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ABSTRACT 
Introduction and aim. This study aimed to compare the hospitalization rate, mortality rate and morbidity status of patients 
hospitalized with stroke and diabetic ketoacidosis (DKA) before and during the COVID-19 pandemic.
Material and methods. The data of 2522 patients who applied to the emergency department (ED) before and during the pandemic 
were evaluated. A Poisson regression analysis was used to examine the number of presentations between two different periods.
Results. Stroke cases during the pandemic era were compared to those during the pre-pandemic period, and it was shown 
that the mortality rate for stroke patients during the pandemic period was much higher. Treatment-related ED presentations 
decreased significantly during the pandemic period, particularly among patients aged 75–84 years. Rates of ED presentation 
decreased by 84 percent (IRR: 0.14, 95 percent CI: 0.03-0.59) in those with DKA and by 37 percent (IRR: 0.67, 95 percent CI: 0.53-
0.75) in those with stroke during the pandemic period.
Conclusion. Conclusion: Stroke and DKA admissions decreased during the pandemic, but the rate of stroke mortality increased 
statistically 3.375 times. Getting emergency medical care increases their chances of survival. Even in a COVID-19 outbreak, 
treatment is critical.
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Introduction 
The first case of Coronavirus Disease-2019 (COVID-19) 
infection was discovered in Wuhan, China, in Decem-
ber of 2019. According to official sources, the World 
Health Organization (WHO) declared the illness a pan-
demic on March 11, 2020.1 Because the early phases of 
the COVID-19 pandemic occurred during peak flu sea-
son, there was an increase in alert levels at ED through-
out the world, which acted as the primary referral 
facilities for infected patients during this period.2,3 As 
a consequence of the deployment of stringent measures 
to manage the pandemic, the number of visitors to the 

emergency room has dropped considerably in recent 
years.4 There are a variety of probable explanations for 
this condition, including people’s dread of infection and 
attempts to lessen the burden on the health-care deliv-
ery system.5 Treatment that is delayed despite the devel-
opment of symptoms may deteriorate the condition and 
increase the possibility of admission to an ED for more 
severe situations such as stroke or DKA to be treated.6

Following the revelation of the first COVID-19 case 
in Turkey on March 11, 2020, many steps were taken 
to contain the illness. These included halting foreign 
flights, closing schools and other meeting areas, and re-
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stricting access to the old and fragile.7 Although these 
limits reduced ED visits, they delayed treatment of 
life-threatening conditions, increasing community mor-
tality and morbidity.8 It was necessary to compare the 
hospitalization rate, mortality rate, and morbidity sta-
tus of patients coming to the ED with stroke and DKA 
during the COVID-19 pandemic to those who present-
ed during the pre-pandemic era in order to establish 
these conclusions.

Aim
This study aimed to compare the hospitalization rate, 
mortality rate and morbidity status of patients hospital-
ized with stroke and diabetic ketoacidosis (DKA) before 
and during the COVID-19 pandemic.

Material and methods
This research was designed as a retrospective, obser-
vational and single-centered study. It was approved 
by the institutional review board, and a waiver of au-
thorization was given (Ethics Committee decision no. 
2021/514/20/28, date: 28.04.2021), allowing the study to 
proceed. The “pandemic period” is defined as the time 
period commencing March 11, 2020, and ending De-
cember 31, 2020, the date on which the first COVID-19 
case was discovered in Turkey, and includes all subse-
quent cases. The “pre-pandemic period” is defined as 
the time period between January 1, 2019 and March 11, 

2020 during which no COVID-19 illnesses were docu-
mented in Turkey, according to the World Health Or-
ganization. After their electronic records indicated ICD 
codes for stroke or DKA, patients diagnosed with stroke 
or DKA were invited to participate in the research 
(International Classification of Diseases and Related 
Health Problems). The study included 223 patients with 
DKA and 2299 stroke who applied to the ED in both pe-
riods. The researchers looked at factors such as age, gen-
der, in-hospital mortality, and duration of hospital stay. 
They found that patients having diagnoses other than 
stroke or DKA were excluded from the study, as were 
those whose data could not be accessed for any reason.

Statistical analysis
The statistical analysis was carried out with the help 
of the StataCorp LLC (Texas, USA). In addition to the 
mean and standard deviation, the median and mini-
mum-to-maximum values, and the percentage distribu-
tion, descriptive statistics were also provided for each 
variable. For the purpose of determining whether or not 
the data followed a normally distributed distribution, 
the Kolmogorov-Smirnov test was performed. To assess 
the number of patients with DKA and stroke who came 
to the ED before and throughout the pandemic, the 
LOWESS technique was employed before and during 
the pandemic period. The incidence rate ratio (IRR) was 
calculated by dividing the total number of ED visits be-

Table 1. Comparison of the distribution of the characteristics of patients who presented to the emergency department due 
to diabetic ketoacidosis and stroke before and during the pandemic

Variable
Diabetic ketoacidosis Stroke

Pre-pandemic
n (%)

Pandemic
n (%)

Total
n (%)

p
Pre-pandemic

n (%)
Pandemic

n (%)
Total
n (%)

p

Gender
Male

Female
78 (45.3)
94 (54.7)

23 (45.1)
28 (54.9)

101 (45.3)
122 (54.7)

0.98
902 (57.9)
657 (42.1)

421 (56.9)
319 (43.1)

1323 (57.5)
976 (42.5)

0.66

Age group
40-64 years
65-74 years
75-84 years

85 years and above

106 (61.6)
38 (22.1)
20 (11.6)

8 (4.7)

42 (82.4)
5 (9.8)
2 (3.9)
2 (3.9)

148 (66.4)
43 (19.39
22 (9.9)
10 (4.5)

0.04

547 (35.1)
421 (27.0)
387 (24.8)
204 (13.1)

292 (39.5)
191 (25.8)
162 (21.9)
95 (12.8)

839 (36.5)
612 (26.6)
549 (23.9)
299 (13)

0.19

Survivor
Non-survivor

170 (98.8)
2 (1.2)

50 (98)
1 (2)

220 (98.7)
3 (1.3)

0.66
1534 (98.4)

25 (1.6)
700 (94.6)

40 (5.4)
2234 (97.2)

65 (2.8)
0.001

chi-square analysis 

Table 2. Comparison of the length of hospital stay of patients who presented to the emergency department due to diabetic 
ketoacidosis and stroke before and during the pandemic

Variable
Diabetic ketoacidosis Stroke

Pre-pandemic
Mean ±  SD

Pandemic
Mean ± SD

p
Pre-pandemic

Mean ± SD
Pandemic
Mean ± SD

P

Length of hospital 
stay (days)

6.9 ± 5.1 5.3 ± 5.5 0.05 5.4 ± 6.4 6.5 ± 10.6 0.002

SD, standard deviation
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fore and during the pandemic by the total number of ED 
visits during the pandemic period. A Poisson regression 
analysis was used to examine the number of presenta-
tions between two different periods. The threshold of 
significance was set at 0.05, which was the lowest possi-
ble value that could be attained.

Results
The statistics below show the total mortality, gender, 
and age distribution of DKA and stroke patients admit-
ted to the ED during pre- and post-pandemic periods. 
The study found no statistically significant change in 
DKA death rates between pre- and post-pandemic pe-
riods. The pandemic death rate for stroke patients rose 
considerably compared to pre-pandemic. The findings 
show that between pre- and post-pandemic periods, the 
mean duration of stay for patients with DKA and stroke 
dropped dramatically (Table 1).

A statistical analysis found that pre-pandemic DKA 
patients were hospitalized for substantially longer peri-
ods than pandemic patients, with some of the differenc-
es being statistically significant. When the time spent in 
hospitals for stroke presentations was compared between 
pre- and post-pandemic periods, the post-pandemic pe-
riod was statistically significantly longer (Table 2). 

Figure 1 illustrates smoothed data for ED presen-
tations owing to DKA by age group before and during 
the pandemic period, as well as the total number of ED 
presentations. 

Fig. 1. Distribution of patients presenting to the 
emergency department with diabetic ketoacidosis 
according to age groups before and during the pandemic

After a thorough study, it was observed that the 
incidence of DKA presentations in the ED decreased 
progressively from pre-to pandemic levels during the 
course of the inquiry. The IRRs for changes in the num-
ber of diabetes-related ED presentations from the pre-to 
pandemic periods are shown in Figure 2. 

Fig. 2. IRR of DKA presentations before and during the 
pandemic

DKA presentations were 44% lower in the 40-64 
age group [incidence rate ratio: 0.56, 95% confidence 
interval: 0.39-0.8], 84% lower in the 65-74 age group 
(incidence rate ratio: 0.14, 95% confidence interval: 
0.05-0.41), 84% lower in the 75-84 age group [incidence 
rate ratio: 0.14, 95% confidence interval: 0.05-0.41], and 
84% lower in the (IRR = 0.18; 95% confidence interval:

Figure 3 depicts the number of stroke-related ED 
presentations by age group before and during the pan-
demic, with smoothed data for each age group in each 
time period. 

Fig. 3. Distribution of patients presenting to the 
emergency department with stroke according to age 
groups before and during the pandemic

After doing research, it was observed that the num-
ber of stroke presentations to ED decreased dramatically 
between the pre-and pandemic periods. During the pe-
riod from 2019 to 2021, the IRRs for fluctuations in the 
number of stroke admissions were calculated for the pre-
and pandemic periods. The rate of stroke cases presented 
to the ED decreased by 24 percent in the 40-64 year age 
group (IRR: 0.76, 95 percent CI: 0.67-0.89), 33 percent in 
the 65-74 year age group (IRR: 0.67, 95 percent CI: 0.57-
0.79), 37 percent in the 75-84 year age group (IRR: 0.67, 
95 percent CI: 0.57-0.75), and 31 percent in the 85-plus 
year age group. The IRR of stroke presentations before 
and during the pandemic is shown in Figure 4.
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Fig. 4. IRR of stroke presentations before and during the 
pandemic

Discussion 
Compared to the pre-pandemic period, the admissions 
to the ED of patients diagnosed with DKA and stroke 
decreased significantly during the pandemic period. 
This decrease was most observed among the elderly. 
The study also found that whereas DKA-related in-hos-
pital mortality remained steady throughout the pan-
demic, stroke-related in-hospital mortality and length 
of stay rose. In addition to putting an enormous strain 
on the world’s medical system, the fast spread of the 
COVID-19 pandemic has caused substantial disrup-
tion. As a consequence of the fast and extensive spread 
of viral pandemics, there has been an imbalance in the 
supply and demand of medical resources in many coun-
tries’ healthcare systems. People have been afraid as a 
consequence of the uncertainty surrounding the situa-
tion and the possibility of a pandemic, resulting in med-
ical visits being postponed even when serious diseases 
are present.4,9,10 An Italian study conducted during the 
first 40 days of the pandemic revealed a large increase 
in out-of-hospital cardiac arrests when compared to the 
previous year’s study conducted during the same time 
period, which indicated a panic situation.11

Untreated stroke and DKA may lead to increased 
mortality and morbidity. During the pandemic season, 
we saw a drop in both patient groups ED visits. A study 
that used neuroimaging data from over 850 institutions 
across the United States discovered that the number of 
patients tested for stroke-related symptoms decreased 
by 39% between 2005 and 2010.12 According to statis-
tics from China’s Big Data Observatory Platform for 
Stroke, the overall number of instances of thrombol-
ysis and thrombectomy was reduced by 26.7 percent 
and 25.3 percent, respectively, following the pandemic, 
according to Big Data Observatory Platform for Stroke 
data.13 According to Canadian research, the number of 
code strokes that occur in ED is predicted to fall by 
20 percent by the year 2020. In addition to other rea-
sons, the authors mention a significant explanation for 
the decline in numbers as concerns about exposure to 
SARS-CoV-2.14 Another study revealed that the num-
ber of patients coming to ED with ischemic stroke was 

reduced by 64 percent in 2020 when compared to the 
previous year, according to the researchers.15 Diabetes 
mellitus (DM) is a chronic disease that affects around 
34 million individuals in the United States. You may 
experience unusual blood sugar spikes if you have 
DKA or hyperosmolar hyperglycemia (HOH), two po-
tentially life-threatening but treatable metabolic com-
plications of diabetes.16 Several weeks after COVID-19 
was declared a national emergency in the United States 
on March 13, 2020, there was a 10% decrease in ED 
visits for hyperglycemic episodes.18 When we analyzed 
the DKA-related death rates between the pre-and pan-
demic periods, we discovered that there was no sta-
tistically significant change. In light of the fact that 
patients with diabetes can frequently predict a DKA 
crisis using home glucose monitoring, this conclusion 
was not surprising.

A number of legal limitations apply to our inquiry. 
First, since this was a retrospective study at one institu-
tion, there is a possibility of selection bias. Second, the 
experiment only lasted a few months, and the partici-
pant fatality rate was modest considering the tiny sam-
ple size. As a result, future study should examine the 
pandemic’s impact on stroke and DKA mortality.

Conclusion
While the research found that ED visits for life-threaten-
ing diseases including stroke and DKA reduced during 
the pandemic, stroke-related mortality increased. Get-
ting them immediate medical attention increases their 
chances of survival. Even in a COVID-19 epidemic, 
prompt emergency treatment is crucial.

Declarations
Funding
The authors declared that this study has received no fi-
nancial support or any funding.

Author contributions 
Conceptualization, D.T.; Methodology, M,K.; Software, 
M,K.; Validation, M.K.; Formal Analysis, D.T.; Inves-
tigation, M.K.; Resources, D,T.; Data Curation, D,T.; 
Writing – Original Draft Preparation, D.T.; Writing 
– Review & Editing, M.K.; Visualization, D.T.; Super-
vision, D.T.; Project Administration, M.K.; Funding Ac-
quisition, M.K. and D.T.

Conflicts of interest
The authors declare no competing interests.

Data availability
The datasets used and/or analyzed during the current 
study are open from the corresponding author on rea-
sonable request.

https://creativecommons.org/licenses/by/4.0/


150 European Journal of Clinical and Experimental Medicine 2022; 20 (2): 146–150

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.

Ethics approval
Study was approved by the institutional review board, 
and a waiver of authorization was given (Ethics Com-
mittee decision no. 2021/514/20/28, date: 28.04.2021).

References
1. Quah LJJ, Tan BKK, Fua TP, et al. Reorganising the emer-

gency department to manage the COVID-19 outbreak. Int 
J Emerg Med. 2020;13(1):32.

2. Perlini S, Canevari F, Cortesi S, et al. Emergency Depart-
ment and Out- of Hospital Emergency System (112-AREU 
118) integrated response to Coronavirus Disease 2019 in a 
Northern Italy centre. Intern Emerg Med. 2020;15:825-833.

3. Ak R, Kurt E, Bahadirli S. Comparison of 2 Risk Predic-
tion Models Specific for COVID-19: The Brescia-CO-
VID Respiratory Severity Scale Versus the Quick CO-
VID-19 Severity Index. Disaster Med Public Health Prep. 
2021;15(4):e46-e50. 

4. Hartnett KP, Kite-Powell A, DeVies J, et al. Impact of the 
COVID-19 Pandemic on Emergency Department Visits 
- United States, January 1, 2019-May 30, 2020. MMWR 
Morb Mortal Wkly Rep. 2020;69(23):699-704. 

5. Wong LE, Hawkins JE, Langness S, et al. Where are all the 
patients? Addressing COVID-19 fear to encourage sick 
patients to seek emergency care. NEJM Catalyst. 2020. doi: 
10.1056/CAT.20.0193

6. Brick A, Walsh B, Keegan C, Lyons S. COVID-19 and 
emergency department attendances in Irish public hospi-
tals. ESRI Series QEC Special Article Dublin. 2020. doi: 
10.26504/qec2020may_SA_lyons

7. Timeline of the COVID-19 pandemic in Turkey. https://
en.wikipedia.org. Accessed 3, August 2020.

8. Çıkrıkçı Işık G, Çevik Y. Impact of COVID-19 pandemic 
on visits of an urban emergency department. Am J Emerg 
Med. 2021;42:78-82. 

9. Garcia S, Albaghdadi MS, Meraj PM, et al. Reduction in 
ST-Segment Elevation Cardiac Catheterization Labora-
tory Activations in the United States During COVID-19 
Pandemic. J Am Coll Cardiol. 2020;75(22):2871-2872. 

10. Gogia S, Newton-Dame R, Boudourakis L, et al. CO-
VID-19 X-curves: illness hidden, illness deferred. NEJM 
Catalyst. 2020. doi: 10.1056/CAT.20.0231

11. Baldi E, Sechi GM, Mare C, et al. Out-of-Hospital Car-
diac Arrest during the Covid-19 Outbreak in Italy. N Engl 
J Med. 2020;383(5):496-498. 

12. Kansagra AP, Goyal MS, Hamilton S, Albers GW. Collate-
ral Effect of Covid-19 on Stroke Evaluation in the United 
States. N Engl J Med. 2020;383(4):400-401. 

13. Zhao J, Li H, Kung D, Fisher M, Shen Y, Liu R. Impact 
of the COVID-19 Epidemic on Stroke Care and Potential 
Solutions. Stroke. 2020;51(7):1996-2001. 

14. Bullrich M, Fridman S, Mandzia JL, et al. COVID-19: Stro-
ke Admissions, Emergency Department Visits, and Pre-
vention Clinic Referrals. Can J Neurol Sci. 2020;47(5):693-
696. 

15. Pines JM, Zocchi MS, Black BS, et al. The effect of the 
COVID-19 pandemic on emergency department visits 
for serious cardiovascular conditions. Am J Emerg Med. 
2021;47:42-51. 

16. Benoit SR, Hora I, Pasquel FJ, Gregg EW, Albright AL, Im-
peratore 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(5):1057-1064. 

17. Lange SJ, Ritchey MD, Goodman AB, et al. Potential 
indirect effects of the COVID-19 pandemic on use of 
emergency departments for acute life-threatening condi-
tions - United States, January-May 2020. Am J Transplant. 
2020;20(9):2612-2617. 

https://creativecommons.org/licenses/by/4.0/

	_Hlk97118322
	_Hlk97118338
	_Hlk97118358

