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The Impact of High-Intensity Interval Training Versus Moderate-Intensity
Continuous Training on Carotid Intima-Media Thickness and
Ankle-Brachial Index in Middle-Aged Women

Abstract

Objective: Obesity has been linked to cardiovascular risk factors characterized by endothelial
dysfunction and arterial wall thickening. Regular exercise training is recognized as a powerful
tool to improve endothelial function and cardiovascular risk profile, but it is unknown which
of high-intensity interval training or moderate-intensity continuous training is the best exercise.
Materials and Methods: A total of 33 inactive and overweight women aged 4050 years old and
body mass index >27 kg/m? were randomized to high-intensity interval training, moderate-intensity
continuous training, or control. The exercise intervention consisted of 12 weeks of training and
three supervised sessions per week. The moderate-intensity group was trained continuously for
47 min at 60-70% of maximal heart rate. High-intensity interval training consisted of four interval
bouts of 4 min at 85%-95% of maximal heart rate with 3 min breaks at 50%-60% of maximal
heart rate between the intervals. For all analyses, statistical significance was assigned at P < 0.05.
Results: According to our findings, while carotid intima-media thickness decreased in both training
groups, this reduction was not statistically significant. In the high-intensity training group, the right
ankle-brachial index increased significantly (P = 0.007). Conclusion: Twelve weeks of exercise
training, especially in high-intensity interval training, have led to improving lipid profiles and
endothelial function, it can be said that regular and prolonged exercise can probably be a preventive
factor in cardiovascular disease in overweight women.
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Introduction

The prevalence of obesity has increased
at an alarming rate in many parts of

the world™ In overweight people,
increased levels of blood lipids and
endothelial damage raise the risk of

atherosclerotic plaques and other vascular
disorders.>¥ Inflammatory cytokines and
oxidative metabolites produced in obesity
also cause endothelial dysfunction, which
contributes to vascular disorders.

Following the extensive epidemiological
studies, the association for atherosclerosis
risk in community study and the
cardiovascular health study determined the
intima-media thickness (IMT) of the carotid
artery as a marker for cardiovascular
events.’®! The easy applicability and the
noninvasive ~ B-mode  ultrasonography
make it suitable for use as a surrogate
endpoint for measuring the atherosclerotic
burden in people with cardiovascular
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risk factors.”” Changing in IMT level
over the threshold (900 um) is always
clearly associated with the pathology of
atherosclerosis.®

As  atherosclerosis  progresses, the
peripheral vessels also get involved.
About 8.5 million adults over 40 years
old in the USA have the peripheral
arterial disease (PAD),”! a condition that
lowers blood flow to the lower limbs,
with functional limitations for the person
with this disorder.' Also, PAD increases
the risk of death from -cardiovascular
dysfunction by up to twofold.'" In this
regard, the ankle-brachial index (ABI)
is an easy and noninvasive method for
screening atherosclerosis in peripheral
arteries.'>!3  This index is mnormal
between the values of 0.9 and 1.4. The
values of <0.9 with a 95% sensitivity
show peripheral vascular disease. The
low index suggests more coronary artery
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disease, with an index of <0.4 suggesting advanced
ischemia.l'y

According to the new results of the researches, the
intensity of exercise is an important index in reducing the
risk of metabolic syndrome and thus improving vascular
parameters. Previous studies have shown that HIIT
caused reactive oxygen species (ROS) levels increased
and antioxidant activity decreased.'! Increasing ROS in
high-intensity interval training (HIIT) exercises may result
in rapid deactivation of nitric oxide (NO) into peroxynitrite,
which can worsen oxidative vascular stress and decreased
NO production.'

Contrary to these results, in some studies, the positive
effects of HIIT on the improvement of vascular parameters
are shown. Based on this theory, it can be assumed that
repetitive shear stress by HIIT can trigger changes in the
molecular level in which potassium channels of endothelial
cells are more sensitive to shear stress and endothelial NO
synthase activity will increase as a result.'”? Also, recent
research suggests that enough recovery time between
high-intensity training steps can avoid the adverse effects
of high-intensity exercises on cardiovascular function.!'*

Therefore, according to the results of previous studies
and the possible effects of training intensity on vascular
parameters, this study aims to determine the effects of
high-intensity interval and moderate-intensity continuous
training (MICT) programme on some endothelial
performance indicators of overweight middle-aged women.

Materials and Methods
Participants

This study was quasi-experimental research with a pre-test
and post-test design. A total of 33 inactive and overweight
women aged 40-50 years old and body mass index
over 27 kg/m? were recruited for this study. The sampling
method was convenient sampling method.

Inclusion criteria

All subjects were nonsmokers and had no history of
respiratory, cardiovascular, renal, liver diseases, and
hypertension. Subjects were not menopausal and did not
have a caloric restriction programme (special diet) during
the past year. All subjects were inactive and had not
participated in regular physical activity for at least 1 year.

Exclusion criteria

Exclusion criteria were using medications (e.g. statins,
angiotensin-converting enzyme inhibitors and certain
beta blockers). Also, women with severe musculoskeletal
disorders and other disabilities limiting the ability for
physical activity (such women with osteoporosis) that
prevented them from participating in the study and lack of
exercise for more than three sessions in intervention groups
excluded.

At the first meeting, the purpose of the study was explained
and informed written consent obtained from the subjects.
Then, through random allocation, the participants were
divided into three groups of 11 subjects. All subjects were
asked not to change their dietary pattern throughout the
study. This study was conducted after being approved by
the Ethics Committee (IR.MUM.FUM.REC.1397.09).

We excluded three women during the study based on the
exclusion criteria. Subjects were randomly divided into
three groups: HIIT (n = 10), MICT (n = 11), and control
group (n = 9).

Before the experimental period, the pretest was carried out
to measure anthropometric measurements, blood sample,
and endothelial function. The same tests were carried out
after 12 weeks of experimental period.

Procedures and variable assessments
Measurement of anthropometric characteristics

Anthropometric indices were measured using a body
composition  analyzer  device (Inbody-720  Body
Composition Analyzer, Korea), whereas height was
measured with a stadiometer (SECA, Germany).

Collection and analysis of blood samples

Participants arrived at the laboratory at 7.30 am after overnight
fasting. Blood samples collected after 12 h of fasting and 24 h
of no intense physical activity. Serum triglyceride, low-density
lipoprotein (LDL), and total cholesterol concentrations were
measured by the clinical assay using Biosystem kits. The lab
technician was blinded about study groups.

Endothelial function

The same day, between 4:00 and 6:00 PM, Doppler
ultrasound device M-Turbo model manufactured by
Sonosite America was used by the Doppler sonography
specialist to assess the carotid IMT and ABI of the subjects,
who was blinded about study groups.

Assessment of carotid IMT

Carotid IMT was measured at the diastolic phase as the
distance between the leading edge of the first and second
echogenic lines of the far walls of the distal segment of
the common carotid artery on both sides, with a duplex
ultrasound system with 7.5 MHz scanning frequency in
the B-mode. The B-mode scanning protocol included the
scanning of the right and left common carotid arteries 3 cm
before the carotid bifurcation. Carotid IMT measurements
were always performed in plaque-free arterial segments, then
the mean of these two numbers is calculated and recorded in
the subject’s form. All examinations and measurements were
performed by the same examiner to exclude examiner bias.!'®!

Assessment of ABI

ABI was derived from systolic blood pressures measured in
the arms and legs after 10 min of rest in a supine position
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with arms and legs straight and at rest. Manual cuffs
were used for all blood pressure measurements, and arm
circumference was determined during screening to select
the proper cuff size consistent with JNC7 recommendations.
The same cuff size used for the lower leg and a straight
wrapping technique was employed. Arm blood pressures
were measured using a sphygmomanometer and a
stethoscope though leg blood pressures were measured with a
sphygmomanometer and an 8 MHz Doppler to detect pulses.
One measurement was made at each of the six sites in the
following order: left arm, left ankle (dorsalis pedis, posterior
tibialis), right arm, and right ankle (dorsalis pedis, posterior
tibialis). Right ABI was calculated as the ratio of the higher
right ankle pressures (dorsalis pedis or posterior tibialis)
divided by the higher brachial pressure (right or left side) or,
in the case where right and left brachial pressures differed
by >10 mm Hg, the average of the right and left brachial
pressures. Left ABI calculated similarly. The lower ratio of
either side was considered the participant’s overall ABL!

Interventions

The exercise intervention consisted of 12 weeks of
training and 3 supervised sessions per week, based on
guidelines. Subjects in the control group only performed
their usual activities and did not participate in any exercise
programme.

Exercise training in the HIIT and MICT groups was by
treadmill walking or running. High-intensity interval
training consisted of four interval bouts of 4 min at
85%-95% of maximal heart rate with 3 min breaks at
50%—-60% of maximal heart rate between the intervals. The
exercise session ended with a 5-min cool-down period.”

The MICT group walked continuously for 47 min at
60%—70% of maximal heart rate to ensure that the training
protocols were isocaloric. The subjects were instructed to
control the intensity of the exercise by monitoring their
heart rate, thereby adjusting the speed or incline of the
treadmill to correspond to the preferred exercise intensity.*”

Statistics

Statistical analysis was performed using SPSS for Windows
software, V.18 (SPSS Inc., Chicago, IL, USA). Data
normality was determined by the Kolmogorov—Smirnov
test. A paired #-test was used for within-group comparison,
and repeated measure analysis of variance was used for
between-groups comparison. The LSD post hoc test was
used to determine the difference between groups. P < 0.05
shows significant differences.

Results

Anthropometric measurements of the subjects in the
training and control groups are shown in Table 1.

The results of Table 2 showed that cholesterol, LDL,
and triglyceride levels decreased significantly in the
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Table 1: Anthropometric measurements of subjects in
training and control groups

Variable MICT HIIT Control
(Means%SD) (Means£SD) (Means=SD)
(n=11) (n=10) (n=9)
Age, year 43.90+3.80 42.80+2.69 44.22+3.63
BMI, kg/m? 30.79+2.79 29.20+2.28 31.63+3.97
Body fat, % 44.28+5.10 40.55+4.52 43.11+£6.29
WHR 0.98+0.05 0.95+0.04 0.98+0.07

BMI: Body mass index, HIIT: High-intensity interval training,
MICT: Moderate-intensity continuous training, SD: standard
deviation, WHR: Waist-to-hip ratio

MICT group (P = 0.001). In addition, while cholesterol
and triglyceride levels significantly decreased in the
HIIT group (P = 0.018 and P = 0.037, respectively),
no significant changes were observed in the levels of
cholesterol, LDL, and triglyceride in the control group.

According to our findings [Table 3], while -carotid
IMT decreased (HIIT: 0.47 + 0.09 to 045 =+ 0.08;
MICT: 0.49 + 0.10 to 0.45 + 0.06), this reduction
was not statistically significant in HIIT and MICT
groups (P = 0.524 and P = 0.068, respectively). It was also
observed that the overall ABI increased in HIIT and MICT
groups, but these changes were not significant (P = 0.108
and P = 0.807, respectively). A significant increase was
observed in the right ABI in the HIIT group (P = 0.007).

Finally, systolic blood pressure levels in HIIT and MICT
groups were not significantly different in posttest compared
with pretest (P = 0.524 and P = 0.703, respectively). The
results of the LSD post hoc test showed that there was a
significant difference in the right ABI between MICT and
HIIT groups (P = 0.009).

Discussion

The results of this study showed that 12 weeks of HIIT
and MICT improved the index of carotid IMT and ABI of
training groups, but these changes were not significant.

In a study that compared the carotid IMT in sedentary
postmenopausal women with athletic postmenopausal
women, there was no difference found between groups.?!
In Tanaka et al.’s study, when a 3-month endurance training
programme, including walking and running 25 to 45 min
per session, three to six sessions per week, and intensity of
60%—75% maximum heart rate, in 18 inactive middle-aged
men was carried out, carotid IMT and systolic blood
pressure did not change after the exercise intervention.*?
These studies suggest that short-term physical training is
not likely to be an effective stimulant for improving and
reducing the thickness of the arterial wall. Also, Gelinas
suggested that the duration of exercise may have influenced
the desired changes in endothelial parameters.*

In this study, changes in the carotid IMT between the two
training groups were not significant. In 2008, the study
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Table 2: Changes in lipid profiles of subjects in training and control groups

Variable groups Pre-test (means+SD) Post-test (means+SD)  Within group P Between group P
Total cholesterol (mg/dL)  MICT (r=11) 201.45+16.91 171.82423.52 0.001%* 0.198
HIIT (n=10) 194.60+27.68 171.80+19.88 0.018*
Control (n=9) 171.22+£30.39 162.67+£29.39 0.453
LDL (mg/dL) MICT (n=11) 120.27+12.31 101.55420.24 0.001* 0.081
HIIT (n=10) 112.00+23.39 102.70£16.30 0.162
Control (n=9) 96.88+19.56 97.00+16.76 0.987
Triglyceride (mg/dL) MICT (n=11) 89.63+22.81 71.18+20.26 0.001* 0.060
HIIT (n=10) 102.20+41.56 71.00+24.00 0.037*
Control (#=9) 116.22+44.27 116.44+51.52 0.976

*P<0.05 is significant, For comparison of between-group differences by repeated measure analysis of variance test and for comparison of
within-group differences by a paired #-test. HIIT: High-intensity interval training, LDL: Low-density lipoprotein, MICT: Moderate-intensity

continuous training, SD: standard deviation

Table 3: Evaluation of changes in vascular variables in subjects of exercise and control groups

Variable groups Pre-test (Means+SD) Post-test (Means+SD) Within group P  Between group P

Carotid IMT (mm) MICT (n=11) 0.49+0.10 0.45+0.06 0.068 0.310
HIIT (n=10) 0.47+0.09 0.45+0.08 0.524
Control (n=9) 0.52+0.13 0.54+0.13 0.570

Overall ABI MICT (n=11) 1.00+0.14 1.01£0.09 0.870 0.217
HIIT (n=10) 0.95+0.12 1.04+0.12 0.108
Control (n=9) 0.95+0.09 0.96+0.06 0.572

Right ABI MICT (n=11) 1.01£0.16 1.0140.10 0.991 0.027*
HIIT (n=10) 0.92+0.09 1.06+0.11 0.007*
Control (n=9) 0.94+0.09 0.99+0.08 0. 166

Left ABI MICT (n=11) 0.99+0.13 1.00+0.10 0.775 0.712
HIIT (n=10) 0.97+0.18 1.02+0.16 0.587
Control (n=9) 0.96+0.14 0.94+0.08 0.629

Systolic blood pressure (mm Hg) MICT (n=11) 119.2+17.2 120.1+11.7 0.703 0.743
HIIT (n=10) 109.7+6.1 108.046.0 0.524
Control (n=9) 121.3+14.0 122.3+11.1 0.788

*P<0.05 is significant, For comparison of between-group differences by repeated measure analysis of variance test and for comparison of
within-group differences by a paired #-test. ABI: Ankle-brachial index, HIIT: high-intensity interval training, IMT: Intima-media thickness,

MICT: Moderate-intensity continuous training, SD: standard deviation

compared the effect of 6 weeks of HIIT and endurance
training on vascular functional parameters. The findings of
the study showed that popliteal artery dilatation improved
in both training groups; however, there was no change
in carotid IMT and carotid arterial compliance.?” These
studies suggest that low-intensity exercise may not be
enough stimulant to improve endothelial function, whereas
high-intensity exercises with higher oxidative stress may
have a negative effect on vascular adaptation.!

The results of this study showed that the overall ABI and
left ABI increased in continuous and interval exercise
groups, but these changes were not significant. Gibbs et al.
looked at the effects of exercise training on the ABI of
middle-aged people. The results of the study showed that
there was a significant increase in the ABI in the subjects
who had ABI <1 at the beginning of the intervention,
whereas there were no significant changes in subjects who
had ABI >1 at the start of the programme. The researchers
concluded that the ABI index was improved further in

4

people with low ABI. They also stated that the increase in
ABI after exercise correlated with decreased systolic and
diastolic blood pressure.”” Momeni et al. showed that
carotid IMT also correlated with age and systolic blood
pressure.l”. However, in this study, changes in systolic
blood pressure in brachial arteries were not significant in
the training groups.

In this study, changes in cholesterol, triglyceride, and
LDL were investigated. The results of this study showed
significant changes in training groups. Poblete et al.
compared lipid profiles in three groups of high interval
exercises, moderate exercise, and control in type 2
diabetic patients. The findings of the study showed
significantly decreased cholesterol and LDL in the interval
exercise group, and LDL changes in the continuous
training group were significant. The researchers stated
that both types of exercise training were able to improve
lipid indices and increase the level of physical health
of people with type 2 diabetes, although they stressed
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the positive effects of high interval exercises.*® Some
researchers studied the effects of exercises on the lipid
profile, suggesting that physical activity seems to raise
the ability of skeletal muscles to use fats compared with
glycogen; this process may be because of a rise in lysine
cholesterol acyltransferase enzyme responsible for the
transfer of ester to high-density lipoprotein, caused by
physical activity, which leads to increased lipoprotein
lipase activity and reduced fat levels. It has been shown
that the increase in caloric metabolism by aerobic physical
activity (either by increasing the intensity or duration
of activity) positively affects the activity of lipoprotein
lipase and lipid profiles.?7

Limitations

The limitations of this study must be considered. The small
sample size is a limitation in our study, so we suggest more
studies to be carried out using a larger sample size. The
follow-up time in this study was 12 months, and this period
is a relatively short time.

Conclusion

Based on these finding, we can conclude that 12 weeks of
exercise training with two different intensities decrease the
carotid IMT of overweight middle-aged women. Therefore,
it can be said that regular and prolonged exercise can
probably be a preventive factor in cardiovascular disease in
overweight women. Also, the results of this study showed
that the overall ABI increased in continuous and interval
exercise groups, but these changes were not significant. For
this reason, further research should be carried out over a
longer period or with diet plans. Furthermore, the subjects
of this study did not have any cardiovascular problems,
whereas if subjects had vascular disorders, the effect of
physical training on the ABI index was probably more
pronounced.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

Received: 20 Nov 18 Accepted: 14 Mar 19
Published: 03 Jun 20

References

1. Boardley D, Pobocik RS. Obesity on the rise. Prim Care
2009;36:243-55.

2. Mikirova NA, Casciari JJ, Hunninghake RE, M Beezley M.
Effect of weight reduction on cardiovascular risk factors and
CD34-positive cells in circulation. Int J Med Sci 2011;8:445-52.

3. Ha Park K, Jung Park W. Endothelial dysfunction: Clinical
implications in cardiovascular disease and therapeutic
approaches. J Korean Med Sci 2015;30:1213-25.

4. lantorno M, Campia U, Di Daniele N, Nistico S, Forleo GB,
Cardillo C, et al. Obesity, inflammation and endothelial
dysfunction. J Biol Regul Homeost Agents 2014;28:169-76.

International Journal of Preventive Medicine 2020, 11: 62

12.

13.

16.

17.

18.

Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE.
Common carotid intima-media thickness and risk of stroke
and myocardial infarction: The Rotterdam Study. Circulation
1997;96:1432-37.

Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M,
Sharrett AR, et al. Association of coronary heart disease
incidence with carotid arterial wall thickness and major risk
factors: The Atherosclerosis Risk in Communities (ARIC) Study
1987-1993. Am J Epidemiol 1997;146:483-94.

Momeni A, Dyani MA, Ebrahimi E, Sedehi M, Naderi A.
Association of retinopathy and intima media thickness of
common carotid artery in type 2 diabetic patients. J] Res Med Sci
2015;20:393-6.

Allameh Z, Rouholamin S, Adibi A, Mehdipour M, Adeli M.
Does carotid intima-media thickness have relationship with
polycystic ovary syndrome?. Int J Prev Med 2013;4:1266-70.
Allison MA, Ho E, Denenberg JO, Langer RD, Newman AB,
Fabsitz RR, et al. Ethnic-specific prevalence of peripheral arterial
disease in the United States. Am J Prev Med 2007;32:328-33.
McDermott MM, Greenland P, Liu K, Guralnik JM, Celic L,
Criqui MH, et al. The ankle brachial index is associated with leg
function and physical activity: The Walking and Leg Circulation
Study. Ann Intern Med 2002;136:873-83.

Heald CL, Fowkes FG, Murray GD, Price JF. Risk of mortality
and cardiovascular disease associated with the ankle-brachial
index: Systematic review. Atherosclerosis 2006;189:61-9.

Maeda Y, Inoguchi T, Tsubouchi H, Sawada F, Sasaki S, Fujii M,
et al. High prevalence of peripheral arterial disease diagnosed by
low ankle-brachial index in Japanese patients with diabetes: The
Kyushu Prevention Study for Atherosclerosis. Diabetes Res Clin
Pract 2008;82:378-82.

Li J, Luo Y, Xu Y, Yang J, Zheng L, Hasimu B, et al. Risk
factors of peripheral arterial disease and relationship between
low ankle-brachial index and mortality from all-cause and
cardiovascular disease in Chinese patients with type 2 diabetes.
Circ J 2007;71:377-81.

Makhdoomi K, Mohammadi A, Yekta Z, Aghasi MR, Zamani N.
Atherosclerotic screening with ankle-brachial index in type 2
diabetes mellitus and its correlation with other factors. J Urmia
Univ Med Sci 2012;23:52-8.

Goto C, Higashi Y, Kimura M, Noma K, Hara K,
Nakagawa K, et al. Effect of different intensities of exercise
on endothelium-dependent vasodilation in humans: Role of
endothelium-dependent nitric oxide and oxidative stress. Circ J
2003;108:530-5.

Ramos JS, Dalleck LC, Tjonna AE, Beetham KS,
Coombes JS. The impact of high-intensity interval training
versus moderate-intensity continuous training on vascular
function: A systematic review and meta-analysis. Sports Med
2015;45:679-92.

Vion AC, Ramkhelawon B, Loyer X, Chironi G, Devue C,
Loirand G, et al. Shear stress regulates endothelial microparticle
release. Circ Res 2013;112:1323-33.

Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB,
Mohler ER, ef al. Use of carotid ultrasound to identify
subclinical vascular disease and evaluate cardiovascular disease
risk: A consensus statement from the American Society of
Echocardiography Carotid Intima-Media Thickness Task Force.
Endorsed by the Society for Vascular Medicine. ] Am Soc
Echocardiogr 2008;21:93-111.

. Al-Qaisi M, Nott DM, King DH, Kaddoura S. Ankle brachial

pressure index (ABPI): An update for practitioners. Vasc Health
Risk Manag 2009;5:833-41.



[Downloaded free from http://www.ijpvmjournal.net on Saturday, June 20, 2020, IP: 176.102.234.59]

20.

21.

22.

23.

24.

Farahati, et al.: The effect of exercise on vascular function

Schjerve IE, Tyldum GA, Tjenna AE, Stelen T, Loennechen JP,
Hansen HE, et al. Both aerobic endurance and strength training
programs improve cardiovascular health in obese adults. Clin Sci
2008;115:283-93.

Moreau KL, Donato AJ, Seals DR, Dinenno FA, Blackett SD,
Hoetzer GL, et al. Arterial intima-media thickness: Site-specific
associations with HRT and habitual exercise. Am J Physiol Heart
Circ Physiol 2002;283:H1409-17.

Tanaka H, Seals DR, Monahan KD, Clevenger CM,
DeSouza CA, Dinenno FA. Regular aerobic exercise and the
age-related increase in carotid artery intima-media thickness in
healthy men. J Appl Physiol 2002;92:1458-64.

Gelinas JCM. The effects of aerobic exercise training on peripheral
vascular structure and function and inflammation in patients with
chronic obstrutive pulmonary disease [Master of Science Thesis].
The University of British Columbia, Canada; 2013.
Rakobowchuk M, Tanguay S, Burgomaster KA, Howarth KR,
Gibala MJ, MacDonald MJ. Sprint interval and traditional

25.

26.

27.

28.

endurance training induce similar improvements in
peripheral arterial stiffness and flow-mediated dilation in
healthy humans. Am J Physiol Regul Integr Comp Physiol
2008;295:R236-42.

Gibbs BB, Dobrosielski DA, Althouse AD, Stewart KJ. The
effect of exercise training on ankle-brachial index in type 2
diabetes. Atherosclerosis 2013;230:125-30.

Poblete Aro CE, Russell Guzman JA, Soto Mufioz ME, Villegas
Gonzalez BE. Effects of high intensity interval training versus
moderate intensity continuous training on the reduction of
oxidative stress in type 2 diabetic adult patients: CAT. Medwave
2015;15:e6212.

Huttunen JK. Physical activity and plasma lipids and lipoproteins.
Ann Clin Res 1982;(14 Suppl) 34:124-9.

Mann S, Beedie C, Jimenez A. Differential effects of aerobic
exercise, resistance training and combined exercise modalities
on cholesterol and the lipid profile: Review, synthesis and
recommendations. Sports Med 2013;44:211-21.

International Journal of Preventive Medicine 2020, 11: 62



