
Volume 4 • Issue 2 • 1000140
Cardiol Pharmacol
ISSN: 2329-6607 CPO, an open access journal

Open Access

Mercanoglu et al., Cardiol Pharmacol 2015, 4:2 

DOI: 10.4172/2329-6607.1000140

Commentry Open Access

Cardiovascular Pharmacology: Open Access

Stress as a Risk Factor for Cardiovascular Events
Mercanoglu G1*, Macit C2 and Mercanoglu F3

1Biruni University, Faculty of Pharmacy, Department of Pharmacology, Istanbul-Turkey
2Yeditepe University, Faculty of Pharmacy, Department of Clinical Pharmacy and Pharmacology, Istanbul-Turkey
3Istanbul University, Istanbul Medical Faculty, Department of Cardiology, Istanbul-Turkey 

Introduction
Almost eight decades passed after the first definition of the 

term “stress”. In 1936 Hans Selye defined this term as “the non-
specific response of the body to any demand for change” which was 
later referred to as “general adaptation syndrome”. Simply put, this 
model suggests that all stimuli are “stressors” which produce general 
response regardless of the stressors, and this result in disruption in 
the balance and homeostasis of the organism [1]. Today, however, 
we know that stress response varies according to the individual, being 
acute or chronic in nature, duration and whether it’s avoidable or not. 
According to Dr. Selye “general adaptation syndrome” has three phases: 
1) activation (Fight or Flight response for challenging the stressor)
2) adaptation (chronic adaptation to the stimulus), and 3) failure
[2]. Failure to “cope adequately” with stressors results in “diseases
of adaptation” like hypertension, gastric and/or duodenal ulcers and
various mental disorders. Today, we know that stress response is an
adaptive mechanism in a short term, but if it continues for a longer
term at a certain level, it becomes maladaptive.

Selye’s definition of stress gave way to studies that aimed at the 
evaluation of biological stress and its effects. Until today, thousands 
of studies have been conducted and still many researchers continue to 
make advances by connecting stress to illnesses and discovering the 
mechanisms underlying this connection in order to help for developing 
effective therapies in clinical practices. 

Many in-vitro and in-vivo studies have shown the role of biological 
stress (such as oxidative and hemodynamic stress) in the development 
of cardiovascular disease (CVD) and biological risk factors (such as 
hypertension, dyslipidemia and diabetes) inducing biological stress 
[3,4]. Still, recent studies showed that a high number of cardiovascular 
events occur in people with one or no risk factor at all [5,6. Therefore, 
besides these traditional risk factors, other risk factors should be 
considered.

In addition to biological stress, other types of stress such as 
mental and emotional stress are related to CVD. Nowadays, Dr Selye’s 
hypothesis, “rising up systemic stress via excessive mental stress and 
representation of its symptoms in peripheral tissues” is now well 
accepted [7]. It is also well known that mental and/or emotional stress 
lead to psychological modulations, such as depression, anxiety, panic 
disorder, which are also closely associated with the pathogenesis 
of CVD. Today, depression is accepted as stronger risk factor for 
myocardial infarction (MI) than other traditional risk factors [8]. 
Therefore, better understanding of the role of mental and/or emotional 
stress in the pathogenesis of CVD together with the associated stress 
response mechanisms will help us develop effective treatment strategies 
in daily clinical practice. 

Social and Psychological Factors that Trigger 
Cardiovascular Diseases

Stress factors that trigger cardiovascular events can be classified 
into three categories: emotional stress, mental stress and biological 
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stress. There is profound evidence showing the relationship between 
biological stressors, such as oxidative stress and/or hemodynamic 
stress, and cardiovascular events. However, these are not considered 
within the scope of this review. 

It is well known that mental and/or emotional stress lead to 
psychological modulations such as depression, anxiety, panic disorder 
that are also closely associated with the pathogenesis of CVD. According 
to the many clinical and epidemiological studies a wide range of social 
and psychological factors have been correlated with the pathogenesis of 
CVD. Available evidences can be categorized in four main aspects [9]: 
1) Social factors 2) chronic stress 3) emotional disorders 4) personality
traits

Social factors

Common social factors are insufficient psychosocial help and low 
socioeconomic statue. There are two components of psychosocial 
help. The first is the social network that explains the frequency, type 
and magnitude of the communication and the second one is the 
social support provided from this social network. This support can be 
financial, informational (providing of required info) and emotional 
(feel of somebody to be loved by another person). Many studies report 
that the frequency of cardiac deaths increases in the case of insufficient 
support from social network [1]. In these studies, low psychosocial help 
has been associated with the situation of not being able to communicate 
with social network, because of living lonely [10] or as a result of social 
isolation [11,12] due to lack of self-confidence. Socio-economical 
statue can be defined as individual’s income level, educational level 
and social statue. Many epidemiological researches showed that socio-
economical statue is a factor, which determines the prognosis of many 
pathological events whether they are cardiovascular-originated, or not 
[13]. 

Chronic stress

Although chronic stress can be related to both work and family 
factors, work stress is the more investigated factor. There are many 
epidemiological researches showing that work stress is responsible from 
important unwanted cardiovascular effects in sub clinic atherosclerosis 
and cardiac arrhythmia-related sudden deaths [14-16]. However 
according to the Multiple Risk Factor Interventional Trial (MRFIT), 
which was conducted in males with known heart disease, compared 
to work related stress, family related stress was associated with the 
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pattern (hostility, rage, intense ambition, general sense of urgency) 
[36,37]. Furthermore, recently type D personality, characterized 
with tendency to experience increased negative emotions across 
time and situations, was shown to be an independent risk factor for 
cardiovascular events in patients with known heart disease [38,39]. 

Stress Response Mechanisms
Stress response is an adaptive mechanism in a short term, 

but if it continues for a longer term at a certain level, it becomes 
maladaptive. In terms of physiological responses, two major systems 
are activated: the sympathetic nervous system and the hypothalamic-
pituitary-adrenocortical (HPA) axis. While HPA axis stimulates 
adrenal cortex resulting in the excretion of glucocorticoids (cortisol 
and corticosteron), sympathetic system shows its effect with two 
parallel pathways. The aim of the acute response is to provide energy 
mobilization, which is adaptive in nature, in order to form a behavioral 
response against an internal or external stimulus. This response, on the 
contrary, is maladaptive if it continues at a certain level for a long term. 
Most common example of this condition is physiopathological events 
resulting from the hippocampal differences stimulated by long term 
increased-level of the glucocorticoids [40-42].

HPA axis

It has been known that levels of adrenocorticotropic hormone 
(ACTH) and glucocorticoids increase with chronic stress. Inhibition 
of feedback mechanism with increased cortisol levels and depending 
on this, hyper activation of HPA system were shown both in animal 
and human studies [43-45]. These increases are prominent, especially 
in depressive patients [46,47]. When considered from the perspective 
of cardiovascular system, high glucocorticoid levels play important 
role especially in hypertension, insulin resistance, hyperglycemia 
and weight gain[48,49]. Besides, if we remember that glucocorticoids 
basically play active role in inflammation, the connection between 
high glucocorticoid levels and atherosclerosis can be established 
easily. As a matter of fact, in cases like Cushing’s syndrome in 
which glucocorticoid levels are high, atherosclerosis is prominently 
observed [50]. Again HPA axis plays a role in the alterations of the 
organ physiology and metabolic parameters, which are affected from 
emotional changes. According to the study conducted by Selye, basic 
physiological changes are decrease in the body weight and body fat 
amount, atrophy in thymus and enlargement in adrenal glands [51]. 
These results were also supported with animal studies [52]. According 
to the study of Bartolomucci et al. changes observed in the body weight 
with stress were associated with social statue. That means, loss of weight 
was observed in dominant animals in the group with chronic stress, 
on contrary weight gain was observed in recessive ones. According 
to the researchers, weight loss in the dominant animals depended on 
decreasing food intake because of HPA axis and locomotor system 
activation, on the other hand, weight gain in recessive animals was 
explained with increased food consumption resulting from depressive 
behaviors [44]. Likewise, in two separate studies, similar results were 
shown and the role of 5-HT1 receptors in depressive symptoms and 
food intake was proven [53,54]. 

Sympathetic nervous system

Hyperactivation of sympathetic nerve system with chronic stress 
and emotional disorders has already been known [55]. Similarly, 
the association between sympathetic nerve system activation and 
psychological factors in patients with cardiovascular disease was shown 
in many studies [56].

increased risk of cardiovascular events [17]. Similar results were also 
given in female population [18].

Emotional disorders

There are numerous trials demonstrating a significant correlation 
between depression and increased cardiovascular risk. For example, 
the INTERHEART study aimed to evaluate the relationship between 
psychosocial factors and the incidence of MI in 11.119 patients with 
a history of acute myocardial infarction (AMI) and 13.648 healthy 
control subjects. The odds ratio for depression was 1.38 (99% CI 1.19-
1.61), adjusted for age, gender, geographic region and the smoking 
status [19]. Subsequent epidemiological studies have also showed a 
correlation between major depressive episodes and increased incidence 
of cardiovascular events both in a population of healthy subjects and in 
people with known cardiovascular disease [20-24]. However, growing 
bodies of studies have failed to detect this relation in patients with 
ischemic heart disease [25-28]. The conflicting results can be due to 
the usage of different depression scales for classifying participants as 
depressed. 

On one hand, depression is a risk factor for CVD when it is 
observed in healthy person; on the other hand, it is an aggravating 
factor for prognosis of the related cardiac disease when it is shown 
in the base of a cardiovascular illness. Depression developed at the 
base of a CVD both increases the sudden cardiac deaths and causes 
worse prognosis of the cardiac disorder. This situation is usually 
observed in major depression, yet, though less in frequency, it is seen 
in moderate depressive conditions as well. According to the results of 
a meta-analysis, post-MI depression is associated with a 2- to 2.5-fold 
increased risk of a poor cardiovascular outcome [29].

At this point, we have to mention that there is a bidirectional 
relation between depression and CVD. Depression is considered to be a 
risk factor and at the same time it is a result of cardiovascular disorders. 
The incidence of depression after an AMI is 65% (15-25% of are major 
depression) [30]. As to the result of another study, depression incidence 
in patients after AMI, during the treatment process in hospital or in 
the first year, is 31, 5 % [31]. In the same study, it is reported that the 
depression appears in these patients is chronic and it begins in two 
weeks after AMI and continues for three months. From these results 
it can be concluded that the relationship between depression and CVD 
create a vicious cycle.

Despite this close relationship between depression and 
cardiovascular events, the results of two large clinical trials are 
disappointing. According to the Sertraline Antidepressant Heart 
Attack Randomized Trial (SADHART) [32] and Enhancing Recovery 
in Coronary Heart Disease Patients Randomized Trial (ENRICHD) 
[33]; sertraline (a serotonin reuptake inhibitor) and cognitive 
behavioral therapy were effective in treating symptoms of depression, 
but ineffective in decreasing major end point such as mortality and 
morbidity. 

Similar to depression, an association between anxiety disorders 
and cardiovascular events was demonstrated both in healthy subjects 
[34,35] and people with known heart disease [28,29. However, in these 
studies the methodological differences in assessing anxiety makes the 
comparison of the results difficult [7]. 

Personality traits

Epidemiological studies showed significant increase in 
cardiovascular events in healthy subjects and a worse prognosis in 
people with known heart disease characterized with type A behavioral 
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In the cardiovascular system the sympathetic tone is regulated 
both in the short and long term, mainly by two neural mechanisms 
[57]: 1) the feedback mechanisms, 2) the central control mechanisms. 
While feedback mechanism is responsible for short-term activation, 
central control mechanism is involved in the long-term activation 
of sympathetic nerve system. Most important feedback mechanism 
in cardiovascular system is baroreflex of short-term arterial pressure 
regulation. Though central control mechanisms of the sympathetic 
tone are more complex and are associated with behavioral strategies, 
(such as those involved in exercise or in response to emotional stress), 
emotional stress can exert influence on the sympathetic activity both in 
short and long term [58].

It is well known that activation of sympathetic nervous system 
induces increase in heart rate, blood vessel tone, myocardial oxygen 
consumption, activation of the renin-angiotensin system (RAS) and 
increase in oxidative stress (via Ang II/NADPH pathway) [46,59].

Other mechanisms

In addition to the HPA axis and sympathetic nerve system, it has 
been reported that various systems are activated as stress response. 
One of them is the activation of immune system. Most important 
changes are decrease in lymphocyte proliferation and reduction of 
cytokines and antibody production [60-62]. According to the previous 
studies, especially corticosterone, and other stress hormones, such 
as endorphins and catecholamine could be responsible from this 
alleviation [63,64]. Other important components of immune system 
are cytokines, which are basic proteins in immune system providing 
connection. A number of studies have showed changes in the amount 
of these proteins in brain caused by chronic stress. In these studies, only 
with chronic stress application without any inflammatory stimulus, 
decreased hippocampal IL-1β and striatal TNF-α levels were found in 
animals. This decrease in cytokines levels was negatively associated with 
the increase in glucocorticoid levels. These results showed that brain 
cytokine levels have very important roles in chronic stress response 
but their roles cannot be explained completely [65]. Furthermore, 
stress induced activation of humoral factors including neurotropins 
(NTs) and the corticotrophin releasing factor (CRF), which are 
members of family of neuropeptides, play role in the stress response. 
NTs are responsible for the survival, growth, maintenance and death 
of central and peripheral neurons. Increased secretion of NTs from 
the hypothalamus, pituitary gland and central and peripheral nerves 
under physiological stress was shown [66]. Brain derived neurotropic 
factor (BDNF), a member of NT family, is a well-recognized protective 
mechanism against stress stimulus in the brain. BDNF protects striatal 
neurons from cell death by acting as an antioxidant [67]. On the 
contrary, recent studies showed that the expression of BDNF in the 
aortic wall and coronary arteries was associated with enhancement of 
NADPH oxidase activity and superoxide production [68]. Therefore, 
further studies are needed to clarify this controversy. CRF controls 
the HPA axis under both basal and stress conditions and play a role in 
stress related pathophysiology and behavior. By combining different 
receptors (CRFR1 and CRFR2), CRF plays a role both in initiation and 
termination of stress response [69]. Despite the presence of CRFR2 in 
vascular endothelial cells, its role in stress response remains unknown 
at present. 

When all changes are considered from the perspective of 
cardiovascular event, the figure below comes into the picture (Figure 
1).

Conclusion 
In addition to being a risk factor for CVD, chronic stress plays 

a substantial role in the prognosis of CVD. It should also be kept in 
mind that emotional disorders, especially depression, could mask the 
cardiac symptoms. Moreover, it should not be forgotten that especially 
patient compliance, the key for the success of medical treatment, can 
change with emotional factors. When considered from this respect, 
either in the diagnosis of the cardiovascular events or in the decision of 
treatment strategy, good search of psychosocial condition and addition 
of rehabilitation and supportive programs to the treatment regimen 
have been reported to be important factors affecting the quality and 
efficacy of the therapy.

In the light of the evidence, it is obvious that greater attention 
should be given to the assessment of the impact of psychosocial factors 
in daily cardiology practices. What is more, in patients with known 
heart disease new clinical protocols including the assessment of 
emotional and cognitive factors for cardiovascular risk estimates should 
be developed, and additionally these factors should be considered as 
part of secondary prevention approaches. 
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