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ARTICLE INFO ABSTRACT

Article history: Physical activity (PA) is associated with decreased levels of arterial stiffness in adults, but
Received 5 July 2011 the relationship between PA and multiple measures of arterial stiffness in adolescents and
Accepted 21 October 2011 young adults is not clear. The objective of this study was to test the hypothesis that PA is an

independent predictor of multiple measures of arterial stiffness in adolescents and young
adults. A total of 548 participants were enrolled in a study of the cardiovascular effects of
obesity and type 2 diabetes mellitus (T2DM) (lean, 201; obese, 191; T2DM, 156).
Anthropometrics, blood pressure, central and peripheral measures of arterial stiffness
(pulse wave velocity, brachial distensibility, and augmentation index), blood (lipids and
metabolic tests), and accelerometry data were collected. General linear modeling was
performed to test for the independent relationship of PA on arterial stiffness. The mean age
of the participants was 17.9 years (standard deviation, 3.5 years). After adjusting for other
cardiovascular disease risk factors such as age, sex, body size, mean arterial pressure, and
the presence of obesity or T2DM, PA was an independent predictor of augmentation index
and brachial distensibility (P <.001). A greater effect of PA on pulse wave velocity was found
in participants with T2DM (P = .009) compared with participants in the lean or obese groups.
Physical activity is significantly and independently associated with multiple measures of
arterial stiffness in adolescents and young adults. The role of PA in the prevention of
cardiovascular disease target organ damage in youth, independent of energy balance, merits
further exploration.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction arterial stiffness predict coronary artery disease [2,3] and CVD

mortality [4]. Increased arterial stiffness has been found in
Cardiovascular diseases (CVDs) have been the leading cause of young adults and is associated with other CVD risk factors,
death in the United States for several decades, accounting for such as elevated body size, blood pressure, glucose, and low-
1 of every 3 deaths [1]. In adults, noninvasive measures of density lipoprotein cholesterol [S5]. Obese youth and youth
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with type 2 diabetes mellitus (T2DM) also have higher levels of
arterial stiffness [6].

Physical activity (PA) is protective against CVDs, and this
may be partially mediated through its effect on arterial
stiffness [7]. In adults, several studies have shown a favorable
effect of habitual exercise on arterial health, such as arterial
stiffness, endothelial function, and intima media thickness
[8]. Few studies have investigated the relationship between PA
and arterial stiffness in younger populations and have been
limited to one measure of arterial stiffness [9,10].

The atherosclerosis that underlies CVDs develops in a
nonuniform fashion throughout the arterial tree [11], and CVD
risk factors affect arterial parameters differently in the central
and peripheral arterial tree [12]. Therefore, we performed a
comprehensive assessment of arterial stiffness in the central
arterial tree (pulse wave velocity [PWV]) and peripheral
arterial tree (brachial artery distensibility [BrachD]) and
included a mixed measure that incorporates features of
central stiffness and wave reflection (augmentation index
[AI]). The purpose of this study was to use these measures to
test our hypothesis that PA is a significant and independent
predictor of multiple measures of arterial stiffness in adoles-
cents and young adults.

2. Methods
2.1. Population and design

As part of an Institutional Review Board-approved study on
the effects of T2DM on the cardiovascular system, subjects
with T2DM were identified from local clinics (n = 156). Each
subject with diabetes was matched to one obese (n = 191,
>95th percentile for body mass index [BMI]) subject without
diabetes (normal 2-hour oral glucose tolerance test result)
and one lean (n = 201, 5th-85th percentile for BMI) subject by
age, race, and sex. Exclusion criteria included positive
pregnancy status and T2DM requiring insulin in the basal
state to prevent ketoacidosis.

2.2. Measures

After participants granted consent/assent, historical informa-
tion and anthropometric data were collected (including height
and weight; BMI was calculated); blood pressure and arterial
stiffness were measured; and blood was collected for (fasting)
laboratory tests.

Physical activity was measured using a multidirectional
accelerometer (Actical, Phillips Respironics, Bend, OR); partic-
ipants were instructed to wear the accelerometer on the right
hip at waist level for 7 consecutive days, except when
sleeping, bathing, or engaging in activities harmful to the
device (eg, collision sports). Participants were assigned to 1 of
3 groups of PA (Low, Middle, and High) using tertiles of mean
counts per minute (cpm) over the time the device was worn on
valid days. A valid day started at the first minute with at least
60 counts followed by 4 consecutive minutes with at least
10 cpm, stopped when 7 of 10 consecutive minutes had at
least 10 counts followed by 120 consecutive minutes with less
than 10 cpm, and had 10 to 20 hours of wear time.

Three measures of arterial stiffness were performed:
BrachD (DynaPulse Pathway instrument; Pulse Metric, San
Diego, CA) [5], PWV (carotid-femoral; SphygmoCor SCOR-PVx
System; Atcor Medical, Sydney, Australia), and Al (Sphygmo-
Cor) [13]. A validated generalized transfer function was used
to analyze the pulse, and Al values were adjusted to a
standard heart rate of 75 beats per minute [14]. All 3
measures have been used previously by the authors and
have proven reproducible [6].

2.3. Analysis

All statistical analyses were performed using SAS version
9.1.3 (SAS Institute, Cary, NC). Means and proportions of

Table 1 - Demographic, anthropometric, blood measurements,

and hemodynamics by physical activity level

Variable Low Middle High
tertile tertile tertile
n=183) (n=182) (n=183)

PA (cpm)? 127 (35) 216 (25) 377 (106)
Age (y)* 19 (3.1) 18 (3.2) 17 (3.7)
Sex (male)® 28% 32% 50%
Race (persons of color) 62% 62% 62%
Group®

Lean 26% 30% 54%

Obese 36% 42% 26%

T2DM 38% 28% 20%
Height (cm) 167 (10) 167 (11) 166 (12)
Weight (kg)® 96 (33) 91 (29) 76 (27)
BMI (kg/m?)® 34 (11) 32 (9.3) 27 (8.5)
Blood measurements

Cholesterol, total (mg/dL) 175 (37) 173 (37) 168 (36)

Low-density lipoprotein 107 (34) 102 (30) 98 (31)

cholesterol (mg/dL)<

High-density lipoprotein 47 (12) 50 (12) 53 (14)

cholesterol (mg/dL)?*

Triglycerides (mg/dL)® 111 (72) 102 (73) 87 (66)

Glucose, fasting (mg/dL) 119 (69) 109 (52) 105 (46)

Insulin, fasting (xU/mL)® 20 (17) 18 (12) 15 (14)

Hemoglobin A4 (%) € 6.6 (2.6) 6.1 (1.9) 5.9 (1.7)

C-reactive protein (mg/L)® 4.7 (5.4) 4.3 (5.9) 2.5 (4.3)
Hemodynamics

Blood pressure, systolic 116 (12) 117 (13) 112 (12)

(mm Hg)®

Blood pressure, diastolic 67 (13) 65 (12) 61 (12)

(mm Hg)®

Mean arterial pressure 84 (10) 83 (9.4) 81 (9.0)

(mm Hg)®

Heart rate (beats/min) 68 (10) 65 (8.0) 67 (12)

Al (%)© 6.2 (12) 2.6 (11) 0.7 (11)

BrachD (mm/mm Hg)® 5.7 (1.2) 5.9 (1.3) 6.3 (1.4)

PWV (m/s)® 6.4 (1.5) 6.2 (1.2) 5.6 (0.9)

All values presented as mean (standard deviation) except sex, race,
and group proportions.

P <.05 for differences by PA tertile determined by analysis of variance
on normalized variables and x> for categorical variables, and
indicated by:

@ Low # Middle # High.

® Low and Middle # High.

¢ Low # Middle and High.

4 Low # High.
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the demographic, anthropometric, laboratory, and arterial
data were calculated and examined. Nonnormal distribu-
tions were transformed using variance-stabilizing mea-
sures. An o level of .05 was used to indicate significance,
and all tests were 2-sided. Differences by PA tertile were
tested by analysis of variance; differences between cate-
gorical variable groups were tested using 3 analysis. Using
correlation analyses, general linear models were con-
structed and then reduced using parsimony and model
stability as goals.

3. Results

The mean PA levels for the Low, Middle, and High tertiles of
PA were 127, 216, and 377 cpm, respectively (Table 1). The
participants in the High PA tertile were significantly
younger (P < .0001) and more likely to be boys (P < .0001),
but the proportion of participants of color did not differ
significantly between PA tertiles (P = .994). There were
significantly fewer participants with obesity or T2DM in the
High PA tertile (P < .0001).

Several hemodynamic measures were correlated with PA
(Table 1). Blood pressure (systolic, diastolic, and mean
arterial) was significantly lower among participants in the
High PA tertile (P = .0005, P < .0001, and P = .006,
respectively). Augmentation index was significantly higher
in the Low PA tertile (P < .0001). Brachial artery distensi-
bility was significantly higher in the High PA tertile (P <
.0001), and PWV was significantly lower in the High PA
tertile (P < .0001). In all arterial stiffness measures, there
was a trend of decreased stiffness for each step up in PA
tertile (Fig. 1).

After controlling for CVD risk factors, including age, sex,
body size, mean arterial pressure as a measure of distend-
ing pressure, and obesity or T2DM status, PA remained a
significant independent predictor of arterial stiffness mea-
sured by Al (parameter estimate [cpm], —0.011) and BrachD
(parameter estimate [cpm], 0.0001) (both P < .05). In the
PWV model, significant interaction was present between PA
and group (obesity or T2DM) status (P < .0001). A greater
effect of PA on PWV was present in participants with T2DM
(P = .009).

Al (higher=stiffer)

BrachD (lower=stiffer)

4, Discussion

In this study, we showed that PA in adolescents and young
adults, after adjustment for demographic variables and
other CVD risk factors, was an independent predictor of 2
measures of arterial stiffness in youth: BrachD, a measure of
arterial stiffness in a medium-sized muscular artery, and Al,
a mixed measure combining features of arterial stiffness and
wave reflection. The independent association of PA with one
of the arterial stiffness measures, PWV, a measure of
stiffness in a central elastic artery, was significant only in
participants with T2DM, with a nonsignificant trend in
nondiabetic obese youth.

These findings are consistent with other studies of the
effect of PA and physical fitness on arterial stiffness in adults
[8,15]. Fewer studies using PWV as a measure of arterial
stiffness have been performed in younger populations [10,16].
In a study of 573 children in Australia (mean age, 10.1 years),
pedometer-measured PA was negatively correlated with PWV
[10]. Schack-Nielsen et al [16] found that PWV was associated
with PA at age 10 years. Farpour-Lambert et al [9] conducted a
randomized controlled trial with 44 obese children (mean age,
8.9 years) and found that the exercise group (60 minutes, 3
times per week, 12 weeks) had lower levels of arterial stiffness
at 6 months.

The relationship between PA and non-PWV measures of
arterial stiffness, as used in this study, is less clear. Tanaka et
al [19] studied 53 adult women and found that highly
physically active participants did not demonstrate age-related
increases in arterial stiffness as measured by PWV and Al. In a
recent study, participants with less arterial stiffness mea-
sured by distensibility and compliance at age 36 years spent
more time in vigorous PA from age 13 to 36 years [20]. Our
findings are consistent with these studies in older and
younger adults.

Physical activity is a complex, multifaceted behavior;
objective measures of PA (eg, accelerometry) are limited in
their ability to capture and quantify PA [17]. Energy expendi-
ture predicted from accelerometer counts may be under-
estimated [18]; in this context, interpretations about the PA in
this study may not be valid if energy expenditure is the
primary measure of interest.
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Fig. 1 - Arterial stiffness by physical activity group.
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In adolescents and young adults, higher PA is an indepen-
dent predictor of lower arterial stiffness using multiple
measures, more so in obese and diabetic youth. Although
some of the relationship between vascular health and PA in
youth may be mediated through energy balance, the inde-
pendent relationship shown here merits further mechanistic
and epidemiologic investigation.
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