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ABSTRACT
Introduction We explored the clinical and biochemical 
differences in demographics, presentation and 
management of diabetic ketoacidosis (DKA) in adults with 
type 1 and type 2 diabetes.
Research design and methods This observational study 
included all episodes of DKA from April 2014 to September 
2020 in a UK tertiary care hospital. Data were collected 
on diabetes type, demographics, biochemical and clinical 
features at presentation, and DKA management.
Results From 786 consecutive DKA, 583 (75.9%) type 1 
diabetes and 185 (24.1%) type 2 diabetes episodes were 
included in the final analysis. Those with type 2 diabetes 
were older and had more ethnic minority representation 
than those with type 1 diabetes. Intercurrent illness 
(39.8%) and suboptimal compliance (26.8%) were the 
two most common precipitating causes of DKA in both 
cohorts. Severity of DKA as assessed by pH, glucose 
and lactate at presentation was similar in both groups. 
Total insulin requirements and total DKA duration were 
the same (type 1 diabetes 13.9 units (9.1–21.9); type 
2 diabetes 13.9 units (7.7–21.1); p=0.4638). However, 
people with type 2 diabetes had significantly longer 
hospital stay (type 1 diabetes: 3.0 days (1.7–6.1); type 2 
diabetes: 11.0 days (5.0–23.1); p<0.0001).
Conclusions In this population, a quarter of DKA 
episodes occurred in people with type 2 diabetes. DKA 
in type 2 diabetes presents at an older age and with 
greater representation from ethnic minorities. However, 
severity of presentation and DKA duration are similar 
in both type 1 and type 2 diabetes, suggesting that the 
same clinical management protocol is equally effective. 
People with type 2 diabetes have longer hospital 
admission.

INTRODUCTION
Diabetic ketoacidosis (DKA) is a life- 
threatening complication of diabetes which 
requires rapid assessment and treatment.1 It 
is characterized by the triad of hyperglycemia, 
acidemia and ketosis and results from insulin 
deficiency.2 Treatment involves correction of 
hyperglycemia and hypovolemia and replace-
ment of electrolytes.2 The incidence of 

DKA ranges from 4.6 to 8 episodes per 1000 
people with type 1 or type 2 diabetes.3 4 While 
mortality associated with DKA appears to have 
significantly decreased over the last 20 years 
(from 7.96% to 0.67%),5 DKA still represents 
a considerable risk in adults, adolescents and 
young children.1

Diabetes is usually classified into type 1 and 
type 2 diabetes and most people with diabetes 

Significance of this study

What is already known about this subject?
 ► Diabetic ketoacidosis (DKA) is generally associated 
with type 1 diabetes mellitus (T1DM) but can also 
develop in people with type 2 diabetes mellitus 
(T2DM).

 ► Common precipitants of DKA in T1DM and T2DM are 
intercurrent illness and suboptimal treatment.

 ► DKA in people with T1DM and T2DM are currently 
managed using the same clinical protocols.

What are the new findings?
 ► DKA in those with T2DM is more common in people 
of ethnic minority background.

 ► Severity of DKA at presentation as assessed by pH, 
glucose and lactate does not differ between T1DM 
and T2DM, although people with T2DM have longer 
hospital stays than those with T1DM.

 ► Management of DKA as assessed by insulin require-
ments did not differ between T1DM and T2DM, but 
people with T1DM have more episodes of hypogly-
cemia during their DKA treatment.

How might these results change the focus of 
research or clinical practice?

 ► The existing DKA guidelines are appropriate for both 
type 1 and type 2 diabetes, thus minimizing the need 
to create further individualized pathways.

 ► Ethnic minority populations with T2DM are at greater 
risk of DKA and may benefit from specific educa-
tion around DKA as a potential complication of their 
diabetes.

http://drc.bmj.com/
http://orcid.org/0000-0002-6921-4395
http://dx.doi.org/10.1136/bmjdrc-2021-002451
http://dx.doi.org/10.1136/bmjdrc-2021-002451
http://dx.doi.org/10.1136/bmjdrc-2021-002451
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2021-002451&domain=pdf&date_stamp=2021-11-08


2 BMJ Open Diab Res Care 2021;9:e002451. doi:10.1136/bmjdrc-2021-002451

Pathophysiology/complications

have type 2 diabetes (90%–95%).6–8 It is traditionally 
accepted that DKA is characteristic of type 1 diabetes.6 
In fact, it has previously been considered that DKA is 
indicative, or diagnostic, of type 1 diabetes.1 However, it 
is also recognized that those with type 2 diabetes can also 
develop DKA; a retrospective cohort study recently esti-
mated that the incidence of DKA in type 2 diabetes has 
increased by 4.24% annually between 1992 and 2013.9 
Unfortunately, data reporting on DKA in people with 
type 2 diabetes are sparse and guidelines for managing 
DKA in people with type 2 diabetes are based on those 
for type 1 diabetes.

Newton and Raskin10 studied the clinical and biochem-
ical characteristics of 176 episodes of DKA in people with 
type 1 diabetes compared with 20 with type 2 diabetes. 
They found a greater proportion of patients with type 
2 diabetes experiencing DKA were Latino- American or 
African- American and required a longer period of treat-
ment to achieve ketone- free urine. Balasubramanyam et 
al11 also compared 141 people with type 1 diabetes and 
55 people with type 2 diabetes presenting with DKA and 
identified differences in ethnicities, body mass index and 
age of onset at presentation. These studies are small and 

there are currently no published studies comparing DKA 
in type 1 and type 2 diabetes in the UK.

This descriptive study aimed to compare the demo-
graphics and clinical course of DKA in type 1 and type 
2 diabetes. We also explored the hypothesis on whether 
DKA treatment algorithm is as effective in people with 
type 2 diabetes as in those with type 1 diabetes.

METHODS
Study design, setting and population
The study was undertaken at a large tertiary care center 
in West Midlands, UK, which serves an ethnically diverse 
population of over one million people. All people 
admitted with DKA from April 2014 to September 2020 
were included in the study. DKA was defined as blood 
glucose >11 mmol/L, pH ≤7.3 or bicarbonate ≤15 
mmol/L and ketonemia ≥3 mmol/L.1 The list of people 
admitted with DKA was initially screened based on those 
who meet one of the following criteria: electronic records 
with pH <7.3 and blood glucose >11 mmol/L or referral 
with DKA to the specialist team or discharged with a diag-
nosis of DKA.1 This list was further manually verified for 
confirmed diagnosis of DKA and only those who met the 

Figure 1 Guidelines for DKA treatment at our center. BP, blood pressure; DKA, diabetic ketoacidosis; GCS, Glasgow Coma 
Scale; HbA1c, glycated haemoglobin; SGLT2, sodium- glucose cotransporter-2; ITU, intensive treatment unit.
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criteria as per national guidelines were included in the 
study. Classification (type 1/2) of diabetes was based on a 
clinical diagnosis as per National Institute of Health and 
Care Excellence (NICE) guidelines, although may have 
been confirmed through islet autoantibody or C peptide 
testing. Patients who had DKA were identified using an 
automatic monitoring system, and data regarding various 
aspects of DKA were collected manually. We reviewed 
patients’ health records to confirm the type of diabetes 
diagnosis. Patients were excluded from analysis if the 
diabetes classification was unclear or if this information 
was unavailable.

DKA management guidelines
The guidelines for management of DKA at our center are 
based on the Joint British Diabetes Societies guidelines 
and are the same for both type 1 and type 2 diabetes.1 
Treatment of DKA includes administering fluids to correct 
the deficit and replacement glucose infusion when serum 
glucose drops less than 14 mmol/L but ketosis persists. A 
fixed rate intravenous insulin infusion was administered 
based on the patient’s body weight at a rate of 0.1 unit/
kg/hour to switch of lipolysis. Hourly glucose and ketone 
measurements are done to check treatment progress. 
Venous blood gases are done during infusion bag change 
to ensure the next bag of fluid has appropriate potassium 
replacement. While the guidelines for DKA management 
have evolved to ensure simplicity and end- user satisfac-
tion over the last 7 years in our institute, the principles 
have not changed (figure 1).

Data collection
Patient demographics
The following variables were registered: age, sex and 
ethnicity. Data were based on self- identification or from 
medical records. Ethnicity was categorized as white, 
Asian, black, mixed and others.

Etiology of DKA
The precipitating cause was categorized as alcohol- 
related, intercurrent illness, new diagnosis of diabetes 
mellitus, suboptimal compliance to diabetes treatment, 
cancer therapy- associated, sodium- glucose cotransport-
er- 2 (SGLT2) inhibitors- related or unknown.

DKA severity
The following data were collected as indicators of DKA 
severity: serum sodium, serum potassium, serum glucose, 
lactate, pH, bicarbonate, urea and serum osmolality. 
Serum ketone data were unavailable.

In addition, serum osmolality was calculated to explore 
whether there was an element of hyperosmolar hyper-
glycemic state in any of the episodes. HHS was defined 
as a calculated serum osmolality of greater than 320 
mOsm/L.

Progression of treatment
Progression of DKA was measured in several ways: 
number of episodes of hypoglycemia (blood glucose <4 
mmol/L), hypokalemia (potassium <3.5 mmol/L) and 
hyperkalemia (potassium >5.5 mmol/L) during the 
DKA episode. Total insulin infused was calculated as the 

Table 1 Baseline characteristics by type of diabetes (N=768)

Variable Type 1 diabetes Type 2 diabetes Significance, p value

n (%) 583 (75.9) 185 (24.1)   

Age, median (Q1–Q3) 28.97 (21.9–48.7) 61.54 (52.0–75.1) <0.0001*

Age group, n (%)   

  <29 289 (99.7) 1 (0.3)   

  30–49 147 (80.8) 35 (19.2)   

  50–69 120 (59.1) 83 (40.9)   

  >70 21 (24.4) 65 (75.6)   

Sex, n (%)   

  Male 277 (47.7) 99 (53.5) 0.167

  Female 304 (52.3) 86 (46.5)   

  Male:female 1:1.1 1:0.9   

Ethnicity, n (%)   

  White 453 (80.3) 130 (73.5) 0.030*

  Asian 50 (8.9) 20 (11.3)   

  Black 32 (5.7) 19 (10.7)   

  Mixed 22 (3.9) 3 (1.7)   

  Others 7 (1.2) 5 (2.8)   

*P<0.05.
Q1, first quartile; Q3, third quartile.
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product of fixed rate intravenous insulin infusion rate 
and the total DKA duration. It does not include the dose 
of any subcutaneous basal insulin therapy that may have 
been initiated/maintained during the DKA episode. DKA 
duration (days) was calculated as the time difference 
between DKA diagnosis and DKA resolution (pH >7.3 
and bicarbonate >15 mmol/L; ketones <0.6 mmol/L). 
Length of stay (days) was calculated as the difference 
between admission and discharge.

Data analysis
Data were analyzed using Stata/SE V.16.1 for Mac. Descrip-
tive statistics were used to characterize the type 1 and type 
2 diabetes groups by outcome. The Shapiro- Wilk test was 
used to determine continuous data normality. Contin-
uous data are presented as mean and SD if normally 
distributed, and as median and IQR if data were skewed. 
Categorical data are presented as frequency and propor-
tions. The χ2 significance test, Wilcoxon rank- sum test 
and independent t- test were used to analyze the differ-
ences between variables, as appropriate. We used linear 
regression model with length of stay as outcome and 
type of diabetes as exposure, with age, sex and ethnicity 

as covariates. The findings of this model are presented 
as a coefficient and 95% CI. Statistical significance was 
accepted at a 95% confidence level (p<0.05).

Analyses on presentation, management, complications 
and outcome parameters were repeated in subgroups 
according to sex (male and female), age groups (<30, 
30–49, 50–69, >70), ethnicity (white, South Asian, black, 
mixed, others), concurrent presence of hyperosmolality 
(>320 mOsm/L) and year of presentation (2014, 2015, 
2016, 2017, 2018, 2019, 2020).

RESULTS
A total of 786 DKA episodes were identified for the study. 
Of these, 18 were excluded due to issues with access 
to clinical data or lack of clarity on diabetes classifica-
tion. The final analysis included 768 episodes (table 1). 
Shapiro- Wilk tests indicated all outcomes were non- 
normally distributed and thus descriptive results are 
presented in median and interquartile range (IQR) and 
Wilcoxon rank- sum test was used.

The median age was 38.2 years (IQR 23.8–56.8) and 
the male to female ratio was 1:1.04. Of the patients, 583 
(78.7%) were white Caucasian, 70 (9.5%) South Asian, 
51 (6.9%) black, 25 (3.4%) mixed and 12 (1.6%) other 
ethnicities.

Of the 768 episodes, 583 (75.9%) had type 1 diabetes 
and 185 (24.1%) had a prior diagnosis of type 2 diabetes. 
A summary of the baseline characteristics for the type 1 
and type 2 groups is presented in table 1. People with 
type 2 diabetes were older and had greater representa-
tion from ethnic minority populations compared with 
those with type 1 diabetes.

Intercurrent illness (n=306/768, 39.8%), including any 
infection or inflammation, and suboptimal compliance 
to diabetes treatment (n=206/768, 26.8%) were the two 
most common precipitating causes of DKA. Jointly they 
contributed to two- thirds of all episodes. No clear precipi-
tating event could be identified in 16.2% (n=124/768) of 
the DKA episodes, and this was the third most common 
precipitant of DKA in the cohort (figure 2A). There was no 
difference in the common precipitating factors between 
the two groups (figure 2B,C). COVID- 19 was identified to 
be the precipitating factor in two (type 1 diabetes n=1/2; 
type 2 diabetes n=1/2) of the DKA episodes (n=2/768, 
0.3%). Figure 2D illustrates the change in the trends of 
etiology over the years.

There was no significant difference in severity of 
DKA at presentation between type 1 and type 2 diabetes 
regarding pH, glucose, lactate or osmolality. However, 
urea was higher in those with type 2 diabetes.

Furthermore, there was no difference in intravenous 
insulin requirements to treat the DKA or the total volume 
of fluid administered between type 1 and type 2 diabetes 
(table 2). DKA management was associated with more 
episodes of hypoglycemia in patients with type 1 diabetes 
than type 2 diabetes. There was no difference between 

Figure 2 Proportion of various precipitating causes of 
DKA from 2014 to 2020: (A) overall, (B) people with type 
1 diabetes, (C) people with type 2 diabetes and (D) year- 
wise. DKA, diabetic ketoacidosis; SGLT2, sodium- glucose 
cotransporter- 2 inhibitors; T1DM, type 1 diabetes mellitus.



5BMJ Open Diab Res Care 2021;9:e002451. doi:10.1136/bmjdrc-2021-002451

Pathophysiology/complications

the groups in the number of episodes of hypokalemia or 
hyperkalemia during treatment for DKA.

The duration of DKA treatment was the same between 
patients with type 1 diabetes and type 2 diabetes, although 
those with type 2 diabetes required longer hospital stay 
(table 2). People with type 2 diabetes had stayed 4.8 
(1.2–8.4) days longer compared with people with type 
1 diabetes, after controlling for age, sex and ethnicity 
(online supplemental table 1).

Sex-based differences
Men with type 1 diabetes had higher blood glucose at 
presentation. Women with type 2 diabetes had higher 
urea and serum osmolality at presentation. There was 
no other difference in the biochemical parameters at 
presentation with DKA. Women with type 1 diabetes had 
more episodes of hypoglycemia during DKA treatment. 
There was no difference in DKA duration between men 
and women (online supplemental table 2).

Ethnicity-based differences
Non- Caucasian and mixed ethnicities were more likely to 
have type 2 diabetes (proportion of white in type 1 diabetes 
80.3% vs type 2 diabetes 73.5%; p=0.030). In those of white 
Caucasian ethnicity, people with type 1 diabetes were more 
hyperglycemic on admission with DKA than people with 
type 2 diabetes; however, people with type 2 diabetes had 
higher urea than people with type 1 diabetes. People of 
Asian ethnicity with type 2 diabetes had higher lactate and 
urea levels on admission than people of Asian ethnicity 
with type 1 diabetes. Conversely, people of black ethnicity 
with type 2 diabetes were more hyperglycemic and had 
higher urea and serum osmolality on admission than 
people of black ethnicity with type 1 diabetes. In people of 
mixed ethnicity, bicarbonate was higher in those with type 
2 diabetes than those with type 1 diabetes. When outcomes 
of DKA management were compared by type of diabetes 

based on ethnicity, there were no differences in total DKA 
duration between type 1 and type 2 diabetes, while length 
of hospitalization was longer in people with type 2 diabetes 
across all ethnicities apart from those of an Asian ethnicity 
(online supplemental table 3A).

Data were then compared between ethnicities by 
diabetes type. In those with type 1 diabetes, there were 
statistically significant differences in only urea levels on 
admission between ethnicities. However, in the type 2 
diabetes group, there were statistically significant differ-
ences in bicarbonate, lactate and serum osmolality in 
type 2 diabetes mellitus between ethnicities. However, 
there were no differences in hypoglycemic, hypokalemic 
or hyperkalemic episodes between ethnicities in either 
type of diabetes. There were also no differences between 
ethnicities in DKA duration or length of hospitalization 
(online supplemental table 3B).

Age-based differences
All DKA episodes in the <30 years age group (online supple-
mental table 4) with available biochemical parameters at 
presentation were accounted for by people with type 1 
diabetes and thus no comparison could be made between 
types of diabetes. There was no difference in biochemical 
profile on admission in the other age groups other than 
people with type 1 diabetes presenting more hyperglycemic 
and with higher serum osmolality in the 50–69 age group. 
People in the 50–69 age group with type 2 diabetes had more 
episodes of hypokalemia than people with type 1 diabetes. 
Otherwise, there were no differences in complications 
of DKA management between age groups. There was no 
difference in DKA duration in people with type 1 and type 2 
diabetes in any of the age groups. Length of hospitalization 
was significantly longer in people with type 2 diabetes in the 
30–49 and 50–69 age subgroups (online supplemental table 
4).

Table 2 Biochemical profiles for severity on admission and management, complications and outcomes of DKA management 
by type of diabetes

Parameters Type 1 diabetes, median (Q1–Q3); n Type 2 diabetes, median (Q1–Q3); n
Significance, 
p value

pH 7.22 (7.09–7.29); 270 7.24 (7.11–7.30); 91 0.3266

Bicarbonate (mmol/L) 11.9 (7.1–16.8); 270 13.20 (7.8–17.8); 91 0.2192

Glucose (mmol/L) 28.00 (20.5–34.8); 274 26.55 (16.2–35.1); 92 0.4496

Lactate (mmol/L) 2.6 (1.8–4.3); 275 2.6 (2.0–4.2); 91 0.6532

Serum osmolality (mOsm/L) 310.1 (300.6–320.9); 275 312.1 (300.1–328.8); 92 0.2787

Urea (mmol/L) 7.1 (5.1–10.6); 279 8.9 (6.4–16.8); 95 0.0001*

Total insulin infused during DKA (units) 91.6 (54.5–143.9) 90.2 (53.6–157.4) 0.5551

Hypoglycemic episodes (n) 0 (0–1); 556 0 (0–0); 173 0.0056*

Hypokalemic episodes (n) 0 (0–1); 582 0 (0–1); 185 0.3229

Hyperkalemic episodes (n) 0 (0–0); 582 0 (0–0); 185 0.1356

DKA duration (hours) 13.9 (9.1–21.9); 581 13.9 (7.7–21.1); 185 0.4638

Length of hospitalization (days) 3.0 (1.7–6.1); 576 11.0 (5.0–23.1); 183 <0.0001*

*P<0.05.
DKA, diabetic ketoacidosis; Q1, first quartile; Q3, third quartile.

https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
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Serum osmolality-based differences
We also undertook an analysis of the influence of serum 
osmolality on the presentation and clinical outcome of 
DKA to explore if those who presented with a ‘mixed 
DKA/HHS’ picture fared differently.12 Overall, people 
with a higher serum osmolality (>320 mmol/L) had 
higher glucose, lactate and urea levels on admission 
(online supplemental table 5). While there was no differ-
ence in the number of hypoglycemia episodes during the 
management of DKA, people with higher serum osmo-
lality (>320 mmol/L) experienced more hyperkalemic 
episodes, while people with lower serum osmolality (<320 
mmol/L) had more hypokalemic episodes. There was no 
significant difference in DKA duration between the two 
groups, but length of hospitalization was significantly 
higher in people with serum osmolality >320 mmol/L 
(online supplemental table 5).

In the type 1 diabetes cohort, those with a higher serum 
osmolality had lower pH, higher glucose, lactate and urea, 
and an increased DKA duration and length of hospital 
stay. People with type 2 diabetes and higher serum osmo-
lality had higher glucose, lactate and urea, compared with 
those with serum osmolality <320 mmol/L. There was no 
difference in DKA duration and length of hospitalization 

between the two groups by serum osmolality (online 
supplemental table 5).

Year-based differences
Over the years, there was an increase in DKA admissions 
due to SGLT2 inhibitors and cancer immunotherapies 
in type 2 and type 1 diabetes, respectively, in addition to 
COVID- 19 as a precipitating factor in 2020 (figure 2). 
There was a significant reduction in duration of DKA in 
comparison with 2014, in all subsequent years. In 2015, 
there was a reduction in duration of DKA by 49.8% (2014 
median 21.9 (15.2–38.7); 2015 median 11.0 (7.1–16.0); 
p<0.0001). There was an upward trend from 2017 to 2019; 
however, DKA duration was still significantly lower in 
comparison with 2014. In 2020, DKA duration decreased 
to a median of 11.7 (IQR 9.3–19.2; p<0.0001). While dura-
tion in DKA decreased over the years (figure 3A), length 
of hospitalization increased (figure 3B) as compared with 
that in 2014. This increase was significant in 2015, 2017 
and 2019.

DISCUSSION
In this large observational single- center study of 786 
DKA episodes, we show that DKA more commonly affects 
people with type 1 diabetes; however, we also noted a 
trend toward ethnic minorities preponderance and those 
of an older age, especially in type 2 diabetes. Importantly, 
however, nearly a quarter of admission with DKA were 
in people with a clinical diagnosis of type 2 diabetes. 
Wang et al13 reported type 2 diabetes accounted a third 
of overall DKA cases in Swedish population. However, 
the results were limited by a small study population. The 
most common precipitants were intercurrent illness and 
suboptimal compliance, although no clear precipitating 
etiology could be ascertained for 16.5% of our cohort. 
There was no difference between type 1 and type 2 
diabetes in DKA severity at presentation, insulin require-
ments for DKA treatment or complications of DKA treat-
ment. South Asian or black ethnicities admitted with 
DKA were more likely to have type 2 diabetes, while those 
of white Caucasian ethnicity with DKA were more likely 
to have type 1 diabetes. People with type 2 diabetes were 
found to have a significantly longer hospital stay than 
those with type 1 diabetes. We noted a graded differ-
ence in length of hospitalization as age increased, which 
plateaued after 70 years.

The strengths of this study are that this is a single- 
center study of long duration with comprehensive data 
collection of demographics, presentation and outcome 
of DKA management. To our knowledge, our cohort is 
the largest consecutive DKA episodes ever reported, 
with inclusion of all people with DKA over a 6- year time 
period. However, we note lack of ketone measurement 
data, intensive care unit admission and mortality data, 
which limit our assessment between those with type 1 
and type 2 diabetes. Previous studies showed higher 
mortality in type 2 diabetes with DKA compared with type 

Figure 3 Differences in diabetic ketoacidosis (DKA) 
duration in hours (A) and length of hospitalization in days 
(B) based on the year of the episode compared with 2014 
(*p<0.05).

https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
https://dx.doi.org/10.1136/bmjdrc-2021-002451
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1 diabetes14 15 and mortality is reported to relate to the 
precipitating cause of DKA. Additionally, antibody and C 
peptide data were also unavailable and thus we relied on 
a clinical diagnosis of type 1 diabetes and type 2 diabetes.

Our findings on the precipitating etiology are similar 
to previous studies which have found that intercurrent 
illness and suboptimal compliance were the two most 
common presentations.16 No identifiable precipitating 
factor could be found in half of patients with type 2 
diabetes for DKA in a similar study in the past, akin to our 
study.11 Identifying the precipitating factor is important 
in order to avoid future episodes. We also identified a 
small proportion of DKA related to SGLT2 inhibitors, in 
line with building evidence in this drug class,17 18 as well 
as increasing contribution with time from causes such as 
checkpoint inhibitor cancer therapy and COVID- 19 virus 
infection. We recently reported that in people with type 
1 diabetes, those with COVID- 19 presented more hyper-
glycemic episodes, and in those with type 2 diabetes those 
with COVID- 19 were more likely to require intensive care 
support and had higher mortality rates.19 Other studies 
have also identified changes in presenting characteristics 
of patients with DKA during the COVID- 19 pandemic, 
most notably an increase in presentation of DKA in 
patients with type 2 diabetes.20 21

Our analysis did not show any differences in serum 
osmolality between DKA in type 1 and type 2 diabetes. We 
do show however that higher calculated osmolality across 
the cohort, driven by higher glucose, lactate and urea, 
indicated more severe dehydration and a longer length of 
hospitalization, but not longer DKA duration. However, 
those with higher serum osmolality and type 1 diabetes 
had an increased DKA duration and longer hospital stay 
when compared with those with a lower serum osmolality 
and type 1 diabetes.

The longer hospital stay we observed in those with type 
2 diabetes may be indicative of a more complex require-
ment for care in this cohort. People with type 2 diabetes 
tend to have more comorbidities, experience macro-
vascular and/or microvascular complications, and have 
worse diabetic control compared with people with type 1 
diabetes, which will add to disease burden and recovery 
from DKA.14 22–25 On the other hand, those with type 2 
diabetes who experience DKA may represent a more 
complex cohort, as studies have identified increased 
risk of complications, such as stroke, in this group in 
comparison with patients with type 2 diabetes who do not 
experience DKA.26 Although our analyses did not find 
a significant difference in clinical parameters, multiple 
studies have indicated greater severity and mortality of 
DKA in patients with type 2 diabetes in comparison with 
those with type 1 diabetes.14–16

Balasubramanyam et al11 reported a high proportion of 
DKA episodes in non- Caucasian adults occur in persons 
with type 2 diabetes, similar to our findings.11 These 
findings may be representative of the population diag-
nosed with these diseases, as minority ethnic groups are 
at a higher risk of type 2 diabetes.27 However, this may 

also be in part due to the fact that those who are South 
Asian or black are more likely to have worse diabetes 
control, have a genetic predisposition or to be of a lower 
socioeconomic and/or educational status, all factors 
which associate with an increased risk of DKA.28–30 It is 
also increasingly recognized that non- Caucasian ethnics 
are more likely to be diagnosed with ketosis- prone type 
2 diabetes and this may contribute to some of the DKA 
episodes seen.31

Over the years, our analysis identified a reduction in 
DKA duration but an increase in length of hospitaliza-
tion. During this time period, multiple changes to DKA 
management have been implemented in our hospital 
trust as part of an ongoing quality improvement.32 33 
These interventions have been effective at reducing DKA 
duration and have included development of a real- time 
audit tool, automatic referral to a specialist team, elec-
tronic surveillance of blood gas results, education and 
redesigning of local guidelines, and monthly feedback 
meetings. Nevertheless, an increase in length of hospi-
talization was seen which contradicts reports from other 
centers.9 We are still not clear of the reasons for the 
increased median length of stay, although this has been 
stable for a number of years.

The findings of this study can help inform policy and prac-
tice to reduce morbidity and mortality associated with DKA. 
Patient education among at- risk groups, particularly those 
of non- Caucasian ethnicity, can increase awareness of the 
potential of DKA as a complication of both type 1 and type 
2 diabetes. Increasing awareness will prevent DKA occur-
rence and enable rapid identification of warning signs to 
reduce DKA- associated morbidity. Furthermore, although 
no differences were observed in management requirements, 
it is important to consider factors which may affect length 
of hospitalization in those with type 2 diabetes. Additionally, 
our subgroup analysis which confirmed that those with a 
higher serum osmolality are sicker may inform medical prac-
tice to alert front- line workers to patients who are likely to 
require more care.

CONCLUSION
Our study contributes to the understanding of DKA in 
people with type 1 and type 2 diabetes. We are able to 
confirm previous reports that DKA can present in people 
with a clinical diagnosis of type 2 diabetes, that DKA in type 2 
diabetes is over- represented by older people and those from 
ethnic minority populations, and that the most common 
precipitants of DKA remain poor compliance with insulin 
and intercurrent illness.

We contribute new knowledge in that the clinical protocol 
for managing DKA in those with type 1 and type 2 diabetes 
appears equally effective, that those with higher serum 
osmolality appear to be more unwell and may require more 
support, and that new therapies such as SGLT2 inhibitors 
and cancer immunotherapies are increasingly contributing 
to the etiology of DKA in type 2 diabetes and type 1 diabetes, 
respectively.
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