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ABSTRACT
Introduction. Diabetic ketoacidosis (DKA) is an acute 
complication of any type of diabetes, but most com-
monly is associated with type 1 diabetes mellitus (T1D). 
This condition is a complex metabolic disorder result-
ing from significant relative or absolute deficiency of 
insulin, which still leads to excess of mortality and 
health care burden.
The main aim of the study was to assess the direct 
cause of DKA and to determine population at-risk 
among patients with greater predisposition to develop 
DKA, in order to propose methods and range of their 
education in the future.
Materials and methods. This study presents a retro-
spective analysis of 120 cases of DKA (102 adults with 
diabetes) hospitalized in the Department of Internal 
Medicine and Diabetology at the Central Teaching 
Hospital of Medical University of Lodz between 2014 
and 2017.
Results. 68.4% of patients with DKA were T1D and 
LADA, 15.0% were T2D, 5.8% presented other types of 
diabetes and 10.8% were de novo diabetes. The mean 
age was 40.5 ± 17.7 years, diabetes duration 11.1 ± 
9.74 years, HbA1c was 11.8 ± 2.54%. The main reason 
for hospitalization of patients for DKA was alcohol 
abuse (32.5%),followed by infection (23.4%), discon-
tinuation of insulin treatment due to other reasons 
(13.4%), de novo diabetes (10.8%), lack of compliance 

(5.8%), mental disorders (5.8%) and complex causes 
(3.3%). In 5.0% of patients the reason could not be 
determined. All patients recovered, there was no death 
resulting of DKA.
Conclusions. DKA occurs most frequently in T1D, 
but may be associated with type 2 or other types of 
diabetes. Most of our patients had a history of long-
term poor control of diabetes. In many cases DKA, e.g. 
resulting from alcohol abuse or lack of compliance, 
probably can be avoided when proper patient educa-
tion was given. (Clin Diabetol 2018; 7, 5: 215–221)
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Introduction
Diabetic ketoacidosis (DKA) is still the most com-

mon, directly life-threatening complication of diabetes, 
despite the advances in medical care. Because of lack of 
central register of acute complications associated with 
hyperglycemia in Poland, there is no possibility of an 
objective assessment of the scale of this phenomenon 
in the whole country [1]. Okulewicz-Morawska and 
Krzymien reported 172 hospitalizations due to DKA 
(within the years 2003–2012) among patients with 
different types of diabetes in Warsaw [2]. Kaplon et 
al. observed that there were 91 T1D patients admitted 
to the hospital with DKA (between 2008–2011 years) 
in Poznan [3]. Data from England reveal that acute 
hyperglycemic episodes occur in 13.6 per 1 000 T1D 
patients per year [4]. Systematic review of 8 original 
publications from Germany, Canada and USA demon-
strated that hospitalization ratio of T1D patients due 
to DKA between 2000–2016 was 0–263 per 1000 PYs 
[5]. Still between 2000–2009 moderate fall, followed by 
an increase in frequency of hospitalization due to DKA 
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in USA was reported. The same pattern was observed 
in England — frequency of hospitalization due to DKA 
among T1D and T2D patients was increasing between 
1998–2007, then after a stabilization period, increased 
again in 2013 [6–8].

Diabetic ketoacidosis develops not only in patients 
with T1D, but may also occur in patients with T2D who 
cease insulin administration or provide it in an inad-
equate dose, and in others specific types of diabetes 
(particularly in the course of pancreatic disease [9, 10]).

The mortality rate of DKA was almost 100% in 
1922, before implementation of insulin as a treatment 
for diabetes, about 29% in 1950s, and it dropped 
down to 15% nowadays [11]. In the 1970s, mortality 
rate from ketoacidosis was around 10% in developed 
countries, with further data showing that mortality 
in highly specialized centers did not exceed 5%, and 
was higher among older people and those with other 
chronic diseases [12]. Observation of 278 admissions 
in five Birmingham hospitals from 2000 to 2009, reveal 
that 1.8% patients died because of DKA [13]. Danish 
study (4807 admissions due to DKA between 1996 and 
2002) reported an overall DKA-related mortality rate 
at 4%, while in the group of patients above 70 years it 
was almost 4 times higher (15%) [14]. 

Discrepancies between results of the studies 
cited above are due to differences between studied 
populations, type of diabetes, medical centers, age of 
patients, country and others. Despite the advances in 
medical care and development of new technologies, 
DKA still remains a significant individual and health 
system problem.

Aim
The aim of the study was to determine the direct 

reasons of DKA in patients with diabetes to identify pa-
tients who are at high risk of this acute, life-threatening 
complication, in order to focus on the prevention of 
DKA and on an educational program.

Material and methods
The study covers retrospective analysis of medical 

records of patients hospitalized in the Department of 
Internal Diseases and Diabetology at Central Teach-
ing Hospital of Medical University of Lodz between 
2014–2017. During this time 102 adult diabetic patients 
with 120 cases (including 12 patients with recurrent 
DKA) with documented clinical status and laboratory 
tests (serum glucose concentration > 250 mg/dl, blood 
pH < 7.3, serum bicarbonate < 15 mmol/l, presence 
of urine or serum ketones, anion gap > 12 mmol/l) 
confirming DKA were hospitalized [15].

The following anthropometric, clinical and labora-
tory data were collected: age, sex, type of diabetes, 
duration of the disease, regiment of medical treat-
ment, history of the DKA episodes, serum glucose 
concentration on admission, blood pH and the HbA1c 
level. The reasons of the DKA were assessed according 
to doctors’ diagnosis. For the purpose of the study, the 
population was divided into the following categories 
in terms of the direct cause of the DKA: alcohol abuse, 
infections, newly diagnosed diabetes (no history of 
diabetes before the onset of DKA), lack of compliance 
(failure to comply with the recommended treatment), 
mental disorders, discontinuation of insulin administra-
tion for other reasons, complex cause (more than one 
of mentioned above reasons) and unknown reason. 
The most common mental disorders were depres-
sion, mental retardation, addiction to psychoactive 
substances and dementia. Lack of compliance was 
mainly related with the administration of lower doses 
of insulin (usually in fear of hypoglycemia), inability to 
adjust insulin dose to a specific meal, physical activity 
and actual glucose level, or skipping insulin injection. 
A significant deficiency of insulin most often occurred 
as a result of infections, during which insulin require-
ments increase and the usual doses become insufficient. 
All the above-mentioned causes consequently lead to 
situations in which insulin therapy was neglected. The 
group of the patients with more than 1 DKA episode 
within 3 years was created. The obtained data were 
statistically analyzed. Descriptive statistics were used 
to characterize the clinical group. The data with normal 
distribution are presented as mean values ± standard 
deviation (mean ± SD).

Results
For the purpose of the study every DKA hospitaliza-

tion was treated as a separate case. All analyzed pa-
tients were hospitalized at the Department of Internal 
Diseases and Diabetology and all of them declared that 
they had no other events of DKA during the study time.

The study group comprised of 82 patients (68.4%) 
with T1D. In additional 13 subjects (10.8%) DKA was 
the first manifestation of T1D, 18 (15.0%) were T2D and 
7 patients (5.8%) have diabetes with known etiology 
(secondary to chronic pancreatitis). 61.7% of patients 
were men. Detailed characteristic of study group is 
presented in Tables 1 and 2.

Detailed analysis of medical and diagnostic data 
and reasons for DKA occurrence depending on the type 
of diabetes are presented in Tables 3 and 4.

In 13 patients the serum glucose concentration 
on admission was ≥ 1000 mg/dl. Recurrent episodes 
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of the DKA over three years were the cause of multiple 
hospitalizations for 12 people, mainly in men (66.7%), 
a total of 29 cases. 1 men with T1D was treated for 
DKA 5 times and the reason each time was alcohol 
abuse; 2 men 3 times; 9 people twice. In this group, 
most cases were T1D (66.7%). All of these people were 
treated with insulin, and the most common reason for 
repeated hospitalizations due to DKA was alcohol abuse 
(62.0%). The distribution of data of recurrent episodes 
of DKA is presented in Table 5.

Discussion
The most common direct cause for admission to 

the hospital due to diabetic DKA as well as recurrent 
DKA episodes between 2014 and 2017 at the Internal 
Diseases and Diabetology Department at the Educa-
tional Center of Medical University of Lodz was alcohol 
abuse and its behavioral consequences. Herman et 
al. analyzed data of 29 630 patients with T1D (aged 
between 12–29) in Germany and Austria, showing 
that 10.8% patients were regular alcohol consumers. 
The number of patients declaring regular alcohol con-
sumption, as well as the amount of alcohol consumed, 
increased with age of subjects and was higher in men 
than in women [16]. In our study alcohol abuse was 
the main reason for hospitalization due to DKA among 
T1D (35.4%), while in the Poznan and Warsaw center 
it was 10.0% and 16.0% respectively [2, 3]. In our 
study we found that more men than women (61.7% 
vs. 38.3%) with T1D were hospitalized due to DKA. 
This is in agreement with the data from Poznan center 
(51.6% men vs. 48.4% women) and opposite to Warsaw 
center (37.4% vs. 62.6% respectively). The reason for 
these differences are not clear, but they are most likely 
reflecting the differences in demographic structure and 
ethnographic background.

Significant amount of data supports the correla-
tion between more frequent alcohol consumption and 
deterioration of glycemic control, in particular with 
increased DKA risk. This also applies to patients with 
diabetes with known etiology (patients with pancreati-
tis), where alcohol causes pancreatic damage mainly as 
a result of direct toxicity on pancreatic beta cells, as well 
as rheological properties and secretion of pancreatic 
enzymes [17–21].

Behavioral therapy is necessary during treatment 
for all patients with diabetes of any age. Avoiding al-
cohol consumption is an important element of therapy 
that improves control of diabetes. Diabetes Poland 
recommends that daily level of alcohol consumption 
should not exceed 20 g for woman and 30 g for man 
[15]. Patients suffering from pancreatitis with dyslipi-

Table 1. Characteristic of the study group

Number of hospitalizations (n) (%) 120 (100)

Age (years) (mean ± SD) (min.–max.) 40.5 ± 17.7 (19–90)

Sex (n) (%):

F/M 46 (38.3)/74 (61.7)

Duration of diabetes (de novo cases  

excluded) (years) (mean ± SD)  

(min.–max.)

11.1 ± 9.74 (1–50)

Diabetes (n) (%):

T1D (included LADA) 82 (68.4)

T2D 18 (15.0)

Other specific types 7 (5.8)

De novo (T1D) 13 (10.8)

Diabetes treatment before DKA (n) (%):

No hypoglycemic treatment  

(diabetes de novo)

13 (10.8)

3 or more insulin injections/day 88 (73.3)

1 or 2 insulin injections/day 2 (1.7)

Oral hypoglycemic agents (only) 8 (6.7)

Personal pump therapy 2 (1.7)

No data about pre-hospital treatment 3 (2.5)

Other treatment patterns* 4 (3.3)

HbA1c (%) (mean ± SD) (min.–max.) 11.8 ± 2.54  

(7.2–19.7)

DKA indicators (on admission)

Serum glucose concentration [mg/dl] 

(mean ± SD) (min.–max.)

648 ± 232  

(256–1257)

pH (mean ± SD) (min.–max.) 7.09 ± 0.14  

(6.63–7.29)

*Meal-related insulin treatment, 1 injection of premixed insulin, long  
lasting insulin + SGLT2 inhibitor

Table 2. The main reason for of DKA, determined according 
to doctor’s diagnosis

Reasons for hospitalizations for DKA (n) (%) 120 (100)

Alcohol abuse 39 (32.5)

Infections (including urinary and respiratory 

system infections and other)

28 (23.4)

Discontinuation of insulin treatment due to 

other reasons

16 (13.4)

Diabetes de novo 13 (10.8)

Lack of compliance 7 (5.8)

Mental disorders 7 (5.8)

Complex cause (more than one of above) 4 (3.3)

Reason unknown 6 (5.0)
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demia (hypertriglyceridemia) or neuropathy shouldn’t 
drink alcohol at all [22]. According to data from Central 
Statistics Office this problem affects more men than 
women — the same pattern is present in our study 
group [23].

Interestingly, in our study lower level of glycated 
hemoglobin was found, although no statistical signifi-
cance, in group with recurrent DKA (Table 5). This may 
be connected with eating habits, including malnutri-
tion, because the main reason for recurrent hospitaliza-
tion was alcohol abuse.

All patients with diabetes should be educated 
about consequences of occasional and excessive alco-
hol consumption, and train how to reduce the risk of 
acute complication, either with hyperglycemia or with 
hypoglycemia as it was suggested by many authors [1, 
3, 11]. Diabetic patients declaring alcohol consump-
tion should be particularly aware, and efforts should 

be undertaken to educate them about potential risk 
and complications. Psychological support can help 
overcome alcohol addiction.

Different kind of infections e.g.: pneumonia, dia-
betic foot syndrome, caries, urinary tract infections are 
the common reason for decompensation of diabetes, 
particularly in elderly patients. They also may be respon-
sible for the creation of DKA [23–26]. In the population 
studied by us, infections were the main reason for DKA-
-related hospitalizations among T2D (Table 3).

DKA could also result from gastrointestinal infec-
tions, accompanied by vomiting and diarrhea. Patients 
with this condition, due to weakness as well as changes 
in food intake, avoid insulin injections or completely 
discontinue treatment. It is very important to quickly 
identify the infection and initiate proper treatment 
(fluid therapy, antibiotic therapy, patient monitoring) 
and to accurately educate patients how they should 

Table 3. Subgroups characteristic according to the type of diabetes

Parameter Diabetes  

de novo 

(n = 13)

T1D 

(included LADA) 

(n = 82)

T2D 

(n = 18)

Other types  

of diabetes 

(n = 7)

Age (years)

(mean ± SD) 36.3 ± 13.88 37.4 ± 14.48 66.7 ± 14.35 40.1 ± 9.01

(min.–max.) (19–58) (19–85) (43–90) (29–54)

Sex (n) (%)

(F/M) 4 (31.0)/9 (69.0) 26 (32.0)/56 (68.0) 15 (83.0)/3 (17.0) 1 (14.0)/6 (86.0)

Duration of diabetes (years) 

(mean ± SD) – 11.8 ± 10.26 15.0 ± 4.55 3.3 ± 1.53

(min.–max.) 2–50 5–25 2–5

HbA1c (%) 

(mean ± SD) 14.1 ± 2.73 11.4 ± 2.41 11.7 ± 2.00 11.1 ± 1.58

(min.–max.) (9.7–19.7) (7.2–15.6) (8.7–15.4) (9.0–14.0)

Table 4. Reasons of DKA according to the type of diabetes

Reasons of DKA Type of diabetes

Diabetes de novo  

(T1D) (n = 13) 

n (%)

T1D  

(n = 82) 

n (%)

T2D  

(n = 18) 

n (%)

Other types of 

diabetes (n = 7) 

n (%)

Alcohol abuse – 29 (35.4) 5 (27.8) 5 (71.4)

Infections (including urinary and respiratory system infections 

and others)

– 18 (22.0) 8 (44.3) 2 (28.6)

Discontinuation of insulin treatment due to other reasons – 14 (17.1) 2 (11.1) –

Lack of compliance – 6 (7.3) 1 (5.6) –

Mental disorders – 7 (8.5) – –

Complex cause (more than one of above) – 3 (3.6) 1 (5.6) –

Reason unknown – 5 (6.1) 1 (5.6) –
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deal with such situations in order to minimize the risk 
of DKA.

The public awareness of early signs of diabetes 
is increasing. Social campaigns and access to various 
media, including the internet, allow to pay attention to 
certain symptoms that are characteristic for diabetes, 
namely polyuria, polydipsia, weight loss, weakness and 
increased drowsiness. However, there are still cases of 
DKA associated with delayed diagnosis of the diabe-
tes. According to published data, this applies to up to 
20–30% of DKA cases [27–29].

In the analyzed group in our center only 10.8% 
DKA cases was a first manifestation of T1D (Table 1). 
In Poznan delayed diagnosis of diabetes mellitus was 
the cause of almost every fourth hospitalization due 
to DKA, and in Warsaw the percentage varied from 17 
to 23% depending on the type of diabetes. However, 
these data can’t be directly compared due to the dif-
ferent methodology of the study. As with the frequency 
of occurrence of DKA in our population, our data do 
not reflect the problem of too late diagnosis in the 
studied populations.

The main reason for the lack of compliance among 
patients is low awareness of the role and importance of 
glycemic self-control, regular insulin injections, dietary 
recommendations and physical activity in the treatment 
of diabetes. Very important aspect of the treatment of 

diabetes is the proper education as well as frequent 
reeducation of patients. Many patients do not realize 
that many complications, for example cardiovascular, 
neurological end others can be a result of inadequate 
treatment of diabetes. It is worth taking time to prop-
erly train patients in various aspects of the disease, 
in order to reduce the risk either of DKA episodes or 
chronic complications in the future.

Special attention should also be paid to people 
with mental disorders. In this group mental health 
problems could be the reason for clinical occurrence of 
DKA. The incidence of depression in diabetic patients 
is higher than in general population and occurs more 
often in women than in man [30]. Our study find 
7 cases (5.8%) of mental disorders: depressive syn-
drome, mental retardation, addiction to psychoactive 
substances and dementia. Due to the lack of physical 
activity, improper diet, smoking, obesity, a tendency to 
neglect self-control and treatment, this particular group 
of patients is predisposed to develop complications, 
including DKA. Depression disorders also have a direct 
negative impact on glucose metabolism, including 
increased secretion of counter-regulating hormones, 
glucose transport disorders and increased activity of 
inflammatory factors, which contribute to the increase 
in insulin resistance [31]. In order to prevent DKA in this 
group of patients, it is necessary to pay attention, if 

Table 5. Detailed description of the study group with more than 1 DKA episode in 3 years

Number of subjects (n) (%) 12 (100)

Number of hospitalizations (n) 29

Type of diabetes (n) (%):

T1D 8 (66.7)

T2D 1 (8.3)

 Other types of DM 3 (25.0)

Age (years) (mean ± SD) (min.–max.) 40.8 ± 16.6 (2–9)

Sex (n) (%):

 F/M 4 (33.3)/8 (66.7)

Mean HbA1c (%) (mean ± SD) (min.–max.) 10.9 ± 2.15 (8.6–14.6)

DKA indicators (on admission):

Serum glucose concentration [mg/dl] (mean ± SD) (min.–max.)   701 ± 231 (354–1129)

pH (mean ± SD) (min.–max.) 7.05 ± 0.13 (6.82–7.28)

Causes of recurrent DKA (n) (%):

Alcohol abuse 18 (62.0)

Infections 6 (20.7)

Discontinuation of insulin treatment due to other reasons 3 (10.3)

Lack of compliance 1 (3.4)

Mental disorders 1 (3.4)
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possible, to the exact education of the family and care 
providers of these patients. It should be mentioned 
that DKA may be also develop in patients who have 
eating disorders, including anorexia and bulimia [32, 
33], however, we did not observe this problem in adult 
population in our study.

Our study shows that DKA remains a medical prob-
lem in adult patients with diabetes, regardless of type 
of diabetes, sex, age and duration of the disease. In 
our opinion neither advanced diagnostic methods, nor 
modern methods of treatment can, therefore, replace 
the basic education of patients. Our analysis allows to 
establish risk factors or predictors of DKA. Patients with 
these factors should have our attention and time to 
proper training in the field of diabetes complications. 
None of the treatment methods will improve control 
of diabetic alignment if people with diabetes refuse to 
cooperate with the treatment team members, do not 
maintain systematic self-control, insulin therapy, and 
also do not care about the optimal diet and appropri-
ate physical activity.

Summary and conclusions
Metabolic acidosis most commonly occurred in 

patients with T1D, but may happen also in T2D or other 
type of diabetes. In the period immediately preceding 
the DKA episode, almost all patients had insufficient 
control of their diabetes, as evidenced by high percent-
ages of HbA1c. The most frequent reason was alcohol 
abuse, followed with infections and discontinuation of 
insulin treatment. Other causes were newly diagnosed 
diabetes, lack of compliance and mental disorders. The 
main reason for recurrent DKA episodes was alcohol 
abuse. Many cases of DKA (e.g. resulting from alcohol 
abuse or lack of compliance) could be avoided with an 
education and proper compliance.
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