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Abstract:
Previous research has linked sedentary behavior (SB) to increased arterial stiffness (AS)
and subsequent cardiovascular disease (CVD). Yet few studies have examined the AS of healthy
individuals who are currently engaging in daily moderate to vigorous physical activity (MVPA).
Purpose: To examine the impact of SB on AS in physically active college students. Methods: 43
college students volunteered to participate in this study, 35 participants completed the study, and
of these participants, 27 met the recommended exercise guidelines of 30 minutes of moderate to
vigorous physical activity (MVPA) per day (age: 20.5 + 1.64 years; height: 167.52 + 9.41 cm;
weight: 72.23 + 17.18 kg; Body Mass Index (BMI): 25.81 + 6.32 kg/m2 ). On the first visit,
participants completed demographic questionnaires and received an accelerometer to wear for at
least ten days. They then returned to the lab within two weeks and completed the International
Physical Activity Questionnaire- short form (IPAQ-S) and underwent anthropometric
measurements. Lastly, AS was measured non-invasively via pulse wave velocity (PWV). Based
on accelerometry data, participants were separated into two groups for data analyses: active
couch potatoes (ACP) (> 600 min/d sedentary) and active (ACT)(< 600 min/d sedentary).
Results: Average PWV among our participants was 6.26 + 2.16 m/s. Participants spent 602.45 +
122.94 minutes/day sedentary, and 59.47 + 21.05 minutes/day engaging in MVPA. Pearson
correlation showed a statistically significant relationship between PWV and SB in ACP males
and ACT males. Males in the ACP group had a significantly higher PWV than ACT males.
Conclusion: Our study found a significant positive relationship between SB and PWV in males
who achieved the recommended amount of MVPA. Previous literature has indicated a significant
positive correlation between SB and AS, yet has not examined the effects of SB on AS in those
acquiring daily MVPA. Future research should work to define excessive SB in order to

differentiate between active couch potatoes and active individuals.
Introduction:
Cardiovascular fitness is a key component of health. Arterial stiffness (AS) is a high
quality indicator of cardiovascular health and can be measured non-invasively via pulse wave
velocity (PWV). PWV measures the length of time that the arterial pulse propagates through the
circulatory system. More compliant arteries attenuate the pressure on the blood vessels, reducing
the speed at which the pressure wave returns to the aorta. Subsequently, pressure waves return
during diastole, and assist in the perfusion of blood to the coronary arteries. Conversely, when an
artery stiffens, the speed of the pulse wave returning to the heart increases, resulting in the return
of blood during systole, increasing pressure at the heart during contraction. The carotid-femoral
PWV is the ‘gold-standard’ measurement of AS, and has been used to predict and diagnose
pathophysiologic conditions including CV events, hypertensions, diabetes, renal failure, and
coronary heart disease (16).
Cardiovascular disease (CVD) is one of the leading causes of death and disability in the
United States. One of the earliest signs of CVD is atherosclerosis, the process of deposition of
plaque on the walls of arteries, causing stiffening and narrowing of artery walls, and reducing
blood flow. As a result of altered blood flow, atherosclerosis leads to myocardial infarctions,
strokes, and peripheral artery disease. Subsequently, the walls of arteries stiffen and are unable to
completely dilate to allow for greater blood flow (17). Therefore, measurement of AS is an
important predictor of CVD and many studies have examined the contributors to AS and
subsequent CVD (19). With aging, for example, PWV increases from younger to middle- aged
individuals, which subsequently increases the likelihood of a cardiac event. Age related AS is
quite common and may be due to the reduction of elastin in the arteries and a buildup of plaque

on the walls of the vessels (8). Physical activity (PA) may play a role in slowing down this
process, while increased SB may increase AS due to a reduction in elastic properties (8). Those
who meet the PA recommendations provided by the American College of Sports Medicine
(ACSM) of 30 minutes per day, at least five days per week, are likely to have more compliant
arteries later in life (1).
Arterial stiffness represents the relationship between the change in pressure and the
change in volume in arteries. Blood is pumped from the heart to the organs through arteries. The
artery wall has a large amount of elastic fibers, enabling the arteries to expand during systole.
During diastole, blood is pushed through the arteries as a result of the elastic recoil. This
mechanism ensures that blood continues to flow in one direction. Peripheral arteries have
increased collagen fibers, resulting in the arteries being less compliant (24). The decreased
compliance also occurs with aging, obesity, smoking, disease, and SB.
Hypertension is a CVD classified as high blood pressure. Blood pressure is an important
factor that alters the compliance of arteries. As blood pressure rises, arteries increase in size, and
use more collagen fibers, resulting in a decrease in elasticity. Elastic-collagen compositions of
arterial walls are a chronic component to the stiffness of arteries. Changes in the elastic-collagen
compositions take many years to occur (22). As diastolic blood pressure increases, there is an
increase in pulse wave velocity (PWV) as well. For every 7 mmHg rise in diastolic blood
pressure, there is an associated average of 0.21 m/s increase in PWV (4). A lack of vasodilation
combined with increased blood flow velocity contributes to stiffening of arteries (19).
Along with hypertension, AS is also a known risk factor for and early sign of CVD.
Previous studies have examined the contribution of other risk factors such as smoking, obesity,
diabetes, sedentary lifestyle, dyslipidemia, family history, age, and hypertension (1) to AS and

CVD. Crichton et al. (4) examined the effects of health behaviors and factors on cardiovascular
health. Health behaviors included smoking, body mass index, PA, and diet. Health factors
included total cholesterol, blood pressure, and fasting plasma glucose. They hypothesized that
those with more ideal cardiovascular health factors and health behaviors would have lower PWV
and pulse pressure, indicating lower AS. Participants completed questionnaires about PA,
nutrition, and self-rating of health. Measurements of cholesterol, plasma glucose, triglycerides,
weight, height, blood pressure, and PWV were also assessed. A Recommended Food Score and
non-Recommended food score were calculated using a questionnaire that asked participants how
frequently they consumed each food. This method was used to obtain a more detailed report of
dietary intake. Using the AHA definitions of ideal levels of cardiovascular health components
each participant was given a Cardiovascular Health Score (CHS) ranging from 0 to 8, where 0
indicated no cardiovascular health components at ideal levels, and 8 indicated all cardiovascular
components at ideal levels. Using the CHS, participants were separated into three groups: low
cardiovascular health (CHS of 0-2), medium (CHS of 3-4), and high cardiovascular health (CHS
of 5-8). Results of this study indicated that systolic blood pressure and glucose are more closely
related to PWV. Total cholesterol is next closely related to PWV, and BMI has the lowest
relation. Self-reported health showed to be the least accurate method in predicting PWV. The
main finding of this study was the PWV and pulse pressure values were significantly lower for
the high CHS group than the lowest CHS group. However, no differences were seen for the
medium and high CHS groups. This study concluded that those with five or more ideal
cardiovascular health components had significantly lower PWV and pulse pressure than those
with two or less ideal cardiovascular health components. The findings are consistent with the
hypothesis that a higher CHS is associated with a lower PWV. There was a significant decrease

between the medium and low groups. Having more cardiovascular health components at ideal
levels is related to lower levels of PWV and lower AS. Improvements in health behaviors and
health factors may reach a plateau, however, small changes in diet, physical activity, and weight
loss may directly improve the compliance of arteries (4).
Obesity, defined as body mass index (BMI) greater than or equal to 30 kg/m2 is also a
significant contributor to AS and CVD (1). Safar et al. (19) investigated the relationship between
BMI and waist circumference and PWV in a group of participants with and without obesity. All
participants, however, were diagnosed with essential hypertension. For the obese participants,
PWV measurements were significantly higher compared to the non-obese participants.
Furthermore, when the results were assessed, waist circumference was found to be more closely
related to AS than BMI (19).
The location of body fat may also play a role in extent of AS. Visceral adiposity, for
example, is more dangerous to the organs than subcutaneous fat. An increase in lipolytic activity
and a higher inflammatory profile of visceral adipocytes results in the release of free fatty acids
and inflammatory proteins into the hepatic portal vein, contributing to insulin resistance (12).
Since visceral obesity is more closely associated with AS than BMI, measurement of the
compliance of arteries have been studied in individuals with diabetes and metabolic syndrome
(13). It has been determined that reduced elasticity is present in central and peripheral arteries in
these individuals. However, in those with hypertension, central arteries are less compliant, while
peripheral arteries have normal values. This physiological process may result in the hardening of
arteries as a result of plaque buildup. Additionally, increases in circulating cytokines, such as
leptin, may play a role in the correlation between increased visceral fat and increased AS. High
levels of leptin are found in individuals with obesity, and are correlated with the stiffening of

arteries (2). Leptin increases sympathetic nervous system activity, resulting in increased blood
pressure. (20).
Exercise is a proven method for decreasing CVD risk factors. In particular, exercise
decreases AS by lowering body fat, blood pressure, cholesterol, and other risk factors. However,
the exact duration and intensity of exercise at which individuals will benefit has not yet been
identified. Research by Sung et al. (22) investigated the effects of short-duration exercise on AS
in patients with coronary artery disease. The researchers used a treadmill test and brachial-ankle
pulse wave velocity (baPWV) measurement on 50 patients with coronary artery disease (CAD)
and 50 age-matched controls. Brachial-ankle pulse wave velocity is another indicator of AS and
shows large artery stiffness and endothelium-dependent peripheral vasodilation (22). Impairment
of endothelium-dependent peripheral vasodilation limits the effect on nutritive skeletal muscle
blood flow, and therefore may contribute to exercise intolerance in patients with heart failure
(14). Prior to a graded exercise test, AS was measured using an automatic system that recorded
baPWV, brachial blood pressure, and ankle blood pressure on both sides of the body. Within ten
minutes from the time of completion, baPWV was measured again. Differences between the
CAD and control groups, as well as pre- to post-exercise differences in each group were assessed
and compared. The results indicated that at baseline, baPWV values for the CAD group was
higher than the control group. Following exercise, baPWV values significantly decreased for
both the CAD group and the control group. The decrease in baPWV from pre- to post-exercise
was significantly larger for the CAD group since the baseline value was higher. The control
group showed significantly lower values for systolic blood pressure and mean arterial pressure
after exercise than at baseline, and no significant change in diastolic blood pressure. The CAD
group also demonstrated lower values for mean arterial pressure after exercise when compared to

baseline values, but not a significant difference in values of systolic and diastolic blood
pressures. When adjusting for differences in age, body mass index, systolic blood pressure, mean
arterial pressure, mean arterial pressure reduction, and baseline baPWV, the CAD group had a
larger decrease in baPWV ten-minutes post-exercise than the control group. Although exercise
time was lower for the CAD group, they still had a larger decrease in baPWV, suggesting that
duration does not significantly affect changes in baPWV (22). Although this study concluded
that short-duration exercise results in an immediate decrease in baPWV, even in patients with
existing CAD, more research must be done to determine the effects of repeated short-duration
aerobic exercise on AS.
The effects of exercise on AS are likely due to changes of smooth muscle cells in arterial
walls. The change in tone of smooth muscle cells is related to the production of nitric oxide
(NO), a gas that is released by endothelial cells that subsequently aid in vasodilation by relaxing
the smooth muscle surrounding the blood vessels. The stress caused by exercise promotes the
release and the production of NO. In patients with CAD, NO production is reduced, resulting in
endothelial dysfunction and contributing to stiffer vessels. Exercise however, promotes NO
production and subsequently decreases AS (22).
A common co-morbidity associated with obesity is insulin resistance. Insulin is a
hormone that regulates how the body uses and stores glucose and fat. The body uses insulin to
uptake glucose for energy. In individuals with type II diabetes, the ability of insulin to decrease
pressure in the aorta is reduced because of the decreased production of insulin, or increased
resistance, possibly leading to stiffening of arteries early in life. It is likely that those with insulin
resistance will develop hypertension and increased complications (12). Factors such as the
increase in blood flow velocity while the diameter of the artery remains unchanged, or an

increase in sympathetic neural activation may explain increased AS in individuals with more
visceral fat. However, when an individual loses weight, specifically visceral fat, the increased
stiffness of the arteries, as well as heart rate, can be reversed. Based on findings by Safar et al,
PWV and mortality increases in those with diabetes and glucose intolerance when compared to
control subjects (19). Therefore, PWV is a strong predictor of cardiovascular morbidity,
mortality, and all-cause mortality, especially for those with diabetes or metabolic syndrome. Due
to the findings that visceral fat is more closely associated with AS than BMI, waist
circumference is a good indicator of cardiovascular health. Knowing that increased abdominal
fat causes increased aortic stiffness, individuals should be very cautious of location of body fat,
rather than overall amount of body fat. This knowledge can help improve cardiovascular health.
The process of arteries stiffening occurs even faster in patients with diabetes. The cause
of accelerated stiffening of arteries in diabetic patients may be due to the reaction that occurs in
the walls of arteries between blood glucose and extracellular matrix proteins. This leads to
formation of more collagen crosslinks, decreasing the compliance of arteries. Aerobic exercise
may stretch and break the crosslinks between the collagen fibers, resulting in a decrease of AS.
Madden et al. examined the effects of aerobic exercise on AS in adults at high risk for CVD.
They hypothesized that aerobic exercise would reduce AS in these individuals despite the many
factors contributing to AS. 36 older adults (18 males and 18 females) participated in the study,
all of which were living with type II diabetes, hypertension, and hyperlipidemia. Prior to the
study, the subjects were sedentary for at least six months, then randomly assigned to either the
aerobic group or the non-aerobic group. Both groups completed a pre- and post- intervention
evaluation assessing anthropometric measurements. The aerobic group completed moderate to
vigorous intensity exercise (60-75% of heart rate reserve) on a treadmill or cycle ergometer three

times per week for three months. Sessions were sixty minutes, consisting of a ten-minute warm
up, 40 minutes of aerobic training, and a ten-minute cool down. The non-aerobic group
completed core training using an exercise ball, and strength training using dumbbells three times
per week for three months. Before, during, and after exercise, blood pressure, heart rate, and
blood glucose were measured and recorded (6). When measuring PWV, participants rested for 30
minutes prior to the use of two pressure transducers placed on the carotid and femoral arteries, as
well as the radial and carotid arteries. The femoral PWV has been shown to have a direct link to
CVD, and is therefore the best indicator for CVD risk (13). Heart rate, systolic blood pressure,
diastolic blood pressure, and mean arterial pressure were also measured and recorded, as well as
body weight, BMI, waist and circumferences, waist to hip ratio, and maximal oxygen
consumption.
Madden et al. (13) found that before the training intervention there was no significant
differences in PWV between the groups. After training, the aerobic group had decreased values
in radial and femoral PWV, while the non-aerobic group had an increase in the radial and
femoral PWV values (13). The main finding of this study was that only three months of aerobic
training in an extremely high risk population resulted in decreased PWV independently of
changes to cholesterol, blood pressure, weight, and resting heart rate. Therefore, exercise may
have a direct impact on AS, and increased compliance of arteries could possibly occur without
improvement of aerobic fitness. Exercise may decrease AS independently of other risk factors by
impacting endothelial function, inflammation, and sympathetic activity.
Sugawara et al. (21) further studied the impact of PA duration and intensity on carotid
arterial stiffness (21). They examined 103 healthy, non-smoking, postmenopausal women. They
hypothesized that moderate and vigorous PA would result in lower AS in postmenopausal

women due to the release of sex hormones. The duration and intensity of PA was evaluated via
accelerometry for 14 days after which they were randomly assigned into two groups for a 12week training program consisting of cycling three to five times per week. One group worked at 4
METs and the other group worked at 7 METs. Non-invasive methods of measurement of PWV
taken after the 12-week training program included an oscillometric device, ultrasound imaging,
and a linear transducer. Results indicated that PWV was significantly related to duration of
moderate and vigorous exercise, but not low intensity exercise. The accelerometer data
determined that older subjects spent less time participating in low intensity PA, and duration of
moderate and vigorous intensity exercise was not correlated with age. Measurements were
extremely similar at baseline, except heart rate was lower in the vigorous intensity group. Body
mass index and body weight decreased for the vigorous group, but not the moderate group. Heart
rate, brachial blood pressure, carotid blood pressure and the diameter of the carotid lumen did
not change in the moderate or vigorous groups. AS significantly decreased in both the moderate
and vigorous groups. Based on these findings, it can be concluded that the effects of moderate
intensity exercise on AS is not different from the effects of vigorous intensity exercise (21).
These findings can be implemented into training methods since it is easier to participate in
moderate intensity PA than vigorous intensity. Knowing that both intensities have the same
effects on AS, more individuals are likely to participate in moderate intensity PA rather than
vigorous intensity or no exercise at all.
The decreases in AS seen in moderate and vigorous intensity PA are likely due to the
enhanced endothelium-dependent vasodilation. Regular aerobic exercise stops endothelium
vasoconstriction by blocking hormones (21). These changes may be linked with a decrease in
vascular smooth muscle tone, which results in decreased AS. The findings of Sugawara et al.

indicate that AS is related to duration of exercise at moderate and vigorous intensity PA, and that
both intensities elicit similar changes in AS. Shear stress caused by vigorous exercise produces
NO, which relaxes endothelial cells, causing vasodilation. NO is released from endothelial cells
then diffuses into smooth muscle cells lining blood vessels. Once NO is inside of the smooth
muscle cells NO then binds to an enzyme. When the enzymes become activated, new proteins
are formed, including myosin. Myosin is the protein that causes smooth muscle to contract. Next,
myosin becomes phosphorylated, resulting in dilation of the blood vessel (3).
While exercise has been a proven method of preventing, and reversing AS, behaviors can
negatively impact cardiovascular health. Sedentary behavior (SB) is defined as activities less
than or equal to 1.5 METs (1). Individuals are defined as sedentary if they do not participate in
aerobic exercise for 30 to 60 minutes per day on at least three to five days of the week for at least
six months. Sitting has been linked with obesity, type II diabetes, metabolic syndrome, CVD and
morality (1). Therefore, it is likely that SB also impacts AS. Additionally, intensity of PA has
also been shown to play a role in cardiovascular health. Light intensity exercise and MVPA
affect the body in different ways, and these differences have been studied.
For example, Gando et al. (6) examined the relationship between light PA and AS. They
hypothesized that greater time spent in light PA would be associated with lower AS. Participants
were grouped depending on time spent per day in light PA and further split into three age groups:
less than 40 years old, 40 to 59 years old, and 60 or older. To track PA and sedentary time the
subjects wore accelerometers for at least 14 days (6). A cycle exercise test was used to determine
maximal oxygen consumption to then split the subjects into two groups: fit and unfit. They then
examined the difference that light PA had on AS in fit and unfit adults. The results concluded
that in both young and old individuals, percent of body fat was higher in the low-light PA group,

while blood pressure, mean arterial pressure, and plasma glucose was higher in the low-light PA
group in older adults. In the older group, PWV was higher in the low-light PA subjects than the
high-light. In the middle and older group, PWV was higher than the younger group for low-light
and high-light PA groups. Time spent in light PA was longer, and the time spent in inactivity
was shorter in the middle and older aged groups compared to the younger group. Time spent in
vigorous PA was higher in the younger group (6).
Overall, Gando et al. (6) determined that PWV was not significantly related to the
amount of time spent in light PA or inactivity. The young group showed no relationship between
moderate to vigorous PA (MVPA) and PWV. Finally, in the older group it was determined that
PWV was significantly related to the amount of time spent in light and moderate PA and amount
of time spent sedentary per day. However, no significant differences were seen on PWV due to
vigorous PA. In the older group, differences were significant between the unfit and fit
individuals. There was no relationship between PWV and time spent in light physical activity for
the fit individuals, but the unfit individuals had a significant correlation between PWV and MAP
with daily time spent in light physical activity (6).
The older group had higher AS in the low-light PA group than the high-light group, and a
negative relationship was observed between time spent in light PA and AS. The less sedentary
time that individuals participated in, the lower the PWV. These results suggest that the more time
spent sedentary, the higher the PWV, especially in unfit older adults. These finding can be
implemented by increasing duration of light PA, which is easier to accomplish for older adults.
For the older, unfit population, moderate and vigorous exercise training is not necessary to see
improvements in AS. Replacing sedentary time with light PA may reduce AS in older adults.
The longer time spent in light intensity PA, more benefits to blood pressure, heart rate, and

plasma glucose will be observed. Additionally, light PA improves the availability of NO,
vascular smooth muscle tone, and collagen cross-links (6).
While the ACSM and the AHA states that meeting the recommended amount of moderate
to vigorous intensity aerobic activities, as well as light intensity activities of daily living results
in decreased sitting time, there are no guidelines regarding sitting specifically (15). Many studies
investigate the effects of moderate to vigorous exercise on cardiovascular health, but less
research has been done regarding SB. Sedentary behavior, such as sitting, watching television,
using the computer, and other activities requiring less than 1.5 METs leads to decreased
metabolic health. Unfortunately, with increases in the use of technology and less demand for
physical labor, many Americans spend the majority of their day inactive. The negative impact on
health is even evident in those who achieve regular PA, but still accumulate excessive sedentary
time. The Active Couch Potato, a term used to describe these individuals, are still at risk for
obesity, type II diabetes, cardiovascular disease, and certain types of cancers (15). The
correlation between increased sitting time and decreased cardiovascular health may be a result of
the loss of contractile stimulation, the reduction of lipoprotein lipase in the skeletal muscles, and
reduction in the uptake of glucose. Lipoprotein lipase is an enzyme that is needed for the uptake
of triglycerides, as well as the production of high- density lipoprotein cholesterol (15). However,
this mechanism may be reversed through PA and even while standing (15). Therefore, increasing
standing time may improve cardiovascular health.
Healy et al. (9) further investigated the relationships between total sedentary time and
obesity, glucose metabolism, and metabolic syndrome. They examined the way that sedentary
time is accumulated and the association of breaks in sedentary time with CVD risk. Using an
accelerometer for seven consecutive days, sedentary time was measured during waking hours.

Breaks were defined as interruptions in sedentary time. Results showed that independent of the
amount of sedentary time of physical activity that an individual participates in, breaks in
sedentary time benefited metabolic markers (9). The finding can be implemented by creating
new health recommendations, including guidelines for breaking up sedentary time. With the
knowledge that metabolic markers are a strong indicator of arterial stiffness, breaking up
sedentary time will decrease PWV.
Many studies have been done to examine the effects that exercise has on AS measured
through PWV. Subjects of all ages have been studied, however, mostly older adults are
participants of studies about AS. This is likely due to the fact that most changes are seen in older
adults due to the increase in AS with age. In younger individuals who have not yet developed AS
it is more difficult to measure changes due to exercise and SB. It has been determined through
multiple studies that meeting the recommended guidelines for exercise will increase compliance
of arteries. Slowing down the process of AS through exercise and a healthy diet are extremely
important in preventing CVD. Pulse wave velocity is the best measurement of AS and indicator
of overall cardiovascular health. With the knowledge of the benefits of reaching the
recommended exercise guidelines to increase cardiovascular health, it is still unknown if
participation in purposeful exercise is better than being physically active throughout the day.
More research must be done to determine if those who do not exercise for at least 30 minutes per
day, but are active at a lower intensity for the majority of the day will have similar benefits to
cardiovascular health as those who exercise for 30 minutes, but are sedentary for the remainder
of the day.
Methods:
College students at The College at Brockport, ages 18 to 30 years, volunteered to

participate in this cross-sectional analysis (N=43; age: 20.5 + 1.64 years; height: 167.52 + 9.41
cm; weight: 72.23 + 17.18 kg; Body Mass Index (BMI): 25.81 + 6.32 kg/m2). Exclusion criteria
included cardiovascular, metabolic, pulmonary, or renal disease, musculoskeletal injury, and
pregnancy. Of the 43 participants, 36 participants completed the study.
Procedure:
This study was completed in two visits. On visit 1, participants came to the research lab
where they were familiarized with the procedure of the study. Participants read and signed an
informed consent, completed a Health History Questionnaire (HHQ) and a demographic
questionnaire. Next, the height and weight of each participant was measured and recorded.
Height was measured using a stadiometer (Seca, Germany) and weight was measured using a
load cell scale (Seca, Germany). An accelerometer (Actigraph, Pensacola, FL) was distributed to
the participant at the end of the first visit. The participants were instructed to wear the
accelerometer around their waist at the right hip for 10 days. The accelerometer was worn at all
times except during activity involving physical contact, and activities that involved the
accelerometer getting wet. Participants were able to wear the accelerometer to sleep, but it was
not necessary to the data being collected.
At least 10 days later, and no more than 14 days, participants returned to the research lab
for visit 2. Anthropometric measurements were taken including height, weight, waist and hip
circumferences, and body fat percentage. Height and weight were used to calculate body mass
index (BMI) and waist and hip circumferences were used to calculate waist to hip ratio. Waist
and hip circumferences were measured using a Gullick tape measure. Measurements were taken
twice for accuracy. Body fat percentage was measured using bioelectrical impedance analysis
(BIA) (Bodystat, British Isles). The procedure for using the BIA began with the participant lying

in the supine position. Two electrodes were placed on the right ankle and two electrodes were
placed on the right wrist. The participant was instructed to remain still, while a safe battery
generated signal was transmitted through the body to measure impedance at a frequency of 50
kHz. This source of measurement assumes limb length, hydration status, and body fat
distribution. After measuring body fat percentage, arterial stiffness was measured. The
Sphygmocor Xcel non-invasive system was used to measure the central arterial pressure
waveform analysis. The carotid-femoral pulse wave velocity (PWV) was measured using this
system. The procedure for measuring PWV began with the participant lying in the supine
position with a blood pressure cuff around the right upper thigh to measure the pressure at the
femoral artery. Once the cuff was properly placed on the participant, three distances were
measured in millimeters using a Gullick tape measure, then entered into the computer. These
measurements included the carotid artery to the sternal notch, the sternal notch to the top of the
femoral cuff, and the femoral artery to the top of the femoral cuff. Next, the carotid artery on the
right side of the neck was found. The cuff was inflated while an applanation tonometer was
pressed into the carotid artery. This was used to measure the carotid artery waveform. The
software used the distance that the blood traveled and the time of blood flow between the carotid
and femoral arteries to determine velocity.
After PWV was measured, the participant completed a Sugar Sweetened Beverage (SSB)
and a nutrition consumption interview. The SSB interview asked the participants to record the
average daily consumption of beverages with added sugar, including coffee with cream and/or
sugar, juice, sports drinks, soft drinks, flavored milks, alcoholic beverages, and any other drinks
containing added sugar. The nutrition consumption interview asked the participant to record the
amount of different food groups consumed during the ten days. Next, the participant was

instructed to complete the self-reported physical activity questionnaire, the International Physical
Activity Questionnaire-Short form (IPAQ-S). This form asked the participants to record how
many minutes they spent per day participating in moderate and vigorous physical activity, as
well as how many minutes they spent walking and sitting. The data received from the selfreported questionnaire was used as a back-up measure of physical activity for the accelerometers.
After the completion of the forms, the accelerometer was collected from the participants.
Data Analyses:
Using the Actilife software, accelerometer data was analyzed. Data from the
accelerometer included minutes spent sedentary, minutes spent participating in moderate to
vigorous physical activity, and the number of sedentary bouts. Data was analyzed using SPSS
Version 24 (IBM, Chicago, IL).
Data are presented as mean ± standard deviation. A significance level was set at p < 0.05.
A one-way ANOVA test was run to assess the differences in males and females in PWV between
the sedentary (Sed) group, active couch potato (ACP) group, and the active (ACT) group. A
Tukey Post Hoc test was run to determine where the difference was between groups.
Results:
43 college students 18-30 years old volunteered to participate in the study. 36 participants
completed the study. 28 participants met the recommended guidelines of physical activity of 30
minutes of moderate to vigorous physical activity (MVPA) (1). 8 participants did not meet those
guidelines and were grouped as sedentary. The 28 participants who met the PA guidelines were
split into two groups: active couch potato (ACP) and active (ACT). Those who were in the ACP
group met the recommended guidelines of PA and also accumulated ≥ 600 minutes per day of
sedentary behavior, while those who were in the ACT group met the guidelines of PA and

accumulated < 600 minutes per day of sedentary behavior. Baseline characteristics of subjects
are listed in Table 1.
Table 1. Baseline Characteristics

Sed (n=8)
Gender

Male (n=5)

Female (n=3)

Age (yrs)

21.6±1.8

19.33±0.58

Height
(cm)

179.82±8.0

Weight
(kg)

ACP (n=10)
Male

(n=4)

ACT (n=18)

Female (n=6)

Male (n=8)

Female
(n=10)

22.25±2.63

19.5±1.38

21.25±0.71

19.80±1.14

162.7±9.49

180.18±3.86

158.17±2.84

174.41±6.87

162.56±4.54

73.54±11.0

81.37±26.10

85.38±6.45

60.98±8.71

70.65±8.11

74.97±24.64

BMI
(kg/m2)

22.67±1.73

30.27±5.98

26.38±2.55

24.40±3.39

23.34±3.17

28.41±9.44

BF %

10.74±3.88

34.73±8.62

18.45±4.70

23.13±5.96

13.68±5.98

29.06±8.02

WHR

0.78±0.21

0.80±0.088

0.799±0.048

0.73±0.044

0.80±0.29

0.74±0.059

BSBP
(mmHg)

139.0 ± 7.2

129.33 ± 14.57

132.25 ± 15.13

121.0 ± 7.70

136.25 ± 8.65

122.6 ± 11.17

BDBP
(mmHg)

70.4 ± 15.74

75.33 ±17.01

77.25 ± 7.5

67.5 ± 4.09

75.2 ± 8.36

73.3 ± 6.08

N=sample size; Sed=sedentary; ACP=active couch potato; ACT=active; yrs=years; cm=centimeters; kg=kilograms;
BMI=Body Mass Index; kg/m2=kilograms per meters squared; BF%= Body Fat Percentage; mmHg=millimeters of
mercury; WHR=waist to hip ratio; BSBP=brachial systolic blood pressure; BDBP=brachial diastolic blood pressure

AS was measured through PWV and augmentation index corrected to a heart rate of 75
bpm (AIX75) (Table 2).
Table 2. Arterial Stiffness
Sed (n=8)

ACP (n=10)

ACT (n=18)

Gender

Male
(n=5)

Female (n=3)

Male
(n=4)

Female (n=6)

Male (n=8)

Female (n=10)

AIX75 (%)

0.80±15.74

24.67±38.73

6.00±16.97

6.33±6.38

3.38±10.43

9.70±13.21

PWV (m/s)

5.98±0.61

5.53±1.07

7.00 ± 0.50

4.73±0.19

5.45 ± 0.83

4.81±0.87

CSBP (mmHg)

116.4 ±
6.35

115.00 ±
21.07

115.25 ±
10.34

103.83 ± 4.26

116.63 ±
6.44

107.40 ± 10.10

CDBP (mmHg)

72.4 ± 7.99

8.00 ± 21.07

78.75 ±
7.63

67.67 ± 4.23

76.5 ± 8.47

74.70 ± 6.29

AIX75=Augmentation index corrected to 75 beats per minute; %=percent; PWV=pulse wave velocity; m/s=meters
per second; CSBP=central systolic blood pressure; CDBP=central diastolic blood pressure; mmHg=millimeters of
mercury; sed=sedentary; ACP=active couch potato; ACT=active

Physical activity data was tracked using an accelerometer. Time spent per day engaging
in sedentary behavior as well as time spent participating in moderate to vigorous physical
activity was recorded in minutes. The number of sedentary bouts per day was recorded as well
(Table 3).
Table 3. Physical Activity Data
Sed (n=8)

ACP (n=10)

ACT (n=18)

Gender

Male
(n=5)

Female
(n=3)

Male
(n=4)

Female
(n=6)

Male
(n=8)

Female
(n=10)

Sedentary
Behavior (mins)

1166.48 ±
223.11

516.57 ±
170.32

745.76 ±
57.86

724.85 ±
155.96

509.70 ±
74.31

521.69 ± 62.64

Sedentary Bouts

13.28 ±
11.73

15.09 ± 6.05

23.07 ±
7.01

32.42 ± 31.37

13.0 ± 3.91

31.30 ± 37.91

MVPA (mins)

23.48 ±
6.77

26.79 ± 2.73

57.86 ±
23.92

66.15 ± 24.56

57.49 ±
18.80

52.72 ± 14.72

MVPA=moderate to vigorous physical activity; mins=minutes; sed=sedentary; ACP=active couch potato;
ACT=active

An ANOVA test was run to compare PWV between groups. There was a significant
difference in PWV among males (p=0.002). A Tukey Post Hoc test revealed the difference to be
between ACP (7.0 ± 0.5) and ACT (5.45 ± 0.83), (p=0.038). This indicates that in college age

males who meet the physical activity guidelines of 30 minutes per day of MVPA, those who
accumulate 600 minutes per day or more of sedentary time have a significantly higher PWV than
those who accumulate less than 600 minutes per day of sedentary behavior.
Discussion:
The purpose of this study was to examine the impact of SB on AS in physically active
college students. Physical activity data included minutes spent engaging in sedentary behavior,
number of sedentary bouts, and minutes spent participating in MVPA. Anthropometric
measurements related to physical inactivity included BMI, body fat percentage and WHR. Other
anthropometric measurements included age, height, weight, and brachial blood pressure. PWV,
augmentation index, and central blood pressure were assessed to analyze AS. A significant
difference was found between active couch potato males and active males such that ACP males
had greater AS than ACT males. These findings are consistent with the hypothesis of this study
that of those individuals who meet the recommended PA guidelines of 30 minutes per day, but
accumulate high amounts of sedentary time for the remainder of the day will have a higher PWV
than those who meet the recommended PA guidelines and accumulate low amounts of sedentary
time throughout the day.
The findings of this study are consistent with previous research, indicating that
individuals who are sedentary for most of their day will have a higher PWV than those who
remain active throughout the day. It is known that arteries stiffen with age, and previous studies
have proven that PA decreases the buildup of plaque that occurs with aging. While participants
within many studies have included older adults and individuals with preexisting CVD, few
studies have analyzed the effects of SB on AS in college students ages 18 to 30.

A previous study examined the relationship between sedentary behavior and AS in young
adults. Huynh et al. studied 2328 participants ages 26 to 36 years, measuring AS, and recording
sitting time and PA via a self-reported questionnaire. Results of this study indicated that sitting
time during weekend days was correlated with AS and cardiorespiratory fitness (11). A positive
correlation between sitting time and AS indicated that increased sitting time is related to
increased AS.
Another study conducted from 1982 to 2013 examined the associations between PA and
SB and PWV in Brazilian young adults. Horta et al. (10) studied 1241 participants from birth to
30 years of age. Time spent engaging in daily MVPA and SB were recorded via accelerometry.
Results of this study showed that PWV was lower in those who were more physically active and
that those achieving higher sedentary time also demonstrated higher PWV. Horta et al. (10)
concluded that individuals who engaged in at least 30 minutes per day of MVPA had a
significantly lower PWV than those who did not meet the recommended guidelines of PA.
Young adults with higher sedentary time also had increased AS (10).
Haapala et al. (7) investigated a similar relationship in pre-pubertal children. Sedentary
time, light PA, moderate PA, and vigorous PA were assessed using an accelerometer and a heart
rate monitor. Results of this study indicated that more time spent in moderate and vigorous PA,
as well as total time spent engaging in PA were associated with more compliant arteries (7).
Therefore, increased sedentary time leads to greater AS.
While many studies have found that meeting the PA guidelines of 30 minutes per day is
related to a lower AS than those who are sedentary, Healy et al. determined that increased breaks
in sedentary time benefit metabolic risk factors, such as waist circumference, body mass index,
triglycerides, and plasma glucose. The purpose of this study was to examine the association of

breaks in sedentary time with biological markers of metabolic risk. Sedentary time was measured
using an accelerometer worn for seven consecutive days. Interruptions to sedentary time were
recorded as a sedentary break. Results of this study indicated that independent of total sedentary
time and total minutes of MVPA, increased breaks in sedentary time reduce metabolic risk
factors. This evidence proves the importance of breaking up sitting time throughout the day (9).
Although AS was not assessed there was a significant benefit to other metabolic risk factors.
Thus, we can predict that AS would also decrease due to breaks in prolonged SB. These findings
are consistent with the findings of the current study. Individuals who are active couch potatoes
will have higher metabolic and CVD risk factors than those who have more sedentary bouts.
While in the current study there was a significant difference between males, there were
many limitations to this study that likely affected the results. Without these limitations, future
research may see a greater statistically significant difference in PWV between all groups.
Limitations included the small sample size. Of 43 participants, only 36 participants completed
the study due to error collecting data or the development of disease during the study.
Additionally, there was lack of diversity within the population being studied. Most participants
were Caucasian and many participants were students in the Exercise Science major, making it
very likely that these students are more physically active than the average college student. More
participants from outside the major must be represented to have more accurate results.
Conclusion:
Many studies have been conducted to examine the effects that exercise has on AS
measured through PWV. Subjects of all ages have been examined, however, many studies focus
on older adults or individuals with signs or symptoms of CVD or metabolic disease. This is
likely due to the fact that most changes to AS are seen with aging and/or the presence of disease.

In younger individuals who have not yet developed atherosclerosis, it is more difficult to
measure changes due to exercise and sedentary behavior. It has been determined through
previous studies that meeting the recommended guidelines for exercise provided by the
American College of Sports Medicine (ACSM) of 30 minutes per day on preferably all days of
the week will increase compliance of arteries. Slowing down the process of arteries stiffening
through exercise and a healthy diet are extremely important in preventing CVD. While the
current study indicated a significant difference between PWV in males who are ACP compared
to males who are ACT, more research would continue to indicate if those who participate in high
sedentary time outside of meeting the guidelines of PA would have a higher PWV than those
who meet the guidelines of PA and engage in low amount of sedentary time throughout the day.

References
(1)

ACSMs Guidelines for Exercise Testing and Prescription. Philadelphia: Wolters
Kluwer/Lippincott Williams & Wilkins Health; 2014.

(2)

Beltowski, J. Leptin and atherosclerosis. Atherosclerosis. 2006;189(1):47-60.

(3)

Burke, T. (2015, September 22). Nitric Oxide Series, Part Four: How Nitric Oxide (NO)
Causes Vasodilation. Retrieved from http://www.diabetesincontrol.com/nitric-oxideseries-part-four-how-nitric-oxide-no-causes-vasodilation/

(4)

Crichton, G.E., Elias, M.F., Robbins, M.A. Cardiovascular health and arterial stiffness:
the Maine-Syracuse Longitudinal Study. Journal of Human Hypertension.
2014;28(7):444-449.

(5)

Ferreira, I., Boreham, C.A., Stehouwer, C.D.A. The benefits of exercise for arterial
stiffness. The American Journal of Hypertension. 2006;19:1037-1038.

(6)

Gando, Y., Yamamoto, K., Murakami, H., Ohmori, Y., Kawakami, R., Sanada, K.,
Higuchi, M., Tabata, I., Miyachi, M. Longer time spent in light physical activity is
associated with reduced arterial stiffness in older adults. Hypertension. 2010;56:540-546.

(7)

Haapala, E.A., Vaisto, J., Veijalainen, A., Lintu, N., Wiklund, P., Westgate, K., Ekelund,
U., Lindi, V., Brage, S., Lakka, T.A. Associations of objectively measured physical
activity and sedentary time with arterial stiffness in pre-pubertal children. PES.
2017;29:326-332.

(8)

Hae-Young, L., Byung-Hee, O. Aging and Arterial Stiffness. J-Stage. 2010;74(11):22572262. https://doi.org/10.1253/circj.CJ-10-0910

(9)

Healy, G.N., Dunstan, D.W., Salmon, J., Cerin, E., Shaw, J.E., Zimmet, P.Z., Owen, N.
Breaks in sedentary time: beneficial associations with metabolic risk. PubMed.
2008;31(4):661-1. Doi:10.2337/dc07-2046.

(10)

Horta, B.L., Schaan, B.D., Bielemann, R.M., Vianna, C.A., Gigante, D.P., Barros, F.C.,
Ekelund, U., Hallal, P.C. Objectively measured physical activity and sedentary time are
associated with arterial stiffness in Brazilian young adults. Atherosclerosis.
2015;243(1):148-154.

(11)

Huynh, Q.L., Blizzard, C.L., Sharman, J.E., Magnussen, C.G., Dwyer, T., Venn, A.J. The
cross-sectional association of sitting time with carotid artery stiffness in young adults.
BMJ Open. 2014;4(3):doi: 10.1136/bmjopen-2013-004384

(12)

Insulin. (n.d.). Retrieved from http://www.diabetes.co.uk/body/insulin.html

(13)

Madden, K.M., Lockhart, C., Cuff, D., Potter, T.F., Meneilly, G.S. Short-term aerobic
exercise reduces arterial stiffness in older adults with type 2 diabetes, hypertension, and
hypercholesterolemia. Diabetes Care. 2009;32(8):1531-1535.

(14)

Nakamura, M., Ishikawa, M., Funakoshi, T., Hashimoto, K., Chiba, M., Hiramori, K.
Attenuated endothelium-dependent peripheral vasodilation and clinical characteristics in
patients with chronic heart failure. American Heart Journal. 1994;128(6):1164-9.

(15)

Owen, N., Healy, G.N., Matthews, C.E., Dunstan, D.W. Too much sitting: The
population-health science of sedentary behavior. Exerc Sport Sci Rev. 2010;38(3):105113.

(16)

Pereira, T., Correia, C., & Cardoso, J. (2015). Novel methods for pulse wave velocity
measurement. Journal of medical and biological engineering, 35(5), 555-565.

(17)

Peripheral artery disease-legs: MedlinePlus Medical Encyclopedia. (n.d.). Retrieved from
https://medlineplus.gov/ency/article/000170.htm

(18)

Rettner, R. Fitness & big data: how wearable tech is changing exercise research.
LiveScience. 2014; [Cited 2018 Jan 14] Available from:
https://www.livescience.com/45634-accelerometers-exercise-research.html

(19)

Safar, M.E., Czernichow, S., Blacher, J. Obesity, arterial stiffness, and cardiovascular
risk. American Society of Nephrology. 2006;17:S109-S111. Doi:
10.1681/ASN.2005121321

(20)

Simonds, S.E., Pryor, J.T., Cowley, M.A. Does leptin cause an increase in blood pressure
in animals and humans? PubMed. 2017;26(1):20-25.

(21)

Sugawara, J., Otsuki, T., Tanabe, T., Hayashi, K., Maeda, S., Matsuda, M. Physical
activity duration, intensity, and arterial stiffening in postmenopausal women. American
Journal of Hypertension. 2006;19:1032-1036.

(22)

Sung, J., Yang, J.H., Cho, S.J., Hong, S.H., Huh, E.H., Park, S.W. The effects of shortduration exercise on arterial stiffness in patients with stable coronary artery disease.
Journal of Korean Medical Science. 2009;24(5):795-799.

(23)

Townsend, R.R., Arterial Stiffness: Recommendations and Standardization. Pulse.
2017;4(1):3-7. doi: 10.1159/000448454

(24)

Quinn, U., Tomlinson, L.A., Cockcroft, J.R. Arterial stiffness. JRSM Cardiovascular
Disease. 2012;1(6).

