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ABSTRACT

Background: Stress disrupts homeostasis, triggering adaptive responses that can become maladaptive with
prolonged exposure, leading to conditions like hypertension. Chronic stress elevates sympathoadrenal activity
and stress hormones, contributing to vascular tone and hypertension, a major global health concern. In
Indonesia, hypertension prevalence rose to 34.1% in 2018, particularly among young adults. Objective: This
review explores stress effects and mechanisms linking stress to blood pressure. Method: Collecting the data
and information from Google Scholar, PubMed, and ScienceDirect with a total of 22 pieces of literature using
keywords like “effects”, “stress”, and “blood pressure”. Result: The review highlights that distress and sustress
disrupt homeostasis, adversely affecting blood pressure. Acute stress temporarily raises blood pressure
through the "fight or flight" response involving the sympathetic nervous system and HPA axis, while chronic
stress causes sustained hypertension via elevated cortisol, inflammation, and circadian disruption. Gender
differences, with women showing oxytocin-mediated buffering and men's heightened sympathoadrenal

reactivity, underscore the need for effective stress management to reduce cardiovascular risks.
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INTRODUCTION

Stress is a condition in which the body's homeostatic
state faces a challenge or threat that requires
adjustment [1].In a state of stress, the body responds
with physical reactions to the source of stress or
stimuli that attack [2]. This response is adaptive,
where the body attempts to cope with the
circumstances triggered by the stressor. However,
when exposure to a stressor is intense, recurrent
(repeated acute stress), or long-term (chronic
stress), the stress response can become maladaptive
and negatively impact the physiology. For example,
exposure to chronic stressors can trigger
maladaptive reactions such as depression, anxiety,
cognitive impairment, and cardiovascular disease
[3]- It is known that elevated sympathoadrenal
activity, increased secretion of norepinephrine and
epinephrine, and heightened vascular tone
contribute to the development of hypertension
induced by stress [4]. Hypertension is one of the
major risk factors that occupies the first position as
a preventable cause of death worldwide. Despite
this, hypertension has a very high prevalence and is
also ranked third as the factor that most negatively
affects the quality of life [5].

In Indonesia, the prevalence rate of hypertension has
dramatically increased from 25.8% in 2013 to 34.1%
in 2018 [5]. The prevalence of hypertension among
young and middle-aged adults has been increasing,
posing a significant and urgent public health concern
[6]. This literature review aims to explore the effects
of stress and pathophysiological mechanisms linking
stress response to blood pressure.

METHODS

To review the effects of stress on blood pressure, the
researcher used several valid databases from Google
Scholar and Pubmed to retrieve information from
articles, journals, and books. Keywords used were
“stress”, “effects”, and “blood pressure”. While the
thematic search consists of “effects of stress on blood
pressure”, “types of stress and its effect”,
“pathophysiology of stress-induced blood pressure”,
and “acute and chronic stress effects on blood
pressure”.

RESULTS AND DISCUSSION

The initial search across Google Scholar and PubMed
yielded a total of 3,756 articles using the keywords
"stress," "blood pressure,” and "effects.
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With the thematic searches to refine the search were
performed using phrases such as "effects of stress on
blood pressure,” "pathophysiology of stress-induced
blood pressure,” and "acute and chronic stress
effects on blood pressure". These were screened
based on their titles and abstracts to assess
relevance to the research, resulting in the exclusion
of 3,734 articles that did not relate to the topic and
the aim of the review. In total, 22 articles were
included in this review, covering a range of topics
such as the evolution and types of stress,
physiological mechanisms in blood pressure changes
induced by stress, and the comparisons between
acute and chronic stress effects.

The findings of this review highlight the significant
role of stress in influencing blood pressure through
distinct mechanisms, depending on its type and
duration. Stress can be categorized into eustress,
distress, and sustress, each exerting unique effects on
homeostasis [1,7]. While eustress promotes resilience
and benefits overall health, distress, and sustress are
associated with disrupted physiological functions that
can lead to pathological conditions. Acute stress
activates the "fight or flight" response, mediated by
the sympathetic nervous system and HPA axis,
resulting in temporary increases in blood pressure
through mechanisms such as vasoconstriction and
elevated secretion of stress hormones. Chronic stress,
however, represents prolonged exposure to stressors,
leading to cumulative physiological burdens that
exacerbate cardiovascular risks [8,9].

Chronic stress mechanisms, in particular, show
maladaptive outcomes through sustained activation
of the HPA axis and sympathetic nervous system. This
includes heightened cortisol levels, inflammatory
activity, and altered circadian rhythm, which
collectively contribute to systemic effects such as
metabolic syndrome, obesity, and persistent
hypertension. Gender differences further shape stress
responses, with women showing a tendency to buffer

stress through oxytocin-mediated attachment
behaviors, while men exhibit heightened
sympathoadrenal  reactivity. = These  insights

emphasize the necessity of managing both acute and
chronic stress to mitigate its detrimental effects on
blood pressure and overall cardiovascular health
[8,10].

TYPES OF STRESS

The concepts and definitions of stress have evolved
and expanded significantly over the past decades.
We can define stress as the state where the body's
homeostasis condition is disrupted by a challenge or
threat that requires the body to adapt [1]. The stress
system framework categorizes stress into three
types: eustress, distress, and sustress [1,7]. Eustress
is a type of stress representing good stress. It is a
state in which moderate levels of stressors challenge
the state of homeostasis mildly, triggering a mild
stress response that strengthens homeostatic
buffering capacity which promotes and benefits the
overall health. Distress is a type of stress
representing bad stress. It is a condition where
homeostasis is significantly disrupted by excessive

levels of stressors, potentially triggering an intense
stress response, compromising homeostasis, and
posing a risk to health. Sustress is a type of stress
representing inadequate stress. It is a condition
where homeostasis remains unchallenged due to the
absence or insufficiency of stressors, which can
diminish the buffering capacity of homeostasis and
threaten health [7].

Sustress and distress can disrupt normal
physiological functions and potentially result in
pathological conditions, whereas eustress may
promote health by optimizing homeostasis adapting.
Thus, maintaining an optimal level of stress is crucial
for developing biological defenses that support
normal life processes [1].

Studies have shown different responses and
pathways of stress according to its duration of
exposure. Itis divided into two types which are acute
stress and chronic stress [4,11,12]. Acute stress is a
condition of short-term exposure to stressors. Acute
stress can arise in daily life due to factors such as
anger, fear, intense work pressure, or stressful
sports events, as well as from natural disasters like
earthquakes and hurricanes, or man-made events
such as industrial accidents and terrorist attacks.
Chronic stress refers to long-term, repetitive stress
exposure. Chronic stress is strongly associated with
factors such as depression, anxiety, low self-esteem,
loneliness, job-related stress, retirement, low
socioeconomic status, marital problems, etc [11,12].

Acute stress refers to a type of stress in which a “fight
or flight” response occurs due to the activation of the
sympathetic nervous system. This response involves
increased heart rate, contractility, vasoconstriction,
and secretion of epinephrine and norepinephrine by
the adrenal medulla and sympathetic nerves,
respectively. Meanwhile, ongoing stress in daily life
can lead to chronic stress, which adversely affects
the body through the accumulation of load,
surpassing the “fight or flight” response mechanism
of acute stress [4,13].

GENDER DIFFERENCES IN STRESS RESPONSE

There are differences in stress responses in men and
women. The response of the HPA-axis and autonomic
nervous system is higher in men, which affects their
response to stressors. In addition, sex hormones in
women will decrease the sympathoadrenal response
which can reduce the negative feedback of cortisol to
the brain so that women tend to be less stressed [14].

From an evolutionary perspective, men have
typically responded to stressors like predators by
either confronting them or escaping. In contrast,
women tend to cope with stress by nurturing their
offspring and seeking support within social groups,
strategies that enhance species survival during
challenging times. While the physiological stress
response in both genders involves activation of the
sympathetic nervous system and the HPA axis, the
female stress response is more likely to incorporate
attachment and caregiving behaviors.
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These processes, often influenced by oxytocin, help
to mitigate sympathetic activation and HPA axis
arousal [14,15].

ACUTE STRESS RESPONSE MECHANISM ON BLOOD
PRESSURE

The brain's response to stress includes activation of
the autonomic nervous system, hypothalamic-
pituitary-adrenal ~ (HPA) axis, and neural-
hematopoietic-arterial pathways. These mechanisms
give rise to pathophysiological effects that can trigger
cardiovascular events, such as increased sympathetic
nervous system activity, decreased parasympathetic
nervous system activity, and stimulation of
neurohormonal production [11,16].

Amygdala utilizes past experiences to form long-
term memory through its connections with the
hippocampus and anterior cingulate cortex (ACC).
This enables emotion modulation and predictive
evaluation of stimuli to produce appropriate
responses to stress. Efferent projections from the
amygdala to the cortico-limbic region play a role in
regulating the activity of the autonomic nervous
system and the HPA axis [12]. The hypothalamus
combines autonomic afferent signals from the
brainstem with influences from cortical and
subcortical limbic areas, including the hippocampus
and amygdala involved in evaluation and memory.
The hypothalamus plays a role in regulating
autonomic responses to stress, through the
paraventricular nucleus, as well as being the prime
mover of endocrine stress responses by releasing
corticotropin releasing hormone (CRF) that activates
the HPA axis [11,12].

When faced with stress, the hypothalamus is
activated to synthesize corticotropin releasing factor
(CRF) and vasopressin. CRF stimulates the anterior
pituitary gland to release adrenocorticotropin
hormone (ACTH), which in turn triggers the adrenal
cortex to produce glucocorticoids, namely cortisol
[17]- When cortisol levels surpass the capacity of the
enzyme 11(3-hydroxysteroid dehydrogenase type 2
(HSD2) to convert it into cortisone, cortisol binds to
mineralocorticoid receptors (MR) with an affinity
comparable to that of aldosterone. This interaction
enhances sodium reabsorption and potassium
excretion in the kidneys, resulting in an expansion of
blood volume and a subsequent rise in blood
pressure [18]. Cortisol activates the renin-
angiotensin system (RAS) indirectly by enhancing
hepatic production of angiotensinogen, it also
suppresses renin levels due to negative feedback
from its mineralocorticoid activity. Despite this
suppression, cortisol-exposed individuals exhibit
heightened sensitivity to angiotensin II's pressor
effects, contributing to sustained hypertension[18].

Stressful situations increase the activation of the
sympathetic nervous system and cause an increase
in vascular resistance, blood pressure, pulse rate,
and cause vasoconstriction. Activation of the
sympathetic nervous system also stimulates the
adrenal medulla to release the hormones
epinephrine and norepinephrine, further increasing

the sympathetic response [19]. The adrenal medulla
is the main site for epinephrine synthesis.
Epinephrine synthesis increases in response to
corticosteroids and stress. Sympathetic nerves can
absorb epinephrine from the bloodstream and
produce small amounts of epinephrine. It has been
suggested that this epinephrine enhances
norepinephrine release and may play a role in the
development of hypertension [20].

CHRONIC STRESS RESPONSE MECHANISM ON
BLOOD PRESSURE

Chronic activation of the stress axis caused by long-
term uncontrollable stress has been regarded as
causing maladaptive and/or pathological effects.
Chronic exposure to stress results in long-term
cortisol exposure which becoming maladaptive and
can lead to a broad range of problems including the
metabolic syndrome, obesity, cancer, mental health
disorders, cardiovascular disease and increased
susceptibility to infections [12,21].

Chronic stress is consistently found to be associated
with increased inflammatory activity, as measured
mainly by plasma inflammatory markers such as
interleukin 6 (IL-6), tumor necrosis factor-alpha
(TNF-alpha), and c-reactive protein (CRP) [22]. In
addition to its relationship with chronic
inflammation, there is evidence that this is related to
glucocorticoid response to stress and is also
associated with elevated baseline cortisol secretion
and higher HPA-axis reactivity to psychological
stress as well as physiological and pharmacological
stimulation [9,22]. This HPA axis alteration is also
found to be characterized by loss of circadian rhythm
and overall cortisol output throughout the day [9].

CONCLUSIONS

Stress is an adaptive physiological response aimed at
maintaining homeostasis during challenges or
threats. However, when stress exposure becomes
recurrent or chronic, it can transition into a
maladaptive state, adversely affecting physical and
mental health. Chronic stress, in particular, has been
linked to numerous health issues, including
cardiovascular diseases like hypertension. The
increasing prevalence of hypertension, especially
among younger populations, underscores the
urgency of understanding and mitigating stress-
related health impacts.

Acute and chronic stress responses differ in their
mechanisms and effects on blood pressure. Acute
stress activates the sympathetic nervous system and
the HPA axis, leading to temporary increases in
blood pressure through mechanisms such as
vasoconstriction and heightened release of stress
hormones like cortisol, norepinephrine, and
epinephrine. Chronic stress, however, results in
sustained activation of these systems, causing long-
term maladaptive effects such as persistent
inflammation, dysregulated cortisol secretion, and
heightened sensitivity to pressor hormones, all
contributing to sustained hypertension and broader
systemic health problems.
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Addressing stress-related hypertension requires a
holistic approach, considering both biological and
behavioral aspects. Understanding the role of gender,
social dynamics, and adaptive coping mechanisms can
provide insights into targeted interventions. Future
efforts should focus on strategies to balance stress
levels, such as promoting resilience through lifestyle
modifications, stress management techniques, and
addressing socioeconomic determinants of health,
ultimately reducing the burden of stress-induced
hypertension.
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