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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 associated with an increased risk of CVD. The relationship between exercise
therapy and lipid levels has been widely 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, the Web of Science, Cochrane, Pedro, Medline (PubMed), and Google 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 and moderate 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


http://orcid.org/0000-0003-0554-8721
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2018/5982980

fitness” (American College of Sports Medicine (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
terms were used as search keywords (including MeSH terms):
“low and the moderate-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, or VO, max for 5 days a week.
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 from metabolic
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
(Table1) was used to measure assess the quality of the
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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 by Moher 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 subjects with mild dyslipidemia. The majority
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-
45 min 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 from moderate 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

Level 1
Level 2
Level 3
Level 4
Level 5

Does the intervention help?

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

demonstrated that exercise reduced LDL levels significantly
p<0.01and 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



BioMed Research International

‘umop Surjood
uru O7-G YHm papus
pue dn Sururrem

z1=u dnois jonuo)

dno3 urw G[-01 papnout SI=U JVA a1
[o13U02 Y} : i ’ POZIPIXO WIS
‘wrexdoxd 1] 2JBIOLID)IP Uio1853s ﬁmwm YHIN . Dmnc MNE pue spidif poorq
SISIDIOXD 0} aNp jou pip sdnoid %58-08 3¢ MEME 0 EM Gmm ?:o% e UO SISIOIAXD
(TT/91) T 1PAXT a1 pazIprxo 3S119X2 Y} hm fRreo! PIYOIC PIHT 12N 1OY Aysuayur Lot (8002)
SUIES AT} =ISIOIIXD a3 309ye JySrur Te 12 modpezyy
LIS 91 1da0xa sdnous e Ayrsuayur ySr $10)oe] SUTpUNOJU0d yoRPIp
JO UoT)ONPAI ON Suowre peonjou : .wxow\m *H ou Mta.ma:%o 4 JO s309p0 9}
u2aq sey TA'T § 108 WEIN %S9-09 72 (e-62 .cmysuoﬁ 5o 2INSLIW 0} SEM
JouonaMpa1ON Surddays pue Sunyrem U29M]2q Sa[ew) GF=N asodind ay,
YSLIq JO UIW 6F-0¢
=£)1SULUI 9JBISPOIN
‘syuaned
asauede( asaqo
. . A[orerspowr
N — umop Sur[ooo jo spidi] pooyq a3 309pe ommapidisdp
E?w& oo 0 o.ovw 91 YPom Urw O Y3Im paysIuy JBY) SUOI}edIpaW SN o1 wsgoqeim
sopgoxd pidy] uo £q 17F621 03 pue dn Sururrem jou m% pue £31s9qo pidiy
$19950 S[qEIOATy paseardap w\:m urw 0] Y)Im pajrels Hw%m swoqoid jreay o snoadur
(@20 T AT pey uoonpa: 8 xoo\,w Aq 1ZFIET UuoI1ssas Yoea YHIN SI9PIOSIP dI[Oqelow 194 o1 ssodnd . [6] (0102)
ySoM qIm 0} LT+.Lyl WoLy %08-09 18 $3[ooM 9] aaey Jou PIp s1eak ur syoom [® 33 BpIYsSox
%o?m muﬁ:.« oz Apueoyrudrs /sawWT) ¢-7 /UIW ()9 J0J 6¢ Jo oSe ueow YIm o1 ho.m wesSoxd
oSIrIo%0 u:m_emm paseardap Gurrunms 10 JurpAo syuonjed orwoprdisAp Sururen; siqosoe
v@m::w msw pey 1a1 ‘Guny[em Jo sasIoIoXd (g=sorewoy Vo.m:yb.msm
I s1qo19e pasiazadng ‘TT=S9reW) GT=N 20 u.uoto -
SUIWIEXI 0} SEM
asodind ayy,
wwﬂwww% uoIsNOuU0D) anbnup 3S1019X9 JO 2dA], ordureg udrsa(q ordog, Tedk /10Ny

"UOT}ORIIXI BJ(] i€ ATAV],



BioMed Research International

's309(qns g¢ Sururewrax
3} UO JUOp Udq
sey sisA[eue [eonsnels
*SANTAT)OR A[Tep 119}
Sursearour pue jno
doip 03 anp papnpoxa

e dnoi3 jonuoo
Ie[NOSeAOTPILd .
Juanard SJ[NSI 3]} DI O} ay) wo1y s123(qns ——
03 djay [im 1y (DD) 'SNPM Z[ /Pam G ‘S)[Nsa1 3y} ydjewr Areyuapas
pue drusSorate pasuey> /skep € WHIN JO 03 dnoi3 joxjuod a3e appru
: PRy 1AT %09 18 umop 3urj00 oy} 03 paugisse Suouwre sprdry .
(€2/vD) T PAYT MR A IAT josuondexyqns urur 0 4q pamojoy s1a(qns (g ‘uresSoxd 0% fyey wnos [e1] (2007) 'Te32
Jo suonelqns 19130 Inq ddueyd Surpo4o 193owo81o 3s1019%a 9y pautof Iayj0 pue 1T BuomuraydIMIIS
juanaid 0y : ! 1ol
19913 2[qeI0A” jou prp TA'T Jo urw 67 4q Aqurejunjoa s12a(qns 3} UO SISTOIXD
? 2ARY SISOIIX pamoroy ‘dn Sururrem 0¢ "(suoryesrpawx 21QOIa® JO 109jJd
Aysusyur Jo urw 01(D9) Juswadeueur 2y} paururexy
e .6@02 pidiy Lue asn jou
PIP pUE USWIOM Tey],
A re3Uapas Ayreay
I1e) resnedouswr
JIoM WA JO
1 s1e24 G6-(F Jo o3e
oY) Je So[eUIdf OF=U
$103(qns ayy xwzwmo\/ .
jo uondwnsuod 30 %0L 3e Ham/sawn dul[aseq oY)
waSkxo 1000°0>d ¢ utw o sem wesdord Y8 [p/SW £ TF6TT Sem suonoRIqNS
S —— (IP/LTFL07) ISIOIIXD SNOOM F[ a1 weay -aqyoid g
pue ww.oEc sem Surpear Zumor[o o ‘sxjPam prdif 303(qns ay3 30y pue surajoxdodiy
reotskyd ot MU AT 0T 10 XeWzOA %06 1® 1ySrw syiqey pue ewse[d
10 Juswaosdur SSIP19%0 J0 P> YoM © ST} ¢ UTW ()7 ‘SIOPIOSIp JI[OqeIaW a3 uo werdoxd (1] (2000)
(ceogzeet ‘spidiy . E.H e 1T uo s uedaq spam oYM oM 104 ISTOIAXD JIqoIae e 32 IpeISILAfR]
POO[q 21 JO aZIS 123]J2 TONINPaI ¥ 10 'S12MO1 pue © 90IM] SONIATOE pazipiepue)s
sapnIed @zm. EmuE.cwa ‘sauryoews Surddags UIUr O ey o1out oM
UOTENUAIUOD ® sey urex8oxd ‘SouIRU JoDyS ou M Areyuapas ¥ JO s109p9
oy uo SSTIIXD ST ‘sauryoew [eandp Kqireay ‘9'0F8s Jo uapuadapur
$109]J9 S[qRIOAE] ’ ’ ‘S[[rupeaI; saIq a8e 213 Je (zH=so[ew 3} PaINSLIAA
JueoyuSig :Burpnpur saspIoxd ‘gG=sarewady) 00I=N
T JIqOI9® JUIIPI(]
wwﬂwww% uoIsnPuUo)) anbnup 3S1019X9 JO 2dA], ordureg udrso oidoy, Tedk /10Ny
"panunuo)) ¢ AI9V],



BioMed Research International

"s309[qns
T ut (jp/3uwge
=141 10'0>d
‘sfep g[ 10yJe
JOUu JNq UOTSSIS
Sururery jse|

'sdnoid
SISTOISXD 21T} JOY}0
10 dnoi3 jonyuoo auo

a1[) JO sABp 2Ay st 0 paudisse A[uropuex
"SISIDIOXD JIo)je paurejurew 9 10J XPUZOA a19M $309[qns
fyrsusyur mop cww,n ’ JO %08-59 1e YoM asoy, .oﬁ-omﬁ —1a7
a1} 03 paje[or PeY uonoNpar /s3puw og Butuunt a1oym orwapidi[sAp
2I0W SeM ey wm.m 1a1 10 Bupfrem ysuq pue ‘s1eak oo.-m.w Jo
01)U0d 3} Ur uondNpaI =Ausuaju snotodia a3e oy 1 9yBramiano QUIBIUTE 3
Wm >-N=WMVM%H~ H%Muc.éwm ®e WE aunowre Y3 Jwgﬁcmv.om ﬂmu.ﬁ@u ﬁﬁw
@_uwn_:u@&.m .mn_ . dnois aspioxa Spuow (s3nsax reuy oy Suo[ moy| pue
i : 9 10 XewWZOA ¢
jsnw sweaSoxd Ayrsuayur 6 0 (12-CO 18 oM o3 J0U PIp Jey} Inq SISTOIOX A}
(T2/127) T1eART 3SIDI9X3 PaIo[Ie} Moy a1y “porrad 30 %08-59 10 sdnoi8 yre ur sueawr 10Y JO UOTJESSId A} ) (et]
pue ‘Sururenop Sururenap fsap 71 Butuuni 31} JO UOTIRIASD 1oyye d[goxd prdy (£002) 'Te 32 AU
.. Sun 10 Sunj[em ystq o ..
A} I9)JE SYooM oy Sutmp 1q1 _ kyisuoyur snooia prepue)s o) ueyy 31} UO SISIOIIXD
7 03 pajyuur| 31} JO uoTONPaI P —— 1oy81y a19m a[yoxd JO 53092
2I9M SISIIIIXD o) pauTejUTRWr squuow 9 10} E&w I} JO asnedaq 3} PoINSeIN
Jo s ooz CWTOMOMSEOVI o o
ey paysadsns ba:o.ﬁ: Jpam/safrut 71 Bunyfem udaq pey sdnoid
: ‘ :Ay1suayur djeIapow
symsax Apm3s ay7, ySiy pue qunoure Mo 3SIOIIX3 AJIsuayur
d)eIdpOUT A, 5013 251219%0 9914 9)eIOPOU ) JO OM)
"aul[aseq uey pue Lysuajur ySry
[PA9] TAT I} 3} JO OM] OT[=Sdew
pajeIoLd)ep ‘0€T=Sa[eW)) 0FZ=N
dnoi3
[onuo0d 3y}
Jo Ky1amyoeur oy,
wwﬂwww% uoIsSnPUOD) anbnin 9S1019X3 Jo odAT, opdureg udsa(q oidog, Tedk /10Ny
"panunuo)) ¢ AT9V],



BioMed Research International

‘syuedonred

ay) Jo
amssaid poolq

‘[o11uod
7iSIaNeM ¢ UOT eI
e ur dnoid jonuoo pue
Sunyrem sdnoid omy
JO 191310 03 paudisse
Amuopuey Apnis
a3 jo Suruurdaq

oT[01S4s pue ‘sje 50°0<d AHW IO %29 ot 1YL spuot
(boq ‘Ssou e} dnoi8 ssmiaxs A[TROU TR YoM B 901M] G 1xou oy ut jueudoid
Wh”_cum 5 & oy} Suowre UTW Gf SY99M 9 XU 198 03 Suruuerd SIONIOM
[ by S[OAS] TA'T 3} PUE Y99M PU0IIS 10 Jueudord orom oym Areyuapas
( anoxduir 03 oyqe Soxd ) d 3 3 [#1] (9002)
TT/ST) TPAYT 2} U0 Jo2y2 U g¢ 0) passardox USWOM PUE ‘SI[LJOI 10Y uowe Jupjem )
SEM JI I9ASMOL] . T 30 Aydanjy
0°0<d sIoyIew ue 20npur 0} ooMm JSIT UTW G pidiy 110y a3ueyd 2JISYIOM Y}
50 Owww&oﬁ parrey urexSoxd Je pajre)s paads jo JBY) SUOT}BdIpaU JO uonyenyeAq
P Junyrem Gurioyruour Jas Yim Aue asn jou
il JPs Y
R Ppa1sadSns oy, wrerSoxd Sunyrep PIP ‘SISMIRUI SISBISTP
a3 uo weidoxd : : :
Je[NOSBAOIPIED
o} JO §1099 a3 Joaye JySrur ey
Juedyrusts oN uwapqo1d yyreay Jofewr
Aue noyym pueaIy
WOIJ SINIOM ¢'6FS T
Jo a3e Je (gT=sorewr
FYr=s9lewd)) LE=N
wwﬂwww% uoIsSnPUOD) anbnin 9S1019X2 Jo odAT, opdureg udsaq oidog, Tedk /10Ny
panunuo) ¢ ATAV],



BioMed Research International

"UOTJUIAIUT
uonesyIpow Omﬁ ﬁ:wﬂo&uhwxw
121p M AHIN PUE 92Ip DSIDIOXd
3SDIX? pue 9%08-0. Jo Lysuayur e ‘oxyuoo) sdnoid
uone SyIpow OnUAAIUT wexdoxd prepuess oy} JIN0J JO Yoea 03Ul moym
u..oﬁ a.ﬁ M ASOIOXS PoanNuUNUOd SY29M JXoU pauSisse A[wopuer pU® UOTIUSAIUL
soﬁ.ucs.BOU ap m.o YoM Al YHIN %S9-09 a19M $302(qns [Ty Krerorp qrim
ur 210M 21 1997 Auo 3 ® vm,ma / wume_w N .Mcswoa w_mawﬁw ur Mwmw% 2200 oo
. UD[EM UIWSz-07 U pIp pue $a[yo1
(ce/en Tt woaom%_mz mosohwﬂowﬂbu% tﬁ“ﬂﬁmoa 3SIDIIXd Emzmﬂwﬁw 19)e wwwu: 1od wcoﬁﬁm momﬂu 19X5 [ 30 uPwAIN
QQMMM 10 h“ﬁu Mww >mm %M JO YoM ¢ 381y $10)0€J 2ARY JOU 01 spidiy
181} PapNPUOd ot jo afueypd YT, IHW %08-09 pIp ‘swarqoad [esrpaw WINIS JUIISPIP
Apms a1 JueoyTudis ON 1 SARIM LI [A{2oM INOYIIM 95990 Jo sasuodsax
«dnoi8 2s1o19xX0 C /sawm G /3unyrem A[oreropowr Krejuspas 3} PoINSeaN
Sy ur uoonpal unw g sapnpur a19M $192(qns
E.wa M OU wrerdoxd asroxg IV "s1eaf G/-Gz jo oSe
SEM E.of BRI Y3 Je {(S3[ewdy) [6=N
wwﬂwww% uoIsSnPUOD) anbnup 9S1019X2 Jo odAT, opdureg usSiso(q sido, Teak/T0yIny

"panunuo)) ¢ ATAV],



BioMed Research International

‘umop Surjood
Uru g yjim paysiuy
‘SQUII| JOMO[ pue

N :.qmnﬂo . cwﬁﬁovwm MMH wmﬂzuwuxo ooy
Mmﬁ M m%m H c Acw Sur ow a1 ma SI=U o3e a8a100
ow% OMH mﬂ EMM MM QM.HMHW w dnoi8 jonyuos pue £Teyuapas Jo
. %ﬂw o1 % ME '60°0<d sdnoi3 s %o&o\,o.ﬁ .. M.M . G[=u 3urouep dIqoIoe sagoad pidi uo
‘[oT9389107 3211} [re ut ) Ay 1em8ar gr=u dnois Surouep s1qoIoe [s1] (1002)
(22/91) T 1eAdT [e3oL, uayy dn Surwrem I0Y .
ue [0193$3[0YD 1q17 vt 2Buey> urw /-6 yym Junaeys Bupuep J1qoxde Surddays ayy pue [e 30 IoIS] U]
P e h \% M 4 2oUedYTUSIS ON .monsmuﬂmﬂ, coam.wm } da1g "sdnoid sarp Sunuep o1qoroe
ﬁw HOU:WEE e ﬁ.~ o OJUL PIPIAIP (Suapnis Te[nSa1 97} 1932
snsgo e o tusuonmapesspo IO PIPEY Sh=N ot duraexo o1
1239 UE St JO AjIsuLqur 9jeIap sem asodind ayt,
Supuep dSiqo1dy M SYoom g/skep
¢/urw 6§ 10y Sunuep
orqorae dajs pue
Surouep o1qo10y
wwﬂwww% UOISN[OUOD) anbnup 9S1019X2 Jo odAT, odureg usSiso(q sido, Teak/T0yIny

"panunuo)) ¢ ATAV],



BioMed Research International

10

‘sIsATeue
31} WOIJ PIPNOXd
Jydrom aurpeseq oy}
Uey) 9G ULY) IO
£q y3rom £poq oy
ur a3ueyd Lue T030e]

o1 1 0 Bl Supuen v pos B
aoed Eﬁmvoﬁ. papeis jo potiad oﬁ. mo. SO ﬁobcmu
e Suraronad “[PAQ] SISIDIOXD SYIUOW 921T]} 0 OM) 0} pondde wsaq
Xq .wmcam JO dseaIOUI ) e £q papaosaid porrad pey wﬁo.ﬁoE (01U —
aq s apyoxd 01 reuonaodoxd Bupuren asp1ax9 Jy3ropm “(Aysudur ue sa[eur
M:ﬁ : ooE ay Apooxtp SOt XIs 9y, owﬁ.o ow-junowe U:Mw &ﬁﬂo&
%.&w%ﬁgﬁmﬂﬁ 21om safuey> o1w0819 BurpA> MO @cw Kysuayur 3 QW. o~E o !
o I 2SO0} pue dzIs pue Jouren reondia ﬁwﬁ ST 1019p . }
Sm s SPRRAIAT - quapran papnour T Bmn0 0
Aysuayur .(sti pup suonoeyqns S3S1219%3 9L :wmﬂ-umsoﬁcm cmzmﬁsao& %ﬁ
(TT/ST) T1PAYT nq Apoq a1 1at XEH TOA 9650 3® ySry ‘dnoss jouoo) LOY ut upjordods| (o]
01 S)aUaq 1099 2y Jo saduey> YoM /1w 71 =Aysuayuy sdnoi3 1noj ojur ewse[d (z002) 'Te 32 sneny
yueoyruds a1om 9jeIopOW-JuUnoure :
:TM SISIOIIXD S10) ‘o) SUreS MOT pauSisse bﬁwowzﬁ a Mo ISIOIIXD
e Ut P e
"$soU)Yy ot Jo pue ot 3O %08-59 38 A2aM/1t B.t 10§ Suuﬁ:.m 8 a1} JO 1092
Apoq Terouad e 1q'7 ewserd 21 BuidBol =fysusjuy 3] 101} pUE SUOSEAI a1} payednsaaut
Poq JO UOTEIJUIOUOD ySiy-junowre MoT wned p 1 paieon :
3} UO SIaUaq ' JUSIPIP 03 NP N0 Apms sy,
ayy 1oydy o uo saBueyd Xew COA paddoap s3oalqns a1y
oy A Scm. ur Juedyrusis o 30 %08-59 Je 2am/ 1wl 0 97/y A B.m Ay} Jo
st 0z Surd8o( =Aysuajur I \omnw v g DI
SISIDIOXD ySry-unowe yBi puo a1 £q '[p/Sw 6>
oy} 19ySy 2y, so[eway pue
0F>sorewr =TH I0
[p/3w 061-0€1="1A'T
M "959q0
A[prrua 10 9y3romIaao
A 1B3USPIS ‘PO STBIL
SP-0F U99M19q 65T=N
wwﬂwww% uoIsNOU0D) anbnun 3S1019X9 JO 2dA], ordureg udisa(q ordog, Tedk/10INY
"panunuo)) ¢ AT9V],



11

BioMed Research International

“oom 1od suorssos
/ 0} 7 WOIj paLIeA

21818
Sunsey oy ur (O,
pue O-1dT D-1dH
D.L) spidi ay) jo auo

spidif pooiq
o Suriaye

ur (90ue)SIsal
[IIM d1qoIde

"3SI10I9Xd JSI] 1B JO SJUISSISSE
0 SUINIOA Sururen jo £ouonbaiy e SO pauIquiod
.M o1 ! o 3} pue SYIUOW $ 0} UMMW% dr oﬁ%oc pue “Qoue)sIsax
A ﬂm chmw ur . ewserd jo SAoam T e u:ﬂ.u .M% 19d4 1qo13e)
Buop P! 101 1€ wouj paduer wrerdord pue ot w.A G 3SI019XD JO
(cz/sn) TAT IO S[PA9[ S[PA9[ 9} NPl oq (¢) ‘sreak MIIAY [81] (60027)
Sururen oy jo ad4y oy se Jjom .
[9AST 2JBISPOIN 31} U0 ddUIN[JUT jou pIp Aysudjur worenp AU $8 pue g Usamloq o1jeuId)SAg se (yBry pue [e 32 sifequuey,
J[qeIoAey 9)JRIOPON SIS paSe spenprarpur jnpe Bﬁmvoav
O SBY 98119%3 Ppu® SINIAIDR JIqOIoR Awpreay £pusredde sanIsuaul
Aysuayur QE@.:.SWB oﬁ.ux.u Areyuapas (g) ‘yoam JUSIPIP M
SIEIOPON 10 ‘Sur33o( Gunyem cLuey) ssof ot jo wEEmb.om_ug.uxu
Twpear) ‘Sunyfepm weaBoxd as1210%2 Yt 21qoIo®
[rwp B[ 9007 03 1661 Udamiaq o mm@.co\ébm 5
SITPIYS [0IFUOD 358D 3 - B
pue LY papnpu o
“IATIO STPAI]
3} UT 95BIDIP
jueoyrudis argoxd
© smoys o1 M@m Jw
juswaeuewr ‘Juowraeuewr Sur h uﬂmwmmun
uonoNpaI uonoNpaI 1eaf T 03 . % mw h7es i
y3rom 1ySrom SY2aM (T I0J XewW QA TN mwv 29299 boIe[1 ey
apue  gmpuguoy  gossrop AP0 jostoduos
(/o) Aysuayur asotpy 10§ 3dooxa Ayisuayur Je yoam/skep . ep 1Y [21) (7007)
[eAaT ydiyg SRS, U PIo sxeak G9-G¢ OTyewalsAS [esnedouaursod “Te 32 UdUTeISY
I [ sa1pM3s G—7 SaINuIW (09
UaM}oq UIWOM UO S[e1I} 3SIIIIXD
sjerapowr 3SIDIOXD [[e Ul 03 0¢ 103 Sur33o(->yrem
] [esnedousunsoq pa[[onuod
MM TAT QT ur 2dueyd 10 SunyTepm DaSIIIODUE]
JO S[oAR] 2} 2ouedyTugIs oN ﬂo .32W8
U0 1092 OU ey J M9t
JeWR)SAS ¥
QUOTE 9STOIIXD
Aysuaur
9JBISPOIA
wwﬂwww% uoIsSnPUOD) anbnuy 9S1019%2 Jo odAT, opdureg udrsoq oidoy, Tedk 10Ny
"panunuo)) ¢ AT9V],



BioMed Research International

12

72/91 TT/ST 7C/61 72/91 7T/ST (4454t 7C/1T TT/0T TT/91 TT/St /Ll 21008 [e)0],
uorsnpouod pue
/1 71 /1 /1 71 71 /1 71 71 1%t 71 wonEpUAIOdSY
aqeordax
71 /1 /1 /1 71 71 /1 /1 71 1%t 71 st kprss oy
[ 4 [ [ (94 /T [ [ 7/ /T [44 sisAfeuy
¢/l ¢/l ¢/l ¢/l ¢/l ¢/l /T ¢/l ¢/ ¢/ [ awodInQ
¢/ ¢/ (93 ¢/ ¢/l (93 (93 ¢/ €/€ €/ ¢/g UOLUSAIIU]
S/S S/T /S 4 S/S S/T S/ /S /S S/ S/y s302(qng
¥/C ¥/T /¢ /¢ ¥/C ¥/C ¥/v ¥/y /1 ¥/C /1 usisaq
[ [3 (3 ¢/ [ [ ¢/€ ¢/ ¢/ €/t ¢/ pue Ezeﬁwﬂm
(1002) (2007) (2007) (7002) (9007) (£002) e 32 (£007) (£007) (8007) (6002) (0102) fpmg
‘T8 19 I3[ST uny ‘Te 19 snexny| ‘T8 19 ueWAIN ‘T8 39 usureyIsy ‘Te 32 Aydany SuomueaypPImmIg ‘Te 30 ZJU9[S e121peIsIoAle ‘[ Inodfezjy “Te 19 sifequuey, “Te 19 epIysox

‘SAIPNIS [[e JO S2I03S Jeul] 1 HT1dV],



BioMed Research International

)

13

Records excluded
(n=95)

A 4

Full-text articles excluded,
with reasons
(n=18)

_5 Records identified through
E database search
g (n =469)
b=
=
U
]
I
A4
. Records after duplicates removed
(n =345)
0
5
£
3 v
3
x Records screened
(n=124)
2 .
£ Full-text articles assessed
5] for eligibility
(n=29)
= Studies included in
3 quantitative synthesis
= (n=11)
9
=

FIGURE 1: A flow of data selection.

abearing 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
etal. found that light- and moderate-intensity exercise groups
had areduction 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 6 months in a control group or 8 months in one of three
aerobic exercise groups. The three aerobic exercise groups
included two groups with 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, 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- to moderate-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 and more sustainable than higher 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
etal. [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
few months 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
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problems like obesity and mild to moderate hyperlipidemia.
The findings of these studies are in consistent with previous
studies, which suggested that moderate-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 and may 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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