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SUMMARY

Systemic inflammation has been investigated as a component of clinical
heterogeneity and therapeutic response in mood disorders. This integrative review
aimed to analyze the evidence on immunomodulatory interventions and the contribution
of inflammatory biomarkers to identifying potential responders. A targeted search was
conducted in October 2026, using PubMed and journal websites, supplemented by texts
available in PubMed Central and institutional repositories. Forty original publications
from 2006 to 2026 were analyzed, including 35 therapeutic investigations and five
studies on longitudinal associations, response prediction, or brain characteristics. The
synthesis was narrative, without meta-analysis or formal assessment of risk ofbias. The
results showed heterogeneity among interventions, diagnoses, and inflammatory
selection criteria. Infliximab and tocilizumab did not demonstrate superiority in primary
outcomes, although they produced exploratory signals.Celecoxib, minocycline, N-
acetylcysteine, pioglitazone, omega-3 fatty acids, and statins showed variable results,
with benefits in some small studies or subgroups and negative results in different larger
trials. C-reactive protein showed potential as a response modifier, without a uniform
and prospectively validated clinical threshold being defined. It is concluded that the
evidence does not support the widespread use of immunomodulation in mood disorders.
Its development depends on confirmatory trials with prospective selection, predefined
outcomes, and prolonged safety evaluation. The targeted search and the absence of
formal quality assessment limit the scope and confidence of the conclusions.

Keywords: mood disorders; inflammation; immunomodulation; biomarkers; major
depressive disorder.
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INTRODUCTION

Mood disorders are clinically hete-
rogeneous conditions, the investigation of
which requires considering the interaction
between biological processes, individual
characteristics, and exposure to enviro-
nmental factors. In this context, systemic
inflammation has been investigated as a
possible component of vulnerability to
depression and the variability of its man-
ifestations. Longitudinal evidence contr-
ibutes to this perspective: in the study by
Khandaker et al., higher concentrations of
interleukin-6 (IL-6) in childhood were
associated with a greater likelihood of
depression in early adulthood, even after
adjusting for different confounding fact-
ors. Although this association does not
establish causality, the temporal preced-
ence indicates that inflammatory activat-
ion may precede the development of
symptoms in some individuals, justifying
its investigation as a potentially relevant

mechanism for contemporary psychiatry

(D).

The interpretation of this relations-
hip, however, depends on distinguishing
between peripheral inflammation, imm-
unological activity in the central nervous
system, and the clinical expression of

mood disorders. In patients with depres-

sion, Felger et al. identified relationships
between plasma C-reactive protein (CRP)
and inflammatory markers in cerebrosp-
inal fluid. offering
support for the use of peripheral markers
in investigating the interface between
immunity and the brain. These results do
not make CRP a direct measure of
neuroinflammation, but suggest that its
elevation may contribute to identifying
relevant biological profiles in clinical
studies (2). Complementarily, the associ-
ation between greater peripheral infla-
lower

mmation, connectivity in

circuits

corticostriatal changes and alterations in
motivation and psychomotor activity in-
dicate that inflammatory processes may
be related to specific dimensions of
depression, particularly anhedonia and
slowed thinking, rather than uniformly

affecting all symptoms (3).

In addition to its possible role in
pathophysiology, the inflammatory state
may be associated with treatment respo-
nse. In the GENDEP study, baseline CRP
showed a differential relationship with
the results of escitalopram and nortripty-
line: lower levels relatively favored the
former, while higher levels favored the

latter. This finding suggests that the
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investigation of biomarkers can contrib-
ute to understanding therapeutic hetero-
geneity, although it does not, in isolation,
validate a CRP-guided prescribing strat-
egy (4). Thus, the identification of an
inflammatory profile should be underst-
ood as a developing clinical stratification
hypothesis, whose usefulness depends on
replication, definition of thresholds and
demonstration of benefit in prospective

therapeutic decisions.

The possibility of pharmacologically
interfering with these processes has sti-
mulated the evaluation of immunomodu-
latory agents in mood disorders. Among
the approaches with greater biological
specificity, cytokine blockade stands out.
Raison et al. investigated infliximab, a
tumor necrosis factor antagonist, in pati-
ents with treatment-resistant depression
and did not observe antidepressant supe-
riority in the total sample. However, the
interaction between baseline inflammat-
ion and response raised the hypothesis of
benefit restricted to patients with greater
inflammatory activation (5). In another
trial, conducted in bipolar depression,

infliximab also did not demonstrate

advantage global ~ Regarding plac-

highlighting that  ebo, immunolog-

ical plausibility and the presence of feat-
ures associated with inflammation are not

sufficient to ensure clinical efficacy (6).

Investigation of the IL-6 pathway
has broadened this experimental field. In
a proof-of-concept trial with participants
with difficult-to-treat depression and
documented systemic inflammation, toci-
lizumab did not show significant superi-
ority in the primary outcome, despite
favorable trends in some measures during
follow-up. The result highlights the need
to distinguish exploratory signals from
confirmed efficacy, especially in small
studies with short follow-up (7). This
distinction is fundamental to avoid adv-
ances in the understanding of biological
mechanisms being prematurely interpre-
ted as demonstrations of therapeutic be-

nefit.

Alongside cytokine-targeting agents,
drugs with anti-inflammatory properties
and multiple pharmacological actions,
including celecoxib, minocycline, and
statins, have been investigated. However,
the results remain inconsistent. A multi-
center trial in bipolar depression did not

demonstrate additional benefit from mi-
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nocycline or celecoxib, alone or in com-
bination (8). Similarly, minocycline did
not show superiority over placebo in a
multicenter trial of treatment-resistant
depression (9). More recently, the comb-
ination of simvastatin with escitalopram
in patients with depression and obesity
did not produce additional antidepressant
benefit, reinforcing that the modification
of cardiometabolic and inflammatory

parameters does not necessarily imply

mood improvement (10).

Given this scenario, the evaluation
of immunomodulation requires a synthe-
sis that preserves the differences between
diagnoses, clinical phases, interventions,
and inflammatory selection criteria. It is
also necessary to distinguish observatio-
nal studies, which contribute to the und-

erstanding of associations and mechani-

METHODOLOGY

This is an integrative literature rev-
iew, descriptive and analytical in nature,
aimed at examining the relationship be-
tween systemic inflammation and mood
disorders, with an emphasis on the clini-
cal effects of interventions with immu-

nomodulatory properties. The guiding

sms, from clinical trials designed to
estimate therapeutic effects. The scienti-
fic relevance of the topic lies precisely in
this still incompletely clarified relations-
hip between systemic inflammation, aft-
ective manifestations, and the possibility
of intervention, considering both favora-
ble and negative findings and methodol-

ogical limitations.

This integrative review aims to crit-
ically analyze the evidence on the relati-
onship between systemic inflammation
and mood disorders, with an emphasis on
the impact of immunomodulatory interv-
entions on clinical outcomes. It seeks to
examine the contribution of biomarkers to
the identification of potential responders,
compare the results of different therapeu-
tic strategies, and identify limitations and
gaps that guide future research in precis-

ion psychiatry.

question was: what clinical evidence

supports the use of of strategies

How do immunomodulatory drugs play a
role in mood disorders, and how can
inflammatory biomarkers contribute to
identifying differences in therapeutic re-

sponse? The approach included interven-
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tion studies and investigations. obse-

rvational,

considering their distinct contributions to
effectiveness assessment, understanding
mechanisms, and identifying potential

predictive factors.

The bibliographic survey was con-
ducted in October 2026, through consul-
tations of PubMed records and scientific
journal websites, with access to full texts
available in PubMed Central and institu-
tional repositories. The bibliographic data
verification was complemented by reco-
rds from the European PMC. PubMed
Central was used as a full-text repository,
without being considered an independent
database for accounting for results. The
retrieval of publications combined them-
atic searches and specific queries by title,
authorship, and bibliographic identifiers.
The concepts investigated included major
depression, treatment-resistant depressi-
on, bipolar disorder, mania, systemic
inflammation, C-reactive protein, cytok-
ines, and interventions such as inflixim-
ab, tocilizumab, celecoxib, minocycline,
N-acetylcysteine,

Pioglitazone, omega-3 fatty acids, aspir-

in, and statins.

The database was compiled consid-
ering original research involving human
subjects that was directly relevant to the
guiding question and had traceable bibl-
iographic identification. Randomized cl-
inical trials and open-label intervention
studies were included. and Obs-
ervational investigations that linked inf-
lammatory markers to affective manifes-
tations, therapeutic response, or brain
alterations relevant to mood disorders
were excluded. Exclusively preclinical
studies, narrative reviews, systematic re-
views, meta-analyses, editorials, and pr-
otocols without results were not included
in the set of 40 publications analyzed.
Observational investigations with infl-
ammatory assessment prior to the devel-
opment of depression were retained due
to their contribution to the temporal
understanding of the association, altho-

ugh they do not provide direct evidence

of therapeutic efficacy.

The bibliographic collection inclu-
ded 40 publications between 2006 and
2026. This interval corresponds to the
studies retrieved and selected, without
representing a previously recorded time
frame. The number of publications resul-
ted from the scope requested for the
initial composition of the review and
should not be interpreted as the totality of

existing eligible studies. As the survey
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did not produce a complete record of the

results of each search and the successive
exclusions, no identification, screening,
and eligibility counts were calculated, nor

was a flowchart developed. of

selection.

Consequently, the procedure is characte-
rized by a search aimed at integrative
synthesis, without claiming to be exhaus-

tive enough to be a systematic review.

For each publication, descriptive
data extraction included authorship, year,
objective, study design, population char-
acteristics, sample size (when confirmed),
intervention, comparator, follow-up dur-
ation, biomarkers investigated, clinical
outcomes, and methodological limitatio-
ns. Information was obtained from inde-
xed abstracts and accessible full texts.
When data could not be confirmed from
the consulted sources, estimation or sup-
plementation by inference was avoided.
Reference identification was verified by
title and DOI or PMID, also considering
the existence of editorial corrections. The

number of publications was not used as

equivalent to the number of independent

samples, and an aggregate total of parti-

cipants was not calculated.

The critical appraisal considered as-
pects such as the presence of randomizat-
ion, blinding, control group, sample size,
loss to follow-up, duration of the interve-
ntion, selection by biomarkers, and disti-
nction between primary, secondary, and
exploratory outcomes. At this stage, no
formal classification of the risk of bias
was performed using a standardized inst-
rument, nor was the certainty of the
evidence assessed using the GRADE sys-
tem. Therefore, the methodological obse-
rvations presented correspond to a descr-
iptive critical analysis, without the assi-
gnment of scores or formal quality categ-

ories.

The synthesis was conducted in a
narrative manner, organizing the findings
according to clinical condition, intervent-
ion, and the contribution of inflammatory
markers. Results related to unipolar dep-
ression, bipolar depression, mania, and
maintenance of bipolar disorder were
differentiated. Negative results in primary
outcomes were preserved as such, even in
the face of favorable signs in secondary or
subgroup analyses. Observational associ-
ations and concomitant changes in biom-

arkers and symptoms were not interpreted
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as demonstrating causality or immunolo-
gical mediation. No meta-analysis was
performed, considering the diversity of
designs, populations, interventions, and
outcomes, as well as the absence of
standardized integral quantitative extract-
ion. References were numbered according
to the order of their first citation in the
manuscript, maintaining the same number

in subsequent citations, according to the

Vancouver system.

RESULTS

The analyzed set comprised 40 ori-
ginal publications, published between
2006 and 2026, of which 35 investigated
therapeutic interventions and five exam-
ined longitudinal associations, response
prediction, or relationships between inf-
lammation and brain characteristics. Int-
ervention studies included randomized
trials and open-label investigations, diff-
ering in diagnosis, clinical phase, conc-
omitant treatment, and selection by inf-
lammatory markers. Assessments of de-
pressive symptoms predominated, but
research on mania, functioning, and ma-

intenance of bipolar disorder was also

1dentified. The results were

synthesized narratively, combined as

estimate of effect.

Among cytokine-targeting agents,
infliximab did not demonstrate antidepr-
essant superiority in the overall sample of
the treatment-resistant depression trial.
However, the relationship between base-
line CRP and clinical evolution indicated
a possible modification of the effect by
the inflammatory state, with a favorable
signal among participants with higher
concentrations of the marker (5). In
bipolar depression, another trial with
infliximab also presented a negative pr-
imary outcome, accompanied by explor-
atory findings related to a history of
childhood adversity (6). The study with
tocilizumab included 30 participants sel-
ected for treatment-resistant depression
and persistent systemic inflammation.
There was no significant difference in the
primary outcome, although some measu-

res showed numerically favorable evolu-

tion during the four-week follow-up (7).

Results with celecoxib varied across
studies. Small trials found greater symp-
tom reduction when the drug was comb-
ined with reboxetine or fluoxetine (I,
12). In combination with sertraline, Ab-

basi et al. observed clinical improvement
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accompanied by a reduction in IL-6, with
a difference between the groups of app-
roximately 3.35 points in the reduction of
HAM-D (13). In the study with women in
their first depressive episode, the advan-
tage was most evident at week four and
less consistent at the end of the eight
weeks (14). In contrast, Simon et al. did
not identify overall antidepressant super-
iority of the combination, despite explor-
atory relationships between macrophage
migration inhibitory factor and therapeu-

tic response (15).

In bipolar disorder, the trial by Nery
et al. showed signs of initial improvement
with celecoxib, without a clearly demon-
strated sustained benefit in the final
outcome (16). The two studies on mania
were also discordant: Arabzadeh et al.
observed an advantage of the combinat-
ion with valproate, while Faridhosseini et
al. found improvement in both groups,
without a significant difference in the
trajectory of symptoms attributable to
celecoxib (17,18). Additionally, the mul-
ticenter trial with 266 participants
with bipolar depression showed no addi-

tional benefit from celecoxib or minocy-

cline, alone or in combination (8).

The investigation of minocycline
and aspirin in an adaptive factorial design
showed a favorable signal for clinical
response to the combination, but the
results were not uniform across the diff-
erent outcomes (19). In the TDM, Dean et
al. did not find superiority of
minocycline in the MADRS, although
some secondary measures of functioning
and quality of life favored the intervent-
ion (20). A pilot trial in treatment-
resistant depression showed a positive
result (21), while the study by Nettis et
al., with selection by CRP 21 mg/L, was
negative in the main analysis and found a
sign of benefit in a subsequent analysis of
the subgroup with CRP 23 mg/L (22). In
the multicenter trial by Hellmann-Regen
et al., minocycline was not superior to
placebo, with an estimated difference of
1.46 points in the MADRS and a 95%
confidence interval of _1.04 to 3.96 (9).

Studies with NAC have also shown
heterogeneous results. In bipolar disorder,
a 24-week trial found improvement in
depressive symptoms and functional
measures, but did not demonstrate an
advantage in time to a new mood episode
(23). The subsequent maintenance study
did not identify a significant difference
between continuation of NAC and plac-
ebo after the initial open-label phase (24).

In MDD, the trial with 252 participants
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was negative in the primary outcome at
the end of 12 weeks, despite favorable
signs in secondary and subsequent asse-
ssments (25). Porcu et al. observed a
benefit on depression and anxiety in the
subgroup with hs-CRP >3 mg/L, acco-
mpanied by a reduction in the marker
(26). The combination of NAC and
aspirin, evaluated in only 24 patients with
bipolar depression, showed favorable
exploratory estimates at the end of 16

weeks, with no demonstrated effect on

CRP or IL-6 (27).

Pioglitazone produced symptomatic
improvement in open-label studies with
depression and abdominal obesity or me-
tabolic dysfunction, as well as in some
controlled trials. In major depression, the
open-label study by Kemp et al. found a
reduction in depressive scores (28), while
Sepanjnia et al. observed a greater respo-
nse and remission with pioglitazone asso-
ciated with citalopram (29). In bipolar
depression, favorable results were repor-
ted in open-label investigations with me-
tabolic alterations and in an adjunctive
trial with lithium (30,31). Lin et al
identified relationships between metabolic
characteristics and response in unremitted
depression (32). However, Aftab et al. did
not confirm superiority over placebo in an

eight-week trial in bipolar depression

(33).

In investigations with omega-3, the
baseline inflammatory profile was assoc-
iated with the differential response to
EPA (34). In the dose-finding trial with
61 overweight or obese participants with
elevated hs-CRP, the response was num-
erically greater with EPA 4 g/day than
with placebo, but without statistical sig-
nificance. Biological results also did not
demonstrate a consistent reduction in all

predefined markers (35).

Among studies with statins and asp-
irin, the trial in young people with
depression did not demonstrate superior-
ity of rosuvastatin or aspirin in the
primary outcome (36). Simvastatin also
showed negative results in treatment-
resistant depression and when associated
with escitalopram in patients with depre-
ssion and obesity (37,10). In contrast, the
study of high-dose atorvastatin associated
with fluoxetine reported clinical impro-
vement and changes in the investigated
markers (38). Bai et al. found depressive
and functional improvement with aspirin
or atorvastatin in a small sample selected
for inflammatory dysregulation, but the

immunological changes did not follow a
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uniform pattern of reduction in the eval- This highlights the synthesis of clinical

uated indicators (39). Table 1 outcomes by intervention.

Table 1 - Summary of clinical results by intervention.

Populations
Intervention . P . Key findings References
investigated
Treatment-resistant or Absence of superiority in primary out-
Infliximab and  difficult-to-treat dep-  comes; exploratory signs related to 5.7
tocilizumab ression; bipolar depr- baseline inflammation and clinical cha-
ession racteristics.
Major depression, bi- Positive results in some small trials;
Celecoxibe polar depression, and lack of consistent replication and nega- 8, 11-18

mania. tive results in other assessments.

Minocycline, al- . Benefits in pilot studies or secondary
Major, treatment-resistant,

one or in combi- measures; multicenter trials without 8,9,19-22

. and bipolar depression
nation overall superiority.

NAC, isolated or Major depression and Improvements in certain studies and

associated with ~ bipolar disorder; mainte- gy o100+ neoative results in prim- 23-27

nance of bipolar disorder.

aspirin ary outcomes and maintenance.
Major depression and .. .
. ! p . Favorable signs in open-label studies
. bipolar disorder, with .
Pioglitazone . . and small trials; efficacy not confirmed 28-33
or without metabolic . . .
. in another bipolar trial.
disorders.
o) 3 Major depressi- . o
mega-J, Possible modification of the response by
. on; samples stra- : . .
especially ified by infl inflammation; numerical advantage of the 34,35
EPA the y.m a higher dose without statistical confirmation.
mmation
. ’ Predominantly negative results in
i Trea.tme.nt-reswtant T' the cited trials ofrosuvastatin and
atins 1ESS10N 1N youn: cople o o 0,0 o o
.. P . o &P p simvastatin; positive signs in sm- 10,3639
and aspirin associated with obesity . . .
. aller studies with atorvastatin or
and affective disorders. .
aspirin.

Source: compiled by the authors based on the publications analyzed. Combined interventions
appear in more than one line; the categories do not represent independent sets ofstudies. The
findings do not constitute aformal classification ofthe certainty ofthe evidence.

10


http://www.revistacientificaipedss.com

‘-
Fawims Cloraifics DS

ISSN: 2764-4006 | www.revistacientificaipedss.com

Biomarker assessments have identi- ntial response to escitalopram and nortri-

fied different functions for inflammatory

indicators: association with later risk, ptyline according to baseline CRP (4).

correlation with clinical and brain chara-

cteristics, and possible modification of The investigation by Cha et al.

therapeutic response. In the ALSPAC added chronicity as a characteristic asso-

cohort, higher IL-6 concentrations in ciated with the relationship between inf-

childhood were associated with depress- lammation and brain connectivity. The

ion at age 18, with an adjusted odds ratio analysis included 201 participants with

of 1.55 and a 95% confidence interval of CRP and diffusion neuroimaging measu-

113 to 2.14 (1). In depressed patients, rements, of whom 120 presented usable

. . functional tests. The associations between
relationships were observed between pl-

asma and cerebrospinal fluid CRP and inflammation and white matter characte-

between peripheral inflammation and ristics varied according to the chronicity

reduced connectivity in circuits related to of depression, without direct evaluation

of an immunomodulatory intervention

(40).

reward and motor activity (2,3). The

analysis by Uher et al. identified differe-

Table 2 - Main findings related to biomarkers and inflammatory characterization.

Marker or appr- Limits of interpret-

Observation found References

oach ation

Longitudinal associa-
Association with a higher like- = tion does not demon-

IL-6 in childhood lihood of depression in early strate that reducing 1
adulthood. IL-6 would prevent
depression.

i Relationship between periphe Peripheral CRP is not
(1D in plasria and P perip a direct measure of

cerebrospinal fluid ral and central inflammatory . . .. 2
microglial activation.
markers.

Associations with reward circ- ~ Observational studies
CPR and neuroimaging Uit connectivity and white ma- ~ do not demonstrate 3,40

tter characteristics, considering =~ reversibility of the
changes with

11
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Marker or appr-
oach

Chronicity.

Baseline CRP and
therapeutic response

MIF, IL-6 and ot-
her immunological
indicators

Observation found

Differential response to antid-

epressants and signs of benefit

in some subgroups treated with
immunomodulatory agents.

Exploratory associations with
responses and changes during
specific interventions.

Limits of interpret-

. References
ation
treatment.
Cut-offpoints and
analyses varied; no 4522263435

uniform clinical rule
was established.

Concurrent changes
in biomarkers and
symptoms do nqt 13,15.19.38.39

prove causal mediat-

10n.

Source: compiled by the authors based on the publications analyzed. CRP: C-reactive protein;
1L-6: interleukin-6, MIF: macrophage migration inhibitoryfactor.

Overall, the results did not show a
uniform pattern of clinical benefit from
the interventions investigated. Favorable
signs were concentrated in certain small
studies, therapeutic combinations, or su-
bgroup analyses, while different trials
with larger numbers of participants sho-
wed negative primary outcomes. Select-
ion based on inflammation also did not
guarantee a response, and the studies used
different criteria to characterize this state.
A common, prospectively validated inf-
lammatory threshold was not identified
among the interventions that would allow

for establishing an indication.

12

therapy based on a single biomarker.

DISCUSSION

The findings of this review indicate
that systemic inflammation is a relevant
dimension for understanding the hetero-
geneity of mood disorders, but its identif-
ication does not automatically imply be-
nefit from immunomodulatory intervent-
ions. The associations ~ between

markers

Inflammatory patterns, clinical manifest-
ations, and brain characteristics provide
support for investigating this approach,

while therapeutic trials present inconsis-
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tent results. A combined interpretation of
this evidence requires distinguishing th-
ree issues: the role of inflammation in
pathophysiology, its ability to predict
response, and the possibility of modify-
ing clinical outcomes through a specific
intervention. Although related, these is-
sues are not equivalent, and progress in
one does not necessarily resolve the

others (1-7).

The longitudinal association betw-
een IL-6 in childhood and depression in
early adulthood suggests that inflammat-
ory activation may precede the onset of
the disorder in some individuals. Howe-
ver, temporal precedence does not elim-
inate residual confounding nor does it
demonstrate that inflammation is suffic-
ient to produce depression (1). Comple-
mentarily, the relationships between per-
ipheral CRP, cerebrospinal fluid indicat-
ors, and brain connectivity bring systemic
investigation closer to processes relevant
to the functioning of the central nervous
system (2,3). These results support the
biological plausibility of the immunity-
mood interface, but do not authorize
interpreting any elevation of CRP as
evidence of causal neuroinflammation or

as an immediate indication for immun-

13

omodulatory treatment.

Clinical heterogeneity is a central
element in this interpretation. Neuroima-
ging studies have linked inflammation to
circuits involved in reward, motivation,
and psychomotor activity, suggesting that
certain symptomatic domains may be
more associated with immunological alt-
erations (3). The influence of chronicity
on the relationships between CRP and
white matter characteristics adds another
source of variation, indicating that patie-
nts with different disease trajectories may
not share the same biological pattern (40).
As a hypothesis for future research, these
findings favor the joint evaluation of
specific symptoms, episode duration, and
inflammatory markers. However, they do
not yet demonstrate that selecting partic-
ipants based on these characteristics inc-

reases the effectiveness of a given inter-

vention.

CRP occupies a prominent position
due to its recurrent presence in studies,
but its applications need to be differenti-
ated. An association between CRP and
clinical severity characterizes a relation-

ship with the patient's condition; an


http://www.revistacientificaipedss.com

?-‘m

\\

wita Chreilics LS

ISSN: 2764-4006 | www.revistacientificaipedss.com

interaction between CRP and treatment

suggests possible predictive value; while
a reduction in CRP during intervention
indicates a biological alteration that may
or may not be accompanied by clinical
benefit. The study by Uher et al. mainly
contributes to the second possibility, by
identifying a differential response to esc-
italopram and nortriptyline according to
the baseline level of the marker (4). Trials
with infliximab, minocycline, NAC, and
EPA also raised hypotheses of response
modification by inflammation, but used
different criteria and presented results of
limited consistency (5,22,26,34,35). Th-
erefore, the recurrence of CRP in the
literature does not equate to the validation
of a single cutoff point applicable to all

treatments.

Studies with cytokine blockers are
especially informative because they eva-
luate interventions targeting defined
immunological targets. The absence of
overall superiority of infliximab in
treatment-resistant depression and bipolar
depression shows that TNF blockade does
not produce uniform antidepressant ben-
efit in the populations investigated (5,6).
The signal related to baseline inflammat-
ion in the first trial remains relevant as a
hypothesis, but depends on prospective
confirmation in samples sized to test this

interaction. Similarly, the negative main

14

result of the tocilizumab study limits

conclusions about efficacy, although its
selection for persistent inflammation and
its exploratory tendencies justify further
investigations (7). The specificity of the
pharmacological target, therefore, does

not eliminate the need for identify

appropriately tailored to the population,
the timing of the intervention, and the

relevant clinical outcome.

Another recurring characteristic was
the divergence between favorable results
from small studies and negative findings
in trials with a larger number of partici-
pants. This difference is evident in the
investigation of minocycline: a pilot st-
udy in treatment-resistant depression
showed a significant benefit, while the
subsequent multicenter trial did not de-
monstrate superiority over placebo (9,21).
In bipolar depression, the absence of
benefit in the study with 266 participants
also contrasts with previous signals from
smaller investigations and therapeutic
combinations (8, 19). The divergence may
reflect clinical and methodological diffe-
rences, as well as imprecision in estima-
tes in small samples. However, this
review does not allow us to determine the

contribution of each factor or demonstrate


http://www.revistacientificaipedss.com

»e

ISSN: 2764-4006 | www.revistacientificaipedss.com

publication bias. The practical result is

the need to give greater weight to consis-
tency between studies than to the isolated

magnitude of an initial effect.

Outcome assessment also modifies
interpretation. In the studies by Dean et al.
and Berk et al., favorable results in
functioning, quality of life, subsequent
assessments, or subgroups coexisted with
a lack of superiority in the primary
outcome of depressive symptoms (20,25).
These measures may represent relevant
benefits and deserve their own investiga-
tion, but should not retrospectively repl-
ace the trial's main hypothesis. The same
caution applies to early improvement that
is not maintained at the end of follow-up,
as observed in part of the investigation
with celecoxib (14,16). For future resea-
rch, the prior selection of outcomes focu-
sed on specific clinical dimensions may
improve the match between the biological

hypothesis and the effect that is intended

to be detected.

The diversity of pharmacological
mechanisms imposes an additional limit-
ation on attributing the results to immu-
nomodulation. NAC, pioglitazone,

omega-3, and statins have actions that go

15

beyond a single inflammatory pathway.

Thus, the improvement observed during
their use does not demonstrate that the
reduction of inflammation was the resp-
onsible mechanism (23,28-35,38). The
coexistence of clinical and laboratory
changes strengthens a mechanistic hypo-
thesis, but demonstrating mediation req-
uires additional evidence on the temporal
sequence and relationship between inte-
rvention, biological change, and outcome.
The absence of changes in CRP and IL-6
in the small study with NAC and aspirin,
despite favorable clinical estimates, ex-
emplifies this difficulty of attribution
(27).

Trials with statins make the distinct-
ion between biological effect and antide-
pressant benefit particularly clear. Simva-
statin did not demonstrate superiority in
treatment-resistant depression, even when
combined with escitalopram in patients
with depression and obesity (10,37). In
the latter context, the improvement in
cardiometabolic parameters did not trans-
late into an advantage over depressive
symptoms, indicating that these results are
not interchangeable (10). The positive
findings with atorvastatin need to be
interpreted in light of differences in dose,
population, concomitant treatment, and
design,

without presuming a common

effect across the entire class (38,39).
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Furthermore, the increase in soluble rece-
ptors observed by Bai et al. shows that the
immune response cannot be summarized

as a uniform reduction in all markers (39).

The differences between unipolar
depression, bipolar depression, mania,
and maintenance also prevent treating
mood disorders as a single therapeutic
population. The discordant results of
celecoxib in mania do not clarify its
antidepressant efficacy, just as the impr-
ovement of depressive symptoms during
an episode does not prove prevention of
recurrences (17,18,23,24). A
The comparison between NAC studies is
illustrative: the symptomatic benefit ob-
served in the initial trial was not accom-
panied by confirmation of efficacy in the
subsequent maintenance study (23,24).
This distinction should guide both the
organization of evidence and the formul-
ation of new research questions, while
preserving the specificity of each clinical

phase.

Safety assessment remains equally
limited by the size and duration of some
studies. Small samples and short follow-
ups offer little precision in estimating

unusual events or consequences of prol-

16

onged use. Therefore, the absence of a
significant difference in adverse events
should not be interpreted as proof of
widespread safety. As this review did not
perform standardized quantitative extrac-
tion of adverse events, it is also not
possible to establish a reliable safety
comparison between interventions. Clin-
ical interpretation should remain restric-
ted to the populations, doses, and periods

actually investigated.

The limitations of the review process
itself affect the scope of the conclusions.
The directed compilation of a database of
40 publications, without a complete rec-
ord of the identification and exclusion
steps, does not allow for exhaustive
coverage and may have missed relevant
studies. Variable access to full texts
restricts the verification of methodologi-
cal aspects and supplementary analyses.
The absence of a formal assessment of
the risk of bias and the certainty of the
evidence prevents the assignment of
standardized confidence categories to the
results. Furthermore, the narrative synt-
hesis does not produce a pooled estimate
of effect, and the possible overlap of
samples between publications requires
caution when interpreting the volume of

available evidence.
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Research priorities arising from th-
ese findings include trials with prospect-
ive inflammatory selection, prior definit-
ion of interaction analyses, repeated me-
asures of biomarkers, and sufficient
follow-up to assess persistence of benefit
and safety. It is also necessary to verify
whether the combination of markers,
metabolic characteristics, symptomatic
domains, and chronicity adds predictive
capacity compared to isolated indicators.
For precision psychiatry, the challenge is
not limited to demonstrating biological
differences between patients, but involves
proving that using these differences to
guide decision-making produces better
clinical outcomes. Until this utility is
consistently demonstrated, immunomod-
ulation remains a promising line of
investigation, with circumscribed potent-
ial benefits and significant uncertainties

regarding patient selection and sustained

efficacy.

CONCLUSION

This integrative review identified
evidence of an association between sys-
temic inflammation, clinical manifestat-
ions, and variability in therapeutic resp-

onse in mood disorders. However, the

17

results of immunomodulatory intervent-
ions were heterogeneous and do not
support their widespread use as an anti-
depressant or mood-stabilizing strategy.
Benefits observed in some small studies
and subgroups coexisted with negative
results in larger trials, highlighting the
gap between biological plausibility and

demonstrated clinical efficacy.

Inflammatory biomarkers, especially
C-reactive protein, have shown potential
for characterizing differences between
patients and investigating possible resp-
onse modifiers. However, a uniform and
prospectively validated threshold to guide
the choice of interventions analyzed has
not been established. Similarly, the redu-
ction of inflammatory markers did not
necessarily correspond to an improvem-
ent in symptoms, and concomitant chan-

ges did not demonstrate causal mediation.

These conclusions should be consi-
dered in light of the targeted search, the
variable access to full texts, and the
absence of formal assessment of the risk
of bias and the certainty of the evidence.
Future studies should prioritize prospec-

tive participant selection, predefined cli-
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nical outcomes, assessment of mechan-
isms, and sufficient follow-up to examine
sustained efficacy and safety. The contr-
ibution of immunomodulation to precis-
ion psychiatry will depend on demonstr-
ating that the identification of inflamma-
tory profiles allows for therapeutic deci-
sions capable of reproducibly improving

clinical outcomes.
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