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ARTICLE HIGHLIGHTS

• Pediatric endocrinologists noted an increase in the incidence and severity of presentation of youth-onset type 2
diabetes during the first year of the coronavirus disease 2019 pandemic.

• We aimed to determine how the incidence and presentation evolved in pandemic year 2.
• We found a nearly threefold increase in incidence, which continued to rise through 2021, aligned with increasing

BMI percentile at presentation. In pandemic year 1, patients were younger and more likely to have severe
presentation.

• Awareness of the escalating incidence of youth-onset type 2 diabetes is essential to avoid delays in diagnosis
and inform educational programs.
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OBJECTIVE

To describe the evolving impact of the coronavirus disease 2019 pandemic on the
incidence and presentation of new-onset pediatric type 2 diabetes.

RESEARCH DESIGN AND METHODS

Retrospective medical record review of youth with new-onset type 2 diabetes
comparing the prepandemic period (1 January 2017–29 February 2020) with the
first (1 March 2020–31 December 2020) and second pandemic year (1 January
2021–31 December 2021).

RESULTS

The annualized incidence of type 2 diabetes increased nearly threefold during
the pandemic versus prior, with a 61% increase in the 2nd versus 1st year. BMI in-
creased during the pandemic versus prior (129% of 95th percentile vs. 141%, P =
0.02). In the 1st year, patients were younger (12.9 years vs. 14.8, P < 0.001), with
higher incidence of diabetic ketoacidosis and/or hyperglycemic hyperosmolar
syndrome (20% vs. 3.5%, P = 0.02) versus prior.

CONCLUSIONS

Providers should be aware of the escalating incidence of youth-onset type 2 dia-
betes to avoid delays in diagnosis and inform educational programs to combat
the continued impact of the pandemic on health outcomes.

An increase in the rate and severity of presentation of youth-onset type 2 diabetes dur-
ing the initial phase of the coronavirus disease 2019 (COVID-19) pandemic was
observed (1–10). To better understand the changing incidence and presentation of
youth-onset type 2 diabetes during the continued course of the COVID-19 pandemic,
we analyzed the incidence and presentation during the pandemic period (PP) com-
pared with the prepandemic period (PrP).The PP period was further evaluated by look-
ing at the changes in the 1st year (PP1) versus the 2nd year (PP2) of the pandemic.

RESEARCH DESIGN AND METHODS

We performed a retrospective medical record review of youth with new-onset type 2
diabetes during the PP (1 March 2020–31 December 2021) compared with the PrP
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(1 January 2017–29 February 2020). The
PP was divided into PP1 (1March 2020–31
December 2020) and PP2 (1 January
2021–31 December 2021).

Inclusion criteria were patients#21 years
diagnosed clinically with type 2 diabetes
at Hasbro Children’s Hospital during the
study period. Individuals with positive
diabetes autoantibodies or prior diagno-
sis of diabetes were excluded.

Data extracted included date of pre-
sentation, age, sex, race and ethnicity,
COVID-19 positivity at diagnosis, insur-
ance type, BMI, BMI percentile, blood
pressure (BP), BP percentile, hemoglobin
A1c (HbA1c), AST, ALT, serum creatinine,
diabetic ketoacidosis (DKA), hyperglyce-
mic hyperosmolar syndrome (HHS), or
mixed DKA and HHS at presentation, and
urinemicroalbumin.

DKA and HHS were defined according
to the International Society for Pediatric
and Adolescent Diabetes 2018 guide-
lines (11). Youth with features of both
DKA and HHS were classified as mixed
DKA-HHS. Hypertension was defined ac-
cording to the 2017 American Academy
of Pediatrics clinical practice guidelines
(12), and microalbuminuria as a urine
albumin-to-creatinine ratio (ACR) of
>30 mg/mg and <300 mg/mg (13).

Estimated glomerular filtration rate (eGFR)
was calculated using the Schwartz short
formula for patients aged #18 years
(14) and the 2021 Chronic Kidney Dis-
ease Epidemiology Collaboration creat-
inine equation (15) for patients aged
>18 years. Renal injury was defined by
an eGFR <60 mL/min/1.73 m2 (16) or
>130 mL/min/1.73 m2 (17). The Cana-
dian Laboratory Initiative on Pediatric
Reference Intervals (CALIPER) database
was used to interpret ALT and AST val-
ues (18).

Patients with HbA1c $8.5% and/or ke-
tonuria and those with severe presenta-
tion (DKA, HHS, mixed DKA-HHS) were
managed in the inpatient setting during
the PrP. As a result of administrative and
pandemic-related changes, most patients
in the PP were treated as outpatients, ex-
cept for those with ketonuria or severe
presentation.

The primary outcome was the absolute
case number of new-onset type 2 diabe-
tes during the PP versus PrP. The second-
ary outcomes were the percentage of
patients with DKA, HHS, or mixed DKA-
HHS andmetabolic derangements (hyper-
tension, renal injury, microalbuminuria,
elevated liver enzymes) during PP versus
PrP and between PP1 and PP2.

Statistical Analysis
Categorical variables are reported as fre-
quencies and continuous variables with
means and SDs. Bivariable comparisons
between groups were conducted using
the Fisher exact test for categorical varia-
bles and the Student t test or one-way
ANOVA for three or more groups for con-
tinuous variables. Pairwise comparisons
after ANOVA were performed with the
Scheff�e test for multiple comparisons. If
data were not normally distributed, Wil-
coxon rank sumor Kruskal-Wallis for three
or more groups was used with the Holm
adjustment for multiple comparisons.
P values <0.05 were considered statis-
tically significant; all tests were two-
sided.

RESULTS

Eligibility criteria weremet by 144 patients.
Demographics (Table 1), metabolic pa-
rameters, and complications (Table 2)
were compared.

PrP Versus PP
The annualized incidence of new-onset
type 2 diabetes cases showed a nearly
threefold increase from 17.67 in the
PrP to 48 in the PP (Table 1 and Fig. 1).

Table 1—Demographic factors during the study period: PrP vs. PP, PrP vs. PP1/PP2, and PP1 vs. PP2

PrP PP PP1 PP2

1/1/17–2/29/20 3/1/20–12/31/21 3/1/20–12/31/20 P value 1/1/21–12/31/21 P value P value

(n = 56) (n = 88) P value (n = 30) (PrP vs. PP1) (n = 58) (PrP vs. PP2) (PP1 vs. PP2)

Age (years), mean (SD) 14.8 (1.9) 14.1 (2.2) 0.081 12.9 (2.4) 0.0011 14.8 (2.1) 1.001 <0.0011

Age #10 years 0 (–) 7 (7.9) 6 (20.0) 0.0163 1 (1.7) — 0.023

Male sex 26 (46.4) 38 (43.2) 0.70 10 (33.3) 0.242 28 (48.3) 0.842 0.182

Race 0.733 0.283 0.993 0.403

Black 22 (39.3) 27 (30.7) 6 (20.0) 21 (36.2)
White 12 (21.4) 22 (25.0) 9 (30.0) 13 (22.4)
Other 17 (30.4) 32 (36.4) 13 (43.3) 19 (32.8)
Not answered 5 (8.9) 7 (7.9) 2 (6.7) 5 (8.6)

Ethnicity 0.553 0.443 0.943 0.673

Hispanic 23 (41.1) 41 (46.6) 16 (53.3) 25 (43.1)
Non-Hispanic 31 (55.4) 46 (52.3) 14 (46.7) 32 (55.2)
Not answered 2 (3.6) 1 (1.1) 0 (–) 1 (1.7)

Insurance 1.003 1.003 1.003 1.003

Public 39 (69.6) 62 (70.5) 21 (70.0) 41 (70.7)
Private 16 (28.6) 24 (27.3) 8 (26.7) 16 (27.6)
Uninsured 1 (1.8) 2 (2.3) 1 (3.3) 1 (1.7)

Schooling <0.0013 <0.0013 <0.0013 0.043

In-person 55 (98.2) 45 (51.1) 11 (36.7) 34 (58.6)
Full remote 1 (1.8) 40 (45.5) 19 (63.3) 21 (36.2)
Hybrid 0 (–) 3 (3.4) 0 (–) 3 (5.2)

Categorical data are shown as n (%) and continuous data as indicated. 1Wilcoxon rank sum. 2t test. 3Fisher exact test.
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All patients, except for four patients in the
PP, were diagnosed due to diabetes symp-
toms or screening laboratory studies given
risk factors for insulin resistance. Seven
patients were aged#10 years during the
PP versus none during the PrP. Informa-
tion on concurrent COVID-19 infection
was available in 34.1% of patients; one
was positive during PP1. None of those
with a severe presentation had positive
COVID-19 status at presentation. The BMI
percentiles of the patients steadily in-
creased over time (Fig. 2) andwere higher
during the PP compared with the PrP

(141.5 ± 42.8% of the 95th percentile in
the PP vs. 129.3 ± 30.3% in the PrP,P = 0.02).
Mean diastolic BP (DBP) percentile was
higher during the PP compared with the
PrP (83.5 ± 18.1 vs. 69.9 ± 26.1 in PrP, P =
0.001).

PrP Versus PP1 and PP2
The annualized incidence of new onset
type 2 diabetes showed a 103.7% increase
in PP1 and 228.2% increase in PP2
compared with the PrP (Tables 1 and 2).
Compared with the PrP, PP1 was charac-
terized by younger patients (P = 0.001),

more severe presentation at diagnosis
(P = 0.03), higher mean DBP percentile
(P < 0.001), and higher proportion of
patients with diastolic hypertension
(P = 0.04). PP2 had higher mean DBP
percentile versus The PrP (P = 0.03).

PP1 Versus PP2
Annualized incidence of new-onset type 2
diabetes continued to rise in PP2 versus
PP1 (61% increase) (Tables 1 and 2). Com-
pared with PP2, PP1 was characterized by
younger patients (P < 0.001), more se-
vere presentations at diagnosis (P = 0.02),

Table 2—Presentation and complications at diagnosis: PrP vs. PP1/PP2 and PP1 vs. PP2

PrP PP1 P value PP2 P value P value

(n = 56) (n = 30) (PrP vs. PP1) (n = 58) (PrP vs. PP2) (PP1 vs. PP2)

Visit location 0.183 0.0093 0.383

Inpatient 29 (51.8) 11 (36.7) 16 (27.6)
Outpatient 27 (48.2) 19 (63.3) 42 (72.4)

Severe presentation* 2 (3.6) 6 (20.0) 0.033 2 (3.5) 0.973 0.023

BMI (kg/m2), mean (SD) (n = 56)
35.8 (7.6)

(n = 30)
36.9 (9.8)

0.272 (n = 57)
39.3 (10.9)

0.092 0.332

BMI % of 95th percentile, mean (SD) (n = 56)
129.3 (30.3)

(n = 30)
139.4 (47.4)

0.0542 (n = 57)
142.6 (40.5)

0.082 0.382

SBP percentile, mean (SD) (n = 53)
79.6 (21.7)

(n = 30)
86.6 (16.3)

0.132 (n = 52)
84.2 (18.3)

0.192 0.272

DBP percentile, mean (SD) (n = 53)
69.9 (26.1)

(n = 30)
88.9 (13.0)

<0.0012 (n = 52)
80.3 (19.8)

0.032 0.022

HbA1c (%), mean (SD) 9.5 (2.6) 9.1 (2.9) 0.422 8.9 (2.6) 0.322 0.412

AST (IU/L), mean (SD) (n = 53)
38.7 (50.7)

(n = 24)
25.8 (15.2)

0.532 (n = 52)
29.2 (18.9)

0.272 0.402

ALT (IU/L), mean (SD) (n = 53)
58.4 (82.1)

(n = 24)
37.7 (38.8)

0.272 (n = 52)
40.3 (27.0)

0.292 0.192

Microalbumin (mcg/mg), mean (SD) (n = 40)
10.9 (12.8)

(n = 19)
15.9 (21.4)

0.762 (n = 45)
16.7 (34.4)

0.452 0.572

Creatinine (mg/dL), mean (SD) (n = 42)
0.66 (0.16)

(n = 21)
0.79 (0.42)

0.592 (n = 43)
0.68 (0.18)

0.712 0.482

eGFR (mL/min/1.73 m2), mean (SD) (n = 42)
111.6 (21.5)

(n = 21)
97.7 (33.2)

0.192 (n = 42)
108.6 (21.5)

0.242 0.342

HbA1c $8.5% 31 (55.4) 12 (40.0) 0.18 22 (37.9) 0.06 0.85

Systolic hypertension 20 (35.7) 16 (53.3) 0.11 16 (27.6) 0.35 0.02

Diastolic hypertension 11 (19.6) 12 (40) 0.04 14 (24.1) 0.56 0.12

Renal injury (eGFR <60 or >130 mL/min/1.73 m2) (n = 42)
7 (16.7)

(n = 21)
8 (38.1)

0.07 (n = 42)
11 (26.2)

0.29 0.33

Microalbuminuria (n = 40)
4 (10.0)

(n = 19)
3 (15.8)

0.523 (n = 45)
6 (13.3)

0.643 0.793

Elevated ALT for age and sex (n = 53)
30 (56.6)

(n = 24)
12 (50.0)

0.593 (n = 52)
33 (63.5)

0.473 0.273

Elevated AST for age and sex (n = 53)
15 (28.3)

(n = 24)
8 (33.3)

0.663 (n = 52)
14 (26.9)

0.873 0.573

Categorical data are shown as n (%) and continuous data as indicated. SBP, systolic blood pressure. *DKA/HHS/mixed pattern. 1ANOVA with
the Scheff�e adjustment for pairwise comparisons. 2Kruskal-Wallis with Holm adjustment for pairwise comparisons. 3Fisher exact test.
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higher mean DBP percentile (P = 0.02),
and higher proportion of patients with
systolic hypertension (P = 0.02).

CONCLUSIONS

Our results demonstrate an alarming in-
crease in youth-onset type 2 diabetes
during the first 2 years of the COVID-19
pandemic compared with the 3 years
prior, with a parallel increase in BMI per-
centile. The incidence continued to rise

in PP2 compared with PP1.To our knowl-
edge, this is the first study to analyze
the incidence and metabolic parameters
of youth-onset type 2 diabetes into the
2nd year of the pandemic.

The finding of significantly increasing
BMI during the pandemic aligns with the
observation of a multicenter study from
the U.S. on youth-onset type 2 diabetes
(10), while other studies reported no dif-
ferences in BMI percentiles (1,2,4–6).

The rising BMI percentile reported in youth
with new-onset type 2 diabetes is not
surprising and likely reflects pandemic-
related obesogenic factors, including
decreased physical activity, poor sleep
hygiene, increased screen time, and en-
ergy-dense food consumption.

We observed an increased incidence
of severe presentations (DKA/HHS, mixed
DKA-HHS) during PP1 compared with
the PrP, which aligns with prior studies

Figure 1—Monthly type 2 diabetes cases and severe presentation before and during the COVID-19 pandemic. T2DM, type 2 diabetes mellitus.

Figure 2—Rate of changes of type 2 diabetes incidence and of BMI percentile during the study period. T2DM, type 2 diabetes mellitus.
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(2–10). The incidence of severe presen-
tations decreased to PrP values in PP2
despite a continued rise in type 2 dia-
betes incidence. Return to in-person
medical care likely resulted in earlier di-
agnosis and treatment in PP2, prevent-
ing severe presentations.
The mean age of patients at presen-

tation was younger in PP1, with more
children aged #10 years compared with
the PrP and PP2. The etiology of the in-
creased incidence among younger chil-
dren during PP1 compared with the PrP
or PP2 is unclear and has not been pre-
viously reported. Prior studies revealed
similar age at presentation during the
PP and PrP (2,3,5,6). It is possible that
the multifactorial influences on weight
and the severity of the stress impact
during the pandemic period affected
younger children more during PP1.
We observed a higher mean DBP per-

centile in the study population during
PP1 and PP2 compared with the PrP
and higher in PP1 compared with PP2.
The proportion of subjects with diastolic
hypertension was higher in PP1 com-
pared with the PrP. The rise in the mean
DBP percentile is concerning, as mild in-
creases in DBP, even though in the nor-
mal range, may increase the risk for
diabetic kidney disease (19).
We found a persistent female pre-

dominance in our study group prior to
and during the pandemic in contrast to
other studies that reported a change in
sex predilection from female to male
(4,6,7,10) or an increase in the propor-
tion of male patients during the pan-
demic (5). It is unclear why we did not
observe a change as noted in other
studies, but this may be region specific.
COVID-19 status was available in a third

of the study subjects in the current study.
Only one patient showed COVID-19 posi-
tivity and none with severe presentation
had COVID-19 infection at diagnosis;
hence, the rising incidence observed in
our study was not due to concurrent
COVID-19 infection, although no data
were available about prior infection. Sim-
ilar observations were made by other
studies (2,4,6), while another study ob-
served higher COVID-19 positivity among
youth with type 2 diabetes compared
with those with type 1 diabetes (8).
Limitations of our study include the ret-

rospective nature of the data collection at
a single institution and the lack of infor-
mation about current or prior COVID-19

infection or immunization status. As the
only dedicated pediatric hospital in Rhode
Island, our institution serves the entire
state, and our catchment area remained
stable during the study period. Trends
seen in this study likely reflect the changes
in type 2 diabetes in youth in our state
but should not be generalized.

Conclusion
The incidence of youth-onset type 2 dia-
betes rose during the COVID-19 pandemic
compared with the 3 years prior, with a
parallel increase in the BMI percentile.
The incidence continued to rise in the
second pandemic year despite lifting of
quarantine measures, vaccination avail-
ability, and return to in-person learning.
Awareness of the escalating incidence of
youth-onset type 2 diabetes is essential to
avoid delays in diagnosis and to inform
educational programs aimed to combat
the continued impact of the pandemic on
health outcomes. Future scientific investi-
gation is needed to better understand the
relationship between COVID-19 and dia-
betes onset in youth.

Funding. No funding or assistance was re-
ceived for this study.
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. S.S.P. conceptualized
the study, drafted the study protocol, per-
formed data collection and interpretation, per-
formed the literature review, and wrote the
initial draft of the manuscript. P.H. performed
descriptive statistics and critically reviewed and
edited the manuscript. J.B.Q., M.S.G., V.L.K.,
and L.S.T. critically reviewed and edited the
manuscript. M.E.F. helped to conceptualize the
study, critically revised the study protocol, over-
saw data collection, and reviewed and edited
the manuscript. All authors approved the final
manuscript as submitted and agree to be ac-
countable for all aspects of the work. M.E.F. is
the guarantor of the work and, as such, had full
access to all the data in the study and takes re-
sponsibility for the integrity of the data and the
accuracy of the data analysis.
Prior Presentation. Parts of this study were
presented as a poster at the Department of
Pediatrics Celebration of Scholarship at Hasbro
Children’s Hospital, Providence, RI, 24 October
2022. The authors contributed data to the
multicenter report on the incidence and pre-
sentation of type 2 diabetes among youth
during the COVID-19 pandemic (10).

References
1. Schmitt JA, Ashraf AP, Becker DJ, Sen B.
Changes in type 2 diabetes trends in children and
adolescents during the COVID-19 pandemic. J
Clin Endocrinol Metab 2022;107:e2777–e2782

2. Chao LC,Vidmar AP, Georgia S. Spike in diabetic
ketoacidosis rates in pediatric type 2 diabetes
during the COVID-19 pandemic. Diabetes Care
2021;44:1451–1453
3. Loh C,Weihe P, Kuplin N, Placzek K,Weihrauch-
Bl€uher S. Diabetic ketoacidosis in pediatric
patients with type 1- and type 2 diabetes during
the COVID-19 pandemic. Metabolism 2021;122:
154842
4. Marks BE, Khilnani A, Meyers A, et al. Increase
in the diagnosis and severity of presentation of
pediatric type 1 and type 2 diabetes during the
COVID-19 pandemic. Horm Res Paediatr 2021;94:
275–284
5. Modarelli R, Sarah S, RamakerME, Bolobiongo
M, Benjamin R, Gumus Balikcioglu P. Pediatric
diabetes on the rise: trends in incident diabetes
during the COVID-19 pandemic. J Endocr Soc
2022;6:bvac024
6. Neyman A, Nabhan Z, Woerner S, Hannon T.
Pediatric type 2 diabetes presentation during the
COVID-19 pandemic. Clin Pediatr (Phila) 2022;61:
133–136
7. Chambers MA, Mecham C, Arreola EV, Sinha
M. Increase in the number of pediatric new-
onset diabetes and diabetic ketoacidosis cases
during the COVID-19 pandemic. Endocr Pract
2022;28:479–485
8. Nip A, Ahmad T. 183-LB: Incidence and
characteristics of type 1 and type 2 diabetes among
youths in the COVID-19 pandemic. Diabetes 2021;
70(Suppl. 1):183-LB
9. Hsia DS, LimM, Beyl RA, Hasan HA, Gardner J.
153-LB: Initial presentation of childrenwith type 2
diabetes during the COVID-19 pandemic. Diabetes
2021;70(Suppl. 1):153-LB
10. Magge SN,Wolf RM, Pyle L, et al. The COVID-
19 pandemic is associated with a substantial rise
in frequency and severity of presentation of
youth-onset type 2 diabetes. J Pediatr 2022;251:
51–59.e2
11. Wolfsdorf JI, Glaser N, Agus M, et al. ISPAD
Clinical Practice Consensus Guidelines 2018:
diabetic ketoacidosis and the hyperglycemic
hyperosmolar state. Pediatr Diabetes 2018;19
(Suppl. 27):155–177
12. Flynn JT, Kaelber DC, Baker-Smith CM, et al.;
Subcommittee on Screening andManagement of
High Blood Pressure in Children. Clinical Practice
Guideline for Screening andManagement of High
Blood Pressure in Children and Adolescents
[published correction appears in Pediatrics
2018;142:e20181739]. Pediatrics 2017;140:
e20171904
13. American Diabetes Association Professional
Practice Committee; Draznin B, Aroda VR, Bakris
G, et al. 14. Children and adolescents: Standards
of Medical Care in Diabetes—2022. Diabetes
Care 2022;45(Suppl. 1):S208–S231
14. Boettcher C, Utsch B, Galler A, et al.; DPV
initiative. Estimated glomerular filtration rates
calculated by new and old equations in children
and adolescents with type 1 diabetes—what to
do with the results? Front Endocrinol (Lausanne)
2020;11:52
15. Inker LA, Eneanya ND, Coresh J, et al.; Chronic
Kidney Disease Epidemiology Collaboration. New
creatinine- and cystatin C-based equations to
estimate GFR without race. N Engl J Med 2021;
385:1737–1749
16. Alicic RZ, Rooney MT, Tuttle KR. Diabetic
kidney disease: challenges, progress, and

diabetesjournals.org/care Sasidharan Pillai and Associates 957

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/46/5/953/702253/dc221702.pdf by guest on 02 O

ctober 2023

https://diabetesjournals.org/care


possibilities. Clin J Am Soc Nephrol 2017;12:
2032–2045
17. Tonneijck L, Muskiet MH, Smits MM, et al.
Glomerular hyperfiltration in diabetes: mechanisms,
clinical significance, and treatment. J Am Soc
Nephrol 2017;28:1023–1039

18. Adeli K, Higgins V, Trajcevski K, White-Al
Habeeb N. The Canadian laboratory initiative on
pediatric reference intervals: a CALIPER white
paper [published correction appears in Crit Rev
Clin Lab Sci 2020;57:145]. Crit Rev Clin Lab Sci
2017;54:358–413

19. Torchinsky MY, Gomez R, Rao J, Vargas A,
Mercante DE, Chalew SA. Poor glycemic control is
associated with increased diastolic blood
pressure and heart rate in children with Type 1
diabetes. J Diabetes Complications 2004;18:
220–223

958 COVID-19 Pandemic and Type 2 Diabetes in Youth Diabetes Care Volume 46, May 2023

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/46/5/953/702253/dc221702.pdf by guest on 02 O

ctober 2023


