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ABSTRACT

In this review, we aim to outline the world’s experience with pediatric
diabetic ketoacidosis (DKA) during and after the recent pandemic due to
Covid-19. Although most of the literature during the pandemic illustrated
the devastation wreaked on adults with diabetes, it took its toll on the
pediatric population as well. Here we describe the incidence, prevalence,
global impact, and varied presentations of Covid-19 related DKA. We
opine on the mechanism of action or pathophysiology of pandemic related
DKA, from direct viral effects to indirect mechanisms, such as inability to
seek medical help and/or fear of seeking help at medical establishments
that crucially kept children away from care only to present in worse states
of chronic disease. The silver lining was the advent of telehealth and
treatment of DKA in non-traditional settings that ironically broadened the
scope of care. Lastly, we review areas in need of future study so that we
are better prepared as pediatric clinicians for the next pandemic to
protect the children in a more thorough and durable fashion. There are
numerous lessons we have learned from this that we can apply now in our
daily practice to improve the care we give to our patients.
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Introduction:

Anecdotally, as we experienced the Covid-19 (corona-
virus disease 2019, caused by SARS-CoV-2 originating
in Wuhan, China) pandemic in 2020, the pediatric
endocrinology sector noted a distinct rise in pediatric
diabetes (both type 1 and type 2 diabetes mellitus;
T1DM and T2DM, respectively). Due to more frequent
presentations of diabetes, we thus noted more frequent
episodes of diabetic ketoacidosis (DKA); the latter were
more severe in nature. In this review, we aim to explore
this observation in the US and globally. Although many
suggested that the pandemic did not affect the pediatric
population, it clearly did in this realm. DKA, if not caught
early can result in death. We describe here, the scope of
the pandemic effects on pediatric diabetes and the
serious, if not deadly consequences. The golden lining of
the pandemic was the evolution of telemedicine which
helped, but not enough (too little, too late). Telemedicine,
in its infancy was very much brought to fruition in the fight
to keep pediatric providers in touch with their patients
who had access to the internet. In the future we will be
better prepared to handle such large disruptions to the
health system, particularly in this vulnerable pediatric
population with chronic disease. It is important to
document our cumulative experience now to inform
healthcare providers in the future when this happens
again. Let us learn our lessons today to help save lives
and reduce morbidity and mortality in the future.

Incidence:

In a recent edition of Pediatric Annals, we showed that
worldwide, the incidence of both TIDM and T2DM, or all
cause pediatric diabetes had increased worldwide
during and after the pandemic'. Furthermore, Rahmati, et
al.2 found that SARS-CoV-2 infection was associated with
an elevation in the risk of DKA in children and adolescents
compared with non-Covid-19 control groups “RR = 2.56,
95% C1 1.07-6.11, p = 0.03". Their findings were mainly
obtained from US medical claims databases, and
suggested that SARS-CoV-2 infection was associated
with higher risk of developing new-onset T1DM and DKA
in children and adolescents. These findings highlight the
need for targeted measures to raise public health
practitioners and physician awareness to provide
intervention strategies to reduce the risk of developing
T1DM in children and adolescents who had Covid-19. In
2020, Chao, et al.3 demonstrated that youth with new-
onset T2DM had a greater incidence of DKA at
presentation than previously observed. They suggested
that future studies should examine the impact of SARS-
CoV2 exposure on the presentation of T2DM in all age-
groups to inform better patient care and to determine
which age groups were most susceptible. These were
general observations.

Jaliliova, et al.# intimates in their 2023 study, that the
rate of severe DKA, but not the overall rate of DKA
increased during the Covid-19 pandemic compared to
the prior four years. They believe this was due to the
behavior of the parents of ill children and the limited
access to the healthcare system. Despite this limited
access, parental concern may have been sufficiently high
to then seek medical attention for their children, avoiding
the increased frequency of DKA as the first presentation
of new-onset T1DM; the increase in severity of DKA was

still unexplained in this study. Another study conducted in
Alberta, Canada performed a chart review over the
period of March 17, 2020 to August 31, 2020. This
Canadian study group found that while the number of
children presenting with TIDM was similar during the
pandemic period compared to pre-pandemic, the
frequency of DKA at diabetes onset was significantly
higher in the pandemic period and incidence of severe
DKA (with the possibility of death) was also highers. A
meta-analysis, that included 24 papers with a total of
124,597 children with diabetes, found that statistically
significant increases in risk of DKA among newly
diagnosed T1DM patients occurred during the pandemic
“RR 1.41; 95% CI 1.19, 1.67; p < 0.01; 12 = 86%",
especially in severe forms of DKA “RR 1.66: 95% CI 1.3,
2.11”", when compared to before the pandemic. The
meta-analysis further demonstrated that DKA in newly
diagnosed children with TIDM had increased during the
pandemic and presented with severe forms. This may
reflect that Covid-19 may have contributed not only to
the development but also the severity of DKA. This meta-
analysis concluded that DKA, a life-threatening
complication of TIDM, had indeed increased during the
Covid-19 pandemic. These findings reflect that Covid-19
may have altered the presentation of TIDM that was
somehow related to DKA severity®.

The pandemic had a global impact as we know but this
impact on DKA in children was noted all over the world.
A study conducted in 47 pediatric diabetes centers caring
for > 90% of youth in Italy found that the increase in
frequency and severe of DKA in children with newly
diagnosed T1DM during the Covid-19 pandemicin 2020,
had no apparent association with the severity of Covid-
19 infection nor containment measures. They conclude
that there had been a silent outbreak of DKA in children
during the pandemic, and preventive action was required
to subvert this phenomenon in the event of further
generalized lockdowns or future outbreaks’.

Certain populations were disproportionately affected.
One study in which retrospective data consisting of
27,292,879 patients from the US Cerner Real-World
Data (nationwide cohort) were reviewed and showed
that a Covid-19 diagnosis was associated with
significantly increased risk of new-onset TIDM and
American Indian/Alaskan Native, Asian/Pacific Islander,
and Black populations were particularly at risk. In
patients with pre-existing T1DM, the risk of developing
DKA was significantly increased following a Covid-19
diagnosis8. DKA frequency increased among T1DM
patients during Covid-19 surges with highest frequency
among non-Hispanic Black patients in comparison to non-
Hispanic White individuals. DKA was less common among
patients using continuous glucose monitors (CGM) and/or
insulin pumps. These findings highlight the urgent need for
improved strategies to prevent DKA among patients with
T1DM, not only under pandemic conditions, but under all
conditions; especially among certain populations most
affected by health inequities?. These studies link
populations with lower income and poor access to
healthcare with greater risk of DKA.

Lawrence, et al.’® found that a significant increase in the
frequency of severe DKA at presentation of T1DM was
observed during the initial period of Covid-19 restrictions
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and lockdown conditions. They further hypothesized that
concern about presenting to the hospital during a
pandemic led to a delay in diagnosis. These data have
important implications for advocacy in seeking healthcare
for non-pandemic-related conditions during a global
pandemic. Adou et al.’’ also found an increase in the
frequency of newly diagnosed cases that were identified
during the first and the second Covid-19 waves
compared with the pre-Covid-19 period. The patients
presented with more severe DKA, probably due to a
delay in presentation. The frequency of hypokalemia
development was also significantly higher, likely due to
the delay in presentation leading to a longer period of
electrolyte loss. The severity of DKA was associated with
a longer intensive care unit (ICU) admissions. They
conclude that further studies are required to establish a
definitive link between the Covid-19 pandemic and the
severity of presentation. Both studies link the pandemic
itself with severity of DKA.

Interestingly, some smaller case reviews found no
difference in DKA pre- vs. post-pandemic. Donbaloglu et
al.’2 reported only 2 cases that tested positive for severe
acute respiratory syndrome coronavirus 2 among new-
onset TIDM patients during the pandemic in a Turkish
population. Although they found an increase in the
number of new-onset TIDM cases in comparison to the
pre-pandemic period, rates of DKA and severe DKA
were similar. There were no findings to suggest that
severe acute respiratory syndrome coronavirus 2 took
part in TIDM pathogenesis. Since the development of
TIDM is a long process with autoimmune underpinnings
that develops over months to years, they conclude that
prospective studies were needed to investigate the long-
term effects of severe acute respiratory syndrome
coronavirus 2 on the development of TIDM and
subsequent DKA.

As for T2DM and DKA, Chambers, et al.'3 in Arizonaq,
found that there was a significant increase in T2DM cases
that occurred following the onset of the pandemic with a
greater risk of DKA and severe ketoacidosis leading to
longer hospital stays and more intense critical support.
Racial disparity was evident with a higher proportion of
Black and American Indian children presenting with
ketoacidosis following the pandemic onset in their T2DM
cohort. Thus, severe DKA did not only present in T1IDM
but also in children presenting with T2DM.

Prevalence:

Pre-Covid-19 vs post-Covid-19, the prevalence of DKA,
particularly in certain populations, increased as well.
Ebekozien, et al.’¥ examined whether DKA was more
prevalent among Non-Hispanic (NH) Black and Hispanic
patients with T1DM with laboratory-confirmed Covid-19
infections compared to NH Whites. They found that
among T1DM patients with Covid-19 infection, NH Black
patients were more likely to present in DKA compared
with NH White patients. Their findings demonstrate
additional risk among NH Black patients with TIDM and
Covid-19. Nagl, et al.' analyzed the annual prevalence
of new onset-DKA from 2012 to 2020 with a sub-analysis
for the lockdown-periods during the Covid-19 pandemic
in 2020. In this study, all newly diagnosed children with
T1DM aged <15 years were prospectively registered in
the population-based Austrian Diabetes Incidence Study.

The annual DKA prevalence was analyzed using Joinpoint
regression (a statistical method that identifies changes in
population parameters over time). The DKA prevalence
during the lockdown periods in 2020 and the
corresponding periods in 2015-2019 were also
examined. In the years 2012-2020 the mean prevalence
of new onset-DKA in Austria was 43.6% and above the
mean prevalence of previous decades (1989-2011) of
37.1 %. A particularly high prevalence was found among
children <2 years of age “72.0% DKA, 32.8% severe
DKA”. No significant gender difference was found.
Prevalence of severe DKA at T1DM-onset increased
significantly since 2015 “p = 0.023”". During the
lockdown in 2020, 59.3% of children were diagnosed
with DKA at T1D-onset, compared to 42.1% during the
previous 5 years. Moreover, 20% of children had severe
DKA at TIDM diagnosis, compared to 14% during the
comparison period. The previously already high
prevalence of DKA at T1DM-onset had further increased
over time. They conclude that the Covid-19 pandemic
had exacerbated the problem of a late or delayed
diagnosis of diabetes in children, resulting in new onset-
DKA.

Global Impact:

Increased DKA and severity not only affected the United
States but was seen worldwide as previously noted. Let
us explore the scope of these implications. The lockdown
implemented in Saudi Arabia significantly impacted
children with TIDM which led to an increased DKA
frequency, including children with new-onset T1DM,
potentially owing to delayed presentation’®. A Finnish
study demonstrated that more children with TIDM had
severe DKA at diagnosis during the pandemic. They
hypothesized that this was not a consequence of SARS-
CoV-2 infection. Instead, it likely stemmed from delays in
diagnosis following changes in parental behavior and
healthcare accessibility'”. Despite emerging evidence of
increased pediatric T1DM and DKA worldwide following
the Covid-19 pandemic, studies in Asia were lacking. Thus
Lee, et al.’® aimed to determine the frequency,
demographics, and clinical characteristics of new onset
T1DM during the pandemic in Malaysia. They found that
new onset T1DM increased during the pandemic, with a
greater proportion having severe DKA. They noted that
more studies were needed to evaluate the mechanism
leading to this rise in DKA to guide intervention measures.

The International Society for Pediatric and Adolescent
Diabetes (ISPAD) investigated perceptions, challenges,
and experience of health care professionals (HCP) taking
care of children and young people with diabetes
worldwide during Covid-19 pandemic. The ISPAD survey
showed that many HCP adapted to the pandemic by
resorting to telemedicine. One fourth of HCP reported
delays in diagnosis and increased rates of DKA. The
emergence of the Covid-19 pandemic had an important
impact on family's behavior that may have led to an
increase in DKA presentation and the evolution of
telemedicine'?. Although the latter was helpful it clearly
did not mitigate the problem of diabetes complications
arising during and after the pandemic.

A population-based study, the product of a national
collaboration of Israeli pediatric diabetes centers,
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investigated the presentation of childhood-onset T1DM.
The frequencies of DKA and severe DKA observed during
the Covid-19 period from March 15, 2020 until June 30,
2020 were compared with the same periods in 2019,
2018, and 2017 using multivariable logistic regression,
adijusting for age, sex, and socioeconomic position. The
dramatic increase in DKA they found at presentation of
childhood-onset TIDM during the pandemic mandated
targeted measures to raise public and physician
awareness2°. In Spain, a change in monthly distribution of
cases (decrease in March presentation with more cases in
May through November, which is opposite to the typical
monthly or seasonal distribution) was described, with an
increase in DKA at onset of TIDM. No differences were
found in severity, although there were differences in the
age distribution, with an increase in the number of cases
in children under 4 years of age?'. In Vojvodina, Serbiq,
the pandemic was associated with a higher incidence rate
of T1DM, longer duration of symptoms of T1DM, a higher
frequency of DKA, and more severe DKA at diagnosis.
They found that patients aged 10—14 years (puberty, a
time of increased insulin resistance) were a particular risk
group for the occurrence of TIDM with severe clinical
presentation. They note that additional studies were
needed with a longer study period and in a wider
geographical area, with data on exposure to Covid-19
infection, the permanence of new-onset TIDM, and the
psychosocial impact of the pandemic?2. In summary, the
increased rate and severity of DKA in children was
documented globally.

Presentations:

In our experience, not only did we note an increase in
DKA but this was coupled with an increase in co-morbid
complications such as acute respiratory distress syndrome
(ARDS), multi-system inflammatory syndrome (MIS),
hyperglycemic hyperosmolarity syndrome (HHS), general
increase in severity of DKA presentation (higher blood
glucose and hemoglobin ATC or HbA1C), T2DM with
DKA, obesity and death. There was also an interplay
between infection with Covid-19 and severity of DKA.

In general, age over 12 years and initial CRP were
associated with need for pediatric intensive care unit
(PICU) admission with Covid-19 infection at DKA
presentation. Organ dysfunction was associated with
elevated CRP on admission, elevated WBC,
thrombocytopenia and DKA. These factors may be useful
in determining risk for critical illness and organ
dysfunction in pediatric Covid-1923,  Multisystem
inflammatory syndrome in children or MIS-C illness with
purpura fulminans should be considered in children and
adolescents presenting with complex multisystem
involvement in this era of Covid-19 as we continue to
manage diabetes with presence of this virus.
Management with immunomodulatory agents were
lifesaving24.

Given that children with diabetes have increased risk of
infection due to their hyperglycemic environment, we
need to be cognizant of unusual infections in this cohort.
Along the lines of rare co-morbidities, the occurrence of
mucormycosis has been observed in individuals with
Covid-19. However, there is limited information on the
epidemiological  factors, presentation, diagnostic

certainty, and outcome of this infection in children.
Manuscripts  were  systematically searched from
December 2019 to March 2023 by Amaral, et al.25. They
identified 14 cases of pediatric mucormycosis in patients
with Covid-19. The median age of these patients was
10.7 years. Among these cases, 10 were associated with
active Covid-19 infection. In 7 cases, the patients had
pre-existing diabetes mellitus and concomitant DKA.
Corticosteroids were administered to treat Covid-19 in 7
of the patients. The most common clinical presentation of
the disease was rhino-orbital cerebral mucormycosis.
Seven patients died “50%”". Given the high mortality
rate, clinicians need to maintain a high level of clinical
suspicion for mucormycosis in pediatric patients with DKA
and Covid-19.

Obesity is a complicating factor in severity of
presentation. As an increased body of Covid-19 related
research is now available, it became apparent that the
effects of Covid-19 extend beyond that of the
respiratory system. Among others, the endocrine system is
particularly vulnerable to perturbation from a Covid-19
infection. A review by Kostopoulou et.al?¢, summarized
the bidirectional relationship between COVID-19 and the
endocrine system in children and adolescents, by
describing both the possible susceptibility of children and
adolescents without endocrinopathies to those with
endocrine disorders (diabetes) following Covid-19
infection. They also note the potential susceptibility to
Covid-19 infection and severe infection, or the
aggravation of endocrine dysfunction in patients with
pre-existing endocrine diseases. They show data that
suggest both increased obesity and diabetes rates, as
well as increased severity and frequency of DKA
following Covid-19 infection, particularly in obese
children. Conversely, patients with diabetes and obesity
may experience a more severe course of Covid-19
infection. However, in most cases, children, and
adolescents with well-managed and regulated endocrine
disorders do not appear to be at increased risk of
infection or severe infection from Covid-19. Thus,
adhering to the appropriate "sick day management
protocols”, maintaining an adequate supply of
medications and supplies, maintaining close contact with
the therapeutic team, and seeking medical help without
delay when needed, are the main recommendations for
a safe outcome per this group. Additional lessons learned
during the pandemic include the risk for mental health
diseases. These are caused by the child’s disrupted
routine due to Covid-19 related protective measures and
the importance of adopting alternative communication
options, such as telehealth visits, to ensure uninterrupted
diabetes care.

Higher HbA1C levels of newly diagnosed patients
presenting with DKA may have been associated with
delayed admission to health institutions due to Covid-19
lockdowns and the length of insulin-free periods that
were found to be longer, compared to those previously
diagnosed patients with TIDM. Results from Varol, et
al.?7, performed a retrospective analysis of 55 children
aged 1 month to 18 years old, diagnosed with DKA, and
followed at Istanbul Sehit Prof. Dr. llhan Varank
Sancaktepe Training and Research Hospital PICU
between April 2020 and December 2021, and found
higher HbA1C levels in this population. They emphasized
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the importance of physician's and family's awareness of
the symptoms of diabetes in terms of making early
diagnoses with prevention of DKA during the public
health measures that were instituted during the COVID-
19 pandemic and other lockdowns going forward.
Monitoring of HbA1C is a good screening tool.

A significant increase in T2DM cases occurred following
the onset of the pandemic with a greater risk of DKA and
severe ketoacidosis as note previously by Chambers, et
al. in 202273, Another group, Shimony et. al28, found that
the incidence of TIDM hospitalizations did not increase
during the pandemic; however, they tripled for T2DM
patients. All new onset DM pediatric patients during the
pandemic were more likely to present in DKA. Patients
admitted with new onset T2DM were socioeconomically
more vulnerable. For TIDM, the peak of local pediatric
diabetes admissions in 2020 occurred slightly later
coinciding with the reopening of primary care physicians
(PCP) offices and schools.

Electrolyte disturbances in patients with DKA can increase
the risk of cardiac arrhythmias. Despite the obvious
correlation between these three, little has been reported
about the co-incidence of these conditions: Covid-19,
DKA and cardiac arrhythmias. In the case report by
Howard, et al.2?, they describe two children with Covid-
19, new-onset DKA and cardiac arrhythmias. These cases
emphasize the importance of close cardiac and
electrolyte monitoring in patients with Covid-19 infection
with diabetes. Cardiac arrythmia can lead to death
during DKA.

In a case study by Duong-Quy, et al.30, they describe a
patient that was diagnosed with Covid-19-induced ARDS
associated with MIS-C secondary to acute respiratory
failure, acute kidney injury, and new-onset TIDM with
DKA. The patient was intubated for mechanical
ventilation and received a normal saline infusion along
with continuous insulin infusion (0.1 1U/kg/hr) for the
treatment of his DKA (usual therapy). He was also treated
with methylprednisolone, aspirin, and heparin, and
underwent continuous renal replacement therapy for
acute renal failure for nine days. The patient was
discharged from the PICU on day 16 and was followed
up as an outpatient with daily treatment, including
subcutaneous insulin injections and a calcium channel
blocker for hypertension. This illustrates the severity of
DKA at the time of presentation during the pandemic and
risk of death due to co-morbid conditions.

Little is known about the association between novel
Covid-19 and T1DM in children. A 16-year-old female
patient with a history of TIDM was admitted for life
threatening DKA. She recovered from the DKA after 24
hours of insulin infusion and rehydration. On day 2, she
was diagnosed with Covid-19. The DKA relapsed and
required restarting of the insulin infusion. She developed
leukopenia, neutropenia, and high ferritin. Upon
recovery, she was discharged for self-quarantine.
Severity of DKA in children with COVID-19 is
multifactorial. Clinical suspicion of Covid should be
heightened in patients with TIDM who present with
unexplained severe DKA31, The interplay between covid-
19 and DKA is still being investigated; severe DKA, think
possible Covid-19 infection.

Although most children with Covid-19 are asymptomatic
or have mild symptoms, many symptomatic children still
require admission to the PICU. Multiple cases of DKA and
hyperosmolar hyperglycemic syndrome (HHS) associated
with Covid-19 have been reported in adults. However, to
our knowledge, only few similar cases have been
published in the pediatric population. Tseng, et.al32
report one of the first few severe cases of mixed HHS
with DKA associated with Covid-19 in an adolescent.
Their patient was successfully treated with intravenous
immunoglobulin, Remdesivir, and methylprednisolone.
Fluids were provided via an HHS protocol; slow and not
excessive, lowering glucose slowly to avoid cerebral
edema. As the pandemic continues in its aftermath,
clinicians should be aware of this syndrome and consider
early use of Remdesivir and corticosteroids. Further
studies are required to understand the pathophysiology
of this syndrome occurring concomitantly with Covid-19
and alter fluid management accordingly.

Alizadeh, et al.33, presents a novel case of a 16-month-
old boy with a history of prematurity plus intrauterine
growth restriction, severe failure to thrive, microcephaly,
pachygyria, agenesis of the corpus callosum, and
postnatal embolic stroke, who presented with new-onset
diabetes mellitus and DKA in the setting of severe acute
respiratory syndrome and Covid-19 infection. The course
was complicated by atypical hemolytic uremic syndrome
(aHUS). This patient demonstrated remarkable insulin
resistance during the period before aHUS diagnosis,
which resolved with the first dose of eculizumab therapy.
There is increasing evidence that Covid-19 is associated
with thrombotic disorders and that microangiopathic
processes plus complement-mediated inflammation may
be implicated. In this case report, they describe a
pediatric patient with Covid-19 and a new complement-
mediated microangiopathic thrombotic disease. Because
whole-exome sequencing and extensive workup returned
without a clear etiology for the aHUS, the authors
presumed it was a Covid-19 triggered case of aHUS
versus an idiopathic case that was unmasked by the
infection.

As the incidence of pediatric DKA increased during the
peak of the Covid-19 pandemic, the objective of the
study by Azova, et.al?4, was to investigate whether rates
of hyperosmolar therapy administration for suspected
clinically apparent brain injury (CABI) complicating DKA
increased during this period as compared to the three
years immediately preceding the pandemic. They aimed
to compare the characteristics of patients with suspected
CABI before the pandemic, patients with suspected CABI
during the peak of the pandemic, and those with DKA but
without suspected CABI during the pandemic. Patients
aged <18 years presenting with DKA before “March 11,
2017-March 10, 2020” and during the peak of the
pandemic “March 11, 2020-March 10, 2021” were
identified through a rigorous search of two databases.
Predefined criteria were used to diagnose suspected
CABI. Biochemical, clinical, and sociodemographic data
were collected from a comprehensive review of the
electronic medical record. The proportion of patients with
DKA who received hyperosmolar therapy was
significantly higher “P =0.014" during the pandemic
compared to the prepandemic period; however, this was
only significant among patients with newly diagnosed
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diabetes. Both groups with suspected CABI had more
severe acidosis, lower Glasgow Coma Scale scores, and
longer hospital admissions “P < 0.001 for all” than cases
without suspected CABI. During the pandemic, the blood
urea nitrogen concentration was significantly higher in
patients with suspected CABI compared to those without
suspected CABI, suggesting they were more severely
dehydrated. The clinical, biochemical, and
sociodemographic characteristics of patients with
suspected CABI were indistinguishable before and during
the pandemic. They conclude that administration of
hyperosmolar therapy for suspected CABI was more
common during the peak of the Covid-19 pandemic,
possibly a result of delayed presentation, highlighting the
need for increased awareness and early recognition of
the signs and symptoms of diabetes and DKA, especially
during future surges of highly transmissible infections.

More information is needed to understand the clinical
epidemiology of children and young adults hospitalized
with diabetes and Covid-19. Agathis, et al.35 describe
the demographic and clinical characteristics of patients
<21 years old hospitalized with Covid-19 and either
T1DM or T2DM during peak incidence of SARS-CoV-2
infection with the B.1.617.2 (Delta) variant. Their findings
highlight the importance of considering diabetes in the
evaluation of children and young adults presenting with
Covid-19; the challenges of managing young patients
who present with both Covid-19 and diabetes,
particularly T2DM; and the importance of preventive
actions like Covid-19 vaccination to obviate severe illness
among those eligible, with both Covid-19 and diabetes.
This study illustrates the importance of thinking about
covid-19 when children present with diabetes of any type
and the protective role of vaccination.

There is a mutual influence between Covid-19, diabetes
ketoacidosis, and acute pancreatitis, with clinical
manifestations overlapping each other, which can lead to
misdiagnosis and delayed treatment that could
aggravate the condition and affect the prognosis. Covid-
19-induced DKA and acute pancreatitis are extremely
rare, with only four case reports in adults and few to no
cases yet reported in children. However, Lliu, et al.3¢
report a case of acute pancreatitis associated with DKA
in a 12-year-old female child post coronavirus infection.
The patient presented with vomiting, abdominal pain,
shortness of breath, and confusion. Laboratory findings
showed elevated levels of inflammatory markers,
hypertriglyceridemia, and high blood glucose. The
patient was treated with fluid resuscitation, insulin,
antibiotics, somatostatin, omeprazole, low-molecular-
weight heparin, and nutritional support. Blood
purification (apheresis) was administered to remove
inflammatory mediators. The patient's symptoms
improved and blood glucose levels stabilized after 20
days of admission. This case highlights the need for
greater awareness and understanding of the interrelated
and mutually promoting conditions of Covid-19, diabetes
ketoacidosis, and acute pancreatitis among clinicians, to
reduce misdiagnosis and missed diagnoses.

As we know, DKA is a potentially life-threatening
condition. Based on literature reviews, the risk of severity
of DKA in children was significantly associated with
Covid-19 cases during the first wave of the pandemic.

This could be attributed to social distancing restrictions
which delayed hospital presentation and timely treatment
and interventions. Ashraf, et al.3” presents a case of a
15-year-old female, with T2DM, who presented during
the pandemic with severe DKA from another hospital. She
had an elevated glucose level at home for three days
that was worsening but parents managed the patient at
home out of fear of the patient contracting Covid-19 if
she was brought to the hospital. After she deteriorated,
the parents took her to the nearest hospital which did not
have a PICU. She was immediately transferred to a
facility with a PICU. The patient was intubated
immediately because of altered mental status possibly
due to cerebral edema from severe metabolic acidosis
and elevated glucose level. The patient rapidly
progressed to shock, ARDS, and multiple organ
dysfunction syndrome (MODS). She was managed
aggressively with vasopressors, fluid resuscitation, and an
insulin drip. She had four cardiac arrests for which she
was resuscitated. Despite all efforts, she subsequently
died less than 24 hours after admission to the PICU. The
authors sought to shed light on an emerging phenomenon
due to the pandemic, wherein due to the fear of
contracting Covid-19, many parents opt to keep and
manage sick children at home. This report highlights the
important role that aversion to presenting to medical
establishments out of fear of contracting Covid-19 may
have led to the untimely and preventable death of this
patient. It also outlines the importance of future
educational reforms toward changing the patient and
family's perception of hospitals and medical institutions,
especially in children with pre-existing chronic medical
conditions.

The Covid-19 pandemic affected the management and
follow-up of many chronic ailments. 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
DKA. As such, the incidence of complicated DKA in
resource-limited settings was high due to delayed
presentation, poor compliance with therapy, and
associated comorbidities such as malnutrition, sepsis, and
death. The increased surge in DKA, in the face of limited
resources, prompted clinicians to find alternative solutions
to manage these children effectively38. Overall, they
found that rapid adoption of telemedicine significantly
improved the follow-up needs and glycemic metrics in
pediatric TIDM and coincidentally the prevention of
DKA.

In a letter to the editor, regarding an editorial in the
Journal of Diabetfes, Foster, et al.3 commented on the
negative impacts of the Covid-19 pandemic on our
healthcare system. They note that not only did rates of
DKA at T1D diagnosis increase during the COVID-19
pandemic but severity of complications increased as well.
They hypothesized that this was likely due to decreased
healthcare access during the pandemic vs. actual Covid-
19 infection, as limited access to care was a risk factor
for DKA. This notion was supported by the small minority
of new-onset T1DM patients with concomitant Covid-19,
the knowledge that the development of autoimmunity in
T1DM precedes presentation by months to years, and the
absence of detectable SARS-CoV-2 proteins in the
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endocrine cells of pancreata from people with Covid-19.
The Network for Pancreatic Organ Donors with Diabetes
(nPOD) is a program developed to procure and study
pancreata and other tissues from cadaveric organ donors
in different stages of T1DM. During the pandemic, nPOD
had received two COVID-19 negative donors where the
initial presentation of DKA was delayed, resulting in
devastating outcomes and death. This demonstrates that
death is a reality in DKA and covid health care restrictions
likely resulted in deaths in children with T1DM vs. infection
alone.

Pathophysiology:

The Covid-19 pandemic has introduced countless
challenges to the medical field. Although pediatric
patients have been reported to have lower rates of
Covid-19 mortality, the presence of pre-existing
conditions heightened the severity of their clinical
presentation. A case report by Modarelli, et al.4°
discusses the potential influence Covid-19 might have on
diabetic ketoacidosis. The patient, a 6-year-old girl with
known T1DM, presented with acute onset of abnormal
breathing and altered mental status. The day prior, she
had 1 episode of emesis, diarrhea, and abdominal pain
but no fever. She presented to an outside hospital and
was reported to have agonal breathing with a Glasgow
Coma Scale score of 8 (eyes open to pain, no verbal
response to stimuli, and localized pain). She was promptly
intubated. The initial laboratory tests revealed severe
DKA. A family member had Covid-19, and she too tested
positive for Covid-19. The patient's rapid progression
and severity of illness required a discussion of how Covid-
19 might affect diabetes and indicate opportunities for
improving clinical practice in children with pre-existing
diabetes. They discussed how Covid-19 might change the
underlying pathophysiology of DKA and cause metabolic
complications. Possible mechanisms include viral binding
to angiotensin-converting enzyme 2 (ACE2) receptors thus
enabling a proinflammatory "cytokine storm" leading to
severe insulin resistance. Additionally, ketoacidosis and
altered mental status have been present in patients with
Covid-19 without underlying diabetes, which might
potentiate the symptoms resulting in DKA. They conclude
that prompt recognition of DKA is warranted, as
caregivers may attribute the symptoms to Covid-19
rather than to DKA, resulting in an increased severity of
illness on presentation with acute symptom onset, as
described in this report.

Many studies described an increase in severity due to
delay in diagnosis due to lockdowns. In particular,
Dzygalo, et al.4! concluded that during the pandemic
lockdown resulting in changes in society and the health
care system, that the DKA rate increased by 12
percentage points with more severe cases (higher
HbA1C) noted in children with newly diagnosed T1D.
Regular education of the society about the symptoms of
diabetes would contribute to faster diagnosis of T1DM
and reduction of DKA prevalence. Similarly, another
group found the same phenomenon, that delay in
diagnosis was found due to the lockdown implemented in
Saudi Arabia“? that had significantly impacted children
with TIDM and led to an increased DKA frequency,
including children with new-onset T1DM, likely owing to
delayed presentation. Thus, the mere action of keeping

people away from the healthcare system resulted in
severity of presentations.

As to mechanisms, the in vivo and in vitro studies by Wu,
et al.#3 revealed that factors such as direct viral damage,
"metabolic dysfunction”, and immune responses all were
attributed to the process of T1DM after suffering from a
Covid-19 infection. Furthermore, Keiner, et al.44 showed
results that suggest that infection with Covid-19 provokes
a metabolic derangement, such as insulin resistance, over
and above factors that typically contribute to pediatric
DKA. These findings underscore the significant and direct
threat posed by Covid-19 in pediatric TIDM and
emphasize the importance of mitigation and monitoring,
including vaccination as a primary prevention.

Children with hyperglycemic crisis (HGC or diabetic
ketoacidosis, hyperglycemic hyperosmolar syndrome, or
hyperosmolar ketoacidosis) had a higher severity of
illness during the pandemic which was sustained over 2
years and a pathophysiologic mechanism. Reduction in
social distancing and evolving variants of SARS-CoV-2
over the 2 years after the pandemic did not significantly
alter the relationship between HGC and higher
requirement for PICU care45. The hyperglycemic crisis
was likely driven by infection and stress with heightened
overall insulin resistance.

lughetti et al.4¢ analyzed why patients with TIDM were
poorly represented between the subjects hospitalized for
Covid-19 and why the cases of DKA were fewer and
more severe compdred with the past years. Furthermore,
literature has shown how patients of all ages with T1DM
did not experience a deterioration in their glucose control
throughout the lockdown. Among other causes, they
hypothesized was due to the surging use of telemedicine.
Finally, they tried to understand how the coronavirus
tropism for endocrine tissues could influence the future
epidemiology of T1DM, focusing on the effects they have
on pancreatic B-cells. Looking at previous research on
coronaviruses, it has been demonstrated that SARS-CoV-
1 binds the ACE2 receptor in the pancreatic islets. The
binding between the viruses and the receptors provokes
damage to the islet cells leading to acute diabetes. This
happens also for SARS-CoV-2.

It is known that pancreatic B-cells are permissive to SARS-
CoV-2 infection through the expression of ACE2 and that
the infection may also induce indirect B-cell damage
through a cytokine storm and a proinflammatory milieu.
It has also been shown that inflammatory and
immunological alterations following a Covid-19 infection
may lead to acute and long-term disruption of glucose
metabolism. A recent study showed that the combination
of augmented circulating inflammatory factors that exert
toxic effects on human pancreatic islet cells and SARS-
CoV-2—specific viral RNA in pancreatic tissues, together
with the alteration of secretory granules, promotes
glucose metabolism alterations4’. An increase in pediatric
DKA admissions began one month after school closures.
Given that behavioral changes started near school
closure dates and viral activity peaked weeks after, this
suggests that behavioral factors may not be the primary
etiology and it is possible that SARS-CoV-2 infection may
have direct effects on beta cells resulting in pediatric
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DKA. Viral infections have been shown to precipitate
development of TIDM in previously healthy children.
SARS-CoV-2 enters cells via the ACE2 receptor, which is
abundant in the pancreas, leading to speculation that it
may contribute to T1DM pathogenesis48 via direct cellular
attack.

Margolis, et al.4? sought to find clinical and immunological
signatures of the SARS-CoV-2 virus and the Covid-19
pandemic on children newly diagnosed with TIDM. A
single-center,  refrospective,  observational  study
comparing the clinical and immunological characteristics
of children diagnosed with TIDM the year before and
during the first 2 years of the pandemic, was performed.
Data extracted from the medical records included clinical
and demographic parameters, Covid-19 PCR results and
the presence of anti-islet, thyroid, and celiac-related
antibodies. Also obtained from the medical records was
a family history of T1DM, celiac disease and autoimmune
thyroid disease in first-degree family members. A total
of 378 children were diagnosed with TIDM during the
study period, a total of 132 in the pre-Covid era and
246 in the first 2 years of the pandemic. At diagnosis, the
pH in children with DKA was lower, and HbA1C tended
to be higher in the Covid-19 group compared to the pre-
Covid-19 group; “7.30[7.18,7.35] vs 7.33 [7.19, 7.36],
p = 0.046” and “110.9 mmol/mol [86.9, 129.5] or
12.65% vs 100 mmol/mol [80.3, 129.5] or 11.65%, p =
0.0671", respectively. Multiple islet antibodies (IA) were
significantly more common among patients in the pre-
Covid-19 group compared to the Covid-19 group “72%
vs 61%, p = 0.032". Tissue transglutaminase antibodies
were more common among children diagnosed in the
Covid-19 compared to the pre-Covid group (16.6% vs
7.9%, p = 0.022). Their findings suggest that SARS-CoV-
2 aond the environmental alterations caused by the
pandemic affected the clinical characteristics and the
immunological profile of children diagnosed with T1DM.
It is, therefore, plausible that the virus plays a more direct
role in the process causing T1DM yet also plays a role in
promoting generalized autoimmunity.

In a report from Germany, Kamrath, et al.5° found that
the local severity of the pandemic rather than health
policy measures along with the delayed use of health
care during the pandemic, appeared to be the main
reason for the increase in DKA. Furthermore, the incidence
of severe DKA was also higher during the Covid-19
pandemic “p < 0.0001” and higher among children with
new onset TIDM “p < 0.0001”. HbA1C levels, duration
of insulin infusion, and length of PICU stay were
significantly higher and longer during the pandemic
period3'. In general, the pandemic itself (all cause) was
associated with severity of DKA as described by several
groups across the world.

Treatment of DKA in Nontraditional

Settings:

In the review by Agarwal, et. al38, they note that use of
subcutaneous insulin instead of intravenous (V) 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. The ISPAD
Clinical Practice Consensus Guideline 2018 for
management of DKA and the hyperglycemic

hyperosmolar state, provide comprehensive guidance for
management of DKA in young people. IV infusion of
insulin remains the treatment of choice for treating DKA;
however, the policy of many hospitals around the world
requires admission to an ICU for IV insulin infusion. During
the pandemic or other settings where intensive care
resources are limited, ICU services may need to be
prioritized or may not be appropriate due to risk of
transmission of infection to young people with TIDM or
T2DM. The aim of the guideline, which should be used in
conjunction with the ISPAD 2018 guidelines, is to ensure
that young individuals with DKA receive management
according to best evidence in the context of limited ICU
resources. Specifically, this guideline summarizes
evidence for the role of subcutaneous insulin in treatment
of uncomplicated mild to moderate DKA in young people
and may be implemented if administration of IV insulin is
not an option52. The pandemic forced the broader use of
these guidelines to find new ways to treat DKA in a
resource limited environment.

Future Directions:

The Covid-19 pandemic heavily aoffected health
worldwide, with the various forms of diabetes in children
experiencing changes at various levels, including
epidemiology, diabetic ketoacidosis rates, and medical
care. Some children with existing TIDM and T2DM did
not show a worsening in metabolic control during the first
lockdown, possibly owing to a more controlled diet by
their parents. Glucose sensor and hybrid closed loop
pump technology proved to be effective in all patients
with T1DM during the pandemic, especially because the
downloading of data allowed for the practice of tele-
medicine. Telemedicine has in fact grown around the
world and National Health Systems have started to
consider it as a routine activity in clinical practice. The
review by Zucchini, et al.53 encompasses all these aspects
related to the effects of the pandemic on the different
forms of diabetes in children and how it changed the
clinical management with relation to increased use of
virtual surveillance and use of telemedicine that has
ensued after the pandemic.

T1DM requires a holistic approach and continuous care.
The Covid-19 pandemic made health care professionals
realize its challenges even more ardently than in normal
times. In a country like India with its huge population
burden and a significant number of people with T1DM,
the risk of Covid-19 in people with TIDM was
considerably high. Jethwani, et al.54 classified the
challenges into three broad categories based on
diabetes self-management, healthcare system effects
and psychosocial aspects. They tried to provide precise,
comprehensive, and region-specific solutions to these
challenges. The solutions briefly included maintaining the
supply chain of essentials like insulin, syringes, and
glucose meter strips to increased psychological support,
and financial aid/support for hospitalization in case of
Covid-19 infection itself or diabetes complications
including DKA. This report emphasizes that in large
infectious outbreaks we need to be more aware and
cognizant of attention to supportive care to prevent
decompensation of children with chronic diseases. Clearly
further work is needed in all of these areas.
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Conclusion:

This overview provides evidence that there was a rise in
pediatric DKA during and after the Covid-19 pandemic
which should provide pediatric primary care providers a
heightened awareness to screen for diabetes during
routine care visits and watch for impending DKA in
children with known T1DM that can kill or cause grave
comorbid conditions. A common theme was delay in
seeking medical intervention due to lockdown conditions
and there was likely a direct effect of Covid-19 infection

© 2024 European Society of Medicine

on beta cell function and dysfunction. Although much of
the focus was on adult diabetes during the pandemic
period and its destruction, we see here that it had a
grave outcome on children with existing diabetes and
brought on new cases of diabetes as well. Let us make
this an example of what future outbreaks can do to
children with and without diabetes and act proactively
(immunize and support) to prevent the devastation on
them.
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