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Abstract 
 

Acute Effects of Device-Guided Slow Breathing on  

Neurocardiovascular Activity in Post-Traumatic Stress Disorder 

 
By Joohee Kang 

 
 

Post-traumatic stress disorder (PTSD) is associated with an increased risk for developing 
hypertension and cardiovascular (CV) disease, but the mechanisms underlying this risk remain 
unknown. Patients with PTSD have higher resting heart rate and blood pressure (BP) and 
decreased heart rate variability (HRV), suggesting a state of increased sympathetic nervous 
system (SNS) and decreased parasympathetic nervous system (PNS) activity that could 
contribute to increased CV risk. Therefore, SNS overactivity and decreased PNS activity could 
serve as putative therapeutic targets to improve CV risk in PTSD. Prior studies have shown that 
device-guided slow breathing (DGB) may lower BP and SNS activity in hypertensive patients; 
however, the potential beneficial effects of DGB on PNS have not previously been explored in 
PTSD. We hypothesized that DGB will lower BP and improve autonomic function in PTSD 
patients. We recruited 27 Veterans with PTSD and 16 Veterans without PTSD (controls). The 
PTSD group was randomly assigned to the DGB (PTSD+DGB, N=16) during which respiratory 
rates were monitored and lowered using a biofeedback device to sub-physiologic levels (~5 
breaths/min) versus an identical sham device (PTSD+SHAM, N=11) in which respiratory rates 
were held at a normal rate of 14 breaths/min. All control participants without PTSD were 
assigned to the DGB device (CON+DGB, N=16). Continuous EKG and beat-to-beat arterial 
blood pressure were monitored for 10 minutes at rest, followed by 10 minutes of breathing with 
either DGB or SHAM. From baseline to the end of 10 minutes of DGB, the PTSD+DGB group 
had a significant reduction in systolic blood pressure (SBP, -12±3 mmHg, p<0.001) and mean 
arterial pressure (MAP, -7±2 mmHg, p=0.003), and a trend towards reduction in diastolic blood 
pressure (DBP, -4±2 mmHg, p=0.0565). In the CON+DGB group, we observed a significant 
reduction in SBP (-11±4 mmHg, p=0.0105), and a trend towards reduced DBP and MAP. There 
was no significant reduction in SBP, DBP, and MAP with the sham device in PTSD patients. 
There was no significant change in HR, RMSSD, pNN50, and HF either with DGB or SHAM. 
DGB acutely lowers blood pressure in PTSD patients and Controls, but does not improve PNS 
measures. Long-term studies are needed to determine if DGB could represent a novel therapeutic 
intervention to improve hemodynamics and autonomic physiology in PTSD patients. 
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Introduction  

Epidemiology of Post-Traumatic Stress Disorder 

Post-traumatic stress disorder (PTSD) is a mental health disorder that involves 

psychiatric symptoms after exposure to a traumatic event. The American Psychiatric 

Association classifies PTSD under trauma and stress-related disorders in the fifth edition of 

the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), a standard book 

classifying all mental disorders diagnosed by mental health professionals40. Patients are 

diagnosed as having PTSD if they meet all diagnostic criteria that include re-experiencing the 

traumatic event, avoidance, negative thoughts, hyper-arousal, and functional impairment that 

lasts for more than one month after being exposed to a seriously traumatic event40.  

PTSD is highly prevalent among the general population and among military Veterans. 

According to the National Comorbidity Survey Replication (NCS-R), about 7-8% of the 

general US adult population will meet the diagnostic criteria for PTSD throughout their 

lifetime39. During a given year, the number of adults diagnosed as having PTSD is shown to 

be about half of the lifetime prevalence of PTSD, which suggests that about 8 million people 

are diagnosed as having PTSD each year42.  

Compared to the general population, the prevalence of PTSD increases drastically in 



military service members39, 42, 45. A study including over 3,000 American Veterans from the 

Vietnam War estimated that 30.9% male and 26.9% female Veterans from the Vietnam era 

will develop PTSD throughout their lifetime45. At the time of the study on Vietnam War 

Veterans, 15.2% of males and 8.1% females were diagnosed with PTSD45. A larger sample of 

more than 11,000 Gulf War Veterans assessed the prevalence of PTSD to be greater than 10% 

using the PTSD Checklist (PCL) questionnaire 46. A more recent study conducted among 

Operation Enduring Freedom/ Operation Iraqi Freedom/ Operation New Dawn 

(OEF/OIF/OND) Veterans, reported a 11.5-19.9% prevalence of PTSD post-deployment to 

Afghanistan and Iraq 1, 47. These post 9/11 Veterans were exposed to multiple traumatic 

events, and studies suggest that the prevalence of PTSD increases with multiple event 

exposures41. These studies altogether highlight the growing prevalence of PTSD both in the 

general population and among Veterans. Given the tremendous detrimental impact of PTSD 

on mental health and quality of life, further studies to understand the mechanisms and 

effective treatments for PTSD are crucial.  

 

Post-traumatic stress disorder and Cardiovascular Disease Risk 

Hypertension, or chronic high blood pressure (BP), affects 1 out of 3 US adults and can 

cause serious health conditions such as heart disease or stroke, which are leading causes of 

death in the US48, 51. Some other consequences of high BP over time are coronary artery 

disease, renal or heart failure, and vision loss51. PTSD is independently associated with an 

increased risk of hypertension, cardiovascular (CV) disease, and mortality2, 16, 18, 19, 36. A 

study conducted between 2001 and 2008 on over 300,000 young OEF/OIF Veterans reported 



that Veterans with PTSD have a 59% higher chance of developing hypertension2. The same 

study on OEF/OIF Veterans showed that about 35% of OEF/OIF Veterans with PTSD had 

hypertension after controlling for age, race, rank, and deployment numbers2. The number of 

combat exposures has a role in hypertension development as well; among military Veterans, 

those with multiple combat experiences were 1.33 times more likely to develop hypertension 

than those with no combat exposures16. However, a study comparing two groups of World 

War II Prisoners of War (POW) with and without PTSD showed that there are more factors 

other than exposure to trauma that increases risk of hypertension. This study on POWs with 

PTSD compared to POWs without PTSD shows that POWs with PTSD had 60% higher 

chance of developing vascular disease, 25% higher chance of hypertension, and 19% higher 

risk of developing chronic heart disease18. Based on over 4000 Vietnam Veterans without CV 

disease at baseline, those with PTSD were at 2.2 times greater risk of CV mortality19. Taken 

together, these studies lead to the conclusion that PTSD is significantly and independently 

associated with an increased risk of hypertension, CV disease, and premature death16, 18, 19.  

 

Mechanisms of Increased CV Risk in PTSD 

Prior studies have established a link between PTSD and increased risk of CV disease, but 

they have not identified the mechanisms underlying this relationship39. A proposed 

mechanism between PTSD and increased CV risk is attributed to allostasis, the process by 

which the body makes physiologic adjustments in response to external stressors36. After 

being exposed to stress, the body attempts to re-achieve internal balance through 

physiological manipulations, particularly by the autonomic nervous system78.  



The nervous system activates and inhibits appropriate pathways to reach homeostasis, the 

stable points set by the body78. The nervous system consists of the central nervous system 

(CNS), which comprises the brain and the spinal cord, and the peripheral nervous system78. 

The CNS controls the body activities along with the peripheral nervous system that connects 

the CNS with sensory and motor divisions of our body78. Under motor divisions, a somatic 

nervous system and an autonomic nervous system (ANS) respectively control voluntary and 

involuntary movements78. The ANS controls involuntary body processes such as the BP, 

heart rate (HR), and respiration78. ANS includes the sympathetic nervous system (SNS) that 

controls the “fight-or-flight” response and the parasympathetic nervous system (PNS) that 

manages the “rest and digest” functions78. SNS activation increases BP and HR, while PNS 

activation decreases BP and HR to maintain homeostatic conditions78. The SNS is activated 

during stress, while the PNS counterbalances SNS to elicit the opposite reaction78.  

High allostatic load may lead to chronic physiologic changes in PTSD characterized by 

elevated SNS activity36. During recovery from stress, reduction of SNS and increase in PNS 

restores homeostasis; however, with chronic stress, as experienced by patients with PTSD, 

SNS remains chronically activated and PNS remains deactivated. In conjunction with the 

proposed allostatic mechanism, a prior study from our laboratory demonstrated that PTSD is 

associated with augmented SNS reactivity during stress and heightened SNS activity at rest36. 

We have shown that Veterans with PTSD greater SNS and BP reactivity during mental stress 

compared to Veterans without PTSD36. Elevated BP and SNS overactivity are known risk 

factors for CV disease, which may be a causal link between PTSD and CV risk15, 53-55.  

 



Blood Pressure and Relationship to Autonomic Modulation  

While high BP has serious health consequences, it often has no warning symptoms48, 51. 

The diagnosis of hypertension is made by measurement of arterial BP indicate the pressure 

generated in the resistance vessels by the heart pumping blood into the vessels78. When the 

left ventricle of the heart ejects blood into the systemic (body) arteries, arterial BP is 

generated as a resistance to cardiac output (CO, L/min) 78. CO represents the amount of blood 

pumped by the heart per minute, which is calculated as the product of the heart rate 

(beats/min) and stroke volume (SV, L/beat). SV is the volume of blood pumped from each 

ventricle during heart contraction78. SV is calculated by calculating the difference between 

blood pumped into the heart (end-diastolic volume (EDV) or preload) and blood ejected from 

the heart (end-systolic volume (ESV) or afterload) 78. SV increases when preload increases or 

afterload decreases 78. An increase in contractility of the cardiac muscles in the ventricle is 

also associated with an increase in sympathetic activity that causes SV to increase 78.  

During heart contraction (ventricular systole), blood volume in the blood vessels 

increases as blood is ejected into arteries, and the wall of the aorta, the largest vessel 

connecting heart and body organs, stretches78. This is the maximum pressure exerted in the 

arteries, which is known as systolic blood pressure (SBP) 78. As the heart relaxes (ventricular 

diastole), blood volume in the arteries decreases as blood in the arteries is distributed to body 

organs78. Diastolic blood pressure (DBP) is the minimum pressure in the arteries during heart 

relaxation78. Through changes in the vessel diameter, BP is controlled, and the blood flow is 

regulated systemically78. Mean arterial pressure (MAP) is commonly described as a general 

term for BP, as MAP combines both SBP and DBP into consideration78. MAP is calculated 



by dividing the sum of SBP and twice of DBP by three (MAP= (2 DBP + SBP) / 3) 78. This 

equation calculates MAP from systolic and diastolic pressure values78. As diastole lasts up to 

twice as long as systole, the longer duration of DBP is accounted into the equation for MAP78. 

Another equation calculating MAP considers hemodynamic variables78. In hemodynamic 

terms, MAP is the product of CO and total peripheral resistance (TPR) to flow78. TPR 

measures the sum of all vascular resistance within the systemic circulation78. Arteries (larger 

radius) and arterioles (smaller radius) will respectively decrease and increase BP during 

vasodilation and vasoconstriction78. Smooth muscle of blood vessels regulates the radius of 

these vessels to ultimately regulate blood flow to body organs78. DBP, SBP, CO, and TPR are 

all associated with determining MAP, so changes to these values will affect MAP 

measurements78.  

BP is commonly measured noninvasively using a sphygmomanometer, which gives 

systolic and diastolic pressure measurements in mmHg48. SBP 90-120 mmHg and/ DBP 

60-80 mmHg are considered normal BP ranges78. When an individual has SBP (>140 mmHg) 

or DBP (>90 mmHg), this individual is considered to be hypertensive3. Population with SBP 

(120-139 mmHg) or DBP (80-89 mmHg) in between normal and hypertensive range are 

considered to be pre-hypertensive51. As the only way to know SBP and DBP is through the 

BP test, it is important to regularly check BP48. The gold standard method of measuring BP is 

by placing an intravenous catheter into the arteries, which measures beat-to-beat intra-arterial 

BP80. The intra-arterial method directly measures BP, but it is invasive and therefore is hard 

to use in a clinical setting80. A sphygmomanometer is a convenient method of measuring BP, 

as it has an inflatable cuff applied to the upper arm that easily measures SBP and DBP by 



increasing and gradually releasing the pressure in the cuff80. This method allows the general 

population to regularly check BP, but it is not appropriate to use in a clinical setting in which 

beat-to-beat changes to BP is examined. Therefore, a plethysmography technique is 

commonly used in a research setting as it noninvasively measures beat-to-beat arterial BP by 

putting finger cuffs around fingers80.   

The autonomic nervous system plays a major role in maintaining hemodynamic stability 

in our body. PNS and SNS work together to control blood volume, cardiac output, and 

vascular resistance in a moment-by-moment fashion, to maintain arterial BP within a narrow 

range78. PNS activation lowers heart rate and blood volume in the arteries78. Conversely, SNS 

activation increases CO by increasing both SV and HR, and leads to vasoconstriction, thereby 

increasing TPR. These effects result in an increase in arterial BP. Chronic elevations of SNS 

activity have been described in multiple patient populations at increased CV risk such as 

hypertension, chronic kidney disease, and heart failure22-24. 

 

Hemodynamic and Sympathetic Hyperactivity in PTSD  

Prior studies suggest that PTSD patients have increased BP and SNS reactivity3, 53-55. 

Sympathetic overactivity is hypothesized to play a role in the development of hypertension 

and CV disease22-24. Since SNS overactivity leads to serious health consequences, a better 

assessment of SNS activity and regulation in PTSD is necessary. Past studies have measured 

SNS activity at baseline through indirect methods, and have reported higher resting BP and 

heart rates and decreased heart rate variability (HRV) in PTSD patients 4, 39. HRV is one of 

the most convenient ways to evaluate SNS and PNS activity to the heart60. HRV correlates 



well with PNS activity, but less so with SNS activity 61, 62, 69. When the autonomic nervous 

system is functioning properly, SNS and PNS counteract each other, as increases in SNS 

activity lead to decreases in PNS activity78. Therefore, assessing either SNS or PNS can be 

used to indirectly examine the activity of the other. There are different methods to assess SNS 

and PNS activity using HRV. There include the time domain and frequency domain methods. 

These two domains are shown to correlate with each other62. Time domain HRV variables 

measure the time interval between the peak points (R-wave to R-wave) of each heartbeat, 

while the frequency domain variables quantify the absolute number of rhythms within 

different frequency ranges observed61. Unlike frequency domain HRV values, the time 

domain HRV measurements are time sensitive, in which time range measurements can range 

from <1 min to >24 hours depending on the researcher61, 62.  

 Under time domain HRV measurements, the measurements include the mean R-R 

interval (RRI, ms), the standard deviation of N-N intervals (SDNN, ms), the root mean square 

of successive differences between normal heartbeats (RMSSD, ms), and the percent of 

consecutive N-N intervals that differ by more than 50ms (pNN50, %) 62. The highest point of 

each heartbeat is known as the R-wave62. The interval between the two peak points is known 

as the R-R interval or the N-N interval60. The difference between R-R interval and N-N 

interval is that N-N interval only accounts for every normal R-R interval, as there are 

premature ventricular contractions that cause R-waves to be abnormal60. RRI is inversely 

correlated with heart rate since the distance between the R-waves is greater when the heart 

rate is slow61. However, the fluctuations in heart rate and RRI do not always conform to one 

another69. While RRI increases have shown to result in decreases in heart rate, the extent of 



heart rate reductions may be different for the same degree of increase in RRI69. The SDNN 

value is correlated with the PNS activity, and it is commonly calculated during at least 18 

hours for accurate HRV measurements61, 69. RMSSD and pNN50 can be measured over 

relatively short time periods (>1 minute) 61-62. RMSSD also reflects the beat-to-beat variance 

in PNS activity by calculating the time differences between heartbeats61. In RMSSD, the 

differences are squared and averaged before the square root of the average is measured61. The 

pNN50 also reflects the PNS activity, and it is the percent of adjacent N-N intervals that 

differ by more than 50ms divided by the total N-N intervals61. Increase in RMSSD and 

pNN50 indicate PNS activation.  

Frequency domain HRV includes low frequency power (LF, ms2), high frequency power 

(HF, ms2), and the ratio of low frequency to high frequency (LF/HF) 61-62. LF and HF power 

measures absolute power of the low and high frequency bands that fall within the range of 

0.04-0.15 Hz for LF and 0.15-0.40 Hz for HF. As with time domain HRV measurements, 

different frequency domain HRV variables correlate with PNS and SNS activity. Previously 

believed to indicate SNS activity, LF is recently believed to show a mix of both PNS and 

SNS activities61-62, 66. The ratio of LF to HF also indicates the mix of both SNS and PNS 

activity, by estimating the ratio between sympathetic and parasympathetic activation under 

controlled conditions66. As LF and LF/HF values show a mix of PNS and SNS activity, these 

measurements do not distinguish PNS and SNS activity separately. Conversely, HF reflects 

PNS activity alone66. LF and HF can be measured from short-term (>1 min) recordings66.  

The relationship between the PNS and SNS branches is both linear and non-linear 

depending on which HRV measurement is studied. An increase in PNS activity is expected to 



decrease SNS activity, but a rise in PNS activity has been shown to decrease, maintain, or 

increase SNS values59, 60. There is a consensus for some HRV measurements, while there is 

ongoing debate for HRV variables such as LF and whether it represents measures of PNS and 

SNS, PNS only, or SNS only61. In addition, some of these HRV measurements have shown 

contradictory responses in PTSD patients2, 39. In the normally functioning nervous system in 

which SNS and PNS activities are inversely related, mental stress is expected to increase 

hemodynamic responses through SNS activation and PNS deactivation78. However, some 

studies show exaggerated hemodynamic (heart rate and BP) responses during mental stress 

(arithmetic or recalling of traumatic events), while others demonstrate blunted hemodynamic 

responses during mental stress2, 39. The mixed results may be due to differences in 

methodology such as the exposure to mental stress, and differences in the PTSD study 

populations. However, alterations in responses in hemodynamic reactivity during stress in 

PTSD patients suggest that these patients may have altered autonomic modulation at rest and 

during mental stress. Studies have shown that PTSD patients have decreased HF of HRV 

measurements, which suggests that PTSD patients have decreases parasympathetic activity of 

the heart2, 81-82.  

Taken together, HRV measurements correlate well with cardiac PNS activity, but are less 

reliable for estimating SNS activity. To bypass the limitations of HRV on estimating SNS 

control, our laboratory directly measures SNS activity from the peroneal nerve in humans 

using the gold-standard technique of microneurography 2, 36. In this technique, muscle 

sympathetic nerve activity (MSNA) is measured and quantified directly from a recording 

electrode placed inside the peripheral nerve5, 56. MSNA is a direct measure of sympathetic 



nerve traffic innervating the blood vessels that supply blood flow to the lower limb. MSNA is 

the best way to directly measure baseline and changes in SNS in real-time, as MSNA 

correlates with cardiac, renal, and total central sympathetic activity57, 58 We have shown that 

MSNA responses during combated-related and noncombat related mental stress are 

exaggerated in PTSD patients36. Such augmented SNS reactivity during stress can contribute 

to increased risk of hypertension and CV disease in this population. High SNS activity 

increases CO and TPR, thereby increasing BP, but has a number of deleterious effects that 

are independent of BP, including increased risk of cardiac arrhythmias, vascular stiffness, 

renal and cardiac fibrosis70.  These effects accelerate disease progression in these patients, 

eventually increasing risks of CV mortality. PTSD is characterized by chronic elevation of 

SNS activity and reactivity, and low PNS activity that may be a mechanism for increased risk 

of hypertension and CV disease in this population2, 81-82. Therefore, therapeutic approaches to 

intervene on these autonomic imbalance has potential to improve future risk of hypertension 

and cardiovascular risk in PTSD 15, 53-55. Pharmacological approaches, such as 

alpha-adrenoceptor and beta-adrenoceptor blocking agents, are commonly used to inhibit 

SNS activation in patients with high SNS 63. These agents inhibit SNS activity through 

blocking the action of norepinephrine by binding the adrenoreceptors and preventing 

vasoconstriction and increases in cardiac output. However, these pharmacological approaches 

are associated with side effects such as dizziness, hypotension (low blood pressure), and 

bradycardia (abnormally slow heart beat) 63. Therefore, there is a need for well-tolerated, 

alternative methods to treat SNS overactivity in PTSD.  

 



Device-Guided Slow Breathing 

Slow breathing is recognized by many ancient meditative practices to have beneficial 

effects. Prior studies performed on normal subjects and patients with hypertension and heart 

failure have examined beneficial physiologic effects of slow breathing9, 10, 12. Slow breathing 

decreases respiratory rate and elongates the breathing exhalation time of the breathing cycle 

over time79. Some studies have concluded that slow breathing has short-term benefits in 

reducing BP in normal subjects and patients with hypertension or heart failure64-68. Slow 

breathing is shown to lead to a reduction in BP and sympathetic activity and increased HRV22. 

Respiratory rate modulates autonomic function: SNS activity increases acutely during 

inspiration and decreases during expiration79. Although the precise mechanism underlying the 

BP-lowering effects of slow breathing is unclear, modulation of SNS and PNS activity has 

been implicated. Prior study has shown an acute reduction in MSNA during DGB in 

hypertensive individuals. Slow breathing leads to a compensatory increase in the tidal volume 

in order to maintain minute ventilation. This increase in tidal volume may activate thoracic 

stretch receptors that lead to a reflex decrease in SNS activity, thereby leading to a reduction 

in BP.  

Slow breathing has been tested as a possible adjunctive therapy for hypertension and has 

shown mixed results36. Some prior studies have shown acute reduction in BP in hypertensive 

patients, but others have not observed a significant reduction62-65, 68. Studies have investigated 

sustained effects of slow breathing, and they demonstrated a beneficial effect after 8 weeks of 

slow breathing in hypertensive population67. However, some studies report that there is no 

significant benefit of slow breathing in BP after 8 to 9 weeks of daily slow breathing72-73.  



Device-guided slow breathing (DGB) method is used in our study to test acute effects of 

slow breathing. The slow breathing is clinically achieved using the RESPeRATE device, 

which is FDA-approved for the adjunctive treatment of hypertension and for relaxation7. The 

device monitors breathing rates and effortlessly lowers the rate to 5-6 breaths/min using 

musical tones that guide breathing rates to sub-physiologic levels. DGB aims to lower the 

respiratory rate from regular breathing rates from 12-20 breaths/min to 5-6 breaths/min. DGB 

is an easily usable electronic device that uses biofeedback to measure adherence and success 

of lowering the respiratory rate in participants using DGB. This device has a belt-type 

respiratory sensor that monitors breathing movements and uses headphones to guide with 

breathing tones.  

The potential benefits of DGB have not previously been explored in PTSD. DGB may be 

particularly useful in PTSD given its ease of use, good side-effect profile, relaxation effect, 

and potential modulation of the autonomic nervous system.We hypothesized that DGB will 

acutely lower SNS activity and increase PNS activity in PTSD patients. If DGB has 

beneficial effects on BP and autonomic function, it could represent a novel therapeutic 

intervention to improve autonomic physiology and to decrease CV risk in PTSD patients.. To 

test our hypothesis, the effects of acute DGB will be tested in OEF/OIF/OND Veterans with 

and without PTSD. We hypothesize that DGB at 5 breaths/min will acutely reduce BP, heart 

rate, and SNS activity, and increase PNS activity in PTSD patients when compared to 

breathing with a sham device at a normal respiratory rate. We further hypothesize that DGB 

will have a greater hemodynamic and autonomic effect in PTSD participants compared to 

non-PTSD participants. An identical sham device (SHAM) that maintains participants’ 



respiratory rates at normal rates of ~14 breaths/min will be used in Veterans with PTSD to 

compare the beneficial effects of DGB in Veterans with PTSD. The SHAM device has 

identical features, musical tones, and respiratory sensor belt as the DGB, and the SHAM will 

work as a placebo to see if slow breathing alone may have beneficial effects in this 

population.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Methods  

Study Participants 

This study enrolled a total of 43 Veterans: 27 patients with PTSD and 16 age-matched 

Veterans without PTSD as Controls. Inclusion criteria for all 43 participants were 

OEF/OIF/OND veterans matched for age, gender, race, body mass index (BMI), BP, and 

family history of hypertension. Exclusion criteria for all participants included hypertension, 

cardiovascular disease, diabetes, illicit drug use, excessive alcohol use (>2 drinks per day), 

hyperlipidemia, autonomic dysfunction, and medications known to affect SNS (clonidine, 

beta blockers, Angiotensin-Converting Enzyme (ACE) inhibitors). Participants were recruited 

at the Atlanta VA Medical Center (VAMC) from mental health clinics. Veterans with 

previous PTSD diagnosis on medical records were recruited as PTSD participants and those 

without PTSD diagnosis were recruited as controls. The Clinician Administered PTSD Scale 

for DSM-IV (CAPS-IV) was used to confirm the clinical diagnosis of PTSD in the PTSD 

group.  

 

Ethical Approval 

This study conformed to the standards set by the Declaration of Helsinki and was approved 

by the Emory University Institutional Review Board and the Atlanta VA Medical Center 

Research and Development Committee. All study participants signed informed consent for 

study participation prior to study procedures.  

 

 



Measurements 

Blood Pressure 

Baseline BP was measured for 10 minutes at rest while participants were rested in a seated 

position with the arm supported at heart level. To obtain resting BP, sphygmomanometer 

(Omron HEM-907XL, Omron Healthcare) was used to measure BP a total of 3 times, 

separated by 5 minutes. This process verified that participants were not hypertensive. During 

study procedures, appropriate sized cuffs were used on participant’s upper arm and on two 

fingers to monitor continuous and noninvasive arterial BP using digital 

photoplethysmography (CNAP, CNSystems). This device has been validated to measure 

absolute and relative changes in BP25, 26. BP measurements during 10 minutes of DGB were 

monitored and recorded during the entire study procedure. These measurements were 

transmitted and recorded in LabChart 7 (PowerLab 16sp, ADInstruments) using a BioAmp 

system.  

 

Heart Rate 

Baseline heart rate was measured at rest while participants were rested in the same position as 

above. Continuous heart rate measurement was made using a 3-lead electrocardiography 

(ECG). Heart rate measurements were monitored and recorded in LabChart 7 (PowerLab 

16sp, ADInstruments) during baseline and during 10 minutes of device use.  

 

Muscle Sympathetic Nerve Activity (MSNA) by Microneurography 

Microneurography technique was used to monitor muscle sympathetic nerve activity 



(MSNA). This technique is performed by inserting a tungsten microelectrode (tip diameter 

5-15 µm) in the peroneal nerve which is a large peripheral nerve innervating the lower leg 

and the vasculature. A reference microelectrode was inserted in close proximity. 

Microneurography is done on each patient’s leg after positioning properly and cleansing the 

site using alcohol wipes. The signals were amplified (total gain 50,000-100,000), filtered 

(700-2000 Hz), rectified, and integrated (time constant 0.1 sec) for mean voltage display of 

sympathetic nerve activity (Nerve Traffic Analyzer, Model 662C-4; Bioengineering, 

University of Iowa). Based on the participant’s leg twitch, location of the nerve was 

identified and verified. After locating the nerve, two sterile tungsten electrodes were put into 

their skin, one just under the skin and the other into the nerve. The wire needles were 

connected to the computer recorder to record nerve activity. The neurogram was recorded to 

LabChart 7 (PowerLab 16sp, ADInstruments) along with continuous BP and HR recordings 

using a bioamp. MSNA was expressed as burst frequency (bursts per minute) and burst 

incidence (bursts per 100 heart beats). 

 

Device-Guided Slow Breathing (DGB) 

Participants were instructed to use the RESPeRATE (InterCure, Ltd) device for 

device-guided slow breathing (DGB) to lower respiratory rates to 5-6 breaths per minute, or 

an identical sham looking device (SHAM) that maintains respiratory rates at a normal 

physiologic rate of 14 breaths/min7. All participants were guided to use the given device 

(DGB or SHAM) for 10 minutes during the study procedure. Participants were randomly 

assigned to DGB or SHAM. With an identical display, both devices included elastic belts 



with respiration sensors that were placed around the upper abdomen for biofeedback and 

headphones that delivered musical tones to guide respiratory rates to subphysiologic rates (~5 

breaths/min in DGB) or normal respiratory rates (~14 breaths/min in SHAM). Each device 

monitored the breathing rate of each participant and calculated inspiration and expiration 

times to generate a personalized melody to guide respiratory rates. Two distinct tones 

(ascending and descending) were personalized for inhalation and exhalation guidance. DGB 

slowly guided the participants to effortlessly lower their respiratory rates while listening to 

the musical tone while SHAM played the same musical tone to maintain participants’ 

respiratory rates maintained at the same level. Adherence to the RESPeRATE device was 

checked during the study procedure, and continuous respiratory rates were measured and 

automatically stored to LabChart 7 (PowerLab 16sp, ADInstruments) using a belt type 

sensor.  

 

Clinician Administered PTSD Scale (CAPS) IV and the PTSD Checklist 

The diagnosis of PTSD was confirmed in all participants using the Clinician Administered 

PTSD Scale (CAPS) IV and the PTSD Checklist – Military Version (PCL-M). The CAPS is 

the standardized screening tool used to diagnose and assess the severity of PTSD symptoms. 

To clinically confirm the presence of PTSD, a severity score of 45 or higher was required on 

either survey 28, 29. The diagnosis of PTSD was confirmed for participants in the PTSD group 

and was excluded for participants in the control group. The survey was administered during 

the first screening visit.  

 



Experimental Protocol 

Screening Visits (1 or 2 visits): 1 hour 

1-2 screening visits were done on each patient to check for their qualification for further 

participation for the study. Each screening visit lasted 30 minutes to an hour. At each 

screening visit, vitals (BP, pulse, and respiratory rate) were measured and recorded. BP was 

taken a total of 3 times (separated by 5 minutes) and averaged during each screening visit to 

check participant’s pre-hypertension status (SBP 120-129 mmHg, and/or DBP 80-89 mmHg) 

and to obtain baseline values. The Clinician Administered PTSD Scale (CAPS) or the PCL-M 

was tested to confirm the presence and the severity of PTSD in the PTSD group and to 

exclude the diagnosis of PTSD in the Control group. Participants were randomly assigned to 

a device-guided slow breathing (DGB; N=27) or an identical sham device (SHAM; N=16) 

and were instructed on how to breathe using the appropriate device.  

 

Study Visit (Micro visits): ~2hours 

Overview 

Heart rate, blood pressure, respiratory rate, and nerve activity measured at baseline (10 

minutes) and during Device-Guided Slow Breathing or Sham Device (10 minutes)  

Qualified participants after screening visits were asked to come in for the study visit at the 

Atlanta VAMC Clinical Studies Center. Each participant was instructed to fast from food, 

caffeine and alcohol for at least 12 hours, and exercise and smoking for at least 24 hours 

before coming in. The experimental procedural room was quiet, semi-dark, and temperate 

(~21° C). Participants were placed on a comfortable stretcher in a supine position. 



Appropriate sized finger cuffs were placed on the fingers of the dominant arm and on the 

upper arm for continuous beat-to-beat arterial BP measurements and occasional automatic 

calibrations of the finger cuffs. Continuous heart rate was recorded using 3-lead 

electrocardiography (ECG) patch electrodes. For monitoring and recording of continuous 

respiratory rate, the belt-type sensor was placed around the abdomen. Participants’ legs were 

positioned for microneurography, and the sterile tungsten microelectrode was inserted to each 

patient’s leg. The location of the peroneal nerve was identified and verified by the principle 

investigator, and wire needles were manipulated to obtain a satisfactory nerve recording. 

Wire needles were connected to the computer for nerve activity recordings. 10 minutes after 

the nerve recording began, each participant’s continuous BP, heart rate, nerve activity, and 

respiratory rate were measured and recorded. The first 10 minutes of BP, heart rate, nerve 

activity, and respiratory rate measurements were used as baseline measurements. Following 

baseline recordings, participants began using the assigned device (DGB or SHAM) for 10 

minutes. Patients were monitored for about 10 minutes to check their hemodynamic 

conditions before being sent home after the study.  

 

 

 

 

 

 

 



Data Analysis 

Heart Rate and Heart Rate Variability  

During the study procedure, continuous ECG data were recorded using the Labchart 7 

(PowerLab 16sp, ADInstruments), and the data was exported to WinCPRS (Absolute Aliens, 

Turku, Finland) for analysis. The WinCPRS program automatically detected and marked 

highest points (R-waves) of each heart rate from continuous ECG recordings. R-waves were 

manually inspected for accuracy of detected and were fixed for inaccurate detections by a 

single investigator (J. Kang). After all heart rate recordings were inspected, a R-R interval 

(RRI) channel displaying time and frequency domain HRV measurements was generated. 

Previous studies found that time and frequency domain of HRV measurements correlate 

strongly with each other31. For instance, a strong correlation was observed between HF 

(frequency domain) and RMSSD and pNN50 (time domain), and these measurements (HF, 

RMSSD, and pNN50) were shown to reflect parasympathetic activation30, 32-34. Other HRV 

variables were commonly believed to predict general HRV activity, a mixture of SNS and 

PNS activity, or measured over a long time period, so they were concluded to be 

inappropriate for our acute measurements of HRV. Heart rate, RMSSD, pNN50, and HF were 

recorded in 2-minute time blocks during 10 minutes of baseline and during 10 minutes of 

device use. Heart rate and HRV data from baseline and the last two minutes of DGB or 

SHAM were compared.  

 

Blood Pressure 

Continuous BP data were recorded with Labchart 7 during the study procedure and exported 



to WinCPRS for data analysis. WinCPRS automatically marked appropriate SBP and DBP 

from corresponding ECG data. Detected SBP and DBP were inspected for accuracy and were 

fixed for inaccurate detections by a single investigator (J. Kang). After all SBP and DBP 

inspection, mean arterial pressure (MAP) channel was generated. SBP, DBP, MAP, and PP 

data were recorded at 10 minutes of baseline and during 10 minutes of DGB in 2-minute time 

blocks. BP data from baseline and the last two minutes of DGB or SHAM were compared. 

 

Muscle Sympathetic Nerve Activity 

Continuous MSNA data were exported from Labchart 7 into WinCPRS for analysis. MSNA 

bursts were automatically detected and marked in the WinCPRS program by using the 

following criteria: 3:1 burst to noise ratio within a 0.5-second search window, with an 

average latency in burst occurrence of 1.2-1.4 seconds from the previous R-wave. After 

automatic detection of MSNA bursts by the WinCPRS program, the MSNA neurograms were 

visually inspected for accuracy of detection and edited if needed, by a single investigator (J. 

Park). MSNA was expressed as burst frequency (bursts/min) and burst incidence (bursts/100 

heartbeats). 

 

Statistical analysis 

Baseline characteristics were compared between the three groups using a one-way analysis of 

variance (ANOVA). Three groups (PTSD patients who used DGB (PTSD+DGB), PTSD 

patients who used SHAM (PTSD+SHAM), and Controls who used DGB (CON+DGB)) were 

tested. Changes in BP (SBP, DBP, MAP), heart rate, and autonomic variables HRV (RMSSD, 



pNN50, HF) and MSNA (burst frequency and burst incidence) were compared among the 

three groups using repeated measures ANOVA. Statistical analysis was done using the IBM 

SPSS software (SPSS 22.0, IBM SPSS). We compared changes between 10 minutes of 

baseline and last 2 minutes of DGB or SHAM. Within each group, effects of assigned 

breathing intervention after 10 minutes were examined with time as a within factor. To 

measure between-group differences in PTSD+DGB versus PTSD+SHAM, the device was 

used as a between factor. The interaction term “time*device” compared the difference 

between the effect of both devices from baseline to the last 2 minutes of each device. To 

compare the between-group effects in PTSD+DGB versus CON+DGB, the group was used as 

a between factor. The interaction term “time*group” compared the difference between the 

presence of PTSD from baseline to the last 2 minutes of DGB use. Between PTSD+DGB and 

CON+DGB groups from baseline to last 2 minutes of DGB, effects of DGB were measured 

in all participants between two groups, and the interaction term “time” compared the effects 

of DGB in two groups. Two-tailed t-tests were conducted to compare MSNA at baseline and 

during the breathing intervention between the two PTSD groups. Significantly different 

baseline variables were accounted for in the analysis. A response to the breathing intervention 

in each group was calculated as a mean difference between baseline and after 10 minutes of 

DGB/SHAM. All results were expressed as mean ± standard error. All p-values are 

two-tailed, with values less than 0.05 were considered statistically significant.  

 

 

 



Results 

Baseline Characteristics (Table)  

Table. Baseline Characteristics – 3 Groups Comparison 

Characteristics 
PTSD + DGB 

(n=16) 
PTSD + 

Sham (n=11) 
Control + 

DGB (n=16) p value 
Age (years) 34.9 ± 1.8 31.0 ± 1.5 34.3 ± 1.8 0.816 
Sex (Male/Female) 12/1 7/0 10/1 - 
Race (Black/White) 10/3 7/0 11/0 - 
Body Mass Index 
(kg/m2) 31.7 ± 1.7 28.3 ± 2.5 28.9 ± 1.6 0.436 
CAPS Score 84.3 ± 9.9 69.5 ± 9.0 38.3 ± 4.1 <0.001* 
Baseline Hemodynamics 

    Heart Rate (bpm) 72.2 ± 4.1 78.8 ± 6.2 67.5 ± 3.8 0.067 
Systolic blood pressure 
(mmHg) 122.7 ± 3.4 130.3 ± 4.2 128.6 ± 2.5 0.117 
Diastolic blood pressure 
(mmHg) 79.9 ± 2.4 83.8 ± 3.1 82.0 ± 2.9 0.510 
Mean Arterial Pressure 
(mmHg) 94.2 ± 2.5 99.3 ± 3.2 97.5 ± 2.5 0.284 
MSNA (Burst/min) 26.6 ± 3.3 39.8 ± 4.1 - .004* 
MSNA (Burst/100hb) 14.2 ± 1.1 21.7 ± 1.7 - .001* 

The Table depicts the baseline characteristics for the study population. Values are mean 
± SE or number of participants with that condition out of each group. Study participants 
were primarily comprised of young, African-American males with pre-hypertensive 
blood pressure. MSNA, muscle sympathetic nerve activity.  

A total of 43 OEF/OIF/OND Veterans with PTSD (N=27) and without PTSD (N=16) were 

enrolled in the study. Veterans with PTSD were randomized to DGB (N=16) and SHAM 

(N=11). One-way ANOVA test was performed to compare the 3 groups. Among the three 

groups, there was no significant difference in age, gender distribution, race, or body mass 

index (BMI). Groups were well matched for age with a mean age of 34.9 ± 1.8 years in the 

PTSD + DGB group, 31.0 ± 1.5 years in the PTSD+ SHAM group, and 34.3 ± 1.8 years in 



the CONTROL + DGB group. The majority of study participants were African-American 

males with pre-hypertension. Diagnosis of PTSD was confirmed in all participants using 

CAPS-IV, and as expected, mean CAPS-IV score was significantly higher among PTSD 

patients compared to controls without PTSD. PTSD+DGB group and PTSD+SHAM group 

had comparable CAPS-IV scores. Resting mean SBP, DBP, MAP, heart rate, and HRV 

(RMSSD, pNN50, and HF) were similar among the three groups (p>0.05). MSNA data was 

acquired only in the PTSD participants, in which they were randomized into the DGB and the 

SHAM groups. Both MSNA (burst incidence and burst frequency) were significantly higher 

at baseline in the PTSD+DGB group than in the PTSD+SHAM group both for burst 

frequency (26.6 ± 3.3 vs 14.2 ± 1.1) and burst incidence (39.8±4.1 vs 21.7 ± 1.7). The 

difference in baseline MSNA was accounted for when interpreting changes to MSNA after 

breathing intervention.  

 

Heart Rate Variability at Baseline 

  

Figure 1A. RMSSD (root mean square of the successive differences) at Baseline 
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Figure 1B. pNN50 (proportion of NN > 50ms) at Baseline  

 

Figure 1C. High Frequency at Baseline  

Figure 1A-C depict HRV variables (RMSSD, pNN50, and HF) at baseline. These 
figure show that HRV tend to be lower on PTSD patients compared to the Controls. 
However, the comparison between the two groups was not significant (Figure 
1A-C).  

At baseline, there is a trend lowers lower RMSSD, pNN50, and HF in PTSD than in 

non-PTSD (Figure 1A-C). These measures of HRV indicate parasympathetic activity, and 

these figures suggest that parasympathetic activity may be reduced in PTSD compared to 

PNS in Controls (Figure 1A-C).  
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Hemodynamic responses during breathing intervention  

 

Figure 2A. Systolic Blood Pressure (SBP) 

 

Figure 2B. Diastolic Blood Pressure (DBP) 
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DGB vs SHAM: 
 Time*device, p=0.060 
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*Time: p<0.001 
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DGB vs SHAM: 
 Time*device, p=0.278 
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*Time: p=0.021 
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Figure 2C. Mean Arterial Pressure (MAP) 

 
Figure 2D. Heart Rate 

Figure 2A-D. Changes in SBP, DBP, MAP, and heart rate between 10 minutes of 
baseline and after 10 minutes of breathing intervention. Changes in BP and heart rate 
compared within each group, between PTSD+DGB and PTSD+SHAM groups, and 
between PTSD+DGB and CON+DGB groups. *Significant p-values < 0.05   
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After 10 minutes of breathing intervention, there was a greater reduction in SBP within 

PTSD+DGB group (time, p<0.001) than within CON+DGB group (time, p=0.0105) (Figure 

2A). There was no significant difference in the change in SBP with intervention within 

PTSD+SHAM group (time, p=0.3385) (Figure 2A). Between the two PTSD groups 

(PTSD+DGB versus PTSD+SHAM), there was a trend towards a significantly greater 

reduction in SBP with DGB versus SHAM (time*device, p=0.0595) (Figure 2A). When 

measuring changes during 10 minutes of DGB use in PTSD+DGB and CON+DGB groups, 

there was a significant reduction in SBP (time, p<0.001) (Figure 2A). However, DGB did 

not differentially affect SBP between the PTSD and Control groups (time*group, p=0.395) 

(Figure 2A). 

There was a trend towards reduction in DBP within the PTSD+DGB group (time, 

p=0.0565), but no significant change in DBP was observed with intervention in the 

PTSD+SHAM group (time, p=0.4075) or in the CON+DGB group (time, p=0.0975). There 

was no significant difference in the change in DBP between DGB and SHAM devices in the 

PTSD groups (time*device, p=0.2775) (Figure 2B). In all study participants who used DGB 

(both PTSD+DGB and CON+DGB), DGB had a significant effect in reducing DBP (time, 

p=0.021), but there was no significant difference in the DBP-lowering effect of DGB 

between PTSD and Control groups (time*group, p=0.4645) (Figure 2B).  

10 minutes of DGB significantly reduced MAP within PTSD patients (time, p=0.003), 

and there was a trend towards reduced MAP with DGB within Controls (time, p=0.077) 

(Figure 2C). There was no significant effect of SHAM on MAP after 10 minuteswithin 

PTSD patients (time, p=0.3435) (Figure 2C). In PTSD groups, there was no significant 



difference in the change in MAP with intervention between the DGB and SHAMgroups 

(time*device, p=0.1265) (Figure 2C). In PTSD and Control participants, 10 minutes of DGB 

led to significant reduction in MAP (time, p=0.002). There was no significant difference in 

the MAP response to DGB between PTSD and Controls (time*group, p=0.3).  

 During 10 minutes of breathing intervention with DGB or SHAM, there was no 

significant difference in heart rate within each group: PTSD+DGB (time, p=0.201), 

PTSD+SHAM (time, p=0.671), and CON+DGB (time, p=0.263) (Figure 2D). In PTSD 

participants, there was no difference in heart rate response between the DGB and SHAM 

interventions (time*device, p=0.679) (Figure 2D). There was no significant change in heart 

rate in all participants (PTSD and Controls) with 10 minutes of DGB use (time, p=0.088), 

and there was no significant difference in heart rate response to DGB between PTSD patients 

and Controls (time*group, p=0.919) (Figure 2D).  

Autonomic response during breathing intervention 

 

Figure 3A. RMSSD 
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Figure 3B. pNN50 

 

Figure 3C. High Frequency (HF)  

Figure 3A-C Changes in RMSSD, pNN50, and HF between 10 minutes of baseline 
and after 10 minutes of breathing intervention. Changes in parasympathetic activity 
compared within each group, between PTSD+DGB and PTSD+SHAM groups, and 
between PTSD+DGB and CON+DGB groups. *Significant p-values < 0.05   
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PNS activity was measured using three HRV measurements: RMSSD, pNN50, and HF. 

Within all three groups (PTSD+DGB, PTSD+SHAM, CON+DGB), there was no significant 

difference in RMSSD (time, p=0.679, p=0.2335, p=0.1025), pNN50 (time, p=0.647, p=0.247, 

p=0.4215), and HF (time, p=0.435, p=0.383, p=0.911) with breathing intervention (Figure 

3A-C). There was no significant difference in PTSD patients using DGB versus SHAM in the 

change in RMSSD (time*device, p=0.342), pNN50 (time*device, p=0.344), and HF 

(time*device, p=0.202) (Figure 3A-C). There was no significant difference in thechange in 

RMSSD (time, p=0.685), pNN50 (time, p=0.847), and HF (time, p=0.505)) with 10 minutes 

of DGB use between the PTSD and non-PTSD Controls (Figure 3A-C). There was no 

significant difference in the change in RMSSD (time*group, p=0.289), pNN50 (time*group, 

p=0.639), and HF (time*group, p=0.6) (Figure 3A-C) with DGB use between PTSD and 

non-PTSD controls. 

 
Figure 4A. Burst Frequency  
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Figure 4B. Burst Incidence 

Figure 4A-B. Changes in MSNA (Burst Frequency and Burst Incidence) between 10 
minutes of baseline and after 10 minutes of breathing intervention. Changes in 
parasympathetic activity compared within each group, between PTSD+DGB and 
PTSD+SHAM groups, and between PTSD+DGB and CON+DGB groups. 
*Significant p-values < 0.05   

 Change in MSNA burst frequency (burst/min) and burst incidence (burst/100heartbeat) 

during 10 minutes of breathing intervention was used to measure changes in SNS activity. 

Similar to BP response, DGB significantly reduced in MSNA burst frequency (time, p=0.004) 

and MSNA burst incidence (time, p=0.003) within the PTSD+DGB group (Figure 3A, 3B). 

Within PTSD patients using the SHAM device, there was a significant change in MSNA 

burst incidence (time, p=0.033) and a tendency towards a reduction in MSNA burst 

frequency (time, p=0.060) (Figure 4A-B). MSNA significantly decreased after 10 minutes of 

breathing intervention (both DGB and SHAM) (time, p<0.001), mainly due to DGB having a 
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greater effect on PTSD patients. Between the PTSD groups using DGB or SHAM, the change 

in MSNA burst frequency (time x group, p=0.021) and burst incidence (time x group, 

p=0.037) were significantly different (Figure 4A-B). The PTSD+DGB group had a higher 

resting MSNA compared to the PTSD+SHAM group due to chance, as all PTSD participants 

were randomized between using DGB and SHAM (Table). The difference in baseline MSNA 

between groups was adjusted for during statistical analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Discussion 

This study focused on relatively young Veterans with combat exposure in Iraq and 

Afghanistan without hypertension or CV disease. The goal of this study was to identify the 

effects of slow breathing using DGB on BP, heart rate, sympathetic, and parasympathetic 

activity in PTSD. To our knowledge, this is the first study examining the effects of slow 

breathing using DGB compared to an identical SHAM device to assess BP, HRV, and MSNA 

responses in both PTSD and non-PTSD Control populations. Our new findings of this study 

are: 1) 10 minutes of DGB significantly lowers BP and MSNA, while there are no significant 

reductions in BP and MSNA with SHAM intervention; 2) DGB significantly lowers BP and 

MSNA both in PTSD and Controls, but there was no significant difference in the BP and 

MSNA-lower effects of DGB between the groups; 3) DGB acutely lowers sympathetic 

activity, but does not increase parasympathetic activity. Together, these findings suggest that 

DGB may have beneficial effects on BP and SNS activity in PTSD. 

Over the past 15 years, over 2 million military service members were deployed as part 

of OEF, OIF, and OND. These service members are returning with high rates of PTSD, 

estimated at a 20% prevalence of PTSD post-deployment1. PTSD is also common in the 

non-military population. In the general adult population, 7-8% of the US adult population is 

diagnosed with PTSD during their lifetime39. Thus, PTSD is highly prevalent and represents a 

major public health problem. 

PTSD is also independently associated with an increased risk of hypertension and CV 

diseases39-43. Studies in the past have identified long-term consequences of PTSD, including 

stroke, coronary artery disease, renal or heart failure, vision loss, and mortality51. In the 



current study, we proposed that chronic stress in PTSD leads to increased allostatic load, 

leading to chronic maladaptive physiologic adjustments such as such as sympathetic 

hyperactivity53-55. SNS overactivity has been described in many patient populations at 

increased CV risk, and could lead up to hypertension, heart failure, and renal failure. Prior 

studies have shown that PTSD is characterized by chronic SNS overactivation, which could 

be a mechanistic link between PTSD and CV diseases53-55.  

At baseline, we did not observe a significantly elevated BP and heart rate or decreased 

HRV in PTSD patients compared to Controls. Prior studies found that PTSD patients have 

higher resting BP and heart rates and lower HRV, suggesting higher sympathetic activity and 

lower parasympathetic activity at rest4, 39, 48, 51. The lack of significant difference in BP and 

heart rate between the PTSD and non-PTSD controls at baseline may be attributed to the fact 

that most of our study patients were pre-hypertensive. Although HRV variables were not 

significantly different between PTSD and Controls, there was a trend towards reduced 

parasympathetic activity in PTSD patients compared to non-PTSD Controls. Previous studies 

largely measured sympathetic activity in PTSD patients using indirect measurements such as 

blood pressure and plasma norepinephrine levels4, 39. In this study, we measured sympathetic 

activity directly by measuring sympathetic nerve traffic in real-time with the 

microneurography technique, while simultaneously measure parasympathetic nerve activity 

using HRV measurements with continuous ECG. These concomitant measures at rest and 

during breathing interventions are unique features of this study.  

 In this study, we investigated the potential beneficial effects of slow breathing using 

DGB in PTSD. If DGB has a potential benefit in reducing BP or SNS activity, we expect that 



DGB could represent a nonpharmacological and noninvasive intervention to lowering BP or 

SNS activity, as DGB does not have side effects that current pharmacological interventions 

such as alpha-blockers and beta-blockers do61. Since breathing therapies are often used as a 

part of cognitive-behavioral therapy in PTSD, DGB may be a clinical way to induce 

beneficial effects on lowering BP and SNS activity in this population9, 10, 12. Previous studies 

have shown mixed conclusions about the effects of DGB on hemodynamics and autonomic 

function10, 13, 71-76. Previous studies have shown that DGB may reduce arterial BP and lower 

SNS activity in patients with high BP after 10-15 minutes of daily DGB usage 8-10. However, 

some studies report that DGB has no acute benefits to BP and sympathetic activity73-74. 

Studies investigating the effects of DGB in patients with hypertension and chronic heart 

failure reported acute reduction in SBP in those populations9, 10, 12. In the current study, 10 

minutes of breathing intervention using DGB lowered BP in both the PTSD and non-PTSD 

control groups, while there was no significant reduction in BP with SHAM Both SBP (-12 

mmHg) and MAP (-7 mmHg) were lowered significantly lowered with DGB within 

PTSD+DGB group, but only MAP (-5 mmHg) was significantly decreased with DGB within 

the CON+DGB group, suggesting that PTSD patients may benefit more from using DGB. 

Even though BP significantly decreased within the PTSD+DGB group, while there was no 

change in BP within the PTSD+SHAM group, there was no statistically significant difference 

in BP responses to intervention between the PTSD+DGB versus PTSD+SHAM groups. This 

suggests that guided breathing alone, whether participants use DGB or SHAM, may have a 

beneficial effect on reducing BP, perhaps through a relaxation effect. Further, the difference 

in BP changes were not statistically significant between PTSD+DGB and CON+DGB groups, 



which suggests that DGB reduces BP PTSD patients and in Controls, and PTSD does not 

affect the BP-lowering effect of DGB.  

 Other studies in the past reported the effects of slow breathing by using calm music or 

spontaneous breathing9, 72, 76. They investigated HRV measurements in variables such as 

low-frequency, reporting that slow breathing increase low-frequency measurements13. In our 

study, we assessed HRV using RMSSD, pNN50, and HF as these correlate with PNS activity, 

rather than a mix of PNS and SNS activity30, 32-34. There were no significant differences in 

changes in heart rate, RMSSD, pNN50, and HF during 10 minutes of breathing intervention 

with DGB or SHAM, suggesting that heart rate and parasympathetic activity are not affected 

by slow breathing. Past studies also investigated the effects of slow breathing on sympathetic 

activity, and showed that slow breathing lowers MSNA in healthy participants, patients with 

hypertension and heart failure 9, 10, 12. Consistent with previous findings in other patient 

population, we observed a significant reduction in MSNA with DGB in both Veterans with 

and without PTSD measured as MSNA burst frequency (-8 mmHg) and burst incidence (-10 

mmHg). This finding suggests that DGB effectively acutely reduces sympathetic activity in 

PTSD patients. In addition, there is a significant difference in changes in burst frequency (-6 

mmHg) and burst incidence (-9 mmHg) between PTSD+DGB and PTSD+SHAM groups, 

suggesting that lowering respiratory rates of DGB are more beneficial to lowering SNS 

activity in PTSD patients. Overall, there was a reduction in BP and in SNS activity, but PNS 

activity remained unchanged.  

The mechanisms underlying the acute BP lowering effect of slow breathing remains 

unknown, but we propose that sympathetic activity was affected by DGB but not 



parasympathetic activity because sympathetic activity plays a more diverse role in 

manipulating physiologic systems. While the sympathetic system has effects on controlling 

all aspects of blood pressure, parasympathetic system primarily affects blood volume and 

heart rate. As both heart rate and PNS were unaffected by slow breathing in our study, it 

suggests that DGB does not have a significant effect on PNS or heart rate. These findings 

suggest that instead of modulating PNS activity, DGB lowers BP in PTSD by lowering SNS 

activity in PTSD As SNS activity was lowered and heart rate remained unaffected after 10 

minutes of DGB, the sympathetic system could have affected SV or TPR, both of which 

affect BP78. If TPR was affected due to changes in sympathetic activity, then DBP is also 

usually affected since DBP is affected by afterload, which controls blood returning to the 

heart78. Thus, MSNA correlates more with changes in DBP. The resistance within vessels 

affects blood returning back to the heart, but since DBP was unaffected by DGB, we 

speculate that TPR was not modulated by changes in sympathetic activity during DGB. 

Although not directly measured, we speculate that reduction of sympathetic activity during 

DGB may have lowered SV of study participants, which reduced cardiac output and 

ultimately MAP. SV is affected both by preload and contractility, and thus lowering of 

pre-load and contractility may also lower BP.  

 We found potential benefits of DGB acutely lowered SNS activity and BP in PTSD. 

Contrary to our hypothesis, we did not observe a greater SNS-lowering or BP-lowering effect 

of DGB in PTSD compared to the non-PTSD Controls. Instead, we observed that the 

reductions in BP and SNS activity with DGB were comparable between the PTSD and 

non-PTSD controls. The reason for this finding is unclear, but may be due to the presence of 



prehypertension in both the PTSD and non-PTSD control populations. Prehypertensive 

patients are known to have a higher risk of CV disease compared to normotensive individuals, 

and also have higher SNS activity at rest. Therefore, prehypertensive PTSD and non-PTSD 

participants may have had a greater benefit of DGB compared to normotensive individuals. 

Thus, PTSD and prehypertension may be a phenotype that may respond well to autonomic 

modulation by DGB. In addition, DGB has a relaxation component. As PTSD patients 

chronically experience stress, slow breathing through DGB may be more beneficial in this 

population.. PTSD is also associated with sympathovagal imbalance, which is the imbalance 

between sympathetic and parasympathetic systems3. The sympathovagal imbalance between 

the two autonomic systems could result in increases in SNS activity not always ending up 

with decreased PNS activity as expected, which could explain why sympathetic activity is 

lowered while parasympathetic activity remains unaffected3.  

In summary, PTSD is a highly prevalent mental illness that is associated with an 

increased risk of hypertension and CV diseases2, 16, 18, 19. Increases in sympathetic activity in 

PTSD may play a role in increased risk of developing hypertension and CV disease48, 51. 551. 

We found that DGB acutely lowers BP and MSNA in PTSD. Therefore, DGB could represent 

a novel nonpharmacological intervention to lower SNS activity and improve CV risk in 

PTSD.  

 

 

 

 



Limitations  

 We recognize several other limitations to our study. First, our study population was 

mainly comprised of African-American Veterans. Whether these findings can be generalized 

to females, other races and ethnicities, or non-Veterans are unclear. Second, we used a CAPS 

IV score of 45 and above to confirm the diagnosis of PTSD in patients, and patients with a 

score below a 45 were excluded to the Control group. The mean CAPS score in the Control 

group was a 38, which is not enough to be classified in the PTSD group but is enough to be 

considered to be the range for subthreshold PTSD (CAPS score 20-39). A To be considered 

for not having PTSD at all, a CAPS score between 0 and 19 is needed. As our study 

participants were all service members, they had combat exposures, which could be a reason 

why all Control population in our study had a CAPS score within the subthreshold PTSD 

range. According to recent studies, subthreshold range PTSD is also associated with 

physiologic changes77. We investigated the effect of DGB in PTSD to compare with the 

benefits in Controls, but our Controls were in the subthreshold range for PTSD. By 

investigating Controls without any PTSD symptoms (CAPS score 0-19) or any combat 

exposures, we could have observed a more significant difference between PTSD and Control 

groups with the use of DGB. Third, the DGB was supposed to lower respiratory rates at 5-6 

breaths/min and the SHAM was supposed to maintain at 14 breaths/min. However, some 

patients had higher or lower respiratory rates than expected after 10 minutes of DGB/SHAM. 

Fourth, only SNS activity from the muscle was measured during breathing intervention. 

However, the effects of DGB on sympathetic and parasympathetic activity in other organs 

such as the heart remain unknown. Finally, we did not measure MSNA from Controls, so our 



findings on reduced sympathetic activity may not be generalized to Controls. While we 

expect that Controls also acutely benefitted in their sympathetic activity after using DGB, we 

would like to study further to confirm this proposal. If Controls have a reduction in 

sympathetic activity as well, then we would be able to conclude that DGB reduces 

sympathetic activity in all our study participants.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Future Directions 

The next steps of this study include collect data from additional subjects. We will enroll 

more participants to both device guided slow breathing and to the sham device.  We will 

analyze MSNA data in Controls and in additional subjects to compare the effects of DGB and 

SHAM on SNS activity in in Controls as well. After enrolling enough pre-hypertensive 

participants, determining the effect of prehypertension on BP and SNS-lowering effects of 

DGB would also be interesting. We observed that DGB has a beneficial effect in reducing BP, 

so DGB may be especially beneficial to pre-hypertensive population. Further experiments can 

be done on Control patients using the SHAM device. Most importantly, the project will also 

extend to a clinical trial testing the long-term benefits of DGB versus SHAM on 

hemodynamic and autonomic parameters to determine whether 8 weeks of daily device use 

improves resting BP, heart rate, PNS, and SNS activity in Veterans with PTSD. Determining 

the long-term effects of DGB will be critical to understanding whether DGB may have a 

clinical impact of future CV risk in PTSD. 
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