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Change in high-density lipoprotein cholesterol in response to acute
resistance exercise

Angelheart Joy Maynard Rattu

Abstrak

Beberapa penelitian telah membuktikan adanya perbaikan lipid darah setelah suatu latihan fisik akut dan sesudah program latihan
daya tahan. Penelitian ini bertujuan untuk mengetahui pengaruh akut latihan beban (latihan melawan tahanan) terhadap lipid darah
pada pria dan wanita dewasa. Sukarelawan yang berjumlah 33 orang dibagi dalam 2 kelompok, masing-masing kelompok pria (12
orang) dan kelompok wanita (21 orang). Semua sukarelawan melakukan uji latihan beban maksimal yang terdiri dari 3 set dari 7 jenis
latihan beban yang meliputi anggota gerak bagian atas dan bawah dengan intensitas beban latihan setara dengan 15 ulangan maksimal.
Contoh darah vena diambil sebelum dan segera sesudah latihan beban maksimal dan darah dianalisis untuk total cholesterol (TC),
triglyserida (TG} dan high density lipoprotein cholesterol (HDL-C). Segera setelah latihan beban maksimal, TC dan TG tidak berubah
secara bermakna, namun HDL-C meningkat secara bermakna pada pria dan wanita. Tidak ada perbedaan kadar lipid darah pada pria
dan wanita baik pada keadaan istirahat maupun sesudah latihan beban maksimal. Sebagai kesimpulan, latihan beban maksimal secara
akut meningkatkan HDL-C pada pria dan wanita.

Abstract

Several studies have reported improvements in blood lipid profiles following acute exercise bouts and following endurance training.
The aim of this study was to determine the acute effects of resistance exercise on blood lipid variables in male and female adults.
Thirty-three normal healthy subjects were divided into male (12 persons) and female (21 persons) groups. All subjects performed maximal
resistance exercise (MRE) test. This test consisted of 3 sets of 7 exercises encompassing upper and lower body limbs at an intensity
corresponding to 15 repetition maximum. Venous blood samples were obtained before and immediately after MRE test and analyzed for
total cholesterol (TC), triglyceride (TG) and high density lipoprotein cholesterol (HDL-C). Blood TC and TG were unchanged whereas
HDL-C rose significantly in response to MRE in both groups. Statistically, no gender differences in lipid profiles were observed at rest
or in response to MRE test. It is concluded that maximal resistance exercise acutely increases HDL-C in male and female subjects.
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Lipids and lipoproteins play a major role in the cascade
of events leading up to the manifestations of
atherosclerosis as it relates to coronary heart disease.!
It has been well documented that a variety of personal
characteristics and environmental factors influence the
composition of plasma lipids and lipoproteins, includ-
ing age, gender, body composition, dietary intake,
alcohol, smoking, medication used and physical exer-
cise.

The effects of physical exercise on total cholesterol
(TC), triglycerides (TG), and high density lipoprotein
cholesterol (HDL-C) have been the subject of several
studies.>* Prospective study indicated that individuals
who undertake exercise on a regular basis, such as
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athletes, have low plasma TC and TG levels and a high
concentration of HDL-C.’ However, whether this is
due to differences in physical activity per se, or is a
result of differences in other factors is unclear.

Resistance exercise has become a popular physical
fitness activity, as evidenced by the increasing number
of private and public weight-raining facilities. The
inclusion of resistance exercise equipment for recrea-
tional lifters in various types of physical and cardiac
rehabilitation program is widespread.6 The effects of
resistance exercise on muscular strength, car-
diorespiratory endurance, and body composition have
been extensively studied and widely reported. Little
attention, however, has been devoted to explore the
effects of this kind of exercise on blood lipid variables
in males and females. Therefore the present study was
designed to examine the acute effects of resistance
exercise on TG, TC, and HDL-C in adult male and
female.
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METHODS

Subjects

The study was conducted at the Division of Sport
Sciences Manchester Metropolitan University,
England from January to March 1995. Thirty-three
volunteer normal healthy subjects participated in this
study. Experiments were carried out on 12 males and
21 females. Subjects were recruited by means of inter-
nal advertisements in various campus publications of
the Crewe and Alsager Faculty, Manchester
Metropolitan University. After being fully informed
of the risks and stresses associated with the experi-
ments, each volunteer signed an informed consent
which have been approved by the Manchester
Metropolitan University Ethics Committee. When sub-
jects reported to the laboratory for testing, body mass
and percentage body fat were determined. Percentage
body fat was estimated from skin fold measurements
as described by Durnin and Womcrsley.7

Maximal resistance exercise testing

Subjects reported to the laboratory in pairs and were
fed a standardized breakfast (50 g cereal and 100 ml of
skimmed milk; energy 946 kJ, carbohydrate 52 g,
protein 3.6 g, and fat 0.4 g). Maximal resistance exer-
cise testing was conducted at the same time of day
(08:00-12:00 hours).

The maximal resistance exercise test consisted of the
completion of three sets of seven different exercises
using resistance (weight) corresponding to 15 repeti-
tion maximum (15 RM). The 15-RM strength was
determined for each exercise to obtain measures of
maximal resistance exercise volume for the upper and
lower body parts. The 15 RM was defined as the
maximal weight that could be lifted 15 times through
the full range of motion employing the correct techni-
ques. Resistance exercises performed were bench
press, leg press, latissimus pull down, prone leg curl,
shoulder press, leg extension and standing biceps curl.
Rest periods interspaced exercises (30 s) and sets
(120 s). Exercise volume (kg) was calculated by mul-
tiplying the number of sets by the number of repetitions
times the weight lifted per repetition.

Blood sampling and analytical procedures

Blood sampling and treatment of blood samples were
carried out at the Physiology Laboratory, Division of
Sport Sciences, the Manchester Metropolitan Univer-
sity, England by the researcher.
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When subjects reported to the laboratory for testing,
they were 12-hour fasted and had consumed no alcohol
for the preceding 24 hour. Subjects were instructed to
refrain from activity 12 hour preceding tests. They
were requested to rest in supine position for 30 minutes
followed by the removal of a 5 ml venous blood
sample. Further blood sample were removed immedi-
ately after the maximal resistance exercise test. Blood
was collected on chilled plastic tubes containing an-
ticoagulant (EDTA). Aliquots of whole blood were
used for lactate determination in duplicate (YSI 1500
L-Lactate Analyzer, Yellowspring Instruments, Ohio).
A small portion of blood was placed in a heparinized
micro-hematocrit capillary tubes for the determination
of hematocrit in triplicate (Hawksley method). Blood
hemoglobin was measured in duplicate (HemoCue,
Helsinborg, Sweden) and changes in plasma volume
were determined from hematocrit and hemoglobin
values.” Total cholesterol and TG were determined in
whole blood, while HDL-C was determined in plasma
(Reflotron, Boehringer Mannheim, Germany).

Based on 12 determinations for single blood sample
the coefficients of variation for TC, TG, and HDL-C
were 1.9%, 1.4% and 2.9%, respectively. Accuracy of
lipid measurements was ascertained using control sera.
All lipid variables results after exercise were corrected
for plasma volume changes.

Statistical analysis

The statistical analysis of the data were carried out
using analysis of variance (ANOVA) with repeated
measurements to compare metabolic, physiological as
well as lipid variable at rest and in response to the
maximal resistance exercise test between male and
female groups. The alpha level of p < 0.05 was the
minimum level required to reject the null hypothesis.
The calculations were performed with the CSS statis-
tical package (USA).

RESULTS

Physiological and metabolic responses

The mean and standard error (SE) values of plasma
volume changes in response to the MRE test in males
and females are presented in Table 1. Plasma volume
feel by a value of -13.5% and -13.8% after performing
the MRE test in males and females, respectively.

The result of blood lactate levels at rest and in response
to the MRE test in males and females are presented in
Table 2, Statistically no differences in the resting mean
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values of blood lactate were found between males and
females. The mean values of blood lactate increased
significantly (p<0.05) after performing the MRE in
both groups with a significantly (p<0.05) higher
response in males compared to that observed in
females.

Table 1. Physical characteristics of the subjects.

Males (N=12) Females (N=21)

Age(years) 221473 199+5.2
Weight (kg) 64.4 + 8.1* 56.4+6.1
Body fat (%) 154+ 1.17 272+1.6
Plasma volume loss -13.5+0.7 -13.8+1.2

*significantly (p) higher than that observed in females.
*significantly (p) lower than that observed in females.

Table 2. Mean(SE) values of blood lactate, total cholesterol
(TC), triglyceride (TG) and high density lipoprotein
cholesterol (HDL-C) levels at rest and in response to
the maximal resistance exercise test in males.

Rest Post MRE
Blood lactate Males 0.80+0.30  6.30.+0.95*%%
(mmol.L™" Females 1.00+£0.46  5.10 + 1.02*
TC Males 3.80+0.67 3.44+0.73
(mmol.L'") Females 3.84+0.67 3.67+0.70
TG Males 1.18+021 1.07+0.15
(mmol.L'") Females 1.40 + 030 1.23 +0.33
HDL-C Males 091+0.18 1.17+0.23*
(mmol.L']) Females 0.95+0.17 1.16 +0.24*

*significantly (p) higher than that observed at rest.
*significantly (p) higher than that observed in females.

Lipid variables at rest and in response to the
maximal resistance exercise test

All of the thirty-three subjects showed normal blood
lipid values at rest. The mean values of TC, TG, and
HDL-C values for rest and in response to the MRE test
in males and females are presented in Table 3.

Blood TC and TG values at rest or in response to MRE
were unchanged (p>0.05) in male and female groups.
No significant differences (p>0.05) in the resting mean
values of plasma HDL-C concentration were found
between males and females. The mean values of HDL-
C showed, after data were adjusted for plasma volume
reductions, a statistically significant (p<0.05) increase
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on after performing the MRE test in males and
females.

DISCUSSION

Plasma volume changes in response to the maximal
resistance exercise test

The maximal resistance exercise test resulted in a
13.5% and 13.8% reduction in plasma volume in males
and females, respectively. The reduction in plasma
volume during exercise could be attributed to an in-
crease in arterial blood pressure which promotes filtra-
tion of plasma into the interstitial spaces. Knowlton et
al. 10 reported that elevation in mean arterial pressure
is highly correlated with changes in plasma volume
during weight-lifting. Plasma volume shifts are also
influenced by osmotic gradients. During exercise the
breakdown of glycogen, the production of lactate, and
the accumulation of other metabolites in the active
muscle increase intracellular osmolarity, which may
then result in fluid fluxes from interstitial to intracel-
lular and from vascular to interstitial space.11

The effect of the maximal resistance exercise test
on blood lactate levels

Statistically, there were no gender differences in rest-
ing blood lactate concentration. As expected, blood
lactate concentration increased significantly (p<0.01)
after performing the maximal resistance exercise test.
This occurred both in males and females, with males
having significantly greater blood lactate concentra-
tions than females. This increase in blood lactate is
indicative of the predominance of anaerobic glycolysis
as an important source of energy for the re-synthesis
of adenosine triphosphate (ATP) during resistance ex-
ercise. Blood lactate concentrations found after the
maximal resistance exercise test in the present study
are similar to those reported in study incorporating
protocol with similar report.

The acute effects of the maximal resistance exer-
cise test on blood lipid variables

The resting values of blood lipid parameters (total
cholesterol [TC], triglycerides [TG], and high-density
lipoprotein cholesterol [HDL-C]) observed in the
present study were within the normal range for healthy
subjects.4

Total cholesterol showed statistically no significant
change in response to the resistance exercise test, thus
in keeping with previous studies employing endurance
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exercise protocols,*'? and low and high-volume resis-
tance exercise. " Using circuit weight-training, Lee et

al.’ found a significant decrease in TC concentrations
after completing a session of bench press, parallel
squat, leg extension, and seated row.

In agreement with previous endurance exercise
studies,* TG concentration was unaltered after per-
forming maximal res1stance exercise. Similarly, Wal-
lace et al.'* and Lee et al.'> demonstrated no change in
TG levels after low and high-volume resistance exer-
cise sessions and circuit weight-training, respectively.
Unlike intramuscular stores of TG, which have been
shown to contribute significantly to energy metabo-
lism,'6 the importance of blood-borne TG to energy
metabolism during exercise has not been estabhshed
and is still an issue of debate. Kuusi et al.'” used
ultracentrifugation as a fractionation procedure for the
separation of lipoproteins and demonstrated that the
distribution of TG among different lipoproteins was
altered in response to exercise, with no significant
change in total TG level. It could be suggested, there-
fore, that TG played a negligible role during the exer-
cise trials employed in the present study.

Studies of the effect of exercise on HDL-C have
ylelded contradictory results; HDL C either in-
creased*!® or remained unaltered.'® Some reports
showed an increase in HDL-C in response to acute
submaximal exercise at 60% VOsmax "’ or prolonged
exercise for 120 minute at 30% VOzmax.” In contrast,
others'®2° have observed no significant increase in
HDL-C after submaximal exercise with varying inten-
sities. In the present study, HDL-C increased sig-
nificantly after performing the maximal resistance
exercise test. These findings are in keeping with pre-
vious studies demonstrating that acute high-volume,
but not low-volume, resistance exercise alters serum
lipid variables; such as an increase in lecithin
cholesterol acetyl transferase activity, and HDL-C.!*
Therefore, it is reasonable to suggest that a relationship
exist between resistance exercise severity and HDL-C
response. The mechanism responsible for the increase
in high density lipoprotein cholesterol in response to
resistance exercise is not known. Potential factors for
the acute change in high density lipoprotein concentra-
tion may include their synthesis or degradation. Al-
though no information was obtained in the present
study to explain the mechanism by which resistance
exercise alters HDL-C, other investigators have sug-
gested that exercise might increase lipoprotein lipase.
In human, endurance exercise of long duration resulted
in an increase in lipoprotein lipase activity with a
concomitant increase in HDL-C.2! This enzyme
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catalyses the breakdown of TG in lipoproteins. The
breakdown products of this process then enter the
blood as a precursor for the formation of HDL-C.?
Little information is known about lipoprotein lipase
responses following resistance exercise. It is probable
that resistance exercise, similar to endurance exercise,
increases lipoprotein lipase and this may be one of the
factors responsible for the increases in HDL-C.

Statistically no gender differences were observed in
lipid profiles at rest or in response to the maximal
resistance exercise test. Although these results dis-
agree with some reports % they are partly in keeping
with Lamon-Flava et al.** who demonstrated a similar
HDL-C increase in male and female athletes after a
triathlon race. It should be noted, however, that Lamon
Flava et al>* also found a significant decrease in TG
after the same race in both males and females. The
latter finding contrasts with the results of the present
study. Other author® have shown a significant
decrease in TC concentrations in females but not in
males after 40 minute cycling. It is apparent that com-
parison of the results of the above studies is difficult
due to differences in exercise procedures, experimen-
tal protocols and subjects studied.

It was established that maximal resistance exercise
test, similar to endurance exercise has a favorable
effect on blood lipid profile, as indicated by an increase
in HDL-C. Although no information was obtained in
the present study to explain the mechanism by which
resistance exercise alters HDL-C, other investigators
have suggested that exercise might increase
lipoprotein lipase.

Acknowledgments

I would like to extend my gratitude to all the par-
ticipants of this study without whom the research
would not have been possible. My appreciation is also
extended to Prof. Dr. Les Burwitz at the Division of
Sport Sciences, Manchester Metropolitan University ,
England for support at the start of this project. Special
thanks are also extend to Dr. Mahmoud El-Sayed and
Prof. Dr. Thomas Reilly at the Center for Sport and
Exercise Sciences, School of Human Sciences, Liver-
pool John Moores University, England for their sup-
ports and advises throughout the course of the work.

REFERENCES

1. Neaton JD, Blackburn H, Jacobs D, Kuller L, Lee DJ,
Sherwin R, et al. Serum cholesterol level and mortality



232

Rattu

findings for men screened in the multiple risk factor inter-
vention trial. Arch Int Med 1992;152:1490-500.

. Stefanick ML, Wood PD. Physical activity, lipid and

lipoprotein metabolism, and lipid transport. In Bouchard C,
Shephard RJ, Stephens T, editors. Physical Activity, Fitness
and Health. International Proceedings and Consensus State-
ments. Champaign, IL.: Human Kinetics;1994.p.17-31.

. Pay HE, Hardman AE, Jones CJ, Hudson A. The acute

effects of low intensity exercise on plasma lipids in en-
durance trained and untrained young adults. Eur J Appl
Physiol 1989;64:182-6.

. EL-Sayed MS, Rattu AJM. Changes in lipid profile variables

in response to submaximal and maximal exercise in trained
cyclists. Eur J Appl Physiol 1996;73:88-92.

. Williams PT, Krauss RM, Wood PD, Lindgren FT, Giotas

C, Vranizan KM. Lipoprotein subfractions of runners and
sedentary men. Metabolism 1986;35:45-52.

. Wilmore JH, Costill DL. Physiology of sport and exercise.

Champaign, IL.: Human Kinetics, 1994.

. Durnin JG, Womersley J. Body fat assessed from total body

density and its estimation from skinfold thickness; measure-
ments on 481 men and women aged 16 to 72 years. Br J Nutr
1974, 21: 77-97

. Wathen D. Training volume. In : Baechle TR, editor. Essen-

tials of strength training and conditioning. Campaign IL,
Human Kinetics, 1994.p.447-50.

. Dill DB, Costill DL. Calculation of percentage changes in

volumes of blood, plasma, and red cells in hydration. J Appl
Physiol 1974;37:247-8.

. Knowlton RG, Hetzler RK, Kaminski LA, Morrison JJ.

Plasma volume changes and cardiovascular responses as-
sociated with weight lifting. Med Sci Sports Exerc
1987;19:464-8.

. Lundvall J, Mellander S, Westling H, White T. Fluid transfer

between blood and tissues during exercise. Acta Physiol
Scand 1972;85:258-69.

. Guezenec Y, Leger L, Lhoste F, Aymonod M, Pesquies PC.

Hormone and metabolite response to weight lifting training
sessions. Int J Sports Med 1986;7:100-5.

. Angelopoulos TJ, Robertson RJ, Goss F.L, Metz KP,

Laporte LE. Effect of repeated exercise bouts on high-den-

14.

15.

16.

17.

18.

19.

20.

21.

224

23.

24.

25.

Med J Indones

sity lipoprotein cholesterol and its subfractions HDL>-C and
HDL3-C. Int J Sports Med 1993;14:196-201.

Wallace MB, Moffatt RJ, Haymes EM, Green NR. Acute
effects of resistance exercise on parameters of lipoprotein
metabolism. Med Sci Sports Exerc 1991;23:199-204.

Lee R, Nieman D, Raval J, Blakenship J, Lee J. The effects
of acute moderate exercise on serum lipids and lipoproteins
in mildly obese women. Int J Sports Med 1991;12:537-42.
Hurley BF. Effects of resistive training on lipoprotein-lipid
profiles: a comparison to aerobic exercise training. Med Sci
Sports Exerc 1989;21: 689-93.

Kuuzi T, Kostiainen E, Variainen E, Pitkanen L, Ehnholm
C, Korhonen HJ, et al. Acute effects of marathon running on
levels of serum lipoproteins and androgenic hormones in
healthy males. Metabolism 1984;33:527-31. )

Davis PG, Bartoli WP, Durstine JL. Effects of acute exercise
intensity on plasma lipids and apolipoproteins in trained
runners. J Appl Physiol 1992;72:914-9.

Hicks AL, MacDougall JD, Muckle TJ. Acute changes in
high-density lipoprotein cholesterol with exercise of dif-
ferent intensities. J Appl Physiol 1987;63:1956-60.

Sink KR, Thomas TR, Araujo J, Hill SF. Fat energy use and
plasma lipid changes associated with exercise intensity and
temperature. Eur J Appl Physiol 1989;58:508-13.

Kantor MA, Cullinane EM, Sady SP, Herbert PN, Thompson
PD. Exercise acutely increases high density lipoprotein
cholesterol and lipoprotein lipase activity in trained and
untrained men. Metabolism 1987;36:188-92.

Kiens B, Lithell H, Mikines KJ, Richter EA. Effects of
insulin and exercise on muscle lipoprotein lipase activity in
man and its relation to insulin action. J Clin Invest
1989;84:1124-9.

Marniemi J, Peltonen P, Ilka V, Hietanen E. Lipoprotein
lipase of human postheparin plasma and adipose tissue in
relation to physical training. Acta Physiol Scand
1980;110:131-5.

Lamon-Fava S, McNamara JR, Fartber HW, Hill NS,
Schaefer EJ. Acute changes in lipid, lipoprotein,
apolipoprotein, and low-density lipoprotein particle size
after an endurance triathlon. Metabolism 1989;38:921-5.
Lennon DLF, Stratman FW, Shrago E, Nagle FJ, Hanson PG.
Total cholesterol and HDL-cholesterol changes during acute
moderate-intensity exercise in men and women. Metabolism
1983;32:244-9.



