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BSTRACT

 

Background

 

Increased physical activity is related to
reduced risk of cardiovascular disease, possibly be-
cause it leads to improvement in the lipoprotein pro-
file. However, the amount of exercise training required
for optimal benefit is unknown. In a prospective, ran-
domized study, we investigated the effects of the
amount and intensity of exercise on lipoproteins.

 

Methods

 

A total of 111 sedentary, overweight men
and women with mild-to-moderate dyslipidemia were
randomly assigned to participate for six months in a
control group or for approximately eight months in
one of three exercise groups: high-amount–high-inten-
sity exercise, the caloric equivalent of jogging 20 mi
(32.0 km) per week at 65 to 80 percent of peak oxygen
consumption; low-amount–high-intensity exercise, the
equivalent of jogging 12 mi (19.2 km) per week at 65
to 80 percent of peak oxygen consumption; or low-
amount–moderate-intensity exercise, the equivalent
of walking 12 mi per week at 40 to 55 percent of peak
oxygen consumption. Subjects were encouraged to
maintain their base-line body weight. The 84 subjects
who complied with these guidelines served as the ba-
sis for the main analysis. Detailed lipoprotein profiling
was performed by nuclear magnetic resonance spec-
troscopy with verification by measurement of choles-
terol in lipoprotein subfractions.

 

Results

 

There was a beneficial effect of exercise on
a variety of lipid and lipoprotein variables, seen most
clearly with the high amount of high-intensity exer-
cise. The high amount of exercise resulted in greater
improvements than did the lower amounts of exercise
(in 10 of 11 lipoprotein variables) and was always su-
perior to the control condition (11 of 11 variables).
Both lower-amount exercise groups always had bet-
ter responses than the control group (22 of 22 com-
parisons).

 

Conclusions

 

The highest amount of weekly exer-
cise, with minimal weight change, had widespread
beneficial effects on the lipoprotein profile. The im-
provements were related to the amount of activity and
not to the intensity of exercise or improvement in fit-
ness. (N Engl J Med 2002;347:1483-92.)
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NCREASED physical activity and fitness are
clearly associated with reductions in the risk of
cardiovascular disease,

 

1-5

 

 but the optimal inten-
sity or amount of exercise necessary for reduc-

tions in risk or risk factors is unknown. Because of
apparently conflicting information,

 

1-3

 

 there is confu-
sion about what recommendations to make for exer-
cise that will confer specific health benefits. In spite
of the importance of this issue, there have been no
prospective studies investigating the effects of differ-
ent amounts and intensities of exercise.

Although regular exercise is known to decrease the
risk of cardiovascular disease, comprehensive reviews

 

6,7

 

suggest that exercise has little effect on total choles-
terol or low-density lipoprotein (LDL) cholesterol
concentrations and only a minimal and inconsistent
beneficial effect on high-density lipoprotein (HDL)
cholesterol concentrations.

 

6

 

 Thus, there are two defi-
ciencies in the current knowledge in this area. First,
the ability to draw conclusions about the relation be-
tween exercise and lipids is compromised by the lack
of prospective, randomized exercise studies compar-
ing at least two different amounts of exercise.
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 Sec-
ond, it is now clear that the concentrations of LDL
particles, small LDL particles, large HDL particles,
and large very-low-density lipoprotein (VLDL) par-
ticles are better indicators of cardiovascular risk than
are the elements of the traditional lipid profile.

 

8-17

 

The purpose of the Studies of Targeted Risk Re-
duction Interventions through Defined Exercise
(STRRIDE), a randomized, controlled clinical study,
was to investigate the effects of the amount and in-
tensity of exercise on risk factors for cardiovascular
disease in overweight and obese men and women with
mild-to-moderate dyslipidemia. Here we report the
effects on serum lipoproteins.

I
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METHODS

 

Study Design

 

A complete description of the design of the study has been pub-
lished elsewhere.
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 The research protocol was reviewed and ap-
proved by the relevant institutional review boards.

 

Study Subjects

 

After giving written, informed consent, 159 subjects, 40 to 65
years of age, who were sedentary, were overweight or mildly obese
(body-mass index [the weight in kilograms divided by the square
of the height in meters], 25 to 35), and had dyslipidemia (either
an LDL cholesterol concentration of 130 to 190 mg per deciliter
[3.4 to 4.9 mmol per liter] or an HDL cholesterol concentration
below 40 mg per deciliter [1.0 mmol per liter] for men or below
45 mg per deciliter [1.2 mmol per liter] for women), were random-
ly assigned to one of three exercise groups or a nonexercising con-
trol group. Subjects were recruited continuously between January
1999 and June 2000, and the exercise program was completed by
April 2001. Of the 159 randomized subjects, 48 (30.2 percent)
dropped out of the study, 15 (9.4 percent) had an excessively low
rate of adherence to exercise, 10 (6.3 percent) had incomplete lipid
data, and 2 (1.3 percent) had excessive weight loss, leaving 84 sub-
jects in the main analysis.

 

Exercise Training

 

The exercise prescriptions in the three exercise groups were as
follows: high-amount–high-intensity exercise, the caloric equivalent
of jogging approximately 20 mi (32.0 km) per week for a person
weighing 90 kg (range, 19.2 to 20.6 mi [30.7 to 33.0 km] per week
for a person weighing 70 to 110 kg)

 

19

 

 at 65 to 80 percent of peak
oxygen consumption; low-amount–high-intensity exercise, the ca-
loric equivalent of jogging approximately 12 mi (19.2 km) per week
at 65 to 80 percent of peak oxygen consumption; and low-amount–
moderate-intensity exercise, the caloric equivalent of walking ap-
proximately 12 mi per week at 40 to 55 percent of peak oxygen
consumption. For the subjects in the high-amount–high-intensity
group, the specific prescription was to expend 23 kcal per kilogram
of body weight per week; subjects in the two low-amount groups
were to expend 14 kcal per kilogram per week. The machines used
for exercise included cycle ergometers, treadmills, and elliptical
trainers. There was an initial period of two to three months during
which the amount and intensity of exercise were gradually increased,
followed by six months at the appropriate exercise prescription. All
exercise sessions were verified by direct supervision or by heart-
rate monitors that provided recorded data (Polar Electro).

 

Dietary Evaluations and Control of Body Weight

 

 Nutrient intakes were determined at base line and at the end of
the study. To minimize the confounding effects of weight loss, sub-
jects were counseled to maintain body weight, which we believed to
be ethically justified by the short time frame of the study. Data were
excluded from the primary analysis for subjects whose weight varied
by more than 5 percent from base line to the end of the study.

 

Lipids and Lipoproteins

 

Fasting plasma samples were analyzed by LipoScience for lipo-
protein profiling by nuclear magnetic resonance spectroscopy.
Each measurement includes the concentrations of six subclasses
of VLDL, four subclasses of LDL (including intermediate-density
lipoprotein [IDL]), and five subclasses of HDL, as well as the cal-
culated weighted average sizes of VLDL, LDL, and HDL parti-
cles, the concentration of LDL particles, and estimates of total
cholesterol, triglycerides, LDL cholesterol, and HDL cholesterol
concentrations.
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 Since the nuclear magnetic resonance imaging
method measures lipoprotein particles rather than cholesterol, we
sought verification of findings using a method that directly meas-

ures cholesterol in lipoprotein fractions separated by density-gradi-
ent ultracentrifugation.
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 Samples from 20 subjects (10 men and
10 women) in the high-amount–high-intensity group and 20
subjects in the control group were analyzed by Atherotech (Bir-
mingham, Ala.) with the Vertical Auto Profile method.

 

22

 

 All sam-
ples sent for lipid and lipoprotein analysis did not indicate the
treatment-group assignment of the subject.

 

Intention-to-Treat Analysis

 

The goal of our study was to determine the physiological effects
of specific, well-defined amounts and intensities of exercise on risk
factors for cardiovascular disease. The study was specifically de-
signed to address the questions of “How much exercise is enough?”
and “What is the optimal amount of exercise?” with respect to po-
tentially beneficial effects on cardiovascular health and disease. To
these ends, and in order to maintain clear separations of the levels
of exercise among the exercise groups, we defined acceptable com-
pliance rates for subjects in all exercise groups a priori to be between
74 percent and 115 percent of the assigned amount of exercise, thus
permitting study of the relation between the actual level of exercise
(not necessarily the intention to exercise) on various health-related
variables. For similar reasons related to the effects of weight on lipo-
proteins, we also excluded subjects from the main analysis if they
had a change in weight of more than 5 percent over the course of
the study. Nevertheless, there may be clinical implications of an
intention-to-treat analysis, and we therefore also report the results
of such an analysis including all 101 subjects who had complete
lipid data, irrespective of compliance or weight change.

 

Statistical Analysis

 

For the main analysis, we used analysis of variance (Statview or
SAS software) followed by post hoc analysis. Unless indicated, only
the results of post hoc analyses are reported. Because of the primary
a priori interest, only differences between each exercise group and
the control group were analyzed. An alpha error of less than 0.0167
was considered to indicate statistical significance, because of Bon-
ferroni’s correction. 

To test for hypothesized effects of the amount and intensity of
exercise, we used a multivariate analysis of variance to test for dif-
ferences between the groups with regard to the entire set of 11 var-
iables. We then ranked (for each variable) the groups with different
amounts of exercise and, separately, the groups with different in-
tensities of exercise. The group with the largest improvement was
ranked first, and so on.

 

RESULTS

 

Base-line characteristics of the subjects are present-
ed in Table 1. There were no significant differences
among the groups in terms of demographic variables
or in terms of initial fitness, total caloric intake, or
macronutrient intake. Subjects who dropped out of
the study were not significantly different from those
who remained in the exercise or control groups in
terms of age, height, weight, or body-mass index (da-
ta not shown).

 

Level of Exercise and Fitness Responses

 

A description of the exercise prescriptions and the
effects of exercise on body weight, cardiovascular fit-
ness (peak oxygen consumption), and nutrient intake
are also shown in Table 1. In spite of the monitoring
of body weight and the recommendation to maintain
body weight, subjects in the high-amount–high-inten-

Copyright © 2002 Massachusetts Medical Society. All rights reserved. 
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sity and low-amount–moderate intensity groups had
weight loss that was small but significantly greater than
that among controls. The high-amount–high-intensi-
ty and low-amount–high-intensity groups had similar
increases in peak oxygen consumption (17.8 percent
and 16.7 percent, respectively; P<0.001 for both

comparisons with the control group), implying that
the intensity of exercise is more important than the
amount of exercise in terms of increasing the level of
fitness. There were no significant differences among
groups in terms of changes in caloric consumption
or the percentage of calories from macronutrients.

 

*Plus–minus values are means ±SD. There were no significant differences among the groups in any demographic characteristic.

†Because of technical difficulties, means for peak oxygen consumption are based on data for 16 subjects in the control group, 13 in the
low-amount–moderate-intensity group, 12 in the low-amount–high-intensity group, and 14 in the high-amount–high-intensity groups.

‡Percentages from carbohydrates, fat, and protein do not total 100 since ethanol calories are not included.

§Data are the approximate number of miles per week that are calorically equivalent to the prescribed 14 kcal per kilogram per week for
the low-amount groups and 23 kcal per kilogram per week for the high-amount group.

¶Data are the prescribed amount multiplied by the rate of adherence for each group; therefore, there are no standard deviations given.

¿Data are the prescribed time multiplied by the rate of adherence for each subject.

**P=0.04 for the comparison with the control group.

††P<0.001 for the comparison with the control group.

‡‡P=0.03 for the comparison with the control group.

§§P=0.02 for the comparison with the control group.
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Base-line characteristics

 

Age — yr 52.3±7.8 50.5±7.5 54.3±10.6 51.8±6.6 53.0±5.6
Height — m 1.72±0.10 1.70±0.11 1.75±0.10 1.71±0.09 1.72±0.10
Weight — kg 86.8±15.1 84.1±16.5 89.8±16.2 87.1±14.9 87.3±12.7
Body-mass index 29.3±3.0 29.0±3.3 29.2±2.8 29.6±3.2 29.4±2.8
Race — no. (%)

White 68 (81) 18 (69) 17 (89) 14 (82) 19 (86) 
Black 15 (18) 8 (31) 2 (11) 3 (18) 2 (9) 
Asian 1 (1) 0 0 0 1 (5) 

Sex
Female 35 11 5 8 11
Male 49 15 14 9 11

Peak oxygen consumption —
ml/kg of body weight/min†

29.2±6.3 28.5±7.0 30.8±7.3 29.5±6.1 28.1±4.9

Food intake — kcal/day‡ 2087±651 2089±676 2059±669 2137±659 2071±664
Carbohydrates — % 49.1±9.2 50.4±9.5 48.6±9.2 49.3±9.3 48.0±9.4
Fat — % 33.3±7.2 32.2±7.4 33.0±7.3 34.6±7.2 33.9±7.3
Protein — % 15.8±4.6 15.6±4.7 15.9±4.7 15.3±4.6 16.5±4.7

 

Prescribed and actual amount
and intensity of exercise

 

Intensity range — percentage of 
peak oxygen consumption

40–55 65–80 65–80

Prescribed amount — mi/wk§ 12 12 20
Prescribed time — min/wk 191±41 125±26 200±38
Rate of adherence — % 92.1±9.9 91.3±10.6 86.8±8.7
Actual amount — mi/wk¶ 11.1 11.0 17.4
Actual time — min/wk¿ 176±36 117±26 174±35
Frequency — no. of sessions/wk 3.4±0.6 3.0±0.5 3.8±0.7

 

Changes from base line

 

Body weight — kg 0.95±3.04 ¡0.55±1.80** ¡0.17±1.79 ¡1.52±2.16††

Peak oxygen consumption
Liters/min 0.02±0.18 0.16±0.15‡‡ 0.41±0.14†† 0.43±0.24††
Percentage change 1.0±6.8 6.9±7.6§§ 16.7±5.6†† 17.8±9.0††

Caloric intake — kcal/day 15.3±561 30.9±544 ¡264.0±552 ¡30.5±540
Carbohydrate intake — % 0.0±10.7 ¡3.3±10.4 ¡3.6±10.5 1.1±10.3
Fat intake — % 0.7±9.5 0.7±9.2 2.0±9.3 0.4±9.1
Protein intake — % ¡0.4±5.2 2.2±5.0 1.2±5.1 ¡1.3±5.0
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Base-Line Differences and Outliers

 

Lipoprotein data obtained at base line and at the
end of the study are shown in Table 2. The low-
amount–moderate-intensity group had significantly
higher base-line concentrations of triglycerides and
large VLDL particles than did controls. When the data
were inspected for outliers, three subjects in the low-
amount–moderate-intensity group were identified.
When subsequent analyses were performed both with
and without these subjects, the overall interpretation
of the data was unchanged. Therefore, data from all
qualifying subjects were included in all analyses.

 

Effects of Exercise on Lipoproteins

 

Exercise training had no significant effect on the
total cholesterol or LDL cholesterol concentrations
(data not shown). It did, however, have important
effects on the concentrations of LDL subfractions
(Fig. 1). High-amount–high-intensity exercise signif-
icantly reduced the concentrations of LDL and small
LDL particles and increased the average size of LDL
particles. The IDL cholesterol concentration decreased
nonsignificantly with increasing exercise levels. Al-
though both low-amount groups had improvements
in these variables as compared with controls, only the
effect on the size of LDL particles was significant for
the low-amount–high-intensity group. There was a
progressive effect of the amount of exercise on all four
of the variables shown in Figure 1.

This effect of the amount of exercise was also seen
for HDL variables, as shown in Figure 2. There was
a clear beneficial effect (P<0.0167) on the HDL
cholesterol concentration in the high-amount–high-
intensity group. The lower amount of exercise had
smaller (nonsignificant) effects on these variables,
with no apparent effect of the intensity of exercise.

In the high-amount–high-intensity, low-amount–
high-intensity, and low-amount–moderate-intensity
groups, there was improvement in triglyceride concen-
tration (P=0.006, P=0.07, and P<0.001, respective-
ly), concentration of VLDL triglycerides (P=0.004,
P=0.04, and P<0.001, respectively), concentration
of large VLDL particles (P=0.05, P=0.13, and P<
0.001, respectively), and size of VLDL particles (P=
0.06, P=0.005, and P<0.001, respectively).

 

Ranked Effects of the Intensity and Amount of Exercise 

 

The ranked effects of the amount and intensity of
exercise are shown in Table 3. The test for overall dif-
ferences among groups was statistically significant ac-
cording to multivariate analysis of variance (P=0.03),
providing a rationale for examining the effect of the
amount of exercise. High-amount–high-intensity ex-
ercise had a larger effect on 10 of the 11 variables than
did low-amount–high-intensity exercise. In turn, low-
amount–high-intensity exercise had a beneficial effect

on all 11 variables, as judged by comparisons with the
control group. These findings demonstrate a clear ef-
fect of the amount of exercise: in 21 of 22 cases, the
higher the level of exercise, the greater the effect on
lipid measures. The rankings of the levels of intensity
show that neither low-amount–high-intensity exer-
cise nor low-amount–moderate-intensity exercise was
clearly superior in its effects on lipoproteins. The data
therefore suggest that there is no clear effect of the in-
tensity of exercise. However, both low-amount groups
ranked above the control group on all 11 variables.

 

Intention-to-Treat Analysis

 

The conclusions from the intention-to-treat analy-
ses (Table 4) were nearly identical to those from the
primary analysis. In some cases, the intention-to-treat
analysis revealed significant differences (P<0.0167)
between groups in comparisons for which only non-
significant differences were found in the primary analy-
sis. Conversely, in no case did the intention-to-treat
analysis yield nonsignificant differences for compar-
isons that yielded statistically significant differences
in the primary analysis. In sum, an intention-to-treat
analysis would have provided stronger evidence than
the primary analysis did of the benefits of high-
amount–high-intensity exercise over the control con-
dition. For example, according to the intention-to-
treat analysis, P=0.002 for the comparison between
the high-amount–high-intensity group and the con-
trol group in terms of the concentration of small
LDL particles, P=0.001 for the comparison of the
size of LDL particles, P=0.02 for the comparison of
the concentration of LDL particles, P=0.06 for the
comparison of the IDL cholesterol concentration,
P=0.01 for the comparison of the HDL cholesterol
concentration, P=0.04 for the comparison of the
concentration of large HDL particles, and P=0.02
for the comparison of the size of HDL particles.

 

Reproducibility of Findings with the Use 
of Density-Gradient Ultracentrifugation

 

Because of the relative novelty of the various meas-
urement techniques for the analysis of lipoprotein
subfractions, we thought it important to confirm our
findings using a complementary technique. We tested
the same hypotheses in 40 subjects (20 in the high-
amount–high-intensity group and 20 in the control
group) using density-gradient ultracentrifugation com-
bined with direct spectrophotometric measurement
of cholesterol in all lipoprotein subfractions.

 

22

 

 The re-
sults of the analyses and the conclusions regarding
the changes in lipoprotein measurements were sim-
ilar with the two techniques (data not shown).

 

DISCUSSION

 

Our study compared the effects of two different
amounts and intensities of exercise training on lipo-
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proteins in a prospective, randomized, controlled
manner. The data show a clear effect of the amount of
exercise on lipoproteins and lipoprotein subfractions;
they also show that a relatively high amount of regular
exercise — even in the absence of clinically significant
weight loss — can significantly improve the overall
lipoprotein profile. In particular, the data reveal that
exercise at a caloric equivalent of 17 to 18 mi (27.2 to
28.8 km) per week and an intensity equivalent to that
of jogging at a moderate pace significantly decreased
the concentrations of small LDL and LDL particles

and increased the average size of LDL particles, with-
out changing the plasma LDL cholesterol concentra-
tion. This amount of exercise also increased the total
HDL concentration, the concentration of large HDL
particles, and the average size of HDL particles and
decreased the concentrations of triglycerides and total
VLDL triglycerides with decreases in the IDL concen-
tration, the concentration of large VLDL particles,
and the average size of VLDL particles that were at the
margin of statistical significance (P<0.07). These find-
ings were confirmed and strengthened in a parallel

Figure 1. Comparison of the Effects of Three Different Exercise Programs with Those in a Control Group on Mean Changes in the
Concentration of Small Low-Density Lipoprotein (LDL) Cholesterol (Panel A), the Concentration of LDL Particles (Panel B), the Average
Size of LDL Particles (Panel C), and the Concentration of Intermediate-Density Lipoprotein (IDL) Cholesterol (Panel D).
Subjects in the control group maintained their normal diet and level of physical activity for six months. In the exercise groups, the
amount and intensity of exercise were gradually increased to the prescribed level over the course of one to three months, after
which exercise was maintained at the prescribed level for six months. Low-amount–moderate-intensity exercise represents the caloric
equivalent of walking approximately 12 mi per week at 40 to 55 percent of peak oxygen consumption; low-amount–high-intensity
exercise represents the same amount of exercise at 65 to 80 percent of peak oxygen consumption. High-amount–high-intensity
exercise represents the caloric equivalent of jogging approximately 20 mi per week at 65 to 80 percent of oxygen consumption.
Values shown represent means of individual change scores. I bars represent the standard errors. To convert the values for choles-
terol to millimoles per liter, multiply by 0.02586.
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Figure 2. Comparison of the Effects of Three Different Exercise Programs with Those in a Control
Group on Mean Changes in Total High-Density Lipoprotein (HDL) Cholesterol Concentration (Panel A),
Concentration of Large HDL Cholesterol (Panel B), and Average Size of HDL Particles (Panel C). 
I bars represent the standard errors. To convert the values for cholesterol to millimoles per liter, mul-
tiply by 0.02586.
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intention-to-treat analysis. None of these improve-
ments, except for those in HDL cholesterol and tri-
glycerides, would have been detected by the standard
lipid panel. These data refute the general conclusion,
based on results from the standard lipid panel and on
studies in which moderate amounts of exercise (sim-
ilar to that in the low-amount groups in our study)
were used, that exercise has only limited effects on
lipids and lipoproteins.6

The second major finding is that the amount of ex-
ercise appears to make a greater difference than the
intensity of exercise on plasma lipoprotein concentra-
tions. Our data agree with those of Duncan et al.,23 in
which three walking groups (strollers, brisk walkers,
and aerobic walkers) exercised the same amount (ap-
proximately 13 mi [20.8 km] per week) for 24 weeks.
The strollers and aerobic walkers had improvements of
6 percent and brisk walkers an improvement of 4 per-
cent in the HDL cholesterol concentration. Several

studies have shown that low-intensity exercise can re-
sult in improvements in lipoproteins.23-26 Our data,
taken together with those of others, suggest that any
effect on lipids of the intensity of exercise is small as
compared with that of the amount of exercise. A high-
amount–moderate-intensity group was not included
in our study because of the very large weekly time
commitment that would have been required (up to
eight hours for subjects with a low level of fitness).
Thus, we cannot exclude the possibility that the level
of intensity would have an effect in subjects with
higher amounts of exercise.

Cross-sectional studies have reported that runners
have smaller amounts of atherogenic small LDL par-
ticles than do controls who do not exercise.27,28 How-
ever, in those studies, the percentage of body fat was
significantly higher among the sedentary subjects, po-
tentially confounding the results. In an exercise study,
Williams et al.29 reported no difference between sub-
jects randomly assigned to exercise and controls in any
changes in LDL or VLDL subfractions. These find-
ings were most likely due to the small average amount
of exercise of only about 8 mi (12.8 km) per week.
When the investigators examined the correlation be-
tween the concentration of small LDL particles and
the distance run by subjects within the running group,
they found a significant, albeit small, inverse relation.
It is important to note that weight loss was permit-
ted in that study, and the investigators ascribed most
of the change to weight loss. Several studies have re-
ported significant effects of exercise on lipoproteins.
However, in those studies, exercise induced larger
weight losses than those seen in our study, and the
effect was generally attributed to or correlated with
weight loss.29-33 In our study, we were able to minimize
greatly, although not to eliminate completely, weight
differences and weight loss as confounding factors.

Some additional conclusions are warranted. First,
although the lower amount of exercise resulted in few-
er significant improvements, this amount of exercise
was able to limit or prevent in the low-amount groups
much of the weight gain and consequent worsening
of the overall lipoprotein profile that was observed in
the control group. Second, although the two high-
intensity groups had very similar increases in fitness
(as measured by peak oxygen consumption), only the
high-amount group had extensive improvements in
the overall lipoprotein profile. Similarly, the same low
amount of weekly exercise had very different effects
on fitness in the high-intensity group and the mod-
erate-intensity group but had similar effects on the
lipoprotein profile in the two groups. Therefore, it
would appear that it is the amount of activity — and
not necessarily the change in fitness — that is impor-
tant for the improvement of the lipoprotein profile
with exercise programs.

*To test for the effect of the amount of exercise, the high-amount–high-
intensity, low-amount–high-intensity, and control groups were ranked; the
group with the best improvement score is listed first, and the group with
the worst score is listed last. The consistency with which the high amount
of exercise was ranked first (10 of 11 variables) and with which the control
condition ranked last (11 of 11 variables) emphasizes the clear effect of the
amount of exercise. To test for an effect of the intensity of exercise, the low-
amount–high-intensity, low-amount–moderate-intensity, and control groups
were ranked in the same manner. The high-intensity group ranked first in
6 of 11 variables, and the moderate-intensity group ranked first in 5 of 11
variables. We interpret this fairly equal distribution to indicate that there is
no clear effect of the intensity of exercise.

TABLE 3. EFFECTS OF THE AMOUNT AND INTENSITY OF EXERCISE 
ON LIPIDS, LIPOPROTEINS, AND LIPOPROTEIN SUBFRACTIONS.*

VARIABLE

EFFECT OF AMOUNT

OF EXERCISE

EFFECT OF INTENSITY

OF EXERCISE

rankings

Concentration of small 
LDL particles

High amount, low 
amount, control

High intensity, moderate 
intensity, control

Concentration of LDL 
particles

High amount, low 
amount, control

High intensity, moderate 
intensity, control

Size of LDL particles High amount, low 
amount, control

High intensity, moderate 
intensity, control

IDL concentration High amount, low 
amount, control

High intensity, moderate 
intensity, control

Concentration of large 
HDL particles

High amount, low 
amount, control

High intensity, moderate 
intensity, control

Size of HDL particles High amount, low 
amount, control

High intensity, moderate 
intensity, control

HDL cholesterol con-
centration

High amount, low 
amount, control

Moderate intensity, high 
intensity, control

Concentration of large 
VLDL particles

High amount, low 
amount, control

Moderate intensity, high 
intensity, control

Size of VLDL particles Low amount, high 
amount, control

Moderate intensity, high 
intensity, control

Total triglyceride con-
centration

High amount, low 
amount, control

Moderate intensity, high 
intensity, control

VLDL triglyceride 
concentration

High amount, low 
amount, control

Moderate intensity, high 
intensity, control
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In conclusion, our study demonstrates that regu-
lar exercise with minimal weight change has broad
beneficial effects on the lipoprotein profile. A clear,
biologically consistent association emerged between
the amount of exercise and the degree of improvement
in the lipoprotein profile, with the higher amount of
exercise (equivalent to 17 to 18 mi of jogging at a
moderate pace per week) having a much greater ben-
eficial effect on lipids and lipoproteins than the lower
amount of exercise (equivalent to jogging or walking
approximately 11 mi per week). The lower amount of
exercise prevented the weight gain seen in the con-
trols and was clearly more beneficial for the lipopro-
tein profile than was a sedentary lifestyle. The greater
amount of exercise was approximately that which, ac-
cording to the initial results, provided the maximal
benefit in preventing cardiovascular events and death
from any cause among subjects in the Harvard Alum-
ni Study.34 The extensive improvements achieved in
the high-amount–high-intensity group were related
to the amount of physical activity and did not appear
to be related to changes in the level of fitness. Final-
ly, the intensity of exercise was less important, at least
in the case of the lower amount of exercise studied,
than the amount of exercise in terms of lipoprotein
responses.
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