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The aim was to systematically review and meta-analyze the current evidence for the effects of resistance training (RT) on
blood pressure (BP) as the main outcome and body mass index (BMI) in children and adolescents. Limited evidence
suggests that RT has no adverse effects on BP and may positively affect BP in youths. More high-quality studies are
needed to clarify the association between RT and BP in light of body composition changes throughout childhood and
adolescence.
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| 1. Introduction

The treatment for hypertension is usually pharmacological and has shown to be effective in 50% of adult patients @.
However, in younger populations pharmacological treatment should be reserved for those who present with persistent
elevated blood pressure (BP) despite lifestyle modification [&. Therefore, it is reasonable to investigate non-pharmacologic
treatments for youth and to emphasize preventative strategies including regular physical activity. Resistance training (RT)
has been suggested as an effective non-pharmacological treatment for the prevention and management of high BP in
adults B4, yet little is known about the effects of RT on BP in children and adolescents (6—18 years of age) .

Research evidence has found that cardiovascular disease has its roots in childhood, with some reports of endothelial
damage occurring early in life 2. The prevalence of diagnosed primary pediatric hypertension is increasing B, Primary
pediatric hypertension is the cardiovascular condition whereby systolic or diastolic BP values are > 95th percentile for
boys and girls up to 12 years of age and > 130/80 mmHg for youth older than 13 years of age 8. Primary pediatric
hypertension (as early as 7 years of age) has been associated with pathophysiological changes that tracks into later
stages 8], Moreover, the prevalence of obesity is increasing among youth and it has been identified as a risk factor for
elevated BP @19, Thus, the prevention and management of obesity early in life should be a primary consideration for
reducing the prevalence of pediatric hypertension . Of note, data from diverse populations indicate that childhood BP is
associated with BP later in life 11, Therefore, early treatment and management are needed since accelerated weight gain
in youth may increase the risk of elevated BP later in life 12, Juonala et al. reported that overweight or obesity early in life
was predictive of many comorbidities and found that youth who were overweight or obese but who became nonobese as
adults had a cardiovascular risk profile that was similar to those who were never obese (131 Therefore, maintenance of
normal body weight in children and adolescents may prevent the clustering of hypertension and other cardiovascular
disease risk factors in adulthood 4. Body mass index (BMI) is the most commonly used surrogate measure of adiposity
and screening tool for cardio-metabolic risk 2,

Along with weight maintenance, physical activity can improve BP levels in adults independently of pharmacological
treatment 4. A clinical report demonstrated a decrease in BP values of —=5/8 mmHg in hypertensive adults following
aerobic training X2, Traditionally, research and clinical efforts have focused on aerobic training as a means of BP
management. Recently, RT has gained attention as an important modulator of BP. Regular participation in RT has been
found to reduce BP by -4 mmHg and -5 mmHg in hypertensive adults who performed dynamic and isometric RT,
respectively 221,

In addition to increasing muscular strength, muscular power, and local muscular endurance, RT in youth has shown to
produce many health benefits including improvements in cardiovascular fitness, body composition, bone mineral density,
blood lipid profiles, insulin sensitivity, injury resistance, and mental health LEILZL8I19]20][21](22]123][24] By definition,
resistance training is a specialized method of conditioning that involves the use of different modes of training with a wide
range of resistive loads including body weight exercises and free weights (barbells and dumbbells) 28, Although the
potential health benefits of RT in youth have been widely studied, there is limited understanding about the effects of RT on
BP in children and adolescents. Several systematic reviews and meta-analyses have examined the positive effects of RT
on BP values in adults. However, no previous systematic review has quantitatively examined the association between RT



on BP and BMI in youth. Given this research gap, a systematic review was conducted to examine the literature regarding
the effects of youth RT on systolic and diastolic BP. In addition, a meta-analysis of selected studies was conducted to
guantitatively evaluate the effects of RT on systolic and diastolic BP, and BMI, in children and adolescents. Given the
potential health-related benefits of RT in adults, we hypothesized that RT would also produce beneficial effects on BP and
BMI values in youth.

| 2. Discussion

The aim of this systematic review and meta-analysis was to quantify the effect of RT on the values of SBP, DBP and BMI
in youth. To the best of our knowledge, this is the first systematic review with a subsequent meta-analysis that investigates
the effects of RT on BP values in children and adolescents. While other studies have investigated the role of physical
activity on cardiometabolic health in youth 23281 no previous reports have examined the influence of RT in this
population. As shown in previous research Bl2Zl RT has been found to offer observable health-related benefits in adults.
Thus, we hypothesized that RT would have positive effects on BP and BMI in youth.

Our main findings are that RT resulted in non significant reductions in SBP (-1.09 mmHg; P = 0.32) and DBP (-0.93
mmHg; P = 0.10) and statistically significant reductions in BMI (-0.43 kg/m?2; P = 0.03) in youth. Although the research
reports in this review failed to show statistical significance in terms of the ability of RT to lower systolic and diastolic BP,
several factors need to be considered. These factors include the design of the RT protocols (i.e., training intensity,
volume, frequency and duration) as well as the health status (all were normotensive) and the training status of the
participants. Conflicting findings from several studies are likely due to differences in outcomes measures, study designs
and study populations. Regarding the RCTs examined in our review, researchers used different RT protocols. While three
studies performed RT with bodyweight exercises 28129301 gne used sandbags and dumbbells 1, the others used weight
machines [B233134135]  Notable, there was wide variation in the prescription of RT variables including intensity, volume,
frequency or duration. For instance, some protocols proposed two weekly sessions of high RT (12 RM) B while others
trained 4 days per week with a moderate to high intensity (8 RM) B2, Further, two studies added nutritional guidelines
along with the RT protocol 2833 |nterpretation and comparison of results would be more accurate with similar RT
protocols and with subgroup analysis (i.e., obese and normal body weight; hypertensive and normotensive). There were
also differences in the configuration of the control groups among studies that could have impacted the outcomes. For
example, two studies did not advise participants about extra physical activity at school or in community based programs
(29]35] | one study that included adolescents who were obese, the control group consisted of adolescents who were not
obese 22 This aforementioned report showed moderate and substantial heterogeneity values in DBP and SBP,
respectively (37% and 67%). The heterogeneous values found in this study could help explain why no statistically
significant changes were found in SBP and DBP values following RT 2],

RT is an evidence-based preventative exercise intervention strategy that can promote health and well-being through the
life course (271381 The benefits of progressive RT on muscular strength, muscular power, and local muscular endurance of
children and adolescents is well described in several meta-analysis BAB8I3A Moreover, RT has shown to produce many
health-related benefits including improvements in cardiovascular fitness, body composition, bone mineral density, blood

lipid profiles, insulin sensitivity, injury resistance and mental health improvements [16I[18][19][201[21](22][23[24](40] | pngjtudinal
studies have confirmed the inverse relationship between low levels of strength early in life and risk of cardiovascular
disease later in life [38141142]143] Therefore, it seems plausible that RT could lower BP concurrent with improvements in
other health markers. Some studies have speculated that the reduction in BP following RT in youth might be due to an
increase in skeletal muscle mass which, in turn, may lead to a myocardial relaxation B4, diastolic filling peak velocity at
the mitral septal annulus B4, an improvement in autonomic modulation B2 and/or an enhanced endothelial function B4, In
obese children, functional and structural cardiac abnormalities (i.e., increased left ventricle and left atrium dimensions,
diastolic and systolic left ventricle, and right ventricle dysfunction) have been described in comparison to normo-weight
children 441451 |n this sense, BP mechanisms might be different. Further studies are needed in order to clarify the
hypothetical link between RT and BP improvements in youth.

Our findings show a statistically significant improvement in BMI (P = 0.03) after an RT intervention. It has been
established that exercise interventions can alter body composition (e.g., increase fat free mass) while BMI can remain the
same or in some cases increase due to the increase in muscle mass 48, Indeed, some studies demonstrated no change
of BMI following RT despite the remarkable benefits on other health parameters such as endothelial function 47481,

Therefore, BMI values may underestimate the effectiveness of RT interventions with respect to cardiovascular disease
risk [49],



This study has several limitations that should be acknowledged; (1) the lack of systematic quantification of the RT
intensity, volume or exercise selection; (2) BP was not a primary outcome in many of the studies included in the analysis;
(3) heterogeneity in the outcome measurement procedures; (4) most of the RCTs analyzed did not adequately perform or
report random sequence generation, allocation concealment and blinding of outcome assessment and; (5) moderate and
substantial values of heterogeneity on SBP and DBP were found.

Although limited research has examined the effects of RT on BP in youth, our results suggest that RT does not have an
adverse effect on the BP of children and adolescents and may be beneficial in lowering BP and improving BMI in this
young population. Unfortunately, our findings do not allow for a recommendation on a specific dose of RT for effectively
managing BP in youth. Nevertheless, a technique-driven and progressive RT program including multijoint exercises that
involve the large muscle groups should be considered in the design of youth physical activity programs 18, Further
research is needed to effectively examine the "dose response" (e.g., intensity, volume, frequency) of youth RT
interventions while exploring novel modes of RT like low intensity isometric handgrip exercise BY511,

| 3. Conclusions

The present shows that there is limited data to determine the effects of RT on BP values in youth, while significant
improvements in BMI have been demonstrated. Although the studies show a tendency towards reducing systolic and
diastolic BP, the heterogeneity of the RT intensity, volume, frequency or duration make the interpretation of results difficult.
Mechanisms by which RT may induce favorable adaptations in BP in youth are speculative. More high-quality studies are
needed to clarify the association between RT and BP in youth with and without clinical conditions.
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