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KEY POINTS

� During the COVID-19 pandemic pediatric patients with new-onset diabetes often pre-
sented with more severe diabetic ketoacidosis (DKA).

� Most pediatric patients with type 1 diabetes (T1D) who developed COVID-19 hadmild dis-
ease or were asymptomatic similar to children without diabetes.

� Stay-at-home initiatives and school closures often resulted in improved glycemic control
for children with diabetes secondary to closer parental monitoring.

� Improved telemedicine adaptations for pediatric diabetic teams will likely continue to sup-
port care for these children after the pandemic.
CORONAVIRUS DISEASE 2019 AND DIABETES

The coronavirus disease 2019 (COVID-19), which is caused by the severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2), created a pandemic in March 2020
with now more than 120 million cases and more than 2.5 million deaths worldwide.
Early observations from studies in China, Italy, England, and the United States re-
ported that adults with diabetes were more vulnerable to developing severe complica-
tions of COVID-19 including severe acute respiratory syndrome (SARS) with
multiorgan failure and death.1–3 As type 2 diabetes (T2D) is the more common form
of diabetes in adults, it was unclear during the early phase of the pandemic if there
was a similar increased risk of morbidity among individuals with type 1 diabetes
(T1D) and COVID-19. One study of hospitalized adult patients with COVID-19 in the
United Kingdom reported that of the 23,698 patients who died, one-third had diabetes
with 31.4% T2D compared with 1.5% T1D.4 Observations in adults with T2D and
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COVID-19 reported higher morbidity in individuals with a history of microvascular and
macrovascular complications associated with diabetes.5 Therefore, early during the
COVID-19 pandemic diabetes was one of the major pre-existing conditions associ-
ated with increased morbidity and mortality.
It was important to further understand factors that contributed to lower rates of hos-

pitalization among individuals with T1D during the COVID-19 pandemic. First, T1D is
more common in younger individuals, whereas higher rates of hospitalization andmor-
tality were seen in elderly patients with COVID-19. Second, individuals with T1D typi-
cally receive ongoing education about management of diabetes when ill to help avoid
hospitalization. Third, the immune system in patients with T1D may provide an advan-
tage to decrease disease severity from SARS-CoV-2. T1D and COVID-19 are both
associated with inflammatory changes. The destruction of the pancreatic b-cells in
T1D is mediated by Th1 immunity, which may protect against pathogens like SARS-
CoV-2.6,7 On the other hand, diabetic ketoacidosis (DKA), a well-known complication
frequently seen in T1D that can result in significant morbidity and mortality, may be
associated with Th1-type cytokines. DKA is characterized by hyperglycemia with
metabolic acidosis and ketosis. DKA causes inflammatory changes that increase cy-
tokines, including interleukin (IL)-6, tumor necrosis factor-a, and IL-b, that together
exacerbate the cytokine storm associated with COVID-19 that is mediated by high
levels of IL-6. IL-6 is one of the cytokines that is involved in Th1 autoimmunity of T1D.8

SARS infection is associated with glucose dysregulation. Review of historical data
from individuals without diabetes who were infected with SARS showed a transient
fasting hyperglycemia.9 One proposed mechanism through which SARS coronavirus
may impair insulin secretion is by damaging the pancreas by binding to angiotensin-
converting enzyme-2 (ACE2) receptors in the pancreatic b-cells. However, this pro-
posed mechanism is based on limited data showing detection of ACE2 protein in
the pancreas from single donor and ACE2 mRNA expression in a pooled pancreas
sample from 3 donors.9,10. An additional study showed that SARS-CoV-2 binds to
ACE2 and infects pancreatic b-cells derived from human pluripotent stem cells.11

Therefore, these observations together support a direct effect of SARS-CoV-2 in the
pancreatic b-cell that may contribute to impairment of insulin secretion, which can
lead to hyperglycemia and increase morbidity among patients with diabetes.
INITIAL CONCERNS ABOUT CORONAVIRUS DISEASE IN PEDIATRIC PATIENTS WITH
TYPE 1 DIABETES

Owing to increasedmorbidity among adult patients with diabetes and COVID-19, con-
cerns were raised about whether children with T1D could become very ill from COVID-
19 as well. One study collected data on children living in 4 areas affected early by the
COVID-19 pandemic: (1) Wuhan, China; (2) Catalonia, Spain; (3) Italy; and (4) San
Francisco-Bay Area in the United States.12 Although these 4 locations included large
populations, there was only one patient who required hospitalization, a 20-year-old fe-
male from Spain with uncontrolled T1D (hemoglobin A1C [HbA1C] 11%) developed
bilateral pneumonia and was intubated but was subsequently discharged from the
hospital within 2 weeks. Wuhan reported no cases of children with T1D and COVID-
19, whereas San Francisco reported 2 pediatric patients with T1D and COVID-19,
but they did not require hospitalization. The Italian Society of Pediatric Endocrinology
and Diabetes registry collected data on 15,500 pediatric patients with T1D fromMarch
1, 2020, to August 31, 2020. Only 11 patients with T1D tested positive for COVID-19,
and 5 of these patients had mild symptoms including fever, cough, conjunctivitis,
anosmia, and transient hyperglycemia. Three patients with COVID-19 were admitted
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to the hospital: 2 required extensive education for new-onset T1D and one of these
patients also had DKA without any COVID-related complications. The third patient
who was admitted to the hospital had moderate DKA but recent glycemic control as
close to target goal (HbA1C 7.8% with target less than 7.5%). Therefore, this early
observation on the effects of COVID-19 in pediatric patients with T1D showed that
most children have mild disease compared with adults with diabetes.
A survey conducted by the T1D Quality Improvement Collaborative (T1DX-QI) along

with 49 other endocrinology clinics in the United States identified 33 patients with
COVID-19 early in the pandemic.13 In this group of patients, the mean age was
24.8 years with the youngest patient aged 7 years and most patients had hyperglyce-
mia and mild symptoms including fever, cough, fatigue, and shortness of breath. The
most common comorbidities among these patients were obesity and hypertension/
cardiovascular, and one death was reported in a patient with DKA. Overall, the study
concluded that children and adolescents with T1D and COVID-19 had a similar dis-
ease course as other children with COVID-19 who did not have diabetes. Taken
together, these studies show that most pediatric patients with T1D do not become
severely ill with COVID-19, unlike adults with diabetes and COVID-19.
THE IMPACT OF CORONAVIRUS DISEASE 2019 IN PEDIATRIC PATIENTS WITH NEWLY
DIAGNOSED TYPE 1 DIABETES

Although the clinical course among pediatric patients already diagnosed with diabetes
and COVID-19 was not as severe as expected, some reports examined whether
COVID-19 had any impact on the initial diagnosis of T1 in pediatric patients. It is
well known that there is a seasonal variation associated with new-onset T1D with
increased cases during the fall and winter when exposure to viruses increase.14–17

One study examined the effect of the COVID-19 pandemic on the new diagnosis of
T1D in pediatric patients in Italy.18 A cross-sectional analysis of pediatric diabetes
centers in Italy examined data from children diagnosed with new-onset T1D or estab-
lished patients with T1D presenting with DKA during 2 time periods: February 20,
2019, to April 14, 2019, and February 20, 2020, to April 14, 2020. In 2020 there
were 160 newly diagnosed patients compared with 208 patients in 2019. The 23%
decrease in new cases of T1D during the pandemic was attributed to effects of social
distancing requirements and school closures, which together reduced exposure to
seasonal viruses. The study also, however, reported a significantly higher proportion
of patients presenting with severe DKA (pH < 7.1 and bicarbonate < 5 mmol/L) during
the COVID-19 pandemic compared with the previous year (44.3% compared with
36%, P value < .03). Eight patients were diagnosed with COVID-19, 4 had mild symp-
toms, and the others were asymptomatic. The investigators concluded that several
factors may have contributed to fewer cases of new-onset T1D but increased number
of patients with severe DKA during the COVID-19 pandemic. First, lockdown restric-
tions implemented during the pandemic decreased exposure to seasonal viruses,
which are associated with new-onset T1D. Second, families were more hesitant in
seeking medical care early when children became ill due to fear of exposure to
COVID-19. Finally, other reports highlighted the impact of unintended consequences
of the pandemic on routine care at clinics and acute care in emergency room, which
together contributed to a delay in diagnosis of diabetes causing more severe DKA in
children in several countries.19–21

Two other studies also examined changes in pediatric T1D during the COVID-19
pandemic. First, a study that included 30 pediatric patients in the United Kingdom re-
ported an increase in the number of new cases of T1D by 80% compared with
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previous years.22 This observation was limited to only patients admitted to 2 of 5 inpa-
tient units included in the study. Furthermore, there was no evidence that the increase
in new cases of T1Dwas statistically significant or directly linked to exposure to SARS-
CoV-2. Similar to observations in Italy during the COVID-19 pandemic, most patients
with new-onset T1D presented with DKA (70%), of which 52% had severe DKA. Only
21 patients were screened for SARS-CoV-2 and 3 of 5 patients who tested positive
presented with severe DKA complicated by refractory hypokalemia. One of these pa-
tients with severe hypokalemia had a cardiac arrest but survived. Although hypokale-
mia is the common electrolyte abnormality seen during DKA, the investigators
proposed that SARS-CoV-2 might exacerbate hypokalemia by modulating the
renin-angiotensin system (RAS).23 SARS-CoV-2 enters the cell by binding to ACE2,
which also plays an important role in decreasing RAS activity to limit the effects of
angiotensin II and aldosterone. In patients with COVID-19 decreased regulation of
RAS activity by ACE2 contributes to prolonged effects of angiotensin II and aldoste-
rone, which increases potassium excretion, which is the major cause of hypokale-
mia.24 An increase in the prevalence of hypokalemia was also reported in adults
who were critically ill with COVID-19.24

A study conducted in Germany also examined the impact of COVID-19 on the inci-
dence of pediatric T1D. This study included patients from 216 centers diagnosed with
T1D between March 13 and May 13 yearly from 2011 to 2020 and estimated the inci-
dence per 100,000 patient-years.25 Although the incidence of pediatric T1D increased
significantly from 2011 to 2019 (16.4–22.2, respectively, P value 5 .04), there was no
significant change in the incidence of T1D among 532 patients in 2020 compared with
predicted incidence (23.4 vs 22.1). This study concludes that during the COVID-19
pandemic there was no significant increase in the incidence of pediatric T1D among
children in Germany, which is similar to observations in Italy but not those in the United
Kingdom.
CORONAVIRUS DISEASE 2019 IN PEDIATRIC PATIENTS WITH A HISTORY OF TYPE 1
DIABETES

Studies in Italy and the United Kingdom reported no significant increase in hospitali-
zation among pediatric patients with a history of T1D, although there were some re-
ported cases of DKA.18,22 Others had also reported overall fewer cases of severe
illness among pediatric patients with diabetes.12 Patients with a history of T1D receive
extensive education regarding management of diabetes during illnesses. These spe-
cific instructions called sick day guidelines provide important tools to help patients
avoid hospitalization, which may have contributed to decreased disease severity
among these patients during the pandemic. In addition, stay-at-home orders and
school closures likely promoted more engagement among patients and their care-
givers with diabetes management at home. Therefore, parents had more time to su-
pervise their children with testing blood glucose, monitoring food intake, and
administering insulin, which together may have helped to decrease emergency
room visits and hospitalizations in patients with a history of T1D.
Although most pediatric patients with T1D and COVID-19 had mild disease, some

patients required hospitalization and had significant morbidity. Two studies provided
early characteristics of pediatric patients with COVID-19 admitted to pediatric inten-
sive care units (PICUs). The first study reported 48 children admitted to 14 PICUs in
the United States of which 83% had pre-existing health conditions and 8% had
T1D with 75% of T1D patients presenting with DKA.26 The second study reported
that among pediatric patients admitted to PICU with COVID-19, those with T1D had
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increased need for respiratory support including use of high-flow nasal cannula as well
as mechanical and high-flow frequency ventilation.27

AsCOVID-19hospitalizations increased in theUnitedStates, reports showed that so-
cioeconomic factors contributed toworse health outcomes, and someethnicminorities
had more severe outcomes.28,29 A cross-sectional multisite study of patients with T1D
and COVID-19 in the United States examined differences in DKA presentation among
different ethnic groups.30 Of the 180 patients, 44% were non-Hispanic (NH) white,
31% were NH black, and 26% were Hispanic with 42% patients being in the pediatric
group (age � 19 years). NH blacks and Hispanics had significantly elevated HbA1c
compared with NH whites (11.7% and 9.7%, compared with 8.3%, P value 5 .001
and .01, respectively) and were more likely to present with DKA compared with NH
whites (55% and 33% compared with 13%, respectively). After adjusting for age,
sex, glycemic control, and insurance status, NH blacks were 3.7 times more likely
than NH whites to present with DKA during the COVID-19 pandemic, but there was
no statistical difference between Hispanics and NH whites. The study suggests that
multiple factors may contribute to ethnic disparities in DKA: social determinants of
health, inadequate access to health care services, inability to self-manage diabetes
especially when ill, and delay in seeking medical assistance if condition worsens.
This study also highlights that health disparity that existed among patients with T1D
and DKA before the COVID-19 pandemic persisted and became more evident among
patients with COVID-19. Although the study highlights the need to provide more tar-
geted approach to vulnerable patients with T1D, no new insights were identified that
could be immediately implemented especially during the pandemic.
CHALLENGES WITH OUTPATIENT MANAGEMENT OF PEDIATRIC TYPE 1 DIABETES
DURING THE CORONAVIRUS DISEASE 2019 PANDEMIC

During the COVID-19 pandemic, the implementation of social distancing and stay-at-
home orders or lockdown in many countries directly impacted how health care pro-
viders interacted with their patients to provide routine care, which was particularly
challenging for pediatric patients with T1D. Most clinics had to implement changes
quickly to accommodate the needs of patients and their caregivers while simulta-
neously redefining roles and responsibilities of health care team members to navigate
the complexity of shifting from in-person clinic visits to a telemedicine platform as the
primary mode of care. Many pediatric patients with T1D use advanced diabetes de-
vices including continuous subcutaneous insulin infusion (insulin pumps) and contin-
uous glucose monitors (CGMs). Both insulin pumps and CGMs use Web-based
management software to collect and store data that can be shared between patients
and their health care team members. This remote monitoring aspect of diabetes is
used routinely throughout pediatric clinics even before the COVID-19 pandemic allow-
ing for frequent insulin dose adjustments in the growing child. In addition, remote ac-
cess to data is particularly helpful to assist with management of emergencies including
hypoglycemia and hyperglycemia. Although this remote technology was used in many
pediatric diabetes clinics before COVID-19, several adaptations were needed to pro-
vide ongoing care for patients during the pandemic. Before the pandemic families
were not always expected to upload data from diabetes devices before coming to
clinic and therefore needed assistance from the health care team as well as technical
support from the diabetes device company. Families also needed access to the
Internet and a computer at home to upload data that could be reviewed by their health
care team. Finally, owing to limitations with in-person clinic visits during the COVID-19
pandemic, many patients and their families had to participate in virtual visits
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(telemedicine) to receive ongoing care for diabetes management. Several studies have
examined the impact of telemedicine visits on glycemic control in pediatric patients
with T1D, and the results are promising and indicate that telemedicine may become
an important component of routine care for outpatient management of diabetes
(see following paragraphs).
Some studies examined the use of telemedicine in pediatric diabetes clinics during

the COVID-19 pandemic. One study conducted a survey analyzing the impact of
changes in pediatric diabetes clinics on the patients and their providers from different
countries.31 There were several major concerns about telemedicine visits. Accessing
patient data was challenging for providers who often had to help guide family with spe-
cific instructions to share data from insulin pumps and glucose monitoring devices.
The ability to retrieve data often depended on good Internet connection as well as ac-
cess to electronic devices. Providers were initially concerned about the increased risk
of DKA in children with T1D during the COVID-19 pandemic, but many clinics did not
report any significant morbidity among their patients. Providers observed more health
care disparities among vulnerable patients who had limited access to the Internet to
connect with the health care team virtually as well as lack of close follow-up by social
worker and assistance with diabetes care by school nurses. This study also identified
some benefits of telemedicine that included the following: educating families about
data sharing, improving efficiency during patient interactions, and improving adher-
ence to diabetes management plan. Overall, the COVID-19 pandemic forced health
care team to quickly implement changes to use telemedicine as a tool to provide
ongoing care for pediatric patient with diabetes.
Several other studies examined the impact of telemedicine on metrics used to

assess improvement in glycemic control in pediatric patients during the COVID-19
pandemic. A study in Italy examined changes in glycemic control 3 weeks before
and after the lockdown was implemented during the pandemic.32 A total of 62 pediat-
ric patients with T1D using the Dexcom G6 CGM device (Dexcom, Inc) were followed
via telemedicine during 2 time periods: November 26, 2019 to February 23, 2020, and
February 24, 2020, to May 18, 2020. Although patients were more sedentary, there
was a significant increase in the median time that glucose levels were in the target
range (60.5% to 63.5%) and a decrease in the time that glucose levels were above
the target range (37.3% to 34.1%) and below the target range (1.85 to 1.45%). A multi-
center study conducted in Israel among 195 children with T1D (mean age
14.6 � 5.3 years) examined changes in time in range 2 weeks before and after tele-
medicine visits during the Israeli lockdown from March 15, 2020, to April 12, 2020.33

Among the 121 patients who completed the telemedicine visit, time in range improved
(62.9% compared with 59%) during the 2-week period after the telemedicine visit.
Therefore, the use of telemedicine together with remote monitoring of diabetes during
the COVID-19 pandemic showed positive changes in metrics that directly impact gly-
cemic control.
Finally, pediatric endocrinologists at the University of Pittsburgh Medical Center in

the United States provided some recommendations and insights for using telemedi-
cine services to provide ongoing patient care during the COVID-19 pandemic.34 First,
a representative from each member of the health care team should always be part of
the development and assessment of telemedicine services that will be offered to pa-
tients. Second, different telemedicine platforms may be required to communicate with
patients/families effectively and when possible choose one that can integrate with the
electronic medical record. Third, one should remember to address any concerns
about billing requirements when conducting telemedicine visits. Fourth, administrative
staff will need to provide clear instructions for patients to use during the telemedicine
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visit. Fifth, it is important to continue to integrate different members of the health care
team during the telemedicine visit including pediatric endocrinologist, trainees on
team, diabetes nurse, certified diabetes educator, registered dietitian, and social
worker. Sixth, problems encountered with telemedicine services related to institutional
policies as well as limitations inherent to conducting virtual visits should be identified
and steps should be taken to quickly resolve them (eg, inability to perform a compre-
hensive examination or laboratory testing). Finally, it is important that both health care
teammembers and families attempt to maintain a positive attitude when implementing
telemedicine to provide ongoing care for pediatric patients with diabetes especially
during the COVID-19 pandemic.
In summary, during the COVID-19 pandemic pediatric patients with new-onset dia-

betes presented with more severe DKA. Most pediatric patients with a history of T1D
who developed COVID-19 had mild disease or were asymptomatic similar to their
peers without diabetes. Children with T1D and COVID-19 clearly had less severe dis-
ease than adults with diabetes and COVID-19. Telemedicine was successfully used to
provide ongoing care for pediatric patients with T1D and provide some insights about
positive changes in glycemic control during the pandemic. Lessons learned about
management of diabetes during the COVID-19 pandemic should help to provide better
care for pediatric patients with T1D and improve their health outcomes.

CLINICS CARE POINTS

� Most pediatric patients with T1D do not become severely ill with COVID-19, unlike adults
with diabetes and COVID-19.

� Delay in access to medical care during the COVID-19 pandemic contributed to an increase in
cases of severe DKA among pediatric patients with newly diagnosed T1D.

� The use of remote technology and telemedicine in pediatric diabetes clinics during the
COVID-19 pandemic had a positive impact on glycemic control.
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