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 Background: The global burden of diabetes mellitus is increasing, and diabetes poses a serious problem for the healthcare 
system. We aimed to characterize patients hospitalized due to diabetes in Poland in 2019 and identify factors 
associated with the risk of in-hospital death and prolonged hospitalization.

 Material/Methods: Data on all patients hospitalized due to diabetes in Poland in 2019 were taken from hospital discharge records 
collected by the National Institute of Public Health, Warsaw, Poland. The presence of comorbidities, in-hospi-
tal mortality rate, and duration of hospitalization were analyzed separately for type 1 and type 2 diabetes.

 Results: In 2019, a total of 28 617 patients were admitted to the hospital due to type 1 diabetes and 38 138 patients 
due to type 2 diabetes. The prevalence of comorbidities was 55.2% among patients with type 1 diabetes and 
78.9% among those with type 2 diabetes. The in-hospital mortality rates were 2.1% and 3.3%, respectively. For 
emergency admissions, the in-hospital mortality rate was 4.0% and 4.5%, respectively. Over 30% of patients 
were hospitalized for more than 7 days. Older age and respiratory diseases were the most critical factors asso-
ciated with higher risk of in-hospital death in patients with type 1 or type 2 diabetes (P<0.001). Male sex, age, 
and presence of at least 1 comorbidity were associated (P<0.001) with a higher risk of prolonged hospitalization.

 Conclusions: Effective management of respiratory diseases in patients hospitalized due to diabetes, especially those admit-
ted in an emergency, seems crucial to reduce the risk of in-hospital death.
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Background

Diabetes mellitus is a chronic non-communicable disease char-
acterized by prolonged hyperglycemia that can lead to long-
term health complications [1,2]. It is estimated that more than 
400 million people worldwide have diabetes [2]. The most com-
mon (>90%) is type 2 diabetes, which usually occurs in adults 
over 40 years of age [2-4]. Being overweight or obese is the 
significant risk factor of type 2 diabetes [5,6]. Approximately 
5% to 10% of patients with diabetes have type 1 diabetes [2,7]. 
The most common age at diagnosis of type 1 diabetes is be-
tween the ages of 4 to 6 years and early puberty (10 to 14 
years) [7,8]. Because the exact cause of type 1 diabetes is un-
known, genetics and environmental factors are considered 
significant risk factors for developing type 1 diabetes [9,10].

Diabetes is mainly managed in outpatient settings and requires 
a high level of therapeutic compliance by patients [11,12]. 
Patients with diabetes must make regular blood sugar checks 
and keep blood sugar levels as close to target as possible to pre-
vent or delay diabetes-related complications [13]. Uncontrolled 
diabetes causes life-threatening events and requires hospi-
talization [14]. Most patients with diabetes have comorbid-
ities that can also influence the risk of hospitalization [15]. 
Moreover, diabetes-related hospitalization can include sched-
uled admissions to diagnose the patient’s health condition, es-
pecially in the case of children with newly diagnosed type 1 
diabetes. It is estimated that patients with diabetes have a 3 
times higher risk of hospitalization than individuals without 
diabetes [16,17]. Diabetes-related hospitalizations generate 
significant economic costs [18].

The estimated prevalence of diabetes in Europe varies from 
15.3%, in Germany, to 4.4%, in Ireland [19]. Diabetes poses a se-
vere problem for the healthcare systems in Central and Eastern 
European countries, like Poland [19,20]. After the communist 
collapse in 1989, Poland’s social, economic, and demographic 
changes evoked lifestyle changes that significantly contribut-
ed to the increase in diabetes incidence [21]. The estimated 
crude prevalence of diabetes in Poland is 7.0% [22]. However, 
it is estimated that between 2010 and 2030, the prevalence 
of diabetes in Poland will rise by at least 20% [20]. In Poland, 
more than 70 000 diabetes-related hospitalizations are re-
ported annually [23,24].

Public registries can generate national data on diabetes-relat-
ed hospitalizations and their course and outcome. These data 
can be helpful for clinicians and policymakers to improve the 
management of diabetes in Poland. However, a limited amount 
of research on diabetes is based on national registries [22-26]. 
Most of the previously published data are focused on epidemi-
ological analyses aimed at the prevalence of diabetes [22,25]. 
Goryński et al showed significant differences in the in-hospital 

mortality rate by sex, age, or year of admission [24]. Kozioł et 
al analyzed the predictors of rehospitalization and post-dis-
charge death (up to 90 days) among the patients hospitalized 
due to all types of diabetes [26]. However, there is a lack of 
data on the impact of comorbidities on the risk of in-hospi-
tal death among patients hospitalized due to type 1 or type 
2 diabetes. Moreover, factors associated with prolonged hos-
pitalization among patients with type 1 and type 2 diabetes 
have not been studied yet.

Therefore, this study aimed to characterize patients hospital-
ized due to diabetes from January to December 2019, and to 
identify factors associated with the risk of in-hospital death 
and prolonged hospitalization among patients hospitalized 
due to diabetes.

Material and Methods

Data Source

This was a retrospective database analysis. Data on patients 
hospitalized due to diabetes were taken from the hospital 
discharge records collected and aggregated by the National 
Institute of Public Health-National Institute of Hygiene (NIZP-
PZH). Data collection is carried out as part of the population-
based hospital morbidity study [27], and the data on numbers 
and the reason for hospitalization are used for the annual pub-
lications in Public Statistics of the Republic of Poland. Public 
and private hospitals in Poland (with the exclusion of psychi-
atric hospitals) are legally obligated to report hospitalization 
data using discharge report templates provided by the NIZP-
PZH. Hospital discharge records are anonymous. The template 
includes the following data: sex, age, location of place of resi-
dence, hospital admission, and discharge, as well as the prima-
ry (reason for hospitalization) and secondary (comorbidities) 
diagnosis. Moreover, data on the outcome of hospitalization, 
whether death or survival, are provided. Data on medical con-
ditions and diagnoses are reported by physicians using the 
ICD-10 classification [28]. All the hospitals were trained in the 
data reporting process, and the coding rules are constantly up-
dated to maintain the data collection quality. Data submitted 
by the hospitals are regularly checked by the scientific team 
tasked with managing the registry [27].

Diabetes	Reporting	and	Outcomes

In this database analysis, all patients hospitalized due to dia-
betes in 2019 (diabetes was declared as a cause of hospital-
ization in discharge reports) were included. Patients hospital-
ized due to type 1 diabetes (E10 insulin-dependent diabetes 
mellitus) and type 2 diabetes (E11 non-insulin-dependent di-
abetes mellitus) were identified through the ICD-10 admission 
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diagnosis codes. When a patient was hospitalized due to di-
abetes complications, the primary reason for hospitalization 
was reported as diabetes and the diabetes exacerbation was 
defined as a coexisting disease.

The inclusion criteria were diabetes diagnosed by a doctor; 
hospitalization due to diabetes; and diabetes as a reason for 
hospitalization, according to the discharge report.

The exclusion criteria were patients diagnosed with diabe-
tes but hospitalized due to health reasons other than diabe-
tes; E12 malnutrition-related diabetes mellitus; and E13 oth-
er specified diabetes mellitus.

In-hospital mortality was defined as the percentage of fatal 
cases out of all hospitalizations due to diabetes. Moreover, ad-
ditional analysis was carried out for the duration of hospital-
ization. Prolonged hospitalization was defined as hospitaliza-
tion for more than 7 days.

The following groups of comorbidities were analyzed: (1) endo-
crine, nutritional, metabolic diseases (E00-9; E15-90; other than 
diabetes); cardiovascular diseases (I00-99); genitourinary disor-
ders (N00-99); diseases of the digestive system (K00-93); respi-
ratory diseases (J00-99); diseases of the skin and subcutaneous 
tissue (L00-99); and diseases of the nervous system (G00-99).

Statistical Analysis

The data were analyzed with SPSS v.28 (IBM Corp, Armonk, NY, 
USA). The normality of distributions of continuous variables was 
assessed by the Shapiro-Wilk test. The statistical significance 
of differences between mean values of continuous variables 
was analyzed by the Kruskal-Wallis test. Descriptive statistics 
(counts, percentages) were used to present the distribution of 
categorical variables. Moreover, the chi-square test of indepen-
dence was used to compare categorical variables. Associations 
between personal characteristics (sex, age, presence of comor-
bidities) and (1) outcome of hospitalization (death/survival), 
and (2) duration of hospitalization (£7 days/8 days and over) 
were analyzed using multivariable logistic regression models. 
Data were analyzed separately for emergency and scheduled 
admissions. As there were no deaths among children with di-
abetes, the pediatric population (0-18 years) was excluded 
from the analysis of factors associated with in-hospital mor-
tality. The odds ratio (OR) and 95% confidence intervals (95% 
CI) were used to measure the strength of association. The sta-
tistical significance level was set at P<0.05.

Ethics

The datasets used in this study were anonymous. Patient 
consent was waived because this study was a retrospective 

database analysis. The study protocol was approved by the 
Ethics Board of the Centre of Postgraduate Medical Education 
in Warsaw, Poland (approval no. 70/2022).

Results

Hospitalizations due to Diabetes in 2019

In 2019, a total of 28 617 patients were admitted to the hospi-
tal due to type 1 diabetes, and 38 138 patients were admitted 
to the hospital due to type 2 diabetes. The highest number of 
diabetes-related hospitalization was observed in January, and 
the lowest was in December (Table 1). Most of the hospitaliza-
tions (58.7% due to type 1 diabetes and 68.1% due to type 2 
diabetes) were emergency hospital admissions (Table 1). The 
average duration of hospitalization was 7.2±8.7 days (a me-
dian of 5 days) for type 1 diabetes and 7.7±7.5 days (a medi-
an of 6 days) for type 2 diabetes. Duration of hospitalization 
(P<0.001) differed by the admission date, wherein the lowest 
period of hospitalization was observed in December (Table 1). 
In December, 82.2% of patients hospitalized due to type 1 di-
abetes and 83.5% of patients hospitalized due to type 2 dia-
betes were discharged before December 24. Most of the pa-
tients (84.5%) with type 1 diabetes stayed in 1 ward during 
hospitalization, 14.1% of patients were admitted to 2 wards, 
and 1.4% were hospitalized in at least 3 wards. Most children 
hospitalized due to type 1 diabetes (41.2%) were admitted to 
pediatric diabetology wards, 24.6% were admitted to pediat-
rics wards, and 18.6% were admitted to pediatric endocrinol-
ogy wards. Over one-third of adults hospitalized due to type 
1 diabetes were admitted to internal medicine wards (37.5%), 
17.6% were admitted to emergency departments, and only 13% 
were admitted to diabetology wards. Most patients hospital-
ized due to type 2 diabetes (84.2%) stayed in 1 ward during the 
hospitalization, 14.6% were hospitalized in 2 wards, and 1.4% 
were hospitalized in at least 3 wards. Over one-half of patients 
hospitalized due to type 2 diabetes (52%) were admitted to 
internal medicine wards, 14.1% were admitted to emergency 
departments, and 8.7% were admitted to diabetology wards.

Of the 28 617 patients hospitalized due to type 1 diabetes, 609 
deaths were reported (in-hospital mortality rate, 2.1%), with-
out seasonal differences (P=0.4) in the in-hospital mortality 
rate. Of 38 138 patients hospitalized due to type 2 diabetes, 
1277 deaths were reported (in-hospital mortality rate, 3.3%). 
Among patients hospitalized due to type 2 diabetes, the high-
est in-hospital mortality rate was observed during the winter 
season, with 4% in January and February (P=0.03). Details are 
presented in Table 1.
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Clinical Characteristics of Patients Hospitalized due to 
Type 1 Diabetes

The mean age of patients hospitalized due to type 1 diabetes 
was 43.0±25.7 years. The in-hospital mortality rate was signif-
icantly higher in female (F) than male (M) patients (F: 2.3% vs 
M: 2.0%; P=0.03). Among adults hospitalized due to type 1 di-
abetes, the in-hospital mortality rate was 4.0% for emergency 
admissions and 0.8% for scheduled admissions. Almost one-
third of patients hospitalized due to type 1 diabetes were un-
der 18 years of age (Table 2). More than one-half of patients 
(55.2%) hospitalized due to type 1 diabetes had comorbidi-
ties, with significant differences by sex (M: 52.7%; F: 57.1%; 
P<0.001). There were significant differences in the prevalence 
of comorbidities between fatal cases and survivors (Table 2).

Clinical Characteristics of Patients Hospitalized due to 
Type 2 Diabetes

The mean age of patients admitted due to type 2 diabetes 
was 67.7±13.9 years. The in-hospital mortality rate was signif-
icantly higher among females (F: 3.8% vs M: 2.9%; P<0.001). 
Among adults hospitalized due to type 2 diabetes, the in-hos-
pital mortality rate was 4.5% for emergency admissions and 
0.8% for scheduled admissions. More than three-fourths of pa-
tients (76.7%) were over 60 years of age and had comorbidi-
ties (78.9%). The percentage of patients with at least 1 chron-
ic condition (except diabetes) was significantly higher among 
females than males (F: 80.8% vs M: 77.1%; P<0.001). Almost 
half of the patients (49.0%) hospitalized due to type 2 diabe-
tes had at least 1 cardiovascular disease and over one-fourth 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total p

Type 1 diabetes (n=28617)

Number of 
hospital 
admissions 
due to type 1 
diabetes

3118 2339 2473 2268 2310 2234 2637 2369 2297 2534 2322 1716 28617 –

Percentage 
of emergency 
hospital 
admissions

64.3 57.2 59.3 59.7 60.5 56.7 55.9 56.9 57.0 56.1 59.6 60.5 58.7 <0.001

Duration of 
hospitalization 
[days] mean 
(±SD)

8.4 
(9.3)

7.5 
(12.1)

7.1 
(8.0)

7.3 
(9.2)

7.3 
(9.3)

7.0 
(8.4)

7.0 
(8.3)

7.2 
(8.9)

7.1 
(8.5)

7.1 
(7.9)

6.9 
(6.6)

5.2 
(4.1)

7.2 
(8.7)

<0.001

In-hospital 
mortality

2.7 1.8 2.4 2.2 1.9 1.8 2.4 1.7 2.0 2.1 2.0 2.2 2.1 0.4

Type 2 diabetes (n=38138)

Number of 
hospital 
admissions 
due to type 2 
diabetes

4273 3202 3338 3178 3320 2929 3307 2958 3093 3274 3093 2173 38138 –

Percentage 
of emergency 
hospital 
admissions

69.0 68.1 68.3 69.1 68.0 69.2 67.4 69.7 66.7 66.6 67.2 67.3 68.1 0.1

Duration of 
hospitalization 
[days] mean 
(±SD)

8.7 
(9.6)

7.8 
(8.1)

7.7 
(7.6)

7.8 
(8.2)

7.3 
(6.0)

7.7 
(7.1)

7.7 
(7.5)

7.9 
(7.4)

7.9 
(9.2)

7.9 
(6.7)

7.4 
(5.8)

5.8 
(3.7)

7.7 
(7.5)

<0.001

In-hospital 
mortality

4.0 4.0 3.4 3.6 2.7 3.4 3.0 2.8 2.8 3.2 3.4 3.7 3.3 0.03

Table 1. Diabetes-associated hospitalizations by month in Poland, January to December 2019.

p – differences between the analyzed variables in particular months.
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of patients (27.7%) had at least 1 endocrine disease (Table 3). 
Almost one-tenth of patients hospitalized due to type 2 dia-
betes had a digestive system (8.8%) or skin and subcutane-
ous tissue (9.1%) disease.

There were significant differences in the prevalence of comor-
bidities between fatal cases and survivors (Table 3).

Factors Associated with the In-Hospital Mortality in 
Diabetes

Findings from the multivariable logistic regression analysis are 
presented in Tables 4 and 5.

Among adult patients hospitalized in an emergency due to type 
1 diabetes, age (OR: 1.05; 95% CI: 1.04-1.05; P<0.001), presence 
of at least 1 disease of the respiratory system (OR: 4.40; 95% 
CI: 3.44-5.62; P<0.001), cardiovascular disease (OR: 2.08; 95% 
CI: 1.73-2.51; P<0.001), genitourinary disorder (OR: 2.14; 95% 
CI: 1.74-2.62; P<0.001), or disease of the skin and subcutane-
ous tissue (OR: 1.52; 95% CI: 1.19-1.94; P<0.001) were signif-
icantly associated with the higher odds for in-hospital death 
(Table 5). Among adults hospitalized on schedule due to type 
1 diabetes, only age (OR: 1.06; 95% CI: 1.03-1.09; P<0.001), 

presence of at least 1 disease of the respiratory system (OR: 
8.95; 95% CI: 4.23-18.95; P<0.001), and cardiovascular disease 
(OR: 3.16; 95% CI: 1.65-6.04; P<0.001) were significantly as-
sociated with the higher odds for in-hospital death (Table 4).

Among adults admitted due to type 2 diabetes (Table 5), age 
(OR: 1.06; 95% CI: 1.05-1.07; P<0.001), presence of at least one 
disease of the respiratory system (OR: 4.65; 95% CI: 4.03-5.37; 
P<0.001), cardiovascular disease (OR: 1.31; 95% CI: 1.16-1.48; 
P<0.001), genitourinary disorder (OR: 1.53; 95% CI: 1.35-1.74; 
P<0.001), or condition of the skin and subcutaneous tissue 
(OR: 1.61; 95% CI: 1.34-1.94; P<0.001) were significantly as-
sociated with the higher risk of in-hospital mortality in dia-
betes. Moreover, presence of the neurological diseases (OR: 
1.66; 95% CI: 1.19-2.30; P=0.003) was also significantly asso-
ciated with the higher risk of in-hospital mortality in type 2 di-
abetes (Table 5). There were no differences in factors related 
to the risk of in-hospital mortality in type 2 diabetes between 
scheduled and emergency hospitalizations, except for the neu-
rological diseases that were associated with a higher risk of 
death only in the case of emergency hospitalizations (Table 5).

Variable Total sample p Female p Male p

 
Overall
n (%)

Fatal
n (%)

Non-fatal
n (%)

Overall
n (%)

Fatal
n (%)

Non-fatal
n (%)

Overall
n (%)

Fatal
n (%)

Non-fatal
n (%)

n (%)
28617
(100.0)

609
(2.1)

28008
(97.8)

12765
(44.6)

298 
(2.3)

12467
(97.7)

 
15852
(55.4)

311
(2.0)

15541
(98.0)

 

Age (years)            

0-9
2335
(8.2)

0
(0.0)

2335
(8.3)

<0.001 1102
(8.6)

0
(0.0)

1102 
(8.8)

<0.001 1233
(7.8)

0
(0.0)

1233
(7.9)

<0.001

10-18
6193
(21.6)

0
(0.0)

6193
(22.1)

3086
(24.2)

0
(0.0)

3086
(24.8)

3107
(19.6)

0
(0.0)

3107
(20.0)

19-29
2279
(8.0)

3
(0.5%)

2276
(8.1)

1069
(8.3)

1
(0.3)

1068
(8.6)

1210
(7.6)

2
(0.6)

1208
(7.8)

30-39
2489
(8.7)

16
(2.6)

2473
(8.8)

923
(7.2)

3
(1.0)

920
(7.4)

1566
(9.9)

13
(4.2)

1553
(10.0)

40-49
2419
(8.5)

24
(3.9)

2395
(8.6)

782
(6.1)

3
(1.0)

779
(6.2)

1637
(10.3)

21
(6.8)

1616
(10.4)

50-59
2862
(10.0)

54
(8.9)

2808
(10.0)

923
(7.2)

12
(4.0)

911
(7.3)

1939
(12.2)

42
(13.5)

1897
(12.2)

60-69
4657
(16.3)

141
(23.2)

4516
(16.1)

1831
(14.3)

64
(21.5)

1767
(14.2)

2826
(17.8)

77
(24.8)

2749
(17.7)

70-79
3260
(11.4)

165
(27.1)

3095
(11.1)

1673
(13.1)

82
(27.5)

1591
(12.8)

1587
(10.0)

83
(26.7)

1504
(9.7)

80+
2123
(7.4)

206
(33.8)

1917
(6.8)

1376
(10.8)

133
(44.6)

1243
(10.0)

747
(4.7)

73
(23.5)

674
(4.3)

Table 2. Characteristics of 28 617 patients hospitalized due to type 1 diabetes in Poland, January to December 2019.
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Factors	Associated	with	Prolonged	Hospitalization

Among patients hospitalized due to type 1 diabetes, 68.6% 
were hospitalized for up to 7 days. Most patients with type 2 
diabetes (64.4%) were hospitalized for up to 7 days. Among 
children hospitalized due to type 1 diabetes (Table 6), the 
presence of at least 1 comorbidity significantly increased 
the odds for prolonged hospitalization among those hospi-
talized on schedule (OR: 1.74; 95% CI: 1.34-2.24; P<0.001). 
The risk of prolonged hospitalization among children hospi-
talized on schedule and in an emergency setting decreased 
with age (Table 6). Among adults hospitalized due to type 
1 diabetes, at least 1 comorbidity, older age, and male sex 
were significantly associated with a higher risk of prolonged 
hospitalization (Table 6). Among adults hospitalized due to 
type 2 diabetes, the presence of at least 1 comorbidity (OR: 
1.36; 95% CI: 1.29-1.43; P<0.001), older age (OR: 1.02; 95% 
CI: 1.01-1.02; P<0.001), and male sex (OR: 1.12; 95% CI: 
1.07-1.17; P<0.001) were significantly associated with a high-
er risk of prolonged hospitalization (Table 7). Factors related 

to the risk of prolonged hospitalization differed by type of 
admission (Table 7).

Discussion

This public registry-based study presented the detailed clini-
cal characteristics of 66 755 patients hospitalized due to dia-
betes type 1 or type 2. This study provided data on comorbidi-
ties among patients hospitalized due to diabetes, wherein the 
prevalence of comorbidities was higher among female patients 
in both types of diabetes. The presence of respiratory diseases 
was the most essential factor associated with the higher risk 
of in-hospital death among patients with diabetes. Moreover, 
factors related to prolonged hospitalization were identified.

Seasonal variations in hospital admissions were proven for 
cardiovascular, genitourinary, or respiratory diseases [29-31]. 
In the present study, the highest number of diabetes-related 
hospitalizations (in both types of diabetes) was observed in 

Table 2 continued. Characteristics of 28 617 patients hospitalized due to type 1 diabetes in Poland, January to December 2019.

Presence of comorbidities 

Yes
15800
(55.2)

512
(84.1)

15288
(54.6)

<0.001
7291
(57.1)

249
(83.6)

7042
(56.5)

<0.001
8509
(53.7)

263
(84.6)

8246
(53.1)

<0.001

Presence of at least one cardiovascular disease (I00-I99)

Yes
5998

(21.0%)
374

(61.4)
5624
(20.1)

<0.001
2763
(21.6)

188
(63.1)

2575
(20.7)

<0.001
3235
(20.4)

186
(59.8)

3049
(19.6)

<0.001

Presence of at least one endocrine, nutritional, and metabolic disease (E00-9; E15-90) other than diabetes

Yes
6107
(21.3)

65
(10.7)

6042
(21.6)

 <0.001
3266
(25.6)

33
(11.1)

3233
(25.9)

<0.001
2841
(17.9)

32
(10.3)

2809
(18.1)

<0.001

Presence of at least one disease of the genitourinary system (N00-99)

Yes
2384
(8.3)

176
(28.9)

2208
(7.9)

<0.001
1194
(9.4)

83
(27.9)

1111
(8.9)

<0.001
1190
(7.5)

93
(29.9)

1097
(7.1)

<0.001

Presence of at least one disease of the digestive system (K00-93)

Yes
1937
(6.8)

41
(6.7)

1896
(6.8)

0.9
772
(6.0)

12
(4.0)

760
(6.1)

0.1
1165
(7.3)

29
(9.3)

1136
(7.3)

0.2

Presence of at least one disease of the respiratory system (J00-99)

Yes
1039
(3.6)

119
(19.5)

920
(3.3)

<0.001
475
(3.7)

57
(19.1)

418
(3.4)

<0.001
564
(3.6)

62
(19.9)

502
(3.2)

<0.001

Presence of at least one disease of the skin and subcutaneous tissue (L00-99)

Yes
2336
(8.2)

101
(16.6)

2235
(8.0)

<0.001
776
(6.1)

46
(15.4)

730
(5.9)

<0.001
1560
(9.8)

55
(17.7)

1505
(9.7)

<0.001

Presence of at least one disease of the musculoskeletal system and connective tissue (M00-99)

Yes
570
(2.0)

7
(1.2)

563
(2.0)

0.1
298
(2.3)

4
(1.3)

294
(2.4)

0.3
272
(1.7)

3
(1.0)

269
(1.7)

0.3

Presence of at least one disease of the nervous system (G00-99)

Yes
437
(1.5)

16
(2.6)

421
(1.5)

0.03
209
(1.6)

9
(3.0)

200
(1.6)

0.06
228
(1.4)

7
(2.3)

221
(1.4)

0.2
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January and the lowest in December. Moreover, December was 
identified as the month with the shortest duration of hospital-
ization. We can hypothesize, that due to the winter holidays 
and Christmas in the last week of December, physicians tend 
to discharge patients and new admissions are less likely to 
happen. Over 80% of patients with diabetes hospitalized in 
December were discharged before December 24, 2019. Among 
patients hospitalized due to type 2 diabetes, the highest in-
hospital mortality rate was observed in January and February. 
We can hypothesize that the weather, air pollution, and limited 
psychical activity level during winter can increase the risk of in-
hospital mortality among patients with type 2 diabetes [30,31].

Findings from this study showed that children with type 1 di-
abetes were admitted mainly to pediatric diabetology or en-
docrinology wards. We hypothesize that these hospitalizations 
were among newly diagnosed cases, as recommended by the 
national guidelines [32]. Most adults with diabetes were hos-
pitalized in internal medicine wards, and less than one-tenth 
were admitted to diabetic wards. This finding confirms that 
diabetes is an interdisciplinary health problem.

In this study, emergency hospital admissions varied from 58.7% 
among patients with type 1 diabetes to 68.1% among patients 

with type 2 diabetes. Type 1 diabetes-related hospital admis-
sion may partially result from the national guidelines and may 
be related to newly diagnosed cases and “educational” hos-
pitalizations, as observed by Grudziąż-Sękowska et al [33]. 
Nevertheless, the percentage of type 2 diabetes scheduled 
hospital admissions in Poland seems to be higher than in oth-
er high-income countries [19,34]. Such a high percentage of 
scheduled hospital admissions may result from poor diabetes 
management in outpatient settings, as accessibility to spe-
cialist treatment remains one of the critical problems of the 
Polish health system [35]. Policymakers and key stakehold-
ers should consider revising the current standards of diabe-
tes management and evaluating the effectiveness of diabetes 
management in particular outpatient clinics, as well as eval-
uating the effectiveness of diabetes management in particu-
lar outpatient clinics [36].

In this study, one-third of patients hospitalized due to type 
1 diabetes were under 18 years of age, which is in line with 
the epidemiology data on the age of onset of type 1 diabetes 
[7,8]. The prevalence of comorbidities observed in this study 
(55.2%) was higher than reported in 2009 (53.4%), when a 
study based on a similar methodology was performed by 
Gajewska et al [23].

Variable Total sample p Female p Male p

 
Overall
n (%)

Fatal
n (%)

Non-fatal
n (%)

Overall
n (%)

Fatal
n (%)

Non-fatal
n (%)

Overall
n (%)

Fatal
n (%)

Non-fatal
n (%)

n (%)
38138
(100.0)

1277
(3.3)

38138
(96.7)

 
18816
(49.3)

722
(3.8)

18094
(96.2)

19322
(50.7)

555
(2.9)

18767
(97.1)

Age (years)

0-9
44

(0.1)
0

(0.0%)
44

(0.1%)
<0.001 26

(0.1)
0

(0.0)
26

(0.1)
<0.001 18

(0.1)
0

(0.0)
18

(0.1)
<0.001

10-18
131
(0.3)

0
(0.0%)

131
(0.4%)

75
(0.4)

0
(0.0)

75
(0.4)

56
(0.3)

0
(0.0)

56
(0.3)

19-29
302
(0.8)

0
(0.0%)

302
(0.8%)

136
(0.7)

0
(0.0)

136
(0.8)

166
(0.9)

0
(0.0)

166
(0.9)

30-39
981
(2.6)

7
(0.5%)

974
(2.6%)

293
(1.6)

3
(0.4)

290
(1.6)

688
(3.6)

4
(0.7)

684
(3.6)

40-49
2361
(6.2)

24
(1.9%)

2337
(6.3%)

646
(3.4)

6
(0.8)

640
(3.5)

1715
(8.9)

18
(3.2)

1697
(9.0)

50-59
5043
(13.2)

56
(4.4%)

4987
(13.5%)

1750
(9.3)

16
(2.2)

1734
(9.6)

3293
(17.0)

40
(7.2)

3253
(17.3)

60-69
11188
(29.3)

228
(17.9%)

10960
(29.7%)

4647
(24.7)

87
(12.0)

4560
(25.2)

6541
(33.9)

141
(25.4)

6400
(34.1)

70-79
10062
(26.4)

352
(27.6%)

9710
(26.3%)

5665
(30.1)

190
(26.3)

5475
(30.3)

4397
(22.8)

162
(29.2)

4235
(22.6)

80+
8026
(21.0)

610
(47.8%)

7416
(20.1%)

5578
(29.6)

420
(58.2)

5158
(28.5)

2448
(12.7)

190
(34.2)

2258
(12.0)

Table 3. Characteristics of 38 138 patients hospitalized due to type 2 diabetes in Poland, January to December 2019.
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Findings from this study showed that more than three-fourths 
of patients hospitalized due to type 2 diabetes were more than 
60 years of age. This finding aligns with data on diabetes-re-
lated hospital admission in other countries [6,37,38]. Between 
2009 and 2019, the prevalence of comorbidities among patients 
with type 2 diabetes increased from 75.2% to 78.9% [23]. Both 
in 2009 and 2019, the prevalence of comorbidities in patients 
with diabetes was higher among female patients [23]. However, 
the prevalence of the endocrine, nutritional, and metabolic dis-
eases among patients hospitalized due to diabetes was lower 
(27%) compared with global data on comorbidities in diabetic 
patients [39-41]. It is estimated that 30% to 60% of patients 
with type 2 diabetes have dyslipidemia [39,40], and most of 
them have overweight or obesity [41]. We can hypothesize that 
endocrine, nutritional, and metabolic disease were underre-
ported. Retrospective analyses of electronic medical records in 
the United States revealed that an overwhelming percentage 
of patients had never had weight status documented during 
their hospital admission [42,43]. A similar phenomenon may 
occur in Poland and indicates an urgent need to improve the 

quality of data reporting, especially related to the weight sta-
tus of hospitalized individuals.

Uncontrolled or poorly controlled diabetes can cause damage 
to vital organs, increase the risk of infection, and worsen out-
comes of respiratory diseases [44-46]. Goryński et al showed 
that between 2010 and 2018, the type 1 diabetes in-hospital 
mortality rate increased from 1.49% to 2.2% among male pa-
tients and from 1.86% to 2.58% among female patients [24]. 
A similar phenomenon was observed among those hospital-
ized due to type 2 diabetes: between 2010 and 2018, the in-
hospital mortality rate increased from 1.9% to 2.76% among 
male patients and from 2.37% to 3.37% among female patients 
[24]. Moreover, Kozioł et al showed that of 74 248 diabetes-
related hospitalizations in 2017, 7.3% resulted in death with-
in 90 days following discharge [26]. Findings from this study 
showed differences in in-hospital mortality rates in type 1 
(2.1%) and type 2 (3.3%) diabetes. However, the in-hospital 
mortality rate was over 5 times higher among emergency ad-
missions than scheduled admissions.

Presence of comorbidities

Yes
30109

(78.9%)
1113

(87.2%)
28996

(78.7%)
<0.001

15210
(80.8)

632
(87.5)

14578
(80.6)

<0.001
14899
(77.1)

481
(86.7)

14418
(76.8)

<0.001

Presence of at least one cardiovascular disease (I00-I99)

Yes
18702

(49.0%)
808

(63.3%)
17894

(48.5%)
<0.001

9877
(52.5)

470
(65.1)

9407
(52.0)

<0.001
8825
(45.7)

338
(60.9)

8487
(45.2)

<0.001

Presence of at least one endocrine, nutritional, and metabolic disease (E00-9; E15-90) other than diabetes

Yes
10554

(27.7%)
185

(14.5%)
10369

(28.1%)
 <0.001

5517
(29.3)

119
(16.5)

5398
(29.8)

<0.001
5037
(26.1)

66
(11.9)

4971
(26.5)

<0.001

Presence of at least one disease of the genitourinary system (N00-99)

Yes
6873

(18.0%)
404

(31.6%)
6469

(17.5%)
<0.001

3797
(20.2)

243
(33.7)

3554
(19.6)

<0.001
3076
(15.9)

161
(29.0)

2915
(15.5)

<0.001

Presence of at least one disease of the digestive system (K00-93)

Yes
3362

(8.8%)
96

(7.5%)
3266

(8.9%)
0.1

1480
(7.9)

39
(5.4)

1441
(8.0)

0.01
1882
(9.7)

57
(10.3)

1825
(9.7)

0.7

Presence of at least one disease of the respiratory system (J00-99)

Yes
2110

(5.5%)
292

(22.9%)
1818

(4.9%)
<0.001

1053
(5.6)

146
(20.2)

907
(5.0)

<0.001
1057
(5.5)

146
(26.3)

911
(4.9)

<0.001

Presence of at least one disease of the skin and subcutaneous tissue (L00-99)

Yes
3482

(9.1%)
147

(11.5%)
3335

(9.0%)
0.003

1269
(6.7)

71
(9.8)

1198
(6.6)

<0.001
2213
(11.5)

76
(13.7)

2137
(11.4)

0.09

Presence of at least one disease of the musculoskeletal system and connective tissue (M00-99)

Yes
1671

(4.4%)
12

(0.7%)
1659

(4.5%)
<0.001

937
(5.0)

7
(1.0)

930
(5.1)

<0.001
734
(3.8)

5
(0.9)

729
(3.9)

<0.001

Presence of at least one disease of the nervous system (G00-99)

Yes
766

(2.0%) 
41

(3.2%)
725

(2.0%)
0.002

403
(2.1)

24
(3.3)

379
(2.1)

0.03
363
(1.9)

17
(3.1)

346
(1.8)

0.04

Table 3 continued. Characteristics of 38 138 patients hospitalized due to type 2 diabetes in Poland, January to December 2019.
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Out of 6 different groups of diseases analyzed in this study, 
respiratory diseases were the most important factor associ-
ated with the risk of in-hospital mortality in type 1 and type 
2 diabetes. This finding underlines the importance of manag-
ing respiratory diseases in patients hospitalized due to dia-
betes. Physicians should take particular care of diabetes pa-
tients admitted to the hospital with respiratory diseases, as 
this group is at the most significant risk of in-hospital death.

Findings from this study showed the male sex was significantly 
associated with prolonged hospitalization in adults with type 
1 diabetes. Moreover, male sex increased the risk of prolonged 
hospitalization in adults with type 2 diabetes with emergen-
cy admissions to the hospital. The differences in the dura-
tion of hospitalization according to patient sex require fur-
ther investigations.

Variable

Model	for	the	risk	of	in-hospital	death	among	patients	hospitalized 
due to type 1 diabetes 

All admissions Emergency	admissions Scheduled admissions

OR 95% CI p OR 95% CI p OR 95% CI p

Age (years)

1.05 1.04-1.06 <0.001 1.05 1.04-1.05 <0.001 1.06 1.03-1.09 <0.001

Gender

 Male 1.03 0.87-1.23 0.7 1.04 0.87-1.25 0.7 0.92 0.51-1.67 0.8

 Female 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one cardiovascular 
disease (I00-I99)

 Yes 2.12 1.77-2.53 <0.001 2.08 1.73-2.51 <0.001 3.16 1.65-6.04 <0.001

 No 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one endocrine, 
nutritional and metabolic disease 
(E00-9; E15-90) other than diabetes

 Yes 0.52 0.40-0.69 <0.001 0.56 0.43-0.75 <0.001 0.35 0.12-1.01 0.05

 No 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one disease of the 
genitourinary system (N00-99)

 Yes 2.16 1.78-2.63 <0.001 2.14 1.74-2.62 <0.001 1.54 0.73-3.24 0.3

 No 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one disease of the 
respiratory system (J00-99)

 Yes 5.07 4.02-6.40 <0.001 4.40 3.44-5.62 <0.001 8.95 4.23-18.95 <0.001

 No 1.00 Reference 1.00 Reference 1.00 Reference <0.001

Presence of at least one disease of the 
skin and subcutaneous tissue (L00-99)

 Yes 1.55 1.23-1.95 <0.001 1.52 1.19-1.94 <0.001 1.94 0.95-3.96 0.07

 No 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one disease of the 
nervous system (G00-99)

 Yes 1.40 0.82-2.38 0.2 1.67 0.97-2.89 0.07 – – –

 No 1.00 Reference 1.00 Reference – – –

Table 4. Factors associated with the in-hospital mortality in type 1 diabetes by multivariable logistic regression models.
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Clinicians and policymakers should consider the following 
practical implications of this study. First, the comprehensive 
clinical characteristics of patients hospitalized due to diabe-
tes were presented. Comorbidities among patients with dia-
betes have a significant impact on disease management and 
outcomes. Characteristics of the factors associated with the 
risk of in-hospital death and prolonged hospitalization given in 

this study can be used by a clinician to screen diabetic patients 
admitted to the hospital and identify groups at higher risk of 
a fatal course of hospitalization. Moreover, the relatively high 
percentage of scheduled hospital admissions among patients 
with type 2 diabetes should be analyzed by policymakers to 
identify factors that influence insufficient ambulatory-based 
diabetes management in a fairly large group of patients. An 

Variable

Model	for	the	risk	of	in-hospital	death	among	patients	hospitalized 
due to type 2 diabetes

All admissions Emergency	admissions Scheduled admissions

OR 95% CI p OR 95% CI p OR 95% CI p

Age (years)

1.06 1.05-1.07 <0.001 1.06 1.05-1.06 <0.001 1.08 1.05-1.10 <0.001

Gender

 Male 1.05 0.93-1.18 0.5 1.01 0.89-1.15 0.9 1.37 0.91-2.06 0.1

 Female 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one cardiovascular 
disease (I00-I99)

 Yes 1.31 1.16-1.48 <0.001 1.30 1.14-1.47 <0.001 1.84 1.18-2.88 0.008

 No 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one endocrine, 
nutritional and metabolic disease 
(E00-9; E15-90) other than diabetes

 Yes 0.58 0.49-0.68 <0.001 0.62 0.52-0.73 <0.001 0.33 0.16-0.68 0.003

 No 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one disease of the 
genitourinary system (N00-99)

 Yes 1.53 1.35-1.74 <0.001 1.42 1.24-1.62 <0.001 2.27 1.47-3.49 <0.001

 No 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one disease of the 
respiratory system (J00-99)

 Yes 4.65 4.03-5.37 <0.001 4.12 3.54-4.78 <0.001 4.51 2.57-7.91 <0.001

 No 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one disease of the 
skin and subcutaneous tissue (L00-99)

 Yes 1.61 1.34-1.94 <0.001 1.52 1.25-1.85 <0.001 3.17 1.89-5.30 <0.001

 No 1.00 Reference 1.00 Reference 1.00 Reference

Presence of at least one disease of the 
nervous system (G00-99)

 Yes 1.66 1.19-2.30 0.003 1.76 1.24-2.50 0.002 1.71 0.61-4.76 0.3

 No 1.00 Reference 1.00 Reference 1.00 Reference

Table 5. Factors associated with the in-hospital mortality in type 2 diabetes by multivariable logistic regression models.
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Prolonged	hospitalization	(for	more	than	7	days)	due	to	type	1	diabetes

Children hospitalized due to type 1 diabetes (n=8528)

All admissions Emergency	admissions Scheduled admissions

Variable
Multivariable	logistic	regression Multivariable	logistic	regression Multivariable	logistic	regression

OR 95% CI OR OR OR p

Presence of at least 
one comorbidity

 No 1.00 Reference 1.00 Reference 1.00 Reference

 Yes 1.45 1.30-1.63 p<0.001 1.02 0.87-1.19 0.8 1.74 1.34-2.24 p<0.001

Age (years)

0.89 0.88-0.90 p<0.001 0.92 0.90-0.94 p<0.001 0.92 0.89-0.94 p<0.001

Gender

 Male 0.97 0.87-1.08 0.6 1.04 0.90-1.21 0.6 0.96 0.75-1.23 0.7

 Female 1.00 Reference 1.00 Reference 1.00 Reference

Adults hospitalized due to type 1 diabetes (n=20089)

All admissions Emergency	admissions Scheduled admissions

Variable
Multivariable	logistic	regression Multivariable	logistic	regression Multivariable	logistic	regression

OR 95% CI OR OR OR p

Presence of at least 
one comorbidity

 No 1.00 Reference 1.00 Reference 1.00 Reference

 Yes 1.43 1.34-1.53 p<0.001 1.52 1.41-1.64 p<0.001 1.33 1.17-1.51 p<0.001

Age (years)

 1.03 1.02-1.03 p<0.001 1.02 1.02-1.03 p<0.001 1.03 1.02-1.04 p<0.001

Gender

 Male 1.29 1.21-1.37 p<0.001 1.26 1.17-1.35 p<0.001 1.23 1.10-1.39 p<0.001

 Female 1.00 Reference 1.00 Reference 1.00 Reference

Table 6. Factors associated with prolonged hospitalization due to type 1 diabetes.

Prolonged	hospitalization	(for	more	than	7	days)	due	to	type	1	diabetes

All admissions Emergency	admissions Scheduled admissions

Variable
Multivariable	logistic	regression Multivariable	logistic	regression Multivariable	logistic	regression

OR 95% CI OR OR OR p

Presence of at least 
one comorbidity

1.00 Reference 1.00 Reference 1.00 Reference

 No 1.36 1.29-1.43 p<0.001 1.43 1.35-1.53 p<0.001 1.26 1.14-1.40 p<0.001

 Yes

Age (years) 1.02 1.01-1.02 p<0.001 1.02 1.01-1.02 p<0.001 1.03 1.02-1.03 p<0.001

 

Gender 1.12 1.07-1.17 p<0.001 1.17 1.11-1.24 p<0.001 0.99 0.91-1.07 0.08

 Male 1.00 Reference 1.00 Reference 1.00 Reference

 Female

Table 7. Factors associated with prolonged hospitalization due to type 2 diabetes (adult population; n=37 963).
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enhancement of primary health care could reduce the num-
ber of potentially preventable hospitalizations.

Our study had several limitations. The scope of the analysis pre-
sented in this study was limited to data available in the public 
registry led by the NIZP-PZH. The analysis of comorbidities was 
limited to the whole group based on the ICD-10 codes, and the 
impact of individual diseases on the risk of in-hospital mortal-
ity or prolonged hospitalization was not assessed. As all the 
data were anonymous, an assessment of the post-discharge 
mortality rate was impossible. Moreover, data on the pharma-
cological treatment of patients were not available. The geo-
graphical distribution of hospital admissions was also missed.

Conclusions

In conclusion, this study showed that most patients hospital-
ized due to diabetes have comorbidities, and the prevalence of 
comorbidities was higher in female patients. Seasonal differ-
ences in the number of diabetes-related hospital admissions 

and the duration of hospitalization were observed. The pres-
ence of respiratory diseases was found to be the most essen-
tial factor associated with the higher risk of in-hospital death 
in patients hospitalized due to diabetes. Among patients with 
type 1 diabetes, factors associated with in-hospital death dif-
fered by type of admission (emergency or scheduled). However, 
these differences were not observed among patients with type 
2 diabetes. Age and comorbidities were significantly associat-
ed with the duration of hospitalization.
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