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Abstract
Sleep quality and stress have been linked to a number of diseases such as cardiovascular problems ,the aim of the study is to
investigate the various effects of CPT on cardiovascular responses in healthy young subjects. The sample consisted of 56
healthy individuals aged between 21 and 26 years. The Cardiovascular responses to CPT were recorded by using the
applanation tonometry. Data collection tools included the Medical Outcomes Study Sleep Scale and the State-Trait Anxiety
Inventory. According to the results, Hyperreactors showed a significantly higher increase in sleep disturbances and anxiety
when compared to the normoreaktors. The CPT used to diagnose cardiovascular reactivity in young individuals and the
assessment of perceived stress can help identify candidates for a future risk of hypertonic disease.
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1. Introduction
More than 80 years ago Hines & Brown (1936) suggested that vascular hyperreactivity,
manifested by cold pressor test was a potential predictor of hypertension (Wood, Sheps, Elveback, &
Schirger, 1984). Menkes et al, (1989) note that cardiovascular reactivity to stress has been
hypothesized to be a marker for subsequent neurogenic hypertension. Many investigators indicate
that the intensity of cold and pain stress is involved in the blood pressure response to cold pressor test
(Moriyama & Ifuku, 2010; Kregel, Seals, & Callister, 1992). The typical cardiovascular cold pressor
effect consists of systolic and/or diastolic BP raise by 10-20 mmHg combined with increased heart rate
(Simoes et al., 2013). The pressor response is characterized by an increased cardiac output in the
initial period (0-30s) (Yamamoto et al, 1992), followed by an increased sympathetic muscle tone (30120 s). Although there is a fair fluctuation of the results for the heart rate, most authors describe a
similar cardiovascular response (Willemsen et al., 1998; Ring et al., 2000). 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 (Lovallo, 1975).
Cardiovascular reactivity, especially blood pressure (BP), changes during the cold pressor test
(CPT) depending on various factors. The pressor response by CPT is induced by enhanced sympathetic
nerve activity and by increased cardiac output during the initial period (Yamamoto, Iwase, & Mano,
1992; Ifuku, 2015). Undoubtedly, psychological stress is one of the most important factors (SanchezGonzalez, May, Brown, Koutnik, & Fincham, 2013; Cuevas, Williams, & Albert, 2017). Participants
experience the CPT as painful and demonstrate increased levels of perceived stress and arousal during
and imedaiately after the experiment, which demonstrates changes on the subjective level as well
(al'Absi et al., 2002; Zoladz et al., 2014).
Stress is regarded to be an adaptive reaction to an adverse stimulus or situation. The stress
response is a multi-level, complex shift in the organism’s physiological and psychological functioning
(Del Giudice, 2010). The physiological stress response allocates bodily resources to facilitate quick,
evasive actions at the expense of more long term, regenerative functions. Acute stress involves an
endocrinal response (de Kloet, 2003) and activation of the sympathetic nervous system (UlrichLai,2009), and influences somatic motor behavior and psychological adjustments.
Sleep duration and sleep complaints can have predictive power relative to cardiometabolic
health outcomes (Grandner, Jackson, Pak & Gehrman, 2011). The most of authors consider that pulse
wave velocity (PWV) is the precidest way to evaluate, non-invasively, arterial stiffness. As authors
concludes high PWV values are associated with increased arterial stiffness and increased risk for
cardiovascular disease (Doupis, Papanas, Cohen, McFarlan & Horton, 2016). However, the subjective
sleep duration variably associated with arterial stiffness, differing from studies, and the evidence of
the relationship between sleep duration and cardiovascular risks for women was weaker and less
conclusive than men (Aziz, et al., 2017).
1.1.Purpose of study
Sleep adequacy and quality are important issues in the process of maintaining optimal health
and well-being (Mullan, 2014). Stress and sleep are in significant correlation. Many psychological and
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social factors as emotional stress, anxiety, depressive mood, financial hardship, smoking, alcohol
consumption affect the sleep. (Nunes da Silva, Martins, Waquim, & Lopes, 2012). Sleep quality has
been linked to a number of diseases such as cardiovascular problems. (Kashani, Eliasson, & Vernalis,
2012). The relationship between sleep duration and sleep quality with arterial stiffness is also shown
(Tsai, Wu, Yang, Huang & Chang, 2014). Pulse wave velocity (PWV) is now scientifically proven to be
the most accurate way to assess non-invasive arterial stiffness. (Doupis, et al., 2016). The aim of the
study is to investigate the various stress related effects of CPT on cardiovascular responses in healthy
young subjects.
2. Methods and Materials
2.1.Participants and procedure
Fifty-six healthy individuals aged between 21 and 26 years have been investigated.
Participants had been non-smokers for at least 6 months prior to the investigation. The participants
were non-hypertensive individuals (exclusion criteria for this group were: BP >140/90 mmHg). People,
taking antihypertensive medications or other medications known to affect blood pressure (e.g., βblockers, thyroid, hormones, or steroids) were excluded from the study. Participants with known
cardiac conditions (e.g., heart failure, coronary artery disease, myocardial infarction), known vascular
conditions (e.g., peripheral vascular diseases), and those who were currently taking medications for a
psychiatric disorder (e.g., schizophrenia or major depressive disorder) that may affect psychological
measures were also excluded. The study was conducted in Stara Zagora during the period: February June 2019. Before the CPT, participants completed a questionnaire, containing information on sociodemographic data and psychological scales. Before entering the study, all participants provided
written informed consent conducted according to the principles of the declaration of Helsinki (World
Medical Association, 2001).
After introduction to the study and collection of demographic data (age, gender, education,
marital status, and occupation), smoking status and body weight, all the individuals were subjected to
instrumental measurement of the condition of the arterial walls using applanation tonometry and
blood pressure measurement. These operations were done by a qualified physician, with the help of a
few medical students. To reduce the effect of the circadian cycle the participants were assessed at
approximately the same time during the morning (Papaioannou et al., 2013). The instrumental
measurements were performed on an empty stomach after instructions to refrain from any beverages
of caffeine, ethanol and smoking at least 12 hours prior to the estimates. The measurement of arterial
blood pressure (BP) was preceded by a record of medical history and family history. A self-assessment
questionnaire, measuring anxiety and sleep disturbances and conducted by a qualified psychologist,
was handed out to the subjects after that.
2.1.1. CPT
All the participants underwent the cold pressor test according to Hines & Brown (1936). The
right hand was immersed up to the wrist in ice-chilled water (4° ± 0.5°C) for 2 min.
Immediately before and after the period of ice-water immersion, the cardiovascular
responses (BP, heart rate, aortic pulse wave velocity) to CPT were recorded by using the applanation
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tonometry. The difference between peak and basal blood pressures determined the level of vascular
reactivity. Subjects were then classified according to their response to the cold pressor test. Subjects
who responded to the cold pressor test with an increase in blood pressure of at least 25 mm Hg
systolic or 20 mm Hg diastolic were designated as hyprreactors; subjects with an increase less than
that were designated as normoreactors. (Wood et al, 1984, Menkes et al, 1989).
2.1.2. Applanation tonometry
Arterial stiffness was evaluated with the tonometric method (PulsePen, DiaTecne, Milan, Italy)
(Salvi et al., 2004). This method provides estimates of pulse wave velocity (PWV) and in which central
systolic blood pressure (SBPcentr), central pulse pressure (PPcentr) and pulse pressure amplification
(PPAmp) can be calculated.
The PWV measurements in duplicate were performed using a SphygmoCor apparatus
(SphygmoCor system, AtCor Medical, Sydney, Australia) after a 10-min rest (supine position) (Laurent
et al., 2006; Townsend, et al., 2015). To reduce the effect of the circadian cycle the participants were
assessed at approximately the same time during the morning (Papaioannou et al., 2013).
Measurements were performed on an empty stomach after instructions to refrain from any beverages
of caffeine, ethanol and smoking at least 12 hours prior to the estimates. The measurement of arterial
blood pressure (BP) was preceded by a record of medical history and family history. PWV was
registered between the carotid and femoral artery in the supine position. The SphygmoCor probe
over the carotid and femoral artery was used for non-invasive pulse measurements. Simultaneously
was performed ECG record (Qureshi, Blaha, Nasir & Al-Mallah, 2013). The values of the distance from
the carotid to femoral artery, measured directly between artery location and the supra-sternal notch
were entered into the SphygmoCor software database. PWV was automatically calculated using AtCor
software.
2.2.Data collection instrument
The research made use of Psychological questionnaires in the collection of data.
2.2.1. Medical Outcomes Study Sleep Scale – MOS-SS (Stewart, & Ware, 1992)
Medical Outcomes Study Sleep Scale includes 12 items assessing sleep disturbance, sleep
adequacy, somnolence, quantity of sleep, snoring, and awakening with shortness of breath or with a
headache. A sleep problem indexes grouping items from each of the former domains.
2.2.2. The State-Trait Anxiety Inventory
Anxiety was measured by the Spielberger State-Trait Anxiety Inventory (STAI). The 40 item 4point Likert scale was developed to measure anxiety in adults. The first subscale measures state
anxiety, and the second subscales measures trait anxiety (Spielberger, Gorsuch, Lushene, Vagg &
Jacobs, 1983). Total scores obtained from the subscales range from 20 to 80 with higher scores
indicating greater anxiety. In this study, the internal consistency of the STAI was very good; Cronbach’s
α was .89 for state anxiety and .87 for trait anxiety).
2.3.Statistical analyses
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Statistical Package for the Social Sciences (SPSS) version 20.0 (IBM SPSS Corp.) was used for
study statistical analyses. The significance was evaluated at the level of p < 0.05. Stratified percentages
were used for descriptive statistics. Pearson correlation analysis was used to assess the relationship
between study variables. An independent T-test was calculated to examine whether the groups of
normoreactors and hyperreactors differs by systolic blood pressure (SBP), diastolic blood pressure
(DBP), state anxiety and sleep disturbances and arterial stiffness. To examine the internal consistency
and test-retest reliability of the used scales, Cronbach’s alpha was examined.
3. Results and discussion
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 (Wood et al,
1984, Menkes et al, 1989).
In the present study the individuals who had showed difference in systolic BP more than 22 mm of
Hg and difference in diastolic BP more than 18 mm of Hg after the CPT were defined as hyperreactors
(Table 1.).

Table 1
Comparison on values of BP in normoreactors and hyperreactors
Values (mm Hg)
SBP1
DBP1
SBP2
DBP2
Difference of
SBP
Difference of
DBP

Normoreactors
113,33±6,12
77,15±7,44
125,14±10,16
86,09±8,14
13,35±2,23
8,92±4,38

Mean±SD
Hyperreactors
119,23±8,64
79,26±11,76
146,65±8,83
99,38±6.26
25,83±7,19
21,13±6,78

t value

P value

3,18
2,45
9,54
4,32
6,24
10,38

0,01
0,01
<0,001
0,01
<0,001
<0,001

SBP1: Initial systolic blood pressure, DBP1: Initial blood pressure after immersion blood pressure,
SBP2: Systolic blood pressure after immersion, DBP2: Diastolic blood pressure after immersion SD: Standard deviation

For the present study, the distribution between the two groups (normoreactors and hyperreactors)
was 67.9% (n = 38) normoreactors, respectively, to 32.1% (n = 18) hyperreactors (Table 2). Previous
studies of children and young people share similar data. Hines and Brown (1936) established 10%
hyperreactors in children (7-17 years), Moriyama & Ifuku (2007) - 29% and 35.3% - Ifuku (2015) in
young people (18-24).
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Table 2
Percentage of normoreactors and hyperreactors among the studied subjects
Groups
Normoreactors
Hyperreactors

Number of
individuals
38
18

%
67,9
18

After the deviation from the standard values, which we observed in hyperreactors, we established
larger increases of the heart rate. In both normoreactors and hyperreactors, the heart rate (HR) during
cold stress increased significantly (Table 3.). Similar results have been found by other authors (Ifuku,
2015). The results of the stroke volume did not differ with respect to the two groups.

Table 3
Comparison on values of heart rate (beats/min) in normoreactors and hyperreactors
Groups
Normoreactors
Hyperreactors

HR1
64,7±9,2
67.2±8.5

HR2
66,6±7,8*
78.7±10.4**

Data are mean±SD. HR1: Initial heart rate, HR2: Heart rate after immersion.
**, * Significantly different: P<0.01, P<0.05, respectively.

In terms of arterial stiffness, the aortic PWV increase during cold-water immersion is greater in
hyperreactors than in normoreactors. This response to PWV in hyperreactors may be due to a greater
increase in arterial stiffness caused by increased BP, which is manifested at increased heart rate
(Moriyama & Ifuku, 2007; Laurent et al., 2003).
Menkes and coauthors found a significant independent association between blood pressure
reactivity to the CPT and incidence of subsequent hypertension (Menkes et al., 1989). 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
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 (Harlan, 1964). 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.
Significant variations in sleep disturbance were ddistinguishedd during the analysis of sleep problems
between hyperreactors and normoreators, although the rest of the factors also tended to have higher
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values among the hyperreactors (Table 4.). The results were similar during the anxiety tests amongst
the subjects.
Table 4
Comparing levels of sleep problems between normoreactors and hyperreactors
Groups
Normoreactors
Hyperreactors
T
Sig

Number
38
18

Sleep
disturbance
4,76
10,30
-8.14
0.0001

Somnolence
7.12
8.53
-1.82
0.52

Sleep
adequacy
2,73
3,67
-0.97
0.43

Snoring
2.54
3.15
-1.42
0.08

Sleep
quantity
6.17
7,97
1.86
0,06

Discussion
The levels of anxiety in hyperreactors are higher in comparison to the normoractors. These elevated
levels of anxiety and sleep disturbances in hyperreactors lead us to believe that they are at the root of
their increased cardiovascular reactivity, due mainly to changes in heart rate, most likely due to
increased sympathetic activation, which is confirmed by the opinion of other authors (Moriyama &
Ifuku, 2007; Laurent et al., 2003; Grassi et al., 1998).
The increase in BP during immersion in cold water is a specific response to the cardiac function of
the cold pressor test in hyperreactors and depends on heart rate rather than cardiac contractility, and
these findings suggest that the increased activity of the sympathetic lobe of the autonomic nerve has
led to increased HR (Laurent et al., 2003). In this study, this is established against the background of
increased levels of psychological stress provoked by sleep disorders and increased anxiety in
hyperreactors. These results also confirm the opinion of Grassi et al. (1998) that HR differences as a
reflection of differences in sympathetic tone, particularly when differences in sympathetic tone are
inferred from HR changes between different subjects rather than within the same subject.
4. Conclusions and Recommendations
A possible explanation liking psychological factors (for example anxiety) to CVD and cardiovascular
mortality is cardiovascular reactivity. The increase in BP during immersion in cold water is a specific
response to the cardiac function of the cold pressor test in hyperreactors and suggests an increased
activity of the sympathetic lobe of the autonomic nervous system. Higher levels of stress (measured as
state anxiety) in healthy young people, identified as hyperreactors in this study shows elevated
sympathetic activity and are a signal of their increased cardiovascular reactivity during the CPT. CPT
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can be useful for diagnosing cardiovascular reactivity in young individuals and evaluating anxiety and
sleep quality can help identify candidates for a future risk of hypertension.
The mechanisms connecting anxiety and sleep problems with cardiovascular diseases are complex
and are yet to be fully understood. 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. All measures explained in this study would
facilitate the involvement of the individuals with clinical or sub-clinical symptoms of anxiety and sleep
problems in experimental studies and would further help in a more precise assessment of the
cardiovascular risk amongst them.
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