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ABSTRACT 

Major depressive disorder is a 
heterogeneous condition characterized by 
distinct biological subtypes, with 
emerging evidence demonstrating that 
chronic low-grade inflammation 
represents a critical pathophysiological 
mechanism in a substantial subset of 
depressed individuals. Metabolic 
endotoxemia, characterized by elevated 
circulating lipopolysaccharide derived 
from dysbiotic gram-negative bacteria, 
drives systemic and neuroinflammation 
through toll-like receptor 4 activation, 
leading to alterations in neurotransmitter 
metabolism, hypothalamic-pituitary-
adrenal axis dysfunction, and impaired 
neural plasticity. This comprehensive 
review synthesizes evidence from cross-
sectional, longitudinal, and intervention 
studies demonstrating that inflammatory 
biomarkers including C-reactive protein, 
interleukin-6, tumor necrosis factor-α, 
lipopolysaccharide-binding protein, and 
soluble CD14 identify clinically relevant 
inflammatory subphenotypes of 
depression characterized by greater 
symptom severity, cognitive impairment, 
treatment resistance, and poor functional 
outcomes. We critically evaluate the 
translational potential of inflammatory  

biomarker-guided precision psychiatry 
approaches for patient stratification, 
treatment selection, and monitoring of 
therapeutic response, addressing both 
mechanistic insights and regulatory 
challenges in the implementation of 
biomarker-driven clinical care. 

 

Introduction: The Inflammatory 
Hypothesis of Depression 

Major depressive disorder affects 
approximately 280 million individuals 
worldwide and represents the leading 
cause of disability globally, yet current 
treatment approaches remain 
inadequate, with approximately 30 to 40 
percent of patients failing to respond to 
conventional antidepressant 
medications. The heterogeneity of 
depression has long been recognized 
clinically, with patients presenting with 
distinct symptom profiles, treatment 
responses, and longitudinal courses. 
However, the biological basis of this 
heterogeneity has remained poorly 
understood, limiting the development of 
targeted therapeutic interventions. Over 
the past two decades, accumulating 
evidence has demonstrated that a 
substantial subset of depressed  

individuals exhibit elevated levels of pro-
inflammatory cytokines and acute-phase 
reactants, suggesting that chronic low-
grade inflammation represents a distinct 
pathophysiological mechanism in a 
biologically defined subgroup of patients 
with depression. 

The inflammatory hypothesis of 
depression posits that chronic activation 
of the innate immune system, 
characterized by elevated circulating 
levels of pro-inflammatory cytokines 
including interleukin-6, tumor necrosis 
factor-α, and interleukin-1β, as well as 
acute-phase reactants including C-
reactive protein, contributes to the 
development and maintenance of 
depressive symptoms through multiple 
interconnected mechanisms. These 
mechanisms include direct effects on 
neurotransmitter synthesis and 
metabolism, modulation of the 
hypothalamic-pituitary-adrenal axis, 
impairment of neural plasticity and 
neurogenesis, and alterations in neural 
circuitry involved in mood regulation and 
reward processing. The inflammatory 
hypothesis is supported by multiple lines 
of evidence, including cross-sectional 
studies demonstrating elevated 
inflammatory markers in depressed  
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individuals compared to healthy controls, 
longitudinal studies showing prospective 
associations between inflammatory 
markers and the development of 
depression, and intervention studies 
demonstrating that blockade of 
inflammatory cytokines can reduce 
depressive symptoms in both medically ill 
and medically healthy individuals. 

Metabolic endotoxemia, a state of chronic 
low-grade systemic inflammation 
characterized by elevated circulating levels 
of bacterial lipopolysaccharide derived 
from dysbiotic gram-negative bacteria, has 
emerged as a critical mechanism linking 
dysbiosis to depression and other 
psychiatric disorders. Lipopolysaccharide, 
a component of the outer membrane of 
gram-negative bacteria, is normally 
confined to the gastrointestinal tract by the 
intestinal epithelial barrier. However, 
dysbiosis-associated increases in intestinal 
permeability allow lipopolysaccharide to 
translocate into the bloodstream, where it 
activates toll-like receptor 4 on immune 
cells and endothelial cells, triggering a 
cascade of inflammatory signaling that 
leads to systemic and neuroinflammation. 
The recognition that dysbiosis and 
metabolic endotoxemia represent 
modifiable risk factors for depression has 
opened new therapeutic avenues, including 
microbiota-targeted interventions, anti-
inflammatory medications, and precision 
psychiatry approaches that stratify patients 
based on inflammatory biomarkers and 
tailor treatment accordingly. 

 

Inflammatory Biomarkers in 
Depression: Characterization and 
Clinical Significance 

Multiple inflammatory biomarkers have 
been identified as elevated in subsets of 
depressed individuals, with varying degrees 
of specificity and clinical utility. C-reactive 
protein, an acute-phase reactant produced 
primarily by hepatocytes in response to 
interleukin-6 stimulation, is one of the most 

extensively studied inflammatory 
biomarkers in depression. Meta-analyses of 
cross-sectional studies have consistently 
demonstrated that depressed individuals 
exhibit elevated C-reactive protein levels 
compared to healthy controls, with effect 
sizes ranging from small to moderate. 
Importantly, longitudinal studies have 
demonstrated prospective associations 
between baseline C-reactive protein levels 
and the subsequent development of 
depression, suggesting that inflammation 
may precede and contribute to the 
development of depressive symptoms 
rather than simply representing a 
consequence of depression. 

Interleukin-6, a pleiotropic pro-
inflammatory cytokine produced by 
multiple cell types including immune cells, 
endothelial cells, and glial cells, is 
consistently elevated in subsets of 
depressed individuals. In a meta-analysis of 
24 studies involving over 2,000 participants, 
depressed individuals exhibited interleukin-
6 levels approximately 1.5 times higher than 
healthy controls. Importantly, elevated 
interleukin-6 levels have been associated 
with greater symptom severity, increased 
suicidality, cognitive impairment, and poor 
treatment response to conventional 
antidepressants. Additionally, interleukin-6 
has been shown to cross the blood-brain 
barrier through both saturable transport 
mechanisms and through disruption of the 
blood-brain barrier in states of systemic 
inflammation, allowing it to directly 
modulate brain function and contribute to 
depressive symptoms. 

Tumor necrosis factor-α, another key pro-
inflammatory cytokine, is also consistently 
elevated in subsets of depressed 
individuals. Tumor necrosis factor-α is 
produced primarily by activated 
macrophages and microglia, and plays a 
critical role in the regulation of systemic and 
neuroinflammation. Elevated tumor 
necrosis factor-α levels have been 
associated with depression severity, 
anhedonia, and poor treatment response. 

Additionally, tumor necrosis factor-α has 
been shown to impair neural plasticity by 
reducing brain-derived neurotrophic factor 
signaling and by promoting the 
differentiation of microglia toward a pro-
inflammatory phenotype that produces 
additional pro-inflammatory cytokines. 

Interleukin-1β, a pro-inflammatory cytokine 
produced primarily by activated 
macrophages and microglia, is also 
elevated in subsets of depressed 
individuals. Interleukin-1β plays a critical 
role in the regulation of the hypothalamic-
pituitary-adrenal axis and in the modulation 
of neurotransmitter systems involved in 
mood regulation. Elevated interleukin-1β 
levels have been associated with 
depression severity and poor treatment 
response. Additionally, interleukin-1β has 
been shown to impair the synthesis of 
serotonin and dopamine by reducing the 
activity of tryptophan hydroxylase and 
tyrosine hydroxylase, respectively. 

Lipopolysaccharide-binding protein and 
soluble CD14 represent novel biomarkers of 
metabolic endotoxemia and intestinal 
barrier dysfunction. Lipopolysaccharide-
binding protein is produced by hepatocytes 
and intestinal epithelial cells in response to 
lipopolysaccharide exposure, and serves to 
facilitate the binding of lipopolysaccharide 
to toll-like receptor 4 and CD14. Elevated 
lipopolysaccharide-binding protein levels 
have been associated with depression 
severity and poor treatment response. 
Soluble CD14, a monocyte marker of 
immune activation, is elevated in states of 
metabolic endotoxemia and has been 
associated with depression severity and 
cognitive impairment. The measurement of 
lipopolysaccharide-binding protein and 
soluble CD14 provides a more direct 
assessment of metabolic endotoxemia 
compared to conventional inflammatory 
markers, and may be particularly useful for 
identifying patients with dysbiosis-driven 
depression. 

 

TABLE 1: Inflammatory Biomarkers in Depression: Characteristics, Cutoff Values, and Clinical Significance 

Biomarker Source Normal Range Elevated in 
Depression 

Cutoff for 
Inflammatory 
Depression 

Association with 
Severity 

Predictive of 
Treatment 
Response 

Clinical Utility 

C-Reactive Protein 
(CRP) 

Hepatocytes (IL-6 
stimulation) <1 mg/L Yes (↑ 1.5–2×) >1–3 mg/L Strong (r = 0.30–

0.45) 
Yes (↓ response 
to SSRI) 

High (most 
studied) 

Interleukin-6 (IL-6) 
Immune cells, 
endothelial cells, 
glial cells 

<2 pg/mL Yes (↑ 1.5–3×) >2–5 pg/mL Strong (r = 0.35–
0.50) 

Yes (↓ response 
to SSRI) High (pleiotropic) 
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Biomarker Source Normal Range Elevated in 
Depression 

Cutoff for 
Inflammatory 
Depression 

Association with 
Severity 

Predictive of 
Treatment 
Response 

Clinical Utility 

Tumor Necrosis 
Factor-α (TNF-α) 

Macrophages, 
microglia <2 pg/mL Yes (↑ 1.5–2×) >2–4 pg/mL Moderate (r = 

0.25–0.40) 
Yes (↓ response 
to SSRI) 

Moderate (less 
studied) 

Interleukin-1β (IL-
1β) 

Macrophages, 
microglia <1 pg/mL Yes (↑ 1.5–2×) >1–2 pg/mL Moderate (r = 

0.20–0.35) Unclear Moderate 
(emerging) 

Lipopolysaccharide-
Binding Protein 
(LBP) 

Hepatocytes, 
intestinal 
epithelium 

<10 μg/mL Yes (↑ 1.5–2×) >10–15 μg/mL Moderate (r = 
0.25–0.40) 

Yes (metabolic 
endotoxemia) Moderate (novel) 

Soluble CD14 
(sCD14) Monocytes <1.5 μg/mL Yes (↑ 1.5–2×) >1.5–2.5 μg/mL Moderate (r = 

0.20–0.35) 
Yes (immune 
activation) Moderate (novel) 

Brain-Derived 
Neurotrophic Factor 
(BDNF) 

Neurons, glial 
cells >20 ng/mL No (↓ 0.5–0.8×) <20 ng/mL Strong (r = -0.40–-

0.55) 
Yes (↓ 
neuroplasticity) 

Moderate 
(emerging) 

Transforming 
Growth Factor-β 
(TGF-β) 

Immune cells, 
fibroblasts >20 ng/mL Variable Variable Weak (r = -0.10–

0.20) Unclear Low 
(inconsistent) 

LEGEND: SSRI, selective serotonin reuptake inhibitor; IL, 
interleukin; TNF, tumor necrosis factor; pg/mL, picograms 
per milliliter; μg/mL, micrograms per milliliter; ng/mL, 
nanograms per milliliter; r, correlation coefficient; ↑ 
indicates increase; ↓ indicates decrease. 

 

Metabolic Endotoxemia and the 
Dysbiosis-Depression Axis 

Metabolic endotoxemia represents a 
critical mechanism linking dysbiosis to 
depression and other psychiatric disorders. 
Dysbiosis, characterized by reduced 
microbial diversity, altered microbial 
composition, and decreased abundance of 
short-chain fatty acid-producing bacteria, is 
associated with increased intestinal 
permeability and enhanced translocation of 
bacterial lipopolysaccharide into the 
bloodstream. The mechanisms through 
which dysbiosis increases intestinal 
permeability include reduced production of 
short-chain fatty acids, particularly 
butyrate, which are critical for maintaining 
tight junction integrity; reduced production 
of antimicrobial peptides and other 
protective factors; and increased 
abundance of lipopolysaccharide-
producing gram-negative bacteria. 

Once in the bloodstream, 
lipopolysaccharide binds to 
lipopolysaccharide-binding protein, which 
facilitates its interaction with toll-like 
receptor 4 and CD14 on the surface of 
immune cells and endothelial cells. Toll-like 
receptor 4 activation triggers a cascade of 
intracellular signaling events mediated by 
the adaptor proteins MyD88 and TRIF, 
leading to the activation of nuclear factor-
kappa B and mitogen-activated protein 
kinase signaling pathways. These signaling 
cascades result in the production of pro-
inflammatory cytokines including 
interleukin-6, tumor necrosis factor-α, and 

interleukin-1β, as well as chemokines that 
recruit additional immune cells to sites of 
inflammation. The resulting systemic 
inflammation is characterized by elevated 
circulating levels of pro-inflammatory 
cytokines and acute-phase reactants, 
which can cross the blood-brain barrier and 
directly modulate brain function. 

In the brain, lipopolysaccharide and pro-
inflammatory cytokines activate microglia, 
the resident immune cells of the central 
nervous system. Microglial activation leads 
to the production of additional pro-
inflammatory cytokines and chemokines, 
as well as reactive oxygen species, which 
contribute to neuroinflammation and 
impaired neural plasticity. Chronic 
microglial activation is associated with 
reduced brain-derived neurotrophic factor 
signaling, impaired neurogenesis in the 
hippocampus, and alterations in neural 
circuitry involved in mood regulation. 
Additionally, pro-inflammatory cytokines 
modulate the activity of enzymes involved in 
neurotransmitter synthesis, including 
tryptophan hydroxylase and tyrosine 
hydroxylase, leading to reduced synthesis 
of serotonin and dopamine, which are 
critical for mood regulation. 

The dysbiosis-depression axis is 
bidirectional, with depression itself 
promoting dysbiosis through multiple 
mechanisms. Depression is associated 
with alterations in eating patterns, reduced 
physical activity, and increased stress, all of 
which promote dysbiosis. Additionally, 
depression-associated activation of the 
hypothalamic-pituitary-adrenal axis leads 
to elevated cortisol levels, which suppress 
the growth of beneficial bacteria and 
promote the growth of pathogenic bacteria. 
Furthermore, depression-associated 

alterations in gastrointestinal motility and 
secretion of antimicrobial peptides may 
further promote dysbiosis. This 
bidirectional relationship creates a vicious 
cycle in which dysbiosis promotes 
depression, and depression promotes 
dysbiosis, perpetuating the inflammatory 
state and depressive symptoms. 

 

Inflammatory Subphenotypes of 
Depression: Identification and 
Characterization 

Emerging evidence suggests that 
depression comprises multiple distinct 
biological subtypes, with inflammatory 
depression representing one clinically 
relevant subphenotype. Inflammatory 
depression is characterized by elevated 
levels of pro-inflammatory cytokines and 
acute-phase reactants, greater symptom 
severity, increased cognitive impairment, 
reduced treatment response to 
conventional antidepressants, and poor 
functional outcomes. The prevalence of 
inflammatory depression in the general 
population of depressed individuals is 
estimated at 30 to 40 percent, suggesting 
that a substantial minority of depressed 
patients exhibit this inflammatory 
subphenotype. 

The identification of inflammatory 
depression subphenotypes has important 
clinical implications for treatment selection 
and prediction of treatment response. 
Depressed individuals with elevated 
inflammatory markers exhibit reduced 
response to conventional selective 
serotonin reuptake inhibitors, suggesting 
that conventional antidepressants may be 
less effective in this subgroup. Conversely, 
depressed individuals with elevated 
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inflammatory markers may exhibit 
enhanced response to anti-inflammatory 
medications, including nonsteroidal anti-
inflammatory drugs, cytokine antagonists, 
and immunomodulatory agents. 
Additionally, depressed individuals with 
elevated inflammatory markers may benefit 
from microbiota-targeted interventions, 
including probiotics, prebiotics, and dietary 
modifications aimed at restoring microbial 
diversity and reducing metabolic 
endotoxemia. 

The characterization of inflammatory 
subphenotypes has also revealed distinct 
patterns of symptom presentation and 
neurobiological abnormalities. Depressed 
individuals with elevated inflammatory 
markers exhibit greater anhedonia, fatigue, 
and psychomotor retardation compared to 
non-inflammatory depressed individuals. 
Additionally, inflammatory depression is 
associated with greater cognitive 
impairment, including deficits in attention, 
working memory, and executive function. 
Neuroimaging studies have revealed that 
inflammatory depression is associated with 
distinct patterns of brain activation and 
connectivity, including reduced activation 
in reward-processing circuits and altered 
connectivity in networks involved in 
emotion regulation. 

 

Mechanisms Linking Inflammation to 
Depressive Symptoms 

The mechanisms through which chronic 
inflammation contributes to depressive 
symptoms are multifaceted and involve 
alterations in multiple interconnected 
biological systems. One critical mechanism 
involves the modulation of 
neurotransmitter synthesis and 
metabolism. Pro-inflammatory cytokines, 
particularly interleukin-6 and tumor 
necrosis factor-α, reduce the activity of 
tryptophan hydroxylase, the rate-limiting 
enzyme in serotonin synthesis, leading to 
reduced serotonin production. Additionally, 
pro-inflammatory cytokines promote the 
metabolism of tryptophan through the 
kynurenine pathway, leading to the 
production of neuroactive kynurenine 
metabolites including quinolinic acid, 
which activates NMDA receptors and 
increases neuronal excitability, thereby 
impairing sleep and mood regulation. 
Furthermore, pro-inflammatory cytokines 
reduce the activity of tyrosine hydroxylase, 

the rate-limiting enzyme in dopamine 
synthesis, leading to reduced dopamine 
production and contributing to anhedonia 
and motivational deficits. 

A second critical mechanism involves the 
modulation of the hypothalamic-pituitary-
adrenal axis. Pro-inflammatory cytokines, 
particularly interleukin-1β and interleukin-
6, enhance the activity of the hypothalamic-
pituitary-adrenal axis by promoting the 
release of corticotropin-releasing hormone 
from the hypothalamus and 
adrenocorticotropic hormone from the 
anterior pituitary, leading to elevated 
cortisol levels. Chronic elevation of cortisol 
has multiple deleterious effects on brain 
function, including impaired hippocampal-
dependent memory, reduced neurogenesis 
in the hippocampus, and alterations in 
neural circuitry involved in emotion 
regulation. Additionally, elevated cortisol 
suppresses the growth of beneficial 
bacteria and promotes dysbiosis, creating a 
positive feedback loop in which 
inflammation promotes dysbiosis, which 
further promotes inflammation. 

A third critical mechanism involves the 
impairment of neural plasticity and 
neurogenesis. Pro-inflammatory cytokines 
reduce brain-derived neurotrophic factor 
signaling, which is critical for neuronal 
survival, growth, and plasticity. 
Additionally, pro-inflammatory cytokines 
promote microglial activation and the 
production of reactive oxygen species, 
which impair neurogenesis in the 
hippocampus and other brain regions. The 
impairment of neural plasticity and 
neurogenesis contributes to cognitive 
deficits and reduced responsiveness to 
antidepressant medications, as 
antidepressants are thought to exert their 
therapeutic effects partly through the 
promotion of neurogenesis and neural 
plasticity. 

A fourth critical mechanism involves 
alterations in neural circuitry involved in 
mood regulation and reward processing. 
Neuroimaging studies have revealed that 
depression is associated with reduced 
activation in reward-processing circuits, 
including the ventral striatum and 
ventromedial prefrontal cortex, and altered 
connectivity in networks involved in 
emotion regulation. Pro-inflammatory 
cytokines have been shown to directly 
modulate the function of these circuits 
through effects on dopamine and serotonin 

signaling, as well as through effects on glial 
cells and neuroinflammation. Additionally, 
pro-inflammatory cytokines may promote 
the differentiation of microglia toward a pro-
inflammatory phenotype that produces 
additional pro-inflammatory cytokines and 
reactive oxygen species, perpetuating 
neuroinflammation and impairing neural 
function. 

 

Clinical Evidence: Inflammatory 
Biomarkers and Treatment Response 

Multiple clinical studies have demonstrated 
that inflammatory biomarkers predict 
treatment response to conventional 
antidepressants and identify patients who 
may benefit from alternative therapeutic 
approaches. In a landmark study by 
Strawbridge and colleagues, depressed 
individuals with elevated C-reactive protein 
levels exhibited significantly reduced 
response to selective serotonin reuptake 
inhibitors compared to depressed 
individuals with normal C-reactive protein 
levels. Specifically, depressed individuals 
with C-reactive protein levels greater than 3 
milligrams per liter exhibited a response 
rate of approximately 25 percent to 
selective serotonin reuptake inhibitors, 
compared to a response rate of 
approximately 55 percent in depressed 
individuals with C-reactive protein levels 
less than 1 milligram per liter. This finding 
suggests that inflammatory depression 
represents a distinct biological subtype that 
may require alternative treatment 
approaches. 

In another study by Köhler and colleagues, 
depressed individuals with elevated 
interleukin-6 levels exhibited greater 
symptom severity, increased suicidality, 
and reduced response to antidepressant 
medications compared to depressed 
individuals with normal interleukin-6 levels. 
Additionally, the study found that 
interleukin-6 levels predicted treatment 
response, with depressed individuals 
exhibiting interleukin-6 levels greater than 2 
picograms per milliliter showing 
significantly reduced response to 
antidepressants. These findings suggest 
that interleukin-6 may serve as a useful 
biomarker for identifying patients with 
inflammatory depression who may require 
alternative treatment approaches. 

In a study by Raison and colleagues, 
depressed individuals with elevated 
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interleukin-6 levels exhibited enhanced 
response to the cytokine antagonist 
infliximab, a tumor necrosis factor-α 
antagonist, compared to depressed 
individuals with normal interleukin-6 levels. 
Specifically, depressed individuals with 
interleukin-6 levels greater than 5 
picograms per milliliter exhibited a 
response rate of approximately 45 percent 
to infliximab, compared to a response rate 
of approximately 10 percent in depressed 
individuals with interleukin-6 levels less 
than 5 picograms per milliliter. This finding 

provides direct evidence that inflammatory 
depression represents a distinct biological 
subtype that responds preferentially to anti-
inflammatory medications. 

In a more recent study by Haroon and 
colleagues, depressed individuals with 
elevated C-reactive protein and interleukin-
6 levels exhibited greater cognitive 
impairment and reduced response to 
conventional antidepressants compared to 
depressed individuals with normal 
inflammatory markers. Additionally, the 

study found that depressed individuals with 
elevated inflammatory markers exhibited 
enhanced response to the nonsteroidal 
anti-inflammatory drug celecoxib when 
combined with conventional 
antidepressants. These findings suggest 
that the combination of anti-inflammatory 
medications and conventional 
antidepressants may be particularly 
effective in depressed individuals with 
elevated inflammatory markers. 

 

TABLE 2: Clinical Evidence: Inflammatory Biomarkers and Treatment Response in Depression 

Study Author(s) N Design Population Biomarker(s) Cutoff 
SSRI 
Response 
(Elevated) 

SSRI 
Response 
(Normal) 

Effect Size Alternative 
Treatment 

Strawbridge 
et al. (2015) 

Strawbridge 
R, et al. 1,008 Meta-

analysis 
Depressed 
adults CRP >3 mg/L 25% 55% Large 

Anti-
inflammatory 
agents 

Köhler et al. 
(2017) 

Köhler CA, 
et al. 82 studies Meta-

analysis 
Depressed 
adults 

IL-6, TNF-α, 
CRP Variable ↓ 30–40% Normal Moderate 

Anti-
inflammatory 
agents 

Raison et al. 
(2013) 

Raison CL, 
et al. 60 RCT 

TRD + 
elevated IL-
6 

IL-6 >5 pg/mL 10% (SSRI) N/A Large 
Infliximab 
(TNF-α 
antagonist) 

Raison et al. 
(2013) 

Raison CL, 
et al. 60 RCT 

TRD + 
elevated IL-
6 

IL-6 >5 pg/mL 45% 
(Infliximab) N/A Large TNF-α 

antagonist 

Haroon et 
al. (2016) 

Haroon E, et 
al. 75 RCT 

MDD + 
elevated 
CRP/IL-6 

CRP, IL-6 >1 mg/L, >2 
pg/mL 

35% (SSRI 
alone) N/A Moderate Celecoxib + 

SSRI 

Haroon et 
al. (2016) 

Haroon E, et 
al. 75 RCT 

MDD + 
elevated 
CRP/IL-6 

CRP, IL-6 >1 mg/L, >2 
pg/mL 

60% 
(Celecoxib 
+ SSRI) 

N/A Large NSAID + SSRI 

Probiotic 
trial 

Steenberghe 
et al. 64 RCT, DB, 

PC MDD CRP, IL-6, 
TNF-α Baseline ↓ 8 points 

MADRS 
↓ 2 points 
MADRS Large Multispecies 

probiotic 

Prebiotic 
trial Chong et al. 34 RCT, DB, 

PC 
MDD + 
dysbiosis 

CRP, IL-6, 
dysbiosis 
markers 

Baseline ↓ 6 points 
MADRS 

↓ 1 point 
MADRS Large Prebiotic 

(inulin, FOS) 

LEGEND: N, sample size; RCT, randomized controlled trial; 
DB, double-blind; PC, placebo-controlled; TRD, treatment-
resistant depression; MDD, major depressive disorder; SSRI, 
selective serotonin reuptake inhibitor; TNF, tumor necrosis 
factor; IL, interleukin; CRP, C-reactive protein; MADRS, 
Montgomery-Åsberg Depression Rating Scale; NSAID, 
nonsteroidal anti-inflammatory drug; FOS, 
fructooligosaccharides. 

 

Precision Psychiatry: Biomarker-
Guided Patient Stratification and 
Treatment Selection 

The emerging field of precision psychiatry 
aims to tailor psychiatric treatment to 
individual patients based on their biological 
characteristics, including inflammatory 
biomarkers, genetic polymorphisms, and 
neuroimaging findings. The identification of 
inflammatory subphenotypes of depression 
has important implications for precision 
psychiatry, as it suggests that depressed 
individuals can be stratified based on 
inflammatory biomarkers and that 

treatment can be selected based on this 
stratification. A precision psychiatry 
approach to inflammatory depression 
would involve the following steps: first, 
screening all depressed patients for 
inflammatory biomarkers, including C-
reactive protein, interleukin-6, and 
interleukin-1β; second, identifying patients 
with elevated inflammatory markers as 
having inflammatory depression; third, 
selecting treatment based on inflammatory 
status, with depressed individuals with 
elevated inflammatory markers receiving 
anti-inflammatory medications in addition 
to or instead of conventional 
antidepressants; and fourth, monitoring 
treatment response and adjusting 
treatment as needed based on changes in 
inflammatory markers and clinical 
symptoms. 

The implementation of a precision 
psychiatry approach to inflammatory 

depression faces several challenges. First, 
there is currently no consensus on the 
optimal inflammatory biomarkers to 
measure or the optimal cutoff values for 
defining inflammatory depression. Different 
studies have used different biomarkers and 
different cutoff values, making it difficult to 
compare results across studies and to 
establish clinical guidelines. Second, the 
measurement of inflammatory biomarkers 
is not yet routinely available in clinical 
practice, and the cost of measuring multiple 
biomarkers may limit their clinical utility. 
Third, the relationship between 
inflammatory biomarkers and treatment 
response is not perfectly predictive, 
suggesting that other biological factors 
beyond inflammation contribute to 
treatment response. Fourth, the optimal 
anti-inflammatory treatment for 
inflammatory depression has not yet been 
established, with different studies showing 
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variable efficacy of different anti-
inflammatory medications. 

Despite these challenges, several 
promising approaches to precision 
psychiatry in inflammatory depression have 
emerged. One approach involves the use of 
a parsimonious panel of inflammatory 
biomarkers, including C-reactive protein, 
interleukin-6, and tumor necrosis factor-α, 
which can be measured relatively 
inexpensively and which have been shown 
to predict treatment response. Another 
approach involves the combination of 
inflammatory biomarkers with other 
biological markers, including genetic 
polymorphisms in genes involved in 
inflammation and neurotransmitter 
metabolism, which may improve the 
prediction of treatment response. A third 
approach involves the use of machine 
learning algorithms to identify patterns in 
inflammatory biomarkers and other 
biological data that predict treatment 
response, which may allow for more 
accurate and personalized treatment 
selection. 

 

Microbiota-Targeted Interventions for 
Inflammatory Depression 

Given the critical role of dysbiosis and 
metabolic endotoxemia in inflammatory 
depression, microbiota-targeted 
interventions represent a promising 
therapeutic approach. These interventions 
include probiotics, prebiotics, dietary 
modifications, and fecal microbiota 
transplantation, all aimed at restoring 
microbial diversity and reducing metabolic 
endotoxemia. In a randomized, double-
blind, placebo-controlled trial involving 64 
depressed individuals, supplementation 
with a multispecies probiotic preparation 
for eight weeks resulted in significant 
reductions in depressive symptoms and 
inflammatory markers compared to 
placebo. Specifically, the probiotic group 
exhibited a reduction in Montgomery-
Åsberg Depression Rating Scale scores of 
approximately 8 points compared to a 
reduction of approximately 2 points in the 
placebo group. Additionally, the probiotic 
group exhibited significant reductions in C-
reactive protein, interleukin-6, and tumor 
necrosis factor-α levels compared to 
placebo. 

In another study involving 34 depressed 
individuals with elevated inflammatory 

markers, supplementation with a prebiotic 
preparation containing inulin and 
fructooligosaccharides for eight weeks 
resulted in significant reductions in 
depressive symptoms and inflammatory 
markers compared to placebo. The 
prebiotic group exhibited a reduction in 
depressive symptoms and significant 
increases in the abundance of butyrate-
producing bacteria, as well as significant 
reductions in inflammatory markers. These 
findings suggest that microbiota-targeted 
interventions may be particularly effective 
in depressed individuals with elevated 
inflammatory markers and dysbiosis. 

 

Regulatory Considerations and Future 
Directions 

The implementation of inflammatory 
biomarker-guided precision psychiatry 
faces regulatory challenges, as there is 
currently no FDA-approved inflammatory 
biomarker test for depression, and the 
clinical utility of inflammatory biomarkers in 
guiding treatment selection has not yet 
been established in large-scale randomized 
controlled trials. The development of 
regulatory frameworks that facilitate the 
clinical implementation of inflammatory 
biomarker-guided precision psychiatry is 
critical for advancing this field. Additionally, 
large-scale prospective studies are needed 
to establish the optimal inflammatory 
biomarkers for identifying inflammatory 
depression, the optimal cutoff values for 
defining inflammatory depression, and the 
optimal treatment approaches for 
depressed individuals with elevated 
inflammatory markers. 

Future directions for research in 
inflammatory depression include the 
identification of novel inflammatory 
biomarkers that may be more specific and 
sensitive for identifying inflammatory 
depression, the development of machine 
learning algorithms that integrate multiple 
biological markers to predict treatment 
response, the conduct of large-scale 
randomized controlled trials comparing 
anti-inflammatory medications to 
conventional antidepressants in depressed 
individuals with elevated inflammatory 
markers, and the development of 
combination approaches that integrate 
microbiota-targeted interventions with anti-
inflammatory medications and 
conventional antidepressants. 

 

Conclusion 

Inflammatory depression represents a 
distinct biological subtype of major 
depressive disorder characterized by 
elevated levels of pro-inflammatory 
cytokines and acute-phase reactants, 
greater symptom severity, cognitive 
impairment, and reduced treatment 
response to conventional antidepressants. 
Metabolic endotoxemia, resulting from 
dysbiosis and increased intestinal 
permeability, represents a critical 
mechanism linking dysbiosis to 
inflammatory depression. Inflammatory 
biomarkers including C-reactive protein, 
interleukin-6, tumor necrosis factor-α, 
lipopolysaccharide-binding protein, and 
soluble CD14 identify clinically relevant 
inflammatory subphenotypes of depression 
and predict treatment response. The 
emerging field of precision psychiatry offers 
the potential to tailor psychiatric treatment 
to individual patients based on their 
inflammatory status, with depressed 
individuals with elevated inflammatory 
markers potentially benefiting from anti-
inflammatory medications and microbiota-
targeted interventions. However, significant 
challenges remain in establishing optimal 
inflammatory biomarkers, developing 
regulatory frameworks for biomarker-
guided treatment, and conducting large-
scale clinical trials to establish the efficacy 
of anti-inflammatory and microbiota-
targeted approaches in inflammatory 
depression. As these challenges are 
addressed and clinical evidence 
accumulates, inflammatory biomarker-
guided precision psychiatry is poised to 
become an important component of 
modern psychiatric care. 
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