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ABSTRACT 
Background: Diabetic ketoacidosis (DKA) is defined by high blood glucose, 
metabolic acidosis and increased ketone concentration in the body. It is a 
serious and potentially fatal complication of diabetes mellitus (DM). The 
study aimed to determine the socio-demographic and clinical characteristics of 
patients with DKA. Methods: A retrospective cross-sectional study design was 
conducted in Madinah general hospital in Madinah, Saudi Arabia. Medical 
records were reviewed for all DKA patients admitted to the hospital from 
January 2019 to October 2022. Socio-demographic and clinical characteristics 
of diabetic ketoacidosis were retrieved for eligible patients. Results: Out of 260 
files reviewed, only 258 were included. Participants’ mean age was 35.6 ±19.4. 
Most participants had type 1 DM (62%). The main precipitating factors of 
DKA were infection (44.5%) and non-compliance (29.8%). Vomiting (71.3%) 
and abdominal pain (56.9%) were the most common clinical manifestations. 
Conclusion: The main leading precipitating factors of DKA were infection and 
non-compliance to treatments. The most frequent clinical manifestations in 
diabetic patients with ketoacidosis were vomiting and abdominal pain. 
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1. INTRODUCTION  
Diabetes mellitus is one of the most common chronic diseases which affects both children and adults in Saudi Arabia and nearly all 
countries worldwide (Zubair et al., 2018; Aldamigh ET AL., 2022). The International Diabetes Federation (IDF) reported that the 
Kingdom of Saudi Arabia is the seventh highest country in the world in the incidence of type 1 diabetes mellitus (IDF, 2009). 
Modernization, urbanization, socioeconomic development, higher obesity rate and lower physical activity rate are all contributing 
to an alarming rise in diabetes prevalence globally (Whiting et al., 2011). In Saudi Arabia, about seven million people are diabetic 
and approximately three million have pre-diabetes (Al-Dawish et al., 2016). Hyperglycemia is characterized by a lack of insulin 
production caused by pancreatic β-cell dysfunction or insulin resistance in the cells of the liver, adipose tissue and muscle. Diabetic 
ketoacidosis (DKA) is defined by a triad of hyperglycemia, acidemia and ketonemia. It is serious and could be a fatal complication 
of DM (Agarwal et al., 2016). The most frequent hyperglycemic presentation to emergency among diabetic patients is DKA which is 
highly occurred in patients with type 1 DM compared to patients with type 2 DM (Umpierrez and Kitabchi, 2003). Abdominal pain, 
nausea, vomiting and fruity-scented breath are common symptoms of DKA whereas some patients present with increased urination 
and thirst as the classic symptoms of DM (Seth et al., 2015). The most common precipitating factors of DKA are non-adherence to 
medications and infections (Alourfi et al., 2015; Misra and Oliver, 2015). Unfortunately, dehydration, hyperglycemia and electrolyte 
abnormalities in addition to precipitating factors among patients with DKA are inadequately managed (Singh et al., 1997; Solá et al., 
2006). Up to our knowledge, no previous studies have been conducted in Al-Madinah region. Our study aimed to determine the 
socio-demographic and clinical characteristics of patients with DKA. 
 

2. METHODOLOGY 
A cross-sectional study design was conducted in Madinah general hospital which is the largest hospital in Madinah region. The 
target population was patients admitted with diabetic ketoacidosis at Madinah general hospital. The minimum required sample 
size was calculated to be 227 according to Open Epi web. A convenient non-probability sampling technique was used to recruit 258 
patients. Medical records were reviewed for all patients who were admitted to the hospital in the period from 1 January 2019 to 31 
October 2022. Patients were included if (a) were over 14 years old and (b) had a confirmed diagnosis of diabetic ketoacidosis 
according to the most recent guidelines (Wolfsdorf et al., 2018). Patients who have hyperosmolar states and hyperglycemia without 
ketoacidosis were excluded from the study. Socio-demographic data such as (age, gender, nationality and residence), clinical 
characteristics such as type of diabetes mellitus, treatment used before hospital admission, clinical presentations and the 
precipitating causes of DKA were retrieved from medical records. 
 
Statistical analysis 
Data were processed using Statistical Package for the Social Sciences, version 25 (IBM Corp, Armonk, NY, USA). Regarding 
quantitative variables mean and standard deviation were used and for qualitative variables frequencies and proportions were used. 
 

3. RESULTS 
Out of 260 files reviewed, 258 were included and two were excluded due to incomplete data. The participants’ mean age was 35.6 
±19.4 and approximately two-thirds were younger than 40 years. Approximately, three-fourths of the study sample was Saudi 
(73.6%), living inside Al-Madinah (66.3%). Most of the participants had type 1 DM (160, 62%), known cases of DM (225, 87.2%) and 
were on insulin therapy (192, 74.4%) (Table 1). 
 
Table 1 Socio-demographic and clinical characteristics of diabetic ketoacidosis patients (n=258) 

Characteristics Number (%) 
Age (years), mean ±SD 35.6 ±19.4 
Age 
≤20 78 (30.2) 
21-40 91 (35.3) 
41-60 48 (18.6) 
≥61 41 (15.9) 
Gender 
Male 129 (50.0) 
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Female 129 (50.0) 
Nationality 
Saudi 190b (73.6) 
Non-Saudi 63 (24.4) 
Unknown 5 (1.9) 
Residence area 
Living inside Al-Madinah 171 (66.3) 
Living outside Al-Madinah 6 (2.3) 
Unknown 80 (31.0) 
Type of DM 
Type1 160 (62.0) 
Type2 84 (32.6) 
Unknown 14 (5.4) 
DM status 
Current(known) DM 225 (87.2) 
Newly diagnosed DM at presentation 22 (8.5) 
Unknown 11 (4.2) 
DKA status 
First time DKA 58 (22.4) 
Previous(recurrent)DKA 107 (41.5) 
Unknown 93 (36.0) 
Treatment before hospital admission 
Insulin 192 (74.4) 
Oral hypoglycemic age 37 (14.3) 
None 19 (7.4) 
Unknown 10 (3.9) 
Family history of DM 
Yes 56 (21.7) 
No 18 (6.9) 
Unknown 184 (71.3) 

     SD: standard deviation, DM: diabetes mellitus, DKA: Diabetic ketoacidosis 

  
Table 2 shows the laboratory results of the participants' blood tests (random blood sugar (RBS) at presentation, PH, HCO3, 

anion gap, calcium, urea, creatinine, sodium and potassium). 
 
Table 2 Laboratory results of diabetic ketoacidosis patients 

Laboratory Result  (Normal Values) Mean ±SD 
RBS at presentation Less than 200 mg/dl  420.2 ±138.1 
PH 7.35–7.45 7.1 ±0.1 
HCO3 22–29 mmol/l 11.4 ±4.8 
Anion gap 12–20 mmol/l 23.0 ±6.4 
Calcium 2.12 -2.52 mmol/l 1.8 ±0.5 
Urea 2.5-8.07 mmol/l 7.2 ±8.0 
Creatinine 30-115 μmol/l 95.7 ±132.2 
Sodium 136-145 mmol/l 133.5 ±6.5 
Potassium 3.40-5.1 mmol/l 6.5 ±0.8 
RBS: Random blood sugar 
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In Table 3, the main precipitating factors of DKA were infection (115, 44.5%), non-compliance (77, 29.8%) and insulin omission 
(40, 15.5%), whereas the least common precipitating factors were urinary tract infection (7, 2.7%), acute pancreatitis (3, 1.1%) and 
stroke (3, 1.1%) (Figure 1). 
 
Table 3 Precipitating factors among patients with diabetic ketoacidosis 

Precipitating factors Number (%) 
Infection 115 (44.5) 
Urinary tract infection 7 (2.7) 
Pneumonia 27 (10.4) 
Non-compliance 77 (29.8) 
Insulin omission 40 (15.5) 
Acute pancreatitis 3 (1.1) 
Stroke 3 (1.1) 
Unknown 35 (13.5) 
Other 24 (9.3) 

 

 
Figure 1 Precipitating factors 
 

Table 4 shows the clinical manifestation of DKA; the top-rated manifestations among participants were vomiting (184, 71.3%), 
abdominal pain (147, 56.9%) and nausea (126, 48.8%), whereas the least-rated manifestations were polydipsia (13, 5.0%), coma (6, 
2.3%) and blurred vision (2, 0.7%). 

 
Table 4 Clinical manifestation among patients with diabetic ketoacidosis 

Clinical manifestation Number (%) 
Nausea 126 (48.8) 
Vomiting 184 (71.3) 
Polyurea 21 (8.1) 
Polydipsia 13 (5.0) 
Fever 51 (19.7) 
Abdominal pain 147 (56.9) 
Shortness of breath 50 (19.3) 
Blurred vision 2 (0.7) 
Impaired level of consciousness 16 (6.2) 
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Coma 6 (2.3) 
Other 55 (21.3) 

 

4. DISCUSSION 
In this study, we found the majority of study participants were younger than 40 years, participants’ mean age was 35.6 and half of 
the patients were males which is nearly similar to other studies (Agarwal et al., 2016; Alotaibi et al., 2022). Most of the patients in 
our study were type 1 DM in line with previous studies (Agarwal et al., 2016; Alotaibi et al., 2022; Ndebele and Naidoo, 2018), 
contrary to other studies (Seth et al., 2015; Shahid et al., 2020) could be attributed to socioeconomic differences. Regarding the 
laboratory results of diabetic ketoacidosis patients in our study, we found that the mean concentration of glucose was 420.2 ±138.1 
mg/dl, pH 7.1 ±0.1, sodium 133.5±6.5mmol/l and anion gap 23.0±6.4 mmol/l were quite similar to a previous study (Pinto et al., 
2008). 

Our study found that 8.5% of newly diagnosed patients with DM for the first time among patients admitted to the hospital with 
DKA which was lower than 16%-20% in previous studies (Almalki et al., 2016; Alotaibi et al., 2022; Iddi et al., 2017). Infection and 
non-compliance to treatments were the most precipitating factors among patients with diabetic ketoacidosis similar to reported 
studies (Ahuja et al., 2019; Alourfi et al., 2015; Mahesh et al., 2017; Rahim et al., 2018; Shahid et al., 2020; Tan et al., 2012). In our 
study, vomiting and abdominal pain were the most common clinical manifestations of diabetic ketoacidosis which is consistent 
with reported studies (Ahuja et al., 2019; Almalki et al., 2016; Shaltout et al., 2016) in contrary to a previous study which found that 
the majority of patients admitted to the hospital presented with polyuria and polydipsia (Iddi et al., 2017). 

The limitations cannot be ruled out of the study. First, regarding the setting of the study, which was conducted in one hospital 
so the external validity was affected and could not be generalized to all populations in the Kingdom of Saudi Arabia. Second, as 
long as the results of the study are extracted from the patient's records so some of the information could be inaccurate or missed 
which may affect the internal validity.  
 

5. CONCLUSION 
Infection and non-compliance to treatments were the main leading precipitating factors of DKA. The most common clinical 
manifestations of diabetic ketoacidosis patients were vomiting and abdominal pain. The study recommends community awareness 
and family education programs regarding the precipitating factors and manifestations of DKA.     
 
Acknowledgments 
All authors would like to thank the health administration department and the data collectors at King Salman bin Abdulaziz medical 
city in Al-Madinah for their efforts. 
 
Authors’ contributions 
Ahmed F Al-Ahmadi, Abdulhalim M Almurashi, Basem M Al-Johani, Turkey I Alrajabi, Abdulmajeed Al-Harbi, Ibrahim S 
Alhajjam and Sami Al-Dubai contributed to the writing of the manuscript and analyzed the data. Ghazi T Almohmmadi, Abdullah 
F Alhejaili, Ehdaa K Boudal, Hussam A Atallah, Ethar A Boudal, Yaser J Alrashidi, Mohammad J Bamagos have conceptualized the 
study, agreed with manuscript findings and collected the data, all authors critically reviewed the study and agreed to the final 
draft. 
  
Ethical approval  
The study was approved by Medical Ethics Committee of King Salman bin Abdulaziz medical city institutional review board (IRB 
log No: 22-073). Informed consent was not applicable in this study. 
  
Funding  
This study has not received any external funding. 
 
Conflict of interest  
The authors declare that there is no conflict of interests. 
 
 



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science 27, e58ms2679 (2023)   6 of 7 

Data and materials availability 
All data sets collected during this study are available upon reasonable request from the corresponding author. 
 

REFERENCES AND NOTES 
1. Agarwal A, Yadav A, Gutch M, Consul S, Kumar S, Prakash 

V, Gupta AK, Bhattacharjee A. Prognostic factors in patients 
hospitalized with diabetic ketoacidosis. Endocrinol Metab 
(Seoul) 2016; 31:424-432. doi: 10.3803/ENM.2016.31.3.424 

2. Ahuja W, Kumar N, Kumar S, Rizwan A. Precipitating risk 
factors, clinical presentation and outcome of diabetic 
ketoacidosis in patients with type 1 diabetes. Cureus 2019; 1 
1:e4789. doi: 10.7759/cureus.4789  

3. Aldamigh A, Alhojailan A, Alahmadi H, Almeathem A, 
Algosair I, Alharbi G, Alkhattaf M, Alfadhel E, Alsamani A. 
Incidence and risk factors of acute kidney injury in pediatric 
diabetic ketoacidosis: A retrospective study. Medical Science 
2022; 26: ms500e2558. doi: 10.54905/disssi/v26i129/ms500e2 
558 

4. Al-Dawish MA, Robert AA, Braham R, Al-Hayek AA, Al-
Saeed A, Ahmed RA, Al-Sabaan FS. Diabetes mellitus in 
Saudi Arabia: A review of the recent literature. Curr 
Diabetes Rev 2016; 12:359-368. doi: 10.2174/15733998116661 
50724095130 

5. Almalki MH, Buhary BM, Khan SA, Almaghamsi A, 
Alshahrani F. Clinical and biochemical characteristics of 
diabetes ketoacidosis in a tertiary hospital in Riyadh. Clin 
Med Insights Endocrinol Diabetes 2016; 9:7-11. doi: 10.4137/ 
CMED.S39639  

6. Alotaibi R, Alsulami M, Hijji S, Alghamdi S, Alnahdi Y, 
Alnahdi H, Samargandy SA. Diabetic ketoacidosis in Saudi 
Arabia: Factors precipitating initial admission and 
readmission. Ann Saudi Med 2022; 42:119-126. doi: 10.5144/ 
0256-4947.2022.119  

7. Alourfi Z, Homsi H. Precipitating factors, outcomes and 
recurrence of diabetic ketoacidosis at a university hospital in 
Damascus. Avicenna J Med 2015; 5:11-5. doi: 10.4103/2231-0 
770.148503  

8. Iddi S, Francis B, Jaka HM, Mirambo MM, Mushi MF. 
Clinical presentation and precipitating factors of diabetic 
ketoacidosis among patients admitted to intensive care unit 
at a tertiary hospital in Mwanza, Tanzania. Tanzan J Health 
Res 2017; 19. doi: 10.4314/thrb.v19i1.6  

9. IDF. International Diabets Federation. IDF Diabetes Atlas 
4th edition 2009. https://diabetesatlas.org/atlas/fourth-editio 
n/. 

10. Mahesh MG, Shivaswamy RP, Chandra BS, Syed S. The 
study of different clinical pattern of diabetic ketoacidosis 
and common precipitating events and independent 
mortality factors. J Clin Diagn Res 2017; 11:OC42-OC46. doi: 
10.7860/JCDR/2017/25347.9760  

11. Misra S, Oliver NS. Diabetic ketoacidosis in adults. Br Med J 
2015; 351:h5660. doi: 10.1136/bmj.h5660  

12. Ndebele NFM, Naidoo M. The management of diabetic 
ketoacidosis at a rural regional hospital in KwaZulu-Natal. 
Afr J Prim Health Care Fam Med 2018; 10:e1-e6. doi: 10.410 
2/phcfm.v10i1.1612  

13. Pinto ME, Villena JE, Villena AE. Diabetic ketoacidosis in 
Peruvian patients with type 2 diabetes mellitus. Endocr 
Pract 2008; 14:442-6. doi: 10.4158/EP.14.4.442 

14. Rahim MA, Rouf R, Ahmed AU, Uddin KN, Latif ZA. 
Pattern of precipitating causes of diabetic ketoacidosis in a 
tertiary care hospital of Bangladesh. Bangladesh J Med 2018; 
29:3-6. doi: 10.3329/bjmed.v29i1.35401  

15. Seth P, Kaur H, Kaur M. Clinical profile of diabetic 
ketoacidosis. A prospective study in a tertiary care hospital. 
J Clin Diagn Res 2015; 9:OC01-4. doi: 10.7860/JCDR/2015/85 
86.5995 

16. Shahid W, Khan F, Makda A, Kumar V, Memon S, Rizwan 
A. Diabetic ketoacidosis: Clinical characteristics and 
precipitating factors. Cureus 2020; 12:e10792. doi: 10.7759/ 
cureus.10792  

17. Shaltout AA, Channanath AM, Thanaraj TA, Omar D, 
Abdulrasoul M, Zanaty N, Almahdi M, Alkandari H, 
AlAbdulrazzaq D, Mello LD, Mandani F, Alanezi A, 
AlBasiry E, Alkhawari M. Ketoacidosis at first presentation 
of type 1 diabetes mellitus among children: A study from 
Kuwait. Sci Rep 2016; 6:27519. doi: 10.1038/srep27519  

18. Singh RK, Perros P, Frier BM. Hospital management of 
diabetic ketoacidosis: Are clinical guidelines implemented 
effectively? Diabet Med 1997; 14:482-486. doi: 10.1002/(SICI) 
1096-9136(199706)14:6<482::AID-DIA371>3.0.CO;2-A  

19. Solá E, Garzón S, García-Torres S, Cubells P, Morillas C, 
Hernández-Mijares A. Management of diabetic ketoacidosis 
in a teaching hospital. Acta Diabetol 2006; 43:127-130. doi: 
10.1007/s00592-006-0227-1  

20. Tan H, Zhou Y, Yu Y. Characteristics of diabetic 
ketoacidosis in Chinese adults and adolescents: A teaching 
hospital-based analysis. Diabetes Res Clin Pract 2012; 97:30 
6-12. doi: 10.1016/j.diabres.2012.05.004  

21. Umpierrez GE, Kitabchi AE. Diabetic ketoacidosis: Risk 
factors and management strategies. Treat Endocrinol 2003; 2 
:95-108. doi: 10.2165/00024677-200302020-00003  

22. Whiting D, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: 
Global estimates of the prevalence of diabetes for 2011 and 
2030.Diabetes Res Clin Pract 2011; 94:311.321. doi: 10.1016/J. 
DIABRES.2011.10.029  



MEDICAL SCIENCE l ANALYSIS ARTICLE 

Medical Science 27, e58ms2679 (2023)   7 of 7 

23. Wolfsdorf JI, Glaser N, Agus M, Fritsch M, Hanas R, Rewers 
A, Sperling MA, Codner E. ISPAD Clinical practice 
consensus guidelines 2018: Diabetic ketoacidosis and the 
hyperglycemic hyperosmolar state. Pediatr Diabetes 2018; 1 
9:155-77. doi: 10.1111/pedi.12701 

24. Zubair M, Mohamed N, Al-Amri M, Begum S, Al-Balawy A, 
Sokair R, Ajwa I. Clinical, demographic and biochemical 
profile of pediatric diabetic ketoacidosis patients in King 
Khalid Civilian Hospital, Tabuk. Med Sci 2018; 22:70-77. 


