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Background. Regular exercise reduces risk factors associated with cardiovascular disease (CVD). Elevated low-density lipoprotein
(LDL) contributes to atherosclerosis formation,which is associatedwith an increased risk ofCVD.The relationship between exercise
therapy and lipid levels has beenwidely studied, but it is established that high-intensity exercise improves lipid profile. However, the
effectiveness of low- to moderate-intensity exercise in altering LDL levels is controversial. This review aims to identify the current
evidence and existing gaps in literature in this area. Methods. We searched and reviewed various randomized controlled clinical
trials in the electronic databases EMBASE, CINAHL, theWeb of Science, Cochrane,Pedro,Medline (PubMed), andGoogle Scholar
using the keywords “low and moderate aerobic training,” “exercise”, “low-density lipoproteins,” “cholesterol,” “atherosclerosis,”
and “coronary artery diseases markers.” We included studies that involved low- and/or moderate-intensity exercise training in
apparently healthy adults over a period of 8 weeks and its effect on LDL levels. We selected a total of 11 studies from 469; nine were
randomized controlled trials and two were systematic reviews.Results. Aerobic exercise of both low andmoderate intensity resulted
in a significant reduction of total cholesterol. Effects on low-density lipoprotein levels were significant, and most of the studies
showed changes in the level without significant relation to the type of exercise. At the same time, exercise improved the health
status and physical fitness of all the participants in the included studies. Conclusion. This study found that low- and moderate-
intensity exercise and low-density lipoprotein levels were not proven to be significantly related, except in a few studies that were
limited to dyslipidemia population.

1. Introduction

Cardiovascular disease (CVD) has increasingly become a
global health problem and is a primary cause of morbidity
and premature death worldwide [1]. A number of risk factors
contribute to increased risk of CVD, including hyperlipi-
demia, aging, hypertension, and diabetes [2].

Hyperlipidemia is an increase in levels of circulating
lipids in blood stream and considered a major contributing
risk factor for the development of atherosclerosis that leads
to CVD [3]. Atherosclerosis is a major cause of CVD, which
occurs as a result of fatty deposition in the wall of the artery

and, ultimately, plaque formation. Increased lipidemia, and
in particular LDL, is associated with increased risk of CVD
including coronary artery disease (CAD) and stroke [4].

Lack of regular exercise is a major cause of CVD and
contributes to the pathogenesis of cardiovascular system
disease via several mechanisms including atherosclerosis,
which can be altered by physical activity. Physical activity
has been defined as “any bodily movement produced by
skeletal muscles that results in energy expenditure”. Exercise
is a subset of physical activity which has been defined as a
“planned, structured and repetitive bodily movement done
to maintain or improve one or more components of physical
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fitness” (AmericanCollege of SportsMedicine (ACSM), 2013)
[5].

A number of observational studies show that a reduction
in LDL levels lowers the risk of CVD and vice versa.
Regular exercise is considered as an important part of CVD
prevention and health optimization and plays a key factor
in longevity [6]. Low- to moderate-intensity exercise uses
lipid as a source of fuel during exercise and consequently
improves the work capacity of the skeletal muscles, increases
blood supply to different parts of the body, enhances vessels’
ability to respond in demand to conduct blood efficiently, and
at the same time reduces the peripheral vascular resistance
to the blood. Previous literature has reported inconsistency
regarding the effects of exercise on lipid metabolism, mainly
due to the variations of mode and intensity of exercise
employed. Therefore, it is necessary to conduct a robust
review that aims to examine the effects of exercise programs
on LDL levels. The purpose of this systemic review was
to critically analyze the effectiveness of low- to moderate-
intensity exercise training on LDL levels.

2. Methods

2.1. Data Sources. Following recent PRISMA recommen-
dation, studies were retrieved using electronic databases
including Medline (PubMed), CINAHL, EMBASE, Google
Scholar, the Web of Science, the Cochrane Central Regis-
ter of Controlled Trials, Pedro, and Dissertation Abstracts
International between 2000 and October 2016.The following
termswere used as search keywords (includingMeSH terms):
“low and themoderate-intensity aerobic training,” “exercise”,
“low-density lipoproteins (LDL),” “cholesterol,” “atheroscle-
rosis,” and “coronary artery diseases markers.” These terms
were used in various combinations, such as “low-intensity
aerobic training and/or moderate aerobic training and/or
(low-density lipoproteins and/or cholesterol and/or coronary
artery diseases markers).”

2.2. Study Selection. The inclusion criteria for this study
were systematic reviews and randomized controlled trials
that fulfilled the inclusion criteria such as (a) a period of >
8 weeks of aerobic training a lone, (b) population aged ≥
18 years free from CVD/other pathology, and any form of
statins (c) studies that were published in English between
2000 and October 2017, and (d) LDL levels measured while
fasting before and after the entire period of training. Light to
moderate exercise was defined as 50-74% of maximum heart
rate,<60%of heart rate reserve, orVO

2
max for 5 days aweek.

Studies were excluded if participants changed their diets and
received any medical treatment for their elevated levels of
LDL or cholesterol, or when subjects suffered frommetabolic
disorders, inflammatory diseases, diabetes, hypertension, or
cardiorespiratory problems.

2.3. Data Extraction. Qualified studies were reviewed by two
investigators using a standardized data collection form. This
study used a matrix system to obtain studies and articles
that had been reviewed. For this study, a coding/data sheet
(Table 1) was used to measure assess the quality of the

included studies. Each paper was score out of a maximum
of 22 points for the best quality paper. The critical appraisal
sheets and levels of evidence were obtained from the Centre
for Evidence-Based Medicine (Table 2) [7, 8].

The critical appraisal sheet developed byMoher et al. 1999
was used for systematic reviews that were included in this
paper [19]. It classifies studies according to the questions they
ask; this is a beneficial approach in this systematic review,
which aims to measure the effectiveness of interventions.

Data was extracted using an extraction sheet that allowed
us to summarize the main items including author, year,
design, main question, subjects, outcomes, conclusion, and
evidence strength (Table 3).

3. Results

The search of all databases revealed a total of 469 citations.
The results were then exported to the reference manager
Endnote X7 and duplications were removed, 324 studies,
leaving 124 citations for examination. A total of 95 studies
were excluded based on article, titles, and abstracts leaving
29 articles to be retrieved and for the full text to be appraised
by both reviewers (AA and MA), independently (Figure 1).
Differences of opinion were resolved by consensus between
the two reviewers. Of the remaining citations, 18 full text
articles were excluded for not meeting the inclusion criterion
that the study is on cholesterol medications. The full selection
process ultimately yielded 14 articles for inclusion in the
present analysis.

Eleven studies met the inclusion criteria for this sys-
tematic review: nine randomized controlled trials and two
systematic reviews. After the critical appraisal, seven RCTs
scored level two with high scores ranging from 21 to 16, and
two studies are with moderate scores ranging from 15 to 14.
At the same time, two systematic reviews were divided after
critical appraisal to level 1: one with a high score between 18
and 16 and another with a moderate score of 15 (Table 4).

There were 782 participants in this study pooled from all
the studies (468 were females and 294 were males) between
the age range of 18 and 75 years. The majority of the partic-
ipants were of Caucasian ethnicity except for some studies
that included black and Asian populations. A few studies
did not mention the ethnicity of their subjects. The physical
conditions of the included participants ranged from that of
sedentary older individuals to athletes, but the majority of
participants had lower physical activity profiles according the
ACSM [5].The participants’ LDL levels were either normal or
high borderline in nearly all of the studies, except one study,
which included subjectswithmild dyslipidemia.Themajority
of the studies included low and/or moderate supervised
exercise, except for two studies, which utilized self-reported
intensity of exercise. The exercise programs all included 30-
45min of aerobic exercises that included warm-up and cool-
down phases 3-5 times a week for a period ranging from 8-24
weeks. Most of the studies did not include a follow-up for any
changes in the LDL or other lipid levels after the intervention.

In 2010, a study by Yoshida et al. [9] examined the effect
of moderate- to high-intensity aerobic exercise in a group of
participants who suffered frommoderate dyslipidemia. They
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Table 1: Coding sheet for critical appraisal.

Quality components Yes/No (1/0) Factors of the quality

Background and aim

a thorough research of related literature has been done
and described well in the background of the study

illustrated significance of the study has been mentioned
clear aim of the study has been included

Design

number of the groups in the study
blinding of the study

baseline for the targeted measurement has been
developed

sample size was appropriate to answer the question of
the study

Subjects

recruitment of subjects was illustrated clearly and
following a strategy that is appropriate for the design
the inclusion and exclusion criteria of the subjects

stated clearly
Adherence of the patients to the suggested protocol

withdrawal percentage of subjects from the sample size
before statistical analysis does not affect the statistical

analysis of the study
groups in the study were from similar environments

Intervention
treatment protocol was described clearly

treatment is equal for all subjects
treatment efficacy was measured precisely

Outcome
the outcome of the study was illustrated clearly

supported for clinical importance with validity and
reliability

follow up period to measure the persistence of the
effects after the intervention

Analysis
statistical analysis is well illustrated and suitable to

measure the efficiency of the treatment
the statistical analysis has been supported by mention

of the significance of the intervention (p-value)

The study is replicable The study is replicable by other researchers because of
availability of the previous factors

Recommendation and conclusion Recommendation and conclusion of the study were
stated clearly and related to the results of the study

Table 2: Level of evidences.

Question studies asked Level of evidence (Step) Explanation of the level

Does the intervention help?

Level 1 Systematic review of randomized trials or n-of-1 trials
Level 2 Randomized trial or observational study with dramatic effect
Level 3 Non-randomized controlled cohort/follow-up Study
Level 4 Case-series, case-control studies, or historically controlled studies
Level 5 Mechanism-based reasoning

demonstrated that exercise reduced LDL levels significantly
p<0.01 and showed no difference between moderate-intensity
and high-intensity exercise programs on the levels of LDL.
However, this result may have come from the reduction of
body weight, which was not treated as a confounding factor.
Afzalpour et al. [10] showed no effects of exercise on LDL
levels. However, this study was only on male subjects and the

lack of significance may be attributed to the small sample size,
which may have underestimated the influence of exercise on
LDL levels. Additionally, the intensity of the training program
is not enough to target LDL levels. In 2007, Halverstadt et
al. [11] reported that a moderate-intensity endurance exercise
program for 14 weeks reduced LDL levels when compared to
the control subjects. Nevertheless, these results may have had



4 BioMed Research International

Ta
bl
e
3:
D
at
ae

xt
ra
ct
io
n.

Au
th
or
/y
ea
r

To
pi
c

D
es
ig
n

Sa
m
pl
e

Ty
pe

of
ex
er
ci
se

Cr
iti
qu

e
C
on

clu
sio

n
Le
ve
lo
f

ev
id
en
ce

Yo
sh
id
a
et
al
.

(2
01
0)

[9
]

Th
ep

ur
po

se
w
as

to
ex
am

in
e

th
ee

ffe
ct
of

a
su
pe
rv
ise

d
ae
ro
bi
ct
ra
in
in
g

pr
og
ra
m

fo
r1
6

we
ek
si
n

pu
rp
os
et
o

im
pr
ov
et
he

lip
id

m
et
ab
ol
ism

in
dy
sli
pi
de
m
ic
,

m
od

er
at
ely

ob
es
eJ
ap
an
es
e

pa
tie

nt
s.

RC
T

N
=2

5(
m
al
es
=2

2,
fe
m
al
es
=3

)
dy
sli
pi
de
m
ic
pa
tie

nt
s

w
ith

m
ea
n
ag
eo

f3
9

ye
ar
sd

id
no

th
av
e

m
et
ab
ol
ic
di
so
rd
er
s,

he
ar
tp

ro
bl
em

s,
se
ve
r

ob
es
ity

an
d
di
d
no

t
us
em

ed
ic
at
io
ns

th
at

aff
ec
tt
he

bl
oo

d
lip

id
s.

Su
pe
rv
ise

d
ae
ro
bi
c

ex
er
ci
se
so

fw
al
ki
ng

,
cy
cl
in
g
or

sw
im

m
in
g,

fo
r6

0m
in
/2

-3
tim

es
/

16
we

ek
sa

t6
0-
80
%

M
H
R
ea
ch

se
ss
io
n

sta
rt
ed

w
ith

10
m
in

w
ar
m
in
g
up

an
d

fin
ish

ed
w
ith

10
m
in

of
co
ol
in
g
do

w
n.

LD
L
ha
d

de
cr
ea
se
d

sig
ni
fic
an
tly

fro
m

14
7±

27
to

13
1±
21

by
we

ek
8

an
d
de
cr
ea
se
d

to
12
9±

21
by

we
ek

16
p<

0.
00

1.

Su
pe
rv
ise

d
ae
ro
bi
ce

xe
rc
ise

s
2-
3t
im

es
aw

ee
k

w
ith

we
ig
ht

re
du

ct
io
n
ha
d

fa
vo
ra
bl
ee

ffe
ct
s

on
lip

id
pr
ofi

le
s

an
d
in
su
lin

se
ns
iti
vi
ty
.

Le
ve
l2

(1
7/
22
)

A
fz
al
po

ur
et
al
.

(2
00

8)
[1
0]

Th
ep

ur
po

se
w
as

to
m
ea
su
re

th
ee

ffe
ct
so

f
di
ffe
re
nt

in
te
ns
ity

ex
er
ci
se
so

n
bl
oo

d
lip

id
sa

nd
se
ru
m

ox
id
iz
ed

LD
L.

RC
T

N
=4

5(
m
al
es

be
tw
ee
n

ag
eb

et
we

en
29
-3
7)

he
al
th
y,
w
ith

no
co
nf
ou

nd
in
g
fa
ct
or
s

m
ig
ht

aff
ec
tt
he

su
bj
ec
ts
lip

id
pr
ofi

le
ra
nd

om
ly
as
sig

ne
d
to
:

M
A
E
n=

17
VA

E
n=

15
C
on

tro
lg
ro
up

n=
12

M
od

er
at
ei
nt
en
sit
y=

30
-4
5m

in
of

br
isk

w
al
ki
ng

an
d
ste

pp
in
g

at
60

-6
5%

M
H
R
fo
r8

we
ek
s.

H
ig
h
in
te
ns
ity

ex
er
ci
se
=
th
es

am
e

pr
og
ra
m

w
ith

ru
nn

in
g
at
80
-8
5%

M
H
R.

Ea
ch

se
ss
io
n

in
clu

de
d
10
-1
5m

in
w
ar
m
in
g
up

an
d

en
de
d
w
ith

5-
10
m
in

co
ol
in
g
do

w
n.

N
o
re
du

ct
io
n
of

LD
L
ha
sb

ee
n

no
tic
ed

am
on

g
al
lg
ro
up

se
xc
ep
t

th
ee

xe
rc
ise

gr
ou

ps
di
d
no

t
de
te
rio

ra
te
lik

e
th
ec

on
tro

l
gr
ou

p.

N
o
re
du

ct
io
n
of

th
es

er
um

ox
id
iz
ed

LD
L

du
et
o
ex
er
ci
se
s

pr
og
ra
m
.

Le
ve
l2

(1
6/
22
)



BioMed Research International 5

Ta
bl
e
3:
C
on

tin
ue
d.

Au
th
or
/y
ea
r

To
pi
c

D
es
ig
n

Sa
m
pl
e

Ty
pe

of
ex
er
ci
se

Cr
iti
qu

e
C
on

clu
sio

n
Le
ve
lo
f

ev
id
en
ce

H
al
ve
rs
ta
dt

et
al
,

(2
00

7)
[1
1]

M
ea
su
re
d
th
e

in
de
pe
nd

en
t

eff
ec
ts
of

24
we

ek
s

sta
nd

ar
di
ze
d

ae
ro
bi
ce

xe
rc
ise

pr
og
ra
m

on
th
e

pl
as
m
a

lip
op

ro
te
in
sa

nd
th
ei
r

su
bf
ra
ct
io
ns

RC
T

N
=1
00

(fe
m
al
es
=5

8,
m
al
es
=4

2)
at
th
ea

ge
of

58
±
0.
6,
he
al
th
y,

se
de
nt
ar
y
w
ith

no
m
or
et
ha
n
20

m
in

ac
tiv

iti
es

tw
ic
ea

we
ek
,w

ith
ou

t
m
et
ab
ol
ic
di
so
rd
er
s,

an
d
ha
bi
ts
m
ig
ht

aff
ec
tt
he

su
bj
ec
tl
ip
id

pr
ofi

le
.M

ea
n
LD

L
w
as

12
9±

2.
7m

g/
dl

at
th
eb

as
el
in
e.

D
iff
er
en
ta
er
ob

ic
ex
er
ci
se
si
nc
lu
di
ng

:
bi
ke
s,
tre

ad
m
ill
s,

el
lip

tic
al
m
ac
hi
ne
s,

sk
ie
rm

ac
hi
ne
s,

ste
pp

in
g
m
ac
hi
ne
s,

an
d
ro
we

rs
,f
or

24
we

ek
sb

eg
an

w
ith

20
m
in

3
tim

es
aw

ee
k

at
50
%
VO

2m
ax

fo
r1
0

we
ek
s,
th
ef
ol
lo
w
in
g

14
we

ek
se

xe
rc
ise

pr
og
ra
m

w
as

40
m
in

3
tim

es
/w

ee
k,
at
70
%
of

VO
2m

ax

Th
is
ex
er
ci
se

pr
og
ra
m

ha
sa

sig
ni
fic
an
t

re
du

ct
io
n
eff
ec
t

on
LD

L,
at
th
e

en
d
of

ex
er
ci
se

LD
L
ne
w

re
ad
in
g
w
as

(-
0,
7±

1.7
/d
l)

p<
0.
00

01
.

Si
gn

ifi
ca
nt

fa
vo
ra
bl
ee

ffe
ct
s

on
th
e

co
nc
en
tr
at
io
n

an
d
pa
rt
ic
le
s

siz
eo

ft
he

bl
oo

d
lip

id
s,

im
pr
ov
em

en
to

f
th
ep

hy
sic

al
fit
ne
ss
an
d

m
ax
im

um
ox
yg
en

co
ns
um

pt
io
n
of

th
es

ub
je
ct
s

Le
ve
l2
(2
0/
22
)

Si
tti
w
ic
he
an
wo

ng
et
al
.(
20
07
)[
12
]

Ex
am

in
ed

th
e

eff
ec
to

fa
er
ob

ic
ex
er
ci
se
so

n
th
e

LD
L
an
d
ot
he
r

se
ru
m

fa
tty

lip
id
sa

m
on

g
m
id
dl
ea

ge
se
de
nt
ar
y

wo
m
en
.

RC
T

n=
40

fe
m
al
es

at
th
e

ag
eo

f4
0-
55

ye
ar
s1
4

of
th
em

we
re

m
en
op

au
sa
l(
al
l

he
al
th
y,
se
de
nt
ar
y,

Th
ai
wo

m
en

an
d
di
d

no
tu

se
an
y
lip

id
m
an
ag
em

en
t

m
ed
ic
at
io
ns
).
20

su
bj
ec
ts
vo
lu
nt
ar
ily

jo
in
ed

th
ee

xe
rc
ise

pr
og
ra
m
.2
0
su
bj
ec
ts

as
sig

ne
d
to

th
e

co
nt
ro
lg
ro
up

to
m
at
ch

th
er

es
ul
ts,

5
su
bj
ec
ts
fro

m
th
e

co
nt
ro
lg
ro
up

ex
clu

de
d
du

et
o
dr
op

ou
ta
nd

in
cr
ea
sin

g
th
ei
rd

ai
ly
ac
tiv

iti
es
.

St
at
ist
ic
al
an
al
ys
is
ha
s

be
en

do
ne

on
th
e

re
m
ai
ni
ng

35
su
bj
ec
ts.

(E
G
)1
0m

in
of

w
ar
m
in
g
up

,f
ol
lo
we

d
by

25
m
in

of
er
go
m
et
er

cy
cl
in
g

fo
llo

we
d
by

10
m
in

co
ol
in
g
do

w
n
at
60

%
of

M
H
R,

3
da
ys
/

we
ek
/1
2
we

ek
s.
(C

G
)

to
m
at
ch

th
er

es
ul
ts

LD
L
di
d
no

t
ch
an
ge

bu
to

th
er

su
bf
ra
ct
io
ns

of
LD

L
ha
d

ch
an
ge
d

M
od

er
at
e

in
te
ns
ity

ex
er
ci
se
sh

av
ea

fa
vo
ra
bl
ee

ffe
ct

to
pr
ev
en
t

su
bf
ra
ct
io
ns

of
LD

L
to

be
m
or
e

at
he
ro
ge
ni
ca

nd
th
at
w
ill

he
lp
to

pr
ev
en
t

ca
rd
io
va
sc
ul
ar

di
se
as
es
.

Le
ve
l2

(14
/2
2)



6 BioMed Research International

Ta
bl
e
3:
C
on

tin
ue
d.

Au
th
or
/y
ea
r

To
pi
c

D
es
ig
n

Sa
m
pl
e

Ty
pe

of
ex
er
ci
se

Cr
iti
qu

e
C
on

clu
sio

n
Le
ve
lo
f

ev
id
en
ce

Sl
en
tz
et
al
.(
20
07
)

[1
3]

M
ea
su
re
d
th
e

eff
ec
ts
of

ex
er
ci
se
so

n
th
e

lip
id

pr
ofi

le
aft

er
th
ec

es
sa
tio

n
of

th
ee

xe
rc
ise

s,
an
d
ho

w
lo
ng

th
at
eff
ec
tc
an

be
m
ai
nt
ai
ne
d

RC
T

N
=2

40
(fe

m
al
es
=1
30
,

m
al
es
=1
10

tw
o
of

th
e

hi
gh

in
te
ns
ity

an
d

tw
o
of

th
em

od
er
at
e

in
te
ns
ity

ex
er
ci
se

gr
ou

ps
ha
d
be
en

ex
clu

de
d
fro

m
th
e

sta
tis
tic

al
an
al
ys
is

be
ca
us
eo

ft
he
ir
lip

id
pr
ofi

le
we

re
hi
gh

er
th
an

th
es

ta
nd

ar
d

de
vi
at
io
n
of

th
e

m
ea
ns

in
al
lg
ro
up

s
bu

tt
ha
td

id
no

ta
ffe
ct

th
efi

na
lr
es
ul
ts)

se
de
nt
ar
y,

ov
er
we

ig
ht
,a
tt
he

ag
e

of
45
-6
0
ye
ar
s,
an
d

dy
sli
pi
de
m
ic
w
he
re

LD
L=

13
0-
19
0.
Th

os
e

su
bj
ec
ts
we

re
ra
nd

om
ly
as
sig

ne
d
to

on
ec

on
tro

lg
ro
up

or
ot
he
rt
hr
ee

ex
er
ci
se
s

gr
ou

ps
.

Th
re
ee

xe
rc
ise

gr
ou

ps
:

Lo
w
am

ou
nt
,

m
od

er
at
ei
nt
en
sit
y:

w
al
ki
ng

12
m
ile
s/
we

ek
at
40

-5
5%

of
VO

2m
ax

fo
r6

m
on

th
s.

M
od

er
at
ea

m
ou

nt
,

vi
go
ro
us

in
te
ns
ity

=
br
isk

w
al
ki
ng

or
ru
nn

in
g
12

m
ile
s/

we
ek

at
65
-8
0%

of
VO

2m
ax

fo
r6

m
on

th
s.

H
ig
h
am

ou
nt
,

vi
go
ro
us

in
te
ns
ity

=
br
isk

w
al
ki
ng

or
ru
nn

in
g
20

m
ile
s/

we
ek

at
65
-8
0%

of
VO

2m
ax

fo
r6

m
on

th
s

Th
ei
na
ct
iv
ity

of
th
ec

on
tro

l
gr
ou

p
de
te
rio

ra
te
d

th
ei
rL

D
L
le
ve
l

th
an

ba
se
lin

e.
Th

em
od

er
at
e

an
d
hi
gh

in
te
ns
ity

ex
er
ci
se

gr
ou

p
ha
d
no

t
m
ai
nt
ai
ne
d
th
e

re
du

ct
io
n
of

th
e

LD
L
du

rin
g
th
e

de
tr
ai
ni
ng

pe
rio

d.
th
el
ow

in
te
ns
ity

ex
er
ci
se

gr
ou

p
ha
d
as

ig
ni
fic
an
t

re
du

ct
io
n
in

th
e

LD
L
an
d
th
at

re
du

ct
io
n
ha
d

be
en

m
ai
nt
ai
ne
d
aft

er
fiv
ed

ay
so

ft
he

la
st
tr
ai
ni
ng

se
ss
io
n
bu

tn
ot

aft
er

15
da
ys
,

p<
0.
01
.L
D
L=

(-
3.
3m

g/
dl
)i
n
22

su
bj
ec
ts.

Th
es
tu
dy

re
su
lts

su
gg
es
te
d
th
at

eff
ec
ts
of

di
ffe
re
nt

ex
er
ci
se
sw

er
e

lim
ite
d
to

2
we

ek
sa

fte
rt
he

de
tr
ai
ni
ng

,a
nd

ta
ilo

re
d
ex
er
ci
se

pr
og
ra
m
sm

us
t

be
pr
es
cr
ib
ed

in
di
vi
du

al
ly
an
d

V
L D

L
co
nt
ro
l

w
as

m
or
e

re
la
te
d
to

th
e

lo
w
in
te
ns
ity

ex
er
ci
se
s.

Le
ve
l2

(2
1/2

2)



BioMed Research International 7

Ta
bl
e
3:
C
on

tin
ue
d.

Au
th
or
/y
ea
r

To
pi
c

D
es
ig
n

Sa
m
pl
e

Ty
pe

of
ex
er
ci
se

Cr
iti
qu

e
C
on

clu
sio

n
Le
ve
lo
f

ev
id
en
ce

M
ur
ph

ye
ta
l.

(2
00

6)
[14

]

Ev
al
ua
tio

n
of

th
ew

or
ks
ite

w
al
ki
ng

am
on

g
se
de
nt
ar
y

wo
rk
er
s

RC
T

N
=3

7
(fe

m
al
es
=2

4,
m
al
es
=1
3)

at
ag
eo

f
41
.5
±
9.3

wo
rk
er
sf
ro
m

Ir
el
an
d
w
ith

ou
ta
ny

m
aj
or

he
al
th

pr
ob

le
m

th
at
m
ig
ht

aff
ec
tt
he

ca
rd
io
va
sc
ul
ar

di
se
as
es

m
ar
ke
rs
,d
id

no
tu

se
an
y

m
ed
ic
at
io
ns

th
at

ch
an
ge

th
ei
rl
ip
id

pr
ofi

le
s,
an
d
wo

m
en

w
ho

we
re

pr
eg
na
nt

or
pl
an
ni
ng

to
ge
t

pr
eg
na
nt

in
th
en

ex
t5

m
on

th
sa

fte
rt
he

be
gi
nn

in
g
of

th
e

stu
dy
.R

an
do

m
ly

as
sig

ne
d
to

ei
th
er

of
tw
o
gr
ou

ps
w
al
ki
ng

an
d
co
nt
ro
lg
ro
up

in
a

ra
tio

n
3
w
al
ke
rs
:2

co
nt
ro
l.

W
al
ki
ng

pr
og
ra
m

w
ith

se
lf
m
on

ito
rin

g
of

sp
ee
d
sta

rt
ed

at
25

m
in

fir
st
we

ek
,

pr
og
re
ss
ed

to
35

m
in

se
co
nd

we
ek

an
d
th
e

ne
xt
6
we

ek
s4

5m
in

tw
ic
ea

we
ek

at
ne
ar
ly

62
%
of

M
H
R.

Th
es

ug
ge
ste

d
w
al
ki
ng

pr
og
ra
m

fa
ile
d

to
in
du

ce
an

eff
ec
to

n
th
e

LD
L
le
ve
ls

am
on

g
th
e

ex
er
ci
se

gr
ou

p
p>

0.
05
.

N
o
sig

ni
fic
an
t

eff
ec
ts
of

th
e

pr
og
ra
m

on
th
e

ca
rd
io
va
sc
ul
ar

di
se
as
es

m
ar
ke
rs
p>

0.
05
.

H
ow

ev
er

it
w
as

ab
le
to

im
pr
ov
e

th
eg

en
er
al

fit
ne
ss
,b
od

y
fa
ts,

an
d
sy
sto

lic
bl
oo

d
pr
es
su
re

of
th
e

pa
rt
ic
ip
an
ts.

Le
ve
l2

(1
5/
22
)



8 BioMed Research International

Ta
bl
e
3:
C
on

tin
ue
d.

Au
th
or
/y
ea
r

To
pi
c

D
es
ig
n

Sa
m
pl
e

Ty
pe

of
ex
er
ci
se

Cr
iti
qu

e
C
on

clu
sio

n
Le
ve
lo
f

ev
id
en
ce

N
ie
m
an

et
al
.

(2
00
2)

[5
]

M
ea
su
re
d
th
e

re
sp
on

se
so

f
di
ffe
re
nt

se
ru
m

lip
id
st
o

ex
er
ci
se
sa

m
on

g
m
od

er
at
ely

ob
es
ew

om
en

in
w
ith

di
et
ar
y

in
te
rv
en
tio

n
an
d

w
ith

ou
t

RC
T

N
=9

1(
fe
m
al
es
),
at
th
e

ag
eo

f2
5-
75

ye
ar
s.
A
ll

su
bj
ec
ts
we

re
se
de
nt
ar
y,
m
od

er
at
ely

ob
es
ew

ith
ou

t
m
ed
ic
al
pr
ob

le
m
s,
di
d

no
th

av
ef
ac
to
rs

m
ig
ht

al
te
rt
he
ir
lip

id
pr
ofi

le
s,
an
d
di
d
no

t
fo
llo

w
di
et
pr
og
ra
m
s.

A
ll
su
bj
ec
ts
we

re
ra
nd

om
ly
as
sig

ne
d

in
to

ea
ch

of
fo
ur

gr
ou

ps
(c
on

tro
l,

ex
er
ci
se
,d
ie
t,
an
d

ex
er
ci
se

an
d
di
et
)

Ex
er
ci
se

pr
og
ra
m

in
clu

de
s4

5m
in

w
al
ki
ng

/5
tim

es
/

we
ek
/1
2
we

ek
sa

t
60

-8
0%

M
H
R.

Th
e

fir
st
3
we

ek
so

f
ex
er
ci
se

pr
og
ra
m

sta
rt

at
20
-2
5m

in
w
al
ki
ng

5
tim

es
/w

ee
k
at

60
-6
5%

M
H
R,

th
e

ne
xt
we

ek
sc

on
tin

ue
d

th
es

ta
nd

ar
d
pr
og
ra
m

at
in
te
ns
ity

of
70
-8
0%

M
H
R.

N
o
sig

ni
fic
an
t

ch
an
ge

of
th
e

LD
L
va
lu
e

p>
0.
05

in
th
e

ex
er
ci
se

gr
ou

p
on

ly
aft

er
12

we
ek
so

ft
he

ex
er
ci
se

in
te
rv
en
tio

n.

Si
nc
et
he
re

w
as

no
we

ig
ht

re
du

ct
io
n
in

th
e

ex
er
ci
se

gr
ou

p,
th
es

tu
dy

co
nc
lu
de
d
th
at

fa
vo
ra
bl
e

ch
an
ge
so

ft
he

lip
id

pr
ofi

le
s

we
re

in
co
nj
un

ct
io
n

w
ith

di
et

m
od

ifi
ca
tio

n
an
d
ex
er
ci
se

w
ith

di
et

m
od

ifi
ca
tio

n
in
te
rv
en
tio

n.

Le
ve
l2

(19
/2
2)



BioMed Research International 9

Ta
bl
e
3:
C
on

tin
ue
d.

Au
th
or
/y
ea
r

To
pi
c

D
es
ig
n

Sa
m
pl
e

Ty
pe

of
ex
er
ci
se

Cr
iti
qu

e
C
on

clu
sio

n
Le
ve
lo
f

ev
id
en
ce

Ki
n
Isl
er

et
al
.

(2
00

1)
[1
5]

Th
ep

ur
po

se
w
as

to
ex
am

in
et
he

eff
ec
tt
he

re
gu

la
r

ae
ro
bi
cd

an
ci
ng

an
d
th
es

te
pp

in
g

ae
ro
bi
cd

an
ci
ng

on
lip

id
pr
ofi

le
s

of
se
de
nt
ar
y

co
lle
ge

ag
e

fe
m
al
es
.

RC
T

N
=4

5f
em

al
es

co
lle
ge

stu
de
nt
s)
di
vi
de
d
in
to

th
re
eg

ro
up

s.
St
ep

ae
ro
bi
cd

an
ci
ng

gr
ou

p
n=

15
,r
eg
ul
ar

ae
ro
bi
cd

an
ci
ng

n=
15

an
d
co
nt
ro
lg
ro
up

n=
15
.

Ae
ro
bi
cd

an
ci
ng

an
d
ste

p
ae
ro
bi
c

da
nc
in
g
fo
r4

5m
in
/3

da
ys
/8

we
ek
sw

ith
m
od

er
at
ei
nt
en
sit
yo

f
60

-7
0%

M
H
R.

Ea
ch

se
ss
io
n
in
clu

de
s

sta
rt
in
g
w
ith

5-
7m

in
w
ar
m
in
g
up

th
en

rh
yt
hm

ic
m
ov
em

en
ts

lik
ej
um

pi
ng

an
d

str
et
ch
in
g
20

m
in
,

th
en

10
m
in

of
flo

or
ex
er
ci
se
sf
or

ab
do

m
en

an
d
lo
we

rl
im

bs
,

fin
ish

ed
w
ith

5m
in

co
ol
in
g
do

w
n.

N
o
sig

ni
fic
an
ce

ch
an
ge

in
LD

L
in

al
lt
hr
ee

gr
ou

ps
p>

0.
05
.

Ae
ro
bi
cd

an
ci
ng

is
an

eff
ec
tiv

e
m
et
ho

d
to

m
od

ify
To

ta
l

ch
ol
es
te
ro
la
nd

To
ta
l

ch
ol
es
te
ro
l:

H
D
L
in

co
lle
ge

ag
ef
em

al
e

stu
de
nt
sb

ut
no

LD
L.

Le
ve
l2

(1
6/
22
)



10 BioMed Research International

Ta
bl
e
3:
C
on

tin
ue
d.

Au
th
or
/y
ea
r

To
pi
c

D
es
ig
n

Sa
m
pl
e

Ty
pe

of
ex
er
ci
se

Cr
iti
qu

e
C
on

clu
sio

n
Le
ve
lo
f

ev
id
en
ce

Kr
au
se

ta
l.
(2
00
2)

[1
6]

Th
is
stu

dy
in
ve
sti
ga
te
d
th
e

eff
ec
to

ft
he

am
ou

nt
an
d

in
te
ns
ity

of
ex
er
ci
se

on
th
e

pl
as
m
a

lip
op

ro
te
in

in
th
ep

op
ul
at
io
n

of
ov
er
we

ig
ht
,

ob
es
e,
an
d
m
ild

to
m
od

er
at
e

hy
pe
rli
pi
de
m
ic

m
al
es

an
d

fe
m
al
es
.

RC
T

N
=1
59

be
tw
ee
n
40

-4
5

ye
ar
so

ld
,s
ed
en
ta
ry
,

ov
er
we

ig
ht
,o
rm

ild
ly

ob
es
e.
W
ith

LD
L=

13
0-
19
0m

g/
dl

or
H
D
L=

m
al
es
<
40

an
d
fe
m
al
es

<
45

m
g/
dl
.B

y
th
ee

nd
of

th
es

tu
dy

47
.2
%
of

th
es

ub
je
ct
sd

ro
pp

ed
ou

td
ue

to
di
ffe
re
nt

re
as
on

sa
nd

th
at
le
ft

84
su
bj
ec
ts
fo
rt
he

sta
tis
tic

al
an
al
ys
is.

Su
bj
ec
ts
we

re
ra
nd

om
ly
as
sig

ne
d

in
to

fo
ur

gr
ou

ps
(c
on

tro
lg
ro
up

,h
ig
h

am
ou

nt
-h
ig
h

in
te
ns
ity
,l
ow

am
ou

nt
-h
ig
h

in
te
ns
ity
,a
nd

lo
w

am
ou

nt
-m

od
er
at
e

in
te
ns
ity

).
W
ei
gh

t
co
nt
ro
lm

et
ho

ds
ha
d

be
en

ap
pl
ie
d
to

co
nt
ro
ll
os
so

ft
he

we
ig
ht

an
d
el
im

in
at
e

th
at
as

ac
on

fo
un

di
ng

fa
ct
or
,a
ny

ch
an
ge

in
th
eb

od
y
we

ig
ht

by
m
or
et
ha
n
5%

th
an

th
eb

as
el
in
ew

ei
gh

t
ex
clu

de
d
fro

m
th
e

an
al
ys
is.

H
ig
h
am

ou
nt
-h
ig
h

in
te
ns
ity

=
jo
gg
in
g
20

m
i/w

ee
k
at
65
-8
0%

of
VO

2
m
ax
.

Lo
w
am

ou
nt
-h
ig
h

in
te
ns
ity

=
jo
gg
in
g
12

m
i/w

ee
k
at
65
-8
0%

of
VO

2
m
ax
.

Lo
w

am
ou

nt
-m

od
er
at
e

in
te
ns
ity

=
12

m
i/w

ee
k

at
40

-5
5%

VO
2
m
ax
.

Th
ee

xe
rc
ise

s
in
clu

de
d
tre

ad
m
ill
,

el
lip

tic
al
tr
ai
ne
r,
an
d

cy
cl
in
g
er
go
m
et
er
.

Th
es

ix
m
on

th
s

ex
er
ci
se

tr
ai
ni
ng

pe
rio

d
pr
ec
ed
ed

by
a

tw
o
to

th
re
em

on
th
s

pe
rio

d
of

gr
ad
ed

tr
ai
ni
ng

.

N
o
sig

ni
fic
an
t

ch
an
ge
so

n
th
e

co
nc
en
tr
at
io
n
of

pl
as
m
aL

D
L
at

th
ee

nd
of

th
e

stu
dy
.I
n
th
e

sa
m
et
im

e,
th
er
e

we
re

sig
ni
fic
an
t

ch
an
ge
so

ft
he

LD
L

su
bf
ra
ct
io
ns

an
d

LD
L
pa
rt
ic
le
s

siz
e,
an
d
th
os
e

ch
an
ge
sw

er
e

di
re
ct
ly

pr
op

or
tio

na
lt
o

th
ei
nc
re
as
eo

f
ex
er
ci
se
sl
ev
el
.

Th
eh

ig
he
rt
he

ex
er
ci
se
’s

in
te
ns
ity
,t
he

hi
gh

er
th
e

be
ne
fit
so

n
th
e

ge
ne
ra
lb
od

y
fit
ne
ss
.

H
ow

ev
er
,l
ow

in
te
ns
ity

ex
er
ci
se
sw

ill
el
ec
tb

en
efi
ts
to

th
eb

od
y
bu

t
hi
gh

er
in
te
ns
ity

ex
er
ci
se
sw

er
e

m
or
eb

en
efi
ci
al
.

Im
pr
ov
em

en
ti
n

th
eb

lo
od

lip
id

pr
ofi

le
w
ill

be
ga
in
ed

by
pe
rfo

rm
in
g
a

m
od

er
at
ep

ac
e

jo
gg
in
g
fo
r1
7
to

18
m
i/w

ee
k.

Le
ve
l2

(1
5/
22
)



BioMed Research International 11

Ta
bl
e
3:
C
on

tin
ue
d.

Au
th
or
/y
ea
r

To
pi
c

D
es
ig
n

Sa
m
pl
e

Ty
pe

of
ex
er
ci
se

Cr
iti
qu

e
C
on

clu
sio

n
Le
ve
lo
f

ev
id
en
ce

A
sik

ai
ne
n
et
al
.

(2
00

4)
[1
7]

A
sy
ste

m
at
ic

re
vi
ew

fo
r

ra
nd

om
ise

d,
co
nt
ro
lle
d

ex
er
ci
se

tr
ia
ls
on

po
stm

en
op

au
sa
l

wo
m
en

on
co
m
po

ne
nt
so

f
he
al
th

re
la
te
d

fit
ne
ss
in
clu

di
ng

m
et
ab
ol
ic

pr
ofi

le

Sy
ste

m
at
ic

Re
vi
ew

Po
stm

en
op

au
sa
l

wo
m
en

be
tw
ee
n

55
-6
5y

ea
rs
ol
d,

se
de
nt
ar
y,

ov
er
we

ig
ht
,o
rm

ild
ly

ob
es
e<

33
BM

I.

W
al
ki
ng

or
w
al
k-
jo
gg
in
g
fo
r3

0
to

60
m
in
ut
es

2–
5

da
ys
/w

ee
k
at
in
te
ns
ity

of
40

–7
5%

of
VO

2
m
ax

fo
r1
0
we

ek
s

to
1y

ea
r.

N
o
sig

ni
fic
an
ce

ch
an
ge

in
LD

L
in

al
le
xe
rc
ise

stu
di
es

al
on

e
ex
ce
pt

fo
rt
ho

se
co
m
bi
ne
d
w
ith

we
ig
ht

re
du

ct
io
n

m
an
ag
em

en
t.

M
od

er
at
e

in
te
ns
ity

ex
er
ci
se

al
on

e
ha
sn

o
eff
ec
to

n
th
el
ev
el
so

f
LD

L.
W
hi
le

m
od

er
at
e

ex
er
ci
se

in
te
ns
ity

co
m
bi
ne
d
w
ith

we
ig
ht

re
du

ct
io
n

m
an
ag
em

en
t

sh
ow

sa
sig

ni
fic
an
t

de
cr
ea
se

in
th
e

le
ve
ls
of

LD
L.

H
ig
h
Le
ve
l

(1
6/
22
)

Ta
m
ba
lis

et
al
.

(2
00

9)
[1
8]

Th
e

eff
ec
tiv

en
es
so

f
ae
ro
bi
c

ex
er
ci
se

tr
ai
ni
ng

w
ith

di
ffe
re
nt

in
te
ns
iti
es

(m
od

er
at
e

an
d
hi
gh

)a
s

we
ll
as

th
et
yp
e

of
ex
er
ci
se

(a
er
ob

ic
,

re
sis
ta
nc
e,
an
d

co
m
bi
ne
d

ae
ro
bi
cw

ith
re
sis
ta
nc
e)
in

al
te
rin

g
th
e

bl
oo

d
lip

id
s.

Sy
ste

m
at
ic

Re
vi
ew

In
clu

de
d
RC

T
an
d

ca
se

co
nt
ro
ls
tu
di
es

be
tw
ee
n
19
91

to
20
06

w
ith

ex
er
ci
se

pr
og
ra
m

of
no

le
ss
th
an

12
we

ek
s,
(2
)s
ed
en
ta
ry
,

ap
pa
re
nt
ly
he
al
th
y

ad
ul
ti
nd

iv
id
ua
ls
ag
ed

be
tw
ee
n
18

an
d
84

ye
ar
s,
(3
)b

ot
h

hy
pe
rli
pi
de
m
ic
an
d

no
rm

ol
ip
id
em

ic
ad
ul
ts,

an
d
(4
)

as
se
ss
m
en
ts
of

at
le
as
t

on
eo

ft
he

lip
id
s(
TC

,
H
D
L-
C,

LD
L-
C,

an
d

TG
)i
n
th
ef
as
tin

g
sta

te
.

W
al
ki
ng

,t
re
ad
m
ill

w
al
ki
ng

,j
og
gi
ng

,o
r

cy
cl
ee

rg
om

et
er
,

ae
ro
bi
ca

ct
iv
iti
es

an
d

sw
im

m
in
g.

Th
ed

ur
at
io
n

of
th
et
ra
in
in
g

pr
og
ra
m

ra
ng
ed

fro
m

12
we

ek
s

to
24

m
on

th
sa

nd
th
e

fre
qu

en
cy

of
tr
ai
ni
ng

va
rie

d
fro

m
2
to

7
se
ss
io
ns

pe
rw

ee
k.

M
od

er
at
e

in
te
ns
ity

di
d
no

t
re
du

ce
th
el
ev
el
s

of
pl
as
m
aL

D
L.

M
od

er
at
e

in
te
ns
ity

ex
er
ci
se

ha
sn

o
fa
vo
ra
bl
e

in
flu

en
ce

on
th
e

le
ve
ls
of

LD
L

in
de
pe
nd

en
tly

of
th
et
ot
al

vo
lu
m
eo

f
ex
er
ci
se
.

M
od

er
at
eL

ev
el

(1
5/
22
)



12 BioMed Research International

Ta
bl
e
4:
Fi
na
ls
co
re
so

fa
ll
stu

di
es
.

St
ud

y
Yo

sh
id
ae

ta
l.

(2
01
0)

Ta
m
ba
lis

et
al
.

(2
00

9)
A
fz
al
po

ur
et
al
.

(2
00

8)
H
al
ve
rs
ta
dt
et
al
,

(2
00

7)
Sl
en
tz
et
al
.

(2
00

7)
Si
tti
w
ic
he
an
w
on

g
et
al
.(
20
07
)

M
ur
ph

ye
ta
l.

(2
00

6)
As

ik
ai
ne
n
et
al
.

(2
00

4)
N
ie
m
an

et
al
.

(2
00
2)

Kr
au
se
ta
l.

(2
00
2)

Ki
n
Is
le
re

ta
l.

(2
00

1)
Ba

ck
gr
ou

nd
an
d

ai
m

3/
3

2/
3

3/
3

3/
3

3/
3

2/
3

2/
3

3/
3

3/
3

3/
3

2/
3

D
es
ig
n

1/4
2/
4

1/4
4/
4

4/
4

2/
4

2/
4

3/
4

3/
4

2/
4

2/
4

Su
bj
ec
ts

4/
5

4/
5

5/
5

5/
5

4/
5

2/
5

5/
5

2/
5

5/
5

2/
5

5/
5

In
te
rv
en
tio

n
3/
3

2/
3

3/
3

3/
3

3/
3

3/
3

1/3
3/
3

3/
3

3/
3

3/
3

O
ut
co
m
e

2/
3

1/3
1/3

1/3
2/
3

1/3
1/3

1/3
1/3

1/3
1/3

A
na
ly
sis

2/
2

2/
2

1/2
2/
2

2/
2

2/
2

2/
2

2/
2

2/
2

2/
2

1/2
Th

es
tu
dy

is
re
pl
ic
ab
le

1/1
1/1

1/1
1/1

1/1
1/1

1/1
1/1

1/1
1/1

1/1

Re
co
m
m
en
da
tio

n
an
d
co
nc
lu
sio

n
1/1

1/1
1/1

1/1
1/1

1/1
1/1

1/1
1/1

1/1
1/1

To
ta
ls
co
re

17
/2
2

15
/2
2

16
/2
2

20
/2
2

21
/2
2

14
/2
2

15
/2
2

16
/2
2

19
/2
2

15
/2
2

16
/2
2



BioMed Research International 13

Records identified through 
database search

(n =469)

Sc
re
en

in
g

In
cl
ud

ed
El
ig
ib
ili
ty

Id
en
tifi

ca
tio

n
Records a�er duplicates removed

(n =345)

Records screened
(n =124)

Records excluded
(n = 95)

Full-text articles assessed 
for eligibility

(n =29)

Full-text articles excluded,
with reasons

(n =18)

Studies included in 
quantitative synthesis 

(n =11)

Figure 1: A flow of data selection.

a bearing effect of controlling the diet and fat during the study.
Additionally, these findings may contribute to the positive
effects of obesity management and physical activity.

Sittiwicheanwong et al. [12] examined the effects of
moderate-intensity aerobic exercise in a group of sedentary
Thai women. This study showed no significant reduction in
the levels of LDL. However, the low sample size and huge
dropouts from the control group (5 out of 20 subjects) may
have underestimated the effect of the exercise. Additionally,
the authors did not take into consideration the effects of
other confounding factors, such as age variation and the
menstrual cycle [12]. As part of the STRIDDE study, Slentz
et al. found that light- andmoderate-intensity exercise groups
had a reduction in very low-density lipoproteins (VLDL).The
low-intensity exercise group maintained the reduction for 15
days after detraining. Similarly, the moderate exercise group
maintained their LDL levels after detraining, but for a longer
period of time. This reduction was less pronounced in the
nonactive group [13].

Murphy et al. evaluated the effects of worksite walking
for 45 minutes twice a week at moderate intensity [14]. This
failed to prove that walking can reduce the levels of LDL.
However, this study had several limitations that would have
contributed to insignificant results. There was a lack of power
calculation to detect the significance of the walking program
on the levels of LDL and inappropriate randomization, which

could have contributed to selection bias and heterogeneity
of the groups. There was also subjective classification of
whether participants were active or sedentary and a lack
of control of physical activities of the control group during
the study. Additionally, the walking program was below the
recommended dose suggested by the ACSM [5].

A study by Nieman et al. [15] showed no significant
effect of moderate- to high-intensity exercise group p>0.05
on LDL level. Significant changes in LDL were observed
in the exercise group with dietary modifications compared
to exercise alone. Thus, it was recommended to combine
exercise with lifestyle modifications to achieve favorable
effects [15]. Kin Isler et al. [16] failed to find significant effects
of moderate-intensity exercise on LDL levels. This may have
been a result of several factors, such as a small sample size
and lack of documentation of participants’ diets. Though all
the participants of this study were female college students,
the influence of the menstrual cycle, which has an effect
on lipoprotein metabolism, was not considered. Kraus et
al. [17] examined the effect of increasing the volume and
intensity of aerobic exercise upon the lipid profiles of 111
sedentary overweight participants diagnosed with mild to
moderate dyslipidaemia. Participants were randomized to
either 6months in a control group or 8months in one of three
aerobic exercise groups. The three aerobic exercise groups
included two groupswith high-intensity and different volume
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exercises and one group on moderate-intensity/ low-volume
exercise (walking for the calorific equivalent of 12 miles/week
at an intensity of 40–55% V O

2
peak). They reported that the

moderate-intensity/low-volume exercise had no significant
effect on the total plasma LDL, but it had important effects
on the concentrations of LDL subfractions. A systematic
review included a program that is more than 12 weeks
[18].

Some confounding factors were not considered in these
studies that might have affected the results, as they had not
been mentioned, such as losing weight during participation
in the study, menstrual cycle changes for female participants,
and lifestyle modifications like cessation of smoking.

4. Discussion

This review included 11 RCTs that examined the effects of
low- tomoderate-intensity exercise on LDL levels.The review
showed that the included studies had inconsistent results
on the effects of exercise on LDL levels in the blood after
only low- and moderate-intensity exercise. The majority of
the studies could not identify significant changes in LDL
levels with low-intensity exercise except for Slentz et al. [13]
in which the researchers suggested beneficial effects of low-
intensity exercise in comparison with different intensities,
and the participants were able to maintain changes in LDL
for a longer period. However, those changes could be due to
many other factors like losing weight and the reduction of
total body fat [20] and could be accompanied by restrictions
of diet to maintain a specific weight [21]. Hence, low-
intensity exercise in isolation cannot be used to induce
therapeutic changes in the LDL levels, but its effects cannot be
ignored, as keeping active is associated with improvements in
other health indicators like general fitness, maximum oxygen
consumption, body composition, physical activity, and blood
pressure [13]. Low to moderate intensity exercise may be
preferable andmore sustainable thanhigher intensity exercise
with additional effects on overall health.

Moderate-intensity exercises were the most commonly
used type of exercise in the above-mentioned studies
included in this review. Afzalpour et al. [10], Sittiwichean-
wong et al. [12], Slentz et al. [13], Murphy et al. [14], Nieman
et al. [15], and Kin Isler et al. [16] all found a significant reduc-
tion of LDL subfractions, but they were not able to signif-
icantly relate the reduction in LDL to the exercises [5, 10–
15]. Similarly, a number of studies have examined the effect
of moderate-intensity aerobic exercise on LDL particles but
the results of these studies are controversial [22–24]. Varady
and colleagues [22] reported that aerobic exercise after a
fewmonths decreased the concentration of atherogenic small
LDL subfractions and increased the average size of LDL
particles in patients with hypercholesterolemia. In contrast,
Elosua et al. examined the effect of aerobic exercise on
sedentary healthy individuals and found that aerobic exercise
had no effect on LDL particle diameter [23].

However, the majority of them recommend consider-
ing general health benefits compared to other lipoproteins
in the blood among several populations ranging between
young and old sedentary subjects who had different health

problems like obesity and mild to moderate hyperlipidemia.
The findings of these studies are in consistent with previous
studies, which suggested thatmoderate-intensity exercise had
nonsignificant lowering effects on LDL [8]. On the other
hand, moderate-intensity exercise has a significant effect on
the LDL levels in mild to moderate hyperlipidemia [9] and
among middle-aged sedentary healthy subjects [11]. In fact,
this also had previously supported from a meta-analysis [8],
which is similar to the present analysis that could not find
a significant relationship between reductions of LDL levels
with exercise. Previous studies included exercise programs of
moderate intensity that extended for longer periods relative
to other included studies, and exercise programs utilized for
those studies were under extensive supervision of exercise
specialists; this could be one of the reasons that caused
exercise to have a significant influence on the levels of
LDL. Thus, Kraus et al. recommended a moderate-intensity
exercise regimen to induce changes in the blood’s lipoproteins
in general and LDL particles as one of them, which included
12 miles/week of moderate jogging [21].

Many confounding factors were not controlled during
the studies, like smoking, diet, weight loss, total fat loss,
adherence to exercise, and direct supervision of an exercise
specialist. Part of the confounding factors were shown to
influence different lipoproteins, especially LDL [20, 25–29],
and the majority of them existed in the subjects of the
included studies. Furthermore, the included studies investi-
gated different treatments for elevated LDL among different
subjects. The subjects in the included studies were from
different socioeconomic, cultural, and educational back-
grounds. Thus, results may vary according to the different
associated factors, and that may have influenced the body’s
responses to abnormal levels and affinity of LDL particles
to their arteries and forming plaque [20]. However, some of
the included studies did not detail the demographics of the
participants, so it will be difficult to examine the extent of that
factors in those studies.

5. Limitations

This study was limited by the timeline of the included studies
and included only those published in English. This might
have limited the number of the included studies. Another
limitation was exclusion of other modalities of exercises
like resistance exercise with moderate aerobic exercise. In
this review, we only focus on plasma LDL and we did not
include its subfractions which impose a risk to cardiovascular
system andmay be reduced by aerobic exercise. Despite these
limitations, this study provided an up-to-date perspective
on the current evidence about low- to moderate-intensity
exercise and changes in LDL levels.

6. Conclusion

This study found that low- to moderate-aerobic exercise
intensities did not reduce the levels of LDL except in few
studies that have been limited to specific populations. Thus,
the effects of low- and moderate-intensity exercise on LDL
level should not be ignored as low- to moderate-aerobic
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exercise intensities have shown a positive effect on LDL
subfractions.

Frequent moderate-intensity aerobic exercise should be
recommended for sedentary subjects to avoid risks associated
with dyslipidaemia. Regular moderate aerobic exercise is link
to reducing the risks of cardiovascular disease.
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