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Abstract
Objective  Patients with type 1 diabetes (T1DM) and type 2 diabetes (T2DM) can present with diabetic ketoacidosis 
(DKA) as the first manifestation. Differentiating types of newly diagnosed diabetes could provide appropriate long-
term management. Therefore, we conducted this study to compare clinical characteristics and outcomes between 
initially diagnosed type 1 and type 2 diabetes mellitus patients presenting with DKA.

Materials and methods  A retrospective study was conducted on adult patients who presented with DKA as the 
first diagnosis of diabetes in our tertiary hospital between January 2005 and December 2019. Demographic data, 
precipitating causes, laboratory investigations, treatment, and outcomes were obtained by chart review. The primary 
outcome was to compare the clinical characteristics of initially diagnosed patients with T1DM and T2DM who 
presented with DKA.

Results  A total of 100 initially diagnosed diabetic patients who presented with DKA were analyzed (85 T2DM patients 
and 15 T1DM patients). Patients with T1DM were younger than patients with T2DM (mean age 33 ± 16.2 vs. 51 ± 14.5 
years, p value < 0.001). Patients with T2DM had a higher body mass index, family history of diabetes, precipitating 
factors, plasma glucose, and lower renal function than those with T1DM. There was no difference in resolution time or 
DKA management between T1DM and T2DM patients. The overall mortality rate of DKA was 4%.

Conclusion  In this population, most adult patients who presented with DKA had T2DM. Older age, obesity, a family 
history of diabetes, and the presence of precipitating factors were strong predictors of T2DM. We can implement 
the same clinical management for DKA in both T1DM and T2DM patients. However, T2DM patients had longer 
hospitalization than T1DM patients. After DKA resolution for 12 months, more than half of patients with T2DM could 
discontinue insulin. Therefore, the accurate classification of the type of diabetes leads to appropriate treatment.
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Introduction
Diabetes mellitus is one of the most common noncom-
municable diseases worldwide [1]. According to global 
data in 2021, 537 million adults had diabetes [2]. A pre-
vious study in Thailand [3] reported an increase in the 
prevalence of diabetes over the 10-year period from 7.1 
to 8.9% in men and 8.3–10.8% in women (2004–2014). 
Many diabetic patients are asymptomatic or have mild 
hyperglycemic symptoms. However, some patients 
can present with diabetic ketoacidosis (DKA) as the 
first manifestation [4]. According to the 2019 World 
Health Organization (WHO) classification of diabe-
tes mellitus [5], there are six types of diabetes that are 
classified by pathophysiology, clinical characteristics, 
laboratory investigations, and long-term management. 
Type 1 diabetes mellitus (T1DM) results from auto-
immune destruction of the beta cells of the pancreas, 
causing an insulinopenic state in most patients [6]. At 
diagnosis, between 70 and 90% of children with T1DM 
have evidence of an immune-mediated process with islet-
cell autoantibodies against glutamic acid decarboxylase 
65 (GAD), islet antigen 2 (IA2), or insulin autoantibod-
ies (IAA) [7]. T1DM patients usually have a normal or 
low body mass index (BMI) [8]. According to data from 
the DIAMOND project initiated by the WHO in 1990 
[9], the highest incidence of T1DM was among children 
10–14 years old. However, in a recent study of 2,844 Thai 
diabetic patients diagnosed before the age of 30 years 
[10], the proportion of type 1 diabetes was only 68.05%, 
56.97%, 41.96%, and 27.75% among patients with ages of 
onset from 10 to < 15, 15 to < 20, 20 to < 25, and 25 to < 30 
years, respectively. All patients with T1DM need lifelong 
insulin therapy [6].

Type 2 diabetes mellitus (T2DM) is the most common 
type of diabetes mellitus in adults and results from insu-
lin resistance and an insulin secretory defect due to beta 
cell dysfunction [2]. T2DM patients are characterized by 
symptoms and signs of insulin resistance (such as obesity 
and acanthosis nigricans) [11] and a family history of dia-
betes mellitus [12].

DKA is a life-threatening condition resulting from 
insulin deficiency and the rapidly increasing counterreg-
ulatory hormones that cause hyperglycemia with keto-
acidosis [13]. From a recent systematic review [14], the 
range of DKA prevalence among T1DM adult patients 
was 0-128 per 1000 people. From a multicenter study in 
European countries [15], 17.4% of T1DM patients and 
0.5% of T2DM patients had DKA at the time of diagno-
sis with diabetes. According to the data from 2,844 Thai 
diabetic patients diagnosed before the age of 30 years 
[10, 16], 67.8% of T1DM patients and 12% of T2DM 
patients presented with DKA at diagnosis, and the 
annual incidence of DKA in T1DM patients was 10.2%. 
From the recent data of young-onset (onset < 30 years of 

age) T1DM and T2DM patients at Siriraj Hospital, Thai-
land’s largest national tertiary referral center, 66.1% of 
T1DM patients and 13.7% of T2DM patients had DKA 
at presentation [17]. Therefore, newly diagnosed diabetic 
patients who presented with DKA as the first manifesta-
tion could have either T1DM or T2DM. After the resolu-
tion of DKA on the first day, all patients with either type 
of diabetes need insulin therapy for glycemic control due 
to beta cell dysfunction from glucose toxicity [18]. After 
several weeks to months, some T2DM patients can stop 
insulin therapy [15]. However, T1DM patients must use 
insulin lifelong due to permanent beta cell damage.

There have been few studies in Thailand on initially 
diagnosed diabetic patients who presented with DKA 
[19]. T1DM and T2DM are the most common types of 
diabetes with DKA [20]. Therefore, we conducted this 
study to classify the clinical characteristics and treatment 
outcomes of initially diagnosed diabetic patients who 
presented with DKA to help categorize the correct type 
of diabetes. Furthermore, this study aimed to identify the 
risk factors associated with mortality from DKA.

Materials and methods
Participants and study design
We conducted a retrospective cohort study in patients 
with DKA from 1 January 2005 to 31 December 2019 
at Siriraj Hospital, Thailand’s largest tertiary hospital. 
Patients older than 18 years and who were initially diag-
nosed with diabetes mellitus presenting with DKA were 
included in the study. The diagnosis of DKA was made 
by clinical examination and laboratory investigations fol-
lowing the diagnostic criteria of the American Diabetes 
Association (ADA) in 2009 [21]: plasma glucose greater 
than 13.9 mmol/L, detected plasma or urinary ketone 
level, and wide anion gap metabolic acidosis (bicarbonate 
less than or equal to 18 mmol/L or anion gap greater than 
10–12 mmol/L). We also classified the severity of DKA 
according to the ADA in 2009 [21]. Patients with gesta-
tional diabetes or pregnant or breastfeeding women were 
excluded from the study. To classify the type of diabetes, 
we collected data during hospital admission and within 
the 12-month follow-up period from medical records 
from Siriraj Hospital. The study protocol was approved 
by the Siriraj Institutional Review Board, Faculty of 
Medicine Siriraj Hospital, Mahidol University, Bangkok, 
Thailand.

Data collection and definitions
We obtained clinical data, including demographic data, 
comorbidities, family history of diabetes mellitus, precip-
itating causes of DKA, body weight with calculated body 
mass index (BMI), and acanthosis nigricans, which is a 
sign of insulin resistance.
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Laboratory investigations included plasma glucose 
using the enzymatic method (hexokinase), renal func-
tion (creatinine and estimated glomerular filtration rate 
(eGFR) using the Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) equation  [22], and serum 
electrolyte using methods with indirect ion-selective 
electrode and enzymatic kinetic ultraviolet assay. Beta-
hydroxybutyrate, one of the forms of ketone bodies, 
was measured as ketone in plasma with an enzymatic 
(beta-hydroxybutyrate dehydrogenase and diaphorase 
enzymes) technique (reference range 0.02–0.27 mmol/L). 
If arterial or venous blood gas tests were performed, the 
pH was collected to consider with serum bicarbonate to 
categorize the severity of the DKA (mild, moderate, and 
severe). We calculated the effective serum osmolarity to 
clarify the overlap of DKA and the hyperglycemic hyper-
osmolar state (HHS). Pancreatic autoantibodies (anti-
GAD, anti-IA2, and anti-zinc transporter 8 (anti-ZnT8)) 
were measured with an enzyme-linked immunosorbent 
assay (reference range; positive > 1 U/mL).

The severity of DKA was classified as mild, moderate, 
or severe based on the following criteria [21]. Mild DKA 
was diagnosed if the patient had arterial pH 7.25–7.3, 
serum bicarbonate 15–18 mmol/L, or anion gap > 10. 
Moderate DKA was diagnosed if the patient had arterial 
pH 7.0 to < 7.24, serum bicarbonate 10 to < 15 mmol/L, or 
anion gap > 12. Severe DKA was diagnosed if the patient 
had arterial pH < 7.0, serum bicarbonate < 10 mmol/L, or 
anion gap > 12.

The definition of the types of diabetes was based on the 
criteria in the ADA Standards of Medical Care in Diabe-
tes in 2020 [23] and the WHO classification of diabetes 
mellitus in 2019 [5]. We defined the types of diabetes 
according to the biochemical and clinical characteristics 
of the patients. Type 1 diabetes was diagnosed with posi-
tive pancreatic autoantibodies or fasting c-peptide tests 
less than 0.08 nmol/L [24]. If the patients had negative 
pancreatic autoantibodies or did not measure pancre-
atic autoantibodies and fasting C-peptide, the diagnosis 
was made by clinical criteria if the patients had normal to 
low body mass index (BMI less than 23 kg/m2) and could 
not discontinue insulin therapy within 12 months after 
the initial diagnosis of DKA. Type 2 diabetes was diag-
nosed by clinical criteria if the patients were overweight 
or obese (BMI greater than 23 kg/m2), had a first-degree 
relative family history of type 2 diabetes, or had signs of 
insulin resistance (acanthosis nigricans). If the patients 
did not fulfill the clinical criteria for type 2 diabetes, the 
diagnosis was made if the patients had a negative test 
of pancreatic autoantibodies and did not fulfill the con-
ditions for type 1 diabetes and the other specific types 
of diabetes. Unclassified diabetes was diagnosed if the 
patients did not have complete data at admission or were 
lost to follow-up after discharge from the hospital.

Study outcomes
The primary outcome of this study was to compare the 
clinical characteristics of initially diagnosed patients with 
T1DM and T2DM who presented with DKA as the first 
manifestation. The secondary outcome of this study was 
to examine the mortality rate of DKA, identify clinical 
risk factors associated with DKA mortality, and explore 
the natural history of the disease and long-term antidia-
betic medications within 12 months after recovery from 
DKA in patients with T1DM and T2DM.

Statistical analysis
Demographic and clinical data are presented as num-
bers with percentages, means with standard deviations, 
or medians with interquartile ranges. The chi-square test 
or Fisher’s exact test was used to compare categorical 
variables. Student’s t-test was used to compare continu-
ous variables with normally distributed data. The non-
parametric Mann–Whitney U test was used to compare 
continuous variables with skewed distributions. Binary 
logistic regression was used to analyze factors associated 
with mortality. All probabilities were two-tailed, and a 
p value of less than 0.05 was considered to indicate statis-
tical significance. All statistical analyses were performed 
using SPSS Statistics, Version 28 (IBM SPSS, Armonk, 
NY, USA).

Results
Five hundred thirty-nine patients with DKA were diag-
nosed between 1 January 2005 and 31 December 2019 
at Siriraj Hospital. The prevalence of initially diagnosed 
diabetic patients who presented with DKA as the first 
manifestation was 28.8% (155 patients). The most com-
mon type of diabetes was T2DM (85 patients, 54.8%), and 
eight patients had other specific types of diabetes (5.2%), 
including steroid-induced diabetes and pancreatogenic 
diabetes (Fig. 1).

Among the 155 patients (initially diagnosed diabetic 
patients who presented with DKA), a total of 100 patients 
(T1DM and T2DM) were analyzed (excluding unclassi-
fied diabetes and other specific types of diabetes). Pan-
creatic autoantibodies were tested in 55 patients. In 
Fig. 2, anti-GAD was positive in 23.6%, while only three 
patients were positive for anti-GAD and anti-IA2. None 
of the patients was positive for anti-ZnT8.

We examined the baseline characteristics of initially 
diagnosed patients with T1DM and T2DM presenting 
with DKA (Table 1). The male gender was predominant 
in both groups. Type 1 diabetes patients had a signifi-
cantly lower mean age than T2DM patients (33 ± 16.2 vs. 
51 ± 14.5 years, p value < 0.001). Type 2 diabetes patients 
had hypertension more than T1DM patients (21.2% vs. 
6.7%), but the difference was not statistically significant 
(p value 0.291). A family history of diabetes (especially 
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in first-degree relatives) was more common in T2DM 
patients than in T1DM patients (54% vs. 21.4%, p value 
0.028). Type 1 diabetes patients had a significantly 
lower calculated BMI than T2DM patients (20.8 ± 4.6 vs. 
26.4 ± 5.1 kg/m2, p value 0.001).

The precipitating factors of DKA were identified in 108 
patients (69.7%). The most common cause was infection 

(55.5%), including respiratory tract infection and urinary 
tract infection (16.1% and 12.9%, respectively). In this 
study, we found some rare but life-threatening causes, 
such as thyroid storm or cerebral venous sinus thrombo-
sis. Type 2 diabetes patients had more precipitating fac-
tors than patients with T1DM (76.5% vs. 33.3%, p value 
0.002), as shown in Table 2.

Fig. 2  Type of pancreatic autoantibodies in initially diagnosed diabetic patients presenting with DKA (N = 75)
Abbreviations: Anti-GAD: Anti-glutamic acid decarboxylase 65; Anti-IA2: Anti-islet antigen 2; Anti-ZnT8: anti-zinc transporter 8; DKA: diabetic ketoacidosis

 

Fig. 1  Classified type of diabetes in patients presenting with DKA at initial diagnosis (N = 155)
Abbreviations: DKA: diabetic ketoacidosis; DM: diabetes mellitus; T1DM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus
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During DKA, laboratory investigations at admission 
showed that the mean plasma glucose was 39.6 ± 18.5 
mmol/L, and the mean glycated hemoglobin (HbA1c) 
was 13.2 ± 3.3%. When comparing T1DM and T2DM 
patients (Table  3), the mean plasma glucose was lower 
in T1DM patients than in T2DM patients (31.7 ± 12.2 
mmol/L vs. 42.9 ± 22.1 mmol/L, p value 0.001). There was 
no difference in HbA1c between the two groups. Type 
2 diabetes patients had significantly lower renal func-
tion than those with T1DM (mean eGFR 71.9 ± 39.9 vs. 
105.2 ± 37.1  ml/min/1.73m2, p value 0.025). There was 
no difference in DKA management between T1DM and 
T2DM patients (Supplementary Table 1).

The clinical outcomes of the initially diagnosed T1DM 
and T2DM patients with the first manifestation of DKA 
are shown in Table  4. More participants were admitted 
to the general ward than to the intensive care unit (ICU) 
(89.4% vs. 10.6%); fourteen patients were referred to the 
affiliated hospitals. Data were available in 138 patients 
for calculation of the DKA resolution time; 76.1% (105 
of 138 patients) had DKA resolution within 24  h. Most 

Table 1  Baseline characteristics of the initially diagnosed T1DM 
and T2DM patients presenting with DKA

All 
Diabetes
(N = 155)

T1DM
(N = 15)

T2DM
(N = 85)

p value*

Male 91 (58.7) 11 (73.3) 50 (58.8) 0.288
Body weight (kg) 66.3 + 17.3 56.1 ± 16.6 70.6 ± 16.7 0.005
BMI (kg/m2) 25 + 5.5 20.8 ± 4.6 26.4 ± 5.1 < 0.001
BMI < 21 kg/m2 22 (18.6) 7 (58.3) 6 (8) < 0.001
BMI 21–24.9 kg/m2 47 (39.8) 3 (25) 31 (41.3) 0.352
BMI 25–30 kg/m2 32 (27.1) 1 (8.3) 24 (32) 0.167
BMI > 30 kg/m2 17 (14.4) 1 (8.3) 14 (18.7) 0.683
Systolic blood pres-
surea (mmHg)

126 + 22.2 134 ± 23.8 127 ± 24.4 0.328

Diastolic blood pres-
surea (mmHg)

129 + 12 75 ± 14.5 79 ± 16.9 0.417

Blood pres-
sure ≥ 140/90 mmHga

35 (22.6) 3 (20) 24 (28.2) 0.753

Presence of acanthosis 
nigricans

18 (29.5) 1 (6.7) 16 (42.1) 0.074

Mean age (years) 47 + 15.6 33 ± 16.2 51 ± 14.5 < 0.001
Age group
18–44 years 74 (47.7) 13 (86.7) 30 (35.3) < 0.001
45–64 years 57 (36.8) 0 39 (45.9) < 0.001
65–84 years 24 (15.5) 2 (13.3) 16 (18.8) 1.000
Smoking status
Non-smoker 96 (68.6) 11 (73.3) 54 (68.4) 1.000
Current smoker 27 (19.3) 3 (20) 12 (15.2) 0.702
Ex-smoker 17 (12.1) 1 (6.7) 13 (16.4) 0.456
Comorbidities
Hypertension 25 (16.1) 1 (6.7) 18 (21.2) 0.291
Dyslipidemia 14 (9) 0 11 (12.9) 0.209
Coronary artery 
disease

1 (0.6) 0 1 (1.2) 1.000

Cerebrovascular 
disease

4 (2.6) 0 2 (2.4) 1.000

Family history of DM 56 (49.1) 3 (21.4) 34 (54) 0.028
Notes: Data are reported as mean ± standard deviation or number (percentage), 
as appropriate. * p-value when T1DM was compared with T2DM. aBlood 
pressure on the first day of DKA presentation

Abbreviations: BMI: body mass index; DKA: diabetic ketoacidosis; DM: diabetes 
mellitus; T1DM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus

Table 2  The precipitating factors of DKA in initially diagnosed 
T1DM and T2DM patients presenting with DKA

T1DM
(N = 15)

T2DM
(N = 85)

p value

Presence of precipitating factors 5 (33.3) 65 (76.5) 0.002
Infection 5 (33.3) 50 (58.8) 0.067
Urinary tract infection 1 (6.7) 10 (11.8) 1.000
Respiratory tract infection 2 (13.3) 14 (16.5) 1.000
Gastrointestinal tract infection 1 (6.7) 5 (5.9) 1.000
Skin and soft tissue infection 0 8 (9.4) 0.602
Myocardial infarction 0 4 (4.7) 1.000
Glucocorticoid use 1 (6.7) 12 (14.1) 0.685
Herbal use 0 3 (3.5) 1.000
Pancreatitis 0 7 (8.2) 0.590
Note: Data are reported as number (percentage)

Abbreviations: DKA: diabetic ketoacidosis; T1DM: type 1 diabetes mellitus; 
T2DM: type 2 diabetes mellitus

Table 3  Laboratory investigations at admission of the initially 
diagnosed T1DM and T2DM patients presenting with DKA

All 
Diabetes
(N = 155)

T1DM
(N = 15)

T2DM
(N = 85)

p value*

Plasma glucose 
(mmol/L)

39.6 + 18.5 31.7 ± 12.2 42.9 ± 22.1 0.001

HbA1c (%) 13.2 + 3.3 12.7 ± 4.7 13.6 ± 3 0.483
eGFR (ml/min/1.73m2) 75.9 + 39.9 105.2 ± 37.1 71.9 ± 39.9 0.025
Sodium (mmol/L) 129 + 9.4 131 ± 10.5 130 ± 10.4 0.665
Potassium (mmol/L) 4.7 + 1 4.6 ± 1 4.8 ± 1.1 0.536
Chloride (mmol/L) 89 + 9.8 93 ± 9.2 90 ± 10.7 0.286
Bicarbonate (mmol/L) 10 + 5.3 10 ± 4.7 10 ± 4.9 0.876
pH in arterial/venous 
blood gas

7.23 + 0.16 7.21 ± 0.14 7.25 ± 0.14 0.323

Ketone (mmol/L) 5.1 + 2.3 5.5 ± 2.2 5.3 ± 2.3 0.872
Effective serum osmo-
lality (mOsmol/kg)

296 + 24.1 293 ± 23.1 300 ± 26.8 0.331

Positive Anti-GADa 13 (23.6) 13 (92.9) 0 < 0.001
Anti-GAD level (U/mL)b 0.07

(0.01–
1596.9)

8.17
(3.63–24.66)

0.02
(0.01–0.11)

< 0.001

Positive Anti-IA2a 3 (16.7) 3 (42.9) 0 0.063
Notes: Data are reported as mean ± standard deviation or number (percentage), 
as appropriate. * p-value when T1DM was compared with T2DM. aTotal 
population who was tested for pancreatic autoantibodies, N = 55. bData are 
reported as median (25th -75th percentile)

Abbreviations: Anti-GAD: Anti-glutamic acid decarboxylase 65; Anti-IA2: Anti-
islet antigen 2; DKA: diabetic ketoacidosis; eGFR: estimated glomerular filtration 
rate; HbA1c: glycated hemoglobin; T1DM: type 1 diabetes mellitus; T2DM: type 
2 diabetes mellitus
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T1DM patients had a moderate to severe form of DKA 
(13/15 patients, 86.7%), similar to T2DM patients (66/85, 
78.6%). The median length of stay of T2DM patients was 
8 days (interquartile range 6–12 days), which was signifi-
cantly longer than that of T1DM patients (p value 0.023). 
Four type 2 diabetes patients (4%) died, but none with 
T1DM. The most common cause of death was septic 
shock and multiorgan failure. For other complications, 
there was more acute kidney injury in T2DM patients 
than in T1DM patients, but the difference was not statis-
tically significant. The mean age of the death group was 
higher than that of the survival group, but without sta-
tistical significance (62 ± 12.2 vs. 47.9 ± 16, p value 0.101) 
(Supplementary Table 2). All patients in the death group 
had infections as the precipitating factors. The highest 
mortality was associated with moderate DKA (75%), but 
no statistical significance.

After recovery from DKA and other medical illnesses, 
85 of 146 patients (58.2%) were followed up at Siriraj 
Hospital. 67% of T2DM patients were followed up for 
12 months. An increasing insulin discontinuation rate 
was observed every three months during the follow-up 
period. Within the 12-month follow-up period (Supple-
mentary Table 3), there were no differences in body 
weight or total daily doses of insulin between the two 
groups, but T2DM patients achieved better glycemic con-
trol than T1DM patients. Over half of the T2DM patients 
(33 of 57, 57.9%) could discontinue insulin therapy.

Discussion
In this retrospective study of 155 patients with initially 
diagnosed diabetes presenting with DKA, we found that 
more than half of the patients had T2DM and were male. 
Patients with T2DM were older, had a higher body mass 
index, more family history of diabetes, more precipitat-
ing factors, higher plasma glucose, and lower renal func-
tion than those with T1DM. There was no difference in 
DKA resolution time or management between T1DM 
and T2DM patients. Type 2 diabetes patients had more 
prolonged hospital admissions than T1DM patients.

Regarding the prevalence of newly diagnosed diabetic 
patients who presented with DKA as the first manifes-
tation, Balasubramanyam et al. reported that 28% of 
patients who presented with DKA at Ben Taub General 
Hospital in the USA had new-onset diabetes [25], which 
was similar to our study. Another study in Thailand con-
ducted between 2006 and 2010 reported that 21.7% of 
patients with hyperglycemic crises had newly diagnosed 
diabetes [26]. Our study conducted between 2005 and 
2019 found that 28.8% of patients with DKA had newly 
diagnosed diabetes, which was higher than the previous 
study. This could be explained by the increased preva-
lence of diabetes mellitus in the Thai population during a 
10-year period [3].

Some previous studies showed that most DKA episodes 
occurred in patients with T1DM [27–32]. However, our 
study showed that 54.8% and 9.7% of newly diagnosed 
diabetic patients who presented with DKA were classi-
fied with T2DM and T1DM, respectively. Some previ-
ous studies in the Asian population also showed that the 
majority of DKA patients were diagnosed with T2DM 
[20, 33–36]. The reason behind this finding may be due 
to the very low incidence of T1DM in Thailand (the 
crude incidence rate of 5/100,000 in 2015) compared to 
Europe and North America (the incidence rate of 12 to 
32/10,000 in 2021) [37, 38]. In our study, there was a dif-
ference in clinical characteristics between the two types. 
T2DM patients were older, had greater body weight, 
and were more likely to have a family history of diabetes 
than T1DM patients. This was consistent with a previous 
study of Thai diabetic patients diagnosed with DKA [20]. 
According to various studies [19, 20, 26, 34], most T2DM 
patients had precipitating causes of DKA, especially 
infections, consistent with our study. On the other hand, 
previous studies [20, 34, 39] showed that nonadherence 
to treatment was the main precipitating factor of DKA 
in T1DM patients. Since our study was conducted in ini-
tially diagnosed diabetic patients, two-thirds of T1DM 
patients did not have a precipitating factor.

In our study, most of the patients were male, similar to 
previous studies in Thailand and Korea [19, 40]. T2DM 
patients had higher plasma glucose levels than T1DM 
patients, which may be explained by the insidious clinical 

Table 4  The clinical outcomes of the initially diagnosed T1DM 
and T2DM patients presenting with DKA

T1DM
(N = 15)

T2DM
(N = 85)

p value

Severity of DKA
Mild 2 (13.3) 18 (21.4) 0.729
Moderate 7 (46.7) 31 (36.9) 0.474
Severe 6 (40) 35 (41.7) 0.904
Admission
In general ward 14 (93.3) 71 (86.6) 0.457
In ICU 1 (6.7) 11 (13.4) 0.687
Length of stay (days) 6 (4–8) 8 (6–12) 0.023
Resolution time (hours) 17 (9–23) 15 (10–27) 0.628
Resolution time within 24 hoursa 13 (86.7) 59 (72.8) 0.343
Death 0 4 (4.8) 1.000
Acute kidney injuryb 4 (26.7) 40 (47.1) 0.133
Combined with HHSc 1 (6.7) 16 (19.3) 0.457
Notes: Data are reported as number (percentage) or median (25th -75th 
percentile), as appropriate. aData of resolution time within 24 h, N = 138. bData 
of acute kidney injury, N = 154. cData of combined with HHS, N = 153

Abbreviations: DKA: diabetic ketoacidosis; HHS: hyperglycemic hyperosmolar 
state; ICU: intensive care unit; T1DM: type 1 diabetes mellitus; T2DM: type 2 
diabetes mellitus
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onset of T2DM [4]. Furthermore, T2DM patients had a 
lower eGFR (using the CKD-EPI equation [22] than those 
with T1DM, possibly due to the older age of patients with 
T2DM. No differences were found in serum electrolytes, 
serum ketones, or pH levels. Some previous studies [20, 
25] also found no difference in serum bicarbonate and 
ketone levels. However, another study [34] found lower 
serum bicarbonate and pH levels in T1DM patients than 
in T2DM patients.

Currently, detecting pancreatic islet autoantibodies is 
helpful in diagnosing T1DM [7]. In our study, the most 
prevalent islet autoantibody was anti-GAD, consistent 
with a previous study [41]. However, a recent systematic 
review in children and adolescents showed that anti-
IA2 was the most prevalent islet antibody in new-onset 
T1DM globally [42]. However, the absence of autoan-
tibodies does not exclude T1DM since approximately 
15% of patients with the T1DM clinical phenotype have 
negative results [43]. Our study showed that 7% of T1DM 
patients were autoantibody negative.

There were no significant differences in the severity and 
resolution time of DKA between the two types of diabe-
tes, which was consistent with previous studies [20, 44]. 
T1DM patients had a shorter length of stay than T2DM 
patients, similar to previous studies [20, 32, 45]. Because 
most T1DM patients were young and there were no pre-
cipitating factors requiring treatment, such as antibiotics, 
there was no need for more extended hospitalization.

In our study, the mortality rate of DKA was 4%. Accord-
ing to a previous study in Taiwan during 1992–1997 [33], 
the mortality rate of DKA in new-onset diabetes was 
6.25%, similar to our study. Another study in Israel dur-
ing 2003–2010 showed that the in-hospital mortality rate 
of DKA patients was 4.5% [30]. However, another study 
in Thailand during 2018–2020 showed no mortality in 
DKA patients [34]. The mortality rate has decreased over 
time because there is a large amount of updated clinical 
or research data that improve the quality of treatment. 
Furthermore, there is more screening for diabetes in the 
general population [46], which can prevent diabetic com-
plications, including hyperglycemic emergencies.

Within 12 months after the resolution of DKA, approx-
imately half of the patients with T2DM could discontinue 
insulin therapy, which was more than the previous study 
in Europe (32.4%) [15]. If we can accurately differentiate a 
type of diabetes in the newly diagnosed diabetic patients 
who presented with DKA, the appropriate monitoring 
and management, including discontinuation of insulin, 
will be implemented. Therefore, the results of our study 
could facilitate this decision-making process. Unfortu-
nately, our study did not include types of diabetes other 
than T1DM and T2DM. Future studies on these groups 
of patients could be beneficial.

The strengths of our research include comprehensive 
data on initially diagnosed diabetic patients who pre-
sented with DKA with respect to clinical characteristics, 
laboratory investigations, management, and outcomes 
because there were few studies on these patients in Thai-
land [19]. Furthermore, this study provided new informa-
tion, such as medications after DKA resolution for one 
year of initially diagnosed T2DM patients and clinical 
characteristics comparing T1DM and T2DM patients 
during the follow-up period.

Our limitations were as follows: first, some laboratory 
parameters, such as c-peptide levels or pancreatic auto-
antibodies, were unavailable in some patients because 
these investigations were not performed routinely at our 
institute. As a result, it hampers the chance of those with 
latent autoimmune diabetes of the adult (LADA), who 
could well masquerade as cases of T2DM for many years. 
Second, the results could not be applicable to younger 
patients or patients with other types of diabetes because 
our study only had detailed data on adult patients with 
T1DM and T2DM. Lastly, this study was retrospective 
and was done exclusively on the Thai population. There-
fore, the results of the study could not be generalized.

Conclusion
Our study contributes to the knowledge of DKA in ini-
tially diagnosed diabetic patients in Thailand. Adult 
patients who presented with DKA as the first manifesta-
tion were not always T1DM patients. Older age, obesity, a 
family history of diabetes, and precipitating factors were 
strong predictors of T2DM. T2DM patients had higher 
blood sugar at the initial manifestation of DKA, but there 
were no differences in HbA1c or other laboratory tests. 
More than half of the T2DM patients were able to stop 
insulin therapy within one year. If the correct type of dia-
betes is diagnosed, then physicians can provide proper 
management, leading to the discontinuation of insulin 
treatment with confidence and safety.

Abbreviations
ADA	� American Diabetes Association
Anti-GAD	� Anti-glutamic acid decarboxylase 65
Anti-IA2	� Anti-islet antigen 2
Anti-ZnT8	� Anti-zinc transporter 8
BMI	� Body mass index
CKD-EPI	� Chronic Kidney Disease Epidemiology Collaboration
DKA	� Diabetic ketoacidosis
DM	� Diabetes mellitus
eGFR	� Estimated glomerular filtration rate
HbA1c	� Glycated hemoglobin
HHS	� Hyperglycemic hyperosmolar state
ICU	� Intensive care unit
SPSS	� Statistical Package for the Social Sciences
T1DM	� Type 1 diabetes mellitus
T2DM	� Type 2 diabetes mellitus
WHO	� World Health Organization



Page 8 of 9Mookpaksacharoen et al. BMC Endocrine Disorders          (2024) 24:114 

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12902-024-01649-7.

Supplementary Material 1

Acknowledgements
The authors gratefully acknowledge Ms. Khemajira Karaketklang of the 
Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol 
University, Bangkok, Thailand, for assistance with statistical analysis.

Author contributions
O.M., S.C. and R.L. made a significant contribution to the work reported, 
whether that is in the conception, study design, execution, acquisition of 
data, analysis and interpretation, or in all these areas; took part in drafting, 
revising, or critically reviewing the article; gave final approval of the version 
to be published; have agreed on the journal to which the article has been 
submitted; and agree to be accountable for all aspects of the work.

Funding
Open access funding provided by Mahidol University.
Open access funding provided by Mahidol University

Data availability
The datasets used and analyzed during the current study are fully available 
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The protocol for this study was approved by the Siriraj Institutional Review 
Board of the Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, 
Thailand (approval no. Si 785/2564), and was conducted under the ethical 
principles of the Declaration of Helsinki. This research study was conducted 
retrospectively from data obtained for clinical purposes. This research involves 
no more than minimal risk to subjects. The waiver of informed consent will 
not adversely affect the rights and welfare of the subjects, and the research 
could not practicably be carried out without the waiver of informed consent. 
Therefore, the Siriraj Institutional Review Board of the Faculty of Medicine 
Siriraj Hospital approved that the informed consent from the patient was 
waived for this research.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 September 2023 / Accepted: 7 July 2024

References
1.	 collaborators NCDC2030. NCD countdown 2030: worldwide trends in non-

communicable disease mortality and progress towards sustainable develop-
ment goal target 3.4. Lancet. 2018;392(10152):1072–88.

2.	 International Diabetes Federation. IDF Diabetes Atlas. 10th ed, 2021.
3.	 Aekplakorn W, Chariyalertsak S, Kessomboon P, et al. Prevalence of diabetes 

and relationship with socioeconomic status in the Thai Population: National 
Health Examination Survey, 2004–2014. J Diabetes Res. 2018;2018:1654530.

4.	 ElSayed NA, Aleppo G, Aroda VR, et al. 2. Classification and diagno-
sis of diabetes: standards of care in diabetes—2023. Diabetes Care. 
2022;46(Supplement1):S19–40.

5.	 World Health Organization. Classification of diabetes mellitus. Geneva: World 
Health Organization; 2019.

6.	 Katsarou A, Gudbjornsdottir S, Rawshani A, et al. Type 1 diabetes mellitus. Nat 
Rev Dis Primers. 2017;3:17016.

7.	 Bingley PJ. Clinical applications of diabetes antibody testing. J Clin Endocrinol 
Metabolism. 2010;95(1):25–33.

8.	 Edqvist J, Rawshani A, Adiels M, et al. BMI, mortality, and cardiovascular out-
comes in type 1 diabetes: findings against an obesity paradox. Diabetes Care. 
2019;42(7):1297–304.

9.	 Karvonen M, Viik-Kajander M, Moltchanova E, et al. Incidence of childhood 
type 1 diabetes worldwide. Diabetes Mondiale (DiaMond) Project Group. 
Diabetes Care. 2000;23(10):1516–26.

10.	 Dejkhamron P, Santiprabhob J, Likitmaskul S, et al. Young-onset diabetes 
patients in Thailand: data from Thai type 1 diabetes and diabetes diagnosed 
age before 30 years registry, care and network (T1DDAR CN). J Diabetes 
Investig. 2022;13(5):796–809.

11.	 Freeman AM, Pennings N. Insulin resistance. StatPearls. Treasure Island 
(FL)2023.

12.	 Scott RA, Langenberg C, Sharp SJ, et al. The link between family history and 
risk of type 2 diabetes is not explained by anthropometric, lifestyle or genetic 
risk factors: the EPIC-InterAct study. Diabetologia. 2013;56(1):60–9.

13.	 Dhatariya KK, Glaser NS, Codner E, et al. Diabetic ketoacidosis. Nat Rev Dis 
Primers. 2020;6(1):40.

14.	 Fazeli Farsani S, Brodovicz K, Soleymanlou N, et al. Incidence and prevalence 
of diabetic ketoacidosis (DKA) among adults with type 1 diabetes mellitus 
(T1D): a systematic literature review. BMJ Open. 2017;7(7):e016587.

15.	 Tittel SR, Sondern KM, Weyer M, et al. Multicentre analysis of hyperglycaemic 
hyperosmolar state and diabetic ketoacidosis in type 1 and type 2 diabetes. 
Acta Diabetol. 2020;57(10):1245–53.

16.	 Dejkhamron P, Santiprabhob J, Likitmaskul S, et al. Type 1 diabetes manage-
ment and outcomes: a multicenter study in Thailand. J Diabetes Investig. 
2021;12(4):516–26.

17.	 Preechasuk L, Tantasuwan S, Likitmaskul S, et al. Clinical characteristics, 
glycemic control, and microvascular complications compared between 
young-onset type 1 and type 2 diabetes patients at Siriraj Hospital - A Tertiary 
Referral Center. Diabetes Metab Syndr Obes. 2022;15:1375–87.

18.	 Gosmanov AR, Gosmanova EO, Dillard-Cannon E. Management of adult 
diabetic ketoacidosis. Diabetes Metab Syndr Obes. 2014;7:255–64.

19.	 Thewjitcharoen Y, Sunthornyothin S. Clinical characteristics of diabetic 
ketoacidosis in newly diagnosed adult patients. Diabetes Res Clin Pract. 
2010;90(2):e43–5.

20.	 Thewjitcharoen Y, Plianpan P, Chotjirat A, et al. Clinical characteristics and 
outcomes of care in adult patients with diabetic ketoacidosis: a retrospec-
tive study from a tertiary diabetes center in Thailand. J Clin Transl Endocrinol. 
2019;16:100188.

21.	 Kitabchi AE, Umpierrez GE, Miles JM, et al. Hyperglycemic crises in adult 
patients with diabetes. Diabetes Care. 2009;32(7):1335–43.

22.	 Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomeru-
lar filtration rate. Ann Intern Med. 2009;150(9):604–12.

23.	 American Diabetes Association. 2. Classification and diagnosis of dia-
betes: standards of medical care in diabetes—2020. diabetes care. 
2019;43(Supplement_1):S14-S31.

24.	 Jones AG, Hattersley AT. The clinical utility of C-peptide measurement in the 
care of patients with diabetes. Diabet Med. 2013;30(7):803–17.

25.	 Balasubramanyam A, Zern JW, Hyman DJ, et al. New profiles of diabetic 
ketoacidosis: type 1 vs type 2 diabetes and the effect of ethnicity. Arch Intern 
Med. 1999;159(19):2317–22.

26.	 Anthanont P, Khawcharoenporn T, Tharavanij T. Incidences and outcomes 
of hyperglycemic crises: a 5-year study in a tertiary care center in Thailand. J 
Med Assoc Thai. 2012;95(8):995–1002.

27.	 Davis TME, Davis W. Incidence and associates of diabetic ketoacidosis in a 
community-based cohort: the fremantle diabetes study phase II. BMJ Open 
Diabetes Res Care. 2020;8(1).

28.	 Newton CA, Raskin P. Diabetic ketoacidosis in type 1 and type 2 dia-
betes mellitus: clinical and biochemical differences. Arch Intern Med. 
2004;164(17):1925–31.

29.	 Bedaso A, Oltaye Z, Geja E, et al. Diabetic ketoacidosis among adult patients 
with diabetes mellitus admitted to emergency unit of Hawassa university 
comprehensive specialized hospital. BMC Res Notes. 2019;12(1):137.

30.	 Barski L, Nevzorov R, Jotkowitz A, et al. Comparison of diabetic ketoaci-
dosis in patients with type-1 and type-2 diabetes mellitus. Am J Med Sci. 
2013;345(4):326–30.

31.	 Westphal SA. The occurrence of diabetic ketoacidosis in non-insulin-
dependent diabetes and newly diagnosed diabetic adults. Am J Med. 
1996;101(1):19–24.

https://doi.org/10.1186/s12902-024-01649-7
https://doi.org/10.1186/s12902-024-01649-7


Page 9 of 9Mookpaksacharoen et al. BMC Endocrine Disorders          (2024) 24:114 

32.	 Ooi E, Nash K, Rengarajan L et al. Clinical and biochemical profile of 786 
sequential episodes of diabetic ketoacidosis in adults with type 1 and type 2 
diabetes mellitus. BMJ Open Diabetes Res Care. 2021;9(2).

33.	 Yan SH, Sheu WH, Song YM, et al. The occurrence of diabetic ketoacidosis in 
adults. Intern Med. 2000;39(1):10–4.

34.	 Charoenpiriya A, Chailurkit L, Ongphiphadhanakul B. Comparisons of bio-
chemical parameters and diabetic ketoacidosis severity in adult patients with 
type 1 and type 2 diabetes. BMC Endocr Disord. 2022;22(1):7.

35.	 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(2):306–12.

36.	 Shahid W, Khan F, Makda A, et al. Diabetic ketoacidosis: clinical characteristics 
and precipitating factors. Cureus. 2020;12(10):e10792.

37.	 Rittiphairoj T, Owais M, Ward ZJ, et al. Incidence and prevalence of type 1 
diabetes and diabetic ketoacidosis in children and adolescents (0–19 years) 
in Thailand (2015–2020): a nationwide population-based study. Lancet Reg 
Health West Pac. 2022;21:100392.

38.	 Gregory GA, Robinson TIG, Linklater SE, et al. Global incidence, prevalence, 
and mortality of type 1 diabetes in 2021 with projection to 2040: a modelling 
study. Lancet Diabetes Endocrinol. 2022;10(10):741–60.

39.	 da Rosa Carlos Monteiro LE, Garcia SP, Bottino LG et al. Precipitating factors of 
diabetic ketoacidosis in type 1 diabetes patients at a tertiary hospital: a cross-
sectional study with a two-time-period comparison. Arch Endocrinol Metab. 
2022.

40.	 Kim MK, Lee SH, Kim JH, et al. Clinical characteristics of Korean patients with 
new-onset diabetes presenting with diabetic ketoacidosis. Diabetes Res Clin 
Pract. 2009;85(1):e8–11.

41.	 Wiest-Ladenburger U, Hartmann R, Hartmann U, et al. Combined analysis and 
single-step detection of GAD65 and IA2 autoantibodies in IDDM can replace 
the histochemical islet cell antibody test. Diabetes. 1997;46(4):565–71.

42.	 Ross C, Ward ZJ, Gomber A, et al. The prevalence of islet autoantibodies in 
children and adolescents with type 1 diabetes mellitus: a global scoping 
review. Front Endocrinol (Lausanne). 2022;13:815703.

43.	 Patel SK, Ma CS, Fourlanos S, et al. Autoantibody-negative type 1 diabetes: a 
neglected subtype. Trends Endocrinol Metab. 2021;32(5):295–305.

44.	 Alotaibi A, Aldoukhi A, Albdah B, et al. Diabetic ketoacidosis treatment 
outcome and associated factors among adult patients admitted to the emer-
gency department and medical wards at King Abdulaziz Medical City, Riyadh, 
Saudi Arabia. Cureus. 2020;12(8):e10067.

45.	 Guisado-Vasco P, Cano-Megias M, Carrasco-de la Fuente M, et al. Clinical 
features, mortality, hospital admission, and length of stay of a cohort of adult 
patients with diabetic ketoacidosis attending the emergency room of a 
tertiary hospital in Spain. Endocrinol Nutr. 2015;62(6):277–84.

46.	 Mahikul W, White LJ, Poovorawan K et al. A population dynamic model to 
assess the diabetes screening and reporting programs and project the 
burden of undiagnosed diabetes in Thailand. Int J Environ Res Public Health. 
2019;16(12).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Comparison of clinical characteristics and treatment outcomes between initially diagnosed type 1 and type 2 diabetes mellitus patients presenting with diabetic ketoacidosis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Participants and study design
	﻿Data collection and definitions
	﻿Study outcomes
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


