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Review Paper
Variation of Newly Diagnosed Type 1 Diabetes Mellitus Cases 
During Covid-19 Pandemic: A Review Paper

Background Type 1 diabetes mellitus (T1DM) is one of the chronic diseases that timely and 
correct management affects the outcome of these patients. COVID-19 is an acute respiratory 
infection that has created a disproportionate situation for individuals and healthcare systems. 
The resulting pandemic is associated with delayed presentation of patients as well as increased 
frequency and severity of acute complications. 

Objectives This review study aims to investigate the incidence, initial presentation, frequency, 
and severity of diabetic ketoacidosis (DKA) as well as changes in demographic findings, such as 
age and sex in newly diagnosed T1DM children and adolescents during the COVID-19 pandemic. 

Methods The search was conducted in different databases, using the keywords: T1DM, 
COVID-19, pediatrics, and incidence to find the related articles published in English from 
December 31, 2019, to March 3, 2022.

Results There is no clear evidence for increase in the incidence of T1DM and the frequency 
and severity of DKA in female and younger people during the pandemic compared to the pre-
pandemic period. Further studies with larger sample sizes are needed to better understand the 
role of pandemic on disease incidence and acute complications.

Conclusion: To reduce the incidence of DKA and speed up the diagnosis of T1DM during the 
pandemic, people should be informed about their symptoms. 
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Introduction

ype 1 diabetes mellitus (T1DM) is one of the 
most common metabolic diseases of child-
hood, which occurs during an autoimmune 
process against beta cells and has observed 
an increasing trend of new cases in recent 
years [1]. The findings they presented most of-
ten included polyuria, weight loss, and poly-

dipsia. However, diabetic ketoacidosis (DKA), an acute, 
life-threatening complication, deserves special attention 
and has a variable prevalence among patients [2]. 

The role of viruses in the progression to type 1 dia-
betes has been identified by affecting beta cell and im-
mune system function [3, 4]. COVID-19 is an acute in-
fectious disease with rapid respiratory infections and is 
often asymptomatic in children [5]. Several studies have 
reported increased frequency and intensity of diabetic 
ketoacidosis (DKA) during the pandemic, which may be 
justified by delayed symptom onset due to the absence 
of the healthcare system [6, 7]. 

Due to the restrictions placed on people during the 
pandemic and delays in referral to the health system, 
newly diagnosed T1DM cases should be properly 
screened to determine the impact of Covid-19 [8]. This 
review examined the characteristics of newly diagnosed 
children and adolescents with T1DM, including demo-
graphics (age and sex), clinical manifestations, and the 
incidence, severity, and frequency of DKA caused by the 
Covid-19 pandemic.

Methods

This is a review study. A search was conducted in data-
bases, such as PubMed, Scopus, Web of Science, and 
Science Direct using the Keywords T1DM, COVID-19, pe-
diatrics, and incidence to find the related articles pub-
lished in English from December 31, 2019, to March 3, 
2022.

Inclusion criteria

Children and adolescents (<18 years of age) newly 
diagnosed with type 1 diabetes during the pandemic. 
Studies were with designs, including cohorts, case-con-
trol, observational cohorts, mini-reviews, meta-analy-
ses, and systematic reviews.

Exclusion criteria

Articles did not meet our study design criteria (e.g. 
observational non-cohort studies, narrative reviews, 
case studies [case reports and case series], books, cross-
sectional studies, randomized controlled trials [RCTs], 
editorials, news, posters), and animal study. Patients 
whose age range did not match the age limits of our 
study, studies in which patients were not segregated by 
date, and type of diabetes during the pandemic were 
also excluded.

The initial screening of selected articles based on title/
abstract is consistent with our inclusion criteria. Based 
on the searched database, 322 articles were extracted, 
of which 273 articles remained after removing duplica-
tion (49 articles). Thirty-nine articles were selected for 
full-text review by assessing the findings of the included 
articles, including incidence, initial presentation, fre-
quency and severity of DKA, and demographic findings 
of newly diagnosed T1DM cases younger than 18 years 
of age, three of these articles were not available in full 
text. From the remaining articles, five original articles, 
including two observational cohort studies, two sin-
gle-center cohort studies, and one multicenter cohort 
study, were selected according to the inclusion criteria.

The full-text analysis of the articles was performed 
on the variables mentioned during the pandemic com-
pared to newly diagnosed cases before the pandemic. In 
addition, studies reviewed that did not meet inclusion 
criteria related to study design were excluded. Article 
scanning was performed to identify included articles by 
two independent researchers to avoid missing articles. 
Figure 1 shows the selection of items included.

Variables extracted from articles include the author's 
name, study year, study type, study population, sample 
size, potential factors, main outcomes, and pre- and 
post-pandemic data values. Table 1 presents the results 
of the search process. 

Results

A total of five articles were selected according to the 
inclusion criteria, and Table 2 presents the results. All 
studies focused on patients younger than 18 years di-
agnosed with T1DM during the COVID-19 period. In 
the study, outcomes were assessed in terms of patient 
symptoms, differences in disease incidence compared 
to pre-pandemic, frequency and severity of DKA, and 
demographic findings.

T
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Table 1. Eligibility criteria

Criteria Inclusion Exclusion

Population

Children and adolescents 
(age <18 years old) with 
definite T1DM diagnosis 

during the pandemic 
lockdown

Adult (age ≥18 years old) population

Studies in which age groups are not segregated between children and adults

Studies that do not specify the type of diabetes

Studies combining T1DM with other types of diabetes

Studies differentiated between types of diabetes but did not differentiate outcomes.

Intervention 
and  

comparators

Incidence

DKA

Initial presentation

Demographic findings 

If causes other than the pandemic and COVID-19 influence the interventions listed in the 
inclusion criteria.

Outcomes

Alteration of incidence rate

Frequency and severity 
of DKA

Alteration of presentation

Demographic variation 
(age onset, sex predomi-

nant)

None

Study type

Cohort

Case-control

Observational-cohort

Mini review

Meta-analyses

Systematic review

Observational- non-cohort

Narrative review

Case studies (case series and case report)

Book

Cross-sectional

Randomized controlled trial (RCT)

Editorial, news, poster

Animal studies

Abbreviations: T1DM: Type 1 diabetes mellitus; RCT: Randomized controlled trial; DKA: Diabetic ketoacidosis.

 

 

Figure 1    Flowchart of included articles 
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Figure 1. Flowchart of included articles
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Incidence

Lawrence et al. in their study showed that the num-
ber of new cases of T1DM during the pandemic was 
not significant compared to pre-pandemic (2015-2019) 
(6 to 10 patients in pre-lockdown compared to 11 ones 
during the pandemic) [6]. Alaqeel et al. reported that 
the incidence of T1DM during the pandemic was similar 
to pre- pandemic and non-significant (106 vs 154) [9]. 
A study by Boboc et al. found a significant increase in 
new cases per month, 13.2 vs. 9.4 (P=0.015) during the 
pandemic compared to pre-pandemic [10]. In a study by 
Dżygało et al. severe form of DKA in children with T1DM 
during the pandemic was assessed. They reported 34 
new cases during the pandemic compared to 52 new 
cases before the pandemic (the previous year) [11].

Demographic findings

In Lawrence et al.'s study, male gender difference 
among new T1DM cases during lockdown was not signif-
icant compared to pre-lockdown (27% during the pan-
demic compared to 33%-63% range in the pre-lockdown 
period). The mean age of patients also did not change 
between the two study periods (ranging from 8.0±4.3 
years in the lockdown phase to 7.9±4.0 to 10.2±5.4 
years in the pre-lockdown phase) [6]. Bogale et al. com-
pared DKA rates in children with T1DM between the 
two periods of the study. They argued that the mean 
age of newly diagnosed children during the pandemic 
did not differ significantly from pre- pandemic (9.2 years 
vs. 10 years). The comparison of male patients during 
the pandemic has not altered significantly different 
from pre- pandemic (54.8% vs. 58.9%). Also, the mean 
body mass index (BMI) percentile during the pandemic 
was 54.9 compared to 48.9 pre- pandemic, which was 
not significant. They reported a significant association 
between patients aged 0-3 years and 13-19 years with 
DKA at the time of diagnosis (P=0.003 and 0.009, re-
spectively), but the correlation between the male sex 
and DKA at diagnosis was not significant (P=0.34). The 
relationship between BMI at diagnosis (15th-85th percen-
tile) and DKA was not significant (P=0.21) [8]. 

Alaqeel et al. discussed the age of patients at the 
time of diagnosis (during the pandemic) and the male 
sex was not significantly different from pre- pandemic 
(P=0.2 and 0.6, respectively) [9]. Boboc et al. studied 
new patients with T1DM during the pandemic. They 
indicated that the male/female ratio did not change 
significantly compared to the pre- pandemic period 

(P=0.55). Furthermore, the age of patients at diagnosis 
during the pandemic was significantly higher than pre-
pandemic (P<0.001) [10]. Another study conducted by 
Dżygało et al. reported no significant difference in the 
female/male ratio between the pandemic and pre-pan-
demic periods (P=0.192). The mean age of patients at 
diagnosis was older during the pandemic and was not 
significant (P=0.822). By reviewing BMI z-score of pa-
tients, this value did not change significantly between 
the two periods (P=0.680) [11]. 

Presentation

In a study conducted by Lawrence et al., the difference 
in symptoms in patients aged <18 years of age between 
lockdown and pre-lockdown was 27% and was signifi-
cant (P<0.01). Non-DKA presentations were also signifi-
cantly reduced during the pandemic (3 presentations 
during lockdown versus 4–8 presentations before lock-
down, P<0.05) [6]. On the other hand, in Bogale et al.'s 
study, non-DKA presentation at the time of diagnosis 
did not change significantly during the pandemic com-
pared to pre- pandemic, 52.4% vs. 53.5% [8]. Boboc et 
al analyzed the time of T1DM diagnosis and concluded 
that a significant correlation was observed between the 
developmental role of DKA at diagnosis (P<0.001). Also, 
among DKA cases; they observed a significant relation-
ship between increased DKA intensity and presentation 
(P=0.024) [10]. Dżygało et al. found in their study that 
polyuria and polydipsia were the most common symp-
toms both during and pre-pandemic, and the difference 
between the two periods was not significant. They also 
noted greater weight loss during the pandemic than 
pre-pandemic, which was significant (P=0.0006) [11].

Diabetic ketoacidosis (DKA)

In a study conducted by Lawrence et al., the presenta-
tion of the new T1DM was assessed. They reported a 
significant increase in the frequency of DKA during the 
pandemic and a more severe form of DKA than pre-
pandemic (P<0.007 and P<0.003, respectively) [6]. On 
the other hand, Bogale et al. reported that the DKA 
rate during the pandemic was not significantly differ-
ent from pre-pandemic (47.6% vs. 46.5%). Also, no sig-
nificant difference was observed in the severity of DKA 
between the two periods, including mild form (14.3% 
vs. 13.2%) and moderate to severe one (31% vs. 33.2%). 
Based on multivariate analysis, no relationship between 
DKA at diagnosis and duration of COVID-19 was evident 
(P=0.89). The relationship between HbA1c >10% and 
DKA at diagnosis was significant during the pandemic 
[8]. Alaqeel et al. compared the frequency of DKA and 
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the incidence of newly diagnosed T1DM patients during 
pandemic and pre- pandemic. They discussed that the 
DKA frequency was higher during the pandemic, which 
was significant (P<0.001), but severe DKA did not alter 
significantly (P=0.13). A significant relationship was ob-
served between DKA at diagnosis and duration of lock-
down, patient age, and male sex (P=0.01, 0.00, and 0.00, 
respectively). Severe DKA was significantly correlated 
with age and male sex (P=0.01 and 0.04, respectively), 
but not with lockdown duration (P=0.22) [9]. 

The frequency of DKA in Boboc et al. study was higher 
during pandemics than pre-pandemic (P<0.0001). Also, 
the severe form of DKA increased significantly during 
the pandemic (P=0.016). The average age of patients 
with DKA was significantly lower than those without 
DKA (P=0.006). They found no significant difference 
in the mean age of severe DKA and male sex [10]. On 
the other hand, in a study conducted by Dżygało et 
al., the DKA rate at diagnosis did not alter significantly 
during the pandemic than pre-pandemic (P=0.276). Se-
vere DKA was higher during the pandemic (P=0.026). 
Also, moderate to severe DKA increased significantly 
(P=0.022) [11]. 

Study limitations

The study design should not be region-specific as it 
does not reflect changes in disease incidence during 
the pandemic. To more accurately assess the frequency 
and severity of DKA in newly diagnosed patients, stud-
ies with large sample sizes are much better for further 
investigate factors that may predispose patients to DKA. 
Comprehensive multicenter studies are needed to bet-
ter judge potential factors.

Conclusion

This article focuses on evaluating and comparing stud-
ies examining the characteristics of children and ado-
lescents with newly diagnosed T1DM during the pan-
demic period compared to pre-pandemic period. By 
reviewing five studies according to our study criteria, 
the incidence, disease onset, frequency, and severity of 
DKA, and demographic findings, including age and sex 
differences between pandemic and pre-pandemic were 
evaluated.

Although the incidence of diabetes varies by region 
type [12], the prevalence is highest among children 
younger than 15 years of age in Finland and Sardinia, 
with 65-37 per 100,000 children in this age group [12, 
13]. The incidence of this disease varies by race but is 

reported to be 22.3 per 100,000 children and adoles-
cents in the United States [14]. In 2017, a multiethnic 
study of children aged 0-19 years found that the disease 
had the highest prevalence in non-Hispanic individu-
als (White adolescents, 2.79 cases per 1000 children), 
followed by Blacks (2.18), Hispanics (1.56), and Asians 
(0.76) respectively [15]. A key issue in assessing changes 
in disease incidence during the pandemic is the need to 
consider the organization and burden of health systems 
caused by COVID-19 because a striking relationship 
is observed between them. Our assessment must be 
multicenter, as referral patients from other centers may 
influence our assessment (indeed, the degree of pan-
demic involvement in the healthcare system depends 
on the incidence rate) [10]. Another aspect to consider 
about disease incidence is the change in patients' life-
styles during the pandemic. Despite COVID-19 spurring 
progression to T1DM, the rate of new diagnoses has re-
portedly declined early in the pandemic. The reduction 
in incidence can be explained by the fact that the strict 
quarantine conditions reduced an individual's exposure 
to COVID-19 as a trigger to develop T1DM early in the 
pandemic [10]. Multicenter assessments should be con-
ducted by race in each region to better assess the role of 
disease incidence and pandemics.

The most common symptoms of childhood T1DM are 
polydipsia, polyuria, and weight loss, with 90% of cases 
initially complaining of polydipsia and polyuria [16]. The 
DKA rate as the first manifestation of T1DM is approxi-
mately 30% (DKA ranges from 15%-67%) [2, 17, 18]. DKA 
is most common in children under the age of 6 or chil-
dren of low socioeconomic status. Approximately 50% 
of new T1DM cases are in her children younger than 3 
years who present with DKA [2]. The question of the rate 
and severity of her DKA increase during the pandemic is 
that, in addition to the need to consider the role of the 
virus, the limitations of the pandemic are also vital. An-
other question that needs further clarification during a 
pandemic is to what extent the increased frequency and 
severity of DKA are related to the role of the pandemic 
and to what extent it is related to patient demographics 
(age and gender). Little evidence suggests a role for de-
mographic findings in patient DKA during the pandemic. 
Therefore, conducting research focused on this area can 
clarify the role of the pandemic in the frequency and se-
verity of her DKA in newly diagnosed patients. Looking 
at demographics and the pandemic period separately 
can provide a good guide to a more accurate estimate of 
the number of patients presenting their first presenta-
tion of DKA during the pandemic period, which is more 
specific, also it may be more tangible.
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T1DM is the most common form of childhood diabe-
tes, with approximately 75% of T1DM cases occurring 
during this period. It is estimated that about 80% of new 
T1DM cases in the United States are younger than 19 
years of age [15, 19]. The age onset of T1DM in child-
hood has two peaks: 4-6 years and 10-14 years [20-22], 
with approximately 45% of cases diagnosed under 10 
years of age [23]. Examining the sex distribution of 
T1DM in childhood does not give a clear picture of the 
dominant sex [15, 19]. Comparison of patient demo-
graphics during pandemics indicated that reported re-
sults were often inconclusive; therefore, it is not possi-
ble to adequately assess the role of the pandemic in age 
and sex changes. Younger children have been reported 
to have shorter onset duration and faster progression 
to T1DM diagnosis [11]. We also recommend larger 
studies with different age groups to more accurately 
assess age differences between the pandemic and pre-
pandemic periods. For sex differences between the two 
periods, pandemic limitations that lead to undesirable 
matching between men and women should be consid-
ered. Therefore, it is expected that gender differences 
will not be noticed much.

Symptoms, including weight loss, emesis, polyuria, 
etc. are in favor of diabetes mellitus. These symptoms 
may also indicate a viral cause. This misconception 
leads to late diagnosis of T1DM and early progression 
to DKA. Restrictions during quarantine, protection from 
COVID-19 exposure, and lack of access to medical teams 
are some of the potential factors delaying the diagno-
sis of T1DM [11]. The reason for the increased DKA rate 
during the pandemic period was not due to COVID-19 
infection, but rather the delay in presentation caused 
by the disruption of daily life during the pandemic pe-
riod, including the reduction in face-to-face contact 
(with friends and relatives), prohibition of referring to 
the clinic due to COVID-19 infection, online learning, 
etc. [6]. Delay in presentation has been reported to be 
proportional to the increase DKA rate at diagnosis [24]. 
Therefore appropriate strategies should focus on rais-
ing awareness that televisit is an appropriate solution. 
Social media can be used to educate and deliver pro-
grams to keep patients and their parents in touch with 
the healthcare system during the lockdown and prevent 
DKA rates from rising [6]. It can be concluded that to 
reduce the incidence of DKA and delay the diagnosis of 
T1DM, it is necessary to give people warning signals so 
that they can focus on informing them about their dia-
betes symptoms. 

Ethical Considerations

Compliance with ethical guidelines

There were no ethical considerations to be considered in 
this research.

Funding

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Authors contributions

Conceptualization and design, data validation, drafting the 
manuscript: Daniel Zamanfar and Mobin Ghazaiean; Meth-
odology, data analysis, interpretation, article writing and fi-
nal approval: All authors.

Conflicts of interest

The authors declared no conflict of interest.

Acknowledgements

Hereby, we sincerely appreciate the collaborators who 
helped us in completing this project. 

References

1. Couper JJ, Haller MJ, Greenbaum CJ, Ziegler AG, Wher-
rett DK, Knip M, et al. ISPAD clinical practice consensus 
guidelines 2018: Stages of type 1 diabetes in children 
and adolescents. Pediatr Diab. 2018; 19 (Suppl 27):20-7. 
[DOI:10.1111/pedi.12734] [PMID]

2. Wolfsdorf JI, Glaser N, Agus M, Fritsch M, Hanas R, Rew-
ers A, et al. ISPAD clinical practice consensus guidelines 
2018: Diabetic ketoacidosis and the hyperglycemic hyper-
osmolar state. Pediatr Diab. 2018; 19 (Suppl 27):155-77. 
[DOI:10.1111/pedi.12701] [PMID]

3. Van Der Werf N, Kroese FG, Rozing J, Hillebrands JL. Viral 
infections as potential triggers of type 1 diabetes. Dia-
betes Metab Res Rev. 2007; 23(3):169-83.[DOI:10.1002/
dmrr.695] [PMID]

4. Hyöty H. Viruses in type 1 diabetes. Pediatr Diabetes. 2016; 
17 Suppl 22:56-64. [DOI:10.1111/pedi.12370] [PMID]

Zamanfar D, et al. Newly Diagnosed Type 1 Diabetes Mellitus and Covid-19. J Pediatr Rev. 2023; 11(1):37-46

https://doi.org/10.1111/pedi.12734
https://www.ncbi.nlm.nih.gov/pubmed/30051639
https://doi.org/10.1111/pedi.12701
https://www.ncbi.nlm.nih.gov/pubmed/29900641
https://doi.org/10.1002/dmrr.695
https://doi.org/10.1002/dmrr.695
https://www.ncbi.nlm.nih.gov/pubmed/17103489
https://doi.org/10.1111/pedi.12370
https://www.ncbi.nlm.nih.gov/pubmed/27411438


46

January 2023, Volume 11, Issue 1, Number 30

5. Patel NA. Pediatric covid-19: Systematic review of the 
literature. Am J Otolaryngol. 2020; 41(5):102573. 
[DOI:10.1016/j.amjoto.2020.102573] [PMID] [PMCID]

6. Lawrence C, Seckold R, Smart C, King BR, Howley P, Feltrin 
R, et al. Increased paediatric presentations of severe dia-
betic ketoacidosis in an Australian tertiary centre during 
the covid-19 pandemic. Diabet Med. 2021; 38(1):e14417. 
[DOI:10.1111/dme.14417] [PMID] [PMCID]

7. Rabbone I, Schiaffini R, Cherubini V, Maffeis C, Scaramuzza 
A. Diabetes study group of the italian society for pediat-
ric 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. 
[DOI:10.2337/dc20-1321] [PMID]

8. Bogale KT, Urban V, Schaefer E, Bangalore Krishna K. The im-
pact of covid-19 pandemic on prevalence of diabetic ketoac-
idosis at diagnosis of type 1 diabetes: A single-centre study 
in central pennsylvania. Endocrinol Diabetes Metab. 2021; 
4(3):e00235. [DOI:10.1002/edm2.235] [PMID] [PMCID]

9. Alaqeel A, Aljuraibah F, Alsuhaibani M, Huneif M, Alsaheel 
A, Dubayee MA, et al. The impact of covid-19 pandemic 
lockdown on the incidence of new-onset type 1 diabetes 
and ketoacidosis among Saudi children. Front Endocrinol. 
2021; 12:669302. [DOI:10.3389/fendo.2021.669302] 
[PMID] [PMCID]

10. Boboc AA, Novac CN, Ilie MT, Ieșanu MI, Galoș F, Bălgrădean 
M, et al. The impact of SARS-CoV-2 pandemic on the new 
cases of t1dm in children. A single-centre cohort study. J 
Pers Med. 2021; 11(6):551. [DOI:10.3390/jpm11060551] 
[PMID] [PMCID]

11. Dżygało K, Nowaczyk J, Szwilling A, Kowalska A. Increased 
frequency of severe diabetic ketoacidosis at type 1 dia-
betes onset among children during covid-19 pandemic 
lockdown: An observational cohort study. Pediatr Endo-
crinol Diabetes Metab. 2020; 26(4):167-75. [DOI:10.5114/
pedm.2020.101003] [PMID]

12. Mayer-Davis EJ, Kahkoska AR, Jefferies C, Dabelea D, Balde 
N, Gong CX, et al. ISPAD clinical practice consensus guide-
lines 2018: Definition, epidemiology, and classification 
of diabetes in children and adolescents. Pediatr Diabe-
tes. 2018; 19(Suppl 27):7-19. [DOI:10.1111/pedi.12773] 
[PMID] [PMCID]

13. Harjutsalo V, Sund R, Knip M, Groop PH. Incidence of 
type 1 diabetes in Finland. JAMA. 2013; 310(4):427-8.
[DOI:10.1001/jama.2013.8399] [PMID]

14. Divers J, Mayer-Davis EJ, Lawrence JM, Isom S, Dabelea 
D, Dolan L, et al. Trends in incidence of type 1 and type 2 
diabetes among youths - selected counties and Indian res-
ervations, United States, 2002-2015. MMWR Morb Mor-
tal Wkly Rep. 2020; 69(6):161-5. [DOI:10.15585/mmwr.
mm6906a3] [PMID] [PMCID]

15. Lawrence JM, Divers J, Isom S, Saydah S, Imperatore 
G, Pihoker C, et al. Trends in prevalence of type 1 and 
type 2 diabetes in children and adolescents in the US, 

2001-2017. JAMA. 2021; 326(8):717-27. [DOI:10.1001/
jama.2021.11165] [PMID] [PMCID]

16. Quinn M, Fleischman A, Rosner B, Nigrin DJ, Wolfsdorf JI. 
Characteristics at diagnosis of type 1 diabetes in children 
younger than 6 years. J Pediatr. 2006; 148(3):366-71. 
[DOI:10.1016/j.jpeds.2005.10.029] [PMID]

17. Klingensmith GJ, Tamborlane WV, Wood J, Haller MJ, Sil-
verstein J, Cengiz E, et al. Diabetic ketoacidosis at diabetes 
onset: Still an all too common threat in youth. J Pediatr. 
2013; 162(2):330-4.e1. [DOI:10.1016/j.jpeds.2012.06.058] 
[PMID]

18. Dabelea D, Rewers A, Stafford JM, Standiford DA, Lawrence 
JM, Saydah S, et al. Trends in the prevalence of ketoacido-
sis at diabetes diagnosis: The search for diabetes in youth 
study. Pediatrics. 2014; 133(4):e938-45. [DOI:10.1542/
peds.2013-2795] [PMID] [PMCID]

19. Mayer-Davis EJ, Lawrence JM, Dabelea D, Divers J, Isom 
S, Dolan L, et al. Incidence trends of type 1 and type 2 
diabetes among youths, 2002-2012. N Engl J Med. 2017; 
376(15):1419-29. [DOI:10.1056/NEJMoa1610187] [PMID] 
[PMCID]

20. Felner EI, Klitz W, Ham M, Lazaro AM, Stastny P, Dupont B, 
et al. Genetic interaction among three genomic regions 
creates distinct contributions to early-and late-onset type 
1 diabetes mellitus. Pediatr Diabetes. 2005; 6(4):213-20. 
[DOI:10.1111/j.1399-543X.2005.00132.x] [PMID]

21. Durruty P, Ruiz F, García de los Ríos M. Age at diagnosis and 
seasonal variation in the onset of insulin-dependent dia-
betes in Chile (Southern hemisphere). Diabetologia. 1979; 
17(6):357-60. [DOI:10.1007/BF01236269] [PMID]

22. Elamin A, Omer MI, Zein K, Tuvemo T. Epidemiology of child-
hood type I diabetes in Sudan, 1987-1990. Diabetes Care. 
1992; 15(11):1556-9. [DOI:10.2337/diacare.15.11.1556] 
[PMID]

23. Writing Group for the Search for Diabetes in Youth Study 
Group, Dabelea D, Bell RA, D'Agostino Jr RB, Imperatore 
G, Johansen JM, et al. Incidence of diabetes in youth 
in the United States. JAMA. 2007; 297(24):2716-24. 
[DOI:10.1001/jama.297.24.2716] [PMID]

24. Bui H, To T, Stein R, Fung K, Daneman D. Is diabetic ketoaci-
dosis at disease onset a result of missed diagnosis? J Pedi-
atr. 2010; 156(3):472-7. [DOI:10.1016/j.jpeds.2009.10.001] 
[PMID]

Zamanfar D, et al. Newly Diagnosed Type 1 Diabetes Mellitus and Covid-19. J Pediatr Rev. 2023; 11(1):37-46

https://doi.org/10.1016/j.amjoto.2020.102573
https://www.ncbi.nlm.nih.gov/pubmed/32531620
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7833675
https://doi.org/10.1111/dme.14417
https://www.ncbi.nlm.nih.gov/pubmed/33020999
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7646057
https://doi.org/10.2337/dc20-1321
https://www.ncbi.nlm.nih.gov/pubmed/32778554
https://doi.org/10.1002/edm2.235
https://www.ncbi.nlm.nih.gov/pubmed/34268453
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7995137
https://doi.org/10.3389/fendo.2021.669302
https://www.ncbi.nlm.nih.gov/pubmed/33868185
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8049603
https://doi.org/10.3390/jpm11060551
https://www.ncbi.nlm.nih.gov/pubmed/34199272
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8231839
https://doi.org/10.5114/pedm.2020.101003
https://doi.org/10.5114/pedm.2020.101003
https://www.ncbi.nlm.nih.gov/pubmed/33554490
https://doi.org/10.1111/pedi.12773
https://www.ncbi.nlm.nih.gov/pubmed/30226024
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7521365
https://doi.org/10.1001/jama.2013.8399
https://www.ncbi.nlm.nih.gov/pubmed/23917294
https://doi.org/10.15585/mmwr.mm6906a3
https://doi.org/10.15585/mmwr.mm6906a3
https://www.ncbi.nlm.nih.gov/pubmed/32053581
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7017961
https://doi.org/10.1001/jama.2021.11165
https://doi.org/10.1001/jama.2021.11165
https://www.ncbi.nlm.nih.gov/pubmed/34427600
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8385600
https://doi.org/10.1016/j.jpeds.2005.10.029
https://www.ncbi.nlm.nih.gov/pubmed/16615969
https://doi.org/10.1016/j.jpeds.2012.06.058
https://www.ncbi.nlm.nih.gov/pubmed/22901739
https://doi.org/10.1542/peds.2013-2795
https://doi.org/10.1542/peds.2013-2795
https://www.ncbi.nlm.nih.gov/pubmed/24685959
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4074618
https://doi.org/10.1056/NEJMoa1610187
https://www.ncbi.nlm.nih.gov/pubmed/28402773
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5592722
https://doi.org/10.1111/j.1399-543X.2005.00132.x
https://www.ncbi.nlm.nih.gov/pubmed/16390390
https://doi.org/10.1007/BF01236269
https://www.ncbi.nlm.nih.gov/pubmed/395001
https://doi.org/10.2337/diacare.15.11.1556
https://www.ncbi.nlm.nih.gov/pubmed/1468286
https://doi.org/10.1001/jama.297.24.2716
https://www.ncbi.nlm.nih.gov/pubmed/17595272
https://doi.org/10.1016/j.jpeds.2009.10.001
https://www.ncbi.nlm.nih.gov/pubmed/19962155

