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Introduction 

High blood glucose levels are a symptom of diabetes caused by faulty insulin synthesis, function, or both. T1D is an 

autoimmune illness characterized by the death of pancreatic beta cells by the immune system [1]. The immune system regulates 

this damage, which results in a reduction in, or full stoppage of, insulin synthesis and secretion, necessitating the need for 

exogenous insulin for life [2]. T1D usually has an acute clinical course, with polyuria, polydipsia, and weight loss being 

common symptoms [3]. T1D affects roughly 542 000 children aged 0 to 14, according to the International Diabetes Federation, 

with 86 000 new cases diagnosed each year [4]. While there are regional variations, the overall yearly increase in the incidence 

of T1D is estimated to be between 3% and 4%. T1D is usually diagnosed in youth; in the United States, the peak (mean) 

diagnosis age is 14 years [5]. 

Diabetic ketoacidosis (DKA) is a serious complication that can arise before T1DM is diagnosed. The data situation in 

determining the present stage of diagnosis is still uncertain. In all, 47 000 children and adolescents were included in a review 

that evaluated 34 research. DKA rates ranged from 14.7 percent in Denmark to 79.8 percent in (Saudi Arabia). Although DKA 

rates remain high, some articles include evidence of a downward trend. According to the meta-regression, DKA rates are 

moderated by latitude and the human development index (HDI). The frequency with which DKA rates arise varies greatly 

A R T I C L E  I N F O   

 

A B S T R A C T  

 

 
Received:  
  16 Apr 2022 
Received in revised form:  
  03 Aug 2022 
Accepted: 
  05 Aug 2022 
Available online: 
  28 Aug 2022 
 
 

Keywords: T1DM, Ketoacidosis, 

Adolescents, Saudi Arabia, Diabetes 
 

  
T1D is an autoimmune illness characterized by the death of pancreatic beta cells by the immune 

system, which results in a reduction in, or full stoppage of, insulin synthesis and secretion, 

necessitating the need for exogenous insulin for life. Diabetic ketoacidosis (DKA) is a serious 

complication that can arise before T1DM is diagnosed. DKA has been linked to several negative 

consequences. Cerebral edema is still the most prevalent cause of death in children with DKA. DKA 

is prevalent when a juvenile is diagnosed with diabetes, with children being the most vulnerable, 

presumably because diabetes symptoms are more likely to go unnoticed in younger children. In this 

study, we aim to: report on previous literature on the incidence of diabetic ketoacidosis in type 1 

diabetes mellitus that was carried out in Saudi Arabia. PubMed database and EBSCO Information 

Services were used for article selection. All relevant articles to our review with the topics regarding 

ketoacidosis in type 1 diabetes mellitus and other articles have been used. We excluded other articles 

which are not related to this field. The data will be extracted according to a specific form in which 

it is going to be reviewed by the group members. In conclusion, studies reported variably different 

prevalences of DKA in Saudi Arabia. Compared to previous literature, DKA is assembling a 

common catastrophic complication among diabetic Saudi patients. Public awareness campaigns are 

needed to keep the public informed of the possible dangers of this case. 
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between nations. The observed variability is partially explained by both latitude and HDI, whereas other modifiers, such as 

physician density, showed no evident link [6]. 

DKA has been linked to several negative consequences. Cerebral edema is still the most prevalent cause of death in children 

with DKA. It affects 0.5 percent to 0.9 percent of DKA patients, with a 21 percent to 24 percent fatality rate. Late presentation 

in DKA increases the patient’s risk of morbidity and death and raises healthcare expenses. Patients with DKA are usually 

hospitalized in the critical care unit and may have a lengthy hospital stay with various problems, all of which add to the 

expense. Furthermore, early DKA presentation is associated with a worse prognosis and has been linked to reduced residual 

cell activity following diagnosis as well as poorer glycemic management [7]. 

DKA is prevalent when a juvenile is diagnosed with diabetes, with children being the most vulnerable, presumably because it 

is hard to diagnose the disease from diabetes symptoms at that age. Children who are uninsured or underinsured and children 

from minority racial and ethnic groups are at greater risk. It is unlikely for children whose parents have diabetes also to develop 

diabetes and be in DKA; however, the total rate is still alarmingly high (24 percent vs. 41 percent in the Type 1 Diabetes 

Exchange Registry) [8-16]. 

Study Objective 

The study aims to explore the current evidence concerning the incidence of Diabetic Ketoacidosis among Adults with Type 1 

Diabetes 

  

Materials and Methods 

Study Design 

Systematic Review.  

Study Duration 

Data was collected from 1– 29 October 2022. 

It is frequently used in the health disciplines to identify novelties and discover new approaches to health services, enabling 

evidence-based health care, ensuring high-quality services, and enhancing patient welfare and safety. A systematic review is 

a technique for gathering previously published studies to synthesize suggestions on a subject. Six steps must be completed in 

order: Explaining the purpose of the study, defining the sample, evaluating the included papers, interpreting the results, and 

presenting the Systematic review synthesis. 

After searching and defining the sample, a thorough examination of the papers with the same objective as our study was 

conducted. 

Due to their reputation as reliable databases, PubMed and EBSCO Information Services were preferred as the exploration 

databases for the papers utilized in the study. One of the biggest online digital libraries, PubMed, was created by the National 

Center for Biotechnology Information (NCBI), a division of the National Library of Medicine of the United States. The article 

was created using subjects relating to the incidence of Diabetic Ketoacidosis among Adults with Type 1 Diabetes. 

The topics and summaries of the established papers will be scrutinized. 

  

Inclusion Criteria 

The subjects were selected for addition founded on their applicability to the research, which must have at least one of the 

following subjects; the incidence of diabetic ketoacidosis among adults with Type 1 diabetes. 

  

Exclusion Criteria 

All additional papers, recurring research, and reviews of research that do not possess one of these themes as their major end 

were disregarded. 

Analysis of Data 

The data was not analyzed by any program. The information was taken from a specified form, including the research topic, 

author’s designation, aim, executive summary, results, conclusions, and outcomes. To guarantee rationality and reduce errors, 

each affiliate’s results will be double-revised. 

To ensure that the research we contained within the study applies to the goal line of our study and to avert or diminish slips in 

the results, studies will be double-reviewed during the article selection process. 

Results and Discussion 

Figure 1 shows the selection and identification of studies. The search of the mentioned databases returned a total of 105 studies 

that were included for title screening. 63 of them were included for abstract screening, which lead to the exclusion of 32 

articles. The remaining 31 publications’ full texts were reviewed. The full-text revision led to the exclusion of 19 studies, and 

12 were enrolled for final data extraction (Table 1). 
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Figure 1. Flow chart the included studies had different study designs 

Al-Shaikh, A., et al. (2019) found that moderate and severe DKA cases were significantly higher among female children. 

Patients diagnosed with DKA had lower BMI. The median length of hospital stay was higher among severe DKA compared 

to moderate and mild cases (5.0, 4.5, and 4.0 days, respectively) [17]. 

Ahmadi, S., et al. (2018) reported that the mean age of patients was (22.82 ± 5.567) years, and females constituted (66.7%) of 

this group. Poor medication compliance was the commonest risk factor associated with DKA. Patients with multiple DKA 

episodes reported fewer visits to the diabetes educator compared to the single DKA group [18]. 

Babiker, A., et al. (2022) reported that the frequency of DKA admissions 2 were 146/562, 26%, of which (n=42/146, 28.7%) 

were newly diagnosed vs. (n=104/146, 71.2%) known patient of T1DM. The majority were 10-14 years (p≤0.001) and 55.5% 

were females. Missing insulin was the main precipitating cause of DKA (p=0.001) among known patients with T1DM. 

Recurrent episodes (n=30/164, 20.5%) occurred in 15/116 patients and were more common in children ≥10 years of age 

(P=0.024). The mean length-of-stay was 2.67±2.04 days and increased with DKA severity (P=0.008) [19]. 

Alotaibi, R., et al. (2022) found that factors that precipitated DKA were most commonly noncompliance to treatment (55.1%), 

followed by infections (31.8%) and nonadherence to diet (25.6%). The most common symptoms were nausea and vomiting 

(87.5%), followed by abdominal pain (72.7%). 32.4% of the sample was read-mitted with DKA [20]. 

Al Sahib, Y. H., et al. (2021) study included 228 males (59.2%), and 44.2% were diabetic for more than 5 years. The last 

recorded HbA1c levels of 53.5% were >9%. The main predisposing factors for DKA were first presentation (59%) or treatment 

discontinuation (53.1%). DKA occurred significantly more in patients with a family history of diabetes (p (p<0.001), in patients 

with poor glycemic control (p<0.001), and in patients whose parents were less educated or unemployed [21]. 

In their study, Alhaji, R., et al. (2021) revealed that 44.1% were diabetic for more than 5 years. The main causes of DKA were 

“first presentation of the disease” (40.9%) and “discontinued treatment” (37%). The HbA1c among 53.6% was above 9%. 

Almost all cases who experienced DKA were hospitalized (98.8%). Out of them, 9 (5.4%) suffered complications. Female 

patients were more likely to suffer from episodes of DKA than males (76% and 68.3%, respectively). Ketoacidosis was 

significantly more frequent among patients with parents’ consanguinity (p<0.001) [22]. 

Batwa M, Alharthi L, Ghazal R, et al. (2022) reported that polyuria (98.1%), polydipsia (86.8%), weight loss (62.3%), and 

abdominal pain and vomiting (45.3%) were the most frequent symptoms. The mean random blood glucose was 424.09 ± 

108.67 mg/dL, and the mean venous pH was 7.15 ± 0.36 mmol/L. Of patients, 66% had no associated complications, 24.4% 

had hypokalemia, 20.8% developed hypoglycemia, and 18.9% developed hyperchloremic metabolic acidosis. One patient had 

cerebral edema and coma. Based on metabolic acidosis, 24.5% had mild DKA, an equal percentage had severe DKA, and 

9.4% had moderate DKA [23]. 

Albi, L. A., et al. (2017)  found that female patients and those aged 0 - 3 years exhibited the highest likelihood of developing 

DKA. Moreover, underweight children had a greater DKA incidence than healthy, overweight, or obese children (p = 0.02) 

[24]. 
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Al-Hayek, A. A., et al. (2015) reported that adolescents who stopped insulin and those with lipodystrophy at the injection site 

had a higher frequency of RDKA. Discontinuing insulin (67%) was the major reason for RDKA, followed by infection (31%) 

[25]. 

Al Hayek, A. A., et al. (2020) revealed a significant relationship in terms of gender, age, body mass index (BMI), hemoglobin 

A1c (HbA1c), duration of diabetes, and clinic appointments. Bivariate analysis between patients with DKA and those without 

DKA revealed significant relationships in terms of gender (p = 0.014), age (p = 0.0001), body mass index (BMI) 

(p = 0.017), hemoglobin A1c (HbA1c) (p = 0.0001), duration of diabetes (p = 0.001) and clinic appointments (p = 0.001). 

Those in the age category of 20–29 years and teenagers faced a higher risk of having DKA episodes. Compared with patients 

with HbA1c levels <8%, those with HbA1c levels 8–9.9% and ≥10% revealed a higher risk for DKA [26]. 

Al-Ghamdi, A. H., & Farah, A. A. (2018) found that hyperglycemic symptoms were the most frequent symptoms at 

presentation (59.2% vs. 40.8% with diabetic ketoacidosis (DKA)), and 37% of them presented with loss of weight. Most of 

the ketoacidosis was mild to moderate (80.2%), while only 19.8% of children had the severe type, and DKA was more common 

(55.2%) among females. The mean age at diagnosis of T1DM was 8.2±3.5 years for all patients, and 8.3±3.9 and 8.9±3.6 years 

for boys and girls, respectively (p=0.06). Hyperglycemic symptoms were more common in spring (15.9%) [27]. 

 

Table 1. Author, country, year of publication, methodology, and results 

Author, year Study type Method Outcomes 

Al Shaikh, A., et 

al. (2019) [17] 

Jeddah, Saudi 

Arabia 

This retrospective chart review was conducted on newly 

diagnosed T1DM children during the study period were 

investigated (n = 390). Data were collected on the 

demographic characteristics, body mass index (BMI), 

DKA severity, length of hospital stay, and follow-up 

data on the type of diabetes therapy. 

The incidence of DKA among 

newly diagnosed T1DM 

pediatric patients was 37.7%. 

Alahmadi, S., et 

al. (2018) [18]. 

Jeddah, Saudi 

Arabia 

Retrospective review of DM1 patients at King Abdul-

Aziz Medical City who was presented with DKA during 

the past six and half years. 

The average annual DKA onset 

was (6.2%). 

Babiker, A., et al. 

(2022) [19] 

Riyadh, Saudi 

Arabia 

A retrospective review of all DKA admissions at King 

Abdullah Specialized Children’s Hospital, Riyadh. Data 

were gathered from newly diagnosed T1DM and known 

patients ≤14-year-old with DKA criteria. 

A total of 20.6% of patients 

with T1DM DKA, of which 

26/116 (34%) were newly 

diagnosed. 

Alotaibi, R., et al. 

(2022) [20] 

Jeddah, Saudi 

Arabia 

We identified all patients aged 15 years and older 

admitted with DKA from 2018 to 2020. 

During the study period, 32.4% 

of the sample was read-mitted 

with DKA. The median 

duration between the first and 

second admission was 12 (4-

25) weeks. 

Al Zahib, Y. H., 

et al. (2021) [21] 

Abha City, Saudi 

Arabia 

A cross-sectional study was conducted 

among 385 type-1 diabetics in Abha City, Saudi 

Arabia 

70.9% of participants reported 

a history of DKA. 

Alhajaji, R., et al. 

(2021) [22]. 

Makkah Al-

Mukarramah City, 

Saudi Arabia 

A cross-sectional study was conducted among 236 type-

1 diabetics in Makkah AlMukarramah City, Saudi Arab 

70.8% of participants reported 

a history of DKA. 

Batwa M, 

Alharthi L, 

Ghazal R, et al. 

(2022) [23] 

Jeddah, Saudi 

Arabia 

This retrospective cohort study analyzed the medical 

records of patients ≤ 16 years old seen in the emergency 

department at King Abdulaziz University Hospital, 

Jeddah, Saudi Arabia, between April 2015 and June 

2019. 

Of 207 patients with T1DM, 53 

presented with DKA as a new 

onset. 

Albishi, L. A., et 

al. (2017) [24] 

Tabuk, Saudi 

Arabia 

This retrospective observational study was based on the 

clinical records of pediatric diabetes outpatients at 

KSMH. All children aged <12 years who were 

diagnosed with T1DM and were followed up at the 

diabetes clinic from 2000 to 2010 were enrolled. 

Diabetic ketoacidosis (DKA) 

was the presenting feature in 

38.0% of patients 

Al-Hayek, A. A., 

et al. (2015) [25] 

Riyadh, Kingdom 

of Saudi Arabia 

A cross-sectional study was conducted among 103 

T1DM adolescents (aged 13-18 years, 57 males) who 

were hospitalized for diabetic ketoacidosis (DKA) 

between January 2013 and May 2014 at Prince Sultan 

Military Medical City (PSMMC), Riyadh, Kingdom of 

Saudi Arabia. 

54.3% of participants had 

experienced one episode of 

DKA, 41 had 2 episodes, and 6 

had ≥3 episodes. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/bivariate-analysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/body-mass-index
https://www.sciencedirect.com/topics/medicine-and-dentistry/hemoglobin-a1c
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Al-Agha, A. E., 

Alafif, M. M., & 

Abd-Elhameed, 

I. A. (2015) [28] 

Jeddah, Saudi 

Arabia 

a cross-sectional study of 228 T1DM children and 

adolescents visiting the pediatric diabetes clinic at the 

King Abdulaziz University Hospital (KAUH), Jeddah, 

Saudi Arabia, from January 2013 to January 2014. The 

clinical and laboratory characteristics of the patients 

were recorded. Metabolic control, complications, and 

associated autoimmune diseases were evaluated. 

Acute complications included 

ketoacidosis in 65.4% of 

patients 

Al Hayek, A. A., 

et al. (2020) [26] 

Riyadh, Saudi 

Arabia 

This descriptive, retrospective study was conducted 

among 1118 patients with T1D at the Prince Sultan 

Military Medical City, Riyadh, Saudi Arabia. 

336 patients were selected for 

analysis. Among these, 105 

patients with T1D were 

hospitalized for DKA 

Al-Ghamdi, A. 

H., & Fureeh, A. 

A. (2018) [27] 

AL-Baha region, 

Saudi Arabia 

The clinical and laboratory data of 471 children and 

adolescents who presented with T1DM and received 

medical care at an AL-Baha diabetic center 

Hyperglycemic symptoms 

were the most frequent 

symptoms at presentation 

[59.2% vs. 40.8% with diabetic 

ketoacidosis (DKA)] 

Diabetic ketoacidosis (DKA) is a major life-threatening recurrent complication of T1DM and is the most common reason for 

death in children and adolescents with T1DM. In some cases, DKA may be the first sign of previously undiagnosed diabetes, 

but it may frequently happen in those who previously have diabetes [25]. 

Worldwide, children and adolescents aged under 15 years, to the tune of more than 96,000, develop T1DM annually, and 13% 

to 80% of these children present with DKA at the time of diagnosis [29]. The highest frequencies for DKA at the presentation 

of T1DM are seen in Saudi Arabia (44.9%) [30] and the United Arab Emirates (80%) [31]. The lowest frequencies for DKA 

at the presentation of T1DM are found in Hungary (23%), Finland (22%), Canada (18.6%), and Sweden (14%). A systematic 

review (65 studies) comprising over 29,000 children from 31 countries reported that the incidence of DKA varied sixfold, 

from 80% in the United Arab Emirates to 12.8% in Sweden. The study also demonstrated that the highest incidences were 

seen as 59% in Saudi Arabia, 80% in the United Arab Emirates, 67% in Romania, and 65% in Taiwan, and the lowest 

incidences were seen in Sweden (14%), Canada (18.6%), Finland (22%), and Hungary (23%). An increased risk of DKA may 

be due to younger age, diagnostic error, lower body mass index, ethnic minority status, earlier infection, lack of health 

insurance, and delayed treatment [32]. 

One study from the USA in 2018 showed that DKA mortality had been reduced from 2000-2014 from 1.1% to 0.4%. Similarly, 

in the United Kingdom, Adult DKA mortality has been reported to be less than 0.16%. And an isolated incident of DKA was 

associated with a 5.2% risk of death, while recurrent DKA admissions were associated with a 23.4% risk of death. Also, those 

patients with more than 5 DKA admissions died over 2.4 years [33]. DKA mortality in adults in Italy is 7.4%25. The DKA 

mortality in adults in Australia and New Zealand is 1.4%. In China, one study of adult DKA showed that mortality is 0.67% 

28. Recently in 2016, one study from India reported very high inpatient mortality of 30%, and most of these patients who died 

were above the age of 20 years (81.5%) [34, 35].  

The proportion of children with incident type 1 diabetes who arrive with DKA at or near the time of diabetes diagnosis is 

likewise rising, and changes in incident type 1 diabetes demographics aren’t to blame. Between 2010 and 2016, DKA at or 

near the diabetes diagnosis of youth-onset type 1 diabetes grew at a 2% annual rate. Overall, 38.5 percent of type 1 diabetes 

case subjects had DKA at or near the time of diagnosis, up from a previously estimated frequency of 30 percent between 2002 

and 2010. Younger children have the largest frequency of DKA found at or near type 1 diabetes diagnoses, which is consistent 

with previous SEARCH studies. On the other hand, adolescents may be at a higher risk of DKA at the time of diagnosis [36, 

37]. In one research, teenagers aged 10–14 had a greater prevalence of DKA at the time of type 1 diabetes diagnosis than older 

adolescents aged 15. Compared to their non-Hispanic White and privately insured counterparts, youth with Hispanic ethnicity 

identity and from households without private insurance showed a greater frequency of DKA. For children aged 10–14 years, 

those diagnosed in the spring season, and those registered in South Carolina, there are growing trends in the prevalence of 

DKA at or near type 1 diabetes diagnosis [8, 37]. 

DKA at the time of type 1 diabetes diagnosis is linked to poorer overall glycemic control (higher overall HbA1c levels) and a 

deteriorating glycemic trajectory beyond the first year of illness. These links were found to be independent of demographic 

(sex, race/ethnicity, and age at diagnosis), socioeconomic (household income and insurance status), treatment-related factors 

(frequency of glucose monitoring and insulin regimen), and residual insulin secretion around the time of diagnosis; all of which 

are linked to both the presence of DKA and long-term glycemic control [36]. Some findings show that DKA at the outset of 

type 1 diabetes is not only an acute consequence but also a risk factor for long-term glycemic control deterioration [38-40]. 

Conclusion 

In conclusion, studies reported variably different prevalence of DKA in Saudi Arabia. Compared to previous literature, DKA 

is assembling a common catastrophic complication among diabetic Saudi patients. There is no doubt that diabetic ketoacidosis 

is a serious case that requires some attention not only in newborns but also for adolescents, as some papers suggest that 
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teenagers can also present with severe conditions because most diagnoses focus on infants. However, it is also noteworthy to 

mention that juveniles are the ones who can present the most severe symptoms of DKA. Public awareness campaigns are 

needed to keep the public informed of the possible dangers of this case.  
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