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Abstract

Aim: There is conflicting evidence about the impact of the COVID-19 pandemic on

the incidence of type 1 diabetes. Here, we analysed long-term trends in the incidence

of type 1 diabetes in Italian children and adolescents from 1989 to 2019 and com-

pared the incidence observed during the COVID-19 pandemic with that estimated

from long-term data.

Materials and Methods: This was a population-based incidence study using longitudi-

nal data from two diabetes registries in mainland Italy. Trends in the incidence of

type 1 diabetes from 1 January 1989 to 31 December 2019 were estimated using

Poisson and segmented regression models.

Results: There was a significant increasing trend in the incidence of type 1 diabetes

of 3.6% per year [95% confidence interval (CI): 2.4-4.8] between 1989 and 2003, a

breakpoint in 2003, and then a constant incidence until 2019 (0.5%, 95% CI: -1.3 to

2.4). There was a significant 4-year cycle in incidence over the entire study period.

The rate observed in 2021 (26.7, 95% CI: 23.0-30.9) was significantly higher than

expected (19.5, 95% CI: 17.6-21.4; p = .010).

Conclusion: Long-term incidence analysis showed an unexpected increase in new

cases of type 1 diabetes in 2021. The incidence of type 1 diabetes now needs contin-

uous monitoring using population registries to understand better the impact of

COVID-19 on new-onset type 1 diabetes in children.
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1 | INTRODUCTION

The incidence of type 1 diabetes has increased worldwide over the

past 30 years, with annual growth rates estimated at 3%-4%.1

However, there have also been more recent reports of non-linear

trends in growth rates, with a tendency to a stabilization or even slight

reductions in incidence.2 For example, in Finland, there was a steady

increase in incidence between 2003 and 2006 followed by a slightly

decreasing trend between 2007 and 2018.3 The increased incidence

in type 1 diabetes previously observed in Sweden4 and Norway5 sta-

bilized from 2005 and 2004 onwards, respectively. Type 1 diabetes is

a multifactorial autoimmune disease caused by interactions between

genes, environment and lifestyle.6 As genetic changes in populations

occur over a long period, environmental changes would probably play

a major role in short-term changes in incidence. However, no defini-

tive exogenous causal factor has yet been identified. Viral infections

might trigger autoimmunity, as suggested by the temporal association

between coxsackie B virus infections and the appearance of the first

β-cell autoantibodies.7 The SARS-CoV-2 virus, with its clinical mani-

festations termed COVID-19, spread rapidly through Italy from March

2020 as in other parts of the world and persists today with repeated

waves of reduced clinical severity.

It has been widely reported that there was a marked increase in

the frequency of diabetic ketoacidosis at the time of diagnosis of

childhood diabetes during the COVID-19 pandemic.8,9 However, it is

still unclear whether the incidence of type 1 diabetes changed during

the pandemic. Results from early published reports were conflicting,

with some suggesting an increase in new cases of type 1 diabetes10,11

and others no change from the pre-pandemic period.12 More recently,

a large population study from Germany over a longer period con-

firmed an increased incidence of childhood type 1 diabetes during the

COVID-19 pandemic.13 No information is currently available on the

long-term changes in incidence of childhood type 1 diabetes in Italy.

Therefore, the aims of this study were (a) to analyse long-term trends

in the incidence of type 1 diabetes in Italian children and adolescents

from 1989 to 2019 using the population registries in two regions of

Italy, and (b) to compare the incidence of type 1 diabetes observed

during the COVID-19 pandemic (2020-2021) with that estimated

from the calculated long-term incidence.

2 | MATERIALS AND METHODS

2.1 | Data source and study population

This report follows the STROBE (Strengthening the Reporting of

Observational Studies in Epidemiology) reporting guidelines for

longitudinal studies (Figure S1 and STROBE Checklist).

Data were obtained from the population-based incidence registry

of type 1 diabetes in two regions in Central and Northern Italy

(Marche and Piedmont). Type 1 diabetes surveillance registries were

established in both regions in January 1990, which have since pro-

spectively collected data on all new cases of type 1 diabetes occurring

in children between 6 months and 14 years of age.14 Both registries

retrospectively included 1989 incidence data. The two regions cov-

ered a geographical area of 34 731 km2 (Piedmont 25 387 km2;

Marche 9344 km2) and a total population of children and adolescents

under 15 years of 687 429 (Piedmont 507 623; Marche 179 806) in

2021. The children's parents or guardians provide verbal or written

informed consent for participation in the registries.

Case definitions were as previously described.14 Briefly, each

regional registry collects hospital discharge data from local paediatric

and adult diabetes centres verified locally using at least two sources

of assessment data. Regional registries of insulin prescriptions, per-

sonal codes for the free prescription of syringes, devices and drugs by

the national health system, and registers of patient associations are

used as independent secondary sources. The data flow is continuously

checked by reviewing local logs, and inconsistent data are verified via

a report sent to the detection source so that corrections can be made

and the data validated. For both the Marche and Piedmont registries,

the completeness of the assessment was >95% for the entire

1989-2021 study period. All data were completely anonymized and

centralized for analysis.

2.2 | Statistical analysis

The crude and age- and sex-specific incidence rates for each year of

study (1989-2021) were calculated using point estimates and 95% con-

fidence interval (95% CI). Incidence rates were obtained by dividing the

number of registered cases by the annual population resident in the

two regions according to the Italian National Institute of Statistics. The

population was considered in three age-group ranges: 0.5-4, 5-9 and

10-14 years. Age-standardized incidence rates for males and females

were estimated using the direct method with the standard European

population. All rates were expressed in 100 000 person-years.

Poisson regression models were applied to estimate the overall

trend in incidence rates, adjusted for sex and age, and the trend in

incidence rates stratified by age and sex, between 1989 and 2019.

The annual population was included in the model as an off-set to con-

sider any possible demographic variations over time. Following previ-

ously reported results of 4-, 5- and 6-year cycles in incidence rates,

sine and cosine terms were included in the Poisson regression models

to detect cyclical variations in annual rates. A possible breakpoint in

the long-term trend was assessed by fitting the segmented regression

to the estimates obtained from the Poisson regression models. The

overall and age- and sex-specific incidence rates observed in 2020

and 2021 were compared with those predicted by the segmented

regression models. All analyses were performed in R version 4.0.4. A

probability of 5% was used to assess statistical significance.

3 | RESULTS

Overall, 4009 new cases of type 1 diabetes were recorded between

1989 and 2021, 53.5% of whom were male.
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The overall standardized incidence rate was 16.9, increasing from

12.0 in 1989 to 26.6 in 2021. Total numbers of children with a new

diagnosis of type 1 diabetes over the 33-year period and the crude

and age-standardized incidence rates with 95% CI for males and

females are shown in Table S1. The crude and standardized incidence

rates estimated for the entire period were similar in males and

females.

The incidence rate for the 0.5-4-year age group (12.2, 95%

CI: 11.4-13.0) over the entire period was significantly lower than in

the two older age groups (17.7, 95% CI: 16.8-18.6 and 19.9, 95%

CI: 19.0-20.9, respectively, for the 5-9- and 10-14-year groups;

p < .001) (Table S2).

The trend analysis adjusted for age and sex is shown in Figure 1,

which shows the observed annual incidence rates for 1989-2021 with

F IGURE 1 Trend analysis of
type 1 diabetes incidence rates in
children aged 0.5-14 years in two
Italian regions, 1989-2021. Circles and
vertical dotted lines: observed rates
and 95% confidence interval (CI) per
year, 1989-2021. Solid lines: incidence
trend estimated by the regression
model adjusted by sex and age classes

with a 4-year cyclic component during
the period 1989-2019. Dotted lines:
95% CIs of the estimated incidence
trend. Squares: expected rates for
2020-2021 estimated by the
regression model. Arrow: breakpoint
year detected by the segmented
regression model.

F IGURE 2 Trend analysis of type 1 diabetes incidence rates in males and females aged 0.5-14 years in two Italian regions according to age
subgroups, 1989-2021. Circles and vertical dotted lines: observed rates and 95% confidence interval (CI) per year, 1989-2021. Solid lines:
incidence trend estimated by the regression model with a 4-year cyclic component during the period 1989-2019. Dotted lines: 95% CIs of the
estimated incidence trend. Squares: expected rates for 2020-2021 estimated by the regression model. Arrow: breakpoint year detected by the
segmented regression model.
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95% CIs, the incidence rate trend with 95% CI estimated by the

regression model for 1989-2019, and the expected incidence rates for

the pandemic years. A significant increasing trend of 3.6% per year

was observed between 1989 and 2003 (95% CI: 2.4-4.8). Segmented

regression revealed a breakpoint in 2003, followed by a constant

trend until 2019 (0.5%, 95% CI: -1.3 to 2.4). A significant 4-year cycle

was found over the entire study period that allowed for more accurate

prediction of the incidence rate over time. From the comparison

between the observed and expected rates, it emerged that the rate in

2020 (21.6, 95% CI: 18.3-25.3) followed the trend estimated by the

model for 2004-2019 (18.3, 95% CI: 16.3-20.2), while the rate

observed in 2021 (26.7, 95% CI: 23.0-30.9) was significantly higher

than expected (19.5, 95% CI: 17.6-21.4; p = .010). No significant dif-

ferences were found in the frequencies of β-cell autoantibody nega-

tivity from 2017 to 2021 (Table S3), with the highest observed value

in 2018 and the lowest in 2021.

The trend analysis of sex- and age-specific incidence rates is

shown in Figure 2. Age- and sex-stratified analyses showed that rates

followed the general trend but with different breakpoints. In the

0.5-4-year subgroup, the breakpoint was in 2007 in males and in

2004 in females; in the 5-9-year subgroup, there were no breakpoints;

while in the 10-14-year subgroup, there was a breakpoint in 2003 for

both sexes. Incidence rates increased significantly up to the break-

point year, while in the subsequent period up to 2019 the rate trend

remained constant for the 0.5-4- and 10-14-year subgroups for males

and females. Rates in the 5-9-year subgroup significantly increased

for both sexes over the 31-year period by about 2% per year. The

4-year cycle was statistically significant for males in the 10-14-year

age group. Comparison of the observed and expected rates was

statistically significant for males aged 0.5-4 years and females aged

10-14 years in the second year of the pandemic.

4 | DISCUSSION

This study reports incidence data of type 1 diabetes in Italian children

and adolescents under 15 years of age based on data collected over

33 years from two population registries. Our results confirm the pres-

ence of a 4-year cycle in the incidence of type 1 diabetes and an

increasing annual trend in the incidence from 1989 to 2003 of 3.6%

per year, a breakpoint in 2003, followed by a stable period from 2004

to 2019. During the second year of the COVID-19 pandemic, there

was a huge increase in the incidence of type 1 diabetes, reaching an

unprecedented rate of 26.7 per 100 000 person-years. These

increases were statistically significant in 0.5-4-year-old boys and

10-14-year-old girls. Because of the descriptive nature of the study, it

is not possible to explain the mechanism underlying the observed dif-

ferences, with further analytical studies required to explain fully these

differences.

This analysis over such a long observation period highlighted two

subperiods of considerable length, separated by a breakpoint year,

and characterized by two different trends in incidence rates. Our

results are consistent with the stabilization in incidence observed in

Sweden from 2005 to 20074 and in Norway from 2004 to 2012.5 In

the present study, the breakpoint was in the same period but the sub-

sequent stability in incidence was observed over a much longer

period. Recent data from Austria,15 also based on a long observation

period (1989-2017), showed an increasing trend until 2012 followed

by a high-level plateau. This contrasts with Germany,13 where the

incidence was reported to increase between 2011 and 2019, while

data from Finland suggested a decreasing incidence between 2003

and 2018.3 These differences in the patterns of incidence rates

observed in various countries might be because of different exposures

to yet unidentified environmental factors that trigger autoimmune

destruction of β-cells.

A recent systematic review and meta-analysis of 24 studies

estimated an overall increase in the incidence of paediatric type 1 dia-

betes from 19.73 per 100 000 person-years in 2019 to 32.39 in

2020.16 This short-term analysis did not allow for the analysis of a

cyclical variation, so it cannot be excluded that these observed varia-

tions were linked to periodicity in incidence. It has been suggested

that SARS-CoV-2 infection might pre-date the clinical onset of type

1 diabetes by triggering autoimmune β-cell damage. There have been

published reports8,9 of an increase in diabetic ketoacidosis at the diag-

nosis of type 1 diabetes during the pandemic, suggesting that this

period was associated with delays in diagnosis, but the impact of the

pandemic on the incidence of type 1 diabetes remained unclear.

Although our study now provides more data supporting an association

between COVID-19 and increased incidence of type 1 diabetes, fur-

ther studies with long observation periods before and after the pan-

demic are needed to evaluate further the effect of COVID-19 on the

incidence of the disease.

In Italy, the SARS-CoV-2 pandemic has been characterized by

several waves of different variants, but the total number of infections

in 2021 were almost double those recorded in 2020 (Figure S2). It

cannot be excluded that the dramatic increase in the incidence of type

1 diabetes observed in 2021 may be because of COVID-19, although

the stability observed in the frequency of β-cell autoantibodies during

2017-2021 does not suggest that SARS-CoV-2 has a direct effect.

Nested case-control studies in cohorts of interest will be needed to

analyse the association between SARS-CoV-2 infection and the onset

of type 1 diabetes. Furthermore, the continuous surveillance of the

incidence will allow us to observe whether the dramatic increase in

COVID-19 cases observed between January and September 2022

will be accompanied by a further increase in the incidence of type

1 diabetes in the third year of the pandemic.

In a previous international study,1 periodicity was detected in

only six of 26 participating registries. Italy participated with data from

the Marche registry, which included 579 new cases of type 1 diabetes

and in which no significant cyclical incidence was noted. The detec-

tion of a significant cyclical pattern in the present study can reason-

ably be attributed to the greater power obtained with the inclusion of

data from the second registry. The cyclic pattern in type 1 diabetes

incidence has been associated with the periodicity of environmental

factors, in particular some infectious agents that occur at regular inter-

vals.1 Enterovirus17 infections are thought to play a role in the onset
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of type 1 diabetes, as have cyclical weather patterns that may modify

lifestyles to alter the risk of childhood type 1 diabetes directly or indi-

rectly.18 We cannot exclude that environmental factors may also protect

against type 1 diabetes, which could help explain the levelling of inci-

dence rates observed in many countries after 2000. However, it is diffi-

cult to assess a direct relationship between environmental factors and

disease onset, as the identification of causative determinants requires

measuring exposure at the individual level in the target population, as

used to detect the temporal association between infection from cox-

sackie B virus and the appearance of the first islet autoantibodies.7

This study has both strengths and limitations. Our results are

obtained from a longitudinal population study with data recorded con-

secutively from two Italian registries for type 1 diabetes over a long

period. Furthermore, the analysis was based on many observations,

allowing us to detect an increasing trend followed by a levelling in

incidence rates and the presence of a 4-year cycle throughout the

observation period. Among the limitations, the data from the disease

registries only considered a few potential confounders. Factors such

as socio-economic status, environmental exposures and COVID-19

history were not routinely collected. Data analysis was based on an

ecological study design and therefore subject to ecological bias. An

analysis of the association between COVID-19 and the onset of type

1 diabetes was not possible for data at the individual level, as the

COVID-19 status of the patients was only available for a few

participants.

In conclusion, this long-term incidence analysis reveals an

unexpected increase in new cases of type 1 diabetes in 2021. Further

epidemiological observations in the years following the pandemic are

now needed to understand better the impact of COVID-19 infection

on the incidence of type 1 diabetes in children.
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