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Purpose: Arterial stiffness describes the rigidity of the arterial walls and is associated with
risk factors for cardiovascular disease (CVD). Arterial stiffness predicts future events and
mortality, and the predictive value is stronger in younger versus older subjects. The aims of
the present study were, firstly, to present data on physical activity (PA) and time spent
sedentary, in the population of Swedish, young adults. Secondly, to explore the association
between PA and arterial stiffness.

Material and Methods: Sclf-reported healthy, non-smoking, Swedish, young adults, 18-25
years old, participated in the cross-sectional Lifestyle, Biomarkers and Atherosclerosis
(LBA) study. The daily PA was objectively measured with an accelerometer for 1 week.
Of the 834 participants, 658 individuals had valid registrations. The arterial stiffness mea-
sures, pulse wave velocity (PWV) and augmentation index (AIx) were measured with
applanation tonometry.

Results: Women were on overall more physically active than men, they spent 214 min/day
in light PA (LPA) compared to men who spent 202 min/day. Women took significantly more
steps per day than men, 7796 vs 7336 steps/day, and spent less time sedentary, 523 min/day,
compared to men who spent 547 min/day sedentary. In total, 76% of the individuals spent on
average at least 30 minutes per day in the recommended moderate and vigorous PA (MVPA).
Lower arterial stiffness was associated with more MVPA and total PA in the total population.
Conclusion: We conclude that in this age group of young, self-reported healthy adults
18-25 years, it is important to highlight the health-enhancing possibilities of time spent in
physical activity on the vascular function, measured as PWV and Alx. It is of high relevance
in a public health perspective to expand preventive efforts beyond the high-risk groups and
encourage young adults to be physically active.

Keywords: accelerometry, atherosclerosis, healthy population, pulse wave analysis, pulse
wave velocity

Introduction

Atherosclerosis is a complex, chronic vessel wall disease that often leads to severe
and acute cardiovascular disease (CVD). The atherosclerotic process is slow, starts
already in childhood and develops over decades.' Since most of the risk factors for
atherosclerosis are preventable,” it is of great importance to investigate the impact

of lifestyle-related factors on arterial stiffness in young adults who are about to
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create their own habits which could be seen as a part of
long-term primary prevention. Arterial stiffness describes
the rigidity of the arterial walls.* Along with healthy age-
ing there is a progressive stiffening of the elastic arteries,
this has been described in several longitudinal studies.””’
The stiffening of the arteries increases the wave reflection
from peripheral points in the arterial tree, leading to
increases in ventricular afterload and less diastolic coron-
ary perfusion, resulting in risk of myocardial hypertrophy
and ischemia.® Previous studies have shown that arterial
stiffness is associated with the presence of cardiovascular
risk factors and atherosclerotic disease in adults.*®
A meta-analysis also showed that aortic stiffness predicts
future events and mortality and the predictive value was
stronger in younger versus older subjects, even after
accounting for other established risk factors.’

It is well established that physical activity (PA) is
protective in the development of atherosclerosis'® and
that PA is inversely associated with cardiovascular mor-
bidity,
mortality.'""' Regular PA also reduces the risk of several

cardiovascular ~ mortality = and  all-cause
other health outcomes such as hypertension, type 2 dia-
betes mellitus, obesity, osteoporosis, colon cancer, breast
cancer, anxiety, and depression.'> Based on this knowl-
edge, recommendations on physical activity for health
have been developed. According to the WHO recommen-
dations for healthy adults, 18—64 years, you promote and
maintain good health if you perform aerobic PA at
a moderate-intensity level of at least 150 minutes per
week.'*

Higher levels of physical activity (PA) attenuate the
increase in arterial stiffness that occurs with ageing'® and
several studies have investigated the association between
arterial stiffness and objectively measured PA but the
results are conflicting.'® ' In a longitudinal study follow-
ing individuals from adolescence to the age of 36 years,
they showed that performing vigorous physical activity
(VPA), but not light-to-moderate physical activity had
a beneficial impact on arterial stiffness later in life.?’
However, in a systematic review and meta-analysis with
different age groups and also patient groups included, it
was found that time spent in light and moderate physical
activity were associated with lower arterial stiffness while
time spent in sedentary was associated with higher arterial
stiffness.”! Healthy young adults are underrepresented in
the CVD literature compared to different patient groups
and since the knowledge about the association between
objectively measured PA and arterial stiffness is limited in

Swedish young adults, the purposes of the present study
were, firstly, to present data on PA and time spent seden-
tary, in the population of Swedish, young adults, including
analyses of sex differences. Secondly, to explore the asso-
ciation between PA and arterial stiffness, in this age group,
with respect to confounding variables such as mean arter-
ial pressure (MAP), age, height, and PWV.*

In addition to this purposes, we also wanted to inves-
tigate if young adults, earlier classified as being at risk for
atherosclerosis and cardiovascular disease” by using the
definition by Wildman,>*** differed in their PA levels
compared to young adults not being at risk.

Materials and Methods

Study Population
Self-reported healthy,
adults, 18.0-25.9 years old, participated in the cross-

non-smoking, Swedish, young

sectional Lifestyle, Biomarkers and Atherosclerosis
(LBA) study.”® The study participants were mainly stu-
dents (94%), with no difference between women and men.
The 834 individuals who met the inclusion criteria (ie,
18-25 years, non-smoking, self-reported healthy without
chronic diseases) did two visits with approximately 1 week
apart, to examine vessel status, biomarkers, and lifestyle
factors.?® All individuals had oral and written information
about the study and gave their written consent to partici-
pate. The study design was approved by the Uppsala
Ethics Committee (Dnr: 2014/224) and all procedures
were performed in accordance with the ethical standards
of the Regional Ethics Committee in Uppsala and with the
1964 Helsinki Declaration and its later amendments or

comparable ethical standards.

Body Composition

Height, weight, and percentage of body fat were measured
with the subject in a fasting state. Height was measured to
the nearest 0.5 cm with a fixed stadiometer. Weight was
measured, and percentage of body fat was calculated using
an impedance body composition analyzer (Tanita BC-418
MA, Tanita Europe B.V., Amsterdam, Netherlands). Body
mass index (BMI) (kg/m?) was calculated.

Biomarkers and Definition of Early Risk

Factors for Atherosclerosis

Blood samples were collected with the individuals in
a fasting state, and venipuncture was performed after
a resting period of approximately 20 minutes. High-density
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lipoprotein cholesterol (HDL-C), triglycerides, and glucose
(mmol/L) were analyzed on an Ortho Clinical Diagnostics™
(Vitros 5.1TM FS; Clinical Chemistry Instruments, Raritan,
NJ, USA). Insulin (mU/L) was analyzed on an Architect
i2000SR instrument from Abbott (Architect i2000SR,
Abbott Park, IL, USA) and high-sensitive C-reactive protein
(hs-CRP) (mg/L) was analyzed with the method from
Siemens®’ (ADVIA 1800 Chemistry System; Upplands
Visby, Sweden). Homeostasis model of assessment of insu-
lin resistance (HOMA-IR) was calculated using Matthews’
equation, insulin (mU/L) x glucose (mmol/L)/22.5.%8
Analyses were performed at the accredited clinical chemistry
laboratory at Orebro University Hospital, as earlier
described.”

The definition by Wildman***> was used to classify
individuals being at risk for atherosclerosis and CVD.
Individuals having two or more of the following character-
istics were classified as being at risk according to
Wildman’s cut-off values; elevated blood pressure (130/
85 mmHg), elevated triglycerides (=1.70 mmol/L),
decreased HDL-C (women <1.30 mmol/L, men <1.04
mmol/L), elevated glucose (=5.6 mmol/L), insulin resis-
tance (HOMA-IR >2.52), elevated hs-CRP
(>5.07 mg/L).

and

Physical Activity
The study participant’s daily PA was objectively measured
with an accelerometer (ActiGraph, model GT3X+,
Pensacola, FL, USA). The intensity (light, moderate, and
vigorous PA, see definitions below) and duration of PA, as
well as sedentary time,”” were recorded over 1 week. The
study participants were instructed to wear the acceler-
ometer on an elastic belt around their waist at their lower
back during all waking time, except during water
activities.>® The accelerometer data were processed and
analyzed with the Actilife software (ActiLife, version
6.13.3, ActiGraph, Pensacola, FL, USA). The acceler-
ometer was initialized with a raw data sampling frequency
of 30 Hz, and uniaxial (vertical) analyses with 60-s epoch
was used. Non-wear time was defined by an interval of at
least 60 consecutive minutes of 0 counts per minute with
an allowance for maximum 2 minutes of counts between 0
and 100. Wear-time was defined by subtracting non-wear
time from 24 hours®' and the wear-time criteria to be
included in the analyses were at least 10 hours of wear-
time per day, and at least 4 valid days.****

The cut-off points used to define different PA intensity
levels were for light-intensity PA (LPA) <2020 counts, for

moderate-intensity PA (MPA) 2020-5999 counts, and for
vigorous-intensity PA (VPA) >5999 counts per minute.
Moderate- and vigorous physical activity (MVPA) were
defined as >2020 counts without any distinction between
MPA and VPA.*' Total PA per day is the sum of LPA and
MVPA in minutes per day. Sedentary time was defined as
registration time with <100 counts per minute.*> Number
of steps was also registered by the accelerometer.

Study participants in the LBA population with valid PA
data, who met the MVPA recommendations, were also
analysed. Current Swedish national guidelines** based on
the physical activity recommendations from WHO'
recommend at least 150 minutes/week of MVPA. Since
not all participants with valid PA data reached 7 days (a
week) valid registration, we calculated the average time in
MVPA/day by dividing total time in MVPA with the
number of valid days. We then categorized the participants
accumulating at least 30 minutes per day in MVPA as
“reaching 30 minutes MVPA per day” and the participants
accumulating less than 30 minutes as “not reaching 30
minutes MVPA per day”. In the same way the study
participants with more than 60 minutes in MVPA per day
were categorized as “reaching 60 minutes MVPA per day”.

Blood Pressure and Arterial Stiffness

Measurements

Brachial blood pressure was measured with an oscillo-
metric, non-invasive blood pressure method, after 10 min-
utes rest in a supine position, using a digital automated
device (Dinamap V100, GE Healthcare, Buckinghamshire,
UK) as earlier described.>® The stiffness measurements,
PWA and PWV were measured with SphygmoCor
AtCor Medical Pty Ltd,
Australia) as earlier described.’> For PWA, a radial artery

(SphygmoCor, Sydney,
tonometry was performed at the subject’s right wrist and
the aortic pressure waveform was derived from the radial
waveform by a validated transfer function.*® At least three
measurements were made on each test subject and an
average of Alx HR75 from three measurements were
reported for each subject with a standard deviation (SD)
for repeated measurements of =+£2. For interpretation,
higher value of AIx_HR75 indicates stiffer vessels.

For PWV, carotid and femoral pulse waves were
recorded with applanation tonometry with simultaneously
electrocardiography (ECG) recording to get the pulse tran-
sit time.*> At least three measurements were performed
and PWV was calculated using the transit time and the

Vascular Health and Risk Management 2021:17

177

Dove:


http://www.dovepress.com
http://www.dovepress.com

Fernberg et al

Dove

measured distance with an SD of 0.44 m/s for repeated
measurements. Distance was measured as a straight line
from the sternal to the carotid site, and from the sternal
notch to the femoral site via the umbilicus. The length
between the sternal notch and the carotid site was sub-
tracted from the length between the sternal notch and the
femoral site to get the distance.>’” When three measure-
ments were stable within 0.5 m/s between three measure-
ments, the examination was ended and an average of the
three measurements was calculated. For interpretation,
higher value of PWYV indicates stiffer vessels.

Statistical Analyses

Statistical calculations were performed using IBM SPSS
Statistics, version 25.0 for Windows (IBM SPSS Statistics
25, IBM Corp, Armonk, New York, USA). The Shapiro—
Wilk test was used to check all variables for normal dis-
tribution. Descriptive data in normal distributed variables
are presented as mean and standard deviation, and skewed
variables are presented as median and interquartile range.
The natural logarithms of the skewed variables were used
when applying unpaired Student #-test for comparing mean
differences between the sexes, between individuals with
valid data for the accelerometer registration (ie, 4 valid
days with at least 10 hours per day) vs excluded indivi-
duals, between the individuals reaching 30 minutes MVPA
per day vs not reaching 30 minutes MVPA per day, and
between time spent in different intensity levels (ie LPA,
MPA, VPA, MVPA, and time spent in sedentary (min/
day)) in individuals at risk and not at risk, according to
Wildman’s risk score. For comparisons of arterial stiffness
measurements (ie PWV and AIx _HR75) across the MVPA
categories, not reaching 30 minutes MVPA per day, reach-
ing 30 minutes MVPA per day, and reaching 60 minutes
MVPA per day, one-way ANOVA with Hochberg’s GT2
post-hoc test was applied. Significance level was set to
p<0.05 in all tests.

Simple linear regression was used to study the associa-
tions between time spent in different intensity levels and
arterial stiffness measurements. Corrections for multiple
comparisons were made according to Bonferroni. Based
on the number of tests, the Bonferroni correction resulted
in the following: Significant level <0.05 required
p<0.0025, significant level <0.01 required p<0.0005, and
significant level <0.001 required p<0.00005.

Multiple regression analyses were performed with
arterial stiffness measurements as dependent variables to
explore the effect of PA per day. In addition to PA,

confounding variables (age, height, MAP, and PWV) car-
lier described in the literature as determining factors of
arterial stiffness were included in the multiple regression
models.*?

Results

Of the total population (834 individuals), 828 individuals
used and returned their accelerometer. A total of 658
individuals (73% women) who fulfilled the PA wear-time
criteria were included in the analyses, see Figure 1. In
comparisons between individuals with valid PA data and
the individuals excluded because of no valid PA data, the
analyses showed that the women with valid PA data had
significantly lower BMI (p<0.05) and percentage of body
fat (p<0.01) than the excluded women. The men with
valid PA data had significantly lower glucose (p<0.05),
HOMA-IR (p<0.05), and Alx HR75 (p<0.05), than the
excluded men.

Basic characteristics and PA data of the 658 individuals
are presented divided into categories, women and men,
Table 1. There were significant differences between
women and men in all basic characteristics, p<0.01, except
for age, triglycerides, HOMA-IR, hs-CRP, and diastolic
blood pressure (DBP). Daily median accelerometer wear
time was 13.2 h per day in the total population with no
significant differences between women and men. Women
spent significantly more time per day in LPA (p<0.01) and
total PA (p<0.01), were less time sedentary (»p<0.001), and
took significantly more steps per day (p<0.05), than men.
There were no significant differences between women and
men in how much time they spent in MPA, VPA, and
MVPA per day, Table 1.

On average, women and men accumulated 523 (481-565)
and 547 (506-593) minutes per day in sedentary time,

Total population

n=834
(69 % women)
Dropped out Completed registrations
n=6 n=828
(50 % women) (69 % women)
Valid data Non valid data
(600 min 4 days) (<600 min/day and <4 days)
n =658 n=170
(73 % women) (56 % women)

Figure | Sampling procedure of the physical activity (PA) data in the Lifestyle,
Biomarkers, and Atherosclerosis Study.
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Table | Basic Characteristics in the Study Participants with Valid Physical Activity (PA) Data

Women (n=478) Men (n=180) P-values
Age (years) 21.9 1.9 22.1 2.0 0.340
Height (cm) 168.6 6.2 181.6 6.5 <0.001
Weight® (kg) 62.3 (56.1-68.1) 75.8 (69.8-83.7) <0.001
BMI? (kg/m?) 21.7 (20.0-23.8) 22.7 (21.3-25.2) <0.001
Body fat (%) 27.7 6.5 15.0 4.2 <0.001
Triglycerides® (mmol/L) 0.7 (0.6-1.0) 0.7 (0.6-0.9) 0.406
HDL-C (mmol/L) 1.4 0.4 1.2 0.3 <0.001
Glucose (mmol/L) 4.9 0.3 5.1 0.3 <0.001
HOMA-IR* 1.6 (1.1-2.2) 1.5 (1.1-2.0) 0.444
hs-CRP (mg/L) 0.7 (0.3-1.9) 0.6 (0.2-1.3) <0.01
SBP (mmHg) 110 9 122 I <0.001
DBP (mmHg) 64 6 64 7 0.352
MAP (mmHg) 80 7 85 7 <0.001
PWV (m/s) 5.2 0.7 5.5 0.9 <0.001
Alx_HR75 5.0 9.7 -9.3 8.7 <0.001
Sedentary® (min/day) 523 (481-565) 547 (506-593) <0.001
LPA* (min/day) 214 (187-244) 202 (176-231) <0.01
MPA? (min/day) 38 (28-51) 38 (27-47) 0.339
VPA? (min/day) 33 (0.4-9.4) 29 (0.6-8.1) 0.152
MVPA? (min/day) 45 (31-58) 44 (29-56) 0.527
Total PA® (min/day) 263 (226-298) 249 (218-281) <0.01
Steps® (steps/day) 7796 (6123-9403) 7336 (5773-8749) <0.05

Notes: Data are presented in women and men as mean and standard deviation (SD), and as *median and interquartile range (Q1-Q3). Mean differences between the
women and men were analyzed by unpaired Student t-test. Logarithms were made of skewed variables before the analyses. Level of significance was set at P<0.05.
Abbreviations: BMI, body mass index, body fat, percentage of body fat; DBP, brachial diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; HOMA-
IR, homeostasis model assessment of insulin resistance; hs-CRP, high-sensitive C-reactive protein; LPA, light-intensity physical activity; MAP, brachial mean arterial
pressure; MPA, moderate-intensity physical activity; MVPA, moderate and vigorous physical activity; SBP, brachial systolic blood pressure; total PA, total physical

activity (LPA+MVPA); VPA, vigorous-intensity physical activity.

respectively. That corresponds to approximately 67% and
69%, respectively, in sedentary time of total registration time
per day. Women and men accumulated on average 45 (31-58)
and 44 (29-56) minutes per day, respectively, in MVPA with
large individual variations. Total daily time spent in MVPA
varied from 7 to 203 minutes in women and from 4 to 294
minutes in men. In total 76% of the individuals spent on
average at least 30 minutes per day in MVPA. There was no

significant difference between women and men, 77% of

women and 74% of men spent on average at least 30 minutes
per day in MVPA.

When comparing subjects at risk and subjects not at
risk, according to Wildman’s risk score, subjects at risk
had less time spent in LPA (p<0.01) and less time spent in
total PA (p<0.01) per day, Table 2. The women reaching
30 minutes MVPA per day had significantly lower
Alx _HR75 (p<0.05) compared to women not reaching 30

minutes MVPA per day. The same result was seen in

Table 2 Distribution of Time Spent in Different Physical Activity Intensity Levels (Min/Day) and Steps per Day, in the Total Population,
Divided in the Categories At Risk and Not At Risk According to Wildman’s Risk Score

Time Spent in PA Levels per Day At Risk (n=68) Not at Risk (n=590) P values
Sedentary (min/day) 538 (481-588) 528 (484-572) 0.646
LPA (min/day) 203 (169-233) 211 (186-242) <0.01
MVPA (min/day) 41 (27-57) 45 (31-57) 0.178
Total PA (min/day) 238 (213-283) 262 (226-296) <0.01
Steps (steps/day) 7254 (5650-8699) 7625 (6077-9334) 0.062

Notes: Results (median and QI-Q3) are presented in the total population at risk and not at risk according to Wildman’s risk score. Mean differences in time spent in
different intensity levels (min/day) between study participants at risk and not at risk were analyzed with unpaired Student t-test. Level of significance was set at P<0.05.
Abbreviations: LPA, light-intensity physical activity; MVPA, moderate and vigorous physical activity; total PA, total physical activity (LPA+MVPA).
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00

— %

-4,00

-6,00

-8,00

Mean +- 2 SE Augmentation index adjusted to heart
rate 75 beats/imin

-10,00

< 30 min/day in MVPA

> 30 min/day < 60 min/day in
MVPA

> 60 min/day in MVPA

Moderate and vigorous physical activity (min/day)

Figure 2 Alx_HR75 (Augmentation index adjusted to heart rate 75 beats/min) in the moderate and vigorous physical activity (MVPA) categories not reaching 30 minutes
MVPA per day (n=157), reaching 30 minutes MVPA per day (n=353), and reaching 60 minutes MVPA per day (n=144) in total population with valid physical activity data. Study
participants who spent <30 minutes per day in MVPA had significantly higher Alx_HR75 than study participants who spent >60 minutes/day in MVPA, *P<0.05.

comparison between women reaching 60 minutes MVPA
per day compared to women not reaching 30 minutes
MVPA per day (p<0,05). No significant differences were
seen in men. In total population, the study participants
reaching 60 minutes in MVPA per day had significantly
lower AIx HR75 (p<0.05) than the ones not reaching 30
minutes MVPA per day, Figure 2. No significant differ-
ences in PWV were seen between the groups.

Significant inversed associations (standardized P coef-
ficients and P-value) were seen between Alx HR75 and
MVPA (-0.166; p<0.001), total PA (—0.116 p<0.05), and
steps (—0.150; p<0.001) per day, in women. In men,

a significant inverse association was seen between
Alx HR75 and total PA (—0.153; p<0.05). Significant
inversed associations were also seen between PWV and
MVPA (-0.104; p<0.05), and PWV and steps (—0.128;
p<0.01) per day in women (ie, lower stiffness when
more PA). After Bonferroni correction, significant inverse
associations were still present between Alx HR75 and
MVPA and between Alx HR75 and steps per day, in
women Table 3.

To explore the effect of total PA and MVPA per day on
Alx_HR7S5, after adjustment for confounding variables
(MAP,

previously described as determining factors

Table 3 Simple Linear Regression Coefficients (B) and Standardized [ (Stand ) Between Regional Stiffness Measurements as
Dependent Variables and Physical Activity Levels as Independent Variables, in Women and Men

PWYV (ml/s) Alx_HR75
Time Spent in PA Levels per Day Women Men Women Men
(n=478) (n=180) (n=478) (n=180)
B Stand. B Stand. B B Stand. B B Stand. B
Sedentary (min/day) 0.001 0.086 0.000 0.006 0.012 0.089 0.001 0.007
LPA (min/day) —0.126 —0.038 —0.300 —0.089 —2.377 —0.053 —4.568 —0.134
MVPA (min/day) —0.148 —0.104 0.011 0.007 —3.197% —0.166** —0.610 —0.037
Total PA (min/day) —0.260 —0.076 —0.009 —0.088 —5.348 —0.116 —5.685 —0.153
Steps (steps/day) —0.271 —0.128 —0.070 —0.030 —4.276* —0.150% —2.693 —0.115

Notes: Simple linear regression coefficients (unstandardized B) and standardized P are presented in women (n=478) and men (n=180) separately. Significance levels after

Bonferroni correction; *P<0.0025, **P<0.0005.

Abbreviations: Alx_HR75, augmentation index adjusted to heart rate 75 bpm; LPA, light physical activity; MVPA, moderate and vigorous physical activity; PWV (m/s), pulse

wave velocity; total PA, total physical activity (LPA+MVPA).
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Height, Age, PWV), multiple regression analyses were
performed. After controlling for confounding variables an
inversed association was seen between Alx HR75 and
time spent in total PA per day, in total population
(—0.110; p<0.01), and in women (—0.108; p<0.05). No
significant association was seen between total PA and
Alx HR7S in men (—0.113; p=0.120). An inversed asso-
ciation was also seen between Alx HR75 and MVPA, in
total population (—0.093; p<0.01), and in women (—0.119;
p<0.01), but not in men (—0.042; p=0.552).

Discussion

In the LBA study, women spent less time sedentary
(p<0.001) and more time in LPA (p<0.01) in comparison
with men. These findings are in line with the findings in
another Swedish study, the SCAPIS Pilot Study, which
observed that men spent more time sedentary and less
time in LPA compared to women.*® However, no signifi-
cant differences between the sexes were seen in MPA,
VPA, or MVPA in the present study. This finding differs

. 384
from several other studies®®°

where, most commonly,
men are reported to be more physical active at
a moderate and vigorous level. The LBA study included
self-reported healthy, young adults, and many of the
women included were well trained and had an interest in
health and fitness.”> This could possibly explain why we
do not observe the previously reported differences between
the sexes in time spent in MVPA. Another explanation can
be the decline in cardiorespiratory fitness (CRF) in
Swedish adults over the last 20 years. The proportion of
individuals with low CRF (estimated maximal oxygen
uptake (VO,max) <32 mL/kg/min) almost doubled, from
27% to 46% between 1995 and 2017. The decrease in VO,
max was more pronounced in men than in women, and in
the youngest age group (1834 years) compared to the
middle (35-49 years) and oldest age group (50-74
years). The finding of no difference in the present study
in how much time women and men spend in MVPA is
maybe partially explained by the decline in CRF in espe-
cially young men. The decline in CRF may indicate
a secular trend and can partially be a result of less time
spent at levels
(MVPA).*!

In total, 76% of the individuals spent on average at

higher physical activity intensity

least 30 minutes per day in MVPA. In an earlier publica-
tion from the Swedish SCAPIS pilot Study in 2015,
75.7% in the age group 50-64 years fulfilled the recom-
mendations of 150 minutes of MVPA per week. These

results are in line with the findings in the present study
were 77% of the women and 74% of the men spent on
average at least 30 minutes per day in MVPA. However,
the age groups in the studies differ so comparisons are
difficult to do. Data from a national survey in Sweden, the
Physical Activity Fact Sheet from 2018,** presented simi-
lar results, 67% in the age group 18—64 years met the PA
recommendations of at least 150 minutes of MVPA per
week.'* The PA level was assessed subjectively with ques-
tionnaire unlike the PA data in the LBA study, and the age
group was considerably wider in its range than in the LBA
study, so comparisons can be less relevant. However, it is
striking to observe that one-fourth (24%) of the young
adults with valid PA data in the LBA population did not
spend the recommended 30 minutes per day in MVPA.
You could expect that you are more physically active as
young adult than as middle-aged and should reach a higher
level of MVPA per day in younger years. The current PA

14,3443 are similar for adults from 18 to

recommendations
64 years which is a quite wide age range. It would be
interesting to further explore PA habits in young adults to
investigate whether individuals in this age group could
receive additional health benefits from more targeted PA
recommendations. In Figure 2, we show that the young
adults who spend at least 60 minutes per day in MVPA
have the lowest AIx HR75, indicating less stiffer arteries.

The present study showed that the study participants
with two or more risk factors categorized as at-risk accord-
ing to Wildman were less physically active than the study
participants not at risk according to Wildman. The findings
are supported by the recently published systematic review
and harmonized meta-analysis** with individual data from
a large sample (n=36,383). More women than men
(72.8%) were included in the sample, like in the LBA
study, but the mean age was considerably older, mean
age 62.6 years. The meta-analysis showed that higher
levels of total physical activity and less time spent seden-
tary were associated with a reduced risk of premature
mortality. This is supported by the findings of the LBA
study where we demonstrate that young adults without risk
factors for CVD have a higher level of total PA compared
to those at risk for future CVD who are less physically
active. The meta-analysis showed that all intensities of PA
were associated with a reduced risk of mortality, high-
lighting the fact that all PA is better than time spent
sedentary.*® Not only high intensities of PA had beneficial
effects for health. The greatest risk reduction for mortality
was seen at about 375 min/day in LPA or 24 min/day of
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MVPA. In addition, a higher risk of death was seen if
spending 9.5 hours or more per day sedentary.**

When investigating the relationship between PA and
arterial stiffness after adjusting for several confounding
variables, inversed associations between Alx HR75 and
total PA and AIx HR75 and MVPA were significant in
total population and in women, but not in men. However,
in the association between Alx HR75 and total PA, the
standardized B coefficient in men was similar in magnitude
to the standardized B coefficient in women. Failure to
observe significant standardized B coefficients for total
PA may be due to low statistical power resulting from
the lower number of men.

In the LBA study, we could not see any significant
positive association between time spent sedentary and arter-
ial stiffness. This has been found in a couple of other
studies,'’! but this was not observed in the LBA study.

Thus, in this age group of young adults, it is important to
maintain or strive for more time in physical activity. Physical
activity seems to be beneficial for the vascular health as total
PA and MVPA are associated with lower arterial stiffness in
the total population, and observed especially clear in women.

One important strength of the present study was the
large study group with young adults that had their physical
activity habits assessed objectively with an accelerometer.
This age group can contribute to the detection of early
changes affecting the development of CVD and it is
important to highlight the benefits of a healthy lifestyle
early in life. Although it is a strength that the PA was
measured objectively, the accelerometer has some limita-
tions. There is no information on the subjects’ physical
activity outside the accelerometer wear time (mean wear
time 13.2 hours per day). Other known limitations of
accelerometry are the lack of information from water
activities, underestimation of activity during weight-
bearing activities and biking.

These issues are well-known limitations of the accel-
erometry methodology. Still, the objective accelerometry
is regarded to be superior to self-report or other subjective
methods. The shortcomings of accelerometry are to some
extent overcome by the large number of subjects. A recent
methodological paper concluded that a large sample size is
more important than a long observation period within each
individual.*

We had valid PA data from 79.5% of the study popula-
tion who completed their accelerometer registration.
Analyses between the individuals with valid PA data and
the individuals excluded because of no valid PA data,

showed that the women with valid data had lower BMI
and percentage of body fat while the men with valid PA
data had more beneficial levels of glucose, HOMA-IR, and
Alx HR7S, compared to the women and men, respec-
tively, who did not reach the requirement of 600 minutes
per day on at least 4 days. Thus, an overrepresentation of
healthier individuals, according to the tests in the LBA
study, had full PA registrations. This decreases the varia-
bility in the data set and decreases the probability in
detecting differences. Despite a healthy active cohort, we
saw associations between higher levels of PA and lower
stiffness.

Another limitation in the present study was that the
individuals included in the study were self-reported
healthy. We did not include individuals with a chronic
disease, but we accepted, eg, individuals with obesity,
which is a reversible condition and an important risk
factor for CVD. Furthermore, the study has a lower
number of male individuals. For unknown reasons, it
was much more difficult to recruit men to the study.
Finally, one further limitation that needs to be high-
lighted is the cross-sectional design in the LBA study
that prevents us from drawing conclusions in terms of
causality.

In summary, the main findings of the present study
were that 76% of the Swedish, young adults in the LBA
study population spent on average at least 30 minutes in
MVPA per day. Young adults without risk factors for CVD
had a higher level of total PA compared to the young
adults with two or more risk factors for future CVD.
Lower arterial stiffness was associated with higher levels
of PA.

Conclusion

We conclude that already in this age group of healthy
young adults, aged 18-25 years, it is important to highlight
the health-enhancing possibilities of PA on the vascular
function, measured as PWV and Alx. It is of high rele-
vance in a public health perspective to expand preventive
efforts beyond the high-risk groups and encourage young
adults to be physically active.
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