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Abstract: 

Currently, the use of electronic cigarettes and vaporizers is increasing. Research into the 

effects of these relatively new smoking devices will add to the body of knowledge concerning 

the impact that e-cigarettes may have on physiological health. In this study, we aimed to evaluate 

cardiovascular and pulmonary physiological differences between non-smokers and smokers 

through four measurements: peripheral capillary oxygen saturation (SpO2), respiration rate (RR), 

blood pressure (BP), forced expiratory volume in one second (FEV1) and forced vital capacity 

(FVC). We hypothesized that e-cigarette smokers would have increased RR and BP while at rest 

and lower ratios of FEV1/FVC compared to non-smokers. The 53 participants were divided into 

four groups: non-smoker (n=28), only marijuana smoker (n=11), combination e-cigarette smoker 

(n=9) and only e-cigarette smoker (n=5). Results indicate that RR, FEV1/FVC, and BP were not 

significantly different when comparing the combination e-cigarette smoker and only e-cigarette 

smoker groups to the non-smoker control population. Diastolic BP data were found to be 

significantly increased when comparing the only marijuana smoker group to non-smokers 

(p=0.011). We note that the mean diastolic BP data were increased in the only e-cigarette smoker 

group compared to the non-smoker control population, and this results approached significance 

(p=0.056). Even though our hypotheses are not well supported, the results of near significant 

differences suggest the need for further experimentation with a greater sample size. With the 

potential risks that accompany the inhalation of any smoke or chemical, it is necessary to 

research the impacts on physiological functioning.  
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Introduction: 

 There is an increasing concern with the potential effects of e-cigarettes and vaporizers on 

human pulmonary and cardiovascular health. Since the number of cigarette smokers has 

declined, the alternative market of e-cigarettes and vaporizers has thrived (Rowell and Tarren, 

2015). Little is known about the adverse effects, if any, that could be linked to the use of 

e-cigarette or vaporizer products. This lack of knowledge is concerning as the number of teen 

and young adult users of these products is steadily rising (Gottlieb, 2019). With over 7500 

different vaporizer flavors to choose from, these options often appeal to young people (Zhu et al., 

2014). A National Youth Tobacco Survey found that 250,000 previously non-smoking youth in 

the United States have begun using e-cigarettes and vaporizers (CDC, 2016). Their results also 

indicated that e-cigarette use is associated with intentions of future cigarette use (CDC, 2016). 

With the potential risks that accompany the inhalation of any smoke or chemical, it is necessary 

to better understand the possible impact that e-cigarettes and vaporizers may have on 

physiological health.  

According to the U.S. Surgeon General, there are some chemicals of concern found in the 

liquids used for these devices. Ingredients of concern include diacetyl, heavy metals and ultrafine 

particles (Surgeon General, 2019). Diacetyl was used in microwave popcorn and has been linked 

to a lung disease called Bronchiolitis Obliterans (BO), nicknamed Popcorn Lung. BO is 

characterized by lesions of the epithelial tissue of the airways (Brass et al., 2017). Symptoms of 

BO include shortness of breath, dry cough, wheezing, and fatigue. (Krishna and Bhimji, 2018). It 

also causes changes in protein expression that may contribute to the development of BO in tissue 

exposed to diacetyl (Brass et al., 2017). Additionally, propylene glycol, another chemical that is 

commonly found in e-liquids, has been found to cause respiratory irritation in non-asthmatic 

adults (Wieslander et al., 2001).  

There are additional concerns regarding the amount of nicotine contained in one 

e-cigarette, especially due to the large number of youth who claim to have tried them. The 

quantity of nicotine found in the liquids of e-cigarettes often exceeds potentially lethal doses for 

adults and children (Cameron et al., 2014). Some physiological symptoms can even occur with 

mild toxicity due to the substance, including vomiting, nausea and tachycardia (Cameron et al., 
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2014). It is known that traditional cigarettes increase one's risk of cardiovascular disease 

(Ambrose and Barua, 2004). Nicotine binds to nicotinic acetylcholine receptors, which 

stimulates the sympathetic nervous system (Benowitz, 1996). Activation of the sympathetic 

nervous system causes a periodic increase in heart rate and blood pressure (Benowitz, 1996). 

However, the long-term effects of nicotine on blood pressure are still being debated. 

Due to the potential diseases and health complications posed by the inhalation of 

e-cigarette liquids, it is important to better determine the physiological effects associated with 

increased use of e-cigarettes or vaporizing devices. This study aims to analyze potential effects 

of e-cigarettes and vaporizers on regular users of these devices to help individuals make an 

educated decision on whether or not the use of such devices could lead to impaired physiological 

functioning. Comparison of physiological measurements of non-smokers versus e-cigarette 

smokers and smokers of other substances will yield evidence to make an informed resolution 

regarding the effects of these devices on pulmonary and cardiovascular function. We 

hypothesized that regular e-cigarette smokers would have an increased respiration rate (RR) and 

blood pressure (BP) while at rest in addition to lower ratios of forced expiratory volume in one 

second to total forced vital capacity (FEV1/FVC) when compared to non-smokers. 

 

Materials: 

Four different measurements were used to examine the following variables of cardiac and 

pulmonary function of participants: peripheral capillary oxygen saturation (SpO2), respiration 

rate (RR), blood pressure (BP), forced expiratory volume in one second (FEV1) and forced vital 

capacity (FVC). Data were measured and analyzed using BIOPAC Student Lab System (BSL 4 

Software, MP 36). The Biopac Systems, Inc. Student Manual (ISO 9001: 2008, Biopac Systems, 

Inc.) was used as a guide for using equipment and direction in analyzing all measurements. An 

automatic blood pressure monitor maintained consistency in assessing BP (Model BP791IT; 

Omron Healthcare, Inc. Lake Forest, IL). A spirometer (Model: SS11LA, SN: 1032107; Biopac 

Systems,  Inc.  Goleta,  CA) and its separate 2.0 L calibration syringe (Product No: 191503, SN: 

179368; Biopac Systems,  Inc.  Goleta, CA) were used for calibration and measurement of FEV1 

and FVC. A reserve of mouth pieces, air filters and nose clamps were utilized for sanitary 
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purposes and accurate measurements through mouth exhalation. RR, in breaths per minute 

(BPM), was measured using a Biopac Respiratory Belt (Model: SS5LB, SN: 12126529; Biopac 

Systems, Inc. Goleta, CA). SpO2 was measured using a pulse oximeter (Model: 9843, Nonin 

Medical Inc., Plymouth, MN). Two standard Dell computers from lab room 2395 in the Bardeen 

Medical Sciences building were issued for the experiment. These computers were used to record 

all Biopac data from the respiratory belt and the spirometer.  

 

Methods: 

Participants 

Fifty-three (53) participants (29 female, 24 male), ages 20-26, were recruited from the 

Physiology 435 lab at the University of Wisconsin-Madison. Prior to their participation in the 

study, each participant was required to fill out a consent form that described the purpose of the 

study, the confidentiality measures taken to protect their information, and the potential risks 

associated with the use of a spirometer, such as the provocation of an asthmatic episode or other 

adverse respiratory symptoms. Exclusion criteria were based on a reported diagnosis of severe 

asthma or other severe respiratory conditions. No participants were excluded for this reason. 

Individuals were also notified that their participation was completely voluntary, allowing them to 

withdraw from the study at any time. One participant was excluded from our study on the basis 

that their smoking habits were non-applicable to our smoking categories (they smoked cigarettes 

and marijuana, but did not use e-cigarettes). 

 

Procedure 

The automatic blood pressure monitor and the pulse oximeter data were recorded before 

the spirometry and respiration data. The spirometer and the respiration belt were attached to the 

Biopac Student Lab System via channels 1 and 2 respectively. 'Airflow' (SSL11LA) was selected 

for FEV, measured in liters (L) on 'Channel 1', and 'Respiration' (SS5LB) was selected for 

respiration rate using 'Channel 2'. Manual calibration procedures were conducted (according to 

the Biopac calibration procedures);  a baseline measurement of zero airflow through the 

spirometer was obtained and readings were then calibrated with the Biopac 2.0 L calibration 
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syringe. Five full pumps of the syringe were recorded and the resulting data were scanned for 

distinct peaks indicating the plunger’s movement to confirm that the system and spirometer were 

working properly. A disposable mouthpiece and air filter were then attached to the spirometer; 

each participant received a new mouthpiece and air filter to maintain consistency and sanitary 

practices between participants.  

Experimentation began after the participant filled out the consent form and a 

pre-measurement questionnaire and rested in a chair for at least five minutes. Two investigators 

were present with the participant during the entirety of the experiment to ensure accurate 

recordings. The participant was instructed to sit with both feet flat on the ground and was 

notified that the BP and SpO2 readings were required. The blood pressure cuff was placed over 

the participant’s brachial artery, and the pulse oximeter was placed on the index finger of the 

opposite arm. After the BP and SpO2 concentration data were recorded, both devices were 

removed from the individual. The participant was fitted with a respiration belt over their 

sternum/upper chest and was told that a resting respiration rate would be recorded for two 

minutes. After two minutes, the respiration belt was removed and the participant was instructed 

on how to properly perform forced expiratory volume spirometry. Participants placed a plug on 

their nose and breathed only through their mouth into the spirometer. After three normal breaths 

and a large inhale (up to maximum inspiratory capacity), they exhaled as much as possible and 

with the greatest force and velocity they were able (until they exhaled their full vital capacity), 

followed by three normal breaths. Three separate spirometry tests were recorded, with 45 

seconds of rest in between each measurement. This experimental timeline is represented in 

Figure 1.  

 

Positive Controls 

To ensure the functionality of the equipment, SpO2, FEV1, FVC, RR and BP were 

measured on all five researchers. All followed the same procedures as the study participants. The 

mean SpO2 among the five researchers was 98.6% ± 0.55%. Mean spirometry FEV1/FVC ratio 

was 77.696% ± 6.255%. Mean RR was 13.6 ± 2.18 BPM. Mean BP was 121.75 ± 6.551 mmHg 

for systolic pressure and 82.000 ± 5.715 mmHg for diastolic pressure. All measurements were 
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within expected normal ranges for a healthy adult, as cited by the University of Chicago-Pritzker 

School of Medicine (2019). This indicated that all equipment was functional, recording data and 

measuring accurately.  

 

Negative Controls 

The data from the non-smoker participants were taken as a negative control. This allowed 

baseline measurements to be compared to the smoker populations (only marijuana smoker, 

combination e-cigarette smoker and only e-cigarette smoker) in our study.  

 

Data Analysis: 

Based on survey results from the questionnaire each individual submitted at the 

beginning of the study, participants were categorized into one of four separate groups (Table 1). 

If a participant had never smoked or had only smoked once in their lifetime, they were included 

in the non-smoker category (n=28). For the remaining three categories of only marijuana smoker 

(n=11), combination e-cigarette smoker (n=9) and only e-cigarette smoker (n=5), individuals 

were considered smokers for a particular product if they identified with the categories of: rarely 

(1-4 times a year), somewhat often (once a month), often (once a week/ every other week) or 

almost every day (5-7 times a week). Participants were included in the combination e-cigarette 

smoker category if they used e-cigarettes as well as one or more additional types of smoking 

products. The other types of products smoked by these individuals can be found in Table 2.  

The SpO2 data taken were implemented as a baseline measurement to determine the 

physiological health of the participant (all pulse oximeter data showed at least 95% hemoglobin 

saturation, which can be assumed to be saturated with oxygen since participants were not 

experiencing shortness of breath). BP readings were separated into systolic BP and diastolic BP 

measurements, and averages were calculated for each of the four participant groups. A total of 

six independent, one tailed t-tests were calculated to compare blood pressures of each smoking 

group to the non-smoker control population (two tests per group, one for systolic and one for 

diastolic). RR data were determined by counting the number of peak-to-peak pairs (one full 

exhale and inhale) obtained in a two-minute time span and dividing by two, shown in Figure 2. 
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To analyze RR data, three independent, one-tailed t-tests were implemented to compare the 

non-smoker data to the three different smoking categories (only marijuana smokers, combination 

e-cigarette smokers and only e-cigarette smokers). An example of spirometric data measured by 

Biopac is shown in Figure 3.1. After highlighting the participant’s exhale data, Biopac cut out 

the selected data, transferred it into a new channel and inverted it to change negative expiratory 

values into positive values, as shown in Figure 3.2. FEV1 data were collected for each participant 

using their exhale data over one second, as shown in Figure 3.3, and FVC data were collected for 

each participant using the data from the entire exhale, as shown in Figure 3.4. The three 

FEV1/FVC ratios for each participant were averaged, subsequently averaged for each group and 

multiplied by 100 for values in percentages, as seen in Figure 4. Three independent, one-tailed 

t-tests were calculated for these data to compare airflow results from non-smokers to the three 

different smoker categories aforementioned. For each t-test, if p < 0.05, the results were 

determined to be statistically significant between the two groups. 

 

Results: 

FEV1/FVC (%) 

The mean FEV1/FVC for non-smokers was 59.868% ± 18.464%. The mean FEV1/FVC 

ratio for only marijuana smokers smoker was 63.957% ± 21.609%. There was no significant 

difference in FEV1/FVC ratios between the only marijuana smoker group and the non-smoker 

control population (p=0.294). The mean FEV1/FVC ratio for combination e-cigarette smoker was 

61.574% ± 12.452%. There was no significant difference in ratios between the combination 

e-cigarette smoker group and the non-smoker control population (p=0.378). The mean 

FEV1/FVC ratio for only e-cigarette smokers was 38.368% ± 28.574%. There was no significant 

difference in ratios between the only e-cigarette smoker group and the non-smoker control 

population (p=0.085). This is represented in Figure 4. We note that the mean airflow values for 

all groups were lower than the physiological average of a healthy adult. According to Vesbo et 

al., 2013, FEV1/FVC less than 70% indicates the presence of obstructed airflow. Despite clear 

instructions, individuals may not have been exhaling as fast and as forcefully as they could and 

lower than average ratios of FEV1/FVC were observed. As well, we are unsure of the accuracy of 
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the spirometry equipment as all of our sample groups had means less than 70%. However, the 

positive controls performed for FEV1/FVC yielded a mean over 70% (77.696% ± 6.255%), 

leading us to suspect user-error as the primary cause of this issue. 

 

Respiration Rate 

The mean RR for non-smokers was 12.821 ± 3.687 BPM. The mean RR for the only 

marijuana smokers was 13.227 ± 3.510 BPM. There was no significant difference in RR between 

the only marijuana group and the non-smoker control population (p=0.376). The mean RR for 

combination e-cigarette smoker was 14.778 ± 4.402 BPM. There was no significant difference in 

RR between the combination e-cigarette smoker group and the non-smoker control population 

(p=0.126). The mean RR for only e-cigarette smokers was 13.500 ± 2.345 BPM. There was no 

significant difference in RR between the only e-cigarette smoker group and the non-smoker 

control population (p=0.302). This is represented in Figure 5. We note that the RR data may be 

less representative of actual resting breathing rate, thus making our data obscure. Due to the 

invasiveness of a respiration belt, we speculate that participants were made aware of their 

breathing during data collection and may have altered their breathing rate. This was true for all 

groups being measured.  

 

Blood Pressure 

The mean BP for non-smokers was 114.821 ± 13.741 mmHg systolic and 72.786 ± 8.879 

mmHg diastolic. The mean systolic BP for only marijuana smokers was 118.091 ± 17.132 

mmHg, and the mean diastolic BP was 79.091 ± 6.457 mmHg. There was no significant 

difference in systolic BP between the only marijuana smoker group and the non-smoker control 

population (p=0.290). However, the only marijuana smoker group showed a significant increase 

in diastolic BP when compared to the non-smoker control population (p=0.011). The mean 

systolic BP for combination e-cigarette smoker was 120.667 ± 14.396 mmHg and the mean 

diastolic BP was 77.556 ± 7.892 mmHg. There was no significant difference in systolic BP 

(p=0.152) or diastolic BP (p=0.074) between the combination e-cigarette smoker group and the 

non-smoker control population. The mean systolic BP for the only e-cigarette group was 115.200 
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± 9.149 mmHg and the mean diastolic BP was 80.600 ± 8.532 mmHg diastolic. There was no 

significant difference in systolic BP (p=0.470) or diastolic BP (p=0.056) between the only 

e-cigarette smoker group and the non-smoker control population. This is represented in both 

Figure 6 and 7.  

 

Discussion: 

Only marijuana smokers compared to non-smokers   

From the onset of the experiment, researchers did not set out to study the effects of 

marijuana use on FEV1, FVC, SpO2, RR or BP. However, due to the large number of participants 

that only smoked marijuana, researchers found it in the best interest of the experiment to create a 

separate group to analyze these data. Due to the emergence of this unexpected group, these 

results were not tied back to the experiment’s original hypothesis, therefore no null nor 

alternative hypothesis were proposed. These data, however, were still compared to the results for 

non-smokers to see the effect of marijuana use on FEV1, FVC, SpO2, RR or BP. In future studies, 

researchers should broaden their hypothesis to include this group of smokers. 

The results from the one-tailed t-tests for FEV1/FVC in this experiment indicate no 

statistically significant difference between the mean percentages only marijuana smokers and the 

non-smoker control population (p=0.294). A one-tailed t-test comparing mean RR values 

between only marijuana smokers and non-smokers also indicated no statistically significant 

difference (p=0.376). Studies have shown that marijuana use among 26 year olds and older has 

increased over the years and that some users start smoking marijuana as early as age 12 

(Azofeifa et al., 2016). Furthermore, some of these studies have shown that marijuana use does 

cause a decrease in lung function (Tashkin et al., 1980, Lebowitz et al., 1975, Bloom et al., 

1987). Despite our data showing no decrease in lung function when assessing FEV1/FVC and 

RR, more research on this specific subject needs to be done before any conclusions can be made. 

Using a one-tailed t-test to compare mean BP data between only marijuana smokers and the 

non-smoker control population reveals no statistically significant difference (p=0.290) between 

the mean systolic BP values, but a statistically significant difference (p=0.011) between the mean 

diastolic BP values of the two groups. This could suggest that marijuana use may have an impact 
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on diastolic BP, and may be an early sign of an underlying disease process at work. One 

multivariate analysis of 195 patients presenting to the emergency department with high diastolic 

BP and no previous diagnosis of hypertension, 142 of the patients (73%) had later developed 

hypertension, as determined during their follow-up appointments. The only significant predictive 

factor for the development of hypertension was diastolic hypertension recorded in the emergency 

department (p=0.03). Thus, elevated diastolic BP, but not systolic BP, among patients presenting 

to the emergency department was associated with future development of hypertension in 

previously normotensive individuals (Shiber-Ofer et al., 2015).  

 

Combination e-cigarette smokers compared to non-smokers 

The results from the one-tailed t-tests for FEV1/FVC ratio (H0: FEV1/FVC%non-smoker= 

FEV1/FVC%combination e-cigarette smoker Ha: FEV1/FVC%non-smoker> FEV1/FVC%combination e-cigarette smoker) 

indicate no statistically significant difference between the mean percentages combination 

e-cigarette smokers and the non-smoker control population (p=0.378). The results from the 

one-tailed t-tests for RR (H0: RR non-smoker= RR combination e-cigarette smoker Ha: RRnon-smoker＜ RRcombination 

e-cigarette smoker) (p=0.126) indicate no statistically significant difference between combination 

e-cigarette smokers and non-smokers. These data do not support our original hypothesis of a 

lower FEV1/FVC ratio and an increased RR for combination e-cigarette smokers. Despite this, 

lung function among participants may still have been affected due to the use of e-cigarettes. 

Many studies have shown, including the FDA, that tobacco products can negatively affect lung 

function (FDA, 2018). In addition, as mentioned in other sections of the discussion, the use of 

e-cigarettes or marijuana has negative impacts on lung function (Tashkin et al., 1980, Lebowitz 

et al., 1975, Bloom et al., 1987, Meo et al., 2019).  

The results from the one-tailed t-tests for mean systolic and diastolic BP values (H0: 

BPsystolic non-smoker = BPsystolic combination e-cigarette smoker/BPdiastolic non-smoker = BPdiastolic combination e-cigarette smoker Ha: 

BPsystolic non-smoker＜ BPsystolic combination e-cigarette smoker/BPdiastolic non-smoker ＜ BPdiastolic combination e-cigarette smoker), 

indicate no statistically significant differences in systolic BP (p=0.376) nor diastolic BP 

(p=0.074) between the combination e-cigarette smokers and the non-smoker control population. 

Even though diastolic BP was increased in the combination e-cigarette group, a value which 
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approached significance (p=0.074), the sample size was small (n=9) and the products used in 

combination with e-cigarettes introduced confounding variables to the data interpretation for this 

group. 

 

Only e-cigarette smokers compared to non-smokers  

The results from the one-tailed t-tests for FEV1/FVC (H0: FEV1/FVC%non-smoker = 

FEV1/FVC%only e-cigarette smoker Ha: FEV1/FVC%non-smoker> FEV1/FVC%only e-cigarette smoker) indicate no 

statistically significant difference between only e-cigarette smokes and the non-smoker control 

population (p=0.085). Despite these statistical findings (p=0.085), the mean values for each 

group show that the FEV1/FVC ratio was substantially lower for only e-cigarette smokers 

compared to that of the non-smokers (Figure 4), suggesting that consistent use of only 

e-cigarettes may decrease pulmonary functioning over time. In a study conducted by Meo and 

associates (2019), e-cigarettes were found to have a negative impact on lung function. Meo et al. 

found that the FEV1/FVC ratio among 30 males who used e-cigarettes daily and had never used 

tobacco products was significantly decreased when compared to the FEV1/FVC of a control 

group who had never used e-cigarettes or tobacco products. They found that e-cigarette use does 

significantly impair lung function in a pattern consistent with obstructive lung disease (Meo et 

al., 2019). Although the results of this study indicate no statistical difference, there may still be 

an effect of e-cigarette use on lung function. However, further research must be done to 

definitively determine the profound impact e-cigarette use has on the FEV1/FVC ratio.  

The results from the one-tailed t-tests for RR (H0: RRnon-smoker= RRonly e-cigarette smoker Ha: 

RRnon-smoker＜RRonly e-cigarette smoker) indicate no statistically significant difference between the only 

e-cigarette smokers and the non-smoker control population (p=0.302). The results from the 

one-tailed t-tests for mean systolic and diastolic BP (H0: BPsystolic non-smoker = BPsystolic only e-cigarette 

smoker/BPdiastolic non-smoker = BPdiastolic only e-cigarette smoker Ha: BPsystolic non-smoker ＜ BPsystolic only e-cigarette 

smoker/BPdiastolic non-smoker＜BPdiastolic only e-cigarette smoker) indicate no statistically significant difference in 

systolic BP (p=0.470) nor diastolic BP (p=0.056) between only e-cigarette smokers and the 

non-smokers. However, mean diastolic BP was increased in only e-cigarette smokers compared 

to the non-smokers, a result which approached statistical significance (p=0.056). Due to this 
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p-value, this finding was considered to be relevant. However, due to the small sample size (n=5), 

further research must be done to definitively determine if using only e-cigarettes truly has a 

profound impact on the diastolic BP. 

These results indicate that the hypothesis that e-cigarette and vaporizer smokers will have 

increased RR and BP while at rest and lower ratios of FEV1/FVC remains unsupported. 

However, the near significant increase in diastolic BP observed in the only e-cigarette smoker 

group is relevant. Because we also found a significant increase in diastolic BP in the only 

marijuana smokers, these data are concerning to find in younger participants and may be 

predictive of cardiovascular problems or heart failure (Nadruz et al., 2017). However, it must be 

noted that all groups are neither large enough nor representative enough for these findings to be 

relevant to all 20-26 year olds. Further research with a greater and more representative 

population must be conducted to demonstrate a definitive relationship between the variables 

presented.  

 

Conclusion: 

Our research on e-cigarettes and vaporizers is tremendously relevant to Physiology 435. 

We were able to better understand our target measurements through our coursework in cardiac, 

pulmonary, and nervous system physiology. Our research allowed us to further understand the 

effects of inhaled substances and how it may impact overall physiological health. Our results 

show that there may be a correlation between diastolic hypertension with use of 

e-cigarettes/vaporizers (alone or in combination with other products) and marijuana exclusively. 

We can also add our spirometry data to the whole body of pulmonary research. Spirometry tests 

are sensitive enough to diagnose any respiratory complications, such as obstructive and 

restrictive lung diseases. Knowledge of these diseases allowed us to better interpret our 

FEV1/FVC data in that our results may mimic obstructive respiratory disease in e-cigarette 

smokers. Additionally, we were able to understand how nicotine impacts the nicotinic 

acetylcholine receptors, and how they affect cardiovascular physiology down-stream. Our 

knowledge gained in both the coursework of Physiology 435 and in this study is applicable to 

our future careers and will be used in our future studies.  
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Tables & Figures: 

Table 1: Number of participants in each category studied. The table shows that our study 
involved 53 participants in total (29 females and 24 males). The participants were grouped into 
four categories based on self-reported information within the pre-measurement questionnaire 
regarding the use or non-use of both traditional and electronic smoking products. 
 
 

 
Table 2: Type of other products smoked by combination e-cigarette smoking participants. 
Participants were included in the combination e-cigarette smoker category if they used 
e-cigarettes in combination with another product. Found above are the type of other products 
smoked in addition to e-cigarettes by the individuals in this category. 
 

 
16 



 

 
Figure 1: Experimental timeline. This figure illustrates the approximate timeline of events for 
each study participant. The participant began by resting for at least five minutes in a chair, while 
reading and signing a consent form and filling out a pre-measurement questionnaire. The 
participant was then fitted with a blood pressure cuff, and a pulse oximeter (SpO2) was placed on 
the index finger of the opposite arm; this reading took two minutes. The participant was then 
fitted with a respiratory belt, and respiratory rate data was recorded for two minutes. The 
participant was then shown how to use a spirometer, and forced expiratory volumes were 
recorded. Spirometry measurements took approximately five minutes. The entirety of the 
experiment lasted approximately fifteen minutes.  
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Figure 2: Example respiration rate in breaths per minute. The number of breaths was 
determined by counting the number of peak-to-peak pairs displayed in the graph. This number 
was then divided by two in order to calculate the number of breaths per minute. One complete 
breath (an exhale and inhale) follows the peak-to-peak pattern, as can be seen highlighted in the 
box.  
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Figure 3.1: Example forced expiratory volume (FEV) spirometry recording on Biopac. The 
top row represents a participant recording, while the bottom row represents an example 
recording. The area from the beginning of maximal expiration to the end of maximal expiration 
was selected (shown in the boxed data). The Biopac program cut out the selected data, 
transferred it into a new channel and inverted it to change negative expiratory values into 
positive values. An example of the new channel record of FEV is shown in Figure 3.2 (below).  
 
 

 
Figure 3.2: Example three second interval from FEV spirometry recording on Biopac. The 
s-curve represents the full (forced) exhale data during the FEV spirometry recording. The 
s-curve’s highest point is called the vital capacity. We selected regions of this curve to determine 
forced expiratory volume in one second (FEV1) and the forced vital capacity (FVC), which are 
shown in Figures 3.3 and 3.4, respectively.  
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Figure 3.3: Example forced expiratory volume in one second (FEV1). The highlighted data 
represents the volume of air the participant was able to forcefully exhale in one second, FEV1, 
during the spirometry recording.  
 

 
Figure 3.4: Example forced vital capacity (FVC). The highlighted data represents the volume 
of the participant’s forced vital capacity, measured from the beginning to the end of the maximal 
expiration.  
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Figure 4: Comparison of mean FEV1/FVC. The bar graph shows the mean forced expiratory 
volume at one second divided by the forced vital capacity (FEV1/FVC (%)) for participants in 
each of the four categories studied. Upon statistical analysis, mean FEV1/FVC% was determined 
to be near significantly lower for only e-cigarette smokers in comparison to non-smokers. Error 
bars represent the standard deviations of the means for each category.  
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Figure 5: Comparison of mean respiratory rate. The bar graph shows the mean respiratory 
rate for participants in each of the four categories studied in breaths per minute. Mean respiratory 
rate was determined to be similar across all categories with no statistically significant differences 
in each data set when compared to the non-smoker control group. Error bars represent the 
standard deviations of the means for each category.  
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Figure 6: Comparison of mean systolic blood pressure. The bar graph shows the mean 
systolic blood pressure expressed in mmHg for participants in each of the four categories 
studied. Mean systolic blood pressure was determined to be similar across all categories with no 
statistically significant differences in each data set when compared to the non-smoker group. 
Error bars represent the standard deviations of the means for each category.  
 
 

 

Figure 7: Comparison of mean diastolic blood pressure. The bar graph shows the mean 
diastolic blood pressure for participants in each of the four categories studied. Upon statistical 
analysis, mean diastolic blood pressure was either at or near significantly higher levels in all 
three smoking groups when compared to the non-smoker group. Error bars represent the standard 
deviations of the means for each category. 

 
23 


