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Abstract

Objective—Use the meta-analytic approach to examine the effects of aerobic exercise on lipids and
lipoproteins in overweight and obese adults.

Data Sources—(1) Computerized literature searches, (2) cross-referencing from review and
original articles, (3) hand searching, and (4) expert review of reference list.

Study Selection—(1) randomized controlled trials, (2) aerobic exercise >8 weeks, (3) adult
humans > 18 y of age, (4) all subjects overweight or obese (BMI >25 kg/m?2), (5) studies published
in journal, dissertation, or master's thesis format, (6) studies published in the English-language, (7)
studies published between 1 January 1955 and 1 January 2003, (8) assessment of one or more of the
following lipid and/or lipoprotein variables: total cholesterol (TC), high-density lipoprotein
cholesterol (HDL), low-density lipoprotein cholesterol (LDL), and triglycerides (TG).

Data Abstraction—Dual-coding by the first two authors (inter-rater agreement = 0.96).

Results—In total, 13 studies representing 31 groups (17 exercise, 14 control), 613 subjects (348
exercise, 265 control), and up to 17 outcomes were available for pooling. Across all categories,
random-effects modeling resulted in statistically significant improvements for TC (Xts.e.m., —3.4
+1.7 mg/dl, 95% CI, —6.7 to —0.2 mg/dl) and TG (X#s.e.m., —16.1£7.3 mg/dl, 95% CI, —30.2 to —2.1
mg/dl) but not HDL (X%s.e.m., 1.6£0.8 mg/dl, 95% CI, —0.02 to 3.2 mg/dl) or LDL (X%s.e.m., —0.5
+1.3 mg/dl, 95% CI, —3.0 to 2.0 mg/dl). Changes were equivalent to improvements of 2% (TC), 11%
(TG), 3% (HDL), and 0.3% (LDL). After conducting sensitivity analyses (each study deleted from
the model once), only decreases in TG remained statistically significant. Increases in HDL were
associated with increases in maximum oxygen consumption (VOomax in ml/kg/min, r = 0.75, P =
0.002) and decreases in body weight (r = 0.77, P<0.001), while decreases in LDL were associated
with decreases in body weight (r = 0.75, P = 0.009).

Conclusions—Aerobic exercise decreases TG in overweight and obese adults. However, a need
exists for additional randomized controlled trials in various overweight and/or obese populations
above and beyond those included in our analysis.
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Introduction

Methods

The prevalence of overweight and obesity are major public health problems in the United
States. Data from the 1999 and 2000 National Health and Nutrition Examination Survey
(NHANES) indicate that the age-adjusted prevalence of overweight, defined as a body mass
index (BMI) greater than or equal to 25 kg/m?, was 64.5% while the age-adjusted prevalence
of obesity, defined as a BMI greater than or equal to 30 kg/m?, was 30.5%.1 Less than optimal
lipid and lipoprotein levels, common in overweight and obese adults, increase one's risk for
morbidity and mortality from cardiovascular and related diseases.2 One possible lifestyle
modification that has been recommended for improving lipids and lipoproteins in adults is
aerobic exercise, a low-cost, nonpharmacologic intervention that is available to the vast
majority of the general population.2 However, previous randomized controlled trials that have
examined the effects of aerobic exercise on lipids and lipoproteins in overweight and obese
adults have led to less than overwhelming results.3—16 Using a vote-counting approach,17
statistically significant improvements have been reported for 12% of total cholesterol (TC)
outcomes, 25% of high-density lipoprotein cholesterol (HDL) outcomes, 0% of low-density
lipoprotein cholesterol (LDL) outcomes, and 35% of triglyceride (TG) outcomes.3=16 while
these results are not overwhelming, it is important to point out that such an approach relies on
the vote-counting approach, which has been shown to be less valid than the meta-analytic
approach.17 Unfortunately, while previous meta—anazllytic reviews dealing with the effects of
aerobic exercise in adults have been conducted,18-24 none have specifically focused on
overweight and obese adults. Thus, given (1) the prevalence of overweight and obesity in
adults; (2) the prevalence of less than optimal lipid and lipoprotein levels in overweight and
obese adults; (3) the less than overwhelming results of previous studies dealing with the effects
of aerobic exercise on lipids and lipoproteins in overweight and obese adults; and (4) the
absence of any meta-analytic work that has specifically focused on the effects of aerobic
exercise on lipids and lipoproteins in overweight and obese adults, the purpose of this study
was to use the meta-analytic approach to examine the effects of aerobic exercise on lipids and
lipoproteins in overweight and obese adults.

Data sources

The search for pertinent studies was conducted via (1) computerized literature searches
(MEDLINE, EMBASE, Sport-Discus, Current Contents, Dissertation Abstracts International);
(2) cross-referencing from review articles as well as original trials; (3) hand searching selected
journals; and (4) expert review of our reference list (Dr William Haskell, personal
communication, 7 May 2003). Key words used in our computerized literature searches included
cholesterol, overweight, obesity, physical activity, fitness, lipids, lipoproteins, adults, humans,
and cardiovascular disease.

Study selection

The selection of studies was conducted by the first two authors, independent of each other.
Disagreements were resolved by consensus. The inclusion criteria for this study were as
follows: (1) randomized controlled trials with a comparative non-exercise group; (2) prescribed
aerobic exercise of at least 8 weeks as an intervention; (3) adult humans aged 18 y and older;
(4) all subjects overweight and/or obese, defined as a BMI greater than or equal to 25 kg/m?;
(5) studies published in journal, dissertation, or master's thesis format; (6) studies published in
the English-language; (7) studies published between 1 January 1955 and 1 January 2003; and
(8) assessment of one or more of the following lipid and/or lipoprotein variables in the fasting
state: TC, HDL, LDL, and TG. Exclusion criteria for this study were as follows: (1) any human
clinical trials in which the subjects' BMI were less than 25 kg/m?; (2) observational studies;
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(3) review articles; (4) case reports; (5) comments; (6) letters; (7) animal studies; (8) foreign-
language articles; (9) presentations from conference meetings; (10) training studies that did
not have a comparative and/or randomized control group; (11) training studies which were
limited to exercise and/or control groups that also received a diet intervention; and (12)
resistance training (weight training) studies. Multiple publication bias (data on the same
variable in the same subjects appearing in more than one source) was addressed by examining
each potentially eligible study and only including data from the one study that provided the
greatest amount of information for our meta-analysis. We did not include foreign-language
articles because they were beyond the scope of this investigation.

Data abstraction

A coding form that could hold more than 200 items per study was used for this investigation.
The first two authors then reviewed every data point for accuracy. Discrepancies were resolved
by consensus. If consensus could not be reached, the third author acted as an arbitrator until
consensus was reached. The major categories of variables that were coded included (1) study
characteristics (source, study quality, percent dropout, etc); (2) subject characteristics (gender,
age, height, weight, etc); (3) lipid assessment characteristics (time of day, number of hours
fasted, etc); (4) training program characteristics (length, frequency, intensity, duration, mode,
total minutes of training, compliance); (5) primary outcomes (TC, HDL, LDL, TG); and (6)
secondary outcomes (body weight, BMI, percent body fat, and maximum oxygen consumption,
expressed in ml/kg/min. All studies were coded by the first two authors, independent of each
other. Cohen's kappa for inter-rater agreement between the two coders prior to correcting
discrepant items was 0.96.

Statistical analysis

Primary and secondary outcomes—The primary outcomes in this study were baseline
to final changes in TC, HDL, LDL, and TG in milligrams per deciliter (mg/dl). We used mg/
dl vs millimoles because this is the metric most commonly used to report lipid and lipoprotein
values in the clinical setting in the United States. Net changes in lipids and lipoproteins were
calculated as the difference (exercise minus control) of the changes (initial minus final) in the
mean values from each study. Pooled treatment effects were calculated by assigning weights
equal to the inverse of the variance for net changes in all lipid and lipoprotein outcomes. In all
95% confidence intervals (CI) were used to establish the statistical significance of our
estimates. If the 95% CI did not include zero (0), we considered our results to be statistically
significant. A random-effects model was used for all analyses.25 Statistical heterogeneity of
outcomes was examined using the Q statistic.26 However, since this test tends to suffer from
low power,27 we also examined the consistency of our overall results using a recently
developed statistic (]IZ) that is an extension of the traditional method for examining
heterogeneity (Q).2 Briefly, 12 is calculated as 100% x (Q—df)/Q, where Q is the heterogeneity
statistic and df, the degrees of freedom. Negative values of |2 are considered to be equal to
zero (0) so that all values occur between 0 and 100%. A value of 0% is indicative of no observed
heterogeneity, while larger values are indicative of greater heterogeneity. Values of 25.0, 50.0,
and 75.0% may be considered to be indicative of low, moderate, and high degrees of
heterogeneity. Secondary outcomes (changes in body weight, BMI, percent body fat, and
VOomax in ml/kg/min) were analyzed using the same general procedures as for primary
outcomes.

Publication bias, that is, the tendency for authors to submit, and editors to publish, studies that
yield statistically significant results, was assessed using regression analysis to detect funnel
plot asymmetry.28 Study quality was assessed using a quality index developed by Jadad et
al.29 This assessment is a three-item questionnaire designed to assess bias, specifically,
randomization, blinding, and withdrawals/dropouts. The minimum number of points possible
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is 0 and the maximum 5, with the higher number representing greater study quality. All
questions are designed to elicit a yes (1 point) or no (0 points) response. The questionnaire has
been shown to be both valid (face validity) and reliable (researcher inter-rater agreement, r =
0.77, 95% CI 0.60-0.96). We chose this index over others30 because of its reported validity
and reliability.29 However, since there is currently no ‘gold standard’ for assessing the quality
of a clinical trial, all such methods need to be interpreted with caution.31

In order to examine the effects of each study on the overall results, analyses were conducted
with each study deleted from the model once. All analyses of this type were conducted
separately for each primary outcome, for example, TC, HDL, LDL, and TG. In addition, we
conducted separate analyses with studies in which all women were premenopausal deleted
from the model as well as for those studies in which all women were postmenopausal deleted.
Furthermore, analyses were conducted with studies that met one or more of the following
criteria deleted from the model: (1) changes in diet that could effect lipids and lipoproteins;
(2) use of drugs, including hormone replacement therapy, that could effect lipids and
lipoproteins; and (3) cigarette smoking. Finally, we performed cumulative meta-analysis,
ranked by year, in order to see at what point in time, if any, that results had stabilized.
Cumulative meta-analysis is a procedure in which studies are added one at a time in a specific
order (for example, year), with a summary of results as each study is added.31

Subgroup analyses—A priori subgroup analyses for changes in TC, HDL, LDL, and TG
were accomplished using random effects ANOVA models (method of moments approach).
32 Data were analyzed separately for each lipid and lipoprotein variable when partitioned
according to gender (male vs female), whether all subjects were diabetic (yes vs no), and
whether exercise was supervised or unsupervised. We did not conduct any type of subgroup
analysis according to race/ethnicity because a lack of data was provided regarding such.

Meta-regression—In order to examine the relationship between changes in lipids and
lipoproteins (TC, HDL, LDL, and TG) and selected continuous variables, simple, weighted,
generalized least-squares meta-regression (random effects, method of moments approach) was
performed a priori and separately for each lipid and lipoprotein outcome. Meta-regression is
analogous to simple and multiple regression for conventional data sets. Variables that were
examined included study quality, year of publication, percent dropout, initial lipid and
lipoprotein levels, age, height, initial as well as changes in body weight, BMI (kg/m2), percent
body fat, and VO,max in ml/kg/min, number of hours fasted prior to lipid assessment, number
of hours that exercise was avoided prior to lipid assessment, length, frequency, intensity and
duration of training, total minutes of training (length x frequency x duration) and compliance,
defined as the percentage of exercise sessions attended.

Descriptive statistics are reported as meanzstandard deviation (Xzs.d.) while primary and
secondary outcomes are reported as meanzstandard error (X+s.e.m.). The two-tailed alpha level
for statistical significance was set at P<0.05.

Study characteristics

Studies included—A total of 14 studies met our inclusion criteria.3—16 However, we were
unable to include one study because of the inability to retrieve necessary data for the calculation
of our lipid and lipoprotein outcomes.14 Thus, our percent loss that met our inclusion criteria
was approximately 7%, leaving us with a total of 13 studies to include in our analysis.3‘13'
15,16 p general description of the studies is shown in Table 1.
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Country of origin—In total, 12 of the 13 studies (92%) were conducted in the United
States3—11,13,15,16 \yhile one was conducted in the Netherlands.12

Study design—All of the studies appeared to use an analysis-by-protocol approach in the
analysis of their data. A total of 31 groups (17 exercise, 14 control) representing 613 subjects
(348 exercise, 265 control) and up to 17 outcomes were available for pooling.

The percentage of subjects that were not available for follow-up assessment ranged from 0 to
67% for the exercise groups (Xzs.d., 21.7+20.4%) and 0 to 40% for the control groups (X%s.d.,
19.0+13.8%) Median study quality was 2 out of a possible high of 5.

Subject characteristics

Gender—Baseline characteristics of the subjects are shown in Table 2. Six studies included
only females,46:7,9,13,15 three included only males, 311,16 while the remaining four
included both males and females.®:8:10:12 Of the 613 subjects, 345 were females and 268 were
males. Three studies reported that all female subjects were Eremenopausalﬁj’9 while two
reported that all female subjects were postmenopausal.lZ'1

Race—One study each reported that all subjects were either Hispanic9 or White.11

Medications—Three studies reported that none of the subjects were taking any type of
medication(s) that could affect lipids and Iipoproteins7'15'16 while another three studies
reported that some or all of the subjects were taking some type of medication that could affect
lipids and Iipoproteins.6*9'12

Smoking/alcohol—Six studies reported that none of the subjects were cigarette smokers#—
7,13,15,16 wyhile another two reported that some of the subjects smoked cigarettes.lL12 Two
studies reported that some of the subjects consumed alcohol.6:11

Comorbidities—Three studies reported that all subjects were diabetic8:12:15 while one
reported that all subjects were hyperlipidemic.10 None of the studies reported that all subjects
had some type of cardiovascular disease.

Diet/physical activity—Reported changes in diet were limited to two studies.®:16 In
addition, none of the studies reported that all subjects had been physically active prior to taking
part in the study.

Lipid assessment characteristics

Three studies reported the assessment of lipids and lipoproteins in the supine position5v11’
16 while another reported assessment in the sitting position.6 Prior to the assessment of lipids
and lipoproteins, subjects fasted from 8.5 to 14.0 h (X%s.d., 12.0£1.4 h). The number of hours
that exercise was avoided prior to the assessment of lipids ranged from 24 to 72 h (Xzs.d., 40.0
+21.9 h).

Training program characteristics

A description of the training program characteristics is shown in Table 3. As can be seen,
compliance, defined as the percentage of exercise sessions attended, was reported for only 46%
of the exercise groups. Six of the 13 studies (46%) used walking as the primary training
modalitye_gvlg’!15 while one each used eitherjogging3 or aerobic dance.4 The five remaining
studies used a combination of one or more of the following activities as the exercise
intervention: walking, jogging, stationary cycling, stair climbing, swimming.5'10_12’16 Nine
of 13 studies (approximately 69%) had subjects perform supervised exercise,3_8’10_13v15v
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16 one had subjects perform unsupervised exercise, while three other studies had subjects
perform a combination of both supervised and unsupervised exercise.12:13,

Primary outcomes

Total cholesterol—A description of the results for TC is shown in Table 4 and Figure 1.
Across all categories, there was a statistically significant exercise minus control reduction of
approximately 2% (Xzs.e.m., —3.4+1.7 mg/dl, 95% CI, —6.7 to —0.2 mg/dl). No statistically
significant publication bias was observed (P = 0.59). Cumulative meta-analysis, ranked by
year, revealed that decreases in TC have been in the direction of benefit and statistically
significant since 2001 (Figure 2). With each study deleted from the model once, changes in
TC ranged from a statistically significant reduction of X+s.e.m., —4.0+-1.8 mg/dl, 95% ClI,
—7.5 to —0.6 mg/dl) to a nonsignificant reduction of —2.9+1.8 mg/dl, 95% CI, —6.3 to 0.6 mg/
dl). With those studies in which changes in diet, cigarette smoking, and/or drugs that could
affect lipid and lipoproteins deleted from the model, changes in TC were nonsignificant (X
+s.e.m., —2.4+2.4 mg/dl, 95% ClI, —7.1 to 2.3 mg/dl). Results also remained nonsignificant
when studies limited to premenopausal and postmenopausal women were deleted from the
model (premenopausal, X+s.e.m., —3.0+1.8 mg/dl, 95% CI, —6.6 to 0.5 mg/dl; postmenopausal,
Xts.e.m., —3.2+1.8 mg, 95% CI, —6.7 to 0.3 mg/dl). No statistically significant differences or
relationships were observed for TC when previously described subgroup and regression
analyses were performed (P>0.05 for all).

High-density lipoprotein cholesterol—A description of the results for HDL is shown in
Table 4 and Figure 3. Across all categories, there was a statistically nonsignificant exercise
minus control increase of approximately 3% (X+s.e.m., 1.6+0.8 mg/dl, 95% CI, —0.02 to 3.2
mg/dl). No statistically significant publication bias was observed (P = 0.60). Cumulative meta-
analysis, ranked by year, revealed that increases in HDL have been in the direction of benefit
but generally statistically nonsignificant since 1995 (Figure 4). With each study deleted from
the model once, changes in HDL ranged from a statistically significant increase of 2.0+—0.7
mg/dl, 95% ClI, 0.5-3.5 mg/dl to a nonsignificant increase of 1.4+1.0 mg/dl, 95% CI, —0.5 to
3.4. With those studies in which changes in diet, cigarette smoking, and/or drugs that could
affect lipids and lipoproteins deleted from the model, changes in HDL remained nonsignificant
(Xzs.e.m., 1.24+0.7 mg/dl, 95% Cl, —0.2 to 2.6 mg/dl). Results also remained nonsignificant
when studies that were limited to premenopausal women were deleted from the model (X
+s.e.m., 1.4+0.9 mg/dl, 95% CI, —0.3 to 3.2 mg/dl). However, a small but statistically
significant increase in HDL was found when studies limited to postmenopausal women were
deleted from the model (Xts.e.m., 1.9+0.8 mg/dl, 95% CI, 0.4-3.4 mg/dl). Increases in HDL
were associated with increases in VOomax in ml/kg//min (r = 0.75, P = 0.002) and decreases in
body weight (r =0.77, P<0.001). No other statistically significant differences or relationships
were observed for HDL when previously described subgroup and regression analyses were
performed (P>0.05 for all).

Low-density lipoprotein cholesterol—A description of the results for LDL is shown in
Table 4 and Figure 5. Across all categories, there was a statistically nonsignificant exercise
minus control reduction of approximately 0.3% (X+s.e.m., —0.5+1.3 mg/dl, 95% CI, —3.0 to
2.0 mg/dl). No statistically significant publication bias was observed (P = 0.41). Cumulative
meta-analysis, ranked by year, revealed that decreases in LDL have been in the direction of
benefit but statistically nonsignificant since 2001 (Figure 6). With each study deleted from the
model once, reductions in LDL were nonsignificant throughout the range of both high (—0.8
+1.3 mg/dl, 95% CI, —3.4 to 1.8 mg/dl) and low (—0.2+1.7 mg/dl, 95% CI, —3.6 to 3.2 mg/dI)
values. With those studies in which changes in diet, cigarette smoking, and/or drugs that could
affect lipids and lipoproteins deleted from the model, changes in LDL remained nonsignificant
(X#s.e.m., 0.1+1.6 mg/dl, 95% ClI, —2.9 to 3.2 mg/dl). Results also remained nonsignificant
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when studies limited to premenopausal and postmenopausal women were deleted from the
model (premenopausal, X+s.e.m., —0.1+1.4 mg/dl, 95% CI, —2.9 to 2.6 mg/dl; postmenopausal,
X#s.e.m., —0.5+1.4 mg, 95% CI, —3.1 to 2.2 mg/dl). Greater decreases in LDL were associated
with decreases in body weight (r =0.75, P =0.009). No other statistically significant differences
or relationships were observed for LDL when previously described subgroup and regression
analyses were performed (P>0.05 for all).

Triglycerides—A description of the results for TG is shown in Table 4 and Figure 7. Across
all categories, there was a statistically significant exercise minus control reduction of
approximately 11% (X+s.e.m., —16.1+7.3 mg/dl, 95% CI, —30.2 to —2.1 mg/dl). No statistically
significant publication bias was observed (P = 0.49). Cumulative meta-analysis, ranked by
year, revealed that decreases in TG have been in the direction of benefit and statistically
significant since 2002 (Figure 8). With each study deleted from the model once, reductions in
TG were statistically significant throughout the range of both high (—20.7+6.0 mg/dl, 95% ClI,
—32.5 t0 —8.9 mg/dl) and low (—5.7£6.1 mg/dl, 95% CI, —17.8 to —6.2 mg/dl) values. With
those studies in which changes in diet, cigarette smoking, and/or drugs that could affect lipid
and lipoproteins deleted from the model, changes in TG remained statistically significant (X
+s.e.m., —25.3+£9.5 mg/dl, 95% CI, —44.0 to —6.5 mg/dl). Results also remained statistically
significant when studies limited to premenopausal and postmenopausal women were deleted
from the model (premenopausal, Xts.e.m., —24.9+6.9 mg/dl, 95% CI, —38.5 to —11.4 mg/dl;
postmenopausal, X+s.e.m., —17.9+7.6 mg, 95% CI, —32.7 to —3.1 mg/dl). No other statistically
significant differences or relationships were observed for TG when previously described
subgroup and regression analyses were performed (P>0.05 for all).

Secondary outcomes

Changes in secondary outcomes are shown in Table 4. As can be seen, statistically significant
reductions of approximately 2% were found for both body weight and BMI while the
approximate 2% decrease in percent fat was not statistically significant. A statistically
significant increase of about 12% was observed for VOomax in mi/kg/min.

Discussion

The purpose of this study was to use the meta-analytic approach to examine the effects of
aerobic exercise on lipids and lipoproteins in overweight and obese adults. While changes in
the direction of benefit were observed for all lipid and lipoprotein outcomes (TC, HDL, LDL,
TG) only decreases in TG remained statistically significant across all analyses. These findings
are in contrast to our previous meta-analytic work in which we found statistically significant
reductions in LDL as a result of walking programs that included adults regardless of initial
BMI category (normal weight, overweight, obese).20 For TC, overall reductions equivalent to
approximately 2% were found but were no longer statistically significant when each study was
deleted from the model once. Based on this latter finding, we are not comfortable in concluding
that aerobic exercise consistently decreases TC in overweight and obese adults.

For HDL, nonsignificant increases of approximately 3% were observed across all studies.
While not indicative of cause-and-effect, greater decreases in bodyweight and increases in
VOsomax in ml/kg/min were associated with greater increases in HDL in our across-study
analysis. This latter finding is interesting since higher levels of training intensity are associated
with greater increases in VOymax in mI/kg/min,33 but no relationship between training intensity
and increases in HDL were observed. One possible explanation may be the interaction between
genetics and training intensity in relation to increasing VOymax in ml/kg/min. In addition, it is
unknown whether the increases in HDL were a direct result of the aerobic exercise program
itself and/or decreases in body weight that occurred as a result of the aerobic exercise program.
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Furthermore, it is important to note that our results were based on study vs individual patient
estimates. Consequently, this could lead to an increased risk for ecological fallacy and/or
sample selection effects across studies.

While nonsignificant decreases of less than 1% were observed for LDL, currently the primary
target of therapy,2 a statistically significant relationship was observed between decreases in
LDL and decreases in bodyweight. However, similar to changes in HDL, it is unknown whether
the decreases in LDL were a direct result of the aerobic exercise program itself or the decreases
in body weight that occurred as a result of the aerobic exercise program.

For TG, statistically significant decreases of approximately 11% were observed across all
analyses and were independent of changes in body composition. Despite the fact that the
lowering of LDL is currently the primary target of therapy, the lowering of TG may also be
important.2 The former notwithstanding, we are not aware of any consensus that supports a
reduction in cardiovascular risk with the reductions in TG observed in our study.

While aerobic exercise should almost always be recommended because of the numerous other
benefits that can be derived from such,?’4 additional lifestyle (for example, diet) and/or
pharmacologic (for example, statins) interventions may be necessary for improving lipids and
lipoproteins to a level sufficient for reducing cardiovascular risk. However, it is important to
point out that recent research has found that the benefits of aerobic exercise may not be derived
so much from the improvement of lipid and lipoprotein levels, but rather from changes in the
physical structure of protein particles that carry cholesterol through the bloodstream. 10 Kraus
et all0, in their 24-week study, examined 111 sedentary, overweight, men and women who
were randomly assigned to one of three intervention groups (walking 12 miles per week,
jogging 12 miles per week, jogging 20 miles per week) or a control group. The authors found
that aerobic exercise increased the large, less dense protein particles that are less likely to
contribute to blocked arteries even if the subjects TC did not change. While the effects of
walking and jog%ing 12 miles per week were similar, jogging 20 miles per week resulted in
greater changes. 0

Since the vast majority of studies in this investigation adhered to the American College of
Sports Medicine Guidelines for aerobic exercise,33 adherence to such should generally bring
about the changes observed in our study. Briefly, this includes any activity using large muscle
groups (walking, jogging, cycling, etc) performed three to five times per week at an intensity
of 40-85% of maximum oxygen uptake reserve for 20-60 continuous minutes.33 Lower
intensity activities such as walking vs hard running may be preferable because of increased
adherence and a lower risk for injury.?’3

In addition to reaching some general conclusions about a body of research that is based on a
quantitative approach, it is the meta-analyst's responsibility to provide suggestions for future
research and to try and point out weaknesses in the included data, which can ultimately effect
the interpretation and generalizability of results. With the following in mind, we offer the
following observations. First, since all but one study was conducted in the United States, 12 it
may be interesting to conduct randomized controlled trials that examine the effects of aerobic
exercise in overweight and obese adults in other countries. Second, since all of the studies
appeared to use an analysis-by-protocol vs intention-to-treat approach in the analysis of their
data, it would seem plausible to suggest that future studies provide, and editors publish, both
types of analyses in order to examine both the efficacy (does the treatment work?) and
effectiveness (does the treatment work in the real world?) of aerobic exercise on lipids and
lipoproteins in overweight and obese adults. Third, since the effects of aerobic exercise on
lipids and lipoproteins might vary according to race/ethnicity, future studies should report, and
editors should publish, complete information on the race and ethnicity of their subjects. Fourth,

Int J Obes (Lond). Author manuscript; available in PMC 2008 July 8.
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complete information should also be reported on any medications that subjects are taking,
which might affect lipids and lipoproteins, including hormone replacement therapy and oral
contraceptives. Fifth, complete information should be reported on cigarette smoking and
alcohol consumption since both may have a deleterious affect on lipids and i I&)oprotelns
Finally, since only one study reported that all subjects were hyperllpldemlc and none
reported that all subjects had cardiovascular disease, it would seem reasonable to suggest that
future studies include these types of populations in their randomized controlled trials since they
may have the most to gain from an aerobic exercise program.

Despite the fact that we found no statistically significant effect of factors such as training
program and lipid assessment characteristics on any of our lipid and lipoprotein outcomes, it
is still possible that differences in these factors between studies may have biased our results.
In addition, while we found no statistically significant effect of things such as diet and lipid
lowering medications on lipid and lipoprotein outcomes, it may be that potential residual
confounding of these factors could have impacted our lipid and lipoprotein outcomes, including
TG.

In conclusion, based on the characteristics of subjects included in our studies, our results
suggest that aerobic exercise decreases TG in overweight and obese adults. However, a need
exists for additional randomized controlled trials in various overweight and/or obese
populations above and beyond those included in our analysis.
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Figure 1.

Forest plot for changes in TC and 95% CI for each outcome as well as the overall weighted
mean difference and 95% CI. The size of the black boxes for each outcome represents the
weight given to that outcome. The overall mean difference is shown by the middle of the
diamond while the left and right extremes of the diamond represent the corresponding 95%
Cl. The vertical dashed line represents the overall mean.
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Figure 2.

Cumulative meta-analysis, ranked by year, for changes in TC. Each horizontal line and black
square represent the summary of results as studies from the previous years are combined with
the listed study. The black squares represent the point estimates while the lines represent the
lower (left) and upper (right) 95% CI. Estimates are based on 17 outcomes from 13 studies.

Int J Obes (Lond). Author manuscript; available in PMC 2008 July 8.



1duasnue Joyiny vd-HIN

Mean difference

Page 14

Study (95% CI) % Weight
Gillett et al. (1995) -1.00 (-3.76, 1.76) 8.0
Hagan et al. (1986) 0.00 (-4.62, 4.62) 5.7
Hagan et al. (1986) 1.00 (-1.67, 3.67) 8.1
Hopewell (1989) 0.70 (-6.89, 8.29) 3.2
Kaplan et al. (1985) 5.00 ( 0.69, 9.31) 6.0
Keller & Trevino (2001) -1.00 (-4.81, 2.81) 6.6
Keller & Trevino (2001) 6.00 (2.77, 9.23) 7.4
Kraus et al. (2002) 1.30 (-1.95, 4.55) 7.4
Kraus et al. (2002) 4.90 (1.22, 8.58) 6.8
Kraus et al. (2002) 0.90 (-3.04, 4.84) 6.4
Leon et al. (1996) 1.00 (-2.39, 4.39) 7.2
Ligtenberg et al. (1997) -2.70 (-4.92,-0.48) 8.7
Nieman et al. (2002) -0.39 (-3.46, 2.68) 7.6
Verity & Ismail (1989) 7.80 (-2.26, 17.86) 2.1
Wood et al. (1988) 5.02 (2.92,7.12) 8.9

Overall 1.60 (-0.02, 3.22) 100.0

| | | 1 | | | |

20 -15  -10 -5 0 5 10 15 20
Changes in HDL (mg/dl)
Favors Control Favors Treatment

Figure 3.

Forest plot for changes in HDL and 95% CI for each outcome as well as the overall weighted
mean difference and 95% CI. The size of the black boxes for each outcome represents the
weight given to that outcome. The overall mean difference is shown by the middle of the
diamond while the left and right extremes of the diamond represent the corresponding 95%
Cl. The vertical dashed line represents the overall mean.
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Figure 4.

Cumulative meta-analysis, ranked by year, for changes in HDL. Each horizontal line and black
square represent the summary of results as studies from the previous years are combined with
the listed study. The black squares represent the point estimates while the lines represent the
lower (left) and upper (right) 95% CI. Estimates are based on 15 outcomes from 11 studies.
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Figure 5.

Forest plot for changes in LDL and 95% CI for each outcome as well as the overall weighted

mean difference and 95% CI. The size of the black boxes for each outcome represents the
weight given to that outcome. The overall mean difference is shown by the middle of the

diamond while the left and right extremes of the diamond represent the corresponding 95%

Cl. The vertical dashed line represents the overall mean.
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Figure 6.

Cumulative meta-analysis, ranked by year, for changes in LDL. Each horizontal line and black
square represent the summary of results as studies from the previous years are combined with
the listed study. The black squares represent the point estimates while the lines represent the
lower (left) and upper (right) 95% CI. Estimates are based on 14 outcomes from 10 studies.
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Figure 7.

Forest plot for changes in TG and 95% CI for each outcome as well as the overall weighted
mean difference and 95% CI. The size of the black boxes for each outcome represents the
weight given to that outcome. The overall mean difference is shown by the middle of the
diamond while the left and right extremes of the diamond represent the corresponding 95%

Cl. The vertical dashed line represents the overall mean.
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Figure 8.

Cumulative meta-analysis, ranked by year, for changes in TG. Each horizontal line and black
square represent the summary of results as studies from the previous years are combined with
the listed study. The black squares represent the point estimates while the lines represent the
lower (left) and upper (right) 95% CI. Estimates are based on 14 outcomes from 10 studies.
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Table 3
Training program characteristics
Variable N Xts.d. Range
Length (weeks) 17 19.8+10.2 10.0-52.0
Frequency (times/week) 16 3.9+1.0 3.0-5.0
Intensity (%VOyma) 14 63.9£10.8 46.7-78.5
Duration (min/session) 17 41.5+13.5 17.0-75.0
Compliance (%) 8 87.1+10.5 66.1-100

N, number of groups reporting data; X+s.d., meantstandard deviation; compliance, percentage of exercise sessions attended.

Int J Obes (Lond). Author manuscript; available in PMC 2008 July 8.



Page 23

Kelley et al.

'G0"0>d Je Jueaiubis Ajjeansiyels

*¥

{(0) 048z wiouy JuasayIp Apuediiubis
*

‘uondwnsuod uabAxo wnwixew XBWZOA ‘xapul ssew Apoq ‘|G ‘Sap1adA|bL
‘9] ‘joJa1sajoya uigyoldodi) Alisusp-mo| ‘1@ {|04838310yd utslosdodi| Ansuap-ybiy “J@H :[0181s810yd [101 ‘D1 ‘onsiels ¢ Wwolj parejnajed ‘synsas Apnis Joj Aduslsisuodul Jo (%) abejuadiad ,N_ He)

10} anjeA a2ueaIubIS ‘d ‘anjea A)suabolalay ‘O {[eAlsiul 8IUSPIIUOD ‘| ‘UBSW Y} JO JOLIS PIBPUBISFURSW ““W'd'SEX ‘pale|ndjed aq pjnod 1988 Juswieasl e yaiym ul erep Buinodal sdnoub jo Jsqunu ‘N

L'€8 ., J000> zss LTOET 9075'E ot (_urwy; Boijw) **eon
A% 80 a4 9001 80— €0FT°0- g (%) 183 Apog
e 610 T'9 L30- 01871~ S0FT'T- g (w/Bx) Ing
T8y +x000 0’52 L50-01ge— V0¥ T 1 (65) Bram Apog
Saw0dInN0 \Cmﬁcoomw
6'LL V000> L85 T ozoe- € LFT9T- v1 oL
00 9’0 62T 0Z010€- €T¥50- 1 1an
8'69 000> 7oy z€01200- 80¥9°T ST IaH
L'6g 2T0 8'ce L00-01L70— LTFr'e- LT oL
(1p/Bw) sawodino Arewd
2 d o] 1D %56 WeSEX N aloeLen
$3W09IN0 Alepuodass pue Arewlld
v 8lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Obes (Lond). Author manuscript; available in PMC 2008 July 8.



