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Abstract
Context:   Data is needed regarding the effect of SARS-CoV-19 infection on young people with established type 1 diabetes. Identifying the 
disease outcomes, short and long-term sequelae may help to establish an evidence-based prevention and education policy for sick days man-
agement and DKA prevention.
Objective:   This work aims to describe clinical manifestations of SARS-CoV-2 infection in children, adolescents, and young adults with estab-
lished type 1 diabetes (T1D) and explore the effects of COVID-19 on glycemic control and disease course.
Methods:  An observational study was conducted at 3 pediatric diabetes clinics in Israel between mid-March 2020 and mid-March 2021. Included 
were young people with established T1D, age younger than 30 years, who tested positive for SARS-CoV-2 (quantitative real-time polymerase 
chain reaction). Data were collected from medical files, diabetes devices, and COVID-19 questionnaire. Outcome measures were analyzed by 
the presence/absence of clinical symptoms (symptomatic/asymptomatic) and by age group (pediatric, < 19 years/young adults, 19-30 years).
Results:  Of 132 patients, mean age 16.9 ± 5.3years, with COVID-19–confirmed infection, 103 (78%) had related symptoms; the most common 
were headaches, fatigue, fever, and loss of sense of smell. All had a mild disease course, but 4 required hospitalization and 2 cases were directly 
related to COVID-19 infection (pleuropneumonia in a patient with immunodeficiency syndrome, 1 case of diabetic ketoacidosis). Logistic re-
gression analysis showed that age (odds ratio [OR] = 1.11; 95% CI, 1.01-1.23; P = .033), elevated glucose levels (OR = 5.23; 95% CI, 1.12-24.41; 
P = .035), and comorbidities (OR = 8.21; 95% CI, 1.00-67.51; P = .050) were positively associated with symptomatic infection. Persistent symp-
toms occurred in 16.5% of the cohort over a median of 6.7 months; age (OR = 1.14; 95% CI, 1.01-1.29; P = .030) and elevated glucose levels 
(OR = 3.42; 95% CI, 1.12-10.40; P = .031) were positively associated with persistent symptoms. Usually, no change was reported in glucose 
levels (64%) except for a temporary deterioration in glycemic control during the short infection period.
Conclusion: Young people with established T1D experience mild COVID-19 infection. Elevated glucose levels during COVID-19 infection and 
older age were associated with prolonged disease course.
Key Words:  asymptomatic infection, COVID-19, SARS-CoV-2 infection, type 1 diabetes, pediatric, DKA
Abbreviations:  CGM, continuous glucose monitoring; DKA, diabetic ketoacidosis; HbA1c, glycated hemoglobin A1c; IQR, interquartile range; OR, odds ratio; 
RT-PCR, real-time polymerase chain reaction; SEP, socioeconomic position; T1D, type 1 diabetes; T2D, type 2 diabetes.

In March 2020, the World Health Organization declared 
COVID-19 a pandemic (1). At the onset, most countries re-
commended considering people with chronic medical condi-
tions, such as diabetes (type 1 [T1D] and type 2 [T2D), to be at 
increased risk from COVID-19. Diabetes was one of the most 
prominent and earliest recognizable risk factors for COVID-
19 severe acute respiratory syndrome, along with older age, 
overweight, and hypertension (2, 3). In many countries, 
asymptomatic community testing for COVID-19 was limited, 

thus the vast majority of clinical data were generated from 
hospitalized or symptomatic cohorts. The data were mainly 
retrieved from hospitalized patients for whom diabetes was 
regarded as a single condition, combining T1D and T2D (4, 
5). Among hospitalized children, reported risk factors were 
age and comorbid conditions, including diabetes (combined 
T1D and T2D) (6). Emerging data showed that T1D and T2D 
are both independently associated with increased risk for 
hospitalization, severe illness, and mortality from COVID-19 
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infection (5, 7, 8). Nevertheless, young people with T1D are 
poorly represented in these studies and information is lacking 
regarding related risks in this population. Little is known 
about community-infected people with T1D, and even less 
about children and young adults as these age groups are less 
affected by COVID-19. More information on risk factors and 
clinical outcomes is needed to understand and mitigate the ef-
fect of COVID-19 among young people with T1D. Prevalence 
of COVID-19 antibodies was found to be comparable in chil-
dren and adults with and without T1D (9), suggesting that 
young people with T1D are not at increased risk for COVID-
19 infection. Nevertheless, concern has been raised whether 
COVID-19 infection among children with established T1D 
leads to increased risk for severe disease.

Because the COVID-19 infection is a relatively new condi-
tion, scarce data exist regarding its effect on diabetes control 
and blood glucose levels during infections. A preliminary re-
port of 33 patients with T1D and a mean age of 20.9 years 
showed that more than 50% reported hyperglycemia and 
nearly one-third experienced diabetic ketoacidosis (DKA) 
(10). A  literature review of 21 articles showed similar find-
ings, as people with preexisting T1D and COVID-19 infection 
often present with hyperglycemia and/or DKA (11).

We aimed to describe the clinical manifestations of SARS-
CoV-2 infection in children, adolescents, and young adults 
with established T1D, and to explore the effects of COVID-
19 infection on glycemic parameters, disease course, and 
outcomes.

Materials and Methods
This observational study included young people with con-
firmed T1D diagnosis, up to age 30  years, who presented 
at 3 academic diabetes clinics in Israel for routine diabetes 
care and were confirmed for SARS-CoV-2 infection between 
mid-March 2020 and mid-March 2021. The cohort included 
unvaccinated individuals because vaccination in Israel for 
people aged 16 to 18  years started in February 2021. The 
participating centers were Schneider Children’s Medical 
Center of Israel (Petah Tikva), the largest pediatric diabetes 
center in Israel, following more than 1900 people with T1D, 
Dana-Dwek Children’s Hospital in Sourasky Medical Center 
(Tel Aviv) following approximately 350 people with T1D, and 
Shamir (Assaf Harofeh) Medical Center (Zerifin) following 
280 people with T1D. Institutional review board approval 
was granted by each individual institution as appropriate, 
with Schneider Children’s Medical Center as the primary 
site (institutional review board of Rabin Medical Center, 
No.  0940-20-MRC). The data were handled in accordance 
with the principles of good clinical practice.

All study participants tested positive for COVID-19 
through a molecular test by real-time polymerase chain reac-
tion (RT-PCR) from samples collected from nasopharyngeal 
and throat swabs. SARS-CoV-2 testing was performed in ac-
cordance with Israel’s policy for symptomatic cases and/or 
in cases of contact with a person with confirmed COVID-19 
infection.

People with type 1 diabetes were classified as symptomatic 
COVID-19–infection if they exhibited any of the common 
symptom profiles as identified by the US Centers for Disease 
Control and Prevention, including fever, cough, shortness of 
breath, myalgia, runny nose, sore throat, headache, nausea or 
vomiting, abdominal pain, diarrhea, or any combination of 

these symptoms. The symptomatic group was stratified by age 
into the pediatric group (< 19 years) and young adult group 
(≥ 19 years). Persistent or long COVID was defined according 
to the UK National Institute for Health and Care Excellence 
when symptoms persisted for more than 4 weeks after onset 
of acute symptoms (12).

The data for the study outcomes evaluation were retrieved 
from multiple sources. Information regarding demographics 
and characteristics of the study cohort was retrieved from the 
participants’ medical records. Symptoms of COVID-19 in-
fection were documented by physicians during routine clinic 
visits or by phone using a structured questionnaire, as well 
as self-reported glucose level changes (individuals were asked 
if and how their glucose levels changed during COVID-19 
infection). Data regarding glucose levels were collected from 
data uploads of various diabetes treatments related devices 
(sensors, glucometers, and insulin pumps). Continuous glu-
cose monitoring (CGM) data were retrieved for three 2-week 
periods: before COVID-19 (2 weeks preceding start date of 
symptoms, or in asymptomatic cases on the confirmed posi-
tive test date); during COVID-19 infection (start of symptoms 
until resolution or in asymptomatic cases 2 weeks after date of 
confirmed test); and after COVID-19 recovery (2 weeks after 
symptoms resolution or in asymptomatic cases during weeks 
3 and 4 after date of confirmed test). CGM metrics were com-
pared for the 3 time periods. The information retrieved from 
the ambulatory glucose profile report included: mean glucose 
levels (mg/dL), glucose SD (mg/dL), coefficient of variance 
(CV%), percentage time CGM active, time-in-target range 
(70-180 mg/dL; 3.9-10 mmol/L), time in alert hypoglycemia 
(< 70  mg/dL; < 3.9  mmol/L), time in clinically significant 
hypoglycemia (< 54  mg/dL; < 3  mmol/L), time in hypergly-
cemia (> 180 mg/dL; > 10 mmol/L), and time in clinically sig-
nificant hyperglycemia (> 250 mg/dL; > 13.3 mmol/L). These 
definitions are in accordance with the international consensus 
on CGM interpretation (13). CGM data were available for 
only part of the cohort because of a lack of available up-
loaded data at the data recording phase, or if technically not 
available (eg, not saved in the data management system).

The 3 largest populations in Israel are the general Jewish 
(67%), Ultra-Orthodox Jewish (12%), and Arab (21%, 
mainly Muslim including Bedouin, and Christian) groups (14). 
Socioeconomic position (SEP) by home address (SEP cluster 
and SEP index) was analyzed based on the Israel Central 
Bureau of Statistics’ Characterization and Classification of 
Statistical Areas within Municipalities and Local Councils by 
the Socio-Economic Level of the Population (15). Residential 
SEP cluster, based on locality of residence, was coded on a 1 
to 10 scale and grouped into low (1-4), medium (5-7), and 
high (8-10) categories. The SEP index is an adjusted cal-
culation of 14 variables that measure social and economic 
levels in the domains of demographics, education, standard 
of living, and employment—ranging from the lowest (–2.797) 
to the highest (+2.590).

Statistical Analysis
All data were analyzed using the Statistical Package for 
the Social Sciences (SPSS) software, version 27 (SPSS Inc). 
Characteristics of the study cohort were described and 
stratified by occurrence or absence of COVID-19–related 
symptoms. In addition, the symptomatic cohort was described 
and stratified by age, the pediatric group including individuals 
aged up to 19 years and the young adult including individuals 
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aged 19 to 30 years. Data are expressed as mean ± SD for nor-
mally distributed variables, and median (interquartile range, 
IQR) for skewed variables. Variables were compared between 
groups using independent t tests (for normally distributed 
variables), the Mann-Whitney test (for skewed variables), and 
Pearson χ 2 test or Fisher exact test (for categorical variables). 
Multiple logistic regression analysis (forward) was performed 
to explore variables associated with elevation in glucose levels 
during COVID-19 infection, symptomatic COVID-19 infec-
tion, and persistent symptoms. In the logistic regression ana-
lysis, age was analyzed in years as a continuous variable. A P 
value of less than .05 was considered statistically significant.

Results
We identified 132 individuals with established T1D who tested 
positive for SARS-CoV-2 by RT-PCR method, of whom 88 
(66%) were in the pediatric group and 45 (34%) in the young 
adult group. In 60% of cases, the cause for swab testing was 
contact with a COVID-19–positive person. The average age 
was 16.9 years (range, 0.6-30 years); 53% were female, and 
the median glycated hemoglobin A1c (HbA1c) was 7.7% mmol/
mol (60.6  mmol/mol), ranging from 5.7% to 14% (38.8-
129.5 mmol/mol). Average duration of total cohort follow-up 
was 4.6 ± 2.9 months (range, 0.1-11.7 months). Overall SEP 
by locality of residence was below average, median SEP cluster 
was 4 (IQR, 2-7), mean SEP index was –0.316 ± 1.091, and 
53% belonged to the lowest SEP category.

Characteristics of the study cohort stratified by presence/
absence of symptoms are presented in Table 1. Among the 
study cohort, 78% reported at least one symptom of COVID-
19 and 22% were asymptomatic. The symptomatic group 
as compared to the asymptomatic group was characterized 
by older age (17.4 vs 14.9 years; P = .027), belonging to the 
general Jewish population (P = .046), and higher presence of 
comorbidities (29.1% vs 6.9%; P = .014). The most common 
comorbidities were celiac and thyroid autoimmune disease in 
18 of 32 (56%) cases; other comorbidities were neurologic 
disease (16%), hyperlipidemia (9%), asthma and allergy (6%), 
anxiety and eating disorders (6%), biliary atresia (3%), and 
immune deficiency (3%). There was no significant difference in 
SEP cluster between symptomatic and asymptomatic groups.

Clinical Presentation of COVID-19 Infection
The median duration of symptoms among the group 
with symptomatic COVID-19 infection was 5  days (IQR, 
2-10  days), with a significantly shorter disease duration 
among the pediatric group as compared to the young adult 
group (median 4 [IQR, 2-7] vs 7 [IQR 2.5-14.5] days, re-
spectively; P = .011). The 4 most commonly reported symp-
toms were headaches, fatigue, fever, and loss of sense of smell 
(Table 2). In cases with reported fever, the median temperature 
was 38.5 °C (range, 37.9-39.7 °C). Respiratory symptoms oc-
curred in 24.3% of the symptomatic cohort population, of 
whom 88% experienced shortness of breath, and only one 
needed supplemental oxygen. Of note, none of the cohort lost 
the ability to speak or move. Muscle pain, loss of sense of 
taste, loss of sense of smell, and prolonged symptoms were 
significantly more common among the young adult group as 
compared to the pediatric group (see Table 2).

Prolonged symptoms from SARS-CoV-2 infection (last 
follow-up visit) were observed among 16.5% of the symptom-
atic cohort population over a median duration of 6.7 months 

(IQR, 2.5-7.5  months). The most common symptoms were 
loss of sense of smell and taste, headaches, fatigue, cough, and 
shortness of breath (see Table 2); other symptoms were palpi-
tations, muscle pain, hair loss, anxiety, and dizziness.

Stepwise logistic regression analysis showed that age (each 
additional year in age increases by 1.1 times the likelihood of 
having symptomatic infection, odds ratio [OR] = 1.11; 95% 
CI, 1.01-1.23; P = .033), reported elevated glucose levels (in-
dividuals with elevated glucose levels during infection had 
5.23 times the odds of symptomatic infection, OR = 5.23; 
95% CI, 1.12-24.41; P = .035), and comorbidities (existence 
of comorbidities raises the odds of having symptomatic infec-
tion by 8.21 times, OR = 8.21; 95% CI, 1.00-67.51; P = .050) 
were positively associated with symptomatic COVID-19 in-
fection; no associations were found for population group, 
SEP index, or obesity. Stepwise logistic regression analysis 
showed that age (each additional year in age increases by 1.4 
times the likelihood to have persistent COVID-19 symptoms, 
OR = 1.14; 95% CI, 1.01-1.29; P = .030) and reported ele-
vated glucose levels (individuals with elevated glucose levels 
during infection had 3.42 times the odds of COVID-19 symp-
toms, OR = 3.42; 95% CI, 1.12-10.40; P = .031) were posi-
tively associated with persistent COVID-19 symptoms; no 
associations were found for population group, SEP index, 
obesity, or comorbidities.

Hospitalization Due to COVID-19
In the reported cohort, 4 (3%) young people with established 
T1D were hospitalized for 2 to 5 days (Table 3). All had a 
history of poor diabetes control, did not require respiratory 
support, and were discharged without complications. Case 1, 
a 17-year-old boy with X-linked agammaglobulinemia, was 
admitted because of pleuropneumonia with pleural effusion. 
He was treated with COVID-19 antibodies (from plasma of 
recovering people), steroids, and antibiotics with no need for 
supplemental oxygen therapy or other respiratory support. 
He was discharged after 5 days’ hospitalization without any 
sequelae. The other 3 individuals had mild COVID-19 infec-
tion: Two were hospitalized for observation and one because 
of DKA (tested positive for COVID-19 at admission).

Glycemic Control and COVID-19 Infection
Most (64%) people reported no change in glucose levels 
during COVID-19 infection. Approximately one-third re-
ported elevated blood glucose; around 5% reported experi-
encing low blood glucose; and 2% a combination of low and 
elevated blood glucose. People with symptomatic COVID-19 
infection more frequently reported changes in glucose levels 
as compared to those who were asymptomatic (41.7% and 
9.1%, respectively; P = .039), with no differences between 
age groups.

During the COVID-19 infection 76 of 132 (57.6%) of the 
cohort population used CGM. Data for the 3 periods as-
sessed (before, during, and after the COVID-19 infection) 
were available for 36 (47.4%) of the CGM users (Fig. 1). 
Mean age of the reported CGM users was 15.6 ± 5.7 years, 
14 (38.9%) were male, and 31 (86.1%) were symptomatic, 
of whom 11 (30.6%) had a fever. Average sensor glucose 
levels during COVID-19 infection were significantly higher 
than post infection (169.4 ± 30.6  mg/dL vs 161.6 ± 27.6 
md/dL, respectively; P = .01). The percentage of time spent 
above range (> 180  mg/dL) significantly increased (from 
32.2 ± 16.3% to 36.1 ± 17.2%; P = .038) and the percentage 
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Table 1.  Clinical characteristics of symptomatic and asymptomatic young people with established type 1 diabetes and COVID-19

 Overall  
n = 132 

Symptomatic COVID-19  
n = 103 (78%) 

Asymptomatic  
COVID-19  
n = 29 (22%) 

P 

Age, y 16.9 ± 5.3 17.4 ± 5.0 14.9 ± 5.9 .027

Age categories, n (%)

Pediatric group < 19 y 87 (65.9) 65 (63.1) 22 (75.9) .201

Young adult group ≥ 19 y 45 (34.1) 38 (36.9) 7 (24.1)  

Female sex, n (%) 71 (53.8) 59 (57.3) 12 (41.4) .129

Duration of diabetes, y 7.8 ± 5.3 8.1 ± 5.4 6.5 ± 4.9 .700

Population groups, n (%)

  General Jewish 72 (54.5) 62 (60.2) 10 (34.5) .046

  Ultra-Orthodox Jewish 47 (35.6) 31 (30.1) 16 (55.2)  

  Arab Muslim/Christian 10 (7.6) 8 (7.8) 2 (6.9)  

  Others 3 (2.3) 2 (1.9) 1 (3.4)  

Socioeconomic position categories, n (%)

  Low, 1-4 70 (53.0) 50 (48.5) 20 (69.0) .149

  Medium, 5-7 47 (35.6) 40 (38.8) 7 (24.1)  

  High, 8-10 15 (11.4) 13 (12.6) 2 (6.9)  

Socioeconomic position, index –0.316 ± 1.091 –0.207 ± 1.078 –0.668 ± 1.078 .040

People aged < 19 y  
Body mass index, z scores

n = 86  
0.44 ± 1.68

n = 64  
0.57 ± 1.45

n = 21  
0.14 ± 2.27

.422

People aged ≥ 19 y  
Body mass index

n = 45  
24.5 ± 4.08

n = 38  
24.4 ± 4.05

n = 7  
25.3 ± 4.48

.595

Obesity, body mass index z score ≥ 2 SDS 14 (10.6) 11 (10.7) 3 (10.3) .992

Mode of insulin delivery, n (%)

  Insulin pump 86 (65.2) 67 (65) 19 (65.5) .829

  Multiple daily injections 43 (32.6) 33 (32) 10 (34.5)  

  Basal insulin and insulin pump 2 (1.5) 2 (1.9) 0  

  Automated insulin delivery 1 (0.8) 1 (1) 0  

Continuous glucose monitoring use, n (%) 97 (73.5) 72 (69.9) 25 (86.2) .182

Episodes of DKA, per 1000 person-y 7.8 8.7 5.5 .999

HbA1c nearest infection  
  %  
  mmol/mol

7.7 (7.1-8.8)  
60.6 (54.1-72.7)

7.7 (7.1-8.8)  
60.6 (54.1-72.7)

7.5 (7.0-9.2)  
58.5 (53-77)

.893

HbA1c categories, % n = 115 n = 91 n = 24 .976

< 7 24 (20.9) 18 (19.8) 6 (25)  

  7-7.9 49 (42.6) 39 (42.9) 10 (41.7)  

  8-8.9 31 (27) 25 (27.5) 6 (25)  

  9-9.9 10 (8.7) 8 (8.8) 2 (8.3)  

≥ 10 1 (0.9) 1 (1.1) 0  

Comorbidities 32 (24.2) 30 (29.1) 2 (6.9) .014

Reason for qRT-PCR swab test

  Contact with COVID-19–positive person 80 (60.6) 52 (50.5) 28 (96.6) < .001

  Symptoms 25 (18.9) 25 (24.3) 0

  Contact and symptoms 25 (18.9) 25 (24.3) 0

  Screening 2 (1.5) 1 (1) 1 (3.4)

Self-reported glucose level changes n = 125 n = 103 n = 22 .039

  No change 80 (64) 60 (58.3) 20 (90.9)

  Elevated 36 (28.8) 34 (33) 2 (9.1)

  Low 6 (4.8) 6 (5.8) 0

  Elevated and low 3 (2.4) 3 (2.9) 0

Data are presented as mean ± SD, median (interquartile range), and number (percentage). Bold values denote statistical significance at the P less than .05 
level.
Abbreviations: DKA, diabetic ketoacidosis; HbA1c, glycated hemoglobin A1c; qRT-PCR, quantitative real-time polymerase chain reaction.
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Table 2.  COVID-19 symptoms among young people with established type 1 diabetes

 Overall  
n = 103 

Pediatric group  
Age < 19 y  
n = 65 

Young adult  
Age ≥ 19 y  
n = 38 

P 

Duration of symptoms—median (IQR), d 5 (2-10) 4 (2-7) 7 (2.5-14.5) .011

Headaches—n (%) 75 (72.8) 49 (75.4) 26 (68.4) .443

Fatigue—n (%) 60 (58.3) 36 (55.4) 24 (63.2) .440

Fever—n (%) 44 (42.7) 26 (40) 18 (47.4) .466

Temperature—median (IQR), °C 38.5 (38-39) 38.5 (38-39) 38.5 (38-38.9) .999

Myalgia—n (%) 33 (32) 15 (23.1) 18 (47.4) .011

Sore throat—n (%) 32 (31.1) 18 (27.7) 14 (36.8) .333

Cough—n (%) 16 (18.6) 9 (13.8) 7 (18.4) .624

Rhinorrhea—n (%) 13 (15.1) 9 (13.8) 4 (10.5) .541

Abdominal pain—n (%) 11 (10.7) 8 (12.3) 3 (7.9) .484

Diarrhea—n (%) 6 (5.8) 2 (3.1) 4 (10.5) .190

Vomiting—n (%) 3 (2.9) 2 (3.1) 1 (2.6) .897

Skin rash—n (%) 2 (1.9) 2 (3.1) 0 .530

Respiratory distress—n (%) 25 (24.3) 15 (23.1) 10 (26.3) .711

  Shortness of breath 24 (21.4) 14 (21.2) 10 (26.3) .609

  Required supplemental oxygen 1 (1) 1 (2.6) 0 .999

Chest pain/pressure—n (%) 4 (3.9) 1 (1.5) 3 (7.9) .294

Loss of smell—n (%) 44 (42.7) 22 (33.8) 22 (57.9) .017

Loss of taste—n (%) 38 (36.9) 19 (29.2) 19 (50) .035

Hospitalization—n (%) 4 (3.9) 2 (3.1) 2 (5.3) .625

Self-reported glucose levels     

  No change 60 (58.3) 36 (55) 24 (63.2) .701

  Elevated 34 (33) 22 (33.8) 12 (31.6)  

  Low 6 (5.8) 4 (6.2) 2 (5.3)  

  Elevated and low 3 (2.9) 3 (4.6) 0  

Persistent COVID-19 symptoms—n (%) 17 (16.5) 6 (9.2) 11 (28.9) .009

  Time elapsed from SARS-CoV-2 6.1 ± 3 5.6 ± 4.2 6.4 ± 2.6 .866

  infection and last follow-up, mo     

Most common:

  Loss of smell 7 (41.2) 2 (33.3) 5 (45.5)  

  Fatigue 3 (17.6) 1 (16.7) 2 (18.2)  

  Headaches 2 (11.8) 0 2 (18.2)  

  Loss of sense of test 2 (11.8) 0 2 (18.2)  

  Cough 2 (11.8) 1 (16.7) 1 (9.1)  

  Shortness of breath 2 (11.8) 2 (33.3) 0  

Data are presented as number (percentage), median (interquartile range; IQR), and mean ± SD. Bold values denote statistical significance at the P less than 
.05 level.

Table 3.  Characteristics of people with type 1 diabetes hospitalized due to COVID-19 infection

No. Age, y Sex HbA1c, % Comorbidity Reason for hospitalization Treatment Duration, d 

1 17 M 10.1 X-linked 
agammaglobulinemia

Pleuropneumonia with pleural 
effusion

COVID-19 Ab, steroids, 
antibiotics

5

2 24 M 8.9 None Rule out a cardiac event due  
to chest pain

Observation 2

3 14 F 10.6 None Dyspnea and anxiety Observation 3

4 22.5 F 9.6 None Diabetic ketoacidosis Fluids and insulin per  
DKA protocol

3

Abbreviations: Ab, antibodies; DKA, , diabetic ketoacidosis; F, female; HbA1c, glycated hemoglobin A1c; M, male.
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of time spent below the range of 70 and 54 mg/dL signifi-
cantly decreased (from 3.0% [1.75%-7.2%] to 1.35% 
[1%-4%]; P = .003 and from 0.6% [0%-2.0%] to 0% [0%-
0.48%]; P = .019, respectively) during COVID-19 infection 
as compared to the period before. No significant change was 
found for percent time spent in range (70-180 mg/dL) (from 
61.0% ± 17.9 to 58.8% ± 18.3; P = .213) and percent time 
spent in clinically significant hyperglycemia (> 250  mg/dL) 
(from 9.0% [5.0-14.5] to 10.0% [3.0-19.6]; P = .673). After 
the COVID-19 infection, sensor glucose levels returned to the 
pre–COVID-19 infection levels (see Fig. 1). The percentage of 
time spent above range (> 180 mg/dL) significantly decreased 
(from 36.1% ± 17.2% to 33% ± 17.2%, P = .004) and the 
percentage of time spent below range (< 70  mg/dL) signifi-
cantly increased (from 1.35% [1%-4%] to 4% [1.9%-5.9%]; 
P = .012) after COVID-19 infection.

In the logistic regression analysis, no variable (age, race/
ethnicity, body mass index–SD score, diabetes duration, in-
sulin delivery, CGM use, HbA1c, and comorbidities) predicted 
elevation in glucose levels during COVID-19 infection.

No significant changes were found in measured HbA1c pre 
infection, post infection, and at last follow-up visit for the 
entire cohort (median and IQR, 7.7% [7.1%-8.8%], 7.7% 
[7.1%-8.0%], and 7.8% [7.0%-8.7%], respectively); no 
changes in HbA1c were found between the symptomatic and 
asymptomatic groups.

Discussion
In this observational study of 132 children, adolescents, and 
young adults with established T1D, who had COVID-19 in-
fection, we found approximately one-quarter were asymp-
tomatic and the remainder presented with a mild, short 
duration of symptomatic illness. Only 4 (3%) individuals re-
quired hospitalization, of whom 2 were directly related to the 
COVID-19 infection (1 case of pleuropneumonia in a patient 
with immunodeficiency syndrome and 1 case of DKA). The 
2 other cases were hospitalized for observation, probably re-
lated to worry about health and fear COVID-19 infection. 

This reflects the need for recognition and mental health sup-
port for youth diagnosed with COVID-19. Noteworthy, all 
hospitalized patients had poor glycemic control.

Our findings support the preliminary data (10) and a re-
cently published study by Cardona-Hernandez et  al (16), 
which showed that young people with T1D are not at increased 
risk of COVID-19 infection or for hospitalization. In contrast, 
Kompaniyets et al (17) reported that children with T1D had 
a higher risk of hospitalization and more severe illness when 
hospitalized. Nevertheless, their conclusions should be inter-
preted with caution because their cross-sectional study design 
could not establish causality. Their higher demonstrated risk 
for hospitalization might be related to the fact that more chil-
dren with new-onset diabetes presented with DKA during a 
COVID-19 outbreak (18-20), therefore increasing the preva-
lence of hospitalization. It is important to emphasize in this 
context that our study included only individuals with estab-
lished T1D. Furthermore, a study by Alonso and colleagues 
(21) showed that the primary cause for hospitalization of 
pediatric patients with established T1D and COVID-19 infec-
tion was DKA with poor glycemic control. These data from 
the US T1D Exchange registry showed that 61 of 266 people 
younger than 19 years with established T1D and COVID-19 
infection were hospitalized. DKA was the most common ad-
verse event in 72% of hospitalized cases. Another cohort from 
the United States including 1849 hospitalized people with 
T1D (mostly adults), found that the higher risk of intensive 
care unit admission was largely accounted for by the presence 
of DKA. After adjustment for DKA, people with T1D were 
not at increased risk for intensive care unit admission and 
had lower mortality rates compared to people with T2D (22).

Our data show that young people with T1D and COVID-
19 infection exhibit a similar disease pattern as the general 
pediatric population. Studies report a range of 16% to 35% 
asymptomatic cases among the pediatric age group (23), 
similar to the 26% rate found in our study. The most common 
symptoms reported by our cohort were headache (73%), fa-
tigue (58%), and fever (43%). These frequently observed 
symptoms are similar to those experienced by the general 

Figure 1.   Continuous glucose monitoring time in ranges (%) 2 weeks before, during, and after COVID-19 infection (n = 36). Below each column, data 
for the percentage time in range are presented as mean (SD) or median (interquartile range) as appropriate.
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pediatric population (24, 25). In most general children popu-
lations affected by COVID-19 the disease course is mild, short 
term, and rarely requires hospitalization (26). Similar to our 
findings, in most cases illness duration lasted 4 to 6  days 
and longer duration was associated with older children (25, 
27). COVID-19 disease severity was found to be age related, 
with increased severity at extremely young age (< 3 months) 
or above 20  years, with comorbidities such as asthma and 
gastrointestinal conditions (6), and in adulthood above age 
40 in an age-dependent manner (28). In a study of adults with 
T1D, only 0.2% of people were hospitalized with COVID-19 
infection, similar to the rate of hospitalization in the general 
population (29). Those who were hospitalized were older 
than those who were not. Interestingly no differences were 
found in terms of glycemic control and comorbidity profile.

Although the entire cohort had mild COVID-19 infection, 
there was an age-related difference. We found that young 
adults with T1D and those with comorbidities were more 
likely to present with symptomatic COVID-19 infection. 
Symptomatic infection was not related to sex, level of dia-
betes control, duration of diabetes, treatment type, or body 
weight. In addition, older age was also a determinant for a 
longer duration of symptoms and young adults were more 
prone to long-term COVID-19 symptoms. A  study that re-
ported on 1-month follow-up reported that children had 
significantly shorter disease duration as compared to adults 
(30). Thus, young people with established T1D as compared 
to adults are not at increased risk for COVID-19 disease or 
hospitalization. At least part of these age-related differences 
stem from the increased rate of comorbidities in adults as 
compared to children, and a greater tendency to develop in-
fections with age (31, 32).

Most patients did not experience a change in glucose levels 
during COVID-19 infection. Glucose levels were not affected 
in almost all cases of asymptomatic COVID-19 infection and 
most symptomatic cases. In approximately one-quarter of the 
cohort population that had available CGM data, a temporary 
deterioration in glycemic control was observed during the 
short infection period. Increased time in hyperglycemia and 
a trend of reduced time-in-target range were more frequently 
observed but some individuals also had more hypoglycemia 
events. This temporary short-term deterioration in glycemic 
control was more frequent among individuals with symp-
tomatic COVID-19 infection. Blood glucose levels were re-
stored in a fairly short time to previous levels, coinciding with 
the end of the viral infection. A similar observation was re-
ported among 32 adults with T1D during the infection period 
(33). Thus, COVID-19 infection among young people with 
T1D probably resembles the effects of other viral infections 
during sick days (34). Our data add to the cumulative evi-
dence that COVID-19 infection in youth with T1D does not 
increase the risk of developing DKA more than other infec-
tious diseases. The occurrence of DKA is probably avoidable 
if sick day management guidelines are followed (35), empha-
sizing the need for reeducation and review of the guidelines 
for sick day management among youth during clinical visits, 
telemedicine, and through media. People with T1D and poor 
glycemic control are more prone to develop DKA during 
infection (36, 37) and therefore a higher rate of infection-
related complications and hospitalization. Factors associated 
with worsening of blood glucose during COVID-19 infection 
were not found. A plausible explanation for the observed ele-
vated glucose levels could be the stress response associated 

with the COVID-19 viral infection. In some other cases, lower 
glucose levels were observed, perhaps related to reduced ap-
petite and gastrointestinal symptoms similarly to other infec-
tious diseases. No changes were observed during follow-up 
between preinfection HbA

1c and last follow-up, implying that 
COVID-19 infection has no long-term sequelae on glucose 
metabolism.

As the world is still struggling with the pandemic, it is 
most important to identify the populations at risk that need 
to be targeted for early treatment and prevention strategies. 
Our study demonstrates that young people with established 
T1D are not at increased risk for severe COVID-19 disease or 
hospitalization; their main cause for hospitalization is DKA. 
Risk factors for hospitalization due to COVID-19 infection 
are similar to risk factors for DKA. Indeed, a higher rate of 
hospitalization was reported for those with poor glycemic 
control (21) and minorities such as non-Hispanic Black indi-
viduals (38), as these populations are more prone to develop 
any virus-induced DKA. Thus, education should focus on 
sick day management and DKA prevention during infectious 
disease, besides emphasizing the importance of achieving and 
maintaining good glycemic control. The data also suggest 
that those with comorbidities are more prone to developing 
symptomatic COVID-19 infection. This should be further 
investigated. Nevertheless, it is important to emphasize that 
morbidity and mortality from COVID-19 in children and 
young adults do exist even without comorbidities (39).

Our study has several limitations. First, the study design 
did not enable us to determine the prevalence of COVID-
19 infection among young people with T1D followed at our 
academic centers. Although efforts were made to collect and 
document all cases of COVID-19 infection, some might have 
been missed. Second, the observational design of the study 
does not enable us to conclude on the relationship between 
COVID-19 exposure and outcome. Third, self-reported infor-
mation on clinical symptoms could potentially introduce bias. 
Fourth, CGM data during COVID-19 infection was available 
for only a subset of participants. Fifth, the small number of 
hospitalized young people with T1D limits the ability of this 
study to assess who is at risk for hospitalization.

The presented study has several strengths. This is a rela-
tively large and comprehensive population of young people 
with established T1D and confirmed COVID-19 infection fol-
lowed at 3 ambulatory diabetes clinics. The study included 
only people with T1D. In addition, longitudinal data were 
gathered during routine visits. Longitudinal follow-up en-
ables evaluation of the course and prolonged symptoms of 
COVID-19 infection among this population. Another strength 
is the ability to report on asymptomatic cases. This is thanks 
to easy access to COVID-19 testing shortly after the onset 
of the pandemic. In our cohort, 80 participants were tested 
because of contact with a person with COVID-19, of whom 
35% were eventually found to be asymptomatic. Our finding 
of asymptomatic rate of infection is similar to the published 
meta-analysis estimation of 28% to 31% asymptomatic in-
fection risk (40).

In summary, our findings suggest that young people with 
T1D, in most cases, experience a mild COVID-19 infection 
similar to the general pediatric population. Young adults with 
T1D are more prone to symptomatic disease and persistent 
symptoms. Long-term sequelae of COVID-19 in the pediatric 
age group have been recognized but further studies should 
describe the outcomes in future years. Therefore, precaution 



8 The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. XX, No. XX

measures and vaccination should be encouraged for all youth, 
including those with T1D.
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