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Abstract
Background: In pediatric populations, the use of carotid intima-media thickness (IMT) as a marker of cardiovascular risk has

increased. However, previous studies examining the effects of exercise training on arterial structure and function in obese children
and adolescents have shown inconsistent findings. The primary aim of this systematic review and meta-analysis is to expand on the
current body of literature by providing a quantitative estimate of the change in carotid IMT following exercise training as well as to
provide an exploratory analysis of potential moderators associated with the variation in response to an exercise training intervention
in overweight and obese youth.

Materials and Methods: A computerized search was made using three databases. The analysis was restricted to studies that
examined the effect of exercise interventions on carotid IMT in pediatric obesity (6–18-year-olds). Hedges’ g and 95% confidence
intervals (CIs) were calculated.

Results: Six randomized controlled trials (303 youths) were included. Exercise was associated with a small-to-moderate but
significant reduction in carotid IMT (g = -0.306; 95% CI -0.540 to -0.072; p = 0.011). Likewise, exercise program duration per week
significantly influenced the effect of exercise on carotid IMT (b = -0.060; p = 0.015).

Conclusions: Exercise seems to reduce carotid IMT in childhood obesity. Therefore, encouraging obese pediatric individuals to
become physically active can lead to favorable changes in the arterial wall.
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Introduction

C
hildhood overweight and obesity represent a
growing health concern in modern-day society.1

Excess adiposity and particularly abdominal obe-
sity are linked to raised lipid metabolism and the risk of
developing insulin resistance and the metabolic syndrome,
constituting the basis of impaired vascular function.2 Im-
paired vascular function can begin in early life, with im-

pairment of endothelial function a likely precipitating
event, followed by gradual remodeling of the arterial
wall.3,4 Carotid intima-media thickness (IMT) is a vali-
dated surrogate marker that has been associated with in-
creased risk of atherosclerosis in men and women.5

Carotid IMT is 10%–23% mm lower among physically
active individuals compared with their inactive peers.6

Despite consistent evidence from cross-sectional studies
indicating a positive association between sedentary
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behavior and carotid IMT,7 results of intervention studies
have not yielded consistent evidence that exercise training
can effectively lower carotid IMT. Fewer than half of the
exercise training interventions examining this relationship
produced significant improvements in carotid IMT,8–13 and
the mixed results highlight uncertainty about the ability of
physical exercise alone to lower carotid IMT indepen-
dently.14 Regular exercise can potentially modify meta-
bolic hormones and is considered an important treatment
of endothelial function and obesity-related conditions.15 In
2016, Cayres et al.16 published a thorough narrative review
of epidemiological studies attempting to examine the ef-
fect of exercise training on carotid IMT in children and
adolescents and concluded that improvement in carotid
IMT occurred following exercise training. However, a
number of milestone publications have suggested that ex-
ercise training can lower carotid IMT only when accom-
panied by a decrease in body weight and BMI,17 again
yielding inconsistent and inconclusive results regarding
the role of exercise in reducing carotid IMT.

Despite the prevalence of obesity and the multiple posi-
tion stands promoting exercise for the treatment of obesity
and vascular function, a meta-analytic approach has not
previously been used to examine the effects in the obesity
pediatric population. However, several studies also show
inconsistent results particularly with respect to children and
adolescents, where data are scarce. Because of the hetero-
geneity between studies in terms of results, we used a meta-
analytic approach to determine the effectiveness of exercise
interventions on carotid IMT in overweight and obese
youth. Therefore, the primary aim of this systematic review
and meta-analysis was to expand on the current body of
literature by providing a quantitative estimate of the change
in carotid IMT following exercise training as well as to
provide an exploratory analysis of potential moderators as-
sociated with variation in response to an exercise training
intervention in overweight and obese youth.

Materials and Methods
The study was undertaken in accordance with the

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.18 The review was
registered with PROSPERO (CRD42016045232) at the
University of York, United Kingdom.

Literature Search
A search of the literature was performed using the

electronic databases, Cochrane Central Register of Con-
trolled Trials (CENTRAL), EMBASE, and MEDLINE
(all: until August 8, 2016). The terms used were [‘‘Obe-
sity’’ and ‘‘Overweight’’ OR], [‘‘Exercise’’ and ‘‘Train-
ing’’ and ‘‘physical activity’’ and ‘‘sport’’ OR], and
[‘‘Children’’ and ‘‘Adolescents’’ OR]. All medical subject
heading terms were combined with intima-media thick-
ness* as limiter. Studies reported in languages other than
English were not explored.

Study Selection and Inclusion Criteria
Two authors (A.G.-H. and R.R.-V.) independently

screened the titles and abstracts of potentially eligible
studies identified by the search strategy. The a priori in-
clusion criteria for this study were as follows: (1) children
and/or adolescents (6–18-year-olds) classified as overweight
or obese; (2) randomized controlled trials (RCTs) in which
the control group received no physical exercise or dietary
restriction intervention; (3) interventions of supervised ex-
ercise (without hypocaloric diet intervention) with or with-
out nutritional guidance; and (4) an assessment of the IMT.
Authors were contacted to provide missing data.

Data Collection
Two investigators (A.G.-H. and R.R.-V.) independently

abstracted all data. For each trial, data were extracted re-
garding the first author’s last name, year of publication,
characteristics of subjects, exercise programs (type, fre-
quency, duration, and intensity), assessment of carotid
IMT, sample size, and differences in the means of two time
points or postintervention mean values with corresponding
standard deviations (SDs) of carotid IMT and BMI.

Risk of Bias
The quality of the studies was evaluated using the

Physiotherapy Evidence Database (PEDro) criteria.19 The
PEDro scale is an 11-item scale designed for rating
the methodological quality of RCTs (eligibility criteria [no
contribution to the total score], random allocation, con-
cealed allocation, baseline comparability, blinded subjects,
blinded therapists, blinded assessors, adequate follow-up,
intention-to-treat analysis, between-group comparisons,
and point estimates and variability). If studies were already
listed on the PEDro database (www.pedro.org.au), these
scores were adopted. A PEDro score of seven or above was
considered of high quality, studies with a score of five or
six were considered of moderate quality, and those with a
score of four or less were deemed of poor quality.20

Meta-Analysis Calculation
All analyses were carried out using Comprehensive

Meta-analysis Software (second version; Biostat, Engle-
wood, NJ) to calculate the standardized mean difference
and expressed as Hedges’ g to correct for possible small-
sample bias.21 The standardized mean difference of the
parameters from pre- to postintervention between groups
(exercise vs. control22) in each study was calculated and
pooled using the fixed-effects model and Hartung–Knapp
approach. Meta-analyses were completed for continuous
data by using the change in the mean and SD of outcome
measures. Values for intention to treat were preferred over
per protocol values when both were present.

Heterogeneity between trial results was tested with a
Cochran’s Q test23 and I2 statistic. I2 values of <25%, 25%–
50%, and >50% are considered to represent small, me-
dium, and large amounts of inconsistency.24
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Each study was deleted from the model once to analyze
its influence on the overall results. Egger regression tests
were performed to detect small-study effects25 and possi-
ble publication bias.

Finally, we explored the heterogeneity between studies
using metaregression and selected variables that may influ-
ence the association between exercise and IMT: BMI at
baseline and change during study (as Hedges’ g), total pro-
gram duration of each study (weeks), and duration of exercise
per week (min/week). Overall, significance was set at 0.05%.

Results

Study Selection
The flowchart is shown in Figure 1. The literature search

resulted in 295 studies. Titles and abstracts of returned
articles were searched for suitability, leading to the re-
trieval of 17 full texts. Of those, 11 were rejected—10 for
failing the study design criterion (no control group or cross-
sectional study) and one because of the type of intervention
criterion (interventions with diet or no programmed exer-
cise). Exclusion criteria and the list of excluded articles are
in online Supplementary Data 1 (Supplementary Data are
available online at www.liebertpub.com/chi). Finally, six
RCTs met the inclusion criteria and were included in the
meta-analysis.8–13

Description of Included Studies
Characteristics of included studies are shown in Table 1.

A total of 173 boys and 130 girls were included in the
meta-analysis.

One study included only boys,10 and five included a
mixed sample of boys and girls.8,9,11–13 Three studies used
aerobic exercise,9–11 one resistance exercise,12 and two
studies used a combined aerobic plus resistance exercise
protocol (concurrent exercise).8,13 One study used nutri-
tional guidance without dietary restriction.11 Study dura-
tion ranged from 12 to 24 weeks, and training frequency
ranged from three to five times weekly, with 60–70-minute
session duration. Regarding dropouts, three studies reported
that no participants dropped out during the duration of the
intervention.9–11,13 Farpour-Lambert et al.8 and Horner
et al.12 reported three and four dropouts, respectively.

Measurement of IMT
All studies measured the carotid IMT by high-resolution

B mode ultrasound at the carotid artery. We took into ac-
count the average values (Table 2). IMT measurements
were obtained with the participant lying in the supine po-
sition and with the neck rotated to the opposite side of ex-
amination. Subsequently, the vessel was scanned by
anterolateral view, with the transducer positioned parallel to
the posterior border of the sternocleidomastoid muscle. IMT

Figure 1. Flow chart for identification of trials for inclusion in the meta-analysis.
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Table 1. Characteristics of the Included Trials

Study Sample
Age

(years)

BMI
(percentile
or kg/m2)

Type
of exercise

Exercise
program

characteristics

Reduced
intima-media

thickness

Farpour-Lambert
et al.

44 children
(28 boys and 16 girls)

6–11 ‡p97 Concurrent Total duration: 16 weeks No

Frequency a week:
three sessions

Duration per session:
60-minute sessions.

Aerobic; intensity:
55%–65% VO2max;

Resistance; intensity: NR

Horner et al. 89 adolescents
(45 boys and 44 girls)

12–18 ‡p95 Aerobic or
Resistance

Total duration: 12 weeks Aerobic: no

Frequency a week:
three sessions

Duration per session:
60-minute sessions.

Aerobic; intensity:
60%–75% VO2peak

Resistance: no

Resistance; intensity: NR

Kim et al. 30 adolescents (boys) 17 25 Aerobic Total duration: 12 weeks Yes

Frequency a week:
three sessions

Duration per session:
60-minute sessions.

Intensity: NR

Meyer et al. 67 children and adolescents
(34 boys and 33 girls)

11–16 ‡p97 Aerobic Total duration: 24 weeks Yes

Frequency a week:
three sessions

Duration per session:
70-minute sessions.

Intensity: NR

Park et al. 29 children
(14 boys and 15 girls)

12–13 ‡p85 Concurrent Total duration: 12 weeks Yes

Frequency a week:
three sessions

Duration per session:
70-minute sessions.

Aerobic; intensity:
60%–70% heart rate reserve

Resistance; intensity:
60% of their one-repetition
maximum resistance

Poeta et al. 44 children
(22 boys and 22 girls)

8–11 ‡p95 Aerobic Total duration: 12 weeks Yes

Frequency a week:
three sessions

Duration per session:
60-minute sessions.

Intensity:
65%–85% maximum
heart rate
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was reported as mean IMT value (6/6 studies), and maxi-
mum IMT was reported in 3/3 studies.9–11 Only two studies
considered values of intersonographer reproducibility.9,13

Risk of Bias
Only one study was considered high quality,8 two

studies were considered moderate quality,12,13 and three
studies were considered poor quality.9–11 All included tri-
als had random allocation between groups and provided
points and estimates of variability. Two studies performed
concealed allocation.8,12 Blinding of participants and
therapists was not possible because of the nature of inter-
ventions. Assessor blinding was implemented in one of
the included trials.8 In addition, two studies had ade-
quate follow-up8,13 and included an intention-to-treat
analysis.8,12 Complete details are reported in electronic
Supplementary Table S1.

Change in IMT
Physical exercise was associated with a significant re-

duction in the fixed-effects model (g = -0.306; 95% CI

-0.540 to -0.072; p = 0.011) with medium heterogeneity
(I2 = 47.32%; Fig. 2).

Univariate Moderator Analysis
The independent effects of potential moderating vari-

ables were examined using metaregression and are pre-
sented in Table 3. The metaregression analysis shows that
there was a greater decrease in carotid IMT in studies with
longer duration (Table 3). The slope regression coefficient
was -0.060 [95% CI -0.136 to -0.015] and was significant
( p = 0.015). These data indicate that greater decrease in
carotid IMT was observed in individuals who achieved
larger interventions in terms of minutes per week.

Publication Bias and Sensitivity Analysis
Egger’s linear regression tests provided no evidence

for a potential publication bias outcome (Egger regression
intercept, -4.03 [p = 0.137]). In the sensitivity analysis,
with each study deleted from the model once, the results
remained across all deletions, except for one study13

( p = 0.079).

Table 2. Intima-Media Thickness Values (Baseline) and Intersonographer Parameters
of the Included Trials

Study Mean IMT, mm Maximal IMT, mm Site, view measure Intersonographer reproducibility

Farpour-Lambert et al. 0.48 Not reported CCA, longitudinal, AL Not reported

Horner et al. 0.50 Not reported CCA, longitudinal, AL Not reported

Kim et al. 0.51 0.66 CCA, longitudinal, AL Not reported

Mean difference = 0.034–0.076

Meyer et al. 0.53 0.58 CCA, longitudinal, AL Intraobserver = 0.2%

Interobserver = 1.2%

Park et al. 0.43 Not reported CCA, longitudinal, AL Test–retest coefficient of variation = 0.6%

Intraclass correlation coefficient = 0.5%–0.8%

Poeta et al. 0.43 0.56 CCA, longitudinal, AL Not reported

IMT, intima-media thickness; CCA, common carotid artery; AL, anterolateral.

Figure 2. Absolute changes in carotid intima-media thickness in individual studies of exercise vs. control groups.
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Discussion
The cumulative evidence gathered from peer-reviewed

research published until 2016 indicates that a moderated
and significant decrease in carotid IMT occurs following
supervised exercise training. In addition, the exploratory
moderator analysis shows that there was a greater decrease
in carotid IMT in studies with longer duration. This anal-
ysis indicated that these individual program design features
are independently associated with the change in carotid
IMT after accounting for exercise program duration.

Previous studies examining the effects of exercise
training on arterial structure and function in obese children
and adolescents have shown inconsistent findings.8–13,26,27

Perhaps differences in the duration of exercise interven-
tion, magnitude of weight loss, and/or the type of exercise
training may explain some of the inconsistency in results.
Our meta-analysis shows that exercise was associated with
a significant small-to-moderate reduction in carotid IMT.
This finding is consistent with previous narrative and
systematic reviews indicating that supervised exercise
training results in the largest improvement in the arterial
wall for a longer duration as a result of the intervention.6,28

This finding is clinically significant. Subclinical athero-
sclerosis has become the most common cause of CVD
among children and adolescents in Western societies, af-
fecting approximately between 5% and 15% of them, but
increases up to 55% in obese children.29 To illustrate this
point, an analysis of longitudinal data from the Muscatine
Study also indicated that childhood BMI, measured be-
tween the ages of 8 and 18 years, is correlated with carotid
IMT and coronary artery calcification at the age of 29–43
years.17 For instance, the Bogalusa Heart Study demon-
strated that in youths who died at an average age of 19.6
years, there was a direct association between the degree of
subclinical atherosclerosis in the coronary arteries and the
levels of antemortem cardiovascular risk factors, including
BMI, lipids, and blood pressure.30

Likewise, our results suggest that exercise program du-
ration per week significantly influenced the effect of ex-
ercise on carotid IMT. Overall, improvements in carotid
IMT have been reported following long-term (‡24 weeks)
exercise programs with (7,24) and without diet (42) in
obese youth. The findings from short-term (12 weeks)

exercise intervention studies generally report no significant
changes in this parameter,8,12 except for two studies that
reported significant reductions in carotid IMT,10,13 exactly
those interventions with more minutes per week of exer-
cise (240–250 min/week).

Physiologically, physical training may delay the devel-
opment of the arterial wall by increasing shear stress and
augmenting nitric oxide (NO) bioavailability.31 In this
context, several biologically plausible mechanisms could
explain the effects of exercise in modulating the endo-
thelial function and arterial stiffness. It is widely known
that exercise has the potential to reduce oxidative stress by
increasing the efficiency of the antioxidant system, finally
improving endothelial dysfunction.32 The main physio-
logical mechanisms involved upregulating endothelial NO
synthase activity in cell culture, animal, or human studies,
with subsequent reduction in the expression of nicotin-
amide adenine dinucleotide (phosphate) (NAD(P)H) oxi-
dase and stimulating radical scavenging systems that include
copper/zinc-containing superoxide dismutase (SOD), ex-
tracellular SOD, glutathione (GSH) peroxidase, and GSH
levels.31 However, further research is needed to confirm
these mechanisms, especially in childhood obesity during
and after weight-loss exercise regimens.

Strengths and Limitations
To our knowledge, this is the first meta-analysis that

evaluates the changes in carotid IMT after exercise training
in overweight/obese children and adolescents. Therefore,
obese youths should be considered as a prime opportunity to
engage young people at risk of developing (or with estab-
lished) CVD in dedicated physical activity programs as
young people may benefit from such interventions even
more than adults. In fact, the primary focus is on adult
cardiovascular health and disease prevention, but critical to
achievement of this goal is maintenance of ideal cardio-
vascular health from birth through childhood to young
adulthood and beyond.33 However, further research is nee-
ded to confirm these mechanisms, especially in childhood
obesity during and after weight-loss exercise regimens.

Nevertheless, some important limitations with regard to
our study exist. First, the number of RCTs included was
small, although their homogeneity was optimized by the

Table 3. Summary of Univariate Moderator Analysis

Effect moderator Unstandardized ß 95% CI p

Age 0.082 -0.002 to 0.167 0.057

Baseline BMI 0.096 -0.035 to 0.156 0.052

Change BMI (Hedges’ g) -0.038 -0.602 to 0.526 0.894

Exercise session duration (weeks) 0.036 -0.016 to 0.089 0.177

Exercise program duration (min/week) -0.060 -0.136 to -0.015 0.015

BMI, body–mass index; CI, confidence interval.
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stringency of the inclusion criteria. Second, there is incon-
sistency regarding the definitions of overweight and obesity.
Third, moderate statistical heterogeneity levels were de-
tected overall for the effect estimates, and thus, caution is
warranted in interpretation of our findings. In addition, we
included preadolescent and postadolescent children; studies
have demonstrated a very different physiological response to
exercise between 6- and 17-year-old youths, largely because
of age-dependent metabolic and musculoskeletal differ-
ences.34 Finally, we must carefully interpret the findings due
to limited number of studies included in metaregression
analysis (fewer than 10 studies).21

In conclusion, this systematic review and meta-analysis
shows that physical exercise is an effective way to change
carotid IMT in overweight/obese pediatric individuals (6–
18-year-olds), although the magnitude of the standardized
difference could be considered small to moderate. En-
couraging individuals to become physically active can lead
to favorable changes in the arterial wall. High-quality
studies are necessary to determine an optimal exercise
program and dose and to assess the clinical relevance of the
results of available research.
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