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Abstract

Introduction and purpose

Depressive disorders and metabolic diseases, including obesity, type 2 diabetes mellitus, and
metabolic syndrome, frequently co-occur and constitute a major public health burden.
Epidemiological and clinical evidence indicates that this association is bidirectional rather than
coincidental. Increasing attention has been directed toward chronic low-grade inflammation as
a potential shared biological mechanism linking these conditions. This narrative review
summarizes current evidence regarding the role of chronic low-grade inflammation in the
interaction between depression and metabolic disorders, with particular emphasis on modifiable

lifestyle-related factors.
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State of knowledge

Metabolic disorders are characterized by persistent, low-intensity immune activation and
elevated inflammatory mediators that interfere with insulin signaling, lipid metabolism, and
vascular function. Parallel evidence suggests that a substantial subset of individuals with
depressive disorders exhibits low-grade systemic inflammation. Integrative studies describe an
immunometabolic profile of depression, in which inflammatory and metabolic dysregulation
coexist with specific symptom patterns and unfavorable clinical outcomes. Experimental,
longitudinal, and clinical data support bidirectional interactions between immune, metabolic,
neurobiological, and behavioral pathways influencing disease development and treatment
response. Increasing evidence also highlights the role of lifestyle-related factors, including diet,
physical inactivity, sleep disturbances, and chronic stress, as important contributors to sustained
low-grade inflammation.

Summary

Chronic low-grade inflammation may represent a common biological pathway linking
depressive disorders and metabolic diseases. Recognition of shared immunometabolic
mechanisms, together with the identification of modifiable lifestyle-related risk factors, may
support an integrated approach to prevention, early identification, and health promotion, as well
as more personalized management of comorbid psychiatric and metabolic conditions.
Keywords: depression; inflammation; metabolic syndrome; obesity; insulin resistance;

immunometabolism; lifestyle; health promotion

Introduction
Chronic non-communicable diseases are the leading causes of disability and mortality
worldwide and constitute a major global public health burden (1). Depressive disorders and

metabolic diseases, including obesity, type 2 diabetes mellitus, and metabolic syndrome, are



highly prevalent and frequently coexist in both clinical and population-based studies (2). The
high prevalence and frequent comorbidity of these disorders suggest shared biological
mechanisms that extend beyond traditional disease-specific pathophysiological models (3).
Accumulating evidence indicates that inflammatory and metabolic dysregulation contribute to
the pathophysiology and clinical course of depressive disorders (4). In parallel, chronic low-
grade inflammation has been increasingly recognized as a key contributor to the development
and progression of metabolic diseases, particularly obesity and type 2 diabetes mellitus.
Together, these observations have led to growing interest in chronic low-grade inflammation

as a potential common biological pathway linking depression and metabolic disorders.

Chronic low-grade inflammation differs fundamentally from acute inflammation, as it is
characterized by persistent, systemic immune activation without overt clinical symptoms. This
inflammatory state is associated with mildly but chronically elevated circulating inflammatory
markers, including C-reactive protein, interleukin-6 and tumor necrosis factor-alpha, reflecting
sustained activation of innate immune pathways (1,5). Unlike acute inflammatory responses,
which are time-limited and protective, low-grade inflammation may persist for years and exert
deleterious effects on metabolic, vascular and neural systems. Such prolonged inflammatory
signaling has been implicated in the development of insulin resistance, endothelial dysfunction
and alterations in neurobiological processes involved in mood regulation (1). Consequently,
chronic low-grade inflammation is increasingly viewed not merely as a consequence, but as an

active contributor to the pathogenesis of both metabolic and psychiatric disorders.

In addition to biological mechanisms, increasing attention has been directed toward modifiable
lifestyle-related factors that may contribute to chronic low-grade inflammation. Dietary patterns,
physical inactivity, sleep disturbances, and chronic psychological stress have been identified as
important determinants of sustained inflammatory activation. Understanding these factors may
be crucial for developing effective prevention and health promotion strategies targeting both
metabolic and depressive disorders.

The aim of this narrative review is to summarize and discuss current evidence on chronic low-
grade inflammation as a shared pathophysiological mechanism linking depressive disorders

with selected metabolic diseases, including obesity, type 2 diabetes mellitus, and metabolic



syndrome, with particular emphasis on lifestyle-related determinants and their implications for
prevention and health promotion.

Materials and Methods

This narrative review was based on a targeted search of PubMed and Google Scholar using
combinations of keywords related to chronic low-grade inflammation, depression, obesity, type
2 diabetes mellitus, metabolic syndrome, and lifestyle-related factors. Priority was given to
systematic reviews, meta-analyses, large observational cohorts, and mechanistic studies
relevant to immunometabolic pathways. Particular attention was also given to studies
examining behavioral and lifestyle determinants of low-grade inflammation. Additional records

were identified through screening of reference lists of key articles.

Inflammatory mechanisms linking depression and metabolic disorders

Chronic low-grade inflammation (CLGI) is increasingly recognized as a plausible biological
bridge between depressive disorders and metabolic conditions, including obesity, type 2
diabetes mellitus (T2DM), and metabolic syndrome (MetS). In both clinical and population-
based research, these disorders share a pattern of mildly but persistently elevated inflammatory
markers—most consistently C-reactive protein (CRP) and pro-inflammatory cytokines such as
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a))—suggesting sustained activation of
innate immune signaling rather than an acute, self-limited inflammatory response (1,5,6).

A key mechanistic intersection is the adipose tissue—immune axis. In obesity, adipose tissue
undergoes immune cell infiltration and functional remodeling, characterized by increased
macrophage accumulation and a shift toward a pro-inflammatory secretory profile, including
elevated production of cytokines such as interleukin-6 (I1L-6) and tumor necrosis factor-o (TNF-
a). This adipose tissue—derived inflammatory state contributes to systemic low-grade
inflammation and plays a central role in the development of insulin resistance, thereby linking
obesity with type 2 diabetes mellitus (7,8). More broadly, chronic low-grade inflammation
driven by immunometabolic interactions is increasingly recognized as a shared underlying

mechanism across multiple chronic diseases (6).



Inflammation may contribute to metabolic dysfunction through multiple interrelated pathways.
Pro-inflammatory cytokines interfere with insulin signaling and glucose homeostasis, promote
systemic insulin resistance, and impair vascular function, thereby facilitating key metabolic
abnormalities characteristic of MetS. Persistent low-grade inflammatory signaling can therefore
be conceptualized as an active driver of metabolic risk rather than merely a downstream marker

of disease severity (1,5-8).

Conversely, inflammatory activation is increasingly recognized as clinically relevant in a subset
of patients with depressive disorders. Elevated inflammatory markers have been associated with
specific symptom profiles and worse clinical outcomes, including chronicity and reduced
response to standard antidepressant treatment. Prospective cohort evidence indicates that higher
baseline inflammatory and metabolic dysregulation—particularly elevated IL-6 levels and
adverse lipid or glucose parameters—predict a more persistent or recurrent course of depression
among antidepressant users, supporting the concept of an inflammation-associated or

“metabolic” subtype of depression (4,9).

Several interconnected neurobiological mechanisms have been proposed to explain how
peripheral inflammation may contribute to depressive symptomatology. Elevated circulating
levels of pro-inflammatory cytokines, particularly 1L-6 and TNF-a, have been consistently
reported in patients with depressive disorders, supporting the presence of systemic immune
activation in this population (10). Experimental and clinical evidence indicates that
inflammatory signaling can influence monoaminergic neurotransmission, dysregulate
hypothalamic—pituitary—adrenal (HPA) axis activity, and impair neuroplasticity-related
pathways, thereby contributing to the development and persistence of depressive symptoms
(11,12). In addition, inflammation-associated metabolic alterations, including insulin resistance
and disturbances in energy homeostasis, may further increase vulnerability to mood
dysregulation (10,12). Importantly, accumulating evidence suggests that these interactions form
a bidirectional and self-reinforcing network: depression-related behavioral and neuroendocrine
changes—such as sleep disturbances, reduced physical activity, and chronic activation of stress-
response systems—may in turn perpetuate low-grade inflammation, creating a vicious cycle

that links metabolic deterioration with increasing depressive burden over time (11,12).

Low-grade inflammation in depressive disorders



Accumulating evidence indicates that depressive disorders are biologically heterogeneous, with
chronic low-grade inflammation characterizing a distinct subset of patients. This inflammation-
associated phenotype of depression is marked by persistent activation of innate immune
pathways and modest but sustained elevations of circulating inflammatory markers, particularly
interleukin-6 (IL-6) and tumor necrosis factor-o. (TNF-a), rather than features of acute
inflammatory responses (10,11). Importantly, inflammatory activation in depression appears to
have clear clinical relevance. Elevated inflammatory markers have been associated with
specific symptom dimensions, including anhedonia, fatigue, psychomotor slowing, and somatic

symptoms, as well as with a more chronic and treatment-resistant course of illness (11,12).

Prospective cohort studies further indicate that a higher baseline inflammatory burden—
particularly elevated IL-6 and C-reactive protein (CRP)—is associated with an increased risk
of persistent or recurrent depressive episodes. Moreover, longitudinal evidence from
antidepressant-treated cohorts suggests that combined inflammatory and metabolic
dysregulation predicts poorer treatment response and a more chronic disease course, supporting

the concept of an inflammation-associated or “metabolic” subtype of depression (4,9).

Several neurobiological mechanisms have been proposed to explain how peripheral
inflammation may influence depressive symptomatology. Pro-inflammatory cytokines can
interfere with monoaminergic neurotransmission, including serotonergic and dopaminergic
signaling, may alter glutamatergic balance, and simultaneously affect neuroendocrine stress
regulation through sustained activation of the hypothalamic—pituitary—adrenal (HPA) axis
(11,12). In addition, inflammatory signaling has been shown to negatively impact
neuroplasticity and neurogenesis—processes that are central to mood regulation and

antidepressant response (11).

Metabolic disturbances frequently accompanying chronic low-grade inflammation, such as
insulin resistance, may further amplify vulnerability to depressive symptoms through combined
central and peripheral mechanisms, linking immunological and metabolic dysregulation with
altered brain function (11). Notably, the relationship between depression and inflammation
appears to be bidirectional. Behavioral and neuroendocrine features commonly observed in
depressive disorders—including sleep disturbance, reduced physical activity, altered dietary

patterns, and chronic activation of stress-response systems—may themselves promote or



sustain low-grade inflammatory states, creating a self-reinforcing cycle that links metabolic
deterioration with depressive burden over time (11,12).

Low-grade inflammation in metabolic diseases

Chronic low-grade inflammation is a central feature of metabolic disorders, including obesity,
type 2 diabetes mellitus (T2DM), and metabolic syndrome (MetS). Unlike classical acute
inflammation, this inflammatory state is characterized by persistent, low-intensity activation of
the immune system and chronically elevated circulating inflammatory mediators, most
consistently C-reactive protein, interleukin-6, and tumor necrosis factor-o, reflecting sustained
activation of innate immune pathways (1,6). Increasing evidence indicates that this
inflammatory milieu is not merely a consequence of metabolic dysregulation but represents a
broader disturbance of immunometabolic homeostasis that actively contributes to the initiation
and progression of chronic metabolic diseases (13).

Adipose tissue plays a pivotal role in this process. In obesity, excess adiposity—particularly
visceral fat—is associated with immune cell infiltration, including increased accumulation of
pro-inflammatory macrophages and other innate immune cells. These changes result in
functional remodeling of adipose tissue toward a pro-inflammatory endocrine phenotype,
characterized by enhanced secretion of cytokines, chemokines, and adipokines that promote
systemic inflammation and insulin resistance (7,8). This obesity-related inflammatory state,
often referred to as metaflammation, represents a distinct form of chronic inflammation driven
by nutrient excess and energy surplus rather than infection and is a key mechanistic link

between obesity, insulin resistance, and T2DM (14).

As a result, adipose tissue functions as a key immunometabolic organ linking excess energy

storage with chronic inflammation.

Inflammatory signaling interferes with multiple metabolic pathways relevant to type 2 diabetes
mellitus and metabolic syndrome. Pro-inflammatory cytokines impair insulin signaling,
promote insulin resistance, alter lipid metabolism, and contribute to endothelial dysfunction,
thereby facilitating hyperglycemia, dyslipidemia, hypertension, and accelerated atherosclerosis
(5,6,15).



These observations support the concept that chronic low-grade inflammation actively
contributes to metabolic disease pathogenesis rather than representing a mere downstream

consequence of metabolic dysfunction (6,13).

Persistent low-grade inflammation therefore acts as an active driver of metabolic risk rather
than a passive biomarker of disease severity.

Importantly, metabolic inflammation exerts systemic effects that extend beyond peripheral
tissues. Circulating inflammatory mediators have been shown to influence central nervous
system function, modulate neuroendocrine regulation, and interact with neural pathways
involved in appetite control, energy balance, and stress responsiveness. Through these
mechanisms, chronic metabolic inflammation may increase vulnerability to psychiatric
conditions, particularly depressive disorders, and provide a biological framework for the high
prevalence of comorbidity observed between metabolic and mood disorders (6,8,16).

Bidirectional relationship between depression and metabolic dysregulation

Growing evidence indicates that the relationship between depressive disorders and metabolic
diseases is bidirectional rather than unidirectional. Large population-based and longitudinal
studies demonstrate that individuals with obesity, type 2 diabetes mellitus, or metabolic
syndrome are at increased risk of developing depressive symptoms over time, while depression
itself predicts subsequent metabolic deterioration and incident cardiometabolic disease (17-19).

Prospective cohort studies indicate that metabolic dysregulation, including adverse glucose and
lipid profiles, may precede the clinical onset of depressive and other stress-related disorders
over long-term follow-up periods (20). These associations remain significant after adjustment
for key sociodemographic factors, although the independent contributions of lifestyle behaviors
and adiposity are difficult to fully disentangle in long-term observational studies (20). Such
findings are consistent with the concept of an immunometabolic subtype of depression,
characterized by the clustering of metabolic disturbances with specific atypical symptom

profiles, such as hyperphagia and weight gain (21).

Conversely, metabolic and inflammatory dysregulation appears to shape the clinical expression
of depressive disorders. Cross-sectional evidence indicates that obesity, metabolic syndrome
components, and elevated inflammatory markers are preferentially associated with atypical



depressive symptoms, supporting the concept of an immunometabolic subtype of depression
(22).

Several mechanisms have been proposed to underlie this bidirectional association. Behavioral
factors commonly observed in depressive disorders, including reduced physical activity, sleep
disturbance, and altered dietary patterns, may contribute to increased metabolic vulnerability.
In parallel, neuroendocrine alterations—particularly dysregulation of the hypothalamic—
pituitary—adrenal axis—have been consistently documented in depression and are thought to

link depressive pathology with elevated cardiometabolic risk (23,24).

At the same time, metabolic inflammation and insulin resistance may adversely affect brain
function through inflammatory, neuroendocrine, and metabolic pathways, leading to impaired
brain energy metabolism and neurobiological changes that increase vulnerability to depressive
symptoms (25). Experimental and human studies further indicate that disturbances in central
insulin signaling influence neural circuits involved in behavior, energy regulation, and
cognition, providing additional mechanistic links between metabolic dysregulation and altered

brain function (26).

Importantly, accumulating evidence suggests that chronic low-grade inflammation may
represent a shared biological substrate underlying the bidirectional relationship between
depressive disorders and metabolic diseases. Integrative studies combining inflammatory,
metabolic, and psychiatric phenotyping provide support for the existence of a biologically
distinct subgroup of individuals in whom immunometabolic dysregulation links depressive
symptom burden with progressive metabolic impairment. In this subgroup, low-grade
inflammatory activation and metabolic abnormalities appear to mutually reinforce one another,
contributing to greater disease chronicity and poorer clinical outcomes across both psychiatric

and metabolic domains (27-29).

Lifestyle-related determinants of chronic low-grade inflammation

Chronic low-grade inflammation is strongly influenced by modifiable lifestyle-related factors
that contribute to sustained immune activation. Among these, dietary patterns play a central

role. Diets rich in ultra-processed foods, refined sugars, and saturated fats have been associated

with increased levels of inflammatory markers, whereas anti-inflammatory dietary patterns,
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such as the Mediterranean diet, may reduce systemic inflammation (5,35). Physical inactivity
represents another important contributor to low-grade inflammation. Sedentary behavior is
associated with increased adiposity, impaired metabolic regulation, and elevated inflammatory
mediators. In contrast, regular physical activity has been shown to exert anti-inflammatory
effects and improve both metabolic and mental health outcomes (35). Sleep disturbances and
chronic psychological stress are also recognized as important determinants of inflammatory
activation. Poor sleep quality and duration have been linked to increased inflammatory markers,
while chronic stress may promote sustained activation of neuroendocrine pathways, including
the hypothalamic—pituitary—adrenal axis, contributing to immune dysregulation (11). Moreover,
low-grade inflammation is consistently observed in patients with depressive disorders, as
reflected by elevated levels of inflammatory markers such as C-reactive protein (12).
Importantly, these lifestyle-related factors often coexist and interact, creating a cumulative
effect on inflammatory burden. Their modification may represent an effective strategy for
reducing chronic low-grade inflammation and mitigating the risk of both metabolic and

depressive disorders (6,35).

Clinical implications and future directions

The recognition of chronic low-grade inflammation as a pathophysiological mechanism
contributing to depressive disorders—and linking central nervous system processes with
peripheral biological systems—has important clinical and translational implications. It
challenges traditional disease-specific diagnostic frameworks and supports a more integrated,
systems-based approach to patient assessment, in which inflammatory and neurobiological
dimensions are considered alongside clinical symptoms (30,31).

From a clinical perspective, accumulating evidence suggests that inflammatory biomarkers may
help identify subgroups of patients with depression who are at increased risk of poor clinical
outcomes. Elevated levels of C-reactive protein, interleukin-6, and tumor necrosis factor-a have
been consistently associated with reduced response to conventional antidepressant therapies,
highlighting the potential utility of biomarker-informed stratification to guide treatment
selection (32). Such stratification may be particularly relevant for patients presenting with
atypical depressive features, obesity, or metabolic syndrome, in whom immunometabolic

dysregulation appears most pronounced.
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These observations have stimulated growing interest in adjunctive interventions targeting
inflammatory pathways. Meta-analytic evidence from randomized controlled trials suggests
that anti-inflammatory agents, including nonsteroidal anti-inflammatory drugs and cytokine
inhibitors, can reduce depressive symptoms. However, substantial heterogeneity and
methodological limitations warrant cautious interpretation and underscore the need to identify
patient subgroups most likely to benefit from such approaches (33,34).

Lifestyle-based strategies that improve metabolic and inflammatory profiles—such as weight
reduction, dietary modification, and structured physical activity—are also being explored as
complementary interventions. Preliminary evidence supports potential benefits for depressive
symptoms, particularly among patients with cardiometabolic comorbidity (35). Importantly,
these interventions may confer dual benefits by simultaneously improving metabolic health and
reducing systemic inflammation, thereby addressing both psychiatric and cardiometabolic risk

factors.

Beyond treatment implications, an immunometabolic framework is also relevant for prevention
and early risk stratification. Longitudinal cohort data indicate that elevated or increasing levels
of low-grade systemic inflammation, commonly indexed by C-reactive protein, may precede
the onset of clinically significant depressive symptoms, supporting inflammation as a
measurable antecedent of depression risk (36). Integrating mental health screening into
metabolic care settings, and conversely incorporating metabolic risk assessment into psychiatric

practice, may therefore represent a pragmatic strategy to mitigate long-term disease burden.

Finally, these findings highlight the need for future research adopting integrative and
multidimensional approaches that combine immune, metabolic, neuroendocrine,
neurobiological, and behavioral measures. Such strategies are essential to improve the
characterization of shared biological mechanisms, identify clinically relevant subgroups, and
inform the development of targeted interventions addressing the comorbidity between

depression and metabolic disease (37).

Taken together, the available evidence supports the concept that chronic low-grade
inflammation represents a unifying biological framework linking depressive disorders and
metabolic diseases. Rather than acting in isolation, immune, metabolic, and neurobiological

pathways appear to interact dynamically across the life course, shaping both disease
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vulnerability and clinical outcomes. Recognizing these shared mechanisms provides a

foundation for more integrated models of research and care.

Conclusions

Chronic low-grade inflammation emerges from the available evidence as a key shared
pathophysiological mechanism linking depressive disorders with metabolic diseases, including
obesity, type 2 diabetes mellitus, and metabolic syndrome. Rather than representing
independent disease entities, these conditions appear to be interconnected through complex
interactions between immune activation, metabolic dysregulation, neuroendocrine signaling,
and brain function. This immunometabolic framework helps explain the high prevalence of
comorbidity, the heterogeneity of clinical presentations, and the tendency toward chronicity

observed across both psychiatric and metabolic domains.

Recognition of these shared mechanisms has important implications for research and clinical
practice. Integrative approaches that simultaneously consider inflammatory, metabolic, and
psychological dimensions may improve risk stratification, facilitate identification of
biologically meaningful subtypes, and support the development of more personalized
preventive and therapeutic strategies. Future longitudinal and interventional studies
incorporating multidimensional biological and behavioral assessments are needed to clarify
causal pathways and to translate immunometabolic insights into effective interventions

addressing the growing burden of depression—metabolic disease comorbidity.
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