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Abstract

Purpose of Review Multiple studies report an increased incidence of diabetes following SARS-CoV-2 infection. Given
the potential increased global burden of diabetes, understanding the effect of SARS-CoV-2 in the epidemiology of
diabetes is important. Our aim was to review the evidence pertaining to the risk of incident diabetes after COVID-19
infection.

Recent Findings Incident diabetes risk increased by approximately 60% compared to patients without SARS-CoV-2
infection. Risk also increased compared to non-COVID-19 respiratory infections, suggesting SARS-CoV-2-mediated
mechanisms rather than general morbidity after respiratory illness. Evidence is mixed regarding the association between
SARS-CoV-2 infection and T1D. SARS-CoV-2 infection is associated with an elevated risk of T2D, but it is unclear
whether the incident diabetes is persistent over time or differs in severity over time.

Summary SARS-CoV-2 infection is associated with an increased risk of incident diabetes. Future studies should
evaluate vaccination, viral variant, and patient- and treatment-related factors that influence risk.

Keywords Incident diabetes - SARS-CoV-2 - COVID-19 - Type 1 diabetes - Type 2 diabetes

Introduction

As of April 2023, there have been over 762 million confirmed
cases of COVID-19 with over 6.8 million deaths globally [1].
Certain comorbidities, including diabetes mellitus, have high
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prevalence in patients with COVID-19 with reports ranging
from 5.3 to 35.5% [2, 3]. Similar to other infectious diseases,
individuals with diabetes and poor glycemic control are at
increased risk for poor outcomes in acute COVID-19 [4, 5].
Furthermore, the observation of an increase in newly diagnosed
diabetes after acute COVID-19 infection suggests a bidirectional
relationship between the SARS-CoV-2 and diabetes [6-8].
Given the already high global prevalence of diabetes, and the
impact of the disease on human morbidity, mortality, quality of
life, and health expenditures [9], it is important to understand the
impact of COVID-19 on the global epidemiology of diabetes.
In this review, we consider the evidence pertaining to the risk
of incident diabetes, including type 1 and type 2 subtypes, after
COVID-19 infection.

Proposed Mechanisms for Incident Diabetes
After SARS-CoV-2 Infection

Multiple mechanisms have been proposed to contribute to
the pathophysiology of incident diabetes after SARS-CoV-2
infection. Studies showing preferential ACE2 expression in
human pancreatic tissue highlight the potential for a direct
effect of the virus on p-cells and the pancreatic microvascu-
lature or ductal cells [10—-14]. Increased inflammation and
activation of cytokines during acute infection may also lead
to damage to P-cells and reduced insulin secretion and acute
insulinopenia [8, 11, 15, 16], with concomitant cytokine-
mediated insulin resistance in the liver and skeletal muscle
important for insulin-mediated disposal of glucose [17]. In
addition to the relative insulin deficiency associated with
SARS-CoV-2 infection, new insulin resistance may also play
an important role in hyperglycemia during acute infection
[18-20] and has been reported within 6 months of follow-
up in patients without pre-existing diabetes [21, 22]. Non-
pancreatic mechanisms, such as elevation of hormones like
GP73 in SARS-CoV-2 infection, have also been proposed
as mechanisms for hyperglycemia through increased hepatic
glucose production [23, 24]. Iatrogenic hyperglycemia from
medications such as corticosteroids may also contribute to
the development of new diabetes in susceptible patients [8,
25, 26]. Many of these physiological and iatrogenic stressors
are transient and some reports suggest that stress hypergly-
cemia may be transient and that a proportion of patients
regress to normoglycemia [22, 27, 28]. Viral respiratory
infections increase the risk of autoimmune diabetes [29] and
mechanisms such as antigen presentation, molecular mim-
icry, and hyperinflammatory states associated with cytokine
storm from SARS-CoV-2 infection have also been proposed
in triggering increased incidence of type 1 diabetes [30-33].

In addition to the proposed pathophysiologic mecha-
nisms related to the rise in diabetes diagnoses, social and
environmental factors surrounding the pandemic may also
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have contributed to increased incident diabetes. During
the pandemic, physical activity declined significantly and
rates of overweight and obesity increased; patients also
deferred routine healthcare which could affect behavioral
modification and risk reduction [34-39], contributing to
insulin resistance and the development of diabetes. Acute
SARS-CoV-2 infection may have brought new patients
into the healthcare system who may have had previous
undiagnosed diabetes. A recent population-level assess-
ment of the temporal relationship between SARS-CoV-2
and new diabetes diagnoses showed a sharp increase in
incident diabetes cases at the time of SARS-CoV-2 infec-
tion, followed by a decrease in new diabetes diagnoses
in the months after infection. These findings suggest
that patients with pre-existing diabetes could be simply
diagnosed because of new interaction with the healthcare
system, or that the metabolic challenge of SARS-CoV-2
infection could cause earlier presentation of diabetes and
early diagnosis of at-risk individuals [40]. There is also
evidence that incident diabetes is associated with younger
age, Hispanic and non-White ethnicity and race, and Med-
icaid insurance, suggesting a sociodemographic pattern
of increased diagnosis in patients with decreased access
to care [28].

Studies Evaluating Incident Diabetes After
SARS-CoV-2 Infection

Multiple studies report significantly higher incidence of
diabetes in patients following acute SARS-CoV-2 infec-
tion, both in the primary (Table 1) and secondary (Table 2)
literature. The studies were conducted using electronic
health records, claims, or registry databases in US, Cana-
dian, and European populations. The majority of studies
included in this review were recent meta-analyses or ret-
rospective observational studies that utilized two main
matched comparator groups: (1) historical and contem-
porary controls without SARS-CoV-2 infection and (2)
controls with acute respiratory infection, viral respiratory
infection, pneumonia, or influenza. Most studies defined
incident diabetes using ICD codes for diagnosis, with only
3 studies also including laboratory-based measurements
of HbAlc > 6.5%, fasting glucose level > 126 mg/dL, or
random glucose level > 200 mg/dL in their definition [42,
43, 48]. Covariates that were included in propensity score
matching differ widely between studies and there was a
lack of standardization in the duration of follow-up after
SARS-CoV-2 infection. There was also variability in anal-
yses and reported estimated risk; most reported odds ratios
(OR), while some others reported relative risk (risk ratios,
RR) and hazard ratios (HR).
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Table 1 Characteristics of included cohort studies reporting COVID-19 and risk of diabetes

Follow-up
Population (country, CcovID-19 Time
Reference Year No.) Patients | Comparator Group | Controls Timeframe Period |Incident DM Definition Statistical Analysis Outcome |Results
Poisson distribution adjusted for age,
sex, ethnicity, region, and
deprivation, BMI, smoking status,
United Kingdom; comorbidities (hypertension, cancer,
Hospital Episode respiratory disease, major adverse
Statistics Admitted January 2019 cardiovascular event, diabetes,
Ayoubkhani Patient Care and GDPPR to September chronic kidney disease, and chronic
[71]8+© 2021 (n=72,200) 36,100 [General population 36,100 2020 140 days |ICD-10 liver disease) Diabetes |RR 1.5, 95% Cl (1.4-1.6)
March 2020 ICD-10-CM codes E08— HR 2.66, 95% CI (1.98—
Barrett (IQVIA) United States; IQVIA Non-COVID-19; 404,465; to February E13 occurring >30 days Cox regression model adjusted for 3.56); HR 2.16, 95% CI
[50] A®<© 2022 (n=889,823) 80,893 Non—COVID-19 ARI| 404,465 2021 362 days |after the index date age, sex, and month of encounter Diabetes |(1.64-2.86)
Barrett United States; (ICD-10-CM codes E08—
(HealthVerity) HealthVerity March 2020 E13) occurring >30 days | Cox regression model adjusted for HR 1.31, 95% CI (1.20—
[50] A®+© 2022 (n=878,878) 439,439 Non-COVID-19 439,439 | toJune 2021 | 484 days |after the index date age, sex, and month of encounter Diabetes [1.44)
Multivariable logistic regression
Self controlled models adjusting for age, sex, timing
United States; Cedars- crossover design; of infection (before vs after
Sinai Health System 90 days before March 2020 emergence of Omicron variant), and OR 1.58, 95% CI (1.24—
Kwan [52] 2023 (n=23,709) 23,709 COVID-19 infection 23,709 to June 2022 | 90days |ICD-9, ICD-10 COVID-19 vaccination status Diabetes |2.02)
HR 1.17, 95% CI (1.06—
1.28); Males: HR 1.22, 95%
ClI (1.06-1.40); Hospitalized
Multivariable Cox proportional patients: HR 2.42, 95% CI
Canada; British January 2020 257 (IQR hazard modeling matched on sex, (1.87-3.15); Intensive care:
Columbia COVID-19 to December | 102-356) age, and collection date of RT-PCR HR 3.29, 95% Cl (1.98—
Naveed [53] 2023 Cohort (n=629,935) 12,987 Non-COVID-19 503,948 2021 days ICD-9 test Diabetes |5.48)
1) 2 2 plasma or serum
labs (random glucose =
200 mg/dL, fasting
glucose = 126 mg/dL, 2-h
glucose from an oral
glucose tolerance test Men: OR 2.56, 95% CI
2200 mg/dL) or whole (2.32-2.83) at 120 days, OR
blood (A1C 2 6.5%); 2) 1.95, 95% Cl (1.80-2.12)
two outpatient or one after all time; Women: OR
inpatient ICD-10 codes of 1.21, 95% CI (0.88-1.68) at
E08-E13; or 3) initial and 120 days; OR 1.04, 95% CI
1 refill of a glucose- (0.82-1.31) after all time;
lowering medication Hospitalized men: OR 1.42,
within a) up to 120 days 95% Cl (1.22-1.65) at 120
after the index days; OR 1.32, 95% CI
date/hospitalization (1.16-1.50) after all time;
United States; US admission date or b) Sex-stratified logistic regression Hospitalized women: OR
Veterans Health March 2020 | 120 days; |between the index model adjusted for age, 0.72,95% Cl (0.34-1.52) at
Administration to March index date | date/hospital admission |race/ethnicity, BMI, tobacco use, and 120 days; OR 0.80, 95% CI
Wander [42] A 2022 (n=2,777,768) 126,710 Non-COVID-19 2,651,058 2021 to 6/1/21 |date and 1 June 2021 facility location Diabetes [(0.44-1.45) after all time
Cox survival model adjusted for age,
race, sex, receipt of long-term care,
Area Deprivation Index based on
residential addresses and proxies of
healthcare utilization, such as
number of outpatient encounters,
number of hospital admissions,
number of outpatient prescriptions,
number of outpatient serum
creatinine measurements in the year
before enrollment, comorbidities
(chronic lung disease, cancer,
cardiovascular disease,
cerebrovascular disease, dementia,
diabetes mellitus, hypertension,
hyperlipidemia, depression, anxiety,
chronic kidney disease, hepatitis C,
peripheral artery disease),
overweight, obesity, smoking status,
Charlson Comorbidity Index, US
geographic region, additional health
system characteristics (total number
of beds, number of COVID-19 tests
administered, COVID-19 positivity
United States; US Non-COVID-19 March 2020 | 352 (IQR [ICD-10 codes (E08.X to rate, and average hospital bed
Department of Veterans infected to September | 244-406) [E13.X), or a HbAlc > 6.4% |occupancy during the week of HR 1.40, 95% CI (1.36—
Xie [48] A®+© 2022 | Affairs (n=4,299,721), 181,280 | participants (2019) | 4,118,441 2021 days (46 mmol/mol) participant enrollment) Diabetes |1.44)
1 month: HR 1.96, 95% CI
(1.26-3.06); 3 months: HR
Non-COVID-19 March 2020 Cox’s proportional hazards model 2.10, 95% CI (1.48-3.00); 6
United States; TriNetX respiratory to December adjusted for demographics and months: HR 1.83, 95% CI
Kendall [62] A 2022 (n=571,256) 285,628 infection 285,628 2021 N/A T1D (ICD-10 code E10) family history of diabetes T1D (1.36-2.44)
Incident T1D within 30 days
of COVID-19: RR 0.86, 95%
Cl(0.62-1.21); Incident
March 2020 T1D within >30 days of
United Kingdom; REACT- to November Recorded by clinician in Cox regression model adjusted for COVID-19: RR 2.62, 95% CI
McKeigue [67] A®| 2022 SCOT (n=1,849,411) 365,080 Non-COVID-19 1,484,331 2021 N/A the SCl-Diabetes registry |age, sex, and general practice T1D (1.81-3.78)
Multivariable logistic regression
United States; Cerner December models adjusted for age, gender,
Real-World Data 2019 to July race and ethnicity, marital status, OR 1.42, 95% CI (1.38—
Qeadan [68] A®¢| 2022 (n=27,292,879) 2,489,266 | Non-cOVID-19 | 24,803,613 2021 N/A_ [icp-10 and US geographical region TID |1.46)
Cox survival model adjusted for age,
race, sex, receipt of long-term care,
number of outpatient encounters,
number of hospital admissions,
number of outpatient prescriptions,
126 (IQR number of outpatient eGFR
81-203) measurements in the year before
United States; US March 2020 | days; 130 enrollment, area deprivation index at HR 0.75, 95% CI (0.53—
Department of Veterans to January (IQR 82— the residency, severity of the acute 1.05); HR 1.16, 95% CI
Al-Aly [64] © 2021 Affairs (n=27,651) 13,654 Influenza 13,997 2021 205) days [ICD-10 infection T1D, T2D |(1.00-1.36)
Pietropaolo [69] ¢ United States; TriNetX January 2020 Reported risk ratios adjusted for age, T1D, 0-18yr: RR 1.153, 95%
2022 (n=571,256) 273,807 | General population| 273,930 | to June 2021 N/A ICD-10 sex, race, Hispanic ethnicity, T1D, T2D [CI (0.682-1.949); T1D, 19-
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Table 1 (continued)

comorbidity, and medication 30yr: RR 0.535, 95% CI
confounders (use of immunological (0.322-0.887); T2D, 0-18yr:
agents or antineoplastics) RR 1.238, 95% CI (0.84—
1.825); T2D, 19-30yr: RR
0.978, 95% Cl (0.844—
1.134)
Mild COVID-19 versus mild
influenza: OR 1.54, 95% Cl
(1.46-1.62);
Moderate/severe COVID-
19 versus moderate/severe
influenza: OR 1.46, 95% Cl
(1.26-1.69); Mild COVID-19
(no steroids) versus mild
influenza (no steroids): OR
Reported relative risk after matching 1.22,95% CI (1.14-1.29);
for age, sex, race, ethnicity, obesity, Moderate/severe COVID-
Influenza (ICD-10 First-ever T2D diagnosis | hypertension, hyperlipidemia, 19 (no steroids) versus
United States J09-J11) (January January 2020 (ICD-10 E11) occurring 1- [ nicotine dependence, substance use, moderate/severe influenza
Birabaharan [61] (93%)/Others (7%); 2018 to January to January 180 days after index socioeconomic deprivation, and (no steroids): OR 1.42, 95%
-0 2022 TriNetX (n=600,055) 324,360 2021) 330,734 2021 180 days |event family history of diabetes T2D Cl(1.13-1.80)
Non-COVID-19
(2020); Historical Cox proportional hazards models
United States; United Non-COVID-19 adjusted for socioeconomic status HR 1.83, 95% CI (1.60—
Health Group Clinical (2019); Historical 87,337; January 2020 | 64 (IQR scores, sex, US state, and race, 2.10); HR 1.80, 95% CI
Discovery Database Non-COVID VLRTI 88,070; to December | 23-150) month of the actual or assigned (1.57-2.06); HR 1.39, 95%
Cohen [63] ®¢ 2021 (n=336,234) 87,337 (2019) 73,490 2020 days ICD-10 index dates T2D Cl(1.22-1.58)
Historical Non-
COVID-19 (2019); February
United Kingdom; Historical Non- 2019 to SHR 2.71, 95% ClI (2.45-
Collaborative, OpenSAFELY CoVID-19 127,987; February Fine and Gray regression models 2.99); SHR 1.46, 95% Cl
Tazare [65] @ 2022 (n=592,003) 77,347 pneumonia (2019) | 386,669 2021 274 days |Diagnostic code adjusted for age, sex and region T2D  [(1.31-1.63)
Paired t-test and McNemar test
adjusted for age, sex, race,
socioeconomic status to zip codes,
pre-existing comorbidities, total
United States; United length of stay as an inpatient,
Health Group Clinical 87 (IQR previous number of visits to a
Daugherty [51] Discovery Database January 2019 | 45-124) primary care physician, cardiologist,
A®:Q 2022 (n=386,226) 193,113 Non-COVID-19 193,113 | April 2020 days [icD-10 or nephrologist T2D  |HR2.47, 95% (1.14-5.38)
Hospitalized
United States; influenza (January March 2020 ICD-10 code, A1c>6.5%;
Montefiore Health 2018 to February to February fasting glucose>126, Logistic regression adjusted for age,
Lu [43] 2023 System (n=11,214) 8,216 2022) 2,998 2022 90 days |random >200 mg/d| sex, comorbidities T2D OR 3.96, 95% Cl (3.2-4.96)
Poisson regression models adjusted
119 (IQR for sex, age, health insurance, index
0-210) |T2D, ICD-10 (type 2 month for Covid-19/AURI and
March 2020 | days; 161 |diabetes: E11; other comorbidity (obesity, hypertension,
Rathmann [49] Germany; Disease Non-COVID-19 to January (IQR 4— |forms of diabetes: E11- hyperlipidemia, myocardial IRR 1.28, 95% Cl (1.05—
A®:O 2022 Analyzer (n=71,730) 35,865 AURI 35,865 2021 225) days [E14) infarction, stroke) T2D 1.57)

AURI, acute respiratory tract infection; VLRTI, viral lower respiratory tract illness; AR/, acute respiratory infection; /CD-10, International Sta-
tistical Classification of Diseases and Related Health Problems—Tenth Revision; /CD-9, International Statistical Classification of Diseases and
Related Health Problems—Ninth Revision; /QR, interquartile range; 71D, Type 1 Diabetes; 72D, Type 2 Diabetes; OR, odds ratio; RR, relative
risk; HR, hazard ratio; IRR, incidence rate ratio; SHR, sub distribution hazard ratio; Included in the following meta-analyses: A, Ssentongo, @,

Zhang, 4, Lai, ©, Banerjee

Risk of Incident Diabetes Compared
to Non-COVID-19-Infected Controls

The current literature includes several large meta-analyses
that report similar risk estimates for incident diabetes com-
pared to matched controls without SARS-CoV-2 infec-
tion (Table 2). Banerjee et al. studied 5.8 million patients
from 5 cohorts and estimated a hazard ratio of 1.59 (95%
CI 1.40-1.81) for incident diabetes after SARS-CoV-2
infection [44ee]. Lai et al. conducted a meta-analysis that
included 11 retrospective cohorts from the United States
(US), Europe and the global population with 47.1 million
participants and calculated a 64% increased risk of overall
diabetes (RR 1.64,95% CI 1.51-1.79). They did not detect
any significant differences between age, regions, races, or
length of follow-up, but pooled risk estimates from 2 stud-
ies showed a potentially greater risk in males compared to
females (RR 1.45, C1% 1.37-1.53) [45e¢]. Ssentongo et al.
reviewed 8 studies from 3 different countries that included
47.4 million overall and 4.3 million COVID-19 patients
and used a random effects model to calculate a pooled point
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estimate of 1.66 (95% CI 1.38-2.00) for increased risk of
incident diabetes. They also reported a higher risk in studies
from the US of 1.77 (95% CI 1.41-2.22) than Europe 1.33
(95% CI 1.14-1.56) [46e¢]. Zhang et al. found the overall
incidence of diabetes to be 15.53 cases per 1000 person-
years of follow-up and increased risk (RR 1.62, 95% CI
1.45-1.80) among 9 studies with 34.7 million patients and
4 million patients with COVID-19. They found significant
risk increases in all age groups and in both genders, and that
risk was highest at less than 3 months from SARS-CoV-2
infection (RR 1.95, 95% CI 1.85-2.06) and with severe
infection (RR 1.67, 95% CI 1.25-2.23). They also calcu-
lated the E-value, or the minimum strengths of associations
from uncontrolled confounders that would be needed jointly
with COVID-19 and DM across all studies to shift the
results significantly, to be 2.08 [47e¢]. Of note, there was
some overlap in the study datasets used to conduct these
reviews, with all meta-analyses including patients from four
primary study databases which utilized data from the US
Veterans Health Administration and claims databases in the
US and Germany [48-51].
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Primary literature that was not included in the meta-
analyses also report elevated risk of incident diabetes after
SARS-CoV-2 infection. A study of 23,709 patients with
acute SARS-CoV-2 infection in the Cedars-Sinai Health
System in California reported an adjusted odds ratio of 1.58
(95% CI 1.24-2.02) of incident diabetes in a self-controlled
exposure crossover design that occurred 90 days after vs.
before acute SARS-CoV-2 infection compared to new bench-
mark diagnoses of either urinary tract infection or gastroe-
sophageal reflux. The study also found that diabetes risk
was higher in the unvaccinated patients (OR 1.78, 95% CI
1.35-2.37), but no association with age, sex, or timing of
infection regarding Omicron variant [52]. A recent study of
629,935 individuals from the British Columbia COVID-19
Cohort reported an adjusted hazard ratio of 1.17 (95% CI
1.06-1.28) of incident diabetes, with higher risk in males
(adjusted HR 1.22, 95% CI 1.06-1.40). They also found that
risk increased for patients requiring hospitalization (adjusted
HR 2.42,95% CI 1.87-3.15) and intensive care (adjusted HR
3.29,95% CI 1.98-5.48) [53].

Overall, there have been a number of observational stud-
ies that show an increased risk of approximately 60% of
incident diabetes after SARS-CoV-2 infection compared
to patients without COVID-19 from diverse datasets. Point
estimates from studies conducted on populations in the US
and Europe were similar and validate the generalizability
of findings in these geographic locations. A single study
from Canada also reported increased risk, but of a smaller
magnitude than previous studies [53].

Risk of Incident Diabetes Compared to Controls
with Non-COVID-19 Respiratory Infection

Acute viral infections are known to be associated with
development of incident diabetes, with reports of
increased risk of type 1 diabetes (T1D) following influ-
enza and other viral infections [29, 54-57], and of type
2 diabetes (T2D) after viral CMV and hepatitis C infec-
tion [58-60]. The use of other respiratory infections as a
comparator group is relevant in assessing whether inci-
dent diabetes is attributable to SARS-CoV-2-mediated
mechanisms rather than general morbidity after respira-
tory illness, and is more representative of people with
similar health-seeking behaviors [61]. Multiple studies
assessed non-COVID-19 respiratory infections as a com-
parator group, including acute respiratory infection (ARI)
[49, 50, 62, 63], influenza [43, 61, 64], and pneumonia
[65]. Of the two meta-analyses reporting risk of incident
diabetes in matched patients with SARS-CoV-2 vs. non-
COVID-19 respiratory infections, Zhang et al. reported
an overall 1.17-fold (95% CI 1.02-1.34) risk and Baner-
jee et al. reported an increased risk for mild (HR 1.22,
95% CI 1.14-1.31) and moderate-severe/hospitalized (HR
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1.52,95% CI 1.36—1.70) cases [44ee 47ee] In addition
to studies included in these meta-analyses, Kendall et al.
reported an increased risk of T1D in pediatric populations
at one month (HR 1.96, 95% CI 1.26-3.06), 3 months (HR
2.10, 95% CI 1.48-3.00) and 6 months (HR 1.83,95% CI
1.36-2.44) after SARS-CoV-2 infection [62]. In a retro-
spective study of incident T2D in the Montefiore Health
System in New York, there was an increased risk of new
diagnosis during hospitalization (adjusted OR 3.96, 95%
CI 3.2-4.96) and at 3-month follow-up (adjusted OR 1.24,
95% CI 1.07-1.45) in patients with COVID-19 compared
to those with influenza [43].

Risk of Type 1 and Type 2 Incident Diabetes
After SARS-CoV-2 Infection

Given the underlying pathophysiologic differences and vari-
able impacts on public health and healthcare delivery by
diabetes type, it is important to separately understand the
risks of type 1 and type 2 diabetes mellitus with SARS-
CoV-2 infection [66]. Although many studies report on the
risk of incident diabetes, several studies focus specifically
on either risk of incident T1D [64, 67—69] in general and
pediatric populations [62], or on incident T2D [43, 49, 51,
61, 63-65, 69] after SARS-CoV-2 infection.

Type 1 Diabetes

The analyses of risk for T1D are mixed regarding signifi-
cance and interpretation of the association with SARS-
CoV-2 infection. Meta-analyses that analyzed diabetes by
subtype reported an increased risk of T1D (RR 1.42, 95%
CI 1.38-1.46; 52 more per 10,000 persons, 95% CI 47-57
more) [45e¢] and RR 1.48 (95% CI 1.26-1.75) [47ee]
compared to non-COVID-19 patients. A study of 571,256
patients under 18 years old using TriNetX database also
reported elevated risk of T1D at 1 month (HR 1.96, 95%
CI 1.26-3.06), 3 months (HR 2.10, 95% CI 1.48-3.00),
and 6 months (HR 1.83, 95% CI 1.36-2.44) after SARS-
CoV-2 infection compared to patients with non-COVID-19
upper respiratory infections [62]. Additionally, although
they did not specifically report on risk of T1D, a pediatric
study using the IQVIA and HealthVerity claims databases
for patients < 18, the authors reported that nearly one half
of the patients with new diabetes diagnosis in the study had
DKA, which was higher than in pre-pandemic reports of
incident T1D. They concluded that given the association of
increased risk of diabetes after SARS-CoV-2 infection, the
increased frequency of DKA was not solely explained by
delayed care [50].

Interestingly, another study using the TriNetX database
did not find a significant difference over a 15-month period
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in diagnosis of T1D between patients 0—18 years old with-
out and with COVID-19 (OR 1.153, 95% CI 0.682-1.95);
they did however, find a decreased risk in young adults aged
19-30 without COVID-19 compared to those with SARS-
CoV-2 infection (OR 0.535, 95% CI 0.322-0.887) [69].
Al-Aly et al. also did not find any significant difference in
risk of T1D (HR 0.75, 95% CI 0.53-1.05) [64]. McKeigue
et al. found that the rate ratio for T1D was 2.62 (95% CI
1.81-3.78) within 30 days of SARS-CoV-2 infection, but
that it was non-significant (RR 0.86, 95% CI 0.62-1.21)
at>30 days. In an additional analysis, they modeled seasonal
and calendar patterns of T1D incidence from January 2015
to January 2022 over 56-day sliding time windows time and
found no association with SARS-CoV-2 infection > 30 days
previously or in patients with age < 16. The authors argued
against a causal effect, indicating that the association within
30 days may be attributable to increased detection as evi-
denced by the increase in negative tests. They also suggested
that given the typical lag in symptoms of 25 days before
T1D diagnosis, many of the patients who tested for SARS-
CoV-2 <30 days may already have had diabetes at the time
of infection, and that the time course of increased incident
diabetes predated the most of the cumulative incidence of
COVID-19 in the 0—14 age group [67].

Type 2 Diabetes

Meta-analyses that analyzed diabetes by subtype reported
an increased risk of T2D (RR 1.78, 95% CI 1.56-2.02;
1287 more per 10,000 persons, 95% CI 924-1683 more)
[45e¢] and RR 1.70 (95% CI 1.32-2.19) [47ee] when com-
pared to non-COVID-19 patients. In a retrospective study
of incident T2D in the Montefiore Health System in New
York, there was an increased risk of new diagnosis during
hospitalization (adjusted OR 3.96, 95% CI 3.2-4.96) and at
3-month follow-up (adjusted OR 1.24, 95% CI 1.07-1.45)
in patients with SARS-CoV-2 infection compared to those
with influenza. Interestingly though, of the patients with
T2D diagnosed during hospitalization, persistence of T2D
in patients seen in follow-up was higher in influenza patients
than COVID-19. Also, of patients who were not diagnosed
with T2D during hospitalization, rates of T2D diagno-
sis at 3-month follow-up were not significantly different
between COVID-19 and influenza (adjusted OR 0.90, 95%
CI 0.64-1.28) [43]. These findings may be suggestive that
T2D diagnoses associated with COVID-19 diagnoses may
be transient which is in line with findings from observational
studies showing high rates of regression to normoglycemia
at follow-up [22, 27, 28] and no significant difference in
glycemic control between patients with pre-existing T2D
after COVID-19 [70]. Additionally, in an analysis excluding
patients with mild COVID-19 or influenza who were treated

with steroids, Birabaharan et al. found a weaker relative risk
of incident T2D (RR 1.54, 95% CI 1.46—-1.62 vs. RR 1.22,
95% CI 1.13-1.80) [61].

Conclusion

The overall risk of incident diabetes after SARS-CoV-2
infection was increased compared to those without infec-
tion by approximately 60%. Findings from meta-analyses
were similar across different datasets in the US and Europe
despite differences in criteria for defining incident diabetes,
adjustment for covariates and duration of follow-up, and esti-
mates were robust on sensitivity analyses. Although there
was variability in reporting of subgroups among studies,
overall diabetes risk was similar across different age groups
[47ee, 52], but potentially higher in males compared to
females [45e¢], in patients with more severe disease [44ee]
and in the US compared to Europe [46ee].

The findings of elevated risk of incident diabetes com-
pared to non-COVID-19 respiratory illnesses suggest that
SARS-CoV-2 increases risk beyond the general morbidity
seen with viral illness. Further mechanistic studies are war-
ranted to better understand the pathophysiology of diabetes
associated with SARS-CoV-2 infection. Evidence is mixed
regarding the association of SARS-CoV-2 infection with
T1D. The role of autoimmunity, and validation studies in
other populations, or using biochemical markers may be
helpful in further elucidating the relationship. SARS-CoV-2
infection is associated with an elevated risk of T2D, but
it is unclear of the timing of the incident diabetes and the
persistence of hyperglycemia. Longitudinal studies are nec-
essary to understand the prognosis of patients with incident
COVID-19-associated diabetes with regard to their rates of
remission, glycemic control, and need for glucose-lowering
medications. Future studies should also evaluate the effect
of factors that affect the severity of SARS-CoV-2 infection
such as vaccination and viral variant, as one study suggested
a protective effect for developing incident diabetes with
vaccination [52]. It is also unclear what the role of socio-
economic factors, such as lifestyle changes or healthcare uti-
lization, have in the pathophysiology or detection patterns
of disease. Analyses that incorporate social determinants
of health and health care utilization behaviors are needed.

There are several limitations in the current literature. As
most studies were conducted retrospectively using either
electronic health records, claims or registry databases, ascer-
tainment of diabetes status prior to SARS-CoV-2 infection
and of COVID-19 diagnoses in patients who were either not
tested or who tested at home, are limited. Additionally, as
many studies relied on ICD-10 diagnosis codes, it is possible
that diabetes cases were either missed or that the subtype
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was miscoded. Prospective studies in cohorts where ascer-
tainment of diagnoses are possible would be helpful in vali-
dating these findings.

The current literature reports an increased risk of inci-
dent diabetes after SARS-CoV-2 infection. These findings
may inform clinical practice regarding the need for increased
monitoring for diabetes after acute SARS-CoV-2 infection in
patients of all ages, and for counseling patients in preventive
or therapeutic treatments that may mitigate the severity of
illnesses such as vaccination or paxlovid. Further studies
are needed to determine the mechanisms, mitigating factors
and long-term outcomes of patients who develop incident
diabetes after SARS-CoV-2 infection. Understanding the
relationship of COVID-19 and incident diabetes during this
pandemic may provide insight into strategies for understand-
ing and mitigating the impact of future pandemics.
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