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Background and Methods. Expiratory Muscle Strength Training (EMST) is a 

rehabilitative program used to improve respiratory function, cough, swallow function, 

and vocal production  in healthy young and elderly individuals, and in patients with 

progressive neuromuscular diseases such as Parkinson’s disease and Multiple 

Sclerosis. In order to assess the cardiovascular responses during EMST, this study 

analyzed the changes in systolic blood pressure (SBP), diastolic blood pressure (DBP), 

heart rate (HR), and oxygen saturation (SpO2) during one session of EMST in healthy, 

young adults. Thirty-one participants completed a single session of twenty-five trials 

with the EMST device and a Valsalva maneuver at the beginning and at the end of the 

EMST session. The values of SBP, DBP, HR, and SpO2 were obtained and recorded at 

the baseline, after each completed task, and after five minutes of rest following the 

EMST respiratory session.  

Results and Discussion. No significant fluctuations of SBP (p=.1763), DBP 

(p=.8496), HR (p=.4709), or SpO2 (p=.1605) during and after the EMST session or after 

performing the Valsalva maneuver were detected. Covariates such as sex, maximum 
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expiratory pressure (MEP), and body mass index (BMI) had significant effects on the 

outcome measurements across the tasks. The results suggest that EMST has no 

significant impact on BP, HR, and SpO2 in healthy young adults. Because of the major 

effect of sex, MEP, and BMI on the outcome measurements, these factors should be 

considered in the further studies assessing the cardiovascular responses during the use 

of EMST device. 
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CHAPTER 1 
INRODUCTON AND BACKGROUND 

The Applications and Rehabilitative Impact of Expiratory Muscle Strength 
Training Program 

Expiratory Muscle Strength Training (EMST) has been used as a rehabilitation 

program designed to improve expiratory muscle force generating capacity to increase 

expiratory driving pressure during cough (Pitts, et al., 2009; Wingate, Brown, 

Shrivastav, Davenport, & Sapienza, 2007) and to support traditional voice therapy in the 

remediation of vocal problems (Wingate, et al., 2007). Studies provide evidence of the 

benefits of EMST as a treatment for increasing maximal expiratory pressure (MEP) 

generation in individuals with Parkinson’s Disease (PD) Multiple Sclerosis (MS) (Chiara, 

Martin, Davenport, & Bolser, 2006), as well as both sedentary and healthy elderly 

individuals (Baker, Davenport, & Sapienza, 2005; Kim, Davenport, & Sapienza, 2009), 

instrumentalists (Sapienza, Davenport, & Martin, 2002), professional voice users, and 

healthy young adults (Kim, et al., 2009). EMST has been recently shown as a potential 

treatment for reducing penetration and aspiration in persons with PD as it provides an 

increase of submental muscle activity essential  in hyolaryngeal complex movement 

during swallow (Troche, Okun, Rosenbek, Musson, & Sapienza, 2009). 

The rehabilitative impact of EMST on persons who have suffered stroke has not 

yet been assessed. However, based on the transcortical magnetic stimulation (TMS) 

study of expiratory muscle function in ischemic stroke patients, there are implications 

that EMST could assist in improving respiratory function and reducing pulmonary 

complications in this population (Harraf, et al., 2008; Kim, Davenport, & Sapienza; Kim, 

et al., 2009).  The study of Harraf et al. (2008) suggests that cortico-respiratory 

pathways from the affected hemisphere are disrupted in acute ischemic stroke and are 
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associated with impairments of expiratory muscle function causing a weak cough, which 

impacts airway clearance and increases the risk of pneumonias with aspiration. Since a 

majority of stroke patients are at risk of developing cardiovascular disease and suffer 

from hypertension (Harraf, et al., 2008), it is pertinent to assess the cardiovascular 

responses to EMST prior to the application of the program with this patient group.  

EMST uses a pressure threshold device (EMST 150; Aspire Products; 

Gainesville, FL) which requires a sufficient expiratory pressure generation in order to 

open a calibrated pressure relief valve housed inside the device. This creates an 

isometric load to the muscles controlling forced expiration. Once sufficient expiratory 

pressure is generated by the individual using the EMST device, the pressure relief valve 

opens and air flows through the device (Pitts, et al., 2009).  If the expiratory pressure 

produced by the user is insufficient to open the valve immediately, the user increases 

their physical exertion when directing the expiratory flow against the closed valve. 

During this effort the intra-thoracic pressure increases, and the effect may be similar to 

a Valsalva maneuver. 

The Cardiovascular Changes Related to the Valsalva Maneuver 

The Valsalva maneuver involves vocal fold closure at the end of a deep inspiration 

followed by physical exertion such as required during a bowel movement, or lifting a 

heavy weight (Metzger & Therrien, 1990). Studies have shown that  prolonged (up to 15 

seconds) breath holding and bearing down accompanied by vocal fold closure during 

activities such as weight lifting (Narloch & Brandstater, 1995), some wind instrument 

playing, such as tuba or French horn (Elghozi, Girard, Fritsch, Laude, & Petitprez, 

2008), or the supraglottic and super-supraglottic swallowing maneuvers (Chaudhuri, et 
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al., 2002; Levin, 1966) causes a temporary but significant elevation of blood pressure 

(BP) as well as changes in heart rate (HR), similar to the Valsalva maneuver. 

 The changes in arterial pressure associated with the Valsalva maneuver have 

been analyzed to test cardiac function, especially in patients with heart failure, mitral 

stenosis, constrictive pericarditis, and left to right shunts (Levin, 1966). The four phases 

of a normal physiological response to the Valsalva maneuver are described by Luster et 

al. (1996) and are shown in Figure 1: 

1. Intrathoracic pressure rise: As a result of expiratory force application, pressure 
rises inside the chest forcing blood out of the pulmonary circulation into the left 
atrium. This causes a mild rise in stroke volume (SV). 

2. Reduced venous return and compensation: Return of systemic blood to the heart 
is obstructed by the pressure inside the chest. The cardiac output (CO) is reduced 
and SV falls. The fall in stroke volume reflexively causes blood vessels to constrict 
with some rise in pressure. This compensation can be quite marked with pressure 
returning to near or even above normal, but the CO and blood flow to the body 
remains low. During this time the pulse rate increases. 

3. Pressure release: The pressure on the chest is released, allowing the pulmonary 
vessels and the aorta to re-expand causing a further initial slight fall in SV due to 
decreased left ventricular return and increased aortic volume, respectively. 
Venous blood can once more enter the chest and the heart, CO begins to 
increase. 

4. Return of CO: Blood return to the heart is enhanced by the effect of entry of blood 
which had been restricted causing a rapid increase in CO. SV transiently rises 
above normal, then returnes to a normal level. With return of blood pressure (BP), 
the pulse rate returns towards normal (Luster, Baumgartner, Adams, & Convertino, 
1996; Tiecks, Douville, Byrd, Lam, & Newell, 1996). 

Because performing the Valsalva maneuver may cause the mobilization of venous 

thrombi, bleeding, ventricular arrhythmias, and asystole, it is contraindicated for the 

patients with severe coronary artery disease, acute myocardial infarction, or moderate 

to severe hypovolemia (Baas, Meissner, & Coughlin, 2002). 

http://en.wikipedia.org/wiki/Pulmonary_circulation
http://en.wikipedia.org/wiki/Aorta
http://en.wikipedia.org/wiki/Left_ventricular
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Supraglottic and super-supraglottic swallow techniques are commonly used to 

prevent aspiration by creating a voluntary prolonged airway closure followed by forced 

expiration similar to a Valsalva maneuver. Because of the risk of cardiac arrhythmia 

occurring during the supraglottic and super-supraglottic swallow maneuvers, these 

strategies may not be recommended for patients with a history of stroke, CAD, as well 

as patients with acute congestive heart failure or uncontrolled hypertension (Chaudhuri, 

et al., 2002). Playing a wind instrument, such as tuba, involves strenuous expiratory 

effort, creates high intra-thoracic pressure and causes cardiovascular changes similar to 

those occurring during the Valsalva maneuver (Elghozi, et al., 2008).  The wind 

instrument players may experience dizziness caused by reduced cerebral blood velocity 

or episodic headaches induced by the increase of intracranial pressure caused by 

decreased cerebral venous drainage. Another factor contributing to the headache may 

be BP overshoot which can be quite marked especially during the practice of high 

resistance wind instruments (Elghozi, et al., 2008). A Valsalva maneuver performed 

during heavy resistance exercises may contribute to arterial hypertension, which is a 

risk factor for stroke in healthy young adults. There are several reports of intracerebral 

hemorrhage caused by BP elevation during vigorous weight training in healthy adults 

possibly associated with the Valsalva maneuver (Narloch & Brandstater, 1995). The 

EMST maneuver does not require complete vocal fold closure, but involves the buildup 

of intraoral and intrathoracic pressures behind the closed pressure relieve valve 

comparable to the intrathoracic pressure created during a Valsalva maneuver.  
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The Cardiovascular Responses to Skeletal Muscle Exercise 

The EMST program involves a physical exercise of the skeletal muscles involved 

in active respiration. During muscle exercises, the cardiovascular system activates 

compensatory mechanisms integrating neural, biomechanical, and physiological factors 

in the response to the body increased release of energy (O'Rourke, et al., 2001). 

Sympathetic vasoconstriction acts to redirect blood from areas of non-working tissue to 

the active muscles and contributes to the rise in BP which may help to increase 

perfusion to the working muscles (Ferguson & Brown, 1997). As a response to exercise, 

CO increases proportionally to metabolic demands of exercised muscles to avoid 

hypothermia, and to deliver adequate blood flow to essential organs and exercised 

muscles. CO may fluctuate from the resting value of 3.75 - 5 L/min up to 20 - 40 L/min 

during the exercise (O'Rourke, et al., 2001). 

The increased HR may vary from 160 to 180 bpm during exercise and may reach 

a maximum of 240 bpm during short periods of maximal physical activity. At the end of 

the exercise, due to withdrawal of sympathetic tone and reactivation of vagal activity, 

HR and CO decrease, while systemic vascular resistance remains lower longer as a 

result of persistent vasodilatation in the muscle. As a consequence, there is a fall of 

arterial pressure, often below preexercise levels for a period up to 12 hours into 

recovery to eventually return to the normal levels stabilized by baroreceptor reflexes 

(O'Rourke, et al., 2001).  

There are several types of exercises which induce different cardiovascular response 

patterns. An isotonic (dynamic) exercise involves a larger group of muscle contraction 

resulting in movement. During EMST, the inspiratory muscles (diaphragm and external 

intercostals) are responsible for the deep inhalations preceding the forced exhalations 
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which are controlled by the contractions and the movements of the expiratory muscles 

(internal intercostals and abdominal muscles). The typical changes occurring during this 

type of exercise are: increased oxygen consumption (V02) and vasodilation of vessels in 

the exercised muscle. As this exercise is prolonged, skeletal muscle metabolism 

increases the demand for adenosine triphosphate (ATP), so the oxygen supply is 

significantly increased, which is possible through the augmentation of the local blood 

flow and increased oxygen extraction (O'Rourke, et al., 2001). 

Isometric (static) exercise is a type of an exercise that requires a constant 

contraction of a small muscle group without movement. It increases vascular resistance 

and provokes a minimal increase in CO and VO2. The mechanical compression of blood 

vessels during the sustained muscular contraction limits the increase in blood flow. The 

local blood flow may actually decrease. BP may increase and will be proportional to the 

exercised muscle tension and the mass of the muscle groups activated. As a result of 

the elevated BP and the decrease of venous return, SV decreases. HR increases, often 

out of proportion to the metabolic demand of the exercised muscle, to maintain a higher 

CO (O'Rourke, et al., 2001). 

During the use of the EMST device, the contractions of respiratory and abdominal 

muscles are brief and repetitive which indicates rhythmic isometric and isotonic exercise 

components. Ferguson & Brown (1997) analyzed systolic blood pressure (SBP), 

diastolic blood pressure (DBP), and HR fluctuations during rhythmic isometric handgrip 

exercise to fatigue in two groups of young, healthy males: trained rock climbers (CLIMB) 

and sedentary participants (SED). CLIMB experienced fatigue later than SED. Both 

groups demonstrated changes of all three variables from the beginning up to 75% of the 
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time of the exercise. SBP decreased in CLIMB after reaching the maximum at 75% of 

the exercise time, but remained above the resting level. DBP and HR continued 

increasing to the end of the exercise in both groups. They suggest that SBP decrease in 

CLIMB is associated with the attenuation of pressor response in trained individuals 

(Ferguson & Brown, 1997). Based on the conclusion of Fergusson & Brown (1997), the 

differences in the cardiovascular responses to the exercise between physically active 

and sedentary individuals may be expected. The participants of the present study have 

not been selected based on their physical fitness. However, this factor may have an 

impact on the cardiovascular responses to EMST.  

EMST involves intense breathing activity resulting in increased gas exchange in the 

body system which is a typical mechanism occurring during an aerobic exercise. It has 

been suggested that aerobic exercise induces a transient SBP reduction with no 

significant changes in DBP in normative and hypertensive individuals (Fisher, 2001; 

Floras, et al., 1989). 

The Present Study 

The Purpose of the Study 

The aim of this project was to test the effects of the EMST on BP, HR, and SpO2 

levels in young healthy adults to assess potential side effects associated with use of the 

EMST device. If healthy individuals showed significant (greater than10%) fluctuations of 

baseline (pre-training) measures of BP, HR, and/or SpO2 during EMST, it could indicate 

transient cardiovascular changes similar to the effects observed during the Valsalva 

maneuver. If observed, these results may suggest that EMST may exert similar effects 

on individuals with cardiovascular disease. As such, the use of EMST may be 

contraindicated for this population.  
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The Hypothesis 

It was hypothesized that the fluctuations of BP, HR and SpO2 during EMST trials 

would not exceed a normal range because of the short duration of the isometric phase 

of the EMST expiratory effort. Since EMST involves a combination of the isotonic, 

isometric, and aerobic exercises, no particular pattern of cardiovascular responses 

associated with one type of exercise was anticipated during the study. However, 

because the addition of an expiratory load increases intrathoracic pressure potentially 

similar to a Valsalva maneuver (Chaudhuri, et al., 2002; McConnell & Romer, 2004), the 

cardiovascular responses to EMST must be assessed. 

 

Figure 1-1. Systolic blood pressure and pulse rate during a normal response to the 
Valsalva’s maneuver. Forty millimeter mercury pressure is applied at 5 
seconds and relieved at 20 seconds (Luster, et al., 1996). 
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CHAPTER 2 
METHODS 

Participants 

The study was approved by the University of Florida Institutional Review Board 

(IRB) and conducted at the University of Florida, Gainesville, FL, Department of 

Speech, Language, and Hearing Sciences. A group of 31 healthy, young, non smoking 

adults (24 women and 7 men), between the ages of 18 and 30 years participated in the 

study. Each participant was informed about the purpose of the project, and a signed 

informed consent was obtained prior to initiation of the study.  

Population and Criteria for Inclusion  

The following exclusionary criteria were established: pregnancy as verified by a 

pregnancy test prior to enrollment, a body mass index (BMI) less than 18 kg/m2  and 

greater than 33 kg/m2 ("Centers for Disease Control and Prevention, About RMI For 

Adults,"), SBP of at least 140 mmHg, DBP of at least  90 mmHg (Black, et al., 1997), 

SBP of 90 mmHg or lower and DBP of 65 mmHg and lower, a fluctuating BP as three 

consecutive readings different with a variation of 10% or more, and hypoxia with an 

oxygen saturation of 95% or less at the baseline (Manley, et al., 2001). The volunteers 

were excluded for diagnosis and/or treatment for cardiovascular disease, respiratory 

disease that included but were not limited to: asthma, chronic obstructive pulmonary 

disease (COPD), or lung, and head and neck cancer within one year prior to the study. 

All above mentioned conditions including pregnancy may have an impact on an 

individual’s blood pressure, may decrease exercise tolerance, and cause dyspnea as a 

result of the physical workout associated with EMST. Participants were asked to avoid 
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any intense physical activities prior to enrollment and advised not to consume caffeine 

containing products at least two hours prior the study. 

Procedure 

Apparatus 

The measurements of BP and HR were taken using a standardized electronic 

sphygmomanometer (CVS/pharmacy Automatic Blood Pressure Monitor) with an 

automatically pumped cuff wrapped around the left arm of the participant. Pulse 

oximeter oxygen saturation (SpO2) was measured using a model 8000AA-3 Adult 

Articulated Finger Clip Sensor (NONIN Medical. Inc) connected to NONIN Pulse 

Oximeter (NONIN Medical. Inc) and attached to the middle finger of the participant’s 

right hand. Pulse was obtained using a MP100 Pulse Transducer attached to the index 

finger of the same hand. Pulse and SpO2 were measured continuously and recorded by 

the PowerLab Version 7 hardware and software system (ADInstruments). A digital 

manometer (MP01 mouth pressure meter; Micro Direct Inc.) was use to measure MEP 

which is an indirect measure of expiratory muscle strength. The EMST exercise device 

was used during the experimental session. 

Measurements 

All the measurements were taken while the participant remained in a seated 

position. The laboratory was maintained at temperatures between 22 and 24°C, and the 

measurements were taken at approximately the same time of a day for each participant. 

Two samples of the participant’s BP, HR, and SpO2 were measured at baseline to 

ensure measurement consistency. If the measures varied by more than 10%, a third 

sample of measurements was taken. If the participant qualified for the study, the 

average of the two last measurements was considered as baseline. The participant 
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performed a Valsalva maneuver for 5 seconds according to the instructions given by the 

investigator prior to the task. The instructions included the following steps: 1. Take a 

deep breath, 2. Hold your breath, 3. Bear down as during a bowel movement. The 

duration of the Valsalva maneuver was controlled by the investigator with the use of a 

stopwatch. BP, HR, SpO2 were measured immediately after completing the Valsalva 

maneuver. The initial tasks and measurements took approximately 15 minutes. During 

the next part of the study, MEP was measured. After a deep inhalation, the participant 

performed a forceful exhalation into a disposable mouthpiece attached to the 

manometer. This test was repeated at least three times, and each time MEP was 

recorded. The mean was calculated for the three highest values varying by 5% of one 

another. Following calculation of average MEP, the threshold pressure of the EMST 

device was set at 75% of the mean MEP values previously recorded. Obtaining and 

calculating the average MEP values was completed within approximately 7 minutes. 

After the initial data was collected, as described above, the participant completed 

tasks using the EMST device. The participant was instructed to perform a deep 

inhalation followed by a forceful exhalation into the mouthpiece of the EMST device to 

open the pressure relief valve inside the device. The participant was asked to stop 

generating the expiratory pressure once the valve opened, which was noticeable by the 

pressure release and the hissing sound produced by the air coming through the device. 

The initiation and the termination of the expiratory effort were controlled by the 

investigator who gave the commands to the participant: “on” to begin and “off” to stop 

generating the expiratory pressure. The participant first completed 12 breaths into the 

device, and BP, HR, and SpO2 were measured immediately after the 12 trials were 



 

24 

finished. Following these measurements, 13 remaining breaths into the EMST device 

were completed, and another set of measurements of BP, HR, and SpO2 was taken 

immediately after the task. HR and SpO2 were also measured continuously as the 

participant was completing all EMST trials. The tasks and measurements involving the 

use of EMST device took approximately 7 minutes. The participant was allowed a 5 

minute rest following completion of all tasks, and after the 5 minute rest, the measures 

of BP, HR, and SpO2 were taken. A Valsalva maneuver was performed for 5 sec., and a 

set of BP, HR, and SpO2 measurements was again taken. The entire time of a single 

study session did not exceed 45 minutes. The data collected during the continuous 

measurements of each participant’s SpO2  and HR were displayed as a waveform and 

saved using LabChart 7 software for the further analysis. The time of each task was 

recorded by inserting a marker line on the waveform at the beginning and at the end of 

each task. The numeric values of BP, HR, and SpO2 were stored in Microsoft Office 

Excel. 2007. SAS version 9.1 was employed for statistical analysis and presentation of 

results.   
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CHAPTER 3 
RESULTS 

 Descriptive Statistics 

SAS version 9.1, a statistical software package, was used to generate descriptive 

statistics of frequencies, means, and standard deviations for the variables in the data 

set. A total of 31 participants (24 women and 7 men), age range 18 to 30 years 

completed the study. The mean age of the participants in the dataset was 21.7 years 

(SD=2.56, N=31). The mean BMI was 22.0 (SD=2.61, N=31) and the mean MEP of all 

the participants was 87.0 cmH2O (SD=25.71, n=31). Mean demographic data is shown 

in Table 3-1. Mean age for women was 21.2 years, SD=2.17, while the mean age for 

men was 23.1 years, SD=3.53 (p=.0903, t=1.75, df=29). Mean BMI for women was 

21.5, SD=2.02, and the mean BMI for men was 23.6, SD=3.92 (p=.0623, t=1.94, df=29).  

The median MEP for women was 73 cmH2O, and the median MEP for men was 106 

(p=.0031, Wilcoxon Z approximation=2.96). The mean MEP for each sex was not 

considered for the analysis because the data was not normally distributed. The means 

and standard deviations of the outcome measures after the performance of each task 

are presented in Table 3-2. The following terms to describe the experimental tasks 

performed by the participants were: Baseline: The mean of two consecutive 

measurements taken prior to completing the tasks in the study. Valsalva 1: The 

Valsalva maneuver performed prior to the use of EMST device. Phase 1: The first 

phase of EMST including 12 trials using the EMST device. 

Phase 2: The second phase of EMST including 13 trials using the EMST device.  

Rest: The 5 minute rest period after completing all 25 EMST trials. 
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Valsalva 2: The Valsalva maneuver performed 5 minutes after completing EMST. Mean 

durations of the expiratory effort and rest periods during the EMST trials was calculated 

for each participant as well as for the entire group. The mean expiratory exertion 

duration for all participants was 1.25 sec., the mean rest period between the expiratory 

exertions was 7.7 sec., and a mean duration of EMST session was 3 min. 26.2 sec. 

The Analysis of the Differences in Outcome Measurements Across Tasks 

For each of the four outcome measures, SAS Proc MIXED was used to create a 

mixed linear model to test for changes across the six time points. In all models, the 

independent variable was task, and included were the covariates of: sex, BMI and MEP. 

To determine the statistical power of the study, the standard deviation of the differences 

between a particular task at baseline and after the Valsalva 1 task were used, and the 

smallest effect size that the study could have detected was determined with at least 

90% power using paired-samples t-tests. There was no significant variation across 

tasks on any outcome measurements. Some covariates had significant effects on some 

of the outcomes.  

Systolic Blood Pressure  

SBP was approximately normally distributed across all data points with a mean of 

107.7mmHg and a standard deviation of 9.88 mmHg. The minimum value of SBP was 

89 mmHg and the maximum was 138 mmHg. SBP did not change significantly across 

tasks (F=1.55; df=5, 175; p=.1763).  Based on the standard deviation of the differences 

between SBP at baseline and after Valsalva 1 (SD=4.12), it was estimated that the 

study had more than 90% power to detect a mean difference in SBP of 2.5 between any 

two tasks. Sex had a highly significant effect on SBP (F=34.06; df= 1, 176; p<.0001), 

with women tending to have lower mean SBP across all tasks. Mean SBP for men in the 
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study was 117.8 mmHg (SD=10.66). Mean SBP for women was 104.7 mmHg 

(SD=7.40).  

BMI had a significant effect on SBP (F=6.37; df=1, 176; p=.0125), with SBP 

increasing with BMI. Mean SBP is estimated to increase by 0.61 points for each 

additional point of BMI (95% CI=[.136, 1.083]). MEP did not have a significant effect on 

SBP (F=1.48; df=1, 176; p=.2251). See Figure 3-1 for the changes in SBP across the 

tasks. 

Diastolic Blood Pressure   

DBP was approximately normally distributed across all data points with mean of 

74.8 mmHg and standard deviation of 6.76 mmHg. The minimum observation was 61 

mmHg and the maximum was 98 mmHg. DBP did not change significantly across tasks 

(F=0.40; df=5, 175; p=.8477). The standard deviation of the differences between DBP at 

baseline and after Valsalva 1 (SD=5.16 mmHg) was used to estimate that the study had 

more than 90% power to detect a mean difference in DBP of 3.1 between any two 

tasks. 

Sex had a significant effect on DBP (F=9.42; df= 1, 176; p=.0025), with women 

tending to have lower mean DBP across all tasks. Mean DBP for men in the study was 

79.1 mmHg (SD=6.92). Mean DBP for women was 73.5 mmHg (SD=6.19). 

BMI had a significant effect on DBP (F=6.22; df=1, 176; p=.0135), with DBP 

increasing with BMI. Mean DBP is estimated to increase by 0.48 mmHg for each 

additional point of BMI (95% CI=[.103, .859]). MEP did not have a significant effect on 

DBP (F=0.02; df=1, 176; p=.8823). See Figure 3-2 for the changes in DBP across the 

tasks. 
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Heart Rate  

HR was approximately normally distributed across all data points. The overall 

mean was 76.4 bpm with a standard deviation of 10.64 bpm.  

HR did not differ significantly across the six tasks (F=0.92; df=5, 176; p=.4709).  

The study had more than 90% power to detect a mean difference in HR of 3.2 between 

any two tasks using the standard deviation (SD=5.32) of the differences between HR at 

baseline and after Valsalva 1.  

BMI had a highly significant effect on HR (F=16.06; df=1, 176; p<.0001), with HR 

increasing with BMI. On average, mean HR increased by 1.2 bpm for each additional 

point of BMI (95% CI=[0.641, 1.867]). MEP had a significant effect on HR (F= 7.09; 

df=1, 176; p=.0085) with HR decreasing by 0.098 bpm for each additional cmH2O of 

MEP (95% CI=[-0.170, -0.026]).   

Sex did not have a significant effect on HR (F=0.05; df=1, 176; p=.9166). See 

Figure 3-3 for the changes in HR across the tasks. 

Percent Oxygen Saturation 

SpO2 was mildly skewed to the left with mean of 98.5% and standard deviation of 

1.29. The minimum observation was 93% (after Rest) and the maximum value was 

100%. Tasks performed during the study did not have a significant effect on SpO2 

(F=1.61; df=5, 176; p=.1605). The standard deviation of the differences between SpO2 

at baseline and after Valsalva 1 (SD=0.616) was used to determine the smallest effect 

size that the study could detect with at least 90% power using a paired-samples t-test. 

This effect size was 0.37. Consequently, the study had more than 90% power to detect 

a mean difference in SpO2 of 0.37 percentage points between any two tasks.  
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Sex had a significant effect on SpO2 (F=4.60; df= 1, 176; p=.0334), with women tending 

to have higher mean SpO2 across all tasks. Mean SpO2 for men in the study was 

98.13% (SD=1.36), for women was 98.62% (SD=1.25). BMI had a significant effect on 

SpO2 (F=8.75; df=1, 176; p=.0035), with SpO2 decreasing with increasing BMI. Mean 

SpO2 was estimated to decrease by .11 % for each additional point of BMI increase 

(95% CI=[-.185, -.0375]). MEP had a significant effect on SpO2 (F=4.40; df=1, 176; 

p=.0375), with SpO2 increasing with the increase of MEP. On average, mean SpO2 is 

estimated to increase by 0.0094 % for each addition cmH2O of MEP (95% CI= [.000613, 

.0182]). See Figure 3-4 for the changes in SpO2 across the tasks. 

The current study provided BP, HR, and SpO2 values obtained during the use of 

EMST device and five minutes after the completion of the exercise. The last 

measurements of BP, HR, and SpO2 were recorded approximately eight minutes after 

the EMST session. Since the cardiovascular responses to the last task (Valsalva 2) fell 

within the normal limits, further measurements were not obtained, and the 

cardiovascular responses did not require any additional monitoring. 

Pairwise Comparisons Between Specific Task Points 

We used t-tests to compare BP, HR and SpO2 between specific pairs of task 

points. 

Valsalva 1 vs. Baseline 

The Baseline means were slightly higher, but the differences were not significant 

for SBP (Baseline mean=110.2 mmHg, SD=10.34 mmHg; Valsalva 1 mean=109.5 

mmHg, SD=10.71; T=0.28, p=.7778), DBP (Baseline mean=76.1mmHg, SD=6.34 

mmHg; Valsalva 1 mean=74.7 mmHg, SD=7.06 mmHg; T=0.84, p=.4031), and HR 

(Baseline mean=77.4 bpm, SD=10.96 bpm; Valsalva 1 mean=77.7 bpm, SD=11.91 
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bpm; T=0.10, p=.9208).The Valsalva 1 mean was higher than the Baseline mean for 

SpO2, but the difference was not significant (Baseline mean=98.38%, SD=1.05%; 

Valsalva 1 mean=98.64%, SD=1.06%; T=0.97, p=.3367). 

Valsalva 2 vs. Rest 

The Rest mean was slightly higher with no significant differences for SBP (Rest 

mean=106.8 mmHg, SD=8.91 mmHg; Valsalva 2 mean=106.2 mmHg, SD=9.25 mmHg; 

T=0.27, p=.7914) and DBP (Rest mean=74.9 mmHg, SD=6.62 mmHg; Valsalva 2 

mean=74.3 mmHg, SD=6.52 mmHg; T=0.35, p=.7292). The Valsalva 2 mean was 

slightly higher than the Rest mean for HR (Rest mean=74.0 bpm, SD=9.68 bpm; 

Valsalva 2 mean=74.2 bpm, SD=9.45 bpm; T=0.08, p=.9368) and SpO2 (Rest 

mean=98.19%, SD=1.43%; Valsalva 2 mean=98.26%, SD=1.17%; T=0.20, p=.8389), 

but the differences were not significant.  

Phase 1 vs. Baseline 

The differences in changes from Baseline to Valsalva 1 and from Rest to Valsalva 

2 were determined. For each outcome measurement, one-sample t-tests were 

performed to determine whether the difference between the two differences was 

significantly different from 0. These tests showed that the mean difference between 

Valsalva1 and Baseline was not significantly different from the mean difference between 

Valsalva 2 and Rest for all measurements: SBP (p=.9127), DBP (p=.6060), HR 

(p=.9508), SpO2 (p=.3942). 

The Baseline means were slightly higher with no significant differences for SBP 

(Baseline mean=110.2 mmHg, SD=10.34 mmHg; Phase 1 mean=102.4 mmHg, 

SD=10.32 mmHg; T=1.54, p=.1280), DBP (Baseline mean=76.1 mmHg, SD=6.34 

mmHg; Phase 1 mean=74.5 mmHg, SD=7.94 mmHg; T=0.91, p=.3664), and HR 
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(Baseline mean=77.4 bpm, SD=10.96 bpm; Phase 1 mean=77.0 bpm, SD=10.75 bpm; 

T=0.14, p=.8889). The mean SpO2 in Phase 1 was significantly higher than the mean 

SpO2 in Baseline (Baseline mean=98.38%, SD=1.05%; Phase 1 mean=98.94%, 

SD=1.03%; T=2.11, p=.0390). 

Phase 2 vs. Baseline 

The Baseline means were slightly higher, but there were no significant differences 

in SBP(Baseline mean=110.2 mmHg, SD=10.34 mmHg; Phase 2 mean=107.3 mmHg, 

SD=9.67 mmHg; T=1.17, p=.2453), DBP (Baseline mean=76.1 mmHg, SD=6.34 mmHg; 

Phase 2 mean=74.2 mmHg, SD=6.29 mmHg; T=1.22, p=.2285), and HR (Baseline 

mean=77.4 bpm, SD=10.96 bpm; Phase 2 mean=77.7 bpm, SD=11.00 bpm; T=0.12, 

p=.9083). The mean SpO2 in Phase 2 was higher than in the Baseline with no 

significant difference (Baseline mean=98.38%, SD=1.05%; Phase 2 mean=98.66%, 

SD=1.79%; T=0.74, p=.4618). 

Phase 2 vs. Phase 1 

The mean values of SBP (Phase 1 mean=106.2 mmHg, SD=10.32 mmHg; Phase 

2 mean=107.3 mmHg, SD=9.67 mmHg; T=0.42, p=.6767) and HR (Phase 1 mean=77.0 

bpm, SD=10.75 bpm; Phase 2 mean=77.7 bpm, SD=11.00 bpm; T=0.26, p=.7982) were 

slightly higher in Phase 2, but the differences were not significant. There was a non-

significant decrease of DBP (Phase 1 mean=74.5 mmHg, SD=7.94 mmHg; Phase 2 

mean=74.2 mmHg, SD=6.29 mmHg; T=0.16, p=.8738) and SpO2 (Phase 1 

mean=98.94%, SD=1.03%; Phase 2 mean=98.66%, SD=1.79%; T=0.76, p=.4523) 

during Phase 2.  
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Rest vs. Baseline 

The mean values of all measurements were slightly lower during Rest with no 

significant differences between Rest and Baseline: SBP (Baseline mean=110.2 mmHg, 

SD=10.34 mmHg; Rest mean=106.8 mmHg, SD=8.91 mmHg; T=1.42, p=.1622), DBP 

(Baseline mean=76.1 mmHg, SD=6.34 mmHg; Rest mean=74.9 mmHg, SD=6.62 

mmHg; T=0.75, p=.4536), HR (Baseline mean=77.4 bpm, SD=10.96 bpm; Rest 

mean=74.0 bpm, SD=9.68 bpm; T=1.29, p=.2023), SpO2 (Baseline mean=98.38%, 

SD=1.05%; Rest mean=98.19%, SD=1.43%; T=0.58, p=.5625). 

Rest vs. Phase 2 

The values of SBP (Phase 2 mean=107.3 mmHg, SD=9.67 mmHg; Rest 

mean=106.8 mmHg, SD=8.91 mmHg; T=0.20, p=.8384), HR (Phase 2 mean=77.7 bpm, 

SD=11.00 bpm; Rest mean=74.0 bpm, SD=9.68 bpm; T=1.41, p=.1639), and SpO2 

(Phase 2 mean=98.66%, SD=1.79%; Rest mean=98.19%, SD=1.43%; T=1.12, 

p=.2665) were slightly higher during Phase 2, but the differences were not significant. 

The Rest mean of DBP was slightly higher (Phase 2 mean=74.2 mmHg, SD=6.29 

mmHg; Rest mean=74.9 mmHg, SD=6.62 mmHg; T=0.43, p=.6668), but no significant 

change was detected.  

Table 3-1. Mean demographic data    

 
Demographics 

Women (N=24) Men (N=7) 
Mean SD Min Max Mean SD Min Max 

Age (y) 21.2 2.17 19.0 30.0 23.1 3.5 19.0 28.0 
BMI (kg/m2) 21.5 2.02 18.0 25.7 23.6 3.9 19.4 28.9 
MEP (cmH2O) 79.0 17.59 60.0 119.0 114.4 30.3 79.0 164.0 

N=number of participants, SD=standard deviation, Min=minimum, Max=maximum, 
BMI=body mass index, MEP=maximum expiratory pressure, y=year. 
 



 

33 

 
 
Table 3-2. The means and standard deviations (SD) of the outcome measurements 

after performance of each task.  

Outcome 
measure 

Task (N=31) 
Baseline 

mean 
(SD) 

Valsalva 1 
mean 
(SD) 

Phase 1 
mean 
(SD) 

Phase 2 
mean 
(SD) 

Rest 
mean 
(SD) 

Valsalva 2 
mean 
(SD) 

SBP 
(mmHg) 

110.2 
(10.34) 

109.5 
(10.71) 

106.2 
(10.32) 

107.3 
(9.67) 

106.8 
(8.91) 

106.2 
(9.25) 

DBP 
(mmHg) 

76.1 
(6.34) 

74.7 
(7.06) 

74.5 
(7.94) 

74.2 
(6.29) 

74.9 
(6.62) 

74.3 
(6.52) 

HR 
(bpm) 

77.4 
(10.96) 

77.7 
(11.91) 

77.0 
(10.75) 

77.7 
(11.0) 

74.0 
(9.68) 

74.2 
(9.45) 

SpO2 
(%) 

98.4 
(1.05) 

98.6 
(1.07) 

98.9 
(1.03) 

98.7 
(1.79) 

98.2 
(1.43) 

98.3 
(1.17) 
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Table 3-3. The mean values of exertion and rest duration for each participant in Phase 1 

and Phase 2 of the EMST session.  

 Phase 1 Phase 2 
Participant 
Number 

Mean Exertion 
(mm:ss.0) 

Mean Rest 
(mm:ss.0) 

Mean Exertion 
(mm:ss.0) 

Mean Rest 
(mm:ss.0) 

1 00:01.7 00:12.8 00:01.0 00:06.8 

2 00:01.3 00:08.7 00:01.6 00:09.7 

3 00:01.0 00:07.7 00:01.1 00:07.0 

4 00:02.1 00:06.4 00:02.4 00:04.8 

5 00:02.3 00:10.6 00:01.9 00:05.9 

6 00:02.1 00:06.9 00:01.8 00:06.8 

7 00:02.1 00:05.0 00:01.5 00:04.1 

8 00:01.4 00:07.2 00:01.0 00:06.0 

9 00:01.5 00:07.2 00:01.2 00:05.3 

10 00:01.2 00:08.7 00:00.8 00:05.7 

11 00:01.3 00:10.5 00:01.3 00:05.0 

12 00:01.5 00:10.3 00:01.9 00:07.5 

13 00:01.5 00:11.2 00:00.8 00:06.1 

14 00:01.8 00:08.1 00:01.0 00:04.7 

15 00:01.0 00:10.1 00:01.8 00:04.2 

16 00:00.9 00:07.1 00:01.1 00:05.3 

17 00:01.2 00:10.5 00:01.2 00:06.2 

18 00:01.2 00:12.8 00:02.9 00:04.2 

19 00:01.0 00:12.9 00:00.9 00:08.8 

20 00:01.1 00:09.0 00:00.8 00:07.3 

21 00:00.9 00:07.3 00:03.1 00:03.4 

22 00:00.8 00:10.5 00:00.5 00:05.3 

23 00:00.9 00:10.8 00:00.5 00:07.4 

24 00:00.8 00:07.7 00:00.6 00:05.3 

25 00:00.5 00:09.2 00:00.4 00:06.9 

26 00:00.6 00:07.3 00:00.8 00:06.0 

27 00:00.7 00:08.2 00:00.8 00:05.7 

28 00:01.0 00:08.7 00:01.1 00:07.3 

29 00:00.7 00:08.7 00:01.4 00:04.0 

30 00:01.1 00:18.9 00:00.7 00:05.3 

31 00:00.7 00:09.1 00:00.5 00:06.1 

Mean For All 
Participants 

00:01.2 00:09.4 00:01.3 00:05.9 

mm=minutes, ss=seconds. 
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Figure 3-1. The changes in SBP across the tasks. 
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Figure 3-2. The changes in DBP across the tasks. 
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Heart Rate (HR)
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Figure 3-3. The changes in HR across the tasks. 

Oxygen Saturation (SpO2)

98.38
98.64

98.94
98.65

98.19 98.26

95

96

97

98

99

100

101

Baseline  Valsalva 1 Phase1 Phase 2 Rest Valsalva 2

SpO2 (%)
 

Figure 3-4. The changes in SpO2 across the tasks. 
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CHAPTER 4 
DISCUSSION 

The main purpose of this study was to examine the cardiovascular responses 

during expiratory muscle strength training with the use of the EMST device in a cohort 

of 31 young adult healthy persons. The EMST program has demonstrated positive 

outcomes for variables related to respiratory function (Chiara, Martin, & Sapienza, 

2007), cough production (Pitts, et al., 2009) and swallow function (Troche, et al., 2009; 

M. Troche, et al., 2010; M. S. Troche, et al., 2010) as well as some minor influences on 

vocal production (Wingate, et al., 2007). There was an interest whether the EMST 

device had effects on cardiovascular responses in users given that the task requires the 

generation of relatively high MEP. This question may have implication, in particular for 

those suffering from cardiovascular disease. 

Interpretation of the Principal Findings 

The present study showed no significant changes in BP, HR, and SpO2 during 

and shortly after a session of 25 EMST trials with the training device which suggests 

little device or expiratory exercise impact on cardiovascular response for the cohort 

enrolled in this study. This outcome supports the hypothesis that EMST would not 

induce major fluctuations in cardiovascular response primarily because of the short 

expiratory effort durations of the task. Even though a high expiratory pressure is 

generated to open the valve within the device, the duration of that pressure generation 

is on the order of 1.25 seconds. This duration is substantially less than a typical 

Valsalva maneuver which can last anywhere from 15 to 20 seconds or more depending 

on the task (Luster, et al., 1996; Tiecks, et al., 1996).  
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Both Chaudhuri et al., (2002) and the present study analyzed BP and HR 

changes during brief, repetitive acts of exertion involving a mechanism similar to the 

Valsalva maneuver. The super-supraglottic and supraglottic swallow exercises 

described in the Chaudhuri et al. (2002) study evoked significant BP elevation and 

cardiac arrhythmia. Chaudhuri et al. (2002) reported BP increases (>20 mmHg of SBP 

or >10 mmHg DBP) in 8 out of 23 older adults (44 to 90 years of age), including 5 

participants with history of coronary artery disease during supraglottic and super-

supraglottic swallow maneuvers. Thirteen out of 15 participants with a history of stroke 

and dysphagia demonstrated cardiac arrhythmia during swallowing sessions using the 

same technique. In addition, 7 of the 23 participants experienced lightheadedness 

during the treatment session (Chaudhuri, et al., 2002). The significant BP changes and 

cardiac arrhythmia subsided within five minutes after the swallow session and did not 

recur within a four-hour monitoring period. In the Chaudhuri, et al. (2002) study, a Holter 

monitor was used to record electrical activities of the heart and swallow timing, but the 

duration of the swallow maneuvers and the baseline measurements of BP and HR were 

not reported. Compared to the results presented by Chaudhuri et al. (2002), the present 

study participants demonstrated a slight decrease rather than a significant elevation of 

mean SBP and almost no change in mean DBP across the tasks. 

Reasons for the study results differences are likely the following: First, the 

swallow supraglottic and super-supraglottic exercises clearly involved “bearing down” 

against a closed glottis, which was considered a modified Valsalva maneuver 

(Chaudhuri, et al., 2002). While the glottis is narrowing during an EMST trial, it either 

closes so briefly or never completely closes that a cardiovascular response is 
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insignificant due to the limited exertion. Second, two-thirds of the participants of 

Chaudhuri et al. (2002) study had a history of stroke and cardiovascular disease which 

could have elicited the abnormal hemodynamic responses to the Valsalva maneuver. 

The present study results did not show a significant cardiovascular response to 

any of the Valsalva maneuvers in the studied group. The Valsalva maneuver was 

shorter (5 sec.) than the 15-20 sec. Valsalva maneuver presented in the literature 

(Luster, et al., 1996; Tiecks, et al., 1996). No considerable BP, HR, or SpO2 fluctuations 

were noticed after completing each of the Valsalva maneuvers as compared to the 

baseline values or the values recorded after EMST phases. Monitoring intrathoracic 

pressure would have allowed better control over the Valsalva maneuver. Without 

monitoring individual intrathoracic pressures, the degree of exertion could not be 

physiologically defined. Measuring the intrathoracic pressure requires an invasive and 

complicated procedure of inserting an intraesophageal catheter (Behazin, Jones, 

Cohen, & Loring, 2010) which was beyond the scope of this study. 

Some covariates had a significant effect on the study measurements.BMI had a 

significant impact on the participants BP as a function of task. The positive correlation 

between BMI and BP is consistent with the study results of Johnson et al., (1975) 

showing that the increase in BMI leads to the BP elevation in young adults (Johnson et 

al., 1975). BMI had a significant effect on HR in the current study with HR increasing 

with BMI. Kazumi et al. (2001) found a correlation between BMI, BP, and HR in young 

healthy men of age 18-20 years. For example, the mean SBP of 133+-4 corresponded 

to a BMI of  23.1+-4.8, and HR 70+-10 (Kazumi, Kawaguchi, Sakai, Hirano, & Yoshino, 

2002). Kazumi’s participants who demonstrated high-normal BP and  BMI values higher 

http://www.ajconline.org/article/0002-9149(75)90835-8/abstract)
http://www.ajconline.org/article/0002-9149(75)90835-8/abstract)
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than the participants with normal and optimal BP showed significantly greater elevation 

of HR at rest after overnight fasting. Kazumi et al.( 2002) suggest that the decreased 

insulin sensitivity is associated with the resting HR elevation in men (Kazumi, et al., 

2002). Along with insulin sensitivity, there are multiple factors that may affect resting HR 

responses to exercise: stress, anxiety, medications, and stimulant substances such as 

caffeine, nicotine, or nutrition supplements. Although the current study participants were 

screened as healthy and denied use of tobacco products, those who demonstrated 

elevated HR during EMST trials could have experienced stress, could have used 

nutritional supplements such as energy drinks, or could have had unknown conditions 

which altered the cardiovascular responses to EMST. (Kawachi, Sparrow, Vokonas, & 

Weiss, 1995; Licht, de Geus, van Dyck, & Penninx, 2009)  

Mean SpO2 was significantly affected by BMI for all participants across the tasks. 

Participants with higher BMI values tended to have lower mean SpO2. This observation 

was especially evident for participants12 and 15 who had the highest values of BMI and 

a SpO2 lower than most of the participants across the tasks. Considering the fact that a 

pulse oximeter detects the oxygen present in hemoglobin, it is worth noting that the 

differences in SpO2 may be related to the hemoglobin content in blood. Kjellberg et al. 

(1949) reported considerable higher amounts of hemoglobin and blood volumes in the 

physically active participant than in sedentary individuals for both sexes (Kjellberg, 

Rudhe, & SjÖStrand, 1949). This suggests that the participants of the recent study who 

demonstrated the higher BMI values were less physically active, therefore they had 

lower levels of hemoglobin and associated with it lower SpO2 values. 
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Three participants (12, 15, and 26) demonstrated greater SpO2 fluctuations than 

the rest of the group across the tasks. The baseline SpO2 values for all three 

participants (participant 12: 97.2%, participant 15: 96.2%, and participant 26: 96.1%) 

were slightly lower than the mean value (98.4%). Interestingly, participant 15 

demonstrated the highest mean baseline SBP in the group and 26 demonstrated the 

mean baseline SBP within the lower margin of the normal range. For both of these 

participants, the fluctuations of SpO2 were consistent with SBP changes. They showed 

the decrease of SpO2 along with the elevation of SBP and the increase of SpO2 along 

with the fall in SBP across the tasks. 

Knower et al. (2001) studied baseline SpO2 in patients with COPD as a predictor 

of potential exercise desaturation. Clinically significant desaturation for their study was 

considered to be SpO2 decrease of 4% or more to a lowest point of 88% or less during 

exercise regardless of the baseline SpO2 (Knower, Dunagan, Adair, & Chin, 2001). 

Knower et al. (2001) suggested that a resting SpO2 of 95% or less could be a reliable 

predictor of exercise desaturation. Regardless of transient fluctuations of SpO2 

observed in a few participants, SpO2 for all participants remained within normal range. 

The baseline SpO2 values for all participants in the current study fell above 96% and the 

greatest decrease (by 3%) in SpO2 was for participant 26. Following the criteria of 

Knower et al. (2001), no exercise desaturation was noted for any of the participants.  

The variable of sex had a noticeable impact on some of the measures across the 

tasks. Women showed lower mean SBP and DBP values but higher mean SpO2 than 

men. Since men demonstrated higher mean BMI than women in this study, the positive 

correlation between BMI and BP (Johnson, et al., 1975; Kazumi, et al., 2002) may 
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explain the significant difference in SBP and DBP between these groups. There is no 

available evidence in the literature which would support the differences in SpO2 between 

sexes.  

MEP had a significant impact on SpO2, where SpO2 increase was observed as 

MEP increased. Since the main effect of EMST is an increase of MEP, and the recent 

study showed the positive correlation between MEP and SpO2, the likelihood of a 

subsequent impact of EMST on SpO2 may be considered. This hypothesis could be 

based on the study results showing a slight mean SpO2 increase during the EMST 

session (Figure 3-4). EMST as a respiratory exercise requires an active respiration 

pattern including a deep inspiration and a forced expiration. The deep diaphragmatic 

breathing helps increase SpO2 along with a significant increase of transcutaneous 

partial pressure of oxygen (Ptc, O2), a significant decrease in transcutaneous partial 

pressure of carbon dioxide (Ptc, CO2), a significant increase in tidal volume (Vt) and a 

reduction in respiratory rate as a result of the increase of minute ventilation (V’E) 

(Vitacca, Clini, Bianchi, & Ambrosino, 1998). Guimaraes et al. (2009) used balloon 

inflation with prolonged nasal inspiration and forced blowing, prolonged vowel 

production, isotonic and isometric facial, palatal, and lingual muscle exercises to 

decrease the symptoms of obstructive sleep apnea syndrome (OSAS). The breathing 

exercise as a component of oropharyngeal exercises contributed to the significant 

increase of SpO2 in patients with OSAS (Guimaraes, Drager, Genta, Marcondes, & 

Lorenzi-Filho, 2009). These findings suggest that respiratory exercises involving a deep 

inspiration improve the alveolar ventilation and subsequently contribute to the increase 

in tissue oxygenation. The present study showed a significant increase of mean SpO2 
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after Phase 1and a slight SpO2 increase after Phase 2. These results indicate that 

EMST intensifies respiratory behaviors and correlated with the cardiovascular activity 

for ventilation and oxygen transportation. 

Clinical Implications 

Given the lack of significant cardiovascular responses during EMST trials, these 

results suggest less concern over a contraindication of EMST for patients with 

cardiovascular disease. One caution is that patients with cardiovascular disease can 

suffer with a multitude of conditions, ranging from hypertension to atherosclerosis which 

may lead to either cerebral or myocardial infarction. Consultation with a cardiovascular 

physician is still recommended for these various conditions when considering use of 

EMST with the caveat that no response has been documented in young healthy 

individuals.  

It is crucial for rehabilitation exercises to be tested for their safety, particularly for 

patients in an acute care and those who have a complex medical history where 

exacerbation of symptoms could occur during the rehabilitation process. Thorough 

information regarding the presence or an absence of side effects during the use of an 

exercise device may guide professional practice. Although the current study did not 

report any adverse responses during use of the EMST device, further clinical study of 

cardiovascular response during EMST is necessary to generalize the results to clinical 

populations. 
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APPENDIX  

OUTCOME MEASUREMENTS FOR EACH PARTICIPANT 

N 

Systolic Blood Pressure (SBP) 
mmHg 

Mean Baseline  Valsalva 1 Phase 1 Phase 2 Rest Valsalva 2 

1 118.0 123.0 116.0 114.0 111.0 114.0 
2 132.0 136.0 134.0 138.0 135.0 133.0 
3 115.0 114.0 114.0 118.0 114.0 117.0 
4 114.0 112.0 110.0 119.0 128.0 122.0 
5 105.5 104.0 93.0 101.0 106.0 103.0 
6 108.5 111.0 104.0 99.0 103.0 104.0 
7 108.5 105.0 104.0 108.0 106.0 108.0 
8 106.0 99.0 106.0 105.0 104.0 102.0 
9 121.0 118.0 114.0 111.0 112.0 107.0 

10 94.5 97.0 89.0 100.0 91.0 94.0 
11 94.5 97.0 96.0 94.0 94.0 93.0 
12 113.5 114.0 112.0 112.0 112.0 108.0 
13 106.5 102.0 91.0 98.0 98.0 99.0 
14 117.5 112.0 113.0 113.0 118.0 117.0 
15 135.0 129.0 123.0 130.0 108.0 118.0 
16 102.0 99.0 100.0 100.0 106.0 99.0 
17 129.0 131.0 114.0 115.0 111.0 107.0 
18 98.0 100.0 103.0 100.0 101.0 94.0 
19 105.0 105.0 101.0 103.0 116.0 99.0 
20 110.0 100.0 95.0 97.0 100.0 99.0 
21 96.5 98.0 100.0 101.0 101.0 101.0 
22 110.5 108.0 109.0 107.0 105.0 106.0 
23 103.0 104.0 105.0 108.0 99.0 104.0 
24 102.5 111.0 101.0 99.0 105.0 105.0 
25 117.0 116.0 107.0 107.0 105.0 110.0 
26 97.5 100.0 96.0 107.0 106.0 97.0 
27 105.5 102.0 104.0 101.0 105.0 116.0 
28 122.5 128.0 127.0 112.0 104.0 112.0 
29 110.0 110.0 111.0 100.0 103.0 107.0 
30 107.5 105.0 96.0 107.0 102.0 93.0 
31 111.0 104.0 104.0 101.0 101.0 103.0 

N=participant number, SBP=Systolic Blood Pressure 
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N 

Diastolic Blood Pressure (DBP) 
mmHg 

Mean Baseline Valsalva 1 Phase 1 Phase 2 Rest Valsalva 2 

1 75.5 76.0 79.0 72.0 76.0 70.0 
2 82.0 82.0 85.0 88.0 82.0 81.0 
3 86.5 85.0 85.0 85.0 82.0 83.0 
4 75.5 73.0 77.0 72.0 81.0 72.0 
5 75.0 73.0 71.0 71.0 78.0 71.0 
6 81.5 93.0 75.0 75.0 69.0 83.0 
7 75.5 75.0 63.0 75.0 75.0 74.0 
8 79.5 73.0 70.0 73.0 72.0 78.0 
9 80.5 79.0 82.0 77.0 75.0 82.0 
10 66.0 67.0 70.0 78.0 66.0 70.0 
11 73.0 73.0 67.0 70.0 67.0 70.0 
12 79.5 79.0 78.0 79.0 80.0 79.0 
13 62.5 62.0 63.0 61.0 73.0 62.0 
14 82.0 74.0 72.0 76.0 74.0 78.0 
15 86.5 80.0 89.0 84.0 98.0 71.0 
16 73.5 72.0 65.0 70.0 68.0 67.0 
17 82.0 83.0 96.0 77.0 79.0 92.0 
18 67.5 69.0 70.0 65.0 74.0 70.0 
19 79.0 71.0 75.0 86.0 70.0 73.0 
20 70.5 72.0 74.0 69.0 73.0 72.0 
21 68.0 66.0 87.0 71.0 72.0 70.0 
22 73.5 74.0 71.0 76.0 68.0 73.0 
23 71.5 66.0 66.0 72.0 74.0 72.0 
24 80.0 93.0 69.0 72.0 83.0 78.0 
25 80.5 75.0 74.0 76.0 71.0 82.0 
26 67.5 69.0 73.0 63.0 67.0 68.0 
27 72.5 69.0 69.0 71.0 74.0 79.0 
28 89.0 75.0 82.0 75.0 76.0 81.0 
29 76.5 71.0 73.0 70.0 84.0 70.0 
30 75.5 72.0 70.0 81.0 70.0 66.0 
31 72.5 75.0 69.0 70.0 71.0 67.0 

N=participant number, DBP=Diastolic Blood Pressure 
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N 
 

Heart Rate (HR) 
bpm 

Mean Baseline  Valsalva 1  Phase 1 Phase 2 Rest Valsalva 2 

1 93.0 97.0 94.0 93.0 87.0 88.0 
2 75.0 86.0 85.0 74.0 70.0 70.0 
3 58.5 60.0 60.0 63.0 56.0 58.0 
4 66.0 69.0 69.0 70.0 74.0 75.0 
5 97.5 94.0 96.0 92.0 88.0 86.0 
6 94.0 95.0 90.0 93.0 85.0 75.0 
7 75.0 75.0 78.0 80.0 78.0 76.0 
8 81.0 73.0 79.0 81.0 81.0 81.0 
9 64.5 59.0 63.0 64.0 59.0 60.0 
10 54.0 60.0 62.0 71.0 63.0 72.0 
11 63.5 65.0 60.0 63.0 61.0 64.0 
12 75.5 75.0 74.0 76.0 73.0 76.0 
13 74.5 70.0 69.0 73.0 87.0 63.0 
14 69.0 71.0 70.0 64.0 71.0 69.0 
15 86.5 96.0 86.0 84.0 75.0 71.0 
16 67.0 69.0 66.0 67.0 75.0 70.0 
17 81.0 85.0 88.0 92.0 86.0 78.0 
18 76.5 85.0 78.0 78.0 69.0 70.0 
19 87.5 83.0 84.0 86.0 70.0 71.0 
20 85.0 85.0 83.0 85.0 84.0 90.0 
21 67.5 61.0 68.0 62.0 62.0 59.0 
22 73.5 65.0 60.0 62.0 58.0 66.0 
23 77.5 86.0 85.0 89.0 84.0 81.0 
24 87.0 81.0 84.0 80.0 71.0 85.0 
25 83.5 85.0 88.0 97.0 80.0 88.0 
26 74.0 67.0 79.0 74.0 78.0 71.0 
27 77.5 76.0 84.0 87.0 77.0 82.0 
28 92.5 95.0 80.0 85.0 77.0 86.0 
29 68.5 72.0 63.0 67.0 62.0 66.0 
30 93.0 94.0 88.0 90.0 87.0 89.0 
31 81.0 75.0 75.0 68.0 67.0 65.0 

N=participant number, HR=Heart Rate 
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N 
 

Oxygen Saturation (SpO2) 
% 

Mean Baseline    Valsalva 1 Phase 1 Phase 2 Rest Valsalva 2 

1 98.3 98.3 98.0 99.2 98.2 99.3 
2 98.3 99.3 98.3 99.3 98.3 98.3 
3 98.8 100.2 100.3 100.3 98.3 100.3 
4 98.3 98.2 99.3 98.3 99.3 98.3 
5 97.3 97.2 97.3 95.2 98.2 98.2 
6 98.7 98.2 99.2 99.3 99.2 98.2 
7 97.3 96.2 98.3 98.2 98.2 96.2 
8 98.2 98.2 98.2 98.2 97.3 97.2 
9 99.8 100.3 100.3 100.3 98.2 99.3 
10 99.2 99.2 100.3 100.2 99.3 99.2 
11 98.3 99.3 98.3 98.2 97.3 97.2 
12 97.2 98.3 98.2 98.3 96.2 98.2 
13 98.3 99.3 99.2 100.2 99.2 98.2 
14 98.3 98.3 100.3 100.2 100.2 99.3 
15 96.2 97.2 98.2 93.2 96.2 95.2 
16 99.2 99.2 99.3 99.3 98.2 98.2 
17 98.3 98.3 97.2 99.2 98.2 96.3 
18 98.2 98.2 98.3 99.3 98.2 97.2 
19 98.2 99.3 99.2 95.3 98.2 98.3 
20 99.8 100.2 100.2 100.3 99.3 99.2 
21 98.2 98.2 97.2 98.2 98.2 98.2 
22 100.3 99.2 99.2 99.2 98.2 99.3 
23 99.8 100.2 100.2 100.3 100.3 100.3 
24 98.2 98.3 100.2 99.2 99.3 98.2 
25 98.2 99.2 99.2 98.2 98.2 98.2 
26 96.1 96.5 97.0 95.2 93.0 97.0 
27 99.5 99.2 100.2 100.3 99.2 99.2 
28 96.8 97.3 98.2 97.0 96.3 97.2 
29 100.3 100.2 99.3 100.3 100.2 99.2 
30 98.2 98.3 99.2 99.2 98.2 98.2 
31 98.2 98.3 99.2 99.2 97.2 99.3 

N=participant number, SpO2=Oxygen Saturation 
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