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ABSTRACT 

Background 

Diabetic ketoacidosis (DKA) is a life-threatening acute metabolic complication of 

diabetes mellitus characterized by hyperglycemia, ketosis, and metabolic acidosis. 

Conventional diagnosis relies on urine ketone testing using nitroprusside reaction, 

which detects acetoacetate but not β-hydroxybutyrate (β-OHB), the predominant ketone 

body during DKA. Early diagnosis and monitoring are crucial for reducing morbidity and 

mortality. 

Aim 

To compare urine acetoacetic acid and capillary β-hydroxybutyrate measurements in 

the diagnosis and management of diabetic ketoacidosis. 

Materials and Methods 

A prospective observational study was conducted in the Department of General 

Medicine of a tertiary care teaching hospital from January 2015 to December 2015. 
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Eighty consecutive patients diagnosed with DKA were included. Urine acetoacetate was 

measured using nitroprusside dipstick testing, while capillary β-hydroxybutyrate was 

measured using a bedside ketone meter. Clinical characteristics, biochemical 

parameters, ketone levels, and time to resolution of DKA were recorded. Statistical 

analysis was performed using SPSS version 20.0. 

Results 

Among 80 patients, 52.5% were females and 47.5% were males. Mean age was 34.8 ± 

12.6 years. Capillary β-hydroxybutyrate detected ketosis in 100% of cases at 

presentation, whereas urine ketone testing was positive in 86.3% cases. Mean time for 

diagnosis was significantly shorter using capillary β-hydroxybutyrate (5.8 ± 1.6 min) 

compared with urine ketone testing (22.4 ± 6.8 min; p<0.001). β-hydroxybutyrate levels 

showed stronger correlation with arterial pH (r=-0.76) and serum bicarbonate (r=-0.71) 

than urine ketones. Resolution of DKA was identified earlier by β-hydroxybutyrate 

measurements. 

Conclusion 

Capillary β-hydroxybutyrate is superior to urine acetoacetate for early diagnosis and 

monitoring of DKA. It demonstrates higher sensitivity, better correlation with metabolic 

severity, and earlier detection of resolution. 
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INTRODUCTION 

Diabetic ketoacidosis remains one of the most serious acute complications of diabetes 

mellitus and is associated with significant morbidity and mortality[1]. It results from 

absolute or relative insulin deficiency accompanied by elevated counter-regulatory 

hormones leading to hyperglycemia, ketosis, dehydration, and metabolic acidosis[2]. 

The predominant ketone body produced during DKA is β-hydroxybutyrate, accounting 
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for nearly 75–80% of total ketones, whereas conventional urine dipstick methods detect 

acetoacetate alone[3]. 

Because β-hydroxybutyrate accumulates earlier and disappears earlier during recovery, 

direct measurement of β-hydroxybutyrate may provide a more accurate assessment of 

disease severity and treatment response[4]. The present study was undertaken to 

compare urine acetoacetic acid and capillary β-hydroxybutyrate in the diagnosis and 

management of DKA[5]. 

AIM 

To compare urine acetoacetic acid and capillary β-hydroxybutyrate in the diagnosis and 

management of diabetic ketoacidosis. 

OBJECTIVES 

1. To determine the sensitivity of urine acetoacetate and capillary β-hydroxybutyrate 

in diagnosing DKA. 

2. To compare the time required for diagnosis using both methods. 

3. To assess correlation of ketone measurements with severity of metabolic 

acidosis. 

4. To evaluate the usefulness of both methods in monitoring treatment response. 

5. To determine the diagnostic accuracy of capillary β-hydroxybutyrate in DKA 

management. 

 

MATERIALS AND METHODS 

This prospective observational study was conducted in the Department of 

General Medicine of a tertiary care teaching hospital over a period of one year, from 

January 2015 to December 2015. A total of 80 consecutive patients admitted with a 

diagnosis of diabetic ketoacidosis (DKA) were enrolled in the study. Adult patients aged 

18 years and above, with either known or newly diagnosed diabetes mellitus, were 
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included if they fulfilled the diagnostic criteria for DKA, namely plasma glucose levels 

greater than 250 mg/dL, arterial pH less than 7.30, serum bicarbonate levels less than 

18 mEq/L, and the presence of ketonemia or ketonuria. Patients presenting with 

hyperosmolar hyperglycemic state without ketosis, chronic kidney disease stage IV or 

V, alcoholic ketoacidosis, starvation ketosis, pregnancy, or those unwilling to provide 

informed consent were excluded from the study. 

After obtaining approval from the Institutional Ethics Committee and written 

informed consent from all participants, a detailed clinical history and thorough physical 

examination were performed. Information regarding demographic characteristics, 

duration and type of diabetes, precipitating factors, clinical presentation, and comorbid 

conditions was recorded using a structured proforma. Laboratory investigations 

including complete blood count, random blood glucose, serum electrolytes, renal 

function tests, arterial blood gas analysis, and urine routine examination were carried 

out at admission. Urine acetoacetic acid was assessed using the standard nitroprusside 

dipstick method, while capillary β-hydroxybutyrate levels were measured using a 

bedside ketone meter from finger-prick blood samples. Both tests were performed 

simultaneously at admission and repeated at regular intervals during treatment until 

resolution of DKA. 

All patients received standard treatment for DKA according to institutional protocols, 

including intravenous fluid resuscitation, insulin infusion, electrolyte replacement, and 

treatment of precipitating factors. Clinical and biochemical parameters were monitored 

throughout hospitalization. Resolution of DKA was defined as blood glucose level less 

than 200 mg/dL, serum bicarbonate greater than 18 mEq/L, venous pH greater than 

7.30, and closure of the anion gap. The diagnostic accuracy, sensitivity, specificity, and 

usefulness of urine acetoacetic acid and capillary β-hydroxybutyrate in diagnosing and 

monitoring DKA were compared and analyzed. 
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Methodology 

After Institutional Ethics Committee approval and informed consent, eligible patients 

were enrolled consecutively. Detailed history, physical examination, and laboratory 

investigations were performed. Blood glucose, arterial blood gas analysis, serum 

electrolytes, renal function tests, and complete blood counts were obtained at 

admission. 

Urine ketones were assessed using nitroprusside dipstick method and graded as 

negative, trace, 1+, 2+, 3+, or 4+. Capillary β-hydroxybutyrate was measured using a 

bedside ketone meter from finger-prick blood samples. Measurements were repeated 

every four hours until DKA resolution. Standard DKA treatment protocols involving 

intravenous fluids, insulin infusion, electrolyte correction, and management of 

precipitating factors were followed. 

Resolution of DKA was defined as: 

• Blood glucose <200 mg/dL, 

• Serum bicarbonate >18 mEq/L, 

• Venous pH >7.3, 

• Closure of anion gap. 

 

STATISTICAL ANALYSIS 

Data were analyzed using SPSS version 20.0. Continuous variables were expressed as 

mean ± standard deviation and categorical variables as frequencies and percentages. 

Student’s t-test, Chi-square test, Pearson correlation coefficient, sensitivity, specificity, 

positive predictive value, and negative predictive value were calculated. A p-value <0.05 

was considered statistically significant. 
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RESULTS 

Table 1. Demographic and Clinical Characteristics (n=80) 

Variable Value 

Mean age (years) 34.8 ± 12.6 

Male 38 (47.5%) 

Female 42 (52.5%) 

Type 1 DM 48 (60.0%) 

Type 2 DM 32 (40.0%) 

Newly diagnosed DM 18 (22.5%) 

Infection as precipitating factor 36 (45.0%) 

Insulin omission 24 (30.0%) 

Other causes 20 (25.0%) 

The majority of patients were young adults with a mean age of 34.8 years. Infections 

constituted the commonest precipitating factor, followed by insulin omission. 

 

Table 2. Diagnostic Performance of Ketone Detection Methods 

Parameter Urine Acetoacetate Capillary β-OHB 

Positive cases 69 80 

Sensitivity 86.3% 100% 

Specificity 92.5% 97.5% 

PPV 94.5% 98.8% 

NPV 80.4% 100% 
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Capillary β-hydroxybutyrate demonstrated significantly higher sensitivity than urine 

acetoacetate for diagnosing DKA (p<0.001). 

 

Table 3. Correlation with Severity of DKA 

Parameter Urine Ketones (r) β-OHB (r) 

Arterial pH -0.48 -0.76 

Serum bicarbonate -0.44 -0.71 

Anion gap 0.53 0.81 

Serum glucose 0.36 0.62 

Capillary β-hydroxybutyrate showed a stronger correlation with metabolic derangements 

than urine ketone measurements. 

Table 4. Monitoring Resolution of DKA 

Variable Urine Ketones β-OHB 

Mean time to indicate recovery (hours) 29.4 ± 5.8 18.6 ± 4.2 

Persistent positivity after DKA resolution 28% 4% 

Accuracy in monitoring recovery 72% 96% 

β-hydroxybutyrate levels normalized significantly earlier than urine ketones, facilitating 

timely therapeutic decisions. 
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Figure 1: The sensitivity comparison between the two diagnostic methods demonstrated 

that capillary β-hydroxybutyrate testing had a sensitivity of 100%, significantly higher 

than urine acetoacetate testing (86.3%), indicating superior diagnostic performance in 

detecting diabetic ketoacidosis. 

Figure 2: A strong negative correlation was observed between capillary β-

hydroxybutyrate levels and arterial pH (r = -0.76), suggesting that increasing ketone 

concentrations were associated with worsening metabolic acidosis and greater severity 

of diabetic ketoacidosis. 

Figure 3: Serial monitoring revealed that capillary β-hydroxybutyrate levels normalized 

earlier than urine ketone levels, allowing detection of DKA resolution approximately 11 

hours sooner. This finding highlights the usefulness of capillary β-hydroxybutyrate 

measurement in monitoring treatment response and guiding clinical decision-making. 
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Figures 1–3 illustrate the comparative performance of urine acetoacetate and capillary 

β-hydroxybutyrate measurements in patients with diabetic ketoacidosis. As shown in 

Figure 1, capillary β-hydroxybutyrate demonstrated superior sensitivity (100%) 

compared to urine acetoacetate testing (86.3%). Figure 2 depicts a strong inverse 

correlation between β-hydroxybutyrate levels and arterial pH (r = -0.76), indicating that 

higher ketone levels were associated with increased severity of metabolic acidosis. 

Furthermore, Figure 3 demonstrates that capillary β-hydroxybutyrate levels normalized 

approximately 11 hours earlier than urine ketone levels during treatment, thereby 

facilitating earlier recognition of DKA resolution and more effective monitoring of 

therapeutic response. 

DISCUSSION 

The present study demonstrated that capillary β-hydroxybutyrate is superior to urine 

acetoacetate for both diagnosis and monitoring of DKA. Since β-hydroxybutyrate 

constitutes the predominant ketone body during ketoacidosis, its direct measurement 

more accurately reflects disease severity[6]. 

Our findings are consistent with Wallace et al., who reported higher sensitivity of β-

hydroxybutyrate in diagnosing DKA. Byrne et al. demonstrated that bedside ketone 

testing allows rapid identification of ketosis before urine ketones become 

detectable[1,7]. Similarly, Sheikh-Ali et al. observed a stronger correlation between β-

hydroxybutyrate concentrations and metabolic acidosis[8-11]. 

The present study found a sensitivity of 100% for capillary β-hydroxybutyrate compared 

with 86.3% for urine ketones. These findings are comparable with those reported by 

Arora et al., who demonstrated superior diagnostic performance of blood ketone 

testing[12-14]. 

Another important observation was the earlier identification of DKA resolution by β-

hydroxybutyrate. Persistent positivity of urine ketones despite clinical recovery is 

explained by conversion of β-hydroxybutyrate into acetoacetate during treatment. This 

phenomenon may mislead clinicians into believing ketoacidosis persists[15]. 
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The strong inverse correlation between β-hydroxybutyrate and arterial pH observed in 

our study confirms its utility as a marker of DKA severity. These findings support current 

recommendations advocating bedside β-hydroxybutyrate testing as a standard 

component of DKA management. 

CONCLUSION 

Capillary β-hydroxybutyrate measurement is superior to urine acetoacetic acid testing 

for the diagnosis and management of diabetic ketoacidosis. 

It offers: 

• Higher sensitivity and specificity. 

• Earlier diagnosis. 

• Better correlation with metabolic severity. 

• More accurate monitoring of treatment response. 

• Earlier identification of DKA resolution. 

Routine implementation of bedside capillary β-hydroxybutyrate testing should be 

encouraged in emergency departments and intensive care units for optimal 

management of DKA. 
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