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Background and objectives: Understanding oscillations of cardiovascular parameters (BP,
HR, blood flow, heart contractility, etc.) has been a puzzling issue. This paper intends to assess
the effects of various physiological and pathological factors like gender, age, BMI, handedness
acute perceived stress and chronic perceived stress on individual components of blood
pressure, and to evaluate and gauge the physiological and pathophysiological reflex
mechanisms for the same.

Methods: 120 normotensive, healthy adults were included with equal gender ratio. After
obtaining consent, age, BMI, Handedness and STAI for perceived acute and chronic stress
were recorded. BP components i.e. SBP, DBP, PP, MAP and RPP were recorded and
calculated. Physical, psychological, physiological and pathological factors affecting cardiac and
vascular systems were deliberated. Mean, SD, T-test and Pearson’s correlation were used for
analysis.

Results: Gender difference in BP showed cardiac and vascular protective role of oestrogen in
females through eNOS. Age had significant negative correlation with RPP suggesting early
changes in cardiac mass reducing oxygen extraction by the myocardium, while based on
various neuroendocrinal, hormonal and renal mechanisms, BMI showed strong positive
correlation with SBP, DBP and MAP, proposing changes within circulating blood volume,
cardiac output and large vessels. Unlike previous studies, there was no correlation between
handedness and BP components on subjects at rest, suggesting cerebral dominance on
autonomic influences might be active only in BP stimulating situations. Acute perceived stress
showed negative correlation with all BP components recommending extended biopsychosocial
model and active baroreceptor reflex unlike acute physical stress, which shows elevated BP,
which can only be obtained by resetting threshold response of baroreceptor to higher level.
Chronic perceived stress correlated with elevated SBP and MAP suggesting rumination,
cardiovascular remodelling, reflex adaptation and resetting.

Conclusion: Our study has tried to hypothesise specific physiological and pathophysiological
mechanisms which might be involved in changes of individual blood pressure components. It is
fascinating to notice that none of the observed factors (physiological and pathological) has any
correlation with Heart Rate. Our subjects were at rest and hence, heart rate was normal,
showing no variations. This article helps to understand probable underlying mechanisms for the
same.

Key words: rumination, rate pressure product; perceived stress; extended biopsychosocial
model; reflex resetting
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Blood pressure is the lateral pressure exerted by the
column of blood within the major arterial system. As
measured in the brachial artery, blood pressure is
maintained by cardiac output and the total peripheral
resistance (TPR). The ideal blood pressure adequately
perfuse all organ systems, without causing damage.
Because the arterial pressure is the product of the
cardiac output and the peripheral resistance, it is
affected by conditions that affect either or both of these
factors. Genders, menstruation, age, BMI, stress are few

to name.?

Blood pressure is conventionally separated into
systolic and diastolic blood pressure. The systolic blood
pressure is the maximum pressure experienced in the
aorta when the heart contracts and ejects blood from the
left ventricle, approximately 120 mm Hg. The diastolic
blood pressure is the minimum pressure experienced in
the aorta when the heart is relaxing before ejecting
blood; often approximately 80 mm Hg. Systolic blood
pressure determines the highest systolic pressure of left
ventricle and measures “cardiac component”. While
diastolic blood pressure signifies total peripheral
resistance and is a measure of “vascular component”.
The mean arterial pressure (MAP) is the average of the
arterial pressures measured millisecond by millisecond
over a period of time. The mean arterial pressure is
determined about 60 per cent by the diastolic pressure
and 40 per cent by the systolic pressure. Baroreceptors
respond mainly to changes in mean arterial pressure
and normal functional baroreceptors maintain MAP
within a narrow range of 85 and 115 mm Hg.? The
difference between systolic and diastolic pressure is
pulse pressures and is about 40-50 mm Hg. Two major
factors affect pulse pressure: (1) the stroke volume of
the heart and (2) the compliance (total distensibility) of
the arterial tree, directly proportional to former and
inversely proportional to the latter. Rate Pressure
Product (RPP) is the product of heart rate and systolic
blood pressure. It is an easily measurable index which
correlates well with myocardial oxygen demand and
defines the response of coronary circulation to

myocardial metabolic demands.®

Blood pressure and its various components are

affected by multiple physiological, psychological and
pathological factors. Reflex mechanisms within the
cardiovascular systems are well established which alter
blood pressure, but probable focused mechanism for
each factor affecting specific components of blood
pressure (SBP, DBP, MAP, PP, RPP) has a large scope

for discussion, re-evaluation and frequent revisiting.
OBJECTIVES

1. To assess the effects of various physiological
factors like gender, age, BMI and handedness on

individual components of blood pressure.

2. To assess the effects of pathological factors like
acute perceived stress and chronic perceived stress on

individual components of blood pressure.

3. Evaluating and gauging the physiological and

pathophysiological reflex mechanisms for the above.
MATERIALS AND METHODS

“The departmental ethical committee and college
Dissertation and research committee, KLE JNMC,
Belgaum” issued institutional ethical clearance
(Reference number: MDC/PG/742). A well-informed oral
and written consent was taken from all subjects, after
explaining the procedure and merits of the study. This
study was conducted in department of Physiology
research lab on working days (except Saturdays and
Sundays) between 4pm to 6pm. After conducting a pilot
study, and taking & = 0.05, Z & = 1.65, 3 = 0.2, Power
80%, Z B = 0.84, sample size was calculated and 120
healthy young adults in the age group of 18-22years
were included in the study with equal number of girls
and boys. Subjects with history of drug intake, smokers,
alcoholics, endocrine dysfunctions, autonomic
dysfunction, hypertension, family history of disorders,
menstrual disorders or any health issues were excluded
from the study. Anthropometric parameters were

recorded.

Blood pressure components: Blood pressure was
recorded in upper right arm in sitting position after 30

minutes of complete rest with Omron BP Monitor Semi -
Automatic (HEM-4030). BP was measured twice at 10-
min intervals. The average value of these 2 records was

taken into the analysis. The following parameters were
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determined.

e  Blood pressure (BP)(mm of Hg): systolic blood
pressure (SBP), diastolic blood pressure (DBP)

The following parameters were calculated by the

formulas
e  Pulse pressure (PP) (mm of Hg) = SBP-DBP

e  Mean arterial pressure (MAP) (mm of Hg) =
DBP + 1/3 PP
e RPP (mm Hg. beats per min.10?) = SBP*HR *

20

Physiological factors

e  Gender: male, female.

e Age in years: calculated from date of birth.

e Height in mts: By commercial stadiometer

e  Weight in kgs: By digital weighing scale (seca)
with an accuracy of £100grms

e Body mass index (Kg/mts?): weight (kg) /
height (mts)2

e Handedness: was determined using Annett
Handedness Questionnaire.”

Pathological factors:

e  Stress: To assess acute and chronic perceived
anxiety, State Triat Anxiety Inventary (STAI) was used.
This comprises separate self-report scales for
measuring “state” and “trait” anxiety. The S-Anxiety
scale consists of twenty statements that evaluate how
respondents feel “right now, at this moment” indicating
acute perceived stress. The T-Anxiety scale consists of
twenty statements that assess how the respondents feel
“generally” indicating chronic perceived stress. The
scores for the S-Anxiety and T-Anxiety scales were
obtained by adding the weighted scores for the twenty
items. Scores for both scales can vary from a minimum
of 20 to a maximum of 80.8

Statistical analysis; was performed using SPSS
software version 20. Mean, SD, T-test and Pearson’s
correlation were used for analysis. Values are
expressed as mean + standard deviation (SD). P < 0.05

was considered as statistically significant.
RESULTS AND DISCUSSION

Following observations were made in 120 healthy

subjects. Data has been arranged into physiological and
pathological factors affecting different components of
blood pressure. Significant values have been
highlighted. Results will be followed by the probable
Physiological and Pathological mechanism that might

have caused the observed change.

Gender and blood pressure components:

Table 1 shows gender difference obtained in all
components of Blood pressure. It is evident that all
values i.e SBP, DBP, PP, MAP and RPP are higher in
males compared to females. It indicates that few factors
in females affect both the cardiac and the vascular
system, protecting them from higher blood pressure. It is
interesting to know that women of same race and age
have smaller heart and major blood vessels compared

to men.®

This study was done in young adolescent subjects.
All female subjects had attained menarche and had
regular menstrual cycles. Estrogen is a potent steroid
hormone present in high levels in females from
adolescence to menopause and in low levels in men.
There are two established estrogen receptors, a and
on which E2 (estrogen) acts. ERa is present in cardiac
and vascular tissue while ER B is present mainly in
cardiac tissue (table 2). ERa and 3 are found both in
association with the plasma membrane and in the
nucleus.® The following paragraphs briefly enumerate
the effects of estrogen on vascular system and the

cardia separately.

Vascular effects: (figure:1) ERa knockout reduced
basal NO production in the aorta which causes vascular
relaxation, while ERB knockout had no effect on NO
production. It activates eNOS, inhibits VSMC
proliferation and inhibits increase in medial thickness.
Estrogen is also known to reduce atherosclerosis and
improves flow-induced arteriole dilatation.™* All these
effects on vascular system probably leads to decrease
vascular resistance and in turn DBP in females as
compared to males.

Cardiac effects: (figure:2) through ER o and f,
estrogen has cardioprotective effects and reduces
apoptosis by stabilizing the mitochondrial membrane
and preventing apoptosome formation.> It prevents

pathological hypertrophy associated with hypertension
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and prevents cardiac fibrosis.*® It also reduces damage
in settings of cardiac ischemia and reperfusion. In
addition ER2 increases heat shock proteins and reduces

the gene expression for pro-inflammatory cytokines.**

Other contributory factors: At all ages, women have
reduced sympathetic activity and enhanced para-
sympathetic activity relative to men. Similarly, men tend
to have higher plasma norepinephrine levels than
women.*® Additionally, since women have smaller heart
than men, this leads to lower stroke volume and thus
lower cardiac output.® ** The effective circulatory blood
volume is less in females compared to males.'” These
effects might reduce SBP in adolescent female as
compared to males.

Reduced MAP in females can be explained based
on the finding that the means of SBP and DBP is less.
Also total peripheral resistance in males is more which
leads to increased DBP, which in turn is a major
determinant of MAP.*® PP is the ratio of stroke volume
and compliance of blood vessels.” In females, less
blood volume leads to lesser stroke volume and, the
blood vessels are more compliant. Thus the altered ratio
leads to reduced pulse pressure. Heart rate reading
reversed in males i.e less in males compared to females
and can be explained based on well-established Marys
law in Physiology which states that, within physiological
limits, heart rate is inversely proportional to blood

pressure.

Age and blood pressure components:

As age advances, various macroscopic and
microscopic changes take place in both cardiac and
vascular system. To name a few; in the vascular system
there is thickening and dilation of large arteries, arterial
wall  media  hypertrophy, extracellular  matrix
accumulation, calcium deposits, vascular endothelium
dysfunction, that are associated with increased vascular
stiffness and pulmonary arterial remodelling. While in
the cardia, there is increase in myocardial thickness due
to increased myocyte size, thickening of interventricular
septum, decrease in the total number of
cardiomyocytes, likely due to apoptosis, increase in
collagen content, fibrosis, and deposition of cardiac
amyloid and lipofuscin within the connective tissue.™ All

these changes occur after 3 decade of life and

accelerate after 5" decade.

Our study consisted of young healthy adults in early
20s. A significant negative correlation is seen of yearly
advancing age with Rate Pressure Product i.e RPP. As
mentioned in introduction, Rate Pressure Product is the
product of heart rate and systolic blood pressure. It
correlates well with myocardial oxygen and metabolic
demand and defines the coronary perfusion status.> % A
negative correlation of age with RPP indicates reduced
myocardial metabolic demands which might indicate
early reduction in myocyte mass probably due to
apoptotosis and fibrotic changes or, lipofuscin and
amyloid deposits within cardiacmyocytes as early as 2™
decade of life and progressing every year of advancing

age. But this statement need further research and proof.

BMI and blood pressure components:

Effect of elevated BMI on blood pressure is through
multiple mechanisms. Its role in metabolic, endothelial
and vascular dysfunction, neuroendocrine imbalance,
sodium retention, glomerular hyper filtration, proteinuria,
maladaptive immune and inflammatory responses are
well established. ?* In our study BMI independently and
positively correlates with SBP, DBP and MAP (table 3).
Let us look for various mechanisms which might bring
about these changes.

Elevated SBP: increase BMI leads to increase
glucose load in circulation and eventually in the renal
system. The proximal convoluted tubule up-regulates
sodium-glucose symporter to reabsorb glucose and,
along with this, excess sodium is reabsorbed, leading to
glucose toxicity and sodium excess in circulation.? This
increases intravascular volume in obesity, directing
cardiac output and SBP to rise. Also increase in adipose
mass and extracellular matrix accumulation is said to
compress the renal medulla, which leads to
inappropriate  Renin-Angiotensin-Aldosterone-System
(RAAS) and Sympathetic Nervous System (SNS)
activation, further contributing to increased sodium
reabsorption.?? These and many other neuroendocrine
factors, deregulated RAAS (especially angiotensin Il and
aldosterone) and, along with autonomic dysfunction,
might lead to significant rise in total blood volume
preceding increasing cardiac work load during systole

and positive correlation of BMI with SBP.
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Elevated DBP: endothelial dysfunction, arterial
stiffness, changes in extracellular matrix, and vascular
smooth muscle dysfunction are some of the earliest
changes in obesity seen even before the onset of
prehypertension.® Elevated adipose tissue mass
produces elevated levels of RAAS components
especially angiotensin Il and aldosterone, which have
well proven vascular effects. Hyperinsulinemia,
hyperleptinemia and baroreflex dysfunction also
promote activation of sympathetic nervous system in
diverse tissues like skeletal muscle.?* This is a major
seat for peripheral resistance. The immune system, with
its innate and adaptive limb, plus increased
inflammatory response leads to vascular intimal injuries.
All these may lead to increased peripheral resistance

thus showing positive correlation with DBP. 242641

Elevated MAP: MAP is the main player for
regulating baroreceptor reflex. Previous research
indicates baroreceptors initially respond to changing
heart rate and cardiac output, but after 6-8sec changing
arterial pressure is mainly determined by the effect of
peripheral resistance on baroreceptor.”” As BMI
increases, due to metabolic dysregulation or abnormal
neuroendocrine functions, sympathetic nerves overacts
and baroreceptors become hyporesponsive.?* From the
above discussion, it is noted that both SBP and DBP

increase which might explain the effect of BMI on MAP.

Handedness on Blood Pressure components:

Research has indicated a differential control of each
cerebral hemisphere over dynamics of the heart like
heart rate, blood pressure and myocardial contractility.
The right hemisphere is said to have a greater control
over heart rate while the left hemisphere affects
myocardial contractility. These studies suggest that
cerebral hemispheres have differential control over the
heart which must happen via the autonomic nervous
system. There is evidence that sympathetic activity is
controlled by the right cerebral hemisphere, which is
dominant in left handers. Therefore, handedness may
also modulate autonomic control of the heart.?®
Handedness is typically described as the hand one
prefers to use for unimanual tasks. Human hand
preference emerges very early in an infant’s life, where

genetics and environmental influences are believed to

play a key role in development.” Our study did not show
any significant correlation with baseline variations in
blood pressure components with hand preferences
(table 3). Probably this might indicate that cerebral
dominance and control of autonomic function becomes
evident in stressful conditions where blood pressure is

up regulated. Subjects were at rest in our study.

Acute percieved stress on Blood pressure
components:

Blood pressure responds to both physical and
mental stress. This is necessary to maintain adequate
blood flow towards stress responsive organs. But the
response obtained changes for physical and mental
stress. This has been explained as “extended
biopsychosocial model”.?* * To understand this concept,
a comparison between response to physical stress and

mental stress is helpful.

Physical stress: Baroreceptor reflex is a part of
negative feedback system that stabilises fluctuations in
arterial pressure due to various factors. During physical
stress eg: exercise, an increase in arterial pressure,
heart rate, cardiac output and sympathetic activity is
seen.® What causes BP to rise in physical exercise
even with a normal functional baroreceptor? Human and
animal experiments, using variable pressure neck collar,
have suggested that during dynamic exercise,
Baroreceptors are reset to work at a higher range of
arterial pressure than compared to resting levels. The
gain of the system remains unchanged.** 2 factors that
are responsible for the resetting are; the Central
command by motor cortex and, afferent inputs from
mechanoreceptors and chemoreceptors of active

skeletal muscles.®

Mental stress: The response of blood pressure and
baroreceptor to mental stressors is slightly different. This
depends on pre-existing psychological traits which also
determines the direction of BP change. This is called
“extended biopsychosocial model”.®* Stress which are
handled by active coping strategy result in elevated
BP.* “Active coping” means taking action or exerting
efforts to remove or circumvent the stressor which
includes acceptance of the situation, planning to
confront and positive reframing i.e. seeing it in a more

positive light. Yoga, meditation, listening to music and
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other recreations can all be a part of active coping.
Denial can be another outcome with stress, where there
is attempt to reject the reality, along with behavioural
disengagements like giving up, withdrawal efforts,
avoidant strategies including use of alcohol, tobacco and

drug abuse. Genetic composition also plays a role.*®

In our study a significant negative correlation was
seen between acute perceived stress and SBP, DBP,
MAP and RPP (table 3). The probable explanations
could be: acute mental stress lead to rise in cardiac
output, heart rate and sympathetic nervous system. This
lead to reflex activation of baroreflex and hence as
mental stress increased, BP components reduced. This
could in-turn mean that adolescents in our study used
negative coping strategies as, response to their mental
stress was reduced BP. (Baroreceptor was not reset to
higher levels).®® Decreased SBP indicates cardiac
component, DBP indicates vascular component, MAP
indicates mean of blood pressure and RPP indicates
coronary circulation efficacy. All these are various limbs

of baro-receptor reflex.

Chronic stress on Blood pressure components:

Physiology of blood pressure homeostasis during
stress should remain active only uptill the stress is
present. If it persists beyond this point, the response
becomes damaging. “Rumination” is a type of

perseverative cognition which is, repetitive, negative

Nitric Oxide

*eNos

tNo

$Relaxation

4 Flow-induced arteriole dilation

S
/

Vascular Function & Inflammation

| Constriction to phenylephrine
| ROS
J Inflammatory cytokines

thoughts, including anger, frustration, depression,
anxiety which can sustain elevated BP. In other words
stress related thoughts can persist for a substantial
amount of time in anticipation of future stress and

dealing with past stress.*

Our study, interestingly, showed significant negative
correlation of blood pressure components with acute
perceived stress but significant positive correlation with
chronic perceived stress. Relation between BP and
acute stress could be explained based on “extended
biopsychosocial model”, as in previous paragraph while,
relation of chronic stress to BP can be explained based
on “rumination” effect. Subjects in our study probably
had a common trait of persistent recall of negative
experience, which activated their emotional stress
response through the dorsomedial hypothalamus and
perifornical area.*® During mental stress, these areas
reset the baroreceptors to operate over higher range
with increased gain.*? It has been hypothesised that,
failure to return to baseline values following end of
stressful stimuli, lack of habituation to repeated stress of
similar type, and exaggerated response to acute stress
are all precursors to development of hypertension.**4°
Our study showed significant positive correlation of
chronic stress to SBP and MAP, probably early changes
to chronic stress. This prospect needs further

investigation.

Atherosclerosis

‘ JLDL
AHDL
Adhesion molecules

il Monocyte adhesion

Figure 1: Effects of estrogen on various components of vascular system. Reprint with permission
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Figure 2: Effects of estrogen on heart. (Reprint with permission %)
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Figure 3: Effect of elevated BMI on various organ systems. (Reprint with permission %)

Obesity contributes to the development of hypertension via the interaction of dietary, genetic, epigenetic and
environmental factors. Visceral adipocyte dysfunction leads directly to renal, cardiac and vascular dysfunction,
via an impaired immune or inflammatory response, and by affecting neuroimmune interactions that alter SNS
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signalling. Cardiac and/or renal abnormalities can lead to vascular dysfunction and vice-versa. Obesity-related
hypertension is associated with structural and functional changes in the kidney, heart and vasculature.
Hyperuricaemia might also affect adipocyte function and vascular remodelling, and cause renal abnormalities.
Abbreviations: 1, increased; |, decreased; Ang I, angiotensin IlI; DPP-4, dipeptidyl peptidase 4; MCP-1,
monocyte chemoattractant protein-1; PNS, parasympathetic nervous system; RAAS, renin—angiotensin—
aldosterone system; SNS, sympathetic nervous system; TH, T helper cell; TREG, T regulatory cell.

CONCLUSION

Our study has tried to hypothesise specific
physiological and pathophysiological mechanisms which
might be involved in changes of individual blood
pressure components. It is fascinating to notice that
none of the observed factors (physiological and
pathological) has any correlation with Heart Rate. Our
subjects were at rest and hence, heart rate was normal,
showing no variations. This article is useful to
evaluate/predict outcome of specific factor modification
influencing specific blood pressure components. It also
helps to understand probable underlying mechanisms

for the same.
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