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Post-traumatic stress disorder (PTSD) is a mental health 
condition triggered after exposure to trauma or a life-
threatening event. PTSD is associated with several negative 
health outcomes, beyond its behavioral symptoms, includ-
ing poor physical health, reduced quality of life, and early 
mortality. Studies have demonstrated systemic inflammation, 
altered autonomic function, decreased resting parasympa-
thetic activity, and heightened sympathetic reactivity during 
mental stress [1] as potential mechanisms underlying the 
increased risk of cardiovascular disease in PTSD. However, 
even with women being more than twice as likely as men 
to have lifetime PTSD [2], the majority of these mechanis-
tic studies were conducted in men. Despite premenopausal 
women having lower cardiovascular risk, due to estrogen 
protective effects, women with PTSD have an increased risk 
of developing hypertension and cardiovascular diseases, 
such as coronary artery disease, and increased mortality [3, 
4].

In this issue of Clinical Autonomic Research, D’Souza 
and colleagues [5] provide an interesting glimpse into poten-
tial mechanisms of altered sympathetic regulation during 
exercise in women with PTSD. The study aimed to deter-
mine whether the sympathetic neural recruitment strate-
gies employed during muscle metaboreflex activation are 
modified by PTSD in women. The authors hypothesized that 
women with PTSD would display exaggerated increases in 

blood pressure (BP) and sympathetic neural recruitment in 
response to fatiguing isometric handgrip exercise (IHG) 
and metaboreflex activation (via post-exercise circulatory 
occlusion; PECO) compared to women without a diagnosis 
of PTSD. In a previous study by Yoo et al. [6], the authors 
already demonstrated that neither sympathetic neural nor 
hemodynamic responses were different during fatiguing 
IHG or during metaboreflex isolation via PECO in women 
with PTSD. In the present study, the measurement of muscle 
sympathetic nerve activity (MSNA) included an analysis of 
the action potential (AP) discharge patterns of sympathetic 
nerves. This approach allowed the detection of recruit-
ment of high-threshold APs that are latent during baseline 
but recruited during stress. MSNA measurements were 
obtained during fatiguing IHG and PECO in women with 
PTSD. The investigators found that women with PTSD had 
similar BP and MSNA responses to exercise and to PECO, 
but a decreased AP content per MSNA burst and decreased 
recruitment of larger sympathetic axons during exercise and 
PECO.

Central to their study is the question of the exercise pres-
sor reflex contribution to the heightened sympathoneural 
activity during exercise in individuals with PTSD. The car-
diovascular response to exercise is described as being active 
by two different neural mechanisms. The first arises from 
activation of higher brain centers (i.e., central command) 
and the second comes from peripheral feedback of skeletal 
muscle (i.e., exercise pressor reflex; EPR). The peripheral 
signals originate from group III (predominately mechani-
cally sensitive) and group IV (predominately metabolically 
sensitive) skeletal muscle afferent nerve endings in response 
to muscular contractions. During PECO, the metabolites 
produced during exercise are trapped in the forearm con-
tinuously activating metabolically sensitive afferents of the 
EPR in the absence of input from mechanically sensitive 
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afferents and central command [7]. In this regard, the meta-
bolic component of the EPR and the central command seem 
to be involved in the impaired ability to increase the number 
of active AP clusters per burst (clusters/burst), and total AP 
clusters in women with PTSD.

Prior work by their group had demonstrated increased 
MSNA and a heightened pressor response in women with 
PTSD vs. controls during the first 30 s of an IHG exercise. 
This would suggest that PTSD alters the central command 
or muscle mechanoreflex control of MSNA in women with 
PTSD [6]. The influence of the isolated muscle mecha-
noreflex activation in humans, induced by passive dynamic 
forearm stretch, has been reported to evoke only a slight 
transient increase in muscle sympathetic nerve activity [8]. 
Therefore, other mechanisms might explain these differ-
ences. An important but often overlooked mechanism could 
play a role in the exaggerated initial BP responses in indi-
viduals with PTSD, the sympathetic cholinergic mechanism 
[9, 10]. To further clarify this, future studies designed for 
isolating the muscle mechanoreflex (through passive mus-
cle stretch and/or electrical muscle stimulation) and central 
command (neuromuscular blockade) to further investigate its 
contribution to the augmented pressor response in the PTSD 
population is warranted.

This, and much of the prior work using MSNA, relied 
on the traditional MSNA analysis with rectified and inte-
grated neurograms. More recently, their group used analysis 
of extracted AP data to show greater AP firing frequency 
and greater within-burst AP firing frequency in women with 
PTSD compared to those without, despite similar integrated 
MSNA responses between the two groups during a cold 
pressor test (CPT) [11]. The CPT is a generalized, nonexer-
cise sympathoexcitatory stimulus used as a well-established 
method to test the efferent branch of the sympathetic arc. 
The CPT neural arc is composed of receptors, afferent fib-
ers, integration at the nucleus of the solitary tract, efferent 
fibers, and effector organs. Therefore, since AP responses 
were exaggerated during CPT, and impaired during exercise 
and isolated metaboreflex activation, then something at the 
receptor level (triggering stimuli) may be altered (without 
definitively excluding the central component).

This straightforward study brings more questions than 
answers. The investigators appropriately controlled for 
menstrual cycle and active use of hormonal contracep-
tives. However, other aspects of the study, both acknowl-
edged by the authors, deserve particular attention. The 
PTSD and control groups were not equivalent in terms of 
their race/ethnicity. Individuals identified as black or Afri-
can American (AA) are exposed to higher environmental 
stressors on a regular basis [12]. Enhanced environmental 
stressors may contribute to behavioral health responses 
after trauma. Given the high comorbidity rates for PTSD 
and depression, AA women who are trauma-exposed and 

have PTSD would be at high risk for also having depres-
sion, which is observed in the current cross-sectional 
study, with 54% of the women in the PTSD group using 
antidepressant medication. Consequently, there is a pos-
sibility that some of the between-group differences in sym-
pathetic neural recruitment may be attributed to specific 
medications versus PTSD itself [13]. The PTSD group had 
a much greater representation of individuals of Hispanic 
and AA (55% of the PTSD group), while the control group 
had greater numbers of individuals identified as Cauca-
sian or Asian race/ethnicity. While the majority of work 
in racial differences has been primarily conducted in AA 
men, racial factors do seem to influence cardiovascular 
disease risk, with AA women having the highest cardio-
vascular mortality in the United States [14]. Additionally, 
differences in the autonomic regulation of blood pressure 
exist between AA and non-Hispanic white women begins 
in young adulthood [14]. Therefore, any conclusion should 
be interpreted cautiously and raises the question of the 
impact of geoancestral factors on the autonomic control 
of individuals with PTSD.

Another confounder between the PTSD and control 
groups is the history of military service. The control group 
had no reported history of military experience, while the 
PTSD group was solely recruited from a U.S. military vet-
eran population. Trauma exposure per se (without PTSD 
symptoms) increases vulnerability to poor cardiovascular 
health [3] and individuals with subthreshold PTSD dem-
onstrate hyperarousal to a stressful stimulus. Therefore, 
the inclusion of a control group with military experience 
(but without PTSD symptoms) would certainly help to 
understand the neural control of BP during exercise in 
individuals with PTSD and its relationship with the degree 
of PTSD symptoms (quantified by Clinician-Administered 
PTSD Scale for DSM-5 [CAPS-5] scores) and the severity 
of alterations in MSNA activity. Notably, other psychiatric 
and neurologic disorders besides PTSD [1] that can affect 
autonomic control are seen at higher rates in individuals 
with a history of military service [15].

This well-done study certainly opens an avenue for 
understanding of autonomic control in individuals with 
PTSD. Future studies should attempt to use a priori 
hypotheses to address questions like sex and racial differ-
ences and history of military service driving differences 
in stress response mechanisms in PTSD.
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