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ABSTRACT

Although endurance training has been repeatedly shown to
favorably alter lipid and lipoprotein concentrations, data on
the effects of resistance training are equivocal. The purpose
of the present study was to assess the effects of short-term,
high-intensity resistance training on the lipid profile of
young men and women. The resistance training program
was known to result in significant adaptations within the
vastus lateralis muscle (39), which could contribute to alter-
ations in lipid profile. Thirty-two college-aged individuals
were divided into four groups: training men (n 5 12), con-
trol men (n 5 7), training women (n 5 8), and control wom-
en (n 5 5). The short-term (8-week) training period consisted
of three exercises for the lower extremity (squats, leg press,
and leg extension) performed two times a week for three sets
to failure, performing 6–8 repetitions maximum (RM) on
Mondays and 8–10 RM on Fridays. After fasting, blood was
drawn at three time points (pre-, mid-, and posttraining) and
analyzed for lipid and lipoprotein concentrations (total cho-
lesterol, low- and high-density lipoprotein cholesterol, and
triglycerides). Although the training program resulted in
significant alterations in body composition (decrease in per-
cent body fat) and fiber composition (hypertrophy and type
IIB to IIA fiber conversions), no change was detected over
time for any of the blood lipid parameters in either young
men or young women. Thus, while any form of physical ac-
tivity may prove beneficial for individuals at risk for coro-
nary heart disease (CHD), short-term, high-intensity resis-
tance training does not appear to influence serum lipid and
lipoprotein concentrations in young individuals not at risk
for CHD.
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Introduction

Low plasma concentrations of high-density lipopro-
tein cholesterol (HDL-C) and high plasma concen-

trations of triglycerides (TG) appear to play an impor-
tant role in the pathogenesis of coronary heart disease
(CHD) (4). HDL-C is involved in preventing cholester-
ol from entering into the process of atherogenesis and
may even help remove cholesterol from atherosclerotic
lesions. In addition, it has been shown that high levels
of HDL-C result in an enhanced ability to clear in-
gested fat from the circulation (35). Thus, elevated lev-
els of HDL-C are favorable, whereas low levels (below
35 mg·dl21) place the individual at risk for CHD (28,
29, 53). For TG, elevated levels may place an individual
at risk for CHD through alterations of the coagulation
system (increases in several clotting factors and de-
creases in fibrinolytic activity). Life-style factors that
negatively impact an individual’s cholesterol profile
(i.e., decreased HDL-C/increased TG) are obesity,
smoking, and inactivity. As such, one of the primary
treatments against these CHD risk factors is some
form of regular physical exercise (11, 47).

Most CHD prevention programs have emphasized
aerobic training. Numerous studies have demonstrated
the beneficial effects of regular endurance training on
serum lipid and lipoprotein concentrations in both
men and women (24, 26, 47). Although the exact mech-
anisms involved in these exercise-induced alterations
in cholesterol metabolism are not well understood, en-
durance training has been shown to increase skeletal
muscle lipoprotein lipase activity, which results in a
greater amount of TG hydrolysis and subsequent ex-
traction (17). In addition, it is known that HDL2-C (a
subfraction of HDL-C) is formed from degradation
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products from the TG-rich lipoproteins (33). As such,
vigorous aerobic training programs result in decreases
in the concentrations of total cholesterol (TC), low-den-
sity lipoprotein cholesterol (LDL-C), and TG and an
increase in HDL-C concentration (31, 43).

Less is known about the effects of resistance training
on cholesterol profile, especially in women. Most stud-
ies investigating the effects of resistance training on
plasma lipid and lipoprotein concentrations have used
men, and the results are conflicting. Some resistance-
training studies using men have suggested that resis-
tance training can lower the risk for CHD (i.e., increase
HDL-C and/or lower TC and LDL-C concentrations)
(2, 10, 13, 42, 52), while others have reported either no
change (6, 8, 19, 20, 37) or an increased risk (1, 22).
Although fewer studies have been performed using
weight-trained women, the results are just as equivo-
cal, with some claiming favorable changes in lipid and
lipoprotein levels (10, 30) and others reporting no dif-
ference between the resistance-trained women and
sedentary controls (31). Reasons for these varied find-
ings in both men and women may be because of dif-
ferences in training regimen, duration, and/or inten-
sity, as well as age, body composition, and diet of the
subjects (12). As such, it is perhaps not surprising that
resistance training studies using older populations at
risk for CHD (higher initial levels of TC and LDL-C
and lower initial levels of HDL-C) have demonstrated
a beneficial effect on lipid profile (2, 13, 42).

Further confounding the results of studies investi-
gating the effects of resistance training on serum lipid
and lipoprotein concentrations is the use of anabolic-
androgenic steroids. Anabolic steroids have been
shown by a number of studies to cause extreme ad-
verse alterations in lipid profile, including increases in
the levels of TG and LDL-C and a dramatic decrease
in HDL-C in both men (3, 8, 14, 18, 21, 23, 50, 54) and
women (30). As such, these individuals have an in-
creased risk for premature atherogenesis.

Finally, body composition and even muscle fiber
composition may play a role in determining lipid pro-
file. It has been demonstrated that a decrease in the
percentage of body fat has a favorable influence on
lipid profiles (38, 51). In addition, Tikkanen et al. (45,
46) have demonstrated an association between muscle
fiber type distribution (percentage of slow fibers in the
vastus lateralis muscle) and serum HDL-C levels.
Those individuals with a higher percentage of slow,
type I fibers had a higher concentration of HDL-C (46).
Because resistance training is known to have a greater
hypertrophic effect on fast fibers (44), the resulting de-
crease in the percentage area occupied by the slow
fibers may therefore unfavorably alter lipid profile.

The purpose of the present study was to investigate
the effects of short-term, high-intensity resistance
training on serum lipid and lipoprotein concentrations
in both young men and young women. This was ac-

complished over three time points (pre-, mid-, and
posttraining) and involved the use of serum collected
from individuals during their participation in a resis-
tance training study (39). To our knowledge, this is the
first study to investigate the effects of short-term,
high-intensity resistance training on lipid and lipopro-
tein concentrations in young men and women with
known muscular adaptations. The resistance training
program not only resulted in significant increases in
maximal strength and decreases in body fat but
caused adaptations within the quadriceps femoris
muscle group, consisting of significant increases in the
cross-sectional area of the muscle fibers and transfor-
mations within the fast fiber types (IIB to IIA), which
could contribute to alterations in the lipid profile in
this young population.

Methods

Subjects. Thirty-five healthy individuals (21 men and
14 women) volunteered to participate in the present
investigation. All subjects signed informed consent
documents, and approval was given by the Ohio Uni-
versity Institutional Review Board before the begin-
ning of the study. Two subjects (one man and one
woman) dropped out shortly after the study began,
and no blood was drawn from one training man.
Therefore, a total of 32 individuals completed the pres-
ent investigation. The resistance training group con-
sisted of 12 men (age 23.4 6 3.4 years, height 1.78 6
0.09 m) and 8 women (age 20.6 6 1.5 years, height
1.66 6 0.05 m). The training subjects had not previ-
ously been involved in any heavy-resistance training.
The remaining 12 individuals served as controls, and
included seven men (age 20.7 6 1.4 years, height 1.80
6 0.09 m) and five women (age 20.6 6 1.6 years,
height 1.61 6 0.01 m). The controls were physically
active but were not involved in any resistance training
or regular exercise program. Body composition, deter-
mined at the beginning, middle, and end of the study,
was estimated using skinfold measurements from
three sites for the women (anterior thigh, posterior
brachium, and suprailium) (16) and men (chest, um-
bilicus, and anterior thigh) (15). The subjects were
asked not to alter their eating habits throughout the
study.

Training Protocol. The specific training protocol used
in the present study was similar to programs in our
previous resistance training studies (40, 41) and has
been published elsewhere (39). Briefly, the training pe-
riod consisted of a 1-week preconditioning/orienta-
tion phase (week 1) followed by 8 weeks of high-in-
tensity resistance training (weeks 2–9). Three lower
limb exercises for the quadriceps femoris muscle group
(squat, leg press, and leg extension) were performed
twice a week (Monday and Friday) with every other
Wednesday used for maximal dynamic strength (one
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repetition maximum [1RM]) testing. Workouts consist-
ed of two warm-up sets of 10 repetitions using ap-
proximately 40 and 60% of the 1RM value, followed
by three sets to failure of either 6–8 repetitions (Mon-
days) or 10–12 repetitions (Fridays) for each of the
three exercises with approximately 2 minutes of rest
between sets. The weights were progressively in-
creased to maintain this range of repetitions per set.
Workouts began and ended with 10–15 minutes of flex-
ibility exercises combined with calisthenics.

Maximal Dynamic Strength Testing. Maximal dynamic
strength was measured at the beginning and end of
the study and every other week during the study. For
the 1RM measurements, the subjects performed warm-
up sets (10 repetitions/set at 40 and 60% of 1RM),
three repetitions at 75%, and one repetition at approx-
imately 90% of the 1RM value, followed by an attempt
at the target 1RM determined for each exercise (32).
The weight was progressively increased for each sub-
sequent attempt until failure.

Serum Collection. After the subjects had fasted for 12
hours, 10–15 ml of blood were drawn from the median
cubital vein with the use of a needle, syringe, and vac-
utainer assembly. Blood samples were taken 24 hours
before each muscle biopsy at the beginning, middle,
and end of the study. For most of the subjects (18 of
32), the midpoint was week 5. However, for 14 of the
subjects, the midpoint blood sample was drawn dur-
ing either week 3 or 7. The subjects abstained from
ingesting any substances containing alcohol or caffeine
during the fasting period and did not perform stren-
uous exercise for at least 36–48 hours before giving
blood. Identical blood collection procedures were used
throughout the study. Blood samples were taken at the
same time of day to reduce the effects of diurnal vari-
ations. The subjects reported to the laboratory and sat
quietly for 10–15 minutes before giving a blood sample
while in a slightly reclined seated position. Whole
blood was allowed to clot at room temperature and
was centrifuged at 1,060g for 10 minutes. Subsequent-
ly, 4–5 ml of serum were removed and stored in 1-ml
aliquots at 2748 C until analysis was performed.

Lipid and Lipoprotein Analyses. Consistent 10 mg anal-
ysis of TC, HDL-C, and TG was performed in dupli-
cate utilizing the dry-chemistry technique on a Kodak
Ektachem DT-60 analyzer. LDL-C calculation was per-
formed using the equation of Friedewald et al. (7), i.e.,
LDL-C 5 TC 2 HDL-C 2 TG/5. All reactions for a
single quantitative measurement took place within a
multilayered analytical element of the self-contained
slide. Colorimetric measurement by reflectance spec-
trophotometry provides the basis for determining the
concentrations of TC, HDL-C, and TG. HDL-C speci-
mens were initially treated with a reagent to remove
the very low-density lipoprotein cholesterol (VLDL-C).
Following completion of the study, aliquots of 1 ml of
serum were removed from the ultralow freezer for

each subject from each time point. Analysis of samples
from all three time points was performed at the same
time to minimize differential analysis effects. Serum
was thawed to room temperature (approximately 238
C), vortexed for 1 minute, and analyzed for each re-
spective agent. In no case were samples subjected to
repeated freeze-thaw cycles. A 10 ml drop of specimen
was deposited on the slide and evenly distributed. Du-
plicate samples were analyzed and averaged. If the
samples varied by greater than 2–3%, a third sample
was measured. Values are reported in mg·dl21 (mg %).

Statistical Analysis. Descriptive statistics were used
to derive means 6 SD for all variables. A repeated
measures two-way analysis of variance (ANOVA) was
used to detect possible changes occurring over time
for the anthropometric data. For lipid and lipoprotein
comparisons, the four groups (control women, control
men, training women, training men) were compared
using a one-way ANOVA to determine if any gender
differences existed. If no gender differences were
found between the men and women for a particular
blood parameter, the data were collapsed into two
groups (control and training) and the gender factor
was ignored. Lipid profile data were analyzed using a
two-way repeated measures ANOVA with treatment
group (control and training) a between factor and time
(pre, mid, and post) a within factor. Significant differ-
ences were evaluated using a Tukey’s HSD post hoc
test. Statistical differences were considered significant
when p # 0.05.

Results

Anthropometric Measurements. When assessing total
body weight and body fat percentage every 2 weeks
during the study, no significant changes occurred over
time for any of the groups (39). However, when these
anthropometric measurements were assessed over the
course of the three time points used in the present
investigation (pre, mid, and post), a significant de-
crease occurred in body fat percentage. Percent body
fat was significantly lower after training for both the
training men and the training women compared to the
pretraining value (Table 1). No significant change in
body fat percentage occurred in the control group (Ta-
ble 1). Percent body fat was significantly different be-
tween all groups at all three evaluation time points
except between the control and training men at the
end of the study. In addition, no significant change in
total body mass took place over the course of the study
for any of the groups (Table 1). However, at all three
time points, the training men were significantly heavi-
er than both the control and training women, whereas
the control men were significantly heavier than train-
ing women (Table 1).
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Table 1. Anthropometric measurements (mean 6 SD).

Total body mass (kg)

Pre Mid Post

% Body fat*

Pre Mid Post

Control men
Training men
Control women
Training women

76.9 6 13.8§
83.3 6 18.0\
68.8 6 12.8
60.4 6 5.8

76.9 6 13.3§
82.9 6 17.5\
68.1 6 14.0
61.1 6 5.7

77.0 6 13.8§
83.6 6 18.0\
68.3 6 14.3
61.7 6 5.3

12.5 6 4.4
15.6 6 4.6
28.3 6 3.1
23.8 6 5.1

13.1 6 3.9
15.2 6 4.5
28.2 6 4.5
22.1 6 4.5†

13.2 6 4.0
13.8 6 4.5‡
29.5 6 4.7
20.9 6 4.8†

* Percent body fat was significantly different between all groups at all time points (pre, mid, and post) except between the
control and training men posttraining.

† Significantly less than the pre value.
‡ Significantly less than respective pre and mid values.
§ Significantly greater than respective value for training women.
\ Significantly greater than respective value for control and training women.

Table 2. Serum lipid and lipoprotein concentrations (mg·dl21).

Pre* Mid* Post*

Triglycerides
Control men and women (n 5 12)
Training men and women (n 5 20)

128 6 16†
103 6 6

111 6 13†
90 6 6

122 6 16†
101 6 10

Total Cholesterol
Control men and women (n 5 12)
Training men and women (n 5 20)

175 6 14
154 6 4

161 6 8‡
148 6 5‡

169 6 11
150 6 4

LDL-C
Control men and women (n 5 12)
Training men and women (n 5 20)

102 6 13
84 6 5

89 6 9
82 6 6

94 6 10
79 6 5

HDL-C
Control men (n 5 7)
Training men (n 5 12)
Control women (n 5 5)
Training women (n 5 8)

47 6 3
47 6 3
50 6 6
58 6 6§

46 6 3
45 6 2
58 6 7
58 6 5§

50 6 3
44 6 3
53 6 4
56 6 5§

* Values are means 6 SD.
† Significantly greater than respective value for training group.
‡ Significantly less than the pre value.
§ Significantly greater than respective value for control and training men.

Strength Measurements. Maximal dynamic strength
was assessed at the beginning and end of the study
and every 2 weeks during the training. As has been
previously reported (39), maximal dynamic strength
significantly increased for all three lower limb exercis-
es after 4 weeks of training for the men. For the wom-
en, maximal dynamic strength significantly increased
after 4 weeks of training for the squat and leg exten-
sion and significantly increased after just 2 weeks for
the leg press. For both sexes, relative strength contin-
ued to increase throughout the study such that the
maximal strength measured during the last week of
training was significantly greater compared to all pre-
vious weeks (39).

Lipid and Lipoprotein Concentrations. Because there
were no gender differences for the levels of TG, TC,

and LDL-C, these data sets were analyzed in two
groups (control and training) and gender was ignored.
For TG, the control group (control men 1 control
women) had significantly higher levels compared to
the resistance training group (training men 1 training
women) (Table 2). No differences were found either
over time or between groups for LDL-C. TC was sig-
nificantly lower for both the control and training
groups at the midpoint compared with their respective
pretraining measurements (Table 2). However, the
mean TC value obtained at the end of the study was
found not to be different from the pretraining value
for either the training or control groups. There was a
significant gender difference for HDL-C. Values ob-
tained for the resistance training women were signif-
icantly higher at all three time points compared with
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both the control and training men (Table 2). Similar to
TG and LDL-C, HDL-C did not significantly change
over time for any of the groups.

Discussion

One factor that appears to play an important role in
exercise-induced alterations in lipid profile is the abil-
ity to affect changes in lipoprotein metabolism. Skel-
etal muscle lipoprotein lipase (LPL), which is located
on the intraluminal surface of the capillaries within
the muscle (36), is involved in the hydrolysis of tri-
glyceride-rich lipoprotein particles in the plasma and
the formation of HDL2-C (34). The primary HDL-C
particle is produced in the liver and intestine. After
entering into the circulation, HDL-C is immediately
transformed into HDL3-C, which is subsequently
transformed into HDL2-C following the hydrolysis of
TG-rich particles in the plasma by LPL (33). As such,
increases in lipoprotein lipase activity result in in-
creased TG breakdown and extraction and HDL2-C
production. It is therefore not surprising that endur-
ance training, which causes skeletal muscle to increase
its oxidative capacity (i.e., causes increases in capillar-
ization and enzymes of aerobic-oxidative metabolism),
results in higher LPL activity and has a favorable in-
fluence on lipid profile (17, 25).

Although some resistance-training studies have re-
ported improvements in lipid profiles for both men
and women (2, 10, 13, 30, 42, 52), it is not clear if this
is the result of an acute effect, subject selection, or an
adaptation from training. Indeed, Wallace et al. (48)
demonstrated a favorable acute modification in lipo-
protein profile (increased HDL-C and decreased TC
levels) 24 hours after a 90-minute resistance exercise
session, which returned to baseline by 48 hours. In the
present study, care was taken to ensure that all blood
samples were drawn at least 36–48 hours following the
last training bout. Subject selection may also influence
the effects of training on lipid profile. It is obvious that
individuals at risk for CHD (i.e., with an unfavorable
lipid profile) may show an improvement regardless of
the type of training stimulus. In support of this, train-
ing studies using middle-aged men at risk for CHD
have demonstrated a beneficial effect of resistance
training on lipid profile (2, 13, 42). However, resistance
training may result in specific adaptations that could
potentially contribute to improvements in lipid and li-
poprotein concentrations and lower the risk for CHD
even in young individuals.

Although lifting weights expends far fewer calories
compared with endurance training, a significant de-
crease in percent body fat has been demonstrated pre-
viously (41) and in the current investigation. A de-
crease in the percentage of body fat has been reported
to favorably influence lipid profiles (38, 51). Likewise,
resistance training can potentially improve the oxida-

tive capacity of skeletal muscle via an increase in the
activity levels of specific enzymes of aerobic-oxidative
metabolism (49), fiber type conversions from the low-
oxidative type IIB fibers to the moderate-to-high oxi-
dative type IIA fibers (39–41), and an increase in cap-
illaries per fiber (27). Such favorable muscular adap-
tations may offset unfavorable adaptations, e.g., de-
crease in the slow fiber type area. Tikkanen et al. (45,
46) have demonstrated an association between muscle
fiber type distribution and serum HDL-C levels. In-
dividuals with a higher percentage of slow, type I fi-
bers have a higher concentration of HDL-C (46). This
makes sense when considering that, in human skeletal
muscle, slow fibers have the highest oxidative potential
and greatest number of capillaries per fiber (49). Be-
cause resistance training is known to have a greater
hypertrophic effect on fast fibers (44), the resulting de-
crease in the percentage area occupied by the slow
fibers may therefore unfavorably alter the lipid profile.
Indeed, analysis of the vastus lateralis muscle from in-
dividuals in the present study (9) revealed a tendency
for the percentage of type I fiber area to decrease with
training—the fast fibers hypertrophied twice as much
as the slow fibers for the women (IIA 24.8%, IIB 22.6%,
I 11.3%), with a less dramatic difference for the men
(IIA 18.7%, IIB 19.6%, I 16.7%). The potential delete-
rious effect of increasing the fast fiber type area may,
however, be offset by an increase in local muscular
endurance (increases in oxidative capacity of all fibers
combined with a type IIB to IIA transformation) and
decrease in percent body fat.

Relatively few studies have investigated the effects
of resistance training on skeletal muscle in women.
However, data from our laboratory suggest that wom-
en appear to tolerate and adapt to high-intensity re-
sistance training in a manner similar to men (39–41).
This appears to include the effects of resistance train-
ing on lipid and lipoprotein concentrations. Although
in the present study the training women had signifi-
cantly higher levels of HDL-C compared with the men
(training and control) and the control women, no
change was detected over time in lipid profile for ei-
ther the men or women after 8 weeks of resistance
training. Higher concentrations of HDL-C are com-
monly found in women compared with men and ap-
pear to relate to the protective effects of estrogen (5).
Of the few published studies investigating the effects
of resistance training on lipid profile in women, most
have been cross-sectional in design. Elliot et al. (5)
compared the blood lipid values between female
bodybuilders and runners and found no differences.
However, the bodybuilders in their study were also
involved in aerobic training and no control group was
used. Morgan et al. (31) compared the serum lipid pro-
files of women runners, weight lifters, and controls
and found no difference between the lifters and con-
trols, but the runners had higher HDL-C values com-
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pared to the other two groups. Last, Moffat et al. (30)
investigated the effects of anabolic steroids on lipopro-
tein profiles of female weight lifters and found signif-
icantly higher levels of HDL-C in nonusers compared
to controls. In one of the few training studies using
female subjects, Goldberg et al. (10) reported a signif-
icant decrease in TC, LDL-C, and TG in women after
16 weeks of resistance training. However, no control
group was used.

One of the most consistent and dramatic findings
published on anabolic-androgenic steroid use is its ef-
fect on lipid profile. Anabolic steroids have been
shown by a number of studies to cause extreme ad-
verse alterations in lipid profile, including increases in
the levels of TG and LDL-C and a decrease in HDL-C
in both men (3, 8, 14, 18, 21, 23, 50, 54) and women
(30). HDL-C appears to be most affected, dropping
from a normal level of approximately 45–60 mg·dl21

to almost undetectable levels of 2–11 mg·dl21 (8). Al-
though these adverse effects are apparently reversible
(8), as long as an individual remains with such low
levels of HDL-C, they are at risk for premature ather-
ogenesis. This is true even if the individual may have
low TC levels. Although not measured in the present
study, the normal ranges for lipid and lipoprotein con-
centrations for the men and women in the present
study suggest that none of them was using anabolic-
androgenic steroids.

In conclusion, short-term, high-intensity resistance
training appears to have little or no effect on lipid and
lipoprotein concentrations in both young men and
young women. This is apparently true even though
dramatic skeletal muscle adaptations (hypertrophy
and type IIB to IIA fiber conversions) have taken place.
Thus, although resistance training may increase local
muscular endurance, lipid profile remains unchanged.
Conversely, resistance training does not appear to ad-
versely influence serum lipid and lipoprotein concen-
trations and thus should not increase the risk for CHD.
It must be emphasized that the training program used
in the present study was of short duration, low volume
and frequency, and utilized moderate to heavy resis-
tance. A training program of longer duration and in-
creased frequency may have resulted in favorable
changes in the lipid profile.

Practical Applications

Endurance exercise has been shown to effectively alter
blood lipid profiles and is thought to lower the risk
for CHD. However, data gathered from various resis-
tance training studies, although equivocal, appears to
indicate that strength training has little or no effect on
blood lipid and lipoprotein concentrations in individ-
uals not at risk for CHD. The present investigation
supports these previous resistance training studies. No

significant change in the various blood lipid parame-
ters (HDL-C, TC, LDL-C, and TG) occurred after 8
weeks of high-intensity weight training in either
young men or young women. Although it can be ar-
gued that the training program was of short duration,
significant changes were elicited in body composition
(decreased percent body fat) and within the thigh
musculature (hypertrophy and type IIB to IIA fiber
type transformations) that could have an impact on
lipid profile. It is not known if a longer duration train-
ing period would have resulted in alterations in the
lipid profile. More research utilizing young individu-
als is needed to answer this question.
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25. LITHELL, H., F. LINDGÄRDE, E. NYGAARD, AND B. SALTIN. Cap-
illary supply and lipoprotein-lipase activity in skeletal muscle
in man. Acta Physiol. Scand. 111:383–384. 1981.

26. LOKEY, E.A., AND Z.V. TRAN. Effects of exercise training on se-
rum lipid and lipoprotein concentrations in women: A meta-
analysis. Int. J. Sports Med. 10:424–429. 1989.

27. MCCALL, G.E., W.C. BYRNES, A. DICKINSON, P.M. PATTANY, AND

S.J. FLECK. Muscle fiber hypertrophy, hyperplasia, and capillary
density in college men after resistance training. J. Appl. Physiol.
81:2004–2012. 1996.

28. MILLER, G.J., AND N. MILLER. Plasma-high-density-lipoprotein
cholesterol concentrations and development of ischemic heart
disease. Lancet 1:16–19. 1975.

29. MILLER, N.E. The evidence of the antiantherogenicity of high
density lipoprotein in man. Lipids 13:914–919. 1978.

30. MOFFATT, R.J., M.B. WALLACE, AND S.P. SADY. Effects of anabolic
steroids on lipoprotein profiles of female weight lifters. Physician
Sportsmed. 18:106–115. 1990.

31. MORGAN, D.W., R.J. CRUISE, B.W. GIRANDIN, V. LUTZ-SCHNEIDER,
D.H. MORGAN, AND W.M. QI. HDL-C concentrations in weight-
trained, endurance-trained, and sedentary females. Physician
Sportsmed. 14:166–181. 1986.

32. O’SHEA, J.P., AND J. WEGNER. Power weight training and the
female athlete. Physician Sportmed. 9:109–120. 1981.

33. PATSCH, J.R., A.M. GOTTO, JR., T. OLIVECRONA, AND S. EISEN-
BERG. Formation of high density lipoprotein2-like particles dur-
ing lipolysis of very low density lipoproteins in vitro. Proc. Natl.
Acad. Sci. USA 75:4519–4523. 1978.

34. ROBINSON, D.S. The function of the plasma triglycerides in fatty
acid transport. In: Comprehensive Biochemistry: Lipid Metabolism
(vol. 18). M. Florkin and E. H. Stotz, eds. Amsterdam: Elsevier,
1970. pp. 51–116.

35. SADY, S.P., E.M. CULLINANE, A. SARITELLI, D. BERNIER, AND P.D.
THOMPSON. Elevated high-density lipoprotein cholesterol in en-
durance athletes is related to enhanced plasma triglyceride
clearance. Metabolism 37:568–572. 1988.

36. SCOW, R.O., E.J. BLANCHETTE-MACKIE, AND L.C. SMITH. Role of
capillary endothelium in the clearance of chylomicrons. A model
for liquid transport by lateral diffusion in cell membranes. Circ.
Res. 39:149–162. 1976.

37. SMUTOK, M.A., C. REECE, P.F. KOKKINOS, C. FARMER, P. DAWSON,
R. SHULMAN, J. DEVANE-BELL, J. PATTERSON, C. CHARABOGOS,
A.P. GLODBERG, AND B.F. HURLEY. Aerobic versus strength train-
ing for risk factor intervention in middle-aged men at high risk
for coronary heart disease. Metabolism 42:177–184. 1993.

38. SOPKO, G., A.S. LEON, D.R. JACOBS, JR., N. FOSTER, J. MOY, K.
KUBA, J.T. ANDERSON, D. CASAL, C. MCNALLY, AND I. FRANTZ.
The effects of exercise and weight loss on plasma lipids in young
obese men. Metabolism 34:227–236. 1985.

39. STARON, R.S., D.L. KARAPONDO, W.J. KRAEMER, A.C. FRY, S.E.
GORDON, J.E. FALKEL, F.C. HAGERMAN, AND R.S. HIKIDA. Skel-
etal muscle adaptations during early phase of heavy-resistance
training in men and women. J. Appl. Physiol. 76:1247–1255. 1994.

40. STARON, R.S., M.J. LEONARDI, D. KARAPONDO, E.S. MALICKY, J.E.
FALKEL, F.C. HAGERMAN, AND R.S. HIKIDA. Strength and skeletal
muscle adaptations in heavy resistance-trained women after de-
training and retraining. J. Appl. Physiol. 70:631–640. 1991.

41. STARON, R.S., E.S. MALICKY, M.J. LEONARDI, J.E. FALKEL, F.C.
HAGERMAN, AND G.A. DUDLEY. Muscle hypertrophy and fast
fiber type conversions in heavy resistance-trained women. Eur.
J. Appl. Physiol. 60:71–79. 1990.

42. STONE, M.H., D. BLESSING, R. BYRD, J. TEW, D. BOATWRIGHT, B.
KARR, C. JOHNSON, A. LOPEZ-S, R. JOHNSON, AND D. CARTER.
Physiological effects of a short term resistance training program
on middle-aged untrained men. Nat. Strength Cond. Assoc. J. 4:
16–20. 1982.

43. STRAY-GUNDERSEN, J., M.A. DENKE, AND S.M. GRUNDY. Influ-
ence of lifetime cross-country skiing on plasma lipids and li-
poproteins. Med. Sci. Sports Exerc. 23:695–702. 1991.

44. TESCH, P.A. Acute and long-term metabolic changes consequent
to heavy-resistance exercise. Med. Sci. Sports Exerc. 26:67–89.
1987.
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