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Abstract

Diabetic ketoacidosis (DKA) is one of the life-threatening complications of diabetes. It is
usually associated with type 1 diabetes; however, it is increasingly being recognised in type 2
diabetes.

Aims
To analyze the difference of clinical outcomes of DKA in type 1 and type 2 diabetes patients in
a Model 3 public hospital.

Method

A retrospective study was carried out between 2017 to 2022 reviewing the charts of patients
diagnosed with DKA at Portiuncula University Hospital (PUH). Patients’” demographics,
biochemical profiles on admission and clinical outcome were analyzed.

Results

A total of 118 diabetic patients developed DKA, 89(75.4%) are Type 1 diabetes patients. Type
2 diabetic patients with DKA were older than Type 1 diabetic patients (62.3 + 15.9 vs 39.1 +
15.9 years, P value <0.030) and had longer duration of diabetes (15.4 + 4.9 vs 11.3 + 3.3, P
value <0.031). There was no significant difference in biochemical profiles between patients
with type 1 vs type 2 diabetes, however, those with type 2 diabetes had significantly higher
lactate level (2.98 + 1.4 vs 2.43 + 1.1 mmol/L, P value <0.026). Overall, clinical outcomes of
DKA were more severe in Type 2 compared with Type 1 diabetic patients.

Discussion

Majority of DKA cases are observed in people with type 1 diabetes, however primary
outcomes was worse in DKA patients with type 2 diabetes. An innovative approach in treating
this group of patients should be emphasized.

Introduction
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Diabetic ketoacidosis is defined by the biochemical triad of ketonemia, hyperglycaemia and
acidaemia.® It occurs as a consequences of absolute or relative insulin deficiency, usually
accompanied by an increase in counter-regulatory hormones, leading to hepatic
gluconeogenesis and glycogenolysis and resulting in severe hyperglycaemia.?3

Diabetic ketoacidosis is well-known, life-threatening acute complication of type 1 diabetes.
For a long time it has been considered the hallmark of type 1 diabetes; however, recently, its
presence has been increasingly recognised in patients with type 2 diabetes.* DKA in patients
with type 2 diabetes was thought to be related to ethnic minorities and specifically Afro-
Caribbean populations or indigenous populations of America.>® However, there was
increasing number of cases documenting DKA in type 2 diabetic patients from different
ethnicity such as Caucasian, Chinese and Indian. This suggests that the occurrence of DKA is
not solely associated with ethnic minorities, as was once was thought.”® The triggers for DKA
development in type 2 diabetes patients could be due to insulin deficiency arising from long
duration of hyperglycaemic state and increased lipolysis due to presence of stressors.°

According to published audit report of HSE in 2017, the rate of admission ketoacidosis for Type
1 was decreasing from 2003 to 2016, however the rate for Type 2 showing increasing trend.*!
Recent epidemiologic studies also shown the hospitalization for DKA have increased during
the past 2 decades. Part of this increased frequency of admissions were related to the
increased prevalence of type 2 diabetes.'>13 With the changes in the frequency of DKA and
the increased incidence of DKA in patients with type 2 diabetes, the question may be posed
of whether there is any changes in the clinical outcome as compare to patient with type 1
diabetes. In this study, we aims to review the difference in the biochemical characteristics and
clinical outcomes of patients with type 1 and type 2 diabetes admitted with DKA to Portiuncula
University Hospital, Ireland.

Methods

A single centre, retrospective study of both type 1 and type 2 diabetes patients who admitted
with diabetic ketoacidosis from Jan 2017 to Dec 2022 were included in this study. These DKA
admission were identified from the Hospital In-Patient Enquiry (HIPE) at Portiuncula University
Hospital (PUH) which is a computer-based system designed to collect demographic, clinical
and administrative data on discharges and deaths from acute hospital in Republic of Ireland.
Documented instances of ketosis and acidosis occurring in type 2 diabetes in the setting of
excess alcohol intake, pregnancy or anorexia were excluded from this study. Patients’ data was
obtained through patient medical records and Winpath© (Clinisys, United Kingdom)
electronic laboratory record system. Patient’s demographics, duration of diabetes years,
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laboratory results, time from presentation to resolution of urine ketone and clinical outcomes
were reviewed retrospectively. Basic descriptive analyses were performed using Statistical
Package for Social Sciences (SPSS) version 26 (International Business Machines Corporation,
Armonk, New York). Comparisons between the groups were performed using the Chi square
test and all data are expressed as mean +SD unless otherwise indicated. All P value were two
sided and considered as significant if less than 0.5

Results

A total of 118 diabetic patients were recruited in this 6-year study period. The patients were
between the age of 16 and 98 years with mean age of (44.8+18.8). Overall, 89 (75.4%) of
patients had type 1 diabetes and 29(24.6%) had type 2 diabetes (Table 1). Among patients
with DKA, majority of TIDM were male (53.9%) and female in T2DM (62.1%). The mean
duration of diabetes in patients diagnosed prior to admission was higher in Type 2 diabetic
patients (15.4 £ 4.9 years). Table 2 lists the DKA patients’ biochemical profiles upon admission
and clinical outcomes in hospital. Lactate levels were higher in those with type 1 diabetes on
venous blood gas (2.98 + 1.4 vs 2.43 + 1.1 mmol/L, P value <0.026). No significant difference
was found in other biochemical parameters. HbA1lc level and ventilator support were also not
different significantly in both groups (P value >0.05). Mortality was also observed higher in
Type 2 diabetes patients with DKA (6.9%, P value <0.007). Type 2 diabetes has higher length
of stay in ICU as compared to type 1 diabetes (7.4 + 2.5 vs 4.6 + 1.2 days, P value <0.01). The
recurrence rate of DKA was significantly higher in Type 2 diabetic patients (13.8% vs 9.0%, P
value <0.04)

Table 1: Patient demographics

Demographics Type 1 Type 2 P value

Number of patients, n(%) 89 (75.4%) 29 (24.6%) P>0.05

Age (years) 39.1+15.9 62.3+15.9 <0.030*
Sex, n(%)

Male 48 (53.9) 11 (37.9%) P>0.05

Female 41 46.1%) 18 (62.1%) P>0.05

Duration of diabetes (years) 11.3+3.3 15.4+4.9 <0.031*

Table 2: Biochemical characteristics at admission and clinical outcomes for subgroups of DKA
patient by type

Characteristic Type 1 Type 2 P value

Initial venous blood gas results
pH 7.19+£0.12 7.23+0.11 P>0.05
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Glucose, mmol/L 23.2+16.5 25.7+17.6 P>0.05
Bicarbonate, mmol/L 14.62 +11.7 1591 +12.8 P>0.05
Lactate, mmol/L 298+1.4 243+1.1 <0.026*
Urine ketones, n(%)

+2 55 (61.8%) 7 (24.1%) P>0.05
+3 31 (34.8%) 22 (75.9%) P>0.05
+4 3 (3.4%) 0 (0%) P>0.05
Initial blood test results

Urea, mmol/L 6.6+54 9.5+6.7 P>0.05
Sodium, mmol/L 138+6 142 +8 P>0.05
Potassium, mmol/L 3.7+1.2 42+1.4 P>0.05
Creatinine, umol/L 102 £ 98 113 £ 87 P>0.05
Calcium, mmol/L 2.23+0.76 2.08 + 0.64 P>0.05
Inorganic Phosphate, mmol/L 1.04 £0.26 0.98+0.27 P>0.05
Magnesium, mmol/L 0.63+0.17 0.71+0.21 P>0.05
Length of stay in ICU, days 46+1.2 7.4+25 <0.010%*
Time of ketone resolution (hours) | 36.7 +13.2 42 £15.8 P>0.05
HbAlc (%) 73.31+254 65.6x17.6 P>0.05
In-hospital mortality, n(%) 0 (0%) 2 (6.9%) <0.007*
Mechanical Ventilation, n(%) 0 (0%) 0 (0%) P>0.05
DKA recurrence in 1 year, n(%)

Male 3 1

Female 5 3

Total 8 (9.0%) 4 (13.8%) <0.040*

*P value <0.05

Discussion

In our study, we observed nearly two third of DKA admissions were for patients with TIDM.

In addition, similar to this study, previous study conducted in Wales have also shown at least

half of their DKA admissions were patients with TLIDM.# Interestingly, we observed a higher

in-hospital mortality rate in DKA patients with T2DM. The factors likely associated with the

increased risk of mortality in T2DM patients are multifactorial and multidimensional, and they

may be due to presence of comorbidities and higher body mass index (BMI)*>1® Historically,

DKA has been recognized as typical complication associated with TIDM. Therefore, these

results highlights the importance of early recognising of DKA in T2DM patients.
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High level of HbAlc level was identified in both TIDM (73.3 + 25.4 %) and T2DM patients (65.6
+17.6%) in this study. HbAlc level may be useful tools to determine the current episode is
due to ongoing progression in patient with undiagnosed or poor self-glycaemic control, or if it
is a true acute episode in an otherwise well-managed patient.’’ In previous studies, it has
shown that patient with type 2 diabetes who developed DKA has lower level of pH value and
plasma glucose compared with those TIDM.8 However, our study does not substantiate these
findings. There is no significant difference of pH value and plasma glucose shown on venous
blood gas in both groups of diabetes patients.

Data from several studies have identified female patients are at higher risk of developing
DKA.2®20 Qur study further consolidates that both TIDM and T2DM female patients are at
higher risk of DKA recurrence as compared to male patients. Depression is associated with
diabetes, as evidenced by literature.?! Several studies demonstrated that depression was
more common in female, was associated with non-compliance to medication and poor blood
glucose monitoring. As a result, it increases DKA readmissions and worsen overall clinical
outcomes.???* Therefore, well-organized, and systematically intervention is crucial to
minimize likelihood of DKA reoccurrence. Diabetes education acts as a critical role in reduce
recurrence rate of DKA. Consult with diabetes specialist team during hospitalization was
associated with a lower risk of DKA recurrence.?’ In our facility, all admitted DKA patient will
be consulted by diabetes clinical nurse specialist (CNS) to ensure adequate diabetes education
and as crucial step to reduce recurrence.

Our study has some limitations. First, this study was conducted at a single center, which might
restrict the external validity. Second, the sample size is relatively small which may render
comprehensive overview of the disease. Third, the data only focus on hospitalized patients
rather than individual patients. However, despite these limitations, this study contributed a
more in-depth understanding of DKA. In conclusion, DKA is a metabolic complication which
can be seen with both type 1 and type 2 diabetes patients. Doctors should be aware of this
life-threatening condition and prompt management should be initiated early, ultimately
leading to reduce the morbidity and mortality associated with DKA.
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