body
temperature (30). The mechanism by which DKA causes
hypothermia is not yet fully understood, and some studies claim
that it is related to the lack of glucose endocytosis due to a deficiency
of insulin, which leads to a lack of cellular heat-producing substrate
(31). Other studies suggest that patients with DKA have ketones in the
body, and the acidosis caused by the bodily accumulation of ketone
bodies and lactic acid has an inhibitory effect on the thermoregulatory
center (32). Diabetic patients also have impaired thermal insulation,
and when combined with autonomic impairment, reflex
vasoconstriction is diminished, and they become prone to excessive
heat dissipation (33, 34). Perhaps these factors contributed to the
patient not showing persistent hyperthermia at the beginning of
treatment but only after subsequent DKA control.

Since the initial report of a diabetic coma combined with TS in
1951 (29), numerous similar cases have been documented over the
past 70 years. Most of these cases were identified as TS during the
patient’s initial clinic visit. However, there are few cases like the one at
hand, which were diagnosed as pre-TS during the emergency room
visit and subsequently progressed to a TS during hospitalization. It is
necessary to emphasize, that the patient attained a BWPS score of 45
in the emergency department and met the TS2 criteria in the JTA
owing to his tachycardia and gastrointestinal symptoms being
considered associated with DKA, which is a common clinical
occurrence in current times. The diagnosis of TS is challenging
because of the absence of a specific indicator. This is demonstrated
in the case report, where the patient did not exhibit the typical
symptoms of TS, such as persistent hyperthermia. It is essential to
consider that the effect of DKA on body temperature might have
contributed to the patient’s condition. Therefore, we must
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acknowledge that there is a possibility that the score of TS has
been underestimated.

When DKA and TS co-occur, the overlapping symptoms
complicate the diagnosis of TS, as both conditions can present
with tachycardia, fever, and gastrointestinal symptoms. The
complexity of these combined symptoms underscores the absence
of established guidelines that delineate clear criteria for
distinguishing between active intervention and mere monitoring
in such patients. This diagnostic ambiguity necessitates a judicious
approach for the management of these patients.

Given the challenges associated with routine screening for
thyroid dysfunction in all DKA patients that could lead to
increased healthcare costs and resource utilization without
commensurate benefits across all clinical settings, a more targeted
approach is advisable. Screening should be particularly considered
for patients who exhibit specific clinical indicators suggestive of
thyroid dysfunction, or when the presentation of DKA is atypical.
For instance, subtle signs of TS such as unexplained tachycardia,
disproportionate fever, or gastrointestinal symptoms relative to the
severity of DKA should trigger a further evaluation for TS.

Therefore, in cases where DKA and suspected TS coincide, it is
critical to consider whether to refine existing diagnostic criteria or
to adopt a more aggressive intervention approach. This strategy not
only ensures efficient resource utilization but also enhances the
precision of medical responses, thereby improving patient
outcomes. Exercising clinical caution and maintaining vigilance
are paramount in these complex clinical scenarios.

4 Conclusion

The coexistence of DKA and TS presents a unique clinical
challenge that calls for careful clinical judgment and prompt
treatment. This case underscores the importance of considering
multiple diagnoses in patients with overlapping symptoms of
different endocrine emergencies. The atypical presentation of the
patient, in which DKA obscured the typical features of TS,
highlights the need for clinicians to be highly vigilant regarding
multiple concurrent endocrine disease, especially in patients with
pre-existing endocrine disease. The management of this patient
required coordination among multiple disciplines, including
aggressive treatment for both DKA and TS, as well as supportive
measures for associated complications. This case adds to the limited
literature on the concurrent management of these conditions and
emphasizes the importance of timely diagnosis and early
intervention in the setting of overlapping endocrine emergencies.
Future research should concentrate on developing clear diagnostic
and therapeutic guidelines for patients with both DKA and TS to
enhance prognosis in this high-risk population.

frontiersin.org


https://doi.org/10.3389/fendo.2024.1403893
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Huang et al.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

Written informed consent was obtained from the participant/
patient(s) for the publication of this case report.

Author contributions

XyH: Writing - original draft, Investigation, Conceptualization.
YC: Writing - review & editing, Resources. XwH: Writing — review
& editing. JT: Writing - review & editing, Supervision.

References

1. Burch HB, Wartofsky L. Life-threatening thyrotoxicosis. Thyroid storm.
Endocrinol Metab Clin North Am. (1993) 22:263-77. doi: 10.1016/S0889-8529(18)
30165-8

2. De Leo S, Lee SY, Braverman LE. Hyperthyroidism. Lancet. (2016) 388:906-18.
doi: 10.1016/S0140-6736(16)00278-6

3. Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. Lancet. (2014)
383:69-82. doi: 10.1016/S0140-6736(13)60591-7

4. Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN. Hyperglycemic crises in adult
patients with diabetes. Diabetes Care. (2009) 32:1335-43. doi: 10.2337/dc09-9032

5. Khassawneh AH, Al-Mistarehi AH, Zein Alaabdin AM, Khasawneh L, AlQuran
TM, Kheirallah KA, et al. Prevalence and predictors of thyroid dysfunction among type
2 diabetic patients: a case-control study. Int ] Gen Med. (2020) 13:803-16. doi: 10.2147/
IJGM.S273900

6. Centeno Maxzud M, Gomez Rasjido L, Fregenal M, Arias Calafiore F, Cordoba
Lanus M, D'Urso M, et al. Prevalence of thyroid dysfunction in patients with type 2
diabetes mellitus. Medicina. (2016) 76:355-8.

7. Palma CCSSV, Pavesi M, Nogueira VG, Clemente ELS, Vasconcellos LC, Pereira
LG, et al. Prevalence of thyroid dysfunction in patients with diabetes mellitus. Diabetol
Metab Syndr. (2013) 5:58. doi: 10.1186/1758-5996-5-58

8. Chiang JL, Kirkman MS, Laffel LMB, Peters AL. Type 1 Diabetes Sourcebook
Authors. Type 1 diabetes through the life span: a position statement of the American
Diabetes Association. Diabetes Care. (2014) 37:2034-54. doi: 10.2337/dc14-1140

9. Satoh T, Isozaki O, Suzuki A, Wakino S, Iburi T, Tsuboi K, et al. 2016 Guidelines
for the management of thyroid storm from the Japan Thyroid Association and Japan
Endocrine Society (First edition). Endocr J. (2016) 63:1025-64. doi: 10.1507/
endocrj.EJ16-0336

10. Fazeli Farsani S, Brodovicz K, Soleymanlou N, Marquard J, Wissinger E, Maiese
BA. Incidence and prevalence of diabetic ketoacidosis (Dka) among adults with type 1
diabetes mellitus (T1D): a systematic literature review. BMJ Open. (2017) 7:¢016587.
doi: 10.1136/bmjopen-2017-016587

11. Akamizu T. Thyroid storm: a Japanese perspective. Thyroid. (2018) 28:32-40.
doi: 10.1089/thy.2017.0243

12. Rathish D, Karalliyadda S. Concurrent presentation of thyroid storm and
diabetic ketoacidosis: a systematic review of previously reported cases. BMC Endocr
Disord. (2019) 19:49. doi: 10.1186/s12902-019-0374-3

13. Hays MT. Thyroid hormone and the gut. Endocr Res. (1988) 14:203-24.
doi: 10.3109/07435808809032986

14. Gonzalo MA, Grant C, Moreno I, Garcia FJ, Suarez Al, Herrera-Pombo JL, et al.
Glucose tolerance, insulin secretion, insulin sensitivity and glucose effectiveness in
normal and overweight hyperthyroid women. Clin Endocrinol (Oxf). (1996) 45:689-97.
doi: 10.1046/j.1365-2265.1996.8500860.x

15. Al-Shoumer KAS, Vasanthy BA, Al-Zaid MM. Effects of treatment of
hyperthyroidism on glucose homeostasis, insulin secretion, and markers of bone
turnover. Endocr Pract. (2006) 12:121-30. doi: 10.4158/EP.12.2.121

Frontiers in Endocrinology

10.3389/fendo.2024.1403893

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

16. Cooppan R, Kozak GP. Hyperthyroidism and diabetes mellitus. An analysis of 70
patients. Arch Intern Med. (1980) 140:370-3. doi: 10.1001/archinte.140.3.370

17. Potenza M, Via MA, Yanagisawa RT. Excess thyroid hormone and carbohydrate
metabolism. Endocr Pract. (2009) 15:254-62. doi: 10.4158/EP.15.3.254

18. Giirsoy N, Tuncel E, Ertiirk E, Imamoglu S, Arinik A. The relationship between
the glycemic control and the hypothalamus-pituitary-thyroid axis in diabetic patients.
(1999). Available at: https://www.semanticscholar.org/paper/The-Relationship-
Between-The-Glycemic-Control-and-G%C3%BCrsoy-Tuncel/0d56a18de7a5747¢739
a3643c5c09acf0d2831fF#citing-papers.

19. Eisenbarth GS, Gottlieb PA. Autoimmune polyendocrine syndromes. N Engl |
Med. (2004) 350:2068-79. doi: 10.1056/NEJMra030158

20. Sollid LM, Markussen G, Ek J, Gjerde H, Vartdal F, Thorsby E. Evidence for a
primary association of celiac disease to a particular Hla-Dq alpha/beta heterodimer. ]
Exp Med. (1989) 169:345-50. doi: 10.1084/jem.169.1.345

21. Noble JA, Valdes AM, Cook M, Klitz W, Thomson G, Erlich HA. The role of hla
class Ii genes in insulin-dependent diabetes mellitus: molecular analysis of 180
Caucasian, multiplex families. Am ] Hum Genet. (1996) 59:1134-48.

22. Simmonds MJ, Gough SCL. Unravelling the genetic complexity of autoimmune
thyroid disease: Hla, Ctla-4 and beyond. Clin Exp Immunol. (2004) 136:1-10.
doi: 10.1111/j.1365-2249.2004.02424.x

23. Erichsen MM, Lovis K, Skinningsrud B, Wolff AB, Undlien DE, Svartberg J, et al.
Clinical, immunological, and genetic features of autoimmune primary adrenal
insufficiency: observations from a Norwegian registry. J Clin Endocrinol Metab.
(2009) 94:4882-90. doi: 10.1210/jc.2009-1368

24. Ueda H, Howson JMM, Esposito L, Heward J, Snook H, Chamberlain G, et al.
Association of the T-cell regulatory gene Ctla4 with susceptibility to autoimmune
disease. Nature. (2003) 423:506-11. doi: 10.1038/nature01621

25. Grant SFA, Qu HQ, Bradfield JP, Marchand L, Kim CE, Glessner JT, et al.
Follow-up analysis of genome-wide association data identifies novel loci for type 1
diabetes. Diabetes. (2009) 58:290-5. doi: 10.2337/db08-1022

26. Eriksson D, Bianchi M, Landegren N, Nordin J, Dalin F, Mathioudaki A, et al.
Extended exome sequencing identifies Bach2 as a novel major risk locus for Addison's
disease. J Intern Med. (2016) 280:595-608. doi: 10.1111/joim.12569

27. Lowe CE, Cooper JD, Brusko T, Walker NM, Smyth D], Bailey R, et al. Large-scale
genetic fine mapping and genotype-phenotype associations implicate polymorphism in the
II2ra region in type 1 diabetes. Nat Genet. (2007) 39:1074-82. doi: 10.1038/ng2102

28. Kunishige M, Sekimoto E, Komatsu M, Bando Y, Uehara H, Izumi K.
Thyrotoxicosis masked by diabetic ketoacidosis: a fatal complication. Diabetes Care.
(2001) 24:171. doi: 10.2337/diacare.24.1.171

29. Troen P, Taymor RC, Goldberg BI. Thyroid crisis associated with diabetic coma.
N Engl ] Med. (1951) 244:394-8. doi: 10.1056/NEJM195103152441103

30. Nambu T, Mori K, Shinoto Y, Izumi R, Matsuo K, Kanai Y, et al. Diabetic
ketoacidosis accompanied by hypothermia: a case report. Diabetes Res Clin Pract.
(2012) 96:326-30. doi: 10.1016/j.diabres.2012.01.013

frontiersin.org


https://doi.org/10.1016/S0889-8529(18)30165-8
https://doi.org/10.1016/S0889-8529(18)30165-8
https://doi.org/10.1016/S0140-6736(16)00278-6
https://doi.org/10.1016/S0140-6736(13)60591-7
https://doi.org/10.2337/dc09-9032
https://doi.org/10.2147/IJGM.S273900
https://doi.org/10.2147/IJGM.S273900
https://doi.org/10.1186/1758-5996-5-58
https://doi.org/10.2337/dc14-1140
https://doi.org/10.1507/endocrj.EJ16-0336
https://doi.org/10.1507/endocrj.EJ16-0336
https://doi.org/10.1136/bmjopen-2017-016587
https://doi.org/10.1089/thy.2017.0243
https://doi.org/10.1186/s12902-019-0374-3
https://doi.org/10.3109/07435808809032986
https://doi.org/10.1046/j.1365-2265.1996.8500860.x
https://doi.org/10.4158/EP.12.2.121
https://doi.org/10.1001/archinte.140.3.370
https://doi.org/10.4158/EP.15.3.254
https://www.semanticscholar.org/paper/The-Relationship-Between-The-Glycemic-Control-and-G%C3%BCrsoy-Tuncel/0d56a18de7a5747e739a3643c5c09acf0d2831ff#citing-papers
https://www.semanticscholar.org/paper/The-Relationship-Between-The-Glycemic-Control-and-G%C3%BCrsoy-Tuncel/0d56a18de7a5747e739a3643c5c09acf0d2831ff#citing-papers
https://www.semanticscholar.org/paper/The-Relationship-Between-The-Glycemic-Control-and-G%C3%BCrsoy-Tuncel/0d56a18de7a5747e739a3643c5c09acf0d2831ff#citing-papers
https://doi.org/10.1056/NEJMra030158
https://doi.org/10.1084/jem.169.1.345
https://doi.org/10.1111/j.1365-2249.2004.02424.x
https://doi.org/10.1210/jc.2009-1368
https://doi.org/10.1038/nature01621
https://doi.org/10.2337/db08-1022
https://doi.org/10.1111/joim.12569
https://doi.org/10.1038/ng2102
https://doi.org/10.2337/diacare.24.1.171
https://doi.org/10.1056/NEJM195103152441103
https://doi.org/10.1016/j.diabres.2012.01.013
https://doi.org/10.3389/fendo.2024.1403893
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Huang et al. 10.3389/fendo.2024.1403893

33. Scott AR, Bennett T, Macdonald IA. Diabetes mellitus and thermoregulation.
Can ] Physiol Pharmacol. (1987) 65:1365-76. doi: 10.1139/y87-215

34. Stansberry KB, Shapiro SA, Hill MA, McNitt PM, Meyer MD, Vinik AL
Impaired peripheral vasomotion in diabetes. Diabetes Care. (1996) 19:715-21.
doi: 10.2337/diacare.19.7.715

31. Matz R. Hypothermia in diabetic acidosis. Hormones. (1972) 3:36-41.
doi: 10.1159/000178256

32. Wright CL, Boulant JA. Carbon dioxide and pH effects on temperature-sensitive
and -Insensitive hypothalamic neurons. J Appl Physiol. (2007) 102:1357-66.
doi: 10.1152/japplphysiol.00303.2006

Frontiers in Endocrinology 07 frontiersin.org


https://doi.org/10.1159/000178256
https://doi.org/10.1152/japplphysiol.00303.2006
https://doi.org/10.1139/y87-215
https://doi.org/10.2337/diacare.19.7.715
https://doi.org/10.3389/fendo.2024.1403893
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Case report: management of a young male patient with diabetic ketoacidosis and thyroid storm
	1 Introduction
	2 Case presentation
	3 Discussion
	4 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


