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A B S T R A C T

Introduction: Diabetic ketoacidosis (DKA) is a severe complication of type 1 diabetes (T1D). Hospitalizations for 
DKA after T1D diagnosis can serve as an indicator of diabetes care quality. Our study investigated the secular 
trend of DKA after T1D diagnosis in children and adolescents over 22 years and compared clinical characteristics 
of DKA at and after diagnosis.
Materials and methods: The study enrolled T1D patients under 18 years, followed at MacKay Children's Hospital 
from 2000 to 2022. DKA was defined by glucose ≥200 mg/dL, pH ≤ 7.3 or HCO3 ≤ 15 mmol/L, with positive 
ketones. DKA was further classified as AfterDx (DKA occurring >14 days after T1D diagnosis) and AtDx (within 
14 days of diagnosis). Statistical analysis included ARIMA models for secular trend of AfterDx, chi-square and 
Fisher's exact tests for categorical data, and t-tests for continuous data. P-value < 0.05 was considered significant.
Results: A total of 681 T1D patients contributed to 590 DKA episodes, of which 397 episodes were analyzed. 
There were 180 AfterDx episodes and 217 AtDx episodes. The AfterDx incidence declined between 2000 and 
2022, especially after 2017, with an annual decrease of 43.1 %. Females (66.1 %) and adolescents (55.0 %) were 
more prevalent in the AfterDx group. In contrast, preschool children predominated in the AtDx group (43.3 %). 
Notably, 61.1 % of AfterDx episodes occurred within the first 6 years after T1D diagnosis.
Conclusion: Our study identified a statistically significant 43.1 % annual decline in AfterDx incidence from 2017 
to 2022, reflecting advancements in diabetes care. Females and adolescents were high-risk groups, emphasizing 
the necessity for targeted interventions. Additionally, sixty percent of DKA episodes occurred within 6 years of 
T1D diagnosis, highlighting the importance of more diabetes education and enhanced monitoring during the 
early years after T1D diagnosis.

1. Introduction

Diabetic ketoacidosis (DKA) is one of the most common causes of 
morbidity and mortality among children with type 1 diabetes (T1D), 
with cerebral edema being its primary underlying factor [1,2]. These 
acute complications impose a significant burden in terms of morbidity, 
mortality, and healthcare costs. Nonetheless, proper diabetes 

management can prevent these complications [3,4].
DKA after T1D diagnosis (AfterDx), defined as episodes occurring 

more than 14 days after the initial T1D diagnosis, serves as a specific 
indicator of diabetes care quality [5]. This measure excludes compli
cations related to the acute diagnostic phase and emphasizes systemic 
and long-term care effectiveness [5]. Findings from Kao et al. demon
strated that AfterDx occurrences are tied to demographic disparities and 
long-term management issues, highlighting the need for focused 
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interventions [5].
Advancements in diabetic care systems have identified several stra

tegies to reduce the risk of DKA. First, one study revealed that the use of 
long-acting insulin degludec, compared to insulin glargine, reduced the 
rate of DKA in adolescent patients [6]. Second, the provision of 
continuing diabetes education has been highlighted as a key factor in 
reducing subsequent DKA. These organizations provide ongoing edu
cation, empowering patients with the knowledge and skills necessary for 
effective self-management [4]. Finally, the adoption of advanced dia
betes technologies, including continuous glucose monitoring (CGM), 
continuous subcutaneous insulin infusion (CSII), and automated hybrid 
closed loop (AHCL) system, has significantly improved glycemic control 
and reduced the risk of DKA [7–9]. Specifically, AHCL systems demon
strate superior performance over traditional methods in improving time 
in range (TIR), reducing HbA1c levels, and minimizing glycemic vari
ability without elevating hypoglycemia risk [10].

Our hypothesis is that advancements in diabetes care may lead to a 
declining trend in the incidence of AfterDx. The primary objective of our 
study was to investigate the secular trend of AfterDx in children and 
adolescents over the past 22 years. Additionally, we aimed to compare 
various clinical characteristics between patients with DKA developed at 
and after T1D diagnosis. Confirming this hypothesis could have signif
icant implications for refining diabetes management strategies and 
improving care protocols.

2. Material and methods

2.1. Data collection

We retrospectively collected data on patients with T1D diagnosed 
between January 1, 2000, and December 31, 2022, who were under 18 
years of age at the time of diagnosis, from MacKay Children's Hospital. 
The annual number of new T1D diagnoses at our center ranged from 13 
to 39 cases per year, with a total of 512 new cases over the 22-year 
period. Expanding the analysis to account for patients diagnosed at 
other hospitals but subsequently followed at our center, a total of 681 
cases were tracked during this period, which served as the basis for 
calculating follow-up person-years in this study.

T1D diagnosis followed the established criteria outlined by the 
American Diabetes Association [11] and the International Society for 
Pediatric and Adolescent Diabetes [12,13]. Diagnostic criteria included 
hyperglycemia symptoms, confirmed by random plasma glucose ≥200 
mg/dL, fasting plasma glucose ≥126 mg/dL, or HbA1c ≥ 6.5 %, and 
supported by autoantibody testing to establish autoimmune etiology 
[11,12]. Clinical variables recorded for each patient included age at T1D 
diagnosis, gender, date of birth, date of initial T1D diagnosis, date of 
initial and last outpatient visits, follow-up person-years, and details of 
each DKA episode. Additionally, we recorded monitoring methods, such 
as self-monitoring of blood glucose (SMBG) or CGM, and treatment 
regimens, including basal bolus regimens with insulin degludec or other 
long-acting insulins, conventional regimens, CSII or AHCL systems, to 
evaluate their impact on DKA incidence.

2.2. Case definition

The DKA episodes were initially identified based on ICD-10 (Inter
national Classification of Diseases, 10th Revision) codes indicating a 
DKA diagnosis or mentioning DKA or ketosis in the hospital discharge 
summaries. DKA was defined as having blood glucose levels exceeding 
200 mg/dL, the presence of ketonuria or ketonemia, and a venous pH 
value below 7.3 or bicarbonate below 15 mmol/L [13]. The severity of 
DKA was categorized as mild with a venous pH range of 7.2–7.3, mod
erate with a pH between 7.1 and 7.2, and severe with a pH of 7.1 or 
lower [14].

DKA cases were further categorized into two groups: DKA after T1D 
diagnosis (AfterDx), defined as episodes occurring more than 14 days 
after the initial T1D diagnosis, and DKA at T1D diagnosis (AtDx), 
defined as episodes occurring within 14 days of T1D diagnosis [5]. We 
also categorized the age group of DKA episodes as under 5.99 years, 
6–11.99 years, 12–17.99 years, and over 18 years. DKA episodes were 
excluded based on the following criteria: (1) cases that did not meet the 
DKA criteria after detailed review; (2) episodes where the initial diag
nosis or partial treatment occurred at other hospitals before transferring 
to Mackay Children's Hospital; and (3) loss of essential clinical data.

For trend analysis, we calculated the annual incidence rate of 
AfterDx by dividing the annual number of AfterDx hospitalizations by 
the T1D follow-up person-years, as illustrated in Fig. 2B. Follow-up 
person-years were determined by measuring the time span from the 
initial T1D diagnosis or the first outpatient visit for T1D at our hospital 
to the last DKA hospitalization or outpatient visit for T1D, within the 
study period between 2000 and 2022.

2.3. Diabetes management strategies and team composition

Early T1D management involves MDI (multiple daily injections) 
combined with SMBG. Since 2020, CGM has been gradually adopted, 
improving glycemic control in the newly diagnosed patients. The 
number of patients initiating CSII or AHCL systems is gradually 
increasing, reflecting the growing adoption of these advanced 
technologies.

The diabetes care team comprises pediatric endocrinologists, dia
betes educators, dietitians and psychologists, providing comprehensive 
medical and psychosocial support for diabetes management.

Pediatric diabetes educators are integral to delivering education, 
offering emotional support, and ensuring consistent follow-up care from 
the time of diagnosis.

2.4. Statistical analysis

Continuous variables were expressed as means (SD, standard devi
ation) and categorical variables as numbers and percentages. Categori
cal variables were compared using the chi-square test or Fisher's exact 
test when expected frequencies were below 5; continuous variables were 
compared using a two-tailed independent t-test. The parameters of the 
ARIMA (autoregressive integrated moving average) model were 
employed to depict the trends in DKA incidence rate throughout the 
study period [15]. The ARIMA model was selected due to its robustness 
in identifying and forecasting trends in the time-series data, which is 
particularly suitable for modeling the fluctuations in DKA incidence 
over the extended 22-year study period. All statistical analyses were 
performed using IBM SPSS Statistics 26.0 (IBM Corp., Armonk, NY, 
USA). A P-value of less than 0.05 was regarded as statistically 
significant.

3. Results

3.1. Study population

Between January 1, 2000, and December 31, 2022, a total of 681 

Abbreviation:

DKA Diabetic Ketoacidosis
T1D Type 1 Diabetes
AfterDx DKA after T1D Diagnosis
AtDx DKA at T1D Diagnosis
ARIMA Autoregressive Integrated Moving Average
CGM Continuous Glucose Monitoring
CSII Continuous Subcutaneous Insulin Infusion
AHCL: Automated Hybrid Closed Loop
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patients diagnosed with T1D under the age of 18 at Mackay Children's 
Hospital were enrolled in the study. These 681 patients collectively 
contributed to a total of 590 DKA hospitalizations. A total of 193 DKA 
episodes were excluded, including 127 episodes that did not meet the 
criteria for DKA after detailed review, 57 episodes where initial diag
nosis or partial treatment occurred at other hospitals, and 9 hospitali
zations with the loss of critical clinical data. 397 hospitalizations were 
included in our analysis. Of these, 180 episodes of DKA were categorized 
as DKA after T1D diagnosis (AfterDx) and 217 episodes as DKA at T1D 
diagnosis (AtDx). Fig. 1 depicts the inclusion and exclusion flow chart 
for DKA episodes in this study.

3.2. Trend analysis

We utilized autoregressive integrated moving average (ARIMA) 
model parameters to analyze the secular trend of AfterDx [15]. Over the 
22-year period, the overall mean incidence of AfterDx was 30.0 episodes 
per 1000 person-years, as illustrated in Fig. 2A. The denominator was 
defined as the cumulative number of T1D patients under follow-up since 
the year 2000, which contributed to greater fluctuations in the incidence 
rate during the initial years. As shown in Fig. 2B, follow-up person-years 
increased steadily over time, whereas the earlier years from 2000 to 
2006 had relatively few person-years, making the incidence rate more 
sensitive to small changes in hospitalization numbers. There was an 
increase in the incidence rate of AfterDx from 2000 to 2006, with a 
P-value of 0.021. This increase may be attributed to (1) the relatively 
small number of follow-up person-years during this early period and (2) 

a higher number of DKA hospitalizations within the first 6 years after 
T1D diagnosis, as demonstrated in Fig. 3. Between 2006 and 2016, there 
was a declining trend in the incidence rate, although it did not reach 
statistical significance. However, from 2017 to 2022, the incidence rate 
for AfterDx steadily decreased from 38.23 to 2.28 per 1000 
person-years. This decline reached statistical significance with a P-value 
of less than 0.01, representing an annual percentage change of 43.1 %, 
as illustrated in Fig. 2A. Notably, between 2005 and 2009, the incidence 
rate of AfterDx was 62 episodes per 1000 person-years (58 epi
sodes/932.6 person-years), which was significantly higher than that 
during 2011–2019 (30 episodes per 1000 person-years, 95 epi
sodes/3217.3 person-years). This finding further confirmed that the 
incidence of AfterDx has decreased over time, consistent with the overall 
secular trend demonstrated in Fig. 2A.

3.3. Treatment change

The adoption of insulin degludec has increased significantly since 
2017. Among 534 patients followed up after 2017, 295 (55.2 %) were 
treated with insulin degludec. For newly T1D diagnosed patients after 
2017, 81.7 % initiated treatment with insulin degludec as their basal 
insulin. Of the 51 AfterDx hospitalizations recorded after 2017, only 5 
(9.8 %) were associated with the use of insulin degludec. Patients 
managed with insulin degludec-based regimens demonstrated a hospi
talization rate of 1.6 %, which was significantly lower than the 25.0 % 
observed in patients receiving other long-acting insulin regimens.

Among these 534 patients, 18 were treated with CSII or AHCL 

Fig. 1. The inclusion and exclusion flow chart of the 397 DKA episodes in this study.
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systems. Notably, none of the 51 AfterDx hospitalizations recorded 
during the same period involved patients using CSII or AHCL as their 
insulin treatment method.

3.4. CGM adoption

Since 2020, the use of CGM devices at our institution has shown a 
steady increase, with the number of CGM sensors prescribed rising from 
193 in 2020 to 791 in 2022. Among the 12 recorded AfterDx hospital
izations since 2020, none of the patients had used CGM prior to 
admission.

3.5. DKA group comparison

In the AfterDx group, females accounted for a higher proportion 
compared to the AtDx group (AfterDx vs. AtDx, 66.1 vs. 53.9 %, p =
0.013). The mean hospital stay was also shorter in the AfterDx group 
compared to the AtDx group (AfterDx vs. AtDx, 5.4 vs. 8.9 days, p <
0.001). Adolescents comprised the majority in the AfterDx group (55.0 
%), while preschool children predominated in the AtDx group (43.3 %). 
No significant difference was found in the severity of DKA between the 
groups (Table 1). Furthermore, 61.1 % of DKA hospitalizations occurred 
within the first 6 years after T1D diagnosis, as demonstrated in Fig. 3. 
These results indicated the importance of targeted care within the first 6 
years after T1D diagnosis, particularly for females and adolescents, to 

Fig. 2A. Trend analysis of AfterDx from 2000 to 2022. The annual incidence of AfterDx (solid line, per 1000 person-years) is shown. The overall mean incidence of 
AfterDx was 30.0 episodes per 1000 person-years. A significant decline in the incidence rate of AfterDx was observed from 2017 to 2022. The denominator was 
defined as the cumulative number of T1D patients under follow-up since the year 2000.

Fig. 2B. Annual number of AfterDx hospitalizations (solid line, n) and T1D follow-up (bars, person-years) from 2000 to 2022. This presentation illustrates the 
relationship between the number of AfterDx events and the increasing T1D follow-up person-years over time.
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reduce the incidence of AfterDx.

4. Discussion

Our study revealed a marked decline in the incidence of DKA after 
T1D diagnosis (AfterDx) in recent years, especially from 2017 to 2022, 
reflecting advancements in diabetes care. Females and adolescents were 
identified as high-risk groups, highlighting the importance of targeted 
interventions, including personalized education and psychosocial sup
port. Moreover, the majority of AfterDx episodes occurred within the 
first six years after T1D diagnosis. This highlights the importance of 
proactive monitoring and education during this period. Our findings 
aligned with the reports from U.S. studies [16], both demonstrating a 
declining trend in DKA incidence. Notably, our study further highlighted 
that this decrease was primarily observed in AfterDx, reflecting ad
vancements in diabetes care.

The factor contributing to the decline in AfterDx might be the 
increased adoption of insulin degludec, which was introduced in 2017 as 

a basal insulin option in our population. Its stable pharmacokinetic and 
pharmacodynamic profile reduces glycemic variability, thereby 
lowering the likelihood of severe hypoglycemia and DKA events. For 
example, Schmitt et al. reported that insulin degludec usage is associ
ated with a lower risk of DKA compared to other long-acting insulins 
such as insulin glargine [6]. In contrast, findings from Karges et al. re
ported that neither insulin glargine nor detemir, despite their 
long-acting properties, significantly reduced DKA incidence when 
compared to NPH insulin [17]. Our study was consistent with Schmidt's 
finding [6], supporting the role of insulin degludec to decrease the 
incidence of AfterDx. Infections, other medical illnesses, and trauma are 
common precipitants of AfterDx [12]. During pandemic periods such as 
the 2003 SARS outbreak and the 2019–2023 COVID-19 pandemic, 
widespread mask-wearing and preventive measures may have reduced 
the transmission of respiratory and other viral infections [18,19]. This 
reduction in infection rates may have lowered the risk of 
infection-related DKA episodes, thereby potentially influencing the 
observed temporal trends in our study. Excluding the two pandemic 
period, we found that the incidence of AfterDx during 2005–2009 was 
higher than that in 2011–2019. This finding confirms that the incidence 
of AfterDx has decreased over time, which is consistent with the overall 
secular trend demonstrated in Fig. 2A.

Our study demonstrated that among the twelve episodes of AfterDx 
hospitalization recorded since 2020, none involved patients using CGM 
prior to admission. This observation supports the consensus that CGM 
reduces glycemic variability, improves HbA1c, and lowers the risk of 
acute complications such as DKA [20]. Additionally, a recent large-scale 
study reported that the widespread adoption of CGM was significantly 
associated with a reduction in DKA incidence among individuals with 
type 1 diabetes, further reinforcing the critical role of CGM in compre
hensive diabetes management [21]. These findings highlight the role of 
CGM in T1D management and align our results with existing studies. 
CSII and AHCL systems have been shown to enhance glycemic control 
and reduce the risks of severe hypoglycemia and DKA, particularly 
among younger patients with T1D [9,10]. Our results revealed that none 
of the AfterDx hospitalizations involved these advanced technologies, 
highlighting their potential to mitigate DKA risk and aligning with prior 
studies demonstrating their protective effects against acute complica
tions [9,10].

Our study demonstrated that females and adolescents had a higher 

Fig. 3. Distribution of DKA hospitalizations (n) by years after T1D diagnosis in the AfterDx group. 61.1 % of DKA hospitalizations occurred within the first 6 years 
after T1D diagnosis.

Table 1 
Comparison between groups of diabetic ketoacidosis while hospitalization.

Clinical Characteristics at hospitalization AfterDx AtDx P* value

N = 180 N = 217

Number of Participants 
(percent)

Sex, female, no. (%) 119 (66.1) 117 (53.9) 0.013
DKA severity, no. (%) 0.095

mild 60 (33.3) 89 (41.0) ​
moderate 61 (33.9) 53 (24.4) ​
severe 59 (32.8) 75 (34.6) ​

Age of hospitalization, no. (%) < 0.001
0–5.99 1 (0.6) 64 (29.5) ​
6–11.99 34 (18.9) 94 (43.3) ​
12–17.99 99 (55) 59 (27.2) ​
> 18 46 (25.5) 0 (0) ​

Days of hospitalization, mean ± SD < 0.001#
​ 5.4 ± 2.64 8.9 ± 2.42 ​

AfterDx: DKA after T1D diagnosis, DKA happened 14 days after diagnosis; AtDx: 
DKA at T1D diagnosis, DKA happened 14 days within diagnosis.
*Chi-squared test unless otherwise indicated.
#Two-tailed independent t-test.
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risk of developing AfterDx, with the majority of AfterDx episodes 
occurring within the first six years after T1D diagnosis. Female adoles
cents with T1D experience heightened pressure related to weight control 
and eating disorders, which may lead to intentional insulin omission, 
resulting in compromised glycemic control and an increased risk of DKA 
[22]. Similar trends were reported in U.S. studies, where females 
exhibited a higher incidence of DKA compared to males [16,23,24]. 
Furthermore, several sociodemographic and modifiable risk factors have 
been strongly associated with an increased risk of DKA. These include 
socioeconomic disadvantage, [24–27], adolescence [24,28], female sex 
[16,23,24,28], high HbA1c levels [29], prior episodes of DKA [29], and 
psychiatric comorbidities such as eating disorders and depression [29]. 
Certain demographic patterns reported in the U.S., such as the higher 
incidence in females and adolescents, align with our findings, under
scoring the importance of addressing these risk factors in diabetes 
management.

The strength of our study lay in its use of AfterDx as an indicator of 
diabetes care quality. Our findings demonstrated a significant decline in 
AfterDx incidence in recent years, reflecting improvements in diabetes 
management. By incorporating data on both insulin therapies and 
glucose monitoring methods, our study provided indirect evidence of 
their combined impact on reducing AfterDx incidence. Furthermore, our 
analysis identified high-risk subgroups, including females, adolescents, 
and newly diagnosed patients as AfterDx risk factors. This detailed 
approach emphasizes the importance of targeted interventions and 
personalized care strategies to further reduce the burden of DKA. While 
our study provides valuable insights, several limitations should be 
acknowledged. The observed associations are correlational, limiting 
causal inferences. Being a single-center study, its generalizability may be 
constrained by regional and demographic differences. Additionally, the 
overlapping timeline of insulin degludec and CGM adoption with other 
care advancements makes it difficult to isolate specific contributions. 
The small number of patients using advanced technologies (CSII and 
AHCL) prevented us from robustly analyzing their individual effects on 
reducing AfterDx episodes. Although our data indirectly suggest a 
combined benefit, larger studies are needed to clarify each technology's 
specific contribution for reducing AfterDx incidence.

In conclusion, our study identified a statistically significant 43.1 % 
annual decline in AfterDx incidence from 2017 to 2022, emphasizing 
notable advancements in diabetes care and prevention. High-risk 
groups, particularly females and adolescents, require targeted in
terventions such as personalized education and psychosocial support. 
Additionally, sixty percent of DKA episodes occurred within the first 6 
years of T1D diagnosis, emphasizing the need for enhanced education 
and monitoring during this critical period. Our findings also underscore 
the impact of new therapeutic technologies (e.g., adoption of insulin 
degludec and widespread application of CGM) on reducing AfterDx. By 
prioritizing patient education and resource allocation, healthcare pol
icies can further reduce AfterDx incidence and improve long-term out
comes for patients with T1D.
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