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Abstract

Somatic disturbances that occur in parallel with psychiatric diseases are a major
challenge in clinical practice. Various factors contribute to the development of
mental and somatic disorders. Type 2 diabetes mellitus (T2DM) is a significant
health burden worldwide, and the prevalence of diabetes in adults is increasing.
The comorbidity of diabetes and mental disorders is very common. By sharing a
bidirectional link, both T2DM and mental disorders influence each other in
various manners, but the exact mechanisms underlying this link are not yet
elucidated. The potential mechanisms of both mental disorders and T2DM are
related to immune and inflammatory system dysfunction, oxidative stress,
endothelial dysfunction, and metabolic disturbances. Moreover, diabetes is also a
risk factor for cognitive dysfunction that can range from subtle diabetes-
associated cognitive decline to pre-dementia and dementia. A complex re-
lationship between the gut and the brain also represents a new therapeutic
approach since gut-brain signalling pathways regulate food intake and hepatic
glucose production. The aim of this minireview is to summarize and present the
latest data on mutual pathogenic pathways in these disorders, emphasizing their
complexity and interweaving. We also focused on the cognitive performances and
changes in neurodegenerative disorders. The importance of implementing
integrated approaches in treating both of these states is highlighted, along with
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the need for individual therapeutic strategies.

Key Words: Diabetes mellitus type 2; Mental disorders; Neuroinflammation; Neurodegeneration; Cognition
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Core Tip: Mental disorders and type 2 diabetes mellitus (T2DM) are common, chronic, and frequently
comorbid diseases that contribute significantly to global disability and mortality. Substantial evidence on
the association between mental disorders and T2DM has been gathered over the past decade. In this
review, we presented the latest cellular and molecular mechanisms of the shared pathways of T2DM and
mental disorders, including neuroendocrine alterations and inflammation, immune response, oxidative
stress, gut dysbiosis and gut-brain axis dysregulation, along with the hypothalamic-pituitary-adrenal axis
dysregulation. The bidirectional link between mental disorders and T2DM underlines the importance of
treating these disorders together rather than separately.
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INTRODUCTION

In the era of creating a concept of precision psychiatry[1], it is of utmost importance to acknowledge
somatic disturbances that co-occur in mental disorders. Anamnesis vitae does not begin at the very
moment of birth, yet it needs to include intrauterine development. Many factors can and do contribute
to the future development of mental and somatic disorders. The interrelation of diabetes mellitus (DM)
and mental disorders has fascinated both endocrinologists and psychiatrists for years. By sharing a
bidirectional association, both DM and mental disorders influence each other in various manners, but
the exact mechanisms underlying this link are not yet clear, and there are many questions that need to
be addressed. The unique immunometabolic disturbances deserve special discussion because they could
be associated with specific mental disorders later in life[2]. In this context, it is important to consider
developmental programming or alterations of the intrauterine environment that induce compensatory
responses and may persist in later life. Maternal diabetes during pregnancy could lead to neurodevelop-
mental outcomes, autism spectrum disorder, attention-deficit/hyperactivity disorder, and intellectual
disabilities in the offspring, with increased risk for autism spectrum disorder and attention-deficit/
hyperactivity disorder in pre-existing forms of diabetes, type 1 DM (T1DM) and type 2 DM (T2DM), but
not with significance in gestational DM (GDM). For intellectual disorders, a two-fold increased risk was
observed after exposure to T2DM compared to TIDM and GDM][3].

Synergistic effects of various factors could explain the multifactorial etiopathogenesis of mental
disorders. T2DM could be seen in conjunction with different mental disorders. It could precede the
onset of depression or could follow depressive symptomatology[4]. Anxiety overlaps diabetes
microneuropathy[5], while eating disorders are accompanied by metabolic disturbances[6]. As we
already discussed, intrauterine programming, lifestyle habits, or antipsychotic treatment could all
contribute to diabetes onset in patients with schizophrenia[7]. Considering the worldwide burden of
dementia, targeting a healthy lifestyle could prevent cognitive decline and preserve cognitive functions
[8,9]. Recently, Dyer et al[10] have explored the precise timing and cascade of inflammatory mechanisms
that convert physiological cognitive decline into dementia. A complex relationship between the gut and
the brain also opens new therapeutic avenues, as gut-brain signalling pathways regulate food intake
and hepatic glucose production. All these data have occupied our attention to explore the importance of
T2DM in neuroinflammation and neurodegeneration. In this review, we aimed to enlighten the new
concepts of T2DM etiopathogenesis that could contribute to mental disturbances and mental disorders
symptomatology.

DM - THE BASICS

DM is defined as a complex and heterogeneous disease with a common state of hyperglycemia
(Table 1). The American Diabetes Association considers TIDM as autoimmune B-cell destruction with
absolute insulin deficiency and progressive loss of p-cells. This process is mediated by activated helper T
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Table 1 Pathophysiology of various types of diabetes mellitus

Type of diabetes mellitus Pathophysiology
Type 1 diabetes mellitus Autoimmune B-cell destruction
Type 2 diabetes mellitus Insulin resistance (liver, muscle, adipose tissue)

Disorder of insulin secretion and B-cells breakdown

Immune dysregulation and metainflammation

Disorder of incretin production (glucagon-like peptide-1)
Hyperglucagonemia

Gut dysbiosis

Increased glucose apsorption in stomach

Kidney adaptation with increased glucose reabsorption and gluconeogenesis

Decreased dopamine and increased sympathetic tone in brain

Type 3 diabetes mellitus concept Impaired insulin and insulin-like growth factor-1 signaling

Gestational diabetes mellitus Pregnancy induced glucose intolerance

Jaishideng®

lymphocytes which trigger effector cells of the immune system to destroy healthy B-cells. Simultan-
eously, a disruption of regulatory cells with a predominance of pro-inflammatory phenotypes occurs[11,
12]. A hallmark of T2DM is significant insulin resistance and chronically increased p-cells engagement.
The pathogenesis of this type of diabetes is multifactorial and has been investigated through the effects
of various B-cell molecules[13-17].

GDM is defined as hyperglycemia occurring during pregnancy and registered during the second or
third trimester. Although in 80% of cases, the main cause is marked insulin resistance caused by
hormonal imbalance, the other 20% of cases are autoimmune in origin or other types caused by various
factors that, even if they occur independently, can lead to the onset of the disease. These factors include
genetic mutation, diseases of the exocrine pancreas, and drug- or chemical-induced diabetes[11].

ETIOPATHOGENESIS OF DM TYPE 2 - MODERN CONCEPTS

According to the World Health Organization, DM is a chronic, metabolic disease characterized by
elevated levels of blood glucose, which leads to the development of chronic complications over time
[18]. T2DM is one of the most common metabolic disorders worldwide, and it is estimated that the
number of patients will increase significantly in the coming decades. Current analyses indicate the
dominant representation of patients with T2DM (90%-95%) considering all patients with diabetes[11].
Patients with T2DM are mostly obese or have a higher body fat percentage, distributed predominantly
in the central body region. At the same time, they have a 15% increased risk of all-cause mortality
compared with people without diabetes[19]. The pathogenesis of T2DM is multifactorial and represents
a combination of several simultaneous factors such as insulin resistance and B-cells deterioration,
intestinal dysbiosis, and the presence of meta-inflammation (Table 1). The organs involved in T2DM
development include the pancreas (B-cells and a-cells), liver, skeletal muscle, brain, kidney, small
intestine, and adipose tissue[20,21].

Obesity is strongly associated with energy imbalance, characterized by increased food intake and
decreased catabolism, and is associated with a state of chronic, low-grade inflammation, particularly in
white adipose tissue[22]. Namely, as a result of long-term stimulation, adipocyte hypertrophy leads to
the development of insulin resistance and reduced insulin-responsive glucose uptake in peripheral
tissues[23]. Over time, the hypertrophy of adipocytes leads to their apoptosis. Apoptosis of adipocytes
facilitates the accumulation of macrophages into adipose tissue, their differentiation toward the M1
phenotype, and subsequent production of proinflammatory cytokines[24].

Insulin resistance occurring in the liver unblocks glucose production in hepatocytes. This
phenomenon is accompanied by additional glucogenesis in the fed state and even postprandially, which
further leads to additional hyperglycemia[25]. All of the above-mentioned changes and the predom-
inance of the pro-inflammatory response in the fat tissue and liver result in the reduced effect of insulin
on peripheral tissues, compensatory hyperinsulinemia, and cause the burden of p-cells. Because of the
long-term increase in insulin secretion, the accumulation of amylin takes a significant place in the decay
of B-cells. This process is especially pronounced during the early phase of T2DM[26]. The enhanced
function of p-cells, their deterioration, and the loss of compensatory hyperinsulinemia result in severe
hyperglycaemia[27].
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Another important aspect is the role of adipose tissue. Adipose tissue represents an important
endocrine organ that regulates metabolism and behaviour through the production of adipokines.
Among them, leptin, which is mainly produced in adipocytes, has a powerful influence on eating
behaviour. Leptin-gene expression is extremely sensitive to acute energy balance, regardless of the long-
term energy balance[28]. Short-term fasting decreases leptin messenger ribonucleic acid (mRNA) levels
and plasma concentrations, whereas refeeding quickly restores its mRNA levels[29]. These changes
suggest that leptin protects fat reserves against weight loss[30]. Leptin’s access to key neurons in the
central nervous system is of critical importance for its action. In obese people, the effect of leptin is
weaker or absent[31], suggesting the disruption of its regulatory functions. Regarding the immuno-
logical functions of leptin, it has been shown that CD4" helper T cells cannot differentiate in the
direction of T regulatory cells in states of elevated leptin[32]. In T2DM the main determinants of leptin
levels are insulin secretion and the degree of insulin resistance[33].

Glucagon-like peptide-1 (GLP-1) is a hormone that regulates islet function, satiety, and gut motility
with reduced secretion in patients with T2DM. McLean et al[34] have recently discussed new insights
and refined their previous understanding of the GLP-1 function. In addition to the significant effects of
GLP-1 on increased insulin production and reduced glucagon production, activation of GLP-1 receptors
exerts hypophagic effects in the ventral hippocampus[35]. Numerous studies over the past decade have
provided a deeper understanding of GLP-1 action in the brain. The direct link between gut secretion
and the brain’s GLP-1 system has not been found. GLP-1 receptor agonists exert their appetite-
suppressing effects on cells in the circumventricular organs which transmit the signal to deeper brain
structures[34].

During the last decade, it has been shown that the disturbance of intestinal flora, known as dysbiosis,
occupies a significant place in the pathogenesis of T2DM. Dysbiosis represents an imbalance of
commensal and pathogenic bacteria in the intestines and the production of microbial antigens and
metabolites[36]. The occurrence of dysbiosis is accompanied by a disturbance of peripheral immune
tolerance in the intestines with a predominance of dysregulated T-cell subpopulations[37]. The state of
dysbiosis is accompanied by a disruption of the permeability of the intestinal epithelial barrier with the
occurrence of hyperpermeability, also known as a leaky gut syndrome (LGS). LGS is defined as a
condition in which intestinal endothelial cells allow microorganisms, their toxins, and antigens to “leak”
into the bloodstream above the physiological values, consequently causing systemic reactions[38].
Dysbiosis is also accompanied by intestine inflammation[39]. The intestinal tract may develop an
inflammatory response characterized by increased expression of pro-inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-a), interleukin 1-beta (IL-1pB), and IL-6 that leads to the development
of insulin resistance[40]. In addition to dietary factors, pro-inflammatory cytokines also promote the
formation of LGS. Interferon-gamma increases intestinal permeability by redistributing tight junction
proteins and restructuring the cell cytoskeleton. TNF-a increases intestinal permeability by inducing
apoptosis of endothelial cells[41]. On the other hand, IL-6 enhances intestinal permeability by altering
the expression of molecules that play a major role in forming tight junction pores[42]. Alterations in
transepithelial transport pathways may induce further translocations of harmful factors because of this
vicious circle[43].

It is obvious that T2DM is associated with immune system dysfunction[44]. While T2DM can facilitate
immune system activity in some tissues, it also negatively affects the immune response, which is
confirmed by the higher incidence of unsuccessful vaccinations and complications of infections[45-47]. It
appears that hyperglycaemia and pathologies in obesity, insulin resistance, and inflammation have a
strong impact on the immunity of the host[48-50]. Various mechanisms have been proposed to be
responsible for this phenomenon. Hyperglycaemia directly disturbs endoplasmic reticulum function,
thus facilitating the accumulation of misfolded proteins in the lumen and promoting endoplasmic
reticulum stress, which in turn modulates the function of immunocompetent cells[50]. Second, reactive
oxidative species, which are abundant in the sera of patients with diabetes, alter innate immune cells
activity through the diminished expression of activating receptors[51]. Taking everything into account,
both innate and adaptive immune responses are altered in patients with T2DM and are not capable to
provide adequate and effective protection against invading pathogens[45]. The logical outcome is a
constant and permanent chronic inflammatory reaction in the immune response to pathogens and the
resulting constant production of pro-inflammatory cytokines in amounts insufficient to initiate a strong
immune response and elimination of pathogens, but still sufficient to induce many consequences in
diabetic subjects.

T2DM AND COGNITION

Cognitive impairment and dementia are frequently accompanying and complicating T1 and T2DM[52].
1.25-1.9-fold higher risk is established for cognitive dysfunction in diabetes[53]. There is increasing
evidence that diabetes predisposes to cognitive decline leading to dementia[54,55], with a stronger link
confirmed between dementia in T2DM than in TIDM. The risk for dementia progress increases with the
aging of patients with diabetes, with a 50% higher risk in patients aged 75 years and over than in
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patients aged 65-75 years[56]. Diabetes-associated decrements in their mildest stage can occur in all age
groups, from young adults and even adolescents with T2DM[57] to the oldest patients[58]. A meta-
analysis revealed that the domains of the speed of processing information, attention, concentration,
executive functioning, and working memory were mainly influenced in diabetes compared to non-
diabetic people[59].

The risk of diabetes-related cognitive decline was significantly increased in more severe clinical
presentation and longer duration of T2DM][60,61]. Although the severity of diabetes is a risk factor for
developing dementia[62], individuals without diabetes who have higher average glucose levels were
also found to be at significant risk for dementia[63]. Diabetes does not act alone, but rather within a
broader cluster of cardiometabolic disorders. Cognitive decline was associated with elevated blood
sugar levels, a longer duration of diabetes, comorbid hypertension, and a history of a cerebrovascular
event or myocardial infarction[64]. The impact of diabetes on the prodromal phase of dementia was
demonstrated in the cohort of older adults and showed that poorly controlled diabetes increased the
risk and progression of cognitive impairment, which was exacerbated by comorbid heart disease and
mediated by systemic inflammation[65]. Hyperglycemia was observed as the main contributor to
cognitive decline in metabolic syndrome[66,67]. Numerous epidemiological studies have identified
diabetes and obesity measured in later life as risk factors for cognitive impairment[68]. Other
comorbidities associated with aging and diabetes also add to the burden of cognitive impairment.
Depression has been associated with a greater decline in cognitive function in patients with T2DM[69].

The exact pathogenic mechanisms underlying cognitive impairment in T2DM are not fully
understood and are undoubtedly complicated, with numerous interacting factors (Figure 1). The
cognitive impairments in diabetic encephalopathy have been associated with structural changes[70] and
brain atrophy[71]. Cortical, subcortical, and hippocampal atrophy, particularly in the dentate gyrus, has
been detected in T2DM patients by brain magnetic resonance imaging[71-73]. Various endocrinological,
metabolic, and vascular abnormalities are DM-related and may precipitate the worsening of cognitive
abilities.

Insulin could have a significant role in cognitive processing through the cerebrocortical activity of
insulin receptors. They are allocated extensively in the hippocampus, entorhinal cortex, and frontal
lobes, localities of the brain whose functions are involved in memory, attention, and executive
functioning[74]. Variabilities in signalling pathways of insulin, phosphorylation of insulin receptor
substrate 1, and altered signalling of insulin-like growth factor-1 were considered as main contributors
to cognitive dysfunction pathogenesis[75,76].

Overexpression of proinflammatory cytokines TNF-o, IL-1, IL-2, and IL-6 in the brain under diabetic
conditions indicates that the innate immune system and microglial cells in particular are activated[77,
78], and play an important role in neuronal damage in diabetic animals and patients[79,80].
Hyperglycemia, a defective insulin signalling system, and oxidative stress have been linked to neuronal
toxicity and apoptosis, neuroinflammation, and the consequential development of neurodegeneration in
diabetes[81,82].

T2DM AND NEURODEGENERATIVE AND NEUROVASCULAR DISEASES

There is growing evidence of a strong association between T2DM and neurodegenerative disorders such
as Alzheimer’s disease (AD) and neurovascular disorders[83,84]. Metabolic alterations, including central
insulin resistance and abnormal glucose metabolism, are obvious in the mild cognitive impairment
prodromal phase and in individuals that are still asymptomatic, but at increased genetic risk for AD
[85]. Limited autopsy analyses suggest that hyperglycemia may promote AD pathology by inducing
more prominent Af plaques and tau-positive cells accumulation, and activation of microglia in the
comorbidity of AD and T2DM than in those patients with AD and without T2DM[86].

Recently, de la Monte and Wands[87] proposed a new term, type-3 diabetes or ‘Brain-specific type-2
diabetes’, for the neuroendocrine disorder that represents the progression of T2DM to AD[87,88]
(Table 1). This state is characterized by decreased insulin production and insulin resistance[89]. The
authors found that impairments of insulin-like growth factor signalling lead to these deficits in energy
metabolism with increased oxidative stress, neuroinflammation, vascular damage, tau phosphorylation,
AP accumulation, and neuronal degeneration[87,90]. In T2DM, islet amyloid polypeptide, also known as
amylin, is secreted by pancreatic p-cells that modulate insulin and glucagon secretion and contribute to
glucose regulation[91]. Islet amyloid polypeptide mainly affects cognitive function and causes blood-
brain barrier (BBB) interruption, interacting and aggregating with AP peptides and hyperphos-
phorylates of tau protein within the brains of AD patients. Consequently, this leads to disruption in the
neuronal network and neurodegeneration which could also be a link between T2DM and AD[92].
Inflammatory processes play a crucial pathogenic role in T2DM and AD[93]. A crosstalk between
peripheral and central inflammation has been described[94]. Patel and Santani[95] showed that nuclear
factor kappa B (NF-xp) is involved in the inflammation of the brain during the progression of diabetes.
NF-«kp also upregulates the expression of cytokines that are responsible for the insulin resistance onset,
such are TNF-o, IL-1B, and IL-6[96,97]. These inflammatory mediators can cross the disrupted BBB and
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Figure 1 The bidirectional link between mental disorders and diabetes mellitus type 2. In the co-occurrence of type 2 diabetes mellitus and mental
disorders possible biological, psychological, and social factors should be considered. Various factors in intrauterine development and later life could exert their
impact. Consequences are inflammatory and immune disturbances, oxidative stress, the hypothalamic-pituitary-adrenal axis dysregulation, gut-brain and brain-fat
axis dysregulation, a complete presentation of metabolic syndrome, consequent endothelial dysfunction, efc. Individual behavioural and lifestyle patterns and applied
treatment are of great importance in the onset of both entities. HPA: Hypothalamic-pituitary-adrenal.
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enter the brain, further promoting neuroinflammation and leading to abnormalities of synapses, insulin
resistance and damage of neural tissue, and eventually neurodegeneration[98-100]. Previous studies
have reported that these proinflammatory cytokines are elevated in AD and found in amyloid plaques
and their related glial cells[101].

T2DM is an established risk factor for neurovascular diseases such as ischemic stroke and cortical and
subcortical microinfarcts[102]. Many studies report that cerebral infarcts are significantly associated
with increased development of post-stroke cognitive impairment or vascular dementia[103,104]. The
alterations in the glucose levels cause dysfunction and damage to the vessel’s endothelium leading to
atherosclerosis[105]. T2DM vascular complications affect the circulatory system in the brain by
remodelling and stiffening the vascular walls, causing the reduction of vessel calibre with hypo-
perfusion[106]. Possible pathways of endothelial damage include oxidative stress and inflammation
[107]. Chronic hyperglycemia and the production of reactive oxygen species apparently damage the
vessel endothelium and lead to atherosclerosis[108]. In addition, damaged endothelial cells can release
danger-associated molecular patterns (DAMP), activate toll-like receptor 4, and further potentiate
inflammation[109]. The specific DAMP signals, the advanced glycation end products (AGEs), are
proteins or lipids that become glycated as a result of exposure to elevated glucose concentration[110].
These molecules stimulate the receptor for AGEs (RAGE), CD36, and toll-like receptor 4 receptors which
in turn stimulate inflammation, vascular injury, and oxidative stress[111]. RAGE is strongly expressed
in microglia, astrocytes, and brain endothelial cells in T2DM[112,113]. Inflammatory signals can trigger
local thrombotic vascular events leading to brain infarction[114] (all potential mechanisms summarized
in Figure 1). The differential and relative contributions of T2DM, cerebrovascular and neurodegen-
erative disease to cognitive impairment and dementia are still unknown. Understanding the mecha-
nisms and determinants of cognitive decline is of inestimable importance in future treatment strategies.

T2DM AND MENTAL DISORDERS

The study integrating data from transcriptomic meta-analysis of peripheral blood mononuclear cells
and systems biology provided new insights into the shared pathogenetic mechanisms of schizophrenia
and T2DM. This study showed that 28 genes concordantly dysregulated were included in the “positive
regulation of catabolic process” pathway and low-grade inflammation, “membrane trafficking” partic-
ularly focused on clathrin-mediated endocytosis and “signalling by interleukins”, transforming growth
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factor beta and NF-kB[115]. Schizophrenia as a neurodevelopmental condition is associated with a
higher risk of T2DM also by common exposure to early life stress and alteration of fetal mental
programming and immune-inflammatory dysregulation[116]. The association between drug-naive first-
episode schizophrenia and pre-diabetes conditions indicates an inherent risk for glucose regulation
before antipsychotic treatment[117,118]. Parental history of diabetes was associated with the onset of
diabetes in patients with schizophrenia that are treated with clozapine[119]. Treatment with second-
generation antipsychotics has a 1.3-fold elevated risk of diabetes compared to first-generation
antipsychotics[120].

Depression has also been shown to be nearly three and two times more common in patients with
T1DM and T2DM, respectively[121]. When behavioural factors such as dietary habits, physical activity,
socioeconomic status, and sleep are altered, they could lead to depression and T2DM. The relationship
between a poor intrauterine environment and the risk of depression in adulthood is not clear, and there
is no genetic association between T2DM and depression[122]. Habib et al[123] described shared
etiological factors for the comorbidity between diabetes and depression, considering hypothalamic-
pituitary-adrenal axis dysregulation and cortisol release, hyperactivity of the autonomic nervous system
and catecholamines release, inflammatory processes, activation of the polyol pathway, inducing
oxidative stress and increasing the formation of AGEs, and also damage via microvascular dysfunction.
The bidirectional relationship between depression and diabetes is reflected in the psychological and
psychosocial impact of depression, microvascular brain lesions, higher levels of glutamate, poor
glycemic control, and medication compliance that could lead to diabetes, and conversely, the stress
associated with diabetes management could lead to depression[124] (Figure 1). These mutual
interactions are of particular clinical interest in vascular depression, a type of late-life depression that
correlates with white matter hypersensitivity, which is also observed in patients with diabetes and
associated depression[125].

Increased gut permeability links depression to T2DM when metabolic endotoxemia with lipopolysac-
charides induces B-cell damage, and neuroinflammation[126,127]. Immune-inflammatory pathways,
sterile inflammation, the release of DAMP, oxidative and nitrosative stress, and glia activation are also
shared mechanisms. Non-alcoholic fatty liver disease is more common in people with mental disorders,
including schizophrenia, major depressive disorder, and bipolar disorder, and is driven by the same
lifestyle factors that put them at risk for T2DM[128].

The co-occurrence of diabetes and depression has more severe negative consequences. Individuals
with depression and T2DM have a higher risk of cognitive decline and dementia compared with
individuals treated for T2DM alone, which is important in clinical practice[129]. If clear causality is
established, mental changes could certainly be prevented and cured. In a large cohort of Taiwanese
diabetic patients, 0.8% of deaths were found to be due to suicide (0.14% of all patients)[130], and
AbdElmageed and Mohammed Hussein[124] discussed different aspects of how suicide risk increased
with elevated blood glucose levels and could be facilitated by patient access to potentially lethal agents
such as oral hypoglycemics and insulin.

Martins et al[131] have concluded, based on an extensive literature review, that antidepressants may
exert some positive effects on glycemic control in patients with DM. However, it is important to
consider a specific subclass of anti-depressants or even different antidepressants of the same class,
treatment duration, and the use of combination therapy. That being so, metabolic consequences need to
be evaluated individually. Tricyclic antidepressants can worsen glycemic control, monoamine inhibitors
may induce weight gain, and selective serotonin reuptake inhibitors are associated with the im-
provement in glycemic control. The antidepressant bupropion seems to improve glycemic control[132].

Enhanced release of dopamine by insulin is involved in the modulation of motivation and reward
leading to depression symptoms[133]. Endocannabinoid system dysfunction could contribute to the
development of depression in T2DM and could also be a therapeutical target[126]. On the other hand,
antidiabetic drugs have a positive effect on the treatment of the major depressive disorder, by crossing
the BBB and by mediating insulin signalling, inflammatory pathways, and cognitive performance. A
group of distinguished authors has recently discussed that metformin may have beneficial effects not
only in medical conditions but also in core illness domains in a wide range of psychiatric and neurode-
generative disorders[134]. Metformin, as an antihyperglycemic, appears to promote antidepressant,
anxiolytic, and cognitive functions by increasing GLP-1, but also exerts anti-inflammatory effects by
lowering C-reactive protein, inhibiting Th17 cell differentiation, and reducing TNF-p, IL-1B, IL-6, and IL-
17. It also reduces oxidative and nitrosative stress, leading to an improvement in serotonergic
neurotransmission in the hippocampus. The attractive new potential of metformin is to protect the
intestinal barrier and modulate BBB function. It is worth noting that leptin crosses the BBB and binds to
receptors that are spread in different brain areas and seem to have antidepressant and anxiolytic
properties[135].

CONCLUSION

The relationship between T2DM and psychiatric disorders demonstrates how our mental and physical
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health are inevitably intertwined. The mechanisms underlying this bidirectional relationship remain
unresolved, with various intriguing hypotheses. Common biological mechanisms that may underlie
both diabetes and psychiatric disorders represent the basic goals of future research. Shared genetic
pathways could be a potential explanation, but data from existing studies are still insufficient to draw
definitive conclusions. Of particular interest are the possible overlaps in genetic mechanisms between
schizophrenia and T2DM. Intrauterine development represents the initial and unavoidable starting
point for the predisposition to numerous pathological conditions after birth. Inflammation is another
likely suspect underlying both diabetes and psychiatric disorders. A better understanding of the gut-
brain axis and its complex relationship with the gut microbiome is essential for developing new
therapeutic strategies to combat both diabetes and psychiatric disorders.

Given the burden of diabetes and concomitant cognitive changes and psychiatric diseases, it is a
crucial need to understand the complex multifactorial pathophysiology of DM and to identify molecular
targets and pathways that might lead to future therapies. The potential of integrated approaches needs
to be thoroughly explored in future trials. In the clinical arena, the early evaluation and accurate quanti-
fication of cognitive functions and mental state need to be implemented in the clinical assessment of
diabetic patients at the very beginning as well as on follow-up on a regular basis, as it significantly
impacts the complete recovery and quality of life these patients. Vice versa approach should also be
applied. Translational application of anti-glycemic drugs in the treatment of depression and dementia
could be a useful path in the future. All this could jointly direct future interventions to improve the
outcome of somatic treatment and better quality of life in persons with mental disorders.
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