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Introduction: Diabetic ketoacidosis (DKA) is a leading complication of Diabetes Mellitus (DM), especially type-1 Diabetes Mellitus 
which mostly affects children. DKA recurrence was frequent and mortality was associated with number of hospital admission of 
DKA. In Indonesia, there is a lack of clinical and biochemical characteristics in these patients. Our aim is to describe the clinical and 
laboratory data of DKA in DM children.
Methods: We reviewed 16 cases of 12 children aged 0-18 years diagnosed with DKA and DM retrospectively in Cipto Mangunkusumo 
Hospital, from January 2017-October 2018. Medical history and laboratory data were obtained. DKA was classified into mild, moder-
ate, and severe based on pH and HCO3 levels. Data was analyzed with SPSS.
Results: Sixteen cases from 12 children with DKA were obtained. The median age was 14 (0-16) years. Only four patients had a 
family history of DM. Four patients (4/16) had first onset of DKA, and twelve cases had histories of previous DKA. More than half of 
the cases had classical symptoms of DM (11/16), dyspnea (11/16), and nausea or vomiting (9/16). The average length of stay was 
3.5 (1-17) days; one patient was an infant with comorbidities thus needing longer care. Most subjects had severe DKA (8/16). Mean 
blood glucose and HbA1c levels at arrival were 692.49 (303-1113.6) g/dL and 12.04 (6.8-16.7)%, respectively. Hypernatremia and 
hypokalemia were the most common electrolyte abnormalities. Leukocytosis was found in most patients. The average starting and 
maximum insulin dose was 0.05 (0.05-0.1) IU/kg/hour and 0.1 (0.05-3) IU/kg/hour, respectively. DKA resolution was 28.8 ± 14.5 
hours, while length of stay was 3.5 (0-17) days. All patients recovered from DKA, there were no deaths.
Conclusion: The number of DKA recurrence in previously diagnosed DM patients remains high. Poor compliance due to lack of 
knowledge in the patient and caregivers contributes to DKA recurrence. Proper application of treatment protocol with low dose in-
sulin is effective to lower mortality. More effort is needed to prevent DKA by ensuring that patients and caregivers are well educated 
on long term care of DM.

Abstract

The incidence of Diabetes Mellitus (DM) in children and adoles-
cents is rising. Up to 2018, the registry of the Indonesian Pediatric 
Society (IPS) recorded 1194 cases of Type-1 DM (T1DM) in pediat-
ric patients. The incidence rate of pediatric T1DM in Indonesia in-
creased sevenfold over the course of 10 years; 3.88 per 100 million 
to 28.19 per 100 million population in 2000 and 2010, respectively 
[1]. Other types of DM, such as T2DM or monogenic diabetes are 
still poorly registered in Indonesia. Hence, the existing data on DM 

Introduction in children is only the tip of an iceberg; the real incidence is pre-
dicted to be much higher.

Diabetic ketoacidosis (DKA) is the most common complication 
of DM, especially T1DM. Based on the IPS registry, DKA occurs in 
60.56% T1DM children and adolescents in 2012 [1]. Severe defi-
ciency of insulin causes metabolic abnormalities: hyperglycemia, 
metabolic acidosis, ketonemia, dehydration, and electrolyte imbal-
ance. These abnormalities manifest through clinical manifestations 
of dehydration, tachycardia, tachypnea, kussmaul breathing, breath 
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smells of acetone, nausea, vomiting, abdominal pain, blurry vision, 
and loss of consciousness ranging from confusion to coma [2]. 

Risk factors for DKA are different between newly diagnosed and 
previously known diabetic patients. In newly diagnosed patients, 
risk factors include younger age, delayed diagnosis, lower socio-
economic status, and domicile in countries with low prevalence of 
T1DM. Meanwhile, in previously known DM patients, DKA risk in-
creases in children with insulin cessation, poor metabolic control, 
previous history of DKA, gastroenteritis, psychiatric disorders, 
family problems, limited access to medical services, alcohol con-
sumption, and in peripubertal and adolescents [2].

 DKA recurrence is often a challenge in treating DM children; 
mortality is associated with the number of hospital admission for 
DKA [3]. Previous studies have shown that the frequency of DKA 
recurrence was significantly higher in patients with poor glyce-
mic control, reflected by higher HbA1C level and insulin treatment 
omission [4,5]. Diabetes knowledge is one of the keys to achieve 
glycemic control. A study by Martin., et al. [6] about diabetes 
knowledge in adolescents with T1DM determined that diabetes 
knowledge and skills score was significantly higher in patients 
with HbA1C below 8% compared to patients with higher HbA1c 
levels. 

Due to the large variation of clinical characteristics and out-
comes of DKA worldwide, this study aims to analyze the profile 
of DKA in the Indonesian population, specifically in Cipto Man-
gunkusumo Hospital (CMH), Jakarta. Identification of risk factors 
is needed for evaluation of therapy and preventive measures to 
reduce DKA rates.

This descriptive retrospective study was conducted by review-
ing medical records of children aged 0-18 years hospitalized for 
DKA in Cipto Mangunkusumo Hospital (CMH), Jakarta, from Janu-
ary 2017 until October 2018. Characteristics of patients, medical 
history, laboratory data, and insulin use were recorded. 

Medical history included age of DKA onset, DKA recurrence, 
symptoms, time of DKA resolution, length of stay in the hospital, 
occurrence of cerebral edema, and outcome. DKA resolution was 
based on the time until the patient received subcutaneous insulin, 
while outcome was based on death or discharge. Cerebral edema 
was defined as receiving mannitol. 

DKA was defined based on the 2018 ISPAD criteria: hyperglyce-
mia (blood glucose >200 mg/dL), venous pH <7.3 or serum bicar-
bonate <15 mmol/L, and ketonemia or ketonuria [2]. The severity 
of DKA was classified according to the ISPAD 2018 guideline; (1) 

Methods

mild (pH <7.3 or bicarbonate <15 mmol/L), (2) moderate (pH <7.2 
or bicarbonate <10 mmol/L), and severe (pH <7.1 or bicarbonate 
<5 mmol/L) [1]. Electrolyte levels were also assessed [2]. Based on 
the reference range used in CMH, hypokalemia was defined as se-
rum potassium <3.3 mEq/L, hyperkalemia: serum potassium >5.4 
mEq/L, hyponatremia: serum sodium <132 mEq/L, and hyperna-
tremia: serum sodium >147 mEq/L. Definition of leukocytosis was 
white blood cell count >10,000/L [7].

Data were analyzed using SPSS (Version 20 for Mac) for statisti-
cal analysis. The mean (± standard deviation) or median (minimum 
– maximum) was calculated based on data normality which used 
the Shapiro-Wilk Test. 

Sixteen cases out of 12 patients were reviewed. The median 
age was 14 (0-16) years, the majority of subjects were adolescents 
(10/12). Subjects were mostly diagnosed with DM at a young age 
(0-4 years; 4/12) or at adolescence (10-14 years; 5/12). Most pa-
tients (9/12) were diagnosed with T1DM, while other less com-
mon types included neonatal DM and drug-induced DM; two 
patients who were on leunase developed DKA. All patients were 
insulin-dependent. The ratio of girls: boys was 1.4:1. Family his-
tory of DM in the family was uncommon, two patients had history 
of T1DM and two of Type-2 Diabetes Mellitus. Almost all patients 
(9/12) resided in Jakarta and surrounding areas (Depok, Bogor, 
Tangerang, Bekasi). All patients were funded by the Indonesian 
National Health Insurance. The characteristics of subjects in the 
study can be seen in table 1.

Characteristic of subjects

Results

Characteristics
Age (years) 14 (0-16) Family History of Diabetes (n)

Age range (years) Type 1 9/12
0 - 4 1/16 Type 2 0/12
5 - 9 1/16 Neonatal DM 1/12
10 - 16 14/16 Drug-induced 2/12
Age at diagnosis of DM (years) Family History of Diabetes (n)
0 - 4 4/12 Type 1 2/12
5 - 9 3/12 Type 2 2/12
10 - 15 5/12 Address (n)
Sex (n) Jabodetabek and 

Surroundinga
9/12

Boys 5/12 Outside Jakarta 3/12
Girls 7/12 Funding (n)

National Health 
Insurance

12/12

Out of pocket 0/12

Table 1: Characteristics of Subjects.
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Table 2 describes the medical history of the patients. Twelve 
out of 16 patients had history of DKA. Four patients had the first 
occurrence of DKA, three among them had DKA at presentation of 
DM. The highest number of DKA recurrence was 11 times, which 
was a teenage girl with poor treatment adherence and lack of 
knowledge in the patient and caregivers. The highest DKA precipi-
tating factors were poor compliance (10/16), followed by infec-
tion (2/16), and fasting (1/16). The most common symptoms were 
classical symptoms (polyuria, polydipsia, polyphagia), dyspnea, 
and nausea or vomiting with a proportion of 11/16, 11/16, and 
9/16, respectively.

Medical history

Clinical Profile and Outcome of Patients 
First DKA (n) 4/16 Precipitating Factors (n)
With history of DKA 
(n)

12/16 New onset 
diabetes

3/16

2 3/16 Poor  
compliance

10/16

3 2/16 Infection 2/16
4 2/16 Fasting 1/16
5 2/16 Unknown 1/16
> 5 2/16
Unknown (>1) 1/16 Insulin use (IU/kg/h), n = 15
Symptoms (n) Starting dose 0.05 (0.05 - 0.1)
Classical symptomsa 11/16 Maximum 

dose
0.1 (0.05 - 3)

Dyspnea 11/16 DKA Resolu-
tionb (hours)

28.9 (± 14)

Abdominal pain 6/16 Length of stay 
(days)

3.5 (1 - 17)

Nausea or vomiting 9/16 Cerebral 
Edemac (n)

1/16

Fever 3/16 Mortality (n) 0/16
Altered  
consciousness

5/16

Table 2: Clinical Profile and Outcome.
aClassical symptoms: polyuria, polydipsia, polyphagia, bDKA resolu-
tion: time until pasien received SC insulin, ccerebral edema: admin-
istered mannitol.

Table 3 shows the laboratory trends in DKA patients. The medi-
an of blood glucose at arrival was 692.49 (303-1113.6) g/dL, while 
HbA1c was 12.04 (6.8-16.7)%. Based on pH levels, five (5/16) pa-
tients were classified as mild DKA, three (3/13) as moderate, and 
eight (8/16) as severe. Hyperkalemia (5/16) and hyponatremia 
(5/16) were the most common electrolyte abnormalities. Almost 
all subjects (14/16) had leukocytosis (21,948.13/L ± 14,068.63); 
two patients without leukocytosis were diagnosed with leukemia 
and were on chemotherapy at the time of examination. The aver-

Laboratory trends

age blood ketones level in 14 cases was 3.36 (±1.11). Blood ketones 
level was not measured in two patients because of reagent unavail-
ability.

Laboratory  
Parameters

Mean/Median 
(±SD / 

Min-Max)
Blood glucose  
(g/dL)

692.49  
(303-1113.6)

HbA1c (%) 12.04 
 (6.8-16.7)

Blood gas  
analysis

pH

pCO2

HCO3

7.17 (±0.17)

17 (±5.21)

5.2 (2.2-19.3)

DKA  
Classification

Severe

Moderate

Mild

8/16

3/16

5/16

E l e c t r o l y t e 
(meq/L)

Na

K

Cl

135.25  
(123-149) 

5.03 (2-6.4) 
101.79 (±8.33)

Electrolyte imbal-
ance

Hypernatremiaa

Hyponatremiab

Hyperkalemiac

Hypokalemiad

Leukocytosise

1/16

1/16

5/16

5/16

14/16

Complete Blood 
Count 
Hb (g/dL)

Hct

Leukocyte (/L)

Thrombocyte 
(/L)

 
13.86 (±2)

42.59 (±7.06)

21,948.13 
(±14,068.63)

443,937.5 
(±163,233.77)

Blood Ketones 
(n=14)

3.36 (±1.11)

Table 3: Laboratory Trends on Admission.
aHypernatremia: Serum Na >147 mEq/L, bHyponatremia: Serum 

Na <132 mEq/L, chyperkalemia: Serum K >5.4 mEq/L, dHypokale-
mia: Serum K <3.3 mEq/L, eleukocytosis: >10.000/L.

One patient was discharged against medical advice after three 
hours in the emergency room and was not included for insulin and 
DKA resolution analysis. Table 2 shows the insulin use and DKA 
resolution. The median starting dose was 0.05 (0.05-0.1) IU/kg/
hour, while the maximum dose was 0.1 (0.05-3) IU/kg/hour. DKA 
resolution was 28.9 (±14) hours. Insulin use and DKA resolution 
can be seen in Table 2.

Insulin Use and DKA Resolution

Table 2 presents the length of stay, occurrence of cerebral ede-
ma, and mortality. The median length of stay was 3.5 (1-17 days). 
One patient was a neonate with comorbidities needing 17 days of 
care. Cerebral edema occurred in one patient from admission to 
the hospital. All patients were discharged and none died. 

Length of stay and outcome
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DKA Severity
pMild 

(5/16)
Moderate 

(3/16)
Severe 
(8/16)

DKA  
recurrency
First DKA 1/16 1/16 2/16 0.811
Recurrent 
DKA

4/16 2/16 6/16

Poor compliance
Yes 2/16 2/16 6/16 0.441
No 3/16 1/16 2/16
Glucose on 
arrival

604.52 
(±304.44)

596.80 
(±123.76)

783.36 
(±212.48)

0.333

HbA1C 10.68 
(±3.16)

11.37 (±2.25) 13.14 
(±1.79)

0.202

Leukocyte 15,332.0 
(±7,285.06)

12,730.0 
(±11,398.58)

29,540.0 
(±14,068.63)

0.086

Electrolyte
Na 134  

(129-139)
137  

(123-137)
138.5  

(127-149)
0.653

K 4.53 (±1.69) 5.0 (±1.35) 5.36  
(±0.73)

0.504

Cl 101 (89.5-
105)

108 (95-108) 104  
(84.1-114)

0.294

DKA 
resolution 
(hours)

27.9 
(±12.16)

20.5 (±3.77) 33.14 
(±17.21)

0.449

Length of 
stay (days)

4 (2-17) 5 (2-5) 3 (1-11) 0.778

Table 4: Association of DKA severity with  
clinical and laboratory parameters.

Starting dose
p

0.05 0.1
DKA  
resolution 
(hours)

30.9 (11.9) 17 (6.47) 0.05

Length of stay 
(days)

30  
(16.5 - 56.5)

16.25  
(11.5 - 24.0)

0.951

Table 5: Relationship of starting dose with  
DKA resolution and length of stay.

The most common precipitating factor of DKA was due to 
compliance problems. Similarly, Naeem., et al. [4] also found that 
non-compliance to insulin high (79%) in children with DKA in Sau-
di Arabia. Lack of parental knowledge on T1DM treatment plays a 
major role in non-compliance, causing insulin omission or failure 
to routinely visit the physician for insulin adjustment. 

DKA is a main cause of mortality in DM patients. In this study, 
T1DM is the most common type of DM in children aged 0-18 years. 
The median age of patients in this study was 14 (0-16) years; thus, 
teenagers were at most risk of developing DKA. A previous research 
conducted in Saudi Arabia found a lower median age, 11 years (8-
13) [8]. Studies in India [9,10] reported a median and mean age of 
7.52 (2-14) and 11.4 ± 4,4 years respectively, also lower than this 
study. The relatively higher median age of patients in this study is 
in accordance to the observed higher prevalence of T1DM among 
children aged 10-14 years according to the IPS registry [1]. Differ-
ent population may affect the different age range of DKA and DM.

Discussion

We found that frequency of DKA is slightly higher in girls com-
pared to boys (1.4:1); in contrary to previous studies which found 
that DKA frequency was higher in boys [6]. A previous study by 
Pulungan., et al. [11] conducted in CMH reported similar but more 
dramatic results, with ratio of female:male reaching 17.5:1. Female 
predominance was also found among DKA patients in a study by 

Onyiriuka and Ifebi [12] with a female-to-male ratio of 1.5:1. This 
finding may be caused by hormonal changes in puberty, especially 
the raising of counter-regulatory hormones, such as growth hor-
mone and estrogen. The decrease in circulating insulin accompa-
nied by elevation of counter regulatory hormones may elicit DKA. 
The hormonal changes occur differently between boys and girls; 
serum level of estrogen in girls is greater than boys at puberty [12].

Most patients who presented with DKA at CMH had previous 
history of DKA; and lack of knowledge was a main problem. Many 
studies mentioned that recurrence of DKA was associated with di-
abetes knowledge and level of socioeconomic status [12]. It was 
reported by Vanelli M., et al. [13] about DKA prevention program 
in Parma, Italy, that raising awareness and improving knowledge 
through dissemination of information about diabetes mellitus co-
uld significantly reduce prevalence of DKA at type 1 DM from 78% 
to 12.5%. This finding proves that knowledge is one of the main 
factor in preventing DKA.

In this study, we found that patients who had DKA reoccurren-
ce due to poor compliance were all female adolescents (≥10 years 
old). Few reasons for insulin omission were psychological stress 
(e.g. breaking up with a boyfriend), social reasons (e.g. not taking 
insulin shots during a sleepover), and mostly due to lack of knowle-
dge. Consistent with the present study, Malik., et al. [14] in the 
United States reported that older children and females had higher 
risk of frequent DKA admission. Rewers., et al. [15] implied that 
the increase of DKA frequency in teenage girls might be affected 
by body image (skipping insulin to loose weight), increased insulin 
resistance in puberty or obesity, and eating disorders. Adolescents 
with DM are at risk of poor insulin compliance, thus needing spe-
cial attention. An integrated interdisciplinary diabetes care team, 
comprised of pediatric endocrinologists, psychologists, psychia-
trists, and social workers are needed to ensure optimal treatment 
and preventing DKA [16].
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DKA is a serious and life-threatening event. Recurrence of DKA 
remains high, especially in adolescents. Prevention of DKA must 
be a main concern of healthcare workers. We found no significant 
association between DKA severity and DKA recurrence, but this 
study included only a small number of sample. An integrative and 
multidisciplinary team must ensure that patients  and families are 
well educated on the long term care of T1DM. 

Conclusion
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