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Abstract
Emerging data demonstrate that comorbid conditions and 
older age are contributing factors to COVID-19 severity in 
children. Studies involving youth with COVID-19 and diabe-
tes are lacking. We report the case of a critically ill adolescent 
male with obesity, type 2 diabetes, and COVID-19 who pre-
sented with hyperglycemic hyperosmolar syndrome (HHS). 
This case highlights a challenge for clinicians in distinguish-
ing severe complications of COVID-19 from those seen in 
HHS. Youth with obesity and type 2 diabetes may represent 
a high-risk group for severe COVID-19 disease, an entity that 
to date has been well-recognized in adults but remains rare 
in children and adolescents. © 2021 S. Karger AG, Basel

Introduction

Emerging studies are aiding in our understanding of 
infection with coronavirus SARS-CoV-2 (COVID-19), 
but information regarding presentation and outcomes in 

youth is still limited [1]. While many children may pre
sent with fever and respiratory symptoms, pediatric pop-
ulations often have a less severe and more variable disease 
presentation as compared to adults [2]. Hundreds of chil-
dren have now been diagnosed with multisystem inflam-
matory syndrome in children, a hyperinflammatory 
shock-like severe illness due to COVID-19 that is similar 
to Kawasaki disease [3]. While a significant portion of 
both pediatric and adult patients may be asymptomatic, 
or have symptoms not severe enough to require admis-
sion to a hospital, a large subset requires intensive care 
unit admission [4]. These critically ill patients are at an 
increased risk of requiring mechanical ventilation and 
having life-threatening thrombotic events [4, 5].

In a large case series of 5,700 mostly adult patients ad-
mitted with COVID-19 in New York City, the most com-
mon comorbidities were hypertension, obesity, and dia-
betes [6]. Adults with diabetes were more likely to devel-
op rapid progressive disease and had increased morbidity 
and mortality as compared to those without diabetes [7, 
8]. Data, including outcomes, for children with diabetes 
and COVID-19 are lacking. We report the case of an ado-
lescent male with a complicated course of COVID-19 
who presented to medical attention with new-onset type 
2 diabetes with hyperglycemic hyperosmolar syndrome 
(HHS).
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Case

A 16-year-old African American male was in his nor-
mal state of health until he developed nonbloody and 
nonbilious emesis, weakness, and slurred speech. He pre-
sented to an emergency department where his initial vi-
tals showed a heart rate of 120, blood pressure of 110/73, 
temperature of 37.7°C, and respiratory rate of 28 with an 
oxygen saturation of 98% on room air. A review of sys-
tems revealed that he had polyuria and polydipsia for 
multiple years but no reported weight loss. He reported 
no fevers or respiratory symptoms. His past medical his-
tory was positive for obesity, autism, and attention-defi-
cit/hyperactivity disorder. His family history was un-
known as he was adopted as an infant.

His growth parameters were notable for a weight of 129 
kg (z-score 3.26), height of 173 cm (z-score 0.00), and BMI 
of 45.1 kg/m2 units (z-score 2.90). His initial laboratory 
evaluation shown in Table 1 was consistent with new-on-
set diabetes with a mixed HHS and diabetes ketoacidosis 
(DKA) presentation. He was also noted to have leukocy-
tosis with lymphopenia. He was given a liter bolus of nor-
mal saline and started on substantial continuous intrave-
nous fluids carefully titrated to slowly correct his fluid 
deficit of approximately 6 L. Intravenous insulin was start-
ed at 0.05 units/kg/h and he was transferred to the pediat-
ric intensive care unit at the regional children’s hospital.

On the 1st day of admission, he became febrile with a 
peak temperature of 40.4°C. Given this new fever with as-
sociated leukocytosis and lymphopenia, a surveillance 
blood culture, urine culture, respiratory viral panel, and 
COVID-19 nasopharyngeal swab were obtained, which 
all came back negative. In the setting of HHS, an elevated 
creatine kinase level of 5,192 units/L raised concern for 
malignant hyperthermia. He was started on intravenous 
dantrolene with subsequent improvement but without 
resolution of his fever.

After an initial clinical improvement, on the 5th day of 
admission he developed refractory hypoxemia that neces-
sitated initiation of noninvasive positive pressure ventila-
tion. Given his body habitus and history of snoring, this 
was initially thought to be a consequence of obstructive 
sleep apnea; however, a chest x-ray revealed new bilateral 
lung opacities. A repeat nasopharyngeal swab was ob-
tained and was positive for coronavirus SARS-CoV-2 
(COVID-19) in addition to human rhinovirus/enterovi-
rus and parainfluenza 4 virus. His hypoxemia worsened 
and he was ultimately intubated for acute hypoxemic re-
spiratory failure and severe acute respiratory distress syn-
drome.

His clinical course was complicated by severe hyper-
natremia (peak sodium level 174 mmol/L), dehydration, 
and acute kidney injury (creatinine 3.8 mg/dL); however, 
these all improved with fluid resuscitation with isotonic 
crystalloid and slow correction of hyperglycemia. It is im-
portant to note that while correction of severe hyperna-
tremia in HHS indicated the need for aggressive fluid re-
suscitation, the ability to give large fluid volumes was lim-
ited by his acute respiratory distress syndrome. As this 
occurred, he was diagnosed with type 2 diabetes as his 
hemoglobin A1c was 9.9% and GAD65, insulin, and IA-2 
autoantibodies were negative.

Treatment with remdesivir was considered but ulti-
mately not given due to the patient’s acute kidney injury. 
He was started on IV corticosteroids and inhaled nitric 
oxide and was eventually placed into a specialized medi-
cal bed for proning. He was given tocilizumab and con-
valescent serum on the 7th and 8th days of admission, 
respectively, for cytokine release syndrome. Over the sub-
sequent 4 days, his inflammatory markers improved, but 
his d-dimer rose from 690 to 3,170 ng/mL. Due to reports 
of increased thrombosis risk in critically ill patients in-
fected with SARS-CoV-2, the patient was started on hep-
arin infusion for thrombosis prophylaxis as soon as he 
was diagnosed with COVID-19. The heparin was con-
verted to lovenox once his kidney function improved. 
The trend of notable laboratory and inflammatory mark-
ers are found in Figures 1 and 2.

On the 12th day of admission, his clinical course acute-
ly worsened. He developed slowly worsening and persis-
tent tachycardia without an identifiable cause that did not 
improve with IV fluid administration. An echocardio-
gram revealed a hypovolemic and hyperdynamic left ven-

Table 1. Characteristics and significant laboratory values at 
presentation

Age 16 year 0 months
Sex Male
Ethnicity African American
Weight 129 kg (z-score 3.26)
Height 173 cm (z-score 0.00)
BMI 45.1 kg/m2 (z-score 2.90)
HbA1c 9.9%
Diabetes Autoantibodies GAD65, insulin, and IA-2 negative
Labs at presentation

Glucose >1,250 mg/dL
Bicarbonate <8 mmol/L
Sodium 139 mmol/L
Glucose-corrected sodium 157 mmol/L
Venous pH 7.1
Urine ketones 5 mg/dL
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tricle; the right ventricle was unable to be visualized. 
Shortly afterward, his sinus tachycardia devolved into 
junctional rhythm that progressed to pulseless ventricu-
lar tachycardia. Despite 40 min of cardiopulmonary re-
suscitation efforts and a dose of tissue plasminogen acti-
vator for concern for pulmonary embolism, he never re-
gained a perfusing rhythm.

Discussion

We describe the case of an adolescent male with obesity 
and type 2 diabetes who had complications (respiratory 
failure, rhabdomyolysis, and suspected thrombosis) of 

COVID-19 infection similar to those seen in adults [5, 6, 8, 
9]. Compared to other children and adolescents, youth 
with type 2 diabetes are more likely to have hypertension 
and obesity [10], the same comorbidities noted in adults 
with complex clinical courses of COVID-19 [6, 8]. In North 
American PICUs, results from a cross-sectional study of 48 
children with COVID-19 demonstrated 83% had preexist-
ing medical conditions, 8% had diabetes, and 7% had obe-
sity [11]. Within the pediatric age range, adolescents and 
young adults with COVID-19 as opposed to younger chil-
dren are at the highest risk for severe disease [12].

We suspect the patient’s 1st COVID-19 test was a false 
negative. Multiple studies have shown that the multitude 
of tests currently available on the market have a wide 
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Fig. 1. Trend of notable laboratory markers in case patient.
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range of specificity, with false negative rates of up to 29% 
[13–15]. For this reason, it is important to have a high 
clinical suspicion to retest.

COVID-19 may trigger DKA or HHS in individuals 
with poorly controlled or new-onset diabetes [16]. Kim et 
al. [17] reported 2 cases of adults with type 2 diabetes and 
severe cases of COVID-19, one who presented with DKA 
and the other with HHS. To the best of our knowledge, 
our case is the 1st report of COVID-19 associated with 
HHS in the pediatric population.

In youth, HHS has a high mortality rate particularly in 
African American males with obesity [18], and therefore 
patients with these characteristics likely represent a group 
at high risk for severe complications from COVID-19. It 
is important to recognize the overlapping clinical compli-
cations of COVID-19 and HHS such as rhabdomyolysis, 
thrombosis, and fever [19]. Our patient developed fever 
and rhabdomyolysis that was initially thought due to ma-
lignant hyperthermia; however, on review of clinical data, 

he was noted to have a partial pressure of carbon dioxide 
of 37 during this initial course, and this never was higher 
than 48 prior to intubation. In the setting of malignant 
hyperthermia, increased muscle metabolism results in 
rapid carbon dioxide production. In patients who are not 
intubated, they can compensate for this by increasing 
their minute ventilation; but they should not have diffi-
culties oxygenating, which this patient developed [20]. In 
retrospect, this patient’s initial fever and elevated creatine 
kinase were most consistent with the early viral syndrome 
of COVID-19. This highlights a challenge for the clinician 
to determine the etiology for these severe complications 
during the current pandemic.

As seen in our case, youth with type 2 diabetes and CO-
VID-19 may have severe disease. It is important to con-
sider complications that are typically seen in adults when 
treating adolescents with type 2 diabetes, as the same pro-
inflammatory state may predispose to more severe disease 
progression and outcomes from COVID-19 [21]. So far 
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Fig. 2. Trend of inflammatory markers in case patient.

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e



COVID-19 and HHS in an Adolescent 5Horm Res Paediatr
DOI: 10.1159/000514281

data suggest that children with type 1 diabetes who develop 
COVID-19 have a mild disease presentation similar to 
what is observed in children without diabetes [22]. How-
ever, in youth obesity is a risk factor for severe complica-
tions from COVID-19 [23]. Since adolescents with type 2 
diabetes typically have obesity, these youth are likely at 
higher risk for a more complicated clinical course from 
COVID-19. Studies looking at characteristics of youth 
with type 2 diabetes and COVID-19 are warranted in order 
to improve outcomes and develop management strategies.
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