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Abstract

Sitting time (ST) is associated with cardiovasculaedse risk factors whereas breaking ST has
been reported to be beneficial for reducing cardiovascular risk. PURPOSE: To examine the
effects of breaking ST on superficial femoral artery (SFA) endothelial function. Hypotheses: 1)
prolonged sitting would induce endothelial dysfunction and changes in shear forces and 2)
breaking sitting time with brief periods of activity would prevent attenuation in endothelial
function. METHODS: Twelve non-obese men (24.2+4.2 yrs.) participated in two randomized
3hr sitting trials. In the sitting (SIT) trial, subjects were seated on a firmly cushioned chair for
3hr without moving their lower extremities. In the breaking sitting time trial (ACT), subjects sat
similar to the SIT trial, but walked on a treadmill for five min at 2 milésatr30min, 1hr

30min, and 2hr 30min during the sitting interval. SFA flow mediated dilation (FMD) was
assessed at baseline, 1hr, 2hr, and 3hr in each trial. Statistical analyses were performed using
dependent variables SFA FMD, and shear rates. Significance was s@i0&. (RESULTS: In

the SIT trial, there was a significant decline in SFA FMD from baseline to 3hr (baseline:
4.72+3.78%, 1hr: 0.52+0.85%, 2hr: 1.66£1.11%, 3hr: 2.2+2.15; p<0.05 by ANOVA)
accompanied by a decline in mean shear rate (MSR) and antegrade shear rate (ASR), but no
difference in SRauc. By 2-way repeated measures ANOVA, ACT prevented the sitting-induced
decline in FMD, (baseline: 4.5+2.3%, 1hr: 5.04+£2.85%, 2hr: 5.28+5.05%, 3hr: 6.9+4.5%) along
with no decline in shear rates. CONCLUSION: Three hours of sitting resulted in a significant
impairment in shear rate and SFA FMD. When light activity breaks were introduced hourly

during sitting, the decline in FMD was prevented.
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Introduction

Prolonged sitting is a common (8) but deleteridljsbehavior in contemporary humans.
Increased sitting time has been associated witbnohidiseases and increased risk of mortality
even while controlling for leisure time physicaltigity(1). Epidemiological evidence also
suggests that sitting time is directly associatéith whe biomarkers of cardiovascular diseases
(CVD) such as total cholesterol, LDL cholesteralylycerides, waist circumference and blood
pressure (6, 25). In contrast, breaking sittingetimas been associated with beneficial patterns of
CVD risk markers including lower waist circumferenctriglycerides, and 2 hr plasma
glucose(9). In the limited literature examining theneficial physiological effects of breaking
sitting time, Dunstan et al(4) reported that bregksitting time via low intensity and moderate
intensity activity attenuated the rise in postprahdlucose and insulin that were observed after a
test meal in an acute bout of 7 hr of sitting. $amhy, Stephens and colleagues (32) observed a
39% reduction in insulin action in a day long aiticondition as compared to the active
condition. Further, Duvivier et al (5) found breadsisitting time was beneficial for plasma lipids
and insulin sensitivity even more than adding ooer lof vigorous intensity physical exercise for

four days.

In the past three decades impaired endothelialtfumdias emerged as a predictor of
CVD risk(3), and in some studies is shown to bdeatt as predictive as traditional risk
factors(37)In fact, endothelial function is impaireven before the traditional risk factors are
expressed (7). The effects of prolonged sittingtloa endothelial function, and the potential
beneficial effects of breaking sitting time, havet rbeen previously published. We have
proposed that prolonged sitting may lead to a shesttiated endothelial dysfunction (35). The

purpose of this study was to investigate the effect3hrs of sitting on lower extremity mean
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shear rate and endothelial function, and to stulgtier breaking sitting time modulated these
effects. We hypothesized that 3hrs of sitting wolgldd to a decline in mean shear rate, and
decline in superficial femoral artery (SFA) endditdefunction as measured by flow mediated
dilation (FMD). A second hypothesis was that systeenlow intensity physical activity (5 min
at 2 mileshr* each hour) used to break this sitting time wouitigate the decline in endothelial

function.
Methods

Study design (Figure 1): This study consisted af sereening visits and two sitting trials
in random sequence, one with uninterrupted sit{®J) and one with breaks in sitting time
(ACT). FMD measurements were conducted at baselime,2hr and 3hr in both the trials. All
procedures for the study were approved by Indianaeysity Institutional Review Board, and

participants gave written informed consent for tip@rticipation.

Subjects: To be included, subjects had to selfstethat they were nonsmokers, and not
taking any anti-hypertensive, lipid lowering, andémti-diabetic medications. To be included,
they needed to have total cholesterd0 mg.df* and triglycerides<200 mg.dt*. We recruited
individuals who performed <150 min.wéklof moderate intensity physical activity or <75
minweek’ of vigorous intensity physical activity. We int@ntally chose a group of subjects
who do not meet the physical activity guidelinesoramended by the Centers for Disease
Control and Prevention (2). Subjects were askedmuintain their regular diet patterns
throughout the study duration and to discontinug @rer the counter antioxidant supplement at
least 7 days prior to the first session. Basedwrpdot data, for the primary dependent variable
SFA FMD, we estimated that 12 subjects would bededeto find a significant difference

between trials with statistical power of >0.8&&0.05.
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Screening visits: At the first visit, all experimahprocedures were explained to the
subjects and they were familiarized with the lakirsg. After obtaining a written informed
consent, height, weight and blood pressure weresoned using standard procedures and a
medical health history and habits questionnairg {l&s completed to screen for any preexisting
medical conditions and to physical activity. Blopgessure was measured during an additional

screening visit, at the same time of day, to camfarevious measurements.

Testing trials

Subjects arrived at the laboratory after an ovérinigst of at least 6 hours between 0700 and
0900 hours. The arrival time was matched for bo#ist within each subject. Subjects were also
asked to refrain from any caffeinated drink folegtst 8 hours before reporting to the lab. Upon
their arrival in the lab, all subjects self- regartadhering to the fasting schedule. During both
trials, the subjects remained seated for 3 hrsowithmoving their legs (perpendicular to the
ground) or feet (resting on the floor). Subjectsravseated for ~5-10 min before the first
measurement. Subjects were allowed to move theis,anot vigorously, for example to use a
computer or do light reading during the non-tespegods of the trials. Arm movement was not
guantified. The FMD and other vascular functiongpagters were measured at baseline, 1hr, 2hr
and 3hr. The two trials were performed in randohearseparated by a minimum of two and a
maximum of seven days. The SIT trial was unintged sitting for 3 hrs whereas in the ACT
trial subjects completed three, 5 minute bouts aiking at 2 mile$ir* on an adjacent treadmill

at 30min, 1hr 30min and 2hr 30min during the Sittimterval.
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Superficial femoral artery FMD

Endothelial function was measured using SFA FMD wesasured in accordance with
current guidelines (34). We chose SFA for two reas@l) It is a readily accessible artery to for
measuring FMD in a sitting position; and (2) seGo8BA FMD has been shown to be largely
nitric oxide (NO) dependent (15). Each measuremest performed in a dark, quiet and climate
controlled room (22-25C) room. A 5 x 84 cm automatic blood pressure ¢Ef20 rapid cuff
inflator; D.E. Hokanson, Bellevue, Wash., USA) waaced on their right thigh about 7 cm
above the knee joint, distal to the SFA recordiocation. Images of the SFA were obtained
longitudinally 7-10 cm below the inguinal line with2-D high-resolution ultrasound system
(Terason t3000, Teratech Corp., Burlington, Mad§A), using a 5- to 12-MHz multifrequency
linear-array transducer. Once satisfactory imadegar and far arterial walls were obtained, the
transducer was secured and stabilized in a statotlamp, and landmarks were made on the
subject's skin to ensure similar placement of taesducer for subsequent FMD procedures and
shear rate assessments within and between carglit®ubjects were encouraged to keep the
landmarks between the 2 trials. In addition to imggthe arterial dimensions, Doppler
ultrasound was used to concurrently measure SFAdbl@locity. Doppler flow signals were
corrected at an insonation angle of 60°, and thepkavolume was placed in the middle of the

artery.

Diameter images and Doppler measurements of blogldciy were continuously
recorded for 45 s at baseline prior to cuff inflati The automatic blood pressure cuff was then
rapidly inflated to 250 mmHg and maintained for Bmantil cuff deflation. Diameter and blood
velocity recordings resumed prior to cuff deflatiand continued for 5 min after deflation.

Ultrasound images were continuously recorded arabnés-s with Camtasia (TechSmith,
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Okemos, Mich., USA), and stored as .avi files (22). This procedure was repeated hourly

across the sitting intervals.

Arterial diameters and blood velocities: Off-limealysis of diameters were performed
using automated edge-detection software (Brachizdlyxer, Medical Imaging Applications
LLC, Coralville, 1A, USA) as previously described(2 This software allows the technician to
determine a region of interest where the near angidssel walls are most clear. The vessel wall
borders are then detected using an optimal grapinclsdased segmentation that uses a
combination of pixel density and image gradienbasobjective function. All analyzed images
were reviewed by the technician and edited whenleg¢o ensure that diameter measures were
always determined from the intima-lumen interfacethtee near and far vessel wall. Blood
velocities were determined using custom made softwlaat we developed for this project by
selecting a region of interest that surroundedbppler wave. The velocity—time integral was
used to calculate the mean blood velocity for ezanidiac cycle. Diameters and blood velocities
were not ECG-gated (14, 26). The peak dilationraftef deflation was determined using the
highest 3-s moving average and was presented ascanpage change from baseline diameter
(FMD%). SFA shear rate used as an estimate ofi@rtdrear stress and was calculated for each
FMD% at baseline and during the post occlusionagetising the following formula: 4-Vm=5)
where V m is mean blood velocity (cm-)sand D is mean arterial diameter (cm). All
measurements and analysis were performed by eesiagéarcher (ST) who was blinded to the

participant identity and treatment condition focleamage file.
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Statistical analysis
Descriptive analysis was performed to summarizgestitcharacteristics. Within both

trials, one way ANOVA was conducted on the basetimemeter as the dependent variable.
Within the SIT trial, a one way ANOVA was conducted the dependent variables baseline
diameter, FMD%, and shear rates (antegrade shearmaan shear rate, retrograde shear rate,
peak shear rate and shear rate [area under the] &Rauc). When an effect was found, pairwise
comparisons were used to locate significant diffees across time. Observed effect size was
reported for ANOVA interactions and main effects pastial eta squarechqy). Comparisons
across the two treatment conditions for FMD werdgsmed using a 2-way repeated measures
ANOVA, evaluating whether the effect of sitting féifed between conditions; again, pairwise
comparisons were used to identify significant ddfeces at each time point if the main effects
were positive. All values are expressed as the mestandard error of the mean and the alpha
level for statistical significance was sat priori at 0.05.All statistical calculations were

performed using IBM SPSS Statistics 21.0 softwB&(SPSS Inc.).
Results

We recruited and tested 12 subjects, who compaskdmogenous group of apparently
healthy inactive young men (Table 1). We were uaabicollect data for one time point FMD on
one subject in the ACT trial and this subject’'sadatas excluded from the two way ANOVA

between trials.

SIT trial: Superficial femoral artery baseline deters are presented in Table 2. There
was no significant difference between the baselinmeters from baseline to 3hf/€ 0.112, p=

0.263).
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Superficial femoral artery FMD (Figure 2): Theresaa significant reduction in FMD across
time in SIT each hour, from baseline to 3hf £ 0.481, §0.001). The FMD was significantly
reduced at 1hr, 2hr and 3hr as compared to baselihere was no significant difference from
baseline to 3 hr in retrograde shear rate, pea#trsiaée and SRauc (p>0.05).Baseline antegrade
shear rate: A significant decline in the antegrsidear rate from baseline to 3hf £ 0.209, p=
0.049). The antegrade shear rate was significémthgr at 1hr and 2hr as compared to baseline.
Mean shear rate: There was a significant declimaean shear rate from baseline across tifhe (

= 0.237, p= 0.028). Mean shear rate was signifigdotver at 1hr and 2hr as compared to

baseline. Shear rate data are presented in Table 3.

SIT and ACT trial: A 2 x 4 (trial x time) repeated measures ANOVA vpasformed for the

dependent variable FMD in the SIT and ACT trial.efldh was a significant trial x time
interaction (p<0.05) between FMD and time acrosdstr The variable of interest was the FMD
difference between trials at each measurement l{baséhr, 2hr and 3hr). FMD between the
two trials was not significantly different at basel However, FMD was significantly reduced in

the SIT trial, as compared to the ACT trial at Zt; and 3hr (figure 2).
Discussion

The purpose of this study was to examine the effettprolonged sitting and breaking
sitting time on superficial femoral artery endotaékefunction (flow mediated dilation). We
hypothesized that 3hrs of sitting would lead toeglihe in mean shear rate and a decline in
superficial femoral artery (SFA) endothelial fuloctias measured by flow mediated dilation
(FMD). Our second hypothesis was that systematicitdensity physical activity (5 min at 2
mileshr?) would prevent the decline in FMD. Indeed, we disred a decline in mean shear rate

during 3 hours of sitting. We also discovered anificant attenuation of SFA FMD on 3hr of
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sitting. We also observed that when breaks with esbactivity were added during the sitting
time, the decline in FMD was not observed. Thithesfirst study to our knowledge to examine
the direct effects of prolonged sitting and breglsiiting time on endothelial function. There are
numerous sitting opportunities in today’s societgluding but not limited to, sitting at work,
sitting during transportation, and this area isnajor public health concern. Our observations are
the first experimental evidence of the effects miignged sitting on human vasculature, and are

important from a public health perspective.

Very little data has been published evaluatingetfiects of prolonged sitting on FMD on
lower extremity vascular function. Padilla and eatjues (22) used a similar protocol to study
the effects of hydrostatic load on popliteal artéiMD during 3hr of sitting, and reported no
significant difference in the FMD in the poplitesttery after 3 hr of sitting. Our FMD results
contradict the primary findings from this study. Anportant difference in study design may
explain these contradictory results: Padilla motlesl subjects from the sitting position to the
prone position to measure the endothelial functtbereby breaking the static circumstance in
the leg. This active postural change may have comised their ability to observed adverse
effects on FMD, as even a simple change in posihenlves muscle contractions and changes
in flow patterns (20). We maintained the sittingnstius during FMD measurement and found a

significant decline in SFA FMD.

On the other hand, our mean shear rate resultsrarar to those reported by Padilla and
colleagues(22). We had expected that the meanibastiear rate would decline over the 3hr of
prolonged sitting (secondary to low blood flow hetlegs (30) and would be maintained during
breaking sitting time. Our mean shear rates duttveg3hr of sitting significantly declined from

baseline by hour 1, and stayed low all through3ies of sitting. Padilla observed a significant
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decline in mean shear rates after just 30 min wihgi which was maintained during 3 hr of
sitting. Their baseline measurement was, howewnethe prone position. All our measurements
were all in the seated position with the first meament taken after ~10-15 min of
acclimatization. Thus, our findings are more robbstause our design involves repeated
measurements of FMD in one position. Our resultgyest that sitting creates a milieu of low
mean shear rate and also leads to the decline ID. FMs important to note that the hyperemic
stimulus SRauc and retrograde shear did not chidmmgeghout the sitting trial. This implies that
there was an impairment of endothelial functionejmehdent of any change in the hyperemic
stimulus or retrograde shear. Another interestimglimig from our study is the progressive
decline in antegrade shear. Antegrade shear repsefmward flow through the (superficial
femoral) artery. Even in the absence of overt aigerosis, a chronic decrease in antegrade
shear creates a pro-atherogenic milieu(36, 40)célerne can hypothesize that repeated bouts of
prolonged sitting may contribute to vascular agiag), least in the lower extremities. To
summarize our results from the SIT trial, 3hr oint@rrupted sitting leads to a progressive

decline in antegrade and mean shear rate and pondisg impairment in endothelial function.

We had hypothesized that, breaks in sitting tim€TArial) would prevent the decline in
shear rates and FMD observed during the SIT ti&d. found a significant difference in FMD
between the SIT and ACT trials at 1hr, 2hr, and 8hith no significant difference observed at
baseline. However, we did not find a significarftedence in the mean shear rate between these
trials. Our subjects performed light intensity plegs activity 30 min, 1hr 30min and 2hr 30 min
during the sitting interval, and we measured flowlhr, 2hr and 3hr. Even this very light
intensity physical activity prevented the declindFMD that was seen in the SIT trial, and may

explain the protective effect against sitting-ineddmpairment in FMD. Our mean shear rate
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observations between trials are not different peshilaecause of the timing of measurement.
There was a lag of ~25 min between the activity #nedshear rate measurement. It is possible
that the flow ephemerally increased on walking &ad decreased closed to baseline been

attenuated at the time of measurement.

Mechanisms: There are at least three possible mechs explaining the attenuation in
FMD during sitting and it's mitigation after breaky sitting time. These mechanisms may act

separately or may be integrated.

First, in the seated position, the shear ratedaaver than in supine position(20). Once sitting
commences, these shear rates initially decline aaadmaintained creating a condition of low
flow in the lower extremity(22) (also seen in oueasurements). Conditions of low flow have
been associated with impaired endothelial funci®n(In our study, we found a decline in SFA
FMD during 3 hours of sitting which was associamth concurrent reductions in shear forces.
Although no prior evidence exists which directlyrdmstrates the effects of exercise on shear in
the SFA, it is logical that the low intensity adyvin our study episodically increased shear rate
in the SFA (and other leg vessels). The brief ks of low-level activity in our ACT trial

appear to have been sufficient to prevent sittelgted reductions in shear.

A second possible mechanism can be blood viscogigcosity has been shown to be
higher in the legs after 2 hr of sitting(11). Inesed viscosity has been associated with increased
coagulation and inflammatory markers(18) which unnthave been strongly associated with
impaired endothelial function(39). Low shear raéee associated with clumping of red blood
cells and increased viscosity(17). Conversely,aased shear rates from walking (ACT) (33)
would intermittently oppose the rise in viscositydacoagulation markers, resulting in preserved

FMD.
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A third possibility is an increased muscle symptatheerve activity (MSNA). MSNA is higher
during the upright sitting posture(13) and alonghvimcreased blood pressure(30) may result in a
decline in FMD(10). Indeed, increased MSNA is dls&ed to increased pro-atherogenic shear
patterns in the conduit arteries(23). Walking irethanuscular contractions would help in
venous return thereby not requiring the sympathetitflow compensation during prolonged
sitting(24). In addition, light intensity activityas been known to directly decrease MSNA(29).
In our study, the light intensity walking may haephemerally lowered the MSNA and

preserved shear patterns and FMD.

The burden of atherosclerotic lesions in the hupeipheral vasculature is greater in the
lower extremities than the upper extremities (35, 21). Sitting is a common activity in today’s
society. Based on ur data in addition to the previzvork on the adverse effects of sitting (20,
22) we can hypothesize that perhaps repeated lobyisolonged sitting result in chronic low
shear rates in the lower extremities which impawdahelial function and accelerate the
atherosclerotic process in the lower extremity. &se the upper extremity is constantly mobile
for activities of daily living, even during the $ed position, upper extremity endothelial

function may be is relatively protected from therhful effects of sitting.

Limitations: Potential limitations of this studyalid be considered. We did not directly
measure blood pressure or MSNA (13)in the loweresxity in the seated position. Padilla and
colleagues(22) found leg blood pressure was saamfly higher during 3 hr of sitting than at
baseline. Blood pressure may be one of the meahargsntributing to the decline in FMD(27).
We considered measuring blood pressure; howeveardtiasion of the cuff may have resulted in
changes in the shear rates. The seated postuneosnkto increase MSNA (13) .However,

MSNA measurement would have compromised the stantmovement of the legs, and thereby
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our study design. We did not measure viscositycé&iviscosity is an integral component of
shear stress, viscosity measurement would haveidewws with actual shear stress results
without using shear rate as a surrogate measushéar stress. However, viscosity measurement
would have been relevant only if the blood was dethfrom the legs. We attempted repeated
blood draws from the lower extremities but were umtessful. Finally, absence of blood
biomarkers sampled from the lower extremity is @acllimitation as we cannot relate locally
sampled factors to low shear related mechanismdaatining SFA FMD during sitting. As
noted earlier, before the beginning of data calbectve attempted to master the technique to
perform repeated blood draws via a vein in the lbed were unsuccessful. Indeed, we did collect
venous blood samples from the antecubital vein amalyzed the plasma for oxidative stress
biomarkers. However, these biomarkers did not chatgring 3hr of sitting as compared to
baseline similar to the brachial artery FMD implyithe local lower extremity effect could not
be detected using the upper extremity measuren3&idtinally, during the measurement of
FMD, most of our subjects did not have any dilatajrthe SFA at least at one measurement
point. Only 4 subjects had non-zero FMD%. It is¢eedifficult to calculate and interpret SRauc
which is considered to be the stimulus for thetaitg and interpret the FMD normalized to
SRauc. It is possible that the change in the FDM&sé w direct result of the change in SRauc.

However, based on the available data we cannoufgiechis as a possible mechanism.

Despite these limitations, our study adds significaew information to the field of inactivity
physiology. This is the first experimental evidemméehe effects of prolonged sitting on human
vasculature, performed using a robust protocol véth measurements taken in the seated

position.
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Conclusions
SFA FMD exhibits an acute decline during 3hr ofirgit Starting at 1hr, FMD in the

SFA attenuates and remains significantly low thio8r of quiet sitting. This is complimentary
to the significant decline in mean and antegragaishates. The decline in FMD is counteracted
by adding 5 min of light intensity physical actiwif2 miles.h') bouts each hour during the
sitting time. Three hours of sitting is a commorepbmenon in different settings such as
workplace, transportation, and leisure settingsr @sults provide with first experimental
evidence demonstrating that breaking sitting timeggets endothelial function and hence may be
anti-atherosclerotic in nature. We believe our olms®ons further the argument to have

structured public health guidelines on limitingisg time.

Acknowledgements

The author thanks Samantha Mayhew and Chad Wiglgingheir assistance during data
collection.

Sources of Funding: This project was funded in ghrough American College of Sports
Medicine Foundation’s Doctoral Student ResearcmGand 1U School of Public Health and 1U
University Graduate School’s grant in aid awarde&$T.

Conflict of interest: The author reports no cortfb€interest.

The results do not constitute endorsement by ACSM.

Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



References

1. Bauman AE, Chau JY, Ding D, Bennie J. Too Mudtirg§ and Cardio-Metabolic Risk:

An Update of Epidemiological Evidenc€urrent Cardiovascular Risk Report2013

(7):1-6.
2. CDC. How much physical activity do adults need?ownloaded from:
http://www.cdc.gov/physicalactivity/everyone/guihels/adults.html. Retrieved:

December 8, 2013.

3. Davignon J, Ganz P. Role of endothelial dysfimncin atherosclerosisCirculation.
2004;109(Supplement 231):111-27-111-32.

4, Dunstan DW, Kingwell BA, Larsen R et al. Breakidp Prolonged Sitting Reduces
Postprandial Glucose and Insulin ResponBeabetes Care2012; 35(5):976-983.

5. Duvivier BM, Schaper NC, Bremers MA et al. Mir@hmintensity physical activity
(standing and walking) of longer duration improwesulin action and plasma lipids more
than shorter periods of moderate to vigorous eger¢cycling) in sedentary subjects
when energy expenditure is comparaBl®S one2013;8(2):e55542.

6. Frydenlund G, Jgrgensen T, Toft U, Pisinger @dahl M. Sedentary leisure time
behavior, snacking habits and cardiovascular bi&erar the Inter99 Studyeuropean
Journal of Preventive Cardiologp012;19(5):1111-9.

7. Giannotti G, Landmesser U. Endothelial dysfumtias an early sign of atherosclerosis.

Herz Kardiovaskulare Erkrankunge®007;32(7):568-72.

Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



10.

11.

12.

13.

14.

15.

Harrington DM, Barreira TV, Staiano AE, KatzmgkZT. The descriptive epidemiology
of sitting among US adults, NHANES 2009/20T0urnal of Science and Medicine in
Sport 2014;17(4):371-5.

Healy GN, Dunstan DW, Salmon J et al. Breaksedentary timeDiabetes Care
2008;31(4):661-666.

Hijmering ML, Stroes ES, Olijhoek J, Hutten BAlankestijn PJ, Rabelink TJ.
Sympathetic activation markedly reduces endotheliependent, flow-mediated
vasodilation.Journal of the American College of Cardiolo@p02;39(4):683-8.

Hitosugi M, Niwa M, Takatsu A. Rheologic chasge venous blood during prolonged
sitting. Thrombosis researct2000;100(5):409-12.

Johnson BD, Mather KJ, Newcomer SC, Micklebgrod’ D, Wallace JP. Vitamin C
prevents the acute decline of flow-mediated ditatadter altered shear rate patterns.
Applied Physiology, Nutrition, and Metabolis2012;38(3):268-74.

Johnson DG. Muscle sympathetic nerve activitlyngd) postural change in healthy young
and older adult<Clinical Autonomic Researci1995;5(1):57-60.

Kizhakekuttu TJ, Gutterman DD, Phillips SA ét Mleasuring FMD in the brachial
artery: how important is QRS gating@urnal of Applied Physiology2010;109(4):959-
65.

Kooijman M, Thijssen D, De Groot P et al. Flavediated dilatation in the superficial
femoral artery is nitric oxide mediated in humari&he Journal of physiology

2008;586(4):1137-45.

Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



16.

17.

18.

19.

20.

21.

22.

23.

24,

Kroger K, Kucharczik A, Hirche H, Rudofsky G.th&rosclerotic lesions are more
frequent in femoral arteries than in carotid ae®iindependent of increasing number of
risk factors Angiology 1999;50(8):649-54.

Ku DN. Blood flow in arteriesAnnual Review of Fluid Mechanick997;29(1):399-434.
Kwaan HC. Role of plasma proteins in whole Hlagscosity: a brief clinical review.
Clinical hemorheology and microcirculatio2010;44(3):167-76.

Malek AM, Alper SL, Izumo S. Hemodynamic shstiess and its role in atherosclerosis.
JAMA: the journal of the American Medical Asso@ati1999;282(21):2035-42.
Newcomer SC, Sauder CL, Kuipers NT, Laughlin Mty C. Effects of posture on
shear rates in human brachial and superficial feamarteries.American Journal of
Physiology-Heart and Circulatory Physiolag®008;294(4):H1833-H9.

Padilla J, Johnson BD, Newcomer SC et al. Nbzatson of flow-mediated dilation to
shear stress area under the curve eliminates tpacinof variable hyperemic stimulus.
Cardiovasc Ultrasounc2008;6(44):42.

Padilla J, Sheldon RD, Sitar DM, Newcomer S@pdct of acute exposure to increased
hydrostatic pressure and reduced shear rate onut@rtery endothelial function: a limb-
specific responseAmerican Journal of Physiology-Heart and CirculatoPhysiology
2009;297(3):H1103-H1108.

Padilla J, Young CN, Simmons GH et al. Incrdaseiscle sympathetic nerve activity
acutely alters conduit artery shear rate patteinserican Journal of Physiology-Heart
and Circulatory Physiology2010;298(4):H1128-H35.

Pekarski SE. A gravitational hypothesis of e8aEhypertension as a natural adaptation

to increased gravitational stress caused by regptatonged sitting typical of modern

Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



25.

26.

27.

28.

29.

30.

31.

32.

life. Medical science monitor: international medical joat of experimental and clinical
research 2004;10(6):HY27-HY32.

Pereira SMP, Ki M, Power C. Sedentary behavand biomarkers for cardiovascular
disease and diabetes in mid-life: the role of tsien-viewing and sitting at worlloS
one 2012;7(2):e31132.

Pyke KE. Should we be on the fence or can ven dpe gate? Evidence that QRS gating
in FMD analysis is not essentidburnal of Applied Physiology®010;109(4):945-6.
Quyyumi AA, Patel RS. Endothelial DysfunctiondaHypertension Cause or Effect?
Hypertension2010;55(5):1092-4.

Ross R, Wight T, Strandness E, Thiele B. Huatherosclerosis. I. Cell constitution and
characteristics of advanced lesions of the supakfiemoral artery.The American
journal of pathology1984;114(1):79-93.

Saito M, Tsukanaka A, Yanagihara D, Mano T. dleisympathetic nerve responses to
graded leg cyclinglournal of Applied physiology993;75(2):663-7.

Shvartz E, Gaume J, White R, Reibold R. Hemadyn responses during prolonged
sitting. Journal of Applied Physiology1983;54(6):1673-80.

Stary HC, Chandler AB, Dinsmore RE et al. Ainigbn of advanced types of
atherosclerotic lesions and a histological classiion of atherosclerosis A report from
the Committee on Vascular Lesions of the CouncilAoteriosclerosis, American Heart
Association Arteriosclerosis, thrombosis, and vascular biolo$995;15(9):1512-31.
Stephens BR, Granados K, Zderic TW, Hamilton, Bfaun B. Effects of 1 day of
inactivity on insulin action in healthy men and wam interaction with energy intake.

Metabolism 2011;60(7):941-9.

Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



33.

34.

35.

36.

37.

38.

39.

40.

Thijssen D, Dawson EA, Black MA, Hopman M, GaNT, Green DJ. Brachial artery
blood flow responses to different modalities of &wimb exerciseMed Sci Sports
Exerc 2009;41(5):1072-9.

Thijssen DHJ, Black MA, Pyke KE et al. Assesstmef flow-mediated dilation in
humans: a methodological and physiological guigekmerican Journal of Physiology-
Heart and Circulatory Physiology011;300(1):H2-H12.

Thosar S, Johnson BD, Johnston JD, Wallacesitittag and endothelial function: the
role of shear stresbledical Science Monito2012; 18(12): RA173—RA180.

Tinken TM, Thijssen DH, Hopkins N et al. Impattshear rate modulation on vascular
function in humanddypertension2009;54(2):278-85.

Vita JA, Keaney Jr JF. Endothelial Function Ar&@neter for Cardiovascular Risk?
Circulation. 2002;106(6):640-2.

Wallace J. Does brachial artery endotheliactiom represent the endothelial function
during prolonged sitting? (Abstradt)edicine & Science in Sports & Exerci2914;46(5
Suppl):S11-4.

Weiner SD, Jin Z, Cushman M et al. Brachiakgrendothelial function and coagulation
factors in the multi-ethnic study of atheroscleso@MESA). Journal of the American
College of Cardiology2011;57(14s1):E1414-E1414.

Young CN, Deo SH, Padilla J, Laughlin MH, Fadrl. Pro-atherogenic shear rate
patterns in the femoral artery of healthy olderled&therosclerosis2010;211(2):390-

392.

Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



Figure Legends

Figure 1: Time lineof study design. SIT refers to 3 hours of prolongiting. ACT refers to th

breaking sitting time trialA indicates walking on the treadmill for 5 minutes2amileshr™.

Walking commenced at 3Qin, Inhr 30min and 2hr 30min.

Figure 2: Flow mediatedilation in the superficial femoral artery durindi8urs of sitting during
the sitting (SIT) and breaking sitting time (ACTatj. Error bars represent standard erro
indicates significant difference from base in the SIT trial, * indicates signcant difference

between trials at0.05.
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Table 1: Subject demographics

Variable Value

N 12

Age (yrs.) 24.2+4
BMI (kg.m?) 23.7+3.4
Systolic blood pressure (mm Hg) 115.9+9
Diastolic blood pressure (nm Hg  77.3+6.2
Total cholesterol (mg/dl) 171+31.2
LDL cholesterol (mg/dl) 98.17+28.2
HDL cholesterol (mg/dl) 57.2+13
VLDL cholesterol (mg/dl) 15.7+9
Triglycerides (mg/dl) 77.67+47
Glucose (mg/dl) 90.946

Data are presented as mean + SD
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Table 2: Baseline diameters (mm), Shear rat&s 8Rauc and normalized FMD in the SFA during the
SIT and ACT trial at baseline, 1hr, 2hr and 3hr.

SIT CA

Ohr 1lhr 2hr 3hr Ohr 1lhr 2hr 3hr

Baseline  6.32+0.63 6.37+0.71 6.52 +0.68 6.32 +0.74 6.50+0.21 6.40 £0.17 6.31+£0.19 6.22+0.21
diameters

Antegrade 7.14+0.69 5.26+0.79" 5.66+0.72" 5.89+0.55 5.87+0.83 8.34+2.92 5.45+0.71 5.61+0.85
Mean 4.53+0.66 2.42+0.96" 2.81+0.50" 3.38+0.47 3.64+0.62 5.32+2.90 2.94+0.69 2.69+0.60
Retrograde 2.62+0.36 2.83+0.54 2.85+0.45 2.51+0.32 2.23#0.40  .0280.55 2.51+0.44 2.92+0.43
Peak 52.04+21.20 19.21+4.27 27.38+4.41 23.08+3.11 2281614 21.44+3.23 18.85+2.86 19.01+2.04

SRauc(a.u) 838.69+134.27 442.63+178.73 363.83x127.30 580.16413 296.35+132.72 321.82+134.60 299.53+127.25 39A1.06.68

FMD:SRauc .0067+.0035 .008+.0089 .0041+.0034 .0041+.0038* 1103296 .0203+.0190 .0195+.0133 .0157+.0075*

SFA shear rates § and baseline diameters (mm) during SIT and A@isir Data represented as Mean+SE
AIndicates significantly different from Ohr in SIT.

*Indicates significantly different from each eth
Note: Data for SRauc and FMD: SRauc are fromdi@gpants. See limitations for details.
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