Supplementary Methods

1. Literature Search Strategies, Screening, Study Selection, and Data Extraction
a) Overview
We conducted a comprehensive literature search using two complementary strategies. First, we performed an unsystematic, targeted literature scan to inform the narrative sections of the main article. Second, we carried out a systematic, PRISMA-guided search and review process to support the quantitative synthesis.

b) Systematic Literature Search for the Quantitative Synthesis
Our systematic search and study selection followed a PRISMA-compliant workflow across PubMed, Scopus, and Web of Science, focusing exclusively on human studies examining microglial alterations in MDD and SCZ. The PRISMA flow diagram is provided as Supplementary Figure 1, detailing the study inclusion process for major depressive disorder (MDD) and schizophrenia (SCZ).
The Boolean search string used was: ("schizophreni*" OR "psychosis") OR ("depress*" OR "suicid*")) AND ("microglia*" OR "translocator protein" OR "TSPO" OR "PK11195" OR "kynuren*" OR "quinolin*") AND ("positron emission tomography" OR "PET" OR "brain tissue" OR "postmortem" OR "post-mortem" OR "immunohistochem*" OR "morphomet*" OR "cerebrospinal fluid" OR "CSF").
All searches were last updated on July 5, 2025. This search yielded 142 original case–control studies [1-142] and 31 relevant systematic reviews or meta-analyses [143-173].

We performed an additional supplementary systematic literature search on bipolar disorder (BD) with the following Boolean search string: ("bipolar disorder" OR "bipolar depress*" OR "affective psychos*" OR mania OR manic OR "bipolar I" OR "bipolar II" OR cyclothymi*) AND ("microglia*" OR "translocator protein" OR "TSPO" OR "PK11195" OR "kynuren*" OR "quinolin*") AND ("positron emission tomography" OR "PET" OR "brain tissue" OR "postmortem" OR "post-mortem" OR "immunohistochem*" OR "morphomet*" OR "cerebrospinal fluid" OR "CSF"). The PRISMA flow diagram for the BD search is provided as Supplementary Figure 2.
During screening of BD studies, we systematically evaluated whether identified papers also included MDD or SCZ cohorts; such studies were cross-referenced with the primary MDD/SCZ search results to ensure complete ascertainment. These supplementary searches were performed on January 13, 2026, yielding 37 eligible publications (27 original case-control studies and 10 systematic reviews/meta-analyses; Supplementary Figure 2).

c) Eligibility Criteria and Reasons for Exclusion
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Inclusion criteria for the systematic review were human case–control studies of MDD or SCZ, and BD in the supplementary literature search, that reported quantitative data on at least one of the following: TSPO PET imaging, postmortem microglial immunohistochemistry or morphometry, or cerebrospinal fluid (CSF) kynurenine measurements.
We excluded studies for the following reasons (with counts recorded): animal-only studies; case reports; articles lacking original data; focus on pediatric or adolescent psychiatry; studies not investigating MDD, SCZ or BD; mixed-diagnosis samples; in vitro/ex vivo designs; cross-sectional comparisons of multiple psychiatric disorders without a control group; absence of analysis or quantification of microglia, TSPO, or kynurenines; quantification of kynurenines only in peripheral blood; and studies assessing only cytokines.

d) Screening Workflow and Adjudication
Four reviewers (MN, LD, LSA, GML) independently performed the title/abstract and full-text screening in duplicate, with a fifth author (JS) supervising. Discrepancies were resolved in adjudication meetings until consensus was achieved. For each included study, two reviewers independently extracted key study descriptors and outcomes, which were then cross-checked by a third reviewer. We prioritized meta-analyses covering TSPO PET imaging, postmortem microglial data, and CSF kynurenine markers. Important original studies published after the most recent meta-analyses were also included to ensure up-to-date coverage.

e) Targeted Unsystematic Search for the Narrative Sections of the Main Article
For the narrative portions of the review – which introduce the topic, contextualize the quantitative findings, and discuss mechanisms, methods, and clinical translation – we conducted an iterative, topic-scoped literature search. This narrative search was not intended to be exhaustive; rather, it prioritized foundational and state-of-the-art publications relevant to the review’s aims. We queried PubMed and Google Scholar, performed backward and forward citation chaining of key papers and guidelines, and consulted authoritative narrative reviews and position statements. Representative keyword families included: microglia; glia; histopathology; postmortem; morphology; TMEM119; Iba1; HLA-DR; cerebrospinal fluid; inflammation; cytokines; chemokines; biomarkers; kynurenine; neuroplasticity; neurogenesis; synaptic pruning; extracellular vesicles/microvesicles; miRNA/microRNA; meta-analysis; positron emission tomography; radioligands; TSPO; brain imaging; precision medicine/psychiatry; microglial inhibition/modulation; anti-inflammatory drugs; and cyclooxygenase.

2. Meta-Analytic Extraction and Effect Size Interpretation
a) Data Extraction for Quantitative Synthesis
For the studies and meta-analyses contributing to the quantitative synthesis, we extracted standardized mean differences (SMDs; Hedges’ g) and their 95% confidence intervals (CI) from published reports comparing MDD or SCZ with healthy controls. For meta-analyses, we additionally recorded heterogeneity metrics (I²) and precision metrics (relative CI width, rCIW), and we approximated τ² (between-study variance on the SMD² scale) and the typical within-study variance (v) when these were not provided. This extraction covered four key domains of evidence: (a) microglial PET imaging studies, (b) postmortem microglial marker studies, (c) kynurenine pathway metabolites in CSF, and (d) kynurenine pathway markers in postmortem brain tissue. For TSPO PET studies, we noted details such as the radioligand generation used (e.g., [11C]PK11195 vs. second-generation tracers), the outcome quantification method (e.g., total volume of distribution [VT] vs. reference tissue binding measures like BPND, DVR, or SUVr), and any stratification by TSPO binding-affinity genotype (high-/mixed-/low-affinity binders) if reported. For postmortem studies, we recorded the microglial markers assessed (e.g., Iba1, HLA-DR, TMEM119) and the morphometric or densitometric outcomes. For CSF studies, we extracted concentrations of kynurenine pathway analytes (e.g., kynurenine [KYN], kynurenic acid [KYNA], quinolinic acid [QUIN]) and related enzymatic markers (e.g., indoleamine 2,3-dioxygenase [IDO], tryptophan 2,3-dioxygenase [TDO], kynurenine 3-monooxygenase [KMO]) when available.

b) Cross-Referencing Study Coverage Across TSPO PET Meta-Analyses
We cross-referenced the sets of original TSPO PET studies included in prior meta-analyses with those in the recent meta-analysis by De Picker et al. [148]. This confirmed a largely overlapping coverage, as summarized here:
Enache et al. [165]: All six MDD PET studies reported in Enache et al. (Richards et al. [74], Holmes et al. [78], Setiawan et al. [72], Su et al. [88], Li et al. [76], Hannestad et al. [174]) were included in De Picker et al. [148].
Gritti et al. [175]: Eight of nine studies were included in De Picker et al.. The only missing study (Attwells et al. [176]) was a pharmacological intervention trial (celecoxib add-on) rather than a baseline diagnostic comparison, explaining its exclusion.
Marques et al. [164]: All twelve SCZ PET studies listed by Marques et al. were also present in De Picker’s dataset [148], including foundational studies such as van Berckel et al. [123], Doorduin et al. [121], and Coughlin et al. [91].
Plavén-Sigray et al. [157]: De Picker et al. [148] included all seven TSPO PET studies from the Plavén-Sigray individual participant data (IPD) meta-analysis on psychosis, including Collste et al. [177], Hafizi et al. [83], and Laurikainen et al. [178].
Eggerstorfer et al. [150]: All primary PET studies relevant to SCZ or MDD cited by Eggerstorfer were included in the De Picker synthesis [148].
In conclusion, De Picker et al. [148] encompassed all the relevant original TSPO PET studies reported in these earlier meta-analyses. The only exception was a single pharmacological study that was not relevant for baseline diagnostic contrasts [176]. Additionally, they discriminated between total volume‑of‑distribution (VT)–based models vs. reference tissue (RT)-based indices such as BPND/DVR/SUVr. Together, these observations confirmed that no key TSPO PET studies were missing from our review, and they justified our reliance on the De Picker dataset as a unified, non-redundant foundation for analysis.
According to the Methods section of De Picker et al. [148], their illness-category label ‘MOOD’ refers to MDD only. BD is listed separately as ‘OTHER’ and was not included as a separate diagnostic category in their meta-analysis. During data extraction, we noted a discrepancy in the MDD cingulate cortex meta-analysis values reported by De Picker et al. [148]. In Supplementary Table 4 of their paper, the cingulate cortex had an SMD of 0.821 with a 95% CI of 0.036–0.450, which is mathematically inconsistent with the given standard error (SE = 0.189). After correspondence with the authors (L. De Picker and J. Ottoy, 1 Oct 2025), the discrepancy was traced to a copy-and-paste error that misaligned the confidence interval columns during table revision. A re-analysis using the Comprehensive Meta-Analysis software confirmed the correct values: SMD = 0.821 (variance = 0.036; SE = 0.189), with a 95% CI of 0.450–1.192 and a 95% prediction interval of –0.123 to 1.765. All references to this region of interest in our review use these corrected values (Supplementary Table 1).

MDD – Published versus corrected cingulate cortex data
	Measure
	Published value (Suppl. Table 4) [148]
	Corrected value (CMA re‑analysis after email correspondence)
	Note

	k (comparisons)
	6
	6
	Unchanged.

	SMD
	0.821
	0.821
	Unchanged.

	SE
	0.189
	0.189
	Unchanged.

	Variance
	— (not shown)
	0.036
	Value mistakenly placed in the “Lower 95% CI” column.

	Lower 95% CI
	0.036
	0.450
	Published lower bound was the variance; corrected lower CI = 0.450.

	Upper 95% CI
	0.450
	1.192
	Published upper bound was the true lower CI; corrected upper CI = 1.192.

	Z
	1.192
	4.34
	Published “Z” cell contained the true upper CI; correct Z = SMD/SE ≈ 4.34.

	p-value
	< 0.001
	< 0.001
	Unchanged (consistent with corrected Z).

	I²
	37.6%
	37.6%
	Unchanged.



In addition, because De Picker et al. [148] did not report a meta-analytic summary for the prefrontal cortex (PFC), we gathered data from the relevant original TSPO PET studies [52, 72, 78, 83, 90, 99, 179] and calculated pooled effect size estimates for the PFC in each disorder. These supplemental analyses for PFC in MDD and SCZ are provided in Supplementary Table 1.

MDD – Supplementation of prefrontal cortex data
	Study
	Radioligand
	Region
	Outcome Measure
	MDD Mean
	MDD SD
	Control Mean
	Control SD
	Sample Size
MDD / Controls

	Holmes et al. [78]
	[11C](R)-PK11195
	PFC
	RT-based
	0.116
	0.085
	0.09
	0.048
	14/13

	Schubert et al. [179]
	[11C]PK11195
	PFC
	RT-based
	1.204
	0.035
	1.194
	0.04
	51/25

	Setiawan et al. [72]
	[18F]FEPPA
	PFC
	VT-based
	11.65
	2.9
	10
	2.8
	50/30



SCZ – Supplementation of prefrontal cortex data
	Study
	Radioligand
	Region
	Outcome Measure
	SCZ Mean
	SCZ SD
	Control Mean
	Control SD
	Sample Size
SCZ / Controls

	Conen et al. [52]
	[11C]PK11195
	PFC
	RT-based
	0.061
	0.076
	0.071
	0.05
	41/21

	Hafizi et al. [83]
	[18F]FEPPA
	PFC
	VT-based
	9.64
	0.64
	10.26
	0.64
	19/20

	Holmes et al. [90]
	[11C]PK11195
	PFC
	RT-based
	0.101
	0.081
	0.065
	0.051
	16/16

	Kenk et al. [99]
	[18F]FEPPA
	PFC
	VT-based
	9.83
	0.76
	9.51
	0.57
	16/27



c) Interpretation of Effect Sizes
Effect sizes were classified as [180]: 
- Large: > 0.7
- Moderate: 0.3–0.69
- Small: < 0.3

d) Cross-Disorder Comparison of Effect Sizes
We extracted the pooled random-effects SMDs and their standard errors (SE) for MDD and SCZ from each region-of-interest (ROI) reported by De Picker et al. [148]. We supplemented these with the pooled estimates we calculated for the PFC, as described above. For each ROI with estimates available for both diagnoses, we then compared the MDD and SCZ effects using an independent two-sample Z-test [181]:
Z = (g_MDD – g_SCZ) / √(SE_MDD² + SE_SCZ²)
g = Effect size
SE = Standard error of g
A positive Z indicates larger case–control effects in MDD than in SCZ. Given that the quantification method (VT-based vs. RT-based) is a known moderator in TSPO PET studies, we repeated the MDD-versus-SCZ comparisons within method-matched subgroups whenever possible (i.e. comparing VT-based outcomes between disorders, and separately comparing RT-based outcomes). All tests were two-sided, and in light of the exploratory objectives of this review, p-values were not adjusted for multiple comparisons.

3. Precision and Variability Metrics
Rationale for the chosen approach: Our primary aim was to determine which disorder shows greater true biological variability in microglial PET findings using only published summary statistics. A direct meta-analytic comparison of variance (e.g., via log-transformed variance ratios or coefficient of variation ratios) was not feasible, as individual study standard deviations and sample sizes were unavailable. Furthermore, comparing pooled meta-analytic SEs via an F-test would be inappropriate because a meta-analytic SE reflects both study precision and the number of studies, rather than solely underlying heterogeneity. We therefore focused on established meta-analytic heterogeneity metrics and mitigated methodological confounds by stratifying analyses into method-matched (VT-only) subsets versus overall mixed-method pools.

a) Between‑Study absolute Variance (τ²) – Primary Heterogeneity Metric
For each diagnosis and ROI, we approximated τ² from the reported I², number of studies (k), and the pooled SMD standard error, using the standard I²–τ² conversion under an equal-precision assumption:

Here 𝑣 denotes the typical within‑study sampling variance for a study in that meta‑analysis. We flagged these τ² values as approximate, with particular caution when k was small (≤3) or I² was near zero (if k=1, heterogeneity was not estimable and τ² was not applicable). We emphasized τ² as the primary heterogeneity metric because it reflects the absolute between-study dispersion on the effect-size scale, directly aligning with our objective of assessing potential biological heterogeneity.

b) Relative Heterogeneity (I²) – Complementary Descriptor
We also reported I², which represents the percentage of observed variance attributable to between-study heterogeneity rather than sampling error. We interpreted I² using conventional thresholds: low (<40%), moderate (40–75%), and high (>75%). For analyses with very few studies (k≤3) or single-study meta-analyses (k=1), I² estimates were treated with caution or considered not applicable.

c) Within‑Study Variance (v) – Secondary Precision Indicator
In parallel, we approximated the typical within-study variance (v) for each meta-analysis, consistent with the equal-precision assumption described above.

v served as an indicator of average study precision (with a higher v implying lower precision). We considered these v estimates to be approximate. Because v was computed within method-homogeneous subsets (separately for VT-only studies and for RT-only studies), it should be less influenced by between-study methodological differences; however, v remains sensitive to sample size and measurement noise.

d) Internal Precision (relative CI Width; rCIW)
As a measure of the precision of the pooled effect size estimates, we calculated the relative confidence interval width, rCIW=(CIupper​−CIlower)/∣effect size∣. We qualitatively categorized the rCIW as narrow (≤1.0), moderate (1.0–2.0), or wide (>2.0) to aid interpretation of estimate accuracy.

e) Two‑Tier, Method‑Matched Design
To minimize methodological confounding (e.g., differences in PET outcome measures or radioligand generation), we evaluated heterogeneity at two levels: (1) using only VT-based studies for each disorder and ROI (a method-matched subset), and (2) using the overall pool of studies (mixed VT/RT methods) for completeness. We treated any observed cross-diagnostic differences in τ², I², or v as descriptive; no direct statistical tests of heterogeneity between MDD and SCZ were performed, given the lack of study-level data to support such comparisons.

f) Assumptions, Advantages and Limitations
Assumptions: The τ² and v calculations assume relatively similar within-study variances across studies in each meta-analysis. Moreover, heterogeneity estimates (I², τ²) become unstable when the number of studies is small, and are not defined when k=1.
Advantages: Our approach leverages standard heterogeneity constructs (τ², I²) and uses method-matched (VT- or RT-based) subsets to reduce confounds from varying PET quantification methods; it is also feasible given only summary published data.
Limitations: The cross-diagnostic heterogeneity comparisons are descriptive rather than inferential. I² values depend on typical study precision and the number of studies (k). Additionally, residual methodological differences (e.g., ligand generation, modeling choices, sample characteristics) may still influence heterogeneity even within VT-matched subsets.
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Supplementary Tables

Supplementary Table 1:  TSPO PET Results in MDD and SCZ.
The table reports meta-analytic results from TSPO PET studies in MDD and SCZ across key brain regions, along with direct statistical comparisons of effect sizes and between-study heterogeneity between the two diagnostic groups. Where available, both overall effects and subgroup analyses based on quantification method (volume‑of‑distribution (VT)–based models vs. reference tissue (RT)-based indices such as BPND/DVR/SUVr) are shown. Data were extracted from De Picker et al. [148], including corrected cingulate cortex data for MDD vs. controls. Additionally, we conducted our own meta-analytic evaluation of prefrontal cortex data [52, 72, 78, 83, 90, 99, 179]. Significant p-values are highlighted in bold.
	Brain region
	MDD vs. Controls
	SCZ vs. Controls
	MDD- vs. SCZ-studies

	
	k studies
	SMD
	p-value
	I²
	τ²
	v
	rCIW
	k studies
	SMD
	p-value
	I²
	τ²
	v
	rCIW
	Z

	Z-test
p-value

	Whole-brain cortical grey matter (overall)*
	5
	0.525
	0.062
	72.2
	0.285
	0.110
	2.10
	20
	-0.087
	0.561
	66.4
	0.299
	0.151
	6.74
	1.921
	0.055

	Whole-brain cortical grey matter (VT-based)*
	5
	0.525
	0.062
	72.2
	0.285
	0.110
	2.10
	9
	-0.506
	0.016
	66.5
	0.264
	0.133
	1.62
	2.939
	0.003

	Whole-brain cortical grey matter (RT-based)*
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	7
	0.096
	0.520
	2.0
	0.003
	0.150
	6.05
	n.a.
	n.a.

	Thalamus (overall)*
	4
	0.566
	0.127
	75.8
	0.417
	0.133
	2.57
	9
	-0.242
	0.110
	19.8
	0.041
	0.165
	2.45
	2.017
	0.044

	Thalamus (VT-based)*
	4
	0.566
	0.127
	75.8
	0.417
	0.133
	2.57
	2
	-0.181
	0.790
	83.0
	0.761
	0.156
	14.66
	0.968
	0.333

	Thalamus (RT-based)*
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	6
	-0.270
	0.094
	0.0
	0.000
	0.156
	2.34
	n.a.
	n.a.

	Hippocampus (overall)*
	4
	0.691
	<0.001
	18.4
	0.021
	0.092
	0.95
	8
	-0.263
	0.317
	74.3
	0.411
	0.142
	3.91
	3.057
	0.002

	Cingulate cortex (overall) #
	6
	0.821
	<0.001
	37.6
	0.081
	0.134
	0.90
	10
	-0.191
	0.267
	48.0
	0.142
	0.154
	3.53
	3.960
	<0.001

	Prefrontal cortex (overall) #
	3
	0.416
	0.007
	0.0
	0.000
	0.073
	1.47
	4
	-0.031
	0.916
	70.0
	0.238
	0.102
	37.25
	1.351
	0.177

	Prefrontal cortex (VT-based)#
	1
	0.571
	0.015
	n.a.
	n.a.
	0.055
	1.62
	2
	-0.231
	0.653
	79.4
	0.417
	0.108
	8.72
	1.420
	0.156

	Prefrontal cortex (RT-based)#
	2
	0.296
	0.153
	0.0
	0.000
	0.086
	2.75
	2
	0.094
	0.664
	0.4
	0.000
	0.093
	9.03
	0.676
	0.499



Column Definitions:
· Brain region: Region of interest examined.
· k studies: Number of studies included in the meta-analysis.
· SMD: Standardized mean difference in TSPO binding between patients and healthy controls (positive = increase in patients).
· p-value: Statistical significance of the SMD.
· I²: Between-study heterogeneity (in %); interpreted as low (< 40%), moderate (40–75%), or high (> 75%). Not applicable when k=1; interpret cautiously when k≤3.
· τ²: approximated absolute between-study variance of true effects (see Supplementary Methods).
· v: approximated typical within-study sampling variance (see Supplementary Methods); higher v = lower precision).
· rCIW: Relative width of the 95% confidence interval (CI); calculated as (CIupper – CIlower)/|SMD|.
· Interpretation: narrow (≤ 1.0), moderate (1.0–2.0), wide (> 2.0).
· Z and Z-test p-value: Z-value and p-value from Z-test comparing MDD and SCZ SMDs for the same brain region. Positive Z means: MDD > SCZ.
Sources:
· *: pooled estimates from De Picker et al. [148];
· #: pooled estimates from our own meta-analytic evaluation for prefrontal cortex and cingulate cortex data [52, 72, 78, 83, 90, 99, 179].
[bookmark: OLE_LINK9][bookmark: OLE_LINK1][bookmark: OLE_LINK2]
[bookmark: OLE_LINK6][bookmark: OLE_LINK8]Supplementary Table 2: Summary and vote counting overview of microglial density in MDD postmortem studies.
	Analyzed Brain Region(s)
	Markers Used
	Sample Size (MDD / Controls)
	Findings (MDD vs. Controls)
	Reported Increase in Microglial Activation Markers
	No Change / Decrease in Microglial Activation Markers

	Dorsal raphe nucleus
	HLA-DR
	15/22
	Brisch et al. (2017) [86]: ↔ No diagnosis-related difference in HLA-DR+ microglial density; ↓ Decrease only in non-suicidal patients
	0
	1 (overall no difference, ↓ only in non-suicidal patients)

	DLPFC, hippocampus, ACC, Mediodorsal thalamus
	HLA-DR
	9/10
	Steiner et al. (2008) [124]: ↔ No diagnosis-related difference in HLA-DR+ microglial density; ↑ Increase only in suicidal patients
	0
	1 (↑ only suicidal patients)

	VLPFC
	IBA1
	45/36
	Clark et al. (2016) [92]: ↑ Increased density of amoeboid (activated) IBA1+ microglia in MDD
	1
	0

	ACC
	IBA1, CD45
	24/17
	Torres-Platas et al. (2014) [103]: ↔ No overall difference in microglial density; ↑ Increased primed/resting ratio
	1 (ratio ↑)
	1 (density same)

	DLPFC
	Calprotectin
	15/15
	Foster et al. (2006) [182]: ↔ No difference in calprotectin expressing microglia
	0
	1

	BA 24; BA 46
	CD11b
	10/30
	Dean et al. (2013) [183]: ↔ No difference in CD11b
	0
	1

	Amygdala
	HLA; Nissl
	8/10
	Hamidi et al. (2004) [133]: ↔ No difference in HLA and Nissl-stained microglia
	0
	1

	Medial frontal gyrus; superior temporal gyrus; thalamus; subventricular zone
	CD11b; CD45; HLA-DR; CD68; P2Y12; TMEM119; CCR5
	6/5
	Böttcher et al. (2020) [64]: ↔ No induction of classical microglial activation markers (no upregulation of CD11b, CD45, HLA-DR or CD68); ↑ increased levels of homeostatic markers (P2Y12, TMEM119, CCR5) in MDD
	0
	1

	Medial frontal gyrus; superior temporal gyrus; thalamus; subventricular zone
	CX3CR1; TMEM119; CD163; CD14; HLA-DRA; IL-6; IL-1β
	19/25
	Snijders et al. (2021) [8]: ↑ Increased expression of homeostatic microglial genes (CX3CR1, TMEM119 mRNA); ↓ decreased CD163 mRNA and CD14 protein; ↔ no change in classical activation markers (HLA-DRA, IL-6, IL-1β); overall non-inflammatory microglial profile in MDD
	0
	1


Note: Two further studies were identified that examined microglial markers in depressive disorders. However, these could not be included because a) Loef et al. [184] lacked separate analysis for MDD versus BD, and b) Wesseling et al. [102] measured coronin 1A by mass spectrometry in bulk tissue, a method that cannot distinguish microglial from non-microglial sources (e.g., T-cells, macrophages, neutrophils, and astrocytes [185, 186]).
Definitions:
Reported Increase in Microglial Activation Markers: Any statistically significant increase (↑) in microglial cell density or gene/protein expression of activation markers in MDD compared to controls.
No Change or Decrease in Microglial Activation Markers: Includes studies reporting no statistically significant difference (↔) or a significant decrease (↓) in microglial-related measures in MDD compared with controls, as well as findings restricted to suicidal subgroups without specific without an overall diagnosis-level effect.
Abbreviations: ACC, Anterior Cingulate Cortex; DLPFC, Dorsolateral Prefrontal Cortex; VLPFC, Ventrolateral Prefrontal Cortex; BA, Brodmann's area.


Supplementary Table 3: Summary and vote counting overview of microglial density in BD postmortem studies.
	Analyzed Brain Region(s)
	Markers Used
	Sample Size (BD / Controls)
	Findings (BD vs. Controls)
	Reported Increase in Microglial Activation Markers
	No Change / Decrease in Microglial Activation Markers

	Dorsal raphe nucleus
	HLA-DR
	12/22
	Brisch et al. (2017) [86]: ↔ No diagnosis-related difference in HLA-DR+ microglial density; ↓ Decrease only in non-suicidal patients
	0
	[bookmark: _GoBack]1 (overall no difference, ↓ only in non-suicidal affective disorder)

	DLPFC, hippocampus, ACC, Mediodorsal thalamus
	HLA-DR
	5/10
	Steiner et al. (2008) [124]: ↔ No diagnosis-related difference in HLA-DR+ microglial density; ↑ Increase only in suicidal affective disorder
	0
	1 (↑ only suicidal affective disorder)

	DLPFC
	Calprotectin
	15/15
	Foster et al. (2006) [182]: ↔ No difference in calprotectin expressing microglia
	0
	1

	BA 24; BA 46
	CD11b
	10/30
	Dean et al. (2013) [183]: ↔ No difference in CD11b
	0
	1

	Amygdala
	HLA; Nissl
	9/10
	Hamidi et al. (2004) [133]: ↔No difference in HLA and Nissl-stained microglia
	0
	1

	Prefrontal white matter
	IBA1
	20/20
	Hercher et al. (2014) [105]: ↔No difference in IBA1+ microglia
	0
	1

	DLPFC
	CX3CR1
	34/35
	Hill et al. (2021) [49]: ↔No difference in CX3CR1 protein and mRNA expression
	0
	1

	[bookmark: OLE_LINK14]Hippocampus
	P2RY12; MHC II
	15/12
	Naggan et al. (2023) [187]: ↔ No overall difference in microglial density; ↑ Increase only in suicidal BD
	0
	1 (↑ only suicidal BD)

	aMCC
	IBA1
	13/17
	Petrasch-Parwez et al. (2020) [188]: ↔ No overall difference in IBA1+ microglial density; density was significantly lateralized to the right aMCC, which was not observed in controls ↓ Decrease only in non-suicidal BD
	0
	1 (↓ only in non-suicidal BD)

	Frontal cortex
	HLA-DR
CD11b
	10/10
	Rao et al. (2010) [189]: ↑ HLA-DR+ microglia (qualitative evaluation), higher CD11b protein and mRNA levels
	1
	0

	Cingulate Cortex; PFC
	CD11b; CD68; IBA1
	35/35
	Seredenina et al. (2017) [190]: ↓ decreased CD11b+ and CD68+ microglia, ↔ unchanged IBA1+ microglia
	0
	1

	Medial frontal gyrus; superior temporal gyrus; thalamus
	IBA1 P2RY12; TMEM119; CD68; CX3CR1; CD11b, HLA-DR
	16/12
	Sneeboer et al. (2019) [191]: ↔ no significant difference in  IBA1+ microglia, no significant difference in assessed microglial markers
	0
	1

	DLPFC; ACC
	CD68; CX3CR1; HLA-DR; IBA1; P2RY12; TREM2; TSPO
	30/34
	Zhang et al. (2020) [192]: ↓ CD68, TREM2 mRNA levels in DLPFC, ↓ P2RY12 in non-suicidal patients in DLPFC, ↔ no change in other microglial mRNA expression in the ACC
	0
	1

	Cingulate white matter
	IBA1
	15/21
	Connor et al. (2009) [193]: ↔ no difference in IBA1+ immunoreactivity
	0
	1


Note: Three further studies were identified that examined microglial markers in bipolar disorder. However, these could not be included because a) Loef et al. [184] lacked separate analysis for MDD versus BD, b) Wesseling et al. [102] measured coronin 1A by mass spectrometry in bulk tissue, a method that cannot distinguish microglial from non-microglial sources (e.g., T-cells, macrophages, neutrophils, and astrocytes [185, 186]), and c) Zheng et al. [19] primarily examined CMV-associated microglial activation without providing diagnosis-specific statistical comparisons.
Definitions:
Reported Increase in Microglial Activation Markers: Any statistically significant increase (↑) in microglial cell density or gene/protein expression of activation markers in BD compared to controls.
No Change or Decrease in Microglial Activation Markers: Includes studies reporting no statistically significant difference (↔) or a significant decrease (↓) in microglial-related measures in BD vs. controls, as well as findings restricted to suicidal subgroups without an overall diagnosis-level effect.
Abbreviations: ACC, Anterior Cingulate Cortex; PFC, Prefrontal Cortex; DLPFC, Dorsolateral Prefrontal Cortex; VLPFC, Ventrolateral Prefrontal Cortex; BA, Brodmann's area; aMCC, Anterior midcingulate cortex.



Supplementary Table 4: Summary of meta-analyses on postmortem microglial alterations in SCZ compared to controls [155, 169].
	Author of Meta-Analysis (Year)
	Analyzed Brain Regions
	Markers / Technique Used
	Parameter
	Brain Regional Focus of Significant Results
	Significant Diagnosis-related Differences between SCZ and Controls

	Van Kesteren et al. (2017) [169]
	PFC, ACC, Temporal Cortex / White Matter, Hippocampus
	IHC: HLA-DR, CD68, Iba1
	Microglial Density
	Temporal Cortex
	Overall: ↑ Microglial density (SMD = 0.69, 95% CI:0.24–1.14, rCIW = 1.30, p = 0.0028), high heterogeneity (I² = 68.6%)
Temporal cortex: strongest ↑ in microglial density (p = 0.033; but did not provide SMD and CI)

	
	
	PCR: IL-1β, IL-6, TNF-α, COX-2, IL-10, TGF-β
	Pro- and Anti-Inflammatory Gene Expression
(not specific for microglia!)
	PFC and hippocampus most frequently studied here.

Other brain regions (e.g., white matter, temporal cortex) were underrepresented, meaning region-specific effects remained unclear.
	Overall: ↑ Proinflammatory gene expression (SMD = 0.37, 95% CI: 0.11–0.62, rCIW = 1.38, p = 0.0052), I² n.a.; ↑Increased expression of IL-1β, IL-6, TNF-α, COX-2; ↔no significant changes in anti-inflammatory markers (IL-10, TGF-β).

	Snijders et al. (2021) [155]
	PFC, ACC and MCC, Temporal Cortex, Hippocampus
	IHC: HLA-DR, Iba1, CD68, NOX2

(original study part of the paper: TMEM119)
	Microglial Density
	Temporal Cortex (before outlier correction)
	Overall: ↔No significant increase in microglial density (g = 0.144, 95% CI: 0.102–0.390, rCIW = 2.0, p = 0.250), low heterogeneity (I² = 18.9%).
Temporal cortex: ↑ Microglial density (g = 1.256, 95% CI: 0.55–1.96, rCIW = 1.12, p < 0.001) disappeared after removing outlier studies.
(original study part of the paper: ↓ co-localization of Iba1 and TMEM119 revealed a lower percentage of TMEM119+/Iba1+ microglia in SCZ)

	
	
	PCR: Iba1 (=AIF1), CD68, CSF1R, HLA-DRA, HLA-DRB, ITGAM, NOX2, TGFB1

(original study part of the paper: TMEM119)
	Microglial Gene Expression
	PFC, ACC and MCC, and hippocampus most frequently studied here.

	↓ Microglial gene expression (g = -0.417, 95% CI: -0.417 to -0.546, rCIW = 0.31, p < 0.0001), low heterogeneity (I² = 26.7%); downregulation of homeostatic microglial markers TMEM119, CX3CR1, CSF1R, IRF8, OLR1.
↔ No increase in classical activation markers (HLA-DR, CD68, NOX2), suggesting absence of neuroinflammatory response.
(original study part of the paper: ↓ TMEM119 gene expression)


Abbreviations:
ACC, Anterior Cingulate Cortex; AIF1, Allograft Inflammatory Factor 1 (synonym for Iba1); CD68, Cluster of Differentiation 68, a marker for activated microglia/macrophages; CI, Confidence Interval, indicating statistical certainty; COX-2, Cyclooxygenase-2, an enzyme involved in inflammation; CSF1R, Colony Stimulating Factor 1 Receptor, involved in microglial survival; CX3CR1, Fractalkine Receptor, involved in neuron-microglia communication; g, Hedges g, effect size measure, similar to Cohen’s d but adjusted for small samples; HLA-DRA, Major Histocompatibility Complex, Class II, DR Alpha; HLA-DRB, Major Histocompatibility Complex, Class II, DR Beta; HLA-DR, Human Leukocyte Antigen – DR isotype, a microglial activation marker; Iba1, Ionized Calcium Binding Adapter Molecule 1, a marker for microglia; IHC, Immunohistochemistry; IL-10, Interleukin 10, an anti-inflammatory cytokine; IL-1β, Interleukin 1 Beta, a pro-inflammatory cytokine; IL-6, Interleukin 6, a cytokine involved in inflammation; IRF8, Interferon Regulatory Factor 8, involved in microglial development; I², I-squared, a measure of heterogeneity in meta-analyses; ITGAM, Integrin Subunit Alpha M, also known as CD11b, a macrophage/microglial marker; MCC, Midcingulate Cortex; NOX2, NADPH Oxidase 2, an enzyme involved in reactive oxygen species production; OLR1, Oxidized Low-Density Lipoprotein Receptor 1, associated with microglial function; PCR, Polymerase Chain Reaction; PFC, Prefrontal Cortex; QUIN, Quinolinic Acid, a neurotoxic metabolite associated with microglial activation; rCIW, relative Confidence Interval Width; SMD, Standardized Mean Difference, a statistical measure used in meta-analyses; TGFB1, Transforming Growth Factor Beta 1, involved in immune regulation; TGF-β, Transforming Growth Factor Beta, a regulatory cytokine; TMEM119, Transmembrane Protein 119, a marker specific to homeostatic microglia; TNF-α, Tumor Necrosis Factor Alpha, a pro-inflammatory cytokine.


Supplementary Table 5: Summary of meta-analyses on CSF kynurenine metabolites in MDD, BD and SCZ.
	Author of Meta-Analysis (Year)
	Studies (k)
	Sample Size (Patients/Controls)
	Tested Kynurenine Metabolites
	Outcome
	Significant Diagnosis-related Differences between Patients and Controls

	Inam et al. (2023) [147]
	11
	217/254
	QUIN, KYNA, KYN, TRP
(3-HK, 3-HAA, PIC not systematically analyzed)
	SMD
	MDD: Trend towards QUIN increase (SMD =
2.66, CI: -1.04-6.35, rCIW = 2.78, p = 0.1594, I2= 98%), but small sample size (k=2, n=136) prevents firm conclusions.

	
	8
	238/240
	KYNA, KYN, TRP
(QUIN, 3-HK, 3-HAA, PIC not systematically analyzed)
	SMD
	SCZ: ↑ KYNA (SMD = 2.64, 95% CI: 1.16-4.13, rCIW = 1.13, p = 0.0005, I2= 96%, k = 6, n=384).

	
	6
	246/340
	KYNA, TRP
(KYN, QUIN not systematically analyzed)
	SMD
	BD: Trend towards KYNA increase (SMD =1.40, CI: -0.28-3.09, rCIW = 2.41, p = 0.1032, I2= 98%), but small sample size (k=2, n=377) prevents firm conclusions.

	Rømer et al. (2023) [146]
	6
	282/303
	KYNA, KYN
(QUIN, 3-HK, 3-HAA, TRP, PIC not systematically analyzed)
	SMD
	SCZ: ↑ KYNA (SMD = 1.58, 95% CI: 0.34-2.81, rCIW = 1.56, p = 0.013, I2= 96%, k = 6, n=549). ↑ KYN (SMD = 1.00, 95% CI: 0.64-1.36, rCIW = 0.72, p < 0.001, I2= 17%, k=3, n=113).


Abbreviations:
3-HAA, 3-Hydroxyanthranilic Acid; 3-HK, 3-Hydroxykynurenine; BD, Bipolar Disorder; CI, Confidence Interval; CSF, Cerebrospinal Fluid; I², Inconsistency Index; KYN, Kynurenine; KYNA, Kynurenic Acid; MDD, Major Depressive Disorder; PIC, Picolinic Acid; QUIN, Quinolinic Acid; rCIW, relative Confidence Interval Width; SCZ, Schizophrenia; SMD, Standardized Mean Difference; TRP, Tryptophan.


[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Supplementary Table 6: Summary of kynurenine metabolites and related enzymes in MDD postmortem studies.
	Analyzed Brain Region(s)
	Analyzed Markers / Enzymes
	Sample Size (MDD/Controls)
	Findings (MDD vs. Controls)

	aMCC, sACC, pACC
	QUIN (IHC)
	7/10 post-hoc
(primary analysis: Depression (MDD+BD: n=12) vs. controls n=10)
	Steiner et al. (2011) [116]: post-hoc MDD vs. controls ↑ QUIN+ microglia in sACC, aMCC, ↔ in pACC

	Hippocampus
	QUIN (IHC)
	6/10 post-hoc
(primary analysis: Depression (MDD+BD: n=12) vs. controls n=10)
	Busse et al. (2015) [86]: post-hoc MDD vs. controls ↓ QUIN+ microglia in hippocampal right CA1

	ACC (unspecified subregion)
	KYN, KYNA (HPLC)
& TDO2 (IHC and RT-PCR)
	14/14
	Miller et al. (2006) [128]: ↑ TDO2+ astrocytes in the white matter of the ACC

	ACC (unspecified subregion)
	TRP, 3-HAA, NAM (HPLC)
	14/14
(continuation of the Miller et al. (2006) [3] study, using the same samples)
	Miller et al. (2008) [125]: ↔No significant differences

	VLPFC (BA 45/47)
	KYNA, 3-HK (HPLC);
TRP, KYN, QUIN (GC/MS)
& IDO1, IDO2, TDO2, KAT II, KMO (RT-PCR)
	45/36
(not MDD, but depressive disorder not otherwise specified)
	Clark et al. (2016) [92]: ↓ QUIN, ↓ Kynurenine:TRP ratio & ↓ IDO1, ↓ IDO2, ↓ TDO2

	ACC (BA 24)
	Trp, KYN, 3-HK, 3-HAA, XA, QUIN, KYNA, formic acid (LCMS)
& KMO, KAT I, KAT II, KYNU, HAAO, QPRT (RT-PCR)
	44/36
	Brown et al. (2024) [16]: ↓ KYNA only in females &
↑ KAT II


Annotation: Only Brown et al. [16] assessed HAAO (3‑HAO) transcript; none of the MDD postmortem studies assessed 3‑HAO/HAAO enzyme activity.
Abbreviations: 3-HAA, 3-Hydroxyanthranilic Acid; 3-HK, 3-Hydroxykynurenine; ACC, Anterior Cingulate Cortex; aMCC, Anterior Midcingulate Cortex; BA, Brodmann Area; GC/MS, Gas Chromatography–Mass Spectrometry; HAAO, 3-Hydroxyanthranilate 3,4-Dioxygenase (enzyme converting 3-HAA to QUIN); HPLC, High-Performance Liquid Chromatography; IDO1, Indoleamine 2,3-Dioxygenase 1 (mainly expressed in microglia); IDO2, Indoleamine 2,3-Dioxygenase 2 (less active isoform of IDO1); IHC, Immunohistochemistry; KAT I / II, Kynurenine Aminotransferase I / II (enzymes converting KYN to KYNA); KMO, Kynurenine 3-Monooxygenase (mainly expressed in microglia); KYNA, Kynurenic Acid (primarily astrocyte-derived); KYNU, Kynureninase (enzyme involved in downstream KYN metabolism); LCMS, Liquid Chromatography–Mass Spectrometry; MDD, Major Depressive Disorder; NAM, Nicotinamide; pACC, Pregenual Anterior Cingulate Cortex; QPRT, Quinolinate Phosphoribosyltransferase (enzyme converting QUIN to NAD⁺); QUIN, Quinolinic Acid (primarily produced by activated microglia); RT-PCR, Reverse Transcription Polymerase Chain Reaction; sACC, Subgenual Anterior Cingulate Cortex; TDO2, Tryptophan 2,3-Dioxygenase (liver- and brain-expressed enzyme producing KYN); TRP, Tryptophan; VLPFC, Ventrolateral Prefrontal Cortex; XA, Xanthurenic Acid.


[bookmark: OLE_LINK12]Supplementary Table 7: Summary of kynurenine metabolites and related enzymes in BD postmortem studies.
	Analyzed Brain Region(s)
	Analyzed Markers / Enzymes
	Sample Size (BD/Controls)
	Findings (BD vs. Controls)

	aMCC, sACC, pACC
	QUIN (IHC)
	5/10 post-hoc
(primary analysis: Depression (MDD+BD: n=12) vs. controls n=10)
	Steiner et al. (2011) [116]: post-hoc BD vs. controls ↔ QUIN+ microglia (sACC, aMCC, pACC)

	Hippocampus
	QUIN (IHC)
	6/10 post-hoc
	Busse et al. (2015) [86]: post-hoc BD vs. controls ↓ QUIN+ microglia in hippocampal right CA1

	ACC (unspecified subregion)
	KYN, KYNA (HPLC)
& TDO2 (IHC and RT-PCR)
	14/14
	Miller et al. (2006) [128]: ↑ KYN and ↑ TDO2+ astrocytes in the ACC

	ACC (unspecified subregion)
	TRP, 3-HAA, NAM (HPLC)
	14/14
(continuation of the Miller et al. (2006) [3] study, using the same samples)
	Miller et al. (2008) [125]: ↔No significant differences

	PFC
	KMO (microarray-based gene expression)
	34/35
	Lavebratt et al. (2014) [194]: ↓ KMO in BD patients with psychotic features


Annotation: Unfortunately, none of these studies analyzed the expression of the enzyme 3-hydroxyanthranilate 3,4-dioxygenase (3-HAO), which is responsible for the microglial synthesis of QUIN.
Abbreviations: 3-HAA, 3-Hydroxyanthranilic Acid; ACC, Anterior Cingulate Cortex; aMCC, Anterior Midcingulate Cortex; HPLC, High-Performance Liquid Chromatography; IHC, Immunohistochemistry; KMO, Kynurenine 3-Monooxygenase (mainly expressed in microglia); KYNA, Kynurenic Acid (primarily astrocyte-derived); BD, Bipolar Disorder; NAM, Nicotinamide; pACC, Pregenual Anterior Cingulate Cortex; PFC, Prefrontal Cortex; QUIN, Quinolinic Acid (primarily produced by activated microglia); RT-PCR, Reverse Transcription Polymerase Chain Reaction; sACC, Subgenual Anterior Cingulate Cortex; TDO2, Tryptophan 2,3-Dioxygenase (liver- and brain-expressed enzyme producing KYN); TRP, Tryptophan.


Supplementary Table 8: Summary of kynurenine metabolites and related enzymes in SCZ postmortem studies.
	Analyzed Brain Region(s)
	Analyzed Markers / Enzymes
	Sample Size (SCZ/Controls)
	Findings (SCZ vs. Controls)

	Hippocampus
	QUIN (IHC)
	13/12
	Gos et al. (2014) [106]: ↓ QUIN in CA1

	Anterior prefrontal cortex (BA10)
	TDO2 (IHC, Western blot), TDO2, IDO, KMO, KYNU, KAT I (RT-PCR)
	15/17
	Miller et al. (2004) [132]: ↑ TDO2+ astroglial cell density in white matter, ↑ TDO2 mRNA

	ACC (unspecified subregion)
	KYN, KYNA (HPLC)
& TDO2 (IHC and RT-PCR)
	12/14
	Miller et al. (2006) [128]: ↑ KYN & ↑ TDO2 mRNA, ↑ TDO2+ astroglial cell density in the white matter of the ACC

	ACC (unspecified subregion)
	TRP, 3-HAA, NAM (HPLC)
	12/14 (continuation of the Miller et al. (2006) [128] study, using the same samples)
	Miller et al. (2008) [125]: ↑ Trp, ↑ 3-HAA

	DLPFC (BA9) & Cerebellum
	KYNA, QUIN (ELISA) & IDO1, IDO2, TDO, KMO, KATII (Western blot)
	15/14 DLPFC, 15/13 Cerebellum
	Afia et al. (2021) [195]: DLPFC: ↓ IDO2, ↑ TDO, ↑ KMO (p = 0.005), ↓ KATII
Cerebellum: ↔No significant differences between SCZ and controls

	DLPFC (BA46, 9) - Gray & White Matter
	TRP, KYN, KYNA, 3-HK, AA, 3-HAA, QUIN (HPLC)
	21/24
	Antenucci et al. (2024) [17]: ↑ KYN, ↑ 3-HK, ↑ AA, ↑ 3-HAA in both gray & white matter
↑ KYNA & ↑ QUIN (p = 0.0027) only in white matter

	DLPFC (BA46, 9)
	TRP, KYN, KYNA, QUIN (HPLC)
& KAT I, KAT II, TDO, KMO (RT-PCR)
	71/72
(Cytokine measurements were used to divide the entire SCZ cohort into 28 high and 43 low inflammation cases)
	Kindler et al. (2020) [60]: ↑ KYN/TRP ratio, ↑ KYNA in the high-inflammation SCZ subgroup
& ↑ TDO, ↑ KAT I and ↑ KAT II in the high-inflammation SCZ subgroup

	DLPFC (BA9) & Anterior prefrontal cortex (BA10)
	KYNA (HPLC)
& KMO, 3-HAO, QPRT, KAT II (Enzyme Activity Assays)

	15/15
	Sathyasaikumar et al. (2011) [118]: ↑ KYNA (BA9 and BA10)
& ↓ KMO (BA9 and BA10), ↓ 3-HAO (BA9, but BA10 not significant)

	DLPFC (BA9) & Anterior prefrontal cortex (BA10) & Occipital lobe (BA19)
	KYN, KYNA, 3-HK (HPLC)
	30/31
	Schwarcz et al. (2001) [136]: ↑ KYN (BA9 and BA19, but BA10 not significant), ↑ KYNA (BA9, but BA10 and BA19: not significant)

	Frontal Eye Field (BA6)
	KMO (RT-PCR, Enzyme Activity Assay)
	32/32
	Wonodi et al. (2011) [115]: ↓ KMO mRNA & enzyme activity


Annotation: Only one schizophrenia study (Sathyasaikumar et al. [118]) assessed 3-HAO, a key enzyme in QUIN synthesis, and reported a reduction in BA9 (p = 0.01) but not BA10.
Abbreviations: 3-HAA, 3-Hydroxyanthranilic Acid; 3-HAO, 3-Hydroxyanthranilate 3,4-Dioxygenase, enzyme converting 3-HAA to QUIN; 3-HK, 3-Hydroxykynurenine; AA, Anthranilic Acid; ACC, Anterior Cingulate Cortex; BA, Brodmann Area; CB, Cerebellum; DLPFC, Dorsolateral Prefrontal Cortex; ELISA, Enzyme-Linked Immunosorbent Assay; HPLC, High-Performance Liquid Chromatography; IDO1, Indoleamine 2,3-Dioxygenase 1 (mainly expressed in microglia, also present in infiltrating macrophages and endothelial cells); IDO2, an isoform of IDO1 with similar but less active function; IHC, Immunohistochemistry; KAT I/II, Kynurenine Aminotransferases I-II, enzymes converting KYN to KYNA; KMO, Kynurenine Monooxygenase (predominantly expressed in microglia); KYN, Kynurenine; KYNA, Kynurenic Acid (mainly produced by astrocytes); KYNU, Kynureninase (expressed in both microglia and astrocytes); NAM, Nicotinamide; QPRT, Quinolinate Phosphoribosyltransferase, enzyme degrading QUIN to NAD+; QUIN, Quinolinic Acid (mainly produced by activated microglia); RT-PCR, Reverse Transcription Polymerase Chain Reaction; SCZ, Schizophrenia; TDO2, Tryptophan 2,3-Dioxygenase, enzyme involved in KYN production; TRP, Tryptophan.


Supplementary Figure 1: Flow diagram according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta‑Analyses) criteria showing the process of study selection for human studies of microglia‑related markers in major depressive disorder (MDD) and schizophrenia (SCZ).
Identification: The database search yielded 4,942 records: Web of Science (n = 1,611), PubMed (n = 1,066), and Scopus (n = 2,265).
Screening: After removing duplicates (n = 1,925), 3,017 unique records remained. We then excluded narrative or off‑topic systematic reviews/meta‑analyses (n = 580), leaving 2,437 records for title/abstract and methods screening.
Eligibility: Of these, 2,264 records were excluded based on prespecified criteria, including: animal studies (n = 1,268), case reports (n = 18), no original data (n = 180), pediatric/adolescent psychiatry (n = 3), not SCZ or MDD (n = 543), mixed diagnoses (n = 19), in vitro/ex vivo only (n = 17), cross‑disorder comparisons without a control group (n = 22), no analysis of microglia/TSPO/kynurenines (n = 151), no quantification of these markers (n = 10), kynurenines reported only in blood/plasma (n = 28), and cytokine‑only studies (n = 5).
Included: 173 publications met eligibility and were included: 142 case‑control studies [1-142] and 31 systematic reviews/meta‑analyses [143-173].
(The Boolean search string and full inclusion/exclusion details are provided in the figure and Supplementary Methods.)



Supplementary Figure 2: Flow diagram according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta‑Analyses) criteria showing the process of study selection for human studies of microglia‑related markers in bipolar disorder (BD).
Identification: The database search yielded 565 records: Web of Science (n = 221), PubMed (n = 101), and Scopus (n = 243).
Screening: After removing duplicates (n = 192), 373 unique records remained. We then excluded narrative or off topic systematic reviews/meta analyses (n = 149), leaving 224 records for title/abstract and methods screening.
Eligibility: Of these, 187 records were excluded based on prespecified criteria, including: animal studies (n = 40), case reports (n = 4), articles without original data (n = 29), pediatric/adolescent psychiatry (n = 1), studies not investigating BD (n = 38), patients with mixed diagnoses (n = 1), studies using in vitro/ex vivo techniques (n = 8), cross sectional comparisons of multiple psychiatric disorders without a control group (n = 5), no analysis of microglia/TSPO/kynurenines (n = 42), no quantification of microglia/TSPO/kynurenines (n = 4), kynurenines quantified only in blood/plasma (n = 13), and cytokine only studies (n = 2).
Included: 37 publications met eligibility and were included: 27 case control studies [19, 49, 86, 100, 102, 105, 116, 124, 125, 128, 133, 187-190, 192-194, 196-204] and 10 systematic reviews/meta‑analyses [145, 149, 153, 154, 158, 166, 205-208].
(The Boolean search string and full inclusion/exclusion details are provided in the figure and Supplementary Methods.)


Supplementary Figure 3: Graphical overview of multimodal microglia-related evidence across the affective–psychosis spectrum.
Three evidence pillars are compared across major depressive disorder (MDD), bipolar disorder (BD), and schizophrenia (SCZ): TSPO PET, postmortem microglial phenotyping, and the kynurenine pathway (KP). In MDD, the most reproducible signal is frontolimbic TSPO-PET elevation, whereas postmortem microglial and KP findings are subtler or region-dependent. In BD, evidence remains limited overall, with sparse PET data, predominantly null diagnosis-level postmortem findings, and mixed upstream/downstream KP alterations. In SCZ, TSPO-PET findings are heterogeneous, postmortem microglial phenotypes are marker-dependent, and the most consistent biochemical pattern is a shift toward the KYNA branch of the KP. Dashed borders and reduced opacity indicate limited evidence; question marks indicate heterogeneous or inconsistent findings. Overall, biological subgroups and symptom dimensions better explain the pattern than categorical diagnoses alone.
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