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Abstract

BACKGROUND

Type 1 diabetes mellitus (T1DM) is an autoimmune disease with a multifactorial
pathogenesis. Viral infections have been proposed as contributing triggers, sup-
ported by the disease’s seasonal pattern, which typically shows higher incidence
in autumn and winter. The coronavirus disease 2019 (COVID-19) pandemic and
associated lockdowns created a unique context to examine the incidence and
seasonality of TIDM during a period characterized by reduced circulation of
common viral infections.

AIM
To investigate the incidence and seasonality of TIDM before and during COVID-
19 pandemic in relation to global viral infection rates.

METHODS

This population-based retrospective study utilized a nationwide computerized
database. Extracted data included the number of new T1DM cases over the 8 years
preceding and during the COVID-19 pandemic, demographic characteristics of
affected individuals, and nationwide respiratory virus polymerase chain reaction
data from weekly nasal wash sample collections.

RESULTS
A total of 2176 patients were diagnosed with new-onset TIDM during the pre-
pandemic period, compared to 348 cases during the pandemic. In the same
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periods, 33727 respiratory virus-positive polymerase chain reaction results from nasal wash samples were recorded
pre-pandemic, compared to 2603 during the pandemic. Additionally, 363399 positive COVID-19 cases were
reported during the pandemic period. Seasonality analysis revealed a higher rate of new-onset TIDM cases and a
weaker seasonal pattern during the pandemic. Trend analysis showed a consistent increase in TIDM incidence
prior to COVID-19, with a more variable trend observed during the pandemic. Correlation analysis between TIDM
incidence and respiratory viruses demonstrated a weak correlation between T1IDM incidence and a few respiratory
viruses.

CONCLUSION

The observed increase in new-onset TIDM cases and the disruption of its typical seasonal pattern during the
COVID-19 pandemic suggest a potential association between respiratory virus exposure and the development of
T1DM.

Key Words: Type 1 diabetes mellitus; COVID-19; Seasonality; Pathogenesis; Viral trigger

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This population-based study assessed incidence and seasonality of type 1 diabetes mellitus (T1DM) before and
during the coronavirus disease 2019 pandemic. A higher rate of new-onset TIDM and diminished seasonal pattern were
observed during the pandemic, coinciding with reduced circulation of common respiratory viruses due to lockdown
measures. These findings suggest respiratory viruses, including severe acute respiratory distress syndrome corona virus-2,
may serve as environmental triggers for TIDM. Weak positive correlations were identified between T1DM incidence and
respiratory viruses (e.g., respiratory syncytial virus, influenza). The results support a potential link between viral exposure
and T1DM pathogenesis, highlighting the need for further research into underlying mechanisms and preventive strategies.

Citation: Carmon L, Bachar Y, Babiev AS, Hazn I, Hershkovitz E, Shaki D, Loewenthal N, Haim A, Hazan G. Impact of COVID-19
outbreak on the seasonality and incidence of type 1 diabetes mellitus: A nationwide cohort study. World J Diabetes 2025; 16(8):
108724

URL: https://www.wjgnet.com/1948-9358/full/v16/i8/108724.htm

DOI: https://dx.doi.org/10.4239/wjd.v16.i8.108724

INTRODUCTION

Type 1 diabetes mellitus (T1IDM) is a T cell-mediated autoimmune disorder that targets pancreatic beta cells[1,2], leading
to insulin deficiency, hyperglycemia, and, in some cases, diabetic ketoacidosis, a life-threatening complication[3]. The
global incidence of TIDM has been rising over the past several decades, reaching approximately 15 cases per 100000
individuals per year[4,5]. Both genetic predisposition and environmental exposures contribute to TIDM pathogenesis|[1,
2].

Several viruses, including enterovirus, rubella, mumps, rotavirus, parvovirus, and cytomegalovirus, have been
proposed as potential environmental triggers for TIDM[1,2]. Suggested mechanisms include molecular mimicry, direct
beta cell cytotoxicity, and regulatory T cell dysfunction[2]. Although respiratory viruses are less frequently implicated,
some studies suggest they may also play a contributing role[6,7].

Seasonality refers to regular, periodic fluctuations that occur within a 1-year period. In time series analysis, Fourier
terms are mathematical components used to model and quantify seasonal variation. Epidemiological studies have shown
a seasonal pattern in TIDM incidence, with increased case rates during autumn and winter[8], potentially reflecting
seasonal viral exposures[1,2,8-11]. While seasonality may be influenced by geographical position[8] and patient age[9], it
has been consistently observed across populations.

The coronavirus disease 2019 (COVID-19) pandemic, which began in March 2020, resulted in widespread public health
measures, including lockdowns, movement restrictions, and mandatory face mask use. These interventions led to a
marked decline in seasonal respiratory virus infections during the first year of the pandemic[12,13]. This epidemiological
shift provided a unique opportunity to examine the relationship between respiratory virus circulation, particularly
COVID-19, and the incidence of T1DM, as well as the effect of lockdowns on T1IDM seasonality as an indirect indicator of
other respiratory viruses as potential triggers. Several studies have reported an increase in TIDM incidence during the
pandemic[14-17], while others found no significant change[18-20], and one systematic review yielded inconclusive results
[21]. Some studies also noted a reduction in the typical seasonal variation of TIDM incidence during COVID-19 period
[14,15,18-20]. One possible explanation is that decreased exposure to respiratory viruses during lockdown may have
attenuated their role as environmental triggers for TIDM. This study aimed to investigate the correlation between
respiratory virus exposure and the incidence of TIDM before and during the COVID-19 Lockdown, and to assess the
impact of viral exposure on the seasonal pattern of TIDM incidence.
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MATERIALS AND METHODS

This population-based retrospective study utilized a nationwide computerized database from Clalit Healthcare Services
(CHS) electronic medical records (the MDCLONE system). The CHS database includes extensive demographic data,
anthropometric measurements, diagnoses from community clinics and hospitals, medication dispensing records, and
comprehensive laboratory results. CHS is the largest health maintenance organization in Israel, serving over 5 million
patients. All data were de-identified prior to analysis, and the study involved secondary use of existing clinical records.

The study period was divided into two intervals: The pre-COVID-19 period (“pre-pandemic”, January 2012 to
February 2020) and the COVID-19 period (“pandemic”, March 2020 to February 2021), consistent with a previous study
[12]. Extracted data included: (1) The number of participants aged 0-18 years with at least two insulin prescriptions, used
as a proxy for TIDM diagnosis, following prior methodology[19]. The date of the first insulin prescription was considered
the diagnosis date. Demographic variables recorded were age at diagnosis, sex, and ethnicity; and (2) Nationwide
respiratory virus polymerase chain reaction (PCR) data from nasal wash samples collected weekly across all Clalit
institutions, without age restrictions. Samples were categorized by virus type, and different test methods (e.g., antigen
and PCR) were combined. New T1DM diagnoses were defined as those occurring more than 90 days after a previous
diagnosis. IgG and IgM antibody test results were excluded. The study protocol was approved by the Medical Ethics
Committee of Review Board of Soroka University Medical Center.

Statistical analysis

Descriptive analyses were performed to compare TIDM incidence between the pre-pandemic and pandemic periods.
Population-based incidence rates were calculated by dividing the number of new T1DM diagnoses by the total number of
CHS members. Statistical analysis began with an assessment of data distribution and measures of central tendency.
Temporal trends in TIDM incidence were evaluated using Poisson regression models adjusted for time periods. Seasonal
patterns were analyzed using an additive generalized linear regression model incorporating Fourier terms. The time
series model was defined as: “Yt = o, + o,t + a,t* + a,t> + b,cos(wt) + ¢;sin(wt) + et” where Yt is the number of diabetes cases
at time t, a terms represent polynomial trend components, @ denotes yearly periodicity (@ = 211/365), and sine and cosine
terms (Fourier terms) capture seasonal variation. The term et represents random variation. Poisson regression was used to
account for count-based data.

For the pre-pandemic period, associations between respiratory viruses and T1DM incidence were analyzed using
weekly aggregated data. Spearman correlation tests were conducted between the number of TIDM diagnoses and each
type of viral infection This was followed by individual Poisson regression analyses that controlled for seasonal effects.
The analysis was performed at the population level, not at the level of individual TIDM patients. All statistical analyses
were conducted using R software (version 4.2.3; R Core Team, 2023).

RESULTS

Demographics

A total of 2524 patients with new-onset TIDM were included, comprising 2176 cases during the pre-pandemic period and
348 during the pandemic period. Approximately half of the participants were female, 39% were of Bedouin ethnicity, and
the median age at diagnosis was 11 years (interquartile range: 7-14). No significant demographic differences were
observed between the two groups (Table 1).

Viral PCR data

Seasonality analysis of TIDM was conducted separately for the pre-pandemic and pandemic periods. During the pre-
pandemic period, 33727 viral-positive PCR results from nasal wash samples were recorded, compared to 2603 during the
pandemic. Additionally, 363399 positive COVID-19 cases were reported throughout the pandemic period. A clear
seasonal pattern was observed pre-pandemic, with higher TIDM incidence during autumn and winter (Figure 1).

Seasonality analysis

During the pre-pandemic period, the seasonality analysis yielded a log value of 0.728094, with a small positive cosine
term and a larger sine term, indicating a moderate seasonal pattern characterized by rhythmic sinusoidal waves
(Figure 1TA). In contrast, the pandemic period showed an increased average log value of 0.953425, reflecting a higher rate
of new-onset TIDM cases. However, the cosine term was negative and the sine term was minimal, indicating a weakened
seasonal pattern during this time (yellow line in Figure 1B).

Trend analysis and correlation analysis

Trend analysis revealed a steady increase in TIDM incidence throughout the pre-pandemic period, whereas the trend
during the pandemic period was more variable (Supplementary Figure 1). Correlation analysis using Spearman’s method
showed weak positive correlations between T1DM incidence and several respiratory viruses, including respiratory
syncytial virus (RSV) (commonly referred to as RSV), parainfluenza, influenza, and adenovirus (Table 2, Supplementary
Figure 2).
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Table 1 Demographic characteristics of diabetes mellitus type 1 diagnosis cohort

Characteristic Pre-COVID-19 period (n = 2176) COVID-19 period (n1=348)  Pvalue' Overall (n = 2524)
Gender, male, 1 (%) 1132 (52) 186 (53) 0.6 1318 (52)

Ethnicity, Arab, 1 (%) 858 (39) 122 (35) 0.12 980 (39)

Age at diagnosis (years), median (IQR) 11.0 (7.0-14.0) 11.0 (8.0-13.0) 07 11.0 (7.0-14.0)

TPearson’s X2 test; Wilcoxon rank sum test; Wilcoxon rank sum exact test.
COVID-19: Coronavirus disease 2019; IQR: Interquartile range.

Table 2 Correlation between type 1 diabetes mellitus incidence and respiratory viruses cases per week

Value Total viruses Adeno Entero Influenza A Influenza B Parainfluenza HMPV RSV  Rhino
Rho 0.193 0.196 0.045 0.196 0.165 0.151 0.032 0130  0.077
P value <0.001 <0.001 0.343 <0.001 <0.001 0.001 0.49 0.006  0.107

HMPV: Human metapneumovirus; RSV: Respiratory syncytial virus.

DISCUSSION

This study identified a moderate seasonal pattern of new-onset TIDM cases during the pre-pandemic period, charac-
terized by higher incidence in autumn and winter. In contrast, during the pandemic period, there was an almost complete
loss of this seasonal pattern. The question of triggers and causality in TIDM pathogenesis remains unresolved[22,23].
However, the potential role of respiratory viral infections as contributing factors has been widely explored[6,7], with
supporting evidence from the observed seasonality of TIDM incidence, which peaks in autumn and winter[8,9].

During the pandemic period, the incidence of new-onset TIDM was higher compared to the pre-pandemic period,
consistent with findings from previous studies[14-17]. This increase may suggest COVID-19 as a potential trigger for
T1DM][24]. Proposed mechanisms for COVID-19’s impact on pancreatic beta cells include direct cellular damage as well
as enhanced autoimmunity through epitope spreading, molecular mimicry, and bystander activation[24].

However, alternative explanations for the shifts in TIDM incidence during the COVID-19 pandemic have been
proposed, including limited access to medical care, changes in healthcare-seeking behavior, and increased stress[16,18].
The seasonal pattern observed in the pre-pandemic period was diminished during the pandemic, consistent with findings
from other studies[18-20]. Given the marked reduction in respiratory virus transmission during COVID-19 Lockdowns
[12], our results suggest that exposure to respiratory viruses may influence TIDM seasonality and contribute to its
development. Moreover, the increased incidence of TIDM during the pandemic and the potential role of COVID-19 as a
trigger support this hypothesis. Initial post-pandemic trend data indicating a decline in TIDM incidence may further
reinforce this theory[25].

Influenza, parainfluenza, adenovirus, and RSV were found to have a weak positive correlation with TIDM incidence in
the pre-pandemic period. These viruses are known to follow distinct seasonal patterns[26], and our findings suggest they
may contribute to the observed seasonality of TIDM incidence. This study’s strengths include a large, population-based
cohort and an extended pre-pandemic observation period, enabling robust trend and seasonality analyses. However,
several limitations should be noted. The relatively short duration of the pandemic period (1 year) restricts the depth of
seasonal trend evaluation during this time frame. Additionally, the use of insulin prescription as a proxy for new-onset
T1DM, while consistent in previous studies[19], may lead to misclassification, as insulin is occasionally prescribed for
type 2 diabetes. Nonetheless, limiting the cohort to individuals aged 0-18 years likely mitigated this concern. Further
research is needed to clarify the role of respiratory viruses in TIDM pathogenesis, elucidate underlying causal me-
chanisms, and identify potential preventative strategies.

CONCLUSION

This study suggests that the diminished seasonal variation in TIDM incidence observed during the COVID-19 Lockdown,
alongside an overall increase in new cases, may reflect the potential role of respiratory viruses, including severe acute
respiratory distress syndrome corona virus-2, as environmental triggers for TIDM. These findings underscore the need
for further research to confirm causal relationships and to inform preventive and public health strategies.

Buisnidenge VID | ittps://www.wignet.com 4 August 15,2025 | Volume16 | Issue8 |



Carmon L et al. COVID-19 impact on T1DM seasonality

A Diabetes diagnoses with yearly seasonal pattern

4

3
[}
e}
c
o
.8
hel
—
s}
e
o}
o
S
3
=

2012 2014 2016 2018 2020 2022
Date
Series =— 7-day moving average — Original data Yearly seasonal patterrn
B Comparison of monthly diabetes cases

Pre-COVID vs COVID preiod

1.2
"
s 1.0
o
k]
@
Qo
[S
=}
c
(]
o
©
[
z 0.8

0.6

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Period COVID <@ Pre-COVID

Pre COVID-19 fourier terms: log p_c = 0.728094 + 0.017707 x cos (2nm/365) + 0.084649 x sin (2nm/365)
COVID-19 period fourier terms: log u_c = 0.953425 - 0.058030 x cos (2nm/365) + 0.002769 x sin (2nm/365)

Figure 1 Type 1 diabetes mellitus incidence. A: Type 1 diabetes mellitus incidence in the pre-pandemic [coronavirus disease 2019 (COVID-19)] period; B:
Comparison of type 1 diabetes mellitus incidence in the pre-pandemic (COVID-19) period and in the pandemic (COVID-19) period. COVID-19: Coronavirus disease
2019.
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