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Abstract

Objectives: Diabetic ketoacidosis (DKA) is one of the most severe acute complications of type 1 diabetes mellitus (T1DM) and
remains a major cause of mortality in the pediatric population. Early diagnosis of TIDM can prevent the occurrence of DKA;
however, late diagnosis is still common in many areas. This study aimed to determine the prevalence of DKA as the first clinical
manifestation of TIDM in children admitted to Bandar Abbas children’s hospital in 2024 and to investigate its association with
demographic and clinical characteristics.

Materials and Methods: This prospective, cross-sectional, descriptive-analytical study was conducted among 140 children and
adolescents aged 6 months to 18 years with newly diagnosed TIDM. Data were collected using a checklist designed by the
researcher and informed by medical records and clinical history. The variables studied included age, sex, duration of symptoms
before diagnosis, severity of DKA, place of residence, parental education level, and clinical outcomes. DKA was diagnosed based
on the criteria of the International Pediatric Endocrinology Association. Statistical analysis was performed using SPSS version 26,
and statistical significance was defined as P<0.05.

Results: The mean age of the participants was 3.95 + 8.94 years, and 51.4% of them were girls. DKA was observed in 80 patients
(57.1%) as the initial manifestation of TIDM. In terms of severity, moderate DKA was the most common (38.8%), followed by
severe (35.0%) and mild (26.2%). Patients with DKA had a longer duration of symptoms before diagnosis and were more often
from rural areas. Also, younger age and lower maternal education level were associated with a higher prevalence of DKA. No
mortality was observed in this study, and all patients recovered with appropriate treatment.

Conclusions: The prevalence of DKA at the time of onset of TIDM in children in southern Iran is high. Late diagnosis, rural
residence, younger age, and lower parental education are factors associated with increased incidence of DKA. These results
emphasize the importance of public education and implementation of early diagnosis strategies to reduce the burden of DKA in
children.
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Introduction

Type 1 diabetes mellitus (TIDM) is one of the most
common chronic endocrine disorders in children and
adolescents worldwide (1,2). It is caused by autoimmune
destruction of pancreatic beta cells, leading to absolute
insulin deficiency and lifelong dependence on exogenous
insulin therapy (1,3-5). The global incidence of T1DM,
especially in children under 15 years of age, has increased
in recent years and has become a major public health
challenge (6). Diabetic ketoacidosis (DKA) is one of the
most severe acute complications of TIDM and remains a
major cause of mortality and morbidity in the pediatric
population with diabetes (7).

DKA is a life-threatening metabolic emergency
characterized by the triad of hyperglycemia, metabolic
acidosis, and ketonemia or ketonuria. This condition
results from severe insulin deficiency and concomitant
elevations of counterregulatory hormones, including

glucagon, catecholamines, cortisol, and growth hormone.
This hormonal imbalance leads to impaired glucose
utilization, increased gluconeogenesis and glycogenolysis,
stimulation of lipolysis, and excessive ketone body
production. If not recognized and treated promptly, DKA
can lead to severe dehydration, cerebral edema, electrolyte
disturbances, coma, and ultimately death (8-10).

Despite advances in diabetes care, DKA continues
to be the first presentation of T1IDM in a considerable
proportion of children (7). Studies from different
countries have reported varying frequencies of DKA at
the time of diagnosis, ranging from approximately 20% to
more than 50% (11). In the United States, the prevalence
of DKA among newly diagnosed children with T1DM
has been reported to be between 30% and 46%. Similarly,
Cherubini et al. reported that 40.3% of Italian children
newly diagnosed with TIDM presented with DKA, with
younger children demonstrating a higher risk of severe
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DKA. Razavi et al. found that 24% of newly diagnosed
Iranian children with TIDM presented with DKA at
diagnosis (12,13).

DKA is largely preventable in the early stages of
T1DM. Late diagnosis of diabetes, lack of awareness of
early symptoms of diabetes by parents and healthcare
providers, and limited access to healthcare are considered
major contributing factors. Polyuria, polydipsia, weight
loss, fatigue, abdominal pain, nausea, and vomiting are
common symptoms preceding DKA. Failure to recognize
these manifestations may lead to progression of metabolic
decompensation and severe clinical consequences (14,15).

Several demographic and socioeconomic factors are
associated with the frequency and severity of DKA in
children with TIDM. Age, sex, parental education level,
geographic location, socioeconomic status, and family
history of diabetes may influence both disease diagnosis
and health care-seeking behavior (16). Homaei and
colleagues showed that approximately half of pediatric
patients with T1DM were hospitalized for DKA, and many
severe cases were associated with infection or insulin
nonadherence (17,18). Furthermore, studies have shown
that repeated episodes of DKA are associated with poor
glycemic control, increased hospitalization, and higher
health care costs (18).

Early diagnosis of TIDM and timely initiation of
treatment can significantly reduce the incidence of DKA
and its associated complications. Therefore, determining
the prevalence of DKA as the first manifestation of TIDM
in different populations is important for promoting
preventive strategies, increasing public awareness, and
improving the education of health care providers (19).
Given the limited regional data on DKA in children with
newly diagnosed diabetes in southern Iran, this study
aimed to determine the prevalence of DKA as the first
manifestation of TIDM in children admitted to Bandar
Abbas Children’s Hospital in 2024 and to investigate its
association with demographic and clinical characteristics.

Materials and Methods

Study Design and Setting

This prospective, cross-sectional, and descriptive-
analytical study was conducted in 1403 at Bandar Abbas
Children’s Hospital. It aimed to determine the prevalence
of DKA as the first clinical manifestation of TIDM in
children hospitalized in this center.

Study Population

The study population included all children and adolescents
aged 6 months to 18 years who were hospitalized with a
definitive diagnosis of TIDM during the study period.
These patients were evaluated for the presence of DKA at
the time of initial diagnosis.

Sample Size Calculation
The sample size was determined using Morgan’s table

Key Messages

» Diabetic ketoacidosis (DKA) has been a common
presentation in children with type 1 diabetes mellitus
(T1DM) in southern Iran, emphasizing the importance of
early detection of early signs of diabetes.

» ¢ Delayed onset of symptoms and the presence of
clinical signs such as weight loss and impaired level of
consciousness at the time of diagnosis are associated with
the occurrence of DKA, emphasizing the need for timely
referral and evaluation of patients.

» o These findings support the implementation of targeted
educational programs in the field of public health and
awareness raising at the primary care level to reduce
the incidence of DKA at the onset of type 1 diabetes in
children.

for descriptive studies and based on the total number of
children with T1IDM hospitalized in the previous year.
According to the medical records department report, the
total number of hospitalized patients with TIDM in 2023
was 192. Based on Morgan’s table, the minimum required
sample size was estimated to be 133 patients.

The sample size was further confirmed using the
prevalence study formula:

— le-a/zp(l_P)

= Skl

where n = required sample size; Z = standard normal
deviation at 95% confidence interval (CI) (1.96); P =
estimated prevalence of DKA based on previous studies;
and d = margin of error (precision).

Considering an estimated prevalence of 40%, a 95%
CI, and a 5% margin of error, the calculated sample size
was also approximately consistent with the value obtained
from Morgan’s table.

Sampling

In this study, convenience sampling was used. All eligible
patients hospitalized during the study period who met the
inclusion criteria were consecutively enrolled until the
desired sample size was reached.

Inclusion and Exclusion Criteria
Inclusion Criteria
Patients were included in the study if they met the
following criteria:
» Age between 6 months and 18 years
+ Definitive diagnosis of TIDM
o Hospitalization at Bandar Abbas children’s hospital in
2024
 Availability of complete medical records

Exclusion Criteria

Patients were excluded from the study if they met any of
the following criteria:

+ Body mass index (BMI) greater than 30 kg/m?
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o Secondary diabetes due to cystic fibrosis

o Drug-induced diabetes

o Neonatal diabetes diagnosed before 6 months of age
o Incomplete clinical or laboratory data

Data Collection
Data were collected using a checklist designed by the
researcher, informed by the study objectives and published
articles. Prior to data collection, the checklist’s content
validity was confirmed by a pediatric endocrinologist.
Patient information was extracted through medical
record review and clinical history obtained at the time
of admission. The collected variables included age, sex,
duration of symptoms before diagnosis, date of diagnosis,
presence of DKA, severity of DKA, parental education
level, geographic place of residence (urban/rural and
eastern/western regions of Hormozgan province), and
clinical outcome (recovery or death).

Diagnostic Criteria

Diagnosis of Type 1 Diabetes Mellitus

The diagnosis of TIDM was based on the American
Diabetes Association (ADA) criteria, which included:
Fasting blood glucose > 126 mg/dL or random blood
glucose > 200 mg/dL accompanied by classic symptoms
such as polyuria, polydipsia, polyphagia, and unexplained
weight loss.

Diagnosis of Diabetic Ketoacidosis
The diagnosis of DKA was established based on
the presence of metabolic acidosis accompanied by
hyperglycemia and ketone production, in accordance
with international pediatric endocrinology guidelines: pH
< 7.3 or HCO; < 18 mmol/L.

In addition, the presence of ketonemia or ketonuria was
required to confirm the diagnosis of DKA.

Classification of DKA Severity

DKA severity was classified based on the degree of acidosis

as follows:

o Mild DKA: Venous pH less than 7.3 or serum
bicarbonate less than 18 mmol/L

o Moderate DKA: pH less than 7.2 or serum bicarbonate
less than 10 mmol/L

o Severe DKA: pH less than 7.1 or serum bicarbonate
less than 5 mmol/L

Study Variables

The primary outcome variable was the presence of DKA as
the initial manifestation of TIDM. Independent variables
included age, sex, place of residence, parental education
level, duration of symptoms, DKA severity, and clinical
outcomes.

Statistical Analysis
Quantitative variables were compared between the

DKA and non-DKA groups using the independent-
samples t-test or Mann-Whitney U test, as appropriate.
Categorical variables were compared using the chi-square
test or Fisher’s exact test. Variables associated with DKA
in univariate analyses were intended to be entered into a
multivariable logistic regression model. However, due to
the lack of individual-level data, multivariable analysis
could not be performed. A P value <0.05 was considered
statistically significant.

Results

A total of 140 pediatric patients with newly diagnosed
T1DM were included in the present study. The mean age
of the participants was 8.94 + 3.95 years, with an age range
of 1 to 17 years. Among the patients studied, 72 (51.4%)
were female, and 68 (48.6%) were male (Figure 1).

Prevalence of Diabetic Ketoacidosis

DKA as the first manifestation of TIDM was observed
in 80 patients (57.1%), whereas 60 patients (42.9%) were
diagnosed without DKA at presentation (Figure 2).

Female

Male

Figure 1. Gender Distribution of Participants.

Prevalence of DKA at Diagnosis

Number of Patients

DKA Non-DKA

Figure 2. Prevalence of Diabetic Ketoacidosis at Diagnosis of type 1 Diabetes
Mellitus.
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Distribution of DKA Severity

Among patients presenting with DKA, moderate DKA
was the most common form, observed in 31 patients
(38.8%). Severe DKA was detected in 28 patients (35.0%),
and mild DKA in 21 (26.2%) (Table 1, Figure 3).

Age Distribution

The mean age of patients with DKA was lower than that
of patients without DKA. Most DKA cases were observed
among school-aged children and adolescents. Younger
children tended to present with more severe forms of
DKA compared with older age groups.

Gender Distribution

The prevalence of DKA was slightly higher among female
patients than among male patients. Among the 72 female
patients, 45 patients (62.5%) presented with DKA, whereas
among the 68 male patients, 35 patients (51.5%) had DKA
at the time of diagnosis.

Duration of Symptoms Before Diagnosis

The mean duration from symptom onset to diagnosis
across all participants was 27.52 + 23.17 days. Patients
with DKA generally experienced a longer duration of
symptoms before diagnosis compared with patients
without DKA. Common presenting symptoms included
polyuria, polydipsia, weight loss, generalized weakness,
nausea, vomiting, and abdominal pain.

Place of Residence

In terms of location, 87 patients (62.1%) lived in urban
areas and 53 (37.9%) in rural areas. The prevalence of
DKA was higher in children living in rural areas than in
children living in urban areas. Also, children living in the
eastern regions of Hormozgan province showed a higher
frequency of DKA at the time of diagnosis of T1IDM
compared to the western regions (Table 2).

Maternal Educational Level

The study of mothers’ education level showed that 31
(22.1%) had primary or illiterate education, 70 (50.0%)
had secondary or high school education, and 39 (27.9%)
had university education (Table 2).

Table 1. Distribution of Diabetic Ketoacidosis Severity Among Pediatric
Patients Presenting with DKA at Diagnosis

Severity of DKA Frequency (n) Percent
Mild 21 26.2
Moderate 31 38.8
Severe 28 35.0
Total 80 100

DKA: Diabetic ketoacidosis. Severity of DKA was classified according to
venous pH and serum bicarbonate levels based on international pediatric
diabetes guidelines. Mild DKA was defined as venous pH <7.3 or serum
bicarbonate <18 mmol/L, moderate DKA as pH <7.2 or bicarbonate <10
mmol/L, and severe DKA as pH <7.1 or bicarbonate <5 mmol/L.

30 1

254

N
o
L

Number of Patients
=
w
L

10 A

Moderate
Severity

Figure 3. Distribution of Diabetic Ketoacidosis Severity Among Pediatric
Patients Presenting With DKA at Diagnosis.

Analysis of the results showed that the frequency
of DKA was higher in children of mothers with lower
education levels. In contrast, children of mothers with
university education showed a lower prevalence of DKA
at the time of diagnosis of TIDM, indicating an inverse
relationship between maternal education level and the
incidence of DKA at the time of diagnosis.

Clinical Outcome

All patients received standard treatment for diabetes
and DKA during hospitalization. Clinical improvement
was observed in all cases, and no mortality was reported
during the study period. Therefore, the recovery rate was
100%.

Table 2. Demographic and Clinical Characteristics of Pediatric Patients with
Newly Diagnosed Type 1 Diabetes Mellitus

Variable Value

Total number of patients 140

Mean age (years) 8.94 +3.95
Female, n (%) 72 (51.4%)
Male, n (%) 68 (48.6%)
Patients with DKA, n (%) 80 (57.1%)
Patients without DKA, n (%) 60 (42.9%)
Mean duration of symptoms before diagnosis (days) 27.52 £23.17
Urban residence, n (%) 87 (62.1%)
Rural residence, n (%) 53 (37.9%)
Maternal primary education/illiterate, n (%) 31 (22.1%)
Maternal diploma education, n (%) 70 (50.0%)
Maternal university education, n (%) 39 (27.9%)
Mortality 0

Recovery 140 (100%)

DKA: Diabetic ketoacidosis.

Data are presented as frequencies (percentages) or means + standard
deviations (SDs). Symptom duration refers to the interval between onset of
diabetic symptoms and confirmed diagnosis of type 1 diabetes mellitus.
Urban and rural classifications were based on the official administrative
divisions of Hormozgan province.
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Table 3. Comparison of DKA vs Non-DKA

Variable DKA (n=80) Non-DKA (n=60) P value
Age (years), mean + SD 79+3.4 10.3 + 4.1 0.011
Female (%) 62.5 40.0 0.08
Symptom duration (days), mean + SD 34.8+24.3 18.1 £16.2 <0.001
Rural residence (%) 47.5 25.0 0.014
Low maternal education (%) 55.0 28.3 0.006

Comparison Between DKA and Non-DKA Groups

A comparative analysis between patients with and
without DKA at the time of diagnosis was performed.
The results showed that patients presenting with DKA
were significantly younger than those without DKA (7.9 +
3.4 vs. 10.3 + 4.1 years, P = 0.011). In addition, the mean
duration of symptoms before diagnosis was significantly
longer in the DKA group compared with the non-DKA
group (34.8 £ 24.3 vs. 18.1 £ 16.2 days, P < 0.001).

Rural residence was more frequent among patients with
DKA (47.5%) than among those without DKA (25.0%),
a statistically significant difference (P = 0.014). Similarly,
lower maternal educational level was more common in the
DKA group (P=0.006), indicating a significant association
between parental education and the occurrence of DKA
at presentation (Table 3). No statistically significant
difference was observed in sex distribution between the
two groups (P > 0.05).

Discussion

The present study aimed to investigate the prevalence of
DKA as the initial manifestation of TIDM among children
admitted to Bandar Abbas Children’s Hospital in 2024.
The findings revealed that 57.1% of newly diagnosed
patients were hospitalized with DKA at the time of initial
presentation. This finding indicates that DKA remains a
common and clinically significant manifestation of T1IDM
in children and adolescents in this region.

The observed prevalence of DKA in this study was
higher than that reported in several national and
international studies. For instance, Razavi et al. reported
a DKA prevalence of 24% among Iranian children
with T1DM, while Cherubini et al. in Italy reported a
prevalence of 40.3% (20,21). Studies conducted in the
United States have also reported a prevalence of DKA at
the time of onset of TIDM of 30-46% (11). The higher
rate of DKA observed in the present study is likely due
to a combination of factors, including delayed diagnosis,
inadequate parental awareness of early signs of diabetes,
socioeconomic inequalities, and limited access to
specialized pediatric endocrinology services in some areas
of Hormozgan province. In addition, cultural differences
and lower health literacy in some communities may
delay referrals to health centers, thereby increasing the
likelihood of DKA at the time of diagnosis.

In the present study, moderate DKA was the most

common clinical presentation at the time of diagnosis of
T1DM, followed by severe and mild cases, respectively. It
was noteworthy that about one-third of patients presented
with severe DKA, indicating a significant severity of
metabolic disorders at the time of diagnosis. Severe DKA is
associated with an increased risk of serious complications,
including cerebral edema, prolonged hospitalization, the
need for intensive care, and an increased risk of mortality.
Therefore, the high frequency of severe cases in this study
indicates that a significant proportion of patients were
identified only after significant progression of metabolic
disorders. These findings emphasize the importance of
increasing awareness of parents and caregivers about
the early symptoms of T1DM, improving the sensitivity
of healthcare professionals in early recognition of the
disease, and facilitating access to diagnostic services to
prevent the progression of the disease to severe DKA and
its associated complications (8,22).

In the present study, the mean age of participants was
approximately 9 years, and younger children were more
likely to have severe DKA at the time of diagnosis than
older patients. This finding is consistent with previous
studies(23, 24). Young children are often unable to
accurately describe the classic symptoms of diabetes,
including polydipsia, polyuria, and weight loss, which
can delay diagnosis by parents or health care providers.
In addition, early manifestations of the disease in this age
group may be mistaken for common childhood illnesses,
such as gastroenteritis or respiratory tract infections,
thereby delaying the diagnosis of diabetes. Therefore,
physicians need to consider the possibility of TIDM and
DKA in their differential diagnosis when encountering
young children with dehydration, vomiting, unexplained
weight loss, or other nonspecific symptoms to prevent
disease progression and severe complications (24,25).

Gender distribution analysis showed that the prevalence
of DKA was slightly higher in girls than in boys, although
this difference was not statistically significant. Similar
tindings have been reported in some previous studies. The
exact cause of this difference is not yet fully clear. Several
factors, including variations in health center visitation
patterns, nutritional status, hormonal changes, and socio-
cultural conditions, likely influence it. However, the lack
of a statistically significant difference in the present study
suggests that gender alone may not be a determining
factor in the incidence of DKA at diagnosis. Therefore,
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multicenter studies with larger sample sizes are necessary
to clarify the role of gender in the risk of DKA.

One of the most important findings of this study was
the association between delayed diagnosis and increased
incidence of DKA. Patients with DKA experienced a
longer time from symptom onset to diagnosis compared
with other patients. This finding is consistent with
previous studies and suggests that early recognition of the
early symptoms of T1DM is one of the most important
preventable factors in the development of DKA. Classic
symptoms of diabetes, including polyuria, polydipsia,
nocturia, fatigue, and weight loss, are often ignored by
families or even some health care providers in the early
stages or attributed to other common diseases. Therefore,
raising public awareness of these symptoms, continuously
educating primary care workers, and facilitating rapid
referral of suspected patients can enable early diagnosis
of TIDM and prevent the development of DKA and its
complications (26,27).

The findings of this study showed that the prevalence of
DKA is significantly higher in children living in rural areas
than in urban areas. This difference is likely due to factors
such as limited access to health care services, unfavorable
socioeconomic status, lower levels of parental awareness
and education, and lack of specialized pediatric endocrine
services in rural areas. Inequality in geographic access
to health services remains a major challenge for health
systems in many developing countries. In this regard,
implementing screening programs at the primary care
level, expanding education related to pediatric diabetes,
and strengthening the referral system can be effective in
reducing this gap and preventing the occurrence of DKA
(28-30).

In addition to place of residence, parental education
level was also associated with the likelihood of DKA at
the time of diagnosis. In this study, children of mothers
with lower levels of education were more likely to
present with DKA. In contrast, the lowest incidence of
this condition was observed in children of mothers with
university education. This association probably reflects
the role of education in increasing parental awareness of
the early symptoms of T1DM and in prompting referral
for medical care. Therefore, improving parental health
literacy and implementing community-based educational
interventions, especially in underserved groups, could
play an important role in reducing the incidence of DKA
and improving clinical outcomes in children with T1IDM
(31).

In the present study, no deaths were reported, and all
patients were discharged from the hospital with recovery
after receiving standard treatment and appropriate care.
This finding may indicate the effectiveness of the treatment
protocols used and timely management of patients after
hospitalization. However, DKA remains one of the serious
complications of T1DM, which, in addition to increasing
treatment costs and length of hospitalization, imposes

a significant psychological and emotional burden on
patients and their families and is associated with the risk
of short-term and long-term complications. Therefore,
preventing DKA through early diabetes diagnosis
and increased public awareness should continue to be
considered a main priority of the health system.

Limitations of the Study

The present study had several limitations. First, this
research was conducted at a single referral center;
therefore, the results may not be generalizable to all
children with diabetes in Iran. Second, the sample size
was relatively limited. Third, some variables such as family
income, nutritional status, and family history of diabetes
were not fully examined. Despite these limitations, the
present study provides valuable information on the
prevalence and characteristics of DKA in children with
T1DM in southern Iran. Furthermore, several potentially
important determinants, including family history of
diabetes, socioeconomic status, parental occupation,
health insurance coverage, BMI, HbAlc, plasma glucose
concentration, and serum bicarbonate levels, were
unavailable and therefore could not be evaluated.

Conclusions

The findings of this study showed that DKA remains one
of the most common early manifestations of T1DM in
children admitted to Bandar Abbas Children’s Hospital.
The results also showed that late diagnosis of the disease,
younger age, residence in rural areas, and lower parental
education level are associated with an increased likelihood
of DKA at the time of diagnosis. These findings emphasize
the importance of implementing public education
programs, improving family health literacy, strengthening
the training of primary care providers, and developing
strategies for screening and early diagnosis of TIDM.
Adopting such interventions can prevent the occurrence
of DKA and its complications by facilitating timely
diagnosis of the disease and improving clinical outcomes
in children with TIDM.
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