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Current Perspectives in Stress Research

and Cardiometabolic Risk

Corina DIMA-COZMA1, Francesca Romana PATACCHIOLI2, Cristina Mihaela

GHICIUC3, Andreea SZALONTAY4, Florin MITU5, Doina AZOICAI6

Abstract

The most important objective of this research was to analyze and discuss the

current relationship between the level of stress perception and the consequences

on cardiometabolic risk in population. The study was based on a literature review,

including books, published articles and internet information, as well as on the

author’s own experience in this field, regarding the most important concepts

about stress, the mediators and systems involved, methods of assessment and
evidences about the influences of stress on cardiac, endocrine and metabolic

system. Stress and coping with stress have been identified as important variables

affecting health, now recognized to be involved in pathogenesis of many diseases:

cardiometabolic, respiratory and digestive pathologies, cancer, neuroendocrine

and psychiatric disorders. Glucocorticoids, catecholamines, pro- and antiinfla-

mmatory cytokines and the parasympathetic nervous system are involved in the
adaptation to stressors. The overload of these allostatic systems is characterized

by persistent high levels of stress mediators and damaging effects on human
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health. The stress assessment combine the rating scales for self-evaluation and the
laboratory tests. From the medical point of view, the most important step forward

in the stress research was made by using salivary stress markers. Measuring

cortisol, alpha-amylase, or dehydroepiandrosterone in saliva became a reliable

method of investigating stress in human because avoid venipuncture and offer the

possibility of self-collection at home or at work, several times per day. Stress

markers were significantly increased in metabolic syndrome, hypertension, stroke,
ischemic heart disease and heart failure.

Keywords: stress; coping; cardiometabolic risk; cortisol; autonomic nervous

system.

Introduction

Stress, a booming concept in modern society, is used both in everyday vo-

cabulary to describe certain incidents considered disruptive to the individual and
his life experience (“In that moment, I was really stressed out”) and in social or

medical terminology, related to disease risk and protection of health (Lyon, 2012).

Since the late 1950s, stress and coping with stress have been identified as im-

portant variables affecting health. Different disciplines (sociology, psychology,

medicine, nursing) recognized the importance of stress in pathogenesis and onset

of many diseases: cardiovascular pathologies (Benschop et al., 1998; Ikeda, Iso,
Kawachi, Yamagishi, Inoue, & Tsugane, 2008; Ornish, Scherwitz, & Doody, 1983;

Vrijkotte, van Doornen, & de Geus, 2000), obesity, metabolic syndrome and

diabetes mellitus (Chandola, Brunner, & Marmot, 2006; Fowler-Brown, Bennett,

Goodman, Wee, Corbie-Smith, & James, 2009; Hjemdahl, 2002; Kumari, Head,

& Marmot, 2004), cancer (Antonova & Mueller, 2008; Cohen & Rabin, 1998),

and other respiratory (McCormick, Nezu, Sherman, Davey, & Collins, 2014),
digestive (Dancey, Taghavi, & Fox, 1998), endocrine (Helmreich et al., 2012),

neurological and psychiatric (Giubilei et al., 2001) diseases.

The brain is the organ that closes the vicious circle between potential and

actual stressors and behavioral or endocrine adaptative response. Glucocorticoids

and catecholamines are the two defining stress hormone response, regulated by
the central nervous system, but there are many other mediators, such as pro- and

antiinflammatory cytokines and the parasympathetic nervous system, that are

also involved in the adaptation to stressors (McEwen, 2008). The effect of the

social environment load stress is acting mainly on three important body systems:

endocrine, immune and autonomic nervous system, which are known as being

first attacked by the chronic stress and an unhealthy lifestyle.
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Hans Selye (1907 – 1983) had described in 1936 “the general adaptation

syndrome” in response to stressors and had anticipated the most important pa-
radox, revealed during the unfolding of rapid and tardive adaptation to stress. The

adrenocortical and the autonomic nervous system are important protectors of the

body during the baseline reaction and become harmful and dangerous for health

if are activated recurrently for long time. Bruce McEwen, neuroendocrinologist,

another scientist dedicated to the “stress” field, has recognized and described this

effect of stress, acting in 2 stages; he used the term “allostasis” describing the
adaptive processes that maintain homeostasis in stress condition, by synthesis and

releasing of mediators such as adrenalin and cortisol and explained that a long

period stimulation of these systems will determine the phenomenon of “allostatic

overload”, characterized by persistent high levels of stress mediators and da-

maging effects on human health (McEwen, 2005). The author explain that chronic

stress („bad stress” or „stressed out”) affects negatively physical and psychosocial
condition of the person expressing chronic fatigue, frustration and inability to

cope.

On the other hand, stress has myriad effects on behavior and social ability of

a person. Recent articles have shown that adaptive stress response includes me-

tabolic and behavioral changes in the same time: stress – released vasopressin
influence thirst behavior and increase water retention in the kidney; epinephrine

improves attentional processes and, in the same time, influence heart rate and

vascular tone. Recent observations go further and discuss the influence of stress

on decision making and risk taking at the individual level. The influence is

complex and could rest with age and gender of the person involved or the type of
decision taken (Buchanan & Preston, 2014; Starcke & Brand, 2012). Influences

on health and behavior are part of a complex transactional model of coping with

stress, based on influences in work and social living (social functioning), quality

of life (life satisfaction) and somatic health (illness and physical functioning)

(Lyon, 2012).

Cardiometabolic diseases remain one of the most threatening public health

problems, in close relationship with unhealthy lifestyle changes and increased

incidence of atherosclerotic vascular disease. The metabolic syndrome (introduced

first by Reaven, in 1988, as “syndrome X” or “insulin resistance syndrome”) was

revealed as a cluster of proatherogenic risk factors, centered on insulin resistance:

abdominal obesity, impaired glucose tolerance or diabetes mellitus, atherogenic
dyslipidemia (high triglyceride, apolipoprotein B and small dense LDL particles

and a reduced concentration of HDL-cholesterol), systemic hypertension, infla-

mmatory and prothrombotic state. Despite numerous clinical and experimental

studies, the question if insulin resistance or abdominal and visceral obesity is the

key point of initiation of clinical syndrome, is still under debate. The presence of

the metabolic syndrome was associated with an approximately 2-fold increase in
cardiovascular disease risk (Després et al., 2008; Galassi, Reynolds, & He, 2006).

THEORIES ABOUT...
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Incidence of the metabolic syndrome is constantly growing in last decade,
congruently with profound lifestyle changes in modern society: diets are be-

coming less healthy and obesity has epidemic proportions, more people are

sedentary and chronic stress is frequent. Stress is involved in the pathophysiology

of cardiovascular and metabolic disease, by activating sympathoadrenal system

and the hypothalamic-pituitary-adrenocortical (HPA) axis. The degree of the

activation of the sympathetic nervous system may produce only an increase in
heart rate, blood pressure and free fatty acids in patients with uncomplicated

forms of the disease, or can precipitate angina, myocardial infarction, ventricular

arrhythmia and acute heart failure, in patients with significant coronary lesions

(Dimsdale, 1991). By elevating sympathetic activity, chronic stress could con-

tribute to rapid evolution of the atherosclerosis, acting in combination with

inflammatory pathway, elevated cortisol levels, unhealthy lifestyle and other
components of the metabolic syndrome.

 Methods

The main objectives of this research were selection, synthesis, discussion and
presentation of the current relationship between stress definition or investigation

methods and the coexistence of high cardiometabolic risk in population, as an

important component of health status in different countries. The study was based

on a literature review, including books, published articles and internet resources,

as well as on the author’s own experience in this field. The information have

included the evolution of stress definition in the last century, the principal methods
of investigation from the medical and the social point of view, emphasizing on

self-perception stress tests and non-invasive methods for studying the salivary

biomarkers of neuroendocrine activation in saliva. The authors present and discuss

the relevant clinical studies reporting the impact of psychosocial stress on the

principal components of the cardiovascular system and disease risk.

Results and discussion

Evolution of the “stress” concept

Incidentally, the concept has some ancient origins, because Seneca, a Roman
stoic philosopher, preceptor of the emperor Nero, noted in one of his wise quotes

that “A man who suffers or stresses before it is necessary, suffers more than

necessary.” In biomedical regard, Charles Darwin, famous British naturalist, the

originator of the biological theory of evolution, has been emphasized the re-

lationship between neuroendocrine and cardiovascular system: “We know that the
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vasomotor system, which regulates the capillary circulation, is much influenced
by the mind” (Darwin, 1872). From these beginnings, it was far to the results of

large-scale studies supporting evidence-based data about stress impact on car-

diovascular health; citing large scale research results contained in INTERHEART

Study evaluating cardiovascular risk factors in 29 972 people from 52 countries

predicting risk of first myocardial infarction, Richard Milani and Carl Lavie

emphasized in an editorial commentary, published in 2007, that psychosocial risk
factors, increased the odds of first myocardial infarction by 3-fold, a magnitude

similar to standard risk factors, such as smoking, diabetes, and hypertension

(Milani & Lavie, 2007; Rosengren et al., 2004).

In the scientific literature, the term began to be used frequently after 1930, but

did not become popular until the late 1970s and early 1980s. Largely, the term is
attributed to Hans Selye, who explained stress as a “nonspecific response of the

body to noxious stimuli” (Selye, 1956) and developed the first pertinent theory

regarding stress from a physiological and medical point of view. He described the

pattern of physiological response to stress, aimed to maintain the homeostasis of

the internal medium of the body (glucose and lipids levels, temperature, blood

pressure and heart rate) known as general adaptation syndrome. He accepted the
possible polarization of the phenomenon including both negatively and positively

facets (negative and positive stress – “eustress”). Failure of the adaptation to

chronic stress was called exhaustion, raising the issue of an increased risk for

particular illness (hypertension and diabetes mellitus, arthritis and cancer) (Lyon,

2012).

Starting from the theory proposed by Selye, the following research has been

developed towards a neuoroendocrine and socioeconomic perspective. Bruce

McEwen described the activation of the autonomic nervous system and the HPA

axis in acute and chronic stress and proposed the terms “allostasis” and “allostatic

load”. Allostasis is referring to the rapid release of stress hormones, especially
norepinephrine and cortisol, for restoring homeostasis in the first stage (McEwen,

1998; Sterling & Eyer, 1988). Allostatic load comprise the negative consequences

result from the over-exposure to stress hormones resulting in the various types of

pathophysiology, high cardiometabolic risk, an earlier decline of both physical

and mental functioning and more depression (McEwen, 2000).

Theories presented by H. Selye and B. McEwen have focused on the response

to stress and contain a well-documented medical component. On the other hand,

the socio-psychological vision of the stress concept was described better by the

authors as T. Holmes, R. Lazarus and S. Folkman, who imagine a stimulus-based

or a transaction-based theory of stress. The stimulus-based approach was useful

because the authors generated many standardized scales for stress assessment and
the transactional theory of stress was important because R. Lazarus introduced, in

the same time, the notion of stress “coping”, explained that stress perception is

variable and subjective and stress is only a “result of a transaction between a

THEORIES ABOUT...
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person and his environment”; in his vision, coping is defined as “constantly
changing cognitive and behavioral efforts to manage specific external and/or

internal demands that are appraised as taxing or exceed-ing the resources of the

person”, reinterpreting the automatic adaptive reactions to an active, conscious

attempt for managing the stressful situation (Holmes & Rahe, 1967; Lazarus &

Folkman, 1984; Lyon, 2012).

This way of assessing and interpreting the state of stress is related to notions of

individuality and identity, that may explain differences in response to stress. In

this view, an individuality could have some different identities related to the main

activities and facets of life, like family and obligations of being parents, the

improvement of study level and job activities, health concerns and lifestyle

changes. At the intersection of these identities, when certain facets of existence
are more demanding, a person could experience a higher level of stress and more

stressful situations. Especially for women, in some period of life, the combination

of employment, marriage and parenthood, could be an important source of stress-

ful events. On the other hand, the level of tension of the situation, depend with the

individual’s stress perception (Burke, 1991). The most important stress theories

(Lyon, 2012) described in medical and sociological field, with characteristic
terminology and concepts, are synthesized in Table 1.

Table 1. Characteristics of principal stress theories

Promoters authors, 
year 

Terminology Concepts Sociological and 
health outcomes 

Selye, 1956 Negative and positive 
stress (eustress), 
general adaptation 
syndrome 

Response-based theory 
about stress 

Physiological response 
to stress will maintain 
the homeostasis of the 
internal medium 

Holmes & Rahe, 1967 Stress as stimulus Stimulus-based theory 
about stress 

Importance of stress 
quantification by 
utilization of specific 
scales 

Lazarus & Folkman, 
1984 

Stress, coping, 
transaction with stress 

Transaction-based 
theory about stress 

Active and conscious 
response to a stressful 
event, using coping 
strategies  

McEwen, 1998, 2000 Allostasis and 
allostatic load, stress 
hormones 

Acute and chronic stress 
concept 

Neuroendocrine 
activation realize 
adaptation to stress, but 
chronic stress, in stage 
of allostatic load has 
negative consequences 
on health 
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Neuroendocrine activation and stress mediators

With the new methods of research, the concept of stress has evolved from the

original theory proposed by Hans Selye. The activation of stress systems and

releasing of stress mediators were the most studied in the last years. Glucocor-

ticoids are produced by the adrenal cortex and norepinephrine are released by the
activation of the sympathetic nervous system. Both, glucocorticoids and cathe-

colamines plays an important regulatory role in production of pro-inflammatory

cytokines: usually, glucocorticoids inhibit this production whereas catecholamines

can increase pro-inflammatory cytokine level. The parasympathetic nervous sys-

tem is the main opponent of the neuroendocrine activation, slows the heart and

has anti-inflammatory effects (Borovikova, 2000; McEwen, 2008).

The brain is the organ capable to coordinate the other systems, to decide what

is stressful, and to promote behavioral and physiological reactions, sometimes

prolonged and health-damaging. The excessive stress may cause changes in

lifestyle, habits and psychological profile: anxiety, depression, and isolation,

disorders of eating and sleeping, smoking and drinking alcohol. Short and long-
term consequences of excessive stress (“stressed out”) are more evident on meta-

bolic, endocrine, cardiovascular and immune system. Lifestyle modification is

interconnected with endocrine, metabolic and cardiovascular disorders and deter-

mine long-term complications.

Sleep deprivation, which is a frequent consequence of being “stressed out”,

will disrupt other homeostatic systems:

- reduced parasympathetic activity increase the risk for hypertension, tachy-

cardia and cardiac rhythm troubles;

- activation of the renin-angiotensin system;

- circadian profile of cortisol is inverted, decreasing in the morning and

increasing in the evening;

- release some gut hormone, as ghrelin, which influence feeding behavior

and increase appetite;

- increased caloric intake and hyperinsulinism prone to obesity, metabolic

syndrome and diabetes mellitus (McEwen, 2008).

Recent experimental studies showed that during the stress period, in different

brain areas (cortex, nucleus striatum, hippocampus) are released increased a-

mounts of excitatory aminoacid glutamate to the extracellular space in com-
bination with inflammatory markers. In many cases, HPA axis itself could be

activated by inflammatory state, which act as a stress stimulus. Hippocampal

region is the most vulnerable to the stress effects and explain the cognitive

impairment and memory gaps found after a period of chronic evolution. High

cortisol levels were good predictors of memory deficits, especially for women

(García-Bueno, 2008; McEwen, 1998). Involving stress in cardiovascular disease

THEORIES ABOUT...
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has been demonstrated initially in animal experiments (Henry & Grim, 1990). In
human, epidemiological studies have shown associations between psychosocial

factors, neuroendocrine activation and risk for metabolic syndrome and cardi-

ovascular disease (Hemingway & Marmot, 1999; Hjemdahl, 2002). Chronic stress

initiates an inflammatory response in adipose tissue, resulting in perturbation of

glucose metabolism and a procoagulant state (decline in insulin sensitivity, pro-

thrombotic reactions and increased plasma monocyte chemoattractant protein-1:
MCP-1) (Uchida et al., 2012).

Stress assessment and cardiometabolic complications

Complex evaluation of stress effects on human health are based on self-

assessment of strained states and medical quantification of stress hormones or it’s

repercussions on physiological parameters. Over the years, the work of the re-

searchers resulted in the development of different rating scales, created for assess-

ment of exposure and self-perception of the state of stress, from which we selected:

- Social Readjustment Rating Scale (SRRS) and Schedule of Recent Ex-

periences were based on the model that too many life changes could increase

the level of stress; the SRRS consisted of 42 life events (like marriage, loss

of a loved one, pregnancy, vacation, divorce, retire-ment, change in resi-

dence and other) and the evaluation of stress and adaptation required by

this states (Holmes & Rahe, 1967);

- Life Experiences Survey (LES), a 57-item self-report measuring life events

impact on health, widely used in stress studies (Sarason, Johnson, & Siegel,

1979);

- Internal-External Locus of Control Scale, the Alienation Test, and the

Achievement Scale of the Personality Research Form, introduced by S.

Kobasa, who used the term of hardiness, as a moderator factor between the

personality and the environment (Kobasa, 1979);

- Hassles Scale consisting of 117 items and the Uplifts Scale containing 135

items, evaluating daily experiences versus major life events (Kanner, Coy-

ne, Schaefer, & Lazarus, 1981).

Some of these scales could be combined with neuroendocrine laboratory

determinations, in order to create standard reproducible tests, useful in clinical

trials. Thus was standardized the “Trier Social Stress Test” (TSST), at the Uni-
versity of Trier, Germany, for the experimental induction of moderate psycho-

logical stress. Subjects are tested according to the following protocol: after 45

minutes of resting phase (the neuroendocrine system return to baseline and are

taken the first samples of blood and saliva), subjects are invited to perform a

speech or some arithmetic calculations in front of a panel, and thereafter additional
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multiple saliva and blood samples will be collected, heart rate and blood pressure
being permanently recorded. In the same time with saliva and blood collection the

subjects will fill out specific questionnaires assessing the stress perception. This

test was very important for the evolution of stress research because it combine the

social and medical facet of stress assessment in human (Kirschbaum, Pirke, &

Hellhammer, 1993).

From the medical point of view, the most important step forward in the stress

research was made by using salivary stress markers. Investigating the physiology

of stress has shown that rapid effects appear in 20-30 seconds by releasing

epinephrine and norepinephrine from sympathetic nervous system and prolonged

or mixed effects (from minutes to weeks) depend on activation of HPA and other

hormonal axis. Measuring some of this hormones (cortisol, alpha-amylase, dehy-
droepiandrosterone) in saliva became a reliable method of investigating stress in

human because avoid venipuncture and offer the possibility of self-collection at

home or at work, many times of the day, using a disposable sample device called

salivette. In saliva could be measured only free cortisol, but studies showed that

the levels correlate very well with the amount of free cortisol in blood. In basal

condition, salivary cortisol peak about 30 minutes after awakening and at lunch
time and decrease during afternoon and evening hours (Ghiciuc, Dima-Cozma,

Pasquali, Renzi, Lupu[oru, & Patacchioli, 2011; Hellhammer, Wüst, & Kudielka,

2009). Salivary cortisol responses to challenge are dependent from some variables

like age, gender and sex steroids, pregnancy and lactation, food, nicotine, coffee,

alcohol and dietary energy supplies (Kudielka, Hellhammer, & Wüst, 2009). In
many papers, of special interest was the aime of obtaining cortisol values re-

peatedly before and after exposure to acute stress or pathological diurnal fluctu-

ations accompanying work stress, anxiety, depression, pain and sleep disturbancies

(Fries, Dettenborn, & Kirschbaum, 2009).

The last component of the evaluation is the detection of the long-term negative
consequences of stress on the body, in the allostatic load period, a very important

link with cardiometabolic pathologies. Cardiovascular activity could be fallow by

repeated measurements of systolic and diastolic blood pressure, heart rate and 24-

hour continuous monitoring of these parameters and detecting heart rate vari-

ability, using holter systems. Metabolic consequences are evaluated by nutrition

state, lipid profile and glucose metabolism (glycosylated hemoglobin). The para-
meters to be monitored are synthesized in Table 2, after T. Seeman and B. McEwen

(Seeman, Singer, Rowe, Horwitz, & McEwen, 1997; McEwen, 2000).

THEORIES ABOUT...
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Table 2. Cardiometabolic evaluation in chronic stress

Using stress tests and cardiometabolic parameters mentioned above, major

epidemiological studies have demonstrated the significant relationship between

different forms of stress and major cardiovascular disease. Evidences from the

EPIC-Norfolk Prospective Cohort Study, supervising a total number of 20 629

participants, aged 41 to 80 years, showed that stress adaptive capacity is a poten-
tially important candidate risk factor for stroke (Surtees et al., 2007). Hypertension

itself, an important risk factor for stroke and ischemic heart disease, has been

proven to be in relationship with work stress, who mediates an increase in systolic

blood pressure and heart rate reactivity and a decrease in vagal tone (Vrijkotte,

van Doornen, & de Geus, 2000). In patients with diagnosed coronary artery

disease and exercise-induced ischemia, the associated mental stress was a pre-
dictor for subsequent death (Sheps et al., 2002). Inflammation and insulin resis-

tance are also amplified by stress and in Whitehall II cohort lower social position

was associated with metabolic syndrome (Hjemdahl, 2002). These evidences

argue the possible utility of the mind-body therapeutic interventions in stress

management: biofeedback methods, meditation techniques, and relaxation thera-

pies.

Conclusions

As can be seen from the publications and evidences discussed in this review,

stress it is an important component of psychosocial risk factors (by the side of

social isolation, personality factors, anxiety and depression) and determine a
neuroendocrine activation, origin of significant increase in cardiometabolic risk.

The new noninvasive methods for testing cortisol and alpha-amylase in saliva

Organs and systems Measurement of allostatic load 
Cardiovascular system Systolic and diastolic blood pressure, ambulatory blood 

pressure monitoring, heart rate, heart rate variability 
Endocrine system Activation of HPA axis (salivary cortisol, over-night urinary 

cortisol excretion) 
A functional HPA axis antagonist (serum and salivary 
dehydroepiandrosterone) 
Activation of sympathetic nervous system (salivary alpha-
amylase, serum norepinephrine, overnight urinary 
noradrenalin and adrenalin excretion) 

Metabolism Nutrition state (body mass index, abdominal circumference) 
Lipid profile (total-cholesterol, HDL-cholesterol, LDL-
cholesterol, triglycerides) 
Glucose metabolism (fasting and postprandial glycemia, 
glycosylated hemoglobin) 
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will permit an active search of dangerous levels of stress in target risk population.
Understanding and avoiding stress in future will represent a novel social and

medical tool for cardiovascular and metabolic prevention.
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