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Abstract

Posttraumatic stress disorder (PTSD) is linked to both altered physiological functioning and poorer 

cardiovascular health outcomes, including an increased risk for cardiovascular disease and 

cardiovascular-related mortality. An important question is whether interventions for PTSD might 

ameliorate the risk for poorer health by improving cardiovascular physiological intermediaries. To 

begin to characterize the literature addressing this question, we conducted a systematic review of 

empirical studies examining the impact of PTSD interventions on cardiovascular physiological 

intermediaries, including blood pressure (BP), heart rate (HR), cardiac impedance, and subclinical 

atherosclerosis. Outcomes included both tonic (i.e., resting) cardiovascular functioning and 

cardiovascular reactivity (CVR). A total of 44 studies met the inclusion criteria. There was mixed 

evidence regarding whether PTSD treatment improved tonic cardiovascular functioning. There 

was stronger evidence that PTSD treatments reduced CVR to trauma-related stressors, particularly 

for higher-quality studies of cognitive behavioral interventions. No studies examined cardiac 

impedance or subclinical atherosclerosis. The studies had a high degree of heterogeneity in the 

populations sampled and interventions tested. Moreover, they generally included small sample 

sizes and lacked control conditions. Interventions for PTSD may improve cardiovascular 

physiological outcomes, particularly CVR to trauma cues, although additional methodologically 

rigorous studies are needed. We outline changes to future research that would improve the 

literature regarding this important question, including the more frequent use of control groups and 

larger sample sizes.
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Posttraumatic stress disorder (PTSD) is a psychiatric disorder characterized by intrusive 

memories, negative changes in cognition and mood, avoidance, and hyperarousal symptoms 

that occur in individuals who have been exposed to a traumatic event (American Psychiatric 

Association [APA], 2013). It is a prevalent and costly illness (Kilpatrick et al., 2014) that 

results in poorer mental and physical health (Kessler, 2000). One of the major health risks 

associated with PTSD is cardiovascular disease (CVD; Edmondson & von Känel, 2017), 

which was recently identified as a critical public health priority by the U.S. Preventive 

Services Task Force (2018). Individuals with PTSD are more likely to develop CVD, 

experience cardiovascular events, and die from cardiovascular causes than those without 

PTSD (Boscarino, 2008; Edmondson & Cohen, 2013; Edmondson et al., 2013; Kubzansky 

et al., 2007; Vaccarino et al., 2013).

Individuals with PTSD may be at increased risk of poorer cardiovascular outcomes due to 

alterations in relevant physiology, particularly tonic (i.e., resting) cardiovascular functioning 

and cardiovascular reactivity (CVR). A hallmark feature of PTSD is elevated physiological 

arousal (APA, 2013). Meta-analytic studies have shown that individuals with PTSD have 

higher levels of tonic heart rate (HR) and blood pressure (BP; Buckley & Kaloupek, 2001; 

Pole, 2007) as well as lower levels of HR variability (HRV; Tan et al., 2011) compared to 

those without PTSD. Poorer tonic cardiovascular functioning is associated with a higher risk 

of CVD (Fox et al., 2007; Kannel, 1996; Thayer et al., 2010) and an increased risk of early 

mortality (Mensink & Hoffmeister, 1997; Prospective Studies Collaboration, 2002). 

Increased CVR to stressors, such as trauma-related stimuli (Kimble et al., 2014), may also 

link PTSD to poorer cardiovascular health. The frequency and intensity of CVR, particularly 

to trauma cues, can be increased by PTSD symptoms, which hold health relevance given 

links between CVR and an increased risk of later CVD and early mortality through 

atherosclerotic processes (Treiber et al., 2003). If interventions designed to reduce PTSD 

symptoms also improve cardiovascular physiological intermediaries, long-term health 

benefits for individuals with PTSD may also result. Figure 1 outlines this conceptual model.

There are a number of efficacious treatments for PTSD. The U.S. Veterans Affairs and 

Department of Defense (VA/DoD; 2017) designated trauma-focused psychotherapies—

particularly those with a primary exposure and/or cognitive restructuring component—as 

first-line treatments, with pharmacological approaches or other evidence-based individual 

psychotherapy treatment recommended in cases where such treatments are not available or 

individuals seeking treatment are not interested in such approaches. A number of additional 

treatments have also been used to treat PTSD symptoms (e.g., HRV biofeedback; Reyes, 

2014). Despite the availability of effective treatments for PTSD and established 

cardiovascular health risks for individuals with PTSD, few studies have examined whether 

PTSD interventions improve CVD outcomes (National Heart, Lung, and Blood Institute, 

2018; see Burg et al. 2017 for an example). It is possible that when PTSD treatments reduce 

posttraumatic symptoms, they also result in concomitant improvement in cardiovascular 

physiological intermediaries. If this were the case, it could reduce the risk for CVD or early 

death among individuals with PTSD. In this systematic review, we summarize the empirical 

evidence examining whether interventions designed to treat PTSD improve cardiovascular 

physiological intermediaries in the form of lower levels of tonic HR and BP, higher HRV, 

and reduced CVR.
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Method

The study selection process was based on Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (i.e., PRISMA) guidelines (Moher et al., 2009) and was preregistered in 

the PROSPERO database (CRD42019131029. The MEDLINE, PubMED, and PsychINFO 

search databases were used, and search terms included several variations of “PTSD” 

combined with measures of cardiovascular physiology. Full search terms and search strings 

are available online (https://osf.io/pvewy/). The searches were current to November 6, 2019, 

and resulted in 792 unique abstracts for review. To meet study inclusion criteria, articles 

needed to (a) be a peer-reviewed empirical journal article, excluding systematic reviews, 

case studies, and other similar article types; (b) include human participants; (c) not include 

participants under 18 years of age; (d) include an intervention that targeted PTSD 

symptoms; (e) include at least one posttreatment physiological outcome variable; and (f) 

include a sample that was selected for PTSD symptomology.

The results of the article selection and exclusion process are outlined in Figure 2. The first 

author reviewed all abstracts, and the last author double-coded a randomly selected 

subsample (19.1%, n = 151). The double-coded subsample resulted in 100% agreement 

regarding inclusion and exclusion criteria and 99.3% agreement on the specific reason for 

exclusion. Of the original 792 abstracts, 705 abstracts were excluded after the initial review. 

Of the remaining 87 articles, 43 were excluded after a full review. This resulted in a final 

sample of 44 articles for inclusion and study data extraction. The first author coded all 

studies, with coding independently checked by a second author. All disagreements were 

reconciled through discussion and included a third author as needed.

Study characteristics included demographic information, intervention type, treatment length, 

and the population sampled. Participants selected for non-PTSD comparison groups were 

not included in these data. The results for studies that did not include a control group 

described the change in the outcomes over the course of treatment, whereas studies with 

control groups described differences between control and treatment conditions. Outcomes 

reported in the included studies reflected the measurement occasion most recently following 

treatment. We coded study quality using a previously published system (McCann et al., 

2014), which we adapted slightly for the present review. Four of the eight criteria were 

broadened to allow coding for all studies included in the review (e.g., medication trials), and 

one criterion was added to assess whether the study included a control group. Studies 

received 1 point for each of the nine quality items making up the 10-point scale (range: 0–9). 

All items are included in Supplemental Table 2.

Results

Study Demographic Characteristics

In total, 44 articles met the inclusion criteria, with a mean publication year of 2010 (SD = 7). 

The 1,766 total participants across the 44 studies were an average of 41.7 years old, 65.1% 

were male, and 30.5% were reported as a minority of ethnicity and/or race. The mean 

sample size was 40.1 participants (SD = 50.0). There were 19 community samples (43.2%), 

16 veteran or active duty military (36.4%), and eight samples (18.2%) that included 
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participants who had experienced a specific type of traumatic event (e.g., sexual assault, 

motor vehicle accident). Treatments averaged 8.9 weeks (SD = 10.5) in length. Twelve 

studies (27.2%) primarily tested psychopharmacological interventions, 24 studies (54.5%) 

primarily tested psychosocial interventions, and 8 (18.2%) studies primarily tested other 

(e.g., nonpharmacologic, nonpsychosocial) interventions. Of the 41 studies that reported 

PTSD symptom outcomes, 38 (92.7%) reported a significant decrease in PTSD symptoms. 

Full data are summarized in Supplementary Table 1.

Outcome Measures

Tonic cardiovascular functioning outcomes included resting BP, HR, and HRV. Measures of 

HRV included low- and high-frequency domains, standard deviations of beat-to-beat 

intervals, root mean squares of the successive differences, and respiratory sinus-arrhythmia. 

Outcomes related to CVR included HR and BP reactivity to general and trauma-specific 

stressors. No studies examined measures of cardiac impedance (e.g., preejection period, 

cardiac output) or subclinical atherosclerosis.

Pharmacological Interventions

Twelve studies focused on a pharmacological intervention: six studies reported on selective 

serotonin reuptake inhibitors (SSRIs), three studies on the α-1 adrenergic receptor 

antagonist prazosin, two studies on the nonselective β-adrenoreceptor antagonist 

propranolol, and one study that reported on both propranolol and the glucocorticoid/

progesterone antagonist mifepristone. Five studies examined tonic cardiovascular 

functioning outcomes. Two studies that tested SSRI effects on HRV found contrasting 

results: HRV increased after treatment in one study (Cohen et al., 2000) and decreased in the 

other (Ramaswamy et al., 2015). Two studies that tested the effect of prazosin found no 

changes in supine and standing BP (Raskind et al., 2007; Raskind et al., 2013), whereas a 

third study found a significant decrease in BP (Raskind et al., 2018). Seven studies examined 

CVR outcomes: Four studies reported on SSRIs and three on propranolol or mifepristone. 

Two single-arm treatment studies of SSRIs (Tucker et al., 2000, 2004) found significant 

decreases in HR and BP reactivity to trauma-related stressors, whereas two other studies, 

including the only RCT of SSRIs, did not find significant changes in CVR to trauma-related 

(Tucker et al., 2003) or general stressors (Vermetten et al., 2006). Two studies of propranolol 

(Brunet et al., 2008, 2014)—one placebo-controlled study and one single-arm treatment 

study—found that administration prior to trauma recall reduced CVR. A third study included 

three separate placebo-controlled studies (one of propranolol and two of mifepristone) 

attempting to affect traumatic memory reconsolidation; all three placebo-controlled studies 

found no significant changes in CVR to trauma cues (Wood et al., 2015). These studies 

provided limited evidence that pharmacological interventions improved tonic cardiovascular 

physiology, with mixed evidence of reduced CVR to trauma cues.

Psychosocial Interventions

There were 24 studies that focused on psychosocial interventions. Of these, 15 studies 

reported on cognitive behavioral therapies (CBTs), six studies on eye movement 

desensitization and reprocessing (EMDR), two studies on multiple psychosocial 

Bourassa et al. Page 4

J Trauma Stress. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



interventions, and one study on autogenic training, a relaxation technique focused on 

statements related to somatic sensations.

Ten studies assessed changes in tonic cardiovascular functioning. Six of these studies 

examined the effect of CBT on tonic cardiovascular functioning. Two studies (Bourassa, 

Stevens, et al., 2020; Lindauer et al., 2006) found some evidence of lower tonic levels after 

treatment, and three studies found no effect (Blanchard et al., 2002; Griffin et al., 2012; 

Rabe et al., 2006;). The results of one study demonstrated that CBT increased HRV during 

REM sleep in treatment responders (n = 5; Nishith et al., 2003). Another study showed no 

difference in HR or HRV for individuals engaged in mindfulness meditation or paced 

breathing compared to those in an active control condition (Wahbeh et al., 2016). The 

authors of another study found that a combination of prolonged exposure therapy, EMDR, 

and exercise reduced tonic BP (Voorendonk et al., 2019). A study of EMDR found improved 

tonic HRV but not tonic HR in a single-arm treatment study (Sack et al., 2007). Finally, the 

results of a single-arm treatment study demonstrated that autogenic training improved tonic 

HRV (Mitani et al., 2006).

There were 20 studies that examined the effect of psychosocial interventions on CVR. 

Eleven of the 12 studies that tested some implementation of CBT found reduced CVR to 

trauma-related stressors (Blanchard et al., 2002; Dunne et al., 2012; Fecteau & Nicki, 1999; 

Griffin et al., 2012; Rabe et al., 2006; Lindhauer et al., 2006), including all six studies that 

utilized a primary exposure component (Bourassa, Stevens, et al., 2020; Loucks et al., 2019; 

Maples-Keller et al., 2019; Tuerk et al., 2018; Wangelin & Tuerk, 2015; Wells et al., 2015). 

The effects of CBT on CVR with regard to general stressors were more mixed—two studies 

found some evidence for reduced CVR (Hinton et al., 2009; Schubert et al. 2019), whereas 

two others did not (Rabe et al., 2006; Blanchard et al., 2002). Five of the six studies that 

examined the effect of EMDR on CVR found that EMDR reduced CVR to trauma-related 

stressors (Aubert-Khalfa et al., 2008; Montgomery & Ayllon, 1994; Rogers et al., 1999; 

Sack et al., 2008; Wahbeh et al., 2016), and one study found that EMDR attenuated CVR to 

a general stressor (Renfrey & Spates, 1994). Of note, none of the studies of EMDR included 

a control group.

These studies provide mixed evidence that psychosocial interventions improve tonic 

cardiovascular functioning. The 20 studies that examined CVR provided stronger evidence 

that psychosocial interventions reduced CVR to trauma cues. However, there was little 

evidence of reduced CVR to general stressors.

Other Interventions

Eight studies included nonpharmacological or nonpsychosocial interventions. Four studies 

examined HRV biofeedback, two studies assessed acoustic neurofeedback, and one study 

each looked at electroconvulsive therapy and transcranial magnetic stimulation. Seven of 

these studies assessed changes in tonic HRV. All four studies of HRV biofeedback found 

increased tonic HRV (Ginsberg et al., 2010; Reyes, 2014; Schuman & Killian, 2019; Zucker 

et al., 2009). The two studies of acoustic neurofeedback (Tegeler et al., 2016, 2017) also 

found improvements in tonic HRV. A retrospective study of maintenance electroconvulsive 

therapy demonstrated improved tonic HRV after 1 year of treatment (Ahmadi et al., 2018). 
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Only one study assessed changes in CVR, and the authors found that transcranial magnetic 

stimulation decreased HR reactivity to a trauma script compared to sham treatment (Isserles 

et al., 2013). All told, these studies provide evidence of improved tonic HRV, particularly for 

HRV biofeedback. However, caution is warranted, as the studies generally had small sample 

sizes (i.e., less than 40 participants each).

Study Quality

The average study quality was 4.0 points out of 9 possible points. Twelve studies (27.2%) 

received two points or less, 24 studies (54.5%) received between 3 and 6 points, and eight 

studies received 7 points or more (18.2%). When assessing differences in quality by type of 

intervention, pharmacological (M quality score = 4.8) and psychosocial treatments (M 
quality score = 4.3) were of significantly higher quality than other types of treatment studies 

(M quality score = 2.3), t(19) = 2.85, p = .011 and t(31) = 2.15, p = .040 for pharmacological 

and psychosocial treatments, respectively.

Conclusions From Higher Quality Studies

The eight higher-quality studies (i.e., a quality score of 7 or higher) demonstrated mixed 

evidence for PTSD treatment effects on tonic cardiovascular outcomes. The results of two 

studies showed that treatment decreased tonic cardiovascular functioning (Bourassa, 

Stevens, et al., 2020; Raskind et al., 2018;), whereas the findings from the two other studies 

did not (Raskind et al., 2013; Wabeh et al. 2016). Of note, the two studies that found 

significant effects were the two largest studies. The effects were moderately sized, d = −0.44 

for Bourassa, Stevens, et al., 2020 (N = 104, two conditions) and ds = −0.47 and −0.33 for 

Raskind et al., 2018 (N = 304, two conditions) and would be difficult to detect in studies 

with smaller numbers of participants in each condition. The results for treatment effects on 

CVR to trauma stressors were clearer. The four studies that included some form of a CBT all 

found significantly reduced CVR to trauma-related stressors following treatment (Blanchard 

et al., 2002; Bourassa, Stevens, et al., 2020; Tuerk et al., 2018; Wells et al., 2015). However, 

one treatment study of SSRIs did not demonstrate an effect on CVR (Tucker et al., 2003).

Association Between Physiological Outcomes and PTSD Symptom Improvement

Twelve studies examined the association between changes in physiological outcomes and 

PTSD symptom change. Four of these studies found evidence supporting an association 

between changes in tonic HRV and PTSD symptoms (Ginsberg et al., 2010; Wahbeh et al., 

2016; Zucker et al., 2009). Three studies did not find evidence that changes in tonic HR 

were correlated with PTSD symptom change (Bourassa, Stevens, et al., 2020; Lindhauer et 

al., 2006; Sack et al., 2008). Five studies found evidence that changes in CVR to trauma 

cues were correlated with PTSD symptom change (Blanchard et al., 2002; Isserles et al., 

2013; Lindhauer et al., 2006; Rabe et al., 2006; Tuerk et al., 2018), whereas three studies did 

not (Bourassa, Stevens, et al., 2020; Sack et al., 2008; Tucker et al., 2000).

Assessing the Evidence of Bias

Several possible indicators of bias were observed in the studies reviewed. First, study sample 

sizes were small relative to current expectations for sample size (Chow et al., 2017). Of note, 
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there was evidence that sample sizes increased by publication date such that a more recent 

publication date was correlated with a larger sample size, r = .33, p = .031. Concerns 

regarding sample sizes were exacerbated by the fact that only three studies included any type 

of power analysis. This may reflect that cardiovascular physiology was an intermediary or 

secondary outcome. Regarding missing data, only nine studies (20.5%) reported using an 

intent-to-treat-methodology: Half of these studies excluded noncompleters and/or used 

listwise deletion. Finally, at least one physiological outcome was likely available for study, 

but changes in that outcome, typically tonic HR, were not tested and/or reported in 68.2% of 

studies.

Discussion

To our knowledge, this was the first systematic review of the literature examining PTSD 

intervention effects on cardiovascular physiology. Overall, the studies demonstrated mixed 

results regarding whether treatment reduced tonic BP and HR across all interventions, with 

more evidence that PTSD treatment increased tonic HRV. There was stronger evidence that 

PTSD treatment reduced CVR to trauma cues, particularly treatments using a CBT 

approach.

There were significant limitations to the reviewed literature. First, studies were 

heterogeneous with regard to the types of PTSD interventions tested and the populations 

sampled. This was partially by design—the preregistered inclusionary criteria were 

permissive of any intervention designed to treat PTSD. However, this heterogeneity makes 

comparing interventions more difficult. It is possible that different interventions are 

associated with different outcomes. For example, pharmacological interventions may affect 

physiological intermediaries via pathways independent of their efficacy for PTSD symptoms 

(Shores et al., 2001). Teasing apart such differences would require a larger literature base. 

The heterogeneity in studies also made data synthesis methods (e.g., meta-analysis) 

problematic, although such methods may be warranted when additional studies are 

published.

There were also methodological limitations to the reviewed studies. Only eight of the 44 

included studies (18.2%) received 7 points or more out of nine coded categories, and most 

studies (63.6%) had 30 or fewer participants. Small sample sizes can result in both low 

power to detect effects and increased instability of effect sizes. For example, the one study 

that did not demonstrate that CBT significantly reduced CVR reactivity to trauma cues had a 

small sample size (N = 20; Fecteau & Nicki, 1999). With equal groups, the study was only 

powered at roughly 43% to detect a large effect size, dropping to only 20% for a medium 

effect. When additional studies are published, a meta-analysis that synthesizes the results of 

smaller studies may help alleviate these concerns.

Most of the studies reviewed (59.1%) did not include any type of control condition, making 

it difficult to know whether changes in cardiovascular outcomes in these single-arm 

treatment studies were due to PTSD treatment or alternative explanations, such as 

habituation to study tasks or regression to the mean. Three studies by Tucker and colleagues 

(2000, 2003, 2004) highlight this concern. Two single-arm treatment studies (Tucker et al., 
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2000, 2004) found decreased CVR to a trauma-related stressor after treatment with an SSRI; 

however, an RCT that tested SSRIs did not find reduced CVR when participants taking 

SSRIs were compared to control participants (Tucker et al., 2003).

Understanding the effects of PTSD treatment on cardiovascular functioning is important 

from both clinical and theoretical perspectives. Determining whether PTSD treatments affect 

cardiovascular physiological intermediaries is an essential step to understanding whether 

such treatments can ameliorate observed risks for poorer cardiovascular health among 

individuals with PTSD. Reductions in tonic cardiovascular functioning or CVR could net 

long-term improvement in cardiovascular health, as each predicts the incidence and 

progression of CVD and early mortality (Mensink & Hoffmeister, 1997; Prospective Studies 

Collaboration, 2002; Treiber et al., 2003). Evidence that PTSD treatments improve 

cardiovascular physiology intermediaries would make a powerful case for the importance of 

PTSD treatment to stakeholders, including hospital administrators, insurance companies, 

healthcare providers, and individuals experiencing symptoms of PTSD.

There are several pathways through which PTSD symptomology may impact cardiovascular 

physiology. Models that focus on psychological mechanisms of fear generalization and the 

role of avoidance in preventing fear extinction (e.g., Craske et al., 2008; Sripada et al., 2013) 

would predict that interventions that interrupt these processes should decrease CVR to 

trauma-related stressors (e.g., reminders of the traumatic event). This might help explain the 

relatively stronger evidence for the effect of CBT treatments that included elements of 

exposure on CVR to trauma-related stressors. Such therapies explicitly create physiological 

reactions to feared stimuli through imaginal and in vivo exposures, with the goal of reducing 

future affective and physiological reactivity to trauma cues.

Alternatively, models of PTSD pathophysiology that focus on neuromodulatory 

neurotransmitter signaling pathways (Geracioti et al., 2001) would make different 

predictions. For example, there is evidence that PTSD can change both the release and 

postsynaptic reactivity to noradrenaline (Nylocks et al., 2015), and these changes may occur 

both in the central nervous system, where they contribute to the core symptoms of PTSD, 

and in the peripheral nervous system, which affects cardiovascular physiology. It is less clear 

whether these models would predict that PTSD treatments that ameliorate subjective 

symptoms of PTSD would also normalize altered cardiovascular intermediaries, as there is 

currently limited evidence as to whether such hypothesized underlying changes in 

neuromodulatory neurotransmitter signaling are altered by different options for PTSD 

treatment. Studies such as those reviewed herein would provide initial evidence as to 

whether PTSD treatment might normalize altered physiology observed among individuals 

with PTSD. Of note, there are additional aspects of peripheral physiology implicated in 

PTSD that are not covered by the present review, including the renin–angiotensin (Nylocks 

et al., 2015), endocrine (Deslauriers et al., 2017), and immune systems (Shorter & Fink, 

2017). These systems could have further implications for health risks beyond those included 

in the present review.

It is also possible that PTSD treatment may not affect cardiovascular health—treatment 

could provide individuals with skills that enable them to address some or all of their PTSD 
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symptoms without improving their underlying cardiovascular physiology. Alternatively, the 

increased risk of CVD observed among individuals with PTSD may reflect a preexisting 

vulnerability to developing PTSD due to higher levels of physiological reactivity and may 

not be reversible as a result. Finally, PTSD is linked to poorer health through lifestyle 

correlates, such as health behaviors and changes in social support (Bergman et al., 2019; 

Bourassa, Smolenski, et al., 2020; Vujanovic et al., 2013). Such correlates may account for 

some or all of the risk for poor cardiovascular health among individuals with PTSD rather 

than alterations to cardiovascular physiology. These alternative explanations highlight the 

theoretical importance of studies that investigate the effect of PTSD treatment on 

cardiovascular physiological outcomes, which could provide insight into the physiological 

predictors and outcomes for PTSD.

There are three methodological changes that would immediately benefit the literature: larger 

sample sizes, the use of control conditions, and the inclusion of cardiovascular physiology as 

a primary outcome in PTSD treatment studies. Larger samples would allow for more 

accurate estimates of effects as well as tests of the moderators and mediators of such effects. 

Second, the use of control groups is particularly important. The types of cardiovascular 

assessment required for the studies included in the present review likely result in habituation 

to both baseline assessments of cardiovascular physiology and the tasks used to test CVR 

over time. Third, PTSD treatment studies should use measures of cardiovascular physiology 

as primary outcomes to complement reduced PTSD symptomology. This would support 

research aims related to both the practical goal of identifying ways to reduce cardiovascular 

morbidity and mortality for individuals who have experienced traumatic stress, as well as 

theoretical questions about the mechanisms by which treatments modulate the underlying 

pathophysiology of PTSD.

We did not identify any studies that assessed the change in clinical indicators of 

cardiovascular disease or atherosclerosis (e.g., intima-media thickness) following PTSD 

treatment. This absence in the current literature is striking. Measures of disease progression 

would be a valuable addition and provide another link to clinical endpoints. Similarly, it was 

noted in a 2013 review (Edmondson & Cohen, 2013) that no studies had examined whether 

PTSD treatment reduced the risk for cardiovascular disease, and, to our knowledge, only one 

other study has done so since that time (Burg et al., 2017). Although it is challenging to 

conduct prospective studies of cardiovascular health endpoints due to the long periods of 

observation and large samples required, longitudinal epidemiological datasets or electronic 

medical record reviews might provide opportunities to address this question in the short term 

(e.g., Burg et al., 2017). In the long term, future studies of PTSD treatment could include 

measures of cardiovascular risk and CVD outcomes, particularly those when researchers are 

planning to conduct long-term follow-up.

Studies of cardiovascular physiology would benefit from data on cardiovascular physiology 

collected using ecologically valid methods. Changes in ambulatory measures would better 

support the efficacy of using PTSD treatments to improve cardiovascular health, particularly 

given the utility of ambulatory measures of cardiovascular physiology in predicting the risk 

of early mortality (Dolan et al., 2005). Finally, the heterogeneity of treatments in the present 

review suggests the need for increased attention to how psychiatric medications and 
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psychosocial treatments operate together to impact cardiovascular health. Many studies of 

psychosocial treatments included individuals who were using pharmacologic interventions 

and vice versa. Testing whether multiple interventions moderate PTSD treatment outcomes 

could provide evidence as to whether such studies generalize to community treatment, where 

multiple treatment modalities are common.

The results of this systematic review point to limited evidence that PTSD treatments improve 

tonic BP and HR levels, with mixed evidence of improved tonic HRV. There is stronger 

evidence that PTSD treatment reduces CVR to trauma cues, particularly for psychosocial 

interventions that use a cognitive behavioral approach. The characteristics of the studies 

included in this review highlight the need for future studies that include larger sample sizes 

and control groups. In addition, the absence of studies examining CVD progression and 

clinical outcomes presents opportunities for future study. To the extent that PTSD treatment 

improves cardiovascular physiology, such effects could result in important health, quality of 

life, and financial benefits for both individuals with PTSD and the health care systems that 

treat them.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Conceptual Model Visualizing the Hypothesized Role of Cardiovascular Physiological 
Dysregulation in Mediating the Observed Associations Between Posttraumatic Stress Disorder 
(PTSD), Altered Cardiovascular Functioning, and Poor Cardiovascular Health Outcomes
Note. Symptoms of PTSD could lead to dysregulated cardiovascular physiology via direct 

biologic pathways, such as increased activation of the sympathetic nervous system, or by 

altered health behaviors, such as increased use of substances or changes in eating patterns. In 

this model, it might be expected that PTSD treatment would also lead to the resolution of 

dysregulated cardiovascular physiology and improved cardiovascular health outcomes. 

Alternatively, variation in cardiovascular physiology before any traumatic stress exposure 

may be associated with a differential risk of developing PTSD; such a model would not 

predict that PTSD treatment would lead to altered cardiovascular physiology or improved 

health outcomes unless it did so via secondary or indirect effects, such as teaching 

generalizable skills for decreasing anxiety or improving sleep hygiene.
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Figure 2. Flowchart Outlining Article Exclusion and Inclusion for the Final Data Extraction and 
Synthesis
Note. Reasons for exclusions were recorded in order from the top to bottom category. PTSD 

= posttraumatic stress disorder.
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