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Abstract
Evidence suggests that psychological and physical stress are 
relevant triggering factors for the onset of type 1 diabetes 
(T1D) and type 2 diabetes (T2D). The underlying mechanisms 
involve a complex neuroendocrine structure, involving the 
central nervous system and the periphery. Psychological 
stress leads to an increase of serum glucocorticoid concen-
trations and catecholamines release increasing the insulin 
need and the insulin resistance. According to the β-cell stress 
hypothesis, also causes of increased insulin demand, such as 
rapid growth, overweight, puberty, low physical activity, 
trauma, infections, and glucose overload, are potentially rel-
evant factors in development of T1D. It has also been dem-
onstrated that chronic stress and obesity form a vicious circle 
which leads to a definitive metabolic failure, increasing the 
risk of developing T2D. In this review, we will provide the 
most recent data concerning the role of stress in the out-
comes of T1D and T2D, with a focus on the role of physical 
and psychological stress on the onset of T1D.

© 2022 S. Karger AG, Basel

Introduction

Stress is defined as a biological response evoked by any 
intrinsic or extrinsic stimulus [1]. The capacity to face 
adaptive stress responses, in an evolutionary perspective, 
is considered important for a successful outcome [2]. The 
so-called fight or flight response, i.e., a catabolic, antire-
productive, anti-growth, and immunosuppressive pleth-
ora of mechanisms, is transient and in favor of survival 
[2–4]. However, chronic stress can make these effects det-
rimental by prolonging their duration, playing a major 
role in human diseases, and acting as a triggering or ag-
gravating factor. Moreover, behavioral changes com-
monly seen in chronic stress disorders, such as a seden-
tary lifestyle and dietary habits (e.g., increased portion 
size, comfort eating, and alcohol consumption) may lead 
to weight gain and to abnormalities of glucose and lipid 
metabolism [4].

The stress system consists in a complex neuroendo-
crine structure, involving the central nervous system and 
the periphery [2]. Glucocorticoids (GC) and catecholam-
inas, respectively, final mediators of hypotalamic-pitu-
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itary-adrenal-axis and sympathetic nervous system, are 
the main hormonal effectors of the stress system: while 
during acute stress the whole body metabolism may not 
be affected, when chronically stimulated, the stress hor-
mones can cause deleterious effects on glucose homeosta-
sis. More specifically, during an acute stress event, glucose 
concentration and insulin secretion increases, so that glu-
cose disposal is stimulated, and normoglycemia is main-
tained. When the stressor is chronic, the process becomes 
allostatic (literally “stable through change”). Stumvoll et 
al. [5] in 2003 first used the term “glucose allostasis,” refer-
ring to a process where, during a chronic stress situation 
such as insulin resistance, glucose do not return to the ini-
tial concentration, in order to continuously inform the 
β-cell that insulin resistance is present; for this reason, 
chronic insulin resistance is accompanied by an increase 
in glycemia (leading to the development of type 2 diabetes 
[T2D]) even in the presence of normal beta-cell function.

Effects of GC

GC are so named because of their recognized actions 
on carbohydrate metabolism [6, 7]. Figure 1 synthesizes 
the main effects of GC on different organs and tissues. In 

order to recruit all available energy resources to defend 
body homeostasis, GC stimulate hepatic gluconeogenesis 
and glycogen storage [6]; GC also reduce glucose uptake 
and utilization in skeletal muscle and white adipose tis-
sue, so that hyperglycemia is the most rapid-onset and 
common effect associated with their hyperstimulation 
and their use as drugs [7–9]. Chronic stress, via prolonged 
hypercortisolemia, can progressively lead to visceral fat 
accumulation, decreased lean body mass, and insulin re-
sistance.

Particularly, GC increase endogenous glucose produc-
tion in the liver directly by activating numerous genes 
involved in hepatic glucose metabolism, such as phos-
phoenolpyruvate carboxykinase and glucose-6-phospha-
tase [10–13]. Indirectly, GC antagonize the metabolic ac-
tions of insulin [14, 15]. Hepatic gluconeogenesis is also 
enhanced by the effects of GC on other counterregulatory 
hormones such as glucagon and epinephrine [16].

In skeletal muscle and other peripheral tissues, GC re-
duce glucose uptake, directly antagonizing insulin signal-
ing cascade. GLUT 4 transporter is the major determi-
nant of insulin-dependent peripheral glucose uptake; it is 
mainly expressed in skeletal muscle and is increased by 
insulin [17, 18]. In these tissues, GLUT 4 expression is 
also increased by GC, but its translocation to the cell sur-

●  ↑ Gluconeogenesis (↑ G6P, PEPCK)
●  ↑ Lipogenesis
●  ↓ Insulin sensitivity

●  ↑ Lipolysis in peripheral tissue
●  ↑ Visceral fat

●  ↓ Glucose uptake (↓ GLUT4)
●  ↓ Glycogen synthesis

●  β Cell disfunction
●  ↓ Insulin activity

●  ↓ Impaired incretin effect

●  Capillary recruitment

GLUCOCORTICOIDS

Fig. 1. Main effects of glucocorticoids on different organs and tissues.
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face in response to insulin and to other stimuli (e.g., hy-
poxia) is inhibited in presence of GC [6, 18, 19], leading 
to a decrease in glucose uptake.

In white adipose tissue, GC increase lypolisis to pro-
vide glycerol as a precursor for gluconeogenesis, so that 
the non-esterified fatty acids can accumulate within mus-
cle cells and again reduce glucose uptake by interfering 
insulin signaling. In pancreas, costicosteroids also inhib-
it the production and secretion of insulin from β cells [20, 
21].

Sympathoadrenal System
It is also well established that the increased sympatho-

adrenal system activity during chronic stress can contrib-
ute to impaired glucose tolerance and increased risk for 
acute cardiovascular events [5, 22–26]; this metabolic re-
sponse is directly related to the β2 adrenoceptor activity 
[26]. Wolfe et al. [27] first demonstrated that, under phys-
iologic conditions, infusing catecholamines is associated 
with enhanced aerobic glycolysis, glucose release from 
glycogenolysis and gluconeogenesis, and inhibition of in-
sulin-mediated glycogenesis, resulting in hyperglycemia 
and hyperlactatemia [26, 28]. Moreover, shock states 
(characterized by compromised tissue microcirculatory 
perfusion and mytochondrial dysfunction) often corre-
late with hypermetabolic state, insulin resistance, and in-
creased oxygen demands [27].

Epinephrine and norepinephrine contribute to insulin 
resistance by activating β adrenergic receptors (AR). In-
terestingly, activation of β AR in cardiomyocites, adypoc-
ites, and endothelial cells can lead to oxidative stress by 
β2 AR mediated NOX upregulation [29–31]; in adipo-
cites, the β3 AR activates the hormone-sensitive lipase 
which promotes the accumulation of free fatty acids and 
the associated increase in MAPK activation and ceramide 
synthesis [32]. It is well known that ceramide promotes 
insulin resistance by inhibiting the activity of Akt/PKB 
[33].

Immune Responses
Chronic stress also plays a immunomodulatory role. 

Innate and adaptive immune responses can be suppressed 
or dysregulated by the capacity of stress to alter the Type 
1 – Type 2 cytokine balance; GC can alter leukocyte traf-
fic and function, decrease the production of cytokines 
and mediators of inflammation, and inhibited the latter’s 
effects on target tissues [4, 34]. On the other hand, cyto-
kines and other humoral mediators of inflammation are 
powerful activators of the central stress response, forming 
a feedback loop through which the immune/inflamma-

tory system communicates with the hypotalamic-pitu-
itary-adrenal-axis [34], especially IL-6 [35]. This low-
grade inflammatory state is a pathogenetic element in 
common with obesity [36]; as weight gain progresses, ad-
ipocytes constantly secrete adipokines and chemokines in 
the systemic circulation, chemoattracting and recruiting 
macrophages, which, in response, release locally cyto-
kines (e.g., TNF-a and IL-6) [36, 37].

Type 1 DM versus Type 2 DM
Evidence suggests that psychological and physical 

stress are relevant triggering factors for the onset of type 
1 diabetes (T1D) and T2D. The onset of T1D is particu-
larly linked to the beta-cell stress hypothesis, involved in 
an autoimmune mechanism that will be described later in 
this paper. Regarding T2D, it has been demonstrated that 
chronic stress and obesity form a vicious circle which 
leads to a definitive metabolic failure, increasing the risk 
of developing T2D. This review highlights the main 
pathophysiologic mechanisms which link chronic stress 
to metabolic failure, particularly insulin resistance, T1D 
and T2D.

Stress and Type 2 Diabetes

Indeed, we can certainly affirm that chronic stress and 
obesity form a vicious circle which leads to a definitive 
metabolic failure. The endpoint of this metabolic failure 
is the development of T2D. Several studies have shown 
that acute stress events could contribute to the expression 
of hyperglycemia and type II diabetes in animal models: 
Mikat et al. [38] demonstrated that a stressful situation, 
such as an esophageal intubation, on sand rats main-
tained on a low-calorie, low-carbohydrate diet of vegeta-
bles and saline, can lead to an abnormal glucose tolerance 
typical of type II diabetes. Similar data have been report-
ed in genetically obese mouse (C57BL76J, ob/ob) [39], 
where stress consisted of restraint in a wire-mesh cage for 
60 min, punctuated by a 5-min period of shaking. In gen-
eral, the exaggerated glycemic responses of ob/ob mice to 
stress correlates with a sympathetic discharge, consisting 
in an increased level of catecholamines. In humans, an 
exaggerated glycemic reactivity to behavioral stress also 
appears to be characteristic of individuals predisposed to 
developing type II diabetes. For instance, 60% of Pima 
Indians eventually develop type II diabetes during adult-
hood: interestingly, they showed a disturbed glycemic re-
sponse to behavioral stress compared with whites [40]. 
More recently, another study was performed in 30 adult 

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/96/1/34/3952776/000522431.pdf by guest on 26 February 2024



Stress and Diabetes Mellitus 37Horm Res Paediatr 2023;96:34–43
DOI: 10.1159/000522431

patients with T2D [41], exposed to moderate psychoso-
cial stress by means of the Trier Social Stress Test applied 
in the postprandial state; the effect of acute psychological 
stress was assessed on glucose concentrations in the fast-
ing and postprandial state. Glucose concentrations were 
statistically significantly higher compared with the con-
trol nonstress day. In the fasting state, glucose concentra-
tions decreased slightly during the control day but re-
mained stable on the stress-test day. Finally, all these 
studies suggest that the link between stress and the devel-
opment of type II diabetes is an abnormal glucose re-
sponse due to an increased activity of the autonomic ner-
vous system, particularly an α-adrenergic stimulation.

Also another “chronic stress disorder,” such as depres-
sion, appears to increase the risk of T2D by 60% [42]. The 
Hoorn Study [43] also showed that major stressful life 
events during a preceding 5-year period are associated 
with undetected T2D and visceral adiposity. Interesting-
ly, as Butler [44] reported, the disparities in social deter-
minants of health play an important role in youth-onset 
T2D.

Recently, relevant evidence supporting the “develop-
mental programming” of T2D, specifically by the intra-
uterine environment, have emerged [45]. Human and 
animal studies and insights form natural historical events, 
such as the Dutch Hunger Winter, the Chinese famine, 
and the Quebec Ice Storm, allowed to detect several po-
tential epigenetic mechanisms in the development of 
T2D. In the children of mothers who experienced hard-
ship and stress during the ice storm, higher secretion of 
insulin [46] and C-peptide [47] were observed. A longi-
tudinal showed that children who were prenatally ex-
posed to bereavement had a major risk of developing T2D 
diagnosis later in life [48]. In murine models, it has been 
observed that prenatal stress increases rat offspring sus-
ceptibility to diet-induced obesity [49] and that maternal 
sleep fragmentation-induced stress leads to metabolic 
disorders in offspring, including increased body weight, 
visceral fat mass, and HOMA-IR [50].

Psychological Stress and Type 1 Diabetes

Stress as a Triggering Event for T1D
T1D is a chronic autoimmune disease characterized by 

destruction of pancreatic beta cells leading to hyperglyce-
mia and to an insulin-dependent state lifelong. Many fac-
tors, such as infections, diet, vitamin D deficiency, intes-
tinal microbiota are proposed as environmental stressors 
able to trigger the onset of T1D in individuals at genetic 

risk. Among possible trigger factors of T1D, psychologi-
cal stress has also been proposed [51], due to an increase 
of serum glucocorticoid concentrations and catechol-
amines, which increase the insulin need and the insulin 
resistance. In this way, the stress has been proposed as a 
trigger of T1D. This is known as “beta cell stress hypoth-
esis” [52, 53]. In addition, it is well established that an 
increased production of pro-inflammatory cytokine, 
such as IL-1β [54], is present in autoimmune disorders.

Several studies report the link between severe life 
events during childhood as potential risk for the develop-
ment of T1D [55–63]. Sipetic et al. [62] have been con-
ducted a case-control study comprising 105 children with 
T1D and 210 controls matched by age (±1 year), sex and 
place of residence to test the hypothesis that psychologi-
cal dysfunction and stressful life events could increase the 
risk of developing T1D [62]. In this study health-related 
stressful events (hospitalization of participants, acci-
dents), severe family events (close relative died, parents 
divorced), changes in family constellation (relative left 
home, new sibling, changes in the number of family 
members, change of dwelling), parents’ job-related issues 
(parent changed job, parent lost job), school-related is-
sues (enrollment in elementary school, change of school), 
other severe life events (severe accident, hospitalization 
or death of close friend, quarrels between parents, war in 
republics of former Yugoslavia), and other minor life 
events (conflicts with parents/teacher/neighbors, physi-
cal attack, lost in town, separation from parents, school 
examination) were all associated with significantly in-
creased risk for developing TD1 [62]. In this study also, a 
multivariate logistic regression analysis has been con-
ducted, and all factors remain significantly related to T1D 
except sleep disorders and school-related issues [62]. Sip-
etic et al. [62] noted that it was probable that social, psy-
chological, physical triggers, causing an excessive release 
of catecholamines and cortisol, increased insulin require-
ments and then increased workload on the β-cells, pre-
cipitating the onset of T1D.

Although many studies report a positive association 
between T1D and stressors, Littorin et al. [64] conducted 
a patient-control study that does not support this hypoth-
esis. This study was based on wide study (Diabetes Inci-
dence Study in Sweden) of newly diagnosed patients [64]. 
All individuals aged 15–34 years of age were included. 349 
diabetic patients and 979 control subjects were enrolled. 
A questionnaire was proposed to healthy subjects and to 
diabetic patients at 4 weeks after the diagnosis of T1D. 
The questionnaire was about: family history of diabetes 
in first degree relatives; social environment (including 
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education level of parents and respondent), parental age 
at birth of respondent, living conditions, lifestyle and life 
events experienced in the last year, also auxological pa-
rameters were considered (height, weight, waist to hip ra-
tio) [64]. The conclusions of this study did not support 
the hypothesis for which psychological stress favorite the 
onset of T1D, in fact diabetic patients had experienced 
fewer conflicts with their parents and had less often bro-
ken contacts with their friends than control subjects [64].

The limit of most of the studies reported in literature 
is the retrospective design. About that Nygren et al. [65] 
conducted a population-based prospective cohort study 
to investigate whether psychological stress occurred dur-
ing childhood could be a risk factor for the onset of T1D. 
The All Babies In Southeast Sweden (ABIS) study invited 
all families with babies born between October 1, 1997, 
and September 30, 1999, in southeast Sweden to partici-
pate. A total of 10,495 participants at 2–3, 5–6, 8, and 
10–13 years of age not yet diagnosed with T1D were in-
cluded; 58 children were afterward diagnosed between 3 
and 14 years of age [65]. The questionnaire proposed to 
the family investigate psychological stress in the family, 
severe or negative life events for children and for parents, 
parenting stress and worries and parent’s social support. 
This study concluded that serious life event experienced 
by the child during the first 14 years of life increased the 
risk of diagnosis of T1D regardless of heredity for T2D, 
size for gestational age, the parents’ education level, 
whether the mother worked less than 50% of full time be-
fore the child’s birth and the childhood BMI. If the child 
had experience of a serious life event, he has a risk three 
times higher to develop T1D before 14 years of age. It is 
important to mark that the heredity remains the main 
risk factor, increasing the risk of diabetes of about 4 times 
than a serious life event experience [65, 66].

The hypothesis that psychological stress would favor-
ite the onset or the progression of T1D is really interest-
ing, and this assumption paves the way for another pre-
vention cue for T1D, but more empirical data are surely 
needed. Prospective and epidemiological studies are 
needed to support the causality relationship between psy-
chological stressors and T1D, to examine a new potential 
risk factor of this chronic autoimmune disease. What is 
better known is that psychological stress can precipitate 
manifest T1D, although the biological mechanisms are 
still unknown.

Stress and Metabolic Control in T1D
Stress is not only a potential triggering factor for the 

onset of T1D, but it can also influence the outcomes of 

patients affected by T1D. Stress is common in children 
with T1D and their caregivers. Besides general life stress, 
patients with T1D experience additional diabetes-specific 
stress [67], because of daily self-management, adherence 
to the treatment regimen, etc.

Rechenberg et al. [66] conducted a randomized con-
trolled trial among 320 adolescents with T1D aged 11–14 
years to investigate the influence of general and diabetes-
specific stress on HbA1c levels, self-management behav-
iors, and QOL. Over 50% of the participants reported high 
levels of both general and disease-related stress. Further-
more, higher levels of both types of stress were negatively 
associated with higher levels of HbA1c, poorer self-man-
agement, and lower diabetes-specific QOL. At the same 
time, the diabetes-specific stress showed greater influence 
on the variance in HbA1c, while general stress did not [66].

The course of T1D, as well as diabetes outcomes, is 
highly associated with the stress regulation in both pa-
tients and their caregivers [66]. The great responsibility 
regarding child’s health causes numerous challenges for 
patient’s family and is a source of parental stress. Parent-
ing and parent-child interactions have a crucial role in 
achieving better glycemic control [66].

Costa-Cordella et al. [67] showed a significant associa-
tion between child’s diabetes outcomes and attachment 
strategies, which is a bio-behavioral system of stress regu-
lation. There are two possible pathways: being activated 
by stress, attachment strategies help to regulate the stress 
response and promote psychosocial well-being, or, inef-
fective activation of attachment strategies, which is insuf-
ficient to handle stress, leads to chronic stress activation. 
In this regard, there are also some gender differences. In 
boys, maternal stress causes unfavorable diabetes out-
comes, while in girls it is associated with better self-con-
trol due to early autonomy and more favorable outcomes, 
at least in the short term [67].

Self-management in children and adolescents with 
T1D is constant and complex, requiring active involve-
ment of both patients and their caregivers [66]. Learning 
to cope with stressful events is an important factor in 
reaching better long-term outcomes of diabetes mellitus 
[67]. Jaser et al. [68] examined coping strategies in ado-
lescents with T1D as predictors of adjustment and glyce-
mic control. The results showed that higher levels of stress 
are associated with poorer use of adaptive coping strate-
gies [68]. Primary control coping (e.g., problem-solving) 
and secondary control engagement coping (e.g., positive 
thinking) strategies lead to better quality of life and fewer 
depressive symptoms. In contrast, coping was not found 
to be a significant predictor of glycemic control [68].
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Physical Stress Triggers of Type 1 Diabetes

Psychological factors are not the only source of stress 
responsible for the onset of T1D. Physical stress may rep-
resent a significant trigger too.

According to the β-cell stress hypothesis, rapid growth, 
overweight, puberty, low physical activity, trauma, infec-
tions, and glucose overload, all causes of increased insulin 
demand, are potentially relevant factors in development 
of T1D [69]. Prolonged endoplasmic reticulum stress im-
pairs insulin synthesis and causes pancreatic β-cell apo-
ptosis [70]. On the other hand, reduced insulin produc-
tion relieves endoplasmic reticulum stress and induces 
β-cell proliferation [71]. Moreover, endoplasmic reticu-
lum stress might increase abnormal post-translational 
modification of endogenous β-cell proteins [70].

Table 1 summarizes the principle prenatal and postna-
tal physical potential triggers and protective factors for 
the progression to T1D. In the following paragraphs, we 
will focus on two of the most studied and debated aspects 
of physical stress, reporting the most recent evidence in 
literature.

Infections
Regarding infections, several viruses have been stud-

ied, with enteroviruses having the strongest evidence from 
studies in animal models [69] and in human beings [72]. 
Bacterial infections are rarely discussed, although bacteria 
as a cause of pancreatic lesions cannot be excluded [72].

Virus-induced β-cell damage is due both to direct lyt-
ic effects of viral replication and host inflammatory re-
sponse mediated damage by autoreactive CD + T cells, 
leading to autoimmunity [72]. The most studied mecha-
nism in the pathogenesis of chronic β-cell damage is mo-
lecular mimicry: viral epitope shares a resemblance with 
host islet protein causing crossreactivity and autoim-
mune T cell response against host tissue in susceptible 
individuals [72]. Nevertheless, evidence suggests that 
molecular mimicry might accelerate the autoimmune 
process once it is already started, rather than causing it 
first [73]. Other potentially responsible factors are by-
stander T-cell activation, the activation of a T-cell inde-
pendent of an antigen-specific T-cell receptor stimula-
tion, and bystander damage, in which β-cell destruction 
is accelerated by the pro-inflammatory cytokines released 
secondary to infection of adjacent pancreatic cells like al-

Table 1. Physical potential triggers and protective factors for the progression to T1D

Trigger factors Protective factors

Prenatal factors Congenital rubella
Maternal enteroviral infection
Caesarean section
Higher birthweight
Older maternal age
Low maternal vegetables intake

Higher maternal vitamin D intake or 
concentration in late pregnancy

Postnatal factors Enteroviral infections
Frequent respiratory or enteric infections
SARS-CoV-2 infections
Abnormal microbiome
Early exposure to

Cereals
Root vegetables
Eggs and cow’s milk

Infant weight gain

Probiotics in the first month
Higher omega-3 fatty acids
Introduction of solid foods while 
breastfeeding and after age 4 months

Factors influencing 
progression

Persistent or recurrent enteroviral infections
Overweight or increased weight velocity
High glycemic load, fructose intake
Dietary nitrates or nitrosamines
Puberty
Steroid treatment
Insulin resistance

Unknown

Factors written in bold type are the ones with the strongest evidence base.
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pha, exocrine, endothelial, and neuronal cells [74, 75]. In-
flammation state might lead to impaired glucose-mediat-
ed insulin release and delay in the conversion of proinsu-
lin to insulin [72]. Another determinant element is that 
β-cells seem to be unable to clear viral infections, in com-
parison with α-cells. Chronicity of β-cells infection is ev-
ident from postmortem studies in which viral capsid pro-
tein VP1 was expressed in the islets of >60% T1D organ 
donors compared with non-T1D controls, among whom 
VP1 was expressed in only 8% [75]. The chronic infection 
causes persistent overexpression of MHC-1 and therefore 
continuous presentation of β-cell epitopes to the immune 
system, facilitating autoimmunity [72].

Enteroviruses (e.g., coxsakievisurs) have a tropism to 
human pancreatic islets [74, 76] and have been detected 
in the pancreas of patients recently diagnosed with T1D. 
Enteroviral VP1 protein immunoreactivity in the β cells 
of children with T1D is found more frequently than their 
age-matched controls [77–80] and β-cells expressing VP1 
are more susceptible to apoptosis [81]. Furthermore, it 
has been postulated that enteroviral infections during 
pregnancy might lead to persistent infection and islet au-
toimmunity in the mother [82] and her offspring [83–85]; 
however, the pathogenesis of this event is still unknown.

Since the spread of COVID-19, many studies have fo-
cused on the ability of SARS-CoV-2 infection to cause 
T1D onset. A recent review [86] concludes that SARS-
CoV-2 can trigger severe diabetic ketoacidosis at presen-
tation in individuals with new-onset diabetes. Neverthe-
less, no sufficient evidence that SARS-CoV-2 induces 
T1D is present until now. In fact, although infection-in-
duced inflammation and cytokine activation lead to insu-
lin resistance, which could cause stress hyperglycemia, it 
is uncertain to what extent the direct viral destruction of 
islet cells with impaired insulin production and release 
might be responsible for it [86].

Evidence suggests that several viral infections may 
contribute to autoimmunity at the basis of T1DM and do 
not only accelerate an existing autoimmune process. If 
this hypothesis was correct, identifying the viruses associ-
ated with the development of T1DM could be relevant for 
the development of preventive and curative therapies for 
this disease [87].

Vaccines
No association between vaccines and islet autoimmu-

nity or T1D has been demonstrated since now [84–92]. 
Morgan et al. [92] conducted a meta-analysis of 23 studies 
investigating 16 vaccinations, concluding that vaccines in 
childhood do not increase the risk of T1D. Also the BCG 

vaccine, which seems to play a role in immune-modula-
tion, has been demonstrated to have no association be-
tween BCG vaccination and T1D or islet autoimmunity 
by a Canadian study on a 20-year follow-up of the 1974 
birth cohort, of which 45% were given BCG in the first 
year of life [93]. Case-control studies from Canada [94] 
and Sweden [95] and the Germany BABYDIAB study 
[89] showed concordant results.

Beyond their direct effect, it should be remembered 
that simultaneously with the decrease in infections in 
high-income countries, secondary to vaccination, the use 
of antibiotics, improved sanitation and socioeconomic 
status, an increased incidence of autoimmune diseases, 
type 1 DM included, has been reported in the past 50 
years. According to the hygiene hypothesis, this is ex-
plained by the fact that decreased microbial exposure in 
early childhood increases the risk of autoimmune diseas-
es [87, 96–98]. This should be due to defective develop-
ment of the regulatory T cells that produce TGF-β and 
IL-10 and are able to prevent excessive innate and adap-
tive immune responses [87, 99, 100]; lack of microorgan-
ism-induced maturation of dendritic cells that improve 
the development of regulatory T cells [101]; and modifi-
cations in the gut microbiota [102]. In fact, viral infec-
tions in NOD mice trigger immunoregulatory mecha-
nisms protecting against diabetes mellitus through both 
increasing the number of regulatory T cells and prevent-
ing expansion of diabetogenic CD8+ T cells [103, 104].

Conclusion

Several studies have demonstrated the link between 
potential psychological and physical stressor and the on-
set of T1D and T2D. Studies on animal models have 
shown that acute stress events could contribute to the ex-
pression of hyperglycemia and T2D. Similarly, in hu-
mans, an exaggerated glycemic reactivity to behavioral 
stress seems to predispose individuals to the development 
of T2D. The role of intrauterine events in determining 
insulin resistance in the offspring in later life is very in-
teresting and should be studied in deep in order to pro-
gram a targeted prenatal prevention.

The relationship between some triggering factors, 
such as enteroviral infections, infant weight gain, in-
creased weight velocity and puberty, and T1D have a 
strong evidence base. Others factors, such as psychologi-
cal stress, SARS-CoV-2 infections and abnormal micro-
biome need further studies in order to prove a certain 
association. Regarding vaccinations, no direct association 
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between vaccines and islet autoimmunity or T1D has 
been demonstrated since now, however it should be con-
sidered that decreased microbial exposure in early child-
hood, also due to vaccinations, increases the risk of auto-
immune diseases as it is for T1D.

The time frame for the impact of stress on T1D is not 
completely understood, however, while psychological stress 
seems to precipitate manifest T1D, but no evidence is avail-
able regarding its direct role in autoimmunity, several stud-
ies suggest that some physical sources of stress, such as infec-
tions, may contribute directly to the autoimmune process. 
If this hypothesis was correct, identifying the viruses associ-
ated with the development of T1DM could be relevant for 
the development of preventive and curative therapies for 
this disease. Therefore, future studies should be aimed at 
clarifying the role of infections in the autoimmunity mecha-
nism, in order to proceed with a preventive intervention.
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