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ABSTRACT
Sedentary behavior (SB) may affect arterial stiffness, preceding the development of cardiovascular disease. We investigated the 
association of objectively measured SB with arterial stiffness. We also investigated factors that affected this association. We re-
cruited adult volunteers and measured SB with thigh-worn accelerometery for 24 hrs/day for eight consecutive days. Central 
(carotid-femoral pulse wave velocity, cfPWV, gold standard) and local carotid arterial stiffness (stiffness index Beta and pressure-
strain elasticity EP) were measured with ultrasound. Linear regression was used and adjusted for demographics, cardiometa-
bolic factors, and moderate-to-vigorous physical activity (MVPA) volume. Effect modification was studied with interaction terms. 
Participants (N = 664, 64 (standard deviation: 11, range: 23–89) years, 397 (59.8%) male) demonstrated 9.1 (1.6) hrs/day of SB, and 
arterial stiffness was 8.6 (3.0) m/s for cfPWV, 6.4 (2.9) for Beta, and 87 (43) kPa for EP. SB was not associated with cfPWV (β = 0.04 
95% CI (−0.11, 0.18), p = 0.60). The association of SB with local arterial stiffness was modified by systolic blood pressure (SBP) and 
MVPA volume. Stratified analyses revealed positive associations of SB with Beta (β = 0.29 (0.05, 0.53), p = 0.016) and EP (β = 4.83 
(1.39, 8.27), p = 0.006) in participants with SBP > 134 mmHg or > 103 min/day of MVPA (β = 0.23 (0.03, 0.42), p = 0.024 and β = 3.55 
(0.82, 6.29), p = 0.011, respectively). We found no association of objectively measured SB with central arterial stiffness. However, 
SB was positively associated with local carotid stiffness in participants with higher SBP or MVPA levels. In certain subgroups, SB 
may affect carotid arterial stiffening, reinforcing the relation between SB and cardiovascular disease.

1   |   Introduction

The detrimental effects of sedentary behavior (SB) on health 
are well-documented [1, 2]. High volumes of SB are associated 
with an increased risk of cardiovascular disease (CVD) and 

all-cause and CVD-related mortality [3, 4]. Accordingly, the 
World Health Organization's guidelines on physical activity 
and sedentary behavior recommend limiting the time spent 
sedentary and replacing SB with physical activity of any in-
tensity [5]. To better tailor prevention programs, a deeper 
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understanding of the effects of SB on the development of CVD 
is required.

Previous studies have demonstrated that high arterial stiffness is 
related to the development of CVD [6–8]. A recent meta-analysis 
highlighted that arterial stiffening precedes hypertension 
[9] and may therefore contribute to the development of CVD. 
Exposure to excessive levels of SB may affect arterial stiffness, 
which may in part explain the relation between SB and CVD. 
Studies found that SB acutely reduces shear stress and nitric 
oxide availability, which subsequently increases inflammation 
and oxidative stress [10, 11]. These factors promote endothelial 
dysfunction and may thereby contribute to arterial stiffening 
[6, 12]. Nonetheless, the association of SB with arterial stiffness 
remains unclear, primarily since previous studies [11, 13] did not 
adopt current gold standard procedures to objectively evaluate 
SB (i.e., thigh-worn accelerometery [14, 15]).

Therefore, we investigated the associations of objectively mea-
sured SB with measures of central and local arterial stiffness. 
We hypothesized that a positive association exists between SB 
and arterial stiffness. In addition, we aimed to explore potential 
effect modification across subgroups.

2   |   Materials and Methods

2.1   |   Study Design and Population

Adult volunteers were recruited from the Nijmegen Exercise 
Study, a prospective cohort study of Dutch individuals aim-
ing to better understand the impact of lifestyle on disease de-
velopment [16]. Recruitment for the present sub-study took 
place between May 2021 and March 2023. Inclusion criteria 
were Dutch residency and language proficiency, and pregnant 
women were excluded from the present study. Participants were 
physically examined during a single visit to our research cen-
ter at the Radboud University Medical Center (Nijmegen, the 
Netherlands). All participants provided written informed con-
sent. The local Medical Research Ethics Committee of the re-
gion Arnhem-Nijmegen provided approval (NL36743.091.11), 
and the study was conducted in accordance with the Declaration 
of Helsinki.

2.2   |   Data Collection

2.2.1   |   Demographics

Demographics were collected via online questionnaires and in-
cluded: age, sex, level of education, employment status, alcohol 
consumption [glasses/wk], smoking behavior [current smoker, 
former smoker, never smoked], performance of resistance ex-
ercise, medical history, and medication use. Level of education 
was specified as low (i.e., primary school or basic vocational 
education), intermediate (i.e., secondary school or secondary 
vocational education), or high (i.e., higher vocational educa-
tion or academic education). Participants were categorized into 
the “control,” “cardiovascular risk factors (CVRF),” or “CVD” 
group based on medical history and medication use. Participants 
were assigned to the CVRF group if 1) they reported having 

hypertension, hypercholesterolemia, or diabetes mellitus and 
used antihypertensive, cholesterol-lowering, or diabetic medi-
cation, or if 2) they presented with total cholesterol, fasted glu-
cose, or non-fasted glucose concentration greater than 6.5, 6.9, or 
11.0 mmol/L, respectively, at the research visit. Participants who 
reported a history of myocardial infarction, heart failure, stroke, 
or thrombosis and who used cardiovascular medication were as-
signed to the CVD group. Individuals were assigned to the con-
trol group in case of the absence of CVRF and CVD [17, 18].

2.2.2   |   Physical Examination

We assessed the health characteristics of our participants during 
their visit to our research center. Participants were instructed to 
fast for at least 4 h, refrain from strenuous exercise for 24 h, and 
refrain from alcohol and caffeine for 18 h prior to their visit. We 
measured height [cm] and body mass [kg] (Seca GmbH & Co. 
KG, Hamburg, Germany), and we computed body mass index 
[kg/m2]. Non-invasive left brachial systolic blood pressure (SBP, 
[mmHg]), diastolic blood pressure (DBP, [mmHg]), and rest-
ing heart rate [beats/min] were measured twice (M3; OMRON, 
Kyoto, Japan) after at least five minutes of rest in supine position; 
average values were used for analysis. Venous blood was sam-
pled (SST II Advance, 8.5 mL; BD Vacutainer, Franklin Lakes, 
NJ, USA) and coagulated for 45 to 60 min before being centri-
fuged at 3000 revolutions/min for 10 min at 4°C. Serum was 
then transferred to 2 mL microtubes and stored at −80°C until 
analysis. The concentration of the following biomarkers was de-
termined: total cholesterol, high-density lipoprotein (HDL) cho-
lesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, 
glucose hexokinase (all in [mmol/L]), insulin [μIU/mL], cre-
atinine [μmol/L], high-sensitive cardiac troponin I (hs-cTnI, 
[ng/L]), N-terminal pro-B-type-natriuretic-peptide (NT-proBNP, 
[pmol/L]), and C-reactive protein [mg/L]. Analyses were per-
formed batchwise on Atellica (and IMMULITE 2000 for insu-
lin) analyzers (Siemens Healthcare, Erlangen, Germany) in the 
Gelderse Vallei Hospital, Ede, the Netherlands.

2.2.3   |   Sedentary Behavior and Physical Activity

SB was assessed over a period of eight consecutive days using 
the activPAL3 micro triaxial accelerometer (PAL Technologies 
Ltd., Glasgow, UK). During this period, participants were in-
structed to wear the accelerometer on their right thigh for 
24 hrs/day and requested to keep a sleep/wake diary to enable 
automated analysis. Data were extracted via PALbatch (PAL 
Software Suite version 8, PAL Technologies Ltd.) and analyzed 
using a modified version of the script by Winkler et al. [19, 20] 
in SAS (Statistical Analysis System, RRID:SCR_008567, version 
9.4; SAS Institute Inc., Cary, NC, USA). SB was primarily ex-
pressed as total sitting time [hrs/day]. To investigate the relation 
between spending time in prolonged sedentary bouts (≥ 30 min) 
on arterial stiffness, we used the relative bout-to-total sitting 
time (RelBST, [%]), expressed as the percentage of cumulative 
time spent in prolonged sedentary bouts relative to the total sit-
ting time. Other accelerometery parameters included time spent 
in light physical activity (LIPA) and moderate-to-vigorous phys-
ical activity (MVPA) [min/day], sleeping time [hrs/day], and 
step count [steps/day].
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2.2.4   |   Arterial Stiffness

Arterial stiffness was assessed with non-invasive, image-free 
ultrasound technology using the ARTSENS Plus (Healthcare 
Technology Innovation Centre, Indian Institute of Technology 
Madras, Chennai, India) [21]. Measurements were performed 
in supine position after ten minutes of rest, following the expert 
consensus document on the measurement of aortic stiffness 
[22]. Left brachial blood pressure and heart rate were obtained 
by the integrated blood pressure monitor and used for the ac-
quisition of local arterial stiffness parameters. The distension 
of the left common carotid artery was tracked with amplitude-
mode (A-mode) ultrasound at a sampling frequency of 250 Hz, 
from which the dimensionless stiffness index Beta [a.u.] and 
the pressure-strain elasticity EP [kPa] were computed, two 
measures of local arterial stiffness [21, 23, 24]. Central arterial 
stiffness was quantified using the carotid-femoral pulse wave 
velocity (cfPWV, [m/s]), the gold standard for arterial stiffness 
assessment [25]. For this purpose, a thigh cuff was inflated to 
monitor the femoral artery pressure waveforms. The carotid-
femoral pulse transit time was determined from the A-mode 
carotid ultrasound recording and the cuff-based femoral ar-
tery pressure waveforms using the intersecting tangent algo-
rithm [26]. The path length was estimated by subtracting the 
distance from the carotid artery site to the sternal notch and 
the distance from the femoral artery site to the thigh cuff from 
the distance between the sternal notch and the thigh cuff [27]. 
Finally, cfPWV was calculated by dividing the path length by 
the pulse transit time.

2.3   |   Statistical Analysis

Statistical analyses were performed in R (version 4.3.2, 
RRID:SCR_001905), and p-values < 0.05 were considered sta-
tistically significant. Results were presented as mean (standard 
deviation), median [first quartile, third quartile], or number 
(percentage), as appropriate. Participant characteristics were 
stratified for sex and were tested using independent samples t-
test, Mann–Whitney U test, or chi-squared test, as appropriate.

We performed linear regression analyses to investigate the as-
sociation of SB with arterial stiffness and included only indi-
viduals with complete exposure, outcome, and covariate data. 
We created univariable regression models for cfPWV, Beta, and 
EP with total sitting time as the dependent variable. Next, we 
adjusted these models for a priori selected confounders, that 
is, age, sex, employment status, smoking behavior, cardiovas-
cular health group, body mass index, SBP (as acquired by the 
ARTSENS Plus), total cholesterol and C-reactive protein concen-
trations, and time spent in MVPA. Subsequently, we extended 
these models by one interaction term at a time to investigate 
potential effect modification across subgroups. In case of sig-
nificant effect modification, we calculated the unstandardized 
regression coefficient (β) and 95% confidence interval in each 
stratum of the categorical variable or in subgroups based on a 
median split of the continuous variable. Non-linear relations 
were explored by regressing cfPWV on the square of total sitting 
time, but no evidence for such a relationship was found (data not 
presented). Finally, similar regression analyses were performed 
to investigate the associations of RelBST with the three arterial 

stiffness measures. These analyses followed the same procedure 
but used RelBST as the dependent variable and were addition-
ally adjusted for total sitting time.

3   |   Results

A total of 1417 participants visited our research center to un-
dergo physical examination between May 2021 and May 2023. 
Arterial stiffness was measured in a subset of N = 758 partici-
pants. Analyses of the present study were performed on indi-
viduals with complete exposure, outcome, and covariate data, 
resulting in an analytic sample of N = 664 individuals. These 
participants had a mean age of 64 (standard deviation: 11, range: 
23–89) years and were most frequently male (i.e., 397 (60%) 
male and 267 (40%) female, Table 1). On average, participants 
spent 9.1 (1.6) hrs/day sitting and accumulated 50 (12) % of their 
total sitting time in prolonged (i.e., > 30 min) sedentary bouts. 
Participants had a mean cfPWV of 8.6 (3.0) m/s, and local arte-
rial stiffness measures Beta and EP were on average 6.4 (2.9) a.u. 
and 87 (43) kPa, respectively.

3.1   |   Association of Sedentary Behavior With 
Arterial Stiffness

Univariable linear regression analyses showed no associations 
of SB parameters and central or local arterial stiffness mea-
sures (Figure 1, Figure S1, https://​doi.​org/​10.​6084/​m9.​figsh​are.​
25664388). After adjustment for confounders, total sitting time 
and cfPWV were not associated (β = 0.04 (−0.11, 0.18), p = 0.60), 
but local arterial stiffness measures Beta and EP were positively 
associated with total sitting time (Figure 2). Multivariable anal-
yses revealed no associations of RelBST with central or local 
stiffness measures (β = 0.003 (−0.01, 0.02), p = 0.71 for cfPWV; 
β = 0.006 (−0.01, 0.02), p = 0.53 for Beta; β = 0.07 (−0.19, 0.32), 
p = 0.60 for EP).

3.2   |   Factors Modifying the Association 
of Sedentary Behavior With Arterial Stiffness

No evidence was found supporting effect modification across 
subgroups for the association of total sitting time with cfPWV. 
In contrast, total sitting time was positively associated with mea-
sures of local arterial stiffness in participants with values above 
the median for SBP (> 134 mmHg) and time spent in MVPA 
(> 103 min/day, Figure 2, Tables S1–S2, https://​doi.​org/​10.​6084/​
m9.​figsh​are.​25664448). We performed additional, explorative 
regression analyses in three subgroups based on tertiles of 
SBP and MVPA volume. We found similar results, indicating 
significant positive associations of total sitting time with both 
measures of local arterial stiffness in the highest tertiles of SBP 
and MVPA volume (data not shown). Furthermore, the effect of 
RelBST on cfPWV in participants who never smoked seemed 
to be the opposite of the effect in former smokers. Stratified 
analyses revealed no significant associations in either of these 
subgroups (β = 0.02 (−0.006, 0.05), p = 0.13 for participants 
who never smoked; β = −0.02 (−0.05, 0.007), p = 0.15 for former 
smokers). No effect modification was observed for the associa-
tions of RelBST with Beta and EP.
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TABLE 1    |    Participant characteristics of the total sample and stratified by sex.

Total sample N = 664 Female N = 267 Male N = 397 p

Demographics

Age, yrs 64 (11) 62 (12) 66 (10) < 0.001

Male sex 397 (59.8) 0 (0) 397 (100) < 0.001

Level of education < 0.001

Low 49 (7.4) 11 (4.1) 38 (9.6)

Intermediate 260 (39.2) 133 (49.8) 127 (32.0)

High 355 (53.5) 123 (46.1) 232 (58.4)

Employed 342 (51.5) 152 (56.7) 191 (48.0) 0.027

Alcohol consumption, glasses/wka 4 [1, 8] 3 [1, 6] 5 [2, 10] < 0.001

Smoking behavior 0.42

Current smoker 37 (5.6) 11 (4.1) 26 (6.5)

Former smoker 287 (43.2) 118 (44.2) 169 (42.6)

Never smoked 340 (51.2) 138 (51.7) 202 (50.9)

Performing resistance exerciseb 201 (30.5) 87 (32.8) 114 (28.9) 0.30

Comorbidities

Hypertensionc 161 (24.5) 60 (22.6) 101 (25.8) 0.41

Hypercholesterolemiad 132 (20.3) 39 (14.9) 93 (24.0) 0.005

Diabetese 24 (3.7) 6 (2.3) 18 (4.6) 0.14

Myocardial infarctionf 33 (5.0) 3 (1.1) 30 (7.6) < 0.001

Heart failureb 23 (3.5) 4 (1.5) 19 (4.8) 0.029

Strokef 30 (4.5) 10 (3.7) 20 (5.1) 0.45

Thrombosise 17 (2.6) 8 (3.1) 9 (2.3) 0.62

Cardiovascular health group < 0.001

Control 400 (60.2) 175 (65.5) 225 (56.7)

Cardiovascular risk factors 195 (29.4) 79 (29.6) 116 (29.2)

Cardiovascular disease 69 (10.4) 13 (4.9) 56 (14.1)

Physical examination

Body mass index, kg/m2 24.4 (3.1) 23.6 (3.6) 25.0 (2.6) < 0.001

Systolic blood pressure, mmHg 139 (17) 136 (19) 141 (16) < 0.001

Diastolic blood pressure, mmHg 83 (9) 82 (9) 84 (9) 0.001

Resting heart rate, beats/min 60 (10) 61 (9) 59 (10) < 0.001

Total cholesterol, mmol/L 5.2 [4.6, 6.0] 5.6 [4.9, 6.3] 5.0 [4.3, 5.8] < 0.001

HDL cholesterol, mmol/L 1.6 [1.3, 1.9] 1.8 [1.6, 2.1] 1.4 [1.2, 1.7] < 0.001

LDL cholesterol, mmol/L 2.9 [2.3, 3.5] 3.0 [2.4, 3.6] 2.9 [2.2, 3.5] 0.22

Triglycerides, mmol/L 1.0 [0.8, 1.3] 1.0 [0.7, 1.3] 1.0 [0.8, 1.4] 0.017

Glucose, mmol/Lg 5.0 [4.7, 5.3] 5.0 [4.7, 5.2] 5.0 [4.7, 5.4] 0.013

Insulin, μIU/mL 2.9 [2.0, 5.8] 2.5 [2.0, 5.0] 3.3 [2.0, 6.3] 0.009

Creatinine, μmol/L 77 [67, 85] 67 [61, 73] 83 [75, 91] < 0.001

(Continues)
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4   |   Discussion

To our knowledge, our study is the first to evaluate the asso-
ciations of objectively measured SB using thigh-worn acceler-
ometery with measures of central and local arterial stiffness 
while we also explored effect modification across subgroups. 
In participants of the Nijmegen Exercise Study, we found no 
association of SB with central arterial stiffness (i.e., cfPWV) 
and did not identify variables modifying this association. In 
contrast, positive associations of SB with local arterial stiff-
ness measures (i.e., stiffness index Beta and pressure-strain 
elasticity EP) were found, especially in individuals with 
higher levels of SBP or time spent in MVPA. These findings 
suggest that SB may affect local rather than central arterial 
stiffness and that the strength of this relationship may differ 
across subgroups.

In contrast to our hypothesis, we found no association of SB 
with cfPWV, the gold standard for measuring arterial stiffness 
[25]. Moreover, we observed no effect modification regarding 
this association. Previous studies in this area have presented 
conflicting results [13]. Similar to our findings, most studies on 
the long-term effects of SB reported no association of SB with 
cfPWV after adjustment for confounders [28–31]. Studies re-
porting a positive association of SB with cfPWV did not adjust 
for physical activity level in their models [32, 33] or found an as-
sociation in the most sedentary quartile only [34]. Importantly, 
previous studies examining the potential relation between SB 
and arterial stiffness did not use thigh-worn devices, which is 
highly relevant as these devices are currently considered the 
gold standard for the assessment of SB. A key advantage of 
thigh-worn devices is their ability to distinguish sitting from 
standing postures, crucial in evaluating SB [14, 15]. The use of 
thigh-worn accelerometery therefore substantiates the validity 
and novelty of the present study. Given the widespread recog-
nition and adoption of cfPWV as the gold standard for arterial 
stiffness assessment [25], the current lack of association be-
tween cfPWV and SB is highly relevant. The overall evidence 
from this and previous studies suggests that SB may not be di-
rectly associated with central arterial stiffness. This warrants 
further research on investigating via which mechanisms SB 
may be harmful to cardiovascular health.

Unlike our observations for central arterial stiffness, we found a 
significant positive association of SB with local carotid arterial 
stiffness after adjustment for confounders. This finding rein-
forces the observations of previous studies on this topic [35, 36]. 
Importantly, prior studies employed various measures to quan-
tify local carotid stiffness [23, 24, 35, 36], illustrating the novelty 
and lack of consensus within this research field. Interestingly, 
we found that the association of SB with carotid arterial stiff-
ness was modified by two factors: SBP and time spent in MVPA. 
Regarding SBP, we observed that the individuals with higher 
SBP (i.e., > 134 mmHg) are less healthy than those with a lower 
SBP (i.e., < 134 mmHg) in terms of cardiometabolic markers (e.g., 
higher prevalence of CVRF, body mass index, glucose concentra-
tion, and carotid stiffness measures). The poorer cardiometabolic 
health may reflect some degree of endothelial dysfunction, mak-
ing the carotid arteries more susceptible to stiffening in response 
to SB [10, 11]. These findings suggest that excessive sitting may 
have the largest impact on those who already are at increased 
risk of CVD, which emphasizes the importance of limiting SB. 
Further research is warranted to investigate this hypothesis.

In addition, SB was more strongly related to local arterial stiff-
ness in those spending more time in MVPA. This contradicts 
the assumption that sedentariness is most strongly associated 
with cardiovascular outcomes in those who are inactive [1, 3]. 
Importantly, despite the significant interaction term, the effect 
estimates were positive in both the lower and higher MVPA 
volume subgroups, and the difference between estimates was 
small. The effect modification by time spent in MVPA in our 
data may thus be limited. The modification by time spent in 
MVPA is most likely explained by the overall activity levels of 
our sample since all 664 participants meet the minimum physi-
cal activity level as proposed by the World Health Organization 
guidelines [5]. The relatively high level of MVPA in our sample 
may potentially offset the association of SB with carotid arterial 
stiffness. Alternatively, the stronger association in those with 
higher MVPA volumes may relate to differences in total sitting 
time between the two subgroups. Another explanation could be 
that the subgroup with higher levels of MVPA represents fitter 
individuals who also perform more resistance exercise, which 
may be related to increased arterial stiffness [37]. However, our 
questionnaire data revealed no such difference between the 

Total sample N = 664 Female N = 267 Male N = 397 p

C-reactive protein, mg/L 4.0 [4.0, 4.0] 4.0 [4.0, 4.0] 4.0 [4.0, 4.0] 0.44

Hs-cTnI, ng/Lh 4.5 [2.7, 7.9] 3.1 [2.5, 5.6] 5.5 [3.5, 9.1] < 0.001

NT-proBNP, pmol/Li 11.0 [6.0, 19.0] 12.0 [7.0, 19.0] 10.0 [5.0, 19.0] 0.093

Time spent in LIPA, min/day 282 (80) 299 (75) 270 (82) < 0.001

Time spent in MVPA, min/day 108 (38) 110 (38) 106 (38) 0.13

Sleeping time, hrs/day 8.4 (1.3) 8.6 (1.3) 8.3 (1.2) 0.001

Step count, steps/day 13 833 (4795) 14 302 (4713) 13 518 (4830) 0.039

Note: Results were presented as mean (standard deviation), median [first quartile, third quartile], or number (percentage), as appropriate. Variables marked with 
symbols describe aN = 655, bN = 660, cN = 657, dN = 650, eN = 656, fN = 661, gN = 631, hN = 659, iN = 663 participants.
Abbreviations: HDL, high-density lipoprotein; hs-cTnI, high-sensitive cardiac troponin I; LDL, low-density lipoprotein; LIPA, light physical activity; MVPA, 
moderate-to-vigorous physical activity; NT-proBNP, N-terminal pro-B-type-natriuretic peptide.

TABLE 1    |    (Continued)
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FIGURE 1    |     Legend on next page.
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subgroups. Finally, residual confounding (e.g., by menopausal 
status) could have distorted the current findings although we 
expect that our models were adjusted adequately for relevant 
confounders. Taken together, SB was associated to local carotid 
arterial stiffness, reinforcing the findings of previous studies. 
Nonetheless, the limited amount of evidence in this research 
field and the counterintuitive effect modification by MVPA 
volume warrant additional research to provide context to the 
current findings. Moreover, further research is needed to inves-
tigate if the current findings are generalizable, to investigate 
causality, and to identify subgroups that may be more prone to 
carotid arterial stiffening as a result of sedentariness.

An unexpected observation is that SB is associated with local 
but not central arterial stiffness. Aortic and carotid arterial 
beds are closely related in terms of biomechanical properties, 
characterized by elastic fibers with little musculature [38]. In 
addition, both aortic and carotid stiffness are known to in-
crease with age and in the presence of CVRF [39]. Although 
a correlation between aortic and carotid stiffness parameters 
is observed, this correlation is not strong [40], and both aor-
tic and carotid arterial stiffness are independently associated 
with increased risk of cardiovascular events [7, 8, 41, 42]. This 
suggests that aortic and carotid stiffness are related but are 
not the same, which may explain the discrepancy between 
the associations of SB with local and central arterial stiffness. 
A difference between these arteries that may explain the dif-
ferent associations with sedentary behavior relates to blood 
flow. Whilst various regulatory mechanisms attenuate sub-
stantial blood flow fluctuations and attempt to keep carotid 
blood flow stable  [43], aortic blood flow can vary markedly. 
Nonetheless, exposure to prolonged periods of sedentary time 
causes reductions in cerebral perfusion [44] and therefore 
also lowers blood flow through the carotid arteries. Although 
these decreases in perfusion can be counteracted by physical 
activity, moderate-to-high-intensity exercise only minimally 
elevates cerebral blood flow velocity by 10%–20% [43, 45]. In 

marked contrast, large flow fluctuations are present in the 
aorta during physical activities, with little work that examined 
the impact of sedentary time on aortic blood flow responses. 
The relatively large effects of SB on local carotid artery blood 
flow, compared to aortic blood flow, may contribute to these 
differences between arteries in relation to SB.

4.1   |   Strengths and Limitations

The current study has several strengths. Thigh-worn accelerome-
tery was used, which is superior to questionnaires but also to wrist- 
or hip-worn accelerometery for assessing SB [14, 15]. Furthermore, 
due to our sample size and comprehensive evaluations, we were 
able to adjust for multiple relevant confounders in our analyses of 
both central and local arterial stiffness. The study also has some 
limitations. As an individual's SB varies over the course of his/
her life and arterial stiffness takes prolonged periods of time to 
adjust, longitudinal and repeated analyses seem most suitable for 
assessing the impact of SB on arterial stiffness. Another limitation 
of the current cross-sectional analysis is that causation cannot be 
inferred. Nonetheless, our findings provide novel insights into the 
association of SB with central and local arterial stiffness.

4.2   |   Conclusion

SB assessed with thigh-worn accelerometery was not associ-
ated with central arterial stiffness among 664 individuals of the 
Nijmegen Exercise Study cohort, and this association was con-
sistent across subgroups. Conversely, SB was associated with 
local arterial stiffness. Notably, those with higher levels of SBP 
or time spent in MVPA showed stronger associations of SB with 
local arterial stiffness than those with lower levels. These find-
ings suggest that SB is associated with stiffness of the carotid 
arteries in certain subgroups, even after adjustment for relevant 
confounders influencing arterial stiffening. Given the known 

FIGURE 1    |    Univariable associations of sedentary behavior with arterial stiffness measures. Associations of total sitting time (left panels) and 
relative bout-to-total sitting time (right panels), with (A–B) carotid-femoral pulse wave velocity, (C–D) stiffness index Beta, and (E–F) pressure-
strain elasticity EP. Each dot represents an individual data point, and the red line represents the linear regression model. β indicates the regression 
coefficient and 95% confidence interval.

FIGURE 2    |    Multivariable associations of total sitting time with local arterial stiffness measures. Regression coefficients describing the association 
of total sitting time with (A) stiffness index Beta and (B) pressure-strain elasticity EP when adjusted for age, sex, employment status, smoking 
behavior, cardiovascular health group, body mass index, SBP, total cholesterol and C-reactive protein concentrations, and time spent in MVPA. 
Results are presented for the total sample and for subgroups based on a median split of effect-modifying variables (i.e., SBP and time spent in MVPA). 
CI, Confidence interval; MVPA, Moderate-to-vigorous physical activity; SBP, Systolic blood pressure.
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risks of increased carotid arterial stiffness, larger volumes of SB 
may contribute to the development of CVD. Further research is 
required to longitudinally evaluate the effect of sedentariness 
on arterial stiffness and the corresponding risk of CVD.

4.3   |   Perspective

A large body of evidence indicates that improving cardiovascu-
lar health requires adequate physical activity but also limitation 
of SB [3, 4]. According to our findings, this paradigm is not re-
flected in central arterial stiffness whilst it does seem applicable 
to carotid arterial stiffening. Given the cerebrovascular risks of 
carotid arterial stiffening [41, 42, 46], SB reduction might be es-
pecially effective for reducing the risk of stroke. Longitudinal 
follow-up studies are needed to disentangle the effects of SB 
and physical activity on carotid arterial stiffening and the corre-
sponding risk of cerebrovascular diseases and CVD in general. 
Further research using (compositional) isotemporal substitution 
modeling to account for the co-dependency of physical behav-
iors may provide novel insights.
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