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Exposure to traumatic psychological stress can increase risk for numerous physical and
mental health problems. Exciting discoveries from trauma research have identified
alterations in peripheral biological systems, including the immune and cardiovascular
systems, as potential contributors to trauma-related ill health. Importantly, such discoveries
are pointing us in new directions in the search for interventions to reduce the negative
physical and mental health effects of trauma. However, there are still fundamental gaps in
our understanding of when, how, and in whom trauma leads to long-term altered functioning
of key peripheral biological systems.

Trauma and its associated psychiatric disorder, post-traumatic stress disorder (PTSD), have
now been linked with elevated inflammation in many studies. Systemic inflammation, in
turn, has been implicated in the pathophysiology of the most common chronic physical
diseases that are more prevalent following trauma. Moreover, inflammation may elicit
symptoms of PTSD, depression, and anxiety. In addition to directly impacting health,
inflammatory proteins influence health by interacting with other bodily systems, including
the vascular endothelium, and PTSD has now been associated with impaired endothelial
function in a few studies.

In this issue of Biological Psychiatry, Sumner et al. (1) move trauma research forward by
examining associations of trauma and PTSD with inflammatory and endothelial function
markers in a single study, something rarely done in previous work. Additionally, they
examined if trauma and PTSD predicted change over time in these markers, extending our
understanding of the time course of associations of trauma and PTSD with inflammation and
endothelial function. Sumner ef a/. used data from a supplemental study of the Nurses’
Health Study Il that involved administering self-report measures of trauma and PTSD
symptoms. Based on these measures, participants were divided into three groups: 1) no
trauma, 2) trauma but no or very few PTSD symptoms, and 3) chronic PTSD. The authors
then examined differences among these groups in the inflammatory markers C-reactive
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protein and tumor necrosis factor alpha receptor I1, and the endothelial cell adhesion markers
intercellular adhesion molecule-1 and vascular cell adhesion molecule-1.

Sumner et al. report that women with chronic PTSD had higher levels of C-reactive protein,
tumor necrosis factor alpha receptor I, and intercellular adhesion molecule-1. In addition,
trauma alone in the absence of PTSD was associated with higher levels of tumor necrosis
factor alpha receptor Il. Prior work indicates that trauma alone may be associated with
elevated inflammation, but prior studies have rarely been able to account for the presence of
PTSD. The current study indicates that trauma alone may be associated with elevated
inflammation, even in women who do not have PTSD, but that PTSD may be associated
with more biomarkers.

The development of effective interventions to reduce the negative impact of trauma on health
will require that we understand the time course of trauma-related changes in biological
systems. However, little is known about the effects of trauma and PTSD on change over time
in peripheral biomarkers. Sumner et al. examined levels of inflammatory and endothelial
function markers at two time points, 10 to 16 years apart. Results indicate that neither
trauma nor PTSD strongly predicted change over time in inflammation and endothelial
function markers. Chronic PTSD was only associated with a greater increase in one of their
tested makers over time, specifically the endothelial function marker vascular cell adhesion
molecule-1, and trauma was not associated with change over time in any of the markers.

We know little about why trauma and PTSD were associated with some inflammatory and
endothelial function markers and not others in Sumner ef a/. or in other studies. A recent
meta-analysis revealed that levels of three inflammatory markers were significantly higher in
individuals with versus without PTSD with moderate to large effect sizes, whereas eight
other markers were not significantly different between groups (2). Importantly, C-reactive
protein, which was one of the inflammatory markers not associated with PTSD in this meta-
analysis, was significantly higher in women with chronic PTSD in Sumner et al. There are
many possible reasons for this divergence in findings, including that different studies have
had different proportions of men and women and different exclusion criteria. However, it is
also possible that the proteins we typically examine as markers of systemic inflammation are
not at the right level of analysis. Although it is possible that we will gain important insights
by looking at which specific proteins are increased and which are not in PTSD, this
approach has not proved fruitful to date. Studies that look at gene expression and
transcriptional control pathways may yield more consistent findings (3).

What does it mean that Sumner et a/. and others observe reasonably robust cross-sectional
associations of trauma exposure and PTSD with markers of inflammation and endothelial
function, but few effects on change over time? It could mean that the effects of trauma and
PTSD were already present at baseline with no further impact on the systems over time. It
could also mean that the timeline along which changes were investigated was insufficient to
see change, the effects were too small to be seen in a sample of this size, or elevated
inflammation is a risk factor for, rather than a consequence of, PTSD (4). It may also be that
investigators are not adequately exploring dynamic associations of the psychological and
biological sequelae of trauma. A better understanding of how alterations in peripheral
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biological systems unfold dynamically over time following trauma is critical to moving the
field forward.

Sumner et al. focus on the relevance of their findings for cardiovascular disease risk.
However, their findings also have implications beyond cardiovascular disease. First, trauma
exposure alone as well as PTSD is associated with increased risk for autoimmune and
neurodegenerative diseases as well as cardiovascular disease (5-7). Second, trauma is one of
the strongest risk factors for some of the most common psychiatric disorders, including
depression and anxiety, and it is a prerequisite for the diagnosis of PTSD. Inflammation has
the potential to drive the development of all of these conditions, both physical and mental. In
fact, inflammation is emerging as a potential treatment target for PTSD symptoms. New
treatments for PTSD are desperately needed, and targeted anti-inflammatories could reduce
both the mental and physical health burdens of the disorder.

Progress toward new treatments for trauma-related ill health cannot come before we uncover
the psychological, behavioral, and biological mechanisms that account for increased
inflammation and impaired endothelial function in PTSD. One hypothesis is that adverse
health behaviors cause damage in bodily systems following trauma. In line with other
studies, Sumner et al. report that associations of trauma and PTSD with inflammation and
endothelial function were attenuated when adjusting for cigarette smoking, alcohol
consumption, physical activity, diet quality, and body mass index. However, few studies have
examined if interventions targeting health behaviors reduce inflammation and improve
endothelial function in trauma-exposed individuals. Another potential mechanism of
trauma’s effects on inflammation and endothelial function is exaggerated threat sensitivity,
which can drive activation of biological stress systems that promote inflammation, underlie
symptoms of PTSD, and increase risk for poor health behaviors (8). One previous study
indicated that individuals with PTSD and higher levels of threat sensitivity had the highest
levels of inflammation (9). Future work should examine if cognitive behavioral interventions
directly targeting threat sensitivity could reduce the negative impact of trauma on both bio-
markers of ill health and disease risk.

On the biological side, understanding precisely which aspects of inflammation are impacted
by trauma will be crucial for identifying targeted anti-inflammatory treatments for trauma-
related ill health. A better understanding of the precise transcriptional control pathways
underlying elevated inflammation following trauma may point us in the direction of targeted
anti-inflammatory treatments to reduce trauma-related ill health (3). Although we do not yet
know which targeted treatments are most appropriate, evidence from other areas of
biological psychiatry indicates that we cannot assume that all patients with trauma-related ill
health will benefit from anti-inflammatory treatments or that nonspecific anti-
inflammatories will be beneficial at all (10).

Some of the most exciting new directions in this field of research will involve experimental
approaches that tackle causal direction in associations of trauma and PTSD with
inflammation and endothelial function. First, we will need experimental studies that
manipulate key biological systems to clarify causal direction in associations of trauma and
PTSD with inflammation and endothelial function. One key goal of these studies will be to
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identify how and in whom inflammation can promote psychiatric symptoms and vice versa.
Second, we need to conduct clinical trials focused on the presumed psychological and
behavioral mechanisms of trauma- and PTSD-related ill health. Papers such as this one by
Sumner et al. highlight inflammation and endothelial function as potential targets and
intermediate endpoints that can be helpfully employed in such clinical trials.
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