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ABSTRACT 
One of the acute complications of diabetes mellitus is diabetic ketoacidosis (DKA). DKA is 
characterized by glucose levels ≥14mmol/l (≥250mg/dL), acidosis pH <7.3, bicarbonate 
(HCO3) <18mEq/L, ketonemia, ketonuria. Currently in RSUD dr. Saiful Anwar, there is a β-
hydroxybutyrate (β-OHB) examination by using a POCT ketone meter to facilitate clinical 
diagnosis and monitoring of DKA patients. The aim of this research is to analyze the 
correlation between the level of β-OHB and HCO3 on initial insulin regulation in DKA patients. 
The research method used is observational analytic, cross-sectional in which the data is 
retrieved in time series. A total of 15 subjects are included in the inclusion criteria. Research 
shows that there is a correlation between HCO3 and β-OHB levels after initial insulin 
regulation (p = 0.012 and r = −0.628). There were significant differences in the levels of 
HCO3, β-OHB before and after insulin regulation with p-value of 0.001 and 0.015, 
respectively. There is a match between HCO3 and β-OHB after insulin regulation (p = 0.250). 
It can be concluded that HCO3 and β-OHB in the administration of initial insulin regulation 
correlate strongly. Thus, β-OHB can be used instead of HCO3. 
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Diabetes mellitus (DM) is a case often found in emergency departments (ED). The 
World Health Organization (WHO) predicts an increase in the number of people with 
diabetes mellitus in Indonesia from 8.4 million in 2000 to around 21.3 million in 2030. On the 
other hand, the International Diabetes Federation predicts an increase in the number of 
people with DM in Indonesia from 9.1 million in 2014 to 14.1 million in 2035 (Soelistijo, 2015). 

One of the acute complications of DM is diabetic ketoacidosis (DKA). Patients with 
blood sugar level above 250 mg/dL should be suspected of having hyperglycemia crisis 
(Kitabchi et al., 2009). DKA is characterized by hyperglycemia where serum glucose level is 
≥ 14 mmol/l (≥ 250 mg/dL), acidosis with pH <7.3, serum bicarbonate levels <18 mEq/L, 
ketonemia or ketonuria (Manning et al., 2015). The condition of metabolic acidosis does not 
occur in patients with diabetic ketoacidosis but also in a variety of other conditions such as 
sepsis, alcoholic, liver disorders, kidney disorders. Thus, there are many things that can 
complicate arterial blood gas analysis for DKA patients (Rosen, 2017). In addition to using 
arterial blood gas analysis, RSUD dr. Saiful Anwar Malang (RSSA) now has an examination 
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of ketone objects using a POCT ketone meter to facilitate clinicians in diagnosing and 
monitoring DKA patients. 

The study objective is to analyze the correlation between β-hydroxybutyrate (β-OHB) 
and bicarbonate (HCO3) levels at the initial insulin regulation in diabetic ketoacidosis patients 
in RSSA. 
 

METHODS OF RESEARCH 
 

This research is observational analytic, cross-sectional in which the data is retrieved in 
time series to analyze the correlation between the levels of β-OHB and HCO3 at the initial 
blood sugar regulation in DKA patients in RSSA. Inclusion criteria were all patients aged ≥ 18 
years, hyperglycemia with glucose levels> 250 mg/dL, metabolic acidosis blood pH <7.35 
HCO3 less than normal <18, anion gap more than normal> 10, positive ketone serum> 
3mmol/L , normal potassium level as well agree to give informed consent.:Exclusion criteria 
include alcohol consumption, drug poisoning or chemical liquids (salicylate, methanol, 
toluene, ethylene glycol, phenformin, isoniazid, iron, paraldehyde), uremia, lactic acidosis 
(sepsis, liver disorders, kidney disorders), ketoacidosis (alcoholic patients, hunger), high-fat 
diet, fasting and starvation, lactation, ketogenic diet, referral DKA patients who have received 
insulin therapy. Arterial blood gas analysis (HCO3) and serum β-OHB were done to all 
patients with inclusion criteria before therapy. Patients were managed in accordance with the 
DKA RSSA clinical pathway, after random blood sugar (RBS) fell 10% from the initial RBS 
value, the patient was taken back to analysis of arterial blood gas (HCO3) and serum β-OHB. 
 

Table 1 – Patient Characteristics 
 

Characteristics Total (%) 

Gender:   
Male 6 40 
Female 9 60 
Age Group:   
18 – 30 0 0 
31 – 45 7 46.67 
46 – 60 4 26.67 
≥ 61 4 26.67 

 
Table 2 – Central Size of Tendency 

 

Variable Average SD Median Min Max 

HCO3(before) 6.467 3.5310 4.600 2.4 13.3 
HCO3(after) 9.360 4.7933 9.400 3.7 21.7 
β-OHB (before) 5.207 1.4385 5.300 3.1 7.0 
β-OHB (after) 3.787 1.9075 4.200 0.4 7.0 
RBS (before) 569.33 113.215 570.000 406 849 
RBS (after) 446.80 111.489 431.000 283 729 
DeltaRBS 122.53 38.139 114.000 75 190 
DeltaTime 4.233 1.2010 4.200 2.6 6.9 

 
Table 3 – Shapiro-Wilk distribution data 

 

Variable Statistics dF Sig 

HCO3(before) 0.891 15 0.069 

HCO3(after) 0.895 15 0.081 

β-OHB (before) 0.901 15 0.100 

β-OHB (after) 0.967 15 0.817 

RBS (before) 0.948 15 0.500 

RBS (after) 0.927 15 0.246 

DeltaRBS 0.899 15 0.091 

DeltaTime 0.961 15 0.705 
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Figure 1 – Conform Linearity of HCO3 - β-OHB before giving initial insulin regulation 

 

 
 

Figure 2 – Conform Linearity of HCO3 - β-OHB after giving initial insulin regulation 

 

 
 

Figure 3 – Delta RBS and Delta Conform Linearity after the initial insulin regulation 

 
Table 4 – Correlation of variables with Pearson test 

 

Variable r p N 

HCO3 - β-OHB (before) 0.360 0.188 15 
HCO3 - β-OHB (after) 0.628 0.012 15 
Delta RBS – Delta Time 0.133 0.636 15 

y = -0.8829x + 11.064
R² = 0.1294
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Table 5 – Analysis of differences in the levels of variables before and after initial administration 
of insulin with a paired T-test 

 

Variable p 

HCO3 before - after 0.001 
β-OHB before - after 0.015 
RBS before - after 0.000 

 
Table 6 – The suitability analysis of changes in β-OHB and HCO3 levels after administration of initial 

insulin was tested by the McNemar test 

 

HCO3 
β-OHB 

Good Poor 

Good 
Poor 

12 
0 

3 
0 

 
 HCO3 - β-OHB 

N 
Sig 

15 
0.250

b
 

 
RESULTS OF STUDY 

 
There were 15 patients who met our inclusion criteria. Data were taken for 6 months 

from July to December 2018. In this study, the number of patients who were male reached 
40% and 60% for female patients. The majority of patients were in the age group interval of 
31-45, followed by the age group 46-60 and ≥ 61 of 26.67%. 

All data had the fulfilled linearity test. Data distribution in this research is normal 
distribution because there is only small amount of data to be assessed using Saphiro-Wilk. 
Insignificant HCO3 (before) data was found, and then the HCO3 (before) data was 
transformed resulting in a normal distribution. 

Based on the calculation of data analysis with the Pearson test, it was found that there 
was no significant correlation between HCO3 and β-OHB before the initial regulation of 
insulin with a p-value = 0.188 and r = - 0.360. Meanwhile, between HCO3 and β-OHB after 
the initial regulation of insulin calculation analysis using the Pearson test found a significant 
correlation with the p-value = 0.012 and r = - 0.628. Based on the calculation of data analysis 
with the Pearson test, it was found that there was no significant correlation between Delta 
RBS and Delta Time with p-value = 0.636 and r = 0.133. 

Differences in the levels of HCO3, β-OHB, RBS before and after insulin regulation using 
the Paired T-test had significant differences with p-value of 0.001, 0.015 and 0.000, 
respectively. 

For the sake of analysis, numerical data of β-OHB and bicarbonate levels (HCO3) were 
converted into categorical data in the form of good and poor categories both in the form of a 
decreasing in level of β-OHB or increasing in level of HCO3 from the levels before 
administration of insulin. It was poor in the form of a constant β-OHB/HCO3 level or an 
increase in β-OHB level or a decrease in HCO3 level from the initial level before the 
administration of insulin. The suitability analysis of changes in β-OHB and HCO3 levels after 
administration of initial insulin was tested by the McNemar test. was found to be compatible 
with p-value = 0.250. 
 

DISCUSSION OF RESULTS 
 

According to the multi-center research by Fritsch et.al in Europe, it was found that DKA 
was significantly higher than female patient. Meanwhile, epidemiological data in the United 
States showed that 50% of DKA patients were women with migrant background (Westerberg, 
2013). Women have higher risk to get diabetes because they physically have the opportunity 
to experience an increase in body mass index putting them in the risk of becoming obese. 
People who get obese have bigger calorie input in which the pancreatic beta cells will 
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experience fatigue and they will not be able to produce adequate insulin in balancing the 
intake of calories in the body. In the end, the glucose level in the blood will increase (Kaban, 
2007). Comparing to women, men tend to have more physical activities and they exercise 
routinely. This is because men have bigger physic and stronger muscles (Ortiz et al., 2010). 

The majority of patients were in the age group interval of 31-45 with a percentage of 
46.67%, followed by the age group of 46-60 and ≥ 61 with a percentage of 26.67%. DKA is 
often found at younger people but it can occur at all ages and even at extreme ages. The 
research on 4807 DKA episodes obtained the frequency of > 70 years old was 14%, age 51 - 
70 years old was 23%, age 30-50 years old was 27%, age <30 years old was 36% 
(Weterberg, 2013). 

At the earlier stage of DKA before therapy, the patient is usually in the state of 
metabolic acidosis caused by the process of ketogenesis due to lack of insulin. The research 
data showed that HCO3 and β-OHB before administration of insulin were correlated but not 
significant. The purpose of therapy on DKA patient is to decrease the ketogenesis. The 
decrease in ketogenesis will eventually be followed by resolution of acidosis conditions as 
the result (Wallace & Matthews, 2004). 

Other studies have also found that patients with DKA had a significant correlation 
between β-OHB and bicarbonate, decreased level of β-OHB followed by an increase in 
bicarbonate level with r = −0, 24139 and p = 0.0161.:This research shows that capillary 
ketonemia was directly related to the severity of acidosis and serum bicarbonate level as well 
as pH during the DKA therapy. This is also in accordance with the observations of other 
authors. Measurement of capillary ketone level allows an immediate assessment of a 
patient’s metabolic conditions. In addition, it is also the main diagnostic parameter for starting 
treatment for ketoacidosis decompensation (Rodriguez-Merchan et al., 2011).:This is in line 
with data from the research where it shows that HCO3 and β-OHB have a correlation after 
administration of insulin. 

Based on the analysis research data, the differences in the levels of HCO3, β-OHB, 
RBS before and after insulin regulation using the Paired T-test had significant differences 
with p-value = < 0.05. The function of insulin includes energy storage and metabolism 
especially in liver tissue, adipose, and skeletal muscle. Insulin works in the liver for glucose 
uptake and it is converted to glycogen and it also inhibits the damage to glycogen 
(glycogenolysis) and suppresses gluconeogenesis. The effect of this mechanism is to store 
the glucose in the form of glycogen. Decreasing insulin level results in hyperglycemia. When 
pancreatic beta cells are present, hyperglycemia can trigger an increase in insulin and return 
to normal glucose concentration. Along with the process of the disease, hyperglycemia can 
no longer trigger an increase in insulin activity. Although there is an increase in intravascular 
glucose, the absence of insulin will make the cell unable to use glucose as a fuel source.:The 
body responds to this by breaking down proteins and adipose to produce intracellular fuels 
that can be used. The body loses the normal physiological effects of insulin causing 
secretion of catabolic (counterregulatory) hormones and resulting in hyperglycemia and 
ketonemia (Jalili & Niroomand, 2016). The administration of insulin is expected to reduce 
ketogenesis so that the metabolic acidosis in patients will improve. This is in line with 
research results in which the level of HCO3, β-OHB, RBS before and after initial insulin 
regulation had significant differences (p = <0.05). 

The research data obtained through the calculation of data analysis using the Pearson 
test found that there was no correlation between delta RBS and delta time with p-value = 
0.636. In this research, before the administration of insulin the initial levels of β-
hydroxybutyrate (β-OHB), bicarbonate (HCO3) and RBS were varied and not at the same 
value. In addition, many factors influence the patient’s condition. It has been mentioned in 
the literature review that metabolic acidosis and ketogenesis conditions can occur in patients 
other than DKA. In this research, exclusion factor was narrowed down to facilitate data 
retrieval. 

Based on the data of research conformity analysis using McNemar test it was obtained 
p value> 0.05 which means there was no difference (accordingly) between changes in levels 
of β-hydroxybutyrate (β-OHB) and bicarbonate levels (HCO3) after initial regulation of insulin. 
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This is in accordance with the theory that giving insulin will cause a decrease in ketogenesis 
which will be followed by decreased metabolic acidosis as a result (Wallace & Matthews, 
2004). The research results showed that the mean value of β-hydroxybutyrate (β-OHB) 
before insulin regulation was 5.207 and it had improved after the administration mean insulin 
β-hydroxybutyrate (β-OHB) to 3.787. This corresponds to the value of bicarbonate (HCO3) 
which also experience improvement from 6.467 (before mean HCO3) to 9.360 (after HCO3). 
 

CONCLUSION 
 

There is a significant correlation between the levels of HCO3 and β-OHB after the 
administration of initial regulation of insulin. There is a significant difference between the 
levels of β-OHB, HCO3, RBS before and after the regulation of insulin in patients with diabetic 
ketoacidosis. There is suitability between the levels of HCO3 and β-OHB after the 
administration of initial regulation of insulin. Examination of β-hydroxybutyrate capillary blood 
ketones (β-OHB) is recommended for diagnostic and therapeutic monitoring in patients with 
diabetic ketoacidosis. It is expected that the research will encourage the patients with 
hyperglycemia to come to the emergency room at RSUD dr. Saiful Anwar for further 
examination. Measurement of capillary blood ketones provides an increase in DKA 
management. In an emergency, the retrieval technique is easier to use because it is less 
invasive than measurements of arterial blood gas analysis. The results can be obtained 
faster and it allows for monitoring every hour of the patient’s condition. Measurement of 
capillary blood ketones is also more cost efficient compared to arterial blood gas analysis. 
Hence, measuring capillary blood ketones reduce the cost of treatment, shorten the time of 
examination and increase the comfort of patients. β-OHB can be used to diagnose and 
monitor DKA therapy. 

In this research, the exclusion factor was narrowed down due to the difficulty in data 
collection. This research has also obtained various values of β-OHB, HCO3, and RBS when 
patients came. In the future, it is suggested to do further research by using appropriate 
exclusion criteria. 
 

REFERENCES 
 
1. Abbott Diabetes Care Inc. Clinical. 2006, ‘Evaluation of a faster, smaller sample volume 

blood ß-ketone test strip’, Diabetes Care, pp. 1-12. 
2. Aitkenhead, H, Marwaha, K, Evans, S. 2010, ‘Assessment of the performance of 

handheld POCT sensors for measuring 3 – hydroxybutyrate’, Poster Presentation, 
Presented at the 23rd AACC International Symposium Critical and Point of Care Testing 
September 22-25, 2010, Boston, MA, USA. 

3. Arora, S, Henderson, SO, Long, T, Menchine, M. 2011, ‘Diagnostic accuracy of point-of-
care testing for diabetic ketoacidosis at emergency-departement triage: {beta}- 
hydroxybutyrate versus the urine dipstick, Diabetes Care, vol. 34, pp. 852-4. 

4. Arthamin, MZ, Fatonah, S. 2015, ‘Standar Prosedur Operasional Pengambilan Darah 
Arteri Rumah Sakit dr. Saiful Anwar’. 

5. Brooke, J, Stiell, M, Ojo, O. 2016, ‘Evaluation of the accurancy of 
capillary:hydroxybutyrate measurement compare with other measurements in the 
diagnosis of diabetic ketoacidosis: a systematic review’, International Journal of 
Environmental Reearch and Public Health, vol. 13, pp. 837-46. 

6. Cefalu, WT. 2017, ‘Standars:Of Medical Care In Diabetes’. Diabetes Care, vol. 40. 
7. Coetzee, A, Hoffmann, M, Ascott-Evans, BH. 2015, ‘The role of point of care blood 

testing for ketones in the diagnosis of diabetic ketoacidosis’, South African Medical 
Journal, vol. 105, pp. 756-9. 

8. Foster, JR, Morrison, G, Fraser, DD. 2011, ‘Diabetic ketoacidosis-associated stroke in 
children and youth’, Stroke Research and Treatment, vol. 2011, pp. 1-12. 



Biotika, 1(26), February 2019 

22 

9. Gosmanov, AR, Gosmanova, EO, Cannon, DE. 2014, ‘Management of Adult diabetic 
ketoacidosis’, Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy, vol. 7, 
pp. 255-64. 

10. Gotera, W, Budiyasa, DGA. 2010,‘Penatalaksanaan ketoasidosis diabetik (KAD)’, J Peny 
Dalam, vol. 11, pp. 126-38 

11. Guthrie, P. 2011, ‘Beta hydroxybutyrate - a better test for ketosis’, Michigan Society for 
Clinical Laboratory Science, vol. 23, no. 2, pp. 3-4 

12. Jalili, M, Niroomand, M. 2016, ‘Type 2 Diabetes Mellitus’, in J Tintinalli (ed.), Tintinalli's 
Emergency Medicine: A Comprehensive Study Guide, 8 edn, Mc Graw Hill Education, 
United States, pp. 1445-69. 

13. Kaban, S. 2007, ‘Diabetes mellitus tipe 2 di kota sibolga tahun 2005’, Majalah 
Kedokteran Nusantara, vol.40, no. 2, pp. 119-28. 

14. Kitabchi, A, Umpierrez, G, Miles, J, Fisher, JN. 2009, ‘Hyperglicemic crises in adult 
patients with diabetes’, Diabetes Care, vol. 32, pp. 1335-43. 

15. Kost, GJ. 2002, Principles and Practice of Point-of-Care Testing. Lippincott Williams & 
Wilkins, Philadelphia. 

16. Maletkovic, J, Drexler, A. 2013, ‘Diabetic ketoacidosis and hyperglycemic hyperosmolar 
state’, Endocrinol Metab Clin N Am, vol. 42, pp. 677-95. 

17. Maloney, GE, Glauser, JM. 2018, ‘Diabetes Mellitus and Disorders of Glucose 
Homeostasis’, in RM Walls (ed.), Rosen’s Emergency Medicine Concepts and Clinical 
Practice, 9 edn, Elsevier Inc., Philadelphia, pp. 1533-47. 

18. Manning, P, Leong, B, Ling, GE. 2015, ‘Acid Base Emergenencies’, in S Ooi (ed.), Guide 
to the Essentials in Emergency Medicine, 2 edn, McGraw-Hill Education, Singapore, pp. 
382-91. 

19. Nova Biomedical. Nova StatStrip® Glucose Ketone Meters Provide Added Value. 
Available from shop.menarinidiagnostics.se 

20. Ortiz, I, Cabriales, E, Gonzales, J, Meza, M. 2010, ‘Self-care behaviours and health 
indicators in adults with type 2 diabetes’, Rev Lat Am Enfermagem, vol. 18, pp. 675-80. 

21. Perelas, A. 2015, ‘Beta-Hydroxybutirate’. Available from URL: http://emedicine. 
medscape.com/article/2087381-overview#a4. 

22. Powers, AC. 2015. ‘Dibetes Mellitus:Management and Therapies’, in DL Kasper(ed.), 
Harrison’s Principles Of Internal Medicine, 19 edn, Mc Graw Hill Education, New York, 
pp. 2407-30. 

23. Rodriguez-Merchan, B., 2011, ‘Capillary beta-hydroxybutyrate determination for 
monitoring diabetic ketoacidosis’, Endocrinol Nutricion, vol. 58, pp. 347-52. 

24. Rudijanto, A, Arsana, PM, Sasiarini, L, Rosandi, R. 2015, ‘Clinical pathway ketoasidosis 
diabetikum Rumah Sakit dr. Saiful Anwar’. 

25. Sefedini, E, Prasek, M, Metelko, Z, Novak, B, Pinter, Z. 2008, ‘Use Of capillary ß-
Hydroxy-butyrate for the diagnosis of diabetic ketoacidosis at emergency room: our one-
year experience’, Diabetologia Croatica, vol. 37, pp. 73-8. 

26. Sheikh-Ali, M, Karon, BS, Basu, A, Kudva, YC, Muller, LA, Xu, J, Schwenk, WF, Miles, 
JM. 2008, ‘Can serum beta-hydroxybutyrate be used to diagnose diabetic ketoacidosis’, 
Diabetes Care, vol. 31, no. 4, pp. 643-7. 

27. Soelistijo, SA. 2015, Konsensus Pengelolaan Dan Pencegahan Diabetes Mellitus Tipe 2 
Di Indonesia, PB. PERKENI. 

28. Wallace, TM, Matthews, DR. 2004, ‘Recent advances in the monitoring and management 
of diabetic ketoacidosis’. Quarterly Journal of Medicine 97: 773-80. 

29. Westerberg, DP. 2013, ‘Diabetic ketoacidosis: evaluation & treatment’, American Family 
Physician, vol. 87, pp. 337-436. 

30. Widijanti, A, Fatonah, S. 2014, ‘Ketepatan dan ketelitian:pengukuran glukosa 
darah:dengan glukosameter:nova statstrip’, Medika, vol. 35, no.1, pp. 12-5. 

31. Widijanti, A, Sutrisnani, CS. 2015, ‘Standar prosedur operasional pemeriksaan gula 
darah menggunakan alat glukosameter Rumah Sakit dr. Saiful Anwar’. 

32. Widijanti, A, Sutrisnani, CS. 2017, ‘Standar prosedur operasional pemeriksaan keton 
menggunakan alat ketonmeter Rumah Sakit dr. Saiful Anwar’. 


