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Posttraumatic stress disorder (PTSD) involves the onset of psy-
chiatric symptoms after exposure to a traumatic event. PTSD
has an estimated lifetime prevalence of 7.8% among adult
Americans, and about 15.2% of the men and 8.5% of the
women who served in Vietnam suffered from posttraumatic
stress disorder (PTSD) 215 years after their military service.
Physiological responses (increase in heart rate, blood pres-
sure, fremor and other symptoms of autonomic arousal) to
reminders of the frauma are a part of the DSM-IV definition
of PTSD. Multiple studies have shown that patients suffering
from PTSD have increased resting heart rate, increased star-
tle reaction, and increased heart rate and blood pressure
as responses to fraumatic slides, sounds and scripts. Some
researchers have studied the sympathetic nervous system
even further by looking at plasma norepinephrine and 24-
hour urinary norepinephrine and found them fo be elevated
in veterans with PTSD as compared to those without PTSD.
PTSD is associated with hyperfunctioning of the central nor-
adrenergic system. Hyperactivity of the sympathoadrenal
axis might contribute to cardiovascular disease through
the effects of the catecholamines on the heart, the vas-
culature and platelet function. A psychobiological model
based on allostatic load has also been proposed and states
that chronic stressors over long durations of time lead to
increased neuroendocrine responses, which have adverse
effects on the body. PTSD has also been shown to be asso-
ciated with an increased prevalence of substance abuse.
With this review, we have discussed the effects of PTSD on
the cardiovascular system.
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INTRODUCTION

osttraumatic stress disorder (PTSD) involves the
Ponset of psychiatric symptoms after exposure

to a traumatic event. Physiological response to
reminders of the trauma is a part of the DSM-IV' defi-
nition of PTSD. The common physiological responses
include increase in heart rate, blood pressure, tremor
and other symptoms to autonomic arousal.

The estimated lifetime prevalence of PTSD among
adult Americans was 7.8% in the National Comorbidi-
ty Survey, with the lifetime prevalence in women being
more than twice as compared to men (10.4% vs. 5%).?
According to the National Vietnam Veterans Readjust-
ment Study (NVVRS) which was conducted in the late
1980’s, nearly 0.5 million Vietnam veterans (15.2% of the
men and 8.5% of the women who served in Vietnam) suf-
fered from PTSD 215 years after their military service.?

Hyperarousal as a symptom of PTSD was studied by
Dobbs and Wilson, who studied 21 war veterans (eight
of whom where “decompensated” and suffering from
combat neurosis and severe PTSD, and the other 13 had
combat experience but were “compensated”) and com-
pared them with 10 university students who had no com-
bat experience. They were exposed to war-like sounds
and flashing lights to represent explosions, while their
heart rates, respiratory rates and EEGs were measured.
The “decompensated” war veterans were so aroused and
upset that no psychophysiological data could be record-
ed from them. The “compensated” war veterans not only
had a higher baseline heart rate and respiratory rate but
also showed a greater change to the stimulus.*

Physiological Markers

The various physiological markers which have been
studied in PTSD patients include heart rate, blood pres-
sure, muscle activity (with electromyography), electro-
dermal activity (EDA), electroencephalography and pe-
ripheral temperatures. Heart rate and EDA are the most
commonly studied parameters and point towards the in-
volvement of the sympathetic nervous system.’ Some re-
searchers have studied the sympathetic nervous system
even further by looking at plasma norepinephrine® and
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24-hour urinary norepinephrine and cortisol’ and found
them to be elevated in veterans with PTSD, as compared
to those without PTSD. Also, people suffering from
PTSD show a greater physiological reactivity to events
that remind them of the trauma, as compared to people
who have suffered similar traumas but do not meet the
criterion of PTSD. This has been shown in multiple stud-
ies on combat veterans,*'® sexual assault victims'' and
survivors of motor vehicle accidents.'>"

Effects on Physical and
Cardiovascular Health

Boscarino' looked at the prevalence of chronic dis-
eases among Vietnam veterans and found that 67.5% of
veterans with PTSD suffered from chronic diseases, as
compared to 48.6% of veterans without PTSD [odds ratio
(OR)=2.19]. They also reported that PTSD patients had
a higher prevalence of circulatory disorders (OR=2.24);
abnormal 12-lead, resting electrocardiogram results
(OR=2.20); prolonged QRS durations (OR=5.02); ar-
rhythmias (OR=2.26); and myocardial infarctions (Mls)
(OR=4.46)." One of the hypotheses forwarded to explain
this difference is that patients with PTSD have a higher
prevalence of chronic disorders because of disturbanc-
es in the sympathoadrenal and the HPA axis, leading to
abnormalities in the neuroendocrine system and chroni-
cally activated norepinephrine levels and decreased bas-
al cortisol levels, increased number of lymphocyte glu-
cocorticoid receptors, greater suppression of cortisol to
dexamethasone, and more sensitized pituitary glands.
These changes weaken the immune system, making the
body more susceptible to chronic diseases. Also, chron-
ic exposure to stress leads to hormonal and endocrine
abnormalities, which in themselves may be related with
some diseases; e.g., chronically elevated catecholamines
and sympathetic activity may lead to higher incidence of
arteriosclerosis.' Other studies including the NVVRS
have also found an increased incidence of physical and
cardiovascular symptoms in populations suffering from
PTSD."™"® A study comparing war veterans with PTSD
and those without PTSD came to the conclusion that the
veterans who had PTSD had an increased risk of MI and
atrioventricular conduction problems."

A greater prevalence of cardiovascular risk factors, an-
gina pectoris and type-A behavior was found by Falger et
al. in their study on World War II veterans suffering from
PTSD.* Smoking and rates of other adverse health prac-
tices were higher, and effort tolerance was lower in veter-
ans suffering from PTSD, as compared to those without
PTSD in a study conducted by Shalev et al.* The poor
health outcomes and increased cardiovascular mortality
and morbidity in PTSD may be related to the increased
anxiety, panic, anger and hostility seen in PTSD.** Phobic
anxiety has been linked with an increased risk for cardio-
vascular morbidity and mortality, especially sudden coro-
nary death.” Hostility has been isolated as a very strong
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factor linking type-A personality with cardiovascular dis-
ease.”* Hostile behavior is a behavioral pattern seen in pa-
tients with PTSD; hence, it could be one of the mediators
of cardiovascular disease in PTSD patients. It could be
related to the increased sympathetic activity seen in these
patients, leading to increased sympathetically mediated
cardiovascular response and decreased parasympathetic
response to stimulation.

Shalev et al. showed that the cardiac reserve was
low and the effort tolerance decreased in patients with
PTSD.* Burn patients with PTSD have been shown to
have a decreased tolerance to pain,” and a correlation
between chronic pain and PTSD has also been proposed.
PTSD patients have higher rates of somatic complaints
as compared to patients without PTSD.*

Effects of Hyperactivity of the
Sympathoadrenal System

Hyperactivity of the sympathoadrenal axis might
contribute to cardiovascular disease through the effects
of the catecholamine on the heart, the vasculature and
platelet function. Platelet secretion of products such as
platelet factor 4, beta-thromboglobulin and serotonin
is responsible for platelet aggregation, and production
of thromboxane A2 and platelet activating factor cause
vasoconstriction. Platelet function is modified by in-
creased levels of circulating catecholamines (>4 nmol/
L). Catecholamines act upon the alpha-2a receptors on
the platelet membranes and can cause increased plate-
let aggregation, secretion of various products by the
platelets and also increase the action of other agonists
on platelet function.”” Thus, changes in platelet function
brought on by a hyperfunctioning sympathoadrenal sys-
tem might increase the chances of cardiovascular mor-
tality and morbidity. Multiple studies have also found
elevated catecholamines levels in people with essential
hypertension.*®

Relationship of Mental Stress
with Cardiovascular Disease
and Arrhythmias

The effects of stress on cardiovascular system have
been looked at and show that stressors, such as lack
of control on the job, increase coronary heart disease
(OR=1.93).” High levels of stress at job are also associ-
ated with increases in ambulatory blood pressure at work
(systolic by 6.8 mmHg and diastolic by 2.8 mmHg) and
left ventricular mass index.* On following the carotid in-
tima-media thickness with ultrasound, it was found that
people with higher job stresses had 48% greater athero-
sclerotic progression than others.*' Chronic stress has also
been linked with increased levels of plasminogen activa-
tor inhibitor-1, thus increasing the chances of fibrin depo-
sition by decreasing spontaneous fibrinolysis.*

Activation of the autonomic nervous system and
sympathetic activity may play a major role in causing ar-
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rhythmias in early phase of myocardial ischemia (phase
la).” Tavazzi et al. performed programmed ventricular
stimulation under control and mental arithmetic (psy-
chological stress) in 19 patients with recent uncompli-
cated MI. They found that during mental stress the blood
pressure increased, mean ventricular refractory period
decreased by 8 ms and unsustained ventricular tachycar-
dia (=6) was induced in seven patients (as compared to
in two patients during control conditions). During men-
tal stress, ventricular fibrillation was evoked by double
and triple extra-stimuli (one patient each). Thus, they
came to the conclusion that in uncomplicated post-MI
patients, mental stress can cause electrophysiological
modifications that might lead to the appearance of life-
threatening arrhythmias.** Follick et al. also found that
self-reported mental stress was associated with a higher
incidence of ectopic beats in a prospective study follow-
ing post-MI patients over one year.” Also, psychologi-
cal stress has been associated with increased incidence
of cardiac events. Jiang et al. studied 126 patients with
documented CAD and subjected them to mental stress
and exercise stress-testing. Patients with baseline men-
tal stress-induced ischemia were associated with subse-
quent higher rates of adverse cardiac events (OR=2.8)
independent of age, baseline LVEF and history of pre-
vious MI.*

Allostatic Load

McEvan and Stellar’” have proposed a psychobiolog-
ical model that explains how potential stressors could
lead to physical disease. Allostasis is a state in which
the physiological systems of the body fluctuate to meet
demands from external forces. Most of the allostatic re-
sponses involve the sympathetic nervous system and the
HPA axis. These are activated whenever the body expe-
riences a challenge such as infection or danger and are
shut down when the danger passes away. They extended
the concept of allostasis over time and suggested that
chronic stressors over long durations of time lead to in-
creased neural or neuroendocrine responses, which have
adverse effects on the body (“allostatic load”). They pro-
posed “allostatic load” as the factor responsible for in-
creased “wear and tear” of the body, thus increasing the
chances of developing disease. The increased number
and chronicity of the various disease-enhancing factors
which occur in a PTSD patient may lead to enhanced
disease processes over a period of time. In an analysis
of the MacArthur Studies of Successful Aging data, an
attempt was made to quantify allostatic load by looking
at systolic blood pressure, overnight urinary cortisol and
catecholamine excretion, waist-to-hip ratio, glycosyl-
ated hemoglobin, ratio of serum high-density lipopro-
tein (HDL) in the total serum cholesterol concentration,
serum concentration of dehydroepiandrosterone sulfate
and serum HDL cholesterol concentration. They came
to the conclusion that people with higher allostatic loads
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at baseline were more likely to have declines in physical
and cognitive functioning and a higher incidence of car-
diovascular disease.*

PTSD and Heart Rate Variability

Heart rate varies around a mean value, depending
upon inputs from the sympathetic and parasympathetic
nervous system, and this variation is referred to as heart
rate variability (HRV). On power spectrum analysis, the
contribution of high frequency (HF, which reflects the va-
gal activity), low frequency (LF, which is affected by both
sympathetic and parasympathetic activity) and very low
frequency (VLF) components of total variance of heart
rate can be assessed. Cohen et al. found that patients with
PTSD at rest had higher heart rates, lower HRV with
higher LF components and lower HF components than
controls, pointing towards a reduced resting parasympa-
thetic tone and increased sympathetic activity. Howev-
er, in contrast to other studies which found an increased
physiological reactivity to trauma, they did not find any
significant changes in autonomic activity (as measured by
HR, HF and LF) when the PTSD patients were asked to
recount traumatic events. Based on this, they suggested
that PTSD is a state of chronic autonomic hyperstimula-
tion, which prevents the autonomic system from respond-
ing to further stimuli.” The theory that chronic behavioral
and psychosocial stressors lead to changes in the auto-
nomic nervous system function was tested by looking at
civil servants in the Whitehall II study population. Low
employment grade was found to be linked with low HRV,
which is a measure of the cardiac parasympathetic func-
tion. Low HRV was also associated with adverse behav-
iors such as smoking, alcohol, poor diet and decreased ex-
ercise, and showed strong linear associations with various
components of the metabolic syndrome, such as systolic
blood pressure, HDL cholesterol, triglycerides, waist cir-
cumference, and fasting and two-hour postload glucose
levels, thus suggesting that low social position and the
stressors associated with it might lead to a chronically
impaired autonomic system, which is associated with in-
creased coronary risk factors.” Breathing techniques (Su-
darshan Kriya yoga) by increasing the parasympathetic
drive and calming the stress response system and neuro-
endocrine release of hormones may decrease anxiety and
posttraumatic stress.”

Effects on Heart Rate and
Blood Pressure

In many studies on war veterans, the baseline heart
rate has been found to be elevated in the veterans suf-
fering from PTSD, as compared to the veterans who did
not meet the criterion for PTSD. Blanchard proposed that
this could be either because these veterans are in a per-
manent state of “sympathetic overdrive” or it could rep-
resent an “experimental artifact” because the veterans
were aroused in expectation of the coming psychophysi-
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ological assessment.* Mcfall et al. looked at this issue by
studying just the baseline heart rates, systolic and diastol-
ic blood pressures, and norepinephrine and epinephrine
levels over an extended period (with any psychophysi-
ological stimuli) and did not find any significant differ-
ences among veterans with PTSD and those without it.*
Some other studies,** however, found that veterans with
PTSD had significantly elevated baseline cardiovascu-
lar responses. Buckley et al.* conducted a meta-analysis
looking at 34 studies and 2,670 subjects and compared
the basal heart rates and blood pressures of patients with
PTSD with those of normal subjects. They found that the
resting heart rates in PTSD patients were on an average
5 beats per minute faster than normal subjects. The ef-
fect on blood pressure was not as pronounced, with an
average difference of 1-5 mmHg noted between subjects
suffering from PTSD and those not. They also noted that
studies with the most chronic PTSD samples showed the
largest differences in basal heart rates, indicating that
long-standing PTSD leads to structural and functional
changes” and cardiovascular adaptation to the repeated
stress responses. This repeated cardiac reactivity to stress
has been shown to increase atherosclerosis and increase
the incidence of coronary artery disease.*** Also, studies
have found a correlation between higher resting heart rate
with early mortality from cardiovascular diseases.” Ef-
fects of long-standing elevations in diastolic blood pres-
sure of even 5 mmHg have been associated with an in-
creased probability of stroke and coronary artery disease
in hypertensive populations.®'

This basal increase in cardiovascular activity can be
explained by >3 hypotheses.” Firstly, systemic chang-
es in cardiovascular function might result from the car-
diovascular responses to repeated stress which occurs
in PTSD patients. It has been shown in multiple stud-
ies that patients with PTSD have increased cardiovas-
cular responsiveness to stimuli reminiscent of the initial
trauma, and that increased norepinephrine and epineph-
rine release occurs during such episodes, suggesting to-
wards the involvement of the autonomic nervous sys-
tem in bringing about the increased heart rates and blood
pressure during periods of stress. Structural and func-
tional changes in the cardiovascular system might result
from such repeated autonomic activity. Chronic sympa-
thetic activation can lead to downregulation of the beta-
adrenergic receptors in the heart and peripheral vessels
which increases peripheral resistance and hence blood
pressure.**

The second hypothesis is that this increased base-
line cardiovascular activity can be explained by emotion-
al priming or anticipatory anxiety. If exposure to stimuli
reminiscent of trauma occurs just before the study, then
the threshold for subsequent responses is lowered, and
this is referred to as emotional priming, whereas antici-
patory anxiety occurs because the patients are awaiting
exposure to stimuli that will remind them of the trauma.”
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Ambulatory monitoring has been used to negate the influ-
ence of these two factors on the cardiovascular activity;
however, the results of these studies have not been consis-
tent, with some studies showing increase®™*® in basal car-
diovascular activity, whereas others do not.****

The third hypothesis looks at the other variables such
as smoking and alcohol consumption. PTSD has been
linked with an increased rate of smoking® and alcohol
consumption.” Smoking has been linked to cardiovascu-
lar morbidity and mortality, and alcohol has been asso-
ciated with increased blood pressure and heart rates.®"*
Thus, the basal increase in heart rate seen in PTSD pa-
tients could be because of the increased consumption of
alcohol and smoking in this population

PTSD after Significant Cardiovascular
Events and Trauma

Some small studies have shown that 8—16% of pa-
tients develop symptoms suggestive of PTSD post-MI.%
Bennet et al., looking at post-MI patients, suggested that
negative affect, fear at the time of MI, low levels of social
support and inability to describe one’s emotions (alexi-
thymia) are some of the factors that predict the chances of
developing PTSD post-ML% Up to 12% of pediatric pa-
tients who underwent cardiac surgery developed PTSD,
with length of stay in the ICU (>48 hours) being a strong
predictor of subsequent development of PTSD.” In an-
other study looking at adult patients postcardiac surgery,
4.2% had PTSD prior to surgery, and the number rose to
18.2% six months postsurgery.® Following cardiothoracic
surgery, patients who had developed PTSD showed lower
psychosocial functioning and life satisfaction.”” Some pa-
tients who have significant coronary events subsequently
may develop PTSD, and this may have a potential role in
reinfarctions and mortality.”

Role of Noradrenaline

It has been hypothesized that the symptoms seen in
patients suffering from PTSD and other anxiety disor-
ders might be related to increased noradrenergic respon-
siveness. The behavioral manifestations of catecholamine
administration (or those observed in patients with pheo-
chromocytomas) are similar to the ones which are seen
in PTSD patients, who suffer from chronic symptoms of
hyperarousability, are irritable, have an exaggerated star-
tle response and decreased sleep. The increase in heart
rates and blood pressures that occurs when patients with
PTSD are reminded of the trauma also occurs with cate-
cholamine administration. These findings along with the
fact that increased release of catecholamines occurs un-
der stress points to the fact that alterations in the catechol-
aminergic system might be related to PTSD.

It has been shown that stress, anxiety and fear are
associated with increased plasma and urinary norepi-
nephrine, epinephrine and their metabolites such as 3-
methoxy-4-hydroxy-phenylethylene-glycol”? (MHPQG)
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in healthy humans; e.g., epinephrine levels have been
shown to increase two-fold during public speaking and
norepinephrine levels three times during physical exer-
cise.” It was shown in public speakers that epinephrine
and norepinephrine levels were elevated prior to and
during the speech and were associated with an increase
in heart rate and electrocardiogram (ECG) abnormali-
ties. The increased heart rate and ECG changes could be
prevented by administration of beta-blockers.™

Kardiner noticed that some war veterans exhibited
symptoms such as increased heart rate, blood pressure,
diaphoresis, dizziness, vertigo and nausea, which point-
ed towards hyperresponsiveness of the sympathetic sys-
tem in these patients.” Kolb hypothesized that in PTSD
there occurred a “conditioned emotional response” to
the original traumatic event, and subsequently when the
patient was exposed to events reminding him of the orig-
inal trauma, there occurred an exaggerated physiologi-
cal response mediated through the adrenergic systems.”
Multiple studies have shown that patients suffering
from PTSD have an increased baseline heart rate,'*’”
" increased heart rate and blood pressure response to
traumatic slides, sounds and scripts*’*** and increased
startle reaction.* Some studies®** have not found an
increase in the basal heart rate of patients with PTSD;
however, an increase in reactivity to reminders of the
trauma has been a consistent finding.*

Plasma and Urinary Norepinephrine
and Epinephrine

Studies have also looked at plasma and urinary epi-
nephrine and norepinephrine, which are peripheral mea-
sures of the noradrenergic system. Studies have not
shown an increase in the resting plasma norepineph-
rine;** however, they have shown an increase in plasma
epinephrine® and norepinephrine in response to traumat-
ic reminders in PTSD patients. An increase in 24-hour
urinary epinephrine and norepinephrine has also been
demonstrated in patients with PTSD, as compared to pa-
tients with schizophrenia, major depression and normal
subjects. In fact, an increase in the norepinephrine—cor-
tisol ratio has been found to be more specific for patients
with PTSD. This increase in the norepinephrine/cortisol
ratio occurs because of an increase in the urinary nor-
epinephrine as well as a decrease in the urinary cortisol
levels found in these patients.* Not only do patients with
PTSD have greater and longer durations of increase in
plasma epinephrine levels as compared to controls, but
also, the increases in epinephrine levels are greater when
these patients are exposed to trauma-relevant stimuli as
compared to trauma-irrelevant stimuli.¥ These studies
point towards an increased responsiveness of the sym-
pathoadrenal system in patients with PTSD.
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Peripheral Norepinephrine
Receptor Function

Studies have shown a decrease in the number of plate-
let adrenergic alpha-2 receptors in patients with PTSD.®
It has also been shown that the alpha-2 receptor com-
plex is uncoupled and hence is less efficient in patients
with PTSD.”” A decrease in basal as well as stimulat-
ed cyclic adenosine 3'-5'-monophosphate (cAMP)* and
monoamine oxidase” (MAO) activity has been observed
in patients suffering from PTSD, as compared to healthy
controls. MAO degenerates catecholamines; hence, de-
creased MAO activity correlates with higher systemic
norepinephrine and epinephrine levels. This downregu-
lation of receptors as well as their decreased responsive-
ness point towards chronically high norepinephrine lev-
els bringing about these compensatory changes.

Pharmacological Studies

The fact that in patients with PTSD, anxiety, flashback
and other symptoms of autonomic arousal have been as-
sociated with an increased noradrenergic activity has
therapeutic implications. These symptoms respond well
to drugs that reduce noradrenergic function. Propranolol
is a beta-blocker and hence antagonizes the sympathet-
ic system. It has been studied in Vietnam veterans” and
abused children* with PTSD and has shown to reduce
the number of nightmares, recollections of trauma, hy-
pervigilance, insomnia, startle responses, angry outbursts
and other arousal symptoms. Clonidine is a centrally act-
ing alpha-2 agonist that reduces central adrenergic activ-
ity by reducing the activity in the locus coeruleus. It has
also been shown to reduce nightmares, improve sleep,
decrease explosiveness and reduce hyperalertness and
other symptoms of sympathetic activity.

Correlation with Increased
Substance Abuse

Sixty-to-80% of patients suffering from PTSD are
known to suffer from concurrent substance abuse prob-
lems,”** such as the use of alcohol, opiates, marijuana
and other central depressants. In a study, it was found
that 48% of veterans with PTSD were heavy smokers
(>25 cigarettes per day), as compared to 28% of veter-
ans without PTSD.”” Another longitudinal study found
that increases in PTSD were associated with increases in
smoking and alcohol consumption.”® It may be because
these patients have a hyperactive central sympathetic
system, and these agents, which depress the central ad-
renergic activity, produce temporary relief to patients
suffering from PTSD. Also, they have a deficiency of
endogenous opiates, and substance abuse with opiates
not only provides relief from the PTSD symptoms by
decreasing the central sympathetic drive but also replen-
ishes the endogenous opioid system. This makes it par-
ticularly difficult to deal with the problem of substance
abuse in these patients because they not only have to
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deal with the withdrawal symptoms, but there is a dan-
ger of exacerbating the PTSD symptoms.”

CONCLUSION

Components of PTSD include hyperarousability and
physiological reactivity to events reminiscent of the
original trauma. These patients have increased sympa-
thoadrenal activity, as evidenced by increased baseline
heart rate; increased heart rate and blood pressure re-
sponse to traumatic slides, sounds and scripts; increased
startle reaction; and increased plasma epinephrine, nor-
epinephrine and 24-hour urinary norepinephrine. Hy-
peractivity of the sympathoadrenal axis might contrib-
ute to cardiovascular disease through the effects of the
catecholamines on the heart, the vasculature and platelet
function. A psychobiological model based on allostat-
ic load has also been proposed and states that chronic
stressors over long durations of time lead to increased
neural or neuroendocrine responses that have adverse ef-
fects on the body. PTSD has also been shown to be asso-
ciated with an increased prevalence of substance abuse,
which has its own adverse biological effects.
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