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Abstract
We studied the effects of exercise (primarily running), calorie restriction (dieting), and a low-fat,
high-carbohydrate diet on changes in lipoprotein subfractions in moderately overweight men in a
randomized controlled clinical trial. After 1 year, complete data were obtained for 39 men assigned
to lose weight through dieting without exercise, 37 men assigned to lose weight through dieting with
exercise (primarily running), and 40 nondieting sedentary controls. We instructed both diet groups
to consume no more than 30% total fat, 10% saturated fat, and 300 mg/d of cholesterol, and at least
55% carbohydrates, and the controls were instructed to maintain their usual food choices. Analytic
ultracentrifugation was used to measure changes in plasma lipoprotein mass concentrations. In
addition, the absorbance of protein-stained polyacrylamide gradient gels was used as an index of
concentrations for five high-density lipoprotein (HDL) subclasses that have been identified by their
particle sizes, ie, HDL3c, (7.2 to 7.8 nm), HDL3b (7.8 to 8.2 nm), HDL3a (8.2 to 8.8 nm), HDL2a (8.8
to 9.7 nm), and HDL2b (9.7 to 12 nm). Relative to controls, weight decreased significantly in men
who dieted with exercise (net difference ± SE, −3.3 ± 0.4 kg/m2) and in men who dieted without
exercise (−2.0 ± 0.4 kg/m2). Dieting with exercise significantly decreased very-low-density
lipoprotein (VLDL)-mass concentrations and significantly increased plasma HDL2-mass, HDL3a,
HDL2a, and HDL2b relative to both control and dieting without exercise. There were no significant
changes in lipoprotein mass and HDL protein for dieters who did not run. Adjustment for weight
loss by analysis of covariance eliminated the significant decrease in VLDL-mass and increases in
HDL2-mass and HDL2b in men who both increased exercise and dieted. Thus, the addition of exercise
to dieting appears to increase HDL2-mass and HDL2b through metabolic processes associated with
weight loss, and to increase HDL2a and HDL3a through processes that are independent of weight
loss. Previous exercise studies that report changes in HDL that are independent of weight loss may
be measuring increases in HDL2a and HDL3a rather than HDL2b.

High levels of high-density lipoprotein (HDL)2, low levels of small, dense low-density
lipoprotein (LDL), and low levels of very-low-density lipoprotein (VLDL) are all associated
with a low risk of coronary heart disease (CHD) [1–4]. As compared with sedentary men,
endurance runners have higher plasma concentrations of HDL2 and lower concentrations of
small LDL and VLDL, suggesting that exercise may reduce CHD risk [5].

Several investigators attribute the HDL differences primarily to the skeletal muscle adaptations
to endurance (aerobic) training [6–8]. We have hypothesized that metabolic processes
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associated with weight loss may be primarily responsible [9–14]. More recently, we have
shown that exercise induced weight loss specifically affects the HDL2b component [14], raising
the possibility that the differences in opinion could be due to different effects of muscle
adaptations and weight loss on specific HDL components.

This report examines l-year changes in lipoprotein subfractions in moderately overweight men
who were assigned to lose weight through a combined program of exercise (primarily running)
and dieting while following nutritional guidelines of no more than 30% of calories as total fat,
10% of total calories as saturated fat, and 300 mg/d cholesterol, and at least 55% carbohydrates.
Their changes are compared with those of men who were assigned to lose weight through
dieting without exercise while following these nutritional guidelines, and with those of
nondieting sedentary controls who were instructed to maintain their usual caloric intake and
food choices. A combined program of exercise, calorie restriction, and a low-fat high-
carbohydrate diet may involve opposing influences on HDL levels [13,15]. Changes in
lipoprotein cholesterol and apolipoproteins A-I and B from this trial have been previously
described by Wood et al. [16] The present report uses analytic ultracentrifugation and gradient
gel electrophoresis to provide more detailed measurements of the changes in lipoprotein
subfractions induced in overweight men by these interventions.

SUBJECTS AND METHODS
Subjects and Experimental Design

We recruited 132 moderately overweight men aged 25 to 49 years who were nonsmokers,
nonhypertensive (blood pressure < 160/95 mm Hg), and not on medication that might affect
lipid metabolism or blood pressure [16]. All were relatively sedentary, ie, exercising no more
than 30 minutes twice per week. Their plasma total cholesterol concentrations were less than
260 mg/dL, and their plasma triglyceride concentrations were less than 500 mg/dL. Baseline
body mass index (BMI, calculated as weight in kilograms divided by the square of height in
meters) was required to be between 28 and 34 kg/m2. After their baseline evaluation, the men
were assigned at random into one of three experimental conditions, ie, dieting without exercise
(calorie restriction without increasing exercise); dieting with exercise (calorie restriction and
physical activity increase, primarily running); and control (no change in diet or exercise)
[16].

Clinical and Laboratory Measurements
At baseline and 1 year, the men reported to our clinic in the morning after having abstained
for 12 to 16 hours from all food and drink (except water) and any vigorous activity. We
estimated body compositions by hydrostatic weighing, and maximal oxygen uptake (VO2max)
by recording gas exchange during graded exercise treadmill tests to exhaustion [17]. Energy
intakes were estimated by computer analysis of food records maintained by the participants
over a 7-day diet period, during which the assessment laboratory staff interviewed them at
regular intervals to ensure completeness [18]. The runners recorded exercise duration and
frequency in monthly activity logs. These entries were verified by the training staff.

Blood samples were collected in EDTA (1.5 mg/mL). Plasma samples were kept at 4° to 6°C
until being transported to Donner Laboratory for analysis. Lipoprotein-containing fractions
were prepared and assayed by analytic ultracentrifugation as previously described [19,20].
Concentrations of total lipoprotein mass were estimated using computer techniques for 15 HDL
flotation intervals between F1.20 0–9 (half-integer increments from 0 to 6 and integer
increments thereafter), 11 LDL flotation intervals between Sf 0–12 (integer increments
between Sf 0–10 and then Sf 10–12), four intermediate-density lipoprotein (IDL) flotation
intervals between Sf 12–20 (2-unit increments), and 14 VLDL flotation intervals between Sf
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20–400 (10 unit increments < Sf 100 and 50 unit increments thereafter) [19,20]. Results are
also presented for plasma mass concentrations of HDL2 (F1.20 3.5–9), HDL3 (F1.20 0–3.5),
small LDL (Sf 0–7), large LDL (Sf 7–12), IDL (Sf 12–20), and VLDL (Sf 20–400), and LDL
peak flotation (Sf) rates (ie, the mode of the distribution of LDL particles) [19,20].

Electrophoresis of HDL in the ultracentrifuged d < 1.20 g/mL fraction and LDL in whole
plasma was performed on a Pharmacia Electrophoresis Apparatus (GE 4–11) using slab
gradient gels (PAA 4/30 and PAA 2/16. Pharmacia, Piscataway, NJ) [21–23]. Protein-stained
HDL and lipid-stained LDL were scanned at a wavelength of 603 and 555 nm, respectively,
using a model RFT densitometer [22]. HDL and LDL distributions were converted from the
migration distance to the particle diameter scale by transformation of variables [24]. The
absorbance of protein-stained polyacrylamide gradient gels was used as an index of mass
concentrations for five HDL subclasses that have been identified by their particle sizes:
HDL3c (7.2 to 7.8 nm), HDL3b (7.8 to 8.2 nm), HDL3a (8.2 to 8.8 nm), HDL2a (8.8 to 9.7 nm),
and HDL2b (9.7 to 12 nm) [25]. Seven LDL subclasses have been defined by their particle
sizes, as follows: LDL-IVB (22.0 to 23.2 nm), LDL-IVA (23.3 to 24.1 nm), LDL-IIIB (24.2
to 24.6 nm), LDL-IIIA (24.7 to 25.5 nm), LDL-II (25.5 to 26.4 nm), LDL-I (26.0 to 28.5 nm),
and IDL (28.0 to 30.0 nm) [23,26]. The gradient gel HDL and LDL distributions are displayed
with mean absorbance represented by the height of the curve at each diameter value [25].

Statistics
The effects of dieting without exercise and dieting with exercise are estimated by subtracting
the mean changes of the control group from those of each diet group. The net change is then
presented ± 1 SE. The significance of these differences is evaluated by ANOVA. Pearson
correlation coefficients describe the pairwise associations between changes in lipoprotein
concentrations, weight loss, distance run per week, maximum aerobic capacity (VO2max), and
energy intake. Analysis of covariance was used to adjust changes in lipoproteins for changes
in BMI. This procedure uses parallel regression lines to describe the relationship between the
dependent variable and the covariate. Separate intercepts are fitted to the regression lines of
the three groups, and the distances between the parallel lines are used to test for significant
group differences. The analysis assumes that the relationship between the dependent variable
and covariate is the same within each group. The equality of the regression slopes was tested
before adjustment.

Conversion from absorbance to plasma concentration is not necessary for analyzing protein-
stained HDL and lipid-stained LDL levels from the gradient gels. The statistical tests used in
this report (ie. t tests, Pearson’s correlation coefficients, ANOVA, and analysis of covariance)
are invariant to translations of scale or location. This means that the statistics and significance
levels for absorbance will be identical to those based on unknown plasma concentrations when
the conversion involves the addition and/or multiplication of numerical constants. In fact,
different constants may be used at each diameter, so that variation in chromogenicity across
the lipoprotein particle size spectrum will not affect the results.

RESULTS
Complete data on lipoprotein mass concentrations and diet were obtained for 39 (of 45) men
assigned to dieting without exercise, 37 (of 43) men assigned to dieting with exercise, and 40
(of 44) men assigned to nondieting sedentary control. Table 1 shows that the three groups were
well matched for most variables. The dieting with exercise group had lower HDL3-mass
concentrations and lower alcohol intake than controls. The proportion of men reporting fat
intakes of 30% or less were similar in the diet with exercise (2.7%), diet without exercise
(7.7%), and control (2.5%) groups. Similarly, the proportions of men reporting carbohydrate
intakes of 55% or more were not different in the diet with exercise (0.0%), diet without exercise
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(0.0%), and control (2.5%) groups. Figure 1 and Figure 2 display the men’s protein-stained
HDL and lipid-stained LDL at baseline. There were no significant group differences, except
that men in the dieting with exercise group had significantly higher HDL protein between 8.20
and 8.32 nm than did controls at baseline.

Table 2 shows that as compared with controls, both intervention groups significantly increased
intakes of total carbohydrates (specifically starch) and significantly reduced BMI, percent body
fat, and reported calorie intake. Men who dieted with exercise ran an average of (mean ± SE)
13.4 ± 1.5 km/wk and showed greater reductions in BMI and percent body fat and greater
increases in VO2max than men who dieted without exercise. The greater fat loss among
exercisers compared with nonexercising dieters presumably occurred because of the additional
calories expended during exercise. The average increase in VO2max was significant in men
who dieted with exercise compared with controls. After 1 year, there were more men reporting
fat intakes of 30% or less and carbohydrate intakes of 55% or more in the dieting with exercise
(54.1% and 21.6%, respectively) and dieting without exercise groups (41.0% and 18.0%) than
in the control group (10% and 0.0%). Alcohol intake was not significantly changed during the
trial [16].

Group Differences
Table 3 displays the mean changes in lipoprotein mass concentrations and LDL-peak flotation
rate. As compared with controls, dieting with exercise significantly increased HDL2-mass and
HDL3-mass and significantly decreased total VLDL-mass. More specifically, mass
concentrations increased significantly for individual flotation intervals between F1.20 2–9 and
decreased for intervals between Sf18–350 (data not presented). Adjustment for change in BMI
eliminated the significant increases in HDL2-mass and the significant decrease in VLDL-mass.
Changes in HDL2-mass and VLDL-mass were also not different from controls when
simultaneously adjusted for changes in lean and fat body mass (analyses not displayed). These
adjustments did not eliminate the significant increase in HDL3-mass in men who both ran and
dieted.

Plasma concentrations of VLDL-mass decreased significantly more for dieting with exercise
than for dieting without exercise (P < 0.05 for individual intervals between Sf 20–40 and
between Sf 60–200). Adjustment for change in BMI eliminated this difference. Figure 3
displays the group differences for changes in protein-stained HDL by particle size. Significant
differences (ie, P≤ 05) from two-sample t tests are shown at the bottom. Dieting with exercise
significantly increased HDL3a, HDL2a, and HDL2b as compared with both control (specifically
for protein between 8.37 and 11.69 nm) and dieting without exercise (specifically between
8.10 and 11.80 nm). Adjustment for change in BMI eliminated the significant increases in
HDL2b; however, differences within HDL3a and HDL2a (ie. between 8.09 and 8.56 nm)
remained significant as compared with controls. Differences in HDL3a and HDL2a (7.99 to
9.93 nm) between the runners and nonrunners also persisted when adjusted.

Figure 4 displays the group differences for changes in lipid-stained LDL by particle size. As
compared with controls, dieting with exercise significantly reduced lipid-stained LDL within
the LDL-IIIB subclass (specifically between 24.3 and 24.8 nm) and increased lipid-stained
LDL within the LDL-I subclass (specifically between 26.7 and 27.4 nm). Dieting without
exercise decreased LDL within LDL-III (specifically between 23.8 and 24.4 nm) as compared
with controls, but there were no significant differences between dieting with exercise and
dieting without exercise. These differences were largely unaffected by adjustment for change
in BMI (analyses not displayed).
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Correlations Within Groups
Within the dieting with exercise group, reductions in BMI were associated (P < 0.05) with
reductions in small LDL (r = 0.36), IDL (r = 0.39), and VLDL-mass concentrations (r = 0.40)
and increased LDL-peak flotation rate (r = −0.33). Changes in VO2max were associated (P <
0.05) with changes in small LDL (r = −0.35), IDL (r = −0.34), VLDL-mass (r = −0.53), LDL-
peak flotation rate (r = 0.35), and HDL-mass within F1.20 3–3.5 (r = 0.41), F1.203.5–4 (r =
0.37), and F1.204–4.5 (r = 0.35). Changes in protein-stained HDL3c and HDL3b correlated
positively with changes in BMI (specifically between 7.51 and 8.05 nm) and percent body fat
(between 7.53 and 7.86 nm) and negatively with changes in VO2max (between 7.71 and 7.97
nm) and distance run (between 7.37 and 8.27 nm, Fig 5). Changes in lipid-stained LDL were
unrelated to changes in BMI, percent body fat, VO2max, or distance run.

Within the dieting without exercise group, changes in BMI correlated significantly with
changes in HDL2-mass (r = −0.39), HDL2b protein (specifically 9.83 to 11.89 nm), and IDL-
mass (r = 0.33). The dieter’s decrease in total calories was correlated with their increases in
HDL2-mass (r = −0.34) and their decreases in small LDL-mass (r = 0.53).

DISCUSSION
This report is the second of two studies of lipoprotein subfractions in moderately overweight
men who lost weight through exercise and dieting. In the previous (first) study [4,14,17], the
men either ran or dieted (not both) while maintaining their usual food choices. In the current
study, the men dieted, with or without exercise, while reducing fat and cholesterol intake and
increasing carbohydrates. The two studies suggest that running-induced weight loss, with or
without dieting, increases HDL3-mass, HDL2-mass, and HDL2b protein and decreases VLDL-
mass. Both studies show that adjustment for the change in BMI eliminates the significant
increases in HDL2-mass and HDL2b and the significant decreases in VLDL-mass in the
runners, suggesting that metabolic processes associated with weight loss may be responsible.
The results of these two studies are consistent with analyses of cross-sectional studies
suggesting that reduced adiposity explains most of the HDL cholesterol differences between
runners and sedentary men [12]. They are also consistent with meta-analyses suggesting that
weight loss largely determines whether HDL cholesterol is increased during training [27].

Our study (Fig 3) suggests that HDL3a and HDL2a are also increased when exercise is added
to dieting. Whereas the significant increase in HDL2b was eliminated by adjustment for weight
loss, the increases in HDL2a and HDL3a remained significant in exercisers when adjusted.
Thus, on the prescribed diets, the addition of running to caloric restriction appears to increase
HDL2b through metabolic processes associated with weight loss, and to increase HDL2a and
HDL3a through processes that are largely independent of weight loss.

Modest decreases in LDL-III subclasses occurred in men who dieted with exercise or dieted
alone, and LDL-I increased in men who dieted with exercise. These occurred in the absence
of a significant change in either small or large LDL-mass, consistent with the observation that
electrophoresis may provide greater resolution for identifying effects for specific subclasses
[28]. The decrease in LDL-III and increase in LDL-I agree with our previous observation that
HDL2 correlates negatively with LDL-III and positively with LDL-I [28].

Dietary Influences
In the current study, the low-fat, high-carbohydrate diet may have attenuated the lipoprotein
responses to weight loss. Low-fat, high-carbohydrate diets have been found to increase the
relative proportion of small, dense LDL and to reduce HDL [16,29]. Diets that are high in
complex carbohydrates decrease lipoprotein lipase activity of both skeletal muscle and adipose
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tissue of runners [30]. As compared with our previous study [9,17], there was a substantially
greater proportion of runners eating 30% fat or less (current vs. previous: 54% vs. 4%) and
55% or more carbohydrates (22% vs. 0%) at the end of 1 year. The present study also finished
with a significantly greater proportion of nonexercising dieters eating 30% or less fat (41% vs.
4%) and 55% or more carbohydrates (18% vs 0%). Three quarters of the carbohydrate increase
in the runners was due to increased starch consumption. These dietary differences may explain
the smaller lipoprotein changes in the current study vis-a-vis the previous study. The current
study required more than twice the change in BMI (−3.3 ± 1.8 vs. −1.4 ± 0.3 kg/m2) to produce
approximately the same increases in HDL2-mass and HDL2b in runners as in the previous
study. The low-fat, high-carbohydrate diet may also explain why dieting without exercising
significantly increased HDL2b protein, HDL2-mass, and HDL3-mass and significantly reduced
small LDL-mass and VLDL-mass in the previous study [9] but not in the current study (Table
3). Consistent with the findings by Thompson et al [15] and Keins et al [31], our results suggest
that exercise increases HDL2 and HDL-cholesterol even on a high-carbohydrate, low-fat diet,
albeit somewhat less in comparison to higher-fat diets.

Prior Studies of Exercise and Weight Loss
In a recent editorial, Thompson discussed two studies that appear to show that aerobic
conditioning increases HDL cholesterol independently of weight loss [8]. The study by Sopko
et al [6] showed that HDL cholesterol was significantly increased in sedentary men who
participated in a 3-month running program when weight remained constant through increased
caloric intake [6]. The study by Keins and Lithell measured arteriovenous differences in VLDL
triglycerides and HDL cholesterol in trained and untrained thigh muscles in men [7]. As
compared with the untrained muscle, the trained muscle increased lipoprotein lipase activity,
HDL2 cholesterol production, and VLDL triglyceride uptake. Keins and Lithell postulated that
HDL2 formation in the trained leg arose from increased transference of VLDL surface material
to HDL as a consequence of heightened VLDL lipolysis. Keins and Lithell surmised that
“changes in the lipoprotein profile associated with endurance training to a large extent are
explainable by training-induced adaptations to skeletal muscle.”

More recently, Thompson et al concluded that “weight loss is not required to increase HDL-
C with exercise training” from their l-year study of 17 sedentary men who were trained 4 hours
per week while keeping both body weight and percent body fat constant through dietary
supplement [32]. HDL cholesterol increased by 3.8 mg/dL, primarily due to a 33% increase in
HDL2. After 1 year, the men were assigned at random to one of two groups, a weight-stable
group (ie, continuing the previous year’s protocol) and a weight loss group [33]. The weight
loss group lost 9.4 kg when their dietary supplement was removed. The lipoprotein changes
in the weight-stable group were not sustained by 18 months, whereas there were substantial
increases in HDL2-cholesterol in the weight loss group as compared with the weight-stable
group [33].

The results of these studies are not necessarily inconsistent with our own. Measurements of
HDL levels in these studies include multiple components that we believe may respond
differently to muscular adaptations and weight loss. The results by Sopko et al [6] are based
on total HDL cholesterol measurements. We have shown that both HDL2 and HDL3 are
increased in men who exercise [9,31] (Table 3), and whereas the HDL3 increase is independent
of weight loss, the HDL2 increase is not. The findings of Sopko et al [6] that “exercise and
weight loss contribute separately and independently increase HDL-cholesterol, and their
effects are additive” may represent, in part, separate and additive contributions of HDL3a and
HDL2a (independent of weight loss) and HDL2b cholesterol (dependent on weight loss).

Two studies to date have examined arteriovenous HDL cholesterol production across
exercising muscle, Ruys et al [34] and Keins and Lithell [7]. The increase was ascribed to
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HDL3 in the former study and to HDL2 in the latter study. The former report is consistent with
the runners’ increase in HDL3 in Table 3 and Fig 3. The increase in HDL2 cholesterol reported
by Keins and Lithell is made up of two components, ie, HDL2a, which contains predominantly
both apo A-I and apo A-II, and HDL2b, which contains predominantly apo A-I only [35,36].
We believe that the increase in HDL2 cholesterol may have been due to increased HDL2a rather
than HDL2b. Our conjecture is based on numerous published reports on the effects of
transference of apo A-I, phospholipids, and cholesterol to HDL during lipolysis in vivo after
a fat meal [37–39], and after infusion of heparin or artificial fat emulsions [40,41], and on in
vitro incubations of plasma lipoproteins [42–45] or model complexes [46]. In these studies,
the alterations in HDL are characterized as general shifts in the buoyancy, density, or size of
the total HDL distribution [39,45,47,48] or as the formation of light HDL3 that are isolated
within the HDL2 range [44,49]. Increases within the HDL2a range during lipolysis are
substantially greater and occur sooner than any increases within the HDL2b range [37,43].
James and Pometta have argued that lipoprotein surface materials are more readily absorbed
by HDL particles that contain apo A-II, i.e., HDL(A-I with A-II), than by particles that contain
no apo A-II, i.e., HDL(A-I without A-11), because the HDL(A-I with A-II) particles have lower
surface-to-core partial volumes [50]. If true, then an HDL2a product is expected in Kein’s study
since cholesterol enrichment of HDL3(A-I with A-II) should yield an HDL2(A-I with A-II)
product [36,51–53], ie, HDL2a rather than HDL2b. This agrees with the observation that apo
A-I and apo A-II are both increased in the HDL2 range during lipolysis of VLDL, chylomicrons,
or an artificial fat emulsion [40,41]. Moreover, the short exposure of HDL to VLDL lipolysis
in the muscle may be inadequate for LCAT to convert HDL3 to HDL2b. Incubation studies
show that the LCAT reaction is essential for the formation of larger HDL from HDL3(A-I
without A-II) but not HDL3(A-I with A-II) [36,43]. Changes in HDL generally fade 6 to 8
hours after fat feeding or Intralipid infusion [40], suggesting that the shift toward larger HDL
after lipolysis is not necessarily sustained.

The elevated HDL2 levels of runners may have more to do with reduced cholesteryl ester
triglyceride exchange than increased transfer of apo A-I, phospholipids, and cholesterol to
HDL during VLDL lipolysis. Reduced cholesteryl ester triglyceride exchange may cause the
accumulation of cholesteryl ester within HDL(A-I without A-II), leading to the formation of
HDL2b. In normal subjects, the concentration of triglyceride-enriched lipoproteins determines
the rate of cholesteryl ester transfer from HDL [54]. Accelerated lipolysis of VLDL or
chylomicrons due to increased lipoprotein lipase activity may have a greater and more lasting
effect on the size of the triglyceride-rich lipoprotein pool than the amount of surface material
transferred to HDL. It is significant therefore that in the studies by Sopko et al [6] and
Thompson et al [32] triglycerides were at best marginally reduced when weight loss was
prevented, but decreased precipitously when natural weight loss was allowed to occur [6,33].
Thus, the overfeeding in the studies by Sopko et al [6] and Thompson et al [32] may have
prevented the reduction of plasma triglyceride that usually accompanies exercise, thereby
eliminating a principal cause for cholesteryl ester accumulation in HDL. Overfeeding may
fundamentally alter lipoprotein metabolism in runners, rather than simply eliminating the
confounding effects of weight loss.

Separating HDL subclasses by gradient gel electrophoresis provides a possible explanation for
the discrepancy between studies that attribute the high HDL levels of runners to reduced
adiposity [9,11–14], and those that attribute the high levels to muscular adaptations [6,7].
Previous exercise studies that report changes in HDL that are independent of weight loss may
be measuring increases in HDL2a and HDL3a rather than HDL2b [6,7]. Our study suggests that
the addition of running to dieting appears to increase HDL2-mass and HDL2b through metabolic
processes associated with weight loss, and appears to increase HDL2a and HDL3a through
processes that are largely independent of weight loss.
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Fig 1.
Baseline levels of protein-stained HDL from nondenaturing polyacrylamide gradient gel
electrophoresis in men. The levels of the curves were determined by averaging individual
values at each diameter value for the 37 men of the dieting with exercise group, 39 men of the
dieting without exercise running group, and 40 controls. Men who both ran and dieted had
significantly higher HDL between 8.2 and 8.32 nm than controls. The subfraction intervals
defined by Blanche et al [21] are provided for reference.

Williams et al. Page 11

Metabolism. Author manuscript; available in PMC 2010 February 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 2.
Baseline levels of lipid-stained LDL from nondenaturing polyacrylamide gradient gel
electrophoresis in men. The levels of the curves were determined by averaging individual
values at each diameter value for the 37 men of the dieting with exercise group, 39 men of the
dieting without exercise group, and 40 controls. The subfraction intervals defined by Krauss
and Burke [23] are provided for reference.
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Fig 3.
Mean differences for changes in protein-stained HDL by particle diameter between the dieting
with exercise, dieting without exercise, and control groups. Results are displayed (A) before
and (B) after adjustment for change in BMI. Bars at the bottom of the figures designate
significance at P < .05 by two-sample t tests (A) and analysis of covariance (B).
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Fig 4.
Mean differences for changes in lipid-stained LDL by particle diameter between the dieting
with exercise, dieting without exercise, and control groups. Bars at the bottom of the figures
designate significance at P < .05 by two-sample t tests. There were no significant differences
between the dieting with exercise and dieting without exercise groups. Significance levels were
largely unchanged when adjusted for changes in body mass (analyses not displayed).
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Fig 5.
Plot of the correlation of change in protein-stained HDL by distance run and ΔVO2max in men
who dieted with exercise. Bars at the bottom of the figures designate correlations that are
significantly different from zero at P≤0.05.
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Table 1

Baseline characteristics of the dieting without exercise, dieting with exercise, and control groups.

Dieting without
exercise

Dieting with
exercise

Control

Sample size 37 39 40

BMI (kg/m2) 30.7 ± 2.1 30.4 ± 2.2 30.7 ± 2.2

Percent body fat 27.5 ± 4.2 27.6 ± 4.5 28.8 ± 4.6

VO2 max (mL/kg/min) 33.8 ± 5.4 34.7 ± 5.3 33.6 ± 3.8

Resting heart rate (bpm) 69.4 ± 7.0 67.8 ± 7.7 68.2 ± 7.6

Total calorie intake (kcal/day) 2,628 ± 582 2,650 ± 627 2,613 ± 507

Alcohol (% of total calories) 3.5 ± 3.2* 4.6 ± 4.2 6.0 ± 5.9

Fat (% of total calories) 38.8 ± 4.5 37.8 ± 5.6 37.7 ± 4.2

Carbohydrates (% of total calories) 42.4 ± 6.4 42.1 ± 6.3 41.4 ± 7.5

Starch (% of total calories) 19.6 ± 3.9 20.0 ± 4.3 20.0 ± 3.7

HDL2-mass (mg/dL) 21.1 ± 25.7 20.8 ± 23.2 27.3 ± 22.9

HDL3-mass (mg/dL) 181.8 ± 31.3* 190.2 ± 36.5 203.5 ± 37.0

Small LDL-mass (mg/dL) 196.2 ± 70.0 189.0 ± 65.6 208.8 ± 69.3

Large LDL-mass (mg/dL) 107.1 ± 41.8 106.7 ± 40.0 121.2 + 39.0

IDL-mass (mg/dL) 31.0 ± 18.1 28.0 ± 15.5 32.8 ± 20.1

VLDL-mass (mg/dL) 114.5 ± 83.6 105.3 ± 77.2 99.1 ± 62.5

LDL-peak flotation rate (Sf) 5.76 ± 1.21 5.88 ± 1.30 5.94 ± 1.31

*
Difference between exercisers and controls was significant at P <0.0l.

Metabolism. Author manuscript; available in PMC 2010 February 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Williams et al. Page 17

Table 2

Mean ± SD changes in weight, body composition, fitness, resting heart rate and calorie intake

Dieting
With
Exercise

Dieting
Without
Exercise

Control

Sample size 37 39 40

ΔTotal calorie intake (kcal/day) −582 ± 690* −665 ± 588* 38 ± 630

ΔAlcohol (% of total calories) 0.9 ± 3.7 0.3 ± 3.8 −0.7 ± 3.0

ΔFat (% of total calories) −9.6 ± 7.O*† −6.1 ± 6.9* 0.8 ± 5.2

ΔCarbohydrates (% of total calories) 7.9 ± 8.0*† 4.5 ± 6.7* −0.9 ± 5.4

ΔStarch (% of total calories) 5.9 ± 5.1* 3.7 ± 6.3* −0.8 ± 3.8

ΔBMI (kg/m2) −2.8 ± 1.8*† −1.5 ± 1.7 0.5 ± 1.5

ΔPercent body fat −6.6 ± 3.8*† −3.1 ± 4.0* 0.6 ± 2.7

ΔVO2max (mL/kg/min) 8.6 ± 5.8*† 1.5 ± 5.0 −0.2 ± 4.1

ΔResting heart rate (bpm) −10.4 ± 7.7*† −2.3 ± 8.9 −0.1 ± 6.7

*
Significant difference between dieting with exercise vs. control or dieting without exercise vs. control at P < 0.0002.

†
significant difference between dieting with exercise vs. dieting without exercise at P ≤ 0.05.
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Table 3

Changes in lipoprotein mass concentrations and LDL-peak flotation rate in the dieting with exercise, dieting
without exercise, and control group

Controls
(mean ± SD)

Group differences for l-year change scores (mean differences ± SE)§

Dieting with
exercise-
controls

Dieting without
exercise-
controls

Dieting with
exercise-Dieting
without exercise

HDL2-mass (mg/dL)

  Unadjusted −0.2 ± 19.5 16.5 ± 5.0‡ 6.8 ± 4.9 9.7 ± 5.0*

  Adjusted for ΔBMI 5.6 ± 6.2 0.0 ± 5.4 5.6 ± 5.1

HDL3-mass (mg/dL)

  Unadjusted −1.0 ± 23.8 15.1 ± 6.9* 3.9 ± 6.8 11.2 ± 7.0

  Adjusted for ΔBMI 20.4 ± 8.9* 7.2 ± 7.7 13.2 ± 7.3

Small LDL-mass (mg/dL)

  Unadjusted −10.6 ± 54.3 −15.2 ± 13.1 −6.1 ± 12.9 −9.1 ± 13.2

  Adjusted for ΔBMI 23.0 ± 15.9 17.7 ± 13.7 5.3 ± 13.0

Large LDL-mass (mg/dL)

  Unadjusted −3.4 ± 34.9 10.1 ± 8.0 −0.5 ± 7.9 10.6 ± 8.0

  Adjusted for ΔBMI 13.2 ± 10.3 1.4 ± 8.9 11.8 ± 8.4

IDL-mass (mg/dL)

  Unadjusted 0.1 ± 15.7 −3.6 ± 3.7 0.3 ± 3.6 −3.9 ± 3.7

  Adjusted for ΔBMI 8.1 ± 4.4 7.5 ± 3.8* 0.5 ± 3.6

VLDL-mass (mg/dL)

  Unadjusted 11.5 ± 60.7 −52.5 ± 15.1‡ −13.2 ± 14.9 −39.2 ± 15.2†

  Adjusted for ΔBMI −9.8 ± 18.4 13.3 ± 15.9 −23.1 ± 15.1

LDL-peak flotation rate (Sf)

  Unadjusted −0.08 ± 0.92 −0.46 ± 0.25 0.41 ± 0.25 0.05 ± 0.25

  Adjusted for ΔBMI 0.08 ± 0.32 0.17 ± 0.27 −0.10 ± 0.26

Significant differences between groups: * P≤ 0.05,

†
P≤ 0.01,

‡
P≤ 0.001;

§
The column entries represent the net effect of 1 year’s intervention relative to the changes in the control group or relative to the changes in the dieting

without exercise group.
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