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Background. Postacute sequelae of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (PASC) is associated
with worsening diabetes trajectory. It is unknown whether PASC in children with type 1 diabetes (T1D) manifests as worsening
diabetes trajectory. Objective. To explore the association between SARS-CoV-2 infection (COVID-19) and T1D-related healthcare
utilization (for diabetic ketoacidosis (DKA) or severe hypoglycemia (SH)) or hemoglobin (Hb) A1c trajectory. Methods: We
included children <21 years with T1D and ≥1 HbA1c prior to cohort entry, which was defined as COVID-19 (positive diagnostic
test or diagnosis code for COVID-19, multisystem inflammatory syndrome in children, or PASC) or a randomly selected negative
test for those who were negative throughout the study period (Broad Cohort). A subset with ≥1 HbA1c value from 28 to 275 days
after cohort entry (Narrow Cohort) was included in the trajectory analysis. Propensity score-based matched cohort design followed
by weighted Cox regression was used to evaluate the association of COVID-19 with healthcare utilization ≥28 days after cohort
entry. Generalized estimating equation (GEE) models were used to measure change in HbA1c in the Narrow Cohort. Results. From
March 01, 2020 to June 22, 2022, 2,404 and 1,221 youth met entry criteria for the Broad and Narrow Cohorts, respectively. The
hazard ratio for utilization was (HR 1.45 (95% CI: 0.97, 2.16)). In the Narrow Cohort, the rate of change (slope) of HbA1c increased
91–180 days after cohort entry for those with COVID-19 (0.138 vs. −0.002, p ¼ 0:172). Beyond 180 days, greater declines in
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HbA1c were observed in the positive cohort (−0.104 vs. 0.008 per month, p ¼ 0:024). Conclusion. While a trend toward worse
outcomes following COVID-19 in T1D patients was observed, these findings were not statistically significant. Continued clinical
monitoring of youth with T1D following COVID-19 is warranted.

1. Introduction

Early in the COVID-19 pandemic, diabetes was prognostic of
worse outcome [1, 2]. Several reports from hospitalized patients
have shown increased hyperglycemia in people with and with-
out diabetes during the acute phase of infection with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
[3–5]. The risk of developing long-term sequelae following
infection with SARS-CoV-2 is also increased in adults with
chronic medical conditions, including diabetes [6]. Posta-
cute sequelae of SARS CoV-2 infection (PASC) is defined as
new, continuing, or recurring symptoms that occur 4 or
more weeks after initial coronavirus infection [7]. In adults,
symptoms of PASC can manifest as fatigue or symptoms
affecting the cardiovascular, respiratory, neurologic, gastro-
intestinal, or musculoskeletal systems [8, 9]. Reports suggest
that 4.5%–50% of adults with prior SARS-CoV-2 infection
may develop symptoms of PASC [10–12]. A similarly wide
range of estimates have been noted for children (2%–66%),
though likely closer to ∼4% based on large population-based
studies [13–16].

In children, a recent analysis of electronic health record
(EHR) data suggests that PASC features can include symp-
toms such as changes in smell/taste, hair loss, and chest pain,
and the most commonly associated conditions included myo-
carditis, respiratory distress, and myositis [17]. Prior data
from the National Institutes of Health (NIH) Researching
COVID to Enhance Recovery (RECOVER) EHR database
show that children with chronic medical conditions had
higher rates of healthcare utilization 28 days or more after
SARS-CoV-2 infection, compared to children without infec-
tion [18]. However, the reasons for increased utilization were
not well understood. Increased utilization may be due to
symptoms associated with PASC (i.e., unrelated to their pre-
existing conditions) or may be attributable to worsening of
underlying chronic conditions [19].

Much of the previous data on PASC and diabetes has
been focused on the incidence of new onset diabetes as a
feature of PASC. Data from the Centers for Disease Control
and US Department of Veterans Affairs show an increase in
the incidence of new diabetes diagnoses in people with a
history of COVID-19 infection [20, 21]. However, these
reports do not differentiate between type 1 and type 2 diabetes.
Internationally, there have been mixed reports on increased
incidence of diabetes, specifically type 1 diabetes (T1D) in
children, during the COVID-19 pandemic [22–25]. A recent
study of international EHR records showed an increase in the
incidence of T1D in youth with a history of SARS-CoV-2
infection [26], while an international registry study showed
no change in the rare of rise of T1D [27]. Since the SARS-
CoV-2 virus is thought to infect beta cells [28, 29], new onset
diabetes or worsening of disease trajectory in people with pre-
existing diabetes may both be features of PASC. In adults,

there is data to suggest that SARS-CoV-2 infection can
worsen dysglycemia in those with pre-existing diabetes [30].

In this manuscript, we report on the impact of SARS-
CoV-2 infection on disease trajectory in children with pre-
existing T1D. We selected T1D since it is associated with an
increased risk of severe disease in children with COVID-19
infection [3–5, 31] and also thought to be a feature of PASC
itself [20, 21]. We focused on T1D since it is more common
in the pediatric age group than type 2 diabetes [32–35].
Using the NIH RECOVER EHR database, we evaluated the
impact of SARS-CoV-2 infection on T1D disease trajectory
as measured by rates of hospital and emergency department
(ED) utilization due to diabetes complications as well as
changes in HbA1c trajectory, in youth with established T1D.

2. Materials and Methods

2.1. Study Population. This study is part of the NIH RECOVER
initiative which seeks to understand, treat, and prevent the
PASC. EHR data were obtained from participating institutions
in PEDSnet, a national network of pediatric healthcare systems
that share clinical data to conduct observational research,
clinical trials, and population surveillance. EHR data from
inpatient, outpatient, ED, and administrative encounters
within each participating health system were standardized
to the PEDSnet common data model, an extension of the
Observational Medical Outcomes Partnership common data
model. Participating institutions for this study included
Children’s Hospital of Philadelphia, Cincinnati Children’s
Hospital Medical Center, Children’s Hospital of Colorado,
Ann & Robert H. Lurie Children’s Hospital of Chicago,
Nationwide Children’s Hospital, Nemours Children’s Health
System (includes sites in Delaware and Florida), Seattle
Children’s Hospital, and Stanford Children’s Health. Annually,
these institutions provide service to 3.3% of the nation’s children.
The RECOVER COVID-19 Database version 2022-07-21
was used.

The Children’s Hospital of Philadelphia’s institutional
review board designated this study as not human subjects
research and the need for consent was waived.

2.2. Study Design. In this retrospective, observational, and
matched cohort study, we included patients in the PEDSnet
database who had a test, vaccine, or respiratory illness start-
ing in January 1, 2020. Inclusion criteria were: <21 years of
age with a diagnosis of T1D, presence of ≥1 HbA1C mea-
surement in the 7 days to 3 years before cohort entry, and the
presence of SARS-CoV-2 diagnostic testing or a diagnosis
code for COVID-19, multisystem inflammatory syndrome
in children (MIS-C), or PASC between March 1, 2020, and
December 22, 2021. We defined a cohort of T1D patients
with incident SARS-CoV-2 infection by presence of a posi-
tive SARS-CoV-2 polymerase chain reaction (PCR) or anti-
gen test performed in an outpatient, ED, or inpatient setting,
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presence of a diagnosis term for MIS-C or post-acute
sequelae of COVID-19 at an outpatient, ED, or inpatient
setting, or presence of any specific diagnosis term for
COVID-19 associated with an inpatient or ED encounter.
The cohort entry date was defined as the date of the earliest
positive test or diagnosis. The comparison cohort was
defined by presence of a negative SARS-CoV-2 viral test
result, with no positive test result or diagnosis over the study
period. In the comparison cohort, the cohort entry date was
defined as the date of a randomly selected negative test for
patients who had multiple negative tests (“Broad Cohort”).
Patients with at least 6months of follow-up time were
included in our analyses.

To account for potential confounders, for both cohorts
we used subclassification matching which grouped patients
into six subclasses by propensity score and assigned weights
to each subclass to balance age group, sex, race/ethnicity,
HbA1c group (<7%, 7%–9%, ≥9%), insurance class, center,
testing location, and cohort entry month in the two cohorts
[36]. After assigning patients the subclassification weights,
a weighted standardized mean differences (wSMDs) were
computed to assess covariate balance.

2.3. Calculation of Worsening Disease Trajectory. We exam-
ined worsening disease trajectory in two different ways. First,
we developed a composite outcome to evaluate worsening
disease trajectory in pediatric patients with T1D. In the
Broad Cohort, the composite outcome was defined as an
ED visit or hospitalization for diabetic ketoacidosis (DKA)
or severe hypoglycemia (SH). Conditional hazard ratios were
calculated using a Cox proportional hazards model (with
weights from subclassification matching used to fit a
weighted regression) to assess whether SARS-CoV-2 infec-
tion is associated with an increased hazard of hospitalization
or ED visits for DKA or hypoglycemia. The adjusted hazard
ratio (marginal estimate) quantifies the effect of infection of
COVID-19 averaged in the weighted population. We also
conducted a sensitivity analysis that did not require 6months
of follow-up time to explore whether time period of cohort
entry (pre-Omicron compared to during the Omicron wave)
modified the effect of COVID-positivity on our outcomes.
Employing the same subclassification matching approach as
above, we ran a proportional hazards model regressing on
SARS-CoV-2 positivity, Omicron period, and an interaction
term between SARS-CoV-2 positivity and the Omicron
period (defined as cohort entry on or after January 1, 2021).

Next, to further characterize whether disease trajectory
following SARS-CoV-2 infection was altered in patients with
T1D, we also evaluated the trajectory of HbA1c measure-
ments using a “Narrow Cohort” of patients who had an
additional HbA1c values from 28 to 275 days after cohort
entry. A longer time window was used to assess longer-
term effects on HbA1c outcomes. The propensity score
model was fitted with the same variables described above,
and six subclasses were created with covariate balance
achieved. Within each propensity score stratum, a longitudi-
nal regression model using the generalized estimating equa-
tion (GEE) with autoregressive correlation structure was

fitted to measure the change of HbA1c in positive and nega-
tive groups. The nonlinear change of HbA1c measurements
was characterized by dividing the evaluation period into lin-
ear segments (i.e., prior to −90 days, −90 to −7 days,
28–90 days, 91–180 days, and later than 180 days). We fur-
ther included SARS-CoV-2 positivity and its interactions
with time segments after cohort entry as covariates. A
fixed-effect meta-analysis was then used to aggregate effect
sizes across propensity score strata (i.e., inverse-variance
weighting). Unlike traditional longitudinal data, HbA1c
measurements are not consistently observed for all subjects
at set intervals, which results in an imbalanced data struc-
ture. In addition, the observation times may be associated
with the underlying outcomes (HbA1c). For example,
patients with HbA1c measurements available every 3months
may be more likely to have well-controlled diabetes com-
pared to patients who do not have HbA1c data available.
Hence, we conducted a sensitivity analysis to confirm the
robustness of our findings. Specifically, the irregular visiting
times were first modeled, and the GEE is then fitted with
inverse-intensity-of-visit-process weighting [21, 22]. The
effect sizes in propensity score strata were then aggregated
using fixed-effect meta-analysis. This sensitivity analysis is
referred to as “Weighted GEE” [37, 38].

3. Results

3.1. Participant Characteristics. During the evaluation period
(March 1, 2020 to June 22, 2022), there were a total of 2,404
youth in the Broad Cohort with at least 6months of follow-
up after cohort entry (Table 1). Among patients in the Broad
Cohort, 15.2% had a positive COVID-19 test at the time of
cohort entry. A total of 1,221 individuals met criteria for
inclusion in the Narrow Cohort (Table 1). Similar to the
Broad Cohort, 15.8% had a positive COVID-19 test at the
time of cohort entry.

3.2. COVID-19 Infection and Outcomes.We used subclassifi-
cation matching to balance age group, sex, race/ethnicity,
HbA1c group (<7%, 7%−9%, ≥9%), insurance class, center,
testing location, and cohort entry month in the two cohorts.
The Broad Cohort was well-balanced across all covariates
after matching (|SMD|< 0.1 for all covariates in the Broad
Cohort, except one month of cohort entry during which the
|SMD| was <0.2, Figure 1).

The hazard ratio for our composite outcome in the
Broad Cohort, an ED visit or hospitalization for DKA or
SH ≥28 days after cohort entry is 1.45 (95% CI: 0.97, 2.16).
This shows a trend toward increasing healthcare utilization
for severe complications of T1D occurring ≥28 days after
cohort entry, but it does not reach statistical significance.
Kaplan–Meier estimates of event-free survival are shown in
Figure 2. In our sensitivity analysis, we did not require
6months of follow-up time in order to capture information
on patients with Omicron infection. The hazard ratio of our
composite outcome occurring prior to the Omicron period
(cohort entry March 01, 2020 to December 31, 2021) was
1.62 (95% CI: 1.1, 2.39) and during the Omicron period
(January 01, 2022) it decreased to 0.64 (95% CI: 0.22, 1.85).
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TABLE 1: Participant characteristics in the (a) Broad Cohort and (b) Narrow Cohort prior to matching.

Characteristic Overall Negative cohort Positive cohort

(a) Broad Cohort
n 2,404 2,039 365
Age at cohort entrance, n (%)

<5 years 127 (5.2) 115 (5.6) 12 (3.3)
5–11 years 664 (27.6) 591 (29.0) 73 (20.0)
12–15 years 808 (33.6) 669 (32.8) 139 (38.1)
16–20 years 805 (33.5) 664 (32.6) 141 (38.6)

Sex, n (%)
Female 1,224 (50.9) 1,044 (51.2) 180 (49.3)
Male/other/unknown 1,180 (49.0) 995 (48.7) 186 (50.7)

Race/ethnicity, n (%)
White non-Hispanic 1,484 (61.7) 1,283 (62.9) 201 (55.1)
Black non-Hispanic 361 (15.0) 286 (14.0) 75 (20.5)
Hispanic 340 (14.1) 281 (13.8) 59 (16.2)
Other/unknown 219 (9.1) 189 (9.2) 30 (8.2)

Insurance class, n (%)
Public 1,082 (45.0) 901 (44.2) 181 (49.6)
Private 775 (32.2) 685 (33.6) 90 (24.7)
Other/unknown 547 (22.8) 453 (22.2) 94 (25.8)

Cohort entry perioda

Original strain (March 2020–April 2021) 1,429 (59.4) 1,208 (59.2) 221 (60.5)
Alpha (May–July 2021) 276 (11.5) 258 (12.7) 18 (4.9)
Delta (Aug–December 2021) 699 (29.1) 573 (28.1) 126 (34.5)

Test location, n (%)
Emergency department 667 (27.7) 520 (25.5) 147 (40.3)
Inpatient 540 (22.5) 486 (23.8) 54 (4.8)
Outpatient office 436 (18.1) 380 (18.6) 56 (15.3)
Outpatient: test only 761 (31.7) 653 (32.0) 108 (29.6)

(b) Narrow Cohort
n 1,221 1,028 193
Age at cohort entrance, n (%)

<5 years 70 (5.8) 64 (6.2) 6 (3.1)
5–11 years 371 (30.4) 331 (32.2) 40 (20.7)
12–15 years 434 (35.5) 347 (33.8) 87 (45.1)
16–20 years 346 (28.3) 286 (27.8) 60 (31.1)

Sex, n (%)
Female 605 (49.5) 513 (49.9) 92 (47.7)
Male 616 (50.5) 515 (50.1) 101 (52.3)

Race/ethnicity, n (%)
Non-Hispanic White 774 (63.4) 663 (64.5) 111 (57.5)
Non-Hispanic Black 184 (15.1) 146 (14.2) 38 (19.7)
Hispanic 168 (13.8) 138 (13.4) 30 (15.5)
Other/unknown 95 (12.2) 81 (7.9) 14 (7.3)

Insurance class, n (%)
Public 541 (44.3) 449 (43.7) 92 (47.7)
Private 356 (29.2) 315 (30.6) 41 (21.2)
Other/unknown 324 (26.5) 264 (25.7) 60 (31.1)

Cohort entry period
Original strain (March 2020–April 2021) 708 (58.0) 597 (58.1) 111 (57.5)
Alpha (May–July 2021) 140 (11.5) 133 (12.9) 7 (3.6)
Delta (August–December 2021) 373 (30.5) 298 (29.0) 75 (38.9)

Test location, n (%)
Emergency department 349 (28.6) 277 (26.9) 72 (37.3)

4 Pediatric Diabetes



TABLE 1: Continued.

Characteristic Overall Negative cohort Positive cohort

Inpatient 238 (19.5) 211 (20.5) 27 (14.0)
Outpatient office 232 (19.0) 197 (19.2) 35 (18.1)
Outpatient: test only 402 (32.9) 343 (33.4) 59 (30.6)

aOur primary analyses required at least 6 months of follow-up after cohort entry.

Site H
Site G
Site F
Site E
Site D
Site C
Site B
Site A

Baseline A1C >9
Baseline A1C 7–9
Baseline A1C <7

Test location other/unknown
Test location outpatient: test only

Test location outpatient office
Test location inpatient

Test location ED
Cohort entry month Dec 2021
Cohort entry month Nov 2021
Cohort entry month Oct 2021
Cohort entry month Sep 2021

Cohort entry month Aug 2021
Cohort entry month Jul 2021

Cohort entry month Jun 2021
Cohort entry month May 2021
Cohort entry month Apr 2021
Cohort entry month Mar 2021
Cohort entry month Feb 2021
Cohort entry month Jan 2021

Cohort entry month Dec 2020
Cohort entry month Nov 2020
Cohort entry month Oct 2020
Cohort entry month Sep 2020

Cohort entry month Aug 2020
Cohort entry month Jul 2020

Cohort entry month Jun 2020
Cohort entry month May 2020
Cohort entry month Apr 2020
Cohort entry month Mar 2020

Insurance class other/unknown
Insurance class private
Insurance class public

Race ethnicity NH other/unknown
Race ethnicity NH multiple
Race ethnicity NH Asian/PI

Race ethnicity Hispanic
Race ethnicity NH Black/AA

Race ethnicity NH White
Sex other/unknown

Sex male
Sex female

Age category 16–20
Age category 12–15

Age category 5–11
Age category 1–4

Age category <1

−0.4 −0.2 0.0 0.2
Standardized mean difference

All
Matched

ðaÞ
FIGURE 1: Continued.
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3.3. HbA1c Trajectory Following COVID-19 Infection. Based
on the aggregated regression coefficients, HbA1c trajectory
was plotted starting from 6months prior to cohort entry to
9months after cohort entry for both positive and negative
groups (Table 2, Figure 3). After propensity score stratifica-
tion, the baseline HbA1c measures (at cohort entry) were
similar for the two groups (i.e., the marginal effect of
COVID-19 positivity is insignificant at the time of cohort
entry). In those with a positive COVID-19 test or diagnosis,
the rate of change (i.e., slope) of HbA1c values increased at

day 90 after cohort entry (slope changed from −0.039 to
0.138 per month), however the increase of slope was not
significant compared to the negative cohort (p ¼ :172).
Beyond 180 days, HbA1c values had a greater rate of decline
in the positive cohort (slope as −0.104 per month), and this
change in trend at day 180 was statistically significant
(p-value 0.024). The results from weighted GEE also showed
a similar trajectory pattern with a statistically significant
change in trend on day 180, which confirms the robustness
of our findings.

Site H
Site G
Site F
Site E
Site D
Site C
Site B
Site A

Baseline A1C >9
Baseline A1C 7–9
Baseline A1C <7

Test location other/unknown
Test location outpatient: test only

Test location outpatient office
Test location inpatient

Test location ED
Cohort entry month Dec 2021
Cohort entry month Nov 2021
Cohort entry month Oct 2021
Cohort entry month Sep 2021

Cohort entry month Aug 2021
Cohort entry month Jul 2021

Cohort entry month Jun 2021
Cohort entry month May 2021
Cohort entry month Apr 2021
Cohort entry month Mar 2021
Cohort entry month Feb 2021
Cohort entry month Jan 2021

Cohort entry month Dec 2020
Cohort entry month Nov 2020
Cohort entry month Oct 2020
Cohort entry month Sep 2020

Cohort entry month Aug 2020
Cohort entry month Jul 2020

Cohort entry month Jun 2020
Cohort entry month May 2020
Cohort entry month Apr 2020
Cohort entry month Mar 2020

Insurance class other/unknown
Insurance class private
Insurance class public

Race ethnicity NH other/unknown
Race ethnicity NH multiple
Race ethnicity NH Asian/PI

Race ethnicity Hispanic
Race ethnicity NH Black/AA

Race ethnicity NH White
Sex male

Sex female
Age category 16–20
Age category 12–15

Age category 5–11
Age category 1–4

Age category <1

–0.4 –0.2 0.0 0.2
Standardized mean difference

All
Matched

ðbÞ
FIGURE 1: Propensity-score subclassification matching in the (a) broad and (b) narrow cohorts.
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4. Discussion

This is one of the first studies in pediatrics examining the
impact of COVID-19 infection on long-term diabetes

trajectory and outcomes for children with pre-existing
T1D. There was an increased risk of our composite outcome
(worsening disease severity defined by increased utilization
of the ED or hospitalization) in our Broad Cohort. While this
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FIGURE 2: Kaplan–Meier estimates of event-free survival for ED visit or hospitalization for diabetic ketoacidosis (DKA) or severe hypoglycemia (SH).

TABLE 2: HbA1c trajectories measured as slopes during time periods before and after cohort entry.

Time periods Negative cohort Positive cohort p-Valuea

Intercept at cohort entry 8.773 8.841
Prior to −90 days −0.090
−90 to −7 days −0.030

Slopes per 30 days
28–90 days −0.075 −0.051
91–180 days −0.003 0.102
Later than 180 days 0.009 −0.213 0.024

ap-Value for interaction term between time period and infection status.

Pediatric Diabetes 7



did not reach statistical significance, this may be clinically
significant for the population, since it DKA and SH both
have serious health risks. The hazard ratio for the worsening
composite outcome was higher prior to the Omicron wave,
which mirrors findings from other studies demonstrating
less severe disease and possibly lower risk of PASC following
infection with Omicron compared to alpha or delta variants
[12, 39, 40].

Among those with HbA1c values 6months to 7 days
prior to cohort entry and a follow-up A1c 28–275 days after
cohort entry, individuals positive for COVID-19 experienced
a notable rise in HbA1c in the 3-to-6-month period after
cohort entry. Also, the rate of decline of HbA1c >6months
after cohort entry was steep when comparing our positive
cohort to our negative cohort. This rise and fall could reflect
sustained increases in glucose level after COVID-19 infec-
tion, and a return to baseline following recovery, which may
also be due to dose adjustments at a clinical diabetes visit.
Since HbA1c measurements reflect glucose control over the
prior 3months, acute illness following infection may also
have contributed to these findings. However, the peak was
noted in the later part of the 3-to-6-month window, consis-
tent with the risk window for PASC, suggesting that glucose
control remains challenging beyond the acute infection
period. These findings extend our understanding of the
longer-term impact of SARS-CoV-2 infection on glycemic
control. Other studies have focused on the impact of infec-
tion during the acute illness, or in the immediate weeks after
[41]. However, we believe this is the first large-scale study to
examine the direct impact of SARS-CoV-2 infection on gly-
cemic control during the PASC risk window.

Our findings may have implications for understanding
the long-term impact of COVID-19 in children with other
chronic medical conditions. While most of the attention has
been focused on “classic” symptoms of PASC that have been
well described in adults, such as intermittent or prolonged
respiratory, cardiac, or neurologic symptoms in individuals
who were previously healthy, other potential manifestations
of PASC are less well understood. Defining PASC in children
is particularly challenging since PASC is often based on a
lack of return to a usual state of health following acute
COVID-19 illness. Children may be too young to articulate
a change from baseline, and developmental baselines are ever
changing in children and youth. By widening the lens of
PASC to include a broader range of manifestations, such as
worsening disease trajectory following COVID-19 infection
among children with chronic medical conditions, particu-
larly given the variety of cells that can be infected by the
SARS-CoV-2 virus [42], we may discover the burden of
PASC in children is far greater than initially anticipated.

The strength of this work is the PEDsnet database which
has multiple sites representing a diverse population around
the country. PEDsnet derives its data from EHR rather than
claims data which makes the data more complete. This is one
of the largest studies examining PASC in children with T1D
with a well-matched comparison population. There are some
limitations to this work. Since these data are based on EHR
data, individuals diagnosed with COVID-19 outside of the
participating centers may not be reflected and the data may
not reflect COVID-19 infections that occurred prior to
the widespread availability of testing. Similarly, healthcare
utilization patterns for T1D may have been altered by the
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FIGURE 3: HbA1c trajectories before and after cohort entry in youth who tested positive or negative for COVID-19 from both main and
sensitivity analysis.
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pandemic, and there may have been residual differences
between COVID-19 positive and negative cohorts despite
balance on the observed covariates. In addition, documenta-
tion of healthcare utilization may be incomplete if the ED
visit or hospitalization were at a different institution. We
were also unable to accurately identify youth who had been
vaccinated for COVID-19 prior to COVID-19 infection,
which may be relevant if vaccination also provides protection
against conditions associated with PASC. The decreased inci-
dence of our composite outcome during the Omicron wave
could indicate protection by vaccination or reflect a change
in the severity of Omicron compared to original strains.
Finally, given the relatively small number of youth with T1D
and COVID-19, our study may not be powered to detect sig-
nificant differences.

5. Conclusion

Children with T1D diagnosed with COVID-19 were observed
to have a transient increase in HbA1c in the 3–6months fol-
lowing infection compared toCOVID-19 negative cohorts, with
substantial HbA1c declines after 6months. As COVID-19
continues to circulate in the population, it is important to
monitor the long-term disease trajectory in children with
pre-existing T1D.
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