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ABSTRACT

Virtual reality (VR) seems to have the potential to provide opportunities to promote physical activity (PA) in a fun
way. This paper aimed to examine the acute effects of three different virtual reality-based exercise bikes on young
adults’ blood pressure (BP) and feelings compared to a traditional exercise cycling session. Four exercise sessions
(immersive VR cycling, two non-immersive VR cycling, and traditional cycling) were completed by 36 young
adults (22 females; Mage = 23.6 years). BP was measured immediately before and after each session using a BP
cuff and exercise-induced feelings were assessed via an established survey immediately after each session. Parti-
cipants’ previous experience with VR was used as the covariate in the ANCOVA with repeated measures. Signif-
icant main effects were observed across cycling sessions for systolic blood pressure [F (2, 29) = 3.04, p = 0.02, η2 =
0.38)] and feelings [F (3, 32) = 7.74, p < 0.01, η2 = .42]. In particular, immersive VR and traditional cycling signif-
icantly increased systolic blood pressure compared to the two non-immersive VR sessions. Moreover, immersive
VR significantly increased feelings compared to the two non-immersive VR sessions, whereas these two non-
immersive VR exercises had significantly greater increased feelings compared to traditional cycling, respectively.
Findings suggest immersive VR-based exercise cycling may lead to higher exercise intensities compared to non-
immersive VR cycling. Further, immersive VR cycling yielded higher feelings compared to non-immersive VR
and traditional cycling. Thus, immersive VR-based exercise can be a fun and physically active health promotion
tool among young adults.
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1 Introduction

Physical inactivity rates among young adults (20–35 years) have increased during the last several
decades [1]. Consequently, the prevalence of obesity among U.S. young adults has reached 33.3 million
[2]. While in college, 22% and 43% of students report not meeting the Physical Activity (PA) Guidelines
for U.S. adults [3]. Thus, college students who meet the recommendations for moderate-intensity
exercise, vigorous-intensity exercise, or a combination of both are below 46% [3]. This could be
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explained by the fact that college students make nutritional and PA decisions autonomously for the first time
during this stage [4]. As a result, 38% of U.S. college students have a body mass index (BMI) in the
overweight or obese range [3].

Insufficient physical activity is currently the 4th leading risk factor for mortality [5]. In addition, it is well
known that PA in adults leads to reduced all-cause mortality rates, coronary heart disease, stroke, cancer, or
high blood pressure (BP) [6–9]. BP is a measure of the pressure of blood pushing against the walls of the
arteries when the heart beats (systolic BP) and when the heart rests between beats (diastolic BP) [10].
Maintaining cardiovascular health will help prevent cardiovascular disease, the leading cause of morbidity
and mortality worldwide [11]. In this line, only 3.4% of college students report having been diagnosed or
treated by a health professional for high BP within the last year [3]. However, 116 million of adults
living in the U.S. have hypertension (47% of the population). Therefore, college is an ideal setting to
focus on prevention efforts to avoid individuals from becoming ill.

Recent research has found technology to be a possible cause [12] and solution [13] to high BP. Over 90%
of the U.S. population owns or has access to the Internet and a cellphone or smartphone [14]. In addition,
65% of adults play video games regularly [15]. Thus, recent health promotion programs have emphasized
the use of gaming technology to increase motivation to engage in more PA at the population level [16–
21]. Among these novel programs, virtual reality (VR) has gained momentum primarily as a resource to
promote cognitive learning and psychological well-being [22,23]. However, the effectiveness of VR
exercise on an individual’s physiological outcomes is starting to be analyzed, showing that it can be
beneficial to improve physical fitness, muscle strength, balance, and extremity function [24–26].

VR has primarily been used as a training tool in medicine (e.g., surgery) and rehabilitation [27,28].
However, its utility for promoting healthy habits, such as PA engagement has been investigated [29–31].
College students in a VR-based PA program experienced higher situational motivation and enjoyment
than those in a traditional cycling or treadmill program, although no positive effects were found for
moderate-to-vigorous PA [25,26]. To our knowledge, only one study has tested the effects of VR exercise
on young adults’ BP responses [25]. This exploratory study compared college students’ BP during VR,
exergaming, and traditional cycling exercises. No significant differences were observed for BP between
VR and stationary cycling. Both programs showed significantly greater systolic BP changes in
comparison with exergaming cycling.

Based on the previous literature, this study’s purpose was to examine the effects of three types of VR
exercises (one immersive VR and two non-immersive VR exercises) on young adults’ BP and emotions
(i.e., feelings) as compared to a traditional exercise cycling session. The following hypotheses were
proposed: (1) college students’ systolic BP changes would not differ significantly from traditional cycling
and VR exercises; (2) immersive VR exercise would lead to significant improvements compared to the
two non-immersive VR exercises; (3) immersive VR would exert significantly higher positive feelings
than the two non-immersive VR modalities; (4) the two non-immersive VR exercises would have
significantly more improved positive feelings compared to traditional cycling.

2 Method

2.1 Participants and Study Design
Data were collected in the Fall of 2019 and Spring of 2020. Participants were recruited via flyers posted

around the University and word of mouth. The sample consisted of 36 young adults (14 female; Mean age =
22.4 ± 2.1 years) who met the following inclusion criteria: (1) 18 to 35 years old; (2) no self-reported
diseases/conditions preventing PA participation; and (3) provision of informed consent. Prior to data
collection, University of Minnesota Institutional Review Board approval (STUDY00006005) and
informed consent were obtained. In addition, all procedures performed on participants followed the
ethical standards of this institution and the Declaration of Helsinki and its subsequent amendments or
comparable ethical standards [32]. Participants obtained a $20 ClinCard® (Greenphire Inc., Philadelphia,
PA, USA) upon successful completion of the study.
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2.2 Procedures
Prior to the start of the exercise sessions, data were collected regarding participants’ height, weight, body

fat percentage, waist, previous experience with VR (yes/no), skill level on VR games, and demographic
information. Participants then completed four separate 12-minute exercise sessions in a counterbalanced
order during a single laboratory visit: (1) immersive VR biking on VirZoom VR bike using PlayStation
4; (2) non-immersive VR biking on Gamercize bike using Xbox 360; (3) non-immersive VR biking on
Game Rider EZ Gaming Bike; and (4) traditional biking on Spirit Fitness XBU55 (see Figs. 1, 2).
Between each session, 10-minute breaks allowed participants’ BP and heart rate to return to baseline
levels [33,34], as well as to complete the questionnaire regarding their feelings.

Figure 1: Young adults working on exercise bikes (from left to right: Gamercize, VR VirZoom, Spirit,
Game Rider)

Figure 2: Young adults working on exercise bikes (from right to left: Game Rider, Spirit, VR VirZoom,
Gamercize)
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2.3 Gaming Conditions
Immersive VR Cycling Session. Participants in this study used the VirZoom VR exercise bike as their

immersive VR cycling session. Through connection to the PlayStation 4 VR system and a VR headset,
players experienced a fully-immersive environment. Following the previous literature [35], two games
that were indicated as the most intense were chosen for this study. Participants played one cycling racing
game called “Le Tour” and a virtual racecar game called “Race Car”. By pedaling and leaning their
bodies left and right, the individuals controlled their VR character.

Non-Immersive VR Cycling Sessions. Two non-immersive VR cycling sessions were completed during
this study. First, the Gamercize exercise bike connected to an Xbox 360 was used to play a game called
“Motocross”. Participants used an Xbox 360 controller while pedaling to steer the motocross bike around
a circuit. To ensure the intensity of the activity, if pedaling was not maintained above 60 rotations per
minute the game automatically stopped.

The second non-immersive session was conducted on the Game Rider EZ Gaming Bike. This exercise
bike is equipped with a swiveling handlebar that allows the players to steer the vehicle on different tracks
while pedaling. Participants played the game “Motor Storm” in which they guided their character on a
motorcycle trek.

Traditional Cycling Session. The Spirit Fitness XBU55 upright stationary bike was used for the
traditional cycling session. During the immersive VR and non-immersive VR cycling sessions, the age-
predicted heart rate was used to be between 65% and 85%. Therefore, it was decided to control the
intensity of the traditional cycling session to ensure that the trainings in this study were comparable. For
this purpose, the heart rate integrated into the bicycle was used.

2.4 Outcome Measures

2.4.1 Previous VR Experience, Demographic and Anthropometric Information
Self-reported demographic questionnaires were used to assess participants’ age, sex, and previous VR

experience. Height was measured to the nearest half-centimeter by using a Seca stadiometer (Seca, Chino,
CA). Weight and body fat were measured by using a Tanita BC-558 IRONMAN® Segmental Body
Composition Monitor (Tokyo, Japan).

2.4.2 Blood Pressure
BP was measured before (BPPre) and immediately after (BPPost) each exercise session via occlusion of

the brachial artery by an Omron HEM-705CP Automatic BP Cuff (Omron Health Care, Lake Forest, IL),
with participants seated, legs uncrossed, and feet flat on the floor. Mean change for each session was then
calculated for systolic BP (systolic BPPost-systolic BPPre) and diastolic BP (diastolic BPPost-diastolic BPPre).

2.4.3 Feelings
A self-reported scale was used to capture four distinct feeling states: revitalization, tranquility, positive

engagement, and physical exhaustion [36] This instrument uses 15 items on a 5-point Likert scale, from “do
not feel” to “feel very strongly”. The 15 items included: (1) “refreshed”, (2) “calm”, (3) “fatigued” (4)
“enthusiastic”, (5) “relaxed”, (6) “energetic”, (7) “happy”, (8) “tired”, (9) “revived”, (10) “peaceful”, (11)
“worn out”, (12) “upbeat”, (13) “miserable”, (14) “discouraged”, (15) “crummy”. The negative items
were reversely coded and then all items were calculated to capture the mean score for each participant’s
feelings.

2.5 Statistical Analyses
Statistical analyses were performed using IBM-SPSS 25.0 (IBM, Inc., Armonk, NY). First, descriptive

statistics were calculated for each session. A multivariate analysis of variance with repeated measures was
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then performed (within-subjects factor: cycling session (three levels)) to evaluate differences between
cycling sessions for systolic and diastolic BP and feelings. Eta-squared (g2) was used to estimate effect
sizes: small (0.10), medium (0.25), and large (0.40) [37] Finally, Bonferroni post hoc analyses were
performed to determine the individual differences between the three sessions. The significance level was
set at 0.05.

3 Results

Participant characteristics are presented in Table 1. Table 2 presents descriptive characteristics of cycling
sessions. Overall, significant main effects were observed between cycling sessions for pre-/post-systolic BPs
[F (2, 29) = 3.04, p = 0.02, η2 = 0.38)] and feelings [F (3, 32) = 7.74, p < 0.01, η2 = 42]. Post-hoc LSD
comparisons suggested that immersive VR (21.31 ± 8.04 mmHg) and traditional cycling (24.02 ± 9.11
mmHg) had significantly greater increased systolic BPs compared to two non-immersive VR exercises
(16.00 ± 8.83 mmHg vs. 14.92 ± 10.41 mmHg, p < 0.05, respectively). No significant differences were
found between sessions for diastolic BP change (p > 0.05). Moreover, immersive VR (3.94 ± 0.79, p <
0.01) had significantly greater increased positive feelings than the two non-immersive VR (2.61 ± 1.63;
2.58 ± 1.46), whereas these two non-immersive VR exercises had significantly greater increased positive
feelings compared to traditional cycling (1.78 ± 2.06, p < 0.05), respectively.

4 Discussion

We observed immersive VR and traditional cycling sessions to elicit higher systolic BP compared to the
two non-immersive VR sessions. Moreover, findings suggested that participants experienced significantly

Table 1: Participant characteristics (n = 36)

Mean SD

Gender (n male:n female) 14:22

Age (years) 22.42 2.08

Height (cm) 173.64 9.11

Weight (kg) 75.76 16.94

Waist circumference 85.06 10.76

Body fat percentage 21.77% 9.33

Body mass index 25.05 4.89

Previous VR experience (n some:n none) 14:22

Skill level (n not good:n fair:n good) 1:8:5
Note: The descriptive characteristics of the sample are presented.

Table 2: Descriptive statistics for outcome variables

Immersive VR Gamercize bike EZ Gaming Bike Traditional Bike

Mean SD Mean SD Mean SD Mean SD

SysBPΔ (mmHg) 21.311 8.04 16.00 8.83 14.92 10.41 24.031 9.11

DiaBPΔ (mmHg) 1.33 3.27 1.61 4.20 2.28 4.46 2.33 3.48

Feelings 3.941,2 0.79 2.612 1.63 2.582 1.46 1.78 2.06
Note: 1Significantly greater than non-immersive VR exercise bike (p < 0.05). 2Significantly greater than traditional exercise bike (p < 0.05).
Abbreviations: SD, standard deviation; VR, virtual reality; SysBPΔ, systolic blood pressure change (calculated as: systolic BP after–systolic BP
before); DiaBPΔ, diastolic blood pressure change (calculated as: diastolic BP after–diastolic BP before).
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greater positive feelings during the immersive VR than during the non-immersive VR sessions and
significantly greater positive feelings during the two non-immersive VR exercises compared to traditional
cycling.

Our first hypothesis for this study was that college students’ systolic BP changes would not differ
significantly from traditional cycling and VR exercises. Incongruent with our hypothesis, findings
indicated that traditional cycling prompted significantly greater systolic BP changes compared to non-
immersive VR. In line with our hypothesis, previous research found that VR sessions did not have a
significantly greater impact on systolic BP changes than traditional cycling [25]. One possible explanation
for this difference is that the pedal resistance could not be matched through the sessions, since the bikes
were different. The second hypothesis stated that immersive VR exercise would lead to significant
improvements compared to the two non-immersive VR exercises. In line with our hypothesis, participants
experienced greater systolic BP changes during immersive VR cycling when compared to non-immersive
VR. On the other hand, immersive VR found no significant differences in systolic BP compared to
traditional cycling. These results indicate that immersive VR could be as effective as traditional cycling
in improving cardiovascular health.

The third hypothesis stated that immersive VR would exert significantly higher positive feelings than the
two non-immersive VR modalities, whereas these two non-immersive VR exercises would have significantly
greater increased positive feelings compared to traditional cycling. Findings were congruent with this
hypothesis. Immersive VR exerted significantly greater positive feelings than all other sessions.
Moreover, the fourth hypothesis was that the two non-immersive VR exercises would have significantly
more improved positive feelings compared to traditional cycling. Participants experienced significantly
greater positive feelings during the non-immersive VR session than during the traditional cycling session.
Positive emotion (i.e., feelings) during PA is well-established to lead to long-term PA adherence [38]
Thus, the findings of this study suggest that immersive VR could be an effective tool to promote PA
engagement among young adults in comparison with non-immersive VR and traditional cycling.

Overall, this study has several strengths. This is, to our knowledge, the first study to analyze the effects
of immersive VR on blood pressure and feelings. The design allows for comparing the efficacy of this
technology with non-immersive VR and traditional cycling. The results indicate that immersive VR
experiences can have a significantly positive effect compared to non-immersive VR and traditional
cycling sessions. Specifically, the immersive VR-based session elicited significantly greater changes in
systolic BP compared to non-immersive VR. No differences in BP were found between immersive VR
and traditional cycling, indicating that the use of this technology does not impair exercise quality.
However, feelings during the immersive VR session were significantly higher than during the VR and
traditional cycling sessions. Therefore, the results of the present study provided empirical evidence
supporting the efficacy of immersive VR in promoting quality PA as well as incentivizing positive
experiences that promote future participation. Nevertheless, this study is not without limitations. First, the
study design does not allow for inferring the efficacy or effectiveness of the VR bike exercise over time.
Second, although the sample consisted of healthy individuals, it was limited to young adults (university
students), and thus the findings may not be generalized to other populations. Socioeconomic status
influences the physical fitness of young adults and, therefore, may have had an impact on the study
outcomes [39,40]. In addition, the previous PA levels of the participants, which could also have
influenced the results, were not accounted for. Third, pedal resistance was not able to be equated across
sessions, as the bicycles were different. Because we emphasized external validity, some internal validity
was compromised in the process. Thus, although this makes our results more generalizable to real-world
application, not being able to have comparable resistance of the pedals across modalities needs to be
addressed as a limitation. Lastly, although it reflects the reality of off-the-counter games in the real world,
the systems being studied have many confounding variables including differences in the games being

716 IJMHP, 2023, vol.25, no.5



played and degrees of control that could have influenced the results. Therefore, future studies may implement
a longitudinal design in a larger sample of young adults (not only college students), with different
socioeconomic backgrounds, taking into account previous PA levels and using more homogeneous
systems in order to reduce the confounding variables

5 Conclusion

The findings of this study suggest that immersive VR-based exercise bikes could lead to higher exercise
intensity and positive feelings among healthy young adults in comparison with non-immersive VR bike
exercise. It also yielded greater positive feelings than traditional cycling. Thus, immersive VR-based
exercise can be a fun and physically active health promotion approach for young adults. With this
information, college campuses may consider implementing immersive VR-integrated stationary cycle
ergometers in their Student Recreation Centers as an exciting and effective alternative for students to
engage in PA. Moreover, based on findings from the present study, college students may choose to
purchase VR-based exercise devices as an alternative to sedentary-based video games, thereby reducing
physical inactivity and engaging in enjoyable PA. Future experimental and longitudinal research designs
assessing these outcomes are warranted.

Funding Statement: The authors received no specific funding for this study.
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