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CONTRIBUTION OF INSULIN 
TO MOOD DISORDERS

Insulin is one of the most important hormones in the human body. Research on insulin has moved from it being an anabolic 
hormone controlling blood glucose levels, to a hormone that has many different effects not only on the internal organs 
and the musculoskeletal system but also profound effects on the central nervous system (CNS). The aim of this literature 
review is to serve as an aid, or a starting point, in understanding the influence of insulin on the CNS, as it will provide 
valuable insight into various molecular interplays and interesting pathways by which insulin could possibly modify not 
only mood, but the whole understanding of mood disorder patophysiology.
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INTRODUCTION

Major depressive disorder (MDD), schizophrenia (SCZ), bi-
polar disorder (BD) and many other pyschiatric conditions 
show a connection, which is often far from simple, to meta-
bolic syndrome (MetS).1,2 MetS is characterized by obesity, 
glucose intolerance, hypertriglyceridemia, hypertension and 
insulin resistance.3 Insulin, being a multifaceted hormone, 
is mostly in charge of blood glucose level control, but also, 
exerts its physiological influence across almost every system 
within the human body, extending its effects particularly to 
the central nervous system (CNS).3-6

INSULIN AND ITS EFFECTS ON BRAIN

As uncomplicated as it may seem, the pathways by which 
insulin induces its action are far from it, as there are countless 
molecules with which insulin interferes. Insulin crosses the 
blood-brain barrier (BBB) at the level of brain endothelial 
cells.7 It is transported via a mechanism called transcytosis 
through insulin receptor (IR)-mediated transport and lipid 
rafts.7 Brain regions do not take up insulin at the same rate, 
so there is a possibility that the uptake rate could serve as 
an explanation for different insulin effects on the CNS.8 After 
entering the CNS and reaching IRs at specific points, insulin 
exerts its action. The binding of insulin to its IR starts a cas-
cade that recruits insulin receptor substrates 1 and 2 (IRS 
1 and 2). The downstream effects of IR activation include 
effects of phosphatidylinositol 3-kinase (PI3K), mammalian 
target of rapamycin (mTOR), and protein kinase B. Those 
products modify neurotransmitter release, synaptic plasticity, 
and neuronal behavior.9,10 IRs have been found in different 
regions of the CNS; the dorsal raphe nucleus (DR), seroto-
ninergic (5-HT) neurons,11 dopamine neurons in the ventral 
tegmental area (VTA), neurons in the substantia nigra com-
pacta (SNc),12 in the supraoptic nuclei, dorsomedial nuclei 
of hypothalamus13 and others.14 In a study by Martin et al., 
it was shown that in mice fed a standard food diet (SFD), 
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insulin first induces an increase in DR 5-HT neuron action 
potential frequency, which in turn leads to an increase in 
extracellular 5-HT concentration in the aforementioned 
neurons.11 After the accumulation of 5-HT by the observed, 
but not yet understood, autoinhibitory mechanism, the rate 
of firing decreases. An increase in 5-HT produces anxyolitic 
effects in mice fed the SFD. However, in mice fed a high-fat 
diet (HFD), which produced MetS-like symptoms in mice, 
insulin application failed to induce anxyolitic effects via a 
5-HT-induced mechanism.11 MDD onset is linked to low 5-HT 
levels;15 therefore, this conclusion can support the influence 
of MetS and insulin resistance on the onset of MDD.

METABOLIC SYNDROME AND PSYCHIATRIC DISEASES

Many psychiatric conditions, including MDD, SCZ, BD , and 
others, show dysregulation in numerous different molecules 
such as dopamine (DA) and γ-aminobutyric acid (GABA). Their 
levels are altered in MetS, which can influence the onset of 
such diseases.16–18 DA is highly influential on mood control, 
reward control, and addiction control.19,20 It is important 
to note that body mass index (BMI) is higher in individuals 
resistant to insulin and is also increased in those with MetS, 
modifying genes regulated by DA . This takes place in both 
the dorsolateral prefrontal cortex (dlPFC), which plays 
a crucial role in behaviour, and in the hippocampus. The 
effects of BMI on the dlPFC and hippocampus contribute 
to the symptoms and presentations of BD, SCZ, and MDD.21 
Directly, insulin increases the number of GABA A (GABAA)22 
and N-methyl-D-aspartate (NMDA)23 receptors on neuronal 
surfaces.24 NMDA receptors and their antagonists play an 
important role in suppressing treatment-resistant depres-
sion.25 Proton magnetic resonance spectroscopy proved that 
depressive disorders show significant deficits in GABA levels 
in different parts of the human brain cortex.26,27,28 GABA is 
also widely regarded as a molecule that plays a significant 
role in mood, anxiety and brain development.29,30 This 
means that the intricate interplay behind IRs and insulin 

resistance on these receptors could serve as an important 
staple regarding future scientific advances in treating fre-
quent psychiatric disorders in people who suffer from insulin 
resistence. The relationship between depression and MetS 
is bidirectional - MetS patients often report depression, and 
vice versa.31 BD and SCZ, besides MDD, are also conditions 
that are more prevalent in individuals with MetS and insulin 
resistance.32,33 Treatment of such conditions, as well as other 
psychiatric conditions, often involve multiple psychiatric 
medications, which in turn lead to the worsening of MetS.34 

CONCLUSION 

The sheer complexity of insulin is yet to be understood. 
Huge progress has recently been made by massive 
advances in science, especially molecular biology 
and genetics. As discussed, insulin is a multifaceted 
hormone that exerts effects on almost every organ 
in the human body. It crosses the BBB and binds to 
specific IRs in different parts of brain. Downstream 
effects of insulin include IRS1 and 2, mTOR and others. 
Insulin also interplays with DA, 5-HT, GABA receptors, 

NMDA receptors and many other molecules and their 
receptors which are found in different areas of human 
brain. MDD, SCZ, BD , and other psychiatric conditions 
show a relation to MetS, a condition characterized by 
insulin resistance, among other clinical manifesta-
tions. Advances have been made in understanding the 
metabolic pathways through which insulin resistance 
and MetS could be linked to psychiatric conditions. 
As time goes by, it is becoming clearer that future 
discoveries in areas regarding the effect of insulin 
on psychiatric disease onset might play a significant 
role in the treatment of such conditions.
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UČINAK INZULINA NA POREMEĆAJE RASPOLOŽENJA
Sažetak
Inzulin je jedan od najvažnijih hormona ljudskog tijela. Istraživanja na temu inzulina su napredovala od toga da se radi 
o anaboličkom hormonu koji regulira razine glukoze u krvi, do činjenice da inzulin ima mnoštvo različitih učinaka, ne 
samo na unutarnje organe i koštano-mišićni sustav, nego i središnji živčani sustav (SŽS). Cilj ovog pregleda literature je 
bio poslužiti kao pomoć, odnosno kao početna točka u razumijevanju samog učinka inzulina na SŽS, jer će pružiti vrijedan 
uvid u razne molekularne interakcije, kao i zanimljive puteve kojima inzulin potencijalno utječe na promjenu, ne samo 
raspoloženja nego i cijelog razumijevanja patofiziologije tih poremećaja. 

ključne riječi: dopamin, inzulinska rezistencija, molekularna psihijatrija, poremećaji raspoloženja, serotonin,    
                              središnji živčani sustav
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Neurobiological basis 
of social emotions – 
understanding empathy 
and compassion

This article delves into the intricate realm of empathy, emphasizing its definition and exploring the underlying mecha-
nisms from both psychological and neurobiological perspectives. Highlighting the evolutionary continuity of empathic 
behaviors across species, the study examines the multi-level conceptualization proposed by de Waal. The neurobiological 
foundations of empathy, including the mirror neuron system, insula, and anterior cingulate cortex, are discussed in relation 
to their roles in social bonding and emotional understanding. The article also addresses gender differences in empathy, 
shedding light on the stability of these differences from infancy to adulthood and the potential influences of both genetics 
and socialization. Overall, this comprehensive exploration contributes valuable insights into empathy's complex nature, 
offering implications for fostering compassion and understanding in society.

Keywords: compassion, empathy, insula, neurobiology, neuroscience, psychology, social emotions

INTRODUCTION

Social emotions are more narrowly defined as subjective 
experiences that emerge during interaction with others, 
during recollection, and when reflecting on the behav-
iors, thoughts, intentions, or feelings of others.1 Among a 
plethora of different social phenomena exists empathy, an 
intricate social phenomenon that has been characterized 
in various ways. While definitions may vary, they typically 
share common elements such as the capacity to understand 
and share the emotions of others. Empathy consists of two 
main forms: cognitive empathy, the ability to understand 
another's perspective (related to Theory of Mind), and 
affective empathy, which involves sharing the emotional 
experiences of others.2 Adam Smith, for instance, defined 
empathy as “the ability to understand another's perspective 
and to have a visceral or emotional reaction”.3,4 Hastings et 
al.4 similarly concentrate on emotions, aligning with Preston 
and de Waal5 in underscoring empathy as a multistage 
process. They characterize empathy as "the recognition 
and sharing of another's emotional state".3,5 Empathy 
has been a focal point of interest for philosophers and 
psychologists for an extended period, with comparatively 
less emphasis from neuroscientists. In recent times, the 
significant advancement of human brain imaging methods, 
particularly functional magnetic resonance imaging (fMRI), 
has spurred the systematic exploration of empathy through 
neuropsychological studies. The mentioned studies have 
established numerous connections with heightened psycho-
logical capabilities and have pinpointed the specific brain 
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areas activated during the processing of intricate social 
cues associated with the sophisticated forms of empathic 
behaviors observed in humans.2

EVOLUTIONARY MECHANISMS OF EMPATHY

Many regard empathy as a distinctly human trait, overlook-
ing the possibility of empathic behaviors in other species. 
However, accumulating evidence reveals pro-social behav-
iors across various species, including primates and rodents, 
suggesting that certain forms of empathy predate humans 
in evolutionary terms.6 These findings strongly support the 
idea of an evolutionary continuity of empathic behaviors. 
Adopting such a perspective provides an experimental 
understanding of simpler forms of empathy and an oppor-
tunity to comprehend the neuronal processes underlying 
empathic behaviors.2 Empathy is not merely a pro-social 
behavior but plays a fundamental role in the survival of 
species. By fostering cooperation, empathy ensures group 
cohesion, which is crucial for the survival and success of 
social species. This cooperative behavior enhances species' 
capacity to adapt, survive, and thrive.22 Several empathy 
theories that incorporate an evolutionary viewpoint and 
broaden the research focus have been proposed. One in-
fluential theory is de Waal's multi-level conceptualization 
of empathy, which places the most basic forms, such as 
adopting another's emotional state (emotional contagion), 
at the core of all empathic behaviors. This is followed by a 
more complex continuum involving concern for another's 


