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Impact of early-life exercise on the development of type 1 diabetes in
NOD mice: A preventive approach

Abstract- Type 1 Diabetes (T1D) is a chronic autoimmune disease characterized by the destruction of insulin-producing
beta cells in the pancreas, resulting in lifelong insulin dependence. The Non-Obese Diabetic (NOD) mouse is a widely
used model for studying T1D, sharing many physiological and immunological features with the human form of the
disease. This review examines the impact of early-life exercise on type 1 diabetes (T1D) development in non-obese
diabetic (NOD) mice. Physical activity during early developmental stages shows promising potential in modulating
immune responses and metabolic parameters that influence T1D progression. The review synthesizes current
understanding of exercise-induced immunological changes, β-cell preservation mechanisms, and systemic effects in the
NOD mouse model. Evidence suggests that early-life exercise may serve as a preventive strategy through multiple
pathways, including enhanced immunoregulation and improved metabolic function. The findings provide valuable
insights for developing exercise- based interventions for human populations at risk for T1D.
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INTRODUCTION

Type 1 diabetes (T1D) represents one of the most
common chronic autoimmune disorders affecting children
and young adults worldwide. The condition is characterized
by the progressive destruction of insulin-producing β-cells
within the pancreatic islets, ultimately leading to complete
insulin deficiency and life-long dependence on exogenous
insulin therapy.1 The rising incidence of T1D globally,
particularly in younger age groups, has created an urgent
need for effective preventive strategies that could be
implemented before the onset of clinical symptoms.2

*Corresponding author :
 Phone : 9873820883
 E-mail : bim1.aiims@gmail.com

Bimlendu Kumar Roy*

Department of Sports Science (Biomedical Science for Health), University of Milan, Italy.

Department of Biochemistry, Devki Mahavir Homeopathic Medical College & Research Hospital, Garhwa, Jharkhand, India

Received :  29th May, 2024    ;      Revised : 28th June, 2024

DOI:-https://doi.org/10.5281/zenodo.15003012

The Non-Obese Diabetic (NOD) mouse model has
emerged as an invaluable tool in understanding both the
pathogenesis of T1D and potential preventive approaches.
This model closely mimics human T1D in terms of genetic
susceptibility, autoimmune mechanisms, and disease
progression patterns.3 Of particular interest is the role of
environmental factors, especially physical activity, in
modifying disease development during early life stages
when immune system development and metabolic
programming are most susceptible to intervention.4

Recent research has highlighted the critical nature of
early-life interventions in autoimmune diseases.5 This period
represents a unique window of opportunity where
environmental factors can significantly influence immune
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system development and potentially alter the course of
autoimmune conditions. Exercise, as a natural and
accessible intervention, has shown promising potential in
modulating immune responses and metabolic parameters
during this crucial developmental period.6 Understanding
how early-life exercise impacts T1D development in NOD
mice could provide valuable insights for developing
preventive strategies in human populations at risk for T1D.

This review comprehensively examines the current
evidence regarding the effects of early-life exercise on T1D
development in NOD mice, focusing on immunological
mechanisms, metabolic adaptations, and potential
translational applications, with particular attention to
findings documented up to 2014.7

The NOD Mouse Model and Disease Progression
The NOD mouse, first developed in Japan in the

1980s, has become an essential tool in T1D research due
to its remarkable similarity to human disease progression.
These mice spontaneously develop autoimmune diabetes,
with female NOD mice typically developing the condition
between 12-14 weeks of age, showing an incidence of
60-80% by 30 weeks.2 The model exhibits several key
features that parallel human T1D, including progressive
autoimmune destruction of β-cells, involvement of both
cellular and humoral immunity, presence of various
autoantibodies, and genetic susceptibility factors similar
to humans.

The development of T1D in NOD mice follows a
predictable pattern, beginning with initial peri-insulitis around
3-4 weeks of age, followed by progressive insulitis from
6-12 weeks, and culminating in eventual β-cell destruction
and overt diabetes. This predictable disease progression
makes the NOD mouse an excellent model for studying
preventive interventions, particularly those targeting the
early stages of disease development.
Exercise-Induced Immunological Changes

Physical activity has been shown to have profound
effects on the immune system, with particularly interesting
implications for autoimmune conditions like T1D. Research
has demonstrated that exercise modulates various aspects
of immunity, including alterations in cytokine production
patterns and modifications to cellular immune responses.
Studies have shown that regular physical activity leads to
a reduction in pro-inflammatory cytokines such as IL-1β
and TNF-α, while simultaneously increasing anti-
inflammatory mediators like IL-10 and IL-1ra.6

The timing and intensity of exercise interventions
appear crucial in determining their effectiveness. The early-
life period represents a particularly important window for
intervention, as this is when the immune system shows
the greatest plasticity and potential for long-term
programming effects. Moderate- intensity exercise has
shown the most promising results in experimental studies,
though the optimal parameters for duration and frequency
continue to be subjects of investigation.
Impact on Pancreatic β-cells and Systemic Effects

Exercise exerts both direct and indirect effects on
pancreatic β-cells through multiple mechanisms. Research
has shown that physical activity enhances β-cell protection
through improved oxidative stress management, including
upregulation of antioxidant enzymes and enhanced
mitochondrial function.8

Additionally, exercise has been demonstrated to
improve glucose-stimulated insulin secretion and preserve
β-cell mass, while reducing apoptotic signaling pathways.
Beyond its direct effects on β-cells, exercise produces
broader systemic changes that may influence T1D
development. These include enhanced insulin sensitivity,
improved glucose homeostasis, and modified lipid
metabolism. Furthermore, regular physical activity has been
shown to reduce systemic inflammation, alter adipokine

Table 1 Type of Exercise and Its Effects on the NOD
Mouse Model with Mechanisms

Type of 
Exercise 

Effects on NOD    
Mouse Model 

Mechanisms Explored 

Voluntary 
wheel running 

Delayed onset of 
diabetes, improved 
glycemic control 

Decreased pro- 
inflammatory cytokines 

(TNF-α, IL-1β), increased 
regulatory T cells (Tregs)9 

Treadmill 
running 

Lower incidence of 
diabetes, improved β- cell 

survival 

Increased anti- 
inflammatory cytokines 

(IL-10), reduced CD8+ T 
cell infiltration in pancreatic 

islets10 
Swimming Reduced fasting blood 

glucose levels, delayed 
onset of Type 

1 Diabetes 

Improved insulin 
sensitivity, enhanced β-cell 
function, increased insulin 

secretion11 
Resistance 

training 
Delayed diabetes 

progression, lower 
hyperglycemia 

Increased muscle glucose 
uptake, reduced 

inflammatory markers (IL- 
6, IFN-γ)12 

High- 
intensity 
interval 
training 

Reduced autoimmune 
responses, lower 

incidence of diabetes 

Reduced infiltration of 
autoreactive T cells in 

pancreatic islets, increased 
anti-inflammatory 

cytokines13 
Low- intensity 

continuous 
exercise 

Minimal impact on 
diabetes onset, slight 

improvement in 
glucose levels 

Minor changes in immune 
regulation, low impact on 

β-cell preservation14 
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profiles, and modify gut microbiota composition, all of
which may contribute to its protective effects against T1D
development. Table 1 summarizing the type of exercise
and its effects on the NOD mouse model with mechanisms
explored:
Preventive Mechanisms and Immunological Pathways

The preventive effects of early-life exercise in NOD
mice appear to be mediated through several key
immunological pathways. Studies have demonstrated
significant modifications in T-cell populations, including
increases in regulatory T-cells and alterations in effector
T-cell responses. These changes are accompanied by
modified cytokine profiles that may help maintain immune
tolerance and prevent autoimmune responses against β-
cells.

The innate immune system is also significantly
affected by exercise, with changes observed in macrophage
polarization, NK cell activity, and dendritic cell function.
These modifications in innate immunity may help create
an environment less conducive to the development of
autoimmune responses. Additionally, exercise influences
various metabolic pathways, including enhanced glucose
uptake, improved insulin signaling, and modified hepatic
glucose production, which collectively may contribute to
disease prevention.
Clinical Implications and Translation

Understanding the effects of early-life exercise in NOD
mice has significant implications for developing human
intervention strategies for T1D prevention. The timing of
exercise intervention appears crucial, with early
implementation showing the most promising results in
experimental studies.3 This suggests that preventive
programs should target at-risk populations during childhood
and adolescence, when the immune system and metabolic
functions are still developing and most responsive to
environmental modifications. The translation of findings
from NOD mouse studies to human applications requires
careful consideration of several key factors. Studies by
Walsh et al. (2011)15 emphasize the importance of
determining optimal exercise parameters, including type,
intensity, and duration of activity. These parameters must
be carefully adapted for different age groups, considering
both physiological capabilities and compliance factors. The
implementation of exercise programs must also account
for individual variations in immune responses and disease
susceptibility.

 Pedersen & Hoffman-Goetz (2000)6 demonstrated
that the immunomodulatory effects of exercise observed
in NOD mice have parallel mechanisms in humans,
particularly regarding cytokine profiles and T-cell
responses. However, the translation of these findings
requires careful monitoring of exercise intensity, as
excessive physical stress might potentially accelerate disease
progression in susceptible individuals.

Clinical implementation strategies must consider
practical aspects such as adherence, motivation, and the
integration of exercise programs into daily life. Robertson
& Harmon (2006)16 suggest that family-based interventions
might be particularly effective, as they provide both support
systems and environmental modifications that enhance
program success. Additionally, the combination of exercise
with other preventive measures, such as dietary
modifications, may offer synergistic benefits in disease
prevention.

Long-term monitoring and follow-up strategies are
essential to evaluate the effectiveness of exercise
interventions in human populations. This includes regular
assessment of immunological markers, metabolic
parameters, and clinical outcomes to optimize intervention
protocols and identify individuals who may require modified
approaches.5 Figure 1 show pre-clinical efficacy to
promising clinical trials that delay Type 1 diabetes.
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Figure 1- Pre-Clinical Efficacy to Promising Clinical

Trials that Delay T1D

Future Directions and Research Needs
While significant progress has been made in

understanding the role of early-life exercise in preventing
T1D in NOD mice, several areas require further
investigation. Detailed molecular pathway analyses are
needed to fully understand the mechanisms through which
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exercise exerts its protective effects. Additionally, improved
methods for monitoring disease progression and identifying
relevant biomarkers would enhance our ability to evaluate
intervention effectiveness.

The standardization of exercise protocols and
outcome measures remains an important consideration for
future research. Advanced imaging techniques and
improved monitoring methods may help provide more
detailed insights into the effects of exercise on disease
progression. Furthermore, long-term follow-up studies are
needed to evaluate the duration of protective effects and
potential late-onset complications.

CONCLUSION

Early-life exercise shows considerable promise as a
preventive strategy for T1D in NOD mice. The multiple
mechanisms through which exercise modifies disease
progression, including immunomodulation, metabolic
regulation, and direct effects on ?-cell function, suggest
significant potential for translation to human applications.
Future research should focus on optimizing intervention
strategies and understanding the long-term implications of
early-life exercise programs. While challenges remain in
translating these findings to human populations, the
evidence from NOD mouse studies provides a strong
foundation for the development of exercise-based preventive
strategies against T1D.
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