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Abstract

Post-traumatic stress disorder (PTSD) has been associated with cardiovascular disease (CVD), but 

the mechanisms remain unclear. Autonomic dysfunction, associated with higher CVD risk, may 

be triggered by acute PTSD symptoms. We hypothesized that a laboratory-based trauma reminder 

challenge, which induces acute PTSD symptoms, provokes autonomic dysfunction in a cohort of 

veteran twins. We investigated PTSD-associated real-time physiologic changes with a simulation 

of traumatic experiences in which the twins listened to audio recordings of a one-minute neutral 

script followed by a one-minute trauma script. We examined two heart rate variability metrics: 

deceleration capacity (DC) and logarithmic low frequency (log-LF) power from beat-to-beat 

intervals extracted from ambulatory electrocardiograms. We assessed longitudinal PTSD status 

with a structured clinical interview and the severity with the PTSD Symptoms Scale. We used 

linear mixed-effects models to examine twin dyads and account for cardiovascular and behavioral 

risk factors. We examined 238 male Veteran twins (age 68 ± 3 years old, 4% black). PTSD status 

and acute PTSD symptom severity were not associated with DC or log-LF measured during the 

neutral session, but were significantly associated with lower DC and log-LF during the traumatic 

script listening session. Long-standing PTSD was associated with a 0.38 (95% confidence interval, 

−0.83,− 0.08) and 0.79 (−1.30, −0 .29) standardized unit lower DC and log-LF, respectively, 

compared to no history of PTSD. Traumatic reminders in patients with PTSD lead to real-time 

autonomic dysregulation and suggest a potential causal mechanism for increased CVD risk, based 

on the well-known relationships between autonomic dysfunction and CVD mortality.
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1 | INTRODUCTION

Post-Traumatic Stress Disorder (PTSD) is a chronic psychiatric disorder which may occur 

after experiencing or witnessing a traumatic event (Perkonigg et al., 2000). The estimated 

lifetime prevalence of PTSD among adult Americans is 6.8% (Kessler et al., 2005) and 

the number is higher in military combat exposure veterans with a lifetime prevalence 

between 20 and 30% (Trivedi et al., 2015; Zhu & Sano, 2021). Several previous studies 

have revealed an association between PTSD and cardiovascular disease (CVD) (Dursa et 

al., 2014; Ebrahimi et al., 2021; O’Donnell et al., 2021). In a previous study looking at 

PTSD and CVD association, Vaccarino et al., found an odd ratio of 2.2 for CVD incidence 

and a 0.21 lower coronary flow reserve on PTSD subjects as compared to those without 

PTSD, even after adjusting for lifestyle, CVD risk factors, and depression (Vaccarino et 

al., 2013). In a meta-analysis of 445 studies, Akosile et al. found a pooled hazard ratio 
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of 1.61 for the relation between PTSD and CVD, before adjustment, and a 1.46 hazard 

ratio after adjustment for depression (Akosile et al., 2018). However, the mechanisms 

linking PTSD and CVD are not completely clear as the associations persisted despite 

multivariable adjustment for traditional risk factors. Therefore, more research is needed to 

understand the PTSD-CVD relationship and inform future cardiac prevention intervention 

efforts (O’Donnell et al., 2021).

Understanding acute physiological changes that occur during a traumatic reminder 

experience, which we have found can be induced in a closely monitored laboratory 

setting, may help elucidate pathways linking PTSD and CVD (Schmahl et al., 2004). One 

psychophysiology measure of particular interest is heart rate variability (HRV), a measure 

of the dynamic heart rate changes over time due to fluctuations in autonomic nervous 

system activity (Shaffer & Ginsberg, 2017). In a meta-analysis of 499 studies comparing 

autonomic nervous system function in individuals with PTSD and healthy controls, Ge et 

al. found a reduction of 4.86 high frequency HRV (HF) and 1.86 low frequency HRV 

(LF) in PTSD individuals compared to controls (Ge et al., 2020). A review paper by 

Hemingway et al. found six papers showing a relationship between PTSD and autonomic 

dysfunction, and two papers that found no relationship (Hemingway, 2021). Furthermore, 

Dennis et al. investigated the association between PTSD and autonomic arousal by analyzing 

self-reported PTSD symptoms via ecological momentary assessment and computing HRV 

from a 24-h Holter monitor and found a significant negative slope of 0.88 LF-HRV and 0.81 

HF-HRV with momentary PTSD symptoms severity (Dennis et al., 2017).

LF-HRV reflects a combination of sympathetic and parasympathetic activity in 

approximately the same frequency range as the baroreflex activity (0.04–0.15 hertz) and 

is reduced by nearly 50% in PTSD subjects (Shah et al., 2013). This may stem from 

sympathetic overactivity in PTSD, which may suppress the baroreflex via the amygdala 

(Shah et al., 2022). High frequency HRV (HF) had also been previously associated with 

PTSD and some studies suggest a reduction in HF-HRV in PTSD subjects (Tucker et 

al., 2012; Wahbeh & Oken, 2013), however, others found no significant relationship 

(Hemingway, 2021; Lee et al., 2018). HF-HRV involves parasympathetic modulation and it 

is highly dependent on respiration (Aysin & Aysin, 2006; Quintana et al., 2016). In addition, 

the dependence of HF HRV with posture may help to explain conflicting results by previous 

studies (Mourot, 2014). Similarly, the root mean square of successive differences (RMSSD) 

is also associated with parasympathetic activity, and some studies suggest a significant 

difference of RMSSD between PTSD and non-PTSD participants. This also suggests lower 

resting baseline parasympathetic activity in PTSD (Schneider & Schwerdtfeger, 2020). 

However, some studies have found RMSSD and HF-HRV to have little to no association 

with CVD mortality (Hayano et al., 2021). On the other hand, the deceleration capacity 

(DC) of the heart rate has been proposed as a measure of vagal activity and has been 

found to be a more powerful prognostic measure as compared to HF-HRV (Hayano et 

al., 2021). An attenuation of DC was associated with a withdrawal of vagal activity after 

myocardial infarction and was strongly associated with an increase in mortality (Bauer, 

Kantelhardt, Barthel, et al., 2006). However, whether an acute traumatic reminder inducing 

PTSD symptoms may impact these markers of autonomic regulation has not been examined.
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In this study, we measured the relationship between experimentally induced acute PTSD 

symptoms and HRV during a trauma reminder stress test in a highly controlled study 

of twin veterans with and without PTSD. We hypothesized that stress-induced autonomic 

dysfunction, measured by reduced LF and DC HRV during a trauma reminder stress test, 

is associated with PTSD symptoms severity, as well as with the duration of the PTSD 

diagnosis, in a dose–response manner. These physiological parameters will help us focus on 

possible mechanisms linking PTSD and CVD due to DC being a measure that allows study 

of the parasympathetic activity (Hayano et al., 2021); LF-HRV helps to study baroreflex 

activity indirectly (Shah et al., 2022); and Heart rate allows study of sympathovagal balance 

(Bootsma et al., 2003). Previous research has found all 3 of these are robust predictors of 

CVD mortality (Bauer, Kantelhardt, Barthel, et al., 2006; Hayano et al., 2021).

2 | METHOD

2.1 | Study participants

The Emory Twin Studies (ETS) project (Vaccarino et al., 2011) recruited twin pairs from 

the Vietnam Era Twin (VET) Registry (Eisen et al., 1987) born between 1939 and 1955. 

The current study includes participants of the ETS follow-up visit previously described 

(Huang et al., 2022; Vaccarino et al., 2022). The study was approved by the Emory 

Institutional Review Board, and all twins signed an informed consent form. They were 

recruited from the continental United States and transported to Emory University Hospital 

for study procedures. All data were collected on the same date for each pair.

2.2 | Study protocol

All participants were told to hold all alcohol, caffeine, and nicotine products during the 

study. They ate a controlled breakfast and then began fasting until the end of the trauma 

reminder stress test. We did not specify to avoid strenuous exercise but as the subjects 

were in the clinic with the study team starting at 7 or 8 am and were also participants in 

an overnight sleep study the night before, they would not have been able to exercise prior 

to the trauma stress test. Then, each participant underwent a trauma reminder stress test 

in the clinical laboratory in which they sat in a room on a chair while undergoing ECG 

and hemodynamic monitoring. The reminder stress test involved two one-minute listening 

sessions of neutral recordings (neutral stimuli), followed by two one-minute listening 

sessions of traumatic stress recordings (psychosocial stress stimuli). The stress recordings 

consisted of a past traumatic experience specific to each participant that was transcribed the 

day prior to the session. A study experimenter not known to the participants recorded each 

transcription prior to the listening session. The neutral script and one trauma reminder script 

example are included in the Supplemental Text S1. Figure 1 shows the timeline of the study 

protocol.

At the beginning of each recording, a researcher assigned the event timestamp by pressing 

a time-marker on the ECG monitor connected to the participants. At the end of the trauma 

reminder stress test each participant completed the PTSD symptoms scale (PTSDSS), an 

18-item scale for the assessment of PTSD symptoms over time (Southwick et al., 1997). 
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Subjects with previous trauma history assess the presence and severity of symptoms over the 

past 30 min.

The lifetime history of PTSD was classified as subjects that met criteria in both current and 

past diagnosis of PTSD assessed with the Structured Clinical Interview for Diagnostic and 

Statistical Manual of Mental disorder, 4th Edition (SCID) (First & Gibbon, 2004). The 4th 

Edition SCID was administered in-person by a trained professional interviewer on the day 

prior to the trauma reminder test.

In a previous study, we created a longitudinal PTSD status variable by combining PTSD 

diagnosis codes from a previous ETS visit (visit 1, 2002–2010) and current follow-up 

ETS visit (visit 2, 2015–2020) (Vaccarino et al., 2022). The twins were classified as 

long-standing PTSD (if they met criteria for PTSD diagnosed at both visit 1 and visit 2), 

late-onset PTSD (if they met criteria for PTSD diagnosed at visit 2 but not at visit 1), and 

never PTSD (if they did not meet criteria for PTSD diagnosed at both visit 1 and visit 2). As 

there was a small number of twins diagnosed with PTSD at visit 1 but not visit 2 (n = 6), we 

included them in the group of “never PTSD” and considered them as a measurement error 

similar to a previous publication (Vaccarino et al., 2022). PTSD diagnosis at both visits was 

assessed with the 4th Edition SCID (First & Gibbon, 2004). Although the SCID provides 

information on other comorbid psychiatric conditions, we only include the outcomes for 

PTSD and depression as other conditions were uncommon with only one subject having 

bipolar symptoms, one drug abuse, and two meeting criteria for anxiety.

2.3 | Cardiovascular and behavioral risk factors measurements

We used standard procedures and questionnaires to measure potential cardiovascular and 

behavioral risk factors. We assessed sociodemographic characteristics (age, education, 

and employment), behavioral health factors (body mass index [BMI], physical activity, 

smoking, and alcohol drinking habits), current medication, and medical history as previously 

described (Vaccarino et al., 2011; Vaccarino et al., 2022). We measured education as the 

number of years of school, and we assessed employment based on full-time status. Weight 

and height were measured using standard clinical equipment. We assessed smoking status 

and alcohol consumption with standard questionnaires (Demirovic et al., 1993; Howard 

et al., 1998) and classified it as current, past, or never smokers. We measured alcohol 

consumption via survey as the average number of alcoholic beverages consumed in a week. 

We defined hypertension as current use of antihypertensive medications, systolic blood 

pressure >130 mmHg or diastolic blood pressure >80 mmHg (Whelton et al., 2018). We 

measured lifetime major depressive disorder with the SCID.

2.4 | Heart rate variability measurements

During the trauma reminder stress test, we evaluated ECG with a single channel 1 kHz ECG 

module using a Biopac MP160 acquisition system (Biopac Systems, Goleta, CA) and also 

with a 256 Hz 12-lead ECG GE SEER-12 Holter monitor. We preferentially used the Biopac 

data because of the higher sampling frequency, although in cases where Biopac data were 

missing (33%), we used data from the Holter as a back-up as our previous unpublished 
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evaluations showed equivalency of HRV data regardless of method with a mean absolute 

percentage error of 6%.

We calculated heart rate variability from ECG using the previously validated open-source 

PhysioNet Cardiovascular Signal Processing Toolbox (Shah et al., 2013; Vest et al., 2018). 

First, we computed a signal quality index (SQI) for each ECG beat (Li et al., 2008). The 

SQI determines if the data are of high enough quality to be analyzed. It removes noisy 

segments and artifacts on the ECG signals by comparing two peak detection annotation files 

(Li et al., 2008). Then we eliminated non-sinus rhythm and beats with SQI lower than 75% 

to obtain a normal to normal (NN) interval time series. We measured heart rate (HR) by 

calculating the mean of the NN interval time series. We measured the power spectra of the 

NN time series using the Lomb periodogram (Clifford et al., 2006). We calculated time 

and frequency domain HRV metrics on one-minute windows with 30 s sliding increments. 

We integrated the power spectrum throughout the low frequency (0.04–0.15 Hz) band. We 

performed wavelet analysis using the Haar mother wavelet function to derive the DC from 

the central part of the phase-rectified signal average (Bauer, Kantelhardt, Bunde, et al., 

2006). We obtained mean LF and DC HRV values, our primary outcomes, during neutral- 

and stress-recording intervals. We also measured, as autonomic reactivity, the difference of 

both HRV metrics and heart rate during stress with neutral recordings.

2.5 | Statistical analysis

We measured the cross-sectional association between the longitudinal PTSD status (never, 

late-onset, or long-standing) and PTSDSS (severity variable) with HRV features (outcome). 

We used generalized estimating equation models for the PTSD categorical variables and 

linear mixed-effect models for PTSDSS continuous variables that employed maximum 

likelihood and asymptotic tests of all the covariance parameters to account for clustering 

within twin pairs. We standardized the HRV metrics by rescaling them to have a mean 

of zero and standard deviation of one. We used standardized HR and DC HRV features, 

and standardized log-transformed LF HRV as the dependent variables, which allowed for 

unitless comparison among parameters.

First, we conducted the analysis in all subjects considering the twins as individuals. Then, 

we focused our analysis on the within-pair difference of standardized HRV to minimize 

random effects due demographic, shared familial and early environmental history. The 

within-pair analysis was defined as the difference of each individual from the twin-pair 

mean values (Carlin et al., 2005). This analysis allows the evaluation of potential influence 

of genetic factors on the HRV and PTSD association (Burt et al., 2009; Huang et al., 

2022). For the longitudinal PTSD categories we analyzed separately those discordant for 

long-standing PTSD and those discordant for late-onset PTSD. However, the trend p-value 

includes all the additional pairs.

We created three main models to examine the impact of sociodemographic and behavioral 

variables. The outcome in all models was the standardized HRV metrics and both PTSD 

status and PTSDSS were analyzed separately as independent exposure variables in the three 

models. Model 1 was unadjusted. Model 2 adjusted for age, BMI, education, employment 

status, smoking, history of hypertension, diabetes, and beta blocker use. Model 3 adjusted 
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for model 2 variables as well as additional psychological variables that often coexist with 

PTSD: alcohol abuse, lifetime depression, anti-depression medication.

In addition, we performed an analysis focused on the stress-related HRV-related results in 

which longitudinal PTSD status was the exposure, the standardized HRV metrics were the 

independent variables, and we adjusted for the same variables as Model 3 in addition to 

PTSDSS. In this last model, we examine the extent to which status or duration of lifetime 

PTSD explained any autonomic dysfunction observed, when also adjusting for acute PTSD 

symptoms.

3 | RESULTS

3.1 | Baseline characteristics

Of the 279 subjects enrolled in ETS, we successfully measured HRV and heart rate in 238 

individuals that included 107 pairs of twins and 24 singletons. Reasons for missing data 

included incomplete (11 subjects) or poor ECG signal quality (30 subjects). The subjects 

with poor signal quality had a SQI lower than 75% in the 1-min neutral and/or stress 

segments.

Out of the 238 participants, 182 had never/remitted PTSD, 31 had late-onset PTSD, and 

25 had long-standing PTSD. The mean age and years of education were similar across 

the three groups. However, subjects diagnosed with PTSD at visit 2 (both late-onset and 

long-standing) were less likely to be employed and more likely to be diagnosed with 

depression and have antidepressant medication (Table 1). In addition, participants that meet 

criteria for long-standing and late-onset PTSD had a larger score of PTSDSS as compared 

with participants with never/remitted PTSD.

3.2 | Twins as individuals analysis of PTSD and HRV

When analyzing the twins as individuals we observed that subjects with long-standing PTSD 

status had lower LF HRV values compared with late-onset and never/remitted during the 

psychosocial stress stimuli but not during the neutral stimuli. Furthermore, we observed that 

LF values decrease when PTSDSS values increase during the psychosocial stress stimuli but 

not during the neutral stimuli. However, we did not find a statistically significant association 

between LF and longitudinal PTSD status or symptoms. The statistical association remained 

non- significant for the neutral task, trauma reminder task, and trauma reactivity (stress 

minus neutral) in all of the models previously described. Similar results were found for 

DC, except for a significant decrease of 0.17 (95% confidence interval, −0.38,− 0106) 

standardized unit lower DC values during psychosocial stress per 10 points increase of 

PTSDSS values for the unadjusted model (p = .04). However, it became non-significant after 

adjustment of socio-demographics and other psychological factors.

3.3 | Within pair analysis of longitudinal PTSD status and HRV

Figure 2 shows the association between lifetime PTSD and within-pair log-LF during 

neutral stimuli, psychosocial stress stimuli, and trauma reactivity (stress minus neutral). We 

observed a statistically significant difference between lifetime PTSD and non-PTSD subjects 
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during stress stimuli but not during the neutral stimuli. The association was not significant 

for the reactivity. We observed similar results for within pair DC values.

In Tables 2 and 3, we describe the within-pair associations between longitudinal PTSD 

status and mean DC, and log-LF, respectively, during the neutral task, trauma reminder 

task, and trauma reactivity (Supplemental Table S1 includes a similar analysis for heart 

rate). Models 1, 2, and 3 are sequentially adjusted for sociodemographic factors, cardiac 

risk factors, and psychological factors. We observed a robust association between lifetime 

PTSD status and stress HRV in models 1–3. Findings were similar with heart rate reactivity, 

such that higher heart rate changes from neutral to trauma reminder task associated with 

greater PTSD status. The largest difference in HR was observed in discordant twin pairs 

with long-standing PTSD as compared with late-onset PTSD (Supplemental Table S1). We 

also found a significant association between lifetime PTSD status and DC and log-LF during 

trauma reminder tasks. However, the differences in DC were similar for discordant twin 

pairs with long-standing and late-onset PTSD (Table 2). For log-LF the difference was 

largest in discordant long-standing PTSD twin pairs as compared with discordant late-onset 

PTSD twin pairs (Table 3). Supplemental Figure S2 top shows the unadjusted plots of 

log-LF values vs longitudinal PTSD status.

Additional adjustment for PTSDSS did not result in substantial changes in the relationship 

of longitudinal PTSD and HRV, with the exception of log-LF HRV during the neutral script 

(see supplemental Table S2).

3.4 | PTSD symptoms severity and HRV

In Table 4 we describe the within-pair associations between PTSDSS and mean HR, DC, 

and log-LF during the neutral task, trauma reminder task, and trauma reactivity. We found 

a robust relationship with most HRV outcomes in all models that included stress HRV 

and HRV reactivity. We also found a significant relationship with log-LF HRV during the 

neutral task in adjusted model 3, but not neutral DC HRV. Each 10 unit increase in PTSDSS 

associated with a 0.27 standard deviation (SD) decrease in DC HRV, 0.23 log-transformed 

standard deviation decrease in LF HRV, and 0.14 SD increase in HR during trauma reminder 

stress (Table 4). Supplemental Figure S1 bottom panels show the unadjusted plots of log-LF 

values vs longitudinal PTSD status (similar results are observed for DC values).

4 | DISCUSSION

In the study of Vietnam Era veteran twins with high PTSD prevalence, we observed 

several autonomic disturbances solicited by an in-lab trauma reminder challenge that 

suggest a potential causal mechanism. We demonstrate that HRV-reactivity was associated 

with both real-time acute PTSD symptoms, as well as status; longer duration of lifetime 

PTSD was associated with lower HRV stress reactivity. Our findings help to understand 

previous studies that reported lower heart rate variability in PTSD subjects compared 

to controls, and suggest a potential mechanism between acute PTSD symptoms and real-

time autonomic dysfunction, which may trigger CVD events (Steptoe & Kivimäki, 2012). 

Because autonomic dysfunction is an important indicator of CVD risk (Fang et al., 2020; 

Rizas et al., 2018), these findings elucidate on previous studies which found an association 
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of longitudinally PTSD duration with reduced coronary microcirculatory function and a 

greater deterioration especially among subjects with long-standing PTSD (Vaccarino et al., 

2022). This expands our understanding of how PTSD might increase CVD risk (Vaccarino et 

al., 2013).

This study adds to previous studies on PTSD and autonomic dysfunction that examined 

resting or standard 24-h ambulatory assessments by describing acute autonomic changes 

during acute PTSD symptoms in the lab. It expands upon findings from the Shah et. al study 

(Shah et al., 2013) which showed a 50% reduced 24-h LF HRV in twins with PTSD (versus 

control brothers), as well as further examination by the Reinertsen et al. study that showed 

lower LF and DC HRV during quiescent periods in the same cohort (Reinertsen et al., 2017).

These studies highlight the importance of acute PTSD symptomatology, rather than other 

long-standing factors like underlying CVD (Shah et al., 2013), that may contribute to 

differences in long-term PTSD physiology. We also found that the association remained 

despite rigorous adjustment for confounding due to genetics, familial effects, and other 

traditional CVD risk factors. The independent contribution of longitudinal PTSD status 

to autonomic dysfunction also highlights the potential importance of neurological stress-

pathways that are recurrently activated and strengthened in PTSD, leading to autonomic 

dysfunction (Thayer & Siegle, 2002).

Our investigation used well-established autonomic biomarkers that reflect diverse aspects of 

cardioneural function and suggest pleiotropic pathological effects of PTSD on autonomic 

dysfunction and CVD risk. DC HRV is an emerging, highly predictive autonomic biomarker 

of parasympathetic activity that measures the speed of short, low-latency changes in heart 

rate (Călburean et al., 2021). The association of DC HRV reactivity with PTSDSS after 

the trauma reminder challenge suggests that parasympathetic withdrawal is an important 

physiological change accompanying symptomatic PTSD. Low LF HRV measures the power 

of heart rate oscillations in the 0.1 hz range, which is the same frequency as the Mayer wave 

that are regulated by the baroreflex (Ghali & Ghali, 2020). The baroreflex influences both 

sympathetic and parasympathetic activity for the purposes of regulating blood pressure, is 

dampened in PTSD (Park et al., 2017), and predicts the risk of sudden cardiac death (De 

Ferrari et al., 1992). Heart rate is also an important prognostic marker that is reflective 

of sympathovagal balance (Bootsma et al., 2003); the relationship of longitudinal PTSD 

status with heart rate reactivity suggests altered increased sympathovagal balance during 

symptomatic PTSD that shift toward sympathetic activity particularly in those with long-

standing PTSD.

Our findings likely stem from long-term and short-term effects of PTSD on the brain 

and cardioneural axis (Shah et al., 2022). Chronic PTSD may influence several key brain 

structures, including the hippocampus, which has been found to be smaller in PTSD due to 

the effects of chronic stress. Changes like these, in turn, may influence baseline autonomic 

activity and its reactivity to stress (Dossi et al., 2020). The associations of acute PTSD 

symptoms with DC and LF HRV emphasize the importance of particular structures involved 

in parasympathetic function (DC), such as the nucleus ambiguus and the dorsal vagal 

nucleus, as well as the baroreflexes, like the insular cortex, anterior cingulate cortex, medial 
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prefrontal cortex, amygdala and cerebellum (Kimmerly, 2017). These potential mechanisms 

are important as we consider neuromodulation interventions such as vagal nerve stimulation, 

which shows some promise in PTSD treatment (Wittbrodt et al., 2020).

4.1 | Limitations

There are several limitations. First, this was an observational study that did not have 

a baseline measurement of PTSD symptoms prior to the trauma reminder challenge. 

Therefore, we were unable to evaluate the ability of the traumatic reminder test to elicit 

PTSD symptoms. Nonetheless, this trauma recall stress-test has been validated to cause a 

significant increase in acute PTSD symptoms (Elzinga et al., 2003).

Another important limitation is the lack of generalizability to women and other racial and 

age groups, as most participants in our study were older white men. Nonetheless, the 

homogeneity in the sample and the unique twin population were also an important strength 

that allowed for increased precision due to the twin design and comparison within PTSD 

discordant pairs. The unique design of twin studies and within-pair analysis has the potential 

to distinguish genetics from environmental effects, as they controlled and provided a direct 

comparison between subjects who share potential causal factors such as unmeasured genetic 

and familial confounders (Carlin et al., 2005). However, the sample size of discordant pairs 

of longitudinal PTSD status was relatively small and limited our statistical power to examine 

for interaction of PTSD and zygosity within such pairs.

Furthermore, we cannot exclude the possibility of reverse causation, such that autonomic 

dysregulation to stress is a precedent or shared risk factor for PTSD and CVD in those 

exposed to trauma (Minassian et al., 2015). Also, presentation of the neutral and trauma 

scripts were not randomized, which makes it difficult to evaluate temporal effects related 

to acclimatization over time. This could not be performed because of potential long-lasting 

effects of the stress. The PTSD symptom scale assessment may have also been subject to 

bias since it occurred after the trauma recall task.

4.2 | Clinical implications

By gaining a better understanding of the autonomic mechanisms involved in PTSD, we can 

apply targeted interventions such as transcutaneous vagal nerve stimulation, which has been 

shown to reduce the effects on behavioral, neurological, and inflammatory responses for 

individuals with PTSD exposed to a traumatic stress test (Bremner et al., 2020). We may 

also gain insight on the best biomarkers for future passively collected remote monitoring in 

PTSD treatment. Portable technologies such as smart watches and low-burden ambulatory 

ECG monitors may provide valuable insights to measure the outcome of interventions. 

Furthermore, this knowledge may inform appropriate cardiovascular care and prevention 

efforts for PTSD patients who show abnormal autonomic values indicating a higher 

CVD risk, and could also provide insight on potential physiology-based diagnostics and 

therapeutics. This includes therapies such as exercise training and vagal nerve stimulation, 

which are otherwise not considered standard of care, but warrant further investigation.
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5 | CONCLUSION

We found that PTSD symptoms measured after a trauma reminder challenge are associated 

with reduced HRV. In addition, the duration of PTSD status was independently associated 

with HRV and with an increase in heart rate during trauma reminder challenge. This 

combination of findings help to understand short-term and long-term effects of PTSD on the 

autonomic nervous system and may have important implications for clinical management.
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FIGURE 1. 
Timeline of the Emory twins study (ETS) follow-up visit with a focus on the trauma 

reminder stress test.
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FIGURE 2. 
Lifetime PTSD status versus within-pair standardized log-transformed low frequency (log-

LF) values during neutral stimuli (left), traumatic stress stimuli (center), and reactivity 

(right), which is the difference between stress and neutral phases. Error bars represent 95% 

confidence intervals. P-values are included for each pairwise comparison.
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