Journal of the American Sociery of Hyperfension 8(2) (2014) 117126

Research Article

Accumulated brisk walking reduces arterial stiffness in overweight adults:
Evidence from a randomized control trial

Thérése M. Kearney, PhD*, Marie H. Murphy, PhD®, Gareth W. Davison, PhD",
Maurice J. O’Kane, MD", and Alison M. Gallagher, PhD"*

“Northern Ireland Centre for Food and Health {University of Ulster}, Coleraine, Northern Ireland;
®Sport and Exercise Sciences Research Institute (University of Ulster), Jordanstown, Northern Ireland; and
“Altnagelvin Hospital (Western Health and Social Care Trust), Londonderry, Northern Ireland

Manuscript received June 28, 2013 and accepted October 2, 2013

Abstract ¢

Arterial stiffness is a major contributor to the development of atherosclerosis and consequently cardiovascular disease. This
study aimed to examine whether 6 months of accumulated (3 x 10 minutes, 5 days/week) brisk walking was sufficient to
reduce arterial stiffness in sedentary, overweight individuals. Seventy-seven individuals (19 men, 58 women; age, 30-35 years)
were randomly allocated to one of three groups; two groups completed 30 minutes of accumulated walking with either
monthly or weekly telephone support; the third group (control) performed stretching exercises. The walking groups were
combined and telephone support included as a covariate. Anthropometry, blood pressure (BP), blood lipids, pulse wave
velocity (PWV), and NO, (surrogate marker for nitric oxide) were measured at baseline, post-intervention and 4 months
post-intervention. No changes were observed for anthropometry, BP, or lipids, However, at the end of the intervention, there
was a decrease in PWV (P < .001) accompanied by an increase in NO, (P < .001), with changes maintained 4 months post-
intervention. A strong negative correlation between PWV and NO, was also observed (P < .001; r = —0.65). A lifestyle
approach to meeting current physical activity guidelines results in favorable alterations in arterial function in overweight in-
dividuals. ] Am Soc Hypertens 2014,8(2):117-126. © 2014 American Society of Hypertension. All rlghts reserved.
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Introduction Despite the health benefits of regular exercise, 57.3% of
the adult population in Northern Ireland (NI) are currently
In 2007, the American College of Sports Medicine sug- not meeting physical activity recommendations.” Inactivity
gested that healthy adults should complete at least 30 minutes is estimated to cost the NI Health Service approximately
of moderate intensity aerobic activity on 5 days/week, ac- £0.62 billion per year, with at least 2000 deaths per year
cumulated in bouts lasting 10 minutes or more.' In 2008, in NI attributed to a sedentary lifestyle.* Although there
the (American} Department of Health and Human Services are many contributing factors to cardiovascular disease
modified these guidelines, stating that healthy adults should (CVD), inactivity has been shown to be one of the major
attain at least 150 minutes of aerobic activity per week in risk factor™ It has been estimated that 9% of all coronary
bouts jOf not less than 10 minutes, spread throughout the heart disease cases could be av01ded if sedentary 1nd1v1d—
week.” uals became moderately active.”

Walking has been described as a “near perfect exercise””

and has been cited as the most popular physical activity
within the European Union. '’ The Health Survey for England
2008 stated that both men and women spend more hours per
week walking than on any other activity outside of work.'"

Conflict of interest: none.

This work was supported by the Department of Employment
and Learning, Northern Ireland.

*Corresponding author: Dr Alison M. Gallagher, PhD, North-

ern Ireland Centre for Food and Health, Room W2063, University Although adherence to many exercise programs is often
of Ulster, Coleraine, Northern Ireland, BTS2 1SA. Tel: +44 less than 50%, walking programs tend to achieve higher
" 28 70123178. levels of adherence than other forms of exercise.'””'*
E-mail: am.gallagher@ulster.ac.uk For most middle-aged and/or overweight individuals, brisk

1933-1711/% - see front matter © 2014 American Society of Hypertension. All rights reserved.
http://dx.coi.ore/10.101 64 jash,2013.10.00

%




118 T.M. Kearney et al. | Journal of the American Society of Hypertension 8(2} (2014) 117-126

walking at a pace of 5 kmv/hour (3 miles/hour) meets the re-
quirements for moderate intensity physical activity in seden-
tary adults.'>'® .

Arterial stiffness is a major contributor to the develop-
ment of atherosclerosis and consequently CVD.'”*® Tt re-
sults in an increased after-load on the left ventricle, which
can subsequently cause cardiac hypertrophy, elevated sys-
tolic pressure, reduced diastolic function, and decreased cor-
onary perfusion.'” When arterial stiffness is measured via
pulse wave velocity (PWV),”” it has been shown to be a
strong independent predictor of cardiovascular morbidity.”’
FWYV increases progressively with age, with a 2.5-fold in-
crease between 20 and 91 years.” In typical middle-aged
adults, normal PWV values are approximately 8 m/s in the
iliac artery, 7 m/s in the brachial artery, 5 m/s in the abdom-
inal aorta and carotid, and 4 m/s in the ascending aorta.™
These values increase proportionally, depending on the
extent and number of other CVD risk factors present.”*

It is hypothesized that regular exercise improves arterial
stiffness by altering vascular shear stress, causing increased
production of the vasodilator, nitric oxide (NQ).** The in-
crease in hemodynamic shear stress and endothelial stretch-
ing generated through regular exercise increases endothelial
nitric oxide synthase (eNOS) activity,Z("27 which enhances
long-term bicsynthesis of endothelial NO thereby reducing
arterial stiffness. An increased release of NO in response
to increased shear stress not only dilates the underlying
smooth muscle of the arteries, but also maintains the con-
centration of NO within the vascular endothelium, despite
an increase in blood flow.™

To date, no published work has examined the effects that
brisk walking may have on arterial stiffness in overweight
individuals. Therefore this study investigated whether 6
months of regular accumulated brisk walking, in line with
current physical activity guidelines, was sufficient to reduce
arterial stiffness in sedentary, overweight individuals, even
without weight loss, and if the changes could be sustained
for 4 months beyond the intervention period.

Methods

Eihical approval was obtained from the institution’s
Research Bthics Committee, and the study was carried out
in accordance with the Declaration of Helsinki (2008).
Informed consent was obtained from participants prior to
the onset of the intervention. Overweight (body mass index
[BMI] >25 kg/mz), sedentary (<2.5 hours moderate activity
per week during previous 6 months), apparently healthy,
non-smoking individuals, aged 30-55 years, were recruited
from within the institution and surrounding area. Previous
activity levels were assessed via 7-day recall question-
naire,29 with individuals also being asked if their behaviors
or occupations had changed within the last 6 months. A total
of 102 individuals were assessed for eligibility; however, 12
did not meet the criteria and 13 withdrew prior to the study
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onset. This study was a randomized parallel group design.
Participants were randomly allocated, by a third party, into
one of three groups; a walking group with monthly tele-
phone contact, a walking group with weekly telephone con-
tact, and a control group. The walking groups were required
to incorporate three 10-minute bouts of brisk walking into
their daily routine on 5 days per week. Brisk walking was
described to participants as a walk that left them slightly
out of breath but still able to maintain a conversation. Partic-
ipants were contacted by telephone during the intervention
either monthly or weekly to provide support and encourage-
ment. The control group were given light stretching exer-
cises to complete twice daily on 5 days per week and were
contacted on a monthly basis to control for effects of the
telephone contact given to the walking groups. Telephone
contact did not affect the results presented within this paper
and therefore will not be discussed further. As both walking
groups completed the same volume and intensity of walking,
they have been amalgamated into a single group for subse-
quent analysis and ease of presentation. The telephone con-
tact has been included as a covariate for statistical analyses.

Anthropometric Measures

Height was measured using a freestanding stadiometer
(Holtain Ltd, Crymych, UK) to the nearest 0.1 cm, and dig-
ital scales (model TBF-410,Tanita Corp, Toyko, Japan)
measured body mass to the nearest 0.1 kg, Participants
wore light clothing with no shoes. BMI was calculated
(kg/m?®). Body fat mass (kg) and percentage body fat was
assessed via bioelectrical impedance {(model TBF-410, Ta-
nita Corp, Toyko, Japan).”® Waist circumference was
measured at the narrowest part of the waist,”' and hip
circumference was measured at the maximum buttock
circumference over light clothing to the nearest 0.1 cm.
Participants stood with legs parallel and shoulder-width
apart. Waist-hip ratio was calculated (waist/hip). All mea-
surements were carried out by the same researcher (TMK).

Dictary Assessment

During the study period, participants were requested not
to alter their usual dietary pattern. Diets were monitored us-
ing food diaries (2 weekdays and 2 weekend days) at week
one, mid-intervention (3 months), end of intervention, and
4-months post-intervention. Energy intake was analyzed
using the weighed intake software program WISP for WIN-
DOWS (version 3.0, Tinuviel Software, Warrington, Chesh-
ire, UK). Under-reporting was calculated using the Institute
of Medicine Equations.™

Average Daily Activity Levels

As an indication of adherence to the intervention, all par-
ticipants were requested to wear a tri-axial accelerometer
(RT3) (Stayhealthy, Monrovia, CA, USA) on the same
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days that they filled their food diaries, during week one of
the intervention, mid intervention (3 months), end of inter-
vention (6 months), and 4 months post-intervention. Only
days with at least 8 hours of recorded activity on the RT3
were included in analysis, and periods of 30 minutes or
more that had excessively low RT3 counts (ie, <10
counts/minute) were excluded from the analysis.” The
mean activity count over the 4 days was recorded. Results
were reported in mean vector magnitude counts/minute
(VM/minute) and time spent being physically active.

Aerobic Fitness

Physical fiiness was evaluated using a sub-maximal
incremental treadmill test, which involved walking on a
treadmill (Woodway, Steinackerstrasse, Weil am Rhein,
Germany) at a constant self-selected speed. The workload
was progressed by increasing the incline by 2.5% at
3-minute intervals until 80% of the age-predicted maximum
heart rate was reached. Oxygen uptake (VOy;
mlkg '.min~") was measured via expired air analysis
(Yaeger Oxycon Pro, Leibnizstrasse, Hoechberg, Germany).
Blood lactate (mmol/l; Lactate Pro, Arkray Inc, Kyoto,
Japan} was measured in fresh capillary blood samples, ob-
tained from a finger prick, immediately before increasing
workload. It has been established that predictions of aerobic
capacity from submaximal data can be intrinsically inaccu-
rate and that VO, max is not always a sensitive indicator of
change in endurance fitness.** Therefore, although predicted
VO, max was calculated, a more precise measure of fitness
was undertaken by plotting VO, against blood Iactate.**
In this study, VO, was plotted against blood lactate, and the
VO, at a reference value of 3 mmol x 17' blood lactate was
used as an indicator of fitness as well as predicted VO, max.

Blood Pressure

BP (mm Hg) was measured in the brachial artery (Omron
MS3-I, Milton Keynes, UK). Participants rested in a seated
position for 5 minutes prior to measurements. The mean
of three systolic and diastolic BP measures were recorded.

PWV Measurements

Arterial stiffness was measured using a FWV device;
Labview program version 7 (Intelesens, Belfast, Northern
Ireland, UK).">*" This device has been validated against
SphygmoCor, and an excellent correlation in carotid-
radial PWV has been shown for normotensive (% = (.92)
and hypertensive (r* = 0.89) cohorts.

Prior to measurement, participants rested in a seated po-
_sition for 5 minutes. The strongest pressure pulses within
the radial and brachial arteries of the left armn were identi-
fied via palpation. Piezoelectric sensors’®”’ were placed
over the pulsations and held in place with Velcro straps,
These piezoelectric sensors were attached to the device
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by low weight electrical leads. The distance between the
two pulse points was measured (cm) with a flexible inelas-
tic measuring tape, and values were entered into the de-
vice’s software. PWV calculations were based on the
distance traveled by the pulse between the two recording
sites and the pulse transit time. Simultaneous recordings
of the brachial and radial pulse wave forms were recorded
during a 10-second period, and the mean PWV was calcu-
lated via the automated software. PWV was calculated
(PWYV (m/s) = I/ A¢), where [ was the distance measured be-
tween the sensors and A¢ was the time delay in the pulse
transit time. The PWV value was based upon the time defay
in peak-to-peak and cross-correlation valves recorded be-
tween the two points, during the 10-second measuring
period. Using cross-correlation values helped reduce the
likelihood of wave distortion by reflective components in
the vessel.”® The mean of three PWV reading (m/s) at
each time point was recorded. The coefficient of variation
for this device, calculated within this laboratory, was 0.158.

Blood Biochemistry

Venous bloed samples were drawn into vacutainers con-
taining a serum clot activator. The serum was stored at
-80°C until the biochemical analyses were performed.

Triglycerides, total cholesterol, and high density lipopro-
tein cholesterol levels were measured in serum by enzyme
assay kits using the Aeroset analyser (Abbott Labs, IL,
USA). Low density lipoprotein cholesterol was estimated
using the Friedewald equation.*® All biochemical indices
are expressed in mg/dL.

Serum nitrite (NO5) and nitrate (NO3) levels were as-
sessed using the Nitrate/Nitrite Colorimetric Assay Kit
(Cayman Chemicals, Bioscience, Cambridge, UK). The
final products of NO in vivo are NO3 and NO3; however,
due to the instability of NO3, the relative proportions of
NO; and NOj3 varies. NO; has a half-life of 110 seconds
in human blood,” whereas NO3 has a half-life of 5 to
8 hours.*"*! Thus, the best index of total NO production
is the sum of both NO3 and NO3 (NO,).

To control for circadian variations, all measurements
were recorded between 8:00am and 10:00am following a
12-hour fast. At the end of the intervention period, all mea-
surements were repeated on the morning after the last
walking session. To account for any “last bout effects,”
fasting blood samples, BP, and PWV were repeated 72 hours
post-intervention (for walkers only),

Statistical Analysis

Statistical analysis was employed using SPSS version
21.0 (Surrey, UK). Data were assessed for normality using
the Kolomogorov-Smirnov and Shapiro-Wilk tests. Time by
group interactions were determined using repeated mea-
sures two-way analysis of covariance with telephone con-
tact included as a covariant. Age, gender, and fitness
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[ 77 sedentary, apparently healthy, non-smokers, £ or$, 30-55 years, BMI 25-35 kg/m? J

Control (n25}

Walking (n52)
IWalking monthl: contact (123)
Falking weekh: comact (n7)

{ Baseline (Anthropometry, BP, PWV, blood sample, fitness testing, food diary, RT3) J

3 months (Food diary, RT3) ]

[ 6 months/end of intervention (all measurements) walking (n455; control (n20} }

Figure 1. Overview of study method- [ 72 hour foliow-up (BF, PWV, Bloed sample) walking (n45) ]
ology and flow of participants

through the study. 2, Female; &,

male; BMI, body mass index; BPF, . 1L .

blood pressure; PWYV, pulse wave { 4 months follow-up (all measurements) walking (n38); control (a15) ]

velocity.

were also included as covariants when analyzing the PWV
and NO, data. Within subject differences were analyzed us-
ing repeated measures analysis of variance, and between
subject differences were analyzed using one-way analysis
of variance, with posteriori Tukey Honestly Significant Daf-
ference. Amalgamated RT3 data was analyzed via indepen-
dent r-test. Correlations were determined using Pearson’s
product moment correlation. The alpha level was estab-
lished as P < .05; values are reported as mean + SD unless
otherwise stated. Data were analyzed on an intention-to-
treat basis with only complete data sets for each measure
included in the analysis.

A priori power calculation incorporating the critical differ-
ence value for arterial stiffness was completed.’” The power
was set at 0.85, indicating that a sample size of 15 per group
was required. Allowing for a 50% drop-out, we sought to re-
cruit 90 participants (ie, 30 per study group) onto the study.

Results

Following recruitment, 25 individuals were randomly as-
signed to the control group and 52 to the walking groups.
During the intervention period, five individuals withdrew
from the control group; one became pregnant, two cited
lack of interest in the study, and two joined a gym. A further
. five individuals withdrew from the control during the
4-month follow-up period to take up alternative activities.
Within the walking group, seven individuals withdrew during
the intervention period, six due to lack of time and another
due to bereavement. A further seven withdrew at follow-
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up; three due o injury, three due to lack of time, and one
became pregnant. In total, 45 walkers and 20 controls
completed the intervention, with 38 walkers and 15 controls
returning for post-intervention measures, The flow of the par-
ticipants through the study is indicated in Figare 1, Baseline
characteristics of the participants are given in Table 1.

Accumulated brisk walking did not elicit any changes in
resting BP, blood lipids, or body composition over the
course of the intervention or during the follow-up period
(P > .05; Table 2). There were also no differences to
self-reported energy intakes between the groups or across
the study period (P > .05).

RT3s were not issued prior to the intervention; therefore,
the data collected could not be used to determine whether
or not the walking group activity levels increased from
baseline. Data was available for 45 walkers and 20 controls
for week one of the intervention, 37 walkers and 21 con-
trols mid-intervention (3 months), 35 walkers and 19 con-
trols at the end of the intervention, and 34 walkers and
10 controls post-intervention.

There was no significant differences in mean daily activ-
ity levels between the control and the walking groups at the
measured time points (P > .05); however, when the data
for all time points was amalgamated, the walking group
demonstrated significantly higher (P < .001) VM/minute
than the control group (walking group 411.37 x
10° £ 0.061 VM/min; control 268.01 x 10° + 0.078
VM/min) and the walking group demonstrated that they
spent significantly more time over the siudy period
(P = .005) being physically active compared with the
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Table 1
Baseline characteristics of the study participants

Control (n = 25)

Walking (n = 52)

17 Women/8 Men

41 Women/11 Men

Age (years)

Activity counts (Mean Vector
Magnitude [MVM/d])*

Energy intake (MJ/d)*

Height {cm)

Weight (kg)

Body fat mass (kg)

Body mass index (kg/mz)

Body fat (%)

Waist circumference (cm)

Hip circumference (cm)

Waist-hip-ratio

Systolic blood pressure (mm Hg)

Diastolic blood pressure (mm Hg)

Pulse wave velocity (m/s)

Total cholesterol (mmoi/L.)

High density lipoprotein (mmol/L)

Low density lipoprotein (mmol/L.)

Triglycerides (mmol/L)

45 +74 45 £+ 6.2
44 x 10° £ 2.7 x 10° 5.3 x 10° 4 4.9 x 10°
76+ 1.5 72418
166 + 9.0 166 =+ 8.6
80.1 £ 12.7 80.9 + 14.1
295 4+ 12.0 299 + 8.5
293 + 4.3 292 + 43
348 +93 375+ 68
948 =98 959 4 11.0
109 + 8.7 109 + 8.3
0.9 + 0.1 ¢ 0.9 + 0.1
1213 + 12.5 122.1 + 115
83.9 + 82 852 & 74
9.2 +07 9.0 - 1.0
52+ 1.0 5.6 = 0.93
1.4 + 0.4 14 03
32 +08 3.5+ 03
13 4+ 054 1.5+ 0.72

Activity counts and energy intake were measured over four days (2 weeks days and 2 weekend days) during the first week of the inter-
vention. The average daily activity count and energy intake from these four days has been reported.
* Activity counts and energy intakes were not assessed prior to the intervention

control group (walking group 835.99 1 183.06 minutes
daily; control 795.24 £+ 153.37 minutes daily).

Aerobic fitness was measured via predicted VO, max as
well as VO, at reference value of lactate (3 mmol x 171).
Predicted VO, max did not show any significant changes
across time or between groups (baseline control value
29.30 £ 6.41 mL x kg ' x min~"; bascline walking group
values 27.64 4 6,51 mL x kg~ ' x min™!; P > .05). How-
ever, the more sensitive measure, VO, at 3 mmol of blood
lactate, indicated that the aerobic fitness of the walking
group had significanily increased (P < .001) following
the intervention and that this improvement was maintained
4-months post-intervention (P < .001). The control group
did not show any changes in aerobic fitness over the dura-
tion of the intervention or follow-up period (P = .458).
There was no difference between the control group and
the walking group at baseline (# = .773); however, there
was a significant difference between the walking group
and the control group at the end of the intervention
{P = .044) and at the 4-month follow-up (P < .001; Fig. 2).

PWYV decreased (P < .001) within the walking group after
the intervention, from 9.04 £ 0.98 m/s to 6.76 = 1.17 m/s.
This decrease was sustained at 72-hour follow-up and at
4-month follow-up (6.79 & 1.17 m/s and 6.68 + 1.21 m/s
respectively; Fig. 3). The walking group’s NO, levels
increased during the intervention from 24.15 £ 2.14 uM
to 27.75 & 1.37 uM (P <« .001). This increase was main-
tained at 72-hour follow-up and at 4-months follow-up

L

(2723 4+ 1.9 yM and 27.19 + 1.97 uM respectively;
Fig. 4). There were no changes to PWV (P = .409) or
NO, levels (P = .212) within the control group across the
time points.

There were no significant differences in PWV or NO, be-
tween the control group and watking group at baseline;
however, there was a significant difference in PWV be-
tween the control and walking groups at the end of the
intervention (P < .001) and at the 4-month follow-up
(P = .002). There was also a significant difference in
NOx between the two groups at the end of the intervention
(P < .001) and at the follow-up stage (P = .004). Age,
gender, and fitness levels did not affect PWV and NO,
There was a strong negative correlation between PWV
and NO, for the whole cohort (r = —0.648; Fig. 3).

»,

Discussion

PWV was measured between the brachial and radial
pulses. Although central PWV is the best indicator of gen-
eral atherosclerosis, both central and peripheral measures
can be indicators of atherosclerotic severity,** with several
studies finding that increased arterial stiffness in the small
peripheral arteries, as opposed to the large arteries, is an in-
dependent risk for cardiovascular events independent of
age 47

1t has been suggested that peripheral vessels are more sen-
sitive to shear stress than central arteries, and that NO has a
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Table 2

Anthropometry, blood pressure, and lipid profiles: pre-, post-, and follow-up measures

Control (n = 25)

Walking (n = 52)

Body mass index (kg/mQ)

Baseline

End of intervention

4 months post-intervention
Waist-hip ratio (cm)

Baseline

End of intervention

4 months post-intervention
Body fat (%)

Baseline

End of intervention

4 months post-intervention
Systolic blood pressure (mm Hg)

Baseline

End of intervention

4 months post-intervention
Diastolic blood pressure (mm Hg)

Baseline

End of intervention

4 months post-intervention
Tryglycerides (rmmol/L)

Baseline

End of intervention

4 months post-intervention
Total cholesterol (mmol/L})

Baseline

End of intervention

4 months post-intervention
HDL (mmol/L})

Baseline

End of intervention

4 months post-intervention
LDL (mmoi/L)

Baseline

End of intervention

4 months post-intervention

29.14 £ 4.25 29.19 + 432
29.44 + 3.81 28.70 £ 4.53
20.08 £ 4.28 29.19 £ 4.76
0.86 £ 0.088 0.87 £ 0.78
0.88 £ 0.078 0.86 = 0.83
0.86 £ 0.070 0.84 = 0.08
34.82 +9.32 37.50 £ 6.85
35.94 £ 9.37 37.49 £ 6.88
37.61 £ 7.46 36.771 £ 6.72

121.27 £ 12.54

122.12 & 11.85

124.66 + 9.55 123.60 £ 12.66
116.68 + 9.04 121.49 = 10.53
8391 £ 8.18 85.28 =743
84.29 £ 6.93 85.69 £ 7.33
81.53 £ 5.44 85.09 1+ 6.80
1.30 £ 0.54 1.50 £ 0.72
137 £1.15 1.20 £ 0.48
1.17 = 0.39 140 £ 0.64
5.16 + (.98 5.59 4- 0.93
500 £ 1.18 5.39 £ 0.94
491 £ 0.93 543 £ 0.99
1.38 £ 0.34 141 £ 0.33
1.35 +£ 0.37 1.40 £+ 0.29
1.38 & 0.37 1.39 £ 0.28
3.23 £ 0.85 341 + 0.86
3.04 £ 0.76 345 £ 0.66
3.04 £ 0.77 3.41 £ 0.69

All values are mean = SD. There were no significant changes over time or between groups.

stronger influence on thinner-walled peripheral vessels.”" Tn
the present study, NO, (a surrogate marker for NO) was
measured as a possible mechanism for the observed reduc-
tion in arterial stiffness resulting from brisk walking. A
strong negative correlation was observed between PWV
and NO,. Furthermore, the decrease in PWYV and the in-
crease in NO, were maintained 72 hours post-intervention,
reducing the possibility that these changes were due to last
bout effects.

Previous research has shown that improvement in
vascular function is not restricted to the vessels of exer-
cising musculature.**™ Due to the general effects of the
hemodynamic variables reacting to vessel wall shear
stress,” improvements in endothelial function may occur
in vascular beds that are not directly stimulated.” This

<

study involved predominantly lower limb musculature,
although arm muscles are also involved in gait, particularly
when walking briskly.” ,

Similar to this study, Fantin et al®’ demonstrated that 6
months of moderate intensity physical activity (1 hour/day,
2 days/week) resulted in significant reduction in PWV in
elderly hypertensives. Cameron and Dart™ observed that
4 weeks of moderate intensity cycling improved arterial
stiffness independent of mean arterial pressure, while King-
well et al™® indicated that 4 weeks of cycling increased NO,.
Given timescale for effects of physical activity on endothe-
lial function in these last two studies, it is possible that the
results in the present study were not as a result of the
6-month walking and continned walking during the
follow-up, but rather may have been achieved earlier in




T.M. Kearney et al. | Journal of the American Society of Hypertension 8(2) (2014) 117-126 123

22 4

——control group (nl5) Ib
21 1 - &-walking group (n37) ) -

-
-
L
-
-
-
-
-

V0, al 3mmol blood lactate (ml.kg.min7)

13
Baseline 6months (end of 4 months post
intervention) intervention
Time

Figure 2. Oxygen uptake (VO,) at a reference blood lactate
concentration of 3 mmol/L pre-, post-, and follow-up interven-
tion readings. Values are mean (standard error of the mean).
Different superseripts (* or ®) indicate significant differences
between groups and within groups across time (P < .05).

the intervention. Sampling time points were kept to a mini-
mum in order to minimize participant burden, thereby maxi-
mizing participant retention (overall, 84.4% completed the
study, with 68.79% returning for post-intervention mea-
sures). This rate of retention was higher than expected. In
hindsight, had earlier observation points been included, it
may have afforded earlier detection of changes in arterial
stiffness, but at the risk of increasing participant burden.
The mechanism by which exercise reduces arterial stiff-
ness relates to changes in the arterial smooth muscle tone,
which in turn aiters the relative loading of collagen and
elastin fibers.™ Regular exercise results in structural adapta-
tions of the arterial wall, including increased elastin and in-
hibition of collagen activity. Exercise increases blood flow

10 - —m—control group (n15)
==~ Walking group (n27)

' - liz__.-i‘-‘ _____________________ i
6.5 4 ol i
3
Baseline End of 72hrs post- 4 months post-
intervenlion  intervention mlervention
Tune

Figure 3. PWV pre-, post-, and follow-up measures (72 hours
post-intervention walking group only). Values are mean (stan-
dard error of the mean). Different superscripts (* or °) indicate
significant differences between groups and within groups
across time (P < .05). PWV, Pulse wave velocity.

W

T —m—control group (nls)
== Walking group (n34) _L
b

Nitrate/Nitrite (O,
(&)
=

Baseline End of T2hirs post-
intervention  intervention

4 months post-
intervention

Time

Figure 4. Nitrate and nitrate (NO,) pre-, post-, and follow-up
measures (72 hours post-intervention walking group only).
Values are mean (standard error of the mean). Different super-
scripts (% or ®) indicate significant differences between groups
and within groups across time (P < .05). NO,; the sum of NO;
and NO3 (acts as a surrogate marker for nitric oxide).

velocity and the associated shear, and cyclic stretching of
the endothelium increases eNOS activity, thereby increasing
NO.” Vascular shear stress is now a well-established
stimulus for the elevation of intra-endothelial Ca®" levels
and subsequent release of NO from the endothelinm.”’
NO induces relaxation of the vascular smooth muscle; the
stress is then transferred from the stiffer collagen fibers to
the more extensible elastin fibers, thereby improving arterzal
compliance.

Although there were no changes to systolic or diastolic
BP, this was perhaps unsurprising, since at baseline all par-
ticipants were within the normal range.” These results

O o contrel group
P »+ walking group
Linear (control group)
e Linear (walking group)

Milrte/NitriteNO,
[
.

PWV m's

Figure 5. Correlation between NO, and PWW using data
collected from all the study time points within the 6-month
brisk walking intervention and follow-up period. R? for control
and walking group data combined, —0.648. R* for control
group, —0.248. R? for walking group, —0.0617. NO,, The
sum of NO; and NOj3 (acts as a surrogate marker for nitric
oxide); PWV, pulse wave velocity.
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concur with others who reported no change in BP after a 3-
month brisk walking intervention®®’ and 6-month brisk
walking intervention.** Exercise training generally results
in a greater lowering of BP when the participants are hyper-
tensive rather than normotensive at baseline.”

Although VO, max is the traditional index of endurance
fitness, this measure is less sensitive to change when
dealing with low intensity training and can prove difficult
to determine in previously sedentary, middle-aged individ-
uvals.” A more sensitive assessment of fitness can be deter-
mined by plofting VO, against blood lactate.”**> Using
VO, at 3 mmol x 17! blood lactate as an indicator of
cardiorespiratory fitness, there was an increase in fitness
in the walking group from 16.51 + 3.89 mL x kg™! x
min to 19.89 + 3.61 mL x kg~' x min. At 4 months
post-intervention, fitness had further increased to
21.11 + 448 mL x kg~! x min x 1, although this did
not differ from fitness levels at the end of the 6-month inter-
vention. There were no changes to the control group during
the study period.

The limited RT3 data available on adherence in relation
to walking intensity and duration is a recognized weakness
of the study. The researchers did, however, make regular
telephone contact with the participants to encourage regu-
lar walking. This study reflects the resources available in
primary health care, where provision of supervised walks
or compliance indicators is often unavailable. Despite no
observed changes in anthropometry, BP, or fasting blood
lipids, the results from this study indicate that 6 months
of brisk walking in line with physical activity guidelines,
in overweight individuals, is effective at reducing arterial
stiffness, a recognized contributor to the development of
atherosclerosis and consequently to CVD. Furthermore,
the walking group maintained their fitness levels 4 months
post-intervention, and the beneficial effects on arterial
stiffness that appear to be associated with concomitant
increases in NO were also sustained 4 months post-
intervention. Thus, a lifestyle approach to fulfilling cur-
rent physical activity guidelines may result in favorable
alterations in arterial function in overweight individuals
with improvements sustained beyond the intervention
period.
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