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Abstract 
 

Major depressive disorder (MDD) is a chronic, highly prevalent and debilitating mental disorder 

associated with significant illness and economic burden globally. Exposure to trauma (e.g., physical, 

sexual, emotional abuse, and/or physical and emotional neglect) is common amongst individuals with 

MDD. Persons with MDD and a history of trauma often exhibit an attenuated response to 

conventional serotonergic antidepressants compared to those with non-traumatized depression. 

Emerging evidence indicates that exposure to trauma is associated with increased inflammatory 

markers [e.g., C-reactive protein (CRP), interleukin-6 (IL-6), tumour necrosis factor-α (TNF-α)] as 

well as glutamatergic dysregulation in the central nervous system (CNS). It is hypothesized that 

individuals with MDD and a history of trauma may be conceptualized as a distinct bio-phenotype 

compared to non-traumatized depression. Furthermore, preliminary evidence positions select 

glutamatergic modulators as potential novel, mechanistically-informed therapeutic strategies that may 

provide benefit to persons with elevated inflammation and glutamatergic dysregulation.  
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The majority of adults with major depressive disorder (MDD) fail to achieve symptomatic or 

syndromal recovery with conventional first-line antidepressants.1 The aforementioned deficiency in 

extant treatment performance has provided the imperative to identify baseline sociodemographic, 

biologic, treatment and contextual factors that are predictive of treatment response to antidepressants. 

A triangulation of evidence has not only described a high rate of trauma in persons with lived 

depressive experience, but also evidenced that a history of trauma results in a bio-phenotype of 

depression with reproducible symptomatic and neurobiologic features.2,3 This perspective provides a 

succinct rationale for introducing a hypothesis that glutamatergic-signalling modulators may be 

preferred antidepressants in persons presenting with MDD. This perspective is not intended to be a 

review article of antidepressant outcomes as a function of trauma history, biomarkers, predictors of 

antidepressant response or the neurobiology of glutamatergic-signalling modulators, but instead it is 

meant to provide a perspective and synthesis of the topic, as these are published elsewhere.4–6 In 

addition, herein we are not specifically describing the influence of post-traumatic stress disorder 

(PTSD) or complex PTSD on antidepressant outcomes, but instead delimit our perspective to major 

depression with a history of trauma.    

Major depressive disorder (MDD) is a chronic, highly prevalent and debilitating mental 

disorder associated with significant illness and economic burden globally.7 According to the Global 

Burden of Disease study in 2021, depressive disorders were associated with a substantial increase in 

disability-adjusted life-years (DALYs), highlighting the need for effective treatment strategies.8  

However, it is estimated that one-third of individuals with MDD fail to achieve a clinically 

meaningful response to conventional serotonergic antidepressants.1 Moreover, individuals with a 

history of trauma are highly likely to exhibit an attenuated response to conventional serotonergic 

antidepressants.4 

Trauma has been broadly defined as physical, sexual, or emotional abuse, as well as physical 

and emotional neglect.4,9 In addition, psychological trauma is an inclusive term that may overlap with 

the foregoing definition of trauma, and is operationalized as any stressful event that causes distress 

that exceeds an individual's ability to cope with the emotional and/or cognitive response to the 

stressful experience.10 A history of trauma is common in individuals with MDD.9,11,12 In the 
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International Study to Predict Optimized Treatment for Depression (iSPOT-D) which included 1008 

adults with MDD and 336 matched healthy controls, participants with MDD had a four-fold or higher 

rate of childhood abuse compared to healthy controls.4 It is notable that exposure to/other specified 

trauma is dissociable fromPTSD, as not all traumatic experiences (as well as symptoms as a result of 

trauma exposure) will result in the onset of PTSD.13,14 The prevalence of MDD and comorbid PTSD is 

amply documented in prior comprehensive reviews.15–17  

Convergent evidence supports that MDD with a history of trauma may be conceptualized as a 

distinct bio-phenotype compared to non-traumatized depression.1 For instance, individuals with 

trauma-related MDD report different illness characteristics (e.g., increased suicidal behaviour) and 

treatment outcomes (e.g., attenuated response to serotonergic antidepressants) compared to MDD 

without a history of trauma.1,18 In addition, findings from extant literature further suggests that 

exposure to trauma during critical developmental periods correlates with deficits in cognitive 

functions (e.g., processing speed, attention, and executive functioning) and reward-related processes 

in persons with MDD, highlighting an overlap in the neurobiological and psychological impact of 

trauma.19–22 Specifically, it has been reported that trauma in childhood is associated with increased 

vulnerability to stress, cognitive deficits, changes in brain structure, and disruptions in immune and 

metabolic functions in persons with MDD.4,22–28 

Replicated evidence indicates that individuals with trauma-related depression experience an 

attenuated response to conventional serotonergic antidepressants compared to those with non-

traumatized depression.1 For example, the iSPOT-D study reported that participants who experienced 

abuse before the age of seven, rather than those with a history of traumatic events in general, had 

significantly less improvement in both clinician- and self-rated depressive symptoms  treatment 

outcomes after eight weeks of serotonergic antidepressant treatment (i.e., sertraline) in adulthood.4  In 

addition, meta-analytic data from 10 clinical trials corroborated that individuals with MDD and a 

history of childhood maltreatment exhibited poorer response not only to monotherapy, but also to 

combination therapy and psychotherapy.29 

Emerging evidence supports that exposure trauma is associated with increased inflammatory 

markers [e.g., C-reactive protein (CRP), interleukin-6 (IL-6), tumour necrosis factor-α (TNF-α)] in 
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persons with depression.9,11 A meta-analysis reported that elevated CRP, IL-6, as well as a select 

studies reporting a composite measure of inflammation (including of CRP, IL-6, fibrinogen, E-

Selectin Intercellular Adhesion Molecule-1 (ICAM-1) and TNF-α) significantly mediated the 

association between adverse childhood experiences (ACE) and depression severity in adulthood.11 

Currently, there are no established biomarkers to inform antidepressant treatment selection in 

individuals with MDD.30 However, the foregoing observations provide the rationale to hypothesize 

that differences in antidepressant response in persons with trauma-related depression may in part be 

attributed to neurobiological mechanisms underlying the relationship between elevated inflammation 

and history of trauma in persons with MDD.11  

It is reported that alterations in stress, notably inflammation, is highly associated with 

glutamatergic dysregulation in the central nervous system (CNS).31 The mechanisms underlying the 

foregoing association are not fully characterized; however, it has been hypothesized that glutamate 

dysregulation is a consequence of pro-inflammatory effects on glial function in the CNS.31 It has been 

further proposed that inflammatory cytokines are associated with a decrease in glutamate transporter 

expression on astrocytes, as well as an increase of astrocytic glutamate release.32 As a result, excess 

glutamate in the extrasynaptic space is associated with increased N-Methyl-D-Aspartate (NMDA) 

receptor overactivation, excitotoxicity, and a decrease in brain-derived neurotrophic factor (BDNF) 

(Figure 1). 31,33  

Replicated results from preclinical studies have documented an association between 

inflammatory markers, alterations in glutamate activity and depression. For example, in a rat model of 

depression [i.e., the Flinders sensitive line (FSL)], it was observed that depressive-like behaviour was 

associated with dysfunctional glutamatergic regulation including downregulated glia glutamate 

transporter (GLAST).34  

Additionally, preliminary evidence from human clinical studies suggest that inflammation is 

associated with glutamatergic dysregulation in disparate brain regions that may be implicated in 

depressive symptomatology. For example, administration of inflammatory cytokine interferon alpha 

(IFN-a) was associated with increased glutamate in the left basal ganglia and dorsal anterior cingulate 

cortex.35 In a separate study conducted by the same research group involving outpatients with MDD, 
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it was observed that increased CRP was significantly associated with increased glutamate in the left 

basal ganglia.31 Moreover, increased glutamate in the left basal ganglia has been associated with 

increased measures of anhedonia.31 Taken together, it could be hypothesized that an increase in 

inflammatory markers as a result of stress may subserve neurobiological mechanisms underlying the 

association between excess glutamate and heightened depressive psychopathology.31,36,37 Against this 

background, it is hypothesized that glutamatergic modulators may serve as a mechanistically-

informed treatment option for persons with MDD and elevated inflammation and glutamatergic 

dysregulation.38.  

The United States Food and Drug Administration (FDA) has approved two glutamatergic 

modulators in the treatment of MDD. In 2019, intranasal esketamine (Spravato®) was FDA-approved  

in the treatment of adults with treatment-resistant depression (TRD; commonly operationalized as 

failure of two or more adequate trials of antidepressants) as well as adults with MDD and acute 

suicidal ideation in 2020 (Table 1).39,40 Additionally, an oral combination of dextromethorphan-

bupropion (AXS-05, Auvelity®) was FDA-approved in adults with MDD in 2020 (Table 1).41 

Furthermore, a number of other glutamatergic modulators are being investigated in the treatment of 

MDD (e.g., ketamine, TAK-653, TS-161).42 However, there is a paucity of studies that have aimed to 

specifically evaluate the effect of trauma as a moderator or mediator of treatment response with a 

glutamatergic modulator in persons with MDD.  

Ketamine, a non-competitive antagonist of the heterotetrameric NMDA receptor and a 

glutamatergic modulator, has established efficacy in the off-label treatment of persons with 

depression, notably in persons who do not achieve syndromal or functional recovery with 

conventional antidepressants.42–44 In contrast to serotonergic antidepressants, ketamine has been 

reported to elicit a more robust treatment response in persons with MDD who have a history of 

trauma.45,46 For example, a growth mixture modelling (GMM) analysis of a sample of adults receiving 

intravenous (IV) ketamine for depression (n=328) in a community clinic in 2021 identified three 

distinct patient groups based on ketamine treatment trajectory [measured by change on the Quick 

Inventory of Depressive Symptomatology - Self Report (QIDS-SR)]: severe depression with rapid 

improvement, severe depression and minimal improvement, and moderate depression and gradual 
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improvement.45 Post-hoc analyses of the foregoing study revealed that childhood physical abuse, as 

measured by the Childhood Trauma Questionnaire (CTQ), was the only pretreatment characteristic 

that significantly differed between the severe depression with rapid improvement group and the severe 

depression with minimal improvement group (i.e., reported childhood physical abuse in persons with 

severe depression was significantly associated with rapid improvement with ketamine).45 The 

aforementioned findings highlight the value of identifying pretreatment characteristics that may 

moderate or mediate treatment response in a sample of persons with severe depression exhibiting 

distinct and divergent treatment trajectories.45  

An additional latent class analysis was conducted by the same research group on a new 

sample of patients with depression (n=298) receiving IV ketamine treatment.46 It was observed that 

pretreatment characteristics, notably childhood trauma, is associated with rapid improvement in 

depressive symptoms with ketamine treatment in persons with severe depression compared to persons 

with moderate depression.46 The foregoing finding highlights that childhood trauma may moderate the 

trajectory of treatment response in a subgroup of persons with depression, further providing the 

impetus to investigate the mechanisms that subserve improved (or poorer) treatment outcomes with 

ketamine. For example, it has been hypothesized that ketamine, and potentially other glutamatergic 

antagonists, block the development of sensitization to exposure to stress and/or trauma.46  

In addition, there is preliminary evidence of select anti-inflammatory and neurobiological 

biomarkers that are associated with antidepressant response to ketamine. For example, it was observed 

that pretreatment inflammatory markers predict antidepressant response in persons receiving IV 

ketamine for depression.43 Further preliminary evidence suggests that select electroechephalograpical 

measures are associated with response to ketamine and esketamine in persons with TRD, commonly 

operationalized as failure of two or more adequate trials of antidepressants.1,6 A separate study 

reported that a history of early life stress was associated with both altered gene expression in the 

nucleus accumbens and attenuated response to various classes of antidepressants in both humans and 

murine models.47 Moreover, early life stress was the strongest predictor of response to ketamine 

treatment in the foregoing murine model.47 However, it is noted that additional negative studies have 

https://doi.org/10.1017/S1092852925100278 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852925100278


Accepted Manuscript: Authors' Copy 

9 

not detected an association between history of trauma and response to ketamine, providing the 

impetus for future studies to explore history of trauma as a baseline moderator of response in MDD.48  

Additional lines of research indicate that vortioxetine, a multimodal antidepressant approved 

in the treatment of adults with MDD, is another example of an agent with glutamatergic modulation 

and anti-inflammatory effects that has demonstrated treatment efficacy in persons with trauma-related 

depression.12 In an analysis of four double-blind, randomized, placebo-controlled short-term studies, 

vortioxetine (5-20mg/day) was reported to be highly effective in the treatment of persons with MDD 

and childhood or recent trauma.12 It was also reported that persons with MDD and past trauma who 

were assigned to vortioxetine treatment were significantly less likely to relapse compared to persons 

assigned to placebo.12 Taken together, it can be posited that the therapeutic effect of vortioxetine in 

persons with MDD and trauma may, in part, be attributable to its demonstrated effects on glutamate 

modulation and anti-inflammatory properties. However, the foregoing findings were observed from 

post-hoc analyses of four double-blind randomized controlled trials in adults with MDD, and thus 

additional research that primarily aims to assess the efficacy of vortioxetine in the treatment of 

trauma-related MDD is warranted.  

Convergent evidence further supports that vortioxetine, in contrast to selective serotonin 

reuptake inhibitors (SSRI), increases the firing of pyramidal neurons.49 It is hypothesized that the 

observed effect of vortioxetine on glutamatergic transmission is a result of the downstream effect of 

antagonism at the 5-HT3 receptors, thus blocking 5-HT-mediated inhibition of gamma-aminobutyric 

acid (GABA) interneurons and an overall disinhibition of glutamatergic pyramidal neurons.49 

Moreover, vortioxetine has demonstrated anti-inflammatory effects, such as blocking 

neuroinflammation via activation of 5-HT2b and 5-HT7 receptors resulting in inhibition of activated 

(M1) microglia to favour the anti-inflammatory (M2) microglia phenotype.50,51  

Notwithstanding the distinction between exposure to trauma and PTSD, it is notable that 

separate lines of research have aimed to investigate the efficacy and effectiveness of select 

glutamatergic modulators in the treatment of PTSD. For example, a separate proof-of-concept, 

randomized, double-blind, crossover trial compared IV ketamine with an active control (i.e., 

midazolam) in adults with PTSD (n=41). At 24 hours post-infusion, IV ketamine treatment was 
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associated with greater and rapid reduction in PTSD symptom severity in comparison to midazolam.52 

In addition, recent meta-analytic data suggest that ketamine pharmacotherapy is effective in reducing 

both PTSD and depressive symptom severity in affected individuals.53 However, it is also noted that 

in persons with TRD (i.e., persons who do not respond to two or more conventional antidepressants), 

their reported therapeutic response to IV ketamine was independent of comorbid PTSD, providing the 

basis to further explore the overlapping mechanisms that may explain differences in treatment 

outcomes in persons with both MDD and PTSD, compared to PTSD alone.54  

In addition, lamotrigine, approved by the Food and Drug Administration (FDA) as an 

anticonvulsant and maintenance treatment in persons with bipolar disorder, has been hypothesized to 

modulate glutamate via inhibition of voltage-gated sodium channels with downstream inhibitory 

effects on glutamate release.55,56 Lamotrigine was preliminarily studied in adults with PTSD (n=14) in 

a 12-week, double-blind, randomized, placebo-controlled trial.57 Of the 10 participants that were 

assigned to lamotrigine treatment (25mg/day), five (50%) reported benefit in PTSD symptoms 

compared to one out of four (25%) participants assigned to placebo.57  

Preliminary results of another glutamatergic modulator, D-cycloserine, suggest potential 

therapeutic benefit in adults with PTSD receiving exposure therapy.58 For instance, a pilot, 

randomized, double-blind, placebo-controlled trial investigated augmentation of D-cycloserine (100 

mg) or placebo combined with virtual reality exposure therapy in adults with chronic PTSD (n=25)59. 

The foregoing study reported that the group assigned to virtual reality exposure combined with D-

cycloserine exhibited more rapid and greater improvement in PTSD symptoms compared to the 

virtual reality exposure combined with placebo.59 It is hypothesized that D-cycloserine may target 

PTSD symptoms via partial agonism of the NMDA receptor resulting in both increased glutamate 

signalling and enhanced extinction learning (wherein extinction learning is associated with reduced 

conditioned response to stimuli in models of PTSD).59,60 However, there are contradicting reports of 

combination treatment of D-cycloserine and exposure therapy that resulted in significantly less 

improvement in PTSD symptoms compared to exposure therapy with placebo.61 As a result, further 

investigation of the potential therapeutic effect of D-cycloserine, as well the neurobiological 

mechanisms that may subserve psychopathology in trauma-related symptoms, is needed.     
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It is crucial to note the foregoing preliminary evidence supports the therapeutic benefit of 

selective glutamatergic modulators in the treatment of PTSD; however, these findings cannot be 

considered equivalent to treating trauma-related depression. Instead, the foregoing evidence lends 

inferential support to the hypothesis that glutamatergic modulation may be of transdiagnostic benefit 

in persons living with mental disorders characterized by a history of trauma. Moreover, we are not 

drawing a pharmacodynamic equivalence across the aforementioned agents (i.e., vortioxetine, 

ketamine/esketamine lamotrigine, D-cycloserine). The mechanism of action across these agents are 

complex, unknown, and cannot be reduced to a singular pharmacodynamic mechanism.62–65 However, 

preclinical and pharmacologic evidence has suggested that vortioxetine, ketamine/esketamine, 

lamotrigine, and D-cycloserine not only have effects directly or indirectly on glutamatergic neuron 

activity, but perhaps also antidepressant efficacy relevant to the treatment of persons with trauma-

related symptoms.62–65 

Notwithstanding reports of an amplified therapeutic response to select glutamatergic 

modulators in persons with trauma-related depression, there are a number of methodological 

limitations that affect the interpretation and inference of the aforementioned findings. Firstly, 

available studies may not characterize all types of trauma within their sample (e.g., physical, sexual or 

emotional abuse, physical or emotional neglect, as well as aspects of relational trauma within 

families).66 Secondly, studies may vary in the number, recency of traumas reported by participants 

(e.g., a single traumatic event compared to multiple events), as well as age and timing to the exposure 

of traumatic events. Thirdly, participants may vary with respect to the age of exposure to trauma (e.g., 

early life stress and/or childhood trauma versus trauma in adulthood). Additionally, measures of 

trauma may vary across studies depending on the method of assessment (e.g., CTQ). Furthermore, 

trauma events vary with respect to pre-existing psychopathology in the affected individual. The 

foregoing factors increase heterogeneity amongst persons who have experienced trauma and influence 

trauma reactions and sequelae such as PTSD. Overall, an overarching limitation of the perspective 

paper herein is that we cannot make a generalized statement indicating that all trauma, in all of its 

forms and occurrences, would be preferentially responsive to glutamatergic modulators. However, 

this level of refinement is a future research vista. 
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A translational limitation of the perspective herein is the relative lack of glutamatergic 

modulators for persons with depressive disorders. For example, only dextromethorphan-bupropion 

(AXS-05, Auvelity®) is FDA- approved in non-TRD populations.42 However, this agent may not be 

accessible, available or affordable to many persons. In addition, notwithstanding that 

esketamine/ketamine are indicated for adults with TRD, they are not considered first-line treatments 

in MDD and are limited with respect to access and affordability.67 

It is also noted that the selection and priority of an antidepressant is probabilistic rather than 

deterministic. Taken together, the confluence of neurobiological factors that are replicated as 

abnormal in association with trauma exposure significantly reduces the probability of an acute SSRI 

response and/or increases the probability of acute response to a glutamatergic modulator. 

Notwithstanding, it cannot be concluded that the selection or priority of glutamatergic modulators in 

such clinical presentations would be deterministic. Currently, there is no biomarker or biosignature 

that is capable of guiding antidepressant selection in persons with mental disorders.68,69 There also 

remains an absence of fit for purpose phenotypic characteristics that are meaningful and predictive of 

antidepressant treatment response. Extant literature indicates that persons with a history of trauma 

experience an attenuated response to serotonergic antidepressants.4 However, preliminary evidence 

suggests that there may not be an attenuated response to select glutamatergic modulators (e.g., 

ketamine) amongst persons with a history of trauma.45,46 Taken together, preliminary findings suggest 

that a history of trauma, as an anamnestic aspect, may be informative with respect to antidepressant 

selection.11 A priority future research vista includes randomized controlled studies that aim to evaluate 

the efficacy of a glutamatergic modulator compared to a serotonergic antidepressant in persons with a 

history of trauma. The results of the proposed investigation may inform algorithms for treatment 

selection and sequencing amongst persons with trauma-related depression, who may represent a 

distinct bio-phenotype (e.g., elevated inflammation, and glutamate dysregulation).  

 
 
 
 
  

https://doi.org/10.1017/S1092852925100278 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852925100278


Accepted Manuscript: Authors' Copy 

13 

Declaration of Interests 
Dr. Roger S. McIntyre has received research grant support from CIHR/GACD/National Natural 
Science Foundation of China (NSFC) and the Milken Institute; speaker/consultation fees from 
Lundbeck, Janssen, Alkermes, Neumora Therapeutics, Boehringer Ingelheim, Sage, Biogen, 
Mitsubishi Tanabe, Purdue, Pfizer, Otsuka, Takeda, Neurocrine, Neurawell, Sunovion, Bausch 
Health, Axsome, Novo Nordisk, Kris, Sanofi, Eisai, Intra-Cellular, NewBridge Pharmaceuticals, 
Viatris, Abbvie and Atai Life Sciences. Kayla M. Teopiz has received fees from Braxia Scientific 
Corp. Dr. Jennifer Swainson has received honoraria for speaking or consultancy from: Abbvie, 
Bausch, Eisai, Idorsia, Janssen, Lundbeck, Otsuka, Novonordisk 

 
Funding Source 
The authors of this article did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 
 
Author Statement 
Authors KMT and RSM conceptualized the manuscript, conducted the synthesis of literature and 
prepared the original draft. All authors reviewed and edited the manuscript. All authors approved the 
final version of the manuscript.  
 
References 

1.  McIntyre RS, Alsuwaidan M, Baune BT, et al. Treatment-resistant depression: definition, 
prevalence, detection, management, and investigational interventions. World Psychiatry 
2023;22(3):394–412. 

2.  Zou Y, Yu T, Zhu L, et al. Altered dynamic functional connectivity of nucleus accumbens 
subregions in major depressive disorder: the interactive effect of childhood trauma and diagnosis. 
Soc Cogn Affect Neurosci [Internet] 2024;19(1). Available from: 
http://dx.doi.org/10.1093/scan/nsae053 

3.  Luo Q, Yu H, Chen J, et al. Altered variability and concordance of dynamic resting-state 
functional magnetic resonance imaging indices in patients with major depressive disorder and 
childhood trauma. Front Neurosci 2022;16:852799. 

4.  Williams LM, Debattista C, Duchemin A-M, Schatzberg AF, Nemeroff CB. Childhood trauma 
predicts antidepressant response in adults with major depression: data from the randomized 
international study to predict optimized treatment for depression. Transl Psychiatry 
2016;6(5):e799. 

5.  Li Y, Chen Y, Jiang Y, et al. Associations of childhood trauma with remission and treatment 
response after 12 weeks of selective serotonin reuptake inhibitor treatment in patients with major 
depressive disorder. Gen Hosp Psychiatry 2025;92:12–9. 

6.  Medeiros GC, Demo I, Goes FS, Zarate CA Jr, Gould TD. Personalized use of ketamine and 
esketamine for treatment-resistant depression. Transl Psychiatry 2024;14(1):481. 

7.  Maj M, Stein DJ, Parker G, et al. The clinical characterization of the adult patient with 
depression aimed at personalization of management. World Psychiatry 2020;19(3):269–93. 

8.  GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence, years lived with 
disability (YLDs), disability-adjusted life-years (DALYs), and healthy life expectancy (HALE) 
for 371 diseases and injuries in 204 countries and territories and 811 subnational locations, 1990-

https://doi.org/10.1017/S1092852925100278 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852925100278


Accepted Manuscript: Authors' Copy 

14 

2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet 
2024;403(10440):2133–61. 

9.  Teicher MH, Gordon JB, Nemeroff CB. Recognizing the importance of childhood maltreatment 
as a critical factor in psychiatric diagnoses, treatment, research, prevention, and education. Mol 
Psychiatry 2022;27(3):1331–8. 

10.  Wang S-K, Feng M, Fang Y, et al. Psychological trauma, posttraumatic stress disorder and 
trauma-related depression: A mini-review. World J Psychiatry 2023;13(6):331–9. 

11.  Zagaria A, Fiori V, Vacca M, Lombardo C, Pariante CM, Ballesio A. Inflammation as a mediator 
between adverse childhood experiences and adult depression: A meta-analytic structural equation 
model. J Affect Disord 2024;357:85–96. 

12.  Christensen MC, Florea I, Loft H, McIntyre RS. Efficacy of vortioxetine in patients with major 
depressive disorder reporting childhood or recent trauma. J Affect Disord 2020;263:258–66. 

13.  Kessler RC. The effects of stressful life events on depression. Annu Rev Psychol 
1997;48(1):191–214. 

14.  PTSD: National Center for PTSD [Internet]. [cited 2025 Jan 22];Available from: 
https://www.ptsd.va.gov/understand/related/depression_trauma.asp 

15.  Rytwinski NK, Scur MD, Feeny NC, Youngstrom EA. The co-occurrence of major depressive 
disorder among individuals with posttraumatic stress disorder: a meta-analysis: Co-occurring 
PTSD and MDD. J Trauma Stress 2013;26(3):299–309. 

16.  Choi JY. Predictors of the co-occurrence of posttraumatic stress disorder and depressive disorder 
in psychiatric outpatients. Compr Psychiatry 2019;89:40–5. 

17.  Jin Y, Xu S, Hu Z, et al. Co-occurrence of PTSD and affective symptoms in a large sample with 
childhood trauma subtypes: A network analysis. Front Public Health 2023;11:1093687. 

18.  Yrondi A, Vaiva G, Walter M, et al. Childhood Trauma increases suicidal behaviour in a 
treatment-resistant depression population: a FACE-DR report. J Psychiatr Res 2021;135:20–7. 

19.  Mackiewicz Seghete KL, Deprince AP, Banich M, Mahableshwarkar AR, Jacobsen PL, Chen Y. 
Association between initialage of exposure to childhood abuse and cognitive control: preliminary 
evidence. J Trauma Stress 2015;31(3):437–47. 

20.  Mahableshwarkar AR, Jacobsen PL, Chen Y, Serenko M, Trivedi MH. A randomized, double-
blind, duloxetine-referenced study comparing efficacy and tolerability of 2 fixed doses of 
vortioxetine in the acute treatment of adults with MDD. Psychopharmacology (Berl) 
2015;232(12):2061–70. 

21.  Guloksuz S, van Os J, Rutten BPF. The exposome paradigm and the complexities of 
environmental research in psychiatry. JAMA Psychiatry 2018;75(10):985–6. 

22.  Petkus AJ, Lenze EJ, Butters MA, Twamley EW, Wetherell JL. Childhood trauma is associated 
with poorer cognitive performance in older adults. J Clin Psychiatry [Internet] 2018;79(1). 
Available from: 
https://pmc.ncbi.nlm.nih.gov/articles/PMC6959209/#:~:text=Conclusions%3A,brain%20health%
20in%20old%20age. 

23.  Heim C, Shugart M, Craighead WE, Nemeroff CB. Neurobiological and psychiatric 
consequences of child abuse and neglect. Dev Psychobiol 2010;52(7):671–90. 

https://doi.org/10.1017/S1092852925100278 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852925100278


Accepted Manuscript: Authors' Copy 

15 

24.  Heim CM, Mayberg HS, Mletzko T, Nemeroff CB, Pruessner JC. Decreased cortical 
representation of genital somatosensory field after childhood sexual abuse. Am J Psychiatry 
2013;170(6):616–23. 

25.  Huang L-T. Early-life stress impacts the developing hippocampus and primes seizure 
occurrence: cellular, molecular, and epigenetic mechanisms. Front Mol Neurosci 2014;7:8. 

26.  Lupien SJ, McEwen BS, Gunnar MR, Heim C. Effects of stress throughout the lifespan on the 
brain, behaviour and cognition. Nat Rev Neurosci 2009;10(6):434–45. 

27.  McCrory E, De Brito SA, Viding E. The link between child abuse and psychopathology: a 
review of neurobiological and genetic research. J R Soc Med 2012;105(4):151–6. 

28.  Danese A, Moffitt TE, Harrington H, et al. Adverse childhood experiences and adult risk factors 
for age-related disease: depression, inflammation, and clustering of metabolic risk markers. Arch 
Pediatr Adolesc Med 2009;163(12):1135–43. 

29.  Nanni V, Uher R, Danese A. Childhood maltreatment predicts unfavorable course of illness and 
treatment outcome in depression: a meta-analysis. Am J Psychiatry 2012;169(2):141–51. 

30.  Mora C, Zonca V, Riva MA, Cattaneo A. Blood biomarkers and treatment response in major 
depression. Expert Rev Mol Diagn 2018;18(6):513–29. 

31.  Haroon E, Fleischer CC, Felger JC, et al. Conceptual convergence: increased inflammation is 
associated with increased basal ganglia glutamate in patients with major depression. Mol 
Psychiatry 2016;21(10):1351–7. 

32.  Matute C, Domercq M, Sánchez-Gómez M-V. Glutamate-mediated glial injury: mechanisms and 
clinical importance. Glia 2006;53(2):212–24. 

33.  Hardingham GE, Bading H. Synaptic versus extrasynaptic NMDA receptor signalling: 
implications for neurodegenerative disorders. Nat Rev Neurosci 2010;11(10):682–96. 

34.  Gómez-Galán M, De Bundel D, Van Eeckhaut A, Smolders I, Lindskog M. Dysfunctional 
astrocytic regulation of glutamate transmission in a rat model of depression. Mol Psychiatry 
2013;18(5):582–94. 

35.  Haroon E, Woolwine BJ, Chen X, et al. IFN-alpha-induced cortical and subcortical glutamate 
changes assessed by magnetic resonance spectroscopy. Neuropsychopharmacology 
2014;39(7):1777–85. 

36.  Sanacora G, Zarate CA, Krystal JH, Manji HK. Targeting the glutamatergic system to develop 
novel, improved therapeutics for mood disorders. Nat Rev Drug Discov 2008;7(5):426–37. 

37.  Khoodoruth MAS, Estudillo-Guerra MA, Pacheco-Barrios K, Nyundo A, Chapa-Koloffon G, 
Ouanes S. Glutamatergic system in depression and its role in neuromodulatory techniques 
optimization. Front Psychiatry 2022;13:886918. 

38.  McIntyre RS. The Co-occurrence of Depression and Obesity: Implications for Clinical Practice 
and the Discovery of Targeted and Precise Mechanistically Informed Therapeutics. J Clin 
Psychiatry [Internet] 2024;85(2). Available from: http://dx.doi.org/10.4088/JCP.24com15322 

39.  FDA approves new nasal spray medication for treatment-resistant depression; available only at a 
certified doctor’s office or clinic [Internet]. U.S. Food and Drug Administration. 2020 [cited 
2024 Dec 16];Available from: https://www.fda.gov/news-events/press-announcements/fda-
approves-new-nasal-spray-medication-treatment-resistant-depression-available-only-certified 

https://doi.org/10.1017/S1092852925100278 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852925100278


Accepted Manuscript: Authors' Copy 

16 

40.  Janssen Pharmaceutical Companies of Johnson, Johnson. Janssen Announces U.S. FDA 
Approval of SPRAVATO® (esketamine) CIII Nasal Spray to Treat Depressive Symptoms in 
Adults with Major Depressive Disorder with Acute Suicidal Ideation or Behavior [Internet]. 
Cision PR Newswire. 2020 [cited 2025 Jan 17];Available from: 
https://www.prnewswire.com/news-releases/janssen-announces-us-fda-approval-of-spravato-
esketamine-ciii-nasal-spray-to-treat-depressive-symptoms-in-adults-with-major-depressive-
disorder-with-acute-suicidal-ideation-or-behavior-301104437.html 

41.  Newswire M-P. Axsome Therapeutics Announces FDA Approval of AUVELITY(TM), the First 
and Only Oral NMDA Receptor Antagonist for the Treatment of Major Depressive Disorder in 
Adults [Internet]. MultiVu. [cited 2025 Jan 17];Available from: 
https://www.multivu.com/players/English/9034852-axsome-therapeutics-announces-fda-
approval-auvelity/ 

42.  McIntyre RS, Jain R. Glutamatergic modulators for major depression from theory to clinical use. 
CNS Drugs 2024;38(11):869–90. 

43.  Rong C, Park C, Rosenblat JD, et al. Predictors of response to ketamine in treatment resistant 
major depressive disorder and bipolar disorder. Int J Environ Res Public Health [Internet] 
2018;15(4). Available from: http://dx.doi.org/10.3390/ijerph15040771 

44.  McIntyre RS, Rosenblat JD, Nemeroff CB, et al. Synthesizing the Evidence for Ketamine and 
Esketamine in Treatment-Resistant Depression: An International Expert Opinion on the 
Available Evidence and Implementation. Am J Psychiatry 2021;178(5):383–99. 

45.  O’Brien B, Lijffijt M, Lee J, et al. Distinct trajectories of antidepressant response to intravenous 
ketamine. J Affect Disord 2021;286:320–9. 

46.  O’Brien B, Lee J, Kim S, et al. Replication of distinct trajectories of antidepressant response to 
intravenous ketamine. J Affect Disord 2023;321:140–6. 

47.  Parel ST, Bennett SN, Cheng CJ, et al. Transcriptional signatures of early-life stress and 
antidepressant treatment efficacy. Proc Natl Acad Sci U S A 2023;120(49):e2305776120. 

48.  Niciu MJ, Luckenbaugh DA, Ionescu DF, et al. Clinical predictors of ketamine response in 
treatment-resistant major depression. J Clin Psychiatry 2014;75(5):e417–23. 

49.  Stahl SM. Modes and nodes explain the mechanism of action of vortioxetine, a multimodal agent 
(MMA): modifying serotonin’s downstream effects on glutamate and GABA (gamma amino 
butyric acid) release. CNS Spectr 2015;20(4):331–6. 

50.  Talmon M, Rossi S, Pastore A, Cattaneo CI, Brunelleschi S, Fresu LG. Vortioxetine exerts anti-
inflammatory and immunomodulatory effects on human monocytes/macrophages: Effects of 
vortioxetine on monocytes/macrophages. Br J Pharmacol 2018;175(1):113–24. 

51.  de Las Casas-Engel M, Corbí AL. Serotonin modulation of macrophage polarization: 
inflammation and beyond. Adv Exp Med Biol 2014;824:89–115. 

52.  Feder A, Parides MK, Murrough JW, et al. Efficacy of intravenous ketamine for treatment of 
chronic posttraumatic stress disorder: a randomized clinical trial. JAMA Psychiatry 
2014;71(6):681–8. 

53.  Sicignano DJ, Kurschner R, Weisman N, Sedensky A, Hernandez AV, White CM. The impact of 
ketamine for treatment of post-traumatic stress disorder: A systematic review with meta-
analyses. Ann Pharmacother 2024;58(7):669–77. 

https://doi.org/10.1017/S1092852925100278 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852925100278


Accepted Manuscript: Authors' Copy 

17 

54.  Johnson DE, Rodrigues NB, Weisz S, et al. Examining the impact of comorbid posttraumatic 
stress disorder on ketamine’s real-world effectiveness in treatment-resistant depression. Eur 
Neuropsychopharmacol 2024;91:69–77. 

55.  Leng Y, Fessler EB, Chuang D-M. Neuroprotective effects of the mood stabilizer lamotrigine 
against glutamate excitotoxicity: roles of chromatin remodelling and Bcl-2 induction. Int J 
Neuropsychopharmacol 2013;16(3):607–20. 

56.  McIntyre RS, Berk M, Brietzke E, et al. Bipolar disorders. Lancet 2020;396(10265):1841–56. 

57.  Hertzberg MA, Butterfield MI, Feldman ME, et al. A preliminary study of lamotrigine for the 
treatment of posttraumatic stress disorder. Biol Psychiatry 1999;45(9):1226–9. 

58.  Baker JF, Cates ME, Luthin DR. D-cycloserine in the treatment of posttraumatic stress disorder. 
Ment Health Clin 2017;7(2):88–94. 

59.  Difede J, Cukor J, Wyka K, et al. D-cycloserine augmentation of exposure therapy for post-
traumatic stress disorder: a pilot randomized clinical trial. Neuropsychopharmacology 
2014;39(5):1052–8. 

60.  Klass A, Glaubitz B, Tegenthoff M, Lissek S. d-Cycloserine facilitates extinction learning and 
enhances extinction-related brain activation. Neurobiol Learn Mem 2017;144:235–47. 

61.  Litz BT, Salters-Pedneault K, Steenkamp MM, et al. A randomized placebo-controlled trial of D-
cycloserine and exposure therapy for posttraumatic stress disorder. J Psychiatr Res 
2012;46(9):1184–90. 

62.  Kawczak P, Feszak I, Bączek T. Ketamine, esketamine, and arketamine: Their mechanisms of 
action and applications in the treatment of depression and alleviation of depressive symptoms. 
Biomedicines [Internet] 2024;12(10). Available from: 
http://dx.doi.org/10.3390/biomedicines12102283 

63.  Schade S, Paulus W. D-cycloserine in neuropsychiatric diseases: A systematic review. Int J 
Neuropsychopharmacol 2016;19(4):yv102. 

64.  Costa B, Vale N. Understanding lamotrigine’s role in the CNS and possible future evolution. Int 
J Mol Sci 2023;24(7):6050. 

65.  Stahl SM. Modes and nodes explain the mechanism of action of vortioxetine, a multimodal agent 
(MMA): enhancing serotonin release by combining serotonin (5HT) transporter inhibition with 
actions at 5HT receptors (5HT1A, 5HT1B, 5HT1D, 5HT7 receptors). CNS Spectr 
2015;20(2):93–7. 

66.  Draczyńska D. Relational trauma. Psychiatr Pol 2024;58(3):529–39. 

67.  Joshi K, Liberman JN, Parab P, Darer JD, Harding L. Barriers to esketamine nasal spray 
treatment among adults with treatment-resistant depression. J Clin Psychiatry [Internet] 
2024;85(2). Available from: http://dx.doi.org/10.4088/JCP.23m15102 

68.  Rosenblat JD, Lee Y, McIntyre RS. Does pharmacogenomic testing improve clinical outcomes 
for major depressive disorder? A systematic review of clinical trials and cost-effectiveness 
studies. J Clin Psychiatry 2017;78(6):720–9. 

69.  Rosenblat JD, Lee Y, McIntyre RS. The effect of pharmacogenomic testing on response and 
remission rates in the acute treatment of major depressive disorder: A meta-analysis. J Affect 
Disord 2018;241:484–91. 

https://doi.org/10.1017/S1092852925100278 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852925100278


Accepted Manuscript: Authors' Copy 

18 

Figure 1. Interaction Between Inflammatory Cytokines, Glutamatergic Dysregulation and Brain-
Derived Neurotrophic Factor (BDNF) 
 

 
NMDA = N-Methyl-D-Aspartate receptor 
AMPA = α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic receptor 
GLU = glutamate 
BDNF = Brain-derived neurotrophic factor 
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Table 1. FDA-Approved Glutamatergic Antidepressants in Depression 
 

FDA-Approved Glutamatergic Antidepressants 

Esketamine adjunctive therapy in Adults with Treatment-
Resistant Depression (2019) 
 
Esketamine adjunctive therapy in Adults with MDD and Suicidal 
Ideation (2020) 
 

 NMDA receptor antagonist and sigma-1 agonist 
 Intranasal administration  
 

Dextromethorphan-bupropion combination in Adults with 
MDD (2022) 
 

 NMDA receptor antagonist and sigma-1 receptor agonist  
 Oral extended-release tablet 

 
 
FDA = United States Food and Drug Administration 
NMDA = N-Methyl-D-Aspartate 
MDD = major depressive disorder 
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