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Gender Differences in Cardiovascular Responses to Postural and
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ABSTRACT
Temperature and postural stress are known to affect cardiovascular indices such as heart rate and
blood pressure. However, males and females may respond differently during pathological states. Of
importance is the magnitude of this variation amongst otherwise healthy young individuals across
various regions globally. The cold pressor test (CPT) can be used clinically to evaluate autonomic and
left ventricular function. It is also used to assess neural control of the cardiovascular system by
observing the pressor response during the immersion of one hand in cold water. This study examined
the gender differences in cardiovascular responses to cold pressor test and postural stress among
young healthy adult Nigerians (20 males and 20 females). Systolic blood pressure (SBP), diastolic
blood pressure (DBP) and Heart rate (HR) were measured and recorded before and after either
postural change or CPT. The results of this study showed significant gender differences in measured
cardiovascular indices response following postural change and CPT. Female DBP and HR responses
(difference between pre- and post- measurements) to postural change were significantly higher than
males. Thus, females tend to elicit higher autonomic responses to postural change especially in HR
(sympathetic tachycardia) and DBP (a function of peripheral resistance) than males.
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Autonomic nervous system controls
various visceral activities of the body
including blood pressure and heart rate and it
is regulated by many factors like orthostatic
5,6
stress, cold shower, body posture etc. The
pumping action of the heart comes with a
major dynamic change which often result in
an increased peripheral arterial resistance due
to pressor response. However, increased
cardiac output (CO) occurs due to increased
heart rate (HR) and increased pulmonary
arterial pressure.1
Furthermore, changes in blood
pressure occur in moderation among healthy
cohorts from time-to-time. Factors like
postural change can have an influence. More
so, individuals changing from a recumbent to
upright posture will experience a moderate
and measurable change in hemodynamics
primarily due to delayed movement of fluid
2
from the lower extremities due to gravity.
In a previous study by Convertino,
orthostatic intolerance was observed to be
prominent among female cohorts when
compared with their male counterparts which
contradict another study by Frey and Porth.7,8
Gender can affect sympathetic response to
postural changewhile under different
9,10
physiological stressors.
More so, the
influence of gender differences on arterial

INTRODUCTION
The cold pressor test (CPT) is a
method that was first reported by Hines and
Brown,1 to evaluate how neural control affects
the cardiovascular system by immersing a
hand in cold water and observing the pressor
response. It is a method used as a standard test
for depiction of sympathetic role and is used to
foretell the concomitant risk of hypertension
2
in normotensive persons. It has become a
symptomatic test for autonomic related
diseases like hypertension and other
cardiovascular disorders.
The purpose of the CPT is to evaluate
the sympathetic function of the cardiovascular
system. CPT was reported to accelerate áadrenergic response with vasoconstriction and
an enhanced total peripheral resistance.3 A
previous study demonstrated that subjects
with more than 15 mmHg variations in
Systolic or Diastolic Blood Pressure response
were classified as being excessively reactive
to CPT. 4
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pressure is due to the effect of hormone action
on â-adrenergic receptors shutting down the
á-adrenergic vasoconstriction among female
11
cohorts.
In another study, orthostatic
intolerance was significant among young
female adults when compared with their male
counterparts and was accompanied with high
increase in HR during a cardiovascular
12
challenge. Venous return and cardiac output
also reduced significantly among the young
12
female adults. However, studies on the
mechanisms responsible for gender
difference remain inconclusive.
Orthostatic hypertension occurs due
to increase in arterial blood pressure during
postural changes. Itis a physiological
phenomenon that is underappreciated and
understudied clinically.13 The underlying
pathophysiology is not clear but has been
linked to the activation of sympathetic trunk
13
of the nervous system. Thus, the aim of this
study was to investigate the role of gender
difference in cardiovascular responses to cold
pressor test and postural

informed of their right to withdraw at any
time. Additionally, individuals received a full
comprehensive medical examination.
Measurements
All the experiments were carried out
in the Physiology laboratory at an ambient
room temperature of 25-28 degree Celsius.
Digital body weight scale was used to record
the weight of the subjects. Charder HM210D
Digital Stadiometer was used to measure the
height. Onwon Waterproof Multi-function
Electronic Sports Stopwatch Timer Water
Resistant was used to monitor the time of
cold pressor test and postural changes. A pan
of ice and water was prepared and maintained
at 4°C using a digital thermometer to check
any temperature change.
Experimental protocol
The subjects were allowed a 10minute rest in a supine position, after which
the baseline blood pressure and heart rate
were measured in the upper left arm using a
standard digital sphygmomanometer. After 5
minutes of quiet rest, the subjects stood up
immediately, and both the blood pressure and
heart rate measurement were obtained. For
the CPT, Hines and Brown method was used the left hand of the subject was immersed to
just above the wrist in cold water at 4 degree
Celsius for 2 minutes, and both the heart rate
and the blood pressure were recorded after
immersion. This was done while the subjects
were comfortably seated in an upright
position. In the last ten seconds of the
immersion, blood pressure and heart rate
measurements were obtained. The readings
were recorded, and the subjects were allowed
to rest for recovery. The maximal changes in
SBP and DBP from resting values during cold
stimulus were defined as systolic response
and diastolic response respectively. Subjects
whose Systolic/Diastolic response exceeded
15mm Hg were defined as Systolic /Diastolic
4
hyperreactors.

MATERIALS AND METHODS
Subjects and protocol
To avoid the effect of confounding
variables such as age, height, or fitness, a total
of 40 healthy (20 males: 20 females) subjects
were selected randomly. The exclusion
criteria for the study included: a history of
vasovagal syncope, vertigo, and vestibular
disturbance and excluding cardiovascular,
respiratory, and neurological diseases, use of
oral contraceptives or any long-term
medication, or presence of a medical
14
condition using a questionnaire. Subjects
were instructed not to engage in any rigorous
exercise or stressful activity 48 hours before
testing, including abstinence from caffeine
consumption, frequent smoking, and other
alternative stimulants 24 hours before testing.
The experiment was conducted following the
Declaration of Helsinki, and was approved by
the local Ethics Committee of the University
of Ilorin Teaching Hospita (UITH).15 Subjects
gave their written informed consent to
participate in the study. Prior to giving
consent, all potential subjects were
familiarized with the test protocol and

Statistical analysis
All statistical analyses were
performed using SPSS v. 20.0, (SPSS,
Chicago, IL). All values recorded in this
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study are in mean ± SD (Standard Deviation).
Statistical analysis and comparisons were
made using the student independent T-test
with subjects grouped by gender. Differences
were considered significant when p < 0.05.

More so, females also demonstrated
significant higher diastolic blood pressure
(DBP) in supine and upright position when
compared with males. However, rate of
change in DBP during postural adjustment
was also significantly higher in females when
compared to males as shown in table 3.
In addition, females also
demonstrated significant higher Heart rate
(HR) in the upright position when compared
with male subjects as shown in table 2.
However, the rate of change in heart rate was
significantly higher in females compared
with males (Table 3).
Furthermore, at baseline during the
commencement of CPT, females had
significantly higher HR when compared with
males (Table 4). Also, during CPT, HR was
significantly higher in females when
compared with males (Table 4). The rate of
change of the cardiovascular responses
during CPT was not significantly different
among cohorts (Table 5).

RESULTS
Physical characteristics of subjects in the
population study
The descriptive data for both groups
are summarized in table 1. This table showed
that females demonstrated a higher
significant difference in hip circumference
when compared with males. Furthermore,
waist-to-hip ratio in females was significantly
lower when compared with males. However,
all other anthropometric data were similar
statistically without significant difference.
Clinical hemodynamic variables
Our study showed that females
demonstrated significant higher systolic
blood pressure (SBP) in upright position
when compared to males (Table 2).

Table 1: Physical characteristics males and females in the study population.
Physical Characteristics
Male (n = 20)
Female (n = 20)
Age (years)
Waist Circumference (cm)
Hip Circumference (cm)
Weight (kg)
Height (m)
Waist-to-Hip Ratio
Body Mass Index (BMI) (kg/m2)

21.55 ± 2.68
76.02 ± 12.7
90.75 ± 12.5
62.00 ± 17.1
1.675 ± 0.84
0.836 ± 0.00
21.81 ± 4.65

20.35 ± 1.03
76.16 ± 1.03
100.9 ± 15.9
64.70 ± 19.9
1.622 ± 0.58
0.715 ± 0.04
24.52 ± 7.24

p-value
0.069
0.961
0.031
0.648
0.812
0.000
0.167

Values are means ± SD for 40 cohorts.
p-value < 0.05 denotes significant difference between males and females

Table 2: Hemodynamic Responses during Postural Changes
Variables

Male (no = 20)

Females (no = 20)

p-value

Supine SBP, mmHg
Upright SBP, mmHg
Supine DBP, mmHg
Upright DBP, mmHg
Supine HR, beats/min
Upright HR, beats/min

119.40 ± 2.82
125.80 ± 2.82
78.20 ± 3.09
81.10 ± 7.20
71.75 ± 1.34
78.00 ± 8.50

118.75 ± 3.89
129.55 ± 3.67
81.05 ± 5.72
90.35 ± 5.19
73.80 ± 4.92
87.70 ± 4.83

0.549
0.001*
0.057*
0.000*
0.080
0.000*

Values are means ± SD for 40 cohorts. SBP, systolic blood pressure; DBP, diastolic blood pressure;
HR, heart rate.
*P-value < 0.05
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Table 3: Rate of Change of Hemodynamic Responses to Postural Change
Variables
SBP, mmHg
DBP, mmHg
HR, beats/min

Male (n = 20)

Female (n = 20)

P-value

6.40 ± 4.74
2.90 ± 8.27
6.25 ± 8.14

10.80 ± 9.84
9.30 ± 6.39
13.90 ± 7.20

0.080
0.009*
0.003*

Values are means ± SD for 40 cohorts. *P-value < 0.05

Table 4: Hemodynamic Responses during Cold Pressor Test (CPT)
Variables
Baseline SBP, mmHg
SBP (CPT), mmHg
Baseline DBP, mmHg
DBP (CPT), mmHg
Baseline HR, beats/min
HR (CPT), beats/min

Male (no = 20)

Females (no = 20)

p-value

116.05 ± 10.5
131.95 ± 15.7
73.95 ± 8.18
84.95 ± 10.3
72.50 ± 9.39
75.35 ± 10.8

114.95 ± 12.6
132.72 ± 14.2
76.00 ± 8.77
83.15 ± 12.7
78.75 ± 10.2
83.55 ± 9.30

0.765
0.871
0.449
0.625
0.050*
0.014*

Values are means ± SD for 40 cohorts. CPT, cold pressor test; SBP, systolic blood pressure;
DBP, diastolic blood pressure; HR, heart rate.
*
P-value < 0.05

Table 5: Rate of Change in Hemodynamic Responses to Cold Pressor Test (CPT)
Variables
SBP, mmHg
DBP, mmHg
HR, beats/min

Male (n = 20)

Female (n = 20)

P-value

15.90 ± 14.4
11.00 ± 9.75
2.85 ± 11.0

17.80 ± 10.9
7.15 ± 11.20
4.80 ± 11.7

0.641
0.254
0.591

Values are means ± SD for 40 cohorts. *P-value < 0.05.

baroreflex configuration.16 This
configuration is made of receptors on the
carotid artery found in the neck and the
thorax. These receptors act swiftly to detect
any hemodynamic changes and then activate
increased sympathetic responses while
decreasing parasympathetic responses and
adjusting hormonal effect.
In contrast to a previous studies, male
cohorts demonstrated high cardiovascular
responses to postural stress when compared
with females with low shift in fluid volume
7,10
shift. However, the reason for this disparity
is linked to a high shift in body fluid volume
from the thoracic region during postural
change among female cohorts. Whether these
variations could be as a result of racial
background is unknown.
More so, the higher cardiovascular
response observed in females when
compared to their male counterparts is due to
high sympathetic nerve activity in females.
Therefore, it is plausible to link the difference

DISCUSSION
In this study we observed
cardiovascular parameters during postural
stress and cold pressor test (CPT) intervention
in healthy Nigerians. Most of the
cardiovascular parameters tested were
significantly altered. Our findings
corroborate with a previous study where it
was shown that there was a significant
difference across gender with regards to
hemodynamic changes, heart rate variability
and sympathetic response during postural
9
stress. It is also in consistent with a study that
demonstrated significant increased change in
diastolic blood pressure and heart rate among
female cohorts when compared with male
counterpart during postural stress with a
9
slight increase in magnitude.
Most of the observed hemodynamic
changes and sympathetic responses are due to
the influence of gravity. Host response
mechanisms are activated to regulate the
observed temporary changes. The most
prominent amongst these responses is the
18
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between the males and females'
cardiovascular responses to various stressors
to the rate at which sensory afferent fibers
become sensitive or in central integration and
altered reflex input signals. Sensory signal
leads to sympathetic activation and responses
during change in posture associated with
head-up-tilt and they are initiated in the
cardiac chambers, aortic and carotid
9
structures, and vestibular receptors.
Moreover, detection of alterations in venous
return, which exert control over specific
sympathetic nerve activity, takes place in
afferent neurons residing in the cardiac
chambers and pulmonary structures.17
Our study also demonstrated a reflex
increase in heart rate during postural changes
in females when compared with males which
is in consistent with previous studies.7,18 The
tilt-induced heart rate response demonstrated
by the female cohorts is due to a high vagal
cardiac control at rest and high
parasympathetic withdrawal during postural
7,18
changes. Studies have shown that oxytocin
as a component of the mammalian body has a
capacity to influence the response to various
stressors among humans.19 Acute stressors can
release oxytocin in both sexes which can
influence the activation of sympathetic
20
nervous system. Oxytocin release differs
widely among individuals and the release can
be linked to social and racial history of
cohorts.21 This further support the gender
difference observed in this study.
Furthermore, there was no significant
difference in cardiovascular responses during
CPT even though alterations occurred in the
hemodynamic parameters observed in our
study. Pain intolerance was more pronounced
in females when compared with male cohorts
which is unclear. However, gender responses
in this study may be linked to several factors
such as hormonal changes, pain threshold
mechanism, psychogenic, environmental and
other genetic factors. Studies have shown
pain sensation during hand immersion in cold
water below 40C among cohorts where
females were more intolerable and this
supports our findings.22
Pain sensation can promote increase
in blood pressure in hyperreactors due to
increased heart rate rather than increased

contractility of the heart suggesting that
parasympathetic deactivation may promote
exaggerated cardiovascular responses in
hyperreactors.22 One of the probable factors
for this variation is linked to hormonal
factors. However, Estrogen or Oxytocin in
females has vascular protective benefit
23,24
especially in young females. One of the
limitations of this study was that we do not
know each of the female cohort's phases of
menstruation. In addition, we had a limited
sample size.
In conclusion, our study suggest that
women are more susceptible to postural or
orthostatic stress when compared to their
male counterparts. Further research could
focus on the role of sex hormones in women's
pain perception in relation to social
experiences, reward and motivation.
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