
EXPERT REVIEW OPEN

The interface of depression and diabetes: treatment
considerations
Giuseppe Fanelli 1,2, Emanuel Raschi3, Gaye Hafez 4, Silke Matura5,6, Carmen Schiweck 6, Elisabetta Poluzzi3 and
Carlotta Lunghi 3,7✉

© The Author(s) 2025

This state-of-the-art review explores the relationship between depression and diabetes, highlighting the two-way influences that
make treatment challenging and worsen the outcomes of both conditions. Depression and diabetes often co-occur and share
genetic, lifestyle, and psychosocial risk factors. Lifestyle elements such as diet, physical activity, and sleep patterns play a role on the
development and management of both conditions, highlighting the need for integrated treatment strategies. The evidence
suggests that traditional management strategies focusing on either condition in isolation fall short of addressing the intertwined
nature of diabetes and depression. Instead, integrated care models encompassing psychological support and medical management
are recommended to improve treatment efficacy and patient adherence. Such models require collaboration across multiple
healthcare disciplines, including endocrinology, psychiatry, and primary care, to offer a holistic approach to patient care. This review
also identifies significant patient-related barriers to effective management, such as stigma, psychological resistance, and health
literacy, which need to be addressed through patient-centered education and support systems. Future directions for research
include longitudinal studies in diverse populations to further elucidate causal relationships and the exploration of novel therapeutic
targets, as well as the effectiveness of healthcare models aimed at preventing the onset of one condition in individuals diagnosed
with the other.
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INTRODUCTION
Diabetes and depression are global health problems with a
rising prevalence, affecting 10.5 and 5% of the world population,
respectively [1, 2]. Depression is a disorder characterized by a
loss of interest in daily activities, fatigue, low mood, and
cognitive symptoms that impair daily functioning [3]. Diabetes is
a multifactorial metabolic disease characterized by hyperglyce-
mia due to insulin deficiency or insulin resistance (IR) [4]. IR, a
hallmark of type 2 diabetes mellitus (T2DM), manifests in varied
tissue-specific forms. Peripheral IR primarily involves reduced
insulin-mediated glucose uptake by skeletal muscle and adipose
tissue, driven by defects in the insulin receptor substrate and
downstream signaling pathways such as phosphoinositide
3-kinase (PI3K)/protein kinase B (Akt), leading to diminished
translocation of glucose transporter type 4 (SLC2A4/GLUT4) and
glucose uptake [5]. Conversely, brain IR, less recognized but
equally important, pertains to impaired insulin signaling in
neuronal and glial cells [6]. This central form of IR involves
alterations in similar pathways but manifests distinctively in
reduced synaptic plasticity and neurotransmitter regulation,
impacting mood and cognitive functions [6]. Notably, brain IR is
implicated in neurodegenerative processes by affecting

amyloid-beta metabolism and tau phosphorylation, linking it
to both cognitive decline and mood disorders [7, 8].
Both diabetes and depression are common chronic conditions

which reduce a patient’s functionality, quality of life and life
expectancy. The co-occurrence of these diseases has been
extensively studied, but the underlying reasons that may affect
each other remain inadequately elucidated despite several
proposed hypotheses. This comorbidity is attributed to various
factors, including the psychological impact of managing a chronic
illness, potential shared genetic susceptibility, and common
pathophysiological abnormalities, such as the dysregulation of
the hypothalamic-pituitary-adrenal (HPA) axis, and inflammatory
state [9–11].
Although there is no definitive evidence regarding the effect of

diabetes type on depression, patients with major depressive
disorder (MDD) have a twice as high risk of developing T2DM
compared to the general population [12–15]. According to the
results of a systematic review, the prevalence rate of depression is
three times higher in patients with type 1 diabetes mellitus
(T1DM) and more than two times higher in patients with T2DM
[16]. Depression and diabetes also share sociodemographic and
lifestyle risk factors. Despite the lack of reliable data, there are
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studies examining sex and age-related demographic variations.
The prevalence of depression was found to be higher in women,
irrespective of their diabetes status [16]. Although there are
controversial studies [17], age may be a contributor as older
people have higher risks of diabetes and depression, possibly
because of physical limitations and other health problems [18].
Ageing, smoking, poor dietary habits, lack of exercise, comorbid-
ities, poor glycemic control and obesity, which are among the risk
factors of diabetes, can also be considered as risk factors for
depression [19, 20], possibly due to their association with vascular
complications [21, 22].
Trends over time show an increasing prevalence of depression

and diabetes due to lifestyle and socioeconomic factors [23].
Moreover, the risk of hospitalizations, cardiovascular disease, and
mortality was found to be high in the concurrent presence of
these two conditions [24–28]. Further studies are thus required to
better understand the interface of these two clinical challenges.
Given the plethora of publications on either diabetes or
depression or the cooccurrence of these conditions, a synthesis
of the published literature on the occurrence of depression and
diabetes is needed.
Thus, the aim of this state-of-the-art review is to explore and

discuss the interface of depression and diabetes, synthesizing
evidence on therapeutic strategies that address both conditions
simultaneously. The unique challenge in treating patients suffer-
ing from both conditions lies in the necessity for a coordinated
approach that takes into account the interplay between metabolic
and mental health issues.

THE BIDIRECTIONAL RELATIONSHIP BETWEEN DEPRESSION
AND DIABETES
The relationship between diabetes and depression is profoundly
bidirectional, with each condition influencing the onset and
progression of the other [12, 29, 30]. Diabetes significantly
increases the risk of developing depressive symptoms influenced
by factors such as demanding self-management routines, fear of
long-term complications, and the physiological stress imposed by
persistent dysglycemia [31, 32]. Conversely, depression can
undermine self-care behaviors that are necessary for effective
diabetes management, such as regular medication adherence,
appropriate dietary choices, and consistent physical activity
[30, 33]. This reciprocal influence not only complicates treatment
but also exacerbates the burden of each disease, leading to poorer
health outcomes [14]. Understanding this bidirectional relation-
ship is important for developing more effective, holistic treatment
approaches that address both the psychological and physiological
aspects of these intertwined health challenges.

Lifestyle factors influencing diabetes and depression
Poor dietary habits. Depression often leads to changes in
appetite and eating behaviors, significantly contributing to the
development of diabetes [34]. Individuals with depression may
experience increased cravings for high-calorie, high-sugar foods,
resulting in excessive caloric intake and subsequent weight gain
[35, 36]. These foods, which are typically low in nutritional value
but high in simple carbohydrates and unhealthy fats, exacerbates
IR and promotes visceral fat accumulation, a key risk factor for
T2DM [37]. This dietary pattern not only contributes to obesity but
also to dyslipidemia and impaired glucose metabolism, worsening
diabetes. Prospective studies have highlighted that patients with
diabetes who have depression often exhibit more severe and
chronic depressive symptoms, which further complicates their
dietary habits and metabolic health over time [14].

Physical inactivity. Physical inactivity is a common behavioral
characteristic in individuals with depression, significantly con-
tributing to the risk of developing T2DM [38]. Depression often

results in reduced motivation and energy levels, leading to
decreased participation in physical activities and exercise [39].
Physical inactivity directly contributes to weight gain, increased
adiposity, and the development of IR [40]. Exercise is known to
enhance insulin sensitivity, promote glucose uptake in muscles,
and reduce inflammatory markers [41]. Therefore, the lack of
physical activity in depressed individuals exacerbates metabolic
dysfunctions, creating a pathway to diabetes. Furthermore, the
chronic nature of depression can lead to persistent physical
inactivity, worsening metabolic outcomes over time.

Substance abuse. Substance abuse, including alcohol and
tobacco use, is prevalent among individuals with depression and
significantly contributes to the development of T2DM and related
complications [42, 43]. Excessive alcohol intake may reduce
insulin-mediated glucose uptake and harm pancreatic islet β-cells,
leading to T2DM [44]. Prudent alcohol consumption, however, has
been linked to lower risks of T2DM, stroke, heart failure, and all-
cause mortality [45]. Similarly, smoking is associated with
increased inflammation, oxidative stress, and endothelial dysfunc-
tion, all of which contribute to IR and T2DM [46]. The
compounded effects of substance abuse and depression create
a heightened risk for the development of diabetes through
multiple metabolic and behavioral pathways [47]. Additionally, the
interaction between substance abuse and depression may worsen
depressive symptoms and its prognosis, leading to a vicious cycle
that further complicates metabolic health [48].

Sleep disturbances. Sleep disturbances, common in individuals
with depression, significantly elevate diabetes risk by impacting
glucose metabolism, appetite, and weight [49]. Sleep deprivation
impairs insulin secretion and glucose tolerance, contributing to
T2DM risk [50]. On the other hand, extended sleep duration, often
observed in atypical depression, may also alter circadian rhythm,
which is important for metabolic health, reduce physical activity,
and worsen insulin sensitivity, complicating glycemic control
[51, 52]. Longitudinal studies reinforce this perspective, illustrating
that poor glycemic control in patients with diabetes can further
deteriorate sleep quality, perpetuating a detrimental cycle of
worsening health outcomes [53]. Effectively addressing sleep
disturbances is essential for managing both conditions, as they
can exacerbate depressive symptoms and accelerate diabetes
progression.

Shared genetic risk factors
Beyond shared environmental risk factors, such as poor diet,
sedentary lifestyle, and disturbed sleep, which may also be direct
manifestations of psychopathology, shared genetic components
have been identified between MDD and T2DM [54]. These
conditions are heritable and highly polygenic, with heritability
estimates based on twin studies ranging from 39–72% [55, 56].
Both global and local genetic correlation analyses have estab-
lished positive correlations across the entire genome and at
specific genomic regions between MDD and T2DM, indicating a
shared etiopathogenesis and synergistic genetic influence on both
conditions [54, 57]. Colocalization analyses have pinpointed
genetically correlated loci harboring putatively shared causal
variants for both MDD and T2DM [57]. Variants near or over-
lapping genes such as MALAT1, involved in gene regulation, SCYL1,
associated with intracellular trafficking, and LTBP3, part of the TGF-
β signaling pathway on chromosome 11, along with DENND1A on
chromosome 9, which is linked to hormonal regulation and
vesicle-mediated transport, suggest mechanisms that jointly
influence both disorders [57]. These findings lay a groundwork
for future research to explore the specific causal pathways and
develop targeted therapeutic interventions.
Genetic overlap between MDD and T2DM was also explored

through Mendelian randomization studies, revealing insights into
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the causal relationships. Several MR studies using genome-wide
association study (GWAS) data of European ancestry have
established a causal effect of MDD on T2DM, confirmed by robust
sensitivity analyses excluding horizontal pleiotropy, with 36.5% of
the effect mediated by BMI [58–60]. Conversely, no causal link
between T2DM and MDD was found in the same studies,
supported by other data from a Scottish cohort [61]. Moreover,
an East-Asian MR study (N= 11,506) reported a probable causal
effect of T2DM on MDD [62]. Further studies on diverse ethnic
samples are needed to confirm these findings and elucidate the
genetic underpinnings of the T2DM-MDD relationship.
The use of polygenic risk scores (PRSs), which summarize the

effect of multiple common genetic risk variants across the
genome, has further contributed to our understanding of the
genetic relationship between MDD and T2DM. A Russian cohort
study indicated a nominal association between T2DM PRS and
anhedonia, a core symptom of MDD, though the findings did
not withstand correction for multiple comparisons [63]. Simi-
larly, the US Yale-Penn sample found no significant associations
between T2DM PRS and MDD in individuals of European
ancestry, with only a nominal association between MDD PRS
and diabetes in the same population [64]. A community sample
of adolescents showed no associations between T2DM PRS and
depressive symptoms [65], and research from the Taiwan
Biobank linked higher MDD PRS with a slightly increased risk
of T2DM. However, these results did not reach Bonferroni-
corrected significance [66]. Furthermore, analysis of UK Biobank
data showed associations between MDD PRS and metabolic
markers such as HbA1c and glucose levels, which are relevant to
diabetes pathophysiology, although these associations became
non-significant in fully adjusted models [67]. In contrast, a large
meta-analysis, including 12 cohorts from the Psychiatric
Genomics Consortium, Generation Scotland: The Scottish Family
Health Study, and UK Biobank, found statistically significant
associations between T2DM PRS and MDD, particularly in cases
of early onset [68]. Lastly, a Danish population-based register
study identified a clear dose-response relationship where
increases in T2DM PRS were associated with heightened risk
for MDD in both males and females [69]. These findings from
diverse PRS studies illustrate both the potential and the inherent
challenges in using genetic scores to elucidate the link between
MDD and T2DM. The observed inconsistencies across studies
likely result from variations in sample sizes, ethnic backgrounds,
and age groups. The integration of large-scale, multi-ethnic
genetic data remains important for refining our understanding
and enhancing the predictive precision of genetic influences on
these conditions. Through such comprehensive genetic ana-
lyses, PRSs holds the potential to advance our ability to tailor
preventive and therapeutic strategies based on individual
genetic risk profiles, paving the way for precision medicine for
IR-psychiatric multimorbidity.

Hypothalamic-pituitary-adrenal (HPA) axis and cortisol
dysregulation
The dysregulation of the HPA axis is a significant pathway linking
depression with T2DM [70]. Research has indicated that HPA axis
hyperactivity is heightened in chronic hyperglycemic states, with
severe hyperglycemic events more likely to result in depressive
disorders [71]. Chronic stress, frequently associated with depres-
sion, also leads to persistent activation of the HPA axis, resulting in
hypercortisolemia [72]. Elevated cortisol levels increase gluconeo-
genesis in the liver, impair insulin’s ability to translocate GLUT4 to
the cell surface, and raise portal and peripheral free fatty acids
[72, 73]. These processes collectively contribute to IR and,
ultimately, T2DM [70]. Moreover, elevated cortisol levels impair
neurogenesis in the hippocampus, a brain region involved in both
depression and T2DM [74].

Pro-inflammatory state
Cortisol acts as a potent immuno suppressant, maintaining
immune homeostasis [75]. However, when cortisol resistance
occurs, it leads to chronic low-grade inflammation, which is
prevalent in about 27% of people with depression [76]. A pro-
inflammatory state can be observed, characterized by elevated
levels of cytokines such as interleukin (IL)-1, IL-6, IL-8, interferon-γ
(IFN-γ), and tumor necrosis factor-α (TNF-α) [77]. Additionally,
depression raises markers for epithelial barrier dysfunction, such
as zonulin, leading to increased intestinal permeability and
circulating lipopolysaccharide (LPS) levels. LPS activates the
inflammasome complex, which cleaves IL1-ß into its active form
[78], inhibiting downstream mechanisms necessary for GLUT4
translocation, contributing further to IR [78]. Interestingly, non-
depressed individuals exposed to pro-inflammatory cytokines
present with depressive-like behaviors, or “sickness behaviors”,
characterized by anhedonia, increased pain sensitivity, and
somnolence [79]. These cytokines also contribute to IR through
mechanisms including inhibitory phosphorylation of insulin
receptor substrate-1 (IRS-1) and nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) pathway, while also
promoting glucocorticoid resistance and HPA axis hyperactivity
[80]. In depression, the inflammatory phenotype is particularly
associated with atypical symptoms, including increased sleep and
appetite, potentially leading to weight gain and local inflamma-
tion and macrophage infiltration in the adipose tissue, creating a
self-perpetuating inflammatory loop [81]. Notably, pro-
inflammatory cytokines are also secreted by visceral adipose
tissue in obesity and, together with the inhibition of IRS-1
mediated by TNF-α, inhibition of c-Jun N-terminal kinase (JNK) and
NK- κB inhibitor, serve as major inflammatory mechanisms linking
obesity with IR [75, 82].

Microbiota and gut-brain axis
There is an emerging connection between IR, the gut
microbiome, and mood regulation. Disruption in microbiota
homeostasis enhances the risk of metabolic conditions [83, 84].
Gut microbiota-derived metabolites, such as short-chain fatty
acids (SCFAs), tryptophan metabolites, and immune stimulants,
are likely mediators in this process [85]. The signaling of
molecules that operate primarily in the brain is disturbed by
microbial factors, obesity and diabetes. This disturbance is
relevant to the onset of mental illness, with the relevant
molecules being neuropeptide Y, brain-derived neurotrophic
factor (BDNF) and γ-aminobutyric acid (GABA) [85]. Dysbiosis,
or imbalance in the gut microbiota, may disrupt homeostasis
between the immune, metabolic, and nervous systems,
contributing to IR and metabolic syndrome [85]. Therefore,
gut dysbiosis in depressed individuals can exacerbate meta-
bolic dysfunction and IR, linking gut health to diabetes and
mental health.

Depression and metabolic syndrome: a vicious cycle
Depression is closely linked to metabolic syndrome, a cluster of
conditions including abdominal obesity, dyslipidemia, hyperten-
sion, and T2DM. The prevalence of metabolic syndrome in
individuals with depression is significantly higher compared to
the general population [86]. Depression-driven behaviors like
consuming high-calorie, low-nutrient foods and reduced physical
activity [87] contribute to weight gain and increased visceral fats,
which are critical in developing IR. Visceral fat secretes adipokines,
such as leptin and adiponectin, influencing inflammatory responses
and insulin sensitivity [82]. Altered adipokine levels have also been
found in depressed individuals, albeit showing some differences
related to sex, age, and body mass index [88]. These alterations
could further promote IR and metabolic dysfunction in depression,
thereby increasing the susceptibility to developing diabetes.
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INSULIN SIGNALING AND NEUROTRANSMISSION
Insulin can cross the blood-brain barrier from the periphery but it
is also locally produced in the brain, where it binds to insulin
receptors on neurons and glial cells [6]. Insulin signaling in the
brain is pivotal for cell survival, neuroinflammation, synaptic
plasticity, and neurotransmission [6]. Disruptions in brain insulin
signaling can adversely affect the dopaminergic mesolimbic
reward circuit, altering hedonic perceptions [89, 90]. Furthermore,
IR, even in the absence of psychiatric comorbidities, can impair
cognitive performance. Both anhedonia and cognitive symptoms
could be observed in depression and are symptoms particularly
resistant to available psychotropic treatments [30, 89].
Insulin also modulates dopamine neurons differently across brain

regions. In midbrain areas, such as the substantia nigra and ventral
tegmental area, insulin upregulates dopamine transporter expres-
sion and reduces excitatory glutamatergic input, decreasing
extracellular dopamine levels [90]. Conversely, IR contributes to
reduced dopamine transporter expression coupled with increased
excitatory glutamatergic input, elevating extracellular dopamine
levels. However, in the striatum, which is located in the subcortical
forebrain, insulin influences dopamine reuptake and release, with IR
opposing these effects, impacting neuronal excitatory projections
[90]. The PI3K/Akt pathway involved in insulin signaling also
regulates dopamine clearance by modulating dopamine transporter
expression and function. Acute insulin application in the ventral
tegmental area in vitro diminishes somatodendritic dopamine levels
via increased dopamine transporter activity, mediated by PI3K and
mammalian target of rapamycin (mTOR) signaling pathways [90].
Long-term hyperglycemia can contribute to persistent disturbances
in glutamatergic signaling and neural damage in the medial
prefrontal cortex, contributing to depressive behaviors [91].
Furthermore, obesity and T2DM lead to systemic inflammation,
increasing pro-inflammatory brain cytokines, which may, in turn,
interfere with insulin signaling and neurotransmission [92].
In addition to insulin, insulin-like growth factor 1 (IGF-1) plays a

role in brain function [93]. While insulin and IGF-1 share structural
similarities and activate overlapping intracellular signaling path-
ways, such as the PI3K/Akt and MAPK pathways, they exhibit
differential localization within the brain, which may impact their
distinct roles in neuronal function and mood regulation [94, 95].
Insulin receptors are extensively distributed throughout but are
particularly abundant in regions such as the olfactory bulb,
cerebral cortex, hippocampus, hypothalamus, and cerebellum—
areas integral to learning, memory, and emotional regulation [96].
Conversely, IGF-1 receptors are also widely expressed but exhibit
higher densities in the cortex, hippocampus, and thalamus, with
moderate expression in the olfactory bulb, hypothalamus, and
cerebellum [95]. This distinct distribution pattern suggests that
insulin and IGF-1 may influence different neuronal circuits and
processes pertinent to depression. For example, impairments in
insulin receptor signaling within the hippocampus and prefrontal
cortex can disrupt synaptic plasticity and neurotransmitter
balance, potentially leading to cognitive deficits and mood
disturbances associated with depression [95]. Similarly, alterations
in IGF-1 signaling may impact neurogenesis and neuronal survival,
thereby affecting mood and cognitive functions [97]. Notably, IGF-
1 promotes neurogenesis in the hippocampus, and reduced IGF-1
levels have been linked to depressive-like behaviors in animal
models [97, 98]. Additionally, IGF-1 interacts with serotonin
receptors, such as the 5-HT3 receptor, mediating neurogenesis
and exhibiting antidepressant effects independent of traditional
serotonin reuptake mechanisms [99]. Therefore, considering the
overlapping yet distinct roles of insulin and IGF-1 in the brain,
disruptions in their signaling pathways due to IR may contribute
to the neurobiological mechanisms underlying depression in
individuals with T2DM.
Overall, the multimorbidity of depression and T2DM involves

shared genetic risk factors and multiple underlying biological

mechanisms, including HPA axis dysregulation, pro-inflammatory
states, gut-brain axis interactions, and insulin signaling alterations,
which can affect neurotransmission. Further research on these
mechanisms has the potential to lead to more personalized and
effective treatment approaches for individuals suffering from both
conditions.

NEUROIMAGING EVIDENCE LINKING DEPRESSION AND TYPE 2
DIABETES MELLITUS
Neuroimaging studies have provided insights into the neural
mechanisms linking depression and T2DM, revealing structural
and functional brain alterations that may underlie their comorbidity.
A meta-analysis revealed that individuals with T2DM exhibit reduced
global brain volume and regional atrophy in areas such as the
hippocampus, basal ganglia, and orbitofrontal and occipital lobes
[100]. Hippocampal atrophy appears to be an independent effect,
potentially serving as a common neuropathological basis for the
association of T2DM with both dementia and depression [100].
Conversely, global cerebral atrophy in T2DM may reflect athero-
sclerotic factors [100]. Further evidence demonstrates that patients
with diabetes mellitus display increased atrophy in the hippocam-
pus and amygdala compared to non-diabetic individuals, an effect
not explained by increased vascular morbidity [101]. Additionally,
studies employing cortical pattern matching have shown diminished
cortical gray matter thickness in the left anterior cingulate cortex
among individuals with T2DM, with those co-diagnosed with major
depression exhibiting significant cortical gray matter reductions in
bilateral prefrontal areas when compared to healthy controls [102].
Higher HbA1c levels have also been correlated with reduced
hippocampal volume, suggesting that metabolic dysregulation in
diabetes may have direct neuroanatomical consequences contribut-
ing to depressive symptoms [103]. These structural alterations in
regions relevant to mood regulation suggest a neuroanatomical link
between T2DM and depression.
Functional neuroimaging studies complement these structural

findings by highlighting disrupted connectivity patterns in
individuals with T2DM. For instance, increased connectivity in
frontal and fronto-parietal networks has been found to predict
depressive symptoms among middle-aged to elderly diabetics.
Specifically, stronger connections between bilateral ventromedial
prefrontal cortices and dorsal prefrontal cortices are associated
with higher depressive scores, indicating that altered neural
circuitry may underlie mood disturbances in this population [104].
Moreover, functional MRI studies have demonstrated impaired
connectivity within the default mode network in T2DM patients.
The hippocampus shows reduced functional connectivity bilat-
erally to widespread regions, including the fusiform gyrus, frontal
gyrus, temporal gyrus, anterior and posterior cingulate gyri,
medial frontal gyrus, precuneus, and inferior parietal lobule,
compared to healthy controls [105]. This disrupted connectivity
may contribute to cognitive deficits and depressive symptoms
observed in T2DM. Further investigations have revealed that
patients with T2DM exhibit decreased degree centrality in the left
lingual gyrus and increased centrality in the right insula and dorsal
anterior cingulate cortex [106]. The occipital network anchored in
the lingual gyrus shows extensively reduced connectivity, while
connectivity within the salience network is significantly elevated
[106]. Correlational analyses also indicate that in the diabetic
group, impaired visual memory and executive function are
associated with occipital hypoconnectivity. In contrast, higher
fasting plasma glucose levels and better executive functioning
relate to hyperconnectivity in the anterior cingulate cortex [106].
These findings suggest that specific patterns of neural connectiv-
ity are linked to both metabolic control and cognitive perfor-
mance in T2DM.
Intervention studies have explored the influence of insulin on

neural activity. Functional MRI studies investigating the effects of
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intranasal insulin administration have revealed that insulin can
modulate activity in brain regions involved in mood regulation,
such as the prefrontal cortex and hypothalamus. Significant
insulin-induced attenuation was observed predominantly in the
occipital and prefrontal cortical regions, successfully localizing
insulin-sensitive areas in the brain [107].
Collectively, these neuroimaging findings underscore the

pathophysiological role of hyperglycemia and IR in modulating
brain structure and function, thereby contributing to depressive
symptomatology in individuals with T2DM.

Impacts of diabetes on psychological wellbeing
Managing diabetes imposes significant challenges that encom-
pass both physiological and psychological dimensions, interlinking
in a manner that profoundly affects overall health and quality of
life. Studies have shown that chronic hyperglycemia and recurrent
hypoglycemia in patients with diabetes reduce brain network
efficiency [108], impair hippocampal neurogenesis and memory
[109], and lead to microstructural changes in white matter and
reduced gray matter density [110]. Hyperglycemia can thus lead to
cognitive decline, neurodegeneration, brain atrophy, and altered
brain structure and function [110, 111]. Chronic hyperglycemia
and depression exhibit a bidirectional relationship in both T1DM
and T2DM, with this association being mediated by suboptimal
diabetes self-care management [112]. Markers of hyperglycemia,
such as fasting glucose and glycated hemoglobin (HbA1c), have
been associated with an increased risk of incident depressive
symptoms [113].
Psychologically, the constant monitoring of blood glucose

levels, adherence to strict dietary restrictions, and regular
antidiabetic medication or insulin use contribute to considerable
psychological stress and can lead to anxiety and depression
[114, 115]. The fear of potential long-term complications such as
neuropathy, retinopathy, and kidney disease further exacerbates
this stress, which frequently results in a clinically significant
apprehension regarding complications [116, 117]. Approximately
one-third T2DM patient exhibits a clinically meaningful fear of
complications [117]. This fear not only worsens psychological
distress but also hampers effective self-management, creating a
vicious cycle that leads to a decline in mental health. A cardinal
symptom of (atypical) depression, which has been associated with
poor glycemic control and mortality [118], is anhedonia (i.e., the
lack of experiencing pleasure/joy). In a large study in more than
5000 participants with type 2 diabetes, it was shown that poor
glycaemic control was associated with anhedonia but not
depression or anxiety [119], suggesting that anhedonia may be
more important than general depression scores. Potential
mechanisms linking both are impaired dopamine signaling and
inflammation (also see below), which both alter reward sensitivity
and have been shown to be altered in DM2 and anhedonia [120].
Gruber et al. reviewed the link between anhedonia, IR and
dopamine [90].
People with diabetes who experience complications, and

hypoglycemia are more likely to report worse psychological
outcomes [115]. Similarly, patients who have a heavier burden of
diabetes, such as those who require insulin or experience
complications, experience family conflict, are more likely to
experience negative psychological effects [121]. Moreover,
diabetes management can be overwhelming, leading to feelings
of isolation and impacting social interactions. The demands of
managing the condition can strain relationships and reduce
social activities, thereby decreasing the patient’s quality of life.
Effective diabetes management, therefore, requires a compre-
hensive approach that considers these intertwined psychologi-
cal and physiological impacts. To address these dual aspects of
diabetes, integrated care models that include both pharmaco-
logical treatments for the physical aspects of diabetes and
psychological support to address mental health are essential

[122, 123]. Cognitive-behavioral therapy (CBT) and other
psychological interventions have shown promise in improving
both glycemic control and psychological outcomes by enhan-
cing coping strategies and reducing diabetes-related distress
[124]. These therapeutic strategies underscore the necessity of
treating the person as a whole, rather than focusing on separate
symptomatology. As an active area of research, it is important to
note that DM2 has not only been linked to depression or
anhedonia but is associated with several psychiatric disorders
[13]. On a more granular level, symptoms or domains such as
hopelessness, trait impulsivity and compulsive behaviors have
also been linked to DM2. While it is beyond the scope of this
review to explore these associations, the interested reader is
referred to current literature on the topic (e.g., impulsivity and
compulsivity) [125, 126]. By consolidating the management
strategies to address both the psychological and physiological
impacts of diabetes, healthcare providers can offer more holistic
care that potentially improves both health outcomes and quality
of life for patients.

IMPACT OF DEPRESSION ON DIABETES MANAGEMENT
Glycemic control
Depression is known to disrupt glycemic control in diabetes by
affecting key self-management behaviors [1]. Reduced motiva-
tion, fatigue, and cognitive impairments hinder compliance with
necessary diabetes care practices, such as glucose monitoring,
dietary adherence, and maintaining physical activity, which may
exacerbate hyperglycemia and increases complication risks
[127]. Depression also prompts irregular eating behaviors and
neglect of established management protocols, negatively
influencing glycemic control [128]. Longitudinal studies have
indicated that depressive symptoms correlate with elevated
HbA1c levels in elderly patients either at risk for or currently
experiencing depression [129]. Additionally, a sex-specific
impact of MDD on glycemic responses in T2DM has been
reported, where females are less likely to achieve normal
glycemic levels [130]. Contrarily, larger studies have not
observed a consistent link between depression and poorer
glycemic control in T2DM [14]. Despite these findings suggest-
ing a minimal direct influence of depression on glycemic
control, this condition may still significantly heighten the risk
of severe complications in diabetes [14], emphasizing the
necessity for comprehensive management approaches that
address both psychological and physiological aspects of
diabetes care.

Medication adherence
Depression adversely affects medication adherence in individuals
with T2DM [131–133]. Several studies have highlighted the
association between depression and poor adherence to medica-
tion and dietary regimens in individuals with T2DM [128, 134, 135].
Additionally, diabetes-related emotional distress and depression
symptom severity have been identified as risk factors for
medication non-adherence in T2DM [136, 137]. Various factors,
such as financial problems, adverse drug reactions, memory
issues, and the complexity of diet have been identified as possible
mediators of poor adherence to medications in patients with
diabetes [138]. The cognitive and motivational deficits associated
with depression, along with feelings of hopelessness, and
decreased interest in health management, may contribute to
poor adherence to antidiabetic treatment. Non-adherence to
medication regimens in individuals with depression who develop
diabetes may contribute to the increased observed risk of
complications such as cardiovascular disease, neuropathy, and
retinopathy [139]. It is, therefore, important to address depression
at an early stage in order to improve medication adherence and
overall diabetes management.
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Clinical outcomes
Depression is significantly associated with adverse health out-
comes in patients with diabetes [14]. Pre-existing depression in
individuals with T2DM is linked to increased risk of micro- and
macrovascular complications, and higher mortality rates
[24, 25, 140–142]. Depressed diabetics face a 1.5-fold increased
risk of all-cause mortality and a 1.4-fold increased risk of
cardiovascular mortality [140]. Additionally, depression is asso-
ciated with a 36.8% increase in coronary heart disease and a 32.9%
increase in stroke risk among patients with diabetes [27].
Depression also negatively impacts diabetes self-management
behaviors and overall quality of life [143].

TREATMENT STRATEGIES FOR COMORBID DIABETES AND
DEPRESSION
Pharmacological interventions
Antidepressant medications in patients with diabetes. The manage-
ment of depression in patients with diabetes requires a compre-
hensive approach, including pharmacological and psychological
treatment strategies. Collaborative strategies and integrated care
plans, including regular screening, routine follow-up, rational drug
use and medication adherence management, should be applied in
both depression and diabetes management.
The antidepressant classes, selective serotonin reuptake inhibitors

(SSRI), serotonin and noradrenalin reuptake inhibitors (SNRI), tricyclic
antidepressants (TCA), monoamine oxidase inhibitors (MAOI), and
atypical antidepressants that increase neurotransmitters serotonin,
noradrenaline, and dopamine are in the guideline-based treatment
strategies of depression [144]. A new study from Scotland has
shown that the prevalence of antidepressant and antipsychotic
prescribing in patients with T2DM has been increasing in recent
years between 2004 and 2021 [145]. It has been proposed that this
may be due to the longer duration of use of these drugs, and
another reason may be the widespread use of SNRIs such as
duloxetine in conditions other than MDD, including chronic pain
associated with diabetic neuropathy [146].
While prescribing antidepressants in patients with diabetes,

monitoring and minimizing the metabolic adverse effects is
important. Potential adverse effects such as weight gain [147],
dyslipidemia, and increased risk of cerebrovascular and cardiovas-
cular morbidity [148] are significant concerns. The association of
vascular problems creates a bidirectional negative impact with
depression [149]. Certain atypical antipsychotics as adjunctive

treatment in MDD, such as olanzapine and quetiapine, are also
associated with metabolic adverse effects and drug-induced weight
gain [150, 151]; however, as in the case of brexpiprazole, which is a
partial dopaminergic agonist, this increase in weight might not be
clinically important [152].
Several studies reported that SSRIs may increase the risk of T2DM

in adults, particularly in long-term use [153], likely attributable to a
modest weight gain associated with certain agents in this class [154].
In a nationwide US cohort with 1,582,914 patients, it was found that
there may be a small increase in the risk of developing T2DM in
children and adolescents who started SSRI treatment [155]. On the
other hand, in a UK cohort, it was shown that there was no
difference between fluoxetine-citalopram-escitalopram and
paroxetine-fluvoxamine-sertraline in youth, and SSRIs did not
increase significantly the risk of T2DM [156]. Overall, in any case,
the risk/benefit ratio should be carefully weighed, especially in
pediatric patients.
Comorbid depression and diabetes worsen glycemic control,

and certain antidepressants may inversely contribute to it. In a
French longitudinal cohort study conducted with approximately
64,000 women, the patients were followed up for 6 years [157]. It
was shown that the risk of T2DM increased after the use of SSRI,
imipramine-type and mixed antidepressants compared to those
who did not use medications [157]. Increased dietary intake,
decreased leptin level, and high affinity to histamine (H1)
receptors [158], especially by TCAs such as imipramine-type
antidepressants, may be responsible for the underlying mechan-
isms; however, further investigation is needed. Due to their
efficacy and safety profiles, SSRIs and SNRIs are still the drugs of
choice in patients with comorbid depression and diabetes, at least
for short-term treatment (Fig. 1) [159–162]. Research indicates that
certain serotonergic antidepressants, such as fluoxetine, can
decrease blood glucose levels, enhance glucose regulation, and
improve insulin sensitivity [163]. Conversely, some noradrenergic
antidepressants (e.g., desipramine) have been associated with
hyperglycemia [163]. Antidepressants that modulate both seroto-
nin and norepinephrine, including duloxetine and venlafaxine,
appear to exert no significant influence on glucose regulation
mechanisms [163]. Regarding duloxetine, a review by Crucitti et al.
showed a small, albeit statistically significant, increase in HbA1c in
one long-term study, while no effect was observed in another
long-term study and no significant effects were noted in short-
term studies among patients with non-diabetic peripheral neuro-
pathic pain [164].

Fig. 1 Treatment considerations for co-morbid depression and depression. GLP1-RAs Glucagon-like Peptide-1 Receptor Agonists, HPA
Hypothalamic-Pituitary-Adrenal, SGLT2Is Sodium-Glucose Cotransporter-2 Inhibitors, SNRIs Serotonin and Norepinephrine Reuptake
Inhibitors, SSRIs Selective Serotonin Reuptake Inhibitors, T2DM Type 2 Diabetes Mellitus. The symbols ↑, ↓, and ↔ indicate an increase,
decrease or no impact/effect, respectively. The figure was created with BioRender (www.biorender.com).
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In light of all these studies, it should be emphasized that blood
glucose should be monitored regularly when initiating or adjusting
antidepressant therapy, and patients with diabetes should also be
monitored for depressive symptoms due to the bidirectional
relationship.

Antidiabetic medications in patients with depression. Because the
bidirectional association between IR, T2DM and depression is an
evolving research area, studies testing or supporting the beneficial
effects of antidiabetic drugs on depression are increasing
exponentially. A recent meta-analysis assessing the effect of
antidiabetic medications versus placebo in the treatment of acute
depressive episodes did not support their efficacy in treating
unipolar and bipolar depression, possibly because of the high
heterogeneity of retained studies [165]. Notably, only six studies
were retained (adopting a randomized, double-blind design), of
which four were on pioglitazone [165]. Antidiabetic agents appear
safe and well tolerated in the treatment of an acute depressive
episode, but only subgroup analyses of the pooled estimates for
depression rating scale scores, response rate and remission rate
among depressed patients suggest a possible benefit from an
antidiabetic medication for depressive symptoms [165]. Further
research is needed to understand the modulation by genetics,
culture, lifestyle, diet, behavior, metabolic status and other
environmental factors.
Metformin, the current first-line treatment in T2DM, has an

unclear antidepressant effect [166] despite identified direct
mechanisms and pleiotropic effects, including inhibition of
angiotensin II and NF-κB factor, normalization of gut microbiota,
and intestinal permeabilization, and in vivo experimental data
[167] supporting its potential benefits. However, clinical evidence
from meta-analyses is limited and controversial, with potential
inferiority as compared to pioglitazone [168, 169].
By activating peroxisome proliferator-activated receptors-γ, piogli-

tazone was largely investigated, driven by the hypothesis that IR and/
or inflammatory activation may contribute to depressive episodes
[170]. It has also been shown to improve depressive symptoms in
obese patients with polycystic ovary syndrome and comorbid
depression, in patients with bipolar disorder in a depressive episode
[171], and in people with MDD [172]. However, the collected body of
evidence does not fully support its clinically relevant antidepressant
benefit [165]. Furthermore, its tolerability profile, which includes
weight gain, edema/fluid retention, fractures, and (rarely) bladder
cancer in long-term use, could hinder its potential repositioning for
depression [173].
Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and

sodium-glucose cotransporter-2 (SGLT2) inhibitors are game-
changers in the treatment of T2DM and are currently promoted by
major clinical guidelines among potential first-line pharmacological
options after failure/intolerance to metformin, especially in indivi-
duals with an atherosclerotic cardiovascular disease phenotype (GLP-
1 RAs) [174]. Notably, liraglutide and semaglutide are also globally
approved for treating obesity [175]. The interest in GLP-1 RAs for
depression stems from several factors, including their consistent
effect on weight reduction through appetite suppression and
delayed gastric emptying, which may counteract antidepressant-
related weight gain [176]. Additionally, GLP-1 RAs exhibit neuropro-
tective and anti-inflammatory effects, increase Akt dephosphoryla-
tion, decrease proinflammatory factors such as TNF-α, elevate
neurotrophic factors like BDNF, reduce oxidative stress and microglial
activation, and enhance gut-brain axis function and gut microbiota
stability [176].
Results from two systematic reviews with meta-analyses of clinical

trials and observational studies were conflicting regarding the
reduction of depressive symptoms. However, potential benefits in
lowering depression rating scale scores, especially for liraglutide,
were observed [177, 178]. Another systematic review excluded
patients with baseline depression to assess whether GLP-1 RAs

reduce the risk of developing depression in subjects with T2DM
[179]. Four retrospective observational studies were included, with
only two cohort studies indicating a reduced risk, particularly with
dulaglutide. The inconsistency and observational study limitations
highlight the need for a deeper understanding of GLP-1 RAs’ central
mechanisms [179]. The relationship between GLP-1 RAs and
depression is complex. Post-marketing reports of suicidal or self-
harming thoughts related to liraglutide or semaglutide led to a safety
review by Regulatory Agencies. The European Medicines Agency, on
April 12, 2024, concluded that there is no causal association between
GLP-1 RAs and suicidal thoughts or actions [180]. Conversely, on
January 11, 2024, the Food and Drug Administration did not rule out
a potential small risk and is conducting a meta-analysis of clinical
trials and post-marketing data in the Sentinel System [181]. Notably,
the US label for semaglutide for obesity advises monitoring for
depression or suicidal thoughts. Different mechanisms have been
hypothesized on the controversial relationship between suicidality
and GLP-1 Ras [182, 183]. First, overweight and obesity have been
associated with increased risk of suicide attempts and completed
suicide, although considerable heterogeneity exists. Notably, in one
of the few studies in which obesity was associated with suicide
completion, the most substantial risk factor was a sudden and
unexplained loss of weight [184]. In fact, an alternative hypothesis
may consider the perceived negative effects of a very rapid weight
loss in highly vulnerable subjects, including taste aversion, possibly
disrupting rewarding circuit. Comorbid alcohol use, poor psychoso-
cial coping strategies, and social stigma associated with obesity may
also represent additional risk factors. There is a well-established
association between bariatric surgery and an increased postoperative
risk of suicide, possibly related to unrealistic or thwarted expectations
for weight loss, potentiation of the effects of alcohol from alterations
in alcohol processing and absorption in the gut, and interference
with anti-depressant effect due to pharmacokinetic changes
(malabsorption and altered volume of distribution) [185, 186]. A
direct detrimental “incretin effect” on the central nervous system
could also be hypothesized and susceptible people receiving GLP-1
RAs may, in some circumstances, experience a worsening of hedonic
tone predisposing psychopathology and/or self-harm ideation and/or
other aspects of suicidality. In fact, anhedonia, especially attenuated
anticipatory hedonism, was highly associated with suicidality [187].
Finally, different weight loss medications raised concerns about
suicidality in the past, including phentermine/topiramate, bupropion/
naltrexone, and especially rimonabant, an inverse agonist for the
cannabinoid receptor CB1, which was worldwide withdrawn for
increased risk of suicidality.SGLT2 inhibitors for depression are a
relatively new topic; intriguingly, low-grade hyperketonemia (not
leading to ketoacidosis, a rare, life-threatening side effect) may
contribute to cardio-renal benefits and other effects, such as anti-
inflammatory and antioxidant effects [188]. Moreover, SGLT2
inhibitors can reduce serum ACTH levels [189] and increase serum
BDNF levels [190]. Population studies have confirmed a reduced risk
of depression onset in T2DM patients, particularly with SGLT2
inhibitors [191, 192]. A recent clinical trial evaluated empagliflozin as
an add-on to citalopram in 90 patients with moderate to severe
depression, showing significant reductions in the Hamilton Depres-
sion Rating Scale and depressive symptoms at weeks 4 and 8 [193].
Only two patients reported increased urination frequency without
other urinary symptoms, which improved gradually without further
intervention or discontinuation. Notably, empagliflozin may correct
citalopram-induced hyponatremia. These preliminary findings war-
rant further research in larger, longer clinical studies.
Table 1 provides an overview of key pharmacological features of

the main pharmacological classes used in T2DM, including a
summary of clinical data on the potential beneficial effect on
depression/depressive symptoms.

Anti-inflammatory agents for depression, diabetes and their
comorbidity. Anti-inflammatory agents for depression and
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diabetes comorbidity have been explored extensively due to
inflammation’s role in both conditions. Non-steroidal anti-inflam-
matory drugs (NSAIDs), statins, glucocorticoids and monoclonal
antibodies (e.g., targeting IL-6, TNF-α, IL-12/23) have been
reported to show moderate anti-depressant capacity in patients
with somatic disorders (i.e., rheumatoid arthritis, psoriasis) who
also had comorbid symptoms of depression [194, 195]. Particularly
antibodies targeting IL-6 and IL-23 were significant even after
correcting for somatic symptom improvement.
Yet, disappointingly, when anti-inflammatory agents were used

for a primary diagnosis of depression, most studies failed to show
significant effects in the primary outcome analysis [196–198].
Significant results are often only observed after (mostly
unplanned) post-hoc stratification [199, 200], while pre-
registered stratified analyses did not show effects [201]. It is also
important to note that depression is highly heterogeneous, and
anti-inflammatory agents may not help with overall severity but
rather alleviate specific symptoms of depression. In line, it has
become clear that a connection of inflammation exists, particularly
with the atypical symptoms of depression rather than overall
symptom severity [202]. Future studies should thus consider
atypical scores and baseline inflammatory markers for pre-
stratified designs.
While the causal role of inflammation in T2DM is uncertain,

circulating pro-inflammatory proteins (e.g., IL-1β, IL-6, IL-18, CRP,
TNF-α) are linked to T2DM risk [203]. The presence of adipose
tissue inflammation in T2DM has increased interest in anti-
inflammatory treatments for T2DM and related vascular, neurolo-
gical, and immunological complications. TNF-alpha showed
potential in reducing tissue IR, improving glucose homeostasis,
and preventing T2DM onset in animal models. Since TNF-alpha is a
major cytokine produced by tissue-resident macrophages and
circulating TNF-alpha is associated with obesity in T2DM [204],
blocking TNF-alpha seems a plausible therapeutic strategy.
However, clinical trials have yielded mixed results, failing to
consistently enhance insulin sensitivity in T2DM [205]. Antibodies
targeting IL1-ß have also shown mixed, although more positive
effects, particularly in reducing HbA1c with IL1-ß antagonism
[206], with recent evidence suggesting that combined TNF-alpha
and IL1-ß blockade may be most effective for glycemic control
[207]. Additionally, NSAIDs like salasate and acetylsalicylic acid
exhibit strong anti-inflammatory properties by inhibiting NF-κB.
Although acetylsalicylic acid may reduce major cardiovascular
events in T2DM patients, it also increases the risk of hemorrhage
and should only be used under strict medical supervision.
However, despite the mounting evidence linking inflammation

to T2DM and depression [208, 209], few studies have examined
depressive symptoms in diabetes patients using anti-inflammatory
agents. One recent publication found statins significantly reduced
the risk of depressive symptoms in diabetes patients especially at
the 5-year follow-up time point [210]. Another study on
hemodialysis patients, over 50% of whom had T2DM, assessed
the anti-IL-1 agent anakinra [211]. Baseline depressive symptoms
were in the normal range and only a slight, insignificant decrease
was observed when comparing anakinra to placebo. This scarcity
of literature highlights a research gap. Future studies should
explore depressive symptoms in diabetes patients treated with
anti-inflammatory agents, particularly in comorbid populations. It
should also be noted that considerable risks are associated with
the use of immunosuppressive drugs. Immunosuppressants
contribute to serious infections, increase the risk of cancers
(especially skin, liver, lymphoma, and kidney), lead to cardiovas-
cular toxicity, and result in hospitalizations and complications
[212–215]; hence, their use should not be taken lightly.

Non-pharmacological interventions
Psychotherapy. T2DM comes with an increased risk for both,
depression and anxiety disorders [216, 217]. Depressive symptoms

and increased anxiety due to diabetes-related distress (i.e., the
emotional and psychological burden associated with managing
diabetes [140] are associated with poor self-care behaviors and
worse intermediate and long-term health outcomes [218].
Psychological treatment of mental health conditions that co-
occur with T2DM is ideally performed by healthcare professionals
who are specialized in treating the psychological aspects of
diabetes management, (i.e., certified clinical psychologists trained
to work in a medical setting) [219]. There are several psychological
treatment approaches, with CBT and mindfulness-based therapy
showing the most effectiveness in the treatment of diabetes-
associated mental health problems [220, 221].
Both, CBT and mindfulness-based techniques specifically

target diabetes distress, which is related to self-care burden
(e.g., the constant need for blood sugar monitoring), emo-
tional burden (e.g. feelings of frustration, guilt and help-
lessness about managing diabetes), interpersonal issues
(feelings of isolation or lack of understanding from others
about the challenges of living with diabetes) and poor access
to good quality care [222]. 36% of individuals with T2DM are
affected by diabetes distress [223]. Cognitive techniques from
CBT can help to identify and challenge general and diabetes-
specific cognitive distortions resulting in maladaptive behavior
and are usually complemented with behavioral techniques,
including behavioral activation and specific behavioral change
strategies related to diabetes and mood [218]. These can assist
patients in developing healthy lifestyle habits, such as a
healthy diet, exercise, blood glucose monitoring and medica-
tion adherence.
Mindfulness and acceptance-based interventions, such as

mindfulness-based cognitive therapy, mindfulness-based
stress reduction, and acceptance and commitment therapy,
are therapeutic approaches to enhance psychological flex-
ibility, awareness, and non-judgmental acceptance of present-
moment experiences, including bodily sensations, thoughts,
and feelings [220]. Accepting unwanted experiences can
alleviate diabetes distress, which stems from the daily burdens
of self-care. Mindfulness-based interventions can help to
reduce stress and foster self-compassion. All therapeutic
interventions should be accompanied by motivational sup-
port, strengthening patient perceptions about their own
ability and self-efficacy to self-manage diabetes [224, 225].

Lifestyle interventions
Dietary modifications: Daily healthy food choices are a challen-
ging aspect of diabetes self-care [226]. Current medical nutrition
therapy guidelines advocate for personalized, flexible, and healthy
eating patterns rather than a one-fits-all approach [227]. Over-
weight individuals with T2DM should reduce energy intake while
maintaining a balanced diet rich in nutrient-dense foods like fruits,
vegetables, whole grains, lean proteins, and healthy fats, limiting
added sugars, sodium, and saturated fats [148]. Self-monitoring
carbohydrate intake, either through counting or estimation, is
important for glycemic control [227]. Ideally, this should be
complemented by other lifestyle, such as increased physical
activity and behavior modifications [228]. Empowering individuals
with diabetes in self-care by educating them about diet and
lifestyle factors enhances self-efficacy and reduces feelings of
helplessness, which can also alleviate anxiety and depressive
symptoms [228].

Exercise and physical activity recommendations: The World
Health Organization (WHO) recommends that adults engage in
150–350min of moderate activity per week or half that amount
for vigorous activity [229]. Exercise significantly benefits indivi-
duals with T2DM by enhancing insulin sensitivity and glycemic
control [230] and can prevent or delay T2DM onset [231]. For
depression, activities such as walking, jogging, yoga, or strength
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training exhibit moderate antidepressant effects, while a meta-
analysis revealed notable antidepressant effects of exercise
therapy in individuals with both diabetes and depression [232].
Mechanistically, exercise promotes insulin sensitivity, enhances
blood circulation, and improves glucose uptake via insulin-
dependent and independent pathways, such as GLUT-4 transloca-
tion. Regular exercise depletes muscle glycogen stores, lowers
blood glucose, and improves glycemic control in T2DM over
8 weeks or more. Additionally, it decreases inflammation by
reducing pro-inflammatory cytokines and increasing anti-
inflammatory ones, thereby improving insulin sensitivity and
decreasing tissue inflammation [41, 233].

CONCLUSIONS AND FUTURE DIRECTIONS
This review underscores the complex, bidirectional relationship
between depression and diabetes, highlighting how each condi-
tion can exacerbate the other, complicating management and
adversely impacting clinical outcomes. Our review provides
insights into the interplay of lifestyle factors, genetic predisposi-
tions, and the significant psychological and physiological burdens
associated with managing these comorbid conditions. The
evidence reviewed clearly supports that treating these conditions
isolated is less effective than a holistic approach that addresses
both metabolic and mental health aspects. Integrated care
models, combining medical treatment with psychological support
to manage the comprehensive health challenges patients face, are
essential for effective treatment. Such models require collabora-
tions among endocrinologists, primary care providers, psychia-
trists, and other mental health professionals to enhance outcomes
and improve adherence.
Despite extensive research, significant gaps remain in the causal

pathways linking depression and diabetes. More longitudinal
studies, adequately considering possible confounding factors, are
needed to clarify these relationships and identify modifiable risk
factors for targeted interventions. Exploring novel therapeutic
targets like the repurposing of anti-inflammatory and antidiabetic
agents could revolutionize treatment approaches in patients
suffering from both depression and diabetes. Additionally, the
impact of emerging technologies such as digital health tools and
telemedicine on patient outcomes and care delivery needs further
investigation to enhance care accessibility and cost-effectiveness
in diverse settings.
Future research should focus on personalized medicine,

considering genetic, environmental, and lifestyle factors that
influence both conditions. Comprehensive studies involving
diverse populations are needed to develope and validate
integrated care models that can effectively manage both of
these comorbid conditions. Healthcare policies must support
integrated care frameworks that facilitate the co-management
of diabetes and depression, emphasizing the creation of
interdisciplinary teams equipped to address both mental and
physical aspects. Public health initiatives should focus on
raising awareness, reducing stigma, and educating individuals
about effective management strategies to mitigate health
disparities. Advancing our understanding and treatment of this
comorbidity holds the potential to substantially improve quality
of life and health outcomes for individuals living with these
conditions.
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