
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



ORIGINAL
ARTICLES
The Coronavirus Disease 2019 Pandemic is Associated with a Substantial
Rise in Frequency and Severity of Presentation of Youth-Onset Type 2

Diabetes

Sheela N. Magge, MD, MSCE1,*, Risa M. Wolf, MD1,*, Laura Pyle, PhD2, Elizabeth A. Brown, MPH1, Valeria C. Benavides, MD,

MPH3, Monica E. Bianco, MD4, Lily C. Chao, MD5, Anna Cymbaluk, MD6, Pinar Gumus Balikcioglu, MD7, Kelsee Halpin, MD,

MPH8, Daniel S. Hsia, MD9, Lina Huerta-Saenz, MD10, Jane J. Kim, MD11, Seema Kumar, MD12, Lorraine E. Levitt Katz, MD13,

Brynn E. Marks, MD, MSHPEd14, Anna Neyman, MD15, Katie L. O’Sullivan, MD16, Sabitha Sasidharan Pillai, MD17,

Amy S. Shah, MD, MS18, Ashley H. Shoemaker, MD, MSCI19, Juwairriyyah A. W. Siddiqui, MD20, Shylaja Srinivasan, MD21,

Inas H. Thomas, MD22, Jeanie B. Tryggestad, MD23, Maha F. Yousif, MD24, and Megan M. Kelsey, MD, MS2,

on behalf of the COVID-19 and Type 2 Diabetes Consortium†
From the 1Division of Pediatric Endocrinology and
Diabetes, Johns Hopkins Hospital/Johns Hopkins
University School of Medicine, Baltimore, MD;
2Department of Pediatrics, University of Colorado
Anschutz Medical Campus/Children’s Hospital
Colorado, Aurora, CO; 3Department of Pediatrics,
Division of Endocrinology, University of Illinois, College of
Medicine of Peoria/Children’s Hospital of Illinois, Peoria,
IL; 4Department of Pediatrics, Division of Pediatric
Endocrinology, Northwestern University/Ann and Robert
H Lurie Children’s Hospital, Chicago, IL; 5Center for
Endocrinology, Diabetes, and Metabolism, Children’s
Hospital Los Angeles, Los Angeles, CA; 6Department of
Pediatric Diabetes and Endocrinology, Texas Children’s
Hospital/Baylor College of Medicine, Houston, TX;
7Division of Pediatric Endocrinology and Diabetes and
Duke Molecular Physiology Institute, Duke University
Medical Center, Durham, NC; 8Division of Endocrinology
and Diabetes, University of Missouri-Kansas City School
of Medicine, Children’s Mercy Kansas City, Kansas City,
MO; 9Our Lady of the Lake Children’s Hospital/
Pennington Biomedical Research Center, Baton Rouge,
LA; 10Department of Pediatrics, Division of Pediatric
Endocrinology and Diabetes, Penn State Health
Children’s Hospital/Penn State College of Medicine,
Hershey, PA; 11Department of Pediatrics, Division of
Pediatric Endocrinology, University of California San
Diego/Rady Children’s Hospital San Diego, San Diego,
CA; 12Department of Pediatrics, Division of Pediatric
Endocrinology, Mayo Clinic, Rochester, MN; 13Division
of Endocrinology and Diabetes, Children’s Hospital of
Philadelphia, Philadelphia, PA; 14Division of
Endocrinology and Diabetes, Children’s National
Hospital, Washington DC; 15Department of Pediatrics,
Indiana University School of Medicine/Riley Hospital for
Children, Indianapolis, IN; 16Section of Adult & Pediatric
Endocrinology, Diabetes & Metabolism, University of
Chicago Medical Center, Chicago, IL; 17Division of
Pediatric Endocrinology, Warren Alpert Medical School
of Brown University/Hasbro Children’s Hospital,
Providence, RI; 18Division of Pediatric Endocrinology,
Cincinnati Children’s Hospital Medical Center & The
University of Cincinnati, Cincinnati, OH; 19Department of
Pediatrics, Division of Pediatric Endocrinology and
Diabetes, Vanderbilt University Medical Center,
Nashville, TN; 20Department of Pediatrics, Columbia
University Irving Medical Center, Harlem Hospital, New
York, NY; 21Department of Pediatrics, Division of
Endocrinology, University of California, San Francisco,

22
Objectives To evaluate the frequency and severity of new cases of
youth-onset type 2 diabetes in the US during the first year of the
pandemic compared with the mean of the previous 2 years.
Study design Multicenter (n = 24 centers), hospital-based, retrospec-
tive chart review. Youth aged £21 years with newly diagnosed type 2 dia-
betes between March 2018 and February 2021, body mass index ³85th
percentile, and negative pancreatic autoantibodies were included. De-
mographic and clinical data, including case numbers and frequency of
metabolic decompensation, were compared between groups.
Results A total of 3113 youth (mean [SD] 14.4 [2.4] years, 50.5% female,
40.4% Hispanic, 32.7% Black, 14.5% non-Hispanic White) were as-
sessed. New cases of type 2 diabetes increased by 77.2% in the year dur-
ing the pandemic (n = 1463) compared with the mean of the previous
2 years, 2019 (n = 886) and 2018 (n = 765). The likelihood of presenting
with metabolic decompensation and severe diabetic ketoacidosis also
increased significantly during the pandemic.
Conclusions The burden of newly diagnosed youth-onset type 2 dia-
betes increased significantly during the coronavirus disease 2019
pandemic, resulting in enormous strain on pediatric diabetes health
care providers, patients, and families. Whether the increase was caused
by coronavirus disease 2019 infection, or just associated with environ-
mental changes and stressors during the pandemic is unclear. Further
studies are needed to determine whether this rise is limited to the US
and whether it will persist over time. (J Pediatr 2022;251:51-9).

T
he incidence of youth-onset type 2 diabetes is rising worldwide. The
SEARCH for Diabetes in Youth Study showed an increase in incidence
of 5% per year in the US from 2002 to 2012,1 such that prevalence nearly

doubled between 2001 and 2017.2 This has significant long-term implications,
given observations from the Treatment Options for Type 2 Diabetes in Youth
San Francisco, CA; Department of Pediatrics, Pediatric
Endocrinology, University of Michigan, Ann Arbor, MI;
23Department of Pediatrics, Section of Diabetes/
Endocrinology, University of Oklahoma Health Sciences
Center, Oklahoma City, OK; and 24Department of
Pediatrics, Pediatric Endocrinology, University of Texas
Southwestern, Dallas, TX

*Contributed equally.
†List of additional members of the COVID-19 and Type 2
Diabetes Consortium is available at www.jpeds.com
(Appendix).

Funding and disclosure information is available at www.
jpeds.com.

0022-3476/$ - see frontmatter.ª2022Elsevier Inc.All rights reserved.

https://doi.org/10.1016/j.jpeds.2022.08.010

BMI Body mass index

COVID-19 Coronavirus disease 2019

DKA Diabetic ketoacidosis

EMR Electronic medical record

HbA1c Hemoglobin A1c

HHS Hyperosmolar hyperglycemic syndrome

PPY Prepandemic year

TODAY Treatment Options for Type 2 Diabetes in Youth

51

http://www.jpeds.com
http://www.jpeds.com
http://www.jpeds.com
https://doi.org/10.1016/j.jpeds.2022.08.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpeds.2022.08.010&domain=pdf


THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 251 � December 2022
(TODAY) study showing rapid b-cell failure3 and early onset
of complications4 in least one-half of US youth with type
2 diabetes.

A recent study from the Centers for Disease Control and
Prevention5 demonstrated an increased incidence of diabetes
in youth following coronavirus disease 2019 (COVID-19)
infection but did not differentiate diabetes type. Moreover,
irrespective of concomitant COVID-19 infection, since the
onset of the pandemic, pediatric endocrinologists have anec-
dotally experienced an unprecedented acute burden of newly
diagnosed type 2 diabetes. Multicenter and/or population-
based studies in the US and Europe suggest that the propor-
tion of youth with type 1 diabetes presenting in diabetic
ketoacidosis (DKA) rose early in the pandemic, but the
impact on the overall incidence of type 1 diabetes is still
unclear.6-10 Several US individual institutions showed an in-
crease in both rates and severity of presentation of youth-
onset type 2 diabetes during the pandemic.11-15 However,
multicenter/population-based data regarding effects of the
COVID-19 pandemic on youth-onset type 2 diabetes have
not yet been published.

This study was designed to compile retrospective data from
electronic medical records (EMRs) from institutions across
the US to assess the national impact of the COVID-19
pandemic on rates of youth-onset type 2 diabetes. Specifically,
the aims were to compare the total number of new cases of
youth-onset type 2 diabetes and the proportion of those youth
presenting with metabolic decompensation (DKA and/or hy-
perosmolar hyperglycemic syndrome [HHS]) from March
2020 to February 2021 to the previous 2 years.

Methods

This retrospective, multicenter study examined trends in
youth-onset type 2 diabetes diagnosis and incidence of meta-
bolic decompensation at presentation during the first year of
the COVID-19 pandemic (March 1, 2020, to February 28,
2021) compared with the previous 2 years (March 1, 2018,
to February 29, 2020). This collaborative effort was organized
by the Children’s Hospital Colorado/University of Colorado
School of Medicine and the Johns Hopkins Hospital/Johns
Hopkins University School ofMedicine, with 24 contributing
diabetes clinics in the US (Appendix). Institutional review
board approval was obtained by each contributing site,
with a waiver of consent. Deidentified data were submitted
to the coordinating center.

Patients £21 years old diagnosed with type 2 diabetes from
March 1, 2018, to March 1, 2021, were included. Diagnosis of
type 2 diabetes, in accordance with American Diabetes Asso-
ciation guidelines, required ³2 negative diabetes-associated
antibodies (glutamic acid decarboxylase-65, insulin
antibodies, zinc transporter 8, and/or islet antibodies [islet
antigen-2 or islet cell antibodies]), and no positive
antibodies.16 Medication-induced diabetes, prediabetes,
post-transplant diabetes, and body mass index (BMI) <85
percentile were exclusionary. Patients were included if BMI
³85 percentile was confirmed before onset of type 2 diabetes,
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but acute weight loss resulted in BMI <85 percentile at diag-
nosis. Inclusion criteria were designed to ensure participants
had type 2 diabetes while being kept broad enough to ensure
generalizability and reduce bias. Eligibility was adjudicated at
each site based on these criteria. Of note, history of over-
weight/obesity was confirmed in 112 participants who do
not have BMI at diagnosis due to missing height.
EMR-extracted data included diabetes-related clinical var-

iables, sex, race/ethnicity, insurance type, age at diagnosis,
BMI, hemoglobin A1c (HbA1c), and initial random blood
sugar at diagnosis; for those with metabolic decompensation
(DKA or HHS, or mixed DKA/HHS) at presentation, initial
pH, bicarbonate, and serum osmolarity were recorded. At 23
of 24 institutions, race and ethnicity were determined by 2
separate questions; in addition to these self-report questions,
the University of Columbia uses Spanish language to help
determine Hispanic/LatinX ethnicity if a family reports
“other or unknown.” Data extraction from EMR allowed
for options of “other” and “unknown” for race, and thus
some of these data are incomplete. Laboratory values re-
ported as either above or below the limit of detection were
set to the limit of detection. DKA was defined as either pH
<7.3 or bicarbonate £1.5. DKA severity was categorized using
the International Society for Pediatric and Adolescent Dia-
betes 2018 guidelines: mild DKA = pH 7.2-7.29 and/or bicar-
bonate 11-15 mmol/L, moderate DKA = pH 7.1-7.19 and/or
bicarbonate 6-10 mmol/L, and severe DKA = pH<7.1 and/or
bicarbonate £5 mmol/L.17 HHS was defined as serum osmo-
lality ³330 mOsm/kg and serum glucose >600 mg/dL. If data
regarding pH or osmolality were missing, it was presumed
that they did not present in DKA or HHS, respectively.
The primary outcome was the absolute case number of

new-onset type 2 diabetes diagnosed in the first year of the
COVID-19 pandemic, compared with the mean of the previ-
ous 2 years. The secondary outcome was the percentage of
these patients presenting with metabolic decompensation
(DKA, HHS, or mixed DKA/HHS) compared with the previ-
ous 2 years.

Statistical Analyses
Descriptive statistics reported include mean � SD for nor-
mally distributed continuous variables, median (25th, 75th
percentile) for skewed continuous variables, and frequency
and percentage for categorical variables. Groups were
compared using either a t-test or ANOVA for normally
distributed continuous variables, the Kruskal–Wallis test
for non-normally distributed variables, and the c2 test for
categorical variables.
A negative binomial time series model was used to model

the count of youth-onset type 2 diabetes diagnoses per
month. A background linear trend of 5% increase per year
was assumed. Seasonality was assessed by allowing the num-
ber of diagnoses in a particular month to depend on the
number in the previous month, and the number 12 months
previously. A test of intervention was performed to deter-
mine whether the onset of the pandemic in March 1, 2020,
had a significant effect on the count of diagnoses.18,19
Magge et al



Table I. Demographic, anthropometric, and clinical characteristics of study participants

Characteristics PPY 18-19 PPY 19-20 Pandemic P value

Total new-onset type 2 diabetes, No. 765 886 1463 .005
Region, No. (%)
Midwest 201 (26.3) 214 (24.2) 342 (23.4) .114
Northeast 64 (8.4) 93 (10.5) 168 (11.5)
South 265 (34.7) 277 (31.3) 458 (31.3)
West 234 (30.6) 302 (34.1) 495 (33.8)

Age at diagnosis, y, mean (SD) n = 22 missing 14.3 (2.3) 14.5 (2.4) 14.4 (2.3) .226
Race/ethnicity, No. (%)
Asian 20 (2.6) 24 (2.7) 40 (2.7) .004
Black 231 (30.2) 267 (30.1) 519 (35.5)
Hispanic 323 (42.3) 356 (40.2) 577 (39.4)
White 121 (15.8) 143 (16.1) 187 (12.8)
Other 49 (6.4) 45 (5.1) 88 (6.0)
Unknown 20 (2.6) 51 (5.8) 52 (3.6)

Sex, No. (%)
Female 421 (55.1) 488 (55.1) 663 (45.3) <.001
Male 343 (44.9) 398 (44.9) 800 (54.7)

Insurance, No. (%)
Private 182 (23.8) 207 (23.4) 305 (20.8) .009
Public 556 (72.8) 647 (73.0) 1110 (75.9)
Other 4 (0.5) 9 (1.0) 5 (0.3)
Uninsured 20 (2.6) 22 (2.5) 27 (1.8)
Unknown 2 (0.3) 1 (0.1) 16 (1.1)

Location at diagnosis, No. (%)
Inpatient 329 (43.1) 382 (43.1) 836 (57.1) <.001
Outpatient 434 (56.8) 502 (56.7) 626 (42.8)
Unknown 1 (0.1) 2 (0.2) 1 (0.1)

COVID-19 at diagnosis, No. (%), n = 266 missing
No 529 (82.4) 625 (82.3) 954 (66.0) <.001
Unknown 113 (17.6) 133 (17.5) 456 (31.5)
Yes 0 (0.0) 0 (0.0) 36 (2.5)

BMI, kg/m2, median [IQR] n = 112 missing 34.6 [29.6, 39.2] 34.3 [30.0, 39.3] 35.1 [30.9, 40.9] .001
BMI % of 95%ile, mean [SD] 133.88 (31.11) 132.41 (30.17) 137.04 (30.09) .001
HbA1c, %, median [IQR] n = 14 missing 9.3 [7.3, 11.9] 9.7 [7.1, 12.1] 10.4 [7.9, 12.4] <.001
Serum glucose (random), mg/dL, (median [IQR]) 241 [142, 360] 246 [146, 361] 286 [171, 414] <.001
pH, median [IQR],* n = 1837 missing 7.37 [7.30, 7.40] n = 261 7.36 [7.31, 7.39] n = 320 7.34 [7.21, 7.39] n = 695 <.001
Bicarbonate, mmol/L, median [IQR]* n = 1530 missing 23.0 [20.0, 26.0] n = 355 24.0 [19.0, 26.0] n = 401 21.0 [12.0, 25.0] n = 827 <.001
Serum osmolality, mOsm/kg, median [IQR]* n = 2657
missing

298.0 [292.0, 307.0] n = 122 297.0 [293.0, 304.5] n = 87 306.0 [293.0, 333.5] n = 247 .002

Diabetic ketoacidosis, No. (%) 70 (9.2) 79 (8.9) 304 (20.8) <.001
Hyperglycemic hyperosmolar syndrome, No. (%) 7 (0.9) 6 (0.7) 56 (3.8) <.001
Metabolic decompensation, No. (%) 72 (9.4) 80 (9.0) 307 (21.0) <.001
DKA severity (%)
Mild 25 (35.7) 33 (41.8) 121 (39.8) .35
Moderate 30 (42.9) 25 (31.6) 93 (30.6)
Severe 15 (21.4) 21 (26.6) 90 (29.6)

SI conversion factors: To convert HbA1c to mmol/mol, multiply by 0.01, to convert serum osmolality to mmol/kg, multiply by 1.
*Data only included for subset of patients with data available.
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The year from March 1, 2018, to February 28, 2019, is
referred to as prepandemic year 18-19 (PPY18-19), from
March 1, 2019, to February 29, 2020, as prepandemic year
19-20 (PPY19-20), and from March 1, 2020, to February
28, 2021, as the pandemic year.

Results

A total of 3459 patients with new-onset type 2 diabetes were
identified from 24 centers across the US. Of these, 312 were
excluded due to inadequate antibody data, 32 were excluded
due to BMI <85 percentile, 1 was excluded due to suspicion
for monogenic diabetes, and 1 was excluded due to young
age, atypical of type 2 diabetes. Thus, the final analysis
The Coronavirus Disease 2019 Pandemic is Associated with a Sub
of Youth-Onset Type 2 Diabetes
included 3113 participants (Table I). The average number
of new diagnoses per year in the 2 prepandemic years was
825, compared with 1463 diagnosed during the first
pandemic year, an increase of 77.3% (Figure 1). The
increase in new presentation was seen across almost all sites
(Table II; available at www.jpeds.com). The largest
contributing site reported 426 new cases (13.7% of the total
sample). The South and West regions were over-
represented, particularly compared with the Northeast
(Table I, P = .11). The mean age at presentation did not
change over the 3-year period.
Because of an apparent peak of diagnoses in August, a co-

variate corresponding to August vs other months was tested
but was not significant. Thus, the final model did not include
stantial Rise in Frequency and Severity of Presentation 53
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Figure 1. New youth-onset type 2 diabetes diagnosis by month and year. A, Number of new type 2 diabetes cases by month,
including the proportion presenting with metabolic decompensation. The dotted vertical line demarcated onset of the COVID-19
pandemic. B, Total number of new diagnoses by year. T2D, type 2 diabetes.
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any effect of seasonality. There was a difference in racial/
ethnic distribution over the 3 years, P = .004 (Table I,
Figure 2), with post-hoc analyses demonstrating increased
diagnoses among Black youth (P = .002) and decreased
diagnoses among White youth (P = .039) during the
pandemic year. The vast majority of new type 2 diabetes
diagnoses occurred in those with public insurance during
all 3 years. There was a reversal in the proportion of male
vs female new diagnoses—55% female/45% male in
PPY18-19 and PPY19-20 compared with 45% female/55%
male during the pandemic year (P < .001, Figure 2). There
was no difference in association of sex by race/ethnicity
pre- and postpandemic.
54
BMI was statistically greater on presentation in the
pandemic year compared with PPY1 and PPY2. Patients
with new-onset type 2 diabetes presented with greater
HbA1c (median 10.4% vs 9.3% [PPY1] and 9.7% [PPY2],
P < .001) and greater blood glucose during the pandemic
compared with the 2 previous years (median 286 mg/dL vs
240 mg/dL [PPY18-19] and 246 mg/dL [PPY19-20],
P < .001). In the prepandemic years, more patients with
new-onset type 2 diabetes were diagnosed as outpatients;
there was a reversal during the pandemic year such that
more patients were diagnosed and managed as inpatients
(43% inpatient vs 57% outpatient during PPY18-19 and
PPY19-20, as opposed to 57% inpatient and 43% outpatient
Magge et al



Figure 2. New youth-onset type 2 diabetes diagnosis by sex and race/ethnicity. A, Number of new cases each month broken
down by sex, with the dotted line representing onset of the pandemic. This depicts the rise in proportion of male cases during the
pandemic.B,Number of new cases eachmonth broken down by race and ethnicity, with the dotted line representing onset of the
pandemic. This depicts the relative rise in type 2 diabetes diagnoses in Black youth during the pandemic.
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during the pandemic). Further, 21% of youth presented with
metabolic decompensation (DKA and/or HHS) at diagnosis
of type 2 diabetes during the first year of the pandemic
compared with 9.4% and 9.0% in PPY1 and PPY2, respec-
tively (P < .001) (Table I, Figure 1). Few patients in this
cohort had a concurrent COVID-19 infection detected at
presentation of type 2 diabetes (Table I).

A negative binomial time series model showed that
pandemic onset (March 1, 2020) had a significant effect on
the number of type 2 diabetes diagnoses, with a parameter es-
timate of 15.2, P < .0001. This estimate represents an increase
of 15.2 type 2 diabetes cases per month, although the effect is
not strictly additive because the background linear trend of
5% increase per year is applied to the increased number of
cases per month. Another negative binomial time series
model demonstrated a significant effect of the pandemic on
The Coronavirus Disease 2019 Pandemic is Associated with a Sub
of Youth-Onset Type 2 Diabetes
the number of patients presenting withmetabolic decompen-
sation, with a parameter estimate of 7.0, P = .002.

Discussion

This first multicenter report from 24 US diabetes centers,
including more than 3100 youth diagnosed with new-onset
type 2 diabetes over 3 years, shows an unprecedented impact
of the COVID-19 pandemic on the frequency of diagnosis of
youth-onset type 2 diabetes, increasing by 77.3% compared
with the average in the 2 previous years. Moreover, severity
of initial presentation rose, based on proportion presenting
with metabolic decompensation, which more than doubled,
and median HbA1c at diagnosis. This confirms the findings
of 3 single-center studies, all of which contributed data
to this analysis, suggesting that rates of type 2 diabetes
stantial Rise in Frequency and Severity of Presentation 55
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and presentation in DKA rose during the COVID-
19 pandemic.11,14,15

Although the incidence of type 2 diabetes was already on
the rise, the increase seen in the past year significantly outpa-
ces recently published epidemiologic data, which demon-
strated an annual increase in incidence of approximately
5% between 2002 and 2012.1 Interestingly, the rise in
youth-onset type 2 diabetes between PPY18-19 and PPY19-
20, at 15.8%, was also greater than previously reported.
However, data presented here are derived from subspecialty
diabetes care centers, and are not population-based data, so
trends seen in this study may not be generalizable. Historical-
ly, type 2 diabetes has been described as almost twice as com-
mon among female youth in the US,1,20 but during the
pandemic this trend changed, with an increase in the relative
proportion of adolescent male youth diagnosed. There was
also an increase in proportion of cases diagnosed in Black
youth and a decrease in White youth during the pandemic.
The sex differences seen do not appear to be driven by racial
or ethnic differences. However, the increase in proportion of
Black youth diagnosed with type 2 diabetes is consistent with
recent US population data.2

Potential explanations for the pandemic-associated rise in
youth-onset type 2 diabetes are broad and likely multifacto-
rial. Pediatric weight gain tends to increase during summer
months, when school is out.21,22 Indeed, there are
regional23,24 and national25,26 database reports of a rising tra-
jectory of BMI during the pandemic, when most youth were
out of school, and BMI increases were greatest in youth with
previous overweight or obesity. However, the rise in BMI ap-
pears to have had the most significantly affected younger
children (5-11 years),25 whereas the onset of type 2 diabetes
seldom occurs before puberty. We noted an increase in
BMI of youth at diabetes diagnosis in the pandemic year
compared with the previous 2 years. The reasons for
pandemic gains in BMI have yet to be elucidated but presum-
ably are in part related to increases in sedentary behavior and
changes in eating behaviors. During the pandemic, families
reported changes in the home food environment, purchasing
more shelf-stable foods that are ultra-processed and calorie-
dense, which could contribute to weight gain.27 Sedentary
behavior changes included increased screen time related to
online school, lack of physical education, cancellation of
organized sports and other activities, and people being
more confined to their homes.28 One group specifically re-
ported an increase in screen time during the pandemic in
youth with previously diagnosed type 2 diabetes.29 However,
most of available data regarding pandemic-related behavior
changes are based on self-report, relying on recall for report
of prepandemic behaviors; thus, these are likely to be inaccu-
rate.28-30 Accelerometry-based data from TODAY and Na-
tional Health and Nutrition Examination Survey suggested
that greater sedentary behavior distinguishes youth with
type 2 diabetes from youth with obesity but without dia-
betes.31 Furthermore, boys are known to be more physically
active than girls during adolescence32,33; thus, they may have
been affected in terms of BMI gains and metabolic risk by
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increases in sedentary behavior than girls. This may, in part
explain, the reversal in sex differences in incident type 2 dia-
betes in youth during the pandemic. Although there is some
evidence that boys experienced greater weight gain during the
pandemic,34 the largest studies did not break results down by
sex,24,25,35 so it is unclear whether boys had more significant
weight gain than girls. However, data from the TODAY study
support the hypothesis that lifestyle change may more signif-
icantly affect type 2 diabetes in adolescent boys, as male sub-
jects in TODAY responded more favorably to lifestyle
intervention than female subjects.3 Although this evidence
is certainly not adequate to prove that lifestyle behavior
changes are the sole cause of rising cases of youth-onset
type 2 diabetes during the pandemic, they certainly may
contribute to its onset in those at increased risk.
Another potential contributor to the pandemic-related in-

crease in type 2 diabetes presentation is an increase in psy-
chosocial stress.36 Youth with type 2 diabetes are known to
be exposed to significant environmental stressors, as evi-
denced by a high proportion coming from single-caregiver
and low-income households, with low parental education
attainment.20 Furthermore, mental health disorders are
common in youth with obesity and diabetes.37,38 It is
possible that elements of this underlying stress could
contribute to the pathophysiology of diabetes. Shomaker
et al demonstrated that treatment of depression with cogni-
tive behavioral therapy in girls at risk for type 2 diabetes
improved insulin sensitivity compared with health
education-controls 1 year after the treatment, and indepen-
dent of BMI change.39 Furthermore, in SEARCH, depression
was associated with greater metabolic and inflammatory
markers.40 The COVID-19 pandemic has resulted in a signif-
icant mental health crisis in youth, with rates of depression
and anxiety among youth that have doubled compared
with prepandemic years.41 In addition, screens assessing sui-
cide risk have shown increasing rates of positivity during the
COVID-19 pandemic in both the pediatric emergency
department42 and primary care setting.43 In addition to
potentially affecting stress physiology, social determinants
of health also impact access to healthy food, access to health
care, and safe outdoor environments. The pandemic may
have disproportionately affected Black youth, who already
are at greater risk for health disparities.44 This may in part
explain the racial differences in newly diagnosed diabetes
associated with the pandemic.Whether there is a direct or in-
direct relationship between psychosocial stress and incident
youth-onset type 2 diabetes, this coincident increase during
the pandemic warrants further investigation.
Finally, there is a possibility that COVID-19 infection itself

may have caused a nonautoimmune destruction of b cells, re-
sulting in declines in b-cell function in adolescents already
predisposed to develop diabetes. There is in vitro evidence
that the b-cell expresses the angiotensin converting
enzyme-2 receptor—the receptor that the severe acute respi-
ratory syndrome coronavirus 2 virus binds to gain entry into
the cell and, further, that COVID-19 infection in the b-cell
can result in decreased insulin secretion.45,46 Some have
Magge et al
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argued that this might explain high rates of DKA in adults
with COVID-19 infection and coincident diabetes. However,
the evidence is conflicting and purely in vitro in nature.47 A
recent publication from the Centers for Disease Control and
Prevention using retrospective claims data in thousands of
youth found a significant increase in diabetes incidence at
least 30 days after COVID-19 infection, both compared
with a control population without COVID-19 infection
and compared with a pre-pandemic control group with
non–COVID-19 respiratory infection.5 However, the study
did not differentiate diabetes type. COVID-19 infection has
been associated with an increase in type 2 diabetes onset
among adults.48,49 Currently, an international group has de-
signed a registry (CoviDIAB) to better evaluate the clinical
impact of COVID-19 on incident type 2 diabetes.49 In those
hospitalized from our cohort, very few had coincident
COVID-19 infection. Because symptomatic COVID-19 in-
fections are low in youth, and antibody testing was very
limited at our sites, our study lacks evidence for whether
these youth with newly diagnosed type 2 diabetes had a pre-
vious COVID-19 infection.

Our results also demonstrated increased severity of presen-
tation of youth-onset type 2 diabetes during the pandemic,
with increased HbA1c on presentation and increased presen-
tation with metabolic decompensation. Although criteria for
inpatient admission of youth with new-onset type 2 diabetes
varies by institution, and these criteria may have been
impacted by the COVID-19 pandemic, inpatient admission
generally suggests a more severe presentation at diagnosis. A
pandemic-associated increase in severity of presentation
also has been reported in youth with type 1 diabetes.7,8,14,49

It is also likely that patients and families may have delayed
seeking care due to concerns about being exposed to
COVID-19; delayed presentation with other diseases has
been reported in the literature.50,51 Whereas the literature
on adult reports increased DKA rates in those with a previous
diabetes diagnosis associated with concurrent COVID-19
infection, as well as hyperglycemia associated with COVID-19
infection in patients without diabetes, detected rates of
COVID-19 positivity were low in our patients presenting
with metabolic decompensation.

This study has the known limitations of retrospective chart
review data, which include inconsistency of reported data
and missing information. In addition, incidence data cannot
be derived due to lack of an appropriate denominator. Thus,
the findings need to be validated in population-based
cohorts. One of the strengths is the use of a rigorous type 2
diabetes definition, requiring at least 2 pancreatic autoanti-
bodies tested and negative, without positive detected
antibodies. This, combined with the pediatric endocrinology
provider-based diagnosis, ensures that patients with type 2
diabetes were captured in this analysis. Another strength is
the racial/ethnic and geographic heterogeneity of the study
population, which is possible only with multicenter data
The Coronavirus Disease 2019 Pandemic is Associated with a Sub
of Youth-Onset Type 2 Diabetes
from centers throughout the US. In addition, the findings
confirm what single sites have previously reported.
The results of this study of more than 3100 patients with

newly diagnosed diabetes demonstrate a dramatic impact of
the COVID-19 pandemic on the presentation of type 2 dia-
betes in youth, which was already rising in incidence and
prevalence before the pandemic. This has created a signifi-
cant strain on pediatric endocrinology, general practitioner,
and obesity providers, who have been managing this
growing population with limited resources. Moreover,
marginalized and under-resourced families already
impacted by high rates of unemployment, food and housing
insecurity during the pandemic, have been disproportion-
ately affected. The long-term implications of this rapid
rise in youth-onset type 2 diabetes case numbers are impor-
tant in the context of the final outcome analysis of the
TODAY study, which demonstrated an alarming incidence
of complications—60% of youth experienced at least 1
complication after a mean follow-up of 13.3 years.4 It is
important to note that the TODAY study participants
were treated and followed rigorously as part of a clinical trial
and, thus, results may underestimate the burden of compli-
cations in youth-onset type 2 diabetes. Follow-up studies
will need to assess durability of the trend of increasing
type 2 diabetes case numbers and severity, and to further
explore potential underlying causes and outcomes. n
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Toward a Better Understanding of Infections Acquired in a Pediatric
Hospital

Gardner P, Carles DG. Infections acquired in a pediatric hospital. J Pediatr 1972;81:1205-10.

The publication of this study by Gardner and Carles in 1972 began a long journey toward improved infection-
prevention measures for hospitalized children. The goal of their study was to determine the overall incidence,

site of infection, patient characteristics, and severity of disease over a 1-year period at a 343-bed children’s hospital.
Their data showed that 3.2% of children admitted were diagnosed with a hospital-acquired infection, with surgical-site
infections the most common and gram-negative organisms the leading pathogens. In addition, during the study
period, the authors noted a cluster of clinically diagnosed measles, an outbreak of salmonella associated with contam-
inated enteral feeds, and several cases of Erwinia bacteremia, likely due to contaminated intravenous fluids.

Over the last 50 years, the US has created an organized infrastructure to support infection-prevention efforts. The
Centers for Disease Control and Prevention manage the National Healthcare Safety Network, which hospitals use to
report hospital-acquired infections. Advances in microbiologic andmolecular diagnostic techniques have been instru-
mental in rapid surveillance. To understand the great importance of early pathogen identification, one only needs to
consider the challenges faced in slowing the spread of severe acute respiratory syndrome coronavirus 2 when rapid
testing was not available. Surgical-site infections in children have been reduced over time with the implementation
of perioperative antibiotics and skin preparation with chlorhexidine. Without a surveillance system, it would have
been difficult to understand the burden of disease across institutions and to effect broad-based practice changes.

Although we have made progress toward understanding pediatric hospital-acquired infections, there is still work to
be done. Compared with adult hospitals, children’s hospitals have a greater percentage of admissions for community-
acquired respiratory viral infections, increasing the risk of nosocomial transmission. Efforts to understand the
incidence and morbidity associated with health care–associated respiratory viral infections have been limited by in-
terhospital variability. In addition, there is no agreed-on surveillance definition, and most states do not require the
reporting of health care–associated respiratory viral infections.1 One lesson from the work of Gardner and Carles is
that we should recognize the importance of hospital-acquired infection surveillance that addresses the unique needs
of the pediatric population.
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Table II. Number of new cases by year at each site (%of total for that year)

Institutions
March 1, 2018, to

February 28, 2019 N = 764
March 1, 2019, to

February 28, 2020 N = 886
March 1, 2020, to

February 28, 2021 N = 1463

Children’s Hospital Colorado 59 (7.7) 61 (6.9) 95 (6.5)
Children’s Hospital Illinois 2 (0.3) 4 (0.5) 4 (0.3)
Children’s Hospital Los Angeles 86 (11.3) 130 (14.7) 210 (14.4)
Children’s Hospital Philadelphia 21 (2.7) 42 (4.7) 72 (4.9)
Children’s Mercy 35 (4.6) 59 (6.7) 69 (4.7)
Children’s National Hospital 39 (5.1) 30 (3.4) 86 (5.9)
Cincinnati Children’s Hospital 38 (5.0) 41 (4.6) 45 (3.1)
Columbia University Irving Medical
Center, Harlem Hospital

8 (1.0) 13 (1.5) 27 (1.8)

Duke University Medical Center 3 (0.4) 3 (0.3) 20 (1.4)
Hasbro Children’s Hospital 18 (2.4) 19 (2.1) 37 (2.5)
John Hopkins Hospital 25 (3.3) 24 (2.7) 57 (3.9)
Lurie Children’s Hospital 52 (6.8) 33 (3.7) 101 (6.9)
Mayo Clinic 5 (0.7) 5 (0.6) 9 (0.6)
Our Lady of The Lake Children’s Hospital 17 (2.2) 20 (2.3) 23 (1.6)
Penn State Health Children’s Hospital 17 (2.2) 19 (2.1) 32 (2.2)
Rady Children’s Hospital 43 (5.6) 47 (5.3) 98 (6.7)
Riley Children’s Hospital 35 (4.6) 42 (4.7) 62 (4.2)
Texas Children’s Hospital 31 (4.1) 32 (3.6) 43 (2.9)
University of California San Francisco 46 (6.0) 64 (7.2) 92 (6.3)
University of Chicago Medical Center 20 (2.6) 20 (2.3) 41 (2.8)
University of Michigan 14 (1.8) 10 (1.1) 11 (0.8)
University of Oklahoma Health Sciences Center 42 (5.5) 55 (6.2) 67 (4.6)
University of Texas Southwestern 91 (11.9) 95 (10.7) 132 (9.0)
Vanderbilt University Medical Center 17 (2.2) 18 (2.0) 30 (2.1)
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