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Associations of Reducing Sedentary Time With Vascular
Function and Insulin Sensitivity in Older Sedentary Adults

Tisha B. Suboc,' Daniel Knabel,? Scott J. Strath,? Kodlipet Dharmashankar,’
Allison Coulliard,’ Mobin Malik," Kristoph Haak,* and Michael E. Widlansky'~

BACKGROUND

We previously reported increased moderate-intensity (3-6 metabolic
equivalents (METs)) physical activity (PA) reverses aging-associated vas-
cular endothelial dysfunction, a surrogate marker of cardiovascular risk.
Whether reductions in sedentary time alone contribute to this improve-
ment is unknown.

METHODS

Data from 96 adults (aged =50 years) enrolled in a randomized control trial
evaluating a 12-week intervention to increase PA in sedentary individuals
were analyzed. Amount and intensity of activity were measured pre- and
post-intervention by step count and accelerometry. Subjects were divided
into 3 categories based on change in sedentary activity (<1. 5 METSs): (i)
>5% reduction in sedentary time, (ii) 0-4.99% reduction, and (iii) increase
sedentary time. Vascular endothelial function was measured by brachial
artery flow-mediated dilation (FMD%) pre- and post-intervention.

RESULTS
Sedentary time decreased overall (P = 0.001), with a 101-minute
decrease in category 1 (N = 27, P < 0.001), a 42-minute decrease in

Sedentary behavior is defined as “any waking behavior charac-
terized by an energy expenditure <1.5 metabolic equivalents
(METs) while in a sitting or reclining posture”! Sedentary
lifestyles are associated with increased risks of death and car-
diovascular (CV) disease.”® Prolonged sitting time is associ-
ated with obesity, CV disease, diabetes, and cancer.*
Sedentary behavior’s adverse CV effects appear to be
mediated by its induction of vascular endothelial dysfunc-
tion, an early contributor to atherogenesis and predictor of
adverse CV events.” Cross-sectional studies indicate that
sedentary lifestyles are associated with both impaired vas-
cular endothelial function and adverse vascular remodeling.
Interventional studies involving prolonged immobiliza-
tion demonstrate sedentarism results in rapid impairment
of vascular endothelial function,® significant resting blood
flow reductions, impaired reactive hyperemia, and reduced
conduit vessel diameter leading to increased resting arterial

category 2 (N = 29, P = 0.003), and a 44-minute increase in category 3
(N =40, P=0.02). While FMD% increased in the entire study population
(P =0.008) over 12 weeks, no differences were observed between the
categories (P=0.73). In category 1, FMD% improvement was associated
achievement of =20 minutes/day of moderate intensity PA in bouts >
10 minutes in length.

CONCLUSIONS

Reductions of up to 100 minutes of sedentary time per day over
12 weeks was not significantly associated with improved vascular
endothelial function in older adults. FMD% was significantly higher
among those with lower sedentary behavior and concomitant moder-
ate-intensity PA of >20 minutes/day in bouts.
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tone.3~1* While these models have provided important insight
into the physiologic remodeling of human vasculature that
accompanies extreme physical inactivity, it is important to
establish an understanding of how standard levels of daily
sedentary behavior impact the vasculature.

Epidemiological data suggest that sedentary behavior, inde-
pendent of any improvements in physical activity (PA) levels,
may be a distinct risk factor for adverse CV outcomes.!®” Due
to their high rates of sedentarism, adults older than 60 years
may suffer disproportionately from the adverse health impact
of sedentary behavior.!® However, the quantitative association
between reducing sedentary behavior and reducing CV risk
remains unknown and whether improvements in metabolic reg-
ulation and vascular structure and function are associated with
decreases in sedentary time remain to be explored in this at-risk
population. In the context, we examined the impact of reducing
sedentary time on vascular function and metabolic parameters.
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METHODS
Subjects

The Medical College of Wisconsin’s Institutional Research
Board approved the study protocol, and all participants were
provided written informed consent. The methods, organiza-
tion, and design of the randomized clinical trial from which
the data for these analyses were collected have been described
in detail previously.'® Briefly, 114 sedentary older adults (aged
250 and <80 years) were recruited. The inclusion and exclu-
sion criteria are as previously described.! All subjects averaged
<8,000 steps/day over a 1-week screening period as measured
by the Omron HJ-720ITC pedometer (Omron, Lake Forest,
IL). Potential subjects were blinded to the step count limit for
study inclusion. Subjects in the original trial were randomized
to 1 of 3 intervention groups: control, pedometer alone, and
pedometer with interactive web teaching. Of the 107 sub-
jects who completed the study, 11 subjects did not have an
adequate valid accelerometer wear time during their 12-week
activity intensity assessments to allow for study inclusion (see
below for inclusion/exclusion criteria specific to these data).
This analysis focuses on the 96 subjects who had complete sets
of accelerometry data captured at both the time of enrollment
and the end of the 12-week study period. Subjects were asked
not to change dietary habits during the study period.

Study Visit Procedures (Prior to and following the 12 week
intervention period): General Procedures and Measures of
Vascular Form and Function: All subjects fasted overnight
prior to their study visits. Anthropomorphics, heart rate, and
blood pressure were measured and blood samples taken for
biomarker analyses as previously described.! Endothelial
function by brachial artery reactivity (flow-mediated dila-
tion, FMD%) and carotid pulse wave velocity and augmen-
tation index by digital tonometry equipment and software
(Sphygmocor Mx; Atcor Medical, Chicago, IL) were also
measured as previously described.!” Insulin resistance was
calculated using both the homeostatic model of assessment-
insulin resistance [HOMA-IR = fasting glucose (mg/dl) x
fasting insulin (uWU/ml)/405] and the quantitative insulin sen-
sitivity check test [QUICKI = 1/([log (fasting insulin pU/ml)
+ log (fasting glucose mg/dl)]]. In subjects without contrain-
dication to nitroglycerin, nitroglycerin-mediated dilatation
(NMD%) by ultrasound of the brachial artery was meas-
ured to determine endothelium-independent vasodilation.
Baseline and peak hyperemic flow velocity were also recorded
during brachial artery reactivity testing to calculate resting
and hyperemic shear stress in the brachial artery as previously
described.?’ If an individual did not have quality waveforms as
determined by digital criteria at both weeks 1 and 12, the vas-
cular stiffness measurements were not included in the analy-
ses. The numbers of subjects that had quality waveforms for
analyses are explicitly listed in the relevant tables.

Physical Activity Data: Step count and accelerom-
etry data were collected using the Omron HJ-720ITC and
ActiGraph GT3X (ActiGraph GTX3; ActiGraph, Pensacola,
FL), respectively, for 1 week at the time of enrollment and
during the final week of the 12-week intervention period.
Each minute of accelerometer data was coded as sedentary
activities (0-100 counts, <1.5 METs intensity), light activ-
ity (101-1951 counts, 1.51-3 METs), moderate-intensity

activity (1,952-5,924 counts, 3.01-6 METs), or vigorous
activity (>5,925 counts, >6 METs).?! Further, a bout of PA
was defined as at least 10 consecutive minutes of at least
moderate-intensity PA (3-6 METs, vigorous PA; 6 METs).

Accelerometer data were screened according to the fol-
lowing quality control procedures: (i) Any block of time
equal to or greater than 60 minutes where the accelerometer
recorded 0 counts was considered time when the monitor
was not worn and was removed from analysis, (ii) to con-
stitute a valid day of accelerometer wear, participants had to
have a minimum of 600 minutes of valid wear time, and (iii)
only participants who had at least 4 days of valid accelerom-
eter data were included in analysis.??

Statistical analysis

Statistical analyses were performed using SigmaStat 12.0
(Systat Software Inc., San Jose, CA) and SPSS 21.0 (IBM,
Armonk, NY). Our primary vascular outcome variable was
FMD%. Secondary vascular outcomes include carotid pulse
wave velocity, augmentation index, aortic baseline brachial
diameter, baseline peak shear, hyperemic peak shear, and nitro-
glycerin-mediated dilation of the brachial artery. Subjects were
divided into categories, based on change in percent of sedentary
activity (<1.5 METs) over the study period: (i) 5% or greater
reduction in sedentary time, (ii) 0-4.99% reduction, and (iii)
increase in sedentary time. These categories were chosen to
have reasonable numbers of subjects in each group with one
group of individuals with a substantial decrease in sedentary
time. Vascular outcome data were secondarily analyzed by strict
tertiles of percent change in sedentary activity from baseline,
where the tertile ranges are the following: >1.25% decrease (ter-
tile 1), 1.25% decrease to 4.04% increase (tertile 2), and >4.05%
increase in sedentary time. The baseline characteristics were
compared using one-way analysis of variance or y* as appro-
priate (Figure 1) Anthropomorphic measurements, plasma
biomarkers, measurements of endothelial function and vascu-
lar stiffness, step-count, and time spent in differing levels of PA
intensity were compared using general linear models with time
(measurements pre- and post-12-week intervention period) as
the within-subjects factor and between the 3 sedentary time
change categories as the between-subjects factor. Category-
by-time interactions were analyzed for all outcomes. Post hoc
testing was performed using Tukey’s honest significant differ-
ence test as appropriate. To determine whether concomitant PA
modified the impact of changing sedentary time, we repeated
the general linear models for brachial FMD% by whether or not
the individuals achieved a 5% reduction in sedentary time and
by whether or not they concomitantly achieved the goal of >20
minutes/day of moderate-intensity PA (3-6 METs) in bouts of
at least 10 minute of continuous activity PA. This PA goal was
shown to impact brachial FMD% favorably in our previously
reported clinical trial."”

RESULTS

Baseline characteristics

There were no significant differences between the catego-
ries of sedentary time change with respect to all baseline
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characteristics (Table 1). Of those in category 1, 6 individuals
were in the control group in the clinic trial, 13 in the pedom-

10 eter only group, and 8 in the pedometer plus interactive web-
site group. For category 2, the subject breakdown by original
5 randomization was 8, 10, and 11 subjects, respectively. For

category 3, the breakdown was 21, 9, and 10, respectively.

° -

Absolute Change in % Sedentary Time

-5 + Changes in baseline characteristics by sedentary time
change category

-10 . .
Over the study period, weight (P = 0.02), body mass
15 % index (P = 0.001), waist circumference (P = 0.02), and heart
Category Category Category rate (P = 0.03)' dgcreased. for the entire 'cohort. However,
1 > 3 there were no significant differences over time based on sed-
entary time change category for weight and waist circumfer-
Figure 1. Percentage change in overall sedentary time by category. e.nce' BOdY mass index ShQWEd a. signiﬁcant decrease over
P < 0.001 overall by analysis of variance (ANOVA), *P< 0.001 for category 1 time based on category, with a significant decrease occur-
vs. both categories 2 and 3.7P < 0.001 vs. category 3. ring only in category 1 (category 1: —1.1+2.0, category 2:

Table 1. Baseline demographics and characteristics by category

5% or greater reduction in 0-4.99% reduction
sedentary time (N = 27) (N =29) Increase in sedentary time (N = 40) P-value

Female sex% 74.0 (20) 51.7 (15) 65.0 (26) 0.22
Current smoker% 7.4 (2) 6.8 (2) 10.0 (4) 0.76
History of diabetes% 0(0) 0(0) 2.5(1) 0.49
History of hypertension% 33.3(9) 31.0 (9) 30.0 (12) 0.96
Caucasian% 92.6 (25) 93.1 (27) 100.0 (40) 0.38
Age (years) 62.22+5.7 62.8+6.6 62.3+£7.3 0.94
Weight (kg) 82.0x17.4 88.3+16.8 82.3+20.7 0.35
Body mass index (kg/m?) 294154 30.0£6.1 29.4+6.3 0.94
Waist circumference (cm) 100.3+14.7 101.2+11.8 100.7+15.4 0.97
Glucose (mg/dl) 88.2+8.2 89.0+7.6 94.8+23.9 0.21
Insulin (pU/) 12.7+£6.5 14.4+7.5 15.8+£9.0 0.32
Total cholesterol (mg/dl) 131+£35 13630 129+ 35 0.69
Triglycerides 89+42 7227 83+26 0.12
HDL cholesterol (mg/dl) 43+18 46+10 40+16 0.29
LDL cholesterol (mg/dl) 71+34 77+31 71+37 0.74
hsCRP (mg/dl) 29+3.3 29+2.1 4.1+5.1 0.34
Systolic blood pressure 129+ 16 131+12 130£14 0.93
Diastolic blood pressure 68+8 717 68+8 0.15
Heart rate (bpm) 65+8 65+ 11 61+9 0.17
QUICKI 0.3+0.0 0.3+0.0 0.3+0.0 0.24
HOMA-IR 28+14 3.2+1.8 3.9+2.7 0.12
Trial randomization group

Control (N) 6 8 21 0.06

Pedometer alone (N) 13 10 9

Pedometer + website (N) 8 10 11

Abbreviations: HDL, high-density lipoprotein; HOMA-IR, homeostatic model of assessment-insulin resistance; hsCRP, high-sensitivity
C-reactive protein; LDL, low-density lipoprotein; QUICKI, quantitative insulin sensitivity check test.
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-0.2+0.7 and category 3: —0.2+1.4 (P = 0.03)). There were
no significant differences between categories at 12 weeks for
blood pressure, fasting glucose, insulin sensitivity, lipid pro-
file, or C-reactive protein (Table 2).

Changes in sedentary time and step count by category

The full set of accelerometry data by sedentary time cat-
egory are reported in Table 3. At baseline, category 2 had
significantly more sedentary time than category 3 but oth-
erwise there were no differences (P = 0.02 overall and 0.02
for category 2 vs. category 3). After 12 weeks, the average
time spent at sedentary activity levels significantly decreased
in categories 1 and 2 and increased in category 3 [P = 0.001
for overall time x group interaction; category 1: 653+ 121 to
552+ 100 minutes (P < 0.001), category 2: 699 + 92 to 657 + 70
(P =0.003), and category 3: 629 £93 to 673+ 120 (P = 0.02)].
The percentage of sedentary time dropped by 10.2+3.6% in
category 1 and 2.4+ 1.3% in category 2, whereas increasing
by 4.2£3.4% in category 3 (P < 0.001 overall, P < 0.001 for
all post hoc comparisons between categories).

Changes in brachial artery endothelial function and
vascular stiffness by change in sedentary time

Full data on the vascular changes over the study period
by sedentary time change category are presented in Table 4.
Brachial FMD% improved for the entire study population
(5.7+2.7% to 6.9+3.6% P = 0.006). However, this increase
did not differ based on sedentary time category (P = 0.73,
category 1: 5.4%2.9 to 7.0£3.6%, category 2: 5.7+2.9 to
6.9 +4.3%, category 3: 6.0+2.5 to 6.7+3.6%). Analyzing the
entire group as continuous data, there were no correlations

Table 2. Changes in baseline characteristics by category

between change in FMD% and change in sedentary time
over the entire cohort (r = —0.04, P = 0.70), change in body
mass index (r = —0.03, P = 0.77), change in waist circumfer-
ence (r = 0.10, P = 0.30), or change in heart rate (r = -0.03,
P = 0.77). Adjustment for sex did not alter our results
(P = 0.51). Organizing the data into 3 equal tertiles did not
alter our findings (P = 0.86, tertile 1: 5.6 +2.4 to 6.6+3.2%,
tertile 2: 6.1£3.0 to 7.1+3.9%, category 3: 54+2.8 to
6.9+3.5%).

There were no significant changes in brachial artery diam-
eter, baseline and peak hyperemic shear, carotid pulse wave
velocity, augmentation index, or nitroglycerin-mediated
vasodilation over the study period within or between cate-
gories (Table 4). Similar analyses by tertile of activity change
were also not significant (data not shown).

Changes in brachial FMD% in association to achieving
physical activity goals

When we analyze the data stratified by the original study’s
intervention group, there were no significant differences in
FMD% in those that were in the control group (P = 0.10), in
the pedometer alone group (P = 0.52), or in the pedometer
+ website group (P = 0.31) when compared across sedentary
time categories. In the 31 subjects who achieved >20 min-
utes of moderate-intensity PA in bouts of at least 10 min-
utes in duration, increasing FMD% tended toward but was
not significantly associated with reducing sedentary time by
2> 5% (P = 0.12). For those achieving both metrics (N = 12),
FMD% significantly increased from 4.1+2.5% to 8.2+4.2%
(P = 0.01). For those achieving only the moderate-inten-
sity PA goal but not the >5% reduction in sedentary time
(N = 19), FMD% increased from 6.0+3.3% to 7.7 +3.6%

5% or greater reduction in

0-4.99% reduction

Increase in sedentary time P-values P-values (time x group

sedentary time (N = 27) (N=29) (N = 40) (time effect) interaction)
Weight (kg) -1.3+3.6 -0.13£1.6 -1.2+45 0.02 0.37
Body mass index (kg/m?) -1.1+2.0 -0.2+0.7 -0.2+1.4 0.001 0.03
Waist circumference (cm) -1.7+£3.7 -1.2+3.1 -0.6+6.0 0.02 0.63
Glucose (mg/dl) 0.9+6.0 -0.3+£6.0 0.3+x94 0.7 0.86
Insulin (pU/) -0.5+4.0 -0.3+4.1 -0.3+5.0 0.46 0.97
Total cholesterol (mg/dl) -2+36 0+32 8+39 0.66 0.53
Triglycerides -5+26 3122 8+26 0.5 0.15
HDL cholesterol (mg/dl) 4+18 5+14 0+14 0.1 0.38
LDL cholesterol (mg/dl) -5+40.0 -6+33 7+37 0.74 0.35
hsCRP (mg/dl) 0.8+2.4 1.1£3.9 -0.1+2.5 0.07 0.29
Systolic blood pressure 011 -1+11 -4+11 0.1 0.31
Diastolic blood pressure 1+£7 06 05 0.82 0.69
Heart rate (bpm) -316 -1+6 -1.0t5 0.03 0.05
QUICKI 0.0£0.0 0.0+£0.0 0.0+£0.0 0.55 0.83
HOMA-IR -0.1+1.0 0.0£1.0 0.0+£1.3 0.72 0.99

Abbreviations: HDL, high-density lipoprotein; HOMA-IR, homeostatic model of assessment-insulin resistance; hsCRP, high-sensitivity
C-reactive protein; LDL, low-density lipoprotein; QUICKI, quantitative insulin sensitivity check test.
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Table 3. Step count and physical activity data by category

5% or greater reduction in
sedentary time

0-4.99% reduction

Increase in sedentary time

N = 27 (step counts)

N = 28 (step count)

N = 38 (step count)

N = 27 (accelerometry)

N =29 (accelerometry)

P-values
N = 40 (accelerometry)

P-values (time x group

Baseline Week 12 Baseline

Week 12

Baseline Week 12 (time effect) interaction)

Average step  5,072+1,759 10,150+£3,736 5,132+1,799 7,891+3,446 5,317+1,617 5,610+3,017 <0.001 <0.001

count

Average 925.2+128.1 911.3+110.2 953.5+89.7
minutes
observed/

day

Average 653+121 552+100 699+92
minutes:

sedentary

(1.5

METs)

Average light
activity
minutes

252+63 310+64 232+63

Average 20+12 49+27 22+15
moderate-

intensity

activity

minutes

(3-6 METs)

Average
moderate
intensity in
bouts

26+30 40+31 26+28

Percentage 70.1+6.7 60.3+6.7 73.3+6.5
of total
time spent

sedentary

926.7+72.6

657+70

230+63

43+30 19+26

71.0£6.1

912.4+87.4 919.5+135.6 0.35 0.47

629+93 673+120 0.001 <0.001

267 +£69 228+60 0.18 <0.001

40+26 16+10 18+19 <0.001 <0.001

22+29 0.19 0.002

68.9+7.4 73.1+6.6 <0.001 <0.001

Abbreviation: MET, metabolic equivalent.

(P = 0.04). For those who reduced sedentary time by > 5%
but did not increase moderate-intensity PA in bouts to 220
minutes/day in continuous bouts of >10 minutes, no signifi-
cant change in FMD% was observed (N = 15, 6.4+2.9% to
6.0+£2.9%, P=0.72).

Multivariable analyses of the entire data set for the asso-
ciations of change in FMD with changes in sedentary time,
moderate-intensity bout time, and the interaction of the
two (product term) did not show interaction between the
change in sedentary time and change in moderate-intensity
PA in bouts (R = 0.16, P = 0.54 for the entire model; stand-
ardized 5 = 0.10, P = 0.48 for the interaction term; stand-
ardized = —0.11, P = 0.37 for sedentary time change; and
standardized 8 = 0.08, P = 0.54 for moderate PA in bout
time change). However, when the analysis included only
those who achieved >20 minutes of moderate-intensity PA
in bouts of at least 10 minutes in duration, model prediction
improved (R = 0.44, P = 0.12 for the entire model; standard-
ized 5 = —0.34, P = 0.43 for the interaction term; 8 = 0.65,
P =0.09 for the change in sedentary time) although did not
reach statistical significance. The addition of body mass
index change to the model did not alter the predictive value
of either model.
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DISCUSSION

Our data demonstrate that in healthy, free-living adults
aged 250 years, reducing sedentary time by ~100 minutes
per day is not associated with vascular endothelial func-
tion in the absence of a concomitant increase in moderate-
intensity PA performed in bouts as previously described."”
Further, this level of reduction in sedentary time may not
be associated with vascular stiffness or insulin sensitivity.
Previous work showed the vascular and metabolic impact
of short-term forced near complete immobilization.® The
current study extends this by demonstrating more modest
yet significant reductions in sedentary time in free-living
healthy older adults may not have a favorable impact on vas-
cular function or insulin sensitivity. Further, our data pro-
vide a new context through which to view cross-sectional
epidemiological data on the association between seden-
tary time and cardiometabolic risk. Specifically, a singular
focus on reducing sedentary time alone may not be enough
to impact vascular and metabolic health favorably in older
adults.

Previous human intervention studies commonly employ
extreme reductions in step count, short-term imposed bed
rest, or dry water immersion models to test the CV and
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Table 4. Endothelial function and vascular compliance data by category

5% or greater reduction in
sedentary time

0-4.99% reduction

Increase in sedentary time

(N=27) (N=27)

s P-values
(N=39) P-values (time (time x group

Baseline Week 12 Baseline

Week 12

Baseline Week 12 effect) interaction)

Baseline 3.86+0.74 3.80+0.81 3.91+0.72
brachial
diameter
(mm)

Baseline 43+14 41+14 42+12

peak shear

(dynes/

cm?)

Hyperemic 71+£20 75+ 36 74+24
peak shear
(dynes/
cm?)?

Nitroglycerin- 19.9+6.1 19.1£6.3 21.0+8.0

mediated

dilation(%)°

Carotid-
femoral
pulse wave
velocity
(cm/sec)©

9.6%£2.3 9.1+£25 9.9+1.6

Augmentation 28.3+8.0 25.48+71 24.30+£8.5

indexd
Aortic systolic 120+13 121+£15 120+10
blood

pressure?

Aortic 69+8 69+9 737
diastolic
blood
pressure?

3.92+0.74

39+12 44+14

17.90+£7.6

9.9+£1.5

25.2+17.0

120+£13

3.66+0.75 3.68+0.76 0.76 0.63

43+13 0.09 0.9

71+20 78+21 73+24 0.53 0.35

22157 19.7£5.9 0.05 0.66

9.3+x2.1 9.2£1.9 0.31 0.56

28.4+10.0 25.8+9.6 0.19 0.34

119+13 118+14 0.81 0.63

72+8 68+7 69+8 0.91 0.71

aN = 26, 27, and 38 for category groups 1, 2, and 3, respectively. °N = 21, 18, and 25 for category groups 1, 2, and 3, respectively. °N = 24,
23, and 23 for category groups 1, 2, and 3, respectively. ¢N = 27, 27, and 36 for category groups 1, 2, and 3, respectively.

metabolic impact of extreme inactivity.®?* Collectively, these
data demonstrate the deleterious impact of near around-
the-clock inactivity, bed rest, or anti-gravity suspension
adversely impact vascular endothelial function and insulin
sensitivity.>132425 In bed rest models, the vascular findings
are most striking in the lower extremities, the limbs with the
greatest limitations in free movement.'® While establishing
sedentary behavior in these models adversely impacts vascu-
lar function and insulin sensitivity, the extreme amount and
types of inactivity in these studies leave unanswered whether
the much less extreme and commonly encountered seden-
tary behaviors of free living, ambulatory adults comprised
commonly by large amounts of sitting similarly impacts car-
diometabolic risk.?®> Our data offer an important addition to
this literature by demonstrating that, in isolation, a reduction
in free-living sedentary activity by 10%, approximately 100
minutes/day, may not lead to an appreciable improvement in
either vascular endothelial function or insulin sensitivity in
older adults. Whether larger reductions in free-living seden-
tary time or similar reductions over a longer period of obser-
vation would result in a favorable impact remains unknown,
although cross-sectional data do suggest a possible favorable
impact of longer-term changes.?® These questions merit fur-
ther investigation in future studies.

A unique aspect of this investigation is its focus on altera-
tions of sedentary time in adults 250 years old in association
with changes in vascular structure and function and insu-
lin sensitivity. Previously mentioned intervention studies
have primarily focused on younger, healthy adults,-!32425
with one study performed in a pediatric population show-
ing no association between seasonal changes in sedentary
behavior and conduit vessel endothelial function.”” To our
knowledge, our data are the first of its kind in older adults
and appear generally consistent with the data from the
aforementioned pediatric study with respect to the vascular
impact of changes in sedentary time in ambulatory individu-
als. Whether more extreme alterations in sedentary activity
alter vascular form and physiology and insulin sensitivity in
older adults remains unknown.

Epidemiological data examining the association between
sedentary behavior and cardiometabolic risk suggest indi-
viduals engaged in a greater amount of sedentary behav-
iors are at higher risk to develop diabetes and CV disease.’
Activities such as prolonged TV watching are associated
with increased CV risk and insulin resistance.>® These data
suggest increased sedentary/sitting time, in some cases
independent of the level of moderate to vigorous intensity
activity,* is associated with increased cardiometabolic
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risk.2-+28-3% Breaking up continuous sedentary time with
intermittent breaks is associated with reduced CV risk and
its potential favorable impact is biologically plausible,>*"?
but the length of break and activity intensity necessary for
risk reduction remain unknown.* In contrast to these epide-
miological data, we found no significant association between
changes in sedentary time and cardiometabolic risk markers
in the absence of a significant increase in moderate-intensity
PA. Differences between findings may relate to differences
in study design, populations studied, and differences in cap-
turing overall sedentary and active time. Our study specifi-
cally quantified the amount and intensity of activity of our
study participants via objective accelerometry, an important
strength of our design.

Our study has several limitations. Our study cohort repre-
sented relatively healthy adults group of older adults. It is pos-
sible that a reduction in sedentary time of the magnitude seen
in category 1 in our study may have a different effect in older
adults with a greater burden of prevalent CV risk factors and
disease. As mentioned in the methods, 11 subjects did not have
adequate accelerometer data at their 12-week visit. There were
no significant differences between this population of subjects
and the 96 subjects in this report in relationship to subject
baseline demographics (data not shown). Post hoc power anal-
ysis suggests that this study has 80% power to detect and effect
size of 0.33. This suggests that our study could miss a small-to-
moderate change in FMD% related to the changes in seden-
tary time observed but not a moderate to large effect. Balanced
against these limitations are the novelties of the data with
respect to the population studied (older adults) and the focus
on “real world” changes in sedentary time associated with vas-
cular function, vascular structure, and insulin sensitivity.

CLINICAL PERSPECTIVES

In summary, our data suggest that reductions in sedentary
time up to 100 minutes/day over a 12-week period may not
be associated with improvements in vascular form, vascu-
lar function, or insulin sensitivity in relatively healthy older
adults. In combination with our prior work," these data sug-
gest that the intensity and duration of activity replacing sed-
entary time may influence how reductions in sedentary time
impact the vasculature and metabolic risk factors. These data
have implications for the design of clinical interventions to
reduce sedentary time in older adults, suggesting reductions
in sedentary time may need to exceed 100 minutes and should
also include plans to measure the duration, intensity, and
architecture of the PA that replaces previous sedentary time.
Further studies will be necessary to determine the ideal dos-
ing of activity in older adults to mitigate cardiometabolic risk.
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