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Sabella M. & Jarvis S. Sleep bruxism (SB) is associated with increased sympathetic tone, a risk for the future 
development of hypertension. It is unclear whether those with SB would demonstrate exaggerated responses to 
hypertensive stimuli and whether treatment with an occlusal splint could mitigate these responses. Objectives: This 
study compared hemodynamic responses to the cold pressor test (CPT) and static handgrip (SHG) to fatigue 
between controls (CON) and those with SB to determine whether those with SB have exaggerated responses.  
Methods: Nineteen subjects (9 CON, 10 SB) had heart rate (HR) and blood pressure (BP) responses measured during 
a CPT and SHG with post-exercise circulatory arrest (PECA). SB subjects underwent a 12-wk occlusal splint 
intervention followed by a repeat of the experimental protocol. Results: No BP differences existed with pre- (PRE) 
vs. post-intervention (POST) in the SB subjects͘���Wd�ŝŶĚƵĐĞĚ�ůĂƌŐĞƌ�ȴ^�W�;ϭϬцϭϬ�ǀƐ͘�ϭϵцϳ�ŵŵ,Ő͖�p < Ϭ͘ϬϱͿ�ĂŶĚ�ȴ��W�
(8±8 vs. 17±9 mmHg; p < Ϭ͘ϬϱͿ�ŝŶ�^��ƐƵďũĞĐƚƐ�ĐŽŵƉĂƌĞĚ�ƚŽ��KE͘�WK^d�ŚĂĚ�ĂƚƚĞŶƵĂƚĞĚ�ѐ^�W�;ϭϱцϵ�ǀƐ͘�ϴцϱ�ŵŵ,Ő͖�p 
< Ϭ͘ϬϯͿ�ĂŶĚ�ѐ��W�;ϭϴцϭϬ�ǀƐ͘�ϴцϲ�ŵŵ,Ő͖ p < Ϭ͘ϬϱͿ�ĚƵƌŝŶŐ��Wd͘�^��ƐƵďũĞĐƚƐ�ĞǆƉĞƌŝĞŶĐĞĚ�ŐƌĞĂƚĞƌ�ѐ��W�;Ϯϭцϭϭ�ǀƐ͘�
31±8; p < 0.05) during SHG which was not different during POST. Conclusions: SB individuals may be at increased 
risk for the development of hypertension based on exaggerated BP responses to hypertensive stimuli. Twelve weeks 
of occlusal splint treatment attenuated some of these responses. 

Key Words: sympathetic tone, hypertension, cold pressor test, static handgrip to fatigue, sleep bruxism, controls, 
post-exercise circulatory arrest 
 

INTRODUCTION 

Approximately 8% of the general adult population 
is affected by sleep bruxism (SB) (Lavigne, Kato, Kolta, 
& Sessle, 2003), a sleeping disorder characterized by 
nocturnal teeth grinding.  SB is associated with 
enhanced daytime sympathetic tone (Malpas, 2010), 
as well as surges in sympathetic activity that precede 
SB episodes in the form of brief awakenings termed 
microarousals (Nashed et al., 2012). Microarousals 
can occur spontaneously or be triggered through 
external stimuli (Satoh & Harada, 1973). Regardless of 
the origin, there exists a shift in sympathovagal 
balance towards sympathetic dominance during 
these episodes (Huynh et al., 2006). Heart rate (HR) 
and blood pressure (BP) increase, likely due to the 

pressor response created by the forceful bite (Okada 
et al., 2009).  It has been proposed that the 
trigeminocardiac reflex is initiated to lower 
sympathetic cardiovascular responses (Schames, 
Schames, Schames, & Chagall-Gungur, 2012). For 
example, manipulation of the trigeminal branches 
during SB lead to vagal stimulation, thus countering 
the sympathetic activation prior to SB (Lang, Lanigan, 
& van der Wal, 1991). 

Individuals with elevated sympathetic activity 
have demonstrated exaggerated responses to tests 
that expose them to a hypertensive stimulus, such as 
the cold pressor test (Wood, Sheps, Elveback, & 
Schirger, 1984). These responses identify individuals 
that are increased risk for the future development of 
hypertension and cardiovascular events (Wood et al., 
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1984). For example, long-term follow-up studies have 
shown that individuals with hyper-reactive BP 
responses during childhood or their younger years 
were associated with the future development of 
hypertension (Chaney & Eyman, 1988; Kasagi, 
Akahoshi, & Shimaoka, 1995; Menkes et al., 1989; 
Wood et al., 1984). 

Occlusal splints, commonly used to treat SB, are 
known to decrease electromyographic (EMG) activity 
in the jaw muscles that are associated with SB 
episodes (Amorim, Vasconcelos Paes, de Faria Junior, 
de Oliveira, & Politti, 2012). Occlusal splint treatment 
has been reported to show improvement in aspects 
of sleep structure, such as increased slow wave 
activity sleep, which is inversely related to 
hypertension (Fung et al., 2011; Sjoholm, Kauko, 
Kemppainen, & Rauhala, 2014). However, it is also 
unclear whether wearing an occlusal splint may 
inhibit the beneficial parasympathetic influence of 
the trigeminocardiac reflex by preventing 
manipulation of the mandibular branch. Use of this 
splint has been shown to lower maximal bite force 
contraction and EMG to the masseter (Amorim et al., 
2012). Blood pressure rises during sustained 
contractions of the masseter muscle. By inhibiting the 
muscle mechanoreceptor response created by the 
masseter, the increase in blood pressure would not 
occur. 

The relationship between SB and cardiovascular 
risk factors is not clearly understood. Therefore, the 
objective of this study was to determine the 
relationship between SB and BP responses to 
hypertensive stimuli. It was hypothesized that 
individuals with SB would have an exaggerated BP 
response to the compared to the control subjects.  it 
was also hypothesized that SB subjects would 
demonstrate improvements in BP responses after 12-
wks of treatment with an occlusal splint.  

 METHODS 

Subjects  

Nineteen subjects (6 men, 13 women) gave 
written informed consent to participate in this study 
which was approved by the Institutional Review 
Board at Northern Arizona University. The study 
followed the guidelines set forth in the Declaration of 
Helsinki. Subjects were divided in the SB group (n = 

10) and the control (CON) group (n=9). SB subjects 
were initially recruited from the university campus 
and the nearby community using flyers and mass 
emails. During the medical screening the participants 
filled out a questionnaire assessing their daily 
symptoms of sleep bruxism. Symptoms included 
headaches upon waking, pain in the location of the 
temporomandibular joint upon waking, tooth 
sensitivity, and if they were using substances, 
medically or recreationally, that could have been a 
factor in their sleep bruxism. Decisive inclusion in the 
ƐƚƵĚǇ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ƚŚĞ�ƐƵďũĞĐƚ͛Ɛ�ĚŝĂŐŶŽƐŝƐ�ďǇ�Ă�
dentist and whether or not the subject needed 
treatment, failing to do so was exclusionary. SB 
subjects could also already have an occlusal splint but 
been inconsistent with treatment (<2 nights per 
ǁĞĞŬͿ͘�/ŶĐůƵƐŝŽŶĂƌǇ�ĐƌŝƚĞƌŝĂ�ǁĞƌĞ͗�шϭϴ�ǇƌƐ͕�ďŽĚǇ�ŵĂƐƐ�
ŝŶĚĞǆ�;�D/Ϳ�чϯϱ�ŬŐͬŵ2, no evidence of depression or 
neurological disorders, and no smoking or living with 
a smoker. Also, failing to be diagnosed by a dentist or 
use treatment was exclusionary. During screening, a 
detailed medical history was obtained, and a supine 
12-lead resting electrocardiogram and BP 
measurement was performed.  

Experimental Design 

24-Hr Ambulatory Blood Pressure  

Subjects with SB wore a 24-hr ambulatory BP 
monitoring device to confirm normotensive status for 
the study.  BP via brachial artery was taken every 30 
minutes during waking hours and every hour during 
sleep (Oscar 2, Morrisville, NC). The 24-hr ambulatory 
BP monitoring was repeated after the 12-wk occlusal 
splint intervention.  
Study visits. Subjects arrived at the lab having fasted 
ĨŽƌ�шϰ�ŚƌƐ͘� ^ƵďũĞĐƚƐ�ĂůƐŽ�ĂǀŽŝĚĞĚ� ƐƚƌĞŶƵŽƵƐ�ƉŚǇƐŝĐĂů�
ĂĐƚŝǀŝƚǇ� ĨŽƌ�шϭϮ�ŚƌƐ�ĂŶĚ�ĐĂĨĨĞŝŶĞ�ĂŶĚ�ĂůĐŽŚŽů�ĨŽƌ�шϰϴ�
hrs prior to the visit. The study visits included a cold 
pressor test (CPT) and static handgrip to fatigue (SHG) 
with post-exercise circulatory arrest (PECA). PECA 
was performed by occluding blood flow to the arm by 
inflating a blood pressure cuff to 250 mmHg. Prior to 
instrumentation the subject performed three 
maximal voluntary contractions with his/her 
dominant hand. The protocol was performed in the 
same order and under the same lab conditions during 
the second study visit. 
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Cold Pressor Test   

Subjects laid in the supine position while beat-by-
beat BP (Finometer MIDI, ADInstruments, Colorado 
Springs, CO) and heart rate (ECG module, 
ADInstruments, Colorado Springs, CO) were 
continuously measured.  Following a 1 min baseline 
(BL), the cold pressor test was performed by 
submerging the hand in a 50:50 mixture of water and 
ice (2-4 C°) for 2 min, followed by a 3 min recovery 
(REC) period. BP via electrosphygmomanometry 
(SunTech Tango+, Morrisville, NC) was obtained 
during min 1 and 2 of cold pressor test and min 1 and 
3 of REC.  

Static Handgrip to Fatigue with Post Exercise 
Circulatory Arrest  

The subject was required to maintain 30% of 
his/her maximal voluntary contraction until fatigue.  
Fatigue was defined as inability to maintain 80% of 
the desired force. A 2-min PECA began immediately 
following failure by inflating a BP cuff to 250 mmHg 
around the upper arm.  

Intervention  

After the PRE measurements were obtained, the 
SB subjects wore a nighttime occlusal splint 
prescribed by a dentist for 12-wks. Occlusal splints 
were made of hard acrylic resin and covered the 
entire arch of the teeth.  Soft splints and nociceptive 
trigeminal inhibiting splints were not permissible. 
Subjects were queried at weeks 4 and 8 of the 
intervention to assess treatment compliance and if 
they were experiencing difficulties using their 
occlusal splints. Prior to the experimental protocol, 
the subjects were informed of the possible beneficial 
uses of using an occlusal splint, such as protection 
from chipping or fracturing teeth and possibly relief 
of tension type headaches. Information regarding 
effects on the cardiovascular system was limited to 
possible overall health references and quality of life 
increases due to decreases in pain.  

Statistical analysis 

Beat-by-beat BP and HR for BL were condensed 
into 1 min averages. Cold pressor test and REC were 
condensed into 30 sec averages.  Static handgrip was 
divided into 5 even stages [20, 40, 60, 80, and 100% 
(fatigue)]. PECA was reduced to 1 min averages and 

REC for static handgrip was reported as 1 min 
averages.   

All values are expressed as means ± SD. A 
repeated measures ANOVA [group (CON, SB) × stage] 
was used to compare BP and HR responses. For the 
cold pressor test, comparisons between BL, CPT1, 
CPT2, and REC were made. For the static handgrip to 
fatigue, comparisons between BL, fatigue (100%), 
PECA1, PECA2, and REC were made.  T-tests were 
used to compare BP ĂŶĚ� ,Z� ĐŚĂŶŐĞƐ� ;ȴͿ� ĨƌŽŵ� �>�
between CON and SB groups during CPT1, CPT2, 
fatigue, PECA1, and PECA2. Paired t-tests were used 
to compare these differences PRE vs POST in the SB 
subjects.  Significance was defined as p < 0.05. 

RESULTS 

Subject characteristics 

Eight of the initial 10 SB subjects completed both 
PRE and POST visits. These subjects reported occlusal 
splint compliance of >5 nights per week throughout 
the intervention. None of these subjects reported 
discomfort related to the treatment or a need for 
refinement from any cause, such as soft tissue 
interference, during the check-up or on the day of the 
final experimental protocol, though one subject who 
did not complete the follow-up protocol reported 
removing the mouth guard during the night due to its 
excessive bulk.  

There was no difference in age (CON: 19±1 vs SB: 
22±5 yrs.), height (172±9 vs 168±10 cm), weight 
(66.7±10.7 vs 69.0±13.8 kg), or body mass index 
(22.8±2.5 vs 24.2±3.7 kg/m2) between the two groups 
of subjects. 

24-Hr Ambulatory Blood Pressure Monitoring for 
Sleep Bruxism Subjects  

SBP (120±8 vs 122±8 mmHg, P=0.03, for PRE vs 
POST, respectively) and DBP (70±7 vs 71±6 mmHg, p 
= 0.04) were both higher during the overall phase 
during POST testing.  This was likely due to higher SBP 
(124±9 vs 128±10 mmHg, p = 0.02) and DBP (73±7 vs 
76±7 mmHg, p = 0.04) during the awake phase after 
the intervention.  No differences in SBP (107±9 vs 
107±8 mmHg, p = NS) and DBP (59±7 vs 58±8 mmHg, 
p = NS) were observed between PRE vs POST during 
the sleep phase. 

Cold Pressor Test   
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Heart rate. There was a trend toward a main 
effect of lower HR among SB subjects compared to 
CON (p = 0.07), but overall was not significant. The 
cold pressor test elicited the same absolute HR in the 
CON and SB groups. There were also no differences in 
HR between PRE vs POST. ,Z�ĐŚĂŶŐĞƐ�ĨƌŽŵ��>�;ѐ,ZͿ�
did not differ at CPT1 or CPT2 between CON and SB 
subject or between PRE and POST.  

Blood pressure. As expected, the cold pressor test 
induced increases in SBP and DBP during CPT in CON 
and SB groups (all p < 0.01). SB subjects demonstrated 
lower SBP during the BL for cold pressor test and REC 
(both p < 0.05). However, no significant differences 
were seen in absolute SBP and DBP between the 
groups during the cold pressor test. SBP and DBP 
were similar between PRE and POST in SB subjects. 
,ŽǁĞǀĞƌ͕�ѐ^�W�ĂŶĚ�ѐ��W�;ĐŚĂŶŐĞƐ�ĨƌŽŵ��>͕�dĂďůĞ�3) 
during CPT1 were larger in SB subjects than in CON 
(both p < Ϭ͘ϬϱͿ͘�ѐ^�W�ĚƵƌŝŶŐ��WdϮ�ǁĂƐ�ĂůƐŽ�ůĂƌŐĞƌ�ŝŶ�
SB subjects (p < Ϭ͘ϬϱͿ͘�ȴ^�W�ĂŶĚ�ȴ��W�ĚƵƌŝŶŐ�WK^d�
were attenuated compared to PRE testing during 
CPT1 (both p < Ϭ͘ϬϱͿ� ďƵƚ� ȴ^�W� ǁĂƐ� ŶŽƚ� ƐŝŐŶŝĨŝĐĂŶƚ�
during CPT2 (PRE vs POST, p = 0.07).  

Static Handgrip to Fatigue with Post Exercise 
Circulatory Arrest  

No differences in maximal contraction force were 
observed CON vs. SB (38.1±13.9 vs. 41.9±15.9 kg, p = 

0.59). Time to fatigue was also similar between 
groups (167.9±17.0 vs. 201.8±42.6 sec, p = 0.23). 
Maximal force contraction did not differ PRE vs POST 
in SB subjects (42.2±15.0 vs. 40.3±16.5 kg, p = 0.16) 
nor did time to fatigue (199.1±46.8 vs. 208.0±56.7 
sec, p = 0.61) 

Heart Rate. No group (CON vs SB) or intervention 
(PRE vs POST) differences in HR existed during static 
handgrip to fatigue and PECA. As expected, HR 
increased from BL in all groups during 100% SHG (all 
PфϬ͘ϬϬϭͿ͘�EŽ�ȴ,Z�ĚŝĨĨĞƌĞŶĐĞƐ�ďĞƚǁĞĞŶ��KE�ĂŶĚ�̂ ��Žƌ�
PRE vs POST were observed during static handgrip or 
PECA.  

Blood pressure. There was no difference in SBP 
during static handgrip or PECA between CON vs SB or 
PRE vs POST. Conversely, DBP was higher in SB 
subjects during static handgrip and PECA (all p 0.05). 
All subjects demonstrated significantly higher SBP 
and DBP during static handgrip and PECA (CON vs SB 
and PRE vs POST, all p < Ϭ͘ϬϬϭͿ͘� ѐ^�W� ǁĂƐ� ƐŝŵŝůĂƌ�
among CON vs SB during static handgrip and PECA; 
ŚŽǁĞǀĞƌ͕�ѐ��W�ǁĂƐ�ůĂƌŐĞƌ�ĚƵƌŝŶŐ�ƐƚĂƚŝĐ�ŚĂŶĚŐƌŝƉ�ŝŶ�̂ ��
subjects (p < 0.05) and bordered significance during 
PECA (p = 0.06). No ĚŝĨĨĞƌĞŶĐĞ� ǁĂƐ� ƐĞĞŶ� ŝŶ� ȴ��W�
response to static handgrip between PRE and POST SB 
subjects. Table 3 ŽƵƚůŝŶĞƐ� ѐ^�W� ĚŝĚ� ŶŽƚ� ĐŚĂŶŐĞ� ĂŶĚ�
ѐ��W�ƌĞŵĂŝŶĞĚ�ĞůĞǀĂƚĞĚ�ŝŶ�^��ƐƵďũĞĐƚƐ�ĂĨƚĞƌ�ŽĐĐůƵƐĂů�
splint intervention during static handgrip and PECA.

 
Table 1  

Blood pressure and heart rate during the cold pressor test. 

Variable Cold pressor test 
 BL CPT1 CPT2 REC 
HR, beats/min     
Control 75 ± 15 83 ± 20 79 ± 20 67 ± 8 
Sleep Bruxism 63 ± 11 69 ± 12 67 ± 11 61 ± 8 

Pre-Int 62 ± 12 66 ± 7 64 ± 8 61 ± 9 
Post-Int 63 ± 9 66 ± 11 63 ± 9 63 ± 7 

SBP, mmHg     
Control 129 ± 12** 132 ± 16 139 ± 13* 127 ± 15** 
Sleep Bruxism 116 ± 9 136 ± 10* 136 ± 10* 115 ± 7 

Pre-Int 115 ± 10 134 + 10 135 ± 10 114 ± 7 
Post-Int 114 ± 10 121 ± 10 129 ± 10 115 ± 8 

DBP, mmHg     
Control 68 ± 5 76 ± 9 79 ± 7* 68 ± 9 
Sleep Bruxism 64 ± 8 81 ± 14* 81 ± 16* 64 ± 11 

Pre-Int 64 ± 8 82 ± 16 82 ± 18 64 ± 12 
Post-Int 64 ± 7 71 ± 5 80 ± 9 69 ± 10 
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Note. Values are mean differences from baseline ± SD. HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood 
pressure. Pre-Int, pre-intervention; Post-Int, post-intervention.  *Difference from BL, p < 0.05. **Difference within stage 
between Control and SB, p < 0.05.   
 
Table 2 

Blood pressure and heart rate during static handgrip to fatigue with PECA. 

 

BL 

20%
 

40%
 

60%
 

80%
 

100%
 

PECA1 

PECA2 

REC 

Variable          
HR, Beats/min          
Control 66 ± 8 77 ± 14 83 ± 10 87 ± 9 91 ± 12 92 ± 16 71 ± 16 67 ± 10 65 ± 9 
Sleep Bruxism 63 ± 7 73 ± 10 79 ± 6 83 ± 7 87 ± 9 95 ± 11* 68 ± 12 66 ± 13 61 ± 7 

Pre-Int 62 ± 7 71 ± 9 78 ± 6 83 ± 7 87 ± 10 94 ± 12* 67 ± 13 65 ± 15 60 ± 8 
Post-Int 63 ± 8 72 ± 10 76 ± 11 77 ± 10 82 ± 11 87 ± 14* 65 ± 7 63 ± 12 61 ± 7 

SBP, mmHg          
Control 117 ± 14 134 ± 12 140 ± 16 145 ± 21 150 ± 25 155 ± 23* 135 ± 16* 140 ± 17* 126 ± 12 
Sleep Bruxism 126 ± 21 135 ± 25 145 ± 25 154 ± 25 160 ± 23 167 ± 23* 152 ± 26* 156 ± 24* 121 ± 29 

Pre-Int 130 ± 16 136 ± 21 148 ± 22 157 ± 22 163 ± 20 169 ± 20* 157 ± 24* 162 ± 21* 125 ± 26 
Post-Int 131 ± 12 138 ± 14 146 ± 17 154 ± 19 158 ± 20 163 ± 21* 156 ± 19* 162 ± 19* 138 ± 16 

DBP, mmHg          
Control 52 ± 8 58 ± 9 64 ± 9 67 ± 11 70 ± 11 73 ± 12* ** 60 ± 7 * ** 65 ± 9* ** 52 ± 8 
Sleep Bruxism 61 ± 16 67 ± 19 76 ± 19 82 ± 19 85 ± 21 92 ± 22* 75± 19* 81 ± 21* 59 ± 19 

Pre-Int 63 ± 13 69 ± 15 78 ± 14 85 ± 15 89 ± 16 96 ± 18* 79 ± 16* 85 ± 18* 62 ± 14 
Post-Int 61 ± 13 67 ± 10 76 ± 14 82 ± 15 86 ± 15 89 ± 16* 77 ± 14* 84 ± 17* 64 ± 10 

 
Note. Values are mean differences from baseline ± SD. PECA, post-exercise circulatory arrest; HR, heart rate; SBP, systolic blood 
pressure; DBP, diastolic blood pressure.  Pre-Int, pre-intervention; Post-Int, post-intervention. *Difference from BL, p < 0.05. 
**Difference within stage between Control and SB, p < 0.05.   
 
Table 3  

Blood pressure and heart rate changes during cold pressor test and static handgrip to fatigue with PECA. 

Variable Cold pressor test Static handgrip to fatigue 
 ȴ�Wdϭ ȴ�WdϮ 100%, at fatigue PECA2 
ȴ,Z͕��ĞĂƚƐͬŵŝŶ     
Control 6 ± 11 4 ± 12 25 ± 14 1 ± 7 
Sleep Bruxism 6 ± 10 4 ± 10 32 ± 10 3 ± 10 

Pre-Int 4 ± 9 2 ± 10 32 ± 10 3 ± 12 
Post-Int 3 ± 6 0 ± 7 24 ± 17 0 ± 8 

ȴ^�W͕�ŵŵ,Ő     
Control 3 ± 6 10 ± 10 38 ± 28 22 ± 16 
Sleep Bruxism 16 ± 18* 19 ± 7* 39 ± 8 30 ± 11 

Pre-Int 15 ± 9 20 ± 8 39 ± 9 32 ± 11 
Post-Int ϴ�ц�ϱΏ 15 ± 8 32 ± 16 25 ± 11 

ȴ��W͕�ŵŵ,Ő     
Control 8 ± 8 12 ± 5 21 ± 11 12 ± 8 
Sleep Bruxism 17 ± 9* 17 ± 12 31 ± 8* 20 ± 8 

Pre-Int 18 ± 10 18 ± 13 32 ± 8 22 ± 7 
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Post-Int ϴ�ц�ϲΏ 16 ± 6 28 ± 11 23 ± 16 
 
Note. values are mean differences from baseline ± SD. PECA, post exercise circulatory arrest; HR, heart rate; SBP, systolic blood 
pressure; DBP, diastolic blood pressure. *Difference in change from baseline compared to CON, p < 0.05. Ώ�ŝĨĨĞƌĞŶĐĞ�ŝŶ�ĐŚĂŶŐĞ�
from baseline compared to pre-intervention, p < 0.05. 
 
DISCUSSION 

The major findings of this study are SB subjects 
demonstrated: 1) exaggerated BP reactivity to both 
the cold pressor test and static handgrip compared to 
the CON group and 2) lowered BP responses to cold 
pressor test after 12-wks of occlusal splint 
intervention. The findings of the present study 
support the hypothesis that people with SB might be 
at increased risk for the future development of 
hypertension. Correspondingly, the results indicate 
that use of an occlusal splint may be beneficial in 
ůŽǁĞƌŝŶŐ�ȴ^�W�ƌĞƐƉŽŶƐĞƐ�ƚŽ�ƚŚĞ cold pressor test after 
a 12-wk intervention. This is the first to examine a 
predictive measurement of BP responses to cold 
pressor and static handgrip before and after 12-wks 
of occlusal splint intervention.  

SB and Responses to the Cold Pressor Test  

SB subjects in this study sample had a 
ƉƌŽŵŝŶĞŶƚůǇ� ĂƵŐŵĞŶƚĞĚ� ŵĞĂŶ� ѐ^�W� ŝŶĐƌĞĂƐĞ͕�
approximately double than that of CON subjects 
during cold pressor test. One advantage of cold 
pressor testis it is a highly reproducible test (Zhao et 
al., 2012).  Exaggerated BP responses, such as those 
observed during long term studies of 20-, 28-, and 36-
years, have demonstrated that these responses are 
strong evidence for risk of the future development of 
hypertension (Kasagi et al., 1995; Menkes et al., 1989; 
Wood et al., 1984). Consistent with Menkes et al. 
(1989), when the maximal SBP response to cold 
ƉƌĞƐƐŽƌ�ƚĞƐƚ�ŝƐ�ĂƵŐŵĞŶƚĞĚ�;шϮϬ�ŵŵ,ŐͿ͕�ƐƵďũĞĐƚƐ�ĂƌĞ�
more likely to develop hypertension before the age of 
45 yrs. Taken together, these studies and this one 
indicate that SB subjects may be at risk for future 
development of hypertension. It is of interest to note 
that the subjects in the current study were young and 
normotensive yet exhibited cold pressor test 
responses comparable to hypertensive individuals. 

ѐ^�W� ĂŶĚ� ѐ��W� ĚƵƌŝŶŐ� ĐŽůĚ� ƉƌĞƐƐŽƌ� ƚĞƐƚ� ǁĞƌĞ�
reduced in POST SB subjects. These results suggest 
that the use of an occlusal splint was beneficial in 
reducing the reactivity to the cold pressor test. A 

possible mechanism for this reduction could be due 
to a decrease in the number SB episodes with occlusal 
splint treatment. For example, a short term (two-
night study) with an occlusal splint intervention 
showed a 41% decrease in the number of SB episodes 
per hour (Dube et al., 2004). Subjects also 
demonstrated significantly lower bite contraction 
force after occlusal splint treatment (Amorim et al., 
2012). Thus, wearing an occlusal splint may attenuate 
the BP responses that normally occur during SB 
episodes. The potential decrease in the number of SB 
episodes could have led to diminished sympathetic 
dominance and less exaggerated responses to the 
CPT. Also, the subjects did not report lifestyle 
changes, such as diet or exercise, or health changes 
that would account for the results when questioned 
during the follow-up visit, but BP can be altered by 
numerous mental and physiological conditions, such 
as dealing with family issues or traumatic events, 
which should be kept into consideration. 

SB Responses to Static Handgrip to Fatigue and Post 
Exercise Circulatory Arrest 

In our study, SB subjects had higher DBP during 
ƐƚĂƚŝĐ� ŚĂŶĚŐƌŝƉ� ĂŶĚ� W���͕� ĂƐ� ǁĞůů� ĂƐ� Ă� ůĂƌŐĞƌ� ѐ��W�
during static handgrip. DBP responses to static 
handgrip exercise have been previously used to 
predict hypertension in a 14-yr follow-up trial 
(Chaney & Eyman, 1988). The initial responses in our 
SB sample could be due to sensitized mechano- or 
chemo-receptors, a common trait found in 
hypertensive individuals (Victor, Rotto, Pryor, & 
Kaufman, 1989). Mechano- and chemo-receptors 
present in skeletal tissue are responsible for the 
cardiovascular pressor responses during static 
exercise (Victor et al., 1989). In addition to rises in HR 
and BP during the microarousals that precede SB 
episodes (Huynh et al., 2006; Nashed et al., 2012), 
there are further escalations in BP when the rhythmic 
jaw contractions occur in SB subjects (Nashed et al., 
2012). For example, Okada et al. (2009) observed 
significant increases in BP during isometric biting at 
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50% of maximal bite force. Therefore, increases in BP 
observed in SB subjects may be the result of masseter 
and temporalis (muscles of mastication) contractions 
similar to those observed in static handgrip using the 
forearm muscles. The exaggerated response could 
also be due to the activation of chemoreceptors in the 
periodontal tissue (Okada et al., 2009), or a 
combination of both. Notably, studies in patients with 
heart failure and hypertensive individuals have 
attributed abnormally high BP responses to static 
handgrip to sensitized mechanoreceptors in the 
working skeletal muscles that lead to larger 
sympathetic activation than those observed in 
normotensive subjects (Hoel, Lorentsen, & Lund-
Larsen, 1970; Middlekauff & Chiu, 2004). Thus, it is 
possible that SB subjects may exhibit similar 
characteristics as repeated rhythmic jaw contractions 
may also have a sensitization effect (Middlekauff & 
Chiu, 2004). Interestingly, Okada et al. (2009) showed 
attenuated BP responses during the second trial of 
isometric biting after administration of a nerve block 
to the periodontal tissue. This further supports that 
increases in cardiovascular variables are attributed to 
the pressor response (Okada et al., 2009).  

Occlusal Splint 

Based on the previous findings of reduced 
electromyographic activity and bite force, it was 
hypothesized that 12-wks of occlusal splint use would 
lead to lower BP responses to the cold pressor test 
and static handgrip to fatigue. There were 
ŝŵƉƌŽǀĞŵĞŶƚƐ� ŝŶ� ƚŚĞ� ȴ^�W� ƌĞƐƉŽŶƐĞ� ƚŽ� ƚŚĞ� ĐŽůĚ�
ƉƌĞƐƐŽƌ�ƚĞƐƚ͕�ďƵƚ�ŶŽƚ� ŝŶ�ƚŚĞ�ȴ��W�ƌĞƐƉŽŶƐĞ�ƚŽ�ƐƚĂƚŝĐ�
handgrip. Additionally, SBP and DBP were slightly 
higher during 24-hr BP monitoring after the 
intervention. There are two possible explanations for 
this finding. One, it could be due to longer durations 
of cardiovascular responses during microarousal that 
would transpire in the event occlusal splints inhibit of 
the trigeminocardiac reflex and, consequently, its 
beneficial parasympathetic effects. For example, 
Takahashi et al. (2013) reported no reduction in 
microarousal occurrence, even when there were 
decreases in electromyography activity and the 
number of SB episodes (Takahashi et al., 2013). This 
could present a possible reason for the conflicting 
findings in the results of this study and increased BP 
after during 24-hr BP monitoring. Two, we cannot 

also exclude the possibility that the timing of the 
POST visit played a role. Most of the subjects in this 
study were college students and some completed 
their POST testing during their finals week, which may 
have confounded the results. However, due to the 
improvements seen in the cold pressor test BP 
reactivity, the occlusal splint showed that it may be 
helpful. Previous findings on the efficacy of occlusal 
splints have also reported conflicting results 
regarding its use and ability to diminish 
electromyographic activity (Abekura et al., 2011). The 
results are consistent with these previous findings of 
ambiguity regarding occlusal splints. Hence, the 
continuation of research involving occlusal splint use 
as treatment for SB is necessary to determine its 
efficacy regarding SB episodes and systemic effects.  

Limitations 

Identifying the specific cause of SB was a 
limitation in this study. The causes of SB are 
psychosocial factors and dopaminergic disorders 
malocclusion has been theorized to be a cause of for 
many years, but there is no valid evidence to support 
this claim (Manfredini, Visscher, Guarda-Nardini, & 
Lobbezoo, 2012). Disorder in the dopaminergic 
system is one of the probable causes of SB (Lobbezoo, 
Lavigne, Tanguay, & Montplaisir, 1997) because 
dopamine has motor control functions (Graybiel, 
Aosaki, Flaherty, & Kimura, 1994). Reductions in 
dopamine can cause loss of fine motor movement 
and possible tremors (Graybiel et al., 1994). Though 
all of the SB subjects were pre-screened for use of 
neurological drugs and medications affecting the 
dopaminergic system, including cigarette smoking 
and recreational drug use, subjects were not explicitly 
tested for any conditions involving the dopaminergic 
system. Another reason, not previously mentioned, 
that RMMA/SB occurs is due to gastroesophageal 
reflux disease (GERD) (Miyawaki et al., 2003). 
Chemoreceptors in the esophagus lead to micro-
arousal, which then leads to RMMA and swallowing, 
as well as episodes of bruxing. This mechanism was 
not tested or quantified in this trial, but could have 
influenced the results by continuing microarousals 
regardless of treatment use (Miyawaki et al., 2003). 
Also, if GERD is the primary source of their SB the 
beneficial effects from wearing a nighttime mouth 
guard would likely be minimal. Therefore, the 
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underlying cause for SB could have been due to stress 
related factors, disorder in the dopaminergic system, 
or GERD; malocclusion was ruled out as a cause due 
to the little evidence supporting this as a SB risk in 
healthy individuals, gold star diagnoses using 
electromyography and test to eliminate individuals 
with GERD or dopaminergic disorders should be done. 
This study compared sleep bruxers and non-sleep 
bruxers, as well as non-sleep bruxers before and after 
using an occlusal splint, however, in future studies a 
group of bruxers without treatment should also be 
compared to bruxers undergoing occlusal splint 
treatment.  

CONCLUSION 

In conclusion, this study examined BP responses 
to cold pressor test and static handgrip to fatigue 
before and after 12-wks treatment with an occlusal 

splint. Even young, normotensive SB subjects showed 
risk for the development of future hypertension 
based on exaggerated responses to cold pressor and 
static handgrip to fatigue. The risk for hypertension is 
likely developed from enhanced sympathetic activity. 
Occlusal splint use showed to be beneficial over a 12-
wk duration in lowering the exaggerated SBP 
response to cold pressor test, likely due to decreased 
sympathetic tone.  
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Burcal K., et. al. Campus recreation facilities are a critical resource to encourage physical activity at universities. 
COVID-19 closures in 2020 led to the shutdown of many campuses, which included campus recreation facilities. 
Little is known about how the closures impacted the physical activity levels of students, faculty, and staff who relied 
on campus recreation for physical activity opportunities. Therefore, the purpose of this study was to determine if 
individuals who were users of campus recreation prior to campus closure continued to be physically active when 
campus closed. The survey was completed by 282 previous users (students, faculty, and staff) of campus recreation. 
Results indicated that 85.8% of participants were meeting physical activity recommendations following campus 
closure. To support physical activity off campus, survey respondents suggested online exercise classes via social 
media and allowing equipment rentals. Future efforts should continue identifying ways campus recreation can 
support physical activity both on and off campus.  

Key Words: campus recreation, physical activity, college students, COVID-19, university 
 

INTRODUCTION 

Universities are an ideal setting to help students 
establish healthy habits that can be carried into their 
future after graduation (Milroy et al., 2015; Plotnikoff 
et al., 2015). Unfortunately, as students enter college, 
they find themselves with increased stress and less 
hours of sleep (Lund et al., 2010; Saleh et al., 2017), 
which has been found to lead to depression and 
weight gain (Hasler et al., 2004; Kahlhöfer et al., 2016; 
Pelletier et al., 2016; Watson et al., 2015). Faculty and 
staff experience many of the same health issues 
(Haines et al., 2007). 

One health behavior that can positively impact 
these health behaviors is physical activity. Increasing 
physical activity can help with reducing stress 
(Pengpid & Peltzer, 2018, Van der Zwan et al., 2015), 
improving sleep (Wu et al. 2015), and controlling 
weight (Lowry et al., 2000). However, many 
individuals do not meet the aerobic physical activity 
recommendations of 150 minutes of moderate-to-

vigorous or 75 minutes of vigorous intensity physical 
activity weekly (Department of Health and Human 
Services [DHHS], 2019). Studies suggest that only 30-
50% of students on a standard college campus report 
meeting the recommendations (Fuller et al., 2015; 
Keating et al., 2005). 

Historically, universities have designed campus 
recreation facilities as a convenient way to help 
increase physical activity by providing programs and 
facilities for individuals to use (Cooper & Theriault, 
2008; Dalgarn, 2001; Kraus, 1971; Powers et al., 
2019). Campus recreation has been found to be an 
especially convenient venue to get physical activity 
without leaving campus (Dalgarn, 2001; Feldman et 
al., 2019). However, few studies report how campus 
recreation usage specifically impacts meeting aerobic 
physical activity recommendations (Castle et al., 
2015; Zizzi et al., 2004). 

While campuses could not have foreseen the 
impact of COVID-19 and eventual closure of campus 
recreation facilities, their role in supporting physical 
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activity through the provision of knowledge and 
opportunities for physical activity did not stop. 
Furthermore, there is limited data to show how the 
closure of campus recreation impacted the aerobic 
physical activity levels of previous users of campus 
recreation. Thus, the purpose of this study was to 
determine if individuals who were users of campus 
recreation prior to campus closure continued to be 
physically active if campus closed. This information 
ĐŽƵůĚ� ŝŶĚŝĐĂƚĞ� ƚŚĞ� ƐƵĐĐĞƐƐ� ŽĨ� ĐĂŵƉƵƐ� ƌĞĐƌĞĂƚŝŽŶ͛Ɛ�
efforts to support the maintenance of physical 
activity for individuals after leaving the university 
(e.g., graduating students). The secondary purpose of 
this study was to understand how a public university 
campus recreation facility can help to support 
students, faculty, and staff to be physically active 
when they are not on campus. This information could 
be used to develop programs and resources to 
support current students, faculty, and staff during an 
ongoing pandemic as well as alumni. 

METHODS 

Participants 

Participants in this study were undergraduate 
students, graduate students, faculty, and staff at a 
midwestern public university who either attended a 
group exercise class or took part in the Commit to Fit 
program prior to campus closure. Commit to Fit was 
a program offered at this specific university that 
allowed individuals to set structured goals for the 
year. In 2019, the university consisted of 17,298 
individuals (12,244 undergraduate students, 2,909 
graduate students, and 2,145 faculty and staff). For 
the 2019-2020 school year, Commit to Fit had 973 
participants and Group Exercise had 462 participants. 
Thus, out of the total campus population during that 
school year, 8.16% of individuals were available to 
participate in the study. A sample size of 210 
students, faculty, and staff was needed for this study 
based on a confidence level of 95% and confidence 
interval of +/- 5 calculated with a G*Power analysis.  

Recruitment  

Since this study was designed for program 
enhancement, approval from an Institutional Review 
Board (IRB) was not needed. Due to COVID-19 and 
campus closure, all classes moved to online learning 
on March 30, 2020. A link to the anonymous survey 

on the online survey platform, Qualtrics was sent via 
email on April 20th, and again on April 27th, to all 
possible participants. Potential participants were 
given roughly three weeks to complete the survey 
and the survey was officially closed May 12, 2020.  

Demographics 

Participants completed a questionnaire that 
included demographic questions regarding gender, 
GPA, ethnicity, campus living status, campus 
recreation usage, and age.  

Campus Recreation Usage  

Participants were asked the following question to 
determine if they were a frequent user, occasional 
user, or nonuser of campus recreation. The question 
ƐƚĂƚĞĚ͕� ͞�ĞĨŽƌĞ� �Ks/�-19, in a typical week, how 
often did you use campus recreation facilities for the 
ƉƵƌƉŽƐĞ� ŽĨ� ďĞŝŶŐ� ƉŚǇƐŝĐĂůůǇ� ĂĐƚŝǀĞ͍͘͟� dŚĞǇ� ƐĞůĞĐƚĞĚ�
ŽŶĞ� ŽĨ� ĨŽƵƌ� ŽƉƚŝŽŶƐ� ƚŚĂƚ� ŝŶĐůƵĚĞĚ͗� ͞/� ŚĂǀĞ� ŶĞǀĞƌ�
ǀŝƐŝƚĞĚ� ĐĂŵƉƵƐ� ƌĞĐƌĞĂƚŝŽŶ͕͟� ͞ůĞƐƐ� ƚŚĂŶ� ϭ� ǀŝƐŝƚ� ƉĞƌ�
ǁĞĞŬ͕͟�͞ ϭ-ϯ�ǀŝƐŝƚƐ�ƉĞƌ�ǁĞĞŬ͕͟�ĂŶĚ�͞ ϰ�Žƌ�ŵŽƌĞ�ǀŝƐŝƚƐ�ƉĞƌ�
week͘͟� dŚŝƐ� ƋƵĞƐƚŝŽŶ�ǁĂƐ� ƐƚƌƵĐƚƵƌĞĚ� ĂĨƚĞƌ� Ă� ƐŝŵŝůĂƌ�
survey regarding campus recreation usage (Ellis et al., 
ϮϬϬϮͿ͘�͞ hƐĞƌ͟�ǁĂƐ�ĚĞĨŝŶĞĚ�ĂƐ�ƵƐŝŶŐ�ĐĂŵƉƵƐ�ƌĞĐƌĞĂƚŝŽŶ�
ĨĂĐŝůŝƚŝĞƐ�ŽŶ�ĂǀĞƌĂŐĞ�ϰн�ƚŝŵĞƐ�ƉĞƌ�ǁĞĞŬ͕�͞ŽĐĐĂƐŝŽŶĂů�
ƵƐĞƌ͟� ǁĂƐ� ĚĞĨŝŶĞĚ� ĂƐ� ƵƐŝŶŐ� ĐĂŵƉƵƐ� ƌĞĐƌĞĂƚŝŽŶ�
facilities 1-ϯ� ƚŝŵĞƐ� ƉĞƌ� ǁĞĞŬ͕� ĂŶĚ� ͞ŶŽŶƵƐĞƌ͟� ǁĂƐ�
defined as using it less than once per month (Ellis et 
al., 2002).  

To gain an understanding of what activities 
participants used to participate in prior to COVID-19, 
participants ǁĞƌĞ� ĂƐŬĞĚ� ͞tŚĂƚ� ƉŚǇƐŝĐĂů� ĂĐtivities 
were you doing at campus recreation before COVID-
ϭϵ͍͘͟� �ǆĂŵƉůĞ� ƌĞƐƉŽŶƐĞƐ� ŝŶĐůƵĚĞĚ� ŐƌŽƵƉ� ĞǆĞƌĐŝƐĞ͕�
weight rooms, cardio equipment, gym space, classes, 
ĂŶĚ�͞ŽƚŚĞƌ͟�ǁŝƚŚ� ƚŚĞ� ŽƉƚŝŽŶ� ƚŽ�ƉƌŽǀŝĚĞ�Ă� ƌĞƐƉŽŶƐĞ͘ 
Additionally, to gain an understanding of where 
participants were active outside of campus 
recreation, participants were asked ͞tŚĞƌĞ�ĞůƐĞ�ĚŝĚ�
ǇŽƵ� ŽďƚĂŝŶ� ǇŽƵƌ� ƉŚǇƐŝĐĂů� ĂĐƚŝǀŝƚǇ͍͟� ŝŶĐůƵĚĞĚ�
ƌĞƐƉŽŶƐĞƐ�ŐǇŵ͕�ŽƵƚĚŽŽƌƐ͕�ŚŽŵĞ͕�ĂŶĚ�͞ ŽƚŚĞƌ͟�ǁŝƚŚ�ƚŚĞ�
option to provide a response. 

An additional open-ended question was used to 
identify ways campus recreation could support 
students, faculty, and staff during campus closure. 
dŚŝƐ� ƋƵĞƐƚŝŽŶ� ƐƚĂƚĞĚ͕� ͞How can campus recreation 
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support you to be physically active when you are not 
on campus͍͘͟  

Physical Activity 

The International Physical Activity Questionnaire 
(IPAQ) contains seven questions and has been widely 
used in universities to determine levels of physical 
activity (Dinger et al.,2006). The IPAQ has been 
validated against accelerometers utilizing pooled 
coefficients with 0.3 criterion validity (Fogelholm et 
al., 2006). Further, correlation coefficients that 
ranged from 0.71 ʹ 0.89 indicating moderate to high 
reliability, and the time spent in vigorous physical 
activity from the IPAQ was significantly correlated 
with steps/day from the accelerometer and 
pedometer, as well as all count variables (ʌ: 0.30 ʹ 
0.47, p < 0.01) (Dinger et al.,2006). A sample question 
ŝŶĐůƵĚĞƐ�͞�ƵƌŝŶŐ�ƚŚĞ� ůĂƐƚ 7 days, on how many days 
did you do vigorous physical activities like heavy 
liĨƚŝŶŐ͕�ĚŝŐŐŝŶŐ͕�ĂĞƌŽďŝĐƐ͕�Žƌ�ĨĂƐƚ�ďŝĐǇĐůŝŶŐ͍͘͟� 

Stage of Change 

The Stages of Change questionnaire is based on 
the Transtheoretical Model and classifies people into 
the stages of change, which include pre-
contemplation, contemplation, preparation, action, 
and maintenance (McConnaughy et al., 1983). This 
questionnaire consists of four questions and has 
strong construct validity when used with college 
students (Schumann et al., 2002). Further, it shows 
adequate test-retest reliability based on a two-week 
interval with an intraclass correlation coefficient of 
0.8 (Cengiz et al., 2010). When used directly with 
physical activity, the test-retest reliability has a 
correlation of 0.59 (Donovan et al., 1998). Example 
ƋƵĞƐƚŝŽŶƐ� ŝŶĐůƵĚĞ� ͞/� Ăŵ� ĐƵƌƌĞŶƚůǇ� ƉŚǇƐŝĐĂůůǇ� ĂĐƚŝǀĞ͟�
ĂŶĚ�͞/�ŝŶƚĞŶĚ�ƚŽ�ďĞĐŽŵĞ�ŵŽƌĞ�ƉŚǇƐŝĐĂůůǇ�ĂĐƚŝǀĞ�ŝŶ�ƚŚĞ�
ŶĞǆƚ� ϲ� ŵŽŶƚŚƐ͘͟� WĂƌƚŝĐŝƉĂŶƚƐ� ƌĞƐƉŽŶĚ� ďǇ� ƐĞůĞĐƚŝŶŐ�
͞ǇĞƐ͟�Žƌ�͞ŶŽ͟�ƚŽ�ĞĂĐŚ�ƋƵĞƐƚŝŽŶ͘  

Data Analysis 

Following the collection of the questionnaires, 
ŝŶĐŽŵƉůĞƚĞ�ƌĞƐƉŽŶƐĞƐ�ĂŶĚ�͞ŶŽŶƵƐĞƌƐ͟�ǁĞƌĞ�ƌĞŵŽǀĞĚ�
prior to analysis. The IPAQ data was scored according 
to the protocol into both a categorical variable (low, 

moderate, or high) and a continuous variable (MET 
minutes) (Forde, 2018; Sjostrom et al., 2005). A high 
score on the IPAQ indicates participants were 
vigorously active on 3+ days per week or obtained 7 
days of combined activity. A moderate score on the 
IPAQ indicated participants were vigorously active 3 
days per week, moderately active 5 days per week, or 
obtained 5+ days of combined activities. A low score 
on the IPAQ indicates a participant obtained neither 
of those requirements. Following protocol, periods of 
activity less than 10 minutes in duration were not 
scored. Additionally, moderate-to-vigorous physical 
activity (MVPA) was determined utilizing the MET 
minutes from the IPAQ data. The Stages of Change 
questionnaire was scored according to protocol 
(Marcus & Forsyth, 2009) and each participant was 
categorized into one of the five stages of 
precontemplation, contemplation, preparation, 
action, or maintenance. 

SPSS was used to run descriptive analyses for age, 
gender identity, race, position in school, grade point 
average, campus recreation usage, and status of living 
(on or off of campus). Independent t-tests were run 
to measure differences between minutes of 
moderate to vigorous physical activity (MVPA) and all 
demographic variables. Summative content analysis 
was used to evaluate the open-ended question. 
Summative content analysis identifies certain words 
in the text portions of the open-ended questions to 
help interpret the answers to the questions through 
keywords (Hsieh & Shannon, 2005). First, the lead 
author reviewed all answers and developed codes 
based on the responses. Next, the senior author 
reviewed the codes and documented any coding 
disagreements. Then they met to discuss all 
discrepancies until consensus was reached.   

RESULTS 

After removing incomplete questionnaires and all 
͞ŶŽŶƵƐĞƌƐ͕͟� ϮϴϮ� ƌĞƐƉŽŶƐĞƐ� ǁĞƌĞ� ƵƐĞĚ� ĨŽƌ� analysis 
fulfilling the power analysis requirement. Most of the 
participants were white (76.8%) and between the 
ages of 18-24 years old (68.4%, M = 1.63, SD = 1.1). 
(See Table 1).
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Table 1  

Student, Faculty, and Staff Demographics 

Demographic  n=282  % 

Age 18-24 193 68.4 
 25+ 89 31.6 

Gender Male 115 40.8 
 Female 162 57.4 
 Other 5 1.8 

Race White 215 76.2 
 Hispanic 27 9.6 
 Black 20 7.1 
 Asian 16 5.7 
 American Indian/Alaska Native 2 0.7 
 Pacific Islander 2 0.7 

GPA 3.5-4.0 152 54.0 
 <3.49 130 46.0 

Grade/Position Freshman 35 12.4 
 Sophomore 59 20.9 
 Junior 48 17.0 
 Senior  52 18.4 
 Graduate 38 13.5 
 Faculty/Staff 50 17.7 

Campus Living Status On-Campus 70 23.8 
 Off-Campus 210 76.2 

Before COVID-19 Usage of Campus Recreation  1-3 visits per week 112 39.7 
 4 or more visits per week 170 60.3 

Campus Recreation Usage and Physical Activity 

Overall, 39.7% of participants were occasional 
users and 60.3% were frequent users of campus 
recreation. Physical activity results from the IPAQ 
revealed that without access to campus recreation 
facilities, 85.8% of individuals were still meeting the 
aerobic physical activity recommendations. When 
examining the results by level of activity, 54.2% 
scored high, 31.6% scored moderate, and 14.2% 
scored low levels of physical activity. Further, 
comparing physical activity by campus recreation 
usage, results revealed that frequent users obtained 
more mean minutes of MVPA per week compared to 
occasional users (p = 0.031). There were no other 

significant differences between any of the 
demographic variables and minutes of MVPA, 
including gender (p = 0.051), age (p = 0.548), race (p = 
0.436), credit hours (p = 0.993), GPA (p = 0.440), and 
campus living status (p = 0.617).  

Stages of Change 

The Stages of Change questionnaire found that 
most participants (59.9%) were in the maintenance 
stage. The minutes of MVPA increased with each 
stage until maintenance. All stages, except 
precontemplation, were meeting the guidelines for 
physical activity. More information is available in 
Table 2. 

 



Burcal et al., University Activity During COVID-19  
 

Journal of Kinesiology and Wellness - Student Edition, Volume 10, Number 2, 2021  21 

Table 2 

Minutes of Physical Activity Per Week 

Stage of Change Average Minutes Per Week n=282 Percentage (%) 

Precontemplation 0.0 1 0.4 

Contemplation 155.37 67 23.8 

Preparation 158.4 25 8.9 

Action 399.0 20 7.1 

Maintenance 308.8 169 59.9 

Campus Closure Activity Options  

When asked what activities users of campus 
recreation used most often prior to campus closure, 
responses included weight rooms (64.2%), cardio 
equipment (59.2%), and group exercise (45.7%). 
When asked where participants do most of their 
physical activity other than campus recreation (prior 
to COVID-ϭϵͿ͕� ƌĞƐƉŽŶƐĞƐ� ŝŶĐůƵĚĞĚ� ͞ŽƵƚĚŽŽƌƐ͕� ŽƚŚĞƌ�
ŐǇŵƐ͕�ĂŶĚ�Ăƚ�ŚŽŵĞ͘͟�dŚĞƐĞ�ƌĞƐƉŽŶƐĞƐ�ǁĞƌĞ�ŐŝǀĞŶ�ĂƐ�
ƉĂƌƚ�ŽĨ�ƚŚĞ�͞ŽƚŚĞƌ͟�ŽƉƚŝŽŶ�ŝŶ�ƚŚĞ�ƋƵĞƐƚŝŽŶŶĂŝƌĞ͘  

tŚĞŶ� ĂƐŬĞĚ� ͞How can campus recreation best 
support faculty/staff/students to be physically active 
when they are not on campus in regard to physical 
activity?͕͟� Ă� ǀĂƌŝĞƚǇ� ŽĨ� ƌĞƐƉŽŶƐĞƐ� ǁĞƌĞ� ŐŝǀĞŶ� ;ƐĞĞ�
Table 3). The highest categories of response were 
suggestions for online exercise options (33.3%). 6.4% 
of participants desired the reopening of campus 
recreation, while others (4.3%) suggested rental 
options for equipment (e.g., borrow weights).

Table 3 

Campus Recreation Support 

Campus Recreation Support Categories n=282 Percentage (%) Examples 

Social Media/Online/Home Exercise Options 94 33.3 ͞�ůĂƐƐĞƐ�ŽŶůŝŶĞ͟ 

Reopening Campus Recreation 18 6.4 ͞KƉĞŶ�ƚŚĞ�ŐǇŵ͟ 

Rent Equipment Options 12 4.3 ͞ZĞŶƚĂů�ŽƉƚŝŽŶƐ͟ 

Incentives 9 3.2 ͞DŽŶĞǇ�ŝŶĐĞŶƚŝǀĞ͟ 

No Suggestions/NA 132 46.8 ͞EŽŶĞ͟ 

Other 17 6.0 ͞KƚŚĞƌ�ŐǇŵ�ŽƉƚŝŽŶƐ͟ 

 

DISCUSSION 

The purpose of this study was to determine if 
individuals who were users of campus recreation 
prior to campus closure continued to be physically 
active if campus closed.  A secondary purpose of this 
study was to understand how a public university 

campus recreation facility can help support students, 
faculty, and staff to be physically active when they are 
not on campus. The results of this study confirmed 
that the students, faculty, and staff, who were users 
of campus recreation facilities before COVID-19 
campus closures, remained physically active when 
campus was closed. Of those in this study, 85.8% 
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were meeting the physical activity 
recommendations.  

The major finding of this study came from 
comparing recreation user status with minutes of 
physical activity. There was a significant difference 
when comparing minutes of MVPA and campus 
recreation user status, suggesting that the more often 
individuals used campus recreation prior to campus 
closure, the more active they were when campus was 
closed. This is similar to other research which has 
ĨŽƵŶĚ�ŵŽƌĞ� ĨƌĞƋƵĞŶƚ� ͞ƵƐĞƌƐ͟�ŽĨ� ĐĂŵƉƵƐ� ƌĞĐƌĞĂƚŝŽŶ͕�
ĐŽŵƉĂƌĞĚ�ƚŽ�͞ŶŽŶƵƐĞƌƐ͕͟�ǁĞƌĞ�ŵŽƌĞ�ƉŚǇƐŝĐĂůůǇ�ĂĐƚŝǀĞ�
(Castle et al., 2015; Zizzi et al., 2004). In our study, 
frequent users obtained a mean of 168 minutes of 
MVPA per week while occasional users of campus 
recreation obtained a mean of 138.17 minutes of 
MVPA each week. This suggests that those who were 
more frequent users of campus recreation may have 
developed skills for maintaining and/or increasing 
their physical activity when campus recreation 
facilities were open. Frequent users could have had 
increased self-efficacy skills for physical activity due 
to previous participation that allowed them to meet 
the physical activity guidelines. Future research is 
needed to look at the differences between users of 
and nonusers of campus recreation to further explore 
the impact of campus recreation.  

This study found no significant differences on 
most demographic factors with minutes of MVPA per 
week including gender, age, race, credit hours, GPA, 
and campus living status. This is contrary to other 
research which has found differences in MVPA based 
on demographic factors (Castle et al., 2015; Mettling 
et al., 2017; Zizzi et al., 2004). For example, several 
studies in university settings have found significant 
differences in MVPA between genders, with males 
being more physically active than females (Castle et 
al., 2015; Mettling et al., 2017; Zizzi et al., 2004).  

Further, Castle et al. (2015) found significant 
differences based on where students lived, 
suggesting that living on campus and/or closer to 
campus recreation facilities increased campus 
recreation usage (Castle et al., 2015). The lack of 
significance in our study may be due to the fact that 
participants had been active in campus recreation 
facilities. Future research should look at usage of 
campus recreation and the location of where 

students, faculty, and staff live in relation to campus 
recreation facilities.  

Participants in this study listed a variety of ways 
they were physically active outside of campus 
recreation with the outdoors (45%) being most 
popular. This was followed by other gyms (34.8%) and 
home workouts (23.8%). Some participants wrote in 
͞ŽƚŚĞƌ͟� ŽƉƚŝŽŶƐ͕� ŝŶĐůƵĚŝŶŐ� ůŽĐĂů� ĐŽŵŵƵŶŝƚǇ� ĐĞŶƚĞƌƐ͕�
and yoga studios. Future research could look further 
into the various places that students, faculty, and 
staff do their physical activity to further understand if 
campus recreation is used more often than other 
options, which can then lead to improving what is 
offered from campus recreation to encourage usage. 
Research should also look more in depth at how long 
students, faculty, and staff spend on campus per 
week to determine if there is any connection between 
time on campus and campus recreation use.  

When looking at the Stages of Change data, 7.1% 
of individuals in the study were in the action stage 
and 59.9% of individuals were in the maintenance 
stage. Interestingly, those in contemplation and 
preparation still reported meeting the aerobic 
physical activity guidelines. Typically, those in 
contemplation and preparation do not report 
meeting the physical activity recommendations 
(Garber et al., 2008). While this does not follow the 
expected pattern of activity, the surveyed population 
in this study were all users of campus recreation, so 
they had either been using campus recreation for 
physical activity or were familiar with campus 
recreation facilities to begin with. Regardless, campus 
recreation should continue or develop programs to 
not only help existing users, but also non-users, to 
utilize campus recreation facilities and programming 
through stage-matched strategies.  

Participants also provided a variety of ways they 
felt campus recreation could support them while off 
ĐĂŵƉƵƐ͘�dŚĞ�ŵŽƐƚ�ƉŽƉƵůĂƌ�ƌĞƐƉŽŶƐĞƐ�ŝŶĐůƵĚĞĚ�͞ƐŽĐŝĂů�
ŵĞĚŝĂ͟�ĂŶĚ�͞ŽŶůŝŶĞ͘͟�Following the campus closure, 
campus recreation has started using social media and 
online resources to give students, faculty, and staff a 
chance to continue to be active while away from 
campus. However, it is unclear how many of the 
participants in this survey were aware of these 
efforts. Thus, to best support students, faculty, and 
staff to be physically active when they are not on 
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campus, universities could focus on building their 
social media presence and following. This can be done 
by both posting workouts for people to do on their 
own time and/or having virtual exercise classes live 
via online access.  

Strengths and Limitations 

The biggest strength of this study is that it is one 
of the first to describe the physical activity levels of 
previous campus recreation users during the closure 
of campus due to the pandemic. An additional 
strength of this study is the response rate. 384 
original responses out of the 1,435 who received a 
link to take the survey is a 26.8% response rate. When 
compared to other campus recreation studies, this 
response rate is higher than other studies of a similar 
population (Mettling et al., 2018; Zizzi et al., 2004). An 
additional strength is that most of the previous 
research has focused only on the student population 
(Castle et al., 2015; Mettling et al., 2018; Zizzi et al., 
2004). This study adds to the literature by 
including faculty and staff. 

There were several limitations to this study. First, 
the survey was administered less than a month 
following campus closure. Administering a survey so 
close to campus closure limits the understanding of 
how students, faculty, and staff adapted to the 
campus closure. Second, participants in the study 
were already affiliated with campus recreation and 
thus more likely to have been physically active. 
Additional research is needed to determine how to 
best support non-users of campus recreation. Third, 
this survey was only sent to group exercise users and 
Commit to Fit participants, so there is a variety of 
students, faculty, and staff that use campus 
recreation that were not included in this study. 
Fourth, this survey was only conducted at one specific 
university and may not be generalizable to other 
university settings. Finally, this study used a self-
report questionnaire and previous research has found 
that participants are likely to overreport their physical 
activity levels via self-report (Sallis & Saelens, 2000). 
Thus, additional studies, using objective measures of 
physical activity are needed so there is potential for 
false reports from participants.  

CONCLUSION 

Campus recreation facilities are a helpful 
resource to promote physical activity in college 
students, faculty, and staff. This study adds to the 
research of the impact of COVID-19 and helps campus 
recreation facilities further understand how to 
support student, faculty, and staff physical activity 
when they are not on campus. Results revealed that 
a majority of previous users of campus recreation 
were physically active during campus closure and 
individuals desire a larger social media presence and 
options for equipment rentals. Future research 
should continue to examine how to support students, 
ĨĂĐƵůƚǇ͕� ĂŶĚ� ƐƚĂĨĨ͛Ɛ� ƉŚǇƐŝĐĂů� ĂĐƚŝǀŝƚǇ� ǁŚŽ� ĚŽ� ŶŽƚ�
regularly use campus recreation facilities. 
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