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ARTICLE

Effect of Anti-Inflammatory Treatment on Depressive 
Symptom Severity and Anhedonia in Depressed 
Individuals With Elevated Inflammation: Systematic 
Review and Meta-Analysis of Randomized Controlled 
Trials
Naoise Mac Giollabhui, Ph.D., 1,2 Annelise A. Madison, Ph.D., 3,4 Melis Lydston, M.L.S.,1,2 Emma Lenoel Quang,5  
Andrew H. Miller, M.D., 6 Richard T. Liu, Ph.D. 1,2

Depression is the leading cause of the mental health–related 
global disease burden, affecting 400 million individuals 
worldwide and accounting for 40% of total days lost to poor 
mental health (1, 2). Approximately 65% of individuals will 
not achieve remission after a first-line antidepressant treat-
ment, and one-third will not achieve remission following 
multiple treatments (3). Novel, efficacious antidepressant 
treatments are urgently needed.

Convergent evidence based on genetic and multiomics 
studies (4, 5), experimental research (6), and observational 
studies (7–11) suggests that a subtype of depression—
inflammatory depression—is characterized by dysregulated 

immune physiology and occurs in ~25% of cases (for 
reviews, see 12, 13). Circulating levels of inflammatory bio-
markers (e.g., C-reactive protein [CRP], an acute phase pro-
tein synthesized by the liver in response to tissue damage or 
pathogens) are routinely elevated in depressed individuals 
compared to healthy control subjects, are highly associated 
with levels of other inflammatory mediators in the periph-
eral blood and cerebrospinal fluid (14), and are predictive 
of future depression (7). Moreover, experimental induction 
of an innate immune response is reliably associated with 
onset of depressive symptoms (i.e., total depression score) 
(15), and inhibiting inflammatory signaling in patients with 

Objective: Studies evaluating the effect of anti-inflamma-
tory treatment on depressive symptom severity and anhe-
donia in depressed individuals report mixed results. In this 
preregistered systematic review and meta-analysis, the 
authors evaluated whether anti-inflammatory treatments, 
compared to placebo, reduce anhedonia and depressive 
symptom severity in depressed individuals with an inflam-
matory phenotype.

Methods: The authors included randomized controlled 
trials of pharmacological anti-inflammatory treatments 
that assessed anhedonia or depressive symptom sever-
ity and recruited depressed individuals with an inflam-
matory phenotype or measured baseline inflammatory 
biomarkers that permitted post hoc analysis. A search 
was conducted in February 2025 of MEDLINE, Embase, 
Web of Science Core Collection, Cochrane Central 
Register of Controlled Trials, ClinicalTrials.gov, and Psy-
cINFO. Multiple reviewers independently applied cri-
teria, and discrepancies were resolved via consensus. 

Two reviewers independently extracted data and cross-
checked for errors.

Results: In randomized controlled trials (k=11) using an 
established cutoff for elevated inflammation (C-reactive 
protein ≥2 mg/L), both anhedonia (Hedges’ g=0.40, 95% 
CI=0.08, 0.71) and depressive symptoms (Hedges’ g=0.35, 
95% CI=0.05, 0.64) were reduced, but no differences in 
treatment response (relative risk=1.28, 95% CI=0.997, 1.64) 
or remission rates (relative risk=1.18, 95% CI=0.71, 1.95) 
were observed. Results did not vary by clinical, interven-
tional, or demographic characteristics.

Conclusions: Anti-inflammatory treatments may be safe 
and effective at reducing depressive symptoms and an-
hedonia in depressed individuals with heightened inflam-
mation. Not accounting for inflammatory status may help 
explain prior mixed findings.
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inflammatory disorders reduces depressive symptoms 
above and beyond treatment-related changes in physical 
health (16). There is emerging evidence that dysregulated 
inflammatory physiology is associated with a specific clin-
ical presentation characterized by neurovegetative symp-
toms and anhedonia (12, 17).

Meta-analyses have previously found that anti-inflamma-
tory treatments are safe and reduce depressive symptoms 
in individuals experiencing comorbid medical conditions 
(e.g., rheumatoid arthritis) (18–20). Considerably less is 
known about the efficacy of anti-inflammatory treatments 
in depressed individuals without comorbid medical condi-
tions, and initial randomized controlled trials (RCTs) have 
produced mixed results (18–24). A recent review highlighted 
two potential causes of mixed results (25). First, many RCTs 
have not recruited depressed individuals who exhibit an 
inflammatory phenotype (frequently indexed as CRP levels 
greater than 2 or 3 mg/L) (26–28) and who are therefore most 
likely to respond to anti-inflammatories (21, 23, 29). Second, 
many RCTs do not assess a dimension of depressive symp-
tomatology that is particularly associated with inflamma-
tion: anhedonia. Data support a cause-and-effect relationship 
between increased immune activation and anhedonia (12); 
however, null results have also been reported (30), and RCTs 
focusing on the effect of anti-inflammatory agents on anhe-
donia in depression are relatively sparse (25). Experimental 
human research has demonstrated that a lipopolysaccharide 
inflammatory challenge differentially increases anhedonia in 
depressed individuals with CRP levels ≥3 mg (31). It should 
be noted that the association of inflammation and anhedonia 
is overwhelmingly based on measures of consummatory plea-
sure, and less is known about inflammation’s impact on moti-
vational anhedonia (for reviews on anhedonia in depression, 
see 32, 33; for reviews on inflammation and anhedonia, see 
34, 35). Thus, further work is needed to determine whether 
anti-inflammatory treatment is effective in inflammatory 
depression and whether we can observe a stronger effect of 
anti-inflammatory agents on anhedonia compared to overall 
depressive symptom severity.

This systematic review and meta-analysis is, to our 
knowledge, the first to examine the effect of anti-inflam-
matory medications, compared to placebo, on anhedonia 
and depressive symptom severity in depressed individ-
uals exhibiting an inflammatory phenotype and without 
medical comorbidity. Secondary outcomes included treat-
ment response, remission status, mortality, and report of 
serious adverse events at study endpoint. Potential demo-
graphic, clinical, and interventional moderators were also 
investigated.

METHODS

This protocol was preregistered with Prospero 
(CRD42023472023) and adheres to PRISMA 2020 guidelines 
(36) (see Table S1 in the online supplement for adherence 
details).

Eligibility Criteria 
Studies were included if they 1) were RCTs; 2) measured anhe-
donia or depressive symptoms via clinician assessment or 
self-report; 3) were available in English; 4) recruited for clin-
ical or subclinical depression; 5) recruited for inflammatory 
phenotype (e.g., CRP level ≥2 mg/L) or measured baseline 
inflammatory biomarkers that permitted post hoc analysis 
in depressed individuals with an inflammatory phenotype; 
and 6) administered a pharmacological anti-inflammatory 
treatment either as monotherapy or as adjunctive therapy. 
Studies were excluded if 1) they were not conducted in adults, 
2) data were unavailable in reports and authors did not pro-
vide data after two contact attempts, 3) the control condition 
had anti-inflammatory potential (e.g., sustained exercise), 4) 
participants were recruited on the basis of somatic disease 
(e.g., rheumatoid arthritis), or 5) patients were undergoing a 
medical treatment that might cause depression or anhedonia.

Minor deviations from our registered protocol occurred: 
Studies that included a subset of individuals diagnosed with 
bipolar I or II disorder were permitted, and studies were 
included even if participants were not on a stable dosage of psy-
chiatric medication for at least 4 weeks, because this was effec-
tively controlled for by comparison of placebo to treatment. 
When multiple articles reported on the same RCT, we used the 
report that was most aligned with our question of interest.

Information Sources and Selection Process 
A medical librarian conducted an electronic search, unre-
stricted by language or dates, in December 2023 (updated 
in February 2025) using MEDLINE (via Ovid), Embase 
(Elsevier), Web of Science Core Collection, Cochrane Central 
Register of Controlled Trials (via Ovid), PsycINFO (via Ovid), 
and ClinicalTrials.gov. The search strategy incorporated con-
trolled vocabulary and free-text synonyms and was designed 
to identify RCTs in which medications that target immune 
function were delivered to depressed individuals exhibiting 
an inflammatory phenotype, as indexed by immune biomark-
ers. The full database search strategies are documented in 
the online supplement. A validated RCT filter was applied 
and authors (A.A.M., E.L.Q., N.M.G.) reviewed the remaining 
titles, abstracts, and full-text reports (37). At each stage, each 
study received independent ratings from two authors; dis-
crepancies were resolved via consensus.

Data Collection 
Two authors (N.M.G., A.A.M.) independently extracted data, 
and a third author (E.L.Q.) checked the quality of the resultant 
dataset. Primary outcomes of interest were change in anhedonia 
and change in total depressive symptom severity from baseline 
to study endpoint. When a study featured multiple intervention 
or control groups, a comparison was selected to prioritize a clear 
contrast of anti-inflammatory treatment versus placebo, the 
most potent anti-inflammatory condition, and the largest sam-
ple size. Additional outcomes were depression remission and 
response rates at study endpoint, prevalence of serious adverse 
events after randomization, and change in inflammatory 
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biomarkers. The definitions of remission and response we 
used were those used in the individual studies. When raw data 
were analyzed, response was defined as a reduction ≥50% in 
depressive symptom severity and remission was defined as the 
standard cutoff for each measure (e.g., Hamilton Depression 
Rating Scale score ≤7). Target engagement was estimated by 
categorizing the decrease across inflammatory biomarkers: 
consistent decrease, inconsistent decrease, or no decrease; 
given the small number of studies, consistent and inconsis-
tent target engagement were combined in analyses. When raw 
data were available, we undertook analyses following best- 
practice guidelines (38). When requesting information, we con-
tacted first and last authors twice via e-mail, social media, or 
both. When available, intent-to-treat data were preferred above 
per-protocol analyses. Critical information extracted included 
author; year of publication; clinical trial registration number; 
anti-inflammatory agent, dosage, and duration; monotherapy or 
augmentation; analytic sample size; demographic characteris-
tics (e.g., age, sex, and race); clinical information (e.g., body mass 
index [BMI], treatment resistance status, and diagnostic status); 
outcome measurements; and the definition used to operational-
ize elevated inflammatory status (e.g., CRP ≥2 mg/L).

Bias Assessment 
Two authors (N.M.G., A.A.M.) independently used version 2 
of the Cochrane risk-of-bias tool for randomized trials (39) 
to assess study quality; discrepancies were resolved via con-
sensus. See Table S2 in the online supplement for risk-of-bias 
assessment. For studies in which analyses were reconducted 
by the authors, analyses were considered prespecified (item 5 
in the risk-of-bias tool).

Statistical Analysis 
We used the R package meta for analyses and visualization 
(40). For placebo and intervention arms, change in symptom 
severity from baseline to study endpoint was used for contin-
uous measures and standardized mean difference estimated 
using Hedges’ g; binary and percentage outcomes were con-
verted to proportions and examined in terms of relative risk. 
Given the studies’ methodological heterogeneity, we used 
random-effects models to examine treatment-related differ-
ences in the outcomes (e.g., anhedonia, depressive symptom 
severity). Eleven studies either had baseline data on CRP lev-
els available, allowing us to limit analyses to participants with 
CRP levels ≥2 mg/L, or recruited only those with CRP levels 
≥2 mg/L. We chose a CRP level ≥2 mg/L as a cutoff because it 
is more inclusive than a cutoff of ≥3 mg/L and still fulfills the 
critical criterion of representing clinically significant inflam-
mation, as indicated by updated American Heart Association 
guidelines (41) and widespread use in clinical studies (26, 42, 
43). Cochran’s Q and the inconsistency index estimated statis-
tical heterogeneity. Publication bias was visually assessed with 
a funnel plot and statistically assessed with Egger’s regression 
intercept test. Missing descriptive statistics were, as appro-
priate, estimated using Cochrane review guidelines (38). 
Secondary analyses (meta-regression for binary variables and 

subgroup analyses for categorical variables) explored whether 
the treatment’s effect depended on intervention characteris-
tics (drug class, target engagement [i.e., whether inflammation 
decreased]), monotherapy versus add-on therapy, risk-of-bias 
status (high versus low/some concerns), sociodemographic 
characteristics (age, sex, race), and clinical characteristics 
(treatment-resistant depression [TRD] versus non-TRD, BMI).

RESULTS

Search results are presented in a PRISMA flow diagram (Figure 
1). From the initial 11,069 results, 5,532 unique studies were 
screened for eligibility. Following title and abstract review, 
180 papers were included for full-text review. An additional 
163 studies were subsequently removed; aggregate reasons 
for exclusions are detailed in Figure 1. One additional rele-
vant study was added following review of reference lists (29). 
Additionally, one already-included report featured results from 
two studies (44). Thus, 19 studies were included in the system-
atic review (44–47), and 14 of these studies were included in 
the meta-analysis (21, 23, 24, 29, 48–57). Analyses primarily 
focus on 11 of these studies that used an established clinical 
cutoff for low-grade inflammation (CRP level ≥2 mg/L).

Key characteristics of the 19 RCTs are described in  
Table 1. These 19 RCTs evaluated the efficacy of anti-inflam
matory medications, including interleukin-6 inhibitors 
(k=2), mitogen-activated protein kinase inhibitors (k=2), 
minocycline (k=5), nonsteroidal anti-inflammatory drugs 
(NSAIDs) (k=5), recombinant interleukin-2 (k=1), and tumor 
necrosis factor (TNF) inhibitors (k=4). All RCTs compared 
anti-inflammatory drugs to placebo. Treatment duration 
ranged from 2 to 12 weeks. Overall, a majority of RCTs in 
the review did not recruit for TRD (k=14) and used anti- 
inflammatories as adjunctive treatments (k=13). Seven of 
the 14 RCTs in the meta-analysis recruited patients with an 
inflammatory phenotype (i.e., enriched sample), although 
there was substantial variation in terms of how that was 
defined. Eleven of the 14 RCTs permitted analysis of a sub-
group with an established cutoff point (CRP level ≥2 mg/L).

In studies using a CRP cutoff of at least ≥2 mg/L (k=11), 
anti-inflammatory treatment led to a reduction in anhedonia 
(k=4, N=163; Hedges’ g=0.40, 95% CI=0.08, 0.71, p=0.013) and 
depressive symptom severity (k=11, N=321; Hedges’ g=0.35, 
95% CI=0.05, 0.64, p=0.022) when compared to placebo 
(Figure 2). No significant difference in the occurrence of seri-
ous adverse events was reported in the inflammatory and pla-
cebo groups (k=10; relative risk [RR]=1.08, 95% CI=0.35, 3.39, 
p=0.89; I2=0%), and mortality was not reported in any study 
in either group. Anti-inflammatory treatment compared to 
placebo was not significantly associated with greater like-
lihood of treatment response (average weighted treatment 
response rate: anti-inflammatory condition, 49%; placebo 
condition, 41%; k=8; RR=1.27, 95% CI=0.997, 1.61, p=0.053; 
I2=0%) or remission (average weighted treatment remission 
rate: anti-inflammatory condition, 23%; placebo condition, 
21%; k=7; RR=1.20, 95% CI=0.74, 1.96, p=0.46; I2=0%). Rates of 
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serious adverse events, mortality, and discontinuation due to 
adverse events are listed in Table S3 in the online supplement.

In studies (k=14) using a larger range of cutoffs to define 
an inflammatory phenotype (e.g., median split), no difference 
across results was observed when compared to studies using 
a stricter cutoff (i.e., CRP level ≥2 mg/L), although the magni-
tude of reduction in depressive symptom severity was lower 
(k=14, N=376; Hedges’ g=0.26, 95% CI=0.01, 0.51, p=0.039; 
I2=23.3%). Similarly, when using a more conservative range to 
define an inflammatory phenotype (i.e., CRP level ≥3 mg/L), 
no difference across results was observed compared to studies 
using more liberal cutoffs (e.g., CRP level ≥2 mg/L), although 
the magnitude of reduction in depressive symptom severity 
was lower (k=10, N=310; Hedges’ g=0.28, 95% CI=0.01, 0.55, 
p=0.04; I2=22.6%). All studies reporting on anhedonia used a 
CRP cutoff of at least ≥3 mg/L.

Complete results of meta-regression and subgroup anal-
yses are reported in the online supplement. Additional 
demographic and clinical information extracted from stud-
ies are provided in Table S4 in the online supplement. The 

treatment’s effect compared to placebo was not moderated 
by treatment-resistant status, administration as adjunctive 
treatment versus monotherapy, drug class, or level of tar-
get engagement (treatment-resistant status: k=11; Q=0.99, 
p=0.32; I2=34.56%; TRD Hedges’ g=0.60, 95% CI=−0.04, 
1.25; I2=49.20%; non-TRD Hedges’ g=0.23, 95% CI=−0.08, 
0.55; I2=23.50%; administration as adjunctive treatment: 
k=11; Q=0.66, p=0.42; I2=39.03%; adjunctive Hedges’ g=0.15, 
95% CI=−0.29, 0.59; I2=0.00%; monotherapy Hedges’ g=0.47, 
95% CI=0.05, 0.88; I2=51.10%; drug class: k=11; Q=1.59, 
p=0.45; I2=39.80%; cytokine modulator Hedges’ g=0.32, 95% 
CI=−0.04, 0.68; I2=30.90%; minocycline Hedges’ g=0.71, 
95% CI=−0.21, 1.64; I2=65.30%; NSAID Hedges’ g=0.04, 95% 
CI=−0.51, 0.60; I2=0.00%; level of target engagement: k=10; 
Q=0.40, p=0.53; I2=40.11%; consistent/inconsistent target 
engagement Hedges’ g=0.49, 95% CI=0.09, 0.90; I2=25.10%; 
no target engagement Hedges’ g=0.29, 95% CI=−0.38, 0.97; 
I2=55.10%).

RCTs exhibited low risk (N=4), some concerns (N=8), 
and high risk (N=7) when evaluated using version 2 of the 

Studies from databases and registers (N=11,069)

Studies assessed for eligibility (N=180)

References removed (N=5,537)  
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 Marked as ineligible by automation tools (N=1,435)

Studies screened (N=5,532) Studies excluded (N=5,352)

Studies sought for retrieval (N=180) Studies not retrieved (N=0)

Studies included in meta-analysis review (N=14)

 Assessing depressive symptom severity (N=14)

 Assessing anhedonia (N=4)
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Data not available (N=7)

Wrong study design (N=6)

Protocol for included studya (N=4)

Wrong comparator (N=1)

Trial discontinued or not completed (N=1)

FIGURE 1.  PRISMA flow diagram showing the number of studies excluded at each stage of the systematic review as well as the rationale 
for exclusion

aThis indicates published protocols for research studies that have published results that have already been included in the systematic review.
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Cochrane risk-of-bias tool. Visual inspection of funnel plots 
did not provide evidence of asymmetrical results for anhe-
donic symptoms. However, results appeared somewhat 
asymmetrical for depressive symptoms, with two notably 
large effects from small trials (see Figure S1 in the online 
supplement). Egger’s regression test could not be performed 
for anhedonic symptoms and was not statistically significant 
using a CRP cutoff of ≥2 mg/L (t=2.11, df=9, p=0.065), a cutoff 
of ≥3 mg/L (t=1.38, df=8, p=0.21), or a wider range of cutoffs 
(t=1.61, df=12, p=0.13).

DISCUSSION

To our knowledge, this is the first meta-analysis examining 
the effect of anti-inflammatory treatment, when compared 
to placebo, on anhedonia and depressive symptom severity 
among depressed individuals with high levels of inflamma-
tion and without somatic disease (i.e., inflammatory depres-
sion). We found that anti-inflammatory treatment, when 
compared to placebo, reduced anhedonia (Hedges’ g=0.40, 
95% CI=0.08, 0.71) and depressive symptoms (Hedges’ g=0.35, 
95% CI=0.05, 0.64) in studies that used an established clini-
cal cutoff for inflammation (CRP level ≥2 mg/L). This effect 
size was substantially higher than the effect size when ad hoc 
cutoffs for inflammation were employed (Hedges’ g=0.26, 95% 
CI=0.01, 0.51), but it may have been driven by large effect sizes 
observed across a modest number of small-sample RCTs. No 
difference in the prevalence of serious adverse events for anti- 
inflammatory treatments versus placebo was observed. Rates 

of treatment response and remission were not increased 
among individuals receiving anti-inflammatory treatment, 
although response rates were numerically and substantively 
higher. These results should be considered preliminary given 
the heterogeneity of effect sizes for depressive symptom 
severity, the small numbers of studies, and the small sample 
sizes, but they indicate that anti-inflammatory agents are safe 
and effective in reducing depressive symptoms and anhedonia 
in inflammatory depression.

That anti-inflammatory treatment is effective at reducing 
symptoms of anhedonia and depressive symptom severity in 
depression is consistent with some results from prior RCTs 
in both unipolar and bipolar depression (29, 58). However, it 
is important to note that there was considerable heterogene-
ity in the effect of anti-inflammatory treatment on depres-
sive symptom severity. Indeed, the three largest studies (29, 
52, 57) reported very small effect sizes (Cohen’s d<0.12), and 
the observed effect size for depressive symptom severity was 
driven by a modest number of small-sample RCTs. In con-
trast, the effect of anti-inflammatory treatment on anhedonia 
was larger and considerably more consistent when compared 
to overall depressive symptoms. A specific effect of anti- 
inflammatory treatment on anhedonia is consistent with data 
from animal and human studies across a range of modalities 
and research designs demonstrating the sensitivity of reward 
circuitry to peripheral pro-inflammatory immune signaling 
(34, 35, 59–61). However, most RCTs (~70%) did not exam-
ine the effect of anti-inflammatory treatment on anhedo-
nia, and the most common measure of anhedonia used (the 
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FIGURE 2.  Forest plots displaying effect of anti-inflammatory treatments on anhedonia and depressive symptomsa

aSMD=standardized mean difference.
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Snaith-Hamilton Pleasure Scale) primarily assesses consum-
matory pleasure to the exclusion of anticipatory anhedonia 
and motivation (62). Thus, further work is needed that 1) con-
firms the potential of anti-inflammatory treatment to target 
anhedonia in depression, 2) captures the multidimensional 
nature of anhedonia and can meet regulatory requirements 
needed to serve as clinical outcome assessments in trials 
sponsored by the U.S. Food and Drug Administration (63), 3) 
better characterizes other symptoms likely associated with 
inflammatory depression (fatigue, psychomotor slowing) 
(17), and 4) characterizes the multiple pathways leading to 
anhedonia in depression (62). Further, this pattern of results 
suggests that future studies may benefit from enriching for 
anhedonia as well as an inflammatory phenotype, as the two 
may better represent a subpopulation likely to respond more 
strongly to anti-inflammatory treatment.

The effect of anti-inflammatory treatment on anhedonia 
and depressive symptom severity was substantially stron-
ger in studies that enriched for high levels of inflammation 
using an established clinical cutoff. This finding aligns with 
prior studies (21, 23, 29) and reinforces the need for clinical 
trial designs that include subjects with increased inflamma-
tion (25). These effects were observed across studies using a 
CRP cutoff of ≥2 mg/L (although a cutoff of ≥3 mg/L is also 
commonplace [57]) and support the utility of CRP as a bio-
marker to enrich clinical trials. CRP is an affordable, acces-
sible, and sensitive measure of peripheral inflammation with 
established clinical cutoffs, and it is strongly correlated with 
neuroinflammation (64). However, CRP exhibits undesirable 
qualities: 1) it may not be as stable as often assumed (65); 2) its 
clinical cutoffs were established using a small, nonrepresen-
tative dataset (see reference 27 for a review); 3) it is associated 
with adiposity in a sex-specific manner (66); and 4) it is highly 
nonspecific in nature, capturing systemic immune activation 
rather than identifying pathogenic processes causally related 
to depression (67). Thus, even though CRP may be useful as 
a stratification tool, an ideal biomarker would be more reli-
able, less confounded, and a specific marker of the underlying 
immune-based mechanism.

Overall, these results do not differ in relation to a variety 
of clinical, intervention, and demographic characteristics; 
however, statistical power to detect moderation was limited 
(≤11 studies). Effect sizes were numerically and substantively 
higher for studies with lower risk of bias (Hedges’ g=0.46, 
95% CI=−0.20, 1.13), TRD (Hedges’ g=0.60, 95% CI=−0.04, 
1.25), specific anti-inflammatory agents (cytokine modulators 
Hedges’ g=0.32, 95% CI=−0.04, 0.68; minocycline Hedges’ 
g=0.71, 95% CI=−0.21, 1.64), and some level of target engage-
ment (inconsistent/consistent target engagement Hedges’ 
g=0.49, 95% CI=0.09, 0.90). Variability in results may be par-
tially explained by differences in the specificity or potency of 
anti-inflammatory medications deployed and resultant capac-
ity to modulate immune function in depressed individuals. In 
addition to more reliable biomarkers of inflammatory depres-
sion and better characterization of the underlying immune-
based mechanism, a central focus of immunopsychiatry must 

be to identify the appropriate medication (as well as dosage 
and duration) that can target dysregulated inflammatory 
physiology and deliver therapeutic benefit in inflammatory 
depression (68–70).

This systematic review suggests that anti-inflammatory 
treatments may effectively reduce depressive symptoms and 
anhedonia among individuals with an inflammatory phe-
notype. It reinforces the importance of considering a preci-
sion medicine approach targeting depressive symptoms (71). 
Clinically, the risk of a nonspecific approach (e.g., failure to 
directly target inflammation in a patient in whom inflammation 
is a primary etiological factor of depression) may greatly delay 
delivery of effective treatment. Anti-inflammatory treatments 
have potential to augment existing treatment strategies; how-
ever, gaps in fundamental knowledge must first be addressed. 
In addition to a dearth of well-powered studies recruiting on 
the basis of elevated inflammation, this review highlights mul-
tiple sources of heterogeneity in medications used (as well as 
dosage and duration), enrollment inclusion and exclusion cri-
teria, and target engagement. A better understanding of the 
requisite dosage and duration of a specific medication that will 
meaningfully reduce levels of systemic inflammation and exert 
antidepressant effects is a prerequisite to their integration in 
clinical practice (see references [63, 72] for recent reviews on 
potential integration of inflammatory depression within clini-
cal practice and design of future clinical trials).

In interpretating these results, study limitations should 
be borne in mind. First, confidence intervals were broad 
and individual study samples were small (particularly for 
anhedonia and in moderation analyses); consequently, the 
findings of this meta-analysis require replication using better- 
powered RCTs (73). Second, many studies had a high risk 
of bias. A common reason is that trials did not recruit for an 
inflammatory phenotype and/or results were based on post 
hoc analyses. Third, the number of studies that reported data 
on anhedonia as assessed using reliable and validated mea-
sures was small, and more work is needed to confirm these 
results. Further, the included studies did not recruit patients 
for anhedonia regardless of depression status, so we are unable 
to speculate as to whether the observed result generalizes to 
people with anhedonia who do not have depression. We also 
did not compare the effect of anti-inflammatory treatment on 
those with CRP levels ≥2 mg/L compared to those with levels 
<2 mg/L to show that this effect is specific to an inflammatory 
subtype of depression; yet, the current mixed literature in this 
domain suggests that failing to target this inflammatory phe-
notype dilutes the observed effect. Lastly, there was consider-
able heterogeneity across studies based on inclusion criteria 
(e.g., inclusion of bipolar depression), study design (e.g., trial 
length, medication type), and statistical analyses (e.g., use of 
intent-to-treat analyses). Thus, moderator analysis should 
be considered as exploratory. Further, this study is unable 
to assess bias in effect sizes attributable to participant non-
adherence. These limitations further highlight the need for 
additional high-quality RCTs evaluating anti-inflammatory 
treatments in inflammatory depression.

https://psychiatryonline.org/servlet/linkout?type=rightslink&url=startPage%3D70%26pageCount%3D10%26copyright%3D%26author%3DNaoise%2BMac%2BGiollabhui%252C%2BAnnelise%2BA.%2BMadison%252C%2BMelis%2BLydston%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DAmerican%2BPsychiatric%2BPublishing%26volumeNum%3D183%26issueNum%3D1%26contentID%3D10.1176%252Fappi.ajp.20241115%26title%3DEffect%2Bof%2BAnti-Inflammatory%2BTreatment%2Bon%2BDepressive%2BSymptom%2BSeverity%2Band%2BAnhedonia%2Bin%2BDepressed%2BIndividuals%2BWith%2BElevated%2BInflammation%253A%2BSystematic%2BReview%2Band%2BMeta-Analysis%2Bof%2BRandomized%2BControlled%2BTrials%26numPages%3D10%26pa%3D%26issn%3D0002-953X%26publisherName%3Dnone%26publication%3Dajp%26rpt%3Dn%26endPage%3D79%26publicationDate%3D01%252F01%252F2026


MAC GIOLLABHUI ET AL.

Am J Psychiatry 183:1, January 2026�   77

Taken together, our findings suggest that anti-inflam
matory treatments may effectively treat depression and 
anhedonia in depressed patients who exhibit an inflamma-
tory phenotype (e.g., elevated CRP). The findings highlight 
the continued relevance of inflammatory physiology as a 
potential cause of depression as well as a treatment target, 
as conceived within a precision medicine approach. This 
systematic review also provides guidance for the design 
of RCTs that will provide high-quality evidence to inform 
more precise and effective depression treatment.
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Examination Questions for “E� ect of Anti-Infl ammatory Treatment on Depressive 
Symptom Severity and Anhedonia in Depressed Individuals With Elevated 

Infl ammation: Systematic Review and Meta-Analysis of Randomized 
Controlled Trials”

1. What approximate proportion of individuals with depression is estimated to have an 
infl ammatory subtype?

A. 0.1

B. 0.25

C. 0.5

D. 0.75

2. Anti-infl ammatory medications have the numerically strongest and most consistent 
e� ect on which clinical feature of depression?

A. Overall depressive symptom severity

B. Negative inferential Style

C. Anhedonia

D. Sadness

3. What are common clinical C-reactive protein cut-o� s currently used to identify 
individuals with “infl ammatory depression”?

A. 2 or 3 mg/L

B. 0 or 1 mg/L

C. 5 mg/L

D. 10 mg/L 
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