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Objective: Studies showing increased diabetes incidence in pediatric patients after COVID-19 are from data early in the pandemic,
and some studies found conflicting results. Our objective was to evaluate trends in pediatric diabetes incidence and whether
COVID-19 was associated with increased risk across viral variant periods.
Research Design and Methods:We conducted a retrospective cohort study using National COVID-19 Cohort Collaborative data
to evaluate incident diabetes risk among COVID-19-positive pediatric patients compared to COVID-19-negative patients or
controls with acute respiratory illness. Cohorts were weighted on demographics, data site, and body mass index percentile. The
primary outcome was the cumulative incidence ratio (CIR) of incident diabetes for each viral variant era.
Results: There was no difference in the risk of incident diabetes in pediatric patients after COVID-19 compared to patients in
COVID-19 negative or ARI control groups during any of the viral variant periods (e.g., ancestral period CIR 1.03, 95% CI
0.65–1.41). The predominant subtype of incident diabetes was T2D. Incidence rates over time followed a U-shaped curve, with
the highest incidence in the ancestral variant period.
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Conclusions: COVID-19 was not associated with an increased risk of diabetes in pediatric patients. Incidence rates were highest
early in the pandemic, and mirrored patterns of pandemic-era healthcare utilization. The predominance of incident T2D subtype is
concerning for the adverse effects of pandemic-related lifestyle changes among pediatric patients.

1. Introduction

The COVID-19 pandemic has had long-term health conse-
quences in the pediatric US population, with patients suffering
from the postacute sequelae of infection [1–3], detrimental
changes in health behaviors [4–6], and increased risk of chronic
diseases such as diabetes [7]. There have been multiple studies
done in large cohorts that show an increased risk of type 1
diabetes (T1D) after COVID-19 compared to pediatric patients
without COVID-19 or with non-COVID-19 respiratory infec-
tion. Proposed pathophysiologic mechanisms for the increase
in diabetes risk include direct damage to the beta cells due to
SARS-CoV-2, pancreatic injury due to inflammation, and
development of autoimmunity [8–11]. Studies conducted early
in the pandemic have also shown increases in the incidence of
pediatric type 2 diabetes (T2D) compared to prepandemic rates
[12–15], and increased risk after COVID-19 compared to other
non-COVID-19 respiratory infections [16]. Increased risk may
be attributable to factors such as increased processed food con-
sumption, psychosocial stress, and decreases in physical activity
[6], which disproportionately affected low-income and Black
and Latino households [4].

The risk of incident T1D after COVID-19 in pediatric
patients has been studied in multiple cohorts. In a study using
data from 27million individuals in the Cerner Real World
Data, 22.8% of which were pediatric, T1D risk was elevated
after COVID-19 compared to patients without COVID-19
(odds ratio [OR] 1.42, 95% CI 1.38–1.46); the risk was highest
in the youngest patients (age 0–1), but it was elevated across all
stratified age groups [17]. A study using Bavarian claims data
from 1.8million children reported an age- and sex- adjusted
hazard ratio (HR) for the development of T1D of 1.57 (95% CI
1.32–1.88) with COVID-19 compared to historical controls
[18]. Given the potential role of viral and bacterial infection
in the development of T1D in pediatric patients [19, 20], stud-
ies have also compared incident T1D risk after COVID-19 to
patients with non-COVID-19 respiratory infections. Data from
the TriNetX database showed that the risk of T1D in propensity
score-matched patients with COVID-19 vs. non-COVID-19
respiratory infection was elevated at one (HR 1.96, 95% CI
1.26–3.06), three (HR 2.10, 95% CI 1.48–3.00), and 6 months
(HR 1.83, 95% CI 1.36–2.44) [21]. However, some studies have
not shown any difference in T1D incidence between popula-
tions with and without COVID-19, including another study
using the TriNetX data (OR 1.15, 95% CI 0.68–1.65) [22]. In
a cohort analysis using the national registry in Scotland, SARS-
CoV-2 infection >30 days prior was not associated with T1D
incidence (risk ratio [RR] 0.86, 95%CI 0.62–1.21), and the data
did not support a causal effect of SARS-CoV-2 [23].

While most studies have focused on incident T1D, there
have also been studies reporting increased risk of T2D and all
diabetes among pediatric patients. A recent study using Tri-
NetX data also reported increased incident T2D risk at one (RR

1.55, 95%CI 1.28–1.89), three (RR 1.48, 95%CI 1.24–1.76), and
six (RR 1.58, 95% CI 1.35–1.85) months [16]. A meta-analysis
of 9 studies showed that in patients with age <18, the relative
risk of all diabetes was 1.72 (95% CI 1.19–2.49) compared to
non-COVID-19 patients [24]. TheCDC studied the risk of new
diabetes diagnoses of all types, and reported that in age- and
sex-matched patients, risk was higher after COVID-19 in two
databases (IQVIA: HR 2.66, 95% CI 1.98–3.56; HealthVerity:
HR= 1.31, 95% CI 1.20–1.44) compared to non-COVID-19
patients and in one database (IQVIA, HR 2.16, 95% CI
1.64–2.86) compared to prepandemic non-COVID-19 acute
respiratory infection (ARI) [25].

The issue of whether there is an increase in incident diabe-
tes after COVID-19 is still unclear in pediatric patients, but it is
important due to the significant morbidity and need for health
care associated with diabetes diagnosis [26]. In contrast to the
adult population, where COVID-19 has been associated with
increased diabetes incidence [27, 28], children and adolescents
experience lower severity of symptoms and better outcomes in
acute COVID-19 than adults [29, 30]. The data onmost studies
of incident diabetes in pediatric patients are from early in the
pandemic, and also do not reflect the evolution in treatment
and prevention strategies that became available throughout the
pandemic [31–33]. Recent vigilance around COVID-19 trans-
mission has diminished, and it is important to understand
whether the incidence and risk differ by viral variant, and to
define the contemporary risk with newer viral variants.

We conducted a retrospective cohort study using National
COVID-19 Cohort Collaborative (N3C) data to evaluate the
risk of incident diabetes among pediatric patients with
COVID-19 compared to patients with negative COVID-19
testing or acute respiratory illness across viral variant time
periods.

2. Materials and Methods

2.1. Study Design and Cohort. The National COVID-19
Cohort Collaborative (N3C) data includes electronic health
record data from 22.1million patients from 83 sites around
the US [34–36]. We included pediatric patients <18 years
with ≥2 visits in the 2 years prior to the index date who had
no prior evidence of diabetes, as defined by absence of a pre-
index diabetes diagnosis code, HbA1c≥ 6.5mg/dL, or glucose
≥ 200mg/dL.We used two control groups: (1) non-COVID-19
patients with a negative COVID-19 test and no evidence of
ARI, and (2) patients with ARI. ARI was defined as patients
without COVID-19 who had a positive influenza test or diag-
nosis code for either bacterial or viral bronchitis or pneumonia,
acute upper respiratory infection (AURI), or influenza [27].
The index date was the date of the first COVID-19 diagnosis
by laboratory test or diagnosis code for positive patients, or the
date of the first negative SARS-CoV-2 test or ARI diagnosis for
the two control groups. We conducted analyses for four viral
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variant eras based on dates: Ancestral 3/1/2020-9/30/2020,
Alpha 10/1/2020-6/30/2021, Delta 7/1/2021-11/30/2021, and
Omicron 12/1/2021-4/1/2023 [37]. Individuals were included
as controls and were censored if a new index event occurred in
any viral variant period; they could however be included in
another cohort if they had a new index event (e.g. COVID-
19 negative controls who developed ARI or COVID-19 were
censored from the COVID-19 negative group for that variant
era, but could be included in the ARI or COVID-19 group for a
different variant era). To ensure data quality, we excluded data
partner sites that did not submit data between June 6, 2022 and
December 15, 2022, sites where ≥90% of patients were missing
data on birthdate, sites missing >25% of serum creatinine or
white blood cell lab results for COVID-19 hospitalizations, or
sites with >10% of COVID-19 hospitalizations reporting a
length of stay >200 days. Two sites were excluded that had
an unusual age distribution of COVID-19-negative tests. We
also excluded patients who had visit days greater than 2 stan-
dard deviations above the mean (141 days) to exclude patients
in long-term care.

2.2. Outcomes and Covariates. The primary outcome of the
study was incident diabetes, as defined by HbA1c> 6.4, or
diagnosis code after the index date. Diabetes was defined by
concept sets of codes for T1D, T2D, unspecified or diabetes due
to other causes developed by subject matter experts in the N3C
Diabetes and Obesity Domain Team [38–40]. For patients with
records for both T1D and T2D, diabetes subtype was adjudi-
cated based on the presence of a diagnosis code of diabetic
ketoacidosis (DKA) to indicate T1D, or ≥50% of the diagnosis
for a subtype in the year following the index date [41]. Hospi-
talization was defined as an inpatient visit 15 days prior to or
15 days after the index date, and systemic corticosteroid use
was defined by a record of a systemic corticosteroid medication
within 30 days of the index date.

2.3. Statistical Analysis. Study populations were balanced
using stabilized inverse probability of treatment weighting, esti-
mated with a multinomial logistic regression on data partner,
age, gender, race/ethnicity, BMI percentile [42], and the inter-
action of data partner with these demographic features using a
logistic regression model in SparkR. We assessed the balance
between study and control populations using the standardized
mean difference, and all analyses incorporated the inverse
probability of treatment weights. For the primary analysis, we
estimated the cumulative incidence function of incident diabe-
tes for COVID-19 positive, ARI, and COVID-19 negative
patients in each variant time period. We accounted for death
as a competing risk with the Aalen–Johansen estimator and
prodlim competing risk model [43, 44]. We calculated the
cumulative incidence ratio (CIR) of incident diabetes at 180,
365, 548, and 730 days from the index date [27]. Individuals
were censored for death, end of the study period, or for loss to
follow-up, defined as the last recorded observation, laboratory
value, or visit in the data.

Data access and analysis were conducted using Python 3.6
and Python 3.9 and R 3.5.1 and data release version 112 (2023-
02-23) using Palantir’s Foundry platform (2021, Denver, CO),
a secure analytics enclave housing the N3C data. The Stony
Brook University Office of Research Compliance determined
that the study did not constitute human subjects research.

3. Results and Discussions

Of the 2,981,108 pediatric patients in N3Cwithout pre-existing
diabetes, 1,257,893 (42.2%) were included in the final cohort.
The final number of pediatric patients in the COVID-19 posi-
tive, and COVID-19 negative, and ARI control groups that
were included in the analysis are shown for each viral variant
(Figure 1). Tables showing the unweighted and weighted char-
acteristics of the cohorts for each viral variant era are included

N3C population
without pre-existing

diabetes
(n = 17,548,831)

Patients with age <18
at the index date
(n = 2,981,108)

Pediatric patients
with _>2 visits in the

prior year
(n = 2,098,950)

Pediatric patients
with sufficient data
quality and without
pre-existing diabetes

(n = 1,257,893)

COVID negative
controls

(n = 698,696)

ARI controls
(n = 223,510)

COVID positive
(n = 335,687)

Ancestral
variant COVID

positive
(n = 16,926)

Alpha variant
COVID positive

(n = 68,826)

Delta variant
COVID positive

(n = 66,525)

Omicron variant
COVID positive

(n = 183,410)

Ancestral
variant COVID

negative
(n = 96,138)

Alpha variant
COVID negative

(n = 223,276)

Delta variant
COVID negative

(n = 174,915)

Omicron variant
COVID negative

(n = 204,367)

Ancestral
variant ARI
(n = 34,352)

Alpha
variant ARI
(n = 52,692)

Delta
variant ARI
(n = 50,003)

Omicron
variant ARI
(n = 86,463)

Age _>18 years
(n = 14,567,723)

Excluded if <2 visits
in the prior year or if #
visits >2 SD from the
mean (n = 882,158)

Excluded based on
data quality criteria

(n = 841,057)

FIGURE 1: Flow diagram of study cohorts.
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in Tables S1–S4. Overall, the groups were balanced with respect
to age categories, gender, race/ethnicity, and BMI percentile
after weighting, with standardized mean differences less than
0.1. There was a higher rate of hospitalization in the COVID-19
negative patients (12.5%, 8.4%, 7.1%, and 8.9% for the ances-
tral, Alpha, Delta and Omicron variant eras respectively) than
the COVID-19 positive (4.2%, 2.6%, 2.7% and 2.9%) and ARI
patients (3.0%, 1.8%, 2.1% and 2.8%). Corticosteroid use was
also higher for COVID-19 negative patients (17.2%, 12.3%,
9.4% and 10.7%) than COVID-19 positive (3.7%, 3.1%, 4.1%
and 5.2%) and ARI patients (7.1%, 6.5%, 8.0% and 9.0%). Cor-
ticosteroid use was higher in ARI patients than in COVID-19
positive patients, but rates of hospitalization were closer
between the two groups.

For each viral variant era, the rates of incident diabetes
outcomes per 1000 person-years (PY), and for T1D and T2D
subtypes, are shown in Table 1. We found the highest rates of
incident diabetes diagnoses during the ancestral variant era
overall (1.76/1000 PY) and for COVID-19 positive (1.68/
1000 PY) and COVID-19 negative (1.86/1000 PY), and ARI
(1.59/1000 PY) control groups. Approximately half of the diag-
noses of incident diabetes were of the T2D subtype for all
variant periods, with the highest percentage (57%) in the ances-
tral variant era. Pediatric patients with incident T2D were pre-
dominantly from older age groups, higher BMI, and Black or
Hispanic race/ethnicity. Results could not be reported for T1D
and T2D subtypes due to privacy requirements under the data
use agreement for results with small patient numbers, but can
be accessed in the N3C Data Enclave. Of the 96 patients with
both T1D and T2D diagnosis codes, 12 patients were not
included in subtype incidence rates in Table 1 because they
had equal numbers of T1D and T2D diagnoses and no diagno-
sis of DKA.

The weighted cumulative incidence curves and CIR at half-
year intervals for incident diabetes for pediatric COVID-19

positive, COVID-19 negative, and ARI patients are shown in
Figure 2. There was no difference in risk of incident diabetes in
patients with COVID-19 compared to COVID-19 negative or
ARI controls for the ancestral, Alpha, and Omicron viral vari-
ant time periods. In the Delta variant era, there was no differ-
ence at 180 days, but a statistically significant difference in risk
at 365 and 548 days compared to the ARI group and at
548 days compared to the COVID-19 negative group. A poten-
tial mechanism for this slightly higher risk could be adipocyte
hypertrophy from lifestyle changes during lockdowns in
2020–2021. Hypertrophic adipocytes are more inflammatory
and are at greater risk for fibrosis and dysfunction, and thus
may have been more primed to cause insulin resistance by the
time the Delta variant was predominant [45]. However, these
results should be interpreted with caution, as risk may be over-
estimated due to unequal and potentially informative censoring
of patients in the COVID-19 positive group; patients in the
COVID-19 negative group were censored if they developed
ARI or COVID-19, and patients in the ARI group were cen-
sored if they developed COVID-19. Selection or survivor bias
may be present, where patients with greater comorbidity bur-
den and/or greater frequency of healthcare utilization may be
disproportionately censored from the COVID-19 negative and
ARI groups, which may exclude potential incident diabetes
cases and shift estimates away from the null hypothesis [46,
47]. Furthermore, given the increased risk of T2D with older
age in pediatric individuals, the unequal censoring between
groups could increase the hazard in the COVID-19 group.
Additionally, the proportion of COVID-19 censored for loss
to follow-up was higher than the COVID-19 negative or ARI
groups, which could also affect the risk estimates at longer
follow-up periods. The number at risk by viral variant for
COVID-19 positive, COVID-19 negative and ARI patients
are shown in Tables S5 and S6, and the weighted counts of
censoring events by viral variant and group are shown in

TABLE 1: Weighted incidence rate of diabetes by viral variant for COVID-19 positive and COVID-19 negative and ARI controls in 1000
person-years.

Variant and diabetes type Overall COVID-19 positive COVID-19 negative ARI

Ancestral variant
Diabetesa 1.76 (1.73–1.79) 1.68 (1.18–2.18) 1.86 (1.61–2.11) 1.59 (1.01–2.16)

Type 1 diabetes 0.35 (0.35–0.35) 0.17 (0.00–0.34) 0.38 (0.27–0.49) 0.38 (0.17–0.59)
Type 2 diabetes 1.01 (0.99–1.03) 1.05 (0.68–1.42) 1.02 (0.84–1.21) 0.96 (0.46–1.45)

Alpha variant
Diabetesa 1.52 (1.51–1.53) 1.29 (1.06–1.51) 1.67 (1.49–1.84) 1.36 (0.99–1.73)

Type 1 diabetes 0.39 (0.39–0.39) 0.30 (0.19–0.42) 0.40 (0.32–0.49) 0.51 (0.31–0.71)
Type 2 diabetes 0.80 (0.80–0.80) 0.74 (0.57–0.91) 0.89 (0.76–1.01) 0.61 (0.34–0.89)

Delta variant
Diabetesa 1.23 (1.22–1.24) 1.23 (0.92–1.54) 1.38 (1.15–1.62) 0.83 (0.54–1.12)

Type 1 diabetes 0.35 (0.35–0.35) 0.48 (0.29–0.67) 0.28 (0.18–0.38) 0.34 (0.15–0.53)
Type 2 diabetes 0.59 (0.58–0.60) 0.41 (0.25–0.57) 0.79 (0.61–0.96) 0.34 (0.16–0.52)

Omicron variant
Diabetesa 1.44 (1.42–1.46) 1.32 (1.08–1.55) 1.64 (1.31–1.98) 1.37 (0.90–1.85)

Type 1 diabetes 0.38 (0.38–0.38) 0.36 (0.23–0.48) 0.32 (0.19–0.46) 0.56 (0.27–0.85)
Type 2 diabetes 0.78 (0.77–0.79) 0.72 (0.55–0.90) 0.88 (0.63–1.14) 0.75 (0.38–1.11)

aDiabetes includes all types (T1, T2D, unspecified diabetes, and diabetes due to other causes).
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Post-index
day

CIR (COVID-
19-negative

control)
95% CI CIR (ARI

control) 95% CI 

180 1.03 0.65–1.41 1.02 0.55–1.49 180 0.95 0.74–1.16 1.18 0.79–1.57 

365 0.97 0.72–1.22 1.01 0.70–1.32 365 0.95 0.79–1.11 0.94 0.72–1.16 

548 1.04 0.82–0.125 1.16 0.86–1.47 548 0.94 0.80–1.08 1.02 0.81–1.23 

730 1.11 0.92–1.46 1.19 0.89–1.31 730 0.98 0.84–1.12 1.20 0.94–.145 
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FIGURE 2: Weighted cumulative incidence of diabetes in pediatric patients after COVID-19 compared to COVID-19 negative and ARI
controls by COVID-19 variant and time period.

Pediatric Diabetes 5



Table S7. The uncensored proportion of patients in each cohort
with incident diabetes is shown in Table S8. The cumulative
incidence curves for death, incident diabetes by hospitalization
status, and cumulative incidence by variant at 180, 365, 548,
and 730 days, and numbers at risk can be found in Figures S9,
S10, and Table S11.

The timeline of studies comparing the risk of incident dia-
betes in pediatric COVID-19 positive vs. ARI and non-
COVID-19 controls shown in Figure 3 shows the time period
over which the data was analyzed by each study, with respect to
the different variant eras and the current N3C analysis. The
reported primary outcome of incident diabetes risk is shown
for each study as either an HR, OR, or relative RR. The CIR of
incident diabetes at 1-year in the N3C analysis is shown for
each viral variant era. The dates of availability for remdesivir,
Pfizer-BioNTech COVID-19 vaccination, and nirmatrelvir-
ritonavir are indicated based on the Emergency Use Authori-
zation (EUA) issuance by the US Food and Drug Administra-
tion [48].

There has been significant concern regarding an increased
risk of diabetes in pediatric patients associated with the
COVID-19 pandemic, both related to potential pathophysio-
logic mechanisms related to infection and pandemic-related
lifestyle changes. Most studies were conducted using data
from early in the pandemic during the ancestral and Alpha

variant eras; our data also show the highest rates of overall
incident diabetes diagnoses during the ancestral period. The
incidence rates of T1D remain relatively stable over all variant
periods, suggesting that thefluctuation in incidence is primarily
driven by T2D diagnosis. Interestingly, the overall rates of T2D
follow a pattern of the highest incidence in the ancestral period
(1.01/1000 PY), then decreasing incidence in the Alpha (0.80/
1000 PY) and Delta (0.59/1000 PY), and an increase in the
Omicron period (0.78/1000 PY). These findings suggest a surge
of new diagnoses early in the pandemic, a time during which
routine healthcare utilization decreased [49, 50] and indivi-
duals interacting with the health system were likely more
chronically or acutely ill, or presenting for COVID-19-related
care. The early pandemic time frame also coincides with con-
cerning reports of rising pediatric T2D incidence, especially
among Medicaid enrollees [15] and males, who may have
increased cardiometabolic risk at lower thresholds of visceral
adiposity [14, 15, 51]. However, this early rise in incidence is
not consistent across viral variant periods in our data, which
suggests that while COVID-19 or pandemic-related changes
may have resulted in earlier diagnoses of those at risk, there
is a subsequent dip and leveling off of incidence rates. Reddy
et al. [52] also found that after a sharp increase in diabetes
diagnoses after COVID-19, there was a period with decreased
incidence, and that the initial spike in diabetes diagnoses may

HR 2.16 (CI 1.64–2.86)

HR 1.83 at 6 months (CI 1.36–2.44)

T2D at 6 months: RR 1.58 (CI 1.35–1.85)

OR 1.15 (CI 0.68–1.65)

>30 days from COVID-19 RR 0.86 (CI 0.62–1.21)

HR 2.66 (CI 1.98–3.56)

HR 1.31 (CI 1.20–1.44)

HR 1.57 (CI 1.32–1.88)

OR 1.42 (CI 1.38–1.46)

Miller et al. (TriNetX)

CIR 1.50
(CI 1.06–1.94)

CIR 0.96
(CI 0.70–1.23)

Ancestral Alpha Delta OmicronPre-COVID

CIR 0.96
(CI 0.80–1.12)

CIR 1.00
(CI 0.72–1.22)

CIR 1.07
(CI 0.83–1.32)

CIR 1.10
(CI 0.80–1.40)

CIR 0.93
(CI 0.71–1.14)

CIR 1.00
(CI 0.67–1.33)

Kendall et al. (TriNetX)

McKeigue et al. (REACT-SCOT Data)

Pietropalo et al. (TriNetX)

Barrett et al. (IQVIA)

Barrett et al. (Health verity)

Weiss et al. (Bavarian claims data)

Qeadan et al. (Cerner real world data)

Barrett et al. (IQVIA) Increased risk compared
to ARI∗

No increase in risk
compared to COVID-

negative patients

Increased risk compared to
COVID-negative patients

6 months–<5 years

_>28 d & _>3 kg

_>12 & _>40 kg

_>12 & _>40 kg

5–11 years12–15 yearsVaccines available

N3C COVID-
positive vs. COVID-

negative analysis

N3C COVID-
positive vs. ARI

analysis

Paxlovid available

Remdesivir available

7/20231/20237/2022

1/2022

7/20211/20217/20201/2020

FIGURE 3: Results of studies comparing risk of incident diabetes in pediatric patients in COVID-19 positive vs. COVID-19 negative vs. ARI
control groups. HR denotes hazard ratio; RR, rate ratio; OR, odds ratio; CIR, cumulative incidence risk ratio at 1 year after index date.
Pietropalo et al. reported ORs as the risk of incident diabetes in COVID-19-negative patients compared to COVID-19-positive patients.
∗ARI is used to represent non-COVID-19 respiratory infections.

6 Pediatric Diabetes



be related to increased interaction of patients with COVID-19-
related or more severe non-COVID-19 illness with the health-
care system. Other studies on pandemic-era healthcare utiliza-
tion demonstrate a U-shaped curve in the utilization of routine
health services [53, 54]; the pattern of T2D incidence in our
datamirrors this pattern, and suggests that the incidence rate of
T2D in the Omicron period may be more reflective of the
postpandemic baseline rate. Alternatively, the increased inci-
dence during the Omicron period could represent the late
effects of pandemic-related lifestyle changes, as T2D can take
time to develop. Our findings highlight the importance of lon-
gitudinal follow-up of epidemiologic trends in T2D incidence
in the pediatric population.

Among pediatric patients, diabetes prevalence has been pre-
dominantly of the T1D subtype [55]. The estimated prevalence
of T1D in 2017 was 2.15/1000 youths, with an absolute of 0.67/
1000 youths between 2001 and 2017; for T2D, the prevalence
was 0.67/1000 youths with an absolute increase of 0.32/1000
youths [56]. The high percentage of T2D subtype among inci-
dent diabetes diagnoses in our data is therefore notable, com-
prising almost half or more of all diagnoses during all variant
eras. Possible causes of the high proportion of T2D diagnoses
may include a shift in subtype incidence due to pandemic-related
lifestyle changes, as well as increased screening and diagnosis in
the pediatric population due to interaction with the healthcare
system. Prior to the pandemic, epidemiologic trends have shown
increasing rates of T2D in pediatric patients [56–59], whichmay
be exacerbated by worsening rates of obesity and sedentary life-
style during the pandemic era [5]. The observed shift in subtype
predominance from T1D to T2D among pediatric patients is
particularly alarming, underscoring not only the urgent need for
aggressive management of modifiable behavioral risk factors but
also the profound public health implications of a growing pedi-
atric T2D burden that could strain health systems and increase
the long-term risk of serious diabetes-related complications.

Overall, our study did not show an increase in the risk of
incident diabetes in pediatric populations compared to
COVID-19-negative and ARI control groups during most of
the viral variant eras, or for either T1D or T2D subtypes. This is
in direct contrast to findings from other studies, which show an
increased risk of T1D [18, 21, 25] and T2D [16] after COVID-
19, and differences may potentially be accounted for by several
factors. Prior studies defined the initial cohort without diabetes,
and the primary outcome of incident diabetes based on diag-
nosis code; our study cohort selection criteria and outcome
definition relied on a combination of diagnosis codes, labora-
tory criteria, and data quality metrics. Additionally, while most
studies matched or adjusted for demographic covariates, we
adjusted for BMI percentile and interaction with data partners
to account for population differences by health care facility.
The data source for several of the studies were claimed, which
do not have the granularity of EHR data [18, 25]. Additionally,
prior studies utilized data from early in the pandemic, which
was a period where non-COVID-19 health care utilization was
lower as resources were directed toward COVID-19-related
care, and there was more potential for diagnoses of conditions
such as diabetes in individuals who presented with COVID-19.
It was somewhat surprising that our findings differed from

those reported by Miller et al. [16] of increased T2D at 1, 3,
and 6 months compared to other non-COVID-19 respiratory
infections, and which also utilized a large database over a simi-
lar time frame. Possible differences in risk [16] and incidence
rates based on community-based populations [59] may be par-
tially explained by data source, as individuals in the N3C
Enclave are extracted based on age- and gender-matching of
patients with COVID-19 negative tests with COVID-19 posi-
tive cases, andmay bemore representative of the demographics
of the COVID-19 positive population. However, given the large
samples and geographic distribution of N3C sites [60], our
findings are fairly representative of the pediatric population
receiving care within the pandemic era. Additional study or
data parameters, such as outcome definition or cohort balanc-
ing methods, and percent missingness of important modifiers
such as BMI [16], may contribute to the contrasting findings.
Additionally, the COVID-19-negative cohort had a higher rate
of hospitalization and corticosteroid use, which may be associ-
ated with a greater risk of developing diabetes. However, results
were similar in the ARI group, which was more comparable to
the COVID-19 group with regard to hospitalization. Overall, it
remains unclear whether there is an increased risk of incident
diabetes in pediatric patients after COVID-19.

There were several limitations in our study. Unmeasured
confounding from factors that are not routinely recorded in
EHR data, such as socio–economic status, environmental expo-
sures, and behaviors related to diet and physical activity levels
were not included in our analysis, which may have a significant
impact on lifestyle-related diseases like T2D. In addition, the
viral variant era was defined by a time period rather than viral
variant laboratory data, which was not routinely available for
most COVID-19 cases. While individuals within a time period
may have been infectedwith a different variant, this is unlikely to
systemically bias results. Incident diabetes outcomes were
defined by diagnosis code and HbA1c criteria, as we could not
consistently identify laboratory values associated with oral glu-
cose tolerance testing. The N3C also includes data from contrib-
uting sites across the US, many of which are large tertiary care
health centers, and which may represent a population with a
higher burden of illness. This is reflected in the higher rates of
hospitalization and corticosteroid use in the COVID-19 negative
group; however, we sought to mitigate potential differences in
illness severity by using an ARI control group. While we were
able to detect trends in incidence rates over viral variants, the
patient population in the N3C may not reflect incidence in the
general population. Additionally, there may be issues with ascer-
tainment of COVID-19-negative controls in data from later in
the pandemic, when home testing for COVID-19 was wide-
spread and infections may be poorly documented in EHR
data. However, our findings indicate no clinical difference in
risk between COVID-19-negative and ARI control groups
even early in the pandemic, when the ascertainment of
COVID-19 status was less challenging.

4. Conclusion

Overall, we found that for most variant eras, there was no
difference in the risk of incident diabetes in pediatric patients
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after COVID-19 compared to patients in COVID-19-negative
or ARI control groups. Incident diabetes cases were predomi-
nantly T2D subtype, and rates followed a U-shaped curve, with
the highest incidence in the ancestral variant period. Under-
standing the trajectory of T2D incidence in the pandemic era,
and aggressive management of lifestyle and behavioral factors
are extremely important to prevent diabetes and related mor-
bidity in the US pediatric population.
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