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ABSTRACT
Background: Diabetic ketoacidosis is an acute major life-threatening complication of diabetes, characterized 

by hyperglycemia, ketoacidosis and ketonuria, which can be life threatening if it is not promptly recognized 
and treated. This occurs mainly in patients with type 1 diabetes, but stressors like trauma and infection can 
increase the risk of ketoacidosis in other forms of diabetes such as type 2 diabetes. Type 2 diabetes mellitus 
is a complex metabolic disorder of heterogeneous etiology with behavioral, social, and environmental risk 
factors that unmask the effects of genetic susceptibility. Recent studies indicate an increasing prevalence of 
type 2 diabetes mellitus in children and adolescents around the world in all ethnicities. C-peptide is a useful 
and widely used method of assessing pancreatic beta cell function given his structure: part of proinsulin 
which is cleaved prior to co-secretion with insulin from pancreatic beta cells. This is used as a tool in the 
differentiation of type 1 diabetes from type 2 but also other types of diabetes.

We present a 12-year-old previously healthy male who was hospitalized in our clinic for polydipsia, 
polyuria, weight loss and emesis, with symptom onset 10 days prior to admission. On the admission day, 
he presented to the emergency room for progressively increasing somnolence, apathy, decreased muscle 
tone and urinary incontinence. Physical examination was significant for grade I obesity [height 168 cm 
and weight 90 kg, yielding a body index mass (BMI) of 31.78 kg/m2, percentile >97%], lethargy, slurred 
speech, high blood pressure (145/90 mmHg), tachycardia (145 beats per minute) and acanthosis nigricans. 
Considering his physical examination, laboratory tests and clinical evolution, he was diagnosed with type 2 
diabetes mellitus complicated with hyperosmolar hyperglycemic state and diabetic ketoacidosis.

Diabetic ketoacidosis should be considered in the differential diagnosis of metabolic decompensation in 
all types of diabetes. Although type 2 diabetes mellitus seems to be still rare in childhood and adolescence, 
prevention and treatment of type 2 diabetes mellitus should become public awareness and public health 
intervention programs. 

The particularity of this case was the unusual onset of diabetes mellitus type 2 in a male child with 
metabolic syndrome.
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INTRODUCTION

Diabetic ketoacidosis (DKA) is an 
acute metabolic complication of 
diabetes mellitus that can be life 
threatening if not promptly recog-
nized and treated (1). This acute 

major life-threatening complication of diabetes 
is characterized by hyperglycemia, ketoacidosis 
and ketonuria. The pathophysiology of DKA is 
characterized by absolute or relative insulin defi-
ciency that inhibits the ability of glucose to enter 
cells for utilization as metabolic fuel. This insulin 
deficiency in concert with increased counter-
regulatory hormone secretion and peripheral in-
sulin resistance leads to hyperglycemia, ketosis, 
dehydration and electrolyte imbalance (2, 3). 
Diabetic ketoacidosis mainly occurs in patients 
with type 1 diabetes, but stressors like trauma 
and infection can increase the risk of DKA in 
other forms of diabetes that is why DKA is not 
uncommon in some patients with type 2 diabe-
tes for example (4).

Type 1 diabetes results from the autoimmune 
destruction of b-cells in the pancreas and the sub-
sequent lack of insulin (5). In the US, 30–46% of 
children are newly diagnosed with type 1 diabe-
tes complicated at onset with this life-threatening 
complication called diabetic ketoacidosis (6). In 
2014, the SEARCH for Diabetes in Youth 
(SEARCH) study reported that one in three US 
youth with type 1 diabetes is diagnosed with DKA 
and this proportion has not declined throughout 
the first decade of the 21st century (7). Presenta-
tion in DKA is thought to reflect more advanced 
pancreatic b-cell destruction during the preclini-
cal evolution of the disease. Also, longer hospita-
lizations, higher insulin requirements, devastating 
immediate consequences such as increased mor-
tality risk and a shorter remission period is associ-
ated with the presence of DKA at onset of type 1 
diabetes (8-10). A study from Colorado, which 
was published in 2017, found a detrimental effect 
of DKA at diagnosis of type 1 diabetes in children 
on overall hemoglobin A1c (HbA1c) levels, an effect 
that was sustained for the following 15 years and 
was independent of socio-demographic factors 
(11). 

Type 2 diabetes mellitus (T2DM) is a complex 
metabolic disorder of heterogeneous etiology 
with behavioral, social, and environmental risk 
factors that unmask the effects of genetic suscep-

tibility (12). Although many years ago, in the last 
thirty years ago, type 2 diabetes mellitus has been 
thought to be a rare occurrence in children and 
adolescents, nowadays type 2 diabetes mellitus is 
emerging as a new clinical problem within pedia-
tric practice. Recent studies indicate an increasing 
prevalence of T2DM in children and adolescents 
around the world in all ethnicities (13). In some 
regions of the US, T2DM is described as frequent 
as type 1 diabetes mellitus in adolescents (14). 
There is also a high increase in both the preva-
lence and degree of obesity in children and ado-
lescents in many populations (15, 16). In our days, 
overweight is the most common health problem 
regarding children in both developed and deve-
loping countries (16). Although obesity is no lon-
ger increasing in the US and some countries in 
Europe (17, 18) the prevalence of T2DM has 
been increased threefold. This happens because 
of the degree of obesity in affected children and 
adolescents is increasing (18). In the development 
of T2DM in children puberty appears to play a 
major role (14). There is an increased resistance to 
the action of insulin during puberty that leads to 
hyperinsulinemia but after puberty, basal and 
stimulated insulin responses decline. Insulin resis-
tance during puberty is discussed to be secondary 
to an increased growth hormone secretion (19). 
Taking by this information, there is no surprise 
that the peak age at presentation of T2DM in chil-
dren overlaps with the usual age of mid-puberty 
(14, 20). 

The diagnosis of T2DM with a mild form is 
made during a routine medical check-up by de-
tection of hyperglycaemia or glycosuria in an 
a symptomatic patient (21). During routine physi-
cal examination, almost one third of patients are 
diagnosed by urine analysis (14, 21). When a 
child presents with polyuria, polydipsia and 
weight loss, there is a severe form and in very rare 
cases, T2DM manifests with a hyperglycaemic hy-
perosmolar coma. In these situations of polyuria, 
polydipsia and weight loss or hyperglycaemic hy-
perosmolar coma, the distinction from type 1 dia-
betes mellitus is not possible from the beginning 
and it lasts months to reach the correct diagnose. 
This happens when insulin requirements decline 
and a non-insulin-dependent course develops 
without dependence on insulin for survival.

C-peptide is a useful and widely used method 
of assessing pancreatic beta cell function given his 
structure: part of proinsulin which is cleaved prior 
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to co-secretion with insulin from pancreatic 
beta cells (22, 23). It is preferred to measure 
c-peptide and not insulin as a guide to beta cell 
function because the degradation rate of C-pep-
tide in the body is slower than that of insulin 
(C-peptide has a half-life of 20–30 min while in-
sulin has a half-life of just 3–5 min). This diffe-
rence in the half-life time affords a more stable 
test window of fluctuating beta cell response (24). 
C-peptide is used as a tool in the differentiation of 
type 1 diabetes from type 2 diabetes but also 
MODY or LADA. There is evidence described that 
C-peptide can play a role in the diagnosis of latent 
autoi mmune diabetes of adults (LADA), which 
can be misdiagnosed as T2DM (25-27). In this 
situation, the C-peptide value is significantly lo-
wer in LADA compared with T2DM (27). Maturi-
ty-onset diabetes of the young (MODY) a rare 
genetic form of diabetes, can be misdiagnosed as 
T1DM (28) that is why some researchers proposed 
C-peptide as a useful biomarker in the detection 
of MODY prior to genetic testing (29). q

CASE REPORT

We present a 12-year-old previously healthy 
male who was hospitalized in our clinic 

for polydipsia, polyuria, weight loss and emesis, 
with symptom onset 10 days prior to admission. 
Initial symptoms included polydipsia, polyuria 
and weight loss. On day 7 he presented multiple 
episodes of emesis for which he received symp-
tomatic treatment at home. Three days later, on 
admission day, he presented to the emergency 
room for progressively increasing somnolence, 
apathy, decreased muscle tone and urinary in-
continence. A very important detail to mention 
from the anamnesis was that his diet included 
weekly fast food and daily high sugar content 
beverages (such as 6–8 liters of soda per day).

Physical examination was significant for grade 
I obesity [height 168 cm and weight 90 kg, yiel-
ding a body index mass (BMI) of 31.78 kg/m2, 
percentile >97%], lethargy (Glasgow coma scale 
GCS – 10), slurred speech, high blood pressure 
(145/90 mm Hg), tachycardia (145 beats per mi-
nute) and acanthosis nigricans.

At admission, initial laboratory tests revealed a 
very high serum blood glucose level  (2 466 mg/dL), 
with a hemoglobin A1c of 12.27%; the pH was 
7.257 (reference range 7.35-7.45), PCO2 54 mm, 
measured bicarbonate 24.6 mmol/L and base 

deficit of -3.5 mmol/L, with an osmolarity of 
262 mOsm/Kg (reference range 
275-295 mosm/kg). Also, electrolyte values 
showed hyponatremia – 131 mmol/L (reference 
range 135-145 mmol/L), hypocalcemia 6.5 mg/dL 
(reference range 8.4-10.2 mg/dL); urine analysis 
showed glycosuria (1 000 mg/dL) with minimal 
urinary ketones (5 mg/dL); lipidic profile: total 
cholesterol 108 mg/dL (reference range 
0-200 mg/dL), low-den sity lipoprotein cholesterol 
(LDL) chole sterol 60 mg/dL (reference range 
0-100 mg/dL),very low-density lipoprotein cho-
lesterol VLDL chole sterol – 64 mg/dL (reference 
range 0-30 mg/dL), high-density lipoprotein 
(HDL) cholesterol 18 mg/dL (reference range 
> 40 mg/dL), triglyce ride 319 mg/dL (reference 
range 0-150 mg/dL); blood urea nitrogen (BUN) 
36 mg/dL (reference range 0-18 mg/dL), creati-
nine 0.79 mg/dl (refe rence range 0-0.79 mg/dL); 
Free tyroxine (FT4) 16.4 pmol/L (reference range 
12.6-21pmol/L) and thyroid-stimulating hormone 
(TSH) 1,2 micro Ui/mL (reference range: 
0,51-4,30 microUi/mL); C-reactive protein 
3 mg/dL (reference range of 0-5 mg/dL), negative 
procalcitonin and negative blood culture at seven 
days. It should be mentioned that C-peptide was 
1.25 ng/mL (reference range 1.1-4.4 ng/mL), glu-
tamic acid decarboxy lase antibody, insulin auto-
antibody and islet cell antibodies were within re-
ference range, demons trating a negative workup 
for type 1 diabetes me llitus. A chest X-ray was 
unremarkable and abdominal ultrasound showed 
a slight hepatomegaly (prerenal diameter of the 
right hepatic lobe measured 168 mm) with a ho-
mogeneous, hypere choic image of the liver.

The patient was admitted to the intensive care 
unit and received hydroelectrolytic rebalancing 
with intravenous normal saline during the 
first hours, followed by continuous insulin infu-
sion starting at a rate of 0.1 UI/kg/h. After cardio-
logic examination for high blood pressure (highest 
value 160/90 mm Hg), treatment with anti-hyper-
tensive agents – calcium channel blockers (Amlo-
dipine) – was started. After 10 hours of fluid resus-
citation, glucose levels decreased to 1 028 mg/dL, 
with elevated sodium (151 mmol/L) and deve-
loped hyperglycemic hyperosmolar state: pH 
7.366, HCO3 21.2 mmol/L, plasma osmolality 
307 mOsm. After 24 hours, his mental status im-
proved continuously and 48 hours post-presenta-
tion he responded to commands and was orien-
ted to place and person. Serum glucose gradually 
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decreased to 551 mg/dL, but serum creatinine 
and gradually increased to 1.78 mg/dL. By the 
fourth day, the patient was in stable condition and 
was transferred to the pediatric ward. He was 
transitioned from intravenous to subcutaneous in-
sulin and was permitted oral intake with a regular 
diet and blood glucose monitoring.

He was diagnosed with metabolic syndrome 
with type 2 diabetes mellitus complicated with 
HHS and DKA. Three months after discharge, 
physical exam was significant for grade I obesity 
[height 169 cm and weight 89 kg, body index 
mass (BMI) of 31.16 kg/m2, percentile >97%], but 
his test improved as follows: fasting blood glucose 
112 mg/dL, hemoglobin A1c 5.8%, and c-peptide 
6.04 ng/mL. q 

DISCUSSION

DKA and HHS represent two extremes in the 
spectrum of complications of diabetes melli-

tus and are characterized by hyperglycemia and 
absolute or relative insulinopenia (30). Clinically, 
they differ by the severity of dehydration, ketosis 
and metabolic acidosis. In DKA, insulin deficien-
cy and ketoacidosis are the prominent features 
of the clinical presentation and insulin therapy is 
the cornerstone of therapy. The incidence of 
HHS in children is lower than DKA as it is usu-
ally associated with type 2 diabetes. Recognising 
HHS as a distinctive entity is sometimes very 
hard and this can mislead doctors to treat HHS 
with DKA protocols. In HHS hyperglycemia, os-
motic diuresis and dehydration are the promi-
nent features with emphasis on fluid replace-
ment as a first step of treatment. Insufficient 
replacement of the depleted intravascular vo-
lume may increase the mortality rate, as vascular 
collapse, thrombosis and ischemia have a greater 
risk to appear.

In children with mixed HHS and DKA, the ini-
tial treatment should take into consideration that, 
in DKA, fluid therapy is intended to correct acido-

sis and dehydration, but correcting the insulin 
deficit is the most important; meanwhile, in HHS, 
fluid therapy should be carefully administered to 
avoid rapid changes in serum osmolality. Also, 
you need to take care during treatment about the 
potential complications that could arise such as 
electrolyte imbalance, cerebral edema, ischemic 
injury – acute renal failure, hyperamylasemia or 
rhabdomyolysis.

Our patient had an unusual onset of diabetes 
mellitus type 2 – mixed HHS and DKA. Blood glu-
cose >600 mf/dL, bicarbonate >15 mEq/L, trace 
of urine ketone and hypernatremia met the crite-
ria for HHS and arterial pH <7.3 with an osmola-
lity under 320 mosm/kg from the first hours indi-
cated DKA. Obesity and the intake of carbonated 
sugar enriched drinks on a daily basis were factors 
that accelerated the hyperglycemic state. q

CONCLUSION

Diabetic ketoacidosis is a serious acute meta-
bolic complication of diabetes that can af-

fect people with types of diabetes other than 
type 1. This should be considered in the diffe-
rential diagnosis of metabolic decompensation 
in all types of diabetes.

Although type 2 diabetes mellitus seems to be 
still rare in childhood and adolescence, because 
recent reports indicate an increasing prevalence 
around the world probably due to an increasing 
prevalence of obesity in children and adolescent, 
prevention and treatment of type 2 diabetes mel-
litus should become public awareness and one of 
the prime targets of public health intervention 
programs.

The particularity of this case was the unusual 
onset of diabetes mellitus type 2 in a male child 
with metabolic syndrome. q
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