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ABSTRACT 

The cold pressor test examines the cardio-vascular reactivity during certain physiological states - rest, 

stress and recovery. Currently it is a widespread tool for laboratory induced stress in an experimental 

setting amongst various fields of science. PURPOSE: To systemize the fields of application of the cold 

pressor test in an attempt to outline the possibilities to analyze cardio-vascular reactivity in connection 

to symptoms of depression, anxiety and stress. RESULTS: Unlike similar experiments (e.g. mental 

arithmetic test), which actively involve the behavior and motivation of the participants, the cold pressor 

test is a physical stressor that passively involves the participant. Cardiovascular response (BP, heart 

rate, aortic pulse wave velocity) to cold pressor test is measured with applanation tonometry - a novel, 

simple, easy-to-use method. In CONCLUSION, the combination of the cold pressor test with speech 

task and mental arithmetic test would contribute to the adequate tracking and comparison of vascular 

and myocardial reactivity during the assessment of psychological symptoms (depression, anxiety, and 

stress). All of this would facilitate the involvement of the individuals with clinical or sub-clinical 

symptoms of depression and anxiety in experimental studies and would further help in a more precise 

assessment of the cardiovascular risk amongst them. 

  

        Key words: Cardiovascular reactivity, applanation tonometry, cardiovascular risk, stressor 

 

 

INTRODUCTION 

Stress is considered as an adaptive reaction to 

variety of different harmful stimuli or 

situations. The stress reaction is based on a 

complicated sudden change in the organism’s 

physiological and psychological functioning 

(1). On a physiological level, the organism 

distributes its resources in order to quickly 

execute preventing actions at the cost of a 

longer regenerative period. Acute stress 

incorporates an endocrinal response (2) and 

induces a sympathetic response (3), thus 

leading to a change in somatic motor 

behaviour and psychological adjustments. 
 

The cold pressor test (CPT) is a procedure in 

which the wrist of the hand (typically the 

dominant one) is put in ice-cold water for a 

period of 2-3 minutes. It was described for the 

first time by Hines and Brown (4). They 
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introduced a procedure, beginning with a 

resting period, in which time a series of 

measurements of the blood pressure are taken. 

This is followed by the main cold pressor test 

and a final recovery period. These latter two 

are accompanied by blood pressure 

measurements as well. This method of testing 

the responsiveness during rest, stress and 

recovery is still applied as a basic procedure 

for stress investigation. Although the initial 

intent of the authors was to create a systemized 

way of experimentally raising the blood 

pressure in hypertension studies, the CPT has 

been transformed into a widespread tool for 

laboratory induced stress under experimental 

settings amongst various fields of science.   
 

The typical cardiovascular cold pressor effect 

consists of systolic and/or diastolic BP raise by 

10-20 mmHg combined with increased heart 

rate (5). The pressor response is characterized 

by an increased cardiac output in the initial 

period (0-30 s) (6), followed by increased 

sympathetic muscle tone (30-120 s). Although 
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there is a fair fluctuation of the results for the 

heart rate, most authors describe a similar 

cardiovascular response (7, 8).  The 

interpretation of the CP effect is widely 

researched but most studies reach the 

conclusion that it involves primary neurogenic 

reflexes with triggering activity of the 

peripheral autonomic structures, leading to 

activation of the spinal cord, thalamus, sensory 

cortex and autonomic nervous system (9). 
 

Thermo and nociceptors, located throughout 

the skin, are the entry gate of the stimulation 

caused by CPT exposure. Entering the dorsal 

roots of the spinal cord, the nerve fibers cross 

contralateral to form the spinolateral tract 

which travels to the thalamus and sends 

collaterals to the reticular formation. As the 

collaterals reach the medulla a reflexive 

sympathetic discharge towards the heart and 

the vessels is sent as a result from rostral 

ventrolateral medullary pressor area 

stimulation (10, 11). The cortical and 

subcortical structures may also be affected by 

the CPT stimulation and further modulate the 

neuroendocrine response resulting in a 

complex multi-level physiological and 

psychological stress response (9, 12, 3). 
 

As mentioned above, the most notable changes 

in cardiovascular parameters in response to the 

CPT consist of the rise in blood pressure 

through peripheral vasoconstriction and to a 

lesser extent cardiac output during which an 

increase in both vascular alpha-adrenergic and 

cardiac beta-adrenergic drive is observed (9, 

6). Nevertheless, CPT provokes an increase in 

multiple markers of sympathetic nervous 

system activity as skin conductance level (13), 

plasma catecholamines (14, 15), muscle 

sympathetic nerve activity (6) salivary alpha-

amylase (sAA) (16). Additionally, the HPA 

axis is reported to be activated, as McRae et al. 

(17) found elevated plasma ACTH 

concentration after CPT exposition. Cortisol 

concentrations in saliva samples are shown to 

be elevated about 15 minutes after the CPT 

(18; 19). Participants experience the CPT as 

painful and demonstrate increased levels of 

perceived stress and arousal during and 

immediately after the experiment, which 

demonstrates changes on the subjective level 

as well (18, 20). 
 

THE COLD PRESSOR TEST IN 

PSYCHOPHYSIOLOGICAL RESEARCH 

Originally, the CPT was intended as an 

experiment of increasing the blood pressure 

under laboratory settings in studies on etiology 

of hypertension. However, in the recent 

decades it has been adapted to a wide range of 

psychophysiological studies. Despite the lack 

of consensus on the results (21), 

hyperreactivity in blood pressure responses to 

CPT (higher than 20 mmHg) has been reported 

as an early predictor of the development and 

severity of essential hypertension (22). 
 

The sympathetic integrity and the normal 

cardiovascular functioning among both healthy 

and clinical populations have also been 

investigated with the help of the CPT in studies 

of the severity of autonomic dysfunction in 

diabetes mellitus and spinal cord injury (23). 

More studies introduce the CPT as a pain 

inducing method which helps evaluate the 

analgesic effect of pharmacological and 

psychological treatments (24). 
 

Both cortisol and catecholamines are of major 

interest for psychophysiological stress 

research. As the CPT causes elevated levels of 

these hormones, it has been employed as a 

convenient laboratory stressor. CPT has been 

proven to alter a various amount of 

psychophysiological phenomena like 

autonomic startle responses (25) as well as the 

cardiac modulation of the startle response (26). 

Behavioral and electrophysiological indices 

demonstrate how CPT impairs the top-down 

control of attention (27). In addition, stress 

effects on memory processes have also been 

studied using CPT. It has been proved to 

impair retrieval processes while enhancing 

consolidation of diverse classes of stimuli (19). 
 

ADVANTAGES OF THE COLD PRESSOR 

TEST 

The CPT is a fairly simple experiment yet 

widely used across diverse fields of study. The 

variety of different outcome variables ranging 

from plasma and salivary concentrations of 

(neuro-hormones (15, 16) over 

electrophysiological parameters (6, 13) to 

subjective reports (18, 20) demonstrate the 

test’s wide range of advantages. Interindividual 

differences that influence the CPT reactions 

are also widely investigated in different studies 

(22, 28). 
 

The information and research on CPT is so 

comprehensive that the researchers could 

predict the outcomes and take into 

considerations all the different factors. The 
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little time needed for preparation and 

application makes it an economic laboratory 

stress inducer and allows for an accurate 

timing of the experiment. Moreover, CPT is a 

passive task which does not cause any 

cognitive load on the subjects, unlike the active 

tasks (e.g. mental arithmetic, public speaking 

task) and thus helps to reduce conflicts with 

other experimental measures. 
 

BLOOD PRESSURE REACTIVITY AND 

HYPERTENSION - NORMOREACTORS 

AND HYPERREACTORS  

Vascular reactivity to the CPT is measured by 

the difference between peak and basal blood 

pressure. Subjects are classified according to 

their response to the cold pressor test. 

Individuals with an increase in blood pressure 

of at least 25 mmHg systolic or 20 mmHg 

diastolic are classified as hyper-reactors 

whereas the normoreactors are subjects with an 

increase less than that (29, 30). 
 

Menkes and coauthors found a significant 

independent association between blood 

pressure reactivity to the CPT and incidence of 

subsequent hypertension (30). 2 other 

prospective studies achieved similar results. 

Subjects classified as hyper-reactors to the 

CPT at either of the two time periods were 

found to be at a 3,7-fold risk of hypertension, 

according to Wood et al (29) who followed 

47% of a study cohort of 300 school students 

for 45 years. Barnett and associates found a 

10% (4/40) incidence of hypertension among 

hyper-reactors at the first time of the 

experiment, but no hypertension among 

normoreactors. 
 

Other prospective studies have not found a 

significant association between cardiovascular 

cold pressor reactivity and subsequent 

hypertension. For example, an 18-year follow-

up study of a cohort of aviators, a group that is 

healthy and physically fit, with expected lower 

overall heart rate and blood pressure. A 

possible explanation as to why it didn’t find a 

significant correlation was that by the end of 

the 18-year follow up the mean age of the 

group was 41 years, an age considered to be 

too early for the development of hypertension. 

The prevalence of hypertension dramatically 

increases with age. Thus, an assumption is 

made that the assessment of the end point 

should not be made until the targeted 

population reaches a mean age of 45-50 years. 

That is when a precise and comprehensive 

conclusion can be made. 
 

It is important to note that the CPT differs 

from experiments which require active coping 

by the hemodynamic mechanisms it provokes. 

CPT is associated with elevated levels of 

norepinephrine and higher blood pressure 

response compared to the mental arithmetic 

test which elicits higher levels of plasma 

epinephrine associated with elevated heart rate 

(31). Norepinephrine levels are found to be 

more strongly correlated with blood pressure 

levels than with heart rates. Tasks like the 

mental arithmetic test, shock avoidance, or 

other situational demands that require "active 

coping" and trigger affective behaviors are 

speculated to be predictive for hypertension. 

Ditto, 1986 suggests that subjects with a family 

history of hypertension indeed tend to express 

higher cardiovascular responsiveness. 
 

However, most studies fail to clarify why 

episodic cardiovascular hyperresponsiveness is 

related to risk for hypertension. It might be, in 

fact, one of the mechanisms underlying 

essential hypertension, should it represent a 

central defect in the autonomic nervous 

system, or indicate changes in arterial 

compliance.  
 

A recent study (32) suggested that the CPT 

provoked a greater sodium efflux in leukocytes 

of subjects with a family history of 

hypertension compared to those with a 

negative history. In addition to this intriguing 

observation, other researchers have concluded 

that there are sodium-lithium transport 

abnormalities in blood cell membranes in 

patients with essential hypertension. This leads 

to the proposal (40-41) that pressor 

hyperactivity is a manifestation of a 

widespread basic membrane transport disorder 

disrupting cellular cation homeostasis. 
 

The Menkes and associates study (30) suggests 

that elevated blood pressure reactivity, 

especially systolic BP, could prove as an 

independent predictor of early hypertension. 

That is how CPT could potentially be helpful 

in identifying a group of individuals with this 

physiological abnormality and warrant 

preventive actions among these individuals. 
 

APPLANATION TONOMETRY 

Pulse Wave Velocity (PWV) is a measure of 

arterial elasticity, or the rate at which pressure 

waves move down the vessels. This is why 
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PWV is a reliable predictor of the development 

of cardiovascular diseases. Applanation 

tonometry is a novel method of measuring 

PWV which is simple, easy-to-use and 

photoplethysmography-based Multi 

Photodiode Array (MPA) which could prove to 

provide measurements that are just as accurate 

as the ones made with more complicated and 

harder-to-use systems. 
 

The cardiovascular responses (BP, heart rate, 

aortic pulse wave velocity) to CPT can be 

recorded by using the applanation tonometry. 

The pulse wave velocity (PWV) measurements 

are performed using a SphygmoCor apparatus 

(SphygmoCor system, AtCor Medical, Sydney, 

Australia) after  a 10-min rest (supine position) 

(33). To minimize the effect of the circadian 

cycle, measurements are taken at 

approximately the same time in the morning on 

an empty stomach after instructions to refrain 

from any beverages of caffeine, ethanol and 

smoking at least 12 hours prior to the estimates 

(34).  
 

PWV is registered between the carotid and 

femoral artery in the supine position. The 

SphygmoCor probe over the carotid and 

femoral artery is used for non-invasive pulse 

measurements (35). The values of the distance 

from the carotid to femoral artery, measured 

directly between artery location and the supra-

sternal notch are entered into the SphygmoCor 

software database. PWV was automatically 

calculated using AtCor software 
 

DEPRESSION, ANXIETY, STRESS AND 

CARDIOVASCULAR DISEASE 

The mechanisms connecting depression, 

anxiety, and cardiovascular disease (CVD) are 

complex and are yet to be fully understood. A 

possible explanation linking psychological 

factors (depression and anxiety) to CVD and 

cardiovascular mortality is cardiovascular 

reactivity. A meta-analysis of 11 studies 

conducted from 1887 to 2001 supports the 

hypothesis that exaggerated responses to stress 

were associated with depression (36). They 

find a small to moderate positive correlation 

between cardiovascular reactivity and 

depressive symptoms. On the other hand, these 

results didn’t reach the criteria for statistical 

significance. Recent studies that support the 

same hypothesis report that there may be a 

weak, positive relationship between depression 

and anxiety symptoms and cardiovascular 

reactivity. Pointer et al. (37) studied a 

population of 50 healthy adults and found that 

state anxiety was positively associated with 

blood pressure (BP) responses to cold pressor 

and anger recall. In another study of 60 healthy 

young women who completed a speech task, 

depressive symptoms were positively 

associated with BP, heart rate (HR), and 

cardiac output (CO) responses (38). 
 

Other studies report no difference in 

cardiovascular reactivity between depressed 

and non-depressed subjects. In a study of the 

cardiovascular reactions to the Tier Social 

Stress Test Taylor et al. examined 59 older 

depressed patients and 20 non-depressed 

subjects matched for age and cardiovascular 

risk. The results pointed out that there are no 

significant differences in blood pressure 

reactivity between depressed and non-

depressed individuals (39). The small sample 

size and lack of technical equipment though, 

might be the reason for such results. Studies of 

similar size, however, have detected significant 

positive correlations. 
 

On the other hand, many studies have found 

that anxiety and depressive symptoms are 

negatively associated with cardiovascular 

reactivity. The largest study to date (carol et 

al.), which involved 1608 adults with 

depressive symptoms, concluded that 

depression scores were negatively associated 

with systolic blood pressure (SBP) and HR 

reactions to the Paced Auditory Serial 

Arithmetic Test (PASAT) (40). Trait anxiety 

was reported to be negatively correlated to 

cardiovascular reactivity in a study amongst 

832 healthy participants, which compared 

those with higher levels of trait anxiety to 

participants with low levels of anxiety (41). 

The hypothesis that anxiety and depression is 

related to a blunted physiological reactivity is 

supported by a number of studies including a 

meta-analysis by Chida & Hamer of studies 

from 1950 to 2008 (42). All things said, it is 

clear that more recent studies conducted 

among larger populations tend to claim the 

presence of negative relationships of 

symptoms of anxiety and depression with 

cardiovascular reactivity. 
 

Another detail to take into consideration is the 

fact that most studies examined cardiovascular 

responses only to a single task. To date, there 

are two studies that put healthy participants 

through both an active and passive coping task 

(43). Pointer et al. investigated BP responses to 
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both active and passive coping tasks (anger 

recall and cold pressor) in 50 adults and 

reported a positive correlation between state 

anxiety and BP responses to both active and 

passive coping tasks (anger recall and cold 

pressor test). However, another study 

conducted by Schwerdtfeger & Rosenkaimer 

found negative association between depressive 

symptoms and BP responses to an active 

coping task (public speaking), yet no 

association was found with BP responses to a 

passive coping task (cold pressor test) (44). A 

possible explanation of the contradicting 

results is the small sample size as well as the 

exclusion of participants in the process of the 

examination. 

 
Table 1. Studies of the cold pressor test and cardiac autonomic responses 

Subject of Study Authors Correlations 
Number of 

participants 

Cardio-vascular 

responsiveness and 

hypertension 

Lambert, E. A., and Schlaich, M. P., 2004 ↑ 32 

Flaa, A., Eide, I. K., Kjeldsen, S. E., & 

Rostrup, M., 2008 
↑ 99 

Previnaire, J. G., Soler, J. M., Leclercq, V., 

and Denys, P., 2012 
↔ 45 

Wood, D. L., Sheps, S. G., Elveback, L. R., 

and Schirger, A., 1984 
↑ 142 

Menkes, M. S., Matthews, K. A., Krantz, D. 

S., Lundberg, U., Mead, L. A., Qaqish, B., ... 

and Pearson, T. A., 1989 
↔ 910 

Cardio-vascular 

responsiveness, 

depression and anxiety 

Kurtz, M. M., & Mueser, K. T., 2008 ↑ 

 
1599 

Pointer, M. A., Yancey, S., Abou-Chacra, 

R., Petrusi, P., Waters, S. J., and 

McClelland, M. K., 2012 

↑ 179 

Salomon, K., Clift, A., Karlsdóttir, M., and 

Rottenberg, J., 2009 ↑ 50 

Young, E. A., Nesse, R. M., Weder, A., and 

Julius, S., 1998 
↓ 832 

Yuenyongchaiwat, K., Baker, I. S., and 

Sheffield, D., 2017 
↓ 104 

Buckman, J. F., Vaschillo, B., Vaschillo, E. 

G., Epstein, E. E., Nguyen-Louie, T. T., 

Lesnewich, L. M., ... and Bates, M. E., 2019 
↑ 92 

 
Recent studies point out a possibility that 

cardiovascular reactivity may be related to 

negative health outcomes and behaviors (45) 

Motivation is thought to be a possible 

mechanism. Specifically, the lower 

cardiovascular reactivity may be a 

physiological marker of motivational 

dysregulation, which is a basic symptom in 

patients with anxiety and depression (46). 

(Table 1) Patients with lower cardiovascular 

reactivity are reported to display increased 

scores of anxiety and depression.8 Moreover, 

Salomon et al. found that participants with 

major depression rated speech and mirror-

tracing tasks as more demanding, threatening, 

and stressful than participants without major 

depression These subjective ratings, of course,  

alone couldn’t explain the relationship between 

the lower cardiovascular reactivity and 

depression. As in the above-mentioned studies, 

these two subjected participants only to an 

active coping task as well.  
 

CONCLUSIONS 

The mechanisms underlying the cardiovascular 

response to active and passive coping tasks 

differ from each other. Active coping tasks 

involve beta-adrenergic nerve fibers which 

increase BP via central mechanism through 

increases in catecholamines, HR, systolic 

blood pressure, stroke volume, and cardiac 

output. Passive coping tasks, on the other hand, 

are thought to cause changes in diastolic BP 

and total peripheral resistance by 

vasoconstriction, mediated by alpha-adrenergic 

receptor stimulation. That being said, active 
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coping tasks express myocardial reactivity 

patterns (by beta-adrenergic stimulation) 

whereas passive coping tasks are connected to 

vascular reactivity patterns.  

In conclusion, the combination of the cold 

pressor test with speech task and mental 

arithmetic test would contribute to the 

adequate tracking and comparison of vascular 

and myocardial reactivity during the 

assessment of psychological symptoms 

(depression, anxiety, and stress). The method 

of applanation tonometry would make such a 

research more accurate, as well as simpler in 

turn of realization and experimental setup. All 

of this would facilitate the involvement of the 

individuals with clinical or sub-clinical 

symptoms of depression and anxiety in 

experimental studies and would further help in 

a more precise assessment of the 

cardiovascular risk amongst them. 
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