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Low physical activity (PA) and high levels of sedentary time (ST) are associated with higher cardiovascular
disease (CVD) risk among older people. However, their independent contribution and importance of duration
of PA and ST bouts remain unclear. We investigated associations between objectively measured PA, ST and
non-invasive vascular measures, markers of CVD risk.
Cross-sectional study of 1216 men from the British Regional Heart Study, mean age 78.5 years, measured in
2010–2012. Carotid intima thickness (CIMT), distensibility coefficient (DC) and plaque presence were measured
using ultrasound; pulse wave velocity (cfPWV) and augmentation index (AIx) using a Vicorder. PA and ST were
measured using hip-worn ActiGraph GT3X accelerometers.
After adjusting for covariates, each additional 1000 steps per day was associated with a 0.038 m/s lower cfPWV
(95% CI = −0.076, 0.0003), 0.095 10−3 kPa−1 higher DC (95% CI = 0.006, 0.185), 0.26% lower AIx (95%
CI = −0.40, −0.12) and a 0.005 mm lower CIMT (95% CI = −0.008, −0.001). Moderate and vigorous PA
(MVPA) was associatedwith lower AIx and CIMT, light PA (LPA) with lower cfPWV and CIMT and STwith higher
cfPWV, AIx and CIMT and lower DC. LPA and STwere highly correlated (r=−0.62). The independence of MVPA
and ST or MVPA and LPA was inconsistent across vascular measures. Bout lengths for both PA and ST were not
associated with vascular measures.
In our cross-sectional study of older men, all PA regardless of intensity or bout duration was beneficially associ-
ated with vascular measures, as was lower ST. LPA was particularly relevant for cfPWV and CIMT.

© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The role of higher physical activity levels (PA) and lower levels of
sedentary time (ST) in reducing the risk of cardiovascular disease
(CVD) in middle age is well established (Shiroma and Lee, 2010). Cur-
rently, UK physical activity guidelines recommend that older adults ac-
cumulate 150 min per week of at least moderate intensity activity in
bouts lasting 10 min or more and minimise long periods of sitting
(Department of Health, 2011). However, the importance of duration of
spells of activity remains uncertain; studies in older adults have not
used objectively measured PA to investigate whether bouts lasting
10 min or longer are more beneficial for CVD risk factors than either
shorter bouts or total activity. Likewise, there is little information to

suggest how often sedentary time should be interrupted, by what
level of activity and for how long. In addition, little is known about the
independence of PA and ST among older people, who not only have
high risk of CVD but also have the highest levels of ST and very low
levels of PA with poor adherence to physical activity guidelines
(Jefferis et al., 2014). Furthermore, although the evidence base was
too sparse to make recommendations about light activity in previous
guidelines (Physical Activity Guidelines Advisory Committee, 2008), it
may be that light intensity activity also has health benefits in this age-
group (de Souto Barreto, 2015).

Non-invasive vascular markers provide valuable proxy indicators of
CVD risk, permitting investigation of risk burden and development of
subclinical CVD prior to onset of a CVD event. Greater arterial stiffness,
measured by carotid femoral pulse wave velocity (cfPWV) (van Sloten
et al., 2014), and carotid distensibility coefficient (DC) (van Sloten et
al., 2014), wave reflection as indicated by Augmentation Index (AIx)
(Wang et al., 2010), increased arterial wall thickening assessed by
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carotid intima-media thickness (CIMT) (van den Oord et al., 2013), and
presence of carotid plaque (Inaba et al., 2012) are all associated with
onset of CVD events. However, to date, very few studies have investigat-
ed objectively measured PA in relation to non-invasive vascular mea-
sures; the few that have are in young or middle-aged adults
(Gomez-Marcos et al., 2014; Huynh et al., 2015; Kozakova et al., 2010;
Andersson et al., 2015), smaller samples (Gomez-Marcos et al., 2014;
Kozakova et al., 2010) or have evaluated amuch narrower range of out-
come measures (Kozakova et al., 2010; Laursen et al., 2015).

We therefore investigated associations between objectively mea-
sured physical activity of different intensities, sedentary time and a
range of vascular measures, including cfPWV, DC, AIx, CIMT and pres-
ence of plaque, using a large sample of community-dwelling older
men. We investigated whether (i) the intensity of activity was related
to vascular measures, hypothesising adverse associations for sedentary
time, and increasing benefits from light intensity activity upwards and
(ii) whether time accumulated in bouts of PA or ST was related to vas-
cular measures in a dose-dependent manner, hypothesising greater
benefits from longer bouts of PA or increased risks from longer bouts
of ST.

2. Material and methods

2.1. Sample

The British Regional Heart Study is a prospective, population-based
cohort study following up 7735 men (N99% Caucasian) recruited from
primary care practices in 24 British towns in 1978–80. In 2010–2012,
3137 surviving men were invited to a physical examination including
non-invasive vascular measurements and to wear a physical activity
monitor (accelerometer). A total of 1528 individuals accepted and
returned an accelerometer with ≥3 days of data; 254 men with pre-
existing heart attack, heart failure or stroke were excluded. Of the re-
maining 1274men, 1213 had data for all other relevant covariates, leav-
ing 1118–1206 men for data analysis, depending on the vascular
outcome. The National Research Ethics Service (NRES) Committee Lon-
don provided ethical approval. Participants provided informed written
consent to the investigation, in accordance with the Declaration of
Helsinki.

2.2. Non-invasive vascular measures

Left and right carotid arteries were imaged using a Z.One Ultra ultra-
sound system (Zonare Medical Systems, Mountain View, CA) with a 5-
to 10-mHz linear probe. A cross-sectional sweep from the base of the
common carotid artery to the jaw bone and longitudinal images of the
common carotid artery approximately 1 cm proximal to the carotid bi-
furcationwere recorded. Ipsilateral brachial blood pressureswere taken
immediately after each carotid assessment (Omron HEM 907 recorder,
mmHg). Peak systolic and end-diastolic common carotid artery diame-
ter and CIMT were measured using Carotid Analyser software (Medical
Imaging Applications, Iowa City, IA). From the longitudinal images, a re-
gion of interest (5–10 mm) was selected in a plaque free area, at least
1 cm from the bifurcation. CIMT was measured in three end-diastolic
images on each side and themean calculated. DCwas calculated as pre-
viously described (Dijk, 2005). Mean values of right and left CIMT and
DC were used in analyses. Ultrasound images were reviewed offline
for presence of plaque, defined as a focal area of intimamedial thicken-
ing ≥1.2 mm at its thickest point or with ≥50% thickness than the adja-
cent intima medial thickness.

Carotid femoral pulse wave velocity (cfPWV) was assessed using a
Vicorder (SkidmoreMedical, Bristol UK), with participants semi-supine.
A 2 × 9-cm cuff was positioned around the neck with the bladder over
the right carotid pulse, and a Hokanson SC10 cuff around the right
thigh. Path length was measured from the sternal notch to the centre
of the thigh cuff. The cuffs were simultaneously inflated and traces

with a minimum of 3 good quality waveforms recorded. Two cfPWV
measurements, within ≤0.5 m/s of each other, were accepted and
averaged.

AIx was measured with participants seated using the Vicorder. A
Hokanson SC10 cuff was positioned mid upper right arm, inflated to di-
astolic pressure, and once good quality waveforms were acquired, the
signal was saved. Two recordings with both readings of augmentation
pressure and AIx within ≤5% of each other were accepted and averaged.

All measures were made by 2 vascular technicians. The coefficients
of variation for cfPWV, DC, AIx and CIMT were 4.7%, 12.7%, 14.6% and
7.7%, respectively; the agreement coefficient for presence of plaque
was 0.8.

2.3. Physical activity

Men wore the GT3X accelerometer (ActiGraph, Pensacola, Florida)
over the right hip for 7 days, duringwaking hours, removing it for swim-
ming or bathing. Accelerometers were set to record movements on the
vertical axis every 5 s, and data were integrated into 60 s epochs. Non-
wear time was identified as reported previously (Jefferis et al., 2014)
and excluded using the R package “Physical Activity” (Choi et al.,
2011). Non-wear time was defined as periods of continuous zeros last-
ing more than 90 min; within these periods, up to 2 min of non-zero
countswere allowed as non-wear time if no activity countswere detect-
ed during both the 30min before and after that interval, to allow for the
possibility of artefactual monitor movements (e.g., accidental move-
ment of the monitor while left on a table). Therefore, any non-zero
counts except the ≤2min allowedwithin a period of zeros were consid-
ered as wear time. Valid wear days were defined as ≥600 min wear
time, and participants with ≥3 valid days (92% of men who received
an accelerometer) were included in analyses. Each minute of activity
was categorised using intensity threshold values of counts per minute
developed for older adults: b100 for sedentary time (ST) (b1.5 MET),
100–1040 for light activity (LPA) (1.5–3 MET) and N1040 for moderate
and vigorous activity (MVPA) (≥3 MET) (Copeland and Esliger, 2009).

2.4. Other measures

Body mass index (BMI, kg/m2) was calculated from height
(Harpenden stadiometer) and weight in light indoor clothing (Tanita
body composition analyser (BC-418 or Tanita scales if the participant
had a pacemaker or defibrillator). The average of two seated blood pres-
sure readings (OmronHEM-907 recorder,mmHg)were used.Heart rate
(HR) was measured by electrocardiogram. Men self-completed a ques-
tionnaire including information about: current cigarette smoking, alco-
hol consumption, living alone, ever receiving a doctor diagnosis of heart
attack, heart failure or stroke (with symptoms lasting N24h), narrowing
or hardening of the leg arteries (including claudication) (peripheral ar-
terial disease), diabetes and current use of anti-hypertensive medica-
tion. Social class was based on longest held occupation at study entry
(1978–80) and categorised as manual and non-manual. Region of resi-
dence (1978–80) was grouped into Scotland, North, Midlands and
South of England.

3. Statistical methods

Men reporting a clinical diagnosis of heart attack, heart failure or
stroke (with symptoms lasting N24 h) were excluded from analyses.
Descriptive statistics for demographic characteristics, vascular mea-
sures, PA and ST were calculated by quartile of daily minutes of ST and
MVPA.

We used regressionmodels to investigate associations between each
vascular and PA measure; linear regression models for cfPWV, DC, AIx
and CIMT and logistic models for plaque. PA exposures investigated
were total activity counts per day, steps per day and minutes per day
of ST, LPA and MVPA. The mean difference (or OR) for each outcome
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was estimated for each 10,000 counts of total activity, 1000 steps,
30 min of ST or LPA and 10 min of MVPA. We examined whether asso-
ciations between vascular measures, and different activity intensities
were independent by mutually adjusting for (i) MVPA and ST and (ii)
MVPA and LPA in the same model. ST and LPA were not included in
the same model due to collinearity (r = −0.62).

Associations between number of minutes accumulated in bouts of
MVPA, LPA or ST and the vascular measures were investigated with
the following categories of bout durations: ST lasting 1–15, 16–30, 31–
60 and ≥61 min; LPA lasting 1–9 and ≥10 min; and MVPA lasting 1–9
and ≥10 min. MVPA bout durations were based on current guidelines
(Department of Health, 2011), and those for ST and LPA were selected
according to their distributions. All models were adjusted for average
accelerometer wear time (minutes/day), season of accelerometer
wear, age, region of residence, systolic blood pressure, social class, living
alone, smoking status and alcohol consumption. To investigate potential
confounding by anti-hypertensive medication or diabetes or whether
any effects were mediated by BMI or HR, we made further adjustments
for each of these. Models were also repeated after excluding men with
peripheral arterial disease.

4. Results

Men spent on average 72%, 23% and 5% of their time in ST, LPA and
MVPA, respectively, had amean of 4938 steps and 164,749 accelerome-
ter counts per day (Table 1). Eighty percent of men had 7 days of accel-
erometer data, and 96% had ≥5 days of data. Men who were more
sedentary were older and more likely to live alone, smoke, be taking
anti-hypertensive medication, have diabetes, have higher BMI and HR

and have lower SBP and DBP (Table 1). They spent more of their day
in ST and less in LPA and MVPA (Table 1). Relationships with MVPA
were in the opposite direction (Supplementary Table S1). Men who
agreed to participate were younger and 10 years previously had a
lower BMI compared to men who did not participate (Sartini et al.,
2015). Swimming, reported by3% ofmen (half ofwhomdid a single ses-
sion in the week), was not incorporated into analysis since it was not
measured by accelerometer.

4.1. PA, ST and non-invasive vascular measures

Men who were more sedentary had higher AIx and CIMT and lower
DC (p=0.04, p b 0.0001 and p=0.02 respectively, Table 1). Conversely,
men with higher levels of MVPA had a lower cfPWV, AIx and CIMT and
higher DCand fewer of themhadplaque present (p ≤ 0.002, Supplemen-
tary Table S1). In regression models adjusted for measurement related
factors and confounders, PA was inversely and ST positively associated
with cfPWV, AIx and CIMT and vice versa for DC, but associations with
carotid plaque were not observed (Table 2). Total daily counts and
steps were associated with all outcomes except plaque; higher counts
and more steps with a lower cfPWV, AIx and CIMT and with a higher
DC (Table 2, models 1 and 2). Total daily counts and steps were highly
correlated (r = 0.95, p b 0.0001). ST and LPA were highly correlated
(r = −0.62) and therefore not included in the same model.

4.2. Arterial stiffness (cfPWV and DC)

Each extra 30 min of LPA per day was associated with a 0.053 m/s
lower cfPWV (95% CI = −0.103, −0.002) (Table 2, model 4).

Table 1
Characteristics of 1274 British men without pre-existing CVD or heart failure, by quartile of minutes per day spent in SB, measured in 2010–2012.

Quartile of sedentary (minutes/day)

1 2 3 4

Mean (SD) or % (n) 295–b564 ≥564–b618 ≥618–b674 ≥674 P (trend) All men N

Na 326a 321a 316a 311a 1274
Age (years) 77.2 (3.9) 77.7 (4.2) 79.0 (4.6) 79.8 (5.1) b0.0001 78.4 (4.6) 1274
Manual Social class,% (n) 48.3 (157) 42.2 (135) 48.6 (152) 48.7 (150) 0.28b 46.9 (594) 1266
Lives alone, % (n) 15.6 (50) 15.5 (49) 20.7 (65) 24.2 (74) 0.01b 19.0 (238) 1256
Smoker, % (n) 1.9 (6) 1.6 (5) 4.5 (14) 6.6 (20) 0.002c 3.6 (45) 1257
Alcohol (units per week) 6.5 (8.1) 6.9 (8.1) 6.1 (7.1) 5.9 (7.2) 0.17 6.4 (7.6) 1240
BMI (kg/m2) 26.5 (3.2) 27.1 (3.7) 27.3 (3.8) 27.7 (4.4) b0.0001 27.1 (3.8) 1263
Heart rate (bpm) 63.3 (11.0) 64.6 (11.0) 64.3 (12) 65.9 (11.9) 0.01 64.5 (11.5) 1115
Systolic blood pressure (mmHg) 149.1 (17.9) 148.1 (18.4) 146.4 (17.8) 145.9 (20.8) 0.02 147 (19) 1271
Diastolic blood pressure (mmHg) 79.2 (11.2) 77.9 (11.2) 76.8 (11.2) 76.3 (12.2) 0.001 77 (11) 1271
Taking anti-hypertensives, % (n) 48 (158) 51 (165) 56 (178) 61 (189) 0.01b 54.2 (690) 1274
Diabetes, % (n) 10.4 (34) 14.0 (45) 13.3 (42) 18.7 (58) 0.03b 14.1 (179) 1273
cfPWV (m/s) 10.18 (1.68) 10.09 (1.55) 10.21 (1.74) 10.38 (1.79) 0.10 10.21 (1.69) 1174
DC (10−3 kPa−1) 12.39 (3.97) 12.62 (4.39) 12.25 (4.17) 11.67 (4.26) 0.02 12.24 (4.21) 1251
AIx (%) 20.30 (5.71) 20.72 (6.29) 21.47 (6.62) 21.14 (6.12) 0.04 20.90 (6.20) 1264
CIMT (mm) 0.78 (0.14) 0.80 (0.16) 0.81 (0.17) 0.83 (0.15) b0.0001 0.81 (0.16) 1256
Plaque present, % (n) 83.2 (257) 86.6 (264) 88.6 (272) 89.1 (261) 0.12b 86.8 (1054) 1214
Total activity (counts per minute) 243,509 (106,704) 176,267 (87,380) 135,881 (69,693) 99,634 (62,857) b0.0001 164,749 (99,271) 1274
Steps/day 6949 (2906) 5324 (2485) 4224 (2123) 3158 (2036) b0.0001 4938 (2794) 1274
% time spent sedentary 62.0 (7.2) 70.6 (5.5) 75.5 (5.7) 81.2 (6.0) b0.0001 72.2 (9.3) 1274
% time LPA 30.2 (5.5) 24.5 (4.6) 21.0 (4.7) 16.5 (4.9) b0.0001 23.1 (7.0) 1274
% time MVPA 7.8 (4.3) 4.9 (3.0) 3.5 (2.4) 2.3 (2.0) b0.0001 4.7 (3.7) 1274
ST (min/day) 511 (45) 591 (16) 645 (16) 723 (43) b0.0001 616 (84) 1274
LPA (min/day) 252 (60) 209 (50) 182 (50) 149 (51) b0.0001 199 (65) 1274
MVPA (min/day)d 66 (38) 42 (28) 31 (23) 21 (19) b0.0001 40 (33) 1274

BMI, body mass index.
cfPWV, carotid femoral pulse wave velocity.
DC, carotid distensibility coefficient.
AIx, augmentation Index.
CIMT, carotid intima medial thickness.
ST, sedentary time.
LPA, light physical activity.
MVPA, moderate and vigorous physical activity.

a Maximum N in quartile, varies slightly with missing covariate data.
b Pearson chi-square test.
c Fisher's exact test.
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Associations with ST were in the opposite direction and of a similar
magnitude (Table 2, model 5). When models were mutually adjusted,
associations between LPA/ST and cfPWV were weakened, and that be-
tween ST and DC was abolished (models 6 and 7).

4.3. Wave reflection (AIx)

Each 10 min of MVPA per day was associated with a 0.179% lower
AIx (95% CI = −0.297, −0.061), (Table 2 model 3). Each 10 min of ST
was associated with a 0.181% higher AIx (95% CI = 0.038, 0.323)
(model 4).When ST andMVPAweremutually adjusted, the association
withMVPAwasweakened and that with ST abolished (model 6).When
LPA and MVPA were included, the association with MVPA persisted
(model 7).

4.4. CIMT

Eachextra 10min ofMVPAper daywas associatedwith a 0.0031mm
lower CIMT (95% CI = −0.0061, −0.0001) (Table 2 model 3). An
extra 30 min of LPA was associated with a 0.0075 mm lower CIMT
(95% CI=−0.0122,−0.0029) (model 4); LPA coefficients were slightly
smaller thanMVPA (when LPA coefficients were divided by 3, to also re-
late to 10 min increments). The association with ST was in the opposite
direction and of similar size to thatwith LPA (model 5). When LPA or ST
andMVPAweremutually adjusted, associationswith CIMT persisted for
LPA and ST and were abolished for MVPA (models 6 and 7).

4.5. General

Additional adjustment for use of anti-hypertensivemedication or di-
abetes status did not change findings. Excluding men with peripheral
arterial disease (n = 37) made little difference; associations between

cfPWV and LPA or ST were slightly weakened and significance border-
line. The addition of BMI to themodels reduced coefficients for associa-
tions between PA/SB and AIx by 30–45% and associations with CIMT by
19–43%, little changed associations with DC and slightly increased coef-
ficients for associations with cfPWV (≤17%). Adjustment for HR little
changed associations with CIMT strengthened associations with AIx
and abolished associations with cfPWV and DC. MVPA minutes were
right skewed, so analyses were repeated using square root transformed
MVPA, which normalised the distribution. Results were unchanged ex-
cept that aweakpositive association betweenMVPA andDCbecameap-
parent (p = 0.04) and the inverse association between MVPA and AIx
remained significant after adjusting for ST (p = 0.04).

Few men accumulated many bouts of MVPA of ≥10 min; 31% accu-
mulated ≥5 bouts per week, 12% accumulated ≥10 bouts per week. Re-
gression models examining associations between number of minutes
accumulated in bouts of MVPA, LPA or ST of particular lengths and vas-
cularmeasures showed no consistent evidence that accumulating activ-
ity in bouts of shorter (or longer) lengths was associated with these
measures (Supplementary Table S1).

5. Discussion

In this study of older community-dwelling men, higher levels of PA
and lower levels of ST were associated with lower cfPWV, AIx and CIMT
and higher DC. There was no evidence that accumulating PA or ST in
bouts of shorter or longer durations was consistently associated with
any of the vascularmeasureswe examined, suggesting that all PAwas as-
sociated with a lower CVD risk regardless of the pattern in which it was
accumulated. We found some evidence that associations between vascu-
larmeasures and PAwere independent of ST and vice versa, although this
was not entirely consistent across vascularmeasures: the associations be-
tweenMVPA and AIx, ST and CIMT and LPA and CIMT were independent

Table 2
Associations between physical activity intensity, sedentary time and non-invasive vascular measures, β (95% CI) from linear regression analyses, OR (95% CI) from logistic regression
analyses.

cfPWV (m/s)
N = 1118

DC (10−3 kPa−1)
N = 1193

AIx (%)
N = 1206

CIMT (mm)
N = 1197

Plaque
N = 1156

β (95% CI) β (95% CI) β (95% CI) β (95% CI) OR (95% CI)

Model 1
Total vertical counts (per
10,000/day)

−0.012 (−0.023,-0.002) 0.031 (0.005,0.056) −0.065 (−0.105,-0.025) −0.0014 (−0.0024,-0.0004) 1.00 (0.98,1.01)

Model 2
Steps (per 1000 per day) −0.038 (−0.076,0.000) 0.095 (0.006,0.185) −0.257 (−0.399,-0.116) −0.0045 (−0.0081,-0.0010) 0.99 (0.93,1.06)

Model 3
Total MVPA (/10 min/day) −0.022 (−0.054,0.010) 0.064 (−0.010,0.138) −0.179 (−0.297,-0.061) −0.0031 (−0.0061,-0.0001) 0.99 (0.94,1.05)

Model 4
Total LPA (/30 min/day) −0.053 (−0.103,-0.002) 0.103 (−0.013,0.220) −0.155 (−0.339,0.030) −0.0075 (−0.0122,-0.0029) 0.96 (0.88,1.05)

Model 5
Total ST (/30 min/day) 0.043 (0.004,0.082) −0.094 (−0.185,-0.003) 0.181 (0.038,0.323) 0.0061 (0.0025,0.0097) 1.03 (0.96,1.10)

Model 6
Total MVPA (/10 min/day) 0.004 (−0.040,0.048) 0.021 (−0.082,0.124) −0.146 (−0.310,0.018) 0.0007 (−0.0034,0.0048) 1.01 (0.94,1.10)
Total ST (/30 min/day) 0.046 (−0.008,0.101) −0.076 (−0.202,0.050) 0.057 (−0.142,0.256) 0.0066 (0.0016,0.0116) 1.04 (0.94,1.15)

Model 7
Total MVPA (/10 min/day) −0.011 (−0.045,0.023) 0.046 (−0.034,0.126) −0.165 (−0.292,-0.038) −0.0015 (−0.0047,0.0016) 1.00 (0.94,1.06)
Total LPA (/30 min/day) −0.046 (−0.101,0.008) 0.076 (−0.050,0.202) −0.057 (−0.256,0.142) −0.0066 (−0.0116,-0.0016) 0.96 (0.87,1.06)

Men reporting previous diagnosis of heart attack, heart failure and stroke are excluded.
All coefficients adjusted for average daily accelerometer wear time, season of wear, region of residence, age, systolic blood pressure, social class, living alone, tobacco and alcohol
consumption.
cfPWV, carotid femoral pulse wave velocity.
DC, carotid distensibility coefficient.
AIx, augmentation index.
CIMT, carotid intima medial thickness.
MVPA, moderate and vigorous physical activity.
LPA, light physical activity.
ST, sedentary time.
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of other PA and ST variables included in themodel. LPA and STwere high-
ly inversely correlated and therefore their influencewas inter-dependent.
LPA in older adults may well require moderate effort and greater energy
expenditure than in younger adults. We used cutoff values for LPA and
MVPA specifically developed for older adults; (Copeland and Esliger,
2009), which are significantly lower than those frequently used for
young or middle-aged adults, but MVPA and LPA still appear relevant to
development of arterial disease in men of this age.

The absolute values for cfPWV and CIMT depend on themeasurement
technique and device used as well as the levels of cardiovascular risk fac-
tors in the study sample, although values for our study were in line with
other studies: mean cfPWV for men in our study was only a little lower
than European reference values for men over 70 years (10.2 vs. 10.9 m/s)
(The ReferenceValues for Arterial Stiffness' Collaboration) and CIMT a little
higher than worldwide reference values for a healthy sub-population
of men age 80 years (0.81 vs. 0.74 mm) (Engelen et al., 2013).

Of our measures of arterial stiffness/wave reflections, we observed
associations between both PA and ST for cfPWV, DC and AIx. Gomez-
Marcos et al. found similar associations in middle-aged adults
(55 years) between moderate or light activity and AIx, and a detrimen-
tal association between ST and AIx, but it was not reported whether
these associations were independent of each other (Gomez-Marcos et
al., 2014). In line with our findings, some observational studies have re-
ported associations between PA and a lower cfPWV (Andersson et al.,
2015; Laursen et al., 2015), although null or weak associations have
been reported in smaller studies (Gomez-Marcos et al., 2014). In studies
of young and middle-aged adults, vigorous rather than light or moder-
ate PA is reported to be related to arterial stiffness (Huynh et al., 2015;
Andersson et al., 2015; Schmitz et al., 2001). In our population, men
spent less than 5% of each day in moderate or vigorous activity com-
bined; the low prevalence might explain why we did not find associa-
tions between MVPA and cfPWV or DC. Andersson et al. investigated
bouts of MVPA in middle-aged adults (mean age 47 years), and while
higherMVPAwas associatedwith lower cfPWV, therewas no difference
in the associations for short (b10 min) versus long (≥10 min) bouts
(Andersson et al., 2015), suggesting as in our study, that bout duration
may not be relevant to accumulation of physical activity in relation to
these vascular measures. We found associations between PA or ST and
cfPWV and DC were abolished by adjusting for HR, suggesting these as-
sociations are mediated via HR.

Our finding that higher total PA, MVPA and LPA and lower ST levels
were associatedwith lower CIMT are consistentwith conclusions of a lit-
erature review inwhichmost cross-sectional studies showed a beneficial
association between CIMT and self-reported physical activity (Kadoglou
et al., 2008). More recent studies of middle-aged adults report varying
results; in one study, an association between accelerometer-measured
PA andCIMTdid not persist after adjusting for potential confounding fac-
tors (Gomez-Marcos et al., 2014), while in another study, self-reported
PA and CIMT remained associated after adjustment, although for a
more limited range of factors (Khalil et al., 2013). Adjustment for
adiposity might account for some differences; our findings suggest that
some of the association between PA/ST and CIMT may be mediated
through BMI. In a longitudinal cross-European countries study, the
proportion of time spent in accelerometer-measured ST was associated
with a greater CIMT at baseline, while vigorous activity was associated
with a lower CIMT progression over 3 years follow-up (Kozakova et al.,
2010). In our study population, LPA and ST were highly correlated, so
that less ST or more LPA (or vice versa) showed similar associations
with CIMT. We found no associations between any activity variable and
presence of plaque, possibly because the vast majority of men in our
study (87%) had evidence of carotid plaque.

5.1. Study limitations and strengths

Our study has the advantage of being based on a large sample of
community-dwelling men rather than a clinical group at high risk of

CVD or with a specific health condition, but our findings may not be
generalisable to younger age-groups or women. Men who were invited
to the current follow-up but did not participate, were slightly older and
had a slightly higher BMI at a previous follow-up 10 years earlier than
men who did participate in the current study, but this is unlikely to
change the conclusions of this study. The 7-day accelerometer wear
protocol in our study was well adhered to; 96% of men provided the
≥5 days of data needed to predict habitual PA/ST. (Hart et al., 2011)
We used definitions of PA intensity specifically for older adults
(Copeland and Esliger, 2009) since using the higher cut points devel-
oped for middle-aged adults results in extremely low levels of MVPA
(Jefferis et al., 2014) and may not be appropriate for older age-groups.
Previously in this cohort, we have found that similar variables (chronic
conditions, mobility limitations, mental health and wellbeing and vari-
ous activity behaviours) predicted MVPA defined by two different cut
points (Jefferis et al., 2014). Because the ActiGraph accelerometer is
not designed to differentiate sitting from standing (although it com-
pares well with the Activpal monitor that is; Healy et al., 2011), we ver-
ified amounts of ST by changing the definition to b50 cpm; this changed
ST very little, suggesting that inmen aged 70–90 years ST was very sed-
entary and did not include much standing time (Parsons et al., 2016).
We were able to adjust for a range of potential confounding factors al-
though the cross-sectional nature of our data limits our ability to deter-
mine causality, i.e. whether increased PA improves vascular status or a
better vascular status allows more physical activity. The relationships
between objectivelymeasured PA or ST and non-invasive vascularmea-
sures of CVD risk are under-explored and we were able to go beyond
other studies and investigate these relationships in terms of activity of
different intensities and bout length by examining how many minutes
per day were accumulated in bouts of ST, LPA and MVPA of specific
durations.

6. Conclusions

Our study suggests that higher levels of PA and lower levels of ST are
associatedwith lower CVD risk, as indicated by non-invasivemarkers of
arterial stiffness and atherosclerosis. We found no evidence that bouts
ofMVPA lasting ≥10minwere important over and above total amounts,
or that breaking up sedentary time into shorter bouts was beneficial to
the range of vascular measures studied, although we acknowledge that
powermay be limited. Our findings indicate that all activitymatters and
that even LPAmakes an important contribution to total activity in older
men.
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