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Abstract

Introduction: The impact of the COVID-19 pandemic on the
incidence of pediatric type 1 (T1D) and type 2 diabetes (T2D)
and severity of presentation at diagnosis is unclear. Meth-
ods: A retrospective comparison of 737 youth diagnosed
with T1D and T2D during the initial 12 months of the CO-
VID-19 pandemic and in the preceding 2 years was conduct-
ed at a pediatric tertiary care center. Results: Incident cases
of T1D rose from 152 to 158 in the 2 years before the pan-
demic (3.9% increase) to 182 cases during the pandemic
(15.2% increase). The prevalence of diabetic ketoacidosis
(DKA) at T1D diagnosis increased over 3 years (41.4%, 51.9%,
and 57.7%, p = 0.003); severe DKA increased during the pan-
demic as compared to the 2 years before (16.8% vs. 28%, p =
0.004). Although there was no difference in the mean hemo-
globin A1c (HbA1c) between racial and ethnic groupsat T1D
diagnosis in the 2-years pre-pandemic (p = 0.31), during the
pandemic HbA1c at T1D diagnosis was higher in non-His-
panic Black (NHB) youth (11.3 £ 1.4%, non-Hispanic White

10.5 £ 1.6%, Latinx 10.8 £ 1.5%, p = 0.01). Incident cases of
T2D decreased from 54 to 50 cases (7.4% decrease) over the
2-years pre-pandemic and increased 182% during the pan-
demic (n = 141, 1.45 cases/month, p < 0.001). As compared
to the 2-years pre-pandemic, cases increased most among
NHB youth (56.7% vs. 76.6%, p = 0.001) and males (40.4% vs.
58.9%, p = 0.005). Cases of DKA (5.8% vs. 23.4%, p < 0.001)
and hyperosmolar DKA (0 vs. 9.2%, p = 0.001) increased
among youth with T2D during the pandemic. Conclusions:
During the pandemic, the incidence and severity of presen-
tation of T1D increased modestly, while incident cases of
T2D increased 182%, with a nearly 6-fold increase in DKA and
nearly a 10% incidence of hyperosmolar DKA. NHB youth
were disproportionately impacted, raising concern about
worsening of pre-existing health disparities during and after
the pandemic. ©2021 S. Karger AG, Basel

Introduction

The World Health Organization declared the CO-
VID-19 pandemic on March 11, 2020. While the effects
of COVID-19 on diabetes-related outcomes have been
extensively studied in adults, data about the incidence
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and severity of presentation of pediatric new-onset type
1 (T1D) and type 2 diabetes (T2D) are limited. In the ear-
ly months of the pandemic, studies showed increasing
rates of severe diabetic ketoacidosis (DKA) at diagnosis
of T1D [1-4]. However, findings about the impact of the
pandemic on the overall incidence of T1D yielded con-
flicting results [1, 2, 4]. Data assessing changes in the in-
cidence and severity of presentation of pediatric T2D
during the pandemic are more limited [5]. Many different
factors may have led to changes in the incidence and se-
verity of pediatric diabetes during the pandemic, includ-
ing direct diabetogenic effects of the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) [6], weight
gain resulting from unintended consequences of social
distancing measures [7], COVID-19-related stressors
which may predispose to autoimmunity and insulin re-
sistance [8, 9], and decreased primary care visits that may
have led to a delay in the recognition and diagnosis of
new-onset diabetes [10, 11].

The aim of this retrospective study of patients at a
highly diverse pediatric tertiary care center was to com-
pare differences in the following aspects of new-onset
T1D and T2D during the initial 12 months of the CO-
VID-19 pandemic: (1) cases of new-onset diabetes, (2)
severity of presentation, and (3) differences in demo-
graphic and anthropometric characteristics. We hypoth-
esized that cases of pediatric T1D did not change signifi-
cantly during the pandemic and that cases of T2D in-
creased, while the severity of presentation increased in
both groups.

Materials and Methods

Data Collection

A retrospective review of the electronic medical record (EMR)
identified youth diagnosed with T1D and T2D during the first year
of the COVID-19 pandemic (March 11, 2020, to March 10, 2021)
and in the time-matched periods from 2018 to 2019 and 2019 to
2020 at a pediatric tertiary care center in Washington, D.C. This
study protocol was reviewed and deemed exempt by institutional
review board at the Children’s National Hospital.

Children’s National Hospital is a 323-bed acute care hospital
with 16 specialty care centers throughout the Washington, DC,
metro area and is the only free-standing pediatric hospital between
Philadelphia, Pittsburgh, Norfolk, and Atlanta. The Diabetes Pro-
gram provides clinical care to approximately 1,800 youth with T1D
and 600 youth with T2D annually.

All youth <21 years of age with newly diagnosed T1D and T2D
over this 3 year period were captured using ICD-10 diagnosis
codes (E10.9, E11.9) and diabetes education logs. At our center,
all youth with new-onset T1D are admitted, whereas youth with
suspected T2D are only admitted for severe hyperglycemia, keto-
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sis, challenging social circumstances, or an inability to schedule
urgent outpatient follow-up. Demographic data were extracted
from the EMR along with anthropometric measures at diagnosis.
The initial plasma glucose, venous pH, serum bicarbonate, and
hemoglobin Alc (HbAlc) at presentation are reported. Weight
and BMI data from 6 to 18 months before T2D diagnosis were
gathered for youth diagnosed between 3/11/2019 and 3/10/2021.
COVID-19 status at diagnosis was assessed using SARS-CoV-2
PCR results from a molecular diagnostic assay performed on a
nasopharyngeal swab (ePlex SARS-CoV-2 Test [GenMark Diag-
nostics], Simplexa COVID-19 assay [DiaSorin Molecular LLC],
and Xpert Xpress SARS-CoV-2 [Cepheid]). During the period
from March 15, 2020, to April 12, 2020 (n = 14), only symptom-
atic patients were tested for SARS-CoV-2. Universal screening for
inpatients and those seen in the emergency department was insti-
tuted on April 13, 2020; all patients admitted between April 13,
2020, and March 10, 2021, had PCR testing (n = 304). Outpatients
(n = 56) were not tested for SARS-CoV-2. Pairwise deletion was
used for missing data.

Diagnosis of T1D and T2D

EMR data were reviewed to confirm the diagnosis of new-onset
diabetes, type of diabetes, and severity of presentation. Diabetes
was defined according to American Diabetes Association criteria:
fasting plasma glucose =126 mg/dL, HbAlc 26.5% (48 mmol/
mol), or a random blood glucose >200 mg/dL with symptoms of
hyperglycemia [12].

T1D was diagnosed in children who were not overweight (BMI
Z-score <1.04) [13] and/or those with at least 2-positive autoanti-
bodies (GADG65, islet antigen 2 [IA2], insulin, zinc transporter 8,
and islet-cell antibody screen) and/or age <8 years. T2D was diag-
nosed if obese (BMI Z-score >1.64) [13] in the absence of DKA and
pancreatic autoantibodies. All youth with overlapping features
were further categorized based on the clinical impression of a pe-
diatric endocrinologist (B.E.M.) formed from review of data at ini-
tial diagnosis and in follow-up, including family history, insulin
requirements, and weight trajectories over time. Youth with posi-
tive genetic testing or strong clinical suspicion for monogenic dia-
betes were excluded (n = 7).

Definitions of DKA, HHS, and Hyperosmolar DKA

DKA was defined by plasma glucose >200 mg/dL, venous pH
<7.3 or serum bicarbonate <15 mmol/L, and ketonemia or keto-
nuria [14]. DKA severity was defined as mild (pH < 7.3 or bicar-
bonate <15 mmol/L), moderate (pH < 7.2 or bicarbonate <10
mmol/L), and severe (pH < 7.1 or bicarbonate <5 mmol/L) [14].
Hyperglycemic hyperosmolar syndrome (HHS) was defined by
plasma glucose >600 mg/dL, effective serum osmolality >330
mOsm/kg, and pH > 7.25 or serum bicarbonate >15 mmol/L,
whereas hyperosmolar DKA was defined by the same glucose and
plasma osmolality values with a pH < 7.25 or bicarbonate <15
mmol/L [15].

Categorizing Obesity Severity

Obesity was defined as follows: Class 1 (BMI >95th percentile
for age and sex), Class 2 (BMI >120% of the 95th percentile for age
and sex or BMI >35 kg/m?, whichever is lower), and Class 3 (BMI
>140% of the 95th percentile for age and sex or BMI >40 kg/m?,
whichever is lower) [16, 17].
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Table 1. Demographic characteristics at the time of presentation for youth newly diagnosed with T1D before and during the COVID-19

pandemic®
T1D 2-yrs vs. 1-yr pre vs. 2-yrs pre vs.
. 1-yr pre- pandemic, pandemic,
2-years pre— 1-year plje— pandemic pandemic, p value pvalue
pandemic pandemic p value
Incident cases, n 152 158 182 - - -
Percent increase, % - 3.9 15.2 - - -
Proportion of cases of new-onset TIDand T2D, % 73.8 76.0 56.3 0.61 <0.001 <0.001
Female sex 46.7% 71 48.1% 76 44.5% 81 0.81 0.51 0.69
Age at diagnosis, years 10+4.2 10+4.4 10+4.3 0.50 0.94 0.43
Race
NHW 38.8% 59 44.9% 71 37.9% 69
NHB 36.2% 55 39.9% 63 45.6% 83
Asian 1.3% 2 5.1% 8 1.1% 2 0.029 0.046 0.45
Other 19.7% 30 3.2% 12.6% 23
Unknown 4% 6 7% 1 2.7% 5
Ethnicity
Latinx 13.2% 20 8.2% 13 13.2% 24 0.15 0.14 0.99
Insurance
Private 54.6% 83 56.3% 89 51.6% 94
Public 44% 67 43% 68 46.7% 85 0.80 0.51 0.85
Uninsured 1.3% 2 0.6% 1 1.6% 3
Inpatient management 152 100% 158 100% 182 100% 1.0 1.0 1.0
Positive SARS-CoV-2 PCR n/a n/a 3.3% 6 - - -
HbA1c
% 10.9 (IQR10.1-12) 11.0(IQR 10.1-11.8) 10.8 (IQR 10-11.6) 0.40 0.057 0.0001
mmol/mol 96 (IQR 86-108) 97 (IQR 87-105) 95 (IQR 86-103)
Blood glucose, mg/dL 379 (IQR 280-514) 417 (IQR319-574) 453 (IQR 350.5-577) 0.25 0.03 0.0002
Venous pH 7.25+£0.16 7.23+0.15 7.2+0.17 0.76 0.11 0.26
Serum bicarbonate, mmol/L 17.4+8.3 15.8+7.9 14.2+7.8 0.83 0.01 0.0004
DKA 41.4% 63 51.9% 82 57.7% 105 0.089 0.062 0.003
DKA severity
Mild 9.9% 15 21.5% 34 14.8% 27 0.005 0.12 0.19
Moderate 15.1% 23 13.3% 21 14.8% 27 0.75 0.76 1.0
Severe 16.4% 25 17.1% 27 28.0% 51 1.0 0.01 0.01
Hyperosmolar DKA 0.7% 1 0.6% 1 0.5% 1 1.0 1.0 1.0

T1D, type 1 diabetes; DKA, diabetic ketoacidosis; HbA1c, hemoglobin A1c; NHW, non-Hispanic White; NHB, non-Hispanic Black; SARS, severe acute re-
spiratory syndrome coronavirus. @ Normally distributed, continuous variables reported as mean = standard deviation. Median and interquartile range re-

ported for skewed data.

Statistical Analyses

IBM SPSS Statistics for Windows version 26.0 (IBM, Armonk,
NY, USA) and SAS 9.4 (SAS Institute, Cary, NC, USA) were used
for analyses. Two-tailed p values <0.05 were considered signifi-
cant. Characteristics from the study sample are stratified by type
of diabetes and year of diagnosis (2-years pre-pandemic, 1-year
pre-pandemic, and during the pandemic). Some analyses are fur-
ther stratified into the 3 most common racial and/or ethnic groups
in our population, consistent with prior publications: non-His-
panic White (NHW), non-Hispanic Black (NHB), and Latinx [18,
19]. Descriptive categorical data are reported as frequency and
proportion; continuous variables are reported as means and stan-
dard deviations or medians and interquartile ranges, as appropri-
ate. X%, Fisher’s exact, independent samples ¢ tests, ANOVA, and
Mann-Whitney tests were used to evaluate differences between the
populations diagnosed during this 3-year period and between dif-
ferent racial and ethnic groups. Cochran-Armitage trend tests

Pediatric T1D and T2D during the
COVID-19 Pandemic

were used to assess for the increases across the 3-year time period.
A linear regression model was fitted to assess trends in the number
of cases of T2D in each of the 3 years. The slope of each regression
line was tested to see if it was significantly different from zero, and
the 3 slopes were compared by including the interaction term.

Results

A total of 737 youth were diagnosed with T1D (n =
492) and T2D (n = 245) in the 3-year period. The demo-
graphic characteristics of youth with T1D versus those
with T2D can be summarized as follows: NHW, 40.4%
versus 4.9% (p < 0.001); NHB, 40.9% versus 68.2% (p <
0.001); Latinx, 11.6% versus 21.2% (p = 0.001); and pub-

Horm Res Paediatr 2021;94:275-284
DOI: 10.1159/000519797

277



== 2-Years pre-pandemic (2018-2019)

—4— 2-Years pre-pandemic (2018-2019)

==ge==-Year pre-pandemic (2019-2020)

25

20 A
g S
c 15 -
5
e 10 o
£

5

¥
0
April May June July Aug Sept Oct Nov Dec Jan Feb

a Month of diagnosis

==fe=1-Year pre-pandemic (2019-2020)

25
m = 1.45 cases/month
20
0 p < 0.001
[
@ 15 p < 0.001
€ -
§ 10 m = 0.08 cases/month
S p =065
5
0
April May June July Aug Sept Oct Nov Dec Jan Feb
b Month of diagnosis

== During pandemic (2020-2021)

=8=During pandemic (2020-2021)

Fig. 1. Incident cases of new onset type 1 diabetes (a) and type 2 diabetes (b) in the 2-years before and during the
first 12-months of the COVID-19 pandemic. Trendlines for the pandemic year and the average number of cases
per month in the 2 years pre-pandemic are depicted.

licly insured 44.7% versus 81.6% (p < 0.001). T2D ac-
counted for 26.2% (n = 54/206) and 24.0% (n = 50/208)
(p = 0.61) of all incident cases of diabetes in the 2-years
before the pandemic, rising to 43.7% (n = 141/323) during
the pandemic (p < 0.001). SARS-CoV-2 testing was per-
formed in 76.4% (n = 247/323) of youth diagnosed during
the pandemic; 3.3% of all youth with T1D and 3.5% with
T2D tested SARS-CoV-2 positive (p = 1).

Type 1 Diabetes

Incident cases of T1D rose from 152 to 158 in the 2
years before the pandemic (3.9% increase) to 182 cases
during the pandemic (15.2% increase). Further details
about the demographic characteristics and severity of
presentation are shown in Table 1. There was an associa-
tion between race/ethnicity and year before the pre-pan-
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demic versus the pandemic period (p = 0.046), with a
trend toward an increasing number of cases among NHB
youth over the 3-year period (p = 0.08). There was no sig-
nificant change in the number of Latinx or publicly in-
sured youth diagnosed with T1D during these 3 years.
There was no statistically significant difference in the
percentage of youth presenting in DKA 1 and 2 years be-
fore the pandemic (p = 0.065) or the year before the pan-
demic versus the pandemic year (p = 0.28); however, rates
of DKA increased over the 3 years (p = 0.003). Although
there was no significant difference in the percentage of
youth presenting in severe DKA in the 2-years pre-pan-
demic (p = 1), the prevalence of severe DKA was higher
during the pandemic (28.0%) than the average rate in the
2 prior years (16.8%, p = 0.004) (Fig. 1). There was no sig-
nificant difference in the rates of DKA among NHB
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Table 2. Demographic characteristics at the time of presentation for youth newly diagnosed with T2D before and during the COVID-19

pandemic®
T2D 2-yrs vs. 1-yr pre vs. 2-yrs pre vs.
. 1-yr pre- pandemic, pandemic,
2-years pre— 1-year pr.e— pandemic pandemic, pvalue pvalue
pandemic pandemic pvalue
Incident cases, n 54 50 141 - - -
Percent increase, % — -7.4 182.0 - - -
Proportion of cases of new-onset TIDand T2D, %  26.2 24.0 43.7 0.61 <0.001 <0.001
Female sex 61.1% 33 58.0% 29 41.1% 58 0.75 0.04 0.01
Age at diagnosis, years 13.8+2.4 14.1£2.6 14.5+2.4 0.63 0.32 0.097
Race
NHW 1.9% 1 8.0% 4 5.0% 7
NHB 55.6% 30 58.0% 29 76.6% 108
Asian 3.0% 1 6.9% 0.7% 1 0.46 0.056 0.026
Other 352% 19 260% 13 17.7% 25
Unknown 6% 3 4% - 0
Ethnicity
Latinx 222% 12 30.0% 15 17.7% 25 0.37 0.067 0.47
Insurance
Private 16.7% 9 24.0% 12 17.0% 24
Public 83% 45 76% 38 83.0% 117 0.35 0.28 0.95
Uninsured - 0 - 0 - 0
Inpatient management 333% 18 36.0% 18 60.3% 85 0.78 0.003 0.007
Positive SARS-CoV-2 PCR n/a n/a 3.5% 5 - - -
HbA1c
% 7.7 (IQR7.0-10.7) 9.0(IQR6.9-11.4)  10.2(IQR7.9-11.3) 0.26 0.077 0.001
mmol/mol 61 (IQR 52-96) 75 (IQR 50-101) 88 (IQR 62-88)
Blood glucose, mg/dL 194 (IQR 124-321) 283.5(IQR 120-384) 311.5(IQR 187-490) 0.17 0.01 0.003
Venous pH 7.32+£0.13 7.33£0.12 7.28+0.13 0.76 0.11 0.26
Serum bicarbonate, mmol/L 23.8+£7.0 23.4+5.6 19.7+7.2 0.83 0.01 0.005
DKA 7.4% 4 4.0% 2 23.4% 33 0.46 0.002 0.01
DKA severity
Mild - 0 — 0 11.3% 16 1.0 0.01 0.007
Moderate 1.9% 1 2.0% 1 4.3% 6 1.0 0.68 0.68
Severe 5.6% 3 2.0% 1 7.8% 11 0.62 0.19 0.76
Hyperosmolar DKA - 0 - 0 9.2% 13 1.0 0.02 0.02

T2D, type 2 diabetes; DKA, diabetic ketoacidosis; HbA1c, hemoglobin A1c; NHW, non-Hispanic White; NHB, non-Hispanic Black; SARS, severe acute re-
spiratory syndrome coronavirus.  Normally distributed, continuous variables reported as meantstandard deviation. Median and interquartile range re-

ported for skewed data.

(62.7%), NHW (55.1%), and Latinx (50%, p = 0.45) youth
during the pandemic; however, the proportion of NHB
youth presenting in DKA during the pandemic (62.7%)
was greater than that in the preceding 2 years (45.8%, p =
0.02). Although there was no difference in HbAlcaccord-
ing to race/ethnicity among youth diagnosed in the 2 pre-
pandemic years (p = 0.31), there were between group dif-
ferences during the pandemic (p = 0.01); post hoc analy-
ses revealed a higher mean HbAlc at diagnosis among
NHB youth (11.3% + 1.4%, [100 + 15 mmol/mol]) as
compared to NHW youth (10.5 + 1.6, [92 + 18 mmol/
mol]) (p = 0.008). The mean HbAlc at diagnosis during
the pandemic as compared to the 2 years before decreased
nonsignificantly among NHW (10.7 + 1.8% [94 + 20

Pediatric T1D and T2D during the
COVID-19 Pandemic

mmol/mol] vs. 10.5 £ 1.6% [92 + 18 mmol/mol], p = 0.42)
and Latinx youth (11.2 + 1.4% [99 + 15 mmol/mol] vs.
10.8 + 1.5% [94 = 17 mmol/mol], p = 0.3) and increased
nonsignificantlyamong NHB youth (11.2 + 1.6% [98 + 17
mmol/mol] vs. 11.3 + 1.4% [100 £ 15 mmol/mol], p =
0.49).

Type 2 Diabetes

Cases of new-onset T2D declined by 7.4% from 2-years
pre-pandemic (n = 54) to 1-year pre-pandemic (n = 50)
and then increased 182% during the pandemic (n = 141).
Further details about the demographic characteristics
and severity of presentation are shown in Table 2. Sixty-
eight percent of youth diagnosed with T2D during the
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Fig. 2. The percentage of youth with newly diagnosed type 1 diabetes (a) and type 2 diabetes (b) presenting in
DKA and hyperosmolar DKA in the 2-years before and during the first 12-months of the COVID-19 pandemic.
! Denotes a significant difference between 1- and 2-years pre-pandemic. 2 Denotes a significant difference be-
tween 1-year pre-pandemic vs the pandemic year. *> Denotes a significant difference between 2-years pre-pan-

demic vs the pandemic year.

3-year period were NHB and 81.6% were publicly in-
sured. Despite no significant change in the proportion of
cases among NHB youth in the 2-years pre-pandemic
(p = 0.81), cases increased during the pandemic as com-
pared to the year before (p = 0.01); cases among NHB
youth increased by 272% during the pandemic. There was
no significant increase in cases among NHW youth (p =
0.79) or Latinx youth (p = 0.32) over these same intervals.
There was no change in the sex predominance of youth
diagnosed with T2D in the 2-years pre-pandemic (38.9%
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and 42% male, p = 0.75), but during the pandemic as com-
pared to the 2-years prior, more youth diagnosed with
T2D were male (58.9%, p = 0.005). Whereas there was no
variation in the number of cases of T2D per month in
each of the 2 years before the pandemic (p = 0.77), rates
of increase were greater during the pandemic (p < 0.001),
and cases increased steadily by 1.45 cases/month through-
out the pandemic (p < 0.001) (Fig. 2).

The prevalence of DKA in T2D did not change sig-
nificantly over the 2-years pre-pandemic (p = 0.46) but

Marks/Khilnani/Meyers/Flokas/Gai/
Monaghan/Streisand/Estrada

Color version available online



increased from 1-year pre-pandemic (4.0%) to the year of
the pandemic (23.4%, p = 0.002) (Fig. 1). Increases in
DKA were driven by increase in mild DKA (0 cases in the
2-years pre-pandemic vs. 11.3% during the pandemic,
p = 0.001) without any significant increase in moderate
(p=0.67) or severe DKA (p = 0.76). NHB youth account-
ed for 92.3% of the cases of DKA throughout the 3-year
period; 100% of those presenting in DKA were publicly
insured. The median glucose at presentation (311.5 mg/
dL vs. 283.5 mg/dL, p = 0.03) and HbAlc values (10 +
2.3% vs. 9.3 £ 2.5%, p = 0.001) were higher during the
pandemic but did not increase significantly between 1-
and 2-years pre-pandemic. There were no cases of HHS
during the study period. Cases of hyperosmolar DKA
rose from none in the 2-years pre-pandemic to 13 (9.2%,
p = 0.02) during the pandemic. Twelve of the 13 cases
(92.3%) of hyperosmolar DKA occurred in NHB youth
who were publicly insured. The percentage of youth re-
quiring inpatient management at diagnosis increased
from 34.6% in the 2-years pre-pandemic combined to
60.3% during the pandemic (p < 0.001).

Weight data at the time of diagnosis of T2D were avail-
able for 94% of youth 1-year pre-pandemic (n = 47/50)
versus 94.3% during the pandemic (n = 133/141). BMI at
diagnosis was available for 92% and 88.7% of youth, re-
spectively. There were no differences in weight or BMI at
diagnosis before versus during the pandemic. At the time
of diagnosis, 73.7% of youth with available BMI data had
class 2 (29.8%, n = 51) or 3 obesity (43.9%, n = 75). There
was a trend toward an association between the pandemic
and obesity class (p = 0.08); however, post hoc analyses
failed to show significant changes in the individual class-
es over time. There was no association between obesity
class and race/ethnicity. Measurements 6-18 months be-
fore diagnosis were available for 56 youth (29.3%) at an
average interval of 0.91 + 0.35 years before diagnosis. Fif-
teen (26.8%) experienced weight loss in the time leading
up to diagnosis. Among those who gained weight prior to
diagnosis, weight increased by a median of 11.3 kg (IQR
6.1-17.7 kg) or 13.0% (IQR 6.9%-19.1%) of their initial
body weight.

Discussion

Despite no significant change in the number of cases
of pediatric T2D or severity of presentation over the 2
years before the pandemic, we found a 182% increase in
pediatric T2D with a steady rate of monthly increase dur-
ing the first 12 months of the COVID-19 pandemic. This

Pediatric T1D and T2D during the
COVID-19 Pandemic

increase in cases was accompanied by a nearly 6-fold rise
in DKA and a 9.2% incidence of hyperosmolar DKA. In
the 2 years before the pandemic, cases of T2D accounted
for 25.1% of all newly diagnosed diabetes at our center as
compared to 43.7% during the pandemic. These findings
are a significant departure from prior studies indicating
that T2D accounted for 11% of all cases of pediatric dia-
betes with a relative annual increase in cases of 4.8% per
year [20, 21]. Cases of T1D increased by 3.9% from 1- to
2-years pre-pandemic and rose by 15.2% during the first
12 months of the pandemic accompanied by a more than
10% absolute percentage point increase in the incidence
of severe DKA. The increase in cases of diabetes during
the pandemic is particularly notable given the decline in
the number of unique patients seen at our center during
that time. Annual reports indicate that CNH provided
care to 237,047 and 240,390 unique patients in the 2018
and 2019 fiscal years, respectively, compared to 223,856
in the 2020 fiscal year. The rise in cases of T2D and in-
creased severity of presentation of both T1D and T2D
during the pandemic disproportionately impacted NHB
youth.

Given these trends over time, there was an undeniable
increase in incident cases of T2D during the pandemic;
however, it is more difficult to ascertain the significance
of the modest increase in cases of T1D. Reports from Ita-
ly and Canada in the early months of the pandemic
showed a modest decrease in cases [1, 4], while a German
study found a nonsignificant increase that fell within the
expected rate of annual increase in T1D [2]. These data
were collected over the first several months of the pan-
demic and therefore do not accurately reflect the winter
seasonality in the diagnosis of T1D [22]. Our finding of a
slight increase in diagnoses of T1D during the pandemic
is consistent with the German data and also with prior
data showing an increasing incidence of T1D in the Unit-
ed States [21, 23]. Interpretation of these changes is fur-
ther complicated by more rapid rates of increase in T1D
among NHB and Latinx youth who are well represented
in our sample [21, 23].

Studies have posited that direct diabetogenic effects of
SARS-CoV-2 may account for the increased incidence of
diabetes during the pandemic. However, only 3.4% of all
youth with new-onset diabetes tested positive, and infec-
tion rates were comparable among youth with T1D and
T2D. Given marked differences in the rates of increase in
T1D and T2D during the pandemic, it seems unlikely that
direct effects of acute SARS-CoV-2 infection are solely
responsible for the increase in new-onset diabetes. Be-
cause we collected only SARS-CoV-2 PCR tests and not

Horm Res Paediatr 2021;94:275-284
DOI: 10.1159/000519797

281



antibodies, these data should be interpreted with caution
as prior COVID-19 infections cannot be excluded. Fur-
thermore, as pancreatic autoantibodies develop years be-
fore clinical symptoms of T1D, studies in the coming
years should further explore a possible relationship be-
tween the SARS-CoV-2 virus and new-onset diabetes
[24].

Before the pandemic, 59.6% of youth with new-onset
T2D were female; however, during the pandemic, 58.9%
of youth were male. Pre-pandemic, T2D was female pre-
dominant in the United States [20], and male youth were
known to engage in more moderate to vigorous physical
activity than females [25]. During the COVID-19 pan-
demic, other studies have shown that screen time in-
creased and physical activity decreased among youth of
all ages and genders [26, 27]. Levels of activity decreased
the most among male adolescents, falling to levels com-
parable to those seen in females, which may explain these
findings. We did not find any significant differences in
weight or BMI changes preceding the diagnosis of T2D
during the pandemic; however, data were underpowered
and only available for 29.3% of youth. We did find a dis-
proportionate increase in T2D among NHB youth who
already accounted for 56.7% of cases pre-pandemic. Dur-
ing the pandemic, COVID-19-related school closures
disproportionately affected minority youth of lower so-
cioeconomic status, suggesting that indirect effects of so-
cial distancing measures may have contributed to the dif-
ferences observed [28]. However, despite a similar preva-
lence of T2D among NHB and Latinx youth and adults
[23, 29], there was not a clear increase in cases of T2D
among Latinx youth during the pandemic.

Despite already high rates of DKA in our population,
we found further increases during the pandemic. Before
the pandemic, 30-34% of American youth with new-on-
set T1D presented with DKA [20, 30], whereas 41.4% and
51.9% of youth at our center presented with DKA in the
2 years before the pandemic. This finding likely repre-
sents the underserved population at our center as minor-
ity youth with T1D and those with public health insur-
ance are at higher risk for DKA [20, 30, 31]. During the
pandemic, overall rates of DKA did not change signifi-
cantly in T1D. However, there was a significant 10% ab-
solute percentage point increase in severe DKA and more
NHB youth presented in DKA during the pandemic.
These findings are consistent with prior reports demon-
strating increased rates of DKA among NHB people with
known T1D during the pandemic [32]. These trends are
worrisome given that DKA at diagnosis of T1D is predic-
tive of poor long-term glycemic control [33].
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The 5.8% incidence of DKA in youth with new-onset
T2D pre-pandemic at our center was comparable to na-
tional studies [20]. While older studies showed a decreas-
ing incidence of DKA in youth with new-onset T2D [20],
during the pandemic, cases of DKA at our center in-
creased nearly 6-fold such that nearly one quarter of
youth presented in DKA during the pandemic. This in-
creases in DKA at diagnosis of T2D has also been report-
ed in other urban pediatric diabetes centers [5]. Whereas,
no child presented with hyperosmolar DKA pre-pan-
demic; 9.2% of youth with T2D had hyperosmolar DKA
during the pandemic [15]. The incidence of hyperosmo-
lar states has not been well studied, but the best available
data suggest this condition occurs in 2-4% of youth with
T2D [34, 35]. This increase in severity of presentation is
also reflected in an increase in the number of youth re-
quiring inpatient admission at T2D diagnosis. Increased
severity of presentation certainly contributed to the in-
crease in admissions; however, it is possible that challeng-
es in securing prompt outpatient endocrinology follow-
up during the pandemic may have also contributed given
the rapid increase in volume of urgent patients. More se-
vere presentations of both T1D and T2D during the pan-
demic may reflect delays in seeking care, either due to
lower rates of preventative care visits or possibly due to
fear of seeking care in a hospital-based setting, reported
in other studies [10, 11, 36, 37]. Increased psychological
stress and subsequent elevations in cortisol levels during
the pandemic may have also contributed to hyperglyce-
mia and ketosis [9, 38].

Strengths of this study include our ability to capture
all youth diagnosed with T1D and T2D at a highly di-
verse center in the 2 years before and the first 12 months
of the COVID-19 pandemic. However, several impor-
tant limitations require consideration. Because we were
unable to measure the number of youth without diabetes
in our catchment area, we could not calculate the inci-
dence of diabetes. It is therefore possible that our find-
ings reflect increased referrals to our center, though un-
likely given declines in pediatric healthcare visits during
the pandemic and decrease in the number of unique pa-
tients cared for at our center during the pandemic. Al-
though chart review was conducted for youth not clear-
ly meeting criteria for T1D or T2D, it is possible that
some youth with monogenic diabetes may have been in-
advertently captured. Results from SARS-CoV-2 PCR
testing were available for most patients; however, the
lack of screening in the outpatient setting and inability
to collect SARS-CoV-2 antibodies may have led to an
underestimation of the direct impact of the virus on our
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reported outcomes. Our ability to assess whether weight
gain contributed to the increase in pediatric T2D in this
retrospective cohort study was limited by an underpow-
ered sample and possibly by interval weight loss from
metabolic decompensation preceding the T2D diagno-
sis. Finally, this single-center study may not be general-
izable to a larger population though the diversity of our
population does shed light on staggering racial and eth-
nic differences.

In conclusion, rates of T2D and the severity of presen-
tation increased dramatically during the COVID-19 pan-
demic. As only a small percentage of youth tested SARS-
CoV-2 positive at diagnosis, we suspect that indirect ef-
fects of social distancing measures and their disparate
effects on minority and underserved communities ex-
plain these trends in T2D. Further studies seeking to bet-
ter understand the root cause of the increase in rates of
DKA and hyperosmolar DKA in T2D and increase in se-
verity of DKA in T1D, which all disproportionately im-
pacted NHB youth, are needed. Now, more than 1 year
into the pandemic as we contemplate permanently incor-
porating pandemic-related lifestyle changes, such as tele-
working, into our society, we must carefully consider the
unintended, indirect effects of these measures and their
potential for worsening long-term health consequences
and pre-existing health disparities.
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