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Abstract: Despite having very different underlying etiologies, an unfortunate similarity between Type 1 diabetes (T1D) and Type 2 
diabetes (T2D) is the ongoing increase in incidence and prevalence in youth in both types of diabetes over the past several decades. 
This mini-review highlights recent studies documenting the increases in T1D and T2D in the US and worldwide. These trends 
underscore the need for healthcare providers and families to have a low index of suspicion for diabetes, as well as the ongoing need for 
improved means of preventing and treating diabetes in youth. 
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Introduction
Despite having very different underlying etiologies, an unfortunate similarity between Type 1 diabetes (T1D) and Type 2 
diabetes (T2D) is the ongoing increase in incidence and prevalence in youth that we have seen in both types of diabetes 
over the past several decades. T1D is an autoimmune disease that occurs in individuals who have inherited a genetic 
predisposition toward T-cell-mediated destruction of beta cells in the pancreas, with still unclear delineation of environ
mental triggers such as viral infections that might initiate this process.1 T2D, by contrast, is centered around insulin 
resistance, frequently with underlying genetic limitations on optimal beta cell functioning.2 For T2D, the ongoing obesity 
epidemic has fueled increases in adults with T2D globally.3 With such different causes, it would not be expected that both 
diseases would increase so steadily in pediatric populations. However, these trends continue to be highlighted by recent 
publications of carefully-compiled data from before and during the COVID-19 epidemic. This mini-review highlights 
these updates and their implications for the medical world at large.

On-Going Pre-Pandemic Rise in Both T1D and T2D
In the US, the SEARCH for Diabetes in Youth study between 2002–2018 assessed the incidence of T1D and T2D among 
children and adolescents aged <20 years.4 Surveillance areas included all or parts of seven states across areas that 
resemble the overall demographics of the US population, and the study was powered to assess differences in incidence 
between T1D and T2D, as well as by sex and race/ethnicity. Over this time period they noted a steady 2.1% increase 
per year in T1D incidence, from 19.5 cases per 100,000 person-years in 2002–2003 to 22.2 cases in 2017–2018—and 
without clear signs of stabilizing (Figure 1). While non-Hispanic Whites remained the racial/ethnic group most 
represented, the rates of increase in T1D were highest in non-White populations.

Over this same time period, incidence of T2D increased more dramatically, from 9.0 cases per 100,000 person-years 
in 2002–2003 to 17.9 in 2017–2018—an increase in incidence of 5.31% per year and again without sign of slowing 
(Figure 1).4 These increases in incidence were particularly dramatic among American Indian and non-Hispanic Black 
children and adolescents, who experienced more than a quadrupling in incidence over this time period, to 48 cases per 
100,000 person years by 2017–2018. Importantly, by 2017–2018, T2D incidence exceeded T1D incidence among these 
US adolescents aged 15–19 years.
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These increases in incidence are not confined to the US. A publication earlier this year from the SWEET registry 
covered data from centers across the globe but with approximately 50% of centers in Europe and 25% in Asia/Middle East.7 

Due to the study design, this group was not able to provide incidence rates but was able to subdivide registry participants 
into T1D vs T2D over time. They documented that, in all regions, there was a steady 9% increase in the proportion of 
registrants with T2D from 2012 to 2021. In 2018/2019, this increased proportion of T2D was notably higher in North 
America and Australia/New Zealand vs Europe, at approximately 9% vs 3% of participants. These data again re-orient us to 
the need to reduce T2D incidence—which likely has more prevention opportunities currently than does T1D.

Finally, a publication from the Global Burden of Diseases study assessed worldwide incidence of diabetes, combining 
Type 1 and Type 2 diabetes.5 Given lower rates of diabetes in developing vs developed areas of the world and the greater 
population of children in developing regions, it is perhaps not surprising that the incidence of diabetes worldwide was 
lower than that found in SEARCH, with an overall incidence of 11.7 cases of T1D and T2D per 100,000 person years in 
2019 (vs 22.2 of T1D and 17.9 of T2D in 2017–2018 according to SEARCH).4 This global analysis did reveal a slow 
increase in pediatric diabetes worldwide between 1990 and 2019 (Figure 1), including in areas with a low socio
demographic index, a measure of local resources. This rise was particularly seen among children aged 5–9 and 10–14 
years, and incidence rates of approximately 14.3 per 100,000 person years were identified—that is, still well below 
overall US incidence. Offering an encouraging ray of hope, the number of deaths attributed to diabetes dropped steadily 
in all age groups from 2000 onwards, as did disability-adjusted life-years, a measure of disease burden.

Changes in T1D and T2D Incidence During the COVID-19 Pandemic
The SARS-Co-V-2 pandemic from 2020–2022 represented a seismic change in lifestyle for many across the globe, where 
shelter-in-place orders disrupted routines of going to school and work as well as a loss of workout facilities and amateur 
sports participation. These changes overall resulted in more sedentary time and time at home near food sources. 
Moreover, infections with SARS-Co-V-2 resulted in inflammatory reactions with potential implications for systemic 
processes, including autoimmunity.8 In addition, the SARS-Co-V-2 virus has effects on beta cells, with potential to 
influence both T1D and T2D risk.9 Finally, individuals concerned with exposure in many cases avoided attending 
medical facilities, contributing to more severe presentations of illness when they did seek medical attention.

As a result of all of these potential intersections between SARS-Co-V-2, there has been ongoing interest into how 
both T1D and T2D incidence may have been affected during the pandemic. Reports during and since the pandemic 
focused on a potential increase in the prevalence of DKA at diabetes diagnosis. This finding was well-documented in 
a Korean report published this year, which assessed data from 2017–2022.10 These investigators reported that DKA at 

Figure 1 Incidence of diabetes in youth over time. Data shown are from (1) the Global Burden of Diseases;5 (2) the SEARCH for Diabetes (US);4 and (3) Kaiser Permanente 
(KP) Southern California.6
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presentation increased by 37% for T1D and 107% for T2D during the pandemic. But it remained unclear if there was also 
an overall increase in incidence of disease.

A recent article evaluated this among members of the Kaiser Permanente Southern California health system in the 
US, assessing data on approximately 4.8 million individuals.6 These investigators reported that incidence of T1D 
increased from 19.6 cases per 100,000 person years in 2016 to 24.3 cases per 100,000 person years in 2021. T2D 
increased much more dramatically, from 15.7 cases per 100,000 person years in 2016 to 29.4 cases per 100,000 person 
years in 2021 (Figure 1). The rise in T2D was dramatic among adolescents aged 10–19 years in that, on a quarterly basis, 
it jumped from 14 cases per 100,000 person years in the second quarter of 2020 (which was below its prior baseline, 
possibly from a decrease in in-person care) to over 60 cases per 100,000 person years by the fourth quarter of 2020, 
where it remained for a year before falling again in the last quarter of 2021. The rise in T1D by quarter was not as 
dramatic—and given its more modest rise, there is still a possibility that the increase in T1D incidence was largely due to 
pushing individuals who had already begun developing diabetes to present earlier, due to lifestyle changes or to SARS- 
Co-V-2 infections producing inflammation and worsened hyperglycemia. This may have been true for some with T2D, 
with pandemic-related changes causing a presentation of cases that would have developed eventually over the coming 
years. In this sense, it is possible that there will be a temporary decrease in incidence in the years following the pandemic.

Summary of Changes in Incidence of Diabetes in Youth
Overall, results from multiple carefully-compiled data all carry a similar message: the incidence and prevalence of 
pediatric diabetes, both Type 1 diabetes and Type 2 diabetes, continues to increase. Figure 1 summarizes data from three 
recent studies, revealing: (1) that US incidence rates for T1D and T2D individually are higher than the global diabetes 
incidence rate (combined T1D and T2D); (2) T1D incidence in the US overall remains higher than that of T2D; (3) there 
has been a more rapid rise in T2D vs T1D over the 10 years from 2008 to 2019; and (4) there appears to be a spike in 
diagnoses of both T1D and T2D in the Kaiser Permanente database (which, curiously, followed what appeared to be 
a drop in both T1D and T2D incidence in the Kaiser Permanente system in 2018 and 2019). There is now a need for data 
on what has happened since the pandemic, acknowledging that these careful studies take time, to help clarify whether 
these incidence rates will continue their gradual ascent.

Implications of This Increased Incidence
The rise in incidence and prevalence of T1D means that data on the prevention and management of T1D and T2D in 
youth is increasingly relevant. The practical applications of these data include the following:

1. Practitioners and families need to increasingly have diabetes on their radar, as early recognition can reduce 
morbidity at diagnosis and afterwards.11,12

2. We need to focus, when possible, on prevention, that is, on lifestyle changes in youth at risk for T2D.13 

Interventions such as teplizumab among children and adolescents with early signs of beta-cell autoimmunity 
and loss of function also need to be considered,14 and further investigation into why these trends continue is 
required.

3. The field continues to need new approaches to effective treatment, which will be needed to treat a widening base 
of children and adolescents with diabetes. These include improving medications for T2D treatment15 and 
improvements in automated insulin delivery in T1D.16

Finally, the reduced disability-adjusted life years reported on the global pediatric diabetes front5 raises the most potent 
goal of diabetes research—that even with an increasing incidence of T1D and T2D, our care of diabetic patients needs to 
improve to the point where overall burden is reduced. Discovering ways to reduce diabetes incidence and reduce the 
burden of care can be parallel goals in ongoing efforts for this field going forward.

Data Sharing Statement
Data sharing is not applicable as no datasets were generated or analyzed in this review.
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