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Abstract

Background/Introduction: The Cold Pressor Test (CPT) is a recognized method for assessing
autonomic function by evaluating cardiovascular responses to cold-induced stress. Understanding
gender-specific variations in autonomic reactivity, particularly changes in blood pressure and pulse
rate, is an important area of physiological research. Aims and Objective: This study aimed to
examine and compare the physiological responses to the cold pressor test between healthy adult
males and females, focusing on systolic and diastolic blood pressure (SBP and DBP), as well as
pulse rate at various time intervals. Materials and Methods: A cross-sectional study was carried
out among 30 healthy individuals (15 males and 15 females) aged 18 to 40 years. SBP, DBP, and
pulse rate were recorded at baseline (pre-test), during the CPT, and post-test at 1 minute and 5
minutes. Data were analysed using descriptive statistics, and comparisons between the sexes were
made using independent t-tests. The results were expressed as mean + standard deviation, and p-
values < 0.05 were considered statistically significant. Results: Male participants exhibited
significantly higher SBP and DBP compared to females at all time points. For example, during the
test, males showed an SBP of 131.87 + 4.53 mmHg versus 113.07 + 5.62 mmHg in females (p <
0.001). Diastolic pressures were similarly elevated (p < 0.001). Pulse rate was also higher in males,
especially during the test (90.27 £+ 3.89 vs. 87.00 £+ 6.59; p = 0.048). Although values declined
toward baseline at 5 minutes post-test, males consistently maintained higher readings. Conclusion:
This study highlights significant gender differences in cardiovascular autonomic responses to the
cold pressor test. Males demonstrated a more pronounced increase in SBP, DBP, and pulse rate,
suggesting greater sympathetic activation in response to cold-induced stress. These findings
underscore the need to consider sex-specific variations when interpreting autonomic function tests
and probability of higher cardiovascular risk in males and lower risk in females due to the role of
female hormones.
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Introduction \
The Cold Pressor Test (CPT) is a recognized method for
assessing  autonomic  function by  evaluating
cardiovascular responses to cold-induced stress.
Understanding gender-specific variations in autonomic
reactivity, particularly changes in blood pressure and
\mllse rate, is an important area of physiological research)
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A cross-sectional study was carried out among 30
healthy individuals (15 males and 15 females) aged 18
to 40 years. SBP, DBP, and pulse rate were recorded at
baseline (pre-test), during the CPT, and post-test at |
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descriptive statistics, and comparisons between the
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Introduction

The cold pressor test (CPT) is a
well-established method for evaluating
sympathetic nervous system reactivity. In
this procedure, an individual immerses a
hand or foot into cold water maintained at
3-5°C for 1-3 minutes while blood
pressure (BP) and heart rate are
continuously recorded [1]. The intense cold
stimulus activates cutaneous afferents and
triggers a reflex increase in sympathetic
outflow, producing a rise in BP that is
independent of baroreflex mechanisms.
Because of this direct sympathetic
activation, the CPT has been widely used in
both clinical and research settings to assess
integrity  and
responsiveness [1].

autonomic vasomotor

In everyday life, individuals are
exposed to multiple physical and
psychological stressors, all of which can
influence  cardiovascular  regulation.
Sympathetic  activation during stress
elevates BP and heart rate, and exaggerated
responses have been repeatedly associated

responses to the cold pressor test. Males demonsts
DBP, and pulse rate, suggesting greater sympathetic activation in response to cold-induced
stress.

[Conclusinns This study highlights significant gender differences in cardiovascular autonomie J

ted a more pr ed increase in SBP,

>
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with a higher risk of developing
hypertension later in life [2]. The CPT
offers a standardized, non-invasive way to
quantify this reactivity, making it a useful
screening tool for identifying normotensive
individuals who may be predisposed to
future cardiovascular disease [3].
Sex-based differences
cardiovascular  physiology are
documented. Variations in endothelial

in
well

function, vascular tone, and autonomic
regulation contribute to the differing
patterns of hypertension and coronary
artery disease observed between men and
women [4]. Estrogen-mediated endothelial
protection has been proposed as an
important factor underlying the lower
incidence of cardiovascular disease in
premenopausal women [5,6]. However, the

extent to which these physiological
differences translate into divergent CPT
responses remains incompletely
understood.

Despite the widespread use of CPT
internationally, there is limited data from
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Indian populations, and even fewer studies
have directly compared male and female
responses using standardized protocols.
Understanding whether sex influences BP
and heart rate reactivity during CPT may
help identify early deviations in autonomic
or vascular function, contributing to more
refined cardiovascular risk prediction.

Therefore, the present study was
undertaken to compare the cardiovascular
responses to the cold pressor test between
healthy young adult males and females, and
to explore whether sex-related differences
in sympathetic reactivity can be identified
through  this  simple, non-invasive
assessment.

Materials and Method of Study

Ethical committee approval was
received Institutional ~ Ethics
Committee — Mandya Institute of Medical
Sciences, Mandya on 29.01.2025, and the
data was collected as mentioned below :

from

Study Participants

Healthy young adults aged 18-35
years were recruited for the study. Eligible
participants were normotensive (resting BP
<140/90 mmHg), nonsmokers, non-alcohol
users, and provided written informed
consent.

Inclusion Criteria

o Age 18-35 years

e Resting BP <140/90 mmHg

e Nonsmokers and non-alcohol
consumers

e Voluntary consent to participate

Exclusion Criteria
Participants with a history of:
e Cardiovascular disease
e Endocrine disorders
e Renal disease
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e Neurological dysfunction

o Hypertension

e Cold intolerance or sweating disorders
were excluded from the study.

Sample Recruitment and
Representativeness

Participants were recruited from attendants
of various departments in the medical
college and from patient attendants in
outpatient areas. Because this sampling was
based on convenience rather than random
selection, the study population may not
fully represent the broader young adult
population. This limitation is
acknowledged, as the findings may not be
generalizable beyond similar institutional
settings.

Sample Size Considerations

A total of 30 participants (15 males
and 15 females) were included. No formal
power analysis was performed before
recruitment.

Pre-Test Preparation
Participants were instructed to:

e Avoid caffeine-containing beverages
and exercise for at least 4 hours prior
to testing

e Consume only a light breakfast on the
day of assessment

All participants rested quietly for 10
minutes before measurements were taken.
The procedure was explained in detail
before initiating the test.

Sociodemographic and Health
Information

Baseline information was obtained
using a
including:

semi-structured questionnaire,
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e Name
o Age
e Sex

e Addictive habits (if any)

o Family history of hypertension
o Past medical or surgical history
e Current medication use

Cold Pressor Test Procedure

Participants immersed their left
hand up to the wrist in ice-cold water
maintained at 3—5°C for 1 minute. Blood
pressure (BP) was measured in the right
arm.

Blood Pressure Measurement

BP was recorded using a calibrated
mercury sphygmomanometer (Elkometer
0983369) with participants in a seated
position.

1. Resting BP:

After 10 minutes of rest, three BP
readings were taken at 5-minute intervals.
The average of these values was considered
the resting BP.

A second BP reading was recorded
immediately after the participant immersed
the hand in cold water.

3. Post-CPT Recovery:

Two additional readings were taken—
one at 1 minute and another at 5 minutes
after hand withdrawal.

Statistical Analysis

The data collected was entered in
Microsoft Excel and analysed using SPSS
trail version 22.0 (Statistical Package for
Social Sciences).

Descriptive statistics
For categorised data (like sex)
For continuous data (like age, Blood

pressure and heart rate)

Inferential statistics

1. Chi? test (to know the association of
HR, SBP with cold pressor test)
2. t test (to know the differential means

like SBP and Cold pressor test)

Statistical significance will be
2. During CPT: considered if p <0.05.
Results
Table 1. Showing participants distribution and mean age of the subjects
Sex Number of Subjects | Mean Age (years) SD of Age
Female 15 27.93 8.37
Male 15 26.40 8.72

1565




National Board of Examinations - Journal of Medical Sciences, Volume 3, Issue 12

A total of 30 subjects participated in the
study, with equal representation of males
and females (15 each). The mean age of the
female participants was 27.93 + 8.37 years,
while that of the male participants was
26.40 + 8.72 years. The close similarity in

mean ages and standard deviations between
the two groups suggests that the study
population was age-matched, thereby
minimizing age-related bias in the analysis
(Tables 1 and 2).

Table 2. Systolic BP recordings in both the genders

Time Point Female (n = 15) (in mmHg) Male (n = 15) (in mmHg)
Pre-Test 107.33 £ 5.53 123.73 +£4.85
During Test 113.07 £5.62 131.87 £4.53
Post-Test 1 Min 110.87 +£5.29 130.00 £4.17
Post-Test 5 Min 108.67 £ 5.15 126.87 + 3.79
At Dbaseline (pre-test), males remained higher than baseline. By 5

exhibited a higher mean systolic blood
pressure (123.73 + 4.85 mmHg) compared
to females (107.33 £ 5.53 mmHg). During
the test, both groups showed an increase in
systolic pressure, with males reaching
131.87 £4.53 mmHg and females 113.07 &
5.62 mmHg. One minute after the test, the
systolic BP declined in both groups but

minutes post-test, near-resting values were
observed in both genders, though males
continued to demonstrate consistently
higher systolic pressures than females at all
time points. This
cardiovascular reactivity among males

compared to females (Table 3).

indicates  greater

Table 3. Pulse rate recordings in both the genders

Time Point Female (n = 15) (in Male (n=15) (in
mmHg) mmHg)

Pre-Test 76.27 + 6.62 77.73 +£3.96

During Test 87.00 + 6.59 90.27 £3.89

Post-Test 1 Min 83.27+5.23 86.67 £2.94

Post-Test 5 Min 76.13 £ 6.51 80.33 £3.81
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At baseline, the mean pulse rate was
comparable between females (76.27 = 6.62
bpm) and males (77.73 + 3.96 bpm). During
the test, a marked rise in pulse rate was
observed in both groups, with males
reaching 90.27 + 3.89 bpm and females
87.00 + 6.59 bpm, indicating sympathetic
activation. At one minute post-test, pulse
rates decreased but remained -elevated

compared to pre-test levels. By five minutes
post-test, pulse rates in females almost
returned to baseline,
maintained slightly higher values than their
initial readings. These findings suggest that
although both genders exhibit autonomic
reactivity, males tend to show a more

whereas males

sustained elevation in pulse rate following
stress (Table 4).

Table 4. Diastolic BP recording in both the genders

Time Point Female (n = 15) (in Male (n = 15) (in mmHg)
mmHg)
Pre-Test 71.00 = 7.17 84.80+4.12
During Test 74.13 £6.52 89.33 +3.51
Post-Test 1 Min 73.20 + 6.08 87.47 +3.31
Post-Test 5 Min 70.87 £5.71 84.13 +3.32
At baseline, males demonstrated a
significantly higher mean diastolic blood Discussion

pressure (84.80 £ 4.12 mmHg) compared to
females (71.00 = 7.17 mmHg). During the
test, both genders showed an elevation in
diastolic pressure, with males reaching
89.33 + 3.51 mmHg and females 74.13 +
6.52 mmHg. At one minute post-test,
diastolic values began to decline but
remained above baseline in both groups. By
five minutes post-test, females returned
nearly to their initial values, while males
maintained  slightly higher pressures
compared to baseline. This trend indicates
that males not only had higher diastolic
pressures at all time points but also
exhibited more  sustained
reactivity following stress.

vascular
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The present cross-sectional study
demonstrated distinct sex-related
differences in cardiovascular reactivity
during the cold pressor test, with males
exhibiting stronger and more persistent
increases in systolic and diastolic blood
pressures compared with females. Although
both sexes showed significant systolic
elevation during the cold exposure, the
magnitude and duration of the pressor
response were markedly greater in males,
indicating a higher degree of sympathetic
activation and vascular reactivity. These
findings align with earlier evidence
showing amplified sympathetic
vasoconstrictor responses in men during
cold- or pain-induced stressors [7,8]. The
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prolonged elevation of diastolic pressure
observed suggests
peripheral vasoconstriction after removal of
the cold stimulus, reflecting delayed
sympathetic ~withdrawal and reduced
endothelial counter-regulation.

Heart rate responses followed a

in men sustained

similar pattern. Both genders demonstrated
a rise in pulse rate during cold stress, yet
males showed slightly higher peak values
and a slower return to resting levels. This
indicates that the reactivation of
parasympathetic tone occurred more
rapidly in females, consistent with their
higher baseline vagal modulation. These
observations are supported by previous
reports indicating that males exhibit a
relatively greater sympathetic—
parasympathetic imbalance during
autonomic challenges [9], and that stress-
induced sympathetic surges tend to be more
exaggerated and persistent men
compared with women [10,11]. Together,
these physiological tendencies create a
profile of heightened cardiovascular
responsiveness in men during acute stress.
The mechanisms underlying these
sex-based differences are deeply rooted in
hormonal regulation and endothelial
physiology. Estrogen plays a central
protective role in females by acting through
ERa, ERp, and G-protein—coupled estrogen
receptors (GPER), which activate PI3K/Akt
signaling enhance eNOS
phosphorylation. This increases nitric oxide
(NO) synthesis and promotes potent
vasodilation, thereby buffering the
vasoconstriction triggered by sympathetic
stimulation [ 12—14]. Estrogen also limits L-
type calcium influx into vascular smooth

in

and

muscle cells, reducing intracellular calcium
availability and preventing excessive
contraction [15]. By decreasing
adrenergic vasoconstrictor sensitivity and

o-
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enhancing B-adrenergic—mediated
vasodilation, estrogen supports a vascular
environment characterized by
resistance and diminished stress reactivity
[16]. These molecular effects explain the
distinctly moderated blood pressure and
heart rate responses observed in female

lower

participants.

Progesterone complements these
actions by antagonizing mineralocorticoid
receptor—mediated retention,
promoting NO release, suppressing
endothelin-1 synthesis, and modulating
vascular ion channels to reduce stiffness

sodium

and sympathetic sensitivity [17,18].
Although progesterone can transiently
elevate  sympathetic  tone  through

thermogenic modulation of hypothalamic
centers, aggregate impact remains
predominantly vasodilatory and partially
sympathoinhibitory, especially during the
luteal phase [19]. Consequently, female
participants benefit from dual-hormonal
protection against

its

excessive
vasoconstriction during cold stress.

In contrast, testosterone-driven
androgen receptor activation predisposes
males to heightened stress reactivity.
Testosterone increases peripheral
sympathetic nerve activity, enhances ao-
adrenergic receptor
renin—angiotensin

responsiveness,
augments system
signaling, and reduces baroreflex gain—all
of which intensify vasoconstriction during
noxious stimuli [20-22]. These actions
create a physiological milieu in which
vascular tone amplifies rapidly during
sympathetic activation. Our findings are
consistent with these hormonal influences,
as males consistently exhibited stronger and
more sustained pressor responses.

Beyond hormonal effects, intrinsic
vascular and neural differences between
sexes further reinforce the stronger male
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response. Men generally exhibit greater
baseline arterial stiffness, reduced nitric
oxide bioavailability, and higher total
peripheral resistance, which magnify blood
pressure increase during sympathetic
activation [23,24]. Studies also show higher
sympathetic nerve firing rates and greater
catecholamine surges in men when exposed
to cold or pain stimuli [25], closely
matching the exaggerated responses
observed in our male participants.

Our results also correspond closely
with findings from studies such as those by
Jones et al. [32], who demonstrated
significantly greater increases in muscle
sympathetic nerve activity in males during
cold pressor testing. Their work confirms a
mechanistic basis for the heightened male
pressor response: greater sympathetic
and sympathetic
withdrawal. Similarly, Usselman et al. [33]
reported that females exhibit stronger
cardiac vagal reactivation following stress,
allowing faster normalization of heart rate

outflow slower

and blood pressure—precisely reflected in
our observation of quicker recovery
patterns among women. In another study,
Hart et al. [34] found that the cold pressor
test elicits higher total peripheral resistance
in males compared with females due to sex
differences adrenergic  receptor
sensitivity. Their conclusions reinforce the

in

physiological explanation that men rely
more heavily on vasoconstrictor pathways
during autonomic challenges, contributing
to the larger and more persistent blood
pressure elevations observed in the present
study.

Central autonomic regulation also
contributes significantly to these sex
differences. Females often possess stronger
vagal modulation, enhanced baroreceptor
sensitivity, and more effective
cardiovascular buffering during acute stress
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exposure [26]. These features facilitate
early parasympathetic reactivation and
of
parameters. In contrast, males tend to
exhibit lower vagal tone and greater
reliance on sympathetic efferent pathways,
resulting an overall pattern of
exaggerated reactivity delayed
recovery [27]. These central autonomic
differences provide a cohesive explanation
for the divergent blood pressure and pulse
rate trajectories documented in our sample.

Taken together, the combined
influence of endothelial signaling, sex
hormone receptor adrenergic

faster stabilization cardiovascular

in
and

activity,
responsiveness, neurohumoral regulation,
and autonomic balance renders males more
prone to intense cardiovascular responses
during cold pressor Estrogen-
mediated nitric oxide release and reduced
vasoconstrictor sensitivity offer females
substantial protection from
autonomic surges, whereas testosterone-
associated sympathetic stimulation and

stress.

excessive

vascular stiffness predispose males to
stronger and more prolonged stress
responses. These findings are in agreement
with earlier studies documenting sex-
specific cardiovascular reactivity patterns
during sympathetic provocation [28], and
the additional research incorporated here
further reinforces the consistency of these
physiological differences across multiple
populations.

Clinical Implications

The sex-related differences
observed in this study carry important
clinical implications. A heightened pressor
response to the cold pressor test has been
associated with future development of
hypertension, endothelial dysfunction, and
increased cardiovascular risk. Because
males demonstrated a consistently larger
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and more persistent rise in blood pressure
during cold stress, young men may
represent a subgroup with greater
susceptibility to early
dysregulation and later-life hypertension.
Identifying such exaggerated sympathetic

vascular

reactivity at a young age could allow earlier
lifestyle counselling, targeted
reduction strategies, and closer monitoring
in routine clinical practice.

In females, the blunted and faster-
cardiovascular response
suggests  greater resilience
during reproductive years, largely driven by
estrogen-mediated endothelial protection.

stress-

recovering
autonomic

However, the decline in estrogen after
menopause this advantage,
potentially shifting women toward a more
“male-like” hemodynamic profile.
Understanding these sex-specific
trajectories may help clinicians interpret
stress tests differently in men and women,
anticipate blood pressure patterns across the
lifespan, and tailor preventive strategies

eliminates

accordingly.

Furthermore, the CPT may serve as
a simple adjunct tool in assessing
autonomic balance and vascular reactivity
in normotensive individuals, particularly
those with a family history of hypertension
or early vascular disease. Incorporating
knowledge of sex differences can refine risk
stratification models, improve diagnostic
accuracy, and inform individualized
approaches to cardiovascular prevention
and stress management.

Conclusion

The findings of this study highlight
distinct gender differences in
cardiovascular reactivity to stress. Males
consistently demonstrated higher baseline
systolic and diastolic blood pressures

compared to females, and their responses
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during and after the stress test showed a
more pronounced and sustained elevation.
Pulse rate recordings also revealed that
while both genders exhibited sympathetic
activation during stress, males showed a
comparatively greater rise with a delayed
return to baseline, suggesting prolonged
These observations
have heightened
sympathetic activity and vascular reactivity,
whereas females display faster recovery,
possibly due to the modulatory effects of
estrogen, progesterone and other protective

mechanisms.
Such gender-related variations in

autonomic arousal.

indicate that males

autonomic function have important clinical
implications. Understanding these
differences may contribute to better
prediction of cardiovascular risk and more
individualized preventive strategies.

Limitations

While the findings are consistent
with existing literature, several limitations
must be acknowledged:

Small Sample Size

Each group consisted of only 15
participants. This limited sample reduces
statistical power and restricts the ability to
generalize the findings to the broader
population. Larger cohorts may reveal
subtler sex-related differences or identify

interacting  variables that were not
detectable in this study.
Menstrual Cycle Not Controlled

Female participants were not

screened or grouped based on menstrual
cycle phase. Fluctuations in oestrogen and

progesterone across the cycle can
significantly alter vascular tone, endothelial
NO activity, and sympathetic

responsiveness. The absence of cycle-phase
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control may have attenuated or exaggerated
the observed female responses.
Potential Confounders

Several  variables not
controlled for and may have influenced

were
cardiovascular reactivity:

o Time of day: Autonomic tone and
vascular responsiveness vary diurnally.

o Dietary factors: Salt intake, hydration
status, and recent meals may affect
sympathetic activity.

o Medication use: Although major drug
use was screened, minor or over-the-
counter agents could alter autonomic
responses.

o Physical activity before testing:
Variations in activity levels earlier the
same day might modify
autonomic tone.

These factors should be controlled or
documented in future studies.

baseline

Future Research

In future studies, we can do
modifications like expanding the sample
size to improve statistical power and
enhance the reliability of sex-related
comparisons. We can also control for
menstrual cycle phase or include hormonal
measurements to more precisely evaluate
the influence of estrogen and progesterone
on cardiovascular reactivity in female
participants. Additional modifications may
include incorporating detailed hormonal
profiling in both sexes, examining different

age groups such as adolescents,
postmenopausal women, and older adults,
and studying individuals with

prehypertension or metabolic conditions to
understand how cold pressor responses vary
across populations. We can also extend the
design to longitudinal follow-up, allowing
us to determine whether exaggerated cold
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pressor responses later
development of

cardiovascular disease.

truly predict

hypertension or
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