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Abstract

Background: Coronavirus disease 2019 (COVID-19) has spread quickly. Comorbidities, such as diabetes, have been determined as
critical risk factors for COVID-19.
Objectives: This study aimed to determine the frequency and severity of diabetic ketoacidosis (DKA) in children before and during
the COVID-19 pandemic.
Methods: This retrospective study examined children aged less than 18 years diagnosed with DKA hospitalized in Yazd Shahid
Sadoughi Hospital from February 20, 2020, to November 21, 2021. The collected information was compared to those obtained during
the same period in 2019 (pre-pandemic). According to the inclusion criteria, only children with suspected symptoms of COVID-19 or
an infected family member underwent PCR.
Results: The study included 70 children with confirmed DKA during the COVID-19 pandemic and 33 children hospitalized during
the pre-pandemic period. The findings showed that the rate of DKA was higher during the pandemic than in the pre-pandemic
period. In the DKA subgroups (during the COVID-19 pandemic vs. pre-pandemic), 35.7% vs. 21.2% were severe, 37.1% vs. 36.4% were
moderate, and 27.1% vs. 42.4% were mild. Of 70 children, 30 underwent PCR tests for COVID-19, showing six positive cases. Among
positive cases, five had mild symptoms, while one was hospitalized with signs of respiratory distress, polyuria, and polydipsia. All
physical examinations of this patient were normal, except for the chest exam.
Conclusions: A remarkable increase was observed in the frequency and severity of DKA in children during the pandemic.
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1. Background

In December 2019, several cases of unknown
pneumonia, later called coronavirus disease 2019
(COVID-19), were reported in Wuhan, China. Based on
investigations, this highly infectious respiratory disease
was caused by a novel RNA beta-coronavirus called severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
(1, 2). On March 24, 2020, the World Health Organization
(WHO) declared COVID-19 a pandemic due to its rapid
global prevalence and dominance as a health problem
causing high morbidity and mortality in a short period
(3). In Iran, the first confirmed patient with COVID-19
was reported in Qom province on February 19, 2020
(4). Afterward, Iran turned into one of the pandemic
epicenters (5). Among patients with COVID-19, those
having comorbidities, such as diabetes, high blood

pressure, and cardiovascular diseases, had significantly
poorer health outcomes (6). More characteristically,
the global quarantine during the COVID-19 pandemic
negatively affected access to healthcare, including for
patients with chronic diseases such as children with
type 1 diabetes mellitus (T1DM) (7-9). The emergence
of T1DM symptoms usually occurs quickly in children.
Since diabetes ketoacidosis (DKA) is mainly caused by a
delay in diagnosis and initiation of insulin therapy (10),
the early diagnosis of T1DM is crucial in preventing the
disease progression towards DKA, which is an acute,
life-threatening complication of diabetes (11). The
frequency and severity of DKA in children with T1DM
are increasing in Germany, the USA, and UK, Italy, China,
and Spain (12-18).
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2. Objectives

The present study aimed to compare the frequency
and severity of DKA in children admitted to Yazd Shahid
Sadoughi Hospital before and during the COVID-19
pandemic.

3. Methods

This descriptive cross-sectional study was carried
out among ≤ 18-year-old children with diagnosed
DKA admitted to the main referral center of Yazd
Shahid Sadoughi Hospital from February 20, 2020, to
November 21, 2021 (pandemic period). Later, the findings
were compared with the data obtained from children
hospitalized during the same period in 2018 and 2019
(pre-pandemic). The patients discharged from the hospital
with personal satisfaction were excluded.

The data were reviewed, and the related information,
including the patient’s age, gender, arterial blood gas,
length of hospital stay, diabetes type, serum electrolytes,
ketones present in urine, DKA duration, self-reported
symptoms such as polyuria, polydipsia, abdominal pain,
weight loss, nausea/vomiting, alerted mental status, fever,
and also COVID-19 PCR test results were extracted from
the medical records. Diagnosis of COVID-19 was based on
clinical presentation and positive PCR test. Furthermore,
patients with DKA were included in the study based
on their medical history, examinations, and laboratory
criteria.

To this end, DKA was defined as venous pH < 7.35 and
categorized as mild (pH level 7.25 - 7.35 and CO2 level 16 - 20
mEq/L), moderate (pH level 7.15 - 7.25 and CO2 level 10 - 15
mEq/L), and severe (pH level < 7.15 mmol/L and CO2 level
less than 10 mEq/L) (19).

3.1. Ethics

This study was approved by the Shahid Sadoughi
University of Medical Sciences’ ethics committee (ethics
certificate number: IR.SSU.REC.1400.221).

3.2. Statistical Analysis

The data analyses of DKA patients who met the
study’s inclusion criteria were conducted using SPSS
25.0 statistical program. The following descriptive
statistics were calculated: Mean and standard deviation for
continuous variables and the frequencies and numbers for
categorical variables. The Mann-Whitney U test compared
continuous variables, and the chi-square test was used for
categorical variables. The results are shown as means with
standard deviation. A P < 0.05 was considered statistically
significant.

4. Results

The data collected from 70 children (34 males, 48.6%, 36
females, 51.4%) diagnosed with DKA during the pandemic
were compared with the information obtained from 33
children (15 males, 45.5%, 18 females, 54.5%) during the
pre-pandemic period. The demographic and clinical
characteristics of patients with DKA are outlined in Table
1.

During the pandemic (51.4%) and pre-pandemic (50.0%)
periods, most children diagnosed with DKA were aged 6 - 12
years. Moreover, 71.4% and 84.4% of the participants stayed
in hospitals for 2-5 days during and before the pandemic,
respectively.

Children with new-onset T1DM during the COVID-19
pandemic (44.7%) was remarkably higher than in the
pre-pandemic period (12.6%) among children with DKA
(P = 0.012). Regarding the DKA severity, 35.7% vs. 21.2%
were severe, 37.1% vs. 36.4% were moderate, and 27.1% vs.
42.4% were mild. In other words, significantly more severe
DKA cases were found during the pandemic than before
(35.7% vs. 21.2%), while the frequency of moderate DKA
cases was not noticeably different in the two periods (37.1%
vs. 36.4%). During the pandemic, the most frequently
observed symptoms in hospital admission records were
polyuria (82.9%) and polydipsia (82.9%), reported in more
than 80% of children. In contrast, the most frequent
pre-pandemic symptoms were abdominal pain (69.7%) and
weight loss (69.7%).

Patients had substantially lower bicarbonate levels
during the pandemic than before (6.28% vs. 7.43%,
respectively).

Of 70 children with DKA, 30 patients were tested for
COVID-19 since they had suspected symptoms of COVID-19
infection or their family members were infected. The test
results were positive for six children, but the symptoms
were mild among five patients with normal chest X-rays
and blood oxygen saturation. Only one of the patients
had been hospitalized for 10 days with signs of respiratory
distress, polyuria, and polydipsia. Although all his physical
examination results were normal, his chest examination
was the main challenging problem (20). Out of 33 patients
with suspected symptoms of COVID-19, the C-reactive
protein (CRP) level of 26 patients was 1+, and the rest were
2+. Also, the level of lymphocyte count in these patients
was 24.91 ± 13.74 cells/mm3.

5. Discussion

To the best of our knowledge, this is the first study
to compare the severity and frequency of DKA during the
COVID-19 pandemic with those of the same pre-pandemic
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Table 1. Clinical Characteristics of Patients with Diabetic Ketoacidosis a

Parameter Pandemic Period Pre-pandemic Period P Value

Number of patients (n) 70 33

Sex (F/M) 34/36 15/18 0.467

Age at diagnosis (y) 8.9 ± 4.4 10.1 ± 4.4 0.219

1 - 5 18 (25.7) 6 (18.8)

6 - 12 36 (51.4) 16 (50.0)

13 - 18 16 (22.9) 10 (31.3)

Duration of admission (days) 0.348

< 2 10 (14.3) 0 (0.0)

2 - 5 50 (71.4) 28 (84.4)

> 5 10 (14.3) 5 (15.2)

Duration of DKA (days) 0.072

≥ 1 64 26

< 1 6 7

Polyuria 58 (82.9) 20 (60.6) 0.015

Polydipsia 58 (82.9) 20 (60.6) 0.015

Weight loss 29 (41.4) 23 (69.7) 0.035

Abdominal pain 33 (47.1) 23 (69.7) 0.026

Nausea/vomiting 39 (55.7) 21 (63.6) 0.294

Fever 16 (22.9) 5 (15.2) 0.264

Alerted mental status 14 (20.0) 8 (24.2) 0.402

Blood sugar, mean 429.8 ± 121.3 415.5 ± 129.1 0.592

pH, mean 7.09 ± 0.17 7.12 ± 0.16 0.214

Bicarbonate (mmol/L), mean 6.28 ± 4.42 7.43 ± 3.42 0.031

CO2 , mean 17.59 ± 8.20 20.50 ± 7.03 0.021

Ketone urine 0.894

1+ 17 (24.2) 4 (12.1)

≥ 2+ 53 (75.7) 29 (87.8)

DKA severity (n) 0.206

Severe DKA 25 (35.7) 7 (21.2) 0.138

Moderate DKA 26 (37.1) 12 (36.4) 0.939

Mild DKA 19 (27.1) 14(42.4) 0.121

Abbreviations: DKA, diabetic ketoacidosis; SD, standard deviation.
a Values are expressed as No. (%) or mean ± SD.

period in Iran. Based on the findings, a remarkable
increase was found in the prevalence of DKA in children
during the pandemic. A similar German study indicated
that the incidence of DKA was higher among children with
T1DM during the COVID-19 pandemic than in the same
period of the previous year when there was no pandemic
(15). A multicenter study among 88 diabetes centers in
the United Kingdom from March 1, 2020, to June 30, 2020,

reported an apparent increase in the incidence of DKA
compared to the same period in the previous five years
(17). However, a study conducted in Italy showed no
differences in the incidence of DKA during and before the
pandemic (13). Beliard et al. declared that the diagnosis
of COVID-19 did not significantly affect the presentation of
DKA in children with T1DM (18). Similar to other reports
from other countries, the higher rates of DKA in our study
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can be attributed to factors such as focusing on COVID-19
clinical manifestation. Additionally, some parents may
have avoided seeking medical care for children with mild
symptoms due to their fear of infection with COVID-19 in
the hospital (7, 12). The present study performed PCR tests
for 30 children during the COVID-19 pandemic, with six
positive tests. Five children had mild symptoms, but one
had signs of respiratory distress (20).

Similar to any scientific work, the present study has
some limitations. In this retrospective study, we did not
collect information on the onset time of symptoms. So,
no data were available on the patients’ disease status at
DKA diagnosis. Furthermore, since all participants did not
undergo the COVID-19 PCR test, some children may have
been asymptomatic and not tested for COVID-19. Such
limitations could have affected our findings on the impact
of SARS-CoV-2 on the prevalence and incidence of DKA
in children during the COVID-19 pandemic. Moreover,
throughout the period of SARS-CoV-2 exposure, fear of
infection with COVID-19 and late referral to health centers
may have caused a delay in the diagnosis of DKA and
increased the number of patients referred to the hospitals
during the pandemic. Notably, the hospitals’ facilities and
services prepared for the patients were approximately the
same. So, these issues had negligible limitations during
the COVID-19 period.

In conclusion, our findings revealed that COVID-19
could affect children with or without direct infection.
This disease also increased the DKA frequency and severity
more significantly than in the pre-pandemic years when
no pandemic existed. The delayed diagnosis of DM
can be explained by numerous factors, including local
restrictions, quarantines, fear of infection with COVID-19
in hospitals, and the parents’ stress about their children.
These results illustrate the necessity of encouraging
children and their parents to continue seeking and
receiving healthcare services during the pandemic.
Further studies and more efforts are required to enhance
early diagnosis, increase the public’s awareness, and
perform the needed interventions timely.

Acknowledgments

We thank all authors whose works were used to
prepare this manuscript.

Footnotes

Authors’ Contribution: M. O. conceived and designed
the evaluation and revised the manuscript. M. K. conceived
and designed the evaluation, helped collect the data, and

revised the manuscript. E. A. did statistical analysis and
interpreted the data. Z. R. collected the data, drafted the
manuscript, and also revised the manuscript. All authors
read and approved the final manuscript.

Conflict of Interests: The authors declare no competing
interests.

Ethical Approval: This study is approved under the
ethical approval code of IR.SSU.REC.1400.221.

Funding/Support: The authors declare no
funding/support.

References

1. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al.
Addendum: A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020;588(7836).
E6. [PubMed ID: 33199918]. [PubMed Central ID: PMC9744119].
https://doi.org/10.1038/s41586-020-2951-z.

2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus
in Wuhan, China. Lancet. 2020;395(10223):497–506.
[PubMed ID: 31986264]. [PubMed Central ID: PMC7159299].
https://doi.org/10.1016/S0140-6736(20)30183-5.

3. Sohrabi C, Alsafi Z, O’Neill N, Khan M, Kerwan A, Al-Jabir A, et al.
World Health Organization declares global emergency: A review
of the 2019 novel coronavirus (COVID-19). Int J Surg. 2020;76:71–6.
[PubMed ID: 32112977]. [PubMed Central ID: PMC7105032].
https://doi.org/10.1016/j.ijsu.2020.02.034.

4. Abdi M. Coronavirus disease 2019 (COVID-19) outbreak in Iran:
Actions and problems. Infect Control Hosp Epidemiol. 2020;41(6):754–5.
[PubMed ID: 32192541]. [PubMed Central ID: PMC7137533].
https://doi.org/10.1017/ice.2020.86.

5. Nikpouraghdam M, Jalali Farahani A, Alishiri G, Heydari S,
Ebrahimnia M, Samadinia H, et al. Epidemiological characteristics of
coronavirus disease 2019 (COVID-19) patients in IRAN: A single center
study. J Clin Virol. 2020;127:104378. [PubMed ID: 32353762]. [PubMed
Central ID: PMC7172806]. https://doi.org/10.1016/j.jcv.2020.104378.

6. Chen Y, Gong X, Wang L, Guo J. Effects of hypertension, diabetes and
coronary heart disease on COVID-19 diseases severity: a systematic review
and meta-analysis. 2020. Available from: https://www.medrxiv.org/
content/10.1101/2020.03.25.20043133v1.

7. Al-Sofiani ME, Alyusuf EY, Alharthi S, Alguwaihes AM, Al-Khalifah
R, Alfadda A. Rapid Implementation of a Diabetes Telemedicine
Clinic During the Coronavirus Disease 2019 Outbreak: Our Protocol,
Experience, and Satisfaction Reports in Saudi Arabia. J Diabetes Sci
Technol. 2021;15(2):329–38. [PubMed ID: 32762362]. [PubMed Central ID:
PMC7925440]. https://doi.org/10.1177/1932296820947094.

8. Extance A. Covid-19 and long term conditions: what if you have cancer,
diabetes, or chronic kidney disease? BMJ. 2020;368:m1174. [PubMed
ID: 32213482]. https://doi.org/10.1136/bmj.m1174.

9. Flaherty GT, Hession P, Liew CH, Lim BCW, Leong TK, Lim V, et
al. COVID-19 in adult patients with pre-existing chronic cardiac,
respiratory and metabolic disease: a critical literature review
with clinical recommendations. Trop Dis Travel Med Vaccines.
2020;6:16. [PubMed ID: 32868984]. [PubMed Central ID: PMC7453673].
https://doi.org/10.1186/s40794-020-00118-y.

10. Wolfsdorf JI, Glaser N, Agus M, Fritsch M, Hanas R, Rewers A, et
al. ISPAD Clinical Practice Consensus Guidelines 2018: Diabetic
ketoacidosis and the hyperglycemic hyperosmolar state. Pediatr
Diabetes. 2018;19 Suppl 27:155–77. [PubMed ID: 29900641].
https://doi.org/10.1111/pedi.12701.

4 Int J Endocrinol Metab. 2023; 21(2):e132809.

http://www.ncbi.nlm.nih.gov/pubmed/33199918
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9744119
https://doi.org/10.1038/s41586-020-2951-z
http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159299
https://doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/32112977
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7105032
https://doi.org/10.1016/j.ijsu.2020.02.034
http://www.ncbi.nlm.nih.gov/pubmed/32192541
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137533
https://doi.org/10.1017/ice.2020.86
http://www.ncbi.nlm.nih.gov/pubmed/32353762
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7172806
https://doi.org/10.1016/j.jcv.2020.104378
https://www.medrxiv.org/content/10.1101/2020.03.25.20043133v1
https://www.medrxiv.org/content/10.1101/2020.03.25.20043133v1
http://www.ncbi.nlm.nih.gov/pubmed/32762362
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7925440
https://doi.org/10.1177/1932296820947094
http://www.ncbi.nlm.nih.gov/pubmed/32213482
https://doi.org/10.1136/bmj.m1174
http://www.ncbi.nlm.nih.gov/pubmed/32868984
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7453673
https://doi.org/10.1186/s40794-020-00118-y
http://www.ncbi.nlm.nih.gov/pubmed/29900641
https://doi.org/10.1111/pedi.12701


Ordooei M et al.

11. Benoit SR, Zhang Y, Geiss LS, Gregg EW, Albright A. Trends in Diabetic
Ketoacidosis Hospitalizations and In-Hospital Mortality - United
States, 2000-2014. MMWR Morb Mortal Wkly Rep. 2018;67(12):362–5.
[PubMed ID: 29596400]. [PubMed Central ID: PMC5877353].
https://doi.org/10.15585/mmwr.mm6712a3.

12. Elbarbary NS, Dos Santos TJ, de Beaufort C, Agwu JC, Calliari
LE, Scaramuzza AE. COVID-19 outbreak and pediatric diabetes:
Perceptions of health care professionals worldwide. Pediatr Diabetes.
2020;21(7):1083–92. [PubMed ID: 32686287]. [PubMed Central ID:
PMC7404589]. https://doi.org/10.1111/pedi.13084.

13. Rabbone I, Schiaffini R, Cherubini V, Maffeis C, Scaramuzza
A; Diabetes Study Group of the Italian Society for Pediatric
Endocrinology and Diabetes. Has COVID-19 Delayed the Diagnosis
and Worsened the Presentation of Type 1 Diabetes in Children?
Diabetes Care. 2020;43(11):2870–2. [PubMed ID: 32778554].
https://doi.org/10.2337/dc20-1321.

14. Ng SM, Woodger K, Regan F, Soni A, Wright N, Agwu JC, et al.
Presentation of newly diagnosed type 1 diabetes in children and
young people during COVID-19: a national UK survey. BMJ Paediatr
Open. 2020;4(1). e000884. [PubMed ID: 34192183]. [PubMed Central ID:
PMC7607512]. https://doi.org/10.1136/bmjpo-2020-000884.

15. Kamrath C, Monkemoller K, Biester T, Rohrer TR, Warncke K,
Hammersen J, et al. Ketoacidosis in Children and Adolescents With
Newly Diagnosed Type 1 Diabetes During the COVID-19 Pandemic in

Germany. JAMA. 2020;324(8):801–4. [PubMed ID: 32702751]. [PubMed
Central ID: PMC7372511]. https://doi.org/10.1001/jama.2020.13445.

16. DiMeglio LA, Albanese-O’Neill A, Munoz CE, Maahs DM. COVID-19 and
Children With Diabetes-Updates, Unknowns, and Next Steps: First,
Do No Extrapolation. Diabetes Care. 2020;43(11):2631–4. [PubMed ID:
32887703]. https://doi.org/10.2337/dci20-0044.

17. Unsworth R, Wallace S, Oliver NS, Yeung S, Kshirsagar A, Naidu H, et al.
New-Onset Type 1 Diabetes in Children During COVID-19: Multicenter
Regional Findings in the U.K. Diabetes Care. 2020;43(11):e170–1.
[PubMed ID: 32816997]. https://doi.org/10.2337/dc20-1551.

18. Beliard K, Ebekozien O, Demeterco-Berggren C, Alonso GT, Gallagher
MP, Clements M, et al. Increased DKA at presentation among newly
diagnosed type 1 diabetes patients with or without COVID-19: Data
from a multi-site surveillance registry. J Diabetes. 2021;13(3):270–2.
[PubMed ID: 33283979]. https://doi.org/10.1111/1753-0407.13141.

19. Kliegman RM, St Geme III JW, Blum NJ, Shah SS, Tasker RC, Wilson KM,
et al. Nelson Textbook of Pediatrics. 21st ed. Philadelphia, PA: Elsevier;
2020.

20. Ordooei M, Behniafard N, Soheilipour F, Akbarian E. New
onset of diabetes in a child infected with COVID-19: a
case report. J Diabetes Metab Disord. 2021;20(2):2129–32.
[PubMed ID: 34549034]. [PubMed Central ID: PMC8445739].
https://doi.org/10.1007/s40200-021-00900-5.

Int J Endocrinol Metab. 2023; 21(2):e132809. 5

http://www.ncbi.nlm.nih.gov/pubmed/29596400
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5877353
https://doi.org/10.15585/mmwr.mm6712a3
http://www.ncbi.nlm.nih.gov/pubmed/32686287
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7404589
https://doi.org/10.1111/pedi.13084
http://www.ncbi.nlm.nih.gov/pubmed/32778554
https://doi.org/10.2337/dc20-1321
http://www.ncbi.nlm.nih.gov/pubmed/34192183
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7607512
https://doi.org/10.1136/bmjpo-2020-000884
http://www.ncbi.nlm.nih.gov/pubmed/32702751
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7372511
https://doi.org/10.1001/jama.2020.13445
http://www.ncbi.nlm.nih.gov/pubmed/32887703
https://doi.org/10.2337/dci20-0044
http://www.ncbi.nlm.nih.gov/pubmed/32816997
https://doi.org/10.2337/dc20-1551
http://www.ncbi.nlm.nih.gov/pubmed/33283979
https://doi.org/10.1111/1753-0407.13141
http://www.ncbi.nlm.nih.gov/pubmed/34549034
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8445739
https://doi.org/10.1007/s40200-021-00900-5

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Ethics
	3.2. Statistical Analysis

	4. Results
	Table 1

	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

