1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Endocr Pract. Author manuscript; available in PMC 2024 October 01.

-, HHS Public Access
«

Published in final edited form as:
Endocr Pract. 2023 October ; 29(10): 754-761. doi:10.1016/j.eprac.2023.07.002.

Diabetic Ketoacidosis and Long-Term Insulin Requirements in
Youths with Newly Diagnosed Type 2 Diabetes During the SARS-
CoV-2 Pandemic

Shuai Hao, MD?, Kristina Cossen, MD1, Adrianna L. Westbrook, MPHZ2, Guillermo E.
Umpierrez, MD3, Priyathama Vellanki, MD3

Department of Pediatrics, Division of Pediatric Endocrinology, Emory University School of
Medicine, Atlanta, GA

2pediatric Biostatistics Core, Emory University, Atlanta, Georgia, USA.

SDepartment of Medicine, Division of Endocrinology, Metabolism & Lipids, Emory University
School of Medicine, Atlanta, GA, USA.

Abstract

Objective: SARS-CoV-2 infection increases the risk of diabetes and diabetic ketoacidosis (DKA)
in both adults and children. We investigated the clinical course of new-onset type 2 diabetes in
obese youth presenting with DKA during the SARS-CoV-2 pandemic.

Methods: This single-center retrospective cohort study included 148 obese subjects, aged 10-21
years admitted with DKA from January 2018 to January 2022. Groups were defined by presence
of DKA precipitant: Any infection (n=38, 26%), which included the COVID (n=10, 7%) and
other infection (n=28, 19%) groups, and no infection (n=110, 74%). Primary outcome was insulin
discontinuation within 12-month follow-up.

Results: Mean age was 14.9 years (IQR 13.8, 16.5), age-adjusted BMI1% was 99.1 (IQR 98.0,
99.5) with 85.8% identifying as Black or Hispanic. There were no differences in DKA severity
among groups. Incidence of DKA was higher during the pandemic (March 2020 to January 2022,
n=117) compared to pre-pandemic (January 2018 to February 2020, n=31). Within the first year
after the acute DKA episode, 46 discontinued all insulin within 9 months (IQR 4,14). Sixteen
subjects restarted insulin 10.0 months (IQR 6.5, 11.0) after insulin discontinuation. Infection with
SARS-CoV-2 at diagnosis was not associated with likelihood (p=0.57) or timing (p=0.27) of
discontinuing all insulin within 1 year, nor was having any infection.
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Conclusions: The incidence of DKA at onset of type 2 diabetes was higher during the
SARS-CoV-2 pandemic than pre-pandemic. SARS-CoV-2 infection was not associated with DKA
severity or insulin discontinuation within the first year of diagnosis in youth with new onset type 2
diabetes and DKA.
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Diabetic ketoacidosis (DKA), which is caused by acute deficiency of insulin, has increased
in frequency in youth with diabetes mellitus in the United States by 40% from 2006 to
2016(1). Prevalence of DKA at diagnosis had risen to 11% in 2012-2014 in youth with type
2 diabetes compared to 5.5% in years 2006—-2012(2, 3). The incidence of type 2 diabetes in
children has been climbing before and during the COVID-19 pandemic(4).

The coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has exacerbated the incidence of type 2 diabetes

in youth(5, 6). The incidence of diabetes after infection with SARS-CoV-2 has also
increased in both the pediatric and adult populations, with one meta-analysis reporting

that SARS-CoV-2 infection is associated with a 66% higher risk of incident diabetes(7,

8, 9). Additionally, presentation with DKA has increased in the COVID-19 pandemic in
people with new onset and established diabetes(5, 10, 11). Characteristics and outcomes in
children and adults infected with SARS-CoV-2 and DKA vary with some patients requiring
short-term insulin use and others with long-term insulin dependence(12, 13). Several reports
propose that SARS-CoV-2 may directly affect pancreatic beta (B)-cells(14, 15).

Youth with type 2 diabetes have a worse clinical course and faster decline in p-cell
function when compared to adults with type 2 diabetes, about 20-35% decline per year(16,
17, 18). Low et al. reported that half of obese children presenting in DKA are able

to achieve insulin remission after several months of follow-up but most relapsed back
into hyperglycemia and insulin dependence by 15 months(19). However, there is limited
knowledge on the disease course of type 2 diabetes in youth presenting with DKA at
diagnosis and whether accelerated deterioration of p-cell function is worsened by SARS-
CoV-2 infection. We hypothesized that SARS-CoV-2 infection is associated with higher
severity of DKA, increased insulin needs during follow-up and decreased likelihood of
insulin discontinuation. The primary objective of this study was to examine the effects of
SARS-CoV-2 infection on insulin discontinuation in the pediatric population with type 2
diabetes who present with DKA at new-onset of diabetes.

Research Design and Methods:

Subjects:

This retrospective cohort-study was conducted at an academic pediatric hospital in the
Southeast USA. All activities were reviewed and approved by the institutional review
board and informed consent was exempted. Inclusion criteria included: ages 10-21 years,
overweight (BMI = 85% for age) or obese (BMI = 95% for age) from 10-18 years or
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BMI = 25 kg/m2 and 30 kg/m2 for age = 18 years, respectively, presentation with DKA

at new-onset of diabetes (identified by ICD-10 codes E10.10 and E11.10), and admission
between January 2018 to January 2022. BMI percentile for age and sex were calculated by
the electronic medical record using growth chart data from the CDC(20). The International
Society for Pediatric and Adolescent Diabetes (ISPAD) 2022 Consensus Guidelines define
DKA as BG =200 mg/dl, pH < 7.3 or HCO3 < 18 mEq/L(21).

Exclusion criteria were as follows: presence of antibodies (GAD-65 autoantibody,

islet antigen-2 autoantibody or insulin autoantibody), other diabetes type (steroid
induced diabetes, diabetes following pancreatic damage), and hemoglobinopathies.
GAD-65 autoantibody was detected by enzyme-linked immunosorbent assay, and insulin
autoantibody was detected using radioimmunoassay in our laboratories. Patients with
combined DKA and hyperosmolar hyperglycemic syndrome were not excluded. Patients
with respiratory infection symptoms were screened with a respiratory viral panel using
polymerase chain reaction. Those with a positive SARS-CoV-2 test at diagnosis were
labeled as COVID-DM. Other infection were patients with non-SARS-CoV-2 viral
infections, skin infections and/or candidiasis. The no infection group was asymptomatic
or tested negative for infection. Insulin discontinuation was defined as clinical staff stopping
all all basal and prandial insulin for a participant at a clinic visit.

In cases with new-onset DKA, the diagnosis of type 2 diabetes is made clinically after
discharge from the hospital in most cases and can change over time. Diagnosis codes during
hospitalization can be inconsistent, and patients initially classified as type 1 diabetes, type 2
diabetes or other during the initial hospital admission need to be re-classified at later visits
(22). Therefore, we combined our initial data set with a manually reviewed list of all new
onset type 1 and type 2 diabetes diagnosed in our clinic between January 2019 to December
2021 and extracted participant data, admission data for DKA and antibody status.

Data Collection:

The following data were extracted from the inpatient medical record: demographic
characteristics including age, sex, self-reported race/ethnicity, BMI, BMI percentile for

age and insurance (public versus private) at diagnosis; chemical and metabolic profiles

to assess severity of DKA including initial serum glucose, blood pH, serum bicarbonate
concentration, glycosylated hemoglobin (HbAZ1c); complications of DKA including elevated
creatinine, clinical or radiologic evidence of cerebral edema; type of hospitalization
including admission to the intensive care unit or floor, length of hospital stay, and basal
insulin dosing on discharge. Severity of DKA was based on ISPAD consensus statement(21).
Mild, moderate, and severe DKA were defined as pH and bicarbonate levels of PH < 7.3

or serum bicarbonate < 18 mmol/L, pH < 7.2 or serum bicarbonate < 10 mmol/L and pH

< 7.1 or serum bicarbonate < 5 mmol/L, respectively. After resolution of DKA, all patients
were treated with subcutaneous insulin and hospitalized for two additional days for intensive
diabetes education.

Outpatient medical records of these patients who were seen at our pediatric endocrinology
clinic for follow-up care were also reviewed to identify the following: change in BMI, ability
to discontinue one insulin, ability to stop both basal and prandial insulins, time to stopping
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one or both insulins, rate of restarting insulin after insulin discontinuation and time from
insulin discontinuation to restarting insulin. Patients were followed from diagnosis to May
2023.

Statistical analysis:

Results:

The primary outcome was to examine whether SARS-CoV-2 infection affected the rate of
insulin discontinuation within one year follow-up and insulin resumption. We compared
differences in time to stopping insulin, predictors for stopping insulin (including infection,
diagnosis time, BMI), and rate of restarting insulin. Secondary outcomes were differences
in clinical course between any infection precipitating DKA compared to no precipitation of
DKA, as well rates of DKA prior to and during the pandemic. Pre-pandemic and pandemic
groups were divided based on diagnosis of DKA and type 2 diabetes between January 2018
to February 2020 or March 2020 to January 2022, respectively. An additional secondary
aim was to combine those in the COVID-DM and other infection group to determine if any
infection during diagnosis contributed to the clinical course.

Patient demographic and clinical characteristics were compared using frequency and
percentages for categorical variables and median and interquartile ranges (IQR) for
continuous variables. Numerical comparisons between groups were conducted through
Kruskal-Wallis rank sum tests while categorical comparisons were conducted through Chi-
square or Fisher’s exact tests. Analysis was conducted on data from diagnosis until May
2023. The following time frames for follow-up were examined in this analysis: 4-8 weeks,
8-26 weeks, 26—39 weeks, and 39-56 weeks. Thirteen participants were excluded from
analysis related to follow-up as they did not receive any follow-up appointment in the
specified time frames: 2 in the COVID-DM group, 10 in the no infection group and 1 in
the other infection group. We assessed whether change in BMI in the first 6 months was
associated with rate or timing of insulin discontinuation using logistic regression analysis
and log-rank tests.

Group-based trajectory modeling of likelihood of being off insulin in the year following
admission were identified using latent variable mixture modeling implemented by the PROC
TRAJ add-on for SAS 9.4(23). This type of statistical modeling allows identification of
groups of individuals with similar progressions or outcome over time, and allows for
calculating the probability of each individual belonging to distinct subpopulations for a
given variable(23). Binary logistic regression was used to assess whether baseline BMI,
type of infection, or diagnosis period affected group membership. Additionally, logistic
regression was used to assess the association between change in BMI from baseline to 6
months and coming off one or both insulins during follow-up. Data management, cleaning
and statistical analysis was performed using SAS 9.4 (Cary, NC) and R v4.1.3 (R Core
Team, 2022). A p-value below 0.05 was considered significant and all tests were two-sided.

One hundred and ninety-two subjects were identified. Of them, 44 did not meet criteria
for DKA, had positive diabetes antibodies, or had history of type 2 diabetes or other
diabetes prior to admission, leaving 148 patients included for analysis. There were 10 in the
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COVID-DM group (7%), 28 in the other infection group (19%), and 110 in the no infection
group (74%). The other infection group comprised of 2 who had acute respiratory infection,
8 with candidiasis, 13 with bacterial infections, and 5 with multiple infections.

Characteristics and initial hospitalization of the study population summarized is shown

in Table 1. Mean age was 15 years (IQR 13.8, 16.5) and BMI was 34 (IQR 31, 40)

with BMI adjusted for age in 99% (IQR 98.0, 99.5) with no differences between groups.
Most subjects (86%) self-identified as Hispanic or Non-Hispanic Black and 73.1% had
public health insurance or were uninsured. Males represented the majority of the COVID-
DM group (90%) and no infection group (68%) (p=0.03). There were no differences in
admission labs, severity of DKA or insulin dosing at discharge among the infection groups.
There was a trend towards increased admission to the intensive care unit in the COVID-

DM group (p=0.06). Reasons for ICU admission among the COVID-DM group included
severity of DKA, requirement of respiratory support, concern for cerebral edema, and severe
hyperglycemia. Creatinine levels, rate neurological deficit and hypertonic saline use did not
differ significantly between the groups. The COVID-DM and other infection group each had
1 participant who was intubated (p=0.03). The median length of hospital stay was higher in
the COVID-DM group (4.73 days, IQR 3.13, 6.82) compared to the other groups (2.93 and
3.01 days for the no infection and other infection groups, respectively; p=0.02).

Subjects were followed for up to 53 months after diagnosis. Median follow-up was 19
months (IQR 11, 27). One hundred and twenty subjects were seen on follow-up within
the 1-2 month after discharge, 98 subjects at 2-6 months, 78 subjects at 6-9 months,

and 65 at 9-13 months. Clinical practice varied and insulin therapy was individualized
according to the treating physician’s discretion rather than a target HbAlc. Table 2 shows
the primary outcome, patients who were able to discontinue one or both types of insulin
within one year of diabetes diagnosis: 53% discontinued 1 insulin and 31% achieved insulin
discontinuation. There were a total of 60% of patients who were able to stop at least one
insulin with median time to discontinuation of 5.0 months (IQR 3.0, 8.0) and 43% who
were able to discontinue both insulins within a median time of 9 months (IQR 4, 14). Of
the subjects able to discontinue both insulins, 25% (n=16) had relapse 10.0 months (IQR
6.5-11.0) after discontinuing insulin. Participants were separated into all infection and no
infection groups. There was significant difference in time to stopping one insulin between
the groups but no differences in rate of stopping one or both insulins, time to stopping
both insulins or restarting insulin. Likewise, those admitted during the pandemic did not
significantly differ from those admitted prior to the pandemic in terms of coming off one
(OR=0.55, 95% CI: 0.23-1.29, p-value=0.17) or both insulins (OR=0.47, 95% CI: 0.21—
1.05, p-value=0.06). Demographics and initial admission characteristics were not associated
with insulin discontinuation (Supplemental Table 1). Lastly, change in BMI from baseline
to 6 months was not associated with coming off one (Odds ratio [OR]= 1.00, 95% CI:
0.90-1.11, p-value=0.99) or both insulins (OR=0.91, 95% ClI: 0.82-1.00, p-value=0.06).

To confirm that asymptomatic SARS-CoV-2 participants who were not tested or had
infection prior to diagnosis did not skew results, the analysis was repeated with patients
split into pre-pandemic (n=31) and pandemic groups (n=117), Table 3. Subjects in both
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groups had similar demographic characteristics, severity of DKA, hospitalization, HbAlc,
and length of stay.

We identified two trajectory groups of likelihood of insulin discontinuation in the year
following admission as shown in Figure 1: early discontinuation with high likelihood of
being off by 2 months (n=21 or 14%) and a late discontinuation group with late or low
likelihood of stopping insulin therapy (n=127 or 86%). Eventually 68 (54%) participants in
the late discontinuation group discontinued one insulin, and 43 (34%) discontinued both.
BMI (OR=1.02, 95% ClI: 0.96-1.10, p=0.45), infection group (OR=1.76 for COVID-DM,
95% CI: 0.21-14.78; OR=2.54 for other infection, 95% CI: 0.55-11.68), and diagnosis
period (OR=1.63, 95% CI: 0.58-4.63) were not associated with early or late discontinuation
groups

Discussion:

Diabetes course after presentation with new onset DKA and SARS-CoV-2 infection in obese
youth has not been reported previously. This cohort study showed increased incidence of
DKA during the pandemic period, but rate and severity of DKA were not associated with an
infection group. COVID-19 was not associated with insulin discontinuation during follow-
up. However, because of the small sample size of participants in the COVID-DM group,

we were unable to power the study to adequately to make inferences about SARS-CoV-2
infection on a larger scale. We therefore combined the COVID-DM and other infection
groups. Having any infection also did not change the likelihood or timing of insulin
discontinuation. A total of 64 participants in our cohort was able to discontinue insulin
during follow-up, 46 within the first year. In those with insulin discontinuation, there was

a high relapse rate to insulin use (25%). We identified 2 trajectory groups: those with early
insulin discontinuation and those with late or no insulin discontinuation.

There was an increased incidence of new onset type 2 diabetes and DKA during the
pandemic period, which is consistent with data from our clinic in which the number of
patients with new onset type 2 diabetes increased from 174 in 2019 to 369 in 2021, and

the literature(5, 6). There was a similar reported increase in incidence of type 1 diabetes
during the pandemic era and after infection with SARS-CoV-2 (6, 24). Prevalence of DKA
was already increasing prior to the pandemic from 19.5 to 30.2 per 1,000 persons from
2009-2014, most notably in those aged under 45 years old(25). Presentation with DKA at
new-onset of diabetes is more likely to occur in the Black population(26). Furthermore,
Misra et al. reported that rate of DKA increased during the COVID-19 pandemic period in
adults, with highest rates in non-White ethnicities and those with type 2 diabetes and new
onset diabetes(27). Similarly, DKA has increased in pediatric patients with type 2 diabetes,
with the highest in the Black population (2, 6). Data from our cohort study confirmed
increased DKA incidence during the pandemic period, with most cases occurring in Black
and Hispanic patients. SARS-CoV-2 infection did not affect severity of DKA, consistent
with previous reporting by Pasquel et al. which reported that metabolic parameters were
similar on admission for patients with and without SARS-CoV-2 infection but those with
SARS-CoV-2 had a higher mortality rate (28). One would also expect delayed access to care
would cause worsening acidosis, which we did not detect. The COVID-DM group required
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longer hospitalization in our study. It has been reported that SARS-CoV-2 prolongs duration
of acidosis but this was not analyzed in our study(29).

Several mechanisms have been proposed for the increased incidence of DKA and new
diagnosis of type 2 diabetes. Whether SARS-CoV-2 directly or indirectly affects insulin-
producing pancreatic p-cells is still under debate. The etiology is likely complex (30).
SARS-CoV-2 can hind the ACE-II receptors which are expressed in the pancreas, lungs,
small intestine, and other organs(14). There may also be alternative receptors and mediators
facilitating SARS-CoV-2 entry(15). Infection can cause p-cell identity loss, cellular
transdifferentiation, impairment of insulin and protein secretion and reduced blood flow

to pancreatic islet cells(14, 31, 32). Long-term follow-up and comparisons to uninfected
individuals is unknown.

The increase in DKA during COVID-19 pandemic is multidimensional. One possibility

for the increase in DKA during the pandemic is undiagnosed SARS-CoV-2 due to the
scarcity of viral testing at the beginning of the pandemic. In our cohort, patients presented
at a similar age and HbAlc. If SARS-CoV-2 inflicted acute damage on B-cells triggering
DKA, HbAlc at presentation may have been lower in the COVID-DM group. Instead,

the high and similar HbAlc across groups suggest hyperglycemia for at least 3 months
prior to infection. Misra et al. found increased rate of DKA in type 2 diabetes during the
pandemic compared to pre-pandemic, even in post-infection waves when new cases were
lower suggesting that there are factors other than acute SARS-CoV-2 infection rates driving
prevalence of DKA(27). In one study with 128 patients with COVID-19, inflammatory
biomarkers were measured in diabetic and non-diabetic patients at 3 and 6 months after
recovery. Although there was an increase in fasting blood glucose in 35% and HbAlc in
50% of non-diabetic patients, C-peptide tests showed similar B-cell function in both diabetic
and non-diabetic patients(33). Our study found that SARS-CoV-2 infection did not change
the clinical course suggesting that -cell stress caused by SARS-CoV-2 infection is likely
transient and mild(34).

Our results in youth presenting with DKA at new-onset of diabetes are similar to previous
reports in adults who present with DKA at new-onset of diabetes; there is a Black
predominance, obesity, and males are more likely to present in unprovoked DKA(26,

35). Adult patients subsequently recover and have long-term clinical course similar to

that of patients with type 2 diabetes who do not initially present with DKA, with up to
70% of patients achieving insulin independence in one group and 40% retaining insulin
independence at 10 years(26). However, youth with type 2 diabetes have a three to fourfold
faster decline in B-cell function and have higher therapeutic failure rates(36). In regards to
percentage of patients able to achieve insulin discontinuation, our results are worse than
previous reports of youth with type 2 diabetes. The Treatment Options for Type 2 Diabetes
in Adolescents and Youth (TODAY) study reported that 90% of insulin dependent children
with type 2 diabetes were able to discontinue insulin after an 8-week run-in period(37).
Although not a direct comparison, only 43% of our cohort had insulin discontinuation.
Perhaps this is due to presenting HbA1c being much higher (12.50, IQR 11.10, 13.9)

than in the TODAY cohort (6.9, IQR 6, 8.9), signifying greater p-cell damage prior to
diagnosis(37). Ethnic differences may have also played a role. The TODAY study reported
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a higher rate of glycemic failure in Non-Hispanic Black and Hispanic participants(38). The
time to insulin discontinuation was also longer in our cohort, with a median of 9 months. In
the paper by Low and colleagues, half of obese patients who presented in DKA were able
to discontinue insulin after 2.2 £ 2.3 months and majority of patients required reinstitution
of insulin treatment within 15 months whereas our patients restarted insulin in a median

of 10 months after discontinuation (19). Early intensive insulin therapy can be critical in
improving p-cell function and prolonging insulin remission(39). Possibly our patients with
early insulin discontinuation had better initial insulin compliance, quickly reversing glucose
B-cell toxicity.

Strengths of this study included describing a population of minorities and those on public
insurance. Both are populations who have been most disparately affected by the COVID-19
pandemic (40). This study is also able to fill a gap in the literature in describing youths
with DKA at new onset type 2 diabetes. While no association was found between SARS-
CoV-2 infection and insulin independence, we did identify a group of subjects with rapid
B-cell recovery who were able to quickly discontinue insulin, a group with poor p-cell
recovery who were unable to discontinue insulin, and an intermediate group who were

able to discontinue only one insulin or took months to discontinue both. Future studies
need to focus on studying these endotypes to predict disease course and increase insulin
discontinuation. The TODAY study identified youth with type 2 diabetes with early and
late loss of glycemic control off insulin. Higher HbAlc at baseline, measures of insulin
secretion, proinsulin and change in HbAlc predicted those who experienced metabolic
decompensation(41). Predictors of recurrent DKA remain to be identified to determine who
can safely discontinue insulin.

Limitations of our study are the retrospective nature of the study with small sample size

in the COVID-DM group. It is difficult to distinguish type 1 and type 2 diabetes at
hospitalization for new onset DKA, and all patients are discharged on insulin. True diabetes
type may not be determined until months later so patients may have been mislabeled as
having type 1 diabetes and therefore not included in the study. Autoantibody testing of
patients with poorly defined diabetes type and risk of type 2 diabetes reduces the risk of
misclassification. Treatment was not protocolized and assessment of adherence to prescribed
insulin regimens was not measured. Overall follow-up was poor with only 65 of the 148
original subjects having follow up in the 9-13 month window. While only 16 (25%) of those
who discontinued insulin needed to restart insulin, this may be due to inadequate follow up
time. It is possible that the subjects with poor follow-up may have remained off insulin and
did not seek care. Therefore, the amount of subjects with insulin independence was possibly
underestimated. In our experience, those who stop insulin are also less likely to follow up, or
are discharged from the endocrinology to continue follow up with their primary care doctor.

Conclusion:

In summary, prevalence of DKA at diagnosis increased during the pandemic period in new-
onset pediatric subjects with type 2 diabetes. Our results indicate no evidence to support
that SARS-CoV-2 infection is associated with severity of DKA, or frequency of DKA
related comorbidities including elevated creatinine, cerebral edema or altered mental status
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and intubation. We observed two trajectories predicting insulin discontinuation emerged

but were not associated with any infection status. SARS-CoV-2 does not appear to have

long lasting impact on pancreatic p-cell function. Larger multicenter prospective studies
examining diabetes endotypes are needed to determine whether SARS-CoV-2 affects clinical
trajectory of youth diagnosed with type 2 diabetes.

Supplementary Material
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Article Highlights:

. There is limited data on new onset diabetes course after SARS-CoV-2
infection

. Infection was not associated with diabetic ketoacidosis severity

. Infection was not associated with insulin discontinuation

. SARS-CoV-2 does not appear to have long lasting impact on beta-cell
function

Endocr Pract. Author manuscript; available in PMC 2024 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hao et al.

Page 13

Clinical Relevance

During the COVID-19 pandemic, the rate of new onset diabetes and diabetic ketoacidosis
increased significantly. Our study suggests that infection with SARS-CoV-2 did not
increase severity of DKA or affect long-term insulin use.
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Figure 1:

We identified two trajectory groups of likelihood of being off both insulin types in the

year following admission. The solid lines (B and C) represent average observed data while
the dotted lines (A and D) represent predicted trajectory for the group. Group 1 had early
transition off with high likelihood of being off by 2 months shown by line A (n=21 or 14%)
and Group 2 was a late transition group with later and lower likelihood of ever coming off
both insulins shown by line C (n=127 or 86%).
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Baseline Characteristics of Participants, compared by infection status.

Page 15

Characteristic Overall N =148 COVID-19N =10 Other Infection N = No Infection N =110 p-value
Age, years 14.92 (13.75,16.52)  15.42 (13.81, 16.49) 14.29 (13.16, 16.10) 14.95 (13.94, 16.59) 0.33
Sex 0.03
Female 51 (34%) 1 (10%) 15 (54%) 35 (32%)
Male 97 (66%) 9 (90%) 13 (46%) 75 (68%)
BMI (Missing) 34 (31, 40) 6 33(32,43)0 36 (32, 40) 1 34 (30, 40) 5 0.38
BMI (% for age) (Missing) 99.06 (98502, 99.53)  99.03 (98.82,99.53) 0  99.22(98.37,99.57) 1  99.00 (97.66, 99.52) 7 0.36
Race 0.62
Hispanic 10 (6.8%) 2 (20%) 3 (11%) 5 (4.5%)
Non-Hispanic black 117 (79%) 8 (80%) 22 (79%) 87 (79%)
Non-Hispanic white 2 (1.4%) 0 (0%) 0 (0%) 2 (1.8%)
Other 10 (6.8%) 0 (0%) 2 (7.1%) 8 (7.3%)
White 9 (6.1%) 0 (0%) 1 (3.6%) 8 (7.3%)
Insurance 0.62
Private 40 (27%) 3 (30%) 9 (32%) 28 (25%)
Public 102 (69%) 6 (60%) 18 (64%) 78 (71%)
Uninsured/Unknown 6 (4.1%) 1 (10%) 1(3.6%) 4 (3.6%)
Admission
pH 7.19 (7.13, 7.25) 7.20 (7.06, 7.24) 7.19 (7.13, 7.26) 7.19 (7.13, 7.24) 0.84
HCO3(mEg/L) (Missing) 10.0 (7.0, 13.0) 6 8.0 (5.2,10.0) 0 11.0(7.0,12.5) 1 10.0 (7.0, 13.0) 5 0.37
Creatinine (mg/dL) 0.88 (0.67, 1.32) 1.04 (0.78, 1.35) 0.78 (0.59, 1.19) 0.88 (0.67, 1.37) 0.36
Glucose (mg/dL) 540 (393, 786) 540 (442, 869) 525 (385, 602) 550 (393, 832) 0.68
Anion gap (Missing) 22 (19, 26) 6 24 (22, 26) 0 22 (18, 26) 1 22 (19, 26) 5 0.74
BOHB (mmol/L) (Missing) 7.50 (5.50, 8.30) 46 6.65 (4.22, 8.10) 2 7.69 (5.65, 8.38) 8 7.50 (5.80, 8.30) 36 0.62
DKA Severity 0.44
High 28 (19%) 4 (40%) 6 (21%) 18 (16%)
Mild 54 (36%) 2 (20%) 11 (39%) 41 (37%)
Moderate 66 (45%) 4 (40%) 11 (39%) 51 (46%)
Initial admission 0.06
Floor 47 (32%) 0 (0%) 10 (36%) 37 (34%)
IcU 101 (68%) 10 (100%) 18 (64%) 73 (66%)
Hospital length of stay, days 3.00 (2.45, 3.85) 4.73 (3.13, 6.82) 3.01 (2.41, 3.90) 2.93 (2.38, 3.62) 0.020
Diabetes
HbA1c (Missing) 12.40 (11.910, 13.90)  11.60(10.80,12.90)1  12.70 (11.10,14.20)3  12.20(11.10,13.90)5  0.21
Discharge basal insulin 0.56 (0.50, 0.65) 0.63 (0.55, 0.74) 0.54 (0.45, 0.66) 0.55 (0.50, 0.65) 0.30

(Units/kg)

Legend: Median (IQR), n (%), BMI: body mass index, HCO3: bicarbonate, BOHB: beta hydroxybutyrate, HbA1c: glycosylated hemoglobin, ICU:
intensive care unit, LOS: length of stay, DKA: diabetic ketoacidosis
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Table 2:

Participants who were able to stop one or both types of insulins according to infection status

Characteristic Overall, N =148 Infection, N =38 No Infection, N=110 p-value
Stopped One Insulin 89 (60%) 22 (58%) 67 (61%) 0.74
Within one year 78 (53%) 18 (47%) 60 (55%) 0.44
Time to stopping one insulin, months 5.0 (3.0,8.0) 7.0 (4.0, 10.0) 4.0(2.0,8.0) 0.03
Insulin discontinuation 64 (43%) 15 (39%) 49 (45%) 0.59
Within one year 46 (31%) 9 (24%) 37 (34%) 0.25
Time to insulin discontinuation, months 9(4,14) 11 (8,17) 8(4,12) 0.11
Restarted insulin 16 (25%) 2 (13%) 14 (29%) 0.32
Time to restarting insulin, months 10.0 (6.5, 11.0) 11.0 (11.0, 11.0) 9.5 (5.5, 11.0) 0.38
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Baseline characteristics of participants, comparing those who were admitted pre-pandemic (1/2018-2/2020)
and those admitted after the start of the pandemic (3/2020-1/2022). Median (IQR); n (%)

Characteristic Overall, N = 148 Pre-Pandemic, N = 31 Pandemic, N = 117 p-value
Age, years 14.92 (13.75, 16.52) 14.92 (13.94, 16.93) 14.92 (13.58, 16.33) 0.46
Sex 0.47
Female 51 (34%) 9 (29%) 42 (36%)
Male 97 (66%) 22 (71%) 75 (64%)
BMI (Missing) 34 (31, 40) 6 35 (31, 40) 0 34 (30, 40) 6 0.97
BMI (% for age) (Missing) 99.06 (98.02,99.53) 8 99.22 (98.06,99.58) 1  99.04 (98.01,99.53) 7  0.74
Race 0.86
Hispanic 10 (6.8%) 2 (6.5%) 8 (6.8%)
Non-Hispanic black 117 (79%) 24 (7T7%) 93 (79%)
Non-Hispanic white 2 (1.4%) 0 (0%) 2 (1.7%)
Other 10 (6.8%) 2 (6.5%) 8 (6.8%)
White 9 (6.1%) 3(9.7%) 6 (5.1%)
Insurance 0.11
Private 40 (27%) 10 (32%) 30 (26%)
Public 102 (69%) 18 (58%) 84 (72%)
Uninsured/Unknown 6 (4.1%) 3(9.7%) 3(2.6%)
Admission Labs
pH 7.19 (7.13,7.25) 7.20(7.15,7.22) 7.19 (7.12, 7.25) 0.94
HCO3 (MEg/L) (Missing) 10.0 (7.0, 13.0) 6 10.0 (7.2, 12.0) 1 10.0 (7.0, 13.0) 5 0.71
Creatinine (mg/dL) 0.88 (0.67, 1.32) 0.85 (0.70, 1.30) 0.89 (0.64, 1.31) 0.90
Glucose (mg/dL) 540 (393, 786) 548 (427, 742) 539 (373, 790) 0.72
Anion gap (Missing) 22 (19, 26) 6 22 (20, 25) 1 22(18,27)5 0.95
BOHB (mmol/L) (Missing) 7.50 (5.50, 8.30) 46 7.56 (6.60, 8.03) 11 7.48 (5.31, 8.40) 35 0.93
DKA Severity
High 28 (19%) 3(9.7%) 25 (21%) 0.26
Mild 54 (36%) 11 (35%) 43 (37%)
Moderate 66 (45%) 17 (55%) 49 (42%)
Initial admission 0.17
Floor 47 (32%) 13 (42%) 34 (29%)
ICU 101 (68%) 18 (58%) 83 (71%)
Hospital LOS, days 3.00 (2.45, 3.85) 2.88 (2.44, 3.92) 3.02 (2.46, 3.83) 0.65
Diabetes
HbA1c (Missing) 12.40 (11.10,13.90) 9  11.60(11.05,13.15) 0  12.55(11.10, 13.90) 9 0.37
Discharge basal insulin (units/kg) 0.56 (0.50, 0.65) 0.54 (0.46, 0.61) 0.57 (0.50, 0.66) 0.20

Legend: Median (IQR), n (%), BMI: body mass index, HCO3: bicarbonate, BOHB: beta hydroxybutyrate, HbAlc: glycosylated hemoglobin, ICU:
intensive care unit, LOS: length of stay, DKA: diabetic ketoacidosis
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