
Diabetes Epidemiology and Management 10 (2023) 100129

Contents lists available at ScienceDirect

Diabetes Epidemiology and Management

journal homepage: www.elsevier.com
Original article
Clinical characteristics and prognoses of patients with diabetic
ketoacidosis in Finland
Elena Putulaa,b,*, Heini Huhtalac, Sini Vanham€akid, Tiina Laatikainend,e, Aapo Tahkolaf,g,
P€aivi Hannulaa,b, Saara Metsoa,b

a Tampere University, Faculty of Medicine and Health Technology, Tampere, Finland
b Tampere University Hospital, Department of Internal Medicine, Tampere, Finland
c Tampere University, Faculty of Social Sciences, Tampere, Finland
d Finnish Institute for Health and Welfare, THL, Finland
e University of Eastern Finland, Faculty of Health Sciences, Finland
fHospital district of Central Finland, Jyv€askyl€a, Finland
g City of Jyv€askyl€a, Finland
A R T I C L E I N F O

Article History:
Received 30 December 2022
Accepted 24 January 2023
Available online 26 January 2023
* Corresponding author at: Tampere University Hos
Medicine, Unit of Endocrinology, El€am€anaukio 2, 33520 T

E-mail address: elena.putula@tuni.fi (E. Putula).

https://doi.org/10.1016/j.deman.2023.100129
2666-9706/© 2023 The Author(s). Published by Elsevier
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
A B S T R A C T

Aims: To assess the prognosis and risk factors for diabetic ketoacidosis (DKA) in Tampere University Hospital
(Tays) in a retrospective case-control study.
Methods: All 282 patients (age ≥15 years) treated for DKA in Tays during the period 2014−2020 were
included. A total of 846 controls adjusted for age, gender, diabetes type and municipality, and without any
DKA during follow-up were collected from the Finnish National Diabetes Registry. HbA1c, mental and behav-
ioural disorders, and mortality obtained from the Finnish National Diabetes Registry were compared
between patients with and without DKA.
Results: Patients’ median age was 36 years. Ten percent of the patients with DKA died during the median fol-
low-up time of three years. Mortality rate was sixfold higher in patients with DKA than among the controls
(OR 6.28; 95% CI 3.17−12.42). Patients with DKA had higher rates of substance abuse (OR 4.68; 95% CI 3.23
−6.78) and depression (OR 2.24; 95% CI 1.58−3.18), and higher median HbA1c levels (84 vs. 61 mmol/mol,
p < 0.001). Nineteen percent of the DKA patients (n = 53) had recurrent DKA.
Conclusions: DKA is a strong indicator for premature death. Poor glycaemic control, depression and substance
abuse are risk factors for DKA.
© 2023 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Diabetic ketoacidosis (DKA) is a common and potentially life-
threatening acute complication of diabetes characterized by elevated
blood glucose, metabolic acidosis and elevated serum ketone concen-
tration. DKA occurs mainly in patients with type 1 diabetes, but may
also be due to relative insulin deficiency [1,2]. There are several rea-
sons for the development of DKA, including infection impairing glu-
cose tolerance, mechanical problems with the insulin pump, recently
diagnosed diabetes and unimplemented insulin therapy [3,4]. Com-
mon reasons for unimplemented insulin therapy are unawareness
and psycho-social and behavioural factors [3,5]. In addition, several
drugs affecting carbohydrate metabolism as well as the use of SGLT-2
inhibitors may precipitate the development of DKA [6,7].
Recurring hospital admissions with DKA play an important role as
indicators of the quality of diabetes care [8]. Earlier studies have
listed risk factors for recurring DKA including young age, poor glycae-
mic control, history of mental illness and substance abuse [4,5,9−11].
Despite advances in the treatment of diabetes, the hospitalization
rates for DKA have increased in several countries and the incidence
of DKA is especially high among young adults [12−14].

The economic burden of DKA is significant and its treatment fre-
quently calls for intensive care [3]. In 2003, Maldonado et al. [15]
studied the cost of treating DKA for one year based on precipitating
factors and found that the treatment of DKA due to acute illness had
a higher mean cost ($20,864) than admission due to deficient self-
care ($7470) but that the total cost of deficient self-care ($694,082)
was higher due to the high number of hospital admissions than the
total cost of treating acute illness ($671,375). The economic burden
of hospitalization due to DKA could be reduced by early detection,
intervention and by addressing precipitating factors [16,17].
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The aim of this study was to ascertain the incidence of DKA, recur-
rence of DKA and mortality of patients with DKA at Tampere Univer-
sity Hospital (Tays). We also aimed to study the effects of age,
gender, glycaemic control, mental and behavioural disorders includ-
ing psychiatric comorbidities and alcohol or substance abuse on the
risk of DKA by comparing patients with diabetes and DKA to patients
with no DKA episodes during the follow-up time.

2. Methods

This was a retrospective, descriptive case-control study per-
formed at Tays, which is a tertiary hospital in Pirkanmaa, Finland.
Clinical characteristics, treatment modality and the causes of ketoaci-
dosis of all patients (≥15 years of age) with DKA treated at Tays from
January 2014 to August 2020 were prospectively collected into a local
registry of endocrinological patients (Endo Registry).

The Endo Registry data included age at onset of DKA, gender, BMI,
duration and type of diabetes (type 1 diabetes [DM1], type 2 diabetes
[DM2], monogenic diabetes or secondary diabetes), the type of insu-
lin replacement therapy (no insulin, multiple daily injections [MDI]
or pump therapy) and the type of blood glucose monitoring (sensor
[IsCGM or CGM] or self-monitoring of blood glucose [SMBG]). In the
statistical analysis, we assessed patients with monogenic or second-
ary diabetes together with patients with DM1. The data moreover
included the most obvious causes of DKA. The causes of DKA were
evaluated and registered by a specialist at the time of the DKA using
six predefined categories: recently diagnosed diabetes, unimple-
mented insulin therapy, infection or medication impairing glucose
tolerance, mechanical problems with devices, denatured insulin and
other or unknown causes. Unimplemented insulin therapy was fur-
ther categorized into four groups: unawareness, learning difficulties,
other illnesses and social factors such as alcohol abuse and other
social factors leading to neglect of insulin therapy or poor commit-
ment to self-care. We also collected the number of DKA episodes dur-
ing the period 2014−2020 from the Endo Registry. Patients who
moved away to another hospital district during this follow-up time
were excluded due to lack of specific data on DKA episodes.

The overall incidence of DKA was calculated by dividing all DKA
episodes treated at Tays during the period 2014−2020 by person-
time. Person-time was calculated using the sum of the time for which
each person was observed. In addition, annual incidence of DKA in
Tays was calculated in relation to all patients with diabetes in the
hospital district of Pirkanmaa. The annual incidence was calculated
for all patients with DKA and separately for DM1 and DM2.

Three controls for each DKA patient, adjusted for age, gender, dia-
betes type and municipality and without any DKA episodes during
the follow-up time 2014−2020 were collected from the pilot version
of the Finnish National Diabetes Registry [18]. If no control patient
could be found in the same municipality, they were taken from same
hospital district, and for three patients the age was adjusted with
+�1 year to ensure an adequate number of controls.

Laboratory values, other diagnoses and mortality among patients
and controls were collected from the Finnish National Diabetes Regis-
try [18] for the period 2014−2020 utilizing routinely collected clini-
cal data. The date of the patient’s first day of ketoacidosis served as
an index date for the patients and selected controls.

In the pilot version of the Finnish National Diabetes Registry,
patients with diabetes were identified on the basis of the Finnish ver-
sion of the 10th revision of the International Classification of Diseases
(ICD-10). Patients with E10−E14 diagnoses registered in the Care
Register for Health Care (HILMO) and the Register of Primary Health
Care Visits (Avohilmo) since January 2011 were classified as patients
with diabetes [18−20]. These registers, maintained by the Finnish
Institute of Health and Welfare (THL), collect the statutory data on all
Finnish residents discharged from inpatient care from any Finnish
hospital, and on outpatient visits to public health care. Prevalences of
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mental and behavioural disorders during the follow-up time were
collected including ICD-10 diagnoses of dementia (F00−F03, F10.73,
F11.73), alcohol or drug addiction (F10F19), psychoses, bipolar disor-
der, and intellectual disability (F20, F31, F70−79), depression (F33.1
−F33.3, F34.1, F32.1−32.3) and eating disorders (F50). Both the pri-
mary and the secondary diagnoses were included in the analyses.

HbA1c (mmol/mol), estimated glomerular filtration rate (eGFR,
ml/min/1.73 m2), low-density lipoprotein cholesterol (LDL, mmol/l),
urine albumin-creatinine ratio (U-ACR, mg/mmol) and urine albumin
(cU-Alb, mg/mmol) values were collected under 12 months before
the index date and under 12 months after the index date for both
patients and controls. eGFR was calculated using CKD-EPI equa-
tion [21]. For statistical analysis, albuminuria was classified into three
classes: no albuminuria (U-ACR < 3 mg/mmol or cU-Alb < 20 mg/
min), elevated albuminuria (U-ACR 3−30 mg/mmol or cU-Alb 20
−200 mg/min) and severely elevated albuminuria (U-ACR > 30 mg/
mmol or cU-Alb > 200 mg/min). HbA1c was divided into four classes:
≤ 53, 54−63, 64−74 and ≥ 75 mmol/mol. eGFR was divided into three
groups: 0−29, 30−59 and ≥ 60 mL/min/1.73m2.

Characteristics of the patients, their treatment modalities, and the
causes of DKA were compared between the patients with recurring
DKA and those with only one DKA episode. The differences in glycae-
mic control, comorbidities and mortality between the patients and
their matched controls were studied separately in patients with
recurring and single DKA.

The Finnish legislation does not require ethical approval or
informed consent for register-based research. This study is based
solely on registry data involving no contact with the study subjects,
and it is considered to be of importance to public health. The National
Institute of Health andWelfare approved the study protocol. The new
EU regulation on data protection as well as the Declaration of Hel-
sinki and good clinical practice were complied with throughout the
study.

2.1. Statistical analysis

Statistical analyses were performed with IBM SPSS Statistics for
Windows, version 26.0 (IBM Corp. Released 2016 Armonk, NY, USA)
and with Stata Statistical software, version 17.0 (Stata Corporation,
College Station, Texas, USA). Student’s t-test or Kruskal-Wallis and
Mann-Whitney U test were used to compare continuous variables
between different groups and the categorical variables were com-
pared using x2 or Fisher’s exact test. Conditional logistic regression
model was used for matched case-control data. P-values < 0.05 were
taken to indicate statistical significance.

3. Results

The study included 282 patients treated at Tays for DKA from Jan-
uary 2014 to August 2020 and 846 matched control diabetic patients
who did not have DKA between January 2014 and August 2020 col-
lected from the Finnish National Diabetes Registry. Overall, 324
patients with DKA were treated at Tays during the study period. Of
these, one patient was excluded because of non-diabetic ketoacidosis
and 41 patients were excluded because they did not live in the Tays
catchment area for the entire follow-up time.

The baseline characteristics for cases and matched controls are
presented in Table 1. The median age was 36 years and 62% of
patients were males. In total, 79% had DM1, 0.4% had monogenic dia-
betes, 6% had secondary diabetes and 15% had DM2.

The median time of the follow-up was three years. The overall
incidence of DKA in the Tays catchment area during the period 2014
−2020 among all patients was 2.5 per 100 person-years (5.6 per 100
for patients with DM1 and 0.5 per 100 for patients with DM2). Annual
incidence of DKA varied from 2.11 in 2014 to 3.47 in 2017 per 100
patients (Fig. 1).



Table 1
Clinical characteristics, mortality and mental and behavioural disorders of patients treated for DKA in Tays, and their age, gender, diabetes type and municipality
adjusted control patients with diabetes but without diabetic ketoacidosis (DKA).

Variable Patients with DKA Controls Odds ratio (95% CI)1 p-value

n 282 846
n / median % / min/max n / median % / min/max

Age, years 36 16, 84 36 15, 84 2

Gender 2

Male 176 62 528 62
Female 106 38 318 38

Type of diabetes 2

Type 13 239 85 717 85
Type 2 43 15 129 15

Mortality 28 10 17 2 6.28 (3.17−12.42) < 0.001
Mental and behavioural disorders
Depression 67 24 104 12 2.24 (1.58−3.18) < 0.001
Dementia 10 4 10 1 3.36 (1.31−8.62) 0.011
Psychoses, bipolar disorder, and intellectual disability 19 7 27 3 2.20 (1.20−4.04) 0.011
Eating disorders 7 3 17 2 1.25 (0.50−3.11) 0.628
Alcohol or substance abuse 84 30 73 9 4.68 (3.23−6.78) < 0.001

1 95% CI, 95% confidence interval.
2 Case and control cohort were matched for age, gender, type of diabetes and municipality.
3 Type 1 diabetes including monogenic and secondary diabetes.
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The overall mortality during the study period was sixfold higher
in patients with DKA (OR 6.28; 95% CI 3.17−12.42) than in the
matched controls with diabetes but no ketoacidosis. Patients with
DKA had a statistically significantly higher prevalence of depression
(OR 2.24; 95% CI 1.58−3.18), alcohol or drug abuse (OR 4.68; 95% CI
3.23−6.78), psychoses, bipolar disorder, or intellectual disability (OR
2.20; 95% CI 1.20−4.04) and dementia (OR 3.36; 95% CI 1.31−8.62)
during follow-up. The prevalence of eating disorders did not differ
between the patients and controls. (Table 1).

HbA1c, eGFR and albuminuria 12 months before and 12 months
after the index date for the patients and their controls are presented
in Table 2. Patients with DKA had significantly higher median HbA1c
levels than did the controls (84 vs. 61 mmol/l, p < 0.001) within the
12 months before the first DKA. The proportion of patients with very
poor glycaemic control (HbA1c ≥ 75 mmol/mol) was significantly
higher among those with DKA than among their controls (41% vs.
14%). The risk of DKA for patients with very poor glucose control was
28 times higher than for those with HbA1c ≤ 53 mmol/mol (Table 2).
HbA1c of the patients with DKA improved after the DKA episode
(84 vs. 73 mmol/mol) while in the controls there was no similar
decrease (61 vs. 63 mmol/mol). When patients with recently diag-
nosed diabetes and their controls were excluded from the analysis,
Fig. 1. Annual incidence of diabetic ketoacidosis per 100 patients in Tampere University Hos
the period 2014−2019. In 2020, the follow-up time ended in August; thus, only the full years
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the results were decidedly similar (data not shown). LDL-cholesterol
and eGFR levels did not differ between patients with DKA and their
controls before or after the index date. Albuminuria appeared to be
slightly more common in patients with DKA than their controls.
However, more than half of patients lacked U-ACR or cU-Alb meas-
urements in both groups.

The data on the treatment modalities and causes of ketoacidosis in
patients with single versus recurrent DKA are shown in Table 3. There
were 49 patients with recently diagnosed diabetes with ketoacidosis.
Of the 282 patients, 229 had only one DKA episode, while 53 patients
had recurring DKA episodes with a median of two (min 2, max 20)
admissions per patient during the median follow-up time of three
years. Patients with recurring DKA were younger (median age 23 vs.
38 years), had longer duration of diabetes (median duration of diabe-
tes 12 vs. 9 years) and were younger at the onset of diabetes (median
age 12 vs. 22 years) than the patients with one single DKA. DM1 was
more common in the group with recurring DKA. Gender, BMI, smok-
ing status and treatment modality or glucose monitoring system
were not associated with recurrence of ketoacidosis. For both groups,
the most common cause of DKA was unimplemented insulin therapy,
most commonly due to social factors. Unimplemented insulin ther-
apy was statistically more common among those with recurrent DKA
pital in relation to all patients with diabetes in the hospital district of Pirkanmaa during
from 2014 to 2019 are included.



Table 2
Laboratory values 12 months before and 12 months after the index date for the patients with diabetic ketoacidosis and for their con-
trols. The date of the patient’s first day of ketoacidosis served as the index date for both patients and controls.

Variable All patients with DKA1 Controls Odds ratio (95% CI)2 p-value

n 282 846
n % / min/max n % / min/max

12 months before the index date
HbA1c, mmol/mol 84 36, 148 61 27, 141 1.07 (1.05−1.08) < 0.001
< 54 9 3 163 19 1
54−63 17 6 149 18 2.96 (1.10−8.00) 0.032
64−74 31 11 113 13 6.88 (2.73−17.34) < 0.001
≥ 75 117 41 116 14 28.40 (11.35−71.02) < 0.001
Missing data 108 38 305 36

eGFR3, ml/min/1.73 m2

0−29 3 1 11 1 1
30−59 15 5 23 3 2.34 (0.54−10.14) 0.256
≥ 60 150 53 316 37 1.20 (0.32−4.54) 0.791
Missing data 114 40 496 59

Albuminuria
No albuminuria 72 26 332 39 1
Elevated albuminuria 22 8 34 4 3.28 (1.40−7.67) 0.006
Severely elevated albuminuria 15 5 15 2 5.45 (1.73−17.15) 0.004
Data missing 173 61 465 55

12 months after the index date
HbA1c, mmol/mol 73 33, 141 63 29, 141 1.03 (1.02−1.04) < 0.001
< 54 48 17 166 20 1
54−63 30 11 138 16 0.83 (0.48−1.45) 0.516
64−74 61 22 144 17 1.57 (0.94−2.61) 0.085
≥ 75 123 44 121 14 3.84 (2.39−6.16) < 0.001
Data missing 20 7 277 33

eGFR, ml/min/1.73 m2

0−29 5 2 16 2 1
30−59 19 7 10 1 2.66 (0.69−10.35) 0.157
≥ 60 177 63 371 44 1.89 (0.61−5.86) 0.267
Data missing 81 29 449 53

Albuminuria
No albuminuria 140 50 344 41 1
Elevated albuminuria 43 15 50 6 1.64 (1.02−2.65) 0.042
Severely elevated albuminuria 15 5 32 4 1.78 (0.76−4.16) 0.183
Missing data 84 30 420 50

1 DKA, diabetic ketoacidosis.
2 95% CI, 95% confidence interval.
3 eGFR, estimated glomerular filtration rate.
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than among those with single DKA (p = 0.005), while among those
with only one DKA episode, recently diagnosed diabetes was more
common than among those with recurring DKA (p < 0.001).

Fig. 2 shows the prevalence of mental and behavioural disorders
and high HbA1c between groups with single or recurring DKA com-
pared with their matched controls with no DKA episode. Depression
Fig. 2. Prevalence of mental and behavioural disorders and high HbA1c by odds ratios
(OR) and 95% confidence intervals (95% CI) for patients with single or recurring diabetic
ketoacidosis (DKA) and for their matched controls. The difference in the prevalence of
dementia between DKA patients and controls was so small that it could not be shown
in the figure.
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was significantly more common in patients with recurring DKA than
in their controls (OR 6.00; 95% CI 1.73−13.19) as well in patients with
single DKA compared to their controls (OR 1.69; 95% CI 1.13−2.52).
Alcohol and substance abuse was strongly associated with DKA in
patients with recurring DKA (OR 20.94; 95% CI 6.27−69.91) but an
association was also seen in patients with a single DKA episode com-
pared to their controls (OR 3.50; 95% CI 2.33−5.26). Almost half (47%)
of the patients with recurring DKA and 40% of those with a single
DKA episode had very poor glycaemic control (HbA1c ≥ 75 mmol/
mol) (Supplementary Table 1). Both the single and recurring DKA
groups improved their HbA1c median within 12 months after DKA,
but in the recurring DKA group the proportion of those with very
poor glycaemic control increased. Mortality during the study period
did not differ statistically between the groups with single or recurring
DKA (p = 0.894).
4. Discussion

In this retrospective case-control study performed at Tampere
University Hospital, Finland, the overall incidence of DKA was 2.5 per
100 person-years. The incidence of DKA in the catchment area of our
hospital showed no clear increase during the follow-up time, unlike
in some earlier reports [13,14]. This may be due to the small number
of patients and the short study period. In addition, differences in
study protocols may explain the differences between incidence num-
bers between the present and earlier studies. In this study, we did
not analyze any childhood DKAs. However, in the catchment area of



Table 3
Comparison between patients with single diabetic ketoacidosis (DKA) versus patients with recurring DKA.

Variable Single DKA Recurring DKA p-value

n n = 229 n = 53
n / median % / min/max n / median % / min/max

Age, years 38 16, 84 23 16, 83 < 0.001
Gender 0.333

Male 146 64 30 57
Female 83 36 23 43

BMI, kg/m2 24.2 15.5, 47.8 24.9 17.0, 43.5 0.806
Smoking status 30 13 13 25 0.113
Age at diabetes onset 22 2, 78 12 1, 65 < 0.001
Duration of diabetes, years 9 0, 57 12 0, 42 0.028
Type of diabetes 0.031

Type 1 189 83 50 94
Type 2 40 17 3 6

HbA1c 12 months before the index date, mmol/mol 83 36, 148 92 44, 134 0.222
< 54 8 4 1 2
54−63 13 6 4 8
64−74 29 13 2 4
≥ 75 92 40 25 47
Data missing 87 38 21 40

HbA1c 12 months after the index date, mmol/mol 72 33, 141 86 59, 130 < 0.001
< 54 48 21 0 0
54−63 26 12 4 8
64−74 46 20 15 28
≥ 75 92 40 31 59
Missing data 17 7 3 6

Insulin therapy 0.955
MDI1 129 56 41 77
CSII2 29 13 9 17
No insulin 71 31 3 6

Blood glucose monitoring 0.676
CGM3 4 2 2 4
IsCGM4 33 14 8 15
SMBG5 122 53 40 76
No monitoring 70 31 3 6

Reasons for DKA
Recently diagnosed diabetes 70 31 3 6 < 0.001
Infection or medication impairing glucose tolerance 43 19 15 28 0.123
Mechanical problems with device 21 9 4 8 0.708
Denatured insulin 9 4 2 4 0.958
Insulin therapy unimplemented 102 45 35 66 0.005
Other or unclear 59 26 8 15 0.101

Reasons for unimplemented insulin therapy
Unawareness 29 28 12 34 0.064
Learning difficulties 6 6 1 3 0.758
Other illnesses 9 9 2 6 0.958
Social factors 42 41 18 51 0.012

1 MDI, multiple daily injections.
2 CSII, continuous subcutaneous insulin infusion.
3 CGM, continuous glucose monitoring.
4 IsCGM, intermittent scanning continuous glucose monitoring.
5 SMBG, self-monitoring of blood glucose.
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our hospital, the Type 1 Diabetes Prediction and Prevention (DIPP)
Study [22] has been conducted, systematically screening where
genetically susceptible patients for diabetes since 1994 and this may
have reduced the occurrence of recently diagnosed diabetes present-
ing as ketoacidosis in patients older than 15 years.

Ten percent of the patients with DKA died during the median fol-
low-up time of three years. The risk of death was sixfold higher in
patients with DKA than in those without it. Since the median age of
the patients was 36 years, DKA should be regarded as a strong indica-
tor of premature death and resources should be more efficiently tar-
geted to prevent DKA. Even though DKA-related mortality rates have
been declining in recent decades (from 2989 in 1985 to 2459 in 2022
in the USA) [23], DKA remains the leading cause of death among chil-
dren with DM1. In adults, overall inpatient DKA mortality is < 1% in
the USA. [2], while long-term mortality, five to ten years after dis-
charge has been reported to be 9−16% [11,24−26]. The mortality rate
in our hospital district is in accordance with these reports. An associ-
ation between number of DKA episodes and mortality rates has been
5

reported in a few [24,25] but not in all studies [11]. In our study, mor-
tality was not statistically different between the groups with single or
with recurring DKA.

We found a strong association between DKA and mental and
behavioural comorbidities and behavioural disorders. Patients with
recurring DKA in particular had a high rate of depression and sub-
stance abuse. Similar findings have been reported earlier [4,5,9]. In
our study, a total of 47% of readmitted patients abused alcohol or
other substances (vs. 26% of non-readmitted patients), and the preva-
lence of depression was 42% in readmitted patients while in non-
readmitted it was 20%. Earlier studies have reported prevalences of
alcohol or substance abuse ranging 40−46% and the prevalence of
depression has been 42−54% in readmitted patients [4,9]. These
comorbidities also often co-occur. In the present study, 22% of all
patients had both depression and alcohol or drug addiction. Depres-
sion or substance abuse may interfere with self-care and treatment
adherence, leading to increased risk of ketoacidosis. In patients with
diabetes, the prevalence of depression is high, and during the COVID-
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19 pandemic the prevalence increased even further [27,28]. These
findings emphasize the importance of early identification and treat-
ment of psychiatric comorbidities to prevent DKA episodes.

Poor glycaemic control was strongly associated with DKA. Median
HbA1c was clearly higher in patients with DKA than in controls, even
when recently diagnosed patients were excluded. A total of 41%
patients with DKA had very poor glycaemic control before DKA.
Although median HbA1c decreased after DKA it remained at a higher
level than in controls and 12 months after the index date the propor-
tion of patients with very poor glycaemic control increased to 44%.
According to recent studies [4,10,11], unimplemented insulin therapy
was the most common reason for ketoacidosis. When we compared
patients with single versus recurrent DKA during follow-up, the
HbA1c levels improved more in patients with single DKA episode.
This may indicate the effectiveness of the intensive intervention to
improve self-management of insulin treatment in preventing recur-
ring DKA. Our results call for more effective segmentation of patients
and targeting resources at those with poor glucose control and psy-
chosocial challenges to prevent premature deaths among young
patients with diabetes. It has earlier been demonstrated that inten-
sive behavioural interventions and educational interventions reduce
the number of DKA admissions and therefore the medical costs
[16,17].

Compared to patients with a single DKA episode, patients with
recurring DKA episodes were younger and had been diagnosed with
diabetes at younger ages. These results are in line with recent studies
that listed young age and young diabetes onset age as risk factors for
recurring DKA earlier [4,5].

The major strengths of this study include an almost six-year inclu-
sion period enabling a large cohort of patients from our hospital
catchment area, prospectively collected data on DKA patients using a
standardized method and a substantial cohort of control patients
reducing random error. Tays is the only specialized medical care unit
that treats ketoacidosis requiring intensive care and hospitalization
in Pirkanmaa region, therefore there is no selection bias. Data on the
type of treatment for diabetes and blood glucose monitoring system
were collected prospectively only for those patients with DKA but
not for the controls. Thus, the effect of treatment modality on DKA
risk could not be assessed. No information on causes of death was
not available, nor were antidiabetic drugs for type 2 diabetes evalu-
ated in this study. We excluded patients moving away from the
catchment area during follow-up. This may have caused a reduction
in incidence. In addition, the study included DM1, secondary diabetes
and DM2, which makes the incidence numbers less comparable to
other countries since most studies only include patients with DM1.

To conclude, patients with DKA had significantly higher mortality
rates than did the control patients. Unimplemented insulin therapy
leading to poor glycaemic control was the most common reason for
ketoacidosis. Mental and behavioural disorders and substance abuse
are strongly associated with DKA. Young age was associated with
recurrent DKA. Interventions targeted at young patients with poor
glycaemic control and mental symptoms or substance abuse could
prevent DKA-related readmissions and mortality.
Conflicts of interest

The authors have none to disclose.
Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.
6

Acknowledgements

This work was supported by a research grant from the Competi-
tive State Research Financing of the Expert Responsibility Area of
Tampere University Hospital (9AA046, 2020) and a grant from the
Pharmaceutical Industry Research Foundation.
Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.deman.2023.100129.
References

[1] Nyenwe EA, Kitabchi AE. The evolution of diabetic ketoacidosis: an update of its
etiology, pathogenesis and management. Metabolism 2016;65:507–21. doi:
10.1016/j.metabol.2015.12.007.

[2] Kitabchi AE, Umpierrez GE, Murphy MB, Barret EJ, Kreisberg RA, Malone JI, et al.
Management of hyperglycemic crises in patients with diabetes. Diabetes Care
2001;24:131–53. doi: 10.2337/diacare.24.1.131.

[3] Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN. Hyperglycemic crises in adult
patients with diabetes. Diabetes Care 2009;32:1335–43. doi: 10.2337/dc09-9032.

[4] Tittel SR, Sondern KM, Weyer M, Poeplau T, Sauer BM, Schebek M, et al. Multi-
centre analysis of hyperglycaemic hyperosmolar state and diabetic ketoacidosis
in type 1 and type 2 diabetes. Acta Diabetol 2020;57:1245–53. doi: 10.1007/
s00592-020-01538-0.

[5] Randall L, Begovic J, Hudson M, Smiley D, Peng L, Pitre N, et al. Recurrent diabetic
ketoacidosis in inner-city minority patients: behavioral, socioeconomic, and psy-
chosocial factors. Diabetes Care 2011;34:1891–6. doi: 10.2337/dc11-0701.

[6] Peters AL, Buschur EO, Buse JB, Cohan P, Diner JC, Hirsch IB. Euglycemic diabetic
ketoacidosis: a potential complication of treatment with sodium-glucose cotrans-
porter 2 inhibition. Diabetes Care 2015;38:1687–93. doi: 10.2337/dc15-0843.

[7] Umpierrez G, Korytkowski M. Diabetic emergencies-ketoacidosis, hyperglycae-
mic hyperosmolar state and hypoglycaemia. Nat Rev Endocrinol 2016;12:222–
32. doi: 10.1038/nrendo.2016.15.

[8] Dungan KM. the effect of diabetes on hospital readmissions. J Diabetes Sci Technol
2012;6:1045–52.

[9] Bradford AL, Crider CC, Xu X, Naqvi SH. Predictors of recurrent hospital admission
for patients presenting with diabetic ketoacidosis and hyperglycemic hyperosmo-
lar state. J Clin Med Res 2017;9:35–9. doi: 10.14740/jocmr2792w.

[10] Cooper H, Tekiteki A, Khanolkar M, Braatvedt G. Risk factors for recurrent admis-
sions with diabetic ketoacidosis: a case-control observational study. Diabetic
Med 2016;33:523–8. doi: 10.1111/dme.13004.

[11] del Degan S, Dub�e F, Gagnon C, Boulet G. Risk factors for recurrent diabetic ketoa-
cidosis in adults with type 1 diabetes. Can J Diabetes 2019;43:472–6. doi:
10.1016/j.jcjd.2019.01.008.

[12] Zhong VW, Juhaeri J, EJ Mayer-Davis. Trends in hospital admission for diabetic
ketoacidosis in adults with type 1 and type 2 diabetes in England, 1998-2013: a
retrospective cohort study. Diabetes Care 2018;41:1870–7. doi: 10.2337/dc17-
1583.

[13] Benoit SR, Hora I, Pasquel FJ, Gregg EW, Albright AL, Imperatore G. Trends in
emergency department visits and inpatient admissions for hyperglycemic crises
in adults with diabetes in the U.S., 2006−2015. Diabetes Care 2020;43:1057–64.
doi: 10.2337/dc19-2449.

[14] Kichloo A, El-amir Z, Wani F, Shaka H. Hospitalizations for ketoacidosis in type 1
diabetes mellitus, 2008 to 2018. Baylor Univ Medical Center Proc 2022;35:1–5.
doi: 10.1080/08998280.2021.1978741.

[15] Maldonado MR, Chong ER, Oehl MA, Balasubramanyam A. economic impact of
diabetic ketoacidosis in a multiethnic indigent population analysis of costs based
on the precipitating cause. Diabetes Care 2003;26:1265–9.

[16] Vitale RJ, Card CE, Lichtman JH, Weyman K, Michaud C, Sikes K, et al. An effective
diabetic ketoacidosis prevention intervention in children with type 1 diabetes.
SAGE Open Nurs 2018;4. doi: 10.1177/2377960818804742.

[17] Ellis D, Naar-King S, Templin T, Frey M, Cunningham P, Sheidow A, et al. Multisys-
temic therapy for adolescents with poorly controlled type 1 diabetes: reduced
diabetic ketoacidosis admissions and related costs over 24 months. Diabetes Care
2008;31:1746–7. doi: 10.2337/dc07-2094.

[18] Metso S., Tahkola A., Vanham€aki S., Kauppala T., Salo H., Laatikainen T., et al. Val-
tava-hanke-Diabetesrekisterin p€a€araportti n.d. https://www.julkari.fi/handle/
10024/144068 (accessed December 7, 2022).

[19] Finnish institute for health and welfare: Register of Primary Health Care visits n.d.
https://thl.fi/en/web/thlfi-en/statistics-and-data/data-and-services/register-
descriptions/register-of-primary-health-care-visits (accessed July 10, 2022).

[20] Finnish institute for health and welfare: Care Register for Health Care n.d. https://
thl.fi/en/web/thlfi-en/statistics-and-data/data-and-services/register-descrip-
tions/care-register-for-health-care (accessed July 10, 2022).

[21] Levey AS, Stevens LA, Schmid CH, Zhang Y, Castro III AF, Feldman HI, et al. A new
equation to estimate glomerular filtration rate. Ann Intern Med 2009;150:604–
12.

https://doi.org/10.1016/j.deman.2023.100129
https://doi.org/10.1016/j.metabol.2015.12.007
https://doi.org/10.2337/diacare.24.1.131
https://doi.org/10.2337/dc09-9032
https://doi.org/10.1007/s00592-020-01538-0
https://doi.org/10.1007/s00592-020-01538-0
https://doi.org/10.2337/dc11-0701
https://doi.org/10.2337/dc15-0843
https://doi.org/10.1038/nrendo.2016.15
http://refhub.elsevier.com/S2666-9706(23)00002-1/sbref0008
http://refhub.elsevier.com/S2666-9706(23)00002-1/sbref0008
https://doi.org/10.14740/jocmr2792w
https://doi.org/10.1111/dme.13004
https://doi.org/10.1016/j.jcjd.2019.01.008
https://doi.org/10.2337/dc17-1583
https://doi.org/10.2337/dc17-1583
https://doi.org/10.2337/dc19-2449
https://doi.org/10.1080/08998280.2021.1978741
http://refhub.elsevier.com/S2666-9706(23)00002-1/sbref0015
http://refhub.elsevier.com/S2666-9706(23)00002-1/sbref0015
http://refhub.elsevier.com/S2666-9706(23)00002-1/sbref0015
https://doi.org/10.1177/2377960818804742
https://doi.org/10.2337/dc07-2094
https://www.julkari.fi/handle/10024/144068
https://www.julkari.fi/handle/10024/144068
https://thl.fi/en/web/thlfi-en/statistics-and-data/data-and-services/register-descriptions/register-of-primary-health-care-visits
https://thl.fi/en/web/thlfi-en/statistics-and-data/data-and-services/register-descriptions/register-of-primary-health-care-visits
https://thl.fi/en/web/thlfi-en/statistics-and-data/data-and-services/register-descriptions/care-register-for-health-care
https://thl.fi/en/web/thlfi-en/statistics-and-data/data-and-services/register-descriptions/care-register-for-health-care
https://thl.fi/en/web/thlfi-en/statistics-and-data/data-and-services/register-descriptions/care-register-for-health-care
http://refhub.elsevier.com/S2666-9706(23)00002-1/sbref0021
http://refhub.elsevier.com/S2666-9706(23)00002-1/sbref0021
http://refhub.elsevier.com/S2666-9706(23)00002-1/sbref0021


E. Putula, H. Huhtala, S. Vanham€aki et al. Diabetes Epidemiology and Management 10 (2023) 100129
[22] Type 1 Diabetes Prediction and Prevention (DIPP) Study (DIPP) n.d. https://dipp.fi/
?page_id=515&lang=fi (accessed December 7, 2022).

[23] Wang J, Williams DE, Narayan KMV, Geiss LS. Declining death rates from hyper-
glycemic crisis among adults with diabetes, U.S., 1985-2002. Diabetes Care
2006;29:2018–22. doi: 10.2337/dc06-0311.

[24] Gibb FW, Teoh WL, Graham J, Lockman KA. Risk of death following admission to a
UK hospital with diabetic ketoacidosis. Diabetologia 2016;59:2082–7. doi:
10.1007/s00125-016-4034-0.

[25] Mays JA, Jackson KL, Derby TA, Behrens JJ, Goel S, Molitch ME, et al. An evaluation
of recurrent diabetic ketoacidosis, fragmentation of care, and mortality across
Chicago, Illinois. Diabetes Care 2016;39:1671–6. doi: 10.2337/dc16-0668.
7

[26] Michaelis M, Shochat T, Shimon I, Akirov A. Features and long-term outcomes of
patients hospitalized for diabetic ketoacidosis. Diabetes Metab Res Rev
2021;37:1–9. doi: 10.1002/dmrr.3408.

[27] Chao AM, Wadden TA, Clark JM, Hayden KM, Howard MJ, Johnson KC, et al.
Changes in the prevalence of symptoms of depression, loneliness, and insomnia
in U.S. older adults with type 2 diabetes during the COVID-19 pandemic: the Look
AHEAD Study. Diabetes Care 2022;45:74–82. doi: 10.2337/dc21-1179.

[28] Alessi J, de Oliveira GB, Franco DW, Brino Do Amaral B, Becker AS, Knijnik CP, et al.
Mental health in the era of COVID-19: prevalence of psychiatric disorders in a
cohort of patients with type 1 and type 2 diabetes during the social distancing.
Diabetol Metab Syndr 2020;12. doi: 10.1186/s13098-020-00584-6.

https://dipp.fi/?page_id=515&lang=fi
https://dipp.fi/?page_id=515&lang=fi
https://doi.org/10.2337/dc06-0311
https://doi.org/10.1007/s00125-016-4034-0
https://doi.org/10.2337/dc16-0668
https://doi.org/10.1002/dmrr.3408
https://doi.org/10.2337/dc21-1179
https://doi.org/10.1186/s13098-020-00584-6

	Clinical characteristics and prognoses of patients with diabetic ketoacidosis in Finland
	1. Introduction
	2. Methods
	2.1. Statistical analysis

	3. Results
	4. Discussion
	Conflicts of interest
	Declaration of Competing Interest
	Acknowledgements
	Supplementary materials
	References



