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Abstract 

Posttraumatic stress disorder (PTSD) and major depressive disorder (MDD) are common stress-related psychiatric disorders. Genetic 
and neur obiology r esear c h has supported the viewpoint that PTSD and MDD may possess common and disorder-specific underlying 
mechanisms. In this systematic re vie w, we summarize evidence for the similarities and differences in brain functional and structural 
features of MDD , PTSD , and their comorbidity, as well as the effects of extensi v el y used therapies in patients with comorbid PTSD and 

MDD (PTSD + MDD). These functional magnetic resonance imaging (MRI) studies highlight the (i) shared hypoactivation in the pre- 
frontal cortex during cogniti v e and emotional processing in MDD and PTSD; (ii) higher acti v ation in fear pr ocessing r egions including 
amygdala, hippocampus, and insula in PTSD compared to MDD; and (iii) distinct functional deficits in brain r egions inv olv ed in fear 
and r ew ard pr ocessing in patients with PTSD + MDD r elati v e to those with PTSD alone . These structur al MRI studies suggested that 
PTSD and MDD shar e featur es of r educed v olume in focal fr ontal ar eas. The tr eatment effects in patients with PTSD + MDD may cor- 
relate with the normalization trend of structural alterations. Neur oima ging pr edictors of r e petiti v e tr anscr anial ma gnetic stim ulation 

response in patients with PTSD + MDD may differ from the mono-diagnostic groups. In summary, neuroimaging studies to date have 
provided limited information about the shared and disorder-specific features in MDD and PTSD. Further resear c h is essential to pave 
the way for dev eloping impr ov ed dia gnostic markers and ev entuall y targeted tr eatment appr oaches for the shar ed and distinct brain 

alterations presented in patients with MDD and PTSD. 

Ke yw or ds: posttr aumatic str ess disorder; major de pr essi v e disorder; comorbidity; transdia gnostic; disorder-specific 
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Introduction 

Posttr aumatic str ess disorder (PTSD) and major depr essiv e disor- 
der (MDD) are common stress-related psychiatric disorders asso- 
ciated with significant psychosocial and neur ocognitiv e dysfunc- 
tion (Godard et al., 2012 ; Thomas et al., 2010 ). Further, comorbid 

MDD is common in patients with PTSD, with a ppr oximatel y half of 
people with PTSD being diagnosed with comorbid MDD (Flory and 

Yehuda, 2015 ; Rytwinski et al., 2013 ). Pr olonged tr auma seems to 
be a major risk factor for comorbid PTSD and MDD (PTSD + MDD) 
(Kostaras et al., 2017 ). One explanation for the high comorbid- 
ity rate is that it may reflect overlapping symptoms of the two 
disorders, such as sleep disturbance, anhedonia, and concentra- 
tion impairments (Flory and Yehuda, 2015 ). An alternative view 

is that the co-occurrence of PTSD and MDD possibly represents 
a subtype of PTSD (Flory and Yehuda, 2015 ). Individuals with 

PTSD + MDD tend to have more severe clinical symptoms and 

neur ocognitiv e impairments (e.g. verbal memory and attention 

deficits), greater risk for suicidal behavior than individuals with 

PTSD or MDD alone (Dold et al., 2017 ; Nijdam et al., 2013 ; O’Donnell 
et al., 2004 ), and diminished ov er all tr eatment efficacy and in- 
cr easing c hr onicity (Ka plan and Klinetob, 2000 ; Pukay-Martin et 
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l., 2012 ). Recently, a meta-analysis of randomized controlled tri-
ls pr ov ed that the co-occurr ence of depr ession may act as a risk
actor for attenuated response in PTSD psyc hother a pies (Kline et
l., 2021 ). Together, these issues call for intensive research on the
v erla ps and differ ences in the neur al mec hanisms in MDD and
TSD. 

A series of studies of various research areas have been con-
ucted to deepen our understanding of the underlying mech- 
nisms of MDD and PTSD, mainly involving genetic and epi-
enetic factors , gene–en vir onment inter actions, neur otr ansmit-
er systems, and neuroendocrine function. Genetic and epige- 
etic r esearc h has supported the viewpoint that PTSD and MDD
ay possess common and disorder-specific gene expression pat- 

erns, mainly associated with neuroendocrine and neurotrans- 
itter systems. Specificall y, pr e vious genetics studies r e v ealed

hat PTSD and MDD had consistent and opposing directionality of
olecular findings in epigenetic processes and genes expression 

f glucocorticoid receptor and FK506 binding protein 51 (FKBP5) 
Yehuda et al., 2015 ; Zannas and Binder, 2014 ). A recent cross-
r ait meta-anal ysis identified 29 genomic loci shar ed in PTSD and
DD, and held the view that MDD is influenced by a broader
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pectrum of causal gene variants than PTSD (Zhang et al., 2022 ).
or eov er, one post mortem study performing RNA sequencing in

he pr efr ontal cortex (PFC) and amygdala regions revealed that
v erla pping gene expression patterns were associated with de-
r eased imm une signaling and neur oinflammation in MDD and
TSD, and a limited number of PTSD-specific differ entiall y ex-
r essed genes wer e associated with subpopulations of GABAergic

nhibitory neurons (Jaffe et al., 2022 ). A positron emission tomog-
 a phy study reported lo w er monoamine oxidase-B le v els in corti-
olimbic br ain ar eas in PTSD with comorbid MDD compar ed with
TSD alone (Gill et al., 2022 ). In the aspect of gene-environment
nteraction, the most extensive analyses have focused on FKBP5
nd have elucidated that interaction between FKBP5 genotype
nd childhood trauma is associated with increased risk for stress-
elated disorders including PTSD and MDD (Smoller, 2016 ). In
erms of neuroendocrine function and neurotransmitter systems,
ommon and distinct changes have been reported in MDD and
TSD. Concr etel y, the abnormal functioning of the hypothalamic–
ituitary–adrenal axis has been supposed to play a k e y role in the
e v elopment of PTSD and MDD (Dunlop and Wong, 2019 ; Pari-
nte and Miller, 2001 ). Both MDD and PTSD were associated with
lter ations in dopaminer gic (Ney et al. , 2021 ; Shen et al. , 2012 )
nd ser otoner gic tr ansmission (Dell’Osso et al., 2016 ; Southwic k
t al., 1999 ). Collectiv el y, these genetic and neurobiology studies
ave contributed to setting a stronger foundation for research
n the shared and distinct neur oima ging markers of MDD and
TSD. 

The mono-diagnostic and transdiagnostic neuroimaging stud-
es have enabled qualitative and quantitative comparisons of

DD and PTSD, r espectiv el y. To date, numer ous mono-dia gnostic
eur oima ging studies using magnetic resonance imaging (MRI)
ave identified functional and structural abnormalities in MDD
nd PTSD. Functional MRI (fMRI) studies hav e demonstr ated al-
er ations in cor e functional networks including the default mode
etwork (DMN), executive control network (ECN), and salience
etwork (SN) in both disorders (Albert et al., 2019 ; Bao et al., 2021 ).
imilar effects of behavioral treatments on normalizing neural
unctional alterations have been reported (Shou et al., 2017 ; Yang
t al., 2018a , 2018b ). Common neur al corr elates in structur al MRI
ave also been frequently found in the two disorders, including
 educed gr ay matter volume in the insular and anterior cingulate
ortices (ACC) (Bora et al., 2012 ; Bromis et al., 2018 ; O’Doherty et
l., 2015 ). In summary, these mono-dia gnostic neur oima ging stud-
es pr ovided indir ect e vidence for similar functional and struc-
ural abnormalities in MDD and PTSD. In the past two decades,
 limited number of case-contr ol tr ansdia gnostic neur oima ging
tudies have focused on direct comparisons of MDD and PTSD,
iming to identify common and div er gent underl ying neur al sig-
atur es. In particular, incr easing attention has been paid to indi-
iduals with PTSD + MDD. Some studies examined the effects of
DD comorbidity on brain activity and structure in the context of

TSD (Kemp et al., 2007 ; Lanius et al., 2007 ; van Rooij et al., 2015 ).
dvances in estimating the relevance/interaction effect between
DD and PTSD are now a vailable . We therefore performed a sys-

ematic r e vie w to pr ovide a mor e compr ehensiv e knowledge of
xtant studies probing the similarities and differences in the un-
erl ying neur al pathophysiology of MDD and PTSD in adult pop-
lation, displaying the existing r esearc h ga ps and making corr e-
ponding suggestions for future research. Of note, the summa-
ive conclusions may provide potential targets for neuroregula-
ory intervention in MDD and PTSD, especially comorbid MDD
nd PTSD. 
n  
ethods 

he pr esent r e vie w w as conducted accor ding to the Pr eferr ed Re-
orting Items for Systematic r e vie ws and Meta-Analyses (PRISMA)
uidelines. We searched PubMed using the following k e y w or ds:
MDD’ OR ‘major de pressi ve disorder’ OR ‘de pression’; ‘PTSD’ OR
posttr aumatic str ess disorder’ OR ‘post-tr aumatic str ess disor-
er’; and ‘functional MRI’ OR ‘task-based’ OR ‘fMRI’ OR ‘resting-
tate’ OR ‘functional connectivity’ OR ‘diffusion’ OR ‘DTI’ OR
GMV’ OR ‘grey matter’ OR ‘gray matter’ OR ‘VBM’ OR ‘voxel-
ased morphometry’ OR ‘surface-based morphometry’ OR ‘corti-
al thickness’. The reference lists of the articles included in re-
ated r e vie w and meta-anal yses wer e also c hec ked for r ele v ant
tudies. We screened 735 studies published before 30 August 2024,
nd included original neur oima ging studies that: (i) dir ectl y com-
ared patients with PTSD and those with MDD; (ii) compared indi-
iduals with PTSD + MDD to those with PTSD alone or MDD alone;
iii) explored the effects of treatments on amelior ating depr es-
ion and PTSD symptoms in patients with PTSD + MDD; and (iv)
ound potential neur oima ging featur es for classification of MDD
nd PTSD (MDD alone vs PTSD alone, MDD alone vs PTSD + MDD,
r PTSD + MDD vs PTSD alone). Studies in c hildr en, adolescents
r geriatrics were not included in the present review. We excluded
tudies that did not examine the neur oima ging featur es using
RI. We also excluded case reports and review articles, unless

hey included a meta-analysis. To provide supplementary infor-
ation, we gave an ov ervie w of these meta-analyses providing a

uantitativ e anal ysis of neur oima ging findings between PTSD and
DD. 
We extracted authors, year of publication, sample categories

nd size, neur oima ging methods, and k e y findings. Eac h enr olled
ross-sectional study was assessed for quality by two indepen-
ent r e vie wers (L.L. and J .J .) using a 12-point c hec klist ada pted
r om pr e vious meta-anal ytic studies (Br ambilla et al., 2003 ; Shep-
erd et al., 2012 ). This c hec klist was modified to r eflect critical
ariables essential in assessing the quality of included original
tudies. Each item was scored 1, 0.5, or 0 if the criteria were fully,
artially or not met, respectively (summarized in Table S1 ). Addi-
ionall y, we r ecorded the ther a py, symptom r elief, neur oima ging
r edictors, and tr eatment-r elated findings for studies in patients
ith PTSD + MDD. 

esults 

he liter atur e searc h using PubMed yielded 735 results. We
creened the titles and abstracts of these 735 recor ds. Tw o origi-
al studies were not included as they enrolled patients with MDD
r PTSD who experience own-thought auditory verbal hallucina-
ions (Zhuo et al., 2020a , 2020b ). It left 28 r ele v ant studies for re-
iew (see Fig. 1 ). Among them, 17 original studies focused on the
isease-r elated neur al tr aits, including eight pa pers using r esting-
tate fMRI (Averill et al., 2024 ; Gong et al., 2017 , 2019a ; Kennis
t al., 2013 ; Koopowitz et al., 2023 ; Yuan et al., 2019 ; Zhu et al.,
017 ; Zilcha-Mano et al., 2020 ), six studies using task-based fMRI
Bryant et al., 2021 ; Keller et al., 2022 ; Kemp et al., 2007 ; Lanius
t al., 2007 ; van Rooij et al., 2015 ; Whalley et al., 2009 ), and three
tructural MRI studies (Dai et al., 2020 ; Gong et al., 2019b ; Kroes
t al., 2011 ) (summarized in Table 1 ). The quality scores ranged
rom 10.5 to 11.5 (mean score 11.1) shown in Table S2 , demon-
trating that most included original studies were of relatively high
uality. Five original studies explored the potential neural mecha-
isms and/or predictors of response to treatments in PTSD + MDD

https://academic.oup.com/psyrad/article-lookup/doi/10.1093/psyrad/kkae022#supplementary-data
https://academic.oup.com/psyrad/article-lookup/doi/10.1093/psyrad/kkae022#supplementary-data
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F igure 1: Flo w chart sho wing the selection of studies. 
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populations (Barredo et al., 2021 ; Dai et al., 2020 ; Henigsberg et 
al. , 2011 ; Philip et al. , 2018 ; Yang et al. , 2018b ) (summarized in 

Table 2 ). A total of se v en meta-anal yses hav e r eported the shar ed 

and/or distinct neur oima ging findings between MDD and PTSD 

(Bromis et al., 2018 ; Janiri et al. , 2020 ; Jenkins et al. , 2016 ; McTeague 
et al., 2017 ; Schulze et al., 2019 ; Serra-Blasco et al., 2021 ; Wang et 
al., 2024 ) (summarized in Table 3 ). A gr a phical r epr esentation of 
the k e y br ain r egions with similar or distinct neur oima ging fea- 
tures among MDD alone, PTSD alone, and PTSD + MDD cohorts is 
shown in Fig. 2 . 

Functional MRI in PTSD and MDD 

Comparisons between PTSD and MDD 

We identified three task-based fMRI studies dir ectl y comparing 
the MDD and PTSD groups (Bryant et al., 2021 ; Keller et al., 2022 ; 
Whalley et al., 2009 ). The region of interest (ROI) fMRI study by 
Bryant et al. reported that patients with PTSD demonstrated sig- 
nificantl y gr eater activ ation than MDD in m ultiple r egions in- 
volved in amygdala and striatal-subcortical pathways during an 
motion processing task (Bryant et al., 2021 ). Common effects
cross MDD and PTSD groups relative to controls were not ex-
lored in that stud y . Furthermore, Whalle y et al. demonstrated
r eater activ ation during the memory r etrie v al pr ocess in patients
ith PTSD compared to depressed group in multiple brain re-

ions including amygdala, hippocampus, and insula, while areas 
f shared alteration relative to healthy controls (HC) were not
e ported (Whalle y et al., 2009 ). In addition, Keller et al. reported
ess focal neural activation in the right dorsomedial PFC and in-
erior frontal gyrus during cognitive reappraisal in both MDD and
TSD r elativ e to HC, as well as MDD-specific reduced activation in
he left middle temporal cortex and supplementary motor cortex 
K eller et al., 2022 ). Notabl y, K eller et al. found clinical group differ-
nces in multiple regions involving DMN , SN , ECN , and auditory
etwork using the seed-to-voxel and vo xel-to-vo xel functional 
onnectivity (FC) analyses during cognitiv e r ea ppr aisal pr ocess,
mphasizing the PTSD-specific features of ov er activ e and hyper-
onnected SN (Keller et al., 2022 ). Despite involving various trauma
 v ents, these studies sho w ed that MDD and PTSD had shared hy-
oactivation in the PFC, a region critical for threat detection and
 v aluation, and inhibitory contr ol of emotion and memory expres-
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P  
sion, while higher activation in SN and fear processing regions in- 
cluding amygdala, hippocampus, and insula was mainly observed 

in PTSD r elativ e to MDD gr oup during cognitiv e and emotional 
pr ocessing (Fig. 2 ). One r ele v ant study found that left dorsolateral 
PFC activation during a cognitiv e contr ol task was negativ el y cor- 
related with depression severity across MDD and PTSD (Yang et 
al., 2018b ), suggesting the common neur al alter ation possibl y as- 
sociated with the ov erla pping depr essiv e symptoms. 

These meta-analyses based on task-related fMRI studies have 
provided additional information to support the viewpoint that 
MDD and PTSD ma y ha v e tr ansdia gnostic and disorder-specific 
features in brain function during the execution of tasks, mainly 
involving the SN and fear processing regions (Janiri et al., 2020 ; 
McTeague et al., 2017 ; Schulze et al., 2019 ; Wang et al., 2024 ).
Aiming to inv estigate tr ansdia gnostic and disorder-specific neu- 
ral abnormalities during the processing of negative affective stim- 
uli, Schulze et al. conducted comparative meta-analyses in task- 
related fMRI studies in borderline personality disorder, MDD, and 

PTSD (Schulze et al., 2019 ). Results for individual disorders demon- 
str ated decr eased activ ation in the right amygdala in MDD con- 
trasting with enhanced activation in PTSD compared with HC. Di- 
r ectl y compar ed to MDD, individuals with PTSD sho w ed enhanced 

activation in the left inferior and superior frontal gyri, right middle 
frontal gyrus, and bilateral amygdala and hippocampus. Conjunc- 
tion analysis identifying the tr ansdia gnostic neur al activ ation il- 
lustr ated a hyper activ ation of the right median cingulate gyrus as 
well as hypoactivation of the right middle frontal gyrus and mid- 
dle occipital gyrus. Another meta-analysis of task-related fMRI 
studies by Janiri et al. identified tr ansdia gnostic clusters of hypoac- 
tivation in regions primarily involved in inhibitory control and 

salience processing (i.e. inferior PFC/insula, inferior parietal lob- 
ule, and putamen) across psychiatry disorders including MDD and 

PTSD (Janiri et al., 2020 ). Mor eov er, a tr ansdia gnostic neur oima ging 
meta-analysis by McTeague et al. investigated the neural circuitry 
disruptions underl ying cognitiv e contr ol pr ocessing acr oss psyc hi- 
atric disorders including MDD and PTSD (McTeague et al., 2017 ).
This study r e v ealed abnormal activ ation in m ultiple r egions, suc h 

as the PFC, anterior insula, and so on. Recently, the meta-analysis 
by Wang et al. also supported the viewpoint that PTSD and MDD 

share similar neural activation in the PFC (Wang et al., 2024 ). 
In addition, we identified four resting-state fMRI studies that 

compared MDD and PTSD dir ectl y (Av erill et al., 2024 ; Gong et 
al. , 2017 , 2019a ; Koopowitz et al. , 2023 ). Among them, the two 
studies by Gong et al. enrolled patients with PTSD who had ex- 
perienced the same tr auma e v ent of 2008 Sichuan earthquake 
(Gong et al., 2017 , 2019a ). Focusing on networks of interest (i.e.
DMN , ECN , and SN), Gong et al. r e v ealed tr ansdia gnostic r educ- 
tions in intra-network connectivity of the DMN and no signifi- 
cant difference in inter-network connectivity among HC, PTSD, 
and MDD groups (Gong et al., 2017 ). Another study by Gong et 
al. a pplied psyc hophysiological inter action anal ysis to measur e 
the resting-state effective connectivity between the medio-dorsal 
thalamic nucleus and rest of the cortex (Gong et al., 2019a ).
In this study, Gong et al. identified tr ansdia gnostic featur es of 
str onger effectiv e connectivity between the medio-dorsal thala- 
mic nucleus and neocortex (se v er al pr efr ontal and parietal r e- 
gions bilater all y suc h as postcentr al gyrus, supr amar ginal gyrus,
and medial superior frontal gurus) in medication-naïve MDD and 

PTSD cohorts r elativ e to the HC. Koopowitz et al. r ecentl y r e- 
cruited mothers at the 18-month postpartum time point and di- 
vided them into four groups: PTSD , MDD , PTSD + MDD , and con- 
trols (Koopowitz et al., 2023 ). FC within and between higher or- 
der cognitiv e contr ol networks, including the SN, dorsal atten- 
ion network (DAN), frontoparietal network, and DMN were com- 
ar ed acr oss the four gr oups . K oopowitz et al. found that PTSD
ith comorbid MDD sho w ed greater intrinsic FC within the right

r ontoparietal network, r elativ e to the contr ols and the mono-
ia gnostic gr oups. Compar ed to PTSD gr oup and contr ols, MDD
roup sho w ed greater FC within the DMN, and weaker FC within
he left frontoparietal network. No group differences in inter- 
etw ork connectivity w er e observ ed in this study. Recentl y, Av er-

ll et al. compared the longitudinal alterations of DMN strength
ollowing a mild experimental stressor in MDD and PTSD (Aver-
ll et al., 2024 ). This study r e v ealed a str ess-induced r eduction
n DMN strength in PTSD group while increased DMN strength
n MDD gr oup. Notabl y, the r esearc hers also demonstr ated a
ignificant main effect of group, showing significantly reduced 

MN strength in the PTSD group relative to MDD group. Over-
ll, these fMRI studies support the viewpoint that DMN dysfunc-
ions, especially a functional impairment of the PFC, are impli-
ated in the pathophysiology of MDD and PTSD. A fuller pre-
entation of findings of these original fMRI studies is shown in
able 1 . 

omparisons between PTSD + MDD and PTSD alone 
 atients dia gnosed with PTSD might hav e either subthr eshold de-
ression or meet criteria for MDD. Individuals with PTSD + MDD
ften exhibit greater functional and occupational impairments 
nd poorer treatment response than participants with PTSD alone 
K essler et al., 2005 ), r aising inter est in underl ying neur obiologi-
al differences and similarities between patients with PTSD alone 
nd those with PTSD + MDD. In the present review, we identi-
ed three task-related neuroimaging studies examined the effects 
f MDD comorbidity on neural activity in the context of PTSD
Kemp et al., 2007 ; Lanius et al., 2007 ; van Rooij et al., 2015 ). Dur-
ng a trauma script-driven imagery procedure, Lanius et al. found
hat both PTSD + MDD and PTSD alone groups revealed decreased
r ain activ ation in the ACC and right v entr olater al PFC r elativ e to
r aumatized contr ols, wher eas the PTSD + MDD group had lo w er
nsula activation, less reduction in ACC and higher posterior cin-
ulate cortex (PCC) activation versus patients with PTSD alone 
Lanius et al., 2007 ). Another fMRI stud y re ported that decreased
ubgenual A CC (sgA CC) activ ation was r elated to the MDD sta-
us within the PTSD group during trauma-unrelated emotional 
r ocessing (v an Rooij et al., 2015 ). The opposite findings in the
CC of the two studies (Lanius et al., 2007 ; van Rooij et al., 2015 )
ossibl y r elate to the v arious tr auma type (v eter an experience vs
otor vehicle accident) and imagery procedure stimuli (trauma- 

riven vs trauma-unrelated), but this needs further examination.
ome fear-r elated r egions suc h as amygdala and PFC in PTSD are
or e likel y to be activ ated by negativ e stim uli than they ar e in

TSD + MDD. Supporting this vie w, K emp et al. found lo w er activ-
ty in the amygdala and medial PFC in response to fear stimuli in
atients with PTSD + MDD compared to patients with PTSD alone

Kemp et al., 2007 ). Of special interest, the PTSD alone group in this
tudy sho w ed incr eased activ ation in the right amygdala while the
TSD + MDD group sho w ed decr eased activ ation in the left amyg-
ala r elativ e to the HC. As the most common fMRI finding in in-
ividuals with PTSD, amygdala hyperactivity has been thought to 
acilitate associative fear learning and result in stronger fear as-
ociations (Harnett et al., 2020 ). The findings of Kemp et al. hinted
he effects of comorbid depression on amygdala activation in the
ontext of PTSD. 

Se v er al r esting-state fMRI studies inv estigating whether
TSD + MDD comorbidity holds an underl ying neur al basis
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Figure 2: Key brain regions that sho w ed similar or distinct neuroimaging features among MDD alone, PTSD alone, and PTSD + MDD cohorts. 
Abbr e viations: HIP, hippocampus; OFC, orbitofrontal cortex. 
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iffer ent fr om PTSD alone have focused on regions related to
ear and r e w ar d pr ocessing, suc h as ACC, insula, amygdala, and
ucleus accumbens (NAcc) (Fig. 2 ). The study by Kennis et al .
sed the sgACC and insula as seeds to investigate whether or
ot comorbid MDD contributes to the FC alterations in veter-
ns with PTSD (Kennis et al., 2013 ). Kennis et al. found that FC
f the sgACC with the thalamus and perigenual parts of the
CC can distinguish PTSD + MDD from PTSD alone, suggesting

hat these features may serve as a neurobiological marker for
omorbid depression in PTSD population (Kennis et al., 2013 ).
esides, Kennis et al. also reported that reduced FC of insula-
ippocampus in PTSD + MDD r elativ e to PTSD alone might
e due to medication effects, raising an issue that needs more
ttention in future research. The amygdala, another core region
n the fear circuit, has been suggested to be involved in the
athophysiology of both PTSD and MDD. Recent studies have

dentified the specialized roles of basolateral (BLA) and cen-
romedial amygdala (CMA) during fear conditioning (Ciocchi et
l., 2010 ; Mahan and Ressler, 2012 ). Considering the dissociable
unctions of the BLA and CMA, Zhu et al. conducted the first
tudy investigating amygdala FC at the subregional level between
TSD alone and PTSD + MDD with seeds of BLA, CMA, and NAcc
Zhu et al., 2017 ). They found that PTSD + MDD group exhibited
eaker FC of BLA-orbitofrontal cortex, Nacc-thalamus, and NAcc-
ippocampus r elativ e to either PTSD alone or trauma-exposed
C, wher eas ther e was no significant differ ence between PTSD
lone and trauma-exposed HC, suggesting that deficits in NAcc
nd amygdala pathways involved in fear and r e w ar d processing
r e pr ominentl y and selectiv el y alter ed in PTSD + MDD. The
ndings of Zhu et al. are consistent with evidence that individuals
ith PTSD + MDD have more severe illness and need more robust
ntervention. 

To eliminate the potential influences of pr edefined ROI, v ar-
ous trauma types and medication treatment, Yuan et al. per-
ormed a whole-brain group analysis to comprehensively explore
he functional networks involving the subregional amygdala in
rug-naïve indi viduals with PTSD + MDD and PTSD alone ex-
osed to the same massive earthquake (Yuan et al., 2019 ). Yuan
t al. found that weaker BLA-right putamen/pallidum connectiv-
ty in PTSD + MDD was related to comorbid depression severity,
s opposed to greater PTSD symptom severity in PTSD + MDD.
n addition, PTSD + MDD group also sho w ed w eaker FC be-
ween right BLA with left ACC/supplementary motor area and left
utamen/pallidum, as well as greater CMA connectivity with left
CC/supplementary motor area. These findings suggest that spe-
ific FC dysfunctions may distinguish PTSD + MDD from PTSD
lone at the whole-brain level. In line with this view, Zilcha-
ano et al. further demonstrated the clinical utility of within-

nd betw een-netw orks connectivity featur es in differ entiating in-
ividuals with PTSD alone from those with PTSD + MDD by means
f a support vector machine model with accuracy achieving 76.7%
Zilcha-Mano et al., 2020 ). The most discriminative features in-
luded within-network FC in the basal ganglia network (BGN),
AN , and SN . Gr oup anal ysis of these FC biomarkers demon-
trated higher within-network connectivity in the BGN but lo w er
ithin-network connectivity in the ECN , SN , and DAN in PTSD
lone, versus PTSD + MDD. Overall, these studies propose proof
or the effects of comorbid MDD on the brain in PTSD populations,
uggesting the potential application of neur oima ging markers in
iffer ential dia gnosis of PTSD. 
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Structural MRI in PTSD and MDD 

Although past mono-diagnostic neuroimaging studies demon- 
strated that PTSD and MDD may share similar abnormalities 
in neuroanatomical substrates, few studies have contrasted the 
neur oanatomical alter ations in MDD with those in PTSD. In the 
pr esent r e vie w, w e identified tw o studies using voxel-based mor- 
phometry (VBM) (Gong et al., 2019b ; Kroes et al., 2011 ), and one 
study using tensor-based morphological method (Dai et al., 2020 ).
Various trauma types, analysis methods and sample types of 
these structural MRI studies make it impossible to make any sum- 
mativ e conclusions. Specificall y, Kr oes et al. used VBM anal ysis to 
identify associated volumetric changes of PTSD and MDD, versus 
trauma-exposed HC. The research group found similar volume re- 
ductions pr edominantl y in pr efr ontal ar eas (i.e. middle cingulate 
gyrus, medial PFC , ACC , orbitofrontal cortex, and dorsolateral PFC) 
but no significant difference between PTSD and MDD (Kroes et al.,
2011 ). Considering the similar le v els of depression severity in the 
PTSD and MDD gr oups, Kr oes et al. suggested that existing findings 
of gray matter reductions in prefrontal areas may not be specific to 
PTSD but r ather r elated to featur es shar ed with other conditions,
such as depression. In another VBM study, Gong et al. identified 

a tr ansdia gnostic marker of increased putamen volume in four 
psyc hiatric gr oups (i.e. PTSD , MDD , obsessi ve-compulsi ve disorder,
and psychosis) relative to HC by diagnosis-specific comparisons 
(e.g. PTSD vs HC, and MDD vs HC) (Gong et al., 2019b ). It is worth 

noting that the comorbid disorders of these participants were not 
r ecorded, and the r esearc h gr oup did not conduct a direct com- 
parison between MDD and PTSD in this study. Using tensor-based 

mor phological anal ysis , Dai et al. in v estigated the r egional volume 
differences for 29 HC participants and 21 patients with MDD, in- 
cluding 10 participants with comorbid PTSD (Dai et al., 2020 ). They 
found that both MDD alone and PTSD + MDD groups sho w ed 

smaller volume in right opercular inferior frontal gyrus relative 
to HC, only the MDD alone group sho w ed smaller v olume in left 
orbital inferior frontal gyrus compared to HC, and no significant 
difference was found between the MDD alone and PTSD + MDD 

groups (Table 1 ). The reliability and reproducibility of the findings 
need to be further verified in view of the small sample size. To pro- 
vide more information, we also paid attention to relevant stud- 
ies aiming to identify specific depr ession-r elated neur oanatom- 
ical abnormalities in the context of PTSD. Using FreeSurfer to 
analyze the volume of hippocampal subfields, Averill et al. pro- 
vided the first evidence relating both PTSD and depression symp- 
toms to structural alteration in the hippocampus-amygdala tran- 
sition ar ea, one r egion highl y connected to pr efr ontal-amygdala 
circuitry, while dentate gyrus abnormalities were associated with 

depr ession se v erity but not PTSD symptoms (Av erill et al., 2017 ). 
Se v er al meta-anal yses of structur al MRI studies hav e been con- 

ducted r ecentl y to pr ovide additional information. Br omis et al.
conducted a statistical comparison of the ROI meta-analysis of 
PTSD with a pr e vious meta-anal ysis of MDD (Br omis et al., 2018 ).
Both PTSD and MDD sho w ed reduced hippocampal volume com- 
pared to HC, with no difference between the patient groups in this 
r egion. Compar ed to patients with PTSD and HC, patients with 

MDD had significantly reduced thalamus volume. Patients with 

PTSD had reduced total brain volume, relative to MDD and HC.
Serra-Blasco et al. recently analyzed common and specific gray 
matter volume c har acteristics by conducting a meta-anal ysis of 
VBM studies of MDD, anxiety disorders, and PTSD with samples 
with no or minimal percentages of comorbidities (Serra-Blasco et 
al., 2021 ). The pairwise comparison results (MDD vs PTSD) sho w ed 

no significant difference for MDD and PTSD, whereas the con- 

p  
unction analysis did show that the two disorders shared gray
atter reduction in the left middle cingulate cortex when ap-

l ying a mor e liber al thr eshold ( P < 0.01, uncorr ected). Fr om a
onnectomic perspective, the Enhancing Neuroimaging Genet- 
cs thr ough Meta-Anal ysis (ENIGMA)–Psyc hiatric Genomics Con- 
ortium used cortical thickness to construct structural covari- 
nce networks, and then calculated the cortical thickness-based 

entr ality, a measur e that c har acterizes the number of connec-
ions of a region. The researchers found that participants with
TSD + MDD sho w ed higher centrality in the medial PFC and
o w er centrality in right visual cortex compared to PTSD alone
Rakesh et al., 2023 ). Synthesizing the findings of these original
tudies and meta-analyses, we concluded that structural abnor- 
alities in the PFC would be the most reliable findings across
DD and PTSD. 
To identify tr ansdia gnostic white matter alterations , J enkins et

l. conducted tr ansdia gnostic meta-anal ysis and disorder-specific 
eta-analyses of fractional anisotropy (FA) studies across five 

motional disorders including MDD and PTSD (Jenkins et al., 2016 ).
he tr ansdia gnostic meta-anal ysis r e v ealed commonalities in re-
uced FA in emotional disorders compared to HC in multiple
hite matter tracts, including the left anterior thalamic radia- 

ion (ATR), bilateral superior longitudinal fasciculi, and so on. The
isor der-specific meta-analyses sho w ed that the tw o largest peaks
f reduced FA in MDD contrasts were in the left ATR and superior
ongitudinal fasciculus. Reduced FA in the left uncinate fascicu- 
us and superior longitudinal fasciculus was identified in the PTSD
ontrasts, ho w ever, the tw o regions were inferior to those identi-
ed in MDD . T o sum up, the PTSD group was the most distinct,
ith no clusters of reduced FA overlapping with any other emo-

ional disorders. Yielding the largest studies, the ENIGMA Consor- 
ium examined the ov erla p in white matter deficit patterns across
isorders (K ochuno v et al., 2022 ). T he r esearc hers adopted diffu-
ion tensor imaging analytic w orkflo w based on tract-based spa-
ial statistics to extract 24 regional tractwise FA values for the en-
ire white matter sk eleton. The y demonstrated that white matter
eficits of PTSD sho w ed only w eak parallels with those seen in
DD. The two meta-analyses of FA studies support the anatomi- 

al specificity of white matter deficits in MDD and PTSD (Jenkins
t al., 2016 ; K ochuno v et al., 2022 ). Although these gra y and white
atter structural findings derived from secondary analyses of 

hese original studies need further v erification, they r aise awar e-
ess of the potential importance of further studying the common 

nd unique neuroanatomical alterations associated with MDD 

nd PTSD. 

otential neural mechanisms and 

redictors of response to treatments in 

TSD + MDD populations 

o date, a series of r e vie ws hav e summarized the clinical appli-
ation of these ther a peutic methods in treating MDD and PTSD
ainl y including antidepr essants (e.g. selectiv e ser otonin r e-

ptake inhibitors, ser otonin/nor epinephrine r euptake inhibitors,
nd k etamine), re petiti ve transcranial magnetic stimulation 

TMS), and psyc hological interv ention (e.g. acceptance and com-
itment ther a py, cognitiv e ther a py, and cognitiv e behavior al ther-

py) (Akhtar and Pilkhwal Sah, 2021 ; Cui et al., 2024 ; Hidalgo
nd Davidson, 2000 ; Hung et al., 2011 ; Jeffreys et al., 2012 ). Given
hat individuals with PTSD + MDD tend to hav e mor e se v er e
linical symptoms and greater risk for suicidal behavior com- 
ared to patients with PTSD alone or MDD alone, we ther efor e
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pecifically focused on these studies exploring the underlying
eur al mec hanisms of ther a peutic effects that may corr elate with
he ov erla pped and/or disorder-specific neur oima ging featur es in
TSD + MDD populations. So far, a limited number of MRI studies
av e pur el y inv estigated the potential neural mechanisms of ther-
 peutic r esponse in PTSD + MDD populations, mainl y involving
electiv e ser otonin r euptake inhibitors , ketamine , and r epetitiv e
MS. 

ntidepressant medication 

here is increasing evidence to support the use of antidepres-
ants, particularl y the selectiv e ser otonin r euptake inhibitors, as
rst-line ther a p y in MDD and PTSD (Akhtar and Pilkhw al Sah,
021 ; Cui et al., 2024 ; Hidalgo and Davidson, 2000 ). Enrolling pa-
ients with PTSD + MDD, Henigsberg et al. measur ed c hanges of
euronal marker N -acetyl-aspartate, choline (CHO), and creatine
sing pr oton ma gnetic r esonance spectr oscopy in r esponders to
ntidepr essant tr eatment with selectiv e ser otonin r euptake in-
ibitors (Henigsberg et al., 2011 ). They found significant increase

n c holine/cr eatine r atio following the antidepr essant tr eatment,
uggesting increased turnover of cell membranes as a mechanism
f the antidepressant drug therap y. Of note, resear ch into pharma-
other a py for PTSD + MDD indicated that higher doses of antide-
ressant drugs may be needed than for patients with PTSD alone

Chiba et al., 2016 ). Available first-line antidepressant medications
 equir e se v er al weeks to pr oduce a full ther a peutic r esponse, and
any patients fail to achieve remission. T hus , regarding individ-

als with PTSD + MDD, most attention has been focused on the
ntide pressant k etamine, an N -methyl-D-aspartate (NMDA) glu-
amate receptor antagonist that can rapidly (within 1 day) pro-
uce an antidepressant response and treat suicidality (Feder et
l., 2014 ; Kritzer et al., 2022 ; Zarate et al., 2006 ). 

Neur onal atr ophy and glutamater gic signaling dysfunction cat-
lyzed by stress have been implicated in cognitive deficits associ-
ted with PTSD and depression (Millan et al., 2012 ; Musazzi et al.,
013 ; Popoli et al., 2011 ). Ketamine has shown potential as a novel
lutamate-tar geting antidepr essant for patients who do not r e-
pond to treatment with first-line antidepressants with MDD and
TSD (Derakhshanian et al., 2021 ; Kritzer et al., 2022 ). It r a pidl y
ncr eases ser otoner gic neur otr ansmission and r estor es effectiv e
FC synaptic connections (Holmes et al., 2022 ; Li et al., 2010 ). Ev-
dence suggests that re peated k etamine infusions are efficacious
n r a pidl y amelior ating both PTSD and MDD symptoms (Albott et
l. , 2018 ; Artin et al. , 2022 ) and contribute to impr ov ement of work-
ng memory in individuals with PTSD + MDD (Albott et al., 2022 ).
ai et al. reported significant impr ov ement of both depression and
TSD symptoms in PTSD + MDD participants after a single infu-
ion of ketamine administration (Dai et al., 2020 ). Artin et al. found
istinct effects of ketamine on depression and PTSD symptoms

Artin et al., 2022 ), suggesting potentiall y differ ent modes of ac-
ion on corresponding underlying mechanisms . Recently, J ohnston
t al. provided an ov ervie w of ketamine use in psychiatric disor-
ers and related comorbidities, and came to a conclusion that ke-
amine can effectiv el y tar get m ultiple symptom domains, suc h as
epression, anhedonia, and suicidal ideation (Johnston et al., 2024 ).

Ho w e v er, fe w studies hav e explor ed the effects of ketamine
nfusions on brain structure and function in patients with
TSD + MDD to date. Dai et al. found a minor increase of the vol-
me in the right opercular inferior frontal gyrus after a single ke-
amine infusion in patients with PTSD + MDD r elativ e to baseline,
uggesting that acute ketamine administration normalize struc-
ur al alter ations associated with depression but not PTSD symp-
oms (Dai et al., 2020 ). For functional alterations in PTSD + MDD,
lbott et al. have recently proposed a research plan to verify the
ypothesis that ketamine infusions could impr ov e PTSD and MDD
linical symptoms by r e v ersal of FC alterations (Albott et al., 2021 ).
he r esearc her suggested that the completion of this study will
tr ongl y support the concept of a biologically based model of
TSD + MDD in the futur e. Ov er all, the effects of ketamine treat-
ent on brain in patients with PTSD + MDD require more inves-

igation. Additionall y, pr edictiv e neur oima ging biomarkers for ke-
amine treatment in PTSD + MDD have not yet been systemati-
ally assessed. 

epetitive TMS treatment 
s a type of noninv asiv e neur ostim ulation in clinical medicine,
MS has shown its ability to treat MDD and promise in several
ther conditions including PTSD (Huntley et al., 2023 ). Recent ev-
dence suggests that TMS can be an effective treatment for pa-
ients with PTSD + MDD (Philip et al. , 2022 , 2016 ; W ilkes et al. ,
020 ). Dorsolateral PFC, a core region of the central executive net-
ork responsible for top-down regulation of other networks such
s DMN and SN, is the most common region targeted by TMS in
syc hiatric studies (Barr edo et al., 2019 ). Studies in patients with
DD hav e demonstr ated that TMS to the dorsolateral PFC could

nduce physiologic changes distal to the stimulation site, partic-
larl y in sgACC. Incr eased sgACC blood flow and higher sgACC
etabolic activity at baseline predicted subsequent response to

MS, and posttr eatment c hanges in blood flow and metabolism
n the sgACC were associated with impr ov ed depr ession symp-
oms (Baeken et al., 2015 ; Kito et al., 2011 , 2012 ). Philip et al. con-
ucted the first study e v aluating TMS-associated c hanges in FC

n patients with PTSD + MDD, and underscored the involvement
f sgACC, DMN, and SN in potential mechanisms of TMS response
Philip et al., 2018 ). In this study, Philip et al. found that both depres-
ive and PTSD symptom improvements were associated with re-
uced sgACC-to-DMN connectivity and hippocampus-to-SN con-
ectivity after TMS treatment in patients with PTSD + MDD. This
tudy also indicated that different potential mechanisms corre-
ated to MDD and PTSD symptom amelioration after TMS, includ-
ng reduced connectivity between sgACC and visual regions re-
ated to PTSD symptom impr ov ement and reduced connectivity
etween sgACC and somatosensory/motor regions related to de-
r ession amelior ation (summarized in Table 2 ). 

Regarding neur oima ging pr edictors of TMS r esponse, Philip et
l. found that reduced sgACC-to-DMN connectivity and increased
m ygdala-to-PFC connecti vity pr edicted TMS r esponse in patients
ith PTSD + MDD (Philip et al., 2018 ), while in patients with
DD alone, Liston et al. found that hyperconnectivity between

gACC and DMN pr edicted subsequent r esponse to TMS (Liston
t al., 2014 ). Effects of different stimulation protocols (varied fre-
uencies and intensities) and MRI data processing pipelines in
he two studies need to be considered in comparing their find-
ngs, but differences are suggested. It raises issues about veri-
cation and comparison of neur oima ging pr edictors of TMS r e-
ponse in MDD alone, PTSD alone, and their comorbidity. Philip
nd colleagues further constrained tract-based probabilistic trac-
ogr a phy via pre-TMS diffusion-weighted imaging data from pa-
ients with PTSD + MDD, and the weighted pathway av er a ges
f white matter integrity metrics were then extr acted fr om four
rontal white matter pathways: the forceps minor , A TR, cingu-
um, and uncinate fasciculi (Barredo et al., 2019 ). Then Philip
t al. used backw ar d stepwise regressions to evaluate whether
he metrics in these fronto-limbic pathways (i.e. explanatory
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variables) accounted for significant variance in functional predic- 
tors of TMS outcome (i.e. dependent variables) revealed by their 
former study (Philip et al., 2018 ). They demonstrated that pr etr eat- 
ment FA in the left ATR was negativ el y associated with amygdala- 
to-PFC functional predictors for PTSD and de pressi ve symptom 

impr ov ements after TMS treatment, while FA in the right ATR was 
positiv el y associated with these predictors (Barredo et al., 2019 ).
These findings provide information about the underlying struc- 
tural elements of functional predictors of treatment response to 
TMS. The r epr oducibility and reliability of these finding should be 
further v erified. Mor e efforts need be made to explore the neural 
mechanisms in relation to TMS action and biomarkers predicting 
and tr ac king r esponse in PTSD + MDD populations, as well as cor- 
responding similarities and differences among MDD alone, PTSD 

alone, and PTSD + MDD cohorts. 

Other related studies and corresponding 

suggestions for future research 

As an effective late-line treatment for refractory MDD, electrocon- 
vulsiv e ther a py has been found associated with significant r educ- 
tions of both PTSD and MDD symptoms in comorbid PTSD + MDD 

(Ahmadi et al., 2016 ; Callens and Sienaert, 2024 ), which may be 
pr edicted by r esponse to dexamethasone suppr ession test (Ah- 
madi et al., 2018 ; Watts and Groft, 2010 ). Ho w e v er, the r elated un-
derl ying neur al mec hanisms hav e been r ar el y inv estigated. Sim- 
ilarl y, external stim ulation of the trigeminal nerv e as an emer g- 
ing adjunct to pharmacother a p y sho w ed the efficac y for individ- 
uals with PTSD + MDD (Cook et al., 2016 ) with the neural mech- 
anism poorly understood. The clinical implications and efficacy 
of cognitiv e–behavior al tr eatment pr ogr am for individuals with 

PTSD + MDD have been examined (Nixon and Nearmy, 2011 ). Of 
note, a unified study examining brain activity induced by an emo- 
tional conflict task has reported that MDD and PTSD had simi- 
larl y incr eased activ ation of cognitiv e contr ol r egions, implicating 
impr ov ed cognitiv e contr ol activ ation as a tr ansdia gnostic mec h- 
anism for the cognitiv e–behavior al tr eatment r esponse (Yang et 
al., 2018b ). The meta-analysis by Marwood et al. demonstrate that 
ther e ar e consistent activ ation decr eases in ACC, inferior fr ontal 
gyrus and insula after psychological therapy across multiple dis- 
orders including MDD and PTSD (Marwood et al., 2018 ). The re- 
pr oducibility and r eliability of these findings need to be further 
verified. 

Specialized searc h str ategies would be beneficial to a bet- 
ter understanding of the underlying transdiagnostic mechanisms 
for MDD and PTSD. A r e vie w by Moustafa et al. recommend 

a symptom-based a ppr oac h inv estigating neur al substr ates as- 
sociated with different clusters of symptoms (Moustafa et al.,
2016 ), rather than the comparison of disorders. Using this ap- 
pr oac h, Satterthwaite et al. identified foci of resting-state func- 
tional d ysconnecti vity associated with depr ession se v erity in the 
bilateral amygdala across MDD and PTSD (Satterthwaite et al.,
2016 ). Follow-up seed analyses revealed that depression sever- 
ity in the pooled sample was associated with amygdalo-frontal 
hypo-connectivity in a netw ork inv olving regions of bilateral dor- 
solateral PFC , ACC , and anterior insula. Future research adopting 
the symptom-based a ppr oac h may help understand commonali- 
ties between MDD and PTSD considering their ov erla pping symp- 
toms . T he identification of neural substrates related to k e y clinical 
features in MDD and PTSD may help to tailor individualized pro- 
grams to treat emotion and cognitive deficits . Furthermore , Seitz 
et al. r ecentl y inv estigated tr ansdia gnostic dysfunction of DMN 
nd some other k e y r egions (e.g. v entr al striatum and amygdala)
ith childhood maltreatment as the predictor in a transdiagnos- 

ic adult sample including patients with MDD , PTSD , and somatic
ymptom disorder (Seitz et al., 2024 , 2023 ; Valencia et al., 2024 ).
hese studies sho w ed us novel research approaches based on the
hared risk factors. 

Fr om connectome perspectiv es, Suo et al. systematicall y r e-
ie wed neur oima ging studies using gr a ph theor etical a ppr oac hes
or six major psychiatric disorders including MDD and PTSD 

Suo et al., 2018 ). Summaries of altered small-world properties
ho w ed no consistent alterations in MDD and PTSD, making cross-
isease comparisons impossible. From the perspectives of segre- 
ation and integration, Suo et al. classified altered small-world 

roperties into four patterns: namely, regularization, randomiza- 
ion, stronger small-worldization, and weaker small-worldization.
enefitting from these conceptualized patterns, future studies in 

DD and PTSD ma y pro vide no vel insights into the tr ansdia gnos-
ic and disorder-specific pathophysiological mechanisms underly- 
ng MDD and PTSD from a connectomic perspective. 

Earl y dia gnosis and tr eatment of comorbidity would contribute
o more rapid symptom reduction and any chronic illness pro-
ression. In the future machine learning may be beneficial to pro-
ide objective categorical diagnoses of MDD alone, PTSD alone,
nd PTSD + MDD, and to de v elop compr ehensiv e models that
an effectiv el y pr edict an individual’s risk for comorbidity as well
s the treatment response . T he predictive models may need to
ombine the underlying biological mechanisms of MDD and PTSD 

rom dimensions of psychopathology including genetics , beha vior,
nd neuropathology that may extend across diagnostic categories.
t may help to identify change patterns involving interactions 
mong genetics , en vir onment exposur e, and neur oima ging as pr e-
isposing factors for de v eloping comorbidities. In addition, the ef-
ects of pr ogr essiv e depr ession in patients with PTSD remain un-
lear. Further longitudinal studies are crucial to illuminate possi- 
l y differ ent neur oima ging pr esentations at differ ent sta ges of the

llness course, and to provide a better understanding of the inter-
cting effect of PTSD and depression in patients with comorbidity.

onclusions 

ele v ant neur oima ging studies to date hav e pr ovided important
nformation about the shared and disorder-specific neural fea- 
ures in MDD and PTSD, whereas it is difficult to obtain some reli-
ble models from these findings considering their various analysis 
ethods and different sample types. We just made some concep-

ual summaries at this sta ge. Dir ect comparisons in task-related
r ain functional activ ation in MDD and PTSD gr oups sho w ed
har ed hypoactiv ation in the PFC, but higher activ ation in SN
nd fear processing regions in PTSD alone relative to MDD alone
nd comorbid PTSD + MDD groups during cognitive and emo- 
ional processes. Comparisons between PTSD + MDD and PTSD 

lone suggest that deficits in brain regions involved in fear and
 e w ar d processing might be markers for distinguishing PTSD with
nd without MDD. Furthermore, both patients with PTSD and 

hose with MDD displayed volume reductions in frontal areas 
ncluding dorsolateral PFC and A CC. W ith respect to the treat-

ents of ketamine and TMS in patients with PTSD + MDD, the
nderl ying neur al mec hanisms associated with symptom im-
r ov ements as well as pr edictiv e biomarkers for treatment ef-
ects need further inv estigation. Futur e r esearc h on the common
nd disease-specific features of MDD and PTSD may benefit from
he novel approaches based on the symptom clusters and shared
isk factors. Machine learning models combining genetics, behav- 
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ors, and neuropathology will be beneficial to predicting an indi-
idual’s risk for PTSD + MDD comorbidity as well as treatment
esponse. 
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