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The effects of exercise on vascular markers and C-reactive
protein among obese children and adolescents: An
evidence-based review

Norizam Salamt!, Musilawati Muhajir?, Amilia Aminuddin'#, Azizah Ugusman'

ABSTRACT

Numerous studies have evaluated the effects of exercise training on obese children and adolescents. However, the impact of aerobic and/or
resistance exercise alone, without any other interventions, on vascular markers and C-reactive protein (CRP) in obese children and adoles-
cents is still not clear. We performed a literature search in Ovid Medline, PubMed, and SCOPUS databases to identify articles on the effects
of exercise on vascular markers and CRP among obese children and adolescents, published between January 2009 and May 2019. Only full-
text articles in English that reported on the effect of aerobic and/or resistance exercise on the vascular markers pulse wave velocity (PWV),
carotid intima-media thickness (CIMT), flow-mediated dilatation (FMD), augmentation index (Alx), or CRP in obese children and adolescents
(5—19 years old) were included. The literature search identified 36 relevant articles; 9 articles that fulfilled all the inclusion criteria were selected
by two independent reviewers. Aerobic exercise or a combination of acrobic and resistance exercise training significantly improved CIMT and
PWV in obese children and adolescents in all studies in which they were measured (2 studies for PWV and 4 studies for CIMT). However, the
effects of exercise on FMD and CRP levels were inconclusive, as only half of the studies demonstrated significant improvements (1/2 studies for
FMD and 4/8 studies for CRP). The results of our review support the ability of exercise to improve vascular markers such as PWV and CIMT
in obese children and adolescents. This finding is important as obesity is a modifiable risk factor of cardiovascular disease (CVD), and exercise

may help in reducing the future occurrence of CVD in this population.
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INTRODUCTION

Obesity is a complex condition that involves extra depo-
sition of adipose tissue and visceral adiposity, as well as adi-
pocyte dysfunction [1]. Obesity is considered as a worldwide
emergency in public health, affecting both adults and chil-
dren. In the United States (USA), obesity is considered as a
distinct disease and the third leading cause of preventable
death, accounting for 216,000 deaths in 2005 alone [2,3]. The
economic burden of lifetime medical cost linked to obesity is
summed up to nearly $14 billion [4].

The prevalence of obesity especially in children has been
dramatically increasing since 1975. The rising incidence of
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overweight/obese children globally is worrying, and it has tri-
pled in the past four decades. In 2016, more than 18% of chil-
dren and adolescents aged 5-19 years were overweight/obese
worldwide, which is equivalent to 340 million individuals,
compared to only 4% in 1975 [s].

Since 2012, cardiovascular disease (CVD) is the leading
cause of death in the world [5]. One of the contributing risk
factors is obesity. Farpour-Lambert et al. indicated that the
first sign of atherosclerosis may develop even before puberty
in obese children [6]. Therefore, obese children possess a
higher risk of metabolic syndrome and CVD [7].

Exercise is one form of physical activity that has been
proven in the prevention and treatment of CVD by improving
CVDrrisk profile, reducing the number of cardiovascular events
and hospitalization in patients with CVD [8-11]. A review of
20 studies on overweight and obese children and adolescents
showed the positive effect of exercise in reducing body mass
index (BMI) [12]. To achieve significant health effect, children
and adolescents should perform at least moderate-intensity
activities [13], 60 minutes daily as recommended by the WHO
[5]. However, obese children spend more time in low-intensity
physical activities as they have lower cardiorespiratory fitness
(CRF) compared to their normal-weight peers [14].

There are several vascular markers that can be utilized

to predict and assess the development of atherosclerosis.
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Atherosclerosis can be reflected upon the local changes of
the affected artery caused by the atherosclerotic plaque.
Atherosclerosis may affect the elasticity, endothelial function,
and inflammatory state of the affected artery, which can be
assessed by several parameters including pulse wave velocity
(PWV), carotid intima-media thickness (CIMT), flow-me-
diated dilatation (FMD), augmentation index (Alx), and
C-reactive protein (CRP) [15,16].

PWYV measures arterial stiffness, whereby higher PWV indi-
cates less arterial elasticity. A compromised elasticity of the ves-
sels causes arterial stiffness and may jeopardize the functional
properties of large arteries, therefore, signaling the early stage of
atherosclerosis [17]. Alx also measures arterial stiffness through
the ascending aorta pressure waveform [18]. Early and late stage
of subclinical atherosclerosis can be detected using CIMT [19].
Meanwhile, FMD assesses endothelial function by calculating
artery relaxation in response to increased shear stress [20].
CRP or high-sensitivity (hs)-CRP is a marker of inflammation
and measuring its plasma level is a predictive tool to signify the
inflammatory state of the affected artery. hs-CRP is more sensi-
tive than CRP and it can be detected as low as 0.15 mg/dL [21].

The benefits of exercise on reducing the CVD-related risk
among obese children are unparalleled. Vascular markers such as
PMV, CIMT, and FMD are good assessment tools in evaluating
atherosclerosis. However, to the best of our knowledge, no stud-
ies have systematically correlated exercise with vascular markers
and inflammation in CVD risk assessment. As childhood obesity
increases the risk of CVD [22], studies on vascular markers and
inflammation among obese children and adolescents are strongly
needed. Therefore, this review aimed to elucidate the influence
of exercise on vascular markers with CRP among obese children.

MATERIALS AND METHODS

Literature review

A review of previous literature was performed to iden-
tify relevant studies focusing on the effects of exercise on
vascular markers and inflammation among obese children/
adolescents. The literature search was conducted using Ovid
Medline, PubMed, and Scopus databases (published between
January 2009 and May 2019). The search strategy involved a
combination of three keywords: 1) “exercise” OR “physical
activity” AND 2) (“pulse wave velocity” OR “arterial stiffness”)
OR “augmentation index” OR (“flow-mediated dilatation” OR
“endothelial function”) OR “carotid intima media thickness”
OR (“inflammation” OR “C-reactive protein’) AND 3) “obese”
OR “overweight” AND “child” OR “adolescent’

Selection of research articles

Non-English articles were excluded from this review.
Review articles, proceedings, supplementary issues, poster
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presentations, books, bibliographies, letter to the editor,
case reports, and consensus/statement/guideline were also
excluded from the review. For this review, only studies report-
ing the effects of exercise on 1) vascular markers or 2) inflam-
mation in 3) obese children/adolescents were included.

Inclusion and exclusion criteria

Only studies that stated the direct effects of exercise on
at least one of the vascular markers or CRP among obese
children/adolescents were included. Studies were taken into
account if at least one of these cardiovascular risk markers was
measured: 1) Alx; 2) CIMT; 3) FMD; 4) PWV; or 5) CRP. The
type of activity only involved aerobic and/or resistance exer-
cises. The study population was limited to children and ado-
lescents within the age range of 5-19 years.

Data extraction and management

Articles were screened in three phases before finally
included in this review. Initially, the titles and keywords
that did not fulfill the inclusion criteria were excluded. The
remaining articles that met the inclusion criteria were further
screened by abstracts. In the final phase, the remaining arti-
cles were judged by two independent reviewers thoroughly
to exclude any articles that did not meet the inclusion crite-
ria. The articles selected for this review were finalized only
when both reviewers agreed to the inclusion of the selected
articles. Any differences in opinion were resolved by proper
discussion. To standardize data extraction from the selected
articles, a data extraction form was designed that collects data
comprising of: 1) population and sample size; 2) mean age;
3) age range; 4) male percentage; 5) BMI; 6) types of exercise;
7) methodology of exercise intervention; and 8) effect of exer-
cise on selected vascular markers or inflammation.

Search results

The literature searches identified 600 potentially relevant
articles. Based on the titles, keywords, and abstract, the two
independent reviewers excluded 140 items as they did not
meet the inclusion criteria. Another 283 articles were further
excluded as the studies did not involve exercise as an interven-
tion step, no direct measurement on the effects of exercise on
the vascular markers of interest or inflammation, or the study
populations were not obese children/adolescents. Next, 27
out of 177 remaining articles were excluded due to duplication.
Out of the remaining 36 articles, only 9 articles were included
in this review for further assessment and data extraction. To
remove any confounding factors, 27 articles were excluded due
to the studies involving combination of other interventions
such as diet restriction/counseling and psychological coun-
seling during the intervention period, which was in contrast

www.bjbms.org



Norizam Salamt, et al.: Effects of exercise on vascular functions and inflammation among obese children and adolescents

with our inclusion criteria. Figure 1 shows the flowchart of the

selection process, including the reasons for the exclusion.

Study characteristics

Tables 1 and 2 show the characteristics of the selected
studies. All studies were published between January 2009 and
May 2019. The types of exercise included aerobic and resis-
tance exercises. The age range of the individuals involved was
between 5 and 19 years and it followed the WHO age classi-
fication and the physical requirement for obesity in children
and adolescents [1]. All studies, except Chuensiri et al. [23],
measured CRP or hs-CRP as an inflammatory marker, while
none of the studies measured Alx. Two studies used brachi-
al-ankle PWV (baPWV) to measure arterial stiffness. CIMT
and FMD were determined in 4 and 2 studies, respectively. All
studies involved obese children/adolescents without existing
comorbidities, except for 1 study that involved obese children/

adolescents with hyperinsulinemia and abdominal obesity.
RESULTS AND DISCUSSION

Exercise is a form of physical activity that is widely known
for its health-improving benefits. Exercise is considered as life-
style intervention that helps to reduce excess fat deposit and
improves cardiovascular function [24,25]. The two types of
exercise that are commonly practiced are aerobic and resis-
tance exercises. Aerobic exercise helps to improve cardio-

vascular adaptations and increase CRF without significantly

Search of electronic databases:
Ovid Medline, PubMed, and Scopus

Identification of abstracts:
Ovid Medline = 13, PubMed = 452, and Scopus = 135
Total = 600

changing muscle strength. This kind of activity utilizes energy
from aerobic metabolism in the form of adenosine triphos-
phate (ATP) [26]. In contrast, resistance exercise increases
muscle strength without significantly increasing CRF, and this
involves neuromuscular adaptations [27]. Both types of exer-
cise training improve systolic blood pressure, low-density lipo-
protein (LDL), triglycerides (TGs), fasting blood glucose, body
composition, and FMD in obese children [28-32]. However,
the combination of acrobic and resistance exercises results in
a greater improvement of CRF and the quality of life among
CVD patients with obesity [33]. Furthermore, the American
College of Sports Medicine recommended a combination of
aerobic and resistance exercise for significant weight loss [34].
A recent study also suggested this combination of exercise to
achieve a substantial reduction in fat deposits among over-
weight and obese youths [35].

PWV quantifies arterial stiffness non-invasively. An
increase in PWV is directly proportional to increased stiffness
of the artery. This signifies lower vascular compliance that
increases the risk of future cardiovascular events [36]. In this
review, only two studies measured PWV, specifically baPWV,
and both showed significant reductions after 12 weeks of
exercise intervention [23,37]. The exercise-induced reduction
of arterial stiffness may be mediated by a decrease of a-ad-
renergic receptor tone in arterial smooth muscle cells; thus,
increasing arterial elasticity [38]. Maeda et al. suggested that
a decrease in endothelin-1 improves arterial stiffness. Low
level of endothelin-1 reduces the shear stress on the arterial
wall hence decreasing vascular tone. Consequently, decreased

Exclusion of non-English, review articles, proceeding, supplementary issue, poster
presentation, book, bibliography, consensus/statement/guideline, case report,
letter to editor, and commentary: 140

v

Selected abstracts:
Ovid Medline = 5, PubMed = 386, and Scopus = 69
Total = 460

Exclusion of studies that were not related to exercise or any vascular markers
tor inflammatiol

n or not involving obese children: 283

Selected abstracts:
Ovid Medline = 5, PubMed = 130, and Scopus = 42

Total = 177
I

Removal of duplicate: 27

| Full text articles obtained: 150

Further exclusion of studies that did not measure any vascular markers or
inflammation or did not involve obese children: 114

| Full text articles read thoroughly: 36

v

Exclusion of studies that used diet restriction/counseling and psychological
counseling concurrently with exercise intervention: 27

| Full text articles included in the review: 9

FIGURE 1. Flowchart of article selection and exclusion process.
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TABLE 1. Demographic data of the subjects from the included studies

Demography
No. Auth Populati
© Hor opulation n) Boy Girl Age Mean age (years) Body mass index (kg/m?)
! range (years)
) . 29.43+4.81 (control)
1 Seo et al. [60] Obese children (103) 63 40 6-16 12.56+1.96 30.06+340 (intervention)
. - 10.6+0.3 (control) 26.1+1.0 (control)
2 Cctill““‘[‘g]r : Egc\i(l(zlg)scc‘“ obese 8 0 8-12 11.0:03 (HIIT) 24.2:10 (HIIT)
’ ! 11.1+0.2 (Supra HII'T) 26.5+0.9 (Supra HIIT)
Obese girls with o
3 Wongetal. [37] hyperinsulinemia and 0 30 NMD 15.3+1.1 . 30'2i1'.2 (contro!)
. . 30.1+1.2 (intervention)
abdominal obesity (30)
Vasconcellos 1?5;1164&2:;:;]) 194+10,6 (control)
4 e Adolescents (30) 10 20 12-17 o o 32.2+4.9 (obese, no intervention)
etal. [47] control) 31.1+5.2 (ob ith intervention)
14.1+1.3 (intervention) R obesew erventio
- Mendelson Normal weight and 2 2 NMD 15.5+1.5 (control) 19.9+1.4 (control)
2 etal. [69] obese children (40) 14.5+1.7 (intervention) 34.0+4.7 (intervention)
Nascimento Overweight/obese - - 184434 (control)
6 etal. [70] children (57) 30 77 >-18 NMD 27.145.4 (intervention)
. Asthmatic obese - - 17+1.4 (control) 36+5 (control)
/ da Silva etal. [61] adolescents (76) 2 = 1519 16+1.1 (intervention) 39+4.8 (intervention)
] Overweight/obese - . 12.2+0.1 (control) 24.3+0.3 (control)
8 Park etal. [48] children (29) 14 15 12-13 12.1+0.1 (intervention) 24.4+0.4 (intervention)
5 ) 15.5+1.6 (control)
Farpour-Lambert Pre-pubertal obese 16 28 6-11 89+1.5 25.1+4.7 (obese, no intervention)

etal. [6] children (44)

25.4+4.6 (obese with intervention)

NMD: Not mentioned; HIIT: High-intensity intermittent training

TABLE 2. Physical exercise parameters and significant effects of exercise on vascular markers and inflammation in the included

studies
. . Significant effect of exercise on vascular
Physical exercise parameters . .
markers and inflammation
No. Author T P
Volume (minute) Frequency (days) Duration (weeks) ezsril(;e Intensity (%) PWV CIMT FMD Alx CRP
1 Seo et al. [60] 60 3 12 Combined 60-90 NM NM NM NM Yes*
Chuensiri 90 (HIIT)
2 NMD 3 12 Aerobic 170 (supra Yes*  Yes* Yes* NM NM
etal. [23]
HIIT)
3 Wong 60 3 12 Combined 60-70 Yes' NM  NM NM Yes**
etal. [37]
4 Vasconcellos 60 3 12 Aerobic NMD NM  Yes** NM NM Yes™
etal. [47]
5 Mendelson 240 NMD 12 Combined 60-80 NM NM  NM  NM No
etal. [69]
6 iﬁ“{;};r’m 60 5 3 Combined NMD NM NM NM NM No
da Silva et al. [61] 60 3 52 Combined NMD NM NM NM NM Yes*
Park et al. [48] 80 3 12 Combined 60-70 NM  Yes® NM NM No
9 ffl‘f‘fi{ Lambert 60 3 12 Combined 55-65 NM  Yes* No NM No

NMD: Not mentioned; NM: Not measured; *p<0.05 within group; **p<0.05 between groups; HIIT: High-intensity intermittent training; CIMT:
Carotid intima-media thickness; PWV: Pulse wave velocity; FMD: Flow-mediated dilatation; CRP: C-reactive protein; Alx: Augmentation index

vascular tone leads to better arterial compliance [39]. Previous
studies have reported that better arterial compliance was
achieved through the combination of aerobic and resistance
exercises rather than aerobic exercise alone [23,37]. In older
adults, combined exercise programs showed more significant
effects in reducing baPWV compared to aerobic exercise
alone [24]. Recent studies further supported that resistance
exercise leads to better cardiovascular outcomes [40-42].
CIMT is a measure of the thickness of the tunica media
and intima layer in the carotid arterial wall and is used to assess

Bosn ] Basic Med Sci. 2020;20(2):149-156

152

the extent of carotid atherosclerotic diseases [43,44]. The early
stage of atherosclerosis is marked by the thickening of the inti-
ma-media layer [45]. Surprisingly, obese children have CIMT
similar to a 45-year-old, which reflects on the build-up of
plaque in the arteries. In addition, these children have a risk of
developing CVD as early as the age of 30 [46]. Exercise inter-
vention affects CIMT the most, and all four studies measuring
CIMT showed a significant reduction in CIMT after comple-
tion of 12 weeks of exercise training [6,23,47,48]. The signifi-
cant CIMT reduction in all studies may be due to substantial
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CRF improvement. A moderate- to high-intensity exercise
training increases CRE and CRF is considered as the primary
determinant of CIMT value [49]. On the other hand, increased
shear stress during exercise modulates arterial wall structure
by reducing the level of monocyte chemoattractant protein-1
(MCP-1) and vascular cell adhesion molecule (VCAM). This
decreases vascular wall permeability to LDL cholesterol and
eventually reduces the thickness of the arterial wall [s0].

FMD measures the dilation of an artery when blood flow
increases, by high-resolution ultrasound [51]. FMD can also be
interpreted as a tool to assess endothelial function whereby
the dilation of artery depends on the release of nitric oxide
(NO) by the endothelial cells. FMD showed a significant cor-
relation with cardiovascular events in patients with chest pain
but without previous coronary artery disease (CAD) who had
undergone coronary angiography [52]. Moreover, a multi-eth-
nic study on atherosclerosis that involved more than 3000
subjects supported the fact that FMD is a viable tool to predict
future cardiovascular events [53]. In this review, two studies
measured FMD, but only one showed a significant incre-
ment after aerobic exercise training [6,23]. Aerobic training
increases cardiac output and puts an impact (shear stress) on
vascular walls, which in turn stimulates the release of NO into
bloodstream [54]. Endothelial NO is a known vasodilator pro-
duced mainly by endothelial nitric oxide synthase (eNOS). An
increase in NO will trigger vasodilatation thus reflecting upon
increased FMD. Chuensiri et al. found that blood NO level
increases following aerobic exercise training [23]. This finding
is in accordance with the study by Mantione et al., where the
level of NO in the exhaled air in moving subjects was much
lower compared to fully resting subjects [55]. In addition, the
eNOS level doubled in CAD patients who exercised com-
pared to sedentary CAD patients [56].

CRP or hs-CRP is an inflammatory marker strongly asso-
ciated with an increased risk of CVD [57]. Physically active
individuals have 19—35% lower level of CRP compared to inac-
tive fellows [58]. Hence, the level of CRP fluctuates, depending
on the physical activity of individuals [59]. From our analysis,
only half of the studies that measured CRP demonstrated
a significant reduction in CRP after exercise intervention
among obese children and adolescents [37,47,60,61]. A previ-
ous review also reported the similar trend, where less than half
of exercise intervention contributed to significant improve-
ments in CRP [62]. Another study highlighted the importance
of body weight and fat percentage reduction in decreasing
CRP level in exercised subjects [57]. All studies with signif-
icant CRP improvement showed a decrease in body weight
and fat percentage post-exercise. These findings could indicate
that improved CRP is not directly correlated with exercise
intervention but is dependent on the level of weight reduction
through exercise [63].

Bosn ] Basic Med Sci. 2020;20(2):149-156

153

The level of CRP is influenced by the level of pro-in-
flammatory cytokines, such as interleukin-6 (IL-6), that are
involved in atherosclerosis progression. IL-6 has been sug-
gested as an essential link to the rising level of CRP in CVD.
IL-6 is secreted in adipose tissue, lymphocytes, and activated
macrophages, and it controls the synthesis of CRP in the liver.
Therefore, a decrease of body weight in exercised subjects will
reduce IL-6 and, in turn, CRP, as less fat deposit is available [62].
IL-6 may also be induced by the pro-inflammatory cytokines
IL-1p and tumor necrosis factor-a (TNF-«), which are overex-
pressed in obesity. These are, however, not investigated herein.
Overexpression of IL-13 and TNF-a amplifies the inflam-
matory cascade and activates reactive oxygen species (ROS)
production eventually promoting CVD risk [64,65]. Exercise
may help to reduce the overexpression of IL-1 and TNF-q,
which consecutively decreases I1L-6 and CRP [66]. A low level
of CRP results in low permeability of the vascular wall to LDL,
thus, reducing the risk of CVD [49].

A non-significant decrease in CRP may be due to low exer-
cise intensity or duration. Longer exercise duration causes a
constant elevation of basal metabolic rate that leads to a signif-
icant loss in body weight and fat deposit [23]. Another factor
that may affect the results is the time of the CRP measurement.
The time of CRP measurements was not stated in the included
studies, except in Vasconcellos et al. [47] and Park et al. [48],
and this may be one of the confounding factors. Plaisance and
Grandjean suggested that CRP level should be observed days
after the final exercise session for a better reflection on CVD
risk [59].

Other confounding factors that could affect the results
of our review are hormonal and sex differences between the
included studies. These two factors are known to affect vascu-
lar function and inflammatory level [67,68]. It was observed
that aortic stiffness and CRP level changed during menstrual
cycle whereby their level was increased during follicular phase
compared to midluteal phase [67,68].

Limitations of our study are: 1) few studies were exam-
ined; 2) only CRP or hs-CRP was measured as the marker of
inflammation; and 3) other CVD risk factors such as oxidative
stress markers, lipid profiles, and coagulation factors were not
included.

CONCLUSION

Aerobic and/or resistance exercise exert positive eftects on
vascular markers, namely PWV, CIMT, and FMD. However,
the impact of exercise on the inflammatory marker CRP is still
controversial, as only half of the study included in this review
showed a significant reduction. The effect of exercise on Alx
was not discussed in this review, because the included studies
did not measure Alx. In addition, our conclusion is limited to
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the 9 studies that focused on exercise only, without the inter-

ference of other types of intervention, and on 5—19 years old [15]
obese children and adolescents. More studies should be con-
ducted to address these issues. »
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