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Abstract—High density lipoprotein (HDL) cholesterol concentrations have been shown to increase with regular endurance
exercise and, therefore, can contribute to a lower risk of coronary heart disease in physically active individuals compared
with sedentary subjects. Although low HDL cholesterol levels are frequently observed in combination with
hypertriglyceridemia, some individuals may be characterized by isolated hypoalphalipoproteinemia, ie, low HDL
cholesterol levels in the absence of elevated triglyceride (TG) concentrations. The present study compared the responses
of numerous lipoprotein-lipid variables to a 20-week endurance exercise training program in men categorized on the
basis of baseline TG and HDL cholesterol concentrations: (1) low TG and high HDL cholesterol (normolipidemia), (2)
low TG and low HDL cholesterol (isolated low HDL cholesterol), (3) high TG and high HDL cholesterol (isolated high
TGs), and (4) high TGs and low HDL cholesterol (high TG/low HDL cholesterol). A series of physical and metabolic
variables was measured before and after the training program in a sample of 200 men enrolled in the Health, Risk
Factors, Exercise Training and Genetics (HERITAGE) Family Study. At baseline, men with high TG/low HDL
cholesterol had more visceral adipose tissue than did men with isolated low HDL cholesterol and men with
normolipidemia. The 0.4% (not significant) exercise-induced increase in HDL cholesterol levels in men with isolated
low HDL cholesterol suggests that they did not benefit from the “HDL-raising” effect of exercise. In contrast, men with
high TG/low HDL cholesterol showed a significant increase in HDL cholesterol levels (4.9%, P⬍0.005). Whereas both
subgroups of men with elevated TG levels showed reductions in plasma TGs (⬇⫺15.0%, P⬍0.005), only those with
high TG/low HDL cholesterol showed significantly reduced apolipoprotein B levels at the end of the study (⫺6.0%,
P⬍0.005). Multiple regression analyses revealed that the exercise-induced change in abdominal subcutaneous adipose
tissue (10.6%, P⬍0.01) was the only significant correlate of the increase in plasma HDL cholesterol with training in men
with high TG/low HDL cholesterol. Results of the present study suggest that regular endurance exercise training may
be particularly helpful in men with low HDL cholesterol, elevated TGs, and abdominal obesity. (Arterioscler Thromb
Vasc Biol. 2001;21:1226-1232.)
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hypertriglyceridemia, a condition that has been referred to as
isolated hypoalphalipoproteinemia.9 –11 Previous studies from
our laboratory have shown that subjects with isolated low HDL
cholesterol were neither characterized by hyperinsulinemia nor
by visceral obesity.12 Although studies have suggested that
patients with isolated low HDL cholesterol syndrome may be at
increased CHD risk,9,10,13,14 it appears very difficult to increase
HDL cholesterol levels in these individuals by diet, weight loss,
or pharmacotherapy.15

egular endurance exercise is a widely recognized modality
to raise plasma HDL cholesterol levels,1–3 which is one of
the metabolic adaptations contributing to the reduced risk of
coronary heart disease (CHD) observed among physically active
and fit individuals.4 – 6 Although a low plasma HDL cholesterol
concentration is often accompanied by an elevated triglyceride
(TG) level associated with abdominal obesity and an insulin
resistance-hyperinsulinemic state,7,8 some individuals are characterized by low HDL cholesterol levels without obesity or
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Because subjects with isolated low HDL cholesterol have
normal body weight and fat content, we have hypothesized
that they may be less responsive to endurance exercise–
induced improvements of the lipoprotein-lipid profile than
are subjects with low HDL cholesterol, elevated TG concentrations, abdominal obesity, and hyperinsulinemia. Therefore,
the aim of the present study was to compare the lipoproteinlipid responses to a 20-week endurance exercise training
program in men with low HDL cholesterol levels but with or
without high TG concentration.

Methods
Subjects
The Health, Risk Factors, Exercise Training and Genetics (HERITAGE) Family Study cohort has been previously described.16
Briefly, the HERITAGE subjects came from families that included
the natural mother and father (aged ⱕ65 years) and 3 adult offspring.
The present study describes the results of baseline and follow-up data
from 200 white men (79 fathers and 121 sons). Subjects were healthy
and sedentary and met a number of inclusion and exclusion criteria.16
The study protocol had been previously approved by the Institutional
Review Board at each of the 4 clinical centers. Informed consent was
obtained from each subject.

Endurance Exercise Training Program
The training program has already been extensively described.16 –18
Participants trained under supervision in the clinical centers on a
cycle ergometer (Universal Aerobicycle) for 60 sessions by using the
same standardized training protocol. They were required to complete
the 60 sessions within 21 weeks. They could not exercise ⬎1 session
per day, ⬎4 sessions per week, or ⬍1 session per week. As well,
they could not get ahead by ⬎2 sessions or fall behind by ⬎2
sessions. Participants who knew that they might miss a few sessions
were encouraged to train 4 times per week for 2 weeks to build up
a reserve. Program adherence was monitored several times per week.
Participants were contacted when they appeared to be falling behind,
and a plan was developed to bring them back on schedule as soon as
possible. To determine each person’s training intensity, heart rate
(HR), power output, and oxygen intake (VO2) obtained during the 3
baseline cycle ergometer tests were plotted to determine the average
HR and power output associated with 55%, 65%, 70%, and 75% of
his/her maximum VO2 (VO2max) before training. These HR and
power output values were then used throughout the training program.
Training sessions during the first 2 weeks began at an HR associated
with 55% VO2max for 30 minutes. Either duration or intensity was
then increased each 2 weeks until the 14th week of training, when
participants exercised at the HR associated with 75% of their initial
VO2max for 50 minutes. This was then maintained for the next 6
weeks.

Anthropometry, Body Composition, and
Fat Distribution
Body weight, height, and waist and hip circumferences were measured according to standardized procedures,19 and the waist-to-hip
ratio was calculated. Body density was measured by the hydrostatic
weighing technique,20 and percent body fat was calculated as already
described.17,21 Fat mass was obtained by multiplying body weight by
percent body fat. These measurements are highly reproducible, with
no difference between clinical centers and no drift over time.21
Visceral adipose tissue (AT) accumulation was assessed by computed tomography with the use of previously described procedures.22

Plasma Lipid, Lipoprotein, and
Apolipoprotein Measurements
Blood sampling was obtained in the morning after a 12-hour
overnight fast. Both pretraining and posttraining data are means of 2
separate measurements. Posttraining plasma samples were collected
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24 hours after the last exercise session, and lipoprotein-lipid levels
were adjusted for plasma volume changes, as already described.23
Blood was drawn locally at each clinical center and then shipped to
the core laboratory in Québec City. Cholesterol and TG levels were
determined by enzymatic methods by using the Technicon RA-500
analyzer (Bayer Corp Inc,), as previously described.24 Plasma
VLDLs (density ⬍1.006 g/mL) were isolated by ultracentrifugation,
and the HDL fraction was obtained after precipitation of LDL in the
infranatant (density ⬎1.006 g/mL) with heparin and MnCl2.25 The
cholesterol and TG contents of the infranatant fraction were measured before and after the precipitation step. ApoA-I (infranatant)
and apoB (plasma) levels were measured by the rocket immunoelectrophoretic method of Laurell, as previously described by Avogaro et
al.26 The lyophilized serum standards for apolipoprotein measurements were prepared in the core laboratory at the Lipid Research
Center of Laval University Medical Center and calibrated with
reference standards obtained from the Centers for Disease Control.
The cholesterol content of HDL2 and HDL3 subfractions was also
determined after further precipitation of HDL2 with dextran sulfate.27
Reproducibility of all lipid-lipoprotein measurements has been
examined and is excellent.28

Plasma Insulin Concentrations
Plasma insulin levels were measured by radioimmunoassay after
polyethylene glycol separation, as described by Desbuquois and
Aurbach.29 Polyclonal antibodies that cross-react ⬎90% with proinsulin (and, presumably, with its conversion intermediates) were
used.30 Therefore, in the present study, insulin refers to immunoreactive insulin (defined as the sum of insulin, proinsulin, and split
proinsulin).

Postheparin Plasma Lipase Activities
Postheparin lipoprotein lipase (PH-LPL) and postheparin hepatic
lipase (PH-HL) activities were also measured on 1 occasion before
training and again after the training program in subjects after a
12-hour overnight fast, 10 minutes after an intravenous injection of
heparin (60 IU/kg body mass). The postheparin plasma lipase
activities were measured as previously described.31 The 2 lipolytic
enzyme activities were expressed as nanomoles of oleic acid released
per milliliter of plasma per minute. These measures are also highly
reproducible.28

Statistical Analyses
Pearson product moment correlation coefficients were used to
quantify associations between variables. Men were divided into 4
subgroups according to baseline fasting plasma TG and HDL
cholesterol concentrations: (1) normolipidemia (n⫽62), (2) isolated
low HDL cholesterol (n⫽38), (3) isolated high TGs (n⫽38), and (4)
high TG/low HDL cholesterol (n⫽62). Cutoff values were 1.34 and
0.92 mmol/L for TG and HDL cholesterol, respectively, which
corresponded to the 50th percentiles of their respective distributions.
Interestingly, the 50th percentile of the sample distribution for HDL
cholesterol (0.92 mmol/L) was found to be near the value of
0.90 mmol/L recommended by the Canadian Working Group on
Hypercholesterolemia and Other Dyslipidemia.32 On the other hand,
the 1.34 mmol/L value for TGs is well below the upper limit of
2.0 mmol/L recommended by the working group. By using the 50th
percentile value of the TG distribution, our intent is not to define a
new cut point for hypertriglyceridemia but to examine the metabolic
response to exercise training among subjects with low HDL cholesterol levels but with varying TG concentrations. Therefore, our
definition of “high” and “low” is limited to the classification of
subjects above and below the 0.92 and 1.34 mmol/L arbitrary cut
points for HDL cholesterol and TGs, respectively. Differences
among men with various baseline fasting lipoprotein-lipid phenotypes were tested for significance by using ANOVA with the Duncan
multiple range test. Paired t tests were used to examine the
significance of the changes in physical and metabolic variables
within each subgroup of men. In all analyses, P⬍0.05 was considered significant. Analyses were conducted with the SAS statistical
package (SAS Institute).

1228

Arterioscler Thromb Vasc Biol.

July 2001

Figure 1. Association between baseline fasting plasma TG and
HDL cholesterol concentrations. Using the 50th percentiles of
the TG (1.34 mmol/L) and HDL cholesterol (0.92 mmol/L) distribution, we identified 4 different fasting lipoprotein phenotypes:
normolipidemic men (n⫽62, solid squares), men with isolated
low HDL cholesterol (n⫽38, open squares), men with isolated
high TGs (n⫽38, open circles), and men with high TG/low HDL
cholesterol (n⫽62, solid circles).

Results
Figure 1 shows the relationship between baseline plasma
HDL cholesterol levels and TG concentrations from which
we categorized men into 3 distinct dyslipidemic groups and 1
reference group of normolipidemic men who had high HDL
cholesterol levels (above the 50th percentile) and low TG
concentrations (below the 50th percentile).
Table 1 shows the baseline pretraining plasma lipoprotein
profile of the 4 subgroups of men. Although men with high
TG/low HDL cholesterol had higher plasma TG (by design),
cholesterol, and apoB concentrations than did normolipidemic men, men with isolated low HDL cholesterol levels
had lower plasma cholesterol and apoA-I levels but similar
apoB levels compared with the levels in normolipidemic men.
TABLE 1.

Thus, the higher total cholesterol/HDL cholesterol ratio noted
among subjects with isolated low HDL cholesterol resulted
solely from the very low HDL cholesterol concentrations.
However, high plasma cholesterol and low HDL cholesterol
levels contributed to the high total cholesterol/HDL cholesterol ratio observed in men with high TG/low HDL cholesterol compared with normolipidemic men. Men with high
TG/low HDL cholesterol were also clearly hyperinsulinemic
and, presumably, more insulin resistant at baseline than were
the other subgroups of subjects.
Table 2 shows the baseline physical characteristics of the 4
groups of men. Men with high TG/low HDL cholesterol had
the highest body mass index and body fat mass values of the
4 groups. Furthermore, men with high TG/low HDL cholesterol were characterized by a larger waist circumference and
by higher levels of abdominal visceral and subcutaneous AT
than were subjects with isolated low HDL cholesterol, which
were neither characterized by obesity nor by a higher accumulation of abdominal fat compared with normolipidemic
subjects.
Table 3 shows the responses of body composition and of
abdominal fat accumulation indices to the standardized endurance exercise training program. It is important to point out
that maximal aerobic power increased significantly and comparably in all subgroups of men (⬇0.5 L/min, P⬍0.001).
Thus, there were no differences in the fitness gains between
dyslipidemic and normolipidemic subjects. All groups
showed a small but significant reduction in body fat mass and
increase in fat-free mass. These changes were accompanied
by small but significant reductions in abdominal AT areas
(subcutaneous and visceral), with the exception of the change
in visceral AT in subjects with isolated low HDL cholesterol
and in individuals with isolated high TGs. The greatest
reduction in visceral AT levels with exercise training was
observed among men with high TG/low HDL cholesterol
(P⬍0.0001).

Baseline Plasma Lipid Profile of Participants According to Baseline Dyslipidemic Phenotype

Variables
Subjects, n

Normolipidemia

Isolated Low
HDL Cholesterol

Isolated High
TGs

High TG/Low
HDL

62

38

38

62

TGs, mmol/L

0.94⫾0.22

0.93⫾0.22

1.77⫾0.39*†

2.45⫾1.09*†‡

HDL cholesterol, mmol/L

1.12⫾0.14

0.81⫾0.07**

1.05⫾0.12*†

0.75⫾0.10*†‡

Cholesterol, mmol/L

4.20⫾0.80

3.70⫾0.80*

5.30⫾0.80*†

5.00⫾1.00*†

LDL cholesterol, mmol/L

2.80⫾0.70

2.60⫾0.80

3.60⫾0.80*†

3.30⫾0.90*†‡

HDL2 cholesterol, mmol/L

0.36⫾0.10

0.22⫾0.06*

0.29⫾0.09*†

0.18⫾0.07*†‡

HDL3 cholesterol, mmol/L

0.76⫾0.10

0.59⫾0.06*

0.76⫾0.10†

0.58⫾0.08*

Total/HDL cholesterol

3.80⫾0.80

4.60⫾0.90*

5.10⫾1.00*†

6.80⫾1.40*†‡

ApoA-1, g/L

1.23⫾0.12

1.01⫾0.10*

1.28⫾0.12*†

1.07⫾0.12*†‡

ApoB, g/L

0.77⫾0.20

0.73⫾0.19

1.05⫾0.20*†

1.06⫾0.22*†

Insulin, pmol/L

52.0⫾32.7

58.1⫾33.5

73.8⫾48.1*

94.6⫾70.6*†‡
28.7⫾21.2*

Postheparin plasma lipase activities, nmol/mL per min
LPL

57.1⫾27.9

47.0⫾28.6

48.2⫾22.9

HL

241.4⫾62.9

252.1⫾59.4

255.4⫾54.2

238.7⫾65.1

10.2⫾21.3

10.3⫾11.2

HL/LPL ratio

5.6⫾3.5

12.1⫾19.0*

LPL indicates lipoprotein lipase; HL, hepatic lipase. Values are mean⫾SD.
*P⬍0.05 vs normolipidemic men; †P⬍0.05 vs men with isolated low HDL cholesterol; and ‡P⬍0.05 vs men with isolated high TGs.
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TABLE 2. Baseline Physical Characteristics of Participants According to Baseline
Dyslipidemic Phenotype
Variables

Normolipidemia

Subjects, n
Age, y

Isolated Low
HDL Cholesterol

Isolated
High TGs

High TG/
Low HDL

62

38

38

62

33⫾14

30⫾14

40⫾14*†

42⫾14*†

Weight, kg

78.4⫾14.3

78.5⫾11.6

85.1⫾16.5*†

90.8⫾13.9*†

Body mass index, kg/m2

24.3⫾3.9

25.2⫾4.1

27.4⫾4.4*†

28.8⫾4.2*†

Body fat, %

18.7⫾9.2

19.3⫾8.5

25.4⫾6.1*†

27.5⫾7.1*†

Fat mass, kg

15.5⫾9.7

15.8⫾8.8

22.4⫾9.6*†

25.6⫾9.9*†

Fat-free mass, kg

62.9⫾8.1

62.7⫾6.7

62.8⫾8.5

Waist girth, cm

88.0⫾12.1

89.4⫾11.9

96.3⫾11.9*†

101.5⫾10.9*†‡

82⫾48

83⫾56

120⫾62*†

136⫾56*†

65.2⫾7.2

Abdominal AT areas, cm2
Visceral
Subcutaneous
VO2max, mL/kg per min

170⫾114

182⫾117

255⫾121*†

289⫾117*†

41.3⫾8.8

41.4⫾9.1

34.2⫾6.9*†

32.6⫾6.7*†

Values are mean⫾SD.
*P⬍0.05 vs normolipidemic men; †P⬍0.05 vs men with isolated low HDL cholesterol; and ‡P⬍0.05 vs men with
isolated high TGs.

The responses of plasma lipoproteins and lipids to the
exercise program in the 4 groups of men are shown in Figure
2. First, subjects with isolated low HDL cholesterol did not
appear to benefit from the expected “HDL-raising” effect of
exercise, whereas men with high TG/low HDL cholesterol
showed increases in HDL cholesterol and apoA-I levels
(4.9% and 3.7%, respectively) that were significantly higher
(P⬍0.05) than the marginal increases of both variables (HDL
cholesterol 0.4%, apoA-I 1.5%) noted in those with isolated
low HDL cholesterol. Furthermore, the increase in HDL
cholesterol in men with high TG/low HDL cholesterol was
mostly the result of the important rise in HDL2 cholesterol
levels. Thus, among subjects with isolated low HDL cholesterol, failure of HDL cholesterol to increase with exercise
largely explained the lack of a favorable impact of the
exercise program on the total/HDL cholesterol ratio in this
group. However, the increase in HDL cholesterol levels noted
in response to the exercise program in men with high TG/low
HDL cholesterol was accompanied by a significant reduction

(9.0%) in the ratio of total/HDL cholesterol, which was
greater than in all other groups. Although both groups of
subjects with high TG levels showed similar reductions
(⬇⫺15.0%, P⬍0.005) in plasma TGs, only men with high
TG/low HDL cholesterol showed a significant reduction in
apoB (⫺6.0%, P⬍0.005) in response to the exercise program.
Because markedly hypertriglyceridemic individuals within
men with high TG/low HDL cholesterol may have affected
the change in apoB over the training period, we have also
adjusted the change in apoB for baseline TG levels. The
adjustment procedure had no effect on the change in apoB,
which remained highly significant (P⬍0.005). Furthermore,
PH-LPL increased in all groups, whereas PH-HL activity
decreased significantly only in the normolipidemic group
(P⬍0.001) and in individuals with isolated high TGs
(P⬍0.005).
Finally, multivariate analyses revealed that change in
abdominal subcutaneous AT (10.6%, P⬍0.01) was the only
variable that was significantly associated with the increase in

TABLE 3. Exercise-Induced Changes in Physical Characteristics of Participants
According to Their Baseline Dyslipidemic Phenotypes
Variables
Subjects, n

Normolipidemia

Isolated Low
HDL Cholesterol

Isolated
High TGs

High TG/
Low HDL

62

38

38

62

Weight, kg

⫺0.3⫾2.4

0.0⫾1.9

⫺0.2⫾1.8

⫺0.7⫾2.1§

Body mass index, kg/m2

⫺0.1⫾0.7

0.1⫾0.6

⫺0.1⫾0.6

⫺0.3⫾0.6*

Body fat, %

⫺0.8⫾1.9*

⫺0.9⫾2.1§

⫺0.8⫾1.3†

⫺1.1⫾1.6†

Fat mass, kg

⫺0.8⫾2.1*

⫺0.7⫾4.1§

⫺0.7⫾1.4*

⫺1.1⫾1.9†

Fat-free mass, kg

0.5⫾1.2‡

0.4⫾1.2‡

⫺0.9⫾2.6‡

⫺0.3⫾1.8

⫺0.9⫾2.2§

⫺1.2⫾2.3†

Visceral

⫺6.8⫾18.4*

⫺4.7⫾13.0

⫺5.0⫾17.2

⫺10.8⫾21.1†

Subcutaneous

⫺9.8⫾25.1*

⫺5.9⫾20.4§

⫺11.2⫾19.7†

⫺12.7⫾22.9†

0.5⫾0.3†

0.4⫾0.2†

Waist girth, cm

0.5⫾1.1†

0.7⫾1.3*

Abdominal AT areas, cm2

VO2 max, l/min

0.5⫾0.2†

Values are mean⫾SD.
*P⬍0.005, †P⬍0.001, ‡P⬍0.01, and §P⬍0.05 vs pretraining values.

0.5⫾0.2†
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HDL cholesterol ratio in subjects with isolated low HDL
cholesterol.

Discussion

Figure 2. Exercise-induced changes (expressed in percentage
from baseline) in HDL cholesterol (HDL-c) concentrations and
related variables (A) and other lipid profile parameters (B)
induced by the exercise training program according to the different fasting plasma lipoprotein phenotypes at baseline.
*P⬍0.05 and **P⬍0.005 for statistically significant change. Numbers indicate the following: 1, significantly different from the
normolipidemic men; 2, significantly different from men with isolated low HDL cholesterol; and 3, significantly different from
men with isolated high TGs.

plasma HDL cholesterol with training among men with high
TG/low HDL cholesterol (Table 4). As for the total/HDL
cholesterol ratio, change in fasting TG explained 14.6%
(P⬍0.005) of the response of this ratio. On the other hand,
none of the selected variables appeared to significantly
contribute to the changes in HDL cholesterol and the total/

It is well established that low plasma HDL cholesterol levels
are associated with an increased risk of CHD.33,34 Indeed, a
low HDL cholesterol concentration has been shown to be the
most prevalent abnormality of the lipoprotein-lipid profile
reported among men with documented CHD.35 In this regard,
the recently published results of the Veterans Affairs HighDensity Lipoprotein Intervention Trail (VA-HIT) Study36
clearly show that pharmacotherapy aimed at increasing
plasma HDL cholesterol levels reduces the risk of CHD, even
in the absence of any change in plasma LDL cholesterol
levels; this latter finding is commonly observed when CHD
patients with low HDL cholesterol levels are treated with a
fibrate such as gemfibrozil.
It is now fairly well recognized that endurance exercise
training can increase plasma HDL cholesterol levels1–3 if the
exercise training stimulus is sufficient. Furthermore, several
studies have suggested that the HDL-raising effect of endurance exercise training could be largely explained by the
concomitant loss of body mass or fat.37 Therefore, among
high-risk overweight dyslipidemic patients with insulin resistance, hyperinsulinemia, hypertriglyceridemia, and low HDL
cholesterol levels, the net increase in the daily energy
expenditure produced by regular endurance exercise may
eventually induce mobilization of body fat and weight loss. In
turn, this may ultimately reduce the amount of abdominal fat,
improve insulin action, lower TG levels, and increase plasma
HDL cholesterol concentrations.38 These favorable metabolic
improvements explain why regular endurance exercise of
moderate intensity but of long duration is advocated for the
management of obesity and of its related high TG/low HDL
cholesterol dyslipidemia.
However, low plasma HDL cholesterol is a heterogeneous
condition. Apart from rare monogenic disorders,39 – 41 it is not
uncommon to find individuals with low HDL cholesterol
levels in the absence of abdominal obesity, insulin resistance,
or hypertriglyceridemia. For instance, in the present study, 38
men of the total sample of 200 men (19% of the sample) had
plasma HDL cholesterol levels ⬍0.92 mmol/L, while simultaneously having plasma TG levels ⬍1.34 mmol/L. This
group with isolated low HDL cholesterol had very low

TABLE 4. Multivariate Regression Analyses Showing Independent Contributions
of Physical and Metabolic Characteristics to Change in HDL Cholesterol Levels
and in Total/HDL Cholesterol Ratio
Dependent Variable

Independent Variable

Partial
(R 2⫻100)

P

Abdominal subcutaneous AT

10.6

0.0095

TGs

14.6

0.0022

䡠䡠䡠

NS

NS

Men with high TG/low HDL cholesterol
HDL cholesterol
Total/HDL cholesterol
Men with isolated HDL cholesterol
HDL cholesterol
Total/HDL cholesterol

NS

NS
䡠䡠䡠
NS indicates that no variable met the 0.05 significance/level. Independent variables included were
the changes in fat mass, waist circumference, abdominal subcutaneous and visceral AT and plasma
TG levels, PH-LPL, and PH-HL activities.
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average plasma cholesterol as well as LDL cholesterol, apoB,
and apoA-I levels. Furthermore, they were not obese and did
not differ from normolipidemic subjects for abdominal fat
accumulation. It also seems important to point out that men
with isolated low HDL cholesterol had a VO2max at baseline
as high as that of normolipidemic men, suggesting that they
were as physically fit as normolipidemic men. These results
are consistent with our previously published study in which
we reported that patients with isolated hypoalphalipoproteinemia were not characterized by abdominal obesity or by
the features of insulin resistance.12 Because these patients
were neither overweight nor hyperinsulinemic, we hypothesized that they might show a specific response pattern to a
standardized endurance exercise training program. Indeed,
men with high TG/low HDL cholesterol displayed the expected favorable changes in the lipoprotein profile in response to the standardized exercise training program (eg,
decrease in plasma TG, cholesterol, LDL cholesterol, and
apoB levels and an increase in apoA-I and HDL cholesterol).
Furthermore, the concomitant increases in HDL2 cholesterol
and apoA-I in men with high TG/low HDL cholesterol
suggest simultaneous effects of exercise training on the
density and number of HDL particles. On the other hand,
exercise training was unsuccessful in raising plasma HDL
cholesterol levels in subjects with isolated low HDL cholesterol. The lack of response in subjects with isolated low HDL
cholesterol could not be attributed to differences in the
compliance to the training program or to difference in
cardiorespiratory adaptations, inasmuch as the absolute and
relative increase in VO2max was similar among all study
groups. Furthermore, all groups displayed similar favorable
changes in the PH-HL/PH-LPL ratio, which we have previously shown to be a significant correlate of plasma HDL
cholesterol levels.28
Zmuda et al42 have already shown that the ability to
increase HDL cholesterol levels through endurance exercise
training was limited in subjects with low initial HDL cholesterol. Failure to improve TG metabolism in these subjects was
proposed as a possible explanation. Our results are concordant with those previous observations, because among our
subjects with low HDL cholesterol levels, only those with
concomitantly elevated baseline TG concentrations showed
an increase in HDL cholesterol after the training program. It
is noteworthy that these individuals also showed a decrease in
fasting TGs in response to the training program. On the other
hand, Williams et al43 found the largest increase in HDL
cholesterol with exercise in men with high baseline HDL
cholesterol levels. These results may appear at first glance to
be at variance with our own observations. However, Williams
et al43 also reported a significant and positive association
between baseline HDL cholesterol levels and the subjects’
running mileage during the trial, which led them to suggest
that greater distances and a more important weight loss may
have accounted, at least in part, for the larger increase in HDL
cholesterol levels in these individuals.
Inasmuch as multivariate analyses revealed that changes in
TG levels and abdominal subcutaneous AT were significant
predictors of the response of the total/HDL cholesterol ratio
and of HDL cholesterol levels, respectively, the lack of
response among subjects with isolated low HDL cholesterol
may be due to the fact that they were nonobese, normotri-
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glyceridemic, and insulin sensitive and, thus, could not get
the benefits associated with weight loss and from the exercise
training–induced improvement in insulin sensitivity.38 Indeed, because fasting insulin is often used a crude index of
insulin resistance, the significantly lower baseline insulin
levels compared with the levels in men with high TG/low
HDL cholesterol suggest that men with isolated low HDL
cholesterol were more insulin sensitive, whereas men with
high TG and low HDL cholesterol concentrations appeared to
be more insulin resistant.
In intervention studies, the regression to the mean phenomenon is always a factor that needs to be considered. Indeed, in
situations in which several measurements are made, values
will tend to regress to the mean of the entire group because of
measurement error. This phenomenon will translate into a
negative relationship between a baseline measurement and
the difference between the baseline and follow-up measurements of a variable. In the present study, however, there was
no association between baseline HDL cholesterol and
changes in HDL cholesterol levels (r⫽0.05, P⫽0.53). Furthermore, apoA-I data give further support to our finding that
there was a true metabolic basis for the heterogeneity of HDL
cholesterol response, because the largest increase in apoA-I
was found among men with high TG/low HDL cholesterol.
Because apoA-I and HDL cholesterol measurement errors are
independent of each other, a regression to the mean phenomenon is unlikely to be a major contributor to the HDL-raising
effect of exercise noted in men with high TG/low HDL
cholesterol.
Finally, 2 additional points need to be emphasized. First,
subjects with isolated low HDL cholesterol could still benefit
from regular endurance exercise through metabolic adaptations that are beyond body mass control, insulin sensitivity,
and plasma lipoprotein levels. Second, it is still controversial
whether all patients with isolated low HDL cholesterol are at
increased risk of CHD. It is not uncommon to find low HDL
cholesterol levels among lean subjects on a low-fat intake
who also have low plasma cholesterol and LDL cholesterol
levels.11 It is doubtful that this lipid profile is associated with
a very high CHD risk. Further studies are needed to better
characterize the isolated low HDL cholesterol phenotype
from a metabolic and genetic standpoint.
In summary, results of the present study suggest that
regular endurance exercise is particularly helpful to improve
the lipid lipoprotein profile of men with low HDL cholesterol
levels along with abdominal obesity and elevated TG concentrations. However, it appears that subjects with low HDL
cholesterol levels as an isolated trait are much less responsive
to endurance exercise training, at least as far as their plasma
lipoprotein profile is concerned. This finding is concordant
with the common observation that it is very difficult in
clinical practice to increase the cholesterol content of HDL
among subjects with low HDL cholesterol concentrations,
when the latter is an isolated lipoprotein characteristic.

Acknowledgments
The HERITAGE Family Study is supported by the National Heart,
Lung, and Blood Institute through the following grants: HL-45670
(C. Bouchard), HL-47323 (A.S. Leon), HL-47317 (D.C. Rao),
HL-47327 (J.S. Skinner), and HL-47321 (J.H. Wilmore). J.-P.
Després is chair professor of nutrition and lipidology supported by

1232

Arterioscler Thromb Vasc Biol.

July 2001

Pfizer and Provigo. B. Lamarche is a recipient of a Canada Research
Chair in Nutrition, Functional Foods, and Cardiovascular Health. J.
Bergeron is a clinical research scholar from the Fonds de Recherche
en Santé du Québec. A.S. Leon is partially supported by the Henry
L. Taylor Professorship in Exercise Science and Health Enhancement, and C. Bouchard is partially supported by the George A. Bray
Chair in Nutrition. The contribution of all families enrolled in the
HERITAGE project is also greatly acknowledged.

References
1. Després JP, Pouliot MC, Moorjani S, Nadeau A, Tremblay A, Lupien PJ,
Thériault G, Bouchard C. Loss of abdominal fat and metabolic response to
exercise training in obese women. Am J Physiol. 1991;261:E159–E167.
2. Durstine JL, Haskell WL. Effects of exercise training on plasma lipids
and lipoproteins. Exerc Sport Sci Rev. 1994;22:477–521.
3. Hardman AE. Physical activity, obesity and blood lipids. Int J Obes.
1999;23(suppl 3):S64 –S71.
4. Leon AS, Connett J, Jacobs DR Jr, Rauramaa R. Leisure-time physical
activity levels and risk of coronary heart disease and death: the Multiple
Risk Factor Intervention Trial. JAMA. 1987;258:2388 –2395.
5. Blair SN, Kohl HW III, Paffenbarger RS Jr, Clark DG, Cooper KH,
Gibbons LW. Physical fitness and all-cause mortality: a prospective study
of healthy men and women. JAMA. 1989;262:2395–2401.
6. Folsom AR, Arnett DK, Hutchinson RG, Liao F, Clegg LX, Cooper LS.
Physical activity and incidence of coronary heart disease in middle-aged
women and men. Med Sci Sports Exerc. 1997;29:901–909.
7. Després JP. Obesity and lipid metabolism: relevance of body fat distribution. Curr Opin Lipidol. 1991;2:5–15.
8. Després JP. Dyslipidaemia and obesity. Baillieres Clin Endocrinol
Metab. 1994;8:629 – 660.
9. Ginsburg GS, Safran C, Pasternak RC. Frequency of low serum highdensity lipoprotein cholesterol levels in hospitalized patients with
desirable total cholesterol levels. Am J Cardiol. 1991;68:187–192.
10. Goldbourt U, Yaari S, Medalie JH. Isolated low HDL cholesterol as a risk
factor for coronary heart disease mortality: a 21-year follow-up of 8000
men. Arterioscler Thromb Vasc Biol. 1997;17:107–113.
11. Lavie CJ, Mailander L, Milani RV. Marked benefit with sustained-release
niacin therapy in patients with isolated very low levels of high-density
lipoprotein cholesterol and coronary artery disease. Am J Cardiol. 1992;
69:1083–1085.
12. Lamarche B, Després JP, Pouliot MC, Prud’homme D, Moorjani S,
Lupien PJ, Nadeau A, Tremblay A, Bouchard C. Metabolic heterogeneity
associated with high plasma triglyceride or low HDL cholesterol levels in
men. Arterioscler Thromb. 1993;13:33– 40.
13. Miller M, Seidler A, Kwiterovich PO, Pearson TA. Long-term predictors of
subsequent cardiovascular events with coronary artery disease and desirable
levels of plasma total cholesterol. Circulation. 1992;86:1165–1170.
14. Genest JJ Jr, Martin-Munley SS, McNamara JR, Ordovas JM, Jenner J,
Myers RH, Silberman SR, Wilson PW, Salem DN, Schaefer EJ. Familial
lipoprotein disorders in patients with premature coronary artery disease.
Circulation. 1992;85:2025–2033.
15. Rader DJ. Pathophysiology and management of low high-density
lipoprotein cholesterol. Am J Cardiol. 1999;83:22F–24F.
16. Bouchard C, Leon AS, Rao DC, Skinner JS, Wilmore JH, Gagnon J. The
HERITAGE Family Study: aims, design, and measurement protocol. Med
Sci Sports Exerc. 1995;27:721–729.
17. Wilmore JH, Després JP, Stanforth PR, Mandel S, Rice T, Gagnon J,
Leon AS, Rao D, Skinner JS, Bouchard C. Alterations in body weight and
composition consequent to 20 wk of endurance training: the HERITAGE
Family Study. Am J Clin Nutr. 1999;70:346 –352.
18. Skinner JS, Wilmore KM, Krasnoff JB, Jaskolski A, Jaskolska A, Gagnon
J, Province MA, Leon AS, Rao DC, Wilmore JH, et al. Adaptation to a
standardized training program and changes in fitness in a large, heterogeneous population: the HERITAGE Family Study. Med Sci Sports
Exerc. 2000;32:157–161.
19. The Airlie (VA) consensus conference. In: Lohman T, Roche A, Martorel
R, eds. Standardization of Anthropometric Measurements. Champaign,
Ill: Human Kinetics Publishers; 1988:20 –37.
20. Behnke AR, Wilmore JH. Evaluation and regulation of body build and
composition. Englewood Cliffs, NJ: Prentice-Hall. 1974:20 –37.
21. Wilmore JH, Stanforth PR, Domenick MA, Gagnon J, Daw EW, Leon
AS, Rao DC, Skinner JS, Bouchard C. Reproducibility of anthropometric
and body composition measurements: the HERITAGE Family Study. Int
J Obes. 1997;21:297–303.

22. Després JP, Prud’homme D, Pouliot MC, Tremblay A, Bouchard C.
Estimation of deep abdominal adipose-tissue accumulation from simple
anthropometric measurements in men. Am J Clin Nutr. 1991;54:471– 477.
23. Leon AS, Rice T, Mandel S, Després JP, Bergeron J, Gagnon J, Rao DC,
Skinner JS, Wilmore JH, Bouchard C. Blood lipid response to 20 weeks
of supervised exercise in a large biracial population: the HERITAGE
Family Study. Metabolism. 2000;49:513–520.
24. Moorjani S, Dupont A, Labrie F, Lupien PJ, Brun D, Gagné C, Giguère
M, Bélanger A. Increase in plasma high-density lipoprotein concentration
following complete androgen blockage in men with prostatic carcinoma.
Metabolism. 1987;36:244 –250.
25. Burstein M, Samaille J. Sur un dosage rapide du cholesterol lié aux ␣- et
␤-lipoprotéines du sérum. Clin Chim Acta. 1960;5:60
26. Avogaro P, Bon GB, Cazzolato G, Quinci GB. Are apolipoproteins better
discriminators than lipids for atherosclerosis? Lancet. 1979;1:901–903.
27. Gidez LI, Miller GJ, Burstein M, Slagle S, Eder HA. Separation and
quantitation of subclasses of human plasma high density lipoproteins by
a simple precipitation procedure. J Lipid Res. 1982;23:1206 –1223.
28. Després JP, Gagnon J, Bergeron J, Couillard C, Leon AS, Rao DC, Skinner JS,
Wilmore JH, Bouchard C. Plasma post-heparin lipase activities in the
HERITAGE Family Study: the reproducibility, gender differences and associations with lipoprotein levels. Clin Biochem. 1999;32:157–165.
29. Desbuquois B, Aurbach GD. Use of polyethylene glycol to separate free
and antibody-bound peptide hormones in radioimmunoassays. J Clin
Endocrinol Metab. 1971;33:732–738.
30. Roder ME, Porte D Jr, Schwartz RS, Kahn SE. Disproportionately
elevated proinsulin levels reflect the degree of impaired B cell secretory
capacity in patients with noninsulin-dependent diabetes mellitus. J Clin
Endocrinol Metab. 1998;83:604 – 608.
31. St-Amand J, Moorjani S, Lupien PJ, Prud’homme D, Després JP. The
relation of plasma triglyceride, apolipoprotein B, and high-density lipoprotein
cholesterol to postheparin lipoprotein lipase activity is dependent on apolipoprotein E polymorphism. Metabolism. 1996;45:261–267.
32. Fodor JG, Frohlich JJ, Genest JJ Jr, McPherson PR. Recommendations
for the management and treatment of dyslipidemia: Report of the
Working Group on Hypercholesterolemia and Other Dyslipidemias. Can
Med Assoc J. 2000;162:1441–1447.
33. Assmann G, Schulte H. Relation of high-density lipoprotein cholesterol
and triglycerides to incidence of atherosclerotic coronary artery disease
(the PROCAM experience): Prospective Cardiovascular Munster study.
Am J Cardiol. 1992;70:733–737.
34. Jeppesen J, Hein HO, Suadicani P, Gyntelberg F. Relation of high
TG-low HDL cholesterol and LDL cholesterol to the incidence of ischemic heart disease: an 8-year follow-up in the Copenhagen Male Study.
Arterioscler Thromb Vasc Biol. 1997;17:1114 –1120.
35. Rubins HB, Robins SJ, Collins D, Iranmanesh A, Wilt TJ, Mann D,
Mayo-Smith M, Faas FH, Elam MB, Rutan GH, et al. Distribution of
lipids in 8,500 men with coronary artery disease. Am J Cardiol. 1995;
75:1196 –1201.
36. Rubins HB, Robins SJ, Collins D, Fye CL, Anderson JW, Elam MB, Faas
FH, Linares E, Schaefer EJ, Schectman G, et al. Gemfibrozil for the
secondary prevention of coronary heart disease in men with low levels of
high-density lipoprotein cholesterol. N Engl J Med. 1999;341:410 – 418.
37. Williams PT, Wood PD, Krauss RM, Haskell WL, Vranizan KM, Blair
SN, Terry R, Farquhar JW. Does weight loss cause the exercise-induced
increase in plasma high density lipoproteins? Atherosclerosis. 1983;47:
173–185.
38. Després JP, Lamarche B. Low-intensity endurance exercise training,
plasma lipoproteins and the risk of coronary heart disease. J Intern Med.
1994;236:7–22.
39. Serfaty-Lacrosnière C, Civeira F, Lanzberg A, Isaia P, Berg J, Janus ED,
Smith MP Jr, Pritchard PH, Frohlich J, Lees RS, et al. Homozygous Tangier
disease and cardiovascular disease. Atherosclerosis. 1994;107:85–98.
40. Carlson LA, Philipson B. Fish-eye disease: a new familial condition with
massive corneal opacities and dyslipoproteinaemia. Lancet. 1979;2:
922–924.
41. Hayden MR, Ma Y. Molecular genetics of human lipoprotein lipase
deficiency. Mol Cell Biochem. 1992;113:171–176.
42. Zmuda JM, Yurgalevitch SM, Flynn MM, Bausserman LL, Saratelli A,
Spannaus-Martin DJ, Herbert PN, Thompson PD. Exercise training has
little effect on HDL levels and metabolism in men with initially low HDL
cholesterol. Atherosclerosis. 1998;137:215–221.
43. Williams PT, Stefanick ML, Vranizan KM, Wood PD. The effects of
weight loss by exercise or by dieting on plasma high- density lipoprotein
(HDL) levels in men with low, intermediate, and normal-to-high HDL at
baseline. Metabolism. 1994;43:917–924.

