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Abstract 

While posttraumatic stress disorder (PTSD) is currently diagnosed based solely on 

classic psychological and behavioral symptoms, a growing body of evidence has 

highlighted a link between this disorder and alterations in the immune and inflammatory 

systems. Epidemiological studies have demonstrated that PTSD is associated with 

significantly increased rates of physical comorbidities in which immune dysregulation is 

involved, such as metabolic syndrome, atherosclerotic cardiovascular disease, and 

autoimmune diseases. In line with this, a number of blood biomarker studies have 

reported that compared to healthy controls, individuals with PTSD exhibit significantly 

elevated levels of proinflammatory markers such as interleukin-1² , interleukin-6, tumor 

necrosis factor-±, and C-reactive protein. Moreover, various lines of animal and human 

research have suggested that inflammation is not only associated with PTSD but also can 

play an important role in its pathogenesis and pathophysiology. In this review, we first 

summarize evidence suggestive of increased inflammation in PTSD. We then examine 

findings that suggest possible mechanisms of inflammation in this disorder in terms of 

two different but interrelated perspectives: putative causes of increased proinflammatory 

activities and potential consequences that inflammation generates. Given that there is 

currently a dearth of treatment options for PTSD, possibilities of new therapeutic 

approaches using pharmacological and non-pharmacological treatments/interventions 

that have anti-inflammatory effects are also discussed. Despite the increasing attention 

given to the inflammatory pathology of PTSD, there remains much to be elucidated, 
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including more detailed mechanisms of inflammation, potential usefulness of 

inflammatory biomarkers as diagnostic and prognostic markers, and efficacy of novel 

treatment strategies targeting inflammation.  

 

Keywords: Posttraumatic stress disorder (PTSD); Inflammation; Cytokine; 

Neuroinflammation; Treatment  
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Introduction 

Posttraumatic stress disorder (PTSD) is a debilitating psychiatric condition that 

develops in a subset of individuals after a major traumatic event. Lifetime prevalence of 

PTSD is estimated at around 3.9% worldwide.1 Diagnostic symptoms of PTSD include 

intrusion (or re-experiencing), avoidance, negative alterations in cognitions and mood, 

and hyperarousal.2 Individuals with PTSD exhibit these symptoms for more than a month, 

with severe distress and functional impairment. Traditional cognitive theories of PTSD 

postulate that memory abnormalities manifested as dissociative flashback and intrusive 

memories are a key contributor to the development and persistence of the disorder.3,4 The 

presence of these re-experiencing symptoms in individuals with PTSD implies that 

trauma-related fear can be easily activated in these individuals even in the absence of an 

actual threat.5  

In addition to these classic psychobehavioral features, physical morbidities such as 

obesity, diabetes, and metabolic syndrome are common in individuals with PTSD.6,7 

Moreover, epidemiological studies have found a link between PTSD and an increased 

risk of serious physical diseases such as cardiovascular disease8 and autoimmune 

disease.9,10 Since these diseases have an inflammatory component, it is suggested that 

immune system is dysregulated in PTSD. With respect to therapeutics, the development 

of novel treatment strategies based on a deeper understanding of biological mechanisms 

underlying PTSD, such as inflammatory pathology, would be of particular significance.  

In this review, we first summarize evidence suggestive of dysregulation in the 
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inflammatory system in (a subset of) individuals with PTSD, focusing on blood 

inflammatory markers. We then describe potential mechanisms linking PTSD with the 

dysregulated immune/inflammatory system by examining relevant findings from basic 

and clinical studies. To this end, 2 different (albeit interrelated) issues are distinguished 

and separately discussed: putative causes for inflammation in PTSD and possible 

consequences of inflammation in this disorder. Finally, we explore the possibility of 

treatment strategies that target inflammation in PTSD by introducing several different 

classes of pharmacological agents and non-pharmacological interventions.   

 

Inflammation and PTSD 

The notion that inflammation is involved in mental ill-health dates back at least to the 

observation of increased rates of depression among patients with chronic hepatitis C 

treated with interferon-±.11 This original link between inflammation and depression has 

been supported by subsequent evidence that patients with major depressive disorder 

(MDD) show elevated levels of inflammatory markers, including pro-inflammatory 

cytokines such as interleukin-1²  (IL-1² ), interleukin-6 (IL-6) and tumor necrosis factor-± 

(TNF±) as well as acute-phase proteins such as C-reactive protein (CRP), in the 

blood12,13 and in the cerebrospinal fluid.14 Furthermore, studies have demonstrated that 

immune dysregulation and inflammation are associated with a range of psychiatric 

disorders beyond MDD, including schizophrenia,15 bipolar disorder,16 autism spectrum 

disorders,17 and PTSD.18  
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As the evidence for an association between PTSD and inflammation derives primarily 

from studies on blood inflammatory markers, we focus on findings from these studies in 

this section. At the outset, however, it may be worth noting that besides these targeted 

investigations into inflammatory markers, hypothesis-free genome-wide,19 blood DNA 

methylome,20 and blood transcriptome21,22 studies have identified 

immune/inflammatory-related genes and pathways as the most dysregulated in patients 

with PTSD compared to controls.  

Inflammatory markers in PTSD 

An increasing number of studies have shown that individuals with PTSD exhibit 

significantly elevated blood levels of inflammatory markers, such as IL-1² , IL-6, TNF± 

and CRP, relative to healthy control subjects (Table 1). Among them, IL-6 is the best 

studied proinflammatory marker, for which a significant increase in patients with PTSD 

is almost consistently shown in a meta-analysis18 and in most subsequent studies 

including ours;23-25 in a Japanese female sample, we reported significantly higher serum 

IL-6 levels in women with PTSD than in healthy control women (Fig. 1).25 In addition to 

the differences in basal levels of inflammatory markers, several studies have described 

altered production of proinflammatory cytokines in response to immune challenges in 

PTSD patients compared to controls.26,27 On the other hand, some evidence suggests that 

trauma exposure itself, irrespective of the presence/absence of PTSD diagnosis, can lead 

to increased levels of proinflammatory markers.28 Still, a number of studies comparing 

inflammatory markers between PTSD patients and trauma-exposed non-PTSD controls 
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have shown that PTSD is associated with elevated levels of these markers beyond the 

possible effect of trauma exposure.23, 29-31  

Findings supporting the proinflammatory activity in PTSD are, however, not fully 

consistent; there are studies that have reported similar or even lower levels of 

inflammatory markers such as IL-6, TNF± and CRP in individuals with PTSD compared 

with controls.32-34 Additionally, a few small studies have investigated cerebrospinal fluid 

levels of IL-6 in patients with PTSD, yielding conflicting results.35,36 Perhaps in line with 

these mixed findings, IL-6 levels in our patients with PTSD showed considerable 

variation, overlapping substantially with those in controls (Fig. 1).25 It is therefore 

conceivable that a significant subset of, but not all, individuals with PTSD exhibit 

increased inflammation. Such variations may be related to the heterogeneous nature of 

this disorder, as reflected, for example, in heterogeneity in concomitant psychiatric 

conditions. Indeed, it is reported that more than half of patients with PTSD have 

comorbid depressive disorders.37,38 Moreover, early-life adversities such as childhood 

maltreatment are known to increase risk of PTSD in later life.39,40 In particular, 

depression12,41 and history of childhood maltreatment42,43 have also been associated with 

increased inflammation; therefore, these conditions can confound the association 

between PTSD and inflammation. In the meta-analysis of Passos et al.,18 however, IL-1²  

and IL-6 levels remained significantly increased in PTSD patients compared to controls 

in a subgroup analysis of studies that excluded patients with comorbid MDD.  

Although smaller in number, there are studies that have examined anti-inflammatory 
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cytokines such as IL-4 and IL-10 in the blood of individuals with PTSD compared to 

controls.23,24,44-47 However, their findings have been quite controversial. For IL-4, some 

studies have reported higher levels45,47 while others have observed lower levels46 or 

lower levels after controlling for several variables44 in patients with PTSD compared to 

controls. Likewise, some have reported higher IL-10 levels in PTSD patients24,45,47 

whereas others have observed no significant difference23,44 or lower levels.48  

Temporal relationship between inflammation and PTSD 

It is much less clear whether the increase in proinflammatory markers precedes or 

follows the onset of PTSD, which is essentially due to the scarcity of longitudinal data. 

Nonetheless, a few prospective studies have been conducted to address this issue. A study 

demonstrated that plasma CRP levels were prospectively associated with PTSD symptom 

emergence in male veterans, suggesting that inflammation may represent a risk factor for 

developing PTSD.49 In addition, an RNA-seq based transcriptome study showed that 

dysregulated innate immune network at baseline (pre-deployment) was associated with 

the development of PTSD post-deployment.50 Supporting this, evidence for an 

association of PTSD with genes (or gene variants) involved in the immune/inflammatory 

system such as the CRP gene51 and the ANKRD55 gene19 indicates that the increased 

inflammation constitutes a predisposing factor. Furthermore, it is postulated that chronic 

low-grade inflammation caused by early-life adversities will give rise to the pathogenesis 

of emotional and physical health problems.52 

Conversely, another study utilizing longitudinal data reported that there were no 
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significant differences in pre-PTSD-onset levels of inflammatory/endothelial markers 

(including CRP, intercellular adhesion molecule-1, and vascular cell adhesion 

molecule-1) between women with PTSD and control women.53 Somewhat in agreement 

with this, several cross-sectional studies have reported that remitted patients with PTSD 

and healthy controls do not significantly differ in proinflammatory marker levels,54,55 

suggesting that heightened inflammation in these patients may not be a preexisting trait; 

however, the possibility cannot be ruled out that the increased proinflammatory activity 

that lasted from before PTSD onset is normalized after (or owing to) the treatment of the 

illness. Findings on correlations between PTSD severity and levels of inflammatory 

markers have been mixed, such that some studies observed significant positive 

correlation44,56 whereas others reported absence of such significant correlation.23,25  

These discrepant findings might collectively suggest that both directions of the 

temporal relationship between inflammation and PTSD onset are likely, perhaps 

depending on individuals and situations; it is also possible that preexisting inflammation 

becomes even worse after the development of PTSD.  

 

Mechanisms underlying the link between inflammation and PTSD 

Mechanism(s) that lies behind the association between increased proinflammatory 

activities and PTSD is unclear, yet likely to be complex. In this section, relevant findings 

from basic and clinical research are pulled together to make inferences about the 

mechanisms. For clarity purposes, we discuss such mechanisms from 2 different 
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perspectives, while recognizing that they are interlinked and have a lot in common: 

putative causes of increased inflammation in PTSD and potential consequences that the 

inflammation generates in this disorder.  

Putative causes for increased inflammation in PTSD 

It is generally accepted that severe or chronic stress can cause inflammation. This 

stress-related proinflammatory state represents “sterile inflammation”, i.e., inflammation 

in the absence of pathogenic disease. Sterile inflammation can be triggered by the 

activation of pattern recognition receptors (PRRs) that detect endogenous ligands termed 

danger- (or damage-)associated molecular patterns (DAMPs).57,58 DAMPs are 

host-derived, non-microbial endogenous molecules that are increased in response to 

physical and psychological stress, and are considered to include a variety of different 

molecules such as heat-shock proteins, S100 proteins, high mobility group box 1 

(HMGB-1), uric acids, and adenosine triphosphate (ATP).57,58 The binding of DAMPs to 

PRRs can lead to sterile inflammation in both inflammasome-independent and 

-dependent manners.57 Therefore, a plausible explanation for the increased 

proinflammatory activity in PTSD would be that excessive stress associated with this 

disorder causes inflammation; incidentally, it should be noted here again that individuals 

with PTSD tend to experience chronic stress not only during the illness course but also 

prior to its onset (e.g., history of childhood maltreatment). In line with this, studies in 

PTSD animal models have shown that chronic stress can induce immunological changes 

associated with inflammation.59,60  
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Assuming this, the proinflammatory state in PTSD is considered to occur in the 

context of heightened stress responses, possibly in concert with alterations in the 

hypothalamic-pituitary-adrenal (HPA) axis function and autonomic nervous system 

activity. Notably, hypoactive HPA axis and hyperactive sympathetic nervous system 

(SNS) are among the most well established biological abnormalities in PTSD.61,62 To 

briefly outline the HPA axis, it is a neuroendocrine system that plays a pivotal role in 

stress response and in the maintenance of homeostasis. It is activated in response to 

various stressors, resulting in an increased secretion of glucocorticoid (cortisol in 

humans) from the adrenal cortex. Glucocorticoid, in turn, regulates its own production 

through negative feedback by binding to glucocorticoid receptors (GRs) in the 

hypothalamus and pituitary. Glucocorticoid also exerts negative feedback via GRs and 

mineralocorticoid receptors (MRs) in the hippocampus.63 

A putative scenario that explains how the stress-induced responses of these systems 

lead to increased inflammation is illustrated in Fig. 2. Cytokines (shown in red) are 

signaling molecules synthesized and secreted by multiple types of cells, including 

peripheral immune cells (e.g., macrophages, lymphocytes, etc.), vascular endothelial 

cells, and central nervous system (CNS) microglia, astrocytes and neurons.64 Stress 

increases synthesis and release of corticotropin-releasing hormone (CRH) (and arginine 

vasopressin) in the paraventricular nucleus (PVN) of the hypothalamus. CRH stimulates 

SNS to produce catecholamines including norepinephrine (which leads to a number of 

PTSD symptoms such as hyperarousal). This increased norepinephrine release can 
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induce the production of proinflammatory cytokines such as IL-1 and IL-6 via nuclear 

factor-º B (NF-º B)-dependent65 and other66 mechanisms (although the interaction 

between autonomic nervous system and immune system can be much more complex). 

These cytokines, in turn, stimulate CRH secretion from the hypothalamic PVN. As for 

the HPA axis (re)activity, the increased CRH typically stimulates adrenocorticotropin 

(ACTH) secretion and consequently causes cortisol elevation; however, in PTSD, a large 

body of evidence shows decreased cortisol61,67 in the face of increased CRH.68,69 Since 

cortisol can decrease the synthesis and release of proinflammatory cytokines by 

suppressing NF-º B signaling70 and by mediating cell type-specific regulation of 

apoptosis,71 the reduced ability of cortisol to inhibit inflammatory responses in PTSD 

may exacerbate the proinflammatory state. In addition, given that cortisol is shown to 

inhibit the SNS activity72 except when its elevation occurs in synchrony with 

noradrenaline release,73 the persistent low cortisol levels in PTSD may contribute to SNS 

hyperactivity, thereby further accelerating inflammation.  

It should be noted that the hypocortisolism coupled with greater GR sensitivity is a 

distinctive feature of PTSD. This direction of alteration may at first sight be paradoxical, 

given that heightened HPA axis activity is expected as a consequence of severe stress. In 

addition, depressive disorders, which are frequently comorbid with PTSD, are typically 

associated with hypercortisolism along with reduced GR sensitivity.74 Therefore, if PTSD 

has a greater (or unique) inflammatory pathology than do other stress-related psychiatric 

disorders, the distinct pattern of alteration in HPA axis function might hold the key. 
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Importantly, it is suggested that low cortisol levels could be a risk factor for developing 

PTSD when exposed to traumatic events.75,76 This hypoactive HPA axis prior to PTSD 

onset may represent genetic predisposition or allostatic change experienced during early 

life. For example, a polymorphism in the FKBP5 gene, a co-chaperone of heat shock 

protein 90, is shown to confer susceptibility to PTSD77 and to moderate GR sensitivity in 

PTSD.78 This premorbid hypocortisolism may lead to failure in mobilizing adequate 

energy resources to cope with immediate serious stressors (e.g., traumatic experiences) 

and in restoring homeostasis after the challenge has subsided, thereby rendering the 

individual vulnerable to PTSD.  

Another mechanism underlying elevated inflammation may relate to metabolic 

abnormalities. Recently, an increasing attention has been placed on the crosstalk between 

immune and metabolic pathways.79 Of note, it is well recognized that obesity induces 

inflammation, leading to insulin resistance.80 Findings from this line of research suggest 

that the increased proinflammatory activity in PTSD is due at least in part to metabolic 

abnormalities such as diabetes and dyslipidemia that are frequently seen in individuals 

with this disorder.7 In addition, PTSD is associated with unhealthy lifestyles such as 

physical inactivity, unhealthy eating habits (e.g., binge eating and increased consumption 

of fast foods), and smoking.81-83 These lifestyle variables can also contribute to 

inflammation.84  

Possible consequences of increased inflammation in PTSD 

  Given the currently predominant definition of PTSD as a brain disorder, the key 
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concept here would be “neuroinflammation”, or inflammation of the nervous tissue. The 

brain was once considered an “immune-privileged” organ, which means that cells from 

the immune system do not enter the brain except for certain cases of disease and injury. A 

growing body of evidence in recent years, however, indicates that the brain and the 

immune system communicate routinely, both in sickness and in health. Indeed, it is now 

well known that peripheral proinflammatory cytokines can affect the brain via several 

mechanisms, including through active transport across the blood-brain barrier (BBB), 

through leaky regions in the BBB, or through the activation of neural pathways such as 

the vagal nerve.85 Thus, inflammation in the periphery as well as in the CNS can both 

contribute to neuroinflammation via the activation of microglia and astrocytes (Fig. 2). In 

particular, IL-6, TNF±, and IL-1²  are shown to influence the brain at the morphological, 

functional, and cognitive level, thereby affecting, for example, neurogenesis, synaptic 

plasticity, and memory/learning.86  

Microglia, the primary innate immune cells in the CNS, are key mediators of 

neuroinflammatory processes. They exist in resting (quiescent) or activated states 

depending on the inflammatory milieu.87 Microglia have several normal physiological 

functions including synaptogenesis, trophic support, chemotaxis, and neurogenesis.87 

However, microglia can lose these homeostatic functions during the course of many 

illnesses.87 In diseased and stressed brains, microglia may persist in an activated state,88 

thereby overproducing cytotoxic molecules such as proinflammatory cytokines and 

glutamate.89 In addition, these proinflammatory mediators produced by activated 

This article is protected by copyright. All rights reserved.



                                            

  

microglia activate astrocytes that also release cytokines and further induce the activation 

of microglia; thus, communication between microglia and astrocytes can amplify 

proinflammatory signaling initiated by microglia.90 These disease-associated responses 

of microglia and astrocytes may ultimately lead to functional/structural brain changes 

and behavioral changes associated with PTSD.  

  Another mechanism that has attracted considerable interest is the ability of 

proinflammatory cytokines to enhance the activity of the indoleamine 2,3-dioxygenase 

(IDO), the first and rate-limiting enzyme of the tryptophan degradation pathway, i.e., the 

kynurenine pathway (Fig. 3). Activation of IDO leads to decreased tryptophan 

concentrations and increased production of kynurenine. Kynurenine, in turn, is converted 

to several metabolites including quinolinic acid and kynurenic acid that subsequently 

activate and inhibit NMDA neurotransmission (respectively). In a proinflammatory state, 

there is a shift toward relatively more production of quinolinic acid than kynurenic acid, 

thereby contributing to NMDA receptor-elicited neurotoxicity.91 Moreover, the increase 

in proinflammatory cytokines results in reduced production of serotonin by facilitating 

the breakdown of tryptophan, the primary substrate of serotonin. Glucocorticoids can 

also play a role in this inflammation-induced activation of the kynurenine pathway.92  

As described earlier, a unique psychological manifestation of PTSD is the 

re-experiencing symptoms that include dissociative flashback and intrusive memories.3,4 

Numerous studies have investigated the neural basis of these characteristic symptoms, 

and functional neuroimaging studies have demonstrated hyperactivation of amygdala in 

This article is protected by copyright. All rights reserved.



                                            

  

individuals with PTSD, particularly when exposed to traumatic and threat-related 

stimuli.93,94 Importantly, several lines of work suggest that inflammation may be causally 

involved in the emergence and maintenance of these psychobehavioral symptoms of 

PTSD. In particular, a number of animal studies have shown that heightened 

inflammation impairs extinction of fear memory.95-97 In humans, increased inflammation 

is shown to be related to enhanced amygdala activation in response to threatening 

stimuli.98,99 In contrast, glucocorticoids are shown to reduce retrieval of aversive 

memories and enhance fear extinction.100 It is also suggested in human neuroimaging 

studies that glucocorticoids can play a role in modifying amygdala responses to fearful 

stimuli and in altering functional connectivity between the amygdala and frontal cortices 

during emotional processing, in a time-dependent manner.73,101 Thus, the heightened 

inflammation together with hypocortisolism could lead to the unique symptomatology of 

PTSD. 

Besides these trauma-specific memory abnormalities and behavioral alterations, PTSD 

is associated with impairment in a range of cognitive functions including verbal 

memory/learning, working memory, attention, and executive functions, with particularly 

marked impairment in verbal memory/learning.102,103 Epidemiological studies even 

suggest that individuals with PTSD are at an elevated risk of developing dementia.104,105 

Consistent with these cognitive impairments, neuroimaging studies have demonstrated 

that individuals with PTSD show structural and functional abnormalities in the brain 

regions that control cognitive function, including the hippocampus and prefrontal 
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cortex.106-109 Notably, accumulated evidence suggests that increased inflammation can 

have detrimental effects on cognitive function.110-112 In humans, for example, elevated 

levels of inflammatory markers have been shown to be associated with lower cognitive 

function in various diseases and conditions where cognitive dysfunction plays a role, 

such as depression,113 schizophrenia,114 cocaine addiction,115 cerebrovascular disease,116 

and cognitive decline.117 In line with this, we demonstrated that elevated serum IL-6 

levels in PTSD patients was associated with worse cognitive function, suggesting that 

their cognitive dysfunction may be due at least partly to increased inflammation (Fig. 

4).25  

 

Potential anti-inflammatory treatment strategies  

  There is currently a dearth of pharmacological treatment options for PTSD, with only 

2 selective serotonin reuptake inhibitors (SSRIs), paroxetine and sertraline, being 

approved by countries/organizations including the US Food and Drug Administration 

(FDA). Moreover, a substantial proportion of patients with PTSD do not adequately 

respond to these SSRIs.118 Indeed, a meta-analysis119 shows that the efficacy of these 

SSRIs is considerably lower than that of trauma-focused psychotherapies, which in turn 

have a problem of limited availability. Hence, the development of a novel 

pharmacotherapeutic approach for PTSD based on its underlying biological mechanisms, 

such as the inflammatory pathology, is a matter of great interest. Despite the abundant 

evidence suggesting the role of inflammation in PTSD, however, thus far this has rarely 
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been translated into treatment strategies. Still, several types of extant (off-label) 

pharmacological agents that have anti-inflammatory properties may represent a 

promising therapeutic option (Table 2).  

  First, nonsteroidal anti-inflammatory drugs (NSAIDs), which are used for the 

treatment and alleviation of various diseases and conditions, exert anti-inflammatory 

effects by inhibiting the enzyme cyclooxygenase 2 (COX-2) that is involved in cytokine 

production. These drugs, in particular the selective COX-2 inhibitor celecoxib, have 

demonstrated good efficacy and tolerability in depressed patients.120 While their efficacy 

has not yet been examined in patients with PTSD, a study using a rat model of PTSD 

showed that treatment with ibuprofen reduced both inflammatory cytokine levels and 

behavioral symptoms.121  

Treatment with monoclonal antibodies, which are approved for the treatment of 

autoimmune diseases and cancers, is a straightforward way to block cytokines. Among 

this class of agents, efficacy of infliximab, adalimumab (anti-TNF± antibodies) and 

tocilizumab (anti-IL-6 receptor antibody) in the treatment of depression has been 

reported,122 although none has been tested in PTSD. These agents may be beneficial in a 

subset of patients with refractory PTSD who show increased inflammation.  

Glucocorticoids, or steroids, have potent immunosuppressant effects among their 

diverse array of functions, as described earlier. Building on the findings of relatively low 

cortisol levels in individuals with PTSD, several studies have investigated the therapeutic 

effect of exogenous glucocorticoids. They have overall yielded favorable results, 
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indicating that these agents can alleviate PTSD symptoms when administered as a 

stand-alone treatment123 or in combination with exposure-based psychotherapy.124,125 In 

addition to these findings in patients who have already developed PTSD, glucocorticoid 

treatment given after traumatic experiences is shown to reduce risk of the subsequent 

development of this disorder.126,127  

Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers 

(ARBs), which are mainly used for the treatment of hypertension, are suggested to have 

anti-inflammatory properties.128,129 Interestingly, a cross-sectional, observational study 

reported that, unlike other antihypertensive medications such as beta-blockers, calcium 

channel blockers and diuretics, the use of ACE inhibitors/ARBs was associated with 

significantly decreased PTSD symptoms.130 Further, a rodent study showed that an ARB 

candesartan ameliorated the impaired fear extinction caused by 

lipopolysaccharide-induced activation of peripheral inflammation.95  

 Cannabis, a psychoactive substance, is demonstrated to have anti-inflammatory 

properties and might be beneficial in the treatment of PTSD.131 The endocannabinoid 

system is shown to be involved in multiple aspects of the pathophysiology of PTSD 

including inflammatory processes,131 and in line with this, several uncontrolled or small 

studies have reported the potential usefulness of cannabis (including whole plant 

marijuana and related cannabinoids) in the treatment of this disorder, particularly for the 

domains of sleep and nightmares.132 At present, however, a balanced view would be that 

obvious risks of cannabis such as psychosis and substance misuse outweigh 
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unestablished benefits for PTSD.132  

Another target that has been increasingly investigated in the treatment of PTSD is 

oxytocin, a neuropeptide best known for its role in parturition and lactation. Compelling 

evidence indicates that oxytocin also plays a role in many aspects of prosocial behaviors 

and affection133 and as such can be associated with psychiatric disorders.134 A number of 

studies have shown that oxytocin exerts favorable neurobiological and behavioral effects 

in individuals with PTSD.135 In addition, oxytocin is reported to have anti-inflammatory 

properties in animals136 and humans.137  

It should also be noted that SSRIs are suggested to have some anti-inflammatory 

effects.138,139 Although the specific molecular mechanisms by which SSRIs exert such 

effects are not clear, a variety of mechanisms have been proposed, including those 

mediated by the serotonin transporter, mediated by NF-º B, by IL-10, and via actions on 

cyclic adenosine monophosphate signaling.138 Supporting this, a recent large-scale 

epidemiological study reported that persistent use of SSRIs during the first year after 

PTSD diagnosis was associated with attenuated risk of autoimmune disease.10 Moreover, 

chronic PTSD patients who received SSRIs showed significant reduction in both clinical 

symptoms and serum IL-1²  levels.140 A meta-analysis demonstrated that PTSD patients 

receiving psychotropic medication including SSRIs did not significantly differ from 

control subjects in IL-1²  or TNF± levels while patients who were medication-free 

showed significantly higher IL-1²  and TNF± levels compared to controls;18 still, the fact 

that PTSD patients on such medication had significantly elevated IL-6 levels compared 
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to controls18,25 suggests that the SSRIs’ effect of reducing inflammation is not sufficient, 

which justifies the necessity of investigating efficacy of other agents with 

anti-inflammatory properties in the treatment of PTSD.  

Apart from pharmacological agents, studies have reported potentially beneficial effects 

of health-promoting behaviors (in contrast to the aforementioned unhealthy lifestyles), 

including exercise and specific dietary habits such as fish oil and lactobacillus drinks, in 

individuals with PTSD, although the findings are somewhat mixed especially with 

respect to sex differences.82,102,141-143 Intriguingly, physical activity and exercise can 

reduce inflammation.144,145 Dietary factors can also be associated with inflammation,146 

the effect of which may be mediated by the gut microbiota. Studies have shown that the 

gut microbiota play a critical role in the interplay between the gastrointestinal tract and 

the CNS, i.e., the gut-brain axis, in which the immune system acts as a key regulator.147 

Intestinal microbes influence the activation of peripheral immune cells that participate in 

neuroinflammation.147 It is also shown that host microbiota control maturation and 

function of microglia in the CNS.148 Given that several microbial phyla were reported to 

be altered in PTSD,149 dysbiosis of gut microbiota may be involved in the increased 

inflammatory activity in PTSD. Thus, the possibly favorable effects of dietary and 

behavioral interventions in the treatment of PTSD may be attributable to their 

anti-inflammatory effects. As these interventions are generally better tolerated than 

medications, they can be an alternative therapeutic approach for PTSD.  
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Future directions 

Mounting evidence from blood biomarker studies indicates that a considerable 

proportion of individuals with PTSD exhibit elevated proinflammatory activities. 

Moreover, various lines of research have suggested that inflammation can play an 

important role in the pathogenesis and pathophysiology of this disorder. Meanwhile, 

basic research in recent years has provided evidence of close interaction between the 

immune system and the brain and of sterile inflammation evoked by psychological stress, 

which has profoundly changed the notion of inflammation originally conceived as 

responses to harmful pathogens and irritants. These findings from clinical and basic 

studies together suggest that PTSD is not a simple psychological reaction to traumatic 

experiences, but can be associated with systemic and CNS inflammation. However, 

research on inflammation in PTSD is still quite limited, compared, for example, to the 

extensive work on the HPA axis dysfunction in this disorder; therefore, much needs to be 

done to elucidate mechanism(s) underlying increased inflammation in PTSD, 

mechanism(s) whereby inflammation contributes to the development and maintenance of 

this disorder, and potential usefulness, or the lack thereof, of novel treatment strategies 

targeting inflammation. In addition, evidence is lacking on inflammatory status in the 

brain, or neuroinflammation, in patients with PTSD, which should also be addressed in 

future research. In MDD, there is more direct evidence for this; for instance, brain 

microglial activation is suggested using positron emission tomography.150  

  Besides the inflammatory/immune system, dysregulation of other stress response 
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systems, including the HPA axis and SNS, is known to be involved in the pathogenesis 

and pathophysiology of PTSD. There is an intricate interplay between these systems, and 

importantly, the altered interaction between HPA axis and inflammatory system may play 

a key role in the etiology of PTSD. Therefore, it will be of significance to simultaneously 

investigate these systems in this disorder. This would also help in identifying phenotypic 

subgroups linked to different biological underpinnings within the current diagnosis of 

PTSD. To help get a bigger picture, genetic, epigenetic and transcriptional factors as well 

as environmental and life-style factors that increase or decrease inflammation need to be 

taken into account, as they are suggested to affect inflammation in PTSD.  

Another issue that needs to be considered in PTSD research is potential sex differences. 

The prevalence of PTSD has been consistently shown to be higher in women than in 

men,37,151 which cannot be accounted for by sex differences in the prevalence of the 

exposure to traumatic events.152 Additionally, although the heritability of PTSD is 

estimated at around 30-40% by twin studies,153 this estimate was reported to be as high 

as 72% when the sample was restricted to female patients.154 The mechanism(s) 

underlying this sex difference in the PTSD etiology is not clear, while there is some 

evidence that suggests the involvement of ovarian hormones in memory abnormalities 

characteristic to this disorder.155,156 Other potential mechanisms that explain sex 

differences in PTSD may include HPA axis (re)activity, oxytocin, as well as 

psychological factors such as differential threat perceptions and coping styles.157 

Inflammatory pathology in PTSD may also be different between sexes, which has been 
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poorly understood and therefore should be investigated in future research.   

From a clinical viewpoint, it would be expected that inflammatory markers can serve 

as biomarkers for PTSD, although any diagnostic and prognostic markers need to have 

sufficiently high sensitivity and specificity. On the one hand, increased inflammation is 

not observed in all patients with PTSD, nor is it a unique feature of PTSD among 

psychiatric disorders. This suggests that inflammation may be better regarded as a 

transdiagnostic biomarker that will aid in subtyping psychiatric disorders based on 

different etiology, which is in accordance with the concept of the NIMH Research 

Domain Criteria.158 In terms of treatment strategies, this implies that psychiatric patients 

with elevated inflammation, regardless of diagnosis, may benefit from drugs with 

anti-inflammatory properties. On the other hand, there is some evidence that PTSD, in 

particular, is closely associated with inflammation. For example, the association of 

autoimmune disorders with PTSD is shown to be even stronger than that with other 

psychiatric disorders.9 Furthermore, animal studies of PTSD have shown that behavioral 

alterations mimicking the fear memory-related symptoms (e.g., conditioned fear 

responses) are associated with immune dysfunction and inflammation.95,97 Taken together, 

it can be said that elevated proinflammatory markers may be useful in classifying 

(stress-related) psychiatric disorders in general, with PTSD possibly representing a 

model case in which heightened inflammation lies at the intersection where 

psychopathology meets pathoetiology.  

  With regard to intervention and treatment, it may seem premature to test the possibility 
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of inflammation-targeted therapeutic strategies before the mechanism of inflammation is 

fully clarified. Nonetheless, there is considerable evidence that shows the efficacy of 

these approaches in the treatment of patients with MDD. Furthermore, the findings of 

increased peripheral inflammatory markers themselves would deserve sufficient 

attention irrespective of causality or presence/absence of neuroinflammation, considering 

the increased risk of physical comorbidities of PTSD (e.g., metabolic syndrome and 

atherosclerotic cardiovascular disease) that are likely mediated by systemic 

inflammation. 

  The overall conclusion emerging from this review is that a substantial proportion of 

individuals with PTSD show increased inflammation and that a better understanding of 

causes and consequences of the altered inflammatory system will aid in elucidating the 

etiology of, and developing biologically-oriented diagnostics for, this disorder. In parallel 

with the mechanistic investigations, efforts should be directed toward searching for the 

possibility of new therapeutic avenues targeting inflammation in PTSD.  
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Figure legends 

Fig. 1. Serum interleukin (IL)-6 levels in patients with PTSD compared to healthy 

controls. 

Combined dot- and box-plot showing IL-6 concentrations (pg/ml) of patients with PTSD 

(n = 40) and healthy controls (n = 65). There was a significant difference between groups 

(by Mann-Whitney U test). Adapted from Imai et al. (2018). 

 

Fig. 2. Mechanisms of increased inflammation in PTSD. 

Stress-induced interaction between the immune system, hypothalamic-pituitary-adrenal 

axis, and sympathetic nervous system is illustrated. Abbreviations: CRH, 

corticotropin-releasing hormone; AVP, arginine vasopressin; ACTH, 

adrenocorticotropin; GR, glucocorticoid receptor; NE, norepinephrine; NF-º B, nuclear 

factor-º B; IL-1, interleukin-1; IL-6, interleukin-6; TNF±, tumor necrosis factor ±.  

 

Fig. 3. Proinflammatory cytokine-induced activation of the Kynurenine Pathway.  

Only main branches of the Kynurenine Pathway are shown. Abbreviations: IDO, 

indoleamine-2,3-Dioxygenase; NMDA, N-methyl-D-aspartate.  

 

Fig. 4. Association of serum interleukin (IL)-6 levels with cognitive function in 

patients with PTSD. 

Neuropsychological functions are contrasted between PTSD patients with normal IL-6 

levels (n = 22) and those with high IL-6 levels (n = 18). Patients were split into the 

normal and high IL-6 groups by the IL-6 level of 1.0 pg/ml (i.e., normal IL-6 group: 
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equal to or lower than 1.0 pg/ml; high IL-6 group: higher than 1.0 pg/ml). Error bars 

indicate SEM. *: p < 0.05; **: p < 0.01 (by t-test). Abbreviation: RBANS, Repeatable 

Battery for the Assessment of Neuropsychological Status. Adapted from Imai et al. 

(2018). 
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Increased in PTSD No significant difference Decreased in PTSD

Proinflammatory marker

IL-1² Passos et al. (2015) Imai et al. (2018)b (none)

IL-6 Passos et al. (2015)
Lindqvist et al. (2017)

de Oliveira et al. (2018)
Imai et al. (2018)

Teche et al. (2017) (none)

TNF± Bruenig et al. (2017) Passos et al. (2015)c

Lindqvist et al. (2017)d

Imai et al. (2018)d

(none)

CRP O'Donovan et al. (2017)
Miller et al. (2017)

Lindqvist et al. (2017)
Miller et al. (2018)

Passos et al. (2015)
Imai et al. (2018)

(none)e 

Anti-inflammatory marker

IL-4 (none)a Passos et al. (2015) (none)f

IL-10 de Oliveira et al. (2018) Passos et al. (2015)
Lindqvist et al. (2017)

Teche et al. (2017)

d: Trend toward higher levels in PTSD patients compared to controls.
e: Söndergaard et al. (2004), which was not included in the meta-analysis of Passos et al. (2015) due to nonfulfillment of the 
inclusion criteria, reported significantly decreased CRP levels in PTSD patients compared to controls.
f: Smith et al. (2011), which was included in the meta-analysis of Passos et al. (2015), reported significantly decreased IL-4 levels in 
PTSD patients compared to controls.

Table 1. Pro- and anti-inflammatory markers associated with PTSD

Abbreviations : PTSD, posttraumatic stress disorder; IL-6, interleukin-6; IL-1² , interleukin-1² ; TNF±, tumor necrosis factor ±; CRP, 
C-reactive protein; IL-4, interleukin-4; IL-10, interleukin-10.

Notes : Only blood-based, baseline (without stimulation), case-control studies are listed. Included here are the meta-analysis of 20 
studies (Passos et al., 2015; shown in bold) and studies published afterwards. Individual studies included in the meta-analysis of 
Passos et al. (2015) are not listed here.
a: Hoge et al. (2009) and Guo et al. (2012), which were included in the meta-analysis of Passos et al. (2015), reported significantly 
increased IL-4 levels in PTSD patients compared to controls.
b: Levels of this cytokine fell below the detection limit in approximately half of the subjects.
c: Significantly higher TNF± levels were seen in a subgroup of medication-free PTSD patients compared to controls.
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Typical drugs Anti-inflammatory mechanism Evidence of efficacy in PTSD

NSAIDs Celecoxib
Ibuprofen
Naproxen

Reduce proinflammatory cytokine 
production by inhibiting COX-2

(none)

Monoclonal antibodies 
against cytokines

Infliximab (anti-TNF± antibody) 
Adalimumab (anti-TNF± antibody)

Tocilizumab (anti-IL-6 receptor antibody)

Prevent cytokine from binding its receptor (none)

Glucocorticoids 
(steroids)

Hydrocortisone
Prednisolone

Dexamethasone

Inhibit the expression of cytokines by a 
combination of genomic mechanisms

Aerni et al. (2004)
Suris et al. (2010)

Yehuda et al. (2015)

ACE inhibitors & 
ARBs

Captopril (ACE inhibitors) 
Candesartan (ARBs)
Telmisartan (ARBs)

Prevent the synthesis of (ACE inhibitors), or 
block receptors of (ARBs), angiotensin II 

that increases inflammation 

Khoury et al. (2012)

Cannabis Nabilone (a synthetic analog of ” 9-
tetrahydrocannabinol)

Elevate endocannabinoid signaling that has 
anti-inflammatory effects

Fraser et al. (2009)
Cameron et al. (2014)

Jetly et al. (2015)

Table 2. Potential anti-inflammatory treatment for PTSD

Abbreviations : PTSD, posttraumatic stress disorder; NSAIDs, nonsteroidal anti-inflammatory drugs; ACE, angiotensin-converting enzyme; 
ARBs, angiotensin receptor blockers; SSRIs, selective serotonin reuptake inhibitors; TNF±, tumor necrosis factor ±; IL-6, interleukin-6; COX-2, 
cyclooxygenase 2.
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