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Background/Objectives: Among adolescents, obesity may increase the risk for premature cardiovascular dis-
ease (CVD). Lifestyle interventions may prevent or delay the onset of CVD through improvements in vascular
health. The purpose of this study was to examine the effects of a 12-week lifestyle intervention on markers of
vascular health in obese Latino youth.
Subjects/Methods: Fifteen obese Latino adolescents [body mass index (BMI) percentile = 96.3 – 1.1%,
15.0 – 1.0 year, 8 females and 7 males] participated in a 12-week lifestyle intervention consisting of nutrition
education and physical activity. Markers of vascular health included oxidized low-density lipoprotein (oxLDL),
soluble intercellular adhesion molecule-1 (sICAM-1), soluble vascular cell adhesion molecule-1 (sVCAM-1),
and soluble endothelial leukocyte adhesion molecule-1 (sE-Selectin).
Results: Relative to baseline data, the intervention resulted in lower oxLDL ( - 21.8%, P = 0.001) and sE-
Selectin ( - 13.3%, P = 0.008) concentrations; sICAM-1 and sVCAM-1 did not change significantly. When
examining overall responsiveness to change for each marker, oxLDL was reduced in 93.3%, sE-Selectin was
reduced in 78.6%, and sICAM-1 was reduced in 71.4% of participants, respectively, whereas sVCAM-1 was
reduced in only 42.9% of participants following lifestyle. Using a composite change score (summed change in
four markers) for each participant there was an improvement in at least three of four markers among 64% of
participants; this was confirmed by principal component analysis.
Conclusions: Therefore, although improvements in the vascular health of obese youth were observed, the
vascular response to lifestyle intervention may be heterogeneous. Further investigation into the mechanisms
mediating the heterogeneity in vascular response to lifestyle intervention is warranted.

Introduction

Cardiovascular disease (CVD) has its antecedents
early in life and is progressive across the life span.1

Obese youth often have elevated CVD risk factors,2 which
could predict future CVD outcomes.3,4 Therefore, reduc-
tions in CVD markers early in life may prevent or delay
CVD in adulthood. Lifestyle intervention programs for ob-
ese youth often target weight loss as the primary goal,5 with
limited data available on their effects on vascular health
markers related to atherogenesis.6

An emerging area of interest is the use of novel vascular
health biomarkers that may improve prediction of CVD risk and
potentially aid in determination of treatment success.6 These
markers include oxidized low-density lipoprotein (oxLDL),

soluble intercellular adhesion molecule-1 (sICAM-1), soluble
vascular cell adhesion molecule-1 (sVCAM-1), and soluble
endothelial leukocyte adhesion molecule-1 (sE-Selectin). These
vascular health markers may be induced by oxidative stress and/
or inflammation, are elevated in obese youth,7–9 and are asso-
ciated with the CVD process in adults.10,11 However, few
studies have examined whether these markers are modifiable
through lifestyle intervention.12,13

In addition to modification, there are no data examining
individualized responses of vascular health markers in re-
sponse to lifestyle intervention. The importance of deter-
mining individual heterogeneity is supported by studies of
exercise,14 diet,15 and pharmacology,16 with all showing
marked individual variability in responses to cardiometabolic
health markers despite receiving the same intervention. To
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determine the success or failure of an intervention at the in-
dividual level, it is necessary to examine responses at the
individual level rather than relying exclusively on group mean
changes.17 From a clinical perspective, data on individual
responses may facilitate translation of research findings into
clinical practice at a more expedited rate. Therefore, the
purpose of this study was to examine the effects of a 12-week
lifestyle intervention on markers of vascular health in obese
Latino youth and explore whether changes in behavior (e.g.,
physical activity and/or dietary patterns) may explain indi-
vidual response.

Materials and Methods

Fifteen obese Latino adolescents [8 female, 7 male; body
mass index (BMI) percentile = 96.3 – 1.1%; 15.0 – 1.0 years]
completed a 12-week community-based lifestyle intervention.
The intervention included weekly nutrition education classes
(60 min) focused on healthful dietary strategies, such as re-
ducing dietary fat intake as well as increasing consumption of
fruits and vegetables. In addition to nutrition education, three,
60-min group exercise sessions per week were delivered by a
certified personal trainer. Sessions included a combination of
structured and unstructured physical activities with the goal
of eliciting a heart rate of 150 beats/min (bpm) on average
throughout each exercise session. The intervention has been
described in detail elsewhere.18 Data collection occurred at
baseline and postintervention. The Arizona State University
Institutional Review Board approved the study, and all par-
ticipants as well as a parent/guardian provided written in-
formed consent prior to enrollment.

Anthropometrics

Following an overnight fast ( > 10 hr), height (to the nearest
0.1 cm) and weight (to the nearest 0.1 kg) were measured in
light clothing without shoes using a wall-mounted stadi-
ometer and a medical balance beam scale. BMI was calcu-
lated (kg/m2), and BMI percentile was determined using the
Centers for Disease Control and Prevention (CDC) definitions
for age and gender. Waist circumference (WC) (to the nearest
0.1 cm) was measured at the umbilicus at the end of normal
exhalation.

Vascular health markers

A fasting blood draw was collected with serum separated
by centrifugation at baseline and postintervention and stored
at - 80�C until analysis. All assays were run in duplicate with
baseline and postintervention samples measured at the same
time. oxLDL concentrations were measured via enzyme-
linked immunosorbent assay (ELISA) (Mercodia, Winston-
Salem, NC) with an intra-assay precision of 5.5%–7.5%. The
concentrations of sICAM-1, sVCAM-1, and sE-Selectin were
measured via ELISA (R&D Systems, Minneapolis, MN) with
an intra-assay precision of 3.7%–5.0%, 2.3%–3.6%, and
5.1%–6.9% respectively. Data for sICAM-1, sVCAM-1, and
sE-Selectin were not available for one participant.

Physical activity and dietary intake

Physical activity was assessed by self-report using the 3-
Day Physical Activity Recall (3DPAR). The 3DPAR as-
sesses 30-min time blocks of physical activities that are

typically performed by adolescents and assigns a corre-
sponding intensity of each time block over the previous
3 days. The 3DPAR has been validated against accel-
erometery in adolescents.19 Dietary intake was measured
using the Brief Dietary Assessment Tool for Hispanics.20

This screening tool was specifically designed using data
from Mexican Americans participating in National Health
and Nutrition Examination Survey (NHANES III) to assess
fruit, vegetable, and fat intake (servings/day) among His-
panics in community settings.

Data analysis

Group data are represented as mean – standard error of the
mean (SEM) along with percent change. Baseline to post-
intervention changes were tested using a paired-samples t-test.
To examine the effect of the intervention on the markers of
vascular health on the group as a whole, a composite vascular
health score for each participant was computed and tested
using a one-sample t-test. The individual composite vascular
health score was created by summation of percent change
for each vascular marker. To reduce type 1 error, principal
components analysis of percent change in the four markers of
vascular health (oxLDL, sE-Selectin, sICAM-1, and sVCAM-
1) was performed. Principal components extraction was used
to derive the fewest number of relevant and distinct factors.
Visual analysis of the scree plot, communality estimates for
individual vascular health markers, and eigenvalues of ‡1.00
for derived factors were used as criteria to identify relevant
factors. Factor scoring coefficients from each vascular health
marker were used to generate component scores of the de-
rived factors for each individual participant. Negative com-
ponent scores are reflective of overall improvement in
vascular health markers, with positive component scores in-
dicating worsening of vascular health markers. Changes in
anthropometric and behavioral factors were compared using a
repeated-measures analysis of variance (ANOVA) for those
who improved three or more out of four vascular markers
(responders) and those whose profile worsened (nonrespond-
ers). All analysis was conducted using SPSS version 21.0
(IBM, Armonk, NY). Significance was set at P £ 0.05.

Results

Baseline and postintervention values in anthropometrics
and vascular health markers are presented in Table 1. Sig-
nificant reductions were noted for BMI percentile ( - 1.3%;
P = 0.02); these changes were shown in the absence of
weight-loss ( - 0.001%; P = 0.44) and are largely attributable
to increases in height ( + 0.24%; P = 0.05). Following the
intervention, participants had significantly lower concen-
trations of oxLDL ( - 21.8%; P = 0.001) and sE-Selectin
( - 13.3%; P = 0.008), with no significant changes in sICAM-1
( - 2.9%; P = 0.42) and sVCAM-1 ( + 3.8%; P = 0.25).

Figure 1 displays individual changes in vascular health
markers from baseline to postintervention. Improvements
were noted in 14 of 15 (93.3%) participants for oxLDL, 11
of 14 (78.6%) participants for sE-Selectin, 10 of 14 partic-
ipants for sICAM-1 (71.4%), and six of 14 (42.9%) partic-
ipants for sVCAM-1.

Figure 2A depicts a composite of percent change of the
four vascular health markers for each individual participant.
Five participants exhibited decreases in all four markers,
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Table 1. Change in Anthropometrics and Vascular Health Markers Among Obese Latino

Youth (n = 15) Following a Lifestyle Intervention

Baseline Postintervention % change P value

Height (cm) 165.8 – 3.1 166.2 – 3.2 0.24 0.05
Weight (kg) 90.6 – 6.8 89.9 – 7.2 - 0.001 0.44
BMI (kg/m2) 32.5 – 1.6 32.0 – 1.7 - 1.5 0.06
BMI percentile (%) 96.3 – 1.1 95.0 – 1.5 - 1.3 0.02
Oxidized LDL (U/L) 58.7 – 2.7 45.9 – 4.5 - 21.8 0.001
sE-Selectin (ng/mL)a 65.5 – 4.5 56.8 – 4.9 - 13.3 0.008
sICAM-1 (ng/mL)a 223.6 – 14.2 217.1 – 17.0 - 2.9 0.42
sVCAM-1 (ng/mL)a 713.9 – 42.1 741.3 – 50.7 3.8 0.25

Data are represented as mean – standard error (SE).
Paired t-tests were used to determine differences between baseline and postintervention values.
aDenotes n = 14.
BMI, body mass index; LDL, low-density lipoprotein; sICAM, soluble intercellular adhesion molecule-1; sVCAM-1, soluble vascular

cell adhesion molecule-1.

FIG. 1. Individual changes in oxidized low-density lipoprotein (oxLDL) (A), soluble endothelial leukocyte adhesion
molecule-1 (sE-Selectin) (B), soluble intercellular adhesion molecule-1 (sICAM-1) (C), and soluble vascular cell adhesion
molecule-1 (sVCAM-1) (D) among obese Latino youth (n = 15) following a lifestyle intervention.
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four participants exhibited decreases in three markers, three
participants exhibited decreases in two markers, and two
participants exhibited decreases in only one marker. An im-
provement in the majority ( ‡ 3 of 4) of markers was noted in
nine of 14 participants (64.3%). For each participant, percent
change for each marker was summed as a composite. A one-
sample t-test on composite percent change score showed a
significant overall improvement in vascular health (i.e., de-
crease) following the lifestyle intervention [ - 38.0 – 11.8%
change; 95% confidence interval (CI) ( - 63.5 to - 12.6%
change), P = 0.007].

Principal component analysis of the percent change in
oxLDL, sE-Selectin, sICAM-1, and sVCAM-1 yielded one
factor with an eigenvalue ‡ 1.0 (eigenvalue = 2.1), which
explained 52.4% of the variance in the four vascular health
markers. All four vascular health markers loaded on this
factor with factor coefficient scores of 0.61 for oxLDL, 0.82
for sE-Selectin, 0.88 for sICAM-1, and 0.52 for sVCAM-1
and communality estimates of 0.78, 0.68, 0.77, and 0.84,
respectively. To determine the heterogeneity of individual
responses between component scores we plotted the compo-
nent score for each participant in Fig. 2B. A negative com-
ponent score represents an overall reduction (i.e., improvement)
in the vascular markers, while a positive value represents
an overall increase (i.e., worsening) in the vascular markers.
Using principal component analysis, we confirmed the findings
from Fig. 2A, showing an improvement in markers of vascular
health in nine of 14 participants. From this, we labeled the nine
participants who improved the majority of their markers as
‘‘responders’’ and those whose vascular profile worsened as
‘‘nonresponders.’’

Responders and nonresponders did not differ with regard
to moderate-to-vigorous physical activity (MVPA), physical
inactivity, screen time, dietary fat intake, or fruit/vegetable
consumption, whereas a trend toward significance was noted
for WC (Table 2). Vascular health responders exhibited a

6.1% reduction in WC whereas no changes were observed in
nonresponders (P = 0.07 for group$time interaction).

Discussion

The findings from the present study support that reduc-
tions in oxLDL and sE-Selectin may be achieved through
lifestyle intervention without changes in body weight among
obese Latino adolescents. A novel contribution of the cur-
rent study is that additional and potentially important in-
formation may be obtained by examination of individual
data. From a clinical perspective, individual responses are
essential for determining the success or failure of treatment
and exploring potential factors that influence individual
variability may facilitate translation of research findings into
clinical practice. Our data suggest that dietary and physical
activity behaviors (Table 2) cannot, by themselves, explain
the variability in response because responders and nonre-
sponders did not differ on any physical activity or dietary
measure. However, there was a trend toward WC being
reduced in responders. These data suggest a potential
mechanism for future research to explore as a contributor to
reductions in markers of vascular health.

We observed significant improvements in oxLDL, which
results from oxidative modification of either the phospho-
lipids or apolipoprotein B-100 on the LDL particle. There is
evidence to support the direct role of oxLDL in the athero-
sclerotic process.21 oxLDL in circulation, as measured in this
study, is associated with the presence of CVD and risk of
CVD events in adults10,22 along with CVD risk factors in
Latino youth.9 Kelishadi et al. reported decreases in oxLDL
following a 6-week diet and exercise intervention in obese
adolescents.13 Contrary to our findings, changes in oxLDL in
that study were observed in the background of significant
weight loss (57.1 – 10.2 to 54.7 – 9.8 kg, P = 0.02). The
present study demonstrates that oxLDL can be reduced in the

FIG. 2. Descriptive representation (A) and principal component analysis (B) of the percent change in vascular markers of
health by individual participants. oxLDL, oxidized low-density lipoprotein; sE-Selectin, soluble endothelial leukocyte
adhesion molecule-1; sICAM-1, soluble intercellular adhesion molecule-1; sVCAM-1, soluble vascular cell adhesion
molecule-1.
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absence of weight loss and may be the most permeable
vascular health marker to change, with improvements ob-
served in 14 of 15 participants. Tjonna et al.23 did not
observe changes in oxLDL after 3 months of aerobic in-
terval training or in a multidisciplinary lifestyle approach
(group meetings with physician, psychologist, nutritionist,
etc.) in overweight and obese adolescents. Therefore, ex-
ercise alone may not be a sufficient stimulus to alter this
marker. Our findings support that weight loss per se may
not be necessary to improve oxLDL status and support the
synergistic effect of diet and exercise for improvements in
this vascular health marker. Furthermore, our data suggest
that oxLDL may be a robust clinical biomarker of vascular
health improvements following lifestyle because it was
decreased ubiquitously.

In addition to the marked improvements in oxLDL, we
observed significant reductions in sE-Selectin as a group and
improvements in 11 out of 14 participants. sE-Selectin is an
inflammatory-induced ligand on the endothelial cell surface
that initiates leukocyte recruitment to sites of vascular in-
flammation and allows for monocytes to begin to ‘‘roll’’ on
the endothelial cell surface, a process that is viewed as a
critical early mechanism contributing to atherogenesis.24,25

sE-Selectin is elevated in obese youth,7 is increased in the
presence of CVD,11 and prospectively predicts CVD events
in adults.26 Roberts et al.12 reported significant reductions in
sE-Selectin following an intensive 2-week diet and exercise
intervention in overweight youth. In a 6-month lifestyle
intervention consisting of once-weekly physical activity and
family-focused behavioral and lifestyle modification ses-
sions, Huang and colleagues27 reported significant reduc-
tions in sE-Selectin. However, the observed improvements
in sE-Selectin were only noted in participants who exhibited
decreases in BMI, whereas participants who remained BMI
stable did not decrease sE-Selectin. Our findings confirm
that reductions in sE-Selectin can be observed without
weight loss in obese youth.

We also measured levels of sICAM-1 and sVCAM-1,
which are part of the immunoglobin superfamily and lie on
the endothelial cell surface. sICAM-1 and sVCAM-1 allow
for firm adhesion of monocytes to the endothelial cell wall,

making monocytes immobile and able to migrate across the
endothelium into the subendothelial space, where they can
become macrophages and contribute to atherogenesis.25

Contrary to what has been reported by others,12 we observed
no significant group changes in sICAM-1. Roberts et al.12

reported significant reductions in sICAM-1 after 2 weeks of
intensive lifestyle intervention in obese youth, but their in-
tervention had a higher volume of exercise, a more robust
dietary modification, and also resulted in weight loss. De-
spite the lack of overall change in sICAM-1, we observed a
reduction in 10 of 14 participants, representing important
individual responses that are not evident in the group data.
Thus, the sICAM-1 results in the present study support the
argument that relying solely on group changes may miss
important individual changes that accompany intervention.
It should be noted that our study was not the first to present
nonsignificant improvements in sICAM-1 due to lifestyle
intervention. In a study of overweight and obese adolescent
girls, Nassis et al. found no change in sICAM-1 due to 12-
weeks of aerobic exercise training.28 Unfortunately, Nassis
et al. did not present individual data, so it is plausible that
improvements were observed in the majority of participants
despite not reaching significance as a whole. Nevertheless, it
is possible that the robust nature of the intervention by
Roberts and colleagues12 was sufficient to reduce sICAM-1
and that the less prescriptive dietary program of the current
intervention was insufficient for reducing this marker of
vascular inflammation.

In agreement with several other lifestyle interventions in
youth, we noted no changes in sVCAM-1.28 This was the
CVD risk marker most resistant to change, showing a re-
duction in only six of 14 participants. Changes in sVCAM-1
have been reported in studies of adults, but only in studies
involving specific dietary modification (e.g., soy nuts and
olive oil).29,30 Exercise has been shown to acutely increase
expression of sVCAM-1.31 Thus, it is possible the lack of
reduction in sVCAM-1 may be due to a carryover effect of the
last bout of exercise performed 24–48 hr prior to posttesting.

While changes in physical inactivity, screen time, and
dietary fat intake were observed, these changes did not
differ between responders and nonresponders, suggesting

Table 2. Anthropometric and Behavioral Differences Between Responders and Nonresponders

to Vascular Markers of Health

P value

Baseline Postintervention Time Group Time$group

Waist circumference (cm) Responders (n = 9) 100.4 – 4.9 94.3 – 4.8 0.08 0.02 0.07
Nonresponders (n = 5) 119.7 – 7.0 119.8 – 8.7

MVPA (30-min blocks/day) Responders 2.6 – 0.8 3 – 0.5 0.90 0.36 0.45
Nonresponders 2.1 – 0.9 2.7 – 1.2

Physical inactivity
(30-min blocks/day)

Responders 14.8 – 1.3 11.7 – 1.0 < 0.001 0.90 0.70
Nonresponders 15.4 – 1.1 10.9 – 0.9

Screen time (30-min blocks/day) Responders 4.6 – 1.3 3.1 – 1.0 0.001 0.98 0.62
Nonresponders 5.3 – 2.5 1.4 – 0.7

Dietary fat intake (servings/day) Responders 3.5 – 0.5 2.2 – 0.4 0.002 0.57 0.94
Nonresponders 3.1 – 0.4 1.8 – 0.3

Fruit and vegetable intake
(servings/day)

Responders 2.4 – 0.5 2.5 – 0.4 0.43 0.14 0.33
Nonresponders 4.3 – 1.3 3.1 – 0.9

Data are presented as mean – standard error of the mean (SEM).
Differences between means were determined via a repeated measures analysis of variance (ANOVA).
MVPA, moderate-to-vigorous physical activity.

INDIVIDUAL VASCULAR HEALTH RESPONSES TO LIFESTYLE 513



that these behaviors do not explain the observed heteroge-
neity in vascular health markers. In addition, it could also be
due to measurement error, because we used self-reported
dietary and physical activity measures. A trend toward
significance was noted for decreases in WC among those
who improved their vascular health markers compared to
those who did not. Previously, we have reported abdominal
adiposity to be associated with oxLDL in Latino youth,9

suggesting a potential for reductions in WC to improve this
marker. Further investigation is warranted to determine
whether changes in regional fat distribution drive changes in
vascular health markers and whether the changes observed
are sustainable long term.

Strengths of the present investigation include the focus on
a population of youth at high risk for CVD, inclusion of
multiple vascular health biomarkers, and examining group
as well as individual responses. Additionally, it is interesting
to note that when we compared our baseline levels of sE-
Selectin, sICAM-1, sVCAM-1, and oxLDL with an age- and
gender-matched normal weight comparison group, we ob-
served differences between sE-Selectin and oxLDL only.
This suggests that these markers are not only permeable to
change but also able to potentially differentiate risk as
baseline from apparently healthy normal weight youth.
However, this will require further investigation.

Limitations include the small sample size, lack of mea-
surement of pubertal maturation, and the lack of a control
group. Although we observed decreases in biomarkers that
are predictive of CVD in adults and associated with the
CVD process, it is unknown whether these reductions are
clinically meaningful because normative data for these
markers are currently unavailable. Further investigation is
needed to determine the acute response to exercise for these
markers in obese adolescents because there may be a po-
tential ‘‘carryover’’ effect of previous exercise bouts. Ad-
ditionally, comparative effectiveness trails could be used to
determine if exercise or weight loss is responsible for the
reduction in markers of vascular health. Additionally,
whether the improvements observed in markers of vascular
health are sustainable and lead to long-term improvements
in cardiovascular health requires further investigation. It is
also impossible for us to detect whether the response ob-
served were influenced by adherence because the lifestyle
intervention lacked a gold-standard measures of behavior to
infer adherence. Nonetheless, we have shown that lifestyle
intervention can improve biomarkers of vascular health
among obese Latino youth and that individual variability in
responses is not explained by physical activity and dietary
factors that include MVPA, physical inactivity, screen time,
dietary fat intake, or fruit and vegetable consumption.
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