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Abstract

Purpose—Use the meta-analytic approach to examine the effects of aerobic exercise on lipids and
lipoproteins in adults with cardiovascular disease (CVD).

Methods—Studies were retrieved via electronic databases, review of reference lists from retrieved
articles, including reviews, and hand searching. Inclusion criteria were: (1) randomized controlled
trials, (2) aerobic exercise >4 weeks as an intervention, (3) studies published in English language
only between January 1, 1955 and January 1, 2005, (4) studies published in journals or as dissertations
or master's theses, (5) human subjects >18 years, (6) all subjects diagnosed with some type of CVD,
and (7) pre and post data available for total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and/or triglycerides (TG). Random-effects
models were used for data analysis.

Results—Of the more than 3,000 studies reviewed, a total of 10 representing 1,260 subjects (580
exercise, 680 control) were included in our analysis. There was a statistically significant increase of
9% in HDL-C (mean + SEM, 3.7 £ 1.3 mg/dL; 95% ClI, 1.2 to 6.1 mg/dL) and a statistically significant
decrease of 11% in TG (—19.3 £ 5.4 mg/dL; 95% Cl, —30.1 to —8.5 mg/dL), but no statistically
significant decreases in TC or LDL-C (TC, —8.8 + 6.8 mg/dL; 95% CI, —22.3 to 4.7 mg/dL; LDL-
C, —7.7 £ 6.0 mg/dL; 95% CI, —19.5 to 4.2 mg/dL).

Conclusions—The present findings suggest that chronic aerobic exercise increases HDL-C and
decreases TG in adults, especially men, with CVD.
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Introduction

Suboptimal levels of lipids and lipoproteins represent a major risk factor for cardiovascular
disease (CVD), the number 1 cause of mortality in the United States. Recent estimates indicate
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that more than 100 million US adults have a suboptimal lipid and lipoprotein profile.1 Aerobic
exercise is a therapeutic lifestyle approach that is recommended for improving lipid and
lipoprotein levels for all individuals, including those with CVD.2 However, randomized
controlled trials of the effects of aerobic exercise on lipids and lipoproteins in adults with CVD
have yielded conflicting results, possibly due to differences in initial lipid and lipoprotein
levels, exercise program characteristics, duration of the intervention, or other confounding
variables (eg, concomitant dietary and/or medication-induced changes). 3-12 por example, of
the previously cited studies, only 10% of total cholesterol (TC), 50% of high-density
lipoprotein cholesterol (HDL-C), 60% of low-density lipoprotein cholesterol (LDL-C), and
44% of triglyceride (TG) outcomes were reported as statistically significant. However, the
vote-counting approach (number and/or percentage of statistically significant results) has been
shown to be less valid and reliable than the more quantitative meta-analytic approach. 13 Meta-
analysis is an approach in which individual studies are combined and analyzed in a quantitative
fashion. It is especially appropriate when the number of studles is small, the number of subjects
that can be enrolled in any given study is limited, or both.14 In the present study, we used the
meta-analytic approach to examine the effects of aerobic exercise on lipids and lipoproteins in
adults with CVD.

Data Sources

For this project, studies were retrieved via (1) electronic databases (MEDLINE, EMBASE,
Current Contents, Dissertation Abstracts International), (2) review of reference lists from
retrieved articles, and (3) hand searching.

Study Selection

Inclusion criteria for this study were: (1) randomized controlled trials, (2) aerobic exercise of
4 weeks or longer as an intervention, (3) studies published in the English language between
January 1, 1955 and January 1, 2005, (4) studies published in journals or as dissertations or
master's theses, (5) human subjects 18 years or older, (6) only subjects with known (or
documented) CVD, and (7) pre and post data available for TC, HDL-C, LDL-C, and TG.
Studies with multiple interventions met our inclusion criteria if the only difference was that
the control group did not receive the aerobic exercise intervention. We chose 1955 as the
starting date to search because it appears that this was the flrst time that an aerobic exercise
training study on lipids and lipoproteins had been reported Sif multiple publication bias (same
data reported in more than 1 publication) was identified, only data from 1 study was included.
Study selection was conducted by the first 2 authors, independent of each other. In addition,
the third author examined our reference list for thoroughness and completeness. Discrepancies
were resolved bg consensus. All studies were entered into a reference database (ProCite,
version 5.0.3)

Data Abstraction

Coding sheets were developed that could hold more than 200 items. The major categories of
items that were coded included study, subject, lipid assessment, and training program
characteristics, as well as primary (TC, HDL-C, LDL-C, TG) and secondary (body weight,
body mass index [BMI] in kg/m?2, and maximum oxygen consumption [Voomax], expressed as
mL-kg~1-min~1) outcomes. All studies were coded in Microsoft Excel version 2002
spreadsheets17 by the first 2 authors, independent of each other. The authors then reviewed
every entry for accuracy and consistency. Discrepancies were resolved by consensus. Interrater
reliability prior to correcting discrepant items was 0.94 (Cohen kappa)
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Statistical Analysis

Results

Before the start of this study, we identified the number of outcomes and subjects that would
be available for our primary outcomes analysis and then conducted power analyses demgned
specifically for meta-analytic datasets. 19 Using a small to medium effect size of 0.35
random-effects variance component of 1.0, a 2-tailed alpha level of .05, and a desired power
of 0.80, our power to identify a statistically significant difference was estimated to be 0.98,
0.88, 0.83, and 0.96, respectively, for TC, HDL-C, LDL-C, and TG.

Primary outcomes (TC, HDL-C, LDL-C, and TG) were calculated by taking the change score
difference between the exercise and control groups. Because most studies provided dispersion
statistics for pre and post means but not change outcomes, these were estimated according to
procedures developed by Follmann et al.21 Al studies were weighted by the inverse of the
variance and results were pooled using a random-effects model. 2,23 Ninety-five percent
confidence intervals were used to establish the precision of our results. Secondary outcomes
(changes in body weight, BMI, Voomax) Were analyzed using the same procedures as those for
primary outcomes.

To examine for publication bias, we used the regression approach of Egger et al.24 The
sensitivity of our results was examined by running all of our primary outcomes analyses with
each study deleted from the model once. Study quality was examined using a previously
validated and reliable questlonnalre that ranged from 0 to 5 points, with higher scores
representing greater study quallty Analy5|s of variance-like models for meta-analysis were
used to compare differences in lipids and Ilpoprotelns according to whether the intention-to-
treat or analysis-by-protocol approach was used. 26 \We were unable to examine gender
differences because none of the studies provided data for women only. Because of missing
data for different variables from different studies, a common occurrence with meta-analytic
datasets, simple meta-regression was used to examine the relationship between changes in TC,
HDL-C, LDL-C, and TG with study quality, initial lipid levels, age, changes in body weight,
BMI, Voomax, length, frequency and duration of training, as well as compliance to the exercise
protocol. We were unable to examine the relationship between changes in lipids and
lipoproteins and intensity of training because of a lack of reported data. The 2-tailed alpha level
for statlstlcal significance was set at P < .05. All data were analyzed using Stata SE (version
8. 2) and SPSS (version 13. 0)

Study Characteristics

Of more than 3,000 studies reviewed, 11 studies published in journals met our inclusion criteria.

-12,29 However, we were unable to include one study because of a lack of reported data on
lipids and Iipoproteins.29 Thus, our percent loss that met our inclusion criteria was
approximately 9%. A general description of the 10 included studies is shown in Table 1. A
total of 1,260 subjects (580 exercise, 680 control) were included in our analysis. The number
of subjects in which lipid and lipoprotein data were available ranged from 8 to 110 in the
exercise groups (mean + SD, 58 + 34) and 18 to 142 |n the control %roups (mean + SD, 68 +
47). Two studies were conducted in the Unlted States ’ Scotland and Sweden, 0
whereas 1 each were conducted in China,L Italy, the United Klngdom or Yu oslavia.? Six
studies used the analysis-by- protocol {)proach to analyze their data 9,8-10,12 \whereas 4
used intention-to-treat anaIyS|s 6,711 Median study quality was 2.0. Initial characteristics
of the subjects are shown in Table 2.
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Subject Characteristics

Gender—Six studies were limited to men,3"‘3'6!8'9'11 and 4 others included both men and
women.47,10,12 Although we were unable to determine the number of men and women for
one study,10 the remaining 9 studies included 858 men and 109 women.

Race/Ethnicity—For the one study that provided specific information on race/ethnicity, all
subjects were reported to be Chinese.12

Medications and Lipid Metabolism—One study reported that none of the subjects were
taking any type of medication(s) that could affect lipid metabolism 4 whereas 4 others had
some subjects that were taking some type of medication(s).3'5’11’12 Four studies reported that
medication usage did not change during the study,3’4111’12 whereas another stated that an
additional 8 and 5 subjects in the exercise and control groups started taking beta-blockers.®

Cigarette Smoking/Alcohol Consumption—One study reported that none of the
subjects smoked cigarettes,6 whereas 8 others stated that some subjects smoked cigarettes.
5’7'8'10g182 For alcohol consumption, 2 studies reported that some of the subjects consumed
alcohol.?:

Physical Activity/Diet—Three studies stated that some of the subjects in both the exercise
and control groups were physically active before taking part in the 5tudy.97lov12 Five studies
reported that they provided dietary advice to both the exercise and control groupsev8_10712
with one reporting concomitant changes in diet that may have effected the alterations in lipids
and lipoproteins in the exercise group.

Comorbidities—Six studies stated that some of the subjects had Type 1 and/or Tyge 2
dia1betes,4!5’7'10_12 while another 2 reported that none of the subjects had diabetes. 8 For
overweight/obesity, one study reported that all of the subjects were overweight or obese,12
while 2 studies stated that some of the subjects were overweight and/or obese. 49 A description
of the subjects in relation to CVD can be found in Table 1.

Lipid Assessment Characteristics

Blood sampling for the assessment of lipids and lipoproteins generally took place in the
morning after an overnight fast.

Training Program Characteristics

A description of the individual and group training program characteristics are provided in
Tables 1 and 3, respectively. As shown in Table 3, only 20% of the studies reported the average
intensity of training.

Primary Outcomes

Total Cholesterol—The results for TC are shown in Table 4 and Figure 1. Across all studies,
a nonsignificant reduction of approximately 4% was found for TC. With each study deleted
from the model once, results remained nonsignificant. Greater decreases in TC were associated
with decreases in BMI (r = 0.90, P =.0002) and compliance to the exercise protocol (r = 0.88,
P =.0004). No other statistically significant differences or relationships were observed (P > .
05 for all).

High-density Lipoprotein Cholesterol—The results for HDL-C are shown in Table 4

and Figure 2. Across all studies, a statistically significant increase of approximately 9% was
found. With each study deleted from the model once, results remained statistically significant.
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No statistically significant publication bias was observed (t=1.93, P =.13). Increases in HDL-
C were associated with decreases in BMI (r = 0.90, P = .002), but not body weight (r = 0.61,
P =.29). In addition, increased compliance to the exercise protocol was associated with
increases in HDL-C (r = 0.86, P = .02). Furthermore, a trend was found for increases in HDL-
C and increases in Vopmax (r = 0.74, P = .09). No other statistically significant differences or
relationships were observed (P > .05 for all).

Low-density Lipoprotein Cholesterol—The results for LDL-C are shown in Table 4 and
Figure 3. Across all studies, a nonsignificant reduction of approximately 5% was found.
However, with each study deleted from the model once, results were statistically significant
when the Wosomu et a1l study was deleted from the model (mean £ SEM, —12.4 + 3.5 mg/
dL, 95% CI, —23.6 to —1.1 mg/dL). Decreases in LDL-C were associated with increased
compliance to the exercise protocol (r = 0.97, P =.0001). In addition, there was a trend for
greater decreases in LDL-C with greater decreases in BMI (r = 0.79, P = .06). No other
statistically significant differences or relationships were observed (P > .05 for all).

Triglycerides—The results for TG can be found in Table 4 and Figure 4. Across all studies,
a statistically significant decrease of approximately 11% was found. No statistically significant
publication bias was found (t = —0.86, P = .42). With each study deleted from the model once,
results remained statistically significant. Decreases in TG were associated with greater
compliance to the exercise protocol (r = 0.82, P = .003). In addition, there was a trend for
greater decreases in TG for those with higher initial TG levels (r = 0.58, P = .07) and studies
of lower quality (r = 0.59, P =.09). No other statistically significant differences or relationships
were observed (P > .05 for all).

Discussion

Our overall results suggest that aerobic exercise increases HDL-C and decreases TG in this
cohort. From a clinical perspective, these improvements (+9% for HDL-C and —11% for TG)
are probably important. For example, although LDL-C is currently the primary target of lipid-
lowering therapy,2 increases in HDL-C (+6%) and decreases in TG (—31%) in patients with
coronary heart disease have been shown to reduce nonfatal myocardial infarction and coronary
heart disease death by 22% in the absence of changes in LDL-c.30 Thus, it appears that even
without lowering LDL-C, improvements in HDL-C and TG can benefit patients with CVD.

Although we did not find a statistically significant reduction in TC or LDL-C, important
cardioprotective improvements in LDL-C subfractions may have occurred. For example, it has
recently been shown that aerobic exercise in previously sedentary, overweight men and women
with mild to moderate dyslipidemia decreases the concentrations of the more atherogenic small
LDL particles while increasing the average size of LDL particles despite a lack of a statistically
significant reduction in LDL-C.31 Thus, the beneficial effects of aerobic exercise on LDL-C
may not be apparent when limited to the assessment of total LDL-C alone. However, Varady
etal32 reported that aerobic exercise decreased LDL peak particle size in previously sedentary,
hypercholesterolemic adults. The authors concluded that aerobic exercise may potentially
increase the risk for corona? heart disease by decreasing LDL peak particle size.32
Alternatively, Elosua et al33 concluded that aerobic exercise had no effect on LDL particle
diameter. Given these discrepant results, additional research dealing with the effects of aerobic
exercise on LDL subfractions in adults appears warranted. Because we are not aware of any
research to date that has examined this issue in patients with CVD, future studies should include
a representative sample of this population.

Because 5 studies reported providing dietary advice to both the exercise and control groups,

6,8-10,12 improvements in lipids and lipoproteins in the exercise groups may have been
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blunted by any possible and equivalent changes in diet that may have occurred in both groups.
This is especially true because we calculated differences in lipids and lipoproteins as the
exercise minus control group difference. One exception to this is the study by Fletcher et al®
in which it was reported that dietary changes were limited to subjects in the exercise group
only.

Our LDL-C and TG results are in agreement with a recent meta-analysis of the effects of
exercise on lipids and lipoproteins. 4 However, although we found a statistically significant
increase in HDL-C and a nonsignificant decrease in TC, the previously conducted meta-
analysis found no statistically significant changes in HDL-C, but a statistically significant
reduction in TC.34 One of the possible reasons for the conflicting findings may be our stricter
inclusion criteria. For example, we limited our inclusion criteria to only those studies in which
aerobic exercise was an intervention, whereas the previously conducted meta-analysis included
studies employing other types of exercise (eg, yoga). In addition, we only included studies in
which the only difference between the exercise and usual care groups was the aerobic exercise
intervention.

We found several interesting relationships between changes in lipids and lipoproteins and
selected variables, most notably, a statistically significant relationship between greater
compliance to the exercise protocol and improvements in all of the lipids and lipoproteins
reported in this study (TC, HDL-C, LDL-C, TG). Intuitively, this makes sense if aerobic
exercise is indeed the primary or sole factor associated with improvements in lipids and
lipoproteins. We also found a statistically significant relationship between decreases in BMI
and greater improvements in TC and HDL-C, along with a trend for greater reductions in LDL-
C. This raises the possibility that exercise-mediated decreases in BMI may play a role in
improving TC, HDL-C, and LDL-C in adults with CVD. However, these results need to be
interpreted with caution as we did not find any relationship between changes in body weight
and lipids and lipoproteins. One of the reasons for these conflicting findings probably has to
do with the larger sample size for body weight. Consequently, our findings for body weight
may be more appropriate than our BMI findings.

The trend for greater increases in HDL-C with greater increases in Vopmax Suggests that those
that are the least fit may have the most to gain from an aerobic exercise program in relation to
increasing HDL-C levels. Alternatively, it could suggest that training at higher intensities leads
to greater increases in HDL-C. For example, a recent review found that the preponderance of
evidence favored %reater increases in Voomax from higher intensities of training.?’5 Similarly,
Wenger and Bel13® concluded that higher exercise intensities elicit greater improvements in

Voomax. Unfortunately, only 20% of the studies in our meta-analysis provided intensity data.

The trend for greater decreases in TG with higher baseline TG levels suggests that those with
higher initial levels of TG may have more to gain than those with lower initial TG levels.
Finally, the trend for greater decreases in TG with studies of lower quality may warrant caution
with respect to the interpretation of our TG findings.

Clinicians today may rely too heavily on lipid-lowering drugs (ie, statins). In our opinion, we
should not abandon aggressive lifestyle alterations (diet and/or exercise) which have been
shown to significantly improve the lipid and lipoprotein profile equivalent to drug monotherapy
and beyond improvements with statins alone. Several investigations have examined the
interaction between dietary changes, exercise training, drug therapy, or combinations thereof,
on both lipid and lipoprotein levels in patients with hypercholesterolemia.37‘39 Although
pharmacotherapies (ie, statins) are widely considered as a first-line strategy to stabilize overt
CVD, aggressive diet therapy (less than 10% of calories from fat) can result in improvements
in the lipid and lipoprotein profile that are comparable to those reported in trials of drug
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monotherapy,38v39 and when combined with daily aerobic exercise, can result in additional
substantial reductions in TC, LDL-C, and TG, beyond those achieved with cholesterol-
lowering drugs.?’7

Meta-analysis, like any type of review, is limited by the accuracy and availability of data in
the included studies. Thus, our results should not be generalized beyond the characteristics of
the studies included in this meta-analysis. For example, most subjects were men and none of
the studies reported lipid and/or lipoprotein outcome date for women only. Given that 37.6
million women (33.9%) have cvDl and that suboptimal lipid and lipoprotein levels are major
risk factors for CVD in both men and women, it would seem appropriate to suggest that future
trials examining the effects of aerobic exercise on lipids and lipoproteins enroll increasing
numbers of women.

Because of missing data, we were unable to conduct any type of multiple regression analyses.
Consequently, this increased our risk for a Type | error. Moreover, we made no adjustment for
multiple comparisons because we did not want to assume that chance was the first-order
explanation for our findings.40 Thus, although the associations between lipids and lipoproteins
and our selected variables are interesting, these should be tested in well-designed, randomized,
controlled trials prior to reaching any clinical decisions regarding these relationships. Finally,
we were unable to estimate exercise energy expenditure from each study because of missing
data for different variables from different studies. Because this information may have yielded
valuable insight regarding the dose of exercise necessary for bringing about changes in lipids
and lipoproteins, it is suggested that future studies either estimate energy expenditure or provide
complete data for the calculation of such.

In conclusion, the results of our study suggest that aerobic exercise increases HDL-C and
decreases TG in adults, especially men, with CVD.
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Figure 1.
Forest plot for changes in total cholesterol (TC). The black boxes represent the mean change

in TC for each study and the lines represent the 95% confidence intervals. The diamond and
dashed lines represent the overall mean change in TC across all listed studies, whereas the left
and right ends of the diamond represent the 95% confidence interval for all studies combined.
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Figure 2.

Forest plot for changes in high density lipoprotein cholesterol (HDL-C). The black boxes
represent the mean change in HDL-C for each study, and the lines represent the 95% confidence
intervals. The diamond and dashed lines represent the overall mean change in HDL-C across
all listed studies, whereas the left and right ends of the diamond represent the 95% confidence
interval for all studies combined.
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Figure 3.

Forest plot for changes in low density lipoprotein cholesterol (LDL-C). The black boxes
represent the mean change in LDL-C for each study, and the lines represent the 95% confidence
intervals. The diamond and dashed lines represent the overall mean change in LDL-C across
all listed studies, whereas the left and right ends of the diamond represent the 95% confidence
interval for all studies combined.
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Page 13

Forest plot for changes in triglycerides (TG). The black boxes represent the mean change in
TG for each study, and the lines represent the 95% confidence intervals. The diamond and
dashed lines represent the overall mean change in TG across all listed studies, whereas the left
and right ends of the diamond represent the 95% confidence interval for all studies combined.
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Table 1

Characteristics of Included Studies
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Study

Subjects

Exercise Program

Lipids

Ballantyne et at
(1982)

Belardinelli et al
(2001)*
IS_’:arson et al (1982)

Fletcher et al
(1994)°

Gelin et al (2001)”
IgaRosa etal (1982)

glavsic et al (1976)

Wilhelmsen et al
(1975)10

Wosornu et al
(1996)11

Yu et al (2003)12

42 men, 19 exercise (age = 51.0 + 5.2 years) and 23
control (age =54.3 + 6.2 years). All subjects had suffered
a myocardial infarction.

118 men and women (age = 57 + 10) assigned to either
an exercise (n = 59) or control (n = 59) group. Subjects
were patients who had undergone coronary angioplasty.
239 men, 104 exercise (age = 50.3 years) and 135
controls (age = 52.8 years). All subjects had suffered a
myocardial infarction.

88 men, 47 exercise (age = 62.0 + 8 years) and 41 controls
(age = 63.0 £ 7 years). All subjects presented with
evidence of coronary artery disease and had at least 1
physical disability.

149 men and women, 45-81 years, assigned to either an
exercise (n = 73, age = 67 years) or control (n = 76, age
= 67 years) group. All subjects presented with
intermittent claudication.

223 men, 30-64 years, assigned to an exercise (n = 110,
age = 51.6 £ 7.3 years) or control (n = 113, age =52.7 £
6.4 years) group. All subjects had suffered a myocardial
infarction.

26 men up to 59 years, 8 in the exercise group and 18 in
the control group. All subjects had suffered a myocardial
infarction.

209 men and women, 67 in the exercise group and 142
in the control group. All subjects had suffered a
myocardial infarction.

54 men assigned to either an exercise (n = 27, age = 56.5
+ 8.9 years) or control (n = 27, age = 56.6 + 7 years)
group. All subjects had undergone coronary artery
bypass surgery.

112 men and women assigned to either an exercise (n =
72,age =62.3 +11.2 years) or control (n =40, age = 61.2
+10.2 years) group. Subjects were overweight/obese
with coronary heart disease that recently had an acute
myocardial infarction or percutaneous coronary
intervention.

24 weeks of training following the
Canadian Air Force 5BX plan

24 weeks of cycle ergometry
performed 3 d/wk

12 weeks of aerobic circuit exercise
performed 2 d/wk

24 weeks of stationary wheelchair
ergometry performed 5 d/wk, 20
minutes/session

52 weeks of walking, 2-3 d/wk, 30
minutes/session

52 weeks of aerobic exercise, 3 d/wk,
30-40 minutes/session, 70-85% of
MHR

72 weeks of aerobic exercise, 2 d/wk

27 weeks of aerobic exercise, 3 d/wk,
30 minutes/session, 80% of MHRR

24 weeks of aerobic exercise based on
the Canadian Air Force 5BX plan, 3
d/wk, 12-40 minutes/session

8 weeks of aerobic exercise, 2 d/wk.
60 minutes/session, 65% to 85% of
VOZmax

TC, HDL-C,
LDL-C, TG

TC, HDL-C,
LDL-C, TG
TC, TG

TC, HDL-
C, TG

TC, TG

TC, HDL-C,
LDL-C, TG

TC, TG

TC, TG

TC, HDL-C,
LDL-C, TG

TC, HDL-C,
LDL-C, TG

MHRR indicates maximum heart rate reserve; Vo2max, maximum oxygen consumption; MHR, maximal heart rate; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides.

Description of studies was limited to those subjects and variables that met our inclusion criteria. The number of subjects was limited to those in which
pre and post assessment of lipids took place. Lipid variables listed were limited to those that met our inclusion criteria, including availability. Data were

reported as mean + SD.
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Table 3
Training Program Characteristics

Variable n Mean + SD Range
Length (weeks) 10 32.8+20.1 8-72
Frequency (times/wk) 8 29+1.0 2-5
Intensity (%Voymax) 2 700+ 14.1 60-80
Duration (minutes/session) 6 35.8+14.3 20-60
Compliance (%) 6 71.0+128 58-94

n indicates number of studies reporting data; mean + SD, mean * standard deviation; compliance, percentage of exercise sessions attended.
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