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Abstract
The authors used the meta-analytic approach to examine the effects of aerobic exercise on lipids and
lipoproteins in adults 50 years of age and older. Twenty-eight outcomes representing 1427 subjects
(806 exercise, 621 control) were available for pooling. Random-effects modeling yielded statistically
significant improvements of 1.1%, 5.6%, 2.5%, and 7.1%, respectively, for total cholesterol (mean
± SEM in mg/dL, −3.3±1.7; 95% confidence interval [CI], −6.5 to −0.02; p=0.05), high-density
lipoprotein cholesterol (2.5±1.0; 95% CI, 0.7–4.4; p=0.01), low-density lipoprotein cholesterol (−3.9
±1.9; 95% CI, −7.7 to −0.08; p=0.05), ratio of total cholesterol to high-density lipoprotein cholesterol
(−0.8±0.2; 95% CI, −1.2 to −0.4; p<0.001), but not triglycerides (−7.0±3.6; 95% CI, −14.0 to 0.1;
p=0.06). After conducting sensitivity analyses, only the improvements in high-density lipoprotein
cholesterol and the ratio of total cholesterol to high-density lipoprotein cholesterol remained
statistically significant (p<0.05 for both). It was concluded that aerobic exercise increases high-
density lipoprotein cholesterol and decreases the ratio of total cholesterol to high-density lipoprotein
cholesterol in older adults.

Less than optimal lipid and lipoprotein levels, a major risk factor for coronary heart disease
(CHD), increase with advancing age.1 One potential approach for obtaining and/or maintaining
optimal lipid and lipoprotein levels in older adults is aerobic exercise, a low-cost,
nonpharmacologic intervention that is available and feasible for most individuals. However,
randomized controlled trials dealing with the effects of aerobic exercise on lipids and
lipoproteins in adults 50 years of age and older have led to conflicting results.2–23 While
previous systematic reviews dealing with the effects of aerobic exercise in adults have been
conducted,24–30 none have specifically focused on older adults. Therefore, given: 1) the
prevalence of less than optimal lipid and lipoprotein levels in older adults; 2) the conflicting
results of previous studies dealing with the effects of aerobic exercise on lipids and lipoproteins
in older adults; and 3) the absence of any meta-analytic work that has specifically focused on
the effects of aerobic exercise on lipids and lipoproteins in older 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 adults aged 50 years and older and to provide suggestions for future research
on this topic.
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Methods
Data Sources

Studies were retrieved via: 1) computerized literature searches (MEDLINE, EMBASE,
SportDiscus, Current Contents, Dissertation Abstracts International); 2) cross-referencing
from retrieved articles; 3) hand searching select journals; and 4) expert review of our reference
list (W. Haskell, personal communication, 2003). Search terms used included cholesterol,
exercise, physical activity, aerobic, fitness, lipids, lipoproteins, adults, humans, and
cardiovascular disease.

Study Selection
The inclusion criteria for this study were as follows: 1) randomized controlled trials; 2)
nonexercise control group; 3) prescribed aerobic exercise for 8 weeks or more; 4) adult humans
50 years of age or older; 5) studies published in journal, dissertation, or master's thesis format;
6) studies published in the English language; 7) studies published between January 1, 1955
and January 1, 2003; and 8) assessment of one or more of the following lipid and/or lipoprotein
variables in the apparently fasting state: total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), and the
ratio of TC to HDL-C (TC/HDL-C). The inclusion of foreign-language articles was beyond
the scope of this project. We limited our primary outcomes to TC, HDL-C, LDL-C, TG, and
TC/HDL-C because these are the variables that are most commonly assessed in the clinical
setting. All included studies were prospective.

Data Abstraction
All studies were coded by the first two authors, independent of each other. The major categories
of variables that were coded included: 1) study characteristics; 2) subject characteristics; 3)
lipid assessment characteristics; 4) training program characteristics; 5) primary outcomes; and
6) secondary outcomes (body weight, body mass index [BMI] in kg/m2, percent body fat, and
maximum oxygen consumption [VO2max] in mL/kg/min).

Statistical Analyses
Primary outcomes were calculated as the difference (exercise–control) of the changes (initial–
final) in the mean values from each study. Pooled outcomes were calculated by assigning
weights equal to the inverse of the variance for net changes in all lipid and lipoprotein outcomes.
Confidence intervals (CIs) (95%) were used to establish the statistical significance of our
estimates. If the CI did not cross zero (0.00), our results were considered to be statistically
significant. A random-effects model was used for all analyses.31 Secondary outcomes were
analyzed using the same approach as for primary outcomes.

To examine the effects of each study on the overall results, analyses were conducted with each
study deleted from the model once. Heterogeneity was examined using the Q statistic as well
as an extension of the Q statistic (I2).32 Publication bias, i.e., the selective publication of
research that is dependent on the nature and direction of results, was assessed using a rank-
based, data-augmentation, trim-and-fill procedure.33

Study quality was assessed using a previously validated and reliable quality index.34 The
number of points ranged from 0–5, with higher numbers representing greater study quality.

Subgroup analyses for changes in lipids and lipoproteins were accomplished using meta-
analytic analysis of variance models35 partitioned according to study source, country, gender,
health status, and whether the exercise program was supervised or unsupervised. We did not
conduct any type of subgroup comparisons for cigarette smoking, alcohol consumption, or
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medications that could affect lipid and/or lipoprotein metabolism because none of the studies
appeared to limit their inclusion of subjects to those who smoked cigarettes, consumed alcohol,
or were taking antihyperlipidemic medications. We also did not conduct any type of subgroup
comparisons for diet, because only one study reported changes in diet that might have affected
lipids and lipoproteins.23 In addition, we did not conduct any type of subgroup analysis
between studies in which subjects were physically active vs. inactive because only three studies
reported that some, but not all, of the subjects were physically active before taking part in the
study.5,6,16 Metaregression, which is analogous to simple regression for original data,35 was
performed for changes in lipids and lipoproteins and their relationship to study quality; year
of publication; percent dropout; initial lipid and lipoprotein levels; age; height; initial body
weight, changes in body weight; BMI; percent body fat; VO2max; number of hours fasted;
number of hours that exercise was avoided before lipid assessment; length, frequency,
intensity, and duration of training; total minutes of training; and compliance. We did not
conduct any type of multiple regression analysis because of missing data for different variables
and our desire to include the maximum amount of data possible for each analysis. CIs (95%)
were used to establish the statistical significance of our estimates. If the CI did not cross zero
(0.00), our results were considered to be statistically significant.

Descriptive statistics are reported as mean ± SD, while primary and secondary outcomes are
reported as mean ± SEM. The two-tailed α level for statistical significance was set at p≤0.05.
While our primary measure of statistical significance for primary, secondary, and
metaregression analyses was CI, we also included α values to enhance understanding. The term
“sensitivity analysis” is used throughout the manuscript to denote analyses for publication bias
as well as analyses conducted with each study deleted from the model once.

Results
Study Characteristics

Twenty-eight outcomes from 22 studies representing 1427 subjects (806 exercise, 621 control)
were available for pooling.2–23 Loss to follow-up ranged from approximately 5.0%–45.0%
in the exercise groups (mean ± SD, 18.3%±12.7%) and 0.0%–64.0% in the control groups
(mean ± SD, 14.9%±16.7%). Study quality ranged from 1–4 (median = 2). A general
description of each study is given in Table I.

Subject, Lipid Assessment, and Training Program Characteristics
Baseline characteristics of the subjects are shown in Table II. Of the 1427 subjects included in
the study, 690 were men and 737 were women. One study reported that some of the subjects
changed their diet,23 while the remaining studies that provided information reported that no
changes in diet that could affect lipids and lipoproteins occurred.3,5,7,8,11,12,14,16–18,20,
21 Thirteen studies reported that none of the subjects were taking any type of medication(s)
that could affect lipids and lipoproteins,2,3,5,10,11,13,14,17,18,20–23 one reported that none
of the subjects were taking any type of medication(s) other than hormone replacement therapy
that could affect lipids and lipoproteins,8 while another reported that some subjects were taking
medications that could affect lipids and lipoproteins.12 Subjects fasted from 10–14 hours
(mean ± SD, 12.2±1.0 h) and refrained from exercise for 12–144 hours (mean ± SD, 45.9±39.5
h) before lipid assessment. Characteristics of the aerobic exercise programs are shown in Table
III. For those studies that provided such information, 11 studies had subjects perform
supervised exercise,2–4,10,12–14,19,21–23 two involved unsupervised exercise,15,20 and six
others involved a combination of both supervised and unsupervised exercise.5–7,16–18 One
other study included subjects assigned to either supervised or unsupervised exercise.11
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Primary Outcomes
As can be seen in Table IV, statistically significant improvements were found for TC (p=0.05),
HDL-C (p=0.01), LDL-C (p=0.05), and TC/HDL-C (p<0.001) but not for TG (p=0.06). While
no publication bias was observed for TC, HDL-C, or TC/HDL-C, adjustment for publication
bias for LDL-C resulted in nonsignificant decreases of −1.3±1.8 mg/dL (95% CI, −4.7 to 2.1;
p=0.47). With each study deleted from the model once, changes in TC ranged from a
statistically significant value of −3.84±1.64 mg/dL (95% CI, −7.0 to −0.6 mg/dL; p=0.02) to
a nonsignificant value of −2.43±1.5 (95% CI, −5.3 to 0.4 mg/dL; p=0.10) while increases in
HDL-C remained statistically significant throughout the range of both high (3.3±1.2 mg/dL;
95% CI, 0.9–5.7 mg/dL; p=0.01) and low (2.1±0.8; 95% CI, 0.4–3.8 mg/dL; p=0.01) values
(Figure 1). Similar to TC, changes in LDL-C with each study deleted from the model ranged
from a statistically significant reduction of −5.8±2.5 mg/dL (95% CI, −10.7 to −0.8 mg/dL;
p=0.02) to a nonsignificant reduction of −2.9±1.8 (95% CI, −6.4 to 0.6 mg/dL; p=0.10). While
only eight outcomes were included because of missing variance data for TC/HDL-C, reductions
remained statistically significant with each study deleted from the model once (high, −1.0±0.2;
95% CI, −1.4 to −0.6; p<0.001; low, −0.8.±0.3; 95% CI, −1.4 to −0.3; p=0.001) (Figure 2).

Subgroup and Regression Analyses
Decreases in TC were associated with greater reductions in body weight (r=0.66; 95% CI,
0.22–0.88; p=0.001) and BMI (r=0.60; 95% CI, 0.11–0.86; p=0.01) while increases in HDL-
C were associated with greater increases in VO2max (r=0.71; 95% CI, 0.39–0.87; p<0.001) and
older age (r=0.58; 95% CI, 0.25–0.79; p<0.001). Post hoc simple regression analysis resulted
in a statistically significant relationship between increases in VO2max and increasing age
(r=0.45; 95% CI, 0.01–0.73; p=0.02). Decreases in LDL-C were associated with decreases in
body weight (r=0.74; 95% CI, 0.25–0.93; p=0.001), decreases in BMI (r=0.66; 95% CI, 0.26–
0.87; p<0.001), and increases in VO2max (r=0.66; 95% CI, 0.28–0.86; p<0.001) while decreases
in TG were associated with decreases in BMI (r=0.75; 95% CI, 0.45–0.89; p<0.001) and
increases in VO2max (r=0.54; 95% CI, 0.11–0.80; p=0.006). In addition, decreases in TC/HDL-
C were significantly correlated with increases in VO2max (r=0.91; 95% CI, 0.33–0.98; p<0.001).
No other statistically significant (p>0.05 for all) or clinically relevant differences or
relationships were observed for lipids and lipoproteins including, but not limited to, percent
dropout, gender, baseline levels, and all aspects of the training programs (length, frequency,
intensity, duration, total minutes, and type of supervision).

Secondary Outcomes
There were small, but statistically significant, exercise–control decreases in BMI (p<0.001)
and percent body fat (p=0.004), but not body weight (p=0.07) (Table III). In addition, there
was a large and statistically significant increase in VO2max for the exercise groups (p<0.001).

Discussion
While changes in lipids and lipoproteins were all in the direction suggestive of benefit, only
HDL-C and TC/HDL-C continued to be statistically significant after conducting sensitivity
analyses. Inspection of Figure 1 might lead one to question this since only 7 of 26 outcomes
(26.9%) favored treatment. However, this would be relying on a “vote-counting” approach that
has been shown to be less valid than the more quantitative meta-analytic approach.36 One of
the very reasons for conducting a meta-analysis is to increase the power and precision of
primary end points to reach general conclusions about a body of research.37

The increases in HDL-C observed in this study occurred despite the fact that overall baseline
levels were well within the normal range.1 While increases in HDL-C were independent of
changes in body composition, there was a statistically significant association between increases
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in HDL-C with both increasing age as well as increases in VO2max. Since we conducted post
hoc analysis and also found a statistically significant and positive association between
increasing age and increases in VO2max, it may be that these associations are the result of older
people being sedentary for a longer number of years and, thus, having more to gain from an
aerobic exercise program in terms of increasing both HDL-C and VO2max.

The decreases in TC/HDL-C observed in this study also occurred despite the fact that overall
baseline levels were well within the normal range.1 Similar to HDL-C, improvements in TC/
HDL-C were independent of changes in body composition and significantly associated with
increases in VO2max. This association is most likely due to the changes observed for HDL-C.

While our overall findings resulted in statistically significant reductions in TC and LDL-C as
well as a trend for reduction in TG, the results for TC and LDL-C were no longer significant
when sensitivity analyses were performed. Thus, while we do not want to rule out the potential
for improvements in TC, LDL-C, and TG as a result of aerobic exercise in older adults, we are
not comfortable with reaching any definitive conclusions regarding the benefits of aerobic
exercise on these variables. This may be especially true for TG, given the fact that overall
baseline levels were well below the normal cutpoint of <150 mg/dL.1 The fact that decreases
in BMI were associated with decreases in TC, LDL-C, and TG, while decreases in body weight
were associated with decreases in TC and LDL, raises the possibility that improvements in
these lipid variables may not be the direct result of the aerobic exercise program itself, but
rather a consequence of the decreases in BMI and body weight that occur with an aerobic
exercise program. The statistically significant association between increases in VO2max and
decreases in LDL-C and TG is similar to that found for HDL-C. This suggests that greater
decreases in LDL-C and TG may occur with greater increases in VO2max.

While the primary target of therapy is currently focused on lowering LDL-C in those subjects
with elevated levels, raising HDL-C is also clinically important.1 For example, since as little
as a 1% decrease in HDL-C has been associated with a 2%–3% increase in CHD risk,1 increases
in HDL-C of as little as 1% should decrease the risk for CHD. Since we found an approximate
6% vs. 1% increase in HDL-C, greater reductions in CHD risk might be realized in older adults
by participating in a regular program of aerobic exercise.

Based on our findings, it would appear plausible to suggest that participation in an aerobic
exercise program would be appropriate for increasing HDL-C and decreasing the ratio of TC/
HDL-C. This is especially true given the low-cost, minimal side effects, and numerous other
benefits that can be derived from participating in an aerobic exercise program.38 While we
found no relationship between training program characteristics and changes in HDL-C as well
as TC/HDL-C, it is important to realize that the average length of training in our studies was
approximately 35 weeks, and the vast majority of trials included in our study adhered to the
general guidelines for aerobic exercise as recommended by the American College of Sports
Medicine.39 Therefore, it may be appropriate to suggest that training for approximately 35
weeks and adhering to these general guidelines should improve HDL-C and subsequent TC/
HDL-C levels to an extent similar to those observed in our study. Briefly, this includes aerobic
exercise (e.g., walking, bicycling, swimming) performed for 20–60 minutes, 3–5 days per
week, at an intensity ranging from 55% to 90% of maximum heart rate. However, because of
adherence problems and other potential hazards of higher intensity training (e.g.,
musculoskeletal injury), lower intensity sessions of at least 30 minutes or longer are probably
more appropriate, especially for older adults. For those who are quite unfit, intensity levels of
55%–64% of maximum heart rate are recommended. In order for these changes to be
maintained, it is probably important to continue training so as not to lose these benefits.39
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While not the primary focus of this meta-analysis, we found statistically significant decreases
in BMI and percent body fat; however, these decreases are probably not important from a
clinical perspective. In contrast, the approximate 13.0% increase in VO2max is clinically
important, given that the relative risk of mortality from any cause in individuals with TC values
greater than 220 mg/dL is lower in individuals with higher exercise capacities.40 Thus, older
adults may reduce their risk of all-cause mortality irrespective of reductions in TC.

One of the reasons for conducting a meta-analysis is to identify areas of weakness and provide
direction for future research. With the former in mind, we offer the following general
observations. First, since only two studies appeared to use the intention-to-treat approach in
the analysis of their data,4,6 we would suggest that future researchers report, and editors
publish, results using both an analysis-by-protocol and intention-to-treat approach. The
inclusion of intention-to-treat analyses will provide the reader with a better understanding of
the effectiveness of aerobic exercise on lipids and lipoproteins in the “real world.” This may
be especially appropriate given the dropout rate of exercising subjects in the studies that we
included in our analysis. Second, because only one study17 reported that all the subjects were
hyperlipidemic, it would appear plausible to suggest that future aerobic exercise training
studies limit subjects to those with elevated lipid and lipoprotein levels. The inclusion of those
with elevated levels is important because these are the individuals that are usually at the greatest
risk for morbidity and mortality from cardiovascular disease.1 Furthermore, none of the studies
limited their inclusion criteria to those subjects who smoked cigarettes and/or consumed
alcohol. Since cigarette smoking and/or alcohol may have a negative effect on lipid and
lipoprotein levels,1 it would be interesting to examine the effects of aerobic exercise on lipids
and lipoproteins in these populations. However, we understand the difficulties (e.g., patient
recruitment) in conducting studies of this nature. Finally, it would be interesting to examine
the interaction, if any, between aerobic exercise and antihyperlipidemic medications (e.g.,
statins) on lipids and lipoproteins in older adults. This would lead to a more definitive
understanding and, thus, more specific recommendations, regarding the use of aerobic exercise
and pharmacologic intervention on lipids and lipoproteins in older adults. In conclusion, the
results of this study suggest that aerobic exercise increases HDL-C and reduces TC/HDL-C in
adults 50 years of age and older.
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Figure 1.
Changes (n=26) in high-density lipoprotein cholesterol (HDL-C) and 95% confidence intervals
(CIs) 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% CI. The vertical dashed line represents the
overall mean.
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Figure 2.
Changes (n=8) in the ratio of total cholesterol (TC) to high-density lipoprotein (HDL)
cholesterol and 95% confidence intervals (CIs) 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%
CI. The vertical dashed line represents the overall mean.
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Table I
Study Characteristics

Study Subjects Aerobic Exercise Program Lipids Assessed Assessment Methods
Baker and Al-
Najadah2

30 Women assigned to
either an exercise (n=20)
or control (n=10) group

12 wk of aerobic exercise 2 d/wk,
17 min/session, 65%–80% of MHR

TC, HDL-C, LDL-
C, TG

Morning after a 12-h
overnight fast

Baker et al.3 34 Sedentary men, 20
exercise (57.5±5.81 yr of
age), 14 controls (59.3
±5.61 yr of age)

20 wk of walking/running, 3 d/w, 48
min/session, 65%–85% of MHRR

TC, HDL-C, LDL-
C, TG

Morning after a 14-h
overnight fast and 51 h
after the last exercise
session

Blumenthal et
al.4

63 Sedentary men and
women >60 yr of age
assigned to either an
exercise (n=31) or
control (n=32) group

16 wk of walking, jogging, cycling,
and arm ergometry, 3 d/wk, 45 min/
session, 60%–70% of MHRR

TC, HDL-C, LDL-
C, TG

Morning after a 14-h
overnight fast

Cauley et al.5 204 Women assigned to
either an exercise
(n=100; 57.95±4.01 yr of
age) or control (n=104;
57.39±4.17 yr of age)
group

104 wk of walking, 3 d/wk TC, HDL-C, TG Morning after fasting for >
10 h

Cunningham
et al.6

202 Men, 55–65 yr of
age, assigned to either an
exercise (n=101) or
control (n=101) group

52 wk of walking or jogging, 2.5 d/
wk, 30 min/session, at a heart rate
of 131 bpm

TC, HDL-C Morning after an
overnight fast of 12–16 h
and avoiding exercise

Eriksson et al.
7

14 Sedentary men and
women (mean age, 60
±18.7 yr) assigned to
either an exercise (n=7)
or control (n=7) group

24 wk of walking, jogging, cycling,
and swimming, 3 d/wk, 30–60 min/
session, 60% of MHR

TC, HDL-C, TG Morning after a 12-h
overnight fast and
avoiding exercise for 5–7
d

Fahlman et al.
8

30 Sedentary women,
assigned to an aerobic
exercise (n=15; 76±5 yr
of age) or control (n=15;
74±5 yr of age) group

10 wk of walking, 3 d/wk, 20–50
min/session, 70% of MHRR

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

Morning after a 12–14-h
overnight fast and
avoiding exercise for 48–
96 h

Ferrier et al.9 10 Sedentary men (n=5)
and women (n=5), mean
age, 64±7 yr, crossed
over to an exercise and
control condition

8 wk of cycling, 3 d/wk, 30 min/
session, 65% of MHRR

HDL-C, LDL-
C, TG

After avoiding exercise
for 48 h

Hersey et al.
10

25 Sedentary men and
women ages 70–79
assigned to an aerobic
exercise (n=16) or
control (n=9) group

24 wk of walking/jogging, 3 d/wk,
20–45 min/session, 50%–85% of
MHRR

TC, TG Morning after a 12-h
overnight fast and
avoiding exercise for 16–
24 h

King et al.11 300 Sedentary men and
women, 50–65 years of
age, assigned to high-
intensity group-based
exercise (n=74), high-
intensity home-based
exercise (n=77), lower-
intensity home-based
exercise (n=74), or
control (n=75) group

52 wk of walking/jogging, cycling,
3 d/wk, 40 min/session, 73%–88%
of MHR (higher intensity exercise
groups) or 5 d/wk, 30 min/session,
60%–73% of MHR (lower intensity
exercise groups)

HDL-C, LDL-
C, TG

Morning after an
overnight fast of ≥ 12 h

Ligtenberg et
al.12

51 Men and women
assigned to either an
exercise (n=25) or
control (n=26) group

26 wk of walking/running, cycling,
swimming, rowing, 3 d/wk, 50 min/
session, 60%–80% of VO2max

TC, HDL-C, LDL-
C, TG

Morning after a 12-h
overnight fast and within
72 h of the last exercise
session

Motoyama et
al.13

30 Men and women, 15
exercise (75.5±5.6 yr of
age), and 15 controls
(73.7±4.4 yr of age)

36 wk of treadmill exercise, 5 d/wk,
30 min/session, 50% of VO2max

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

Morning after a 12-h
overnight fast

Nieman et al.
14

30 Sedentary women,
67–85 yr of age, assigned
to an exercise (n=l4) or
sham (n=16) group

12 wk of walking, 5 d/wk, 30–40
min/session, 60% of MHRR

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

NA

Rauramaa et
al.15

125 Men, 50–60 yr of
age, assigned to either an
exercise (n=62) or
control (n=63) group

156 wk of walking, jogging,
swimming, cycling, and cross-
country skiing, 3–5 d/wk, 30–60
min/session, 40%–60% of VO2max

TC Morning after a 12-h
overnight fast and
avoiding exercise for 24 h

Raz et al.16 38 Men and women,
assigned to either an
exercise (n=19; 56.7±6.2
yr of age) or control
(n=19; 56.5±6.7 yr of
age) group

12 wk of walking, jogging,
swimming, cycling, 3 d/wk, 45–50
min/session, 65%–70% of MHRR

TC, HDL-C, TG Morning after a 12-h
overnight fast
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Study Subjects Aerobic Exercise Program Lipids Assessed Assessment Methods
Ready et al.17 25 Postmenopausal

women, 15 exercise and
10 control, 62±5.7 yr of
age

24 wk of walking, 5 d/wk, 54 min/
session, 54% of MHRR

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

Morning after a 12-h
overnight fast and 12 h
after the last exercise
session

Ready et al.18 53 Sedentary women
(mean age, 61.3±5.8 yr)
assigned to either 3 d of
exercise (n=18), 5 d of
exercise (n=17), or
control (n=18) group

24 wk of walking, 3 d/wk, 59 min/
session, 60% of VO2max, or 5 d/wk,
56 min/session, 60% of VO2max

TC, HDL-C, LDL-
C, TG

Morning after a 12-h
overnight fast and
avoiding exercise

Ruoti19 20 Men and women, 50–
68 yr of age, assigned to
either an exercise (n=12;
65.16±5.29 yr of age) or
control (n=8; 56.00±6.78
yr of age) group

12 wk of aqua dynamic exercise, 3
d/wk, 60 min/session, 70%–80% of
MHR

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

Morning after an
overnight fast

Seals et al.20 35 Sedentary women
assigned to an exercise
(n=18; 62±9 yr of age) or
no exercise and sodium
restriction (n=17; 65±10
yr of age) group

13 wk of walking, 5.8 d/wk, 40 min/
session, 70% of MHR

TC, HDL-C, LDL-
C, TG

Morning after an
overnight fast

Sunami et al.
21

40 Men and women, 60–
77 yr of age (mean age,
67±4 yr), assigned to an
exercise (n=20) or
control (n=20) group

20 wk of cycling, 2–4 d/wk, 50% of
VO2max

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

Morning after a 12-h
overnight fast

Verissimo et
al.22

63 Men and women, ages
65–94, assigned to an
exercise (n=31; 77.9±7.4
yr of age) or control
(n=32; 77.8±7.5 yr of
age) group

32 wk of walking/jogging, cycling,
rowing, arm cranking, 3 d/wk, 50
min/session, 60%–80% of MHRR

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

Morning after a 12-h
overnight fast and
avoiding exercise for 36 h

Verity and
Ismail23

10 Sedentary women,
50–70 yr of age, assigned
to either an exercise
(n=5; 61.20±9.17 yr of
age) or control (n=5;
57.20±8.27 yr of age)
group

16 weeks of walking, 3 d/wk, 60–90
min/session, 65%–80% of MHRR

TC, HDL-C, TC/
HDL-C

Morning after a 10–12-h
overnight fast

Description of studies limited to those subjects and variables that met our inclusion criteria. Number of subjects limited to those in which pre- and post-
assessment of lipids took place. Data reported as mean ± SD. Lipid variables listed limited to those that met our inclusion criteria, including availability.
MHR=maximum heart rate; TC=total cholesterol; HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol;
TG=triglycerides; MHRR=maximum heart rate reserve; VO2max=maximum oxygen consumption; NA=not available
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Table III
Training Program Characteristics

Variable n Mean ± SD Range
Length (wk) 28 35.3±31.8 8–156
Frequency (times/wk) 28 3.5±1.0 2–6
Intensity (%VO2max) 27 67.8±9.8 50–82
Duration (min/session) 27 42.4±12.1 17–75
Compliance (%)* 16 81.8±16.8 5–100
n=number of groups reporting data; VO2max=maximum oxygen consumption;

*
percentage of exercise sessions attended
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Table IV
Primary and Secondary Outcomes

Variable n Mean ± SEM 95% CI Change (%)
Primary outcomes
 TC (mg/dL) 21 −3.3±1.7 −6.5 to −0.02* −1.1
 HDL-C (mg/dL) 26 2.5±1.0 0.7 to 4.4* 5.6
 LDL-C (mg/dL) 21 −3.9±1.9 −7.7 to −0.08* −2.5
 TG (mg/dL) 25 −7.0±3.6 −14.0 to 0.1 −5.9
 TC/HDL-C 8 −0.8±0.2 −1.2 to −0.4* −7.1
Secondary outcomes
 Body weight (kg) 14 −0.7±0.4 −1.5 to 0.05 −1.1
 BMI (kg/m2) 16 −0.2±0.1 −0.3 to −0.1* −1.3
 Body fat (%) 10 −1.0±0.4 −1.9 to −0.3* −3.4
 VO2max (mL/kg/min) 20 2.8±0.2 2.1 to 3.6* 13.0
n=number of groups reporting data in which a treatment effect could be calculated; CI=confidence interval; TC=total cholesterol; HDL-C=high-density
lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol; TG=triglycerides; TC/HDL-C=ratio of TC to HDL-C; BMI=body mass index;
VO2max=maximum oxygen consumption;

*
significantly different from zero
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