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Abstract

Aims: To examine if SARS-CoV-2 infection is associated with new-onset type 1
diabetes in the post-acute period in children and young people (CYP).

Methods: In this population cohort, we used data on all hospital activity in
England to estimate type 1 diabetes incidence among CYP aged 0-17 exposed to
SARS-CoV-2 between May 2020 and August 2022, from day 28 after a positive
test for the following 6 months. We compared this with unexposed CYP who were
hospitalized for elective procedures or following trauma during the pandemic,
and in the 2years prior to the pandemic (historic cohorts). We excluded CYP
with prior chronic illnesses. We undertook Cox regression analyses adjusted for
age, sex, ethnicity, deprivation and season of index date, and stratified by periods
when different SARS-CoV-2 variants were dominant.

Results: There were 1,087,604 CYP in the exposed cohort, 143,748 in the trauma
cohort, 253,368 in the elective cohort, 160,925 in the historic trauma cohort and
388,673 in the historic elective cohort. Hazard of developing type 1 diabetes was
significantly higher among those exposed than unexposed CYP: 2.4 [1.58-3.64]
relative to the trauma cohort, 2.9 [2.00-4.13] relative to the elective cohort, 4.2
[2.56-7.04] relative to the historic trauma cohort and 2.4 [1.81-3.10] relative to the
historic elective cohort. Associations may be strongest during the Delta period.
Conclusions: SARS-CoV-2 infection is associated with subsequent incident type
1 diabetes in the 1-7months after an acute infection in previously healthy CYP.
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There is evidence that the incidence of type 1 diabetes in-
creased in children and young people (CYP) during the
COVID-19 pandemic,'™ and that presentations with dia-
betic ketoacidosis were more common.>>® The RCPCH
National Paediatric Diabetes Audit, which collects data
from all Paediatric Diabetes Units in England and Wales,
reported a 20%-25% increase in the incidence rate for type
1 diabetes in 2020/2021 compared with 2019/2020, on
a background of stable incidence rates for several years
prior to this.” As the pandemic subsided, the incidence
of type 1 diabetes in CYP also declined.* However, how
these trends are associated with SARS-CoV-2 exposure is
unclear.

A range of viral infections are thought to be associ-
ated with developing diabetes or precipitating onset.'* !4
Although there is clinical and laboratory evidence to sug-
gest SARS-CoV-2 infection may itself trigger diabetes, or
accelerate onset in CYP who are predisposed, the mech-
anisms for this are not fully understood.**'*'” Some epi-
demiological studies have reported increases in new-onset
diabetes after SARS-CoV-2 infection both in the acute and
post-acute period in adults."*** Studies examining this
association in CYP have been mixed, with data from the
US Centers for Disease Control and Prevention (CDC)*
and others****® finding an increase in type 1 diabetes
incidence 30days after SARS-CoV-2 infection, but other
work finding no association.”** Establishing if SARS-
CoV-2 infection is associated with an increased risk of
developing type 1 diabetes is important as this may have
consequences for future disease burden and prevention
strategies in CYP.

Previous work in this area has been limited by the lack
of asymptomatic controls, use of regional or hospital-
based data, small sample sizes, and uncertainty around
date and type of diabetes diagnosis. Here we use a na-
tional dataset containing all hospital activity in England
from 2015, linked to SARS-CoV-2 testing data and date
and type of all diabetes diagnoses in CYP. In this popu-
lation cohort study, we use these unique linked datasets
to investigate the association between post-acute SARS-
CoV-2 infection and new-onset type 1 diabetes in CYP in
England during the first 2years of the pandemic. Similar
to previous work,??>262% \ye chose to investigate these as-
sociations in the post-acute period. Analysing type 1 dia-
betes incidence during an acute infection is complicated
by increased SARS-CoV-2 testing as symptoms of diabe-
tes emerge.”’ Further, as the mean duration of symptoms
prior to diabetes diagnosis is over 3weeks,*> many CYP
diagnosed during an acute illness may have had diabetes
prior to infection.?

What's new?

« The incidence of type 1 diabetes increased
in children and young people during the
COVID-19 pandemic, but the role of SARS-
CoV-2 infection in this remains unclear.

« We undertook a population cohort study using

multiple linked datasets in England.

In adjusted cox regression models, the hazard

for developing new-onset type 1 diabetes was

significantly higher in the 6months after a

SARS-CoV-2 infection than in CYP who did not

have a positive SARS-CoV-2 test.

+ SARS-CoV-2 infection is associated with new-
onset type 1 diabetes.

« This may impact future burden and should
prompt further study to understand the mecha-
nisms behind this association.

1 | RESEARCH DESIGN AND
METHODS

1.1 | Data

We used Secondary Use Services (SUS) data, containing
sociodemographic characteristics and clinical details of all
individuals admitted to hospital in England from March
2015 to August 2022. SUS data were deterministically
linked to the following: (1) the National Diabetes Audit**
(NDA), providing type and date of diabetes diagnosis; (2)
SARS-CoV-2 positive test data held by NHS England (date
of positive polymerase chain reaction and lateral flow
tests in the community and in hospital); (3) mortality data
from the Office for National Statistics and National Child
Mortality Database.

1.2 | Population

CYP aged 0-17 were eligible for inclusion in this study
if they had been admitted to hospital in England for
any reason at any time from 1 March 2015 to 31 August
2022 (i.e. were present in the SUS data, and so could be
linked to the other datasets). Note it is standard prac-
tice in England to hospitalise all CYP newly diagnosed
with type 1 diabetes in order to support establishing
treatment.
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1.3 | Exposed Cohort

We defined the exposed cohort as all CYP with a first posi-
tive SARS-CoV-2 test between 1 May 2020 and 31 August
2022 who were also present within the SUS data. We de-
fined the cohort inception date (index date) as the first
positive test date during this time. We categorized these
infections according to the predominant SARS-CoV-2
variants in the United Kingdom as Wild type (1 May-7
December 2020), Alpha (8 December 2020-17 May 2021),
Delta (18 May 2021-13 December 2021) and Omicron
(BA.1, BA.2, BA.4, BA.5) (14 December 2021-31 August
2022).%

1.4 | Unexposed cohorts

We identified four unexposed cohorts in our analysis.
We did not have access to negative SARS-CoV-2 test
data. However, as all admissions to hospital in England
were routinely tested for SARS-CoV-2 immediately be-
fore admission from the end of April 2020 to 31 August
2022,% we used admission dates within CYP who had
not tested positive for SARS-CoV-2 during this period as
a proxy for negative tests (pandemic cohorts). We only
included elective and traumatic admissions in these
cohorts to capture otherwise healthy CYP in our analy-
sis. We also examined type 1 diabetes incidence among
CYP following elective and traumatic admissions in the
2years prior to the pandemic (historic cohorts) for com-
parison. CYP included in the pandemic cohorts were ex-
cluded from the historic cohorts. The unexposed cohorts
were defined as follows:

1. Trauma unexposed cohorts

a. Pandemic—CYP admitted to hospital with a primary
diagnosis of trauma between 1 May 2020 and 31
August 2022 and not had any positive SARS-CoV-2
test during this time.

b. Historic—Admitted to hospital with a primary di-
agnosis of trauma between 1 January 2018 and 31
December 20109.

We defined the index date as the first traumatic admis-

sion date during these time periods.

2. Elective unexposed cohorts

a. Pandemic—CYP admitted to hospital electively be-
tween 1 May 2020 and 31 August 2022 and not had
any positive SARS-CoV-2 tests during this time.

b. Historic—Admitted to hospital electively between
1 January 2018 and 31 December 2019.

DIABETIC IR

We defined the index date as the first elective admis-
sion date during these time periods.

1.5 | Exclusions

We excluded all those with any chronic medical problems
recorded within SUS prior to each cohort index date, using
established code lists (see Table S1). We did this in order
to compare the incidence of type 1 diabetes in otherwise
healthy CYP, without conditions that may be associated
with its onset.

1.6 | Outcomes

We identified CYP who developed type 1 diabetes using
the date of diagnosis and type of diabetes recorded within
the NDA (type 1, type 2 or unknown). We report the overall
incidence of new-onset type 1 diabetes within each cohort
and at three time points from the index date: 0-27 days
(acute period), 28-209days (i.e. 6 months after Day 28—
post-acute period) and 210days or longer (late period).
However, our primary outcome of interest was new-onset
type 1 diabetes in the post-acute period (28-209 days).

1.7 | Follow-up

We defined the index date as either date of first positive
SARS-CoV-2 test (exposed cohort), date of first traumatic
admission within each period (traumatic cohorts) or date
of first elective admission within each period (elective
cohorts). Follow-up time for the survival analysis was de-
fined as starting from 28 days after index date to the first of
either: 210days (6 months after day 28), date of death, 31
August 2022 (pandemic cohorts), 31 December 2019 (his-
toric cohorts) or date of type 1 diabetes diagnosis. We also
censored CYP who developed T2DM and diabetes where
type was undetermined during follow-up.

1.8 | Covariates

Covariates were limited to data available in the SUS
dataset. We used hospitalisation data from 1 March 2015
onwards to identify previously medically recorded co-
morbidities in CYP and to populate sociodemographic
variables. We categorised age as follows: infants, 1-9
and 10-17years, and ethnicity as follows: White, Mixed,
Asian, Black, Other and unknown. We used population
weighted Index of Multiple Deprivation (IMD) 2019 quin-
tile category (hereafter IMD category) to define area level
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socioeconomic status using address at most recent hospi-
talisation. We included season of index date as a covariate
to account for variation throughout the year in new-onset
type 1 diabetes, SARS-CoV-2 infections, traumatic injuries
and elective admissions (see Figures S1-S4). We coded this
as follows: Spring (March, April, May), Summer (June,
July, August), Autumn (September, October, November)
and Winter (December, January, February).

1.9 | Analysis

We first describe the incidence rate of type 1 diabetes dur-
ing follow-up among CYP exposed to SARS-CoV-2 and
those not exposed from Day 0 to Day 27 (acute period),
Day 28-Day 209 (post-acute period) and from day 210 on-
wards (late period). We produced survival curves to show
the probability of developing type 1 diabetes during the
post-acute follow-up period by exposure and cohort. We
then used Cox regression survival analyses to compare the
relative hazard of developing type 1 diabetes within CYP
exposed and unexposed to SARS-CoV-2, adjusted for age
group, sex, ethnicity and IMD quintile and index date sea-
son. We examined the association between the exposed
cohort and each of the unexposed cohorts separately (note
CYP could be in both the elective and traumatic unexposed
cohorts). We then examined these associations according
to the dominant SARS-CoV-2 variant in England at the
time CYP entered each cohort. We undertook the analysis
in STATA 16, using the command stcox. We assessed the
assumption of proportional hazards by examining trends
in Schoenfeld's residuals using the command stphtest.

2 | RESULTS

We identified 1,087,604 CYP in the exposed cohort,
143,748 in the trauma cohort, 253,368 in the elective co-
hort, 160,925 in the historic trauma cohort and 388,673
in the historic elective cohort (Table 1). There were
higher proportions of CYP who were female, White,
aged 1-9 and in the least deprived quintile in the ex-
posed cohort compared with the unexposed cohorts. The
most common reasons for admission within the elective
cohorts were for dental, ear, nose and throat and oph-
thalmological conditions; within the traumatic cohorts,
hospitalisations were predominantly for limb fractures,
open wounds (lacerations) and poisonings. Within CYP
exposed to SARS-CoV-2, the most common reasons for
being within the SUS dataset (and so available for inclu-
sion in the study) were admissions related to birth and
the newborn period, acute viral infections, and dental
caries (see Tables S2-S6). Across all cohorts, 2637 CYP

were diagnosed with type 1 diabetes during follow-up,
395 with type 2 diabetes and 324 with diabetes where
type was unknown.

Table 2 and Figure 1 show the number and incidence
rate per 100,000 person years of observation for develop-
ing type 1 diabetes during follow-up within each cohort.
Within the exposed cohort, 475 CYP developed type 1 di-
abetes from Day 28 to Day 209, IR 90.5 [82.7-99.0]. This
compared with 24 in the trauma cohort (IR 37.6 [25.2-
56.2]), 33 in the elective cohort (IR 29.8 [21.2-41.9]), 16 in
the historic trauma cohort (IR 22.4 [13.8-36.6]) and 65 in
the historic elective cohort (IR 37.7 [29.5-48.0]). Graphs
showing the probability of developing new-onset type 1
diabetes from Day 28 to Day 209 are shown in Figure S5.

Table 3 shows adjusted hazard ratios from cox regres-
sion models for being diagnosed with type 1 diabetes
from day 28 to Day 209 of follow-up within the exposed
and unexposed cohorts. After adjusting for age, sex, eth-
nicity, IMD quintile and index date season, hazard ratios
for developing type 1 diabetes in CYP exposed to SARS-
CoV-2 were significantly higher compared with each
unexposed cohort, and were: 2.4 [1.58-3.64] p<0.001
compared with the trauma cohort, 2.9 [2.00-4.13] com-
pared with the elective cohort, 4.2 [2.56-7.04] compared
with the historic trauma cohort and 2.4 [1.81-3.10] for
the historic elective cohort. We did not find evidence
against the proportional hazard assumption in any of
the fitted models (p > 0.05).

Tables S8 and S9 and Figure S6 show the number of
CYP and incidence rate for developing type 1 diabetes
according to which SARS-CV-2 variant was dominant
at the time CYP entered the study. Analyses by variant
were limited due to small numbers and wide confidence
intervals. In the exposed cohort, the incidence rate per
100,000years of observation for being diagnosed with
type 1 diabetes from day 28 to day 209 was highest during
the delta period (IR 144.6 [101.4-129.6]), although con-
fidence intervals overlapped those during the Wild Type
period (Figure S6). In contrast, incidence rates for devel-
oping type 1 diabetes within the unexposed elective and
traumatic cohorts were similar among CYP who entered
the study when each SARS-CoV-2 variant was dominant.

After adjusting for sex, age, ethnicity, IMD quintile
and index date season, the hazard ratio for being diag-
nosed with type 1 diabetes from day 28 to day 209 was
only significantly higher in CYP exposed to SARS-CoV-2
compared with CYP in the unexposed traumatic cohort
during the Delta period (HR 2.6 [1.24-5.65], p=0.01).
Adjusted hazard ratios for being diagnosed with type 1 dia-
betes among CYP exposed to SARS-CoV-2 compared with
CYP in the unexposed elective cohort were significantly
higher during Wild Type (HR 1.26 [1.26-8.01]. p=0.01),
Delta (HR 3.5 [1.82-6.56], p<0.001) and Omicron (HR
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TABLE 1 Demographic characteristics of CYP in each cohort.

DIABETIC NI

Pre-pandemic 1 January 2018-

Pandemic 1 May 2020-31 August 2022 January 2020
Exposed Traumatic® Elective® Traumatic® Elective?
n (%) n (%) n (%) n (%) n (%)
Total 1,087,604 143,748 253,368 160,925 388,673
Sex
Female 528,938 (48.6) 62,450 (43.4) 109,348  (43.2) 68,941 (42.8) 172,784  (44.5)
Male 558,666 (51.4) 81,298 (56.6) 144,020 (56.8) 91,984 (57.2) 215,889  (55.5)
Age
<1 46,257 (4.3) 14,130 (9.8) 32,382 (12.8) 13,153 (8.2) 31,499 (8.1
1-9 663,434 (61.0) 74,036 (51.5) 136,234  (53.8) 75,313 (46.8) 203,024 (522
10-17 377,913 (34.7) 55,582 (38.7) 84,752 (33.5) 72,459 (45.0) 154,150 (39.7)
Ethnicity
White 815,728 (75.0) 100,872  (70.2) 158252  (62.5) 114,736  (71.3) 252,527  (65.0)
Black 22,335 (2.1) 6096 (4.2) 12,337 (4.9) 6499 (4.0) 16,237 (4.2)
Asian 77,524 (7.1) 12,507 (8.7) 25,017 (9.9) 13,633 (8.5) 35,498 9.1)
Mixed 43,967 (4.0) 6290 (4.4) 11,178 (4.4) 6050 (3.8) 14,098 (3.6)
Other 26,354 2.4) 5011 (3.5) 9386 3.7) 5444 (3.4) 12,708 (3.3)
Unknown 101,696 9.4) 12,972 (9.0) 37,098  (14.7) 14,563 (9.0) 57,605  (14.8)
IMD® quintile
Most deprived 187,896 (17.3) 34,990 (243) 58,137 (22.9) 39,279 (24.4) 88,126 (22.7)
Second most 199,852 (18.4) 29,881 (20.8) 54,569  (21.5) 33,377 (20.7) 83,136  (21.4)
deprived
Third most 221,547 (20.4) 28,025 (19.5) 49,719 (19.6) 31,489 (19.6) 76,804 (19.8)
deprived
Fourth most 234,900 (21.6) 26,566 (18.5) 47,389 (18.7) 29,687 (18.4) 72,478 (18.6)
deprived
Least deprived 241,507 (222) 24,283 (16.9) 43,550 (17.2) 27,090 (16.8) 68,123 17.5)
Missing 1902 (0.2) 3 (0.0) 4 (0.0) 3 (0.0) 6 (0.0)

ACYP admitted due to trauma 1 May 2020-31 August 2022 and not testing positive for SARS-CoV-2.
"CYP admitted electively 1 May 2020-31 August 2022 and not testing positive for SARS-CoV-2.

°CYP admitted due to trauma 1 January 2018-1 January 2020.
dCYP admitted electively 1 January 2018-1 January 2020.

‘“Index of multiple deprivation.

4.3[1.52-11.88], p=0.01) periods, (Table S10). We did not
find evidence against the proportional hazard assump-
tion in any of the fitted models (p > 0.05).

3 | CONCLUSIONS

In this population cohort study of previously well CYP in
England, we found exposure to SARS-CoV-2 was associ-
ated with a significantly higher incidence of developing
type 1 diabetes compared with CYP who were not ex-
posed. Although the absolute numbers of CYP being di-
agnosed with type 1 diabetes remained low in all cohorts,
relative increases were large. We found a 2.4-fold increase

in diabetes incidence in the first 6-month period after
an acute infection with SARS-CoV-2, after adjusting for
sociodemographic variables and seasonality. There was
some evidence this association was weakest during the
Alpha period and strongest during the Delta, but analyses
by dominant variant were limited by small numbers and
wide confidence intervals.

3.1 | Comparison with previous
literature

Our findings support previous analyses demonstrating
increased incidence of type 1 diabetes after SARS-CoV-2
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Incidence rate of new-onset type 1 diabetes per 100,000 person-years of observation within each cohort by follow-up time.

TABLE 2

28 days to 208 days Longer than 208 days

Less than 28 days

At any time

IR® 95% CI

n

95% CI

IR®

95% CI

Re

95% CI

Re

Pandemic period

[70.3-90.1]

79.6

249
31
36

[82.7-99.0]

[25.2-56.2]
[21.2-41.9]

90.5

475
24
33

[223.3-290.8]
[8.6-82.8]

254.8
26.7

220
3

[96.6-109.7]
[26.6-44.6]

[35.9-51.7]

102.9
34.5
4

944
58

Exposed to SARS-CoV-2

‘WARD ET AL.

[22.6-45.7]
[18.2-35.0]

321

37.6

Unexposed traumatic® admissions

25.2

29.8

[174.5-310.9]

2329

46

3.1

115

Unexposed elective® admissions

Pre-pandemic period

19 22.4 [14.3-35.1]
36.9

79

[13.8-36.6]
[29.5-48.0]

23.7 [7.7-73.6] 16 22.4

3

[16.7-31.6]
[39.0-52.1]

23.0

4

38

Unexposed traumatic® historic

[29.6-46.0]

37.7

[96.1-178.6] 65

131.0

40

5.1

184

Unexposed elective? historic

ACYP admitted due to trauma 1 May 2020-31 August 2022 and not testing positive for SARS-CoV-2.

"CYP admitted electively 1 May 2020-31 August 2022 and not testing positive for SARS-CoV-2.

‘CYP admitted due to trauma 1 January 2018-1 January 2020.

4CYP admitted electively 1 January 2018-1 January 2020.

“Incident rate per 100,000 person-years.

infection in both adults'®?* and CYP.>**>?® Barrett et al.
used healthcare records of 1.6 million CYP across two US
databases to compare diabetes incidence more than 30days
after COVID-19 with CYP who were coded as having
other acute respiratory tract infections and non-COVID-19
events.? They found strong associations between COVID-19
and new-onset diabetes, but did not distinguish between
types of diabetes. Kendall et al.*® examined electronic health
records of 571,256 CYP in the United States from the start
of the pandemic to December 2021. Similar to our findings,
they found around a twofold increase in hazard of type 1
diabetes at 1, 3 and 6 months of follow-up among CYP with
SARS-CoV-2 infection compared with matched cohorts
presenting with other respiratory tract infections and CYP
presenting with fractures or for well child visits.*® A recent
metanalysis using data from seven studies found around a
40% increase in risk of type 1 diabetes within CYP exposed
to SARS-CoV-2, although there was a high degree of hetero-
geneity in included studies.”®

Our findings differ from McKeigue et al., who found
no association between SARS-CoV-2 infection and type 1
diabetes in a study using data on more than 350,000 CYP
from the REACT-SCOT COVID-19 matched case control
study, linked to national SARS-COV-2 test and diabetes
diagnosis data.” Noorzae et al. also found no association
between positive SARS-CoV-2 tests and incident type 1
diabetes.*® This Danish population cohort used similar
methods to our study and analysed data from March 2020
to August 2022. The authors adjusted their analyses for
pre-existing comorbidities using Charlson's comorbidity
index, a scale more commonly used in adults and which
does not identify CYP with many conditions which pre-
dispose to type 1 diabetes. We also found some evidence
that associations between SARS-CoV-2 exposure and type
1 diabetes may be strongest during Delta, and this period
contributed to under 10% of the total person years of fol-
low-up in Noorzae et al. Overall, we were able to analyse
outcomes in a far larger population of CYP than Noorzae
et al.** and McKeigue et al.* and excluded all CYP with
any prior chronic medical problems from our analysis,
which may also explain some of the differences in findings.

3.2 | Strengths and weaknesses

We used whole population-level data of all hospitali-
sations in England, linked with multiple other health
datasets including a robust national diabetes audit and
a comprehensive national COVID-19 testing dataset, to
construct a cohort of CYP exposed to SARS-CoV-2 dur-
ing the first two years of the pandemic. We then com-
pared type 1 diabetes incidence against four unexposed
cohorts, after excluding CYP with any pre-recorded
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FIGURE 1 Incidence rate of new-onset type 1 diabetes

from Day 28 to Day 208 of follow-up per 100,000 person-years of
observation. Incident rate ratios per 100,000 for being diagnosed
with TIDM from Day 28 to Day 208 amongst each cohort. Exposed:
CYP testing positive for SARS-CoV-2; unexposed traumatic: CYP
admitted due to trauma 1 May 2020-31 August 2022 and not
testing positive for SARS-CoV-2; unexposed elective: CYP admitted
electively 1 May 2020-31 August 2022 and not testing positive for
SARS-CoV-2; unexposed elective traumatic: CYP admitted due to
trauma 1 January 2018-1 January 2020; unexposed elective historic:
CYP admitted electively 1 January 2018-1 January 2020.

chronic medical conditions using established code lists.
As CYP with newly diagnosed diabetes are routinely
hospitalised at the time of diagnosis in England, we are
likely to have captured the great majority of CYP with
incident diabetes during the study period.

Limitations to this analysis include incomplete or
inaccurate diagnostic and sociodemographic coding
within SUS, and in linkages with the other datasets used.
Although we had access to date and type of diabetes di-
agnosis within the NDA, we did not have access to pre-
scription or autoantibody data to confirm the accuracy of
this, and some cases may be misclassified. Further, type
of diabetes was missing in around 9% of CYP diagnosed
during follow-up. Although we were able to control for
important sociodemographic characteristics, and remove
from the analysis those with previous chronic conditions

DIABETIC IR

which may be associated with type 1 diabetes, we were
limited in covariates to include, and this may have re-
sulted in residual confounding. Importantly, we were
unable to adjust for exposure to infections other than
SARS-CoV-2, or account for changes in testing capacity
and behaviour as the pandemic progressed, which may
have affected our results. There was also large disruption
in patterns of healthcare-seeking behaviour during the
pandemic, which we were unable to fully account for
in our model. There were differences between the ex-
amined cohorts in addition to exposure status, with the
exposed cohort having larger numbers of White female
CYP from less deprived backgrounds than the unexposed
cohorts, although we did adjust for these factors in our
analysis. This likely reflects variation in SARS-CoV-2
testing uptake®” and care-seeking behaviour in certain
groups, and we are likely to have missed exposed CYP
who did not have a positive test registered. We may have
therefore underestimated differences between cohorts,
as there are likely to be CYP who were exposed to SARS-
CoV-2 but never tested within the unexposed cohorts.
We relied on hospital admission data to identify cohorts
of unexposed CYP during the pandemic which may not
be representative of unexposed CYP in the community.
Further, there were large differences in outcomes be-
tween the unexposed cohorts. The traumatic cohort may
have been more representative than the elective cohort;
we found very similar estimates for the incidence of type
1 diabetes within the traumatic cohort for CYP aged 0-15
for the year prior to the pandemic to that reported in
the National Paediatric Diabetes Audit (24.9 per 100,000
compared with 24.6 per 100,000). We found higher inci-
dence estimates within the elective cohort, which may
reflect planned inpatient investigations for undiagnosed
conditions related to diabetes within this population. The
large increase in type 1 diabetes incidence within 28 days
of elective admissions in both the pandemic and historic
cohorts may be further evidence of this.

3.3 | Meaning and mechanisms

Our results support growing evidence of an association
between SARS-CoV-2 infection and new-onset type 1 dia-
betes. The Royal College of Paediatrics and Child Health
(RCPCH) National Paediatric Diabetes Audit has high-
lighted areas where improvements have been made to
CYP diabetes management in the UK over recent years,
although inequalities remain.’ Increased incidence of
type 1 diabetes driven by SARS-CoV-2 infection may
threaten capacity to sustain these improvements, par-
ticularly should cases of COVID-19 increase, or further
SARS-CoV-2 variants or new future pandemics emerge.
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Hazard
ratio 95% CI
Pandemic period
Unexposed traumatic® 1
Exposed® 24 1.58 3.64
Unexposed elective® 1
Exposed 2.9 2.00 4.13

Pre-pandemic period

Unexposed traumatic® (historic) 1

Exposed 4.2 2.56 7.04
Unexposed elective? (historic) 1
Exposed 2.4 1.81 3.10

TABLE 3 Hazard ratio of developing
new-onset diabetes from Day 28 to Day
208 in the exposed cohort compared with
each unexposed cohort.

ph
P Test

<0.001 0.42

<0.001 0.40

<0.001 0.28

<0.001 0.38

ACYP admitted due to trauma 1 May 2020-31 August 2022 and not testing positive for SARS-CoV-2.
CYP admitted electively 1 May 2020-31 August 2022 and not testing positive for SARS-CoV-2.

°CYP admitted due to trauma 1 January 2018-1 January 2020.
dCYP admitted electively 1 January 2018-1 January 2020.

°CYP exposed to SARS-CoV-2. Models adjusted for sex, age, ethnicity, Index of multiple deprivation

quintile, index date season.

The mechanisms underlying the association we report
here are complex and yet to be fully established.'* Recent
work suggests SARS-CoV-2 infection may accelerate clin-
ical diabetes in CYP known to have islet autoantibodies,
although this has not been found in other analyses.™
SARS-CoV-2 infection may also be associated with devel-
oping islet cell autoantibodies in young children.*® This
raises multiple areas for future study, including further
studies within those known to be at risk of developing
type 1 diabetes, examining variation by age, analysing pos-
sible impacts of SARS-CoV-2 infection on T1 diabetes in-
cidence over longer periods, and the role of vaccination in
mediating these associations. If further work establishes
a causal relationship between SARS-CoV-2 and T1DM,
public health messaging may need to highlight the im-
portance of recognising symptoms associated with TIDM
after SARS-CoV-2 infection.

We found evidence that exposure to SARS-CoV-2 is as-
sociated with incident type 1 diabetes. This suggests SARS-
CoV-2 infection may contribute to the increases in type 1
diabetes diagnoses in CYP observed in multiple studies in
other European countries and the United States,'™ and
potentially in the decline in diagnoses observed as the
pandemic subsided.® Our findings have potential implica-
tions for future type 1 diabetes disease burden and prompt
further work to understand the underlying mechanisms
of these associations.
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