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ABSTRACT: Type 1 Diabetes (T1D) is an autoimmune disease that occurs when pancreatic β cells produce little or no insulin, 
thereby leading to an accumulation of glucose in the bloodstream and inability to process carbohydrates. In recent years, T1D 
has been increasingly researched due to the increased incidence of T1D. While genetics has been studied as a cause for T1D 
for decades, there have been new studies researching the role of epigenetics and environmental factors in association with T1D. 
Epigenetics is the study of gene expression and inheritance in which mechanisms such as DNA methylation, histone methylation, 
and non-coding RNA are used to silence and express specific genes. As understanding of epigenetics increases, there is a clearer 
correlation between epigenetics and autoimmune diseases. Despite the increase in knowledge on T1D, there is no cure for the 
disease, and more research will be required to elucidate the complete etiology of T1D and the role of epigenetics in T1D in 
its natural history. This systematic review describes the role of epigenetics and the environmental factors of maternal health, 
enteroviruses, age of food introduction, nitrate consumption, and psychological stress in T1D, and summarizes knowledge from 
current studies to aid in future research. 
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�   Introduction
Epigenetics:
Beginning in the 19th century, advances in embryology and 

cell biology led to an initial, broader definition of epigenetics. 
Up until the 1950s, epigenetics referred to the process by which 
the fertilized zygote passed on its traits. This definition later 
evolved to more specifically describe epigenetics as heritable 
changes in gene expression that are not expressed as changes in 
the DNA sequence.1 Since “epi” refers to the above, the epig-
enome refers to the epigenetic marks layered over cells. These 
marks or epigenetic mechanisms are able to control whether a 
gene is expressed or silenced.2

Type 1 Diabetes:
Type 1 Diabetes (T1D) is an autoimmune disease in which 

the pancreatic β cells that produce insulin are destroyed (Figure 
1). This destruction leads to hyperglycemia, a high concen-
tration of glucose in the blood, since insulin facilitates the 
movement of glucose into the cells and stabilizes blood glucose 
levels.3 This heightened concentration of glucose in the blood-
stream causes weight loss, severe organ damage, heart failure, 
and early death.4 In 1921, Frederick Banting discovered insulin 
and later made it available to the public. This discovery is still 
used as the primary treatment for T1D and has allowed dia-
betics to lead much longer and healthier lives. Although the 
exact causes of T1D and a cure for T1D have not yet been 
discovered, there have been numerous new technological ad-
vancements since the discovery of insulin to aid with insulin 
delivery.5 Advancing clinical research and creating new treat-
ments have gained increased focus as there has been a global 
increase in patients with T1D of about 3-4% in only the last 30 
years, likely due to a combination of genetic and environmental 
factors.6

New Diabetes Treatments:
T1D is commonly treated using continuous blood glucose 

monitors to measure blood sugar and insulin pumps or injec-
tions to stabilize blood glucose levels. These treatments are 
constantly being researched and improved upon to facilitate 
T1D management. For instance, one of the recently created 
treatments for T1D can delay the onset of diabetes by a couple 
of years. It does so by binding to an epitope of the CD3-epsilon 
chain expressed on mature T lymphocytes to manage the onset 
of immune system responses that occur in the development of 
the disease.7 Another example of a new treatment is islet cell 
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Figure 1: Figure 1 illustrates that pancreatic β cells are part of the pancreatic 
islet cells. On the left, there is a β cell of an individual without T1D. This cell 
can carry out regular functions, such as producing insulin and β-cell antigens, 
without any disturbances. In contrast, the right-hand side displays how a 
normal β cell may experience an immune attack in a person developing T1D. 
This immune attack then hinders the cell from carrying out regular functions, 
such as insulin production, and ultimately leads to an overall reduction in the 
number of β cells. (Created in BioRender.com)
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replacement therapy. In pursuing this therapy, embryonic stem 
cells offer a functional cure for patients of the disease by act-
ing as pancreatic β cells and releasing insulin to regulate blood 
glucose levels. However, these replacement therapy options 
still face significant development challenges, and thus remain 
largely unavailable to patients and with relatively high patient 
risks and low adoption, where available, often in limited clini-
cal or research settings.8 As a result, there is an unmet need for 
treatments and cures for T1D.

Epigenetics in T1D:
Over the past 40 years, there has been mounting evidence 

that T1D can be caused by environmental factors.5 There are 
over 60 susceptible genes for T1D, most of which are within 
the HLA region.9 However, epigenetic changes in the im-
mune system have been discovered in children prior to their 
development of T1D.10 This means that some developments 
of T1D are likely caused by a prior disease and/or external 
environmental factors that lead to immune system disruption. 
The immune system then fails to attack accurately and instead 
damages the pancreatic β cells that produce insulin. Since dis-
ease, an external environmental factor, is hypothesized to lead 
to T1D, epigenetics may be involved.11 That is because envi-
ronmental factors, such as disease, use epigenetic mechanisms 
to express or suppress the underlying genes that factor into the 
islet cells’ production of insulin. By looking at the current un-
derstanding of the connections between epigenetics and T1D, 
as well as recent treatments, we can more clearly understand 
the specific causes of T1D and use this information to inform 
ongoing research efforts.

Epigenetic mechanisms:
DNA methylation:
DNA methylation is an epigenetic mechanism involving the 

formation of a heritable mark created by a methyl group’s co-
valent bond to the C5 position in the cytosine rings of DNA. 
The heritable mark caused by DNA methylation serves as a 
method of epigenetic silencing of transcription.12

Histone modifications:
Histone modifications regulate chromatin and transcription 

without expressing any change to the DNA sequence.13 His-
tones are groups of proteins found in chromatin that act as a 
structure on which the DNA strands are tightly coiled. The ex-
pression of genes is repressed when the genes are bound by the 
histones and expressed when the DNA unwinds. This winding 
or unwinding occurs when epigenetic modifications change 
the charge of the histones and the DNA. Since the opposite 
charges of the histones and DNA keep the DNA wrapped 
(histones have a positive charge while DNA has a negative 
charge), changing the charge of one or both would also change 
the gene expression. There are nine different types of histone 
modification: acetylation, methylation, phosphorylation, and 
ubiquitylation are the most well-known modifications.14

Histone acetylation:
Histone acetylation occurs because histones are positively 

charged due to lysine and arginine. When acetylation neu-
tralizes the lysine, the histones lose their positive charge and 
unwind from the DNA. As a result, histone acetylation in-
creases gene expression because it allows for the expression of 
previously bound genes. This process of acetylation is cata-
lyzed by histone acetyltransferases.15

Histone methylation and demethylation:
Histone methylation is the addition of methyl groups onto 

the histone protein. Histone methylation often prevents tran-
scription factors from binding because it tightens histone tails 
around DNA, which decreases transcription. Histone demeth-
ylation, on the other hand, loosens the tails and leads to gene 
expression and an increase in transcription. This means that 
histone methylation can both activate and repress genes.15

Non-coding RNA:
Non-coding RNA (ncRNA) are functional RNA molecules 

that are not translated into protein. ncRNA regulates epi-
genetic mechanisms and controls the enzymes that catalyze 
processes such as DNA methylation, histone methylation and 
demethylation, and histone acetylation. NcRNA is important 
for understanding many autoimmune diseases because of its 
role in cell differentiation and tissue development.16 NcRNA is 
also important to understanding autoimmune diseases because 
it is a component that leads to the immune system’s attacking 
healthy tissue, which connects to how diseases attacking the 
pancreas are a potential cause of T1D.17

This up-to-date literature review will discuss the involve-
ment of epigenetics in T1D and aim to provide a topic of 
discussion for future applications of epigenetics. Specifically, 
epigenetic and environmental factors such as the age of food 
introduction, consumption of nitrate, psychological stress, in-
fancy, maternal health, and enteroviruses will be explored for 
their potential role in the development of T1D.

�   Discussion 
Evidence of involvement of T1D with epigenetics:
Epigenetics is pointed out as a potential contributor to 

the development of T1D because evidence points to T1D 
not being attributed to genetic causes. Recent studies use the 
high discordance rate of monozygotic twins, known as MZ 
twins, in their development of T1D to prove the involve-
ment of environmental factors. Since MZ twins come from 
the same fertilized egg and share 100% of their DNA, there 
must be environmental factors that are not part of the DNA 
sequencing that lead to only one twin developing the disease. 
Furthermore, the differences in incident rates of T1D between 
different countries also point to the involvement of environ-
mental factors because there is no other explanation for such a 
rapid increase or such drastic differences. For instance, sub-Sa-
haran Africa has an incidence rate of only 6% while parts of 
Scandinavia have a 77% incidence rate.18 While many studies 
agree that this high percentage must be due to a common envi-
ronmental trigger, this environmental trigger remains unclear. 
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Some possible environmental factors that could explain this 
difference in incidence rates are explored in the discussion and 
can be categorized as taking effect either before birth, during 
infancy, or post-infancy (Figure 2). While other environmen-
tal factors have been linked to the development of T1D, the 
diagram below represents a sample of environmental factors 
in each phase of development that have been identified with 
significant odds ratios in other literature.

Epigenetic and environmental factors associated with T1D:
Age of food introduction:
The development of T1D is potentially correlated with the 

age of food introduction, especially the introduction of root 
vegetables from an early age. For instance, the development of 
T1D, genetically, would be more likely with a certain human 
leukocyte antigen (HLA) system type since the HLA region 
is the region that is seen as predisposing a patient for T1D 
(there are 60 such regions). However, among siblings with 
different HLA types, the age of development is a more prom-
inent factor than the HLA region type and predisposition.18 
Furthermore, studies have pointed to the early introduction 
of root vegetables, wheat, rye, oats, barley cereals, and eggs in 
the diet as potential risk factors for the development of T1D. 
One study has found that the early introduction of root veg-
etables in a child’s diet, meaning in the first four months of 
life, leads to an increased risk of ß-cell autoimmunity among 
Finnish children. Children in the two groups that introduced 
root vegetables within the first four months experienced odds 
ratios of 1.75 and 1.79, where the baseline is 1. Therefore, the 
early introduction of root vegetables could be a contributor to 
the development of T1D.19

Consumption of nitrate:
Studies have shown a link between the consumption of tox-

ins in food and water and the development of T1D. Specifically, 
nitrate and nitrosamine contamination in water is associated 
with an increase in T1D cases.20 There have been conflicting 
studies in the Netherlands demonstrating that the correlation 
is only present for nitrate levels > 25 mg/ L.21 When the ni-
trate levels in drinking water are greater than 25 mg/ L, there 
is an increased incidence ratio of 1.46, where the baseline level 
is 1. However, the study had a small sample size since only 15 
out of the 1,064 were examined for this factor, which must be 

taken into account when judging the statistical significance of 
the data. Furthermore, a stronger correlation between drinking 
water with nitrate and the development of T1D was demon-
strated in a study conducted in northern England. This study 
demonstrated a significant increase in patients as the nitrate in 
the water increased.22

Psychological stress:
Stress on β-cells is proven to negatively affect the immune 

response and lead to insulin resistance or the development of 
T1D. Factors such as rapid growth, trauma, and serious life 
events, such as the death of a family member, are all shown to 
increase the demand on β-cells.23 An ABIS study with a base-
line level of 1 demonstrates how physiological factors increase 
the odds ratios. For instance, high parenting stress leads to an 
odds ratio of 1.8, experiences in serious life events 2.3, foreign 
origin of the mother 2.1, and low paternal education 1.6.24 
This β-cell demand leads to non-functioning protein synthe-
sis, proinsulin peptide degradation, and hybrid insulin peptide 
synthesis through transpeptidation, eventually triggering islet 
autoimmunity.23

Infancy and maternal health:
The development of T1D is potentially correlated with the 

early introduction of solid foods and the consumption of milk 
after infancy. A study examining the effects of breastfeeding 
on children of 3-12 months and the appearance of 4 types of 
islet antibodies found that an early introduction of solid food is 
associated with a higher risk of islet autoimmunity for children 
up to 3 years of age. For instance, the odds ratio for the devel-
opment of T1D when consuming solid foods within the first 3 
months of life is 2.33, where the baseline is 1.25 Furthermore, 
a trial on the effects of frequent cow milk consumption found 
that elevated cow milk antibody concentrations and increased 
consumption of milk after infancy lead to a higher likelihood 
of developing islet autoimmunity.26 In contrast, there has been 
no association discovered between maternal consumption of 
gluten, iron, and vitamin C and the risk of the child developing 
T1D.27, 28 While maternal consumption of potential environ-
mental factors does not highly impact the development of 
T1D, the consumption of solid foods during infancy and the 
consumption of milk after infancy are potential factors for the 
development of T1D.

Enteroviruses:
Enteroviruses have been researched for involvement in the 

destruction of pancreatic β cells and the development of T1D 
due to their ability to suppress immune responses. Entero-
viruses are a group of single-stranded RNA viruses, such as 
the coxsackievirus. One study found that pancreatic β cells are 
prone to enterovirus infections that often destroy the cells. For 
instance, the Coxsackievirus B virus family was associated with 
T1D development due to its impact on the immune system.29 
A study measuring viral protein in the blood of pre-diabetes 
and diabetes patients found an odds ratio of 3.7, where the 
baseline is 1. This significant increase in the likelihood of de-
veloping T1D when an enterovirus infection is present means 

Figure 2: Figure 2 summarizes the main environmental factors associated 
with T1D included in the discussion. The figure categorizes the factors based 
on the stages of human development: prenatal, during infancy, or after birth. 
Odds ratios are included beneath each factor. (Created in BioRender.com)
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Current studies:
Epigenetics and its role in the development of T1D are in-

creasingly being researched to discover causes for T1D. For 
instance, a study by Johnson et al. found 10 regions in the 
genome that differ between patients with T1D and people 
without the disease.31 Furthermore, one study discovered that 
the methylation at the sites that are associated with the devel-
opment of T1D can be detected years before the patient begins 
to develop the disease. This study identified specific autoanti-
bodies and 88 CpG methylation sites that exhibit a correlation 
with the future onset of T1D, and therefore warrants further 
investigation.32 As a result, it is now possible to use these 10 
regions and specific site findings to screen patients who are 
at high risk of developing T1D to monitor or prevent these 
patients from developing the disease.

�   Conclusion 
There is a rapid increase in patients with T1D, and novel 

treatments to delay the onset of T1D have been created. How-
ever, no permanent cure exists yet, and the exact causes for 
the disease remain unknown. Therefore, insight into potential 
epigenetic causes for T1D could aid in future research on the 
causes of T1D. It is hypothesized that environmental factors 
are associated with the development of T1D due to the high 
discordance rate of MZ twins and the genetically inexplicable 
increase in patients with T1D. Specifically, some environmen-
tal factors that could be contributors to the development of 
T1D are the age of food introduction, the consumption of ni-
trate, psychological stress, maternal health, and enteroviruses.

Future studies:
In the future, screening high-risk patients for pre-diabetes 

and researching environmental factors and epigenetic contrib-
utors can help lead to a better understanding of the complex 
etiology of T1D, which involves potentially heritable genetic 
factors, epigenetic conditions, and multiple intertwined epi-
genetic factors. Many other factors exist, such as cold climate, 
vitamin D deficiency, pollution and heavy metal exposure, tox-
in exposure, childhood obesity, and the gut microbiome, that 
should be considered in the future. In addition, while this study 
looks at these factors in isolation, it provides an important 
jumping-off point for these factors to be studied concurrently 
in real-world settings, which will help improve understand-
ing of each factor’s contribution. Furthermore, since T1D is 
associated with DNA methylation and histone modification, 
the creation of epigenetic treatments for T1D is plausible. For 
instance, histone modification inhibitors function as epigene-
tic treatments for cancer and therefore have great potential as 
future therapeutic, or even curative, interventions for T1D that 
merit future research.
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