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Abstract 25 

It has been documented that levels of sedentary behavior (SB) are related to elevated 26 
cardiovascular disease (CVD) risk. However, details regarding the association between arterial 27 
stiffness (AS) and SB, along with breaking and prolonging of SB, remain unclear among 28 
individuals meeting physical activity (PA) guidelines.  PURPOSE: To determine the 29 
relationship between total amount of SB and fragmentation (FI) of SB per day and AS in 30 
individuals who meet the PA guidelines as established by the ACSM. SUBJECTS: A total of 54 31 
(32 females, 22 males) participants with an average age of 43 ± 7 years, meeting physical 32 
activity guidelines. METHODS: An ActivPal accelerometer was worn for 7 days to monitor SB. 33 
SB is defined as sitting or reclined position ≤1.5 METs during waking hours. FI is defined as the 34 
average number of sit-to-stand transitions completed during sedentary periods, when total hours 35 
of SB are controlled for. Measurement of pulse wave velocity (PWV) was completed as an 36 
estimation of AS. RESULTS: Participants averaged 8.6 ± 1.6 h/day of SB, and 3.7 ± 1.2 sit-37 
stand-transitions/seated hour, and PWV of 7.9 ± 1.4 m/s. SB explained 4.5% of the variance in 38 
AS. With covariates of age and gender controlled for, the explained variance of FI by the 39 
regression equation was 1.1% and was not a significant predictor. CONCLUSION: SB is a 40 
significant predictor of AS, a preclinical marker of CVD. Individuals who meet PA guidelines 41 
should make a conscious effort to reduce SB to further reduce their risk of developing premature 42 
CVD. 43 
 44 
Keywords: physical activity, exercise, vascular health, arterial stiffness, sedentary behavior  45 

New & Noteworthy: To our knowledge, this is the first objective assessment of sedentary 46 
behaviors and patterning of sedentary behaviors as they relate to pulse wave velocity in 47 
individuals meeting the physical activity guidelines. We believe that the current findings give 48 
insight from a free-living perspective and allow for important insights into future guidelines for 49 
sedentary behavior participation. 50 

Introduction: 51 

Cardiovascular disease (CVD) is a leading cause of death across the globe with a 52 

multimodal array of causes and risk factors (1). One of the lifestyle precursors to the 53 

development of CVD is sedentary behavior (SB) (2, 3).  Sedentary behavior is defined as any 54 

waking behavior characterized by an energy expenditure of ≤ 1.5 METs while sitting, reclining 55 

or lying (4). There is a link between negative consequences to vascular health, such as elevated 56 

oxidative stress, endothelial dysfunction, and increased vessel stiffness in individuals who 57 

participate in many hours of sitting throughout their day (1, 5, 6). Encouragement to participate 58 

in physical activity (PA) has been the focus for reducing the risk of lifestyle related chronic 59 
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disease (4). However, researchers have suggested that minimization of time spent sitting may be 60 

just as important to negate effects on vascular and metabolic health (5, 7, 9). Researchers have 61 

identified SB is an independent risk factor in the development of cardiovascular disease and as 62 

sitting time increases, so does the risk of all-cause mortality (5, 7, 9). Therefore, individuals who 63 

meet the PA guidelines, but participate in high amounts of SB, may still be at higher risk for 64 

CVD development, with Arterial Stiffness (AS) as the precursor (4, 8,10).  65 

Currently, Americans are sedentary for 9+ hours per day, and less than 27% are meeting 66 

the PA guidelines (1, 4). Sedentary behavior is not limited to watching television or other forms 67 

of screen time, but also an individual’s occupation. Sedentary occupations currently account for 68 

80% of all U.S. jobs (11, 12). The PA guidelines have been well established as a means to 69 

provide health-enhancing benefits, reduction of the development of CVD, and reduced mortality 70 

risk (4, 13). However, it remains unclear whether healthy individuals who meet the PA 71 

guidelines will negate the negative vascular health consequences of participating in an otherwise 72 

sedentary lifestyle.   73 

Additionally, how SB is fragmented with sitting-to-standing/movement has been 74 

associated with vascular health changes. A recent systematic review conducted by Carter and 75 

colleagues (2017) highlighted that more frequent breaks from sitting are likely to be associated 76 

with higher endothelial function and less stiff vasculature in sedentary or recreationally active 77 

individuals across studies which utilized various measures of vessel stiffness and function at the 78 

brachial or femoral arteries including mean arterial pressure, FMD, or pulse wave velocity 79 

(PWV). However, it remains unclear whether fragmentation of SB and total average SB per day 80 

are able to predict levels of AS in individuals who are meeting or exceeding the PA guidelines.  81 
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Thus, the purpose of the current study was to examine the extent to which AS can be 82 

predicted by SB (average hours per day) in individuals who meet PA guidelines. Additionally, 83 

we aimed to examine the extent to which AS can be predicted by the fragmentation of SB (FI); 84 

i.e. the number of sit-to-stand transitions an individual completes during their sedentary bouts, 85 

whilst controlling for total time spent being sedentary. It was hypothesized that a positive linear 86 

prediction between average hours of SB and arterial stiffness would be present, and in contrast, a 87 

fragmentation of SB would positively impact arterial stiffness among healthy individuals who 88 

meet PA guidelines. 89 

Methods 90 

The linear predictions hypothesized by the researchers were analyzed using two multiple 91 

regression analyses which are non-experimental, and correlational, in design.  92 

Subjects 93 

Both males (n = 22) and females (n = 32) ages 43.4 ± 7.5 years were included in the 94 

current study. Additional demographic information can be found in Table 1. Subjects were 95 

recruited from the Northeastern region of the United States via volunteer sampling using 96 

recruitment flyers.  Approval was gained from local organizations, such as fitness centers and 97 

gyms, to speak to employees about volunteering for this study.  Additionally, emails were sent to 98 

local establishments seeking volunteers.   99 

All study procedures were reviewed and approved by the Springfield College 100 

Institutional Review Board and subjects were fully informed of the purpose of the study and of 101 

potential risks before giving written informed consent. Subjects were then asked to complete a 102 

health history questionnaire and the International Physical Activity Questionnaire (IPAQ) as 103 

inclusion criteria.  Both the health history and IPAQ were used for pre-screening purposes in 104 

order to subjectively determine whether or not the subject was healthy and met PA guidelines of 105 
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150 minutes or more of moderate to vigorous physical activity per week (17).  Subjects who met 106 

the PA criteria, were healthy, not being treated for any chronic cardiovascular or metabolic 107 

disease, non-smokers, normotensive, were confirmed for participation. Participants were 108 

excluded if they met any of the following criteria: current smoker, history of heart attack, chest 109 

pain, or blood vessel surgery, have high cholesterol, high blood pressure, or heart disease, or are 110 

taking medications for treating or preventing high cholesterol, high blood pressure, or heart 111 

disease, have diabetes, cancer or experience blood clots, or have acute live or gallbladder 112 

disease. 113 

Measures 114 

International Physical Activity Questionnaire (IPAQ).  Participants were pre-screened 115 

for meeting PA guidelines with the use of the IPAQ (18).  This recall PA questionnaire has the 116 

ability to assess both PA and inactivity in regard to activity dimensions and domains (17).  117 

Dimensions of PA include the mode or type, frequency, duration, and intensity of the activity, 118 

along with energy expenditure. Previous work has shown that the IPAQ questionnaires is a valid 119 

and reliable tool to assess levels of physical activity (17).  120 

Body composition and weight.  Body fat percentage and weight were estimated using 121 

BOD POD® (CosMed, Rome, Italy). The BOD POD® has been determined to be a valid and 122 

reliable means of estimating body fat percentage (19).  123 

Heart rate and blood pressure. Both resting heart rate (HR) and blood pressure (BP) 124 

were assessed after 10 minutes of seated rest. During this period of time, participants were asked 125 

to refrain from using any electronic devices or participating in conversation. Resting heart rate 126 

was measured with the use of a polar heart rate monitor and chest strap (Polar USA). Blood 127 

pressure was measured manually while seated and at least two measures were averaged with 1 128 
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minute separating each measure. A third measure of resting blood pressure was completed if the 129 

first two assessments were greater than 6 mmHg different for systolic BP (SBP) or diastolic BP 130 

(DBP) (20, 21). 131 

Arterial stiffness.  The Sphygmocor XCEL system (AtCor Medical, Sydney, NSW, 132 

Australia) was used to estimate AS by measurement of cfPWV, or the velocity at which the 133 

pressure waveform moves forward through the circulatory system. The Sphygmocor XCEL 134 

system is a highly reliable and valid tool for assessing pulse pressure, augmentation index, and 135 

cfPWV (22). This system has been utilized in other published studies which have been 136 

conducted at Springfield College (23, 24, 25). PWV was conducted after 15 minutes of lying rest 137 

where subjects were not permitted to utilized electronic devices or participate in conversation. 138 

Subjects were asked to lay facing up with legs flat on the assessment table. Between the 3 trials 139 

of PWV, there were 2 minutes of a wash out period. A trial was only included in data analysis if 140 

it was within 0.5 m/s of the former trial and if it was quality checked or “QC”. If a trial was not 141 

within 0.5 m/s or not “QC”, the trial was completed again after another 2-minute wash out 142 

period. The Sphygmocor device also measures pulse pressure and augmentation index (AIx), 143 

both of which were included in the analysis.  144 

Sedentary behavior.  All activity over the course of a seven-day wear time was 145 

measured with the use of an ActivPAL accelerometer (Fitness Instrument Technologies, Quogue, 146 

NY).  This accelerometer has the ability to obtain outcome measures of sitting/lying, standing 147 

time, steps, step rate, number of posture changes (fragmentation, FI), MET hours, and physical 148 

activity level.  Kim, Barry, and Kang (2015) observed ActivPal to be an accurate monitoring 149 

device for the assessment of SB parameters in a free-living environment when compared to other 150 

activity monitors including the ActiGraph.  151 
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Procedures  152 

Subjects were fully informed of the purpose of the study and of potential risks before 153 

giving written informed consent.  Once the researcher received verbal or written confirmation 154 

from the participant, the IPAQ was sent via email to the potential participant.  Upon completion 155 

of the IPAQ with the confirmation of the subject meeting PA guidelines and the health history 156 

questionnaire regarding inclusion/exclusion criteria, the subject was scheduled for both Sessions 157 

1 and 2.  158 

Session 1. For this session, the subjects arrived at the Springfield College Human 159 

Performance Lab between the hours of 6:00am and 12:00 noon. The subjects did not arrive at the 160 

lab in any particular condition (i.e. fasted, without caffeine) for this session as it was 161 

administrative and paperwork heavy. The subjects first completed paperwork including the 162 

informed consent and demographic information. After completion of proper paperwork, the 163 

subjects were fitted and administered the ActivPal accelerometer device. The ActivPal was 164 

applied to the thigh of the subject with the use of a medical grade skin adhesive and double-sided 165 

adhesive tape which has been specially designed for this device. Instructions were provided the 166 

to the subject for the use of the ActivPal in both verbal and written form. This completed the first 167 

session, and subjects left the Human Performance Lab to resume normal daily activities while 168 

wearing the ActivPal for the next seven days.  169 

Intersession adherence. At day three of wear time, the subjects were contacted by the 170 

researcher to discuss any questions or adherence issues between days passed. The subjects were 171 

contacted via phone, and the researcher asked for confirmation of wear time and for insight into 172 

any issues with the ActivPal accelerometer. The subjects were contacted again on day six of 173 

wear time to discuss arrival protocol for the following morning.  174 
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Session 2. At the completion of seven full days, subjects returned to the Springfield 175 

College Human Performance Lab between the hours of 6:00am and 8:30am; complete with the 176 

visit by 9:00am. The subjects arrived at least 8 hours fasted, and were asked to refrain from use 177 

of any substances containing caffeine, alcohol, or any vasoactive substances for at least 8 hours 178 

before their scheduled arrival (27). Subjects were encouraged to continue to drink water 179 

throughout the fasted time period. Upon arrival, the ActivPal accelerometer was removed from 180 

the subjects’ thigh. Next, subjects’ demographic information such as height, weight, and percent 181 

body fat were collected. Both body weight and percent body fat measurements were completed 182 

via the BOD POD. Before entering the BOD POD, subjects were asked to change into a tight 183 

fitted swim suit and were given a swim cap to contain their hair. Calibration procedures, as 184 

described by the manufacturer of the BOD POD, were completed each morning prior to subjects’ 185 

arrival.    186 

Next, the subjects were instructed to stay seated, feet flat on the floor, back against the 187 

chair for 10 minutes of rest prior to resting heart rate and blood pressure measurements.  Blood 188 

pressures were manually taken by the same researcher across the study. Two blood pressure 189 

measures, separated by a 1-minute wash-out period, were taken, and a third was completed if the 190 

two measures were > 4 mmHg different. Heart rate was measured via a polar heart rate monitor 191 

and chest strap. Resting heart rate was recorded as the heart rate after the 10 minutes of seated 192 

rest (20). 193 

After completion of the resting blood pressure and heart rate, participants were moved to 194 

an athletic training table, where they laid supine for 15 minutes before PWA and PWV 195 

measurements were recorded with the use of the Sphygmocor XCEL. PWA was conducted first 196 

after the 15-minute laying rest period and was followed by the cfPWV measurements. 197 
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Measurements required for cfPWV were conducted twice to confirm distances. Researchers 198 

conducted 3 trials of cfPWV for each participant with 2 minutes of wash out between each. PWV 199 

measurement needed to be quality control/check (QC) confirmed, and be ≤0.5m/s of one another 200 

in order to be recorded. An average of the 3 QC’d, consistent cfPWVs was used in analyses. 201 

Data from the ActivPal wearable accelerometer was analyzed for total wear time, average 202 

time spent in SB, and FI. Subjects kept a diary of sleep habits each night in order to exclude this 203 

information from the SB analysis. Activity under 50 counts/minute, as detected by the 204 

accelerometer was considered SB as determined by Campbell and associates (2017). 205 

Statistical Analysis 206 

An a priori power analysis was conducted using G*Power 3.1 (14).  The power analysis 207 

aiming to meet 80% power was conducted using an effect size (F = 0.33) from a previously 208 

conducted study on physically active individuals who sit for the majority of their waking hours 209 

attempting to determine the relationship between SB and vascular and metabolic function (16). 210 

Total number of subjects required to meet 80% power was estimated to be 60. (Figure 1).  211 

Prior to the running of the desired statistical analyses, the data were screened for missing 212 

values, normality, outliers, and the meeting of basic assumptions. Descriptive statistics were 213 

calculated for all demographics and for SB and FI (Table 1).  Two multiple regression analyses 214 

were conducted. One, to examine the extent to which SB can predict PWV in individuals who 215 

meet PA guidelines and when both age and gender were controlled for by including them as 216 

covariates in the analyses. Two, to examine the extent to which FI can predict PWV in the same 217 

individuals. The predictor variables of interest were average time spent in SB per day and 218 

fragmentation index. The two covariates were age and gender.  Gender was dummy coded to 219 
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emulate a continuous variable in the regression analysis.  The criterion variable was PWV. The 220 

alpha level was set to 0.05 and all analyses were conducted with SPSS 21.0. 221 

Results 222 

A total of 54 subjects (59% female) ages 43 ± 7 years were included in the current study.  223 

Subjects averaged a PWV of 7.9 ± 1.4 m/s, 8.6 ± 1.6 hours of SB per day across one week, and a 224 

fragmentation index of 3.7 ± 1.2.  The purpose of the first regression analysis was to determine 225 

whether or not average hours of SB per week could predict an individual’s arterial stiffness via 226 

pulse wave velocity (PWV) when controlling for age and gender. No significant linear 227 

relationship existed between the covariates of age and gender (rpb = .176, p = .102).  Significant 228 

linear relationships existed between age and PWV (r = .563, p =.000), and gender and PWV (rpb 229 

= .525, p =.000).  No significant linear relationship existed between the covariate age and 230 

predictor SB (r = -.116, p =.135), or the covariate gender and SB (rpb = .033, p = .089).  As for 231 

FI, no significant linear relationship existed with age (r = -.222 p = .053), but a significant linear 232 

relationship existed between gender (rpb = -.259 p =.029).  The predictor SB had no significant 233 

linear relationship with PWV (r = .167, p =.063). However, FI and PWV had a significant linear 234 

relationship (r = -.321, p = .009). When data from the ActivPAL were insufficient, the entirety of 235 

the subject’s data was not included in the analysis. ActivPAL data was insufficient in 4 cases 236 

where the monitor itself drained battery very quickly, unknown by the researcher and therefore 237 

did not record at least 3 days of activity.  238 

Average Sedentary Behavior and Arterial Stiffness 239 

SB was also used to predict AS, as measured by PWV, when controlling for age and 240 

gender.  The SB variable was normally mesokurtic and normally distributed.  AS was leptokurtic 241 

and positively skewed, but no other assumptions were violated.  242 
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The regression equation was significant, F(2, 51) = 20.244, p = .000.  Gender [t(51) = 243 

4.426, p = .000] and age [t(51) = 5.265, p = .000] were significant predictors and contributed to 244 

50.4% (R 2 = 0.504) of the explained variance in AS and are pictured in Figure 2, panels B and C. 245 

Results are included in Table 2. SB [t(51) = 2.223, p = .031] was also a significant predictor and 246 

when both age and gender were controlled for and explained 4.5% (R 2 = 0.045) of the variance 247 

of AS.  This model is pictured in Figure 2, panel A. AS, as measured via PWV, increased by 248 

.185 m/s for every average hour increase of SB. 249 

Pulse Pressure and AIx were also analyzed to determine if other markers of vascular 250 

function can be predicted by SB. SB did not significantly predict pulse pressure (F(1,51) = 2.81, 251 

p = 0.10),  AIx (F(1,51) = .27, p = 0.60), or AIx75 (F(1,51) = 0.32, p = 0.57).  252 

Fragmentation Index and Arterial Stiffness 253 

With age and gender controlled for, FI was used in a multiple regression to predict AS. 254 

Both FI and AS were leptokurtic and positively skewed but no other assumptions were violated.   255 

The results are included in Table 3. The regression equation was significant, F(2, 51) = 256 

17.688, p = .000. Gender [t(51) = 4.031, p = .000] and age [t(51) = 4.570, p = .000] were 257 

significant predictors of AS, but FI [t(51) = -1.065, p = .292] was not. The covariates of age and 258 

gender contributed to 50.4% (R 2 = 0.504) of the explained variance in AS. When the influence 259 

of the covariates was controlled for, the explained variance of FI by the regression equation was 260 

1.1% (R 2 = 0.011).  261 

Discussion 262 

Traditionally, healthy, physically active populations have been shown to be at lower risk 263 

for the development of CVD (4).  However, epidemiological researchers have claimed 264 

individuals may not be safe from the development of vascular dysfunction and disease if they are 265 
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sitting for a large majority of their wakeful day, independent of meeting physical activity 266 

guidelines (1, 29, 30). An observation of healthy individuals, meeting PA guidelines within a 267 

real-world setting was needed in order to substantiate these associations.  With the use of 268 

objectively measured SB, in healthy, free-living, physically active individuals, this study added 269 

to the body of literature examining vascular health and its’ relationship with SB, and patterning 270 

of SB, within the current sample.   271 

It was demonstrated that fragmentation was not a significant predictor of AS. However, 272 

total SB per day was a significant predictor of AS in the physically active population. Therefore, 273 

total accumulation of sedentary time per day may be targeted for reduction rather than 274 

emphasizing the fragmentation of sedentary time for individuals who meet the current PA 275 

guidelines.  276 

Total Sedentary Behavior Per Day and Arterial Stiffness 277 

Subjects of the current cohort averaged a cfPWV of 7.9 ± 1.4 m/s and 8.6 ± 1.6 hours of 278 

SB per day.  Healthy individuals who are between the ages of 30 – 55 have cfPWV between 5.2 279 

to 9.0m/s (20); identifying that this cohort’s mean cfPWV was within normal range. However, 280 

SB was able to significantly predict 4.5% of AS within the current study.  When age and gender 281 

are used as covariates, the higher the average SB per day, the higher AS they can expect to 282 

develop even if they meet the PA guidelines.   283 

This finding raises concern that the beneficial effects of PA may be attenuated by 284 

sedentary time in terms of vascular stiffness. Baldo et al., (2019) reported that aging increases 285 

cfPWV by 0.05m/s per year when all other risk factors were controlled. In the current study, the 286 

unstandardized slope of SB indicates that for every 1 hour increase in average SB, there will be 287 
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an increase of .185m/s in cfPWV. Therefore, suggesting that SB demonstrates a clinically 288 

significant contribution to arterial stiffness. 289 

Along with epidemiological research, others who have directly measured cfPWV and 290 

objective measures of PA have observed increases in AS the more time subjects spent being 291 

sedentary (33). Bohn et al., (2017) aimed to compare those with and without metabolic syndrome 292 

under a number of parameters; including cfPWV, SB, and PA. Researchers found that in healthy 293 

individuals (without metabolic syndrome) who spent more time in SB (>7.78 hrs/day) their 294 

cfPWV (9.9 ± 1.0 m/s) was higher than those who spent less time in SB (<7.78 hrs/day, cfPWV 295 

8.9 ± 1.0 m/s). Additionally, the less time the healthy individuals spent participating in MVPA 296 

(<30 min/day) and the more time spent sedentary, the greater their average cfPWV (9.6 ± 1.0 297 

m/s). Interestingly, those who participated in the lowest amount of total sedentary time per day, 298 

regardless of MVPA amount, had the lowest cfPWV (8.9 ± 1.0 m/s).  299 

Mechanistically, the reductions in shear stress at the vascular endothelium, especially at 300 

the lower extremities, are thought to result in endothelial dysfunction due to prolonged bouts of  301 

impingement at the popliteal artery and of lack of skeletal muscle contraction (34).  Excessive 302 

sitting, and therefore little muscular contraction, results in a decrease in the shear stress on the 303 

endothelium.  A reduction in shear stress does not facilitate the endothelium-derived relaxation 304 

factor, or NO, to be produced and released to allow for vasodilatation to occur (34).  Without 305 

changes in vasomotion of these vessels, there is stimulation of inflammation via reactive oxygen 306 

species (ROS) such as superoxide (35).  Additionally, the action of nitric oxide synthase (eNOS) 307 

is reduced along with other important co-factors allowing for the production and release of NO.  308 

Reduction and blunting of these processes result in further endothelial dysfunction and structural 309 

changes prior to the development of atherosclerosis.  Dysfunctional and structurally 310 
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compromised endothelium can lead to difficulties in the management of blood pressure, the 311 

stiffening of arteries, and are an important part of the pro-atherogenic process (34). 312 

Individuals who are physically active are thought to produce NO quickly and at an 313 

adequate rate, allowing for ease in the change of lumen size resulting in better manipulation of 314 

blood pressure and reduced ROS production (36).  However, if these individuals are excessively 315 

sedentary, presumably greater than 8 hours per day, the rate of AS may still be on the rise even if 316 

the individual is meeting physical activity guidelines (29, 30). 317 

Fragmentation of Sedentary Behavior, Arterial Stiffness, and the Impact of Age  318 

Interestingly, FI, or the average number of sit-to-stand transitions per hour of SB, was not 319 

observed to have a significant inverse linear relationship to AS; meaning the ability to predict 320 

AS. In other words, individuals who broke up their sitting time more frequently did not have 321 

more vessel stiffness than those who participated in prolonged bouts of SB when total average 322 

SB per day is matched. This information has yet to be explored in healthy men and women 323 

meeting PA guidelines 324 

In both multiple regression analyses, age and gender were controlled to obtain additional 325 

information regarding the relationship between SB, FI and AS.  Both gender and age were 326 

significant predictors of AS, therefore important to control for in the models. Peripheral artery 327 

disease (PAD) is an atherosclerotic disease, leading to obstruction and indicating ischemia of the 328 

extremities (37).  Being male, having diabetes, hypertension, and/or hyperlipidemia, along with 329 

other factors of age, are risk factors for the development of PAD and atherosclerosis acceleration 330 

(37).  Therefore, the finding of gender as a significant predictor of AS is not surprising.  331 

Additionally, several population studies have identified male gender as a risk factor for higher 332 

rates of coronary heart disease (CHD) and CHD-related mortality (39).  CHD is manifested by 333 
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myocardial infarction, angina pectoris, heart failure and coronary death, but atherosclerosis is the 334 

underlying cause for almost all cases of CHD (40).  335 

Age was observed to be a significant predictor of AS (p < .05).  Therefore, age 336 

contributes to almost half of the level of AS. One of the major age-related changes in body 337 

function lies within the vascular system (32). Increasing age results in losses in arterial 338 

distensibility, which is a function of the replacement of elastic fibers by collagen-like tissue, due 339 

to the structural remodeling of the vascular wall by an increase in systolic blood pressure.  With 340 

an increase in arterial stiffening alongside age, there is an increase in the risk of cardiovascular 341 

and cerebrovascular disease (32).  The current study observed age and gender combined 342 

explained 50.4% of AS and this finding aligns with the expected atherosclerotic development 343 

and vessel wall stiffening with an increase in age. 344 

Limitations 345 

 The limitation of the use of self-reported PA data as a means to determine whether or not 346 

the subjects met PA guidelines.  The IPAQ is a valid and reliable means to assess weekly 347 

amounts of physical activity and has been validated for use within the current population.  Due to 348 

its acceptance within the field, cost effectiveness, and reduced burden of its use, the IPAQ was 349 

chosen to be a more feasible option compared to the use of an additional accelerometer for 350 

objective PA assessment. The intention of the researchers in the current study was to use SB as a 351 

primary predictor variable, and therefore the objective measurement of SB, using the ActivPal, 352 

was more important to the analysis than the use of a PA specific accelerometer. Additionally, the 353 

hormonal/menstrual phase and the menopause status of the female participants was not 354 

determined in the current study, which could have impacted measures of AS (41, 42, 43).  355 

Conclusion 356 
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 Meeting the PA guidelines may not negate changes in vascular stiffness as a result of SB 357 

participation greater than 8 hours per day. The observations of the current study corroborate the 358 

findings of increase risk in CVD, events and all-cause mortality as identified by previous 359 

researchers in a free-living, observational setting (1, 4, 30). In healthy individuals meeting PA 360 

guidelines, total SB is a significant predictor of AS; a preclinical marker of CVD. Although SB 361 

may impact an individual’s level of AS, the fragmentation of the total amount of SB they 362 

participate in does not predict the degree of vascular stiffness observed. Based upon our findings, 363 

individuals who meet PA guidelines should make a conscious effort to reduce SB to further 364 

reduce their risk of developing premature CVD. 365 

Future research should aim to develop the dose-response relationship between volume 366 

and/or intensity of PA combined with SB and health outcomes. According to the most recent 367 

guidelines developed by the World Health Organization in 2020, there is insufficient evidence 368 

regarding the quantitative threshold on the amount of SB to negate negative health outcomes (4).  369 

With the development of this threshold across healthy or disease populations, health care 370 

professionals will be able to provide SB guidance just as PA prescriptions are given. 371 

Additionally, deeper work into specific health outcomes, such as vascular changes, with bouts of 372 

or habits of SB will allow for the determination of the underlying mechanistic changes leading to 373 

these associations.  374 
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