
Citation: Falco G, Pirro PS, Castellano E, Anfossi M, Borretta G, et al. The Relationship between Stress and Diabetes Mellitus. J Neurol Psychol. 2015;3(1): 
7.

J Neurol Psychol
April 2015 Vol.:3, Issue:1
© All rights are reserved by Gianotti et al.

The Relationship between Stress 
and Diabetes Mellitus

Keywords: Stress; Diabetes mellitus; Metabolic syndrome; Cortisol; 
HPA axis; Autoimmunity

Summary
Diabetes mellitus (DM) is a metabolic disease characterized by 

chronic hyperglycemia that results from an alteration of the secretion 
or action of insulin. This metabolic condition is not homogeneous 
and the World Health Organization distinguishes two main types 
of diabetes: Type 1 and Type 2 DM (T1DM and T2DM). Despite 
etiological and clinical differences, these two diseases share some 
characteristics including the role played by stress in the occurrence 
of the disease, its progression and chronicity, which involves habit 
changes and influences psychological and social life. In this review we 
will investigate the psychological correlates of T1DM and T2DM. We will 
focus on the role of stress in the disease and the need for global care 
plans in diabetic patients in order to improve their quality of life and 
metabolic control.
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to T2DM occurrence and development [8]. Despite etiological, 
clinical and epidemiological differences, T1DM and T2DM share 
some characteristics, including the role played by stress during their 
onset and progression, chronicity, which involves habit changes and 
influences psychological and social life and the presence of similar 
complications, which increase the risk of co-morbidity and mortality. 

In this review, we will investigate the psychological correlates of 
T1DM and T2DM. We will concentrate on the role of stress and on 
the need for global care plans in diabetic subjects in order to improve 
their quality of life and metabolic control.

The Concept of Stress
The Canadian physiologist Hans Selye was the first scientist to 

study the effects of psychological stress on the human body in 1936 
[9]. He made a distinction between stress, stressor and stress reaction 
which he considered as a complex phenomenon consisting of a set of 
nonspecific responses that result when the subject faces the situation. 
In front of a danger, the system enters into a defense condition, trying 
to restore balance in different ways. It is an adaptive mechanism, in 
which a series of physical changes predisposes the body to a “fight or 
flight” reaction. However, if the state of arousal continues over time, 
it can lead to negative consequences which Selye defines “General 
Adaptation Syndrome”.

The author distinguishes three phases in response to a stressor. 
The first is an “alarm reaction”: the homeostatic balance is altered, 
generating a physiological mobilization comparable to a “natural 
biological doping”. Several functions (blood glucose, blood pressure, 
muscle mobility, heartbeat, etc.) increase the availability of energy, 
making it easier to face the situation. If the danger disappears, 
homeostasis is restored and the body returns to normal. On the 

Introduction
Diabetes mellitus (DM) is a metabolic disease characterized by 

an inability to maintain normal glucose homeostasis that results 
from an alteration of the secretion or action of insulin, the hormone 
responsible for the uptake of glucose in the body [1]. 

This metabolic condition is not homogeneous and the World 
Health Organization distinguishes two main types [2] of diabetes. 
Type 1 DM (T1DM) is an autoimmune disease that occurs mostly 
in childhood or youth [3] and is characterized by the cell-mediated 
destruction of insulin-producing β-cells, leading to impaired glucose 
homeostasis, insulin insufficiency, and other complications [4]. T1DM 
sometimes also clusters with other autoimmune disorders [5]. The 
consequences of the impaired assimilation of sugar are: paradoxical 
polyphagia, polyuria, polydipsia, and ketosis. Once established, the 
disease is irreversible and it will require lifelong insulin replacement 
therapy by injection [6]. Type 2 DM (T2DM), in contrast, usually 
manifests itself in adults [7]. It does not involve autoimmune 
destruction of β-cells but it is due to a combination of both insulin 
resistance and an inability of the β-cells to compensate adequately 
with increased insulin release. It is related to family predisposition, 
sedentary lifestyle and obesity [8]. Insulin secretion is not completely 
compromised, but just altered. Sometimes, the pancreas does not 
produce adequate amounts in relation to the carbohydrates ingested. 
Other times, the release of insulin is normal, but the body becomes 
resistant and does not react properly. Generally, T2DM can be 
controlled through a balanced diet, weight reduction and drugs 
which stimulate hormone production or reduce insulin resistance. 
Insulin therapy is necessary only in a few cases, in particular for long 
term disease, when a secondary pancreatic failure occurs.

Epidemiological studies indicate an increased incidence of 
both types of DM though T2DM shows a greater incidence and 
prevalence, particularly in western countries [7]. Modern lifestyle 
including unhealthy diet, a sedentary lifestyle and stress contribute 
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contrary, if the stressful stimulus persists, we enter the second stage, 
called “resistance or adaptation” in which the pattern of biological 
reactions is modified. As long as the danger is present, visceral 
functions and physico-chemical parameters are maintained in an 
altered condition. This implies a considerable energy expenditure 
and a higher central and peripheral functional level. However, the 
individual cannot cope with the threatening environment forever and 
his resilience varies according to genetic, cognitive and psychosocial 
factors. In the long run, it results in an “exhaustion” of adaptability 
(third phase), and the subject can contract illness or even die. This 
happens especially when the source of the threat is inevitable, 
unwanted and repetitive [10], while, if the stress is short-lived, the 
body returns back to normal without any negative consequences.

In recent years, researchers have confirmed Selyes’ hypothesis, 
showing more and more clearly that chronic stress may favor the 
onset of somatic disorders in susceptible subjects [11,12]. Prolonged 
exposure to adverse events, in fact, affects hormonal balance, 
metabolism and immune function [13]. The prolonged activation of the 
hypothalamus-pituitary-adrenal (HPA) axis, in particular, increases 
glucocorticoid levels, causing pathologies related to hypercortisolism. 
Furthermore, this condition promotes the alteration of the immune 
function and facilitates the development of central obesity, peripheral 
tissue resistance to insulin and glucose intolerance. These processes, 
however, are not the same in all individuals and researchers have 
found some gender-related variations [14]. Some authors actually 
believe that gender differences in the stress system may explain, at 
least in part, the greater vulnerability of men to vascular and infectious 
disease and the greater susceptibility of women to autoimmune 
diseases [15]. In fact, emerging data from molecular studies show 
that estrogenic hormone plays a central role in the development of 
autoimmune disease [16].

A brief overview on the functioning of the endocrine system and 
physiological mechanisms involved in the stress reaction follows.

The endocrine system 

The word endocrine derives from the Greek words “endo,” 
meaning “within”, and “crinis,” meaning “to secrete”.

The endocrine system plays a role in regulating mood, growth and 
development, tissue function, metabolism, sexual and reproductive 
processes [17].

The foundations of the endocrine system are the hormones 
and glands. As the body’s chemical messengers, hormones transfer 
information and instructions from one set of cells to another. Many 
different hormones move through the bloodstream, but each type of 
hormone is designed to affect only certain cells.

Some types of glands release their secretions in specific areas. 
For instance, exocrine glands, such as the sweat and salivary glands, 
release secretions in the skin or inside the mouth. Endocrine glands, 
on the other hand, release hormones directly into the bloodstream 
where they can be transported to cells in other parts of the body.

Roughly simplifying, the endocrine system is made up of the 
pituitary gland, the thyroid gland, the parathyroid glands, the adrenal 
glands, the pancreas, the ovaries (in females) and the testicles (in 
males), the adypocites and the hypothalamus. The latter is a collection 

of specialized neurones located in the lower central part of the brain 
and it is the main link between the endocrine and the nervous 
systems. Nerve cells in the hypothalamus control the pituitary gland 
by producing chemicals that either stimulate or suppress hormone 
secretions by the pituitary. 

The pituitary makes hormones that control several other endocrine 
glands. Their secretion can be influenced by several factors, including 
psychological and physical stimuli. The pituitary is divided into two 
parts: the anterior lobe and the posterior lobe. The first one regulates 
the activity of the thyroid, the adrenals, and the reproductive glands. 
The second one, instead, releases antidiuretic hormone and oxytocin. 

A negative feedback regulates the amounts of hormones available 
by detecting when blood levels rise above a threshold and inhibiting 
hormone production. This prevents hormone levels in the blood from 
continuing to rise, which could result in illness. Likewise, a positive 
feedback may occur [17].

The physiology of stress

In a physiological perspective, stress reaction is organized into 
two branches: the one governed by the sympathetic nervous system, 
that operates quickly, and the one governed by neuroendocrine axis 
(HPA), that activates a delayed response. 

The first one starts in the parvocellular nucleus of the 
hypothalamus, which is connected by a bundle of nerve fibers to 
the locus coeruleus, in the spinal cord. From here, the adrenal 
medulla is stimulated, so that it produces catecholamines (adrenalin, 
noradrenalin, and dopamine), with physiological arousal (Figure 1).

The functioning of the HPA axis, instead, begins from 
the paraventricular nucleus of hypothalamus, which releases 
corticotropin-releasing hormone (CRH) and arginine vasopressin 
(AVP). These substances stimulate the pituitary gland to produce 
adrenocorticotropic hormone (ACTH), that is released into the 
bloodstream and induces the adrenal cortex to secrete cortisol [17,18].

The system is integrated because hypothalamic CRH and 
norepinephrine stimulate each other, according to a positive 
feedback mechanism. However, there is also a negative feedback, 
which prevents the physiological activation from lasting too long and 
damaging the body.

The hypothalamus, in fact, has particular receptors which detect 
cortisol levels and, depending on the case, activate the axis more or 
deactivate it altogether.

Stress and the Onset of DM
Type 1 Diabetes Mellitus. The relationship between stress 
and autoimmunity

The functioning of the immune system is extremely complex 
and it consists of several circuits, which are activated according to 
the noxious stimulus. For example, when faced with a virus or an 
intracellular parasite, the body prepares an inflammatory response, 
regulated by TH1 lymphocytes. If, instead, the threat consists of 
a bacterium or an extracellular parasite, an antibody response is 
activated, mediated by TH2 lymphocytes. Between these two systems, 
there is a balance, ensured by a mutual inhibition [18]. 
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It has been shown that the activation of the HPA axis during 
stress reaction can change the homeostasis between the two systems 
and alters the activity of suppressive cells (T-suppressors) that usually 
prevent damage to the individual. Accordingly, epidemiological 
studies indicate that severe stress often precedes the development of 
certain Th1-mediated autoimmune diseases [19-21]. Among these, 
T1DM is characterized by the development of antibodies against islet 
cells in the pancreas and autoantibodies against insulin. However, the 
link between stress and T1DM (and, more generally, between stress 
and autoimmunity) cannot be reduced down to a linear causality. In 
fact, it depends on many variables related to the stressor, the physical 
and mental characteristics of the patient, as well as to his resilience 
and to the presence of a supportive family environment. Moreover, it 
is not certain that psychological events implicated in the development 
of the disease immediately precede the onset. On the contrary, these 
events may take place throughout the patient’s entire life and, in 
particular, in childhood [22]. Psychological stress in children, in 
fact, can affect their immune functions, altering the activity of the 
antigens GAD65, HSP60 and IA-2, responsible for diabetes-related 
autoimmunity [23]. Furthermore, early negative experiences result 
in lifelong changes in coping strategies. Many studies show that 
people who have suffered stressful situations during childhood have 
a greater psychological vulnerability, combined with hyper-vigilance 
in the face of danger and low propensity to seek help [24]. These 
elements, in turn, facilitate the development of the physical disease 
or otherwise have an impact on the emotions arising out of it. It is 
to be remembered, however, that there is still controversy within 
the scientific community about the relationship between stress and 
T1DM [25].

Type 2 Diabetes Mellitus: direct and indirect impact of stress

T2DM is characterized by a chronic hyperglycemia, insulin 
resistance and a relative insulin secretion defect. At present, the 
causes of T2DM are not entirely clear, but predictors have been found 
in recent studies. Among these, obesity, hypertension, sedentary 
lifestyles, alterations in the glycemic status and lipid metabolism 
correlate with T2DM and its diffusion.

Insulin resistance and other conditions with minor degrees of 
glucose intolerance commonly occur together with a collection of 
clinical and biochemical features, that have been called Metabolic 
Syndrome (MS). This term defines a cluster of components that 
reflect overnutrition, sedentary lifestyles and an excess of adiposity 
[26]. MS affects about a quarter of the world’s adult population, with 
significant variations according to age, gender and body mass index 
[27]. The prevalence of the MS is growing to epidemic proportions 
all over the world, both in the urbanized than in developing nations. 
MS predisposes to T2DM with concomitant cardiovascular diseases 
(CVD) and generates a cluster of cardiovascular risk factors whose 
core components are impaired glucose metabolism, obesity, 
dyslipidemia, and hypertension. MS is also associated with other 
co-morbidities, such as a prothrombotic and proinflammatory state, 
nonalcoholic fatty liver disease and other disorders in the renal, visual 
and reproductive systems.

A clearly defined pathophysiology and universal definition of 
MS is still lacking. As a result, several definitions for MS have been 
proposed by various international regulatory bodies: the National 
Cholesterol Education Program Adult Treatment Panel III (NCEP 
ATP III) describes Metabolic Syndrome as the presence of any three 
of the following components: abdominal obesity, dyslipidemia (high 

Figure 1:
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levels of triglycerides, low HDL), hypertension, and elevated fasting 
glucose [28]; the International Diabetes Federation (IDF) considers 
central obesity a mandatory component for the diagnosis of MS along 
with any two of the other components: hypertension, abnormal blood 
glucose, high serum triglycerides and low high density lipoprotein 
cholesterol [29]; recently, the IDF, the National Heart, Lung and 
Blood Institute (NHLBI), the American Heart Association (AHA), the 
World Heart Federation (WHF), the International Atherosclerosis 
Society (IAS) and the International Association for the Study of 
Obesity (IASO) have proposed a new harmonized definition which 
requires any three of the five components included in the IDF 
definition for the diagnosis of MS and don’t consider central obesity 
an obligatory component [30].

As previously said, MS is usually a pre-clinical condition. Both 
genetic predisposition and lifestyle (such as being overweight, living 
a sedentary lifestyle and adopting bad dietary habits among others) 
lead individuals to develop T2DM. 

Stress is one of the triggers [31] and it has been linked to a 
higher risk of T2DM, especially in women [32,33]. Nervous strain 
seems to have a direct and indirect influence on the probability of 
becoming ill. The reaction to a stressor may consist, in some cases, 
in the development of an unhealthy lifestyle, including the neglect 
of physical well-being, and eating in a disorderly fashion, often using 
food in a compensatory or consoling manner. These factors indirectly 
affect the risk of developing the disease [34]. In addition, physiological 
changes triggered by stress may directly affect the endocrine and 
immune systems [35]. 

Cortisol is one of the main actors mediating the effect of 
stress on metabolism in general, and on glucose metabolism in 
particular. Cortisol raises blood glucose levels by stimulating hepatic 
gluconeogenesis, and inhibiting the action of insulin [36]. These 
reactions - useful for initiating a fight or flight reaction - are not 
entirely suited to cope with the stressors triggered by modern life, 
which are mostly relational, intangible and durable. The pressing 
rhythms imposed by sedentary work, for example, do not involve 
an increase in energy requirements. The glucose mobilized from the 
liver is not used and remains in the bloodstream, causing a rise in 
blood sugar. Moreover, the way by which individuals evaluate events 
may influence these reactions: an anxious person may anticipate 
difficulties and amplify the feeling of danger in the face of everyday 
situations. This anxiety may generate a state of perpetual alarm, that 
can induce chronic hypercortisolism, likely to facilitate the onset of 
metabolic syndrome and T2DM.

The Disease as a Source of Stress
From a biopsychosocial perspective, it is important to consider, 

on the one and, that stress is the component that may trigger T1DM 
and T2DM, but, on the other hand, that it can also be the result of the 
disease itself. Getting ill, in fact, may cause personal and interpersonal 
conflicts, where the normal rhythms of life and habits are disrupted, 
forcing the individual to question personal values and long-term 
objectives [12].

T1DM and T2DM require a complex and largely self-managed 
treatment which includes the daily use of drugs (insulin or 
hypoglycemic agent), the regular measurement of blood glucose 

levels through invasive means and special attention to diet and 
everyday activities.

In Type 2 diabetics – that usually affects elderly people - changing 
established routines may create emotional and cognitive fatigue. In 
fact, they should reduce the intake of carbohydrates and learn new 
dietary guidelines and new procedures for the self-administration of 
drugs. On the other hand, Type 1 diabetics have no dietary restrictions, 
but they must make sure that insulin units are proportional to the 
glucose ingested through constant monitoring. This operation may 
be complex especially for those who need to consume their meals in a 
restricted lapse of time, such as happens in many work environments. 
In addition, in order to obtain metabolic control, meals must be 
regular, as well as the measurements of the glucose levels and insulin 
administration. These requirements are difficult to reconcile with the 
habits of a young person and can generate concrete difficulties and 
discomfort in social interactions. 

The need to control aspects of life which were previously 
considered “normal” can be experienced as a loss of freedom 
and spontaneity [37]. This is what some authors have called the 
frustration of chronicity [38], which makes diabetes a disease which 
can be managed but never defeated, and which has an impact on 
mood, as evidenced by the higher percentage of anxiety, depression 
and eating disorders among diabetic subjects. In particular, when the 
onset is compounded with other changes and transitions - such as 
adolescence [39] or aging – physical and social identity are affected. 
Some people may develop an image of their own body as suffering 
and “broken”. Their body is different from the past and if compared 
to that of their peers, this diversity is interpreted in a negative way. 
Moreover, the external references impact on self-esteem and fear of 
judgment or contempt may force the patient to hide the symptoms of 
the disease from others as if they were something to be ashamed of.

Concerning behavior, one can observe different reactions, 
depending not only on the severity of the clinical situation, but also 
on personality, self-efficacy [40] and the social support they have 
[41]. For fear of being a burden, some patients isolate themselves, 
while others show provocative and hostile attitudes towards family 
and healthcare staff. One of the greatest risks, however, consists in 
the denial of the disease [42] and of the limitations that it entails. In 
order to maintain self-esteem, the patient avoids dealing with reality, 
calming, in his fragility, that he is omnipotent and refusing treatment. 
There is a risk that a vicious circle of poor compliance and metabolic 
decompensation will set in.

Early identification and treatment of these issues may help the 
patient develop an adaptive style for coping, which will give positive 
results on compliance and metabolic balance. In addition, it may 
prevent the risk of long term complications, which would further 
deteriorate the quality of life, and introduce new stressors and new 
blows to personal identity [43,44].

The Impact of Stress on the Disease Progression
The role of stress in the etiology of diabetes is difficult to define 

and measure, but there is significant evidence of its metabolic 
consequences in individuals already suffering from chronic diseases, 
such as DM [45]. Psychological strain, in fact, activates neuroendocrine 
processes which influence the blood glucose level through the release 
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of cortisol, growth hormone and endorphins. Faced with an external 
threat, blood glucose level increases, in order to mobilize energy. This 
reaction has an adaptive importance for a healthy organism, but, in 
diabetic patients, the stress-induced hyperglycemia may aggravate 
the disease since the hypoglycemic agents cannot counterbalance it. 

These mechanisms mostly affect young people, in whom the 
endocrine system undergoes continuous adaptation, making them 
particularly sensitive to the effects of environmental stimuli [46]. On 
the other hand, in the case of the elderly, stress plays a major role in 
the development of complications such as neuropathy, nephropathy 
and retinopathy [47]. In addition, negative emotions may reduce 
and undermine the willingness to comply to treatment and to diets. 
Thus, a vicious circle of nervousness, poor compliance, poor glycemic 
control and physical vulnerability is established. This, in turn, makes 
it more difficult for people to cope with any new problems that 
arise [48,49]. On the contrary, early intervention on the acceptance 
of the disease seems to start a cycle of good compliance, adequate 
monitoring and further improvement of the patients’ attitude 
towards diabetes. Therefore, care must be given through a process 
which supports resilience and personal self-efficacy, favoring the 
activation of problem-focused coping [50].

Treatment plans should also involve the families so they can 
help their family member to adapt to the illness. For instance, some 
research in developmental psychology has shown that there is a 
connection between parents’ stress and that of their diabetic children 
[51] and this may influence the quality of glycemic control [52]. 
Family support is also important in adult patients: a partner’s attitude, 
in fact, influences adherence to treatment [53] and the psychological 
impact of the disease has been shown to be more serious in type 2 
diabetics who live alone [54]. 

Therapeutic Approaches
In view of the foregoing, we suggest that an effective cure for 

diabetes requires a global care plan which also takes into consideration 
the physical, relational and emotional aspects. Clinicians and patients 
must establish a collaborative relationship, requiring the clinicians 
to abandon any paternalism [55]. The main objective is to support 
the individuals’ resources, making them protagonists in their own 
decisions and capable of making change [56,57]. Patients must feel 
they have equal dignity in the care administration process and that 
they are free to speak openly also about doubts and fears.

Taking charge of people with chronic disease is clinically 
challenging. It is therefore important that the working group be made 
up of different professionals with various responsibilities, including 
psychologists. They promote the acceptance of the disease, supporting 
the subjects in the management of conflicts and ambivalences as well 
as in the search of resources to promote resilience. Psychological 
support allows individuals to express emotions such as fear of 
the future, sadness for changes in lifestyle and anger [58]. Patients 
wonder why this misfortune has happened to them and may consider 
the disorder as an enemy to contend with, which cannot be defeated.

Special attention must be paid when the disease occurs in childhood 
and adolescence. The diagnosis of diabetes is critical both for the 
child and the parents. The family must be helped to understand the 
illness and to be aware of the importance of the treatment in everyday 

life. They must be helped to accept the implications of the situation, 
without however interfering with normal development milestones. 
Frequently, at the onset of the disease, children and caregivers 
express anxiety and depression, which may lead them to become too 
apprehensive with regard to care. Parents, in these cases, should be 
encouraged to promote – age permitting – the independence of their 
offspring, overseeing their social adaptation and self-esteem. There 
must be both collaboration and empowerment with teenagers, who 
need assistance in achieving autonomy in managing their therapy 
[59]. In most cases, they welcome the involvement of adults who 
give them support rather than oppress them. Hence, adults should 
reinforce positive behaviors and avoid excessive reproaches, never 
replacing their child in his decisions. Dealing with this age group, it 
is essential to always consider the patients’ point of view, respecting 
their doubts, which often arise from the disease compounding with 
the adolescents’ changes in body, feelings and thoughts. Gradually, 
the acceptance of the diagnosis allows patients to transform diabetes 
from an invincible enemy into a part of themselves with which they 
are able to make compromises. This new perspective generates a 
positive impact on emotions, behaviors and the overall outcome. The 
disease may remain a source of suffering and a personal limitation, 
but it can, nonetheless, still allow patients to take actions, build 
relationships and develop projects for the future.

Conclusions
This review examines recent literature about the psychological 

consequences of DM1 and DM2, with particular regard to the role 
played by stress and emotions. According to this literature, stress is 
often observed in conjunction with the diagnosis of diabetes and it 
alters the glucose metabolism and the immune response. Furthermore, 
the disease itself is a source of stress, because it requires considerable 
changes in lifestyle, thereby influencing the patient’s identity. The 
ability to cope with these challenges, finally, may affect the actual 
management of the therapy and glycemic control. Our conclusion is 
that patients with DM require global care from a multidisciplinary 
team who is there to listen to their experiences and emotions, with the 
goal of helping them to accept and manage the disease.
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