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ABSTRACT

Objective:Critically analyze the scientific evidence regarding the association between
inflammatory biomarkers and depressive disorders, with emphasis on their diagnostic, prognostic,
and therapeutic implications.Methods:An integrative systematic review was conducted, guided
by the PRISMA 2020 recommendations. Searches were carried out in the PubMed/MEDLINE,
Scopus, Web of Science, Embase, PsycINFO, Cochrane Library, and SciELO databases, covering
publications available up to July 2026. Original studies were included that were conducted with
adults and investigated peripheral or central inflammatory biomarkers in association with
depression, symptom profile, neurobiological alterations, therapeutic response, or treatment
resistance. The final sample comprised 35 publications, organized into four axes: epidemiological
and phenotypic association; neuroinflammation and neurobiological mechanisms; prognostic and
predictive value; and anti-inflammatory or immunomodulatory interventions. Due to clinical and
methodological heterogeneity, the data were synthesized narratively.Results:C-reactive protein
and interleukin 6 were the most frequently investigated biomarkers and showed the most
consistent associations with depression, neurovegetative symptoms, metabolic alterations, and
treatment resistance. Inflammation was particularly related to fatigue, anhedonia, sleep and
appetite disturbances, reduced energy, and psychomotor slowing. Neuroimaging studies
identified changes consistent with neuroimmune activation, impaired cortico-striatal reward
circuits, and modifications in glutamatergic metabolism. Inflammatory biomarkers also demons-
trated potential to predict differential response to antidepressants, physical exercise, electroconv-
ulsive therapy, and anti-inflammatory interventions. However, trials involving infliximab,
celecoxib, minocycline, and omega-3 fatty acids showed heterogeneous results, with more
evident benefits in subgroups with high baseline inflammation.Conclusion:Inflammation is a
biologically relevant, though not universal, dimension of depressive disorders. No single
biomarker showed sufficient performance for diagnostic independence. The main potential
application lies in the identification of immunometabolic phenotypes, prognostic stratification,
and treatment personalization. Clinical incorporation of these markers still depends on
prospective validation, laboratory standardization, definition of cutoff points, and conducting
profile-driven trials guided by the inflammatory profile.
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INTRODUCTION

Depressive disorders are complex,
heterogeneous, and multifactorial psych-
iatric conditions characterized by persis-
tent changes in mood, motivation, cogni-
tion, sleep, appetite, and psychosocial
functioning. Although classic neurobio-
logical models have primarily emphasi-
zed alterations in monoaminergic syste-
ms, accumulating evidence from recent
decades indicates that immunological and
inflammatory mechanisms play a relevant
role in a subgroup of patients. This
perspective has broadened the pathophy-
siological understanding of depression by
considering the interaction between the
central nervous system, the immune sys-
tem, metabolism, the hypothalamic—pitu-
itary—adrenal axis, and environmental
factors as components of an integrated
network of wvulnerability and disease

maintenance.
Epidemiological and population-
based studies have shown consistent as-
sociations between depressive symptoms,
major depressive episodes, and elevated
peripheral inflammatory markers, espec-
ially C-reactive protein, interleukin 6, and
tumor necrosis factor alpha] 1-5]. In
different age groups and clinical settings,
exhibited

individuals with depression

higher concentrations of these mediators

than participants without depressive sy-

mptoms. However, the magnitude of

these associations varied according to
sex, age, adiposity, presence of chronic

diseases, smoking, use of medications

and specific characteristics

of the psychiatric profile[ 1-4,7]. These
findings indicate that inflammation is not
a universal feature of depressive disorde-

rs, but rather a biologically relevant

in

certain clinical phenotypes.

The symptomatic heterogeneity of
depression appears to directly influence
the relationship between inflammation
and disease. Population-based analyses
indicated that elevations in inflammatory
markers are more strongly associated with
neurovegetative and energy-related sym-
ptoms, including fatigue, sleep disturba-
nces, increased or decreased appetite,
anhedonia, psychomotor retardation, and
reduced motivation[6]. This distribution
suggests the existence of an immunome-
tabolic depressive phenotype in which
low-grade inflammatory responses are
associated with metabolic alterations,
abdominal obesity, dyslipidemia, and in-

sulin resistance. Therefore, the combinat-
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ion of elevated C-reactive protein, atypi-

cal symptoms, and metabolic dysregulat-
ion may offer greater clinical stratification
ability than the use of a single biomarker[

8].

The biological plausibility of this
association is supported by neuroimaging
studies and investigations of central bi-
omarkers. Studies using positron emiss-
ion tomography demonstrated higher ex-
pression of the 18 kDa translocator prot-
ein in regions such as the anterior cingu-
late cortex, prefrontal cortex, and insula
during major depressive episodes, a fin-
ding interpreted as indirect evidence of
neuroimmune activation[9,10]. In a co-
mplementary manner, higher levels of
peripheral inflammation were associated
with reduced functional connectivity in
cortico-striatal circuits related to reward,
motivation, and motor control[ 11]. Rela-
tionships were also observed between
elevated C-reactive protein, increased
glutamate in the basal ganglia, anhedonia,
and psychomotor retardation| 12]. These
results suggest that inflammation may
interfere with neurotransmission, neuro-
nal plasticity, and the function of brain

circuits involved in mood regulation.

Communication between peripheral

inflammation and the central nervous
system may occur through different me-
chanisms, including vagal signaling, tra-
nsport of cytokines across the barrier
hematencephalic, activation of endothel-
ial cells, recruitment of immune cells,
and modulation of microglial activity.
The correlation between Creativa plasma
protein and inflammatory markers no
cerebrospinal

cerebrospinal fluid strengthens the hypo-
thesis that systemic alterations may refl-
ect, at least in part, a neuroinflammatory
environment[ 13]. In this context, media-
tors such as IL-6, TNF-a, IL-1B and their
soluble receptors may modify the availa-
bility of neurotransmitters, activate the
kynurenine pathway, increase oxidative
stress, and impair processes related to

neurogenesis and synaptic plasticity.

In addition to its association with the
presence and clinical expression of depr-
ession, inflammatory biomarkers
have been investigated as prognostic
indicators and predictors of therapeutic
response. Clinical studies have observed
that elevated levels of IL-6, TNF-o, and
other mediators may be associated with a

lower response to conventional antidepr-

essants and the persistence of symptoms
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in patients with treatment-resistant depr-
ession[ 14-17]. Inflammatory signatures at
the level of gene expression have also
been associated with less favorable ther-
apeutic outcomes, suggesting that basal
immune activity may influence the effi-

cacy of pharmacological treatments[ 18].

C-reactive protein has received spe-
cial attention due to its availability, low
cost, and widespread use in clinical
laboratories. Studies derived from the
GENDEP and CO-MED projects showed
that the baseline concentration of this
marker may differentially modify the
response to certain classes or combinati-
ons of antidepressants| 19,20]. Lower
values were associated with better relat-
ive outcomes with strategies predomina-
ntly serotonergic, whereas higher levels
indicated potential benefit from treatme-
nts with greater noradrenergic or dopa-
minergic action. Similarly, IL-17 and
proteomic panels have been investigated
as possible tools for medication selection,

although the results remain exploratory

and require prospective validation[21,22].

The therapeutic relevance of infl-
ammation was also examined in non-
pharmacological interventions and in tr-
eatments with immunomodulatory prop-
erties. Baseline inflammation showed
potential capacity to predict response to
physical exercise, suggesting that patients
with higher immune activation may exp-
erience a differential benefit from certain
interventions[23]. Trials involving infli-
ximab, omega-3, celecoxib, and minocy-
cline demonstrated heterogeneous results,
with no overall efficacy in part of the
samples, but signals of benefit in subgr-
oups with higher inflammation[24-32].
These findings indicate that anti-
inflammatory therapies should not be
used indiscriminately, but may become

relevant when associated with strategies

for biological selection of patients.

Other antidepressant treatments,

such as ketamine and electroconvulsive
therapy, have also been associated with
inflammatory changes. Ketamine admin-
istration produced rapid cytokine modul-
ation in patients with treatment-resistant
depression, although it is still unclear
whether this effect represents the causal
mechanism ofthe antidepressant response

or a parallel consequence of other neuro-
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biological changes[33]. During electro-
convulsive therapy, acute inflammatory
elevation was observed after sessions,
accompanied, in responders, by a subse-
quent reduction in baseline levels of IL-6
[34]. In addition, higher initial concentra-
tions of this marker were associated with
better outcomes in some samples subjec-
ted to treatment[35]. These findings de-
monstrate that the prognostic significance
of a biomarker may vary depending on

the intervention used.

Despite advances, the clinical appl-
ication of inflammatory biomarkers in
depressive disorders remains limited. No
isolated marker has sufficient validated
sensitivity, specificity, predictive value,
or cutoff point to replace diagnostic
assessment based on clinical criteria. C-
reactive protein, although promising, is
nonspecific and may be influenced by
infections, obesity, smoking, cardiovasc-
ular diseases, metabolic disorders, and
medication use. Cytokines such as IL-6
and TNF-a show preanalytical and labo-
ratory variability, while molecular neur-
oimaging methods have high cost and
low applicability in routine care. Additi-
onally, differences between populations,

study designs, laboratory techniques, and

definitions of therapeutic response make
direct comparison between studies diffi-

cult.

Given this scenario, integrating the
available evidence is necessary to clarify
the role of biomarkers inflammatory
in
identification of depressive subtypes, in
clinical prognosis and therapeutic perso-
nalization. Joint investigation of periph-
eral markers, symptomatic characteristics,
metabolic alterations, and therapeutic
outcomes can contribute to the develo-
pment of more accurate stratification
models. This approach aligns with the
principles of precision psychiatry, in
which clinical decisions are guided not
only by categorical diagnosis, but also by

individualized biological and phenotypic

characteristics.

Thus, this integrative systematic re-
view aimed to critically analyze the
scientific evidence on the association
between inflammatory biomarkers and
depressive disorders, with an emphasis on
their diagnostic, prognostic, and therape-
utic implications. The goal was to ident-
ify the most investigated markers, evalu-
ate their relationship with symptoms and
examine

neurobiological mechanisms,

their ability to predict treatment response,
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and discuss the limitations that still pre-

vent their

METHODOLOGY

A systematic review of an integrat-
ive nature was conducted, developed with
the purpose of identifying, critically ap-
praising, and synthesizing the available
evidence on the relationship between
inflammatory biomarkers and depressive
disorders, with emphasis on diagnostic,
prognostic, and therapeutic implications.
The conduct and reporting of the review
followed the methodological principles
of
PRISMA 2020 recommendations, adap-
ted to the characteristics of an integrative
synthesis composed of observational st-
udies, investigations

mechanistic studies, neuroimaging rese-

arch, and clinical trials.

The guiding question was structured
using the PICOS strategy. The population
comprised adults with major depressive
disorder, depressive episodes, or clinica-
lly relevant depressive symptoms; the
exposure or intervention involved the
presence, concentration, or modulation of
peripheral or central inflammatory bio-
markers; the comparators included indi-

viduals without depression, patients with

routine incorporation into clinical practice.

different levels of inflammation, treatm-
ent responders and non-responders, or
groups receiving placebo and alternative
interventions; the outcomes encompassed
the occurrence and severity of depression,
symptom profiles, neurobiological cha-
nges, therapeutic resistance, response,
remission, and changes in biomarker
concentrations; and the eligible study
designs included cross-sectional studies,
case-control studies, cohorts, population-
based analyses, neuroimaging studies,
biomarker investigations, randomized

clinical trials, and secondary analyses of

clinical trials.

The established research question

was: which inflammatory biomarkers
have been associated with depressive
disorders, and what are their possible
applications in diagnosis, clinical stratif-
ication, prediction of therapeutic respon-

se, and treatment selection?

The searc- bibliographic were

hes conducted in

databases
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PubMed/MEDLINE, Scopus, Web of
Science, Embase, PsycINFO, Cochrane
Library, and Scientific Electronic Library
Online. A complementary search was also
performed by analyzing the reference lists
of potentially eligible articles, with the
aim of identifying additional studies not
initially retrieved by the electronic strat-
egies. The search period comprised rec-
ords available from the beginning of
indexing of each database up to July

2026.

Controlled descriptors from the
Medical Subject Headings and the Health
Sciences Descriptors were used, combi-
ned with free-text terms related to depre-
ssion and inflammation. The strategy
included combinations of the terms “ma-

jor depressive disorder”,“depression”,

99 ¢¢

“depressive disorders”,“inflammation”,

“inflammatory

“C-reactive
“CRP”, “interleukin-6”, “IL-6”, “tumor
“TNF-alpha”,

“interleukin-1, “IL-1”, “interleukin-17",

biomarkers”, protein”,

necrosis  factor-alpha”,

“cytokines”, “neuroinflammation”,
“translocator protein”, “TSPO”, “treat-

2 (13

ment response”, “antidepressants”,
“treatment-resistant depression”, “antiin-
flammatory treatment”, “diagnosis”,

“prognosis” and “personalized medicine” .
Boolean operators AND and OR were

used to combine the concepts, and the
strategies were adapted to the specific

syntax of each database.

In the PubMed/MEDLINE database,

the main strategy was structured as foll-

b

ows: (“Depressive Disorder,

[Mesh] OR “Depressive Disorders” [Me-

Major’

sh] OR major depressive disorder OR
depression OR depressive
AND (“Inflammation” [Mesh] OR “Bi-
omarkers” [Mesh] OR “CReactive Prote-
in” [Mesh] OR cytokines OR

symptoms)

“interleukin-6" OR “tumor necrosis

factor-alpha” OR “interleukin-1” OR

“interleukin-17" OR neuroinflammation
OR TSPO) AND (diagnosis OR prognosis
OR phenotype OR “treatment response”
OR antidepressant OR “treatment-resistant
depression” OR therapy). Additional te-
rms were used in specific searches for
interventions with infliximab, celecoxib,
minocycline, omega-3 fatty acids, ketam-

ine, physical exercise, and electroconvul-

sive therapy.

Original articles published in peer-
reviewed scientific journals were inclu-
ded. They were conducted with adult
human participants and directly investig-
ated the association between -clinically

relevant depressive disorders or depress-
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ive symptoms and at least one peripheral
or central inflammatory biomarker. Stu-
dies were also eligible if they examined
the prognostic or predictive value of these
markers, their relationship with treatment
resistance, or their effects as response
modifiers of pharmacological and non-

pharmacological interventions.

C-reactive protein, interleukins 1, 6,

8, 10 and 17, the tumor necrosis factor

alpha, soluble cytokine receptors, recep-

tor antagonists, signatures proteomic
and
transcriptomic inflammatory markers,

markers present in cerebrospinal fluid
and indicators of neuroinflammation ob-
tained by positron emission tomography,

including the 18 kDa translocator protein.

Studies conducted exclusively with
animals, cell models, or in vitro samples
were excluded; case reports or series;
editorials; letters; comments; protocols
without results; congress abstracts with-
out full publication; narrative, systematic
reviews, or meta-analyses; unpublished
dissertations and theses in journals; ped-
iatric studies; investigations in which

depression was not a central variable; and

studies that assessed inflammation with-
out objective measurement of biomarke-
rs. Studies focused exclusively on bipolar
disorder, schizophrenia, neurodegenerat-
ive diseases, or other psychiatric condit-
ions were also excluded when results
related to depression could not be analy-

zed separately.

No initial language restrictions were
applied during the search. For final incl-
usion, articles published in English, Por-
tuguese, or Spanish were considered,
provided they had full text available and
sufficient information to assess the met-

hods and results. When different

publications derived from the same pop-
ulation, each article was included only if
it presented a distinct objective, biomar-
ker, or outcome. In such cases, the
common sample origin was recorded to

avoid misinterpreting the publications as

independent evidence.

The retrieved records were organi-
zed in a bibliographic database, and
duplicates were removed before screen-
ing. Selection took place in two stages.
Initially, titles and abstracts were asses-
sed for compatibility with the research

question. Subsequently, the full texts of
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potentially eligible studies were reviewed
according to the predefined criteria. Re-
asons for exclusion during the full-text
screening phase were recorded for later
presentation in the selection flowchart. At
the end of the process, 35 articles were
considered eligible and included in the

synthesis.

Data extraction was performed using
a standardized instrument developed for
this review. Information was collected
regarding authors, year of publication,
country, study design, sample source,
number of participants, age range, diag-
nostic criteria, clinical characteristics,
presence of therapeutic resistance, biom-
arkers assessed, type of biological mate-
rial, laboratory or neuroimaging method,
intervention, comparator group, dur-

ation of

follow-up, clinical outcomes, main resu-
Its, adjustments for confounding factors,
limitations, and contribution to the rese-

arch question.

In observational studies, measures
of association adjusted for potential con-
founding factors were prioritized, inclu-
ding age, sex, body mass index, smoking,
cardiovascular diseases, metabolic diso-

rders, medication use, and the presence

of inflammatory conditions. In clinical
trials, information was extracted on ran-
domization, blinding, intervention, com-
parator, losses to follow-up, intention-to-
treat analysis, response, remission, adve-
rse events, and the interaction between
baseline biomarkers and therapeutic eff-

ects.

Methodological quality was analy-

zed according to the design of each

publication. For clinical trials rand-

omized, were

considered the domains of sequence gen-
eration, allocation concealment, blinding,
deviations from the proposed interventi-
ons, loss to follow-up, outcome measur-
ement, and selection of the reported
results. For observational studies, repres-
entativeness of the sample, definition of
the exposure, validity of biomarker mea-
surement, diagnosis or assessment of
depression, identification and control of
confounders, appropriateness of the stati-
stical analyses, and completeness of the
data were evaluated. For neuroimaging
studies, additional factors were examined,
including sample size, the radioligand
used, correction for genetic characteristics

related to TSPO binding, motion control,
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definition of regions of interest, and the

risk of analytical multiplicity.

Methodological appraisal was not
used as an automatic exclusion criterion,
since the integrative proposal sought to
encompass different levels of evidence
and stages of translational development
of the biomarkers. However, the limitat-
ions and risk of bias of each study were
considered when interpreting the consis-
tency, applicability, and strength of the

results.

Publications derived from the same
cohort or clinical trial were identified and
grouped during the synthesis. Studies
from NHANES III, GENDEP, CO-MED,
PREDDICT, and MINDEP were consid-
ered related analyses, rather than comple-
tely independent replications. This distin-

ction was applied to prevent overestimat-

1on of the amount of available evidence.

Due to the clinical and methodolog-
ical heterogeneity of the studies, no meta-
analysis was performed. Differences in
populations, diagnostic criteria, biomar-
kers, laboratory methods, cut-off points,
interventions, assessment scales, and re-
sponse definitions prevented an appropr-

iate quantitative pooling of results. A

10

structured narrative synthesis was cond-

ucted, comparing the direction, magnit-
ude, consistency, and clinical relevance

of the identified associations.

The findings were organized into
four thematic axes: epidemiological, di-
agnostic, and phenotypic associations
between inflammation and depression;
neuroinflammation biomarkers and neu-
robiological mechanisms; the prognostic
and predictive value of inflammatory
markers for treatment response or resist-
ance; and the effects of anti-inflammatory
or immunomodulatory interventions on
depressive symptoms. The final interpre-
tation considered consistency across stu-
dies, independence of the samples, met-
hodological quality, biological plausibil-
ity, and the possibility of clinical applica-

tion.

Because this review used exclusively
secondary data from published studies
with scientific access, it did not involve
direct contact with participants, collection
of identifiable information, or clinical
intervention. Accordingly, submission to
a research ethics committee was not
necessary. The principles of scientific
integrity, source traceability, faithful re-
production of the original results, and

transparency in presenting the limitations


http://www.revistacientificaipedss.com

»e

ISSN: 2764-4006 | www.revistacientificaipedss.com

were respected.

RESULTS

General Characteristics of the Incl-

uded Studies

The integrative synthesis consisted
of 35 original publications, published
between 2000 and 2025, that investigated
the association between inflammatory
biomarkers and depressive disorders in
different epidemiological, clinical, and
therapeutic settings. The studies showed
high diversity in terms of study design,
sample size, participant characteristics,
methods of psychiatric assessment, bio-

markers measured, and interventions an-

alyzed.

The publications were grouped into
four main themes. The first included
eight epidemiological, population-based,
and phenotypic studies that assessed the
association between peripheral inflamm-
ation, the occurrence of depression, and
specific symptomatic manifestations| 1-
8]. The second gathered five investigati-
ons on central inflammation, neuroimag-
mechanisms

ing and

neurobiological[9- 13]. The third included
ten studies that examined biomarkers as

prognostic factors or predictors of thera-

11

peutic response[ 14-23]. The fourth theme

consisted of 12 studies on anti-

inflammatory interventions or

treatments

Antidepressants with possible immuno-

modulatory effects[24-35].

The Sample Sizes Ranged From
24 participants in exploratory clinical
studies to 73,131 individuals in populat-
ion analyses. Epidemiological studies
used large databases and community
cohorts, whereas research in neuroimag-
ing and central biomarkers involved sm-
aller samples due to the complexity and
cost of the procedures. Clinical trials, for
the most part, included patients with

major depressive disorder or treatment-

resistant depression.

C-reactive protein was the most
frequently investigated marker, followed
by interleukin 6, tumor necrosis factor
alpha, interleukin 1, interleukin 17, and
soluble cytokine receptors. Other studies
assessed proteomic and transcriptomic
signatures, markers in cerebrospinal fluid,
and the 18 kDa translocator protein by

positron emission tomography.

Although 35 publications were inc-
luded, not all represented independent
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populations. Studies 1 and 3 used NH-

ANES III data; studies 18 and 19 derived
from the GENDEP project; studies 20,
21, and 22 used samples from the CO-
MED trial; studies 28 and 29 derived
from the PREDDICT trial; and studies 30
and 31 corresponded to MINDEP trial
analyses. These publications were retai-
ned because they addressed distinct bi-
omarkers or outcomes, but they were

interpreted as related analyses.

Association between peripheral inf-

lammation and depression

Population studies have shown a
recurring association between depression,
depressive symptoms, and increased pe-
ripheral inflammatory markers. Elevated
C-reactive protein was associated with
the presence of a major depressive epis-
ode, psychological distress, antidepress-
ant use, and depression-related hospital-
ization[ 1,3,5]. However, this association
did not occur uniformly across all partic-

ipants.

In studies derived from NHANES
III, the relationship between major depr-
ession and C-reactive protein was more
evident among men, particularly in the
presence of recent or recurrent episodes

[ 1,3]. Among women, the associations

12

were attenuated after controlling for var-
iables such as body mass index, smoking,
and clinical conditions. These results
suggested a possible influence of biolog-
ical sex and metabolic factors on the

relationship between inflammation and

depression.

In older adults, elevated levels of
IL-6, TNF-a, and C-reactive protein were
associated with a higher frequency of
depressive symptoms[2]. However, in
another geriatric cohort, only IL-6 main-
tained an independent association with
major depression after adjustment for
chronic diseases, cognitive capacity, and
medication use[4]. The discrepancy am-
ong the biomarkers showed that the
presence of inflammation was not repre-
sented equivalently by all proteins eval-

uated.

The analysis of 73,131 participants
showed a graded relationship between
increasing concentrations of C-reactive
protein and different indicators of psych-
ological distress and depression[5]. Indi-
viduals with higher levels had a greater
likelihood of depressive symptoms, use of
antidepressants, and subsequent hospital-
ization. Despite this dose-response asso-
ciation, C-

diagnostic  specificity for

reactive protein was not established.
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The pooled analysis of 15 tently differentiate the clinical group

population-based studies indicated that from controls. The increase in IL-6 was

inflammation was more strongly associa-

. . . particularly evident among women.
ted with specific symptoms than with the

overall diagnosis of depression[6]. C- The combination of inflammation,

reactive protein and IL-6 showed more i ) o )
metabolic alterations, and clinical manif-

consistent associations with fatigue, sleep . . . .
estations was investigated by Zwiep et al.[
disturbances, loss of interest, reduced

‘ ‘ 8]. Patients with C-reactive protein greater
energy, appetite changes, and increased

. . than 1 mg/L and a higher burden of
effort to carry out activities. Associations

) . ) . energy-related symptoms showed more
with predominantly emotional or cognit- 8y yop

. pronounced changes in IL-6, TNF-a, GI-
ive symptoms were smaller.

ycA, leptin, glucose, triglycerides, HDL,

The results of Elgellaie et al.[7]also  body mass index, and abdominal circum-

showed differences between biomarkers ference. The combination of biomarker

and between sexes. Unmedicated patients  and symptomatic profile showed a better

with major depression had elevated IL- 1. ability to identify immunometabolic dys-

and IL-6, whereas TNF-o did not consis-  regulation than C-reactive protein alone.

Table 1. Synthesis ofthe Main Findings from the Included Studies

. . . Biomarkers or met- )
Evidence axis Studies Main results

hods

PopulaticnilEy eI Roc Depression and depressive symptoms were assoc-

ation between depress- [1-5] CRP, IL-6, and TNF-a iated with elevated inflammatory markers, with

ion and inflammation variations by sex, age, obesity, and comorbidities.

i CRP, IL-6, TNF-q, Inflammation showed a stronger association with
mptomatic pr:oﬁley [6-8] GlycA, and metabo- fatigue, anhedonia, sleep disturbances, appetite,
lic markers energy, and psychomotor slowing.

Depressed patients showed stronger TSPO bind-
ing in the anterior cingulate cortex, prefrontal
cortex, and insula; greater signal was also obser-
ved in participants with suicidal ideation.

Neuroinflammation by PET [9,10] | TSPO

Brain circuits and [1,12] = CRP, cytokines,

o Inflammation was associated with reduced
neurotransmission Functional magnetic resonance imaging and

connectivity of reward circuits and with

13
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Spectroscopy

Association between

peripheral and central [13]

her markers

Celecoxib [26-29] IL-6 and CRP

Minocycline [30-32] CRP and IL-6

Ketamine and 33-35]

electroconvulsotherapy IL-IRA

CRP and cytokines
in plasma and ce-

inflammation rebrospinal fluid
Resistance to [14-18] IL-6, TNF-a, CBP,
antidepressants and gene expression

Selection of antidepressants  [19-22] LI, IL_'17’ and
proteomic panels

Physical exercise [23] TNF-a and other cytokines

Infliximab and omega-3  [24,25] CRb 16, and ot-

Increased glutamate in the basal nuclei.

Plasma CRP was correlated with CSF CRP and
with clusters of central inflammatory mediato-
rs.

Greater baseline or persistent inflammatory activity
was associated with a reduced response to antide-
pressants and with treatment-resistant depression.

Baseline inflammation differentially modified the
response to antidepressant classes and combinati-
ons, although the findings derived from secondary
analyses.

Elevated TNF-o was associated with a greater reduct-
ion in symptoms during an exercise intervention.

No uniform benefit was observed, but participants
with high baseline inflammation showed signs of
differential response.

Small trials indicated a benefit;
subsequent larger study did not confirm overall

efficacy or consistent selection by CRP.

however, a

A small trial suggested benefit in participants with
higher CRP, but a multicenter trial did not
demonstrate efficacy in the overall sample.

There was rapid or longitudinal modulation of

CRP, IL-6, TNF-a, and

cytokines, with possible associations between
baseline inflammation and therapeutic response.

Biomarkers of Neuroinflammation

and neurobiological mechanisms

Neuroimaging research has shown
changes consistent with neuroimmune
activation during depressive episodes.
Setiawan et al.[9]observed higher density
of the 18 kDa translocator protein in the
prefrontal cortex, anterior cingulate cor-
tex, and insula of unmedicated patients

with major depression. Signal intensity in
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the anterior cingulate cortex was also

associated with symptom severity.

Holmes et al.[ 10]identified greater
TSPO binding in the cortex

anterior cingulate of depressed patients.
Participants with suicidal thoughts sho-
wed a more pronounced increase in the

anterior cingulate cortex and the insula.
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Although the studies used different radi-
oligands, both pointed to inflammatory
changes in regions involved in emotional
regulation, interoceptive integration, and

cognitive control.

Peripheral inflammation was also
associated with functional alterations in
brain circuits. Felger et al.[ 11]showed
that higher concentrations of C-reactive
protein were related to decreased conne-
ctivity between the ventral striatum and
the ventromedial prefrontal cortex. This
change was associated with anhedonia.
Reduced connectivity in dorsal striatal

circuits was linked to motor slowing.

Haroon et al.[ 12]observed that elev-
ated C-reactive protein was associated
with increased glutamate in the basal
ganglia. Higher glutamate concentrations
were related to anhedonia and reduced
psychomotor speed. No equivalent relat-
ionship was identified in the anterior
cingulate cortex, suggesting regional sp-

ecificity.

The correspondence between peri-
pheral and central markers was examined
by Felger et al.[ 13]. Plasma C-reactive
protein showed a correlation with its
cerebrospinal

concentration in
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fluid. Patients with plasma C-reactive
protein higher than 3 mg/L showed
greater activation of central inflammatory
clusters. TNF in cerebrospinal fluid was
associated with reduced motivation, wh-

ereas components of IL-6 signaling were

associated with anhedonia.

Biomarkers Associated With Response

and therapeutic resistance

The prognostic studies
demonstrated that basal or persistent
inflammation was associated with a lower
response to antidepressants in part of the
samples. Lanquillon et al.[ 14]observed
differences in the production of IL-6
between patients who subsequently res-
ponded or did not respond to amitriptyl-
ine. However, C-reactive protein was

elevated in both groups and did not

adequately differentiate outcomes.

Patients who did not respond to
selective serotonin reuptake inhibitors
had higher concentrations of IL-6 and
TNF-a than healthy controls and patients
who achieved remission| 15]. Similarly,
elevated TNF-o was associated with a
lower likelihood of response to escitalo-
while

pram [ 16],

increased concentrations of IL-6 were
observed in patients resistant to selective
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serotonin reuptake inhibitors or serotonin

and norepinephrine reuptake inhibitors|

17].

The analysis of the expression of

inflammatory genes in the GENDEP

project showed that higher basal expres-
sion of TNF-a, IL-1PB, and macrophage
migration inhibitory factor was associated
with less favorable therapeutic outcomes
[ 18]. Some of these changes decreased
with treatment, but the correspondence
between gene expression, protein conce-
ntration, and immunological activity was

not uniform.

C-reactive protein showed relevant
results as a possible modifier of the

choice of the

antidepressant. In the GENDEP study,
low levels of C-reactive protein were
associated with a better relative response
to escitalopram, whereas higher levels
favored nortriptyline[ 19]. In CO-MED,
participants with C-reactive protein levels
below 1 mg/L had a better relative
outcome with serotoninergic monother-
apy, while those with levels equal to or
above 1 mg/L showed better progress

with the combination of bupropion and a

selective serotonin reuptake inhibitor[20].
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Elevated IL-17 was also associated

with a better relative response to the
combination of bupropion and a selective
serotonin reuptake inhibitor[21]. The pr-
oteomic analysis of the same trial identi-
fied distinct patterns of inflammatory
proteins related to the outcomes of anti-
depressant strategies[22]. However, the
findings derived from CO-MED represe-
nted secondary analyses of the same

population and did not constitute

independent

validations.

The relationship between biomarkers
and response showed no uniform direction
across all interventions. In the exercise
trial, higher baseline concentrations of
TNF-a were associated with a greater
reduction in depressive symptoms[23].
This result differed from the associations
between elevated TNF-a and a poorer
response to conventional antidepressants,
demonstrating that the meaning of the
biomarker varied according to

the treatment analyzed.

Results of Anti-Inflammatory Inte-

rventions

Infliximab showed no superiority
over placebo in the overall sample of
patients with treatment-resistant depress-

ion[24]. However, participants with hig-
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her baseline levels of C-reactive protein
demonstrated a signal of differential be-
nefit. The effect was most evident among
those with Creativa protein higher than
approximately 5 mg/L. In patients with
low inflammation, no benefit from TNF-a

blockade was observed.

Omega-3 fatty acid supplementation
also showed heterogeneous response[25].
The formulation enriched in eicosapent-
aenoic acid produced better relative resu-
Its among participants with higher basel-
ine inflammatory activity. This pattern
was not reproduced with equal intensity
in individuals with low concentrations of

inflammatory markers.

The first trials of celecoxib combi-
ned with antidepressants demonstrated a
greater reduction in symptoms compared
with antidepressant treatment alone[26,
27]. In one of these studies, the clinical
improvement was accompanied by a
reduction in IL-6[27]. However, both
studies had small samples and a duration

of six weeks.

The PREDDICT trial, with a larger
number of participants, did not confirm
the superiority of the combination of
celecoxib and vortioxetine for depression,
cognition, and functioning outcomes[28].

Stratified analysis by C-reactive protein
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also did not consistently demonstrate that
participants with concentrations higher
than 3 mg/L showed differential benefit
[29].

Minocycline showed similarly div-
ergent results. In the MINDERP trial, there
was no significant difference in the pri-
mary outcome for the total sample[30].
However, participants with C-reactive
protein levels equal to or greater than 3
mg/L showed greater symptomatic redu-
ction with minocycline. Baseline IL-6
was also higher among responders. Sex-
stratified analysis indicated possible dif-
ferences in the predictive capacity of C-
reactive protein and IL-6, especially

among women[31].

In contrast, the multicenter trial by

Hellmann-Regen et al.[32], with 168
participants, did not demonstrate superi-
ority of minocycline over placebo. This
study did not select patients according to
the presence of high-grade inflammation,
making it impossible to determine whet-
her a specific

inflammatory subgroup

could derive benefit.

Antidepressant Treatments With

immunomodulatory effects

Ketamine produced rapid changes in

the concentrations of inflammatory med-
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iators in patients with treatment-resistant
depression[33]. Early reduction in TNF-a
in the group receiving 0.5 mg/kg was
associated with a subsequent decrease in
depressive symptoms. Inflammatory ch-
anges occurred in the first hours after
infusion, following the temporal pattern

ofthe rapid antidepressant response.

Studies on electroconvulsotherapy,

in studies on electroconvulsotherapy,
each session was followed by an acute
increase in IL-6[34]. However, patients
who achieved remission showed reduced
baseline levels of this marker at the end
of treatment. This result demonstrated the
coexistence of an acute inflammatory
response induced by the procedure and a

possible longitudinal reduction in infl-

ammation in patients who improved.

Kruse et al.[35]observed that higher
baseline levels of IL-6 were associated
with lower depression scores at the end
of electroconvulsotherapy. Creative pro-
tein, IL-8, and TNF-a did not show
equally consistent predictive capability.
The findings suggested that elevated
IL-6, although related to resistance to
conventional antidepressants in other st-
udies, could identify patients more likely

to respond to electroconvulsotherapy.
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Summary of Findings

C-reactive protein and IL-6 were the
biomarkers that showed the highest recu-
rrence and consistency across studies. C-
reactive protein stood out for its associa-
tion with depression in large populations,
its link to immunometabolic symptoms,
and its potential to modify therapeutic
choice. IL-6 was associated with depres-
sion in older adults, with specific symp-
toms, with pharmacological resistance,
and with response to certain interventio-

ns.

Despite these associations, none of
the studies demonstrated sufficient dia-
gnostic performance for an isolated bi-
omarker to be used as a confirmatory test
for depressive disorder. The greatest
observed utility was focused on identify-
ing subgroups with increased inflammat-

ion, neurovegetative symptoms, metabo-

lic alterations, or treatment resistance.

The therapeutic results were heter-
ogeneous. Infliximab, celecoxib, minoc-
ycline, and omega-3 showed no uniform

benefit in the studied populations. The


http://www.revistacientificaipedss.com

»e

ISSN: 2764-4006 | www.revistacientificaipedss.com

most favorable signals occurred predom-
inantly in subgroup analyses with high
baseline inflammation. In contrast, larger
trials without prior biomarker-based sel-

ection produced negative results.

The synthesis of the 35 studies ther-
efore demonstrated an association between
inflammation and depression at the epid-
emiological, symptomatic, neurobiological,
and therapeutic levels. However, the clin-
ical usefulness of the biomarkers depended
on the patient’s phenotype, the treatment
evaluated, the marker used, and the control

of metabolic and clinical factors.

DISCUSSION

The findings of this integrative sys-
tematic review showed that the relation-
ship between inflammation and depress-
ive disorders is biologically plausible,
epidemiologically consistent, and poten-
tially relevant for therapeutic stratificat-
ion. However, this relationship was not
uniform across all patients, biomarkers,
or treatment modalities. The main inter-
pretation arising from the 35 analyzed
studies is that inflammation does not
constitute a universal mechanism of dep-

ression, but rather seems to characterize a
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clinical subgroup with particular symp-
tomatic, metabolic, and therapeutic feat-

urcs.

C-reactive protein and interleukin 6
were the most frequently associated ma-
rkers with depressive disorders. Large
population-based studies identified a hi-
gher frequency of elevated C-reactive
protein in individuals with depressive
episodes, psychological distress, antide-
pressant use, and depression-related hos-
pitalizations[ 1,3,5]. In older adults, high
concentrations of IL-6, TNF-a, and Crea-
tive protein were also related to depress-
ive symptoms, although IL-6 showed a
more consistent association after adjus-
tment for clinical factors in some popula-
tions[2,4]. These findings support the
presence of low-grade systemic inflam-
mation in some patients, but they do not
allow such markers to be considered

specific to depression.

Nonspecificity is one of the main
limitations for diagnostic application. C-
reactive protein can be elevated by obes-
ity, smoking, infections, cardiovascular
diseases, metabolic disorders, medication
use, and chronic inflammatory conditio-

ns. IL-6 and other cytokines also show
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variations related to the time of blood
collection, physical activity, diet, acute
stress, and laboratory procedures. Thus,
identifying an elevated marker does not,
by itself, determine whether inflammat-
ion directly participates in the depressive
pathophysiology or instead reflects asso-

ciated comorbidities.

Heterogeneity in depressive disord-
ers helps explain some of the divergences
among studies. Analysis of individual
symptoms showed that inflammation was
more strongly associated a man-
ifestations
with neurovegetative and motivational
features, including fatigue, sleep distur-
bances, changes in appetite, anhedonia,
reduced energy, and psychomotor slow-
ing[6]. This pattern suggests that the
categorical diagnosis of major depression
may group biologically distinct patients.
While some show greater involvement

of mechanisms

inflammatory and metabolic, others may

present clinical presentations

predominantly related to psychosocial
factors, neuroendocrine alterations,
vulnerability

genetic factors or dysfunctions of neuro-

transmitter systems without detectable
inflammation.
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The identification of an immunom-
etabolic phenotype represents one of the
most relevant contributions in recent
literature. The combination of elevated C-
reactive protein, energy-related sympt-
oms, abdominal obesity, dyslipidemia,
and glycemic alterations showed a greater
capacity for biological characterization
than the isolated measurement of a single
marker[ 8]. This finding suggests that the
clinical usefulness of inflammation may
depend on integrating laboratory data
with phenotypic characteristics rather

than adopting a single test.

Sex-related differences have also
been observed. Some population-based
studies identified a more evident associa-
tion between C-reactive protein and dep-
ression in men|[ 1,3], whereas clinical
investigations observed greater elevation
of IL-6 or higher predictive capacity of
certain markers in women[7,31]. These
seemingly contradictory findings may
result from differences between populat-
ions, diagnostic criteria, body composit-
ion, sex hormones, prevalence of metab-
olic diseases, and use of medications. It is
also possible that men and women pres-
ent distinct inflammatory pathways asso-

ciated with depressive symptoms. How-
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ever, many sex-specific analyses were
conducted in small subgroups and should

be interpreted with caution.

Neuroimaging and central biomarker
studies provided mechanistic support for
peripheral associations. The strongest
binding ofthe 18 kDa translocator protein
in the anterior cingulate cortex, prefrontal
cortex, and insula indicated alterations
compatible with neuroimmune activation
during depressive episodes[9,10]. The
association between higher TSPO signal
and suicidal thoughts suggested a possi-
ble role for central inflammation in more
severe presentations] 10]. However,
TSPO is not a specific marker of microg-
lial activation and can be expressed in
astrocytes, endothelial cells, and other
cell types. In addition, the studies used
small samples and different radioligands,

limiting direct comparison.

The functional and neurochemical
changes observed were also consistent
with an inflammatory symptom profile.
Reduced connectivity between the stria-
tum and prefrontal regions was associated
with anhedonia and psychomotor slowing
[ 11], whereas increased glutamate in the

basal ganglia nuclei was related to eleva-
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ted C-reactive protein and motivational
changes[ 12]. These findings support the
hypothesis that inflammatory mediators
may affect reward circuits, neurotransmi-
tter availability, glutamatergic metabol-

ism, and synaptic plasticity.

The correspondence between peri-
pheral and central markers reinforced this
interpretation. The correlation between
plasma and cerebrospinal fluid C-reactive
protein, as well as the association betw-
een elevated peripheral levels and clusters
of cytokines in the cerebrospinal fluid,
indicated that systemic inflammation may
partially reflect changes in the central
nervous system[ 13]. However, this relat-
ionship does not imply complete equiva-
lence. Peripheral C-reactive protein does
not identify which brain region is affect-
ed, which cell is activated, or which
immunological pathway participates in

the depressive process.

In the prognostic field, higher infl-
ammatory activation was frequently ass-
ociated with therapeutic resistance. Ele-
vated concentrations of IL-6 and TNF-a
were identified in patients who did not
respond to serotonergic antidepressants
[ 15-17]. Increased expression of genes
related to TNF-a, IL-IfB, and other infl-

ammatory pathways was also associated
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with a lower response[ 18]. These findings
suggest that inflammation may interfere
with the action of antidepressants through
changes in neurotransmission, the hypo-
thalamic—pituitary—adrenal axis, neurop-

lasticity, and tryptophan metabolism.

Despite this trend, inflammation sh-
ould not be interpreted only as a marker
of poor prognosis. Its meaning varied
according to the treatment evaluated. El-
evated TNF-a was associated with a lower
response to conventional antidepressants,
but also with a greater relative benefit
from an intervention with physical exerc-
ise[23]. Elevated IL-6 was related to
pharmacological resistance in some stud-
ies[ 17], but to better outcomes after
electroconvulsive therapy in others[35].
Thus, a biomarker may act simultaneously
as an indicator of severity, a marker of
resistance to one strategy, and a favorable

predictor for another.

This distinction between prognostic
and predictive biomarkers is fundament-
al. A prognostic marker provides infor-
mation about the likely course regardless
of treatment, whereas a predictive marker
identifies the possibility of differential

response to a specific intervention. The
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GENDEP and CO-MED studies provided
evidence that C-reactive protein could
play a predictive role in selecting antide-
pressants[ 19,20]. Lower levels were as-
sociated with a better relative response to
predominantly serotoninergic strategies,
treatme-

while higher levels favored

nts with

noradrenergic or dopaminergic compon-

ents.

These findings are promising for
precision psychiatry, especially because
C-reactive protein is widely available and
low cost. However, the cutoffs used were
derived from secondary analyses rather
than prospective clinical trials in which
patients were randomized according to
the biomarker. In addition, studies 18 and
19 were derived from GENDEP, whereas
studies 20, 21, and 22 used data from
CO-MED. Therefore, different publicat-
ions do not necessarily represent in-
dependent

replications.

IL-17 and proteomic panels expan-
ded the possibility of using more complex
immunological signatures[21,22]. Com-
bining multiple biomarkers may overc-
ome the limitations of a single marker

and better capture the diversity of infl-
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ammatory pathways. However, studies
with numerous analytes present a high
risk of spurious associations, statistical
overfitting, and low reproducibility. Mul-
timarker models will need to be validated
in external populations and translated into
laboratory-standardized tests before clin-

ical application.

Trials with anti-inflammatory ther-
apies produced heterogeneous results.
Infliximab was not superior to placebo in
the overall sample, but showed a signal
of benefit among patients with higher C-
reactive protein[24]. Supplementation
with omega-3 enriched in eicosapentae-
noic acid also demonstrated a relatively
better outcome in participants with higher
baseline inflammation[25]. These findi-
ngs support the hypothesis that anti-
inflammatory treatment may be effective

only when the corresponding biological

pathway is sufficiently activated.

Studies with celecoxib illustrated the
challenges of replication. Small initial
trials indicated clinical improvement and

reduced IL-6 when

the medication was combined with anti-

depressants[26,27]. However, the PR-
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EDDICT trial, with a larger sample, did
not demonstrate overall efficacy for the
combination with vortioxetine[28]. Stra-
tification by C-reactive protein also did
not identify a consistent benefit[29]. The
discrepancies may be related to sample
size, the antidepressant used, duration of
the intervention, degree of therapeutic
resistance, and the absence of rigorous

biological selection.

Similar results were observed with
minocycline. The MINDEP trial sugges-
ted a possible benefit among participants
with higher C-reactive protein, although
the primary outcome in the total sample
was negative[30]. Sex-stratified analysis
indicated possible predictive differences
for C-reactive protein and IL-6[31], but
this was limited by the small number of
participants. In contrast, a larger multic-
enter trial showed no superiority of
minocycline[32]. Because this study did
not select patients with high-grade infl-
ammation, it remained uncertain whether

the intervention could benefit a specific

subgroup.

The negative results from larger
trials are particularly important because
they prevent the interpretation that anti-
inflammatory agents are broadly used

antidepressants. Medications such as inf-


http://www.revistacientificaipedss.com

»e

ISSN: 2764-4006 | www.revistacientificaipedss.com

liximab, celecoxib, and minocycline have

their own risks, including infections,

cardiovascular effects, changes

gastrointestinal and adverse events rela-
ted to prolonged use. Prescribing without
evidence of relevant inflammation could
expose patients to risks without likely

benefit.

Ketamine and electroconvulsother-
apy showed distinct immunological effe-
cts. Ketamine induced rapid modulation
of cytokines, including an early reduction
in TNF-a associated with clinical impro-
vement[33]. However, it was not possible
to establish whether this change constitu-
ted a causal mechanism ofthe response or
a consequence of other neurobiological
effects. Electroconvulsotherapy produced
an acute increase in IL-6 after the sessi-
ons, followed by a return to baseline
between patients who achieved remission
[34]. This pattern demonstrated that tran-
sient inflammatory increases may coexist
with favorable therapeutic effects and a

longitudinal reduction in inflammation.

The interpretation of the results must
also consider the variable methodological
quality. Population-based studies had la-
but were often cross-

rge samples,

sectional or relied on self-reported sym-
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ptoms. Neuroimaging studies provided
detailed mechanistic data; however, they
involved few participants. Several prog-
nostic and therapeutic studies used sec-
ondary analyses, multiple biomarkers,
and subgroups that had not been predef-
ined. The small positive trials had a
higher risk of overestimating the effect,
whereas larger studies frequently did not

confirm overall efficacy.

Another relevant factor was the lack
of standardization of laboratory methods.

Different studies

used serum, plasma, whole blood, or
cerebrospinal fluid, in addition to assays
with different sensitivities. The collection
times, fasting conditions, sample storage,
presence of subclinical infections, and
criteria for excluding extreme values
were not uniform. The cutoff points
adopted for C-reactive protein also vari-
ed, including values above 1, 3, or 5 mg/
L. This diversity made direct comparison
difficult and prevented the definition of a

universal clinical threshold.

This review’s main strength was the
integration of different levels of evidence,
encompassing population-based studies,

mechanistic investigations, analyses of
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therapeutic response, and clinical trials.
This approach made it possible to exam-
ine inflammation from its epidemiological
association to its potential application in
therapeutic decision-making. The inclus-
ion of studies with negative results also
reduced the risk of an overly favorable
interpretation of anti-inflammatory inter-

ventions.

Among the limitations of the review,

heterogeneity of study designs stood out,
populations,

biomarkers, and outcomes, which preve-
nted the conduct of a meta-analysis. In
addition, part of the publications derived
from the same cohorts or trials, reducing
the apparent independence of the base.
Including observational studies and exp-
loratory analyses expanded integrative
understanding, but produced different
levels of certainty. Limiting the review to
published articles may also have favored

publication bias, especially in small clin-

ical trials.

From a clinical standpoint, the find-
ings do not support the use of inflamma-
tory biomarkers as diagnostic tests for
depression. Diagnosis should remain gr-
ounded in clinical assessment, psychiatric
criteria, and the exclusion of other medi-

cal conditions. Measuring C-reactive pr-
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otein may be considered a complement-
ary resource in research settings or in
patients with neurovegetative symptoms,
metabolic changes, and therapeutic resis-
tance; however, its interpretation must be
integrated with the clinical picture and

comorbidities.

The most promising application of

biomarkers 1S n

stratification of patients and the selection
of treatments. For this approach to be
incorporated into practice, prospective
trials will be needed in which participants
are selected or randomized based on
previously defined markers. These stud-
ies should use validated cutoffs, standar-
dized laboratory protocols, sufficiently
large samples, and systematic assessment

of adverse events.

Also relevant will be models that
integrate C-reactive protein, cytokines,
symptoms, metabolic measures, sex, age,
body composition, and clinical data. The
isolated use of a single biomarker is likely
to be insufficient to capture the immuno-
logical complexity of depression. Multi-
modal panels may offer greater predictive

capability, provided they are reproducible,

economically feasible, and clinically int-
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erpretable.

In summary, inflammation represe-
nts a relevant, though not universal,
dimension of depressive disorders. The
evidence was more consistent for C-
reactive protein and IL-6, especially in
patients with neurovegetative symptoms,
metabolic alterations, and treatment resi-
stance. The results of interventions
anti-inflammatory
showed that biological selection is likely
essential to obtain benefit. Despite the
potential for precision psychiatry, the
routine use of these biomarkers still

depends on prospective validation, met-

hodological standardization, and

demonstration of clinical utility.

CONCLUSION

The evidence analyzed

showed that inflammatory biomarkers pr-

esent  relevant association with depress-
ive disorders, especially in  subgroups
characterized by symptoms

neurovegetative symptoms, metabolic alt-
erations, anhedonia, fatigue, psychomotor
slowing, and therapeutic resistance

Among the investigated markers, C-
reactive protein and interleukin-6 showed
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the highest recurrence and consistency in

both population studies and clinical,

mechanistic, and therapeutic research.

However, no isolated biomarker
demonstrated sufficient sensitivity, spec-
ificity, or predictive value to be used as
an independent diagnostic tool. Inflam-
mation proved to be a biological dimen-
sion present only in a portion of patients,
reinforcing the pathophysiological hete-
rogeneity of depressive disorders. Ther-
efore, the interpretation of markers must
consider factors such as obesity, metabo-
lic diseases, smoking, infections, medica-

tion use, sex, age, and the clinical chara-

cteristics ofthe depressive episode.

Neuroimaging and central biomarker
studies provided support for the existence

of mechanisms neuroinflammatory

associated with depression. Changes in
the expression of the 18 kDa translocator
protein, in the connectivity of cortico-
striatal circuits, and in glutamatergic
metabolism suggested that inflammation
may interfere with brain systems related

to reward, motivation, motor control, and
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emotional regulation. However, these

methods still have low clinical applicabi-
lity due to cost, complexity, and the lack

of standardization.

In the prognostic context, elevated
levels of C-reactive protein, IL-6, TNF-a,
and other inflammatory signatures were
associated with a lower response to
conventional antidepressants across diff-
erent studies. At the same time, these
markers showed potential for identifying
patients with a higher likelihood of
response to specific strategies, including
pharmacological combinations, physical
exercise, electroconvulsive therapy, and
interventions with anti-inflammatory pr-

operties.

Clinical trials with infliximab, cel-
ecoxib, minocycline, and omega-3 fatty
acids produced heterogeneous results.
Overall, there was no uniform efficacy in
the total samples, whereas more favorable
signals were observed in subgroups with
elevated baseline inflammation. These
findings indicated that anti-inflammatory
therapies should not be used indiscrimi-
nately in the treatment of depression and

that their potential effectiveness depends

on appropriate patient selection.
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The most promising clinical applic-
ation of inflammatory biomarkers lies,
therefore, in biological stratification and
therapeutic personalization. The combin-
ation of laboratory markers, symptomatic
profile, metabolic status, and individual
characteristics may help identify immu-
nometabolic phenotypes and guide more
precise therapeutic decisions. C-reactive
protein has practical advantages because
it is accessible, low cost, and widely
available; however, it still does not have
sufficiently validated cut-off points to
routinely guide the choice of antidepres-

sant treatment.

It was concluded that inflammation
is a relevant, though not universal, com-
ponent of the pathophysiology of depres-
sive disorders. Inflammatory biomarkers
have potential  as tools
for complementary stratification, progn-
osis, and treatment selection, but their
incorporation into clinical practice requ-
ires prospective validation, standardizat-
ion of laboratory methods, definition of

cut-off points, and demonstration of cli-

nical benefit in biomarker-guided trials.

Future studies should prioritize lar-
ger, independent samples, uniform labo-
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ratory protocols, longitudinal assessment,

and stratified randomization by inflam-

matory profile. It will also be necessary

to develop multimodal models that inte-

grate biomarkers, symptoms, metabolic

variables, clinical data, and sociodemog-

raphic characteristics. Advancing these

strategies could bring psychiatry closer to

a precision medicine model, in which the

therapeutic choice is guided not only by

categorical diagnosis, but also by the

biological heterogeneity of each patient.
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