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Abstract

Objective—Use the meta-analytic approach to examine the effects of aerobic exercise on total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and triglycerides (TG) in children and adolescents.

Study design—Randomized controlled trials which were limited to aerobic exercise >4 weeks in
children and adolescents 5-19 years of age.

Results—Twelve outcomes representing 389 subjects were available for pooling. Using random-
effects modeling, a trend for statistically significant decreases of 12% was found for TG (X+ S.E.M.,
—11.0 + 6.1 mg/dl; 95% ClI, —22.8-0.8 mg/dl) with no statistically significant changes for TC, HDL-
C, and LDL-C. Decreases in LDL-C were associated with increased training intensity (r = —0.89;
99% ClI, —0.99 to —0.04) and older age (r = —0.90; 99% CI, —0.99 to —0.25) while increases in HDL-
C were associated with lower initial HDL-C (r = —0.75; 99% CI, —0.94 to —0.80). Statistically
significant decreases in TG were observed in overweight/obese subjects with a trend for increases
in HDL-C (TG, X+ S.E.M., —23.9 £ 7.0 mg/dl; 95% Cl, —37.6 to —10.1 mg/dl; HDL-C, X+ S.E.M.,
4.0 + 2.3 mg/dl; 95% CI, —0.5-8.5 mg/dl).

Conclusions—Aerobic exercise decreases TG in overweight/obese children and adolescents.
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1. Introduction

The American Academy of Pediatrics has concluded that epidemiologic and experimental
evidence has shown that elevated cholesterol levels during childhood and adolescence
increases the risk for future coronary heart disease from elevated cholesterol levels as adults,
although the precise risk is unknown [1]. One approach for maintaining optimal cholesterol
levels in children and adolescents is exercise, a low-cost, nonpharmacologic intervention that
is available to the vast majority of children and adolescents [2]. Unfortunately, previous
randomized controlled trials that have examined the effects of aerobic exercise on lipids and
lipoproteins in children and/or adolescents have led to conflicting results with only 25% of
total cholesterol (TC) outcomes, 33% of high-density lipoprotein (HDL-C) outcomes, 22% of
low-density lipoprotein outcomes (LDL-C), and 9% of triglyceride (TG) outcomes reported
as statistically significant [3-14]. However, counting the number and percentage of statistically
significant results is a method that has been shown to be less valid than the meta-analytic
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approach [15], an approach that has not been previously used to examine the effects of aerobic
exercise on lipids and lipoproteins in children and adolescents. Therefore, the purpose of this
study was to use the meta-analytic approach to examine the effects of aerobic exercise on lipids
and lipoproteins in children and adolescents.

2. Methods

2.1. Data sources

Studies were retrieved via (1) electronic database searches (MEDLINE, EMBASE, Current
Contents, Sport Discus, Dissertation Abstracts International), (2) cross-referencing from
original and review articles, (3) hand searching, and (4) expert review of our reference list (Dr.
Bernard Gutin, personal communication). The two major key words used in our searches
included exercise and cholesterol. We used a broad versus focused search strategy in order
minimize the inability to locate studies that might meet our inclusion criteria.

2.2. Study selection

The inclusion criteria for this study were as follows: (1) randomized controlled trials, (2)
aerobic exercise of at least 4 weeks as the intervention (no diet intervention), (3) children and
adolescents 5-19 years of age, (4) studies published in journal, dissertation, or Master's thesis
format, (5) studies published in the English-language, (6) studies published and indexed
between January 1, 1955 and January 1, 2005, and (7) assessment of one or more of the
following lipids and lipoproteins in the apparently fasting state: TC, HDL-C, LDL-C, TG. We
limited our studies to randomized controlled trials because it is the only way to control for
confounders that are not known or measured as well as the observation that non-randomized
controlled trials tend to overestimate the effects of healthcare [16,17]. Multiple publication
bias (the tendency for data on the same subjects to be reported more than once in different
studies) was avoided by inspecting each study for duplication. We chose 1955 as the starting
date because it appears to have been the first time that an exercise and lipid and lipoprotein
intervention study was conducted and published [18]. We did not include studies from foreign
language journals because of cost as well as our concern about the potential for error in the
translation and interpretation of findings. All studies were selected by both authors.
Discrepancies were resolved by consensus.

2.3. Data abstraction

Coding sheets that could hold 368 items from each study were developed. All studies were
coded by both authors, independent of each other. Discrepancies were resolved by consensus.
Cohen's kappa [19] for inter-rater agreement prior to correcting discrepant items was 0.91.

2.4, Statistical analysis

Changes in TC, HDL-C, LDL-C and TG were calculated by taking the change outcome
difference (final minus initial) between the exercise and control groups (exercise minus control)
for each group from each study. In order to enhance interpretation for a wider range of readers,
we reported all lipid and lipoprotein data in milligrams per deciliter (mg/dl) versus millimoles.
All pooled outcomes were weighted by the inverse of the variance. Ninety-five percent
confidence intervals (95% ClIs) were used to establish the significance of our findings. A
random-effects model, which controls for statistical heterogeneity, was used for all analyses
[20]. These same approaches were used in the analysis of our secondary outcomes, i.e., changes
in body weight, percent body fat, and maximum oxygen consumption (VOymax in ml kg™t
min~1). Publication bias was examined using the regression approach of Egger et al. [21].
Cumulative meta-analysis, ranked by year, was performed in order to examine the consistency
of our results over time [22]. Study quality, ranging from a low of 0 to a high of 5, was assessed
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using a previously developed index that has been shown to be both valid and reliable [23].
Sensitivity analysis was conducted by deleting each study from the model once in order to see
if any one study had a statistically significant influence on our overall results. In addition, we
examined the sensitivity of our lipid and lipoprotein outcomes by limiting our analysis, based
on the availability of data, to (1) studies conducted in the United States (country bias) [24], (2)
studies published in peer-reviewed journals (publication bias) [25], (3) studies in which all
subjects were overweight and/or obese, (4) studies in which all subjects had Type 1 diabetes,
(5) studies that reported no exercise at least 24 h prior to lipid assessment, and (6) studies that
reported no prior participation in the physical activity intervention. Based on the availability
of data, we also conducted simple, least squares regression analyses (method of moments
approach) [26] in order to examine the association between changes in our primary outcomes
(TC, HDL-C, LDL-C, and TG) and study quality, age, initial lipid and lipoprotein levels, initial
percent body fat, changes in body weight, percent body fat, and VOymay in ml kg™t min~1, as
well as the length, frequency, intensity, duration, and total minutes of training. We were unable
to conduct any type of multiple regression analysis because of missing data for different
variables from different studies. Because of the large number of simple regression tests
conducted, we used 99% confidence intervals to establish the statistical significance of our
results.

Descriptive statistics are reported as mean + standard deviation (X £ S.D.) while primary and
secondary outcomes are reported as mean + standard error of the mean (X + S.E.M.). Study
quality was reported using the median. Data were analyzed using Stata SE (version 8.2) [27]
and SPSS (version 13.0) [28].

3.1. Study characteristics

Of the more than 3000 studies reviewed, a total of 12 met our criteria for inclusion [3-14]. All
of the studies appeared to use an analysis-by-protocol approach in the analysis of their data
[3-14], with one study apparently having no dropouts [10]. A total of 25 groups (13 exercise,
12 usual care controls) representing initial and final assessment in 389 subjects (211 exercise,
178 control) were included in the analysis. The percentage of subjects that started the study
but were not available for follow-up assessment ranged from 0 to 65% in the exercise groups
(XxS.D., 16 = 21%) and 0-61% in the control groups (X £ S.D., 16 + 19%). Study quality
ranged from 1 to 2 (median = 2).

3.2. Subject characteristics

Initial characteristics of the subjects are shown in Table 1. Seven of the studies (58%) included
both males and females [3-6,8-10], four were limited to males [7,11-13], and one was limited
to females [14]. For those studies that reported information on race and ethnicity, one reported
that subjects included Asians, Hispanics, and Whites [7], another reported the inclusion of
Asians, Blacks, and Whites [8], and another reported that all subjects were White [11]. Three
studies reported that all subjects were prepubescent [5,9,12] while another reported that all
subjects were postpubescent [3]. Four studies reported that none of the subjects were taking
any type of medication(s) [6,7,11,13]. Another four studies reported that none of the subjects
smoked [3,6,7,12] while one reported that none consumed alcohol [7]. Seven studies reported
that none of the subjects participated in any prior physical activity that was similar to the
intervention [3,4,6-8,12,13]. One study reported dietary habits during the study that may have
affected changes in lipids and lipoproteins [5]. Two studies reported that all subjects were
overweight or obese [8,10] while another two reported that all subjects had Type 1 diabetes
[5,6].
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3.3. Lipid assessment characteristics

Lipidsand lipoproteins were assessed in the morning after an overnight fast that ranged between
8and 12 h (X+S.D., 11.7 £ 0.7 h). The number of hours that exercise was avoided prior to
the assessment of lipids and lipoproteins ranged from 24 to 72 h (X+ S.D., 31.2 £ 16.1 h) for
the four studies that reported this information [3,6,12,13].

3.4. Training program characteristics

For those studies that reported data, the length of training ranged from 5 to 16 weeks (X+ S.D.,
10.7 + 3.2), frequency from 3 to 5 times per week (X' S.D., 3.7 £ 0.8), intensity from 44% to
90% of VOymax (X S.D., 74.7 £ 11.8), and duration from 20 to 60 min per session (X+ S.D.,
35.0 = 12.5). Total minutes of training (Iength x frequency x duration) ranged from 480 to
2560 min (X'+ S.D., 1482.5 + 679.4). Compliance, defined as the percentage of exercise
sessions attended, ranged from 80 to 100% (X' S.D., 91.5 + 7.4). While a variety of supervised
aerobic activities were used, the most common included walking, jogging, stationary cycling,
and various movements to music.

3.5. Primary and secondary outcomes

3.5.1. Primary outcomes—A description of our lipid and lipoprotein results, adjusted for
control group changes, is shown in Table 2 as well as Figs. 1-4. While no statistically significant
changes were observed for TC, HDL-C, or LDL-C, there was a trend for statistically significant
decreases of approximately 12% for TG. Cumulative meta-analysis, ranked by year, showed
that results have continued to remain nonsignificant throughout the years for TC, HDL-C, and
LDL-C. However, there has been a trend over the years for changes in TG to approach statistical
significance. With each study deleted from the model once, results remained statistically
nonsignificant for TC, HDL-C, and LDL-C. However, changes in TG were statistically
significant when the study by Blessing et al. (X + S.E.M., —=12.5 + 4.9 mg/dl; 95% CI, —23.7
to —1.3 mg/dl) [3] and Ferguson et al. (X + S.E.M., —=7.0 + 3.4 mg/dl; 95% CI, —0.3 to —13.6
mg/dl) [8] were deleted from the model as well as when the high-intensity training group in
the study by Savage et al. [12] was deleted (X + S.E.M., —=12.8 + 3.4 mg/dl; 95% CI, —0.3 to
—25.3 mg/dl). When limited to subjects who were overweight or obese [8,10] a statistically
significant reduction in TG was found (X+ S.E.M., —23.9 + 7.0 mg/dl; 95% CI, —37.6 to —10.1
mg/dl), as was a trend for statistically significant increases in HDL-C (X + S.E.M., 4.0 +2.3
mg/dl; 95% CI, —0.5—-8.5 mg/dl). Similar to our overall results, there was a trend for statistically
significant reductions in TG when we limited our analysis to the two studies in which all
subjects had Type 1 diabetes (X £ S.E.M., —9.4 + 5.6 mg/dl; 95% CI, —20.4—-1.6 mg/dl) [5,6]
but not when studies were limited to those in which there was no prior participation in the
physical activity intervention (X + S.E.M., —14.2 £ 8.4 mg/dl; 95% CI, —30.5-2.2 mg/dl) [3,
4,6-8,12]. Statistically significant decreases in TC were found when results were limited to
those studies that reported that subjects refrained from exercise for at least 24 h prior to the
assessment of lipids (X + S.E.M., —8.4 + 3.1 mg/dl; 95% CI, —14.5 to —2.3 mg/dl) [3,6,12,
13]. No other statistically significant or clinically relevant differences were observed for any
of our other sensitivity analyses (95% CI crossed O for all).

Greater increases in HDL-C were associated with lower initial levels of HDL-C (r = —0.75;
99% CI, —0.94 to —0.80). In addition, greater decreases in LDL-C were associated with older
age (r=-0.90; 99% CI, —0.99 to —0.25) as well as higher levels of training intensity (r = —0.89;
99% CI, —0.99 to —0.04). No other statistically significant relationships were observed (99%
Cl crossed 0 for all).

3.5.2. Secondary outcomes—As can be seen in Table 2, there were no statistically
significant changes in body weight. However, there was a statistically significant reduction of
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7% in percent body fat as well as a statistically significant increase of 7% for VOypax in ml
kg™t min71,

4. Discussion

The overall results of this study suggest that short-term aerobic exercise does not improve TC,
HDL-C, and LDL-C in children and adolescents (all 95% Cls crossed zero). However, there
was a trend for statistically significant reductions in TG which were independent of changes
in body weight and percent body fat. Similar results were found when we limited our analysis
to studies in which all subjects had Type 1 diabetes [5,6]. Reductions in TG did reach statistical
significance when three studies were independently deleted from the model [3,8,12] as well as
when studies were limited to overweight and obese subjects [8,10]. The antagonistic results
for TG in relation to the Ferguson et al. study [8] most likely reflect the differential weighting
of this study across the two different types of analyses. In addition to our TG findings, there
was also a trend for statistically significant increases in HDL-C in overweight and obese
subjects. The statistically significant reductions in TG among overweight and obese children
and adolescents may be especially important given the increasing prevalence of overweight
and obesity among children, adolescents, and adults [29,30], as well as the fact that elevated
TG levels are an independent risk factor for coronary heart disease in adults [31]. The former
notwithstanding, our analysis was limited to only two studies in which all children and
adolescents were overweight or obese [8,10]. Given the above, it would appear plausible to
suggest that a need exists for additional randomized controlled trials in this population.

We found several potentially important relationships in this study. These included (1) an
increase in HDL-C with lower initial levels of HDL-C, (2) greater decreases in LDL-C with
older age, and (3) greater decreases in LDL-C with higher levels of training intensity. While
these results are interesting, they should be considered exploratory in nature. Furthermore,
these findings, like any correlation that deviates from 1, could be a statistical (regression toward
the mean) versus physiological phenomenon [32].

With the exception of changes in TG, our findings for TC, HDL-C, and LDL-C were generally
unimpressive. Overall, our findings are consistent with previous narrative reviews on this topic.
For example, Linder and Durant concluded that intervention studies have failed to demonstrate
that aerobic exercise alters lipid and lipoprotein levels in children and adolescents [33] while
Haskell concluded that most aerobic training studies in children and adolescents did not result
in any changes in lipids and lipoproteins [34]. In addition, Vaccaro and Mahon [35] as well as
Despres et al. [36] concluded that because of conflicting information from intervention studies,
no recommendation could be made regarding the feasibility of exercise for improving lipids
and lipoproteins in children and adolescents. More recently, Tolfrey et al. concluded that the
majority of intervention studies have suggested that regular aerobic exercise has little, if any,
influence on the lipid and lipoprotein levels of children and adolescents [37]. The strength of
our study over previous narrative reviews was the use of a more quantitative approach (meta-
analysis) in order to provide more definitive information regarding the magnitude of change
in selected lipids and lipoproteins as a result of aerobic exercise in children and adolescents as
well as an examination of potential associations between changes in lipids and lipoproteins
and selected characteristics. The strength of our meta-analysis over the individual studies
themselves provided the opportunity to increase estimates of treatment effectiveness as well
as power for our primary endpoints [38]. For example, since TG have high day-to-day
variability, the added power of our meta-analysis may have uncovered the important
relationship that we observed between aerobic exercise and changes in TG.

While our overall changes in lipids and lipoproteins among children and adolescents were
generally modest, aerobic exercise should almost always be recommended because of the
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numerous other benefits that can be derived from such. For example, the fact that we found
statistically significant decreases in percent body fat as well as increases in VOypax in ml
kg1 min~1 lends support for the importance of aerobic exercise for the overall health of
children and adolescents. In addition, participation in aerobic exercise improves overall
cardiovascular risk and may prevent risk factor acquisition over time [39]. More specifically,
the benefits of aerobic exercise may be the result of its independent protective effect on event
rates and inflammatory markers as well as its usefulness in the prevention of the multiple risk
phenotype or metabolic syndrome and hypertension. These positive benefits should be
obtainable by adhering to the recent physical activity guidelines for children and adolescents
as set forth by the United States Department of Health and Human Services and the United
States Department of Agriculture [40]. This includes participation in at least 60 min of moderate
intensity physical activity on most days of the week, preferably daily.

While the results of our meta-analysis provide important information, they need to be
considered with respect to the following limitations. First, a common problem with all reviews,
meta-analytic or otherwise, is missing data. For example, we were unable to conduct any type
of multiple regression analysis because of missing data for different variables from different
studies. Consequently, we chose to conduct a number of simple regression tests in order to
maximize the amount of data that was available. However, as a result of this approach, we were
unable to control for potential confounders such as the potential for differential changes in
dietary behavior between exercise and control groups. In addition, we increased our risk for
conducting a Type | error despite using a more stringent confidence level (99%).

Less than half the studies (46%) reported data on compliance of the subjects to the exercise
protocol. Since this could affect changes in lipids and lipoproteins, it is strongly suggested that
future studies include this information. In addition, only four studies reported that subjects
refrained from exercise for at least 24 h prior to the assessment of lipids [3,6,12,13]. Since this
may affect lipid and lipoprotein levels, it would appear plausible to suggest that future studies
have subjects refrain from exercise for at least 24 h prior to lipid assessment and that the number
of hours that exercise is avoided be reported.

Ideally, many of the limitations of our current meta-analysis could be overcome by conducting
an individual-patient data (IPD) versus summary means meta-analysis. However, this must be
countered with the difficulty in obtaining IPD from investigators. For example, in our previous
meta-analytic research dealing with the effects of exercise on bone mineral density in adults
we were only able to obtain IPD from approximately 29 of 76 (38%) eligible studies [41].

In conclusion, the results of our study suggest that aerobic exercise decreases TG in overweight
and obese children and adolescents. In addition, decreases in LDL-C are associated with
increased training intensity and older age while increases in HDL-C are associated with lower
initial HDL-C. However, these associations need to be tested further in large, well-designed,
randomized controlled trials.
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Forest plot for changes in TC. The black boxes, sized relative to random-effects weighting,
represent the mean change in TC for each study while the lines represent the 95% confidence
intervals. The diamond and dashed lines represent the overall mean change in TC across all
listed studies while the left and right ends of the diamond represent the 95% confidence interval

for all studies combined.
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Forest plot for changes in HDL-C. The black boxes, sized relative to random-effects weighting,
represent the mean change in HDL-C for each study while the lines represent the 95%
confidence intervals. The diamond and dashed lines represent the overall mean change in HDL-
C across all listed studies while the left and right ends of the diamond represent the 95%
confidence interval for all studies combined.
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Forest plot for changes in LDL-C. The black boxes, sized relative to random-effects weighting,

represent the mean change in LDL-C for each study while the lines represent the 95%

confidence intervals. The diamond and dashed lines represent the overall mean change in LDL-
C across all listed studies while the left and right ends of the diamond represent the 95%
confidence interval for all studies combined.
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Forest plot for changes in TG. The black boxes, sized relative to random-effects weighting,
represent the mean change in TG for each study while the lines represent the 95% confidence
intervals. The diamond and dashed lines represent the overall mean change in TG across all
listed studies while the left and right ends of the diamond represent the 95% confidence interval
for all studies combined.
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Primary and secondary outcomes

Table 2
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Variable N X+ S.E.M. 95% ClI
Primary outcomes (mg/dl)
TC 12 -0.6+20 -4.4103.3
HDL-C 12 -1.4+17 -4.8t01.9
LDL-C 9 12+28 -4.3t06.7
TG 11 -11.0+6.1 -22.8100.8
Secondary outcomes
Body weight (kg) 10 0.31+0.3 —0.31t00.92
Body fat (%) 6 —2.0+05 -3.0t0-1.12
VOypmax (Ml kg min%) 9 3.0+09 1.2t04.82

N, number of groups reporting data; X + S.E.M., mean + standard error of the mean; Cl, confidence interval; TC, total cholesterol; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; VO2 max, maximum oxygen consumption.

aSignificantly different from zero (0).
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