Pediatric Health, Medicine and Therapeutics Dove

Pediatric Diabetes and Diabetic Ketoacidosis After
COVID-19: Challenges Faced and Lessons Learnt

Ashish Agarwal', Deepankar Bansal', Karthi Nallasamy', Muralidharan Jayashree ®', Vijai William 2

'Division of Pediatric Emergency and Intensive Care, Department of Pediatrics, Advanced Pediatrics Centre, Post Graduate Institute of Medical
Education & Research, Chandigarh, India; 2Djvision of Pediatric Critical Care, Department of Critical Care, Sheikh Khalifa Medical City, Abu Dhabi,
United Arab Emirates

Correspondence: Vijai William, Division of Pediatric Critical Care, Department of Critical Care, Sheikh Khalifa Medical City, Abu Dhabi, United Arab
Emirates, Tel +971502988149, Email vijaiwilliams@gmail.com

Abstract: The coronavirus disease (COVID-19) pandemic affected the management and follow-up of several chronic ailments,
including pediatric type 1 diabetes mellitus (T1DM). Restricted access to healthcare and fear of contracting the virus during medical
facility visits resulted in poor compliance, irregular follow-up visits, treatment, and delayed diagnosis of complications in pediatric
diabetes such as diabetic ketoacidosis (DKA). As such, the incidence of complicated DKA in resource-limited settings is high due to
delayed presentation, poor compliance with therapy, and associated comorbidities such as malnutrition and sepsis. The pandemic had
only added to the woes. The increased surge in DKA, in the face of limited resources, prompted clinicians to find alternative solutions
to manage these children effectively. In this narrative review, we discuss the key challenges faced globally while caring for children
with TIDM and DKA during the COVID-19 pandemic, and the lessons learned thereof.
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Introduction

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) pandemic had a significant impact on all facets of
the health-care sector, causing tremendous strain on both people and resources. Modern medicine experienced several
trials and tribulations during this time. Besides the direct effect on morbidity and mortality, the pandemic caused
limitations to effective healthcare delivery due to restricted movement and lack of transportation. In addition, hesitation
of parents to visit a medical facility owing to fear of contracting the virus resulted in delayed diagnosis and irregular
treatment of many chronic ailments, especially malignancies.'” On the other hand, isolation and use of personal
protective measures had some positive impacts, which led to decreased hospitalizations due to other respiratory viruses.
Efforts were made to strengthen health-care systems by increasing the number of intensive care beds and improving
telehealth services. While the health-care systems had witnessed transformations like never before, it was important to
strike a balance between the acute care needs of coronavirus disease (COVID-19) patients, judicious use of hospital
resources, and at the same time protection of both patients and health-care workers from exposure to the contagious
virus. In this exercise, the quality of treatment provided to children with chronic ailments took a back seat.

Among several chronic ailments, the pandemic had both directly and indirectly impacted the epidemiology, clinical
manifestation, and therapy of Type 1 Diabetes Mellitus (T1DM) and Diabetic Ketoacidosis (DKA) in children. Although
the morbidity and mortality of TIDM and DKA in children have decreased significantly over the years,® the economic
burden of this disease remains considerable. The pandemic adversely affected the ready availability of resources, posing
challenges to both the diagnosis and management of these children. Not only was the timely follow-up disrupted but the
supply of insulin and self-monitoring tools was halted due to lockdown and restrictions. Rapid lifestyle changes resulted
in substantially increased screen time, reduced physical activity, loss of a structured routine and psychological stress due
to lack of social interactions.
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Challenges Faced in the Management of Pediatric Diabetes

1. During the pandemic, the moot point was whether SARS-CoV-2 increased the prevalence of new T1DM, and if
so, what could be the possible mechanism?

After initial reports suggested an increase in TIDM incidence attributable to SARS-CoV-2, considerable research was
conducted to compare the incidence of new TIDM between the pre-pandemic and pandemic phases. Initial reports by
Tittel et al from Germany” and Ho et al from Canada’ showed that the incidence of new T1DM during the first wave was
not different from the pre-pandemic phase. However, after the second and third waves, the same group reported an
increased incidence of new T1DM associated with SARS-CoV-2 infection.® Subsequently, several reports from the
United States, Germany, Italy, and Finland, including recent systematic reviews and meta-analyses, substantiated that the
COVID-19 pandemic led to an increased incidence of new TIDM.”*#

A large study that included more than a million children with respiratory viral infections compared the incidence of
new T1DM between SARS-CoV-2 and non-SARS-CoV-2 respiratory viral infections. They found that incidence of new
T1DM was significantly higher among the SARS-CoV-2 group.’ Another very large study by Qeadan et al demonstrated
that, in children infected with SARS-CoV-2, the incidence of new T1DM was high.'® A well-established hypothesis for
the development of T1DM proposes an interplay between genetic susceptibility to human leukocyte antigens (HLA) and
secondary hits in the form of viral infections, diet, and environmental and/or autoimmune factors. Coxsackie virus-B
(CBV), mumps, rubella, cytomegalovirus, and rotaviruses are among the viruses linked to the development of TIDM.
Viruses either directly harm beta cells through proliferation and destruction or cause autoimmunity and inflammation

through “molecular mimicry.”"'

Molecular research has demonstrated that Angiotensin converting enzyme-2 (ACE-2)
receptors expressed on the surface of pancreatic beta cells are utilized by the SARS-CoV-2 virus to infect and cause
destruction of the endocrine pancreatic cells.'>'* However, the outcome of this host-virus interaction depends on the
epigenetic modifications brought about by the virus and the response of the immune system to those alterations. The role
of genetic and epigenetic factors (DNA methylation, histone modification, microRNA formation, ubiquitination, phos-
phorylation, and acetylation) came to the fore as increased incidence of new T1DM and DKA in children with SARS-
CoV-2 infection differed by race. The highest risk of new TIDM and DKA was noted among American-Indians, followed

by Asian, Black and White children'®'* (Figure 1).
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Figure | Role of genetic and epigenetic factors in type | diabetes mellitus. PTPN2: protein tyrosine phosphatase non-receptor type 2, INS: insulin gene, HLA: human
leukocyte antigen.
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Reports showed a more than usual annual rise (3-4%)" in the incidence of TIDM during the COVID 19 pandemic
compared to the pre-pandemic period. However, whether this increase is the result of a direct effect of SARS-CoV-2
infection on the pancreatic beta cells or autoimmunity triggered by the virus is a matter of ongoing discourse. SARS-CoV-2
infection could have caused epigenetic changes in gene regulation and provided a favorable environment for autoimmune

destruction of pancreatic beta cells."*

2. Did the pandemic lead to increased incidence and severity of pediatric DKA, along with an increase in the
incidence of new-onset pediatric diabetes?
The incidence of DKA increased during the pandemic, commensurate with the increase in the incidence of new T1DM.
Some of the possible explanations include the increased incidence of childhood diabetes itself, delayed initiation of
insulin following the diagnosis of T1DM, delayed presentation to a medical facility due to containment measures,
COVID-19 induced cytokine storm, use of steroids for COVID-19 treatment, and changes in lifestyle during the
pandemic. Data have unanimously shown an increase in the incidence of new-onset DKA in children.>’-'* 18

In the pre-pandemic era, the frequency estimates of DKA at the diagnosis of TIDM reported from several nations
spanning three continents, comprising close to 60,000 children with TIDM, was approximately 30%.' When compared
to the pre-pandemic period, the reported estimates of DKA at the diagnosis of TIDM were as high as 60% according to
some studies.” An international multicenter study from 13 national diabetes registries compared the rates of DKA at the
diagnosis of TIDM in the pre-pandemic period (870,000 children between 2006 and 2019) and the pandemic period
(16,800 in 2020-2021).2° Around 27% of children in the pre-pandemic period presented with DKA at diagnosis of
T1DM. With a mean annual increase of approximately 1.6%, the predicted rates in 2020 and 2021 should have been
approximately 32-33%.%° However, the observed prevalence of DKA at the time of TIDM diagnosis was significantly
higher (38-39%), suggesting that the COVID-19 pandemic resulted in a significant increase in the incidence of DKA at
the time of TIDM diagnosis. In addition to the increased incidence, several studies across the globe have also reported
delayed presentation of children with DKA to health-care facilities.?' > Suspension of outpatient and follow-up services,
difficulty adapting to virtual follow-up, and hesitancy to seek hospital care during acute sickness were some of the factors
attributed to this delay.

The pandemic resulted in an increased incidence of new-onset DKA, possibly related to delayed recognition and
referral.

3. Did the clinical presentation of children with TIDM during and after the pandemic differ from the pre-
pandemic period?

Studies have compared clinical parameters such as duration of osmotic symptoms, severity of DKA, median blood
glucose and HbA1C levels at presentation, ICU needs, and concomitant autoimmune disorders such as celiac disease and
thyroiditis between the pre-pandemic and pandemic phases. The median duration of osmotic symptoms prior to
presentation to a health-care facility was much longer during the pandemic period than during the pre-pandemic period,
underscoring the delay in diagnosis.>** The considerably higher HbA1C at presentation during the pandemic compared
to the pre-pandemic time also confirms delayed presentation.®**>*® Similarly, the proportion of children requiring
intensive care was also reported to be higher during the pandemic period.*”**

Presentation of DKA at diagnosis of TIDM may be misdiagnosed as pneumonia (mistakenly for acidotic breathing),
acute abdomen, or in late cases such as encephalopathy.?’ This is more of a concern in resource-limited settings where
the proportion of children with DKA at diagnosis of TIDM is very high (50-80%),’' as compared to developed
nations (around 30% in Europe, Australia, USA).'® Virtual health-care visits during the pandemic, lack of community
awareness and screening programs to recognize early symptoms, and virtual contact with physicians further amplified the
problem during the lockdown.

The clinical presentation of children with TIDM differed during the pandemic. A greater proportion of children
presented with DKA at TIDM diagnosis had a higher severity of DKA and need for PICU care.
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4. What was the effect of TIDM on COVID-19 severity?

According to the Centers for Disease Control and Prevention, adults with T2DM and COVID-19 had worse clinical
outcomes. However, data are limited to support poor clinical outcomes in children with TIDM and COVID-19.*? In both
T1DM and T2DM with COVID-19, the degree of hyperglycemia and HbA1C levels were found to be independent
predictors of mortality.>* Impaired adaptive and innate immune responses noted in children with T1DM, proinflammatory
state during DKA, endothelial and microcirculatory dysfunction, and hypercoagulable state contributed to the increased
severity of illness and organ failure in children with TIDM and COVID-19.**

T1DM exacerbated the severity of SARS-CoV-2 infection in children, similar to adults with T2DM and COVID-19.

5. Did mortality rates in children with DKA differ between the pandemic and pre-pandemic periods?
DKA-related mortality in children is reported to be very low (less than 1%), of which cerebral edema is the major
contributor.*® In contrast, mortality rates in adults with DKA are reported to be higher in those with COVID-19
disease.”® However, it is unclear whether the mortality in these studies was attributable to DKA or COVID-19.
A study comparing DKA cases from the pre-pandemic period to DKA with COVID-19 cases concluded that COVID-19
severity was the driving factor for increased mortality rates.”’

Although morbidity in children with TIDM and DKA increased during the pandemic, mortality attributable to DKA in
children with TIDM continued to remain low.

Lessons Learnt

1. Did the pandemic enforce any modifications to the existing treatment strategies for pediatric DKA?

Fluids and insulin remain the cornerstones of DKA management in the backdrop of stringent clinical and
laboratory monitoring. Limited ICU beds and infusion pumps, shortage of laboratory resources such as point-of-
care (POC) blood glucose, and blood ketone testing compounded by the need to prevent exposure of patients and
health-care providers to SARS-CoV-2 necessitated the adoption of alternative management strategies for the
management of DKA in children during the pandemic. Health-care providers have adapted to the more frequent
use of subcutaneous insulin in the management of mild-to-moderate DKA. The modified protocols recommended
2-4 hourly short acting subcutaneous insulin with or without long-acting basal insulin.*® Insulin Aspart, Lispro,
and Glulisine, which are rapidly acting insulin analogs that were administered subcutaneously. This adaptation in
the treatment of mild-to-moderate DKA lowered the demand for infusion pumps, other monitoring tools, and the
need for ICU care.

During the pre-pandemic period, subcutaneous insulin therapy was less preferred in the treatment of DKA owing
to erratic absorption from subcutaneous tissue in the presence of dehydration and shock. However, small prospective
trials have demonstrated that the use of subcutaneous short-acting insulin analogs is safe and cost-effective for the
treatment of uncomplicated mild-to-moderate DKA. In a randomized trial conducted in adults with uncomplicated
DKA, Umpierrez et al showed that rapid-acting subcutaneous insulin (Lispro) in non-intensive care settings was
safer and more cost-effective than intravenous insulin in intensive care settings.*® The same group also confirmed
the safety and efficacy of a similar insulin analog (Aspart) for the treatment of uncomplicated DKA.** In a Turkish
study, Ersoz et al compared short-acting insulin lispro with regular insulin infusion, and demonstrated that the DKA
resolution time was similar in both groups.*' In contrast, a study from Brazil in children with DKA comparing
subcutaneous insulin lispro with intravenous regular insulin found that although the blood glucose reduction to
250 mg/dl was similar between the two insulin preparations (approximately 6 hr), the time taken for resolution of
DKA was longer in the lispro group. No iatrogenic complications occurred in either group. This study concluded
that fast-acting insulin analogs were cost-effective and technically simplified alternative to decrease need of
intensive care unit admission.*

Use of subcutaneous insulin instead of intravenous insulin for management of mild-moderate DKA in a non-ICU
setting worked as an effective adaptation in the face of constrained resources during the pandemic.

2. Was there any change in the monitoring tools for glycemic control in children with TIDM during the pandemic?
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Self-monitoring of blood glucose (SMBG) and HbA1C remains the most widely used method for monitoring glycemic control
and titrating insulin in children with TIDM. However, the recognition of interval episodes of hypoglycemia or postprandial
hyperglycemia, which are linked to micro- and macrovascular complications, remains a major limitation of this method.
Continuous glucose monitoring (CGM) provides minute-to-minute blood glucose readings, mitigating the limitations of
SMBG.* A CGM device consists of an electrochemical trans-dermally placed sensor that detects glucose levels of interstitial
fluid and alerts the individual about acute glycemic events based on pre-set high and low threshold values.** CGM has been
approved by the Food and Drug Administration (FDA) for outpatient settings and has led to improved glycemic control in
patients on intermittent subcutaneous insulin.*>** The current International Society for Pediatric and Adolescent Diabetes
(ISPAD)-2022 guidelines strongly recommend the use of CGM in children, adolescents, and young adults with TIDM and its
initiation at the earliest possible time after initial diagnosis in order to improve glycemic metrics.*’ In a longitudinal analysis of
data from two international Type 1 Diabetes registries, it was reported that mean HblAc values were significantly lower in
individuals using CGM, regardless of the insulin delivery system used. CGM users were noted to be more likely to achieve target
HblAc levels.*®

Although bedside point-of-care blood glucose monitoring remains the standard of care for titrating intravenous insulin
infusion in DKA management, to minimize patient contact time and prevent the risk of SARS-CoV-2 exposure, CGM was
temporarily extended by the FDA for in-patient management of DKA during the pandemic. Until there is more evidence on the
efficacy and safety of CGM in in-patient settings, these devices should be best used to supplement and not replace POC blood
glucose testing in patients on insulin infusion. In resource-limited settings with other urgent health-care priorities, CGM with its
associated cost, complexity, and need for expertise may pose additional burdens that hinder its widespread use at the current
stage.49

The use of continuous glucose monitors (CGM) increased during the pandemic and reduced the exposure of health-
care providers to the virus, but their use is not well established in resource-limited settings.

3. Were there any modifications to insulin delivery systems to prevent exposure?

The use of insulin pump devices with sensor-based feedback (closed loop) helps patients deliver the required dose of
insulin, depending on their blood glucose values. A selected patient population who can titrate the insulin dose with the
help of insulin pumps may be allowed to do so; however, a support system from health-care providers should be made
available for them. Closed-loop technology may help save resources, decrease the need of nursing personnels for
glycemic monitoring and prevent unnecessary health-care visits and thereby exposure to transmissible infections.>
A study conducted during the pandemic also showed that glycemic control in children treated with insulin pumps was
better as compared to those using insulin pens.>'

The use of insulin pumps fared better than insulin pens in patient compliance and glycemic control.

4. What was the role of telehealth in the follow-up of TIDM children during the pandemic?

Telehealth has remained an underutilized tool in managing chronic diseases until the COVID-19 pandemic struck. The
use of telehealth for both acute and chronic ailments had increased exponentially during the pandemic. Telehealth has
been shown to be an efficient, popular, and practical method of providing diabetes education and insulin titration, in
addition to the digital revolution in diabetic monitoring and insulin administration. Telemedicine was utilized to recall
sick day schedules in addition to promoting diet and exercise. In all the studies, it has been seen that regular follow-up
via telemedicine led to improvement in glycemic metrics.

During the COVID-19 pandemic, a global survey conducted across 89 countries to analyze the perception and use of
telemedicine in patients with TIDM yielded encouraging results.”®> About 86% of those who received remote treatment
regarded these appointments as helpful, and 75% said they planned to schedule similar appointments in the future.
Among T1DM participants with telemedicine visits, younger age, past virtual platform experience, and trust in being able
to download data were associated with a preference to use telemedicine in the future. About 49% preferred virtual
platform for future use, while the rest preferred a hybrid mode.>

Rapid adoption of telemedicine significantly improved the follow-up needs and glycemic metrics in pediatric Type 1 Diabetes.
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Future Directions
Was there any association between long COVID syndrome and diabetic ketoacidosis?
Long COVID syndrome (Post-acute COVID-19 syndrome) with involvement of multiple organ systems until 6 months
after infection with SARS-CoV-2 is a well-described entity.”* The expression of ACE2, an entry receptor of SARS-CoV
-2, in multiple tissues of the body makes it a plausible biological association. Endocrine manifestations of long COVID
syndrome include new-onset diabetes, transient loss of glycemic control, and/or progression to DKA. Studies have shown
that ACE2 and transmembrane serine protease (TMPRSS2), involved in SARS-CoV-2 entry, are also expressed in
pancreatic beta cells.”” Binding of the virus causes inflammation and immunological aberrations resulting in cell damage.
However, the duration of this predisposition following SARS-CoV-2 infection remains unknown. The bulk of evidence
on the increased incidence of new diabetes and DKA at presentation during the pandemic period does not specify the
status of SARS-CoV-2 infection or the duration after the infection. Most studies have compared the overall incidence of
TIDM and DKA between the pre-pandemic and pandemic periods, irrespective of SARS-CoV-2 infection status.
However, studies on children infected with SARS-CoV-2 with follow-up data on the incidence of new T1DM in children
over a period of time are limited. A clear temporal association between the COVID peak and the onset of diabetes, as
described for MISC, has not been established. Answers to these questions might be addressed through data from
international registries like CoviDiab registry.”®

Prospective studies to evaluate various organ system involvement in children exposed to SARS-CoV-2 and those with
long COVID syndrome are needed to establish possible endocrine association like new onset diabetes and DKA in
children infected with SARS-CoV-2.

Conclusions

The direct effect of the virus and the indirect effects of virus containment measures created various challenges to the
healthcare system in the field of pediatric diabetes. The increased incidence of TIDM, new-onset DKA presenting in
severe forms, limited resources for monitoring and insulin delivery, and poor glycemic metrics due to loss of follow-up
were some of the challenges that needed different adaptive strategies. Revised management protocols for treatment,
monitoring, and follow-up were devised to balance patient care needs within available resources and reduce the risk of
virus transmission to both patients and health-care providers. Telehealth was used to its maximum potential. However,
follow-up studies on SARS-CoV-2 infected children are desirable for assessing long-term consequences.
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