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Abstract
Diabetic ketoacidosis (DKA) and its complications are
the most common cause of hospitalization, morbidity and
mortality in children and adolescents with established
diagnosis of type 1 diabetes mellitus (T1DM). The overall
incidence of recurrent DKA episodes is estimated as 8 per
100 patient years. Interestingly, almost 60% of recurrent
DKA episodes occur in 5% of patients. Precipitating causes
of DKA are infectious diseases, non-infectious diseases,
and poor adherence to insulin therapy. Even mild infections,
such as a cold or sore throat, can lead to DKA in patients
with long standing poor glycaemic control. Poor glycaemic
control is common during adolescence, secondary to poor
compliance, fear of hypoglycemia or intentional insulin
omission as a weight loss strategy. We present a case
of DKA in a teenage girl with established T1DM and a
step-by-step investigation process leading to diagnosis of
intentional insulin omission. The identification of intentional
insulin omission and the establishment of a comprehensive
treatment are extremely important since it may reduce the
rate of recurrent DKA as well as the long term complications
associated with this disorder.

Introduction
Diabetic ketoacidosis (DKA) and its complications
are the most common cause of hospitalization, morbidity and mortality in children with established diagnosis of type 1 diabetes mellitus (T1DM) [1]. The overall
incidence of DKA in patients with established T1DM is
estimated as 8 per 100 patient years with almost 60% of
recurrent DKA episodes occur in 5% of patients [2]. Interestingly, adolescent girls are at highest risk for DKA,
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with an incidence rate of 12 per 100 patient years [2].
A significant mortality risk is associated with recurrent
DKA, with a four-fold increased risk of death in those
with recurrent DKA admissions compared with those
with a single episode [3].
The assessment of a patient with DKA is often
challenging. The signs and symptoms of DKA and of the
underlying disease that triggers the evolvement of DKA
may cause diagnostic confusion [4]. Hyperpnoea in a
patient with DKA suggests respiratory compensation for
metabolic acidosis [5]; however, it could be secondary to
respiratory infection. Abdominal tenderness is a frequent
symptom of DKA, and is correlated with the severity of
acidosis; but, it can also be due to an acute event such as
appendicitis or pancreatitis that may have precipitated the
development of DKA [6]. Similarly, fever can result from
dehydration, or be secondary to infection [7]. In patients
treated with an insulin pump, technical problems with the
infusion set of the pump may lead to interruption of insulin
delivery and deficiency of the short-acting insulin, and can
rapidly lead to acute decompensation and DKA [8]. Finally,
intentional insulin omission as a weight loss strategy may
be a precipitating factor [9].
We present a case of DKA in a teenage girl with
established T1DM and the step-by-step investigation
process leading to diagnosis of the precipitating factor.

Case Presentation
A 16-year-old girl diagnosed with T1DM at age 8
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Figure 1: The x-axis shows the time during each day. The grey circles are glucose levels, at the time they were measured. The grey block is the target for glucose levels. The majority of
glucose levels are above the target. The green line denotes basal insulin levels during the day. The sharp block indicates the amount of insulin given as a bolus either prior to a meal or for
correction of a high glucose level. During some of the days, glucose was not measured, and no bolus insulin was given.
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years and currently treated with an insulin pump, presented to the emergency room with nausea, vomiting,
malaise and heavy breathing. The patient lost about 6 kg
over the last few months and other than some fatigue has
no complaints. She lives with her parents and two younger siblings. She is an excellent student and participates
in dance class. Initial assessment revealed a somnolent
patient with no focal neurological deficit. Body temperature was 100.8 °F, heart rate 133/minute with weak distal
pulses, blood pressure 70/56 mmHg, and respiratory rate
30/minute with a Kussmaul pattern. Oxygen saturation
was 96% in room air. The patient weighed 56.5 kg, and
her height was 168 cm. Skin turgor was decreased, mucous membranes were dry, and the odor of acetone was
noted on her breath. The thyroid gland was enlarged. The
abdomen was soft, with decreased bowel sounds and diffuse tenderness but without guarding, rebound, or organomegaly.

and chest radiograph showed no evidence of parenchymal, interstitial, or pleural disease.
Since the results were diagnostic of severe DKA, she
was admitted to the intensive care unit and treatment
was initiated according to DKA protocol with satisfying
improvement. Further work up revealed normal thyroid
function tests and negative celiac screen. An ACTH test
revealed a baseline cortisol level of 238 nmol/l (normal
range 138-690), and a 60 minute cortisol level of 580
nmol/l.
Reviewing the history of daily insulin dose by the
pump during the weeks prior to admission revealed that
the total daily dose of insulin was 37 units/day (0.65 units/
kg/day). There were several days with no boluses prior to
meals. Furthermore, there were numerous elevated glucose
measurements that clearly were ignored, and no insulin
was given for correction (Figure 1). Review of her HbA1c
levels revealed an excellent glycaemic control between
age 8 and 14 years, and then a gradual deterioration. The
marked weight loss prior to the current admission was
associated with an increase in HbA1c level as depicted
in figure 2. All those raised the suspicion of intentional
insulin omission for weight loss. She was referred for
psychological evaluation. Low self-esteem related to body
dissatisfaction was perceived. Diagnosis was confirmed
after she admitted intentional insulin omission.

Laboratory evaluation revealed a serum glucose concentration of 397 mg/dl, arterial pH 6.99, bicarbonate 3.4
mmol/l, arterial pCO2 14 mmHg, sodium 138 mmol/l
(143 mmol/l when corrected for hyperglycemia), potassium 3.2 mmol/l, urea 17 mg/dl and lactate 10 mg/dl. The
white cell count was 15,000/ml³ with 43% neutrophils,
44% lymphocytes, and 7% eosinophils. The hemoglobin level was 11.3 g/dl. High sensitive C-reactive protein
(CRP) was 43 mg/l (normal range 0.08-5.00). Amylase
was 42 U/l (normal range 20-90). Urinalysis revealed
glucose > 1000 mg/dl and a test for ketones was strongly positive. The HbA1c level was 13.2%. In the presence
of leukocytosis and high CRP, a source of infection was
investigated. Blood and urine cultures returned negative

Discussion
DKA is a medical emergency that requires prompt
recognition and appropriate treatment. Careful attention should be given to identification of the precipitating
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Figure 2: Body mass index Z score (BMI-Z), blue line, and HbA1c levels, red line, throughout the years.
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factor, especially in a patient with established diabetes
and recurrent episodes of DKA. Precipitating causes of
DKA are infectious disease, non-infectious disease, and
poor adherence to insulin therapy [10]. Since infection
is the leading trigger of DKA [7], a source of infection
was investigated. Although there is no proof that individuals with diabetes are more susceptible to infection,
they seem to have more difficulty handling infection
once it occurs [11]. In patients with long standing poor
glycaemic control, even mild infections, such as a cold or
sore throat, can lead to DKA. Second, non-infectious diseases should be considered. Patients with T1DM are at
increased risk for other autoimmune comorbidities such
as celiac, autoimmune thyroid disease and although relatively rare-adrenal insufficiency [12]. Weight loss and
abdominal pain can be presenting signs of celiac disease.
Thyrotoxicosis in the set-up of an enlarged thyroid gland
can be the reason for weight loss and can trigger DKA.
Weight loss with fatigue, anaemia, and mild eosinophilia can be attributed to adrenal insufficiency [13]. The
evaluation for celiac, thyroid disease and adrenal insufficiency revealed normal results.
The HbA1c level was 13.2% which reflects long standing poor glycaemic control. The BMI-Z score shows a
decline prior to the diagnosis of diabetes, and an increase
with the onset of insulin treatment. HbA1c levels show a
mirror image, an elevation at disease onset followed by an
improvement with the initiation of insulin treatment, an
excellent glycaemic control between age 8 and 14 years, and
then a gradual deterioration. The marked weight loss prior
to the current admission was associated with an increase
in HbA1c level. These fluctuations of HbA1c levels and the
weight together with the history of missed insulin doses by
the pump history during the weeks prior to admission raised the suspicion of intentional insulin omission.
Identification of intentional insulin omission for weight
loss as the precipitating cause of recurrent DKA is challenging since this behavior is often well hidden and denied. According to the American Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders fifth edition
(DSM-5) [14], intentional insulin omission or reduction
for the purpose of preventing weight gain is recognized as
either an inappropriate compensatory feature of bulimia
nervosa, or as a purging disorder, a component of other
specified feeding or eating disorder (OSFED). The onset of
insulin omission is typical in adolescence or early adulthood with prevalence that increases with age from 2% among
girls aged 9-13 years [15] up to 40% of 18-30 year old [16].
In a study of 770 children and adolescents (age 11-19 years),
one-third reported skipping their insulin dose entirely, at
least occasionally after overeating [17].
We presented a three level model to describe the development of eating disorder (ED) in adolescents with
T1DM [18]. The first level involves the premorbid status,
i.e. overweight, low self-esteem, personality characteristics
and family dynamics. The second level describes weight
Shraga et al. Int J Diabetes Clin Res 2017, 4:067
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loss at disease onset and subsequent weight gain with the
initiation of insulin treatment. The third level includes factors associated with the ongoing management of T1DM
such as intensive insulin treatment, dietary restraint, hypoglycemic episodes and depression [18]. Clinical signs that
should alert health care providers to the possibility of an ED
in T1DM patients include preoccupation with appearance,
frequently missed medical appointments, poor glycaemic
control, and recurrent episodes of DKA [19,20]. Specific
surveys designed for patients with diabetes may be used to
identify at risk patients [21]. Using data mining methods
we developed a clinical prediction model for the detection
of intentional insulin omission for weight loss in adolescent
girls with T1DM [22]. According to this model adolescent
girls with intentional insulin omission were discriminated
by HbA1c > 9.2% and more than 20% of HbA1c measurements above the 90th percentile [22].
In addition to recurrent episodes of DKA, insulin
omission increases the risk of long-term complications
such as retinopathy and nephropathy [23]. In a 4 year
follow-up study, 86% of girls with T1DM and severe ED
developed retinopathy, 3.6 fold more than girls without
an ED [24]. In another study, 25% of women aged 13-60
years, who reported insulin omission had nephropathy,
compared with 10% of those who did not [25]. The
mortality rate in girls with both diabetes and an ED was
assessed as 34.6 per 1,000 person years compared to 2.2
per 1,000 person years in girls with only diabetes [26].
Awareness of the different aspects of ED in T1DM patients may be helpful in prevention and treatment. Treatment involves a complex interplay of psychological and
biological aspects and requires a multidisciplinary team.
Psychological interventions should be implemented, as
appropriate, to increase self-esteem and body acceptance, provide treatment if depression or anxiety exist, and
to improve family communication [27]. Intensive insulin
treatment, dietary restraint and hypoglycemic episodes
should be addressed by the diabetes management team
[18]. As good metabolic control is associated with weight
gain, changes in target blood glucose level should be gradual. T1DM education should emphasize realistic targets
of glucose levels with flexible non-depriving approaches
to eating [28]. Setting higher than standard target blood
glucose ranges (preprandial 120 to 150 mg/dL and postprandial < 200 mg/dL) may yield more benefit in the
long run. In contrast, achieving excellent control may result in marked weight gain. Moreover, since low glucose
target levels are associated with an increased risk of recurrent hypoglycemic episodes, which may result in additional increased calorie intake, setting higher target levels
may be a better initial objective. Failure of outpatient treatment, the presence of a severe psychopathological state
and poor glycaemic control are key elements in the decision for hospitalization [18]. Our patient was treated by
a multidisciplinary team to address the medical, dietary
and psychological aspects with gradual improvement.
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DOI: 10.23937/2377-3634/1410067

In conclusion, this case demonstrates the importance of
searching the underlying cause of DKA. The identification
of ED among T1DM patients and the establishment of a
comprehensive treatment may reduce the rate of DKA as
well as the long term complications associated with these
disorders.
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