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Studying The Relationship Between Levels of Low-Density Lipoprotein (LDL)
and Small Density LDL in The Hospital Staff Population of Maharaj Nakhon Si
Thammarat Hospital Undergoing Annual Health Check-Ups
Puwasa Pophet Pitchaya Kache Prassanee Dissara

Medical Technologist, Department of Medical Technology and Clinical Pathology,
Maharaj Nakhon Si Thammarat Hospital.

Abstract

Background: Small, dense low-density lipoprotein (sdLDL) particles have been hypothesized
to play a role in the pathogenesis of atherosclerosis and the subsequent development of
coronary heart disease (CHD). Nevertheless, studying the relationship between sdLDL and LDL
levels could provide further insight for cardiovascular disease risk assessment and monitoring.

Consequently

Objectives: This study aimed to investigate the factors associated with LDL and sdLDL levels
and to examine the relationship between these two lipid measures among 200 healthcare
personnel at Maharaj Nakhon Si Thammarat Hospital who participated in annual health

examinations.

Materials and Methods: Retrospective data were collected from the hospital’ s electronic
medical records and laboratory database. Relationships were analyzed using Pearson’s
correlation coefficient and the Chi-square test.

Results: The study found that the majority of participants were female (88.0%), with a mean
age of 47 years and a mean body mass index (BMI) 'of 24.55 kg/m2.- The mean LDL-C and
sdLDL-C levels were 124.78 mg/dL and 34.79 meg/ dL, respectively. Analysis of factors
associated with lipid levels revealed that sex was significantly associated with LDL-C (p=0.022)
and sdLDL (p=0.030) levels, while age and BMI were significantly associated with sdLDL levels
(p=0.002 and p=0.001, respectively). Additionally, a significant positive correlation was found
between LDL-C and sdLDL levels (r=0.667, p<0.01).

Conclusions: These findings suggest that LDL-C levels can be used as a preliminary marker for
CHD risk assessment, potentially serving as a surrogate for sdLDL measurement in initial
evaluations. However, for more precise risk stratification, concurrent assessment of both LDL-
C and sdLDL may be warranted. This knowledge may support the development of

personalized prevention and management strategies for cardiovascular disease.

Keyword: Low Density Lipoprotein (LDL), Small Dense LDL (sdLDL), Serum lipid profile,
Atherosclerosis, Congenital Heart Disease



Website 3910155 9NE1UIAUMTIVUATASEITUINY UN 5 1lw18u 2568 - JurAy 2569 a7

unin

Tutagdu msasiadasgauladulu
Lﬁamﬁlﬂummgmwé’ﬂ (Gold Standard) Tu
n1sUszufiuandeslsavasnideniale
(Cardiovascular Disease: CVD) ﬁgﬂuﬂizmﬁ
Insuazszdudaina Aonisiaseau
ADWAALNETEATTNAAUVUILLLGT YTD Low-
Density Lipoprotein Cholesterol (LDL-C) lag
LuINIrUfURnau1nulsaRalauna
Usznalng way AHA/ACC AuuALNUgIAIIM
AnUnfvessediu LDL-C Aiaaskasunissnund
sefuNndn 130 mg/dL dmsuynanaiialy
La¥819¢1N37 70-55 mg/dL dnFunguidl

AULEE gt ? aeg19l5AnY nwudgUae

[

$rurunnndidiszdu LOL-C ogluinausiuni
Faasflaanudeanaziingiiinisnilsanasn
denala eflanvninainanumainvane
(Heterogeneity) ¥8401n1A LDL lalaunse
avakenlanignisasialeiuind @ sunia
LOL fiaaruunndtefursludiuauin
9aAUTZNBY WarAUUILLY Taoialy
aruisowvseenldidungueges (LDL
subclasses) Fanguilfiaatudrdynisndin
unfignfe Small Dense LDL (sdLDL) Faidu
LDL Gummﬁﬂﬁﬁmmm%muqq ANULANAS
voanuaNURTEndng LOL Unfiuag sdLDL 4
TodrAyranisinalsanasnidaenutda

(Atherosclerosis) A9R1514

asUTeuiisunnautAsEndng LDL Unf (Large Buoyant LDL) uag sdLDL (Small Dense LDL)*”

AMENURA LDL Unf (Large Buoyant LDL) sdLDL (Small Dense LDL)
YU (Size) Yunlngy (25.0 - 28.0 nm) YuALaN (< 25.0 nm)
AURUILUY # (1.019 - 1.044 g/mL) 9 (1.044 - 1.063 ¢/mL)

A153U Receptor

UAU LDL-receptor jtn

Julavey (egluidenuuiu)

ASUNSNTIY

LNINTULYNUMADALADALAEIN  UWNSNFULUINTINAALADR LAIe

Aulase Oxidation

nunusieauyadaslafnd

gneandladlaieun

sdLDL funuamdidgylunalnnisiiia
150 fesanwuiedidnyilfanunsounsnsa
drunfanasmdontuly (Intima) tée waz
melassaeiifisefuasiueyyadases /i
Tigneandladnanelu oxidized-LDL lad1e®
feandAdvinltuliaunsagnidasi LDL-
receptor Undlel usiszgniufiulag Scavenger
receptor UuRatgaduualasniauuulill

[

a0 aunatedu Inuead (Foam cells)

<,

avaudunaulviuwazvinliviasaiionnuiway

Y 1

9afu@ lum1enddn sgdu sdLDL Afedn
AnUnAuazifiuanuidesielsavasnidonagny
HlpdAgyAauinnaa 40-50 mg/dL® n1sinen
sdLDL Fefimmdndueeredalunguil LDL-C

Unfuaiiaadgaeeas iy gUigiumnu

a A

Y1ATl 2 N1ILFDBUYAY YTONFUDINITIUAT
ace & o A = s A v 1%
voddu gadindalnsnfwelsagannsedule

LAM sdLDL YNNTUNIUNITHI9UYD0U bl



Website 3910155 9NE1UIAUMTIVUATASEITUINY UN 5 1lw18u 2568 - JurAy 2569 48

Cholesterol Ester Transfer Protein (CETP)‘®
1NN1TANYIVBY Atherosclerosis Risk in
Communities (ARIC) Study @ g Quebec
Cardiovascular Study 5189113190 S0lvRY
lsarialogeuilodisenu sdLDL addu wiiseau
LOL-C agaglutnauaiuni” aenadaaiy
nsanwlulseimalnefnuinluetaadasineg
Aa S s o ~ at'

guMALALisEay sdLDL g9 azilainuides
1 I A U a 1 a o o U (8)
nelsaviaenidongindiunfedelidedAey

Aa N15m999 sdLDL IndunagnsdiAglu
nstesiunazdnnisisanasadeniilawuu
Lanw1zynna (Personalized Medicine) i
wiugnnsesaalvsiunuunsan®® aeasls
<@ YA o =
NAIN LUIIVINIUNINTTATIAFUA N U T891U
YBIUARINT L TINEIUIAUNITIVUATATFITUIIY
9zin1305793AsAU LDL-C tlusmsgiuman
9gUen UAN15IAA1 LDL-C Lile998191587819
lagnunsaszyanudesdenisiinlsanasa
denilalasgsuaudluynnsdl tesanly
A1UITOLENRETOUNIATUIALANLAS HUILUY
9819 sdLDL Feiflmudusunsionenann

A 1

Fonganineantd UYsenouduludagiumig

Y

¥

ealfUanisvedlsanenuiadalyleln

a [y [y [

TAusn1sesiadinsesu sdLDL vJun1snaday

o w Va v = <3

Uszaniu (Routine) é’wmqﬁ RO NENLAY
AudAglunIsAnwrnuduRus TEning
sgavulvduaila LDL way Small Density LDL
feaztneUseidfiuing LDL-C finsanagiiuiu
arunsaldidusvdifosfuniofdanses
AUEBILIUNI5R599 sdLDL ldndeldl way
Anwdadeiifiauduiusdeseiunigluiu
Tuiesvisaoswin Inatamelunguyaainsid

=

Uaduideaurle W wamnds Jg9e1y vsesnd

Y a & A o v ~
aytliianiy (BMN) gaiuinuel iietdeyad
Taunlglun1snawnudosiuwaziannisalny
A 2 ) v ' P
dualsavasadonidlalviuiyrainsegied
UILANTNINWALLRNIZLANL ATV

o/

ngUszasA

1. WiafnwiAnudunussenineseauluiiu
v LDL wag Small Density LDL
2. iieAnwitadendmnuduiusnoseaunTie

lasiuludensila LDL wag Small Density LDL

ad
A5n15ANW
= gj Q’{I [~ a
NNSANEIATITLUULTINTTUUN

(Descriptive study) laslddauadaundiann

Y

nsiwerisyauluiuresyaaInslsmeua
U IITUATATETINTIY MA13UNITATT
gua1nusednl o LsaneIuIaunisiy
uASATSTINIY RausTuil 1 fguieu 2567 -

31 d9mAu 2567

1. Yss9nsuazngunlag19yuseyng
nsAnuASsiinTzidoyalundudegnilag
MsimuATUIAYeINgufiBg19TisERUAIY
Fotiu 95% ArmnuAaIALAAouARY 0.05
wazsIuYsErInTaIA N iy 400 Ay
(Taro Yamane, 1973) lad1uiungudiagng
Wiy 200 Ay LAuFegsluyAansiideny
111177 35 U lafilsauszdnda 1w lsavaen
\donalafu (Coronary Artery Disease) 15
navALaonaNoIfu (Ischemic Stroke) 13m
nasaLdoauadlnglUswes (Aortic Aneurysm)
lsandruduladings (Hypertension)

lsAwmanu (Diabetes) Tsalusiuluidangs



Website 3910155 9NE1UIAUMTIVUATASEITUINY UN 5 1lw18u 2568 - JurAy 2569 49

(Dyslipidemia) A12ztunIUaanTuUlasy
(Metabolic syndrome) 15a92U BMI > 27.5
ke/m2™ yagldnetaelasusinguanssau
leduludenunou

2. \n3esilefldlun1s3de n1sifu
sausdaya {ITeiiuTIuTdayadiuunna
Usgnaudae A 918 Yvtln dauge wazka
1139333199 0aUJUANS taun seaulediu
¥ila LOL ke smLDL 9IN5EUVAITAUNANIG
WeeUUuAnis (LIS) uazszuvansaulne
T54W81U1a (BMS-HOSXP XE 4.0) 911U
Yoyailduduiinlaonisnasldsia (Code)
uunsimotaaiing Tagliinsdamede-
uwana wazdeya/wuutuiiniisidestu

= [ [

uAdeilaziinsdnfulilugienaislelinia

Va v v

< v @ v ad o P
doald lngidenandudiiuinwingul e
< 2 W v Y1 Ya o =3
WunisiiuinwianuduvesdUle §adeiiu
ToyanaannlasuniseudAsesssunsiduly
Uywd L5INYIUIAUNITIVUATAITITUIY

BNENTTUTENAVT A021/2567

t!' 14 ) 1 U 1
f19719N 1 “UEJH@V]’JIU“UEN?\@%JG]’J@EJN

a

3. N159LASITNYaYEA TLASISNTRUA

Y U

€

< a (3

lngldlusunsuiinsiendeyadnsagy Tase
ANNLANANTENIeNGUFBALadY (Mean)
way dnudenuuinnsgiu (S.0.) feadd Chi-
Square Test LazIlATIZNAUAUNRUSTENINS
sgaulvsuvia LDL wag Small Density LDL
feduusvanSanduiusveadiosdy (Pearson
correlation coefficient: 1) wagda el
ANUdNTuSAaszAulvtiutia LDL waz Small
Density LDL #ead@ Chi-Square Test firny
Fosiu 95% Cl Arvuaded1fynieadaf p-

value <0.05

HaNISANEI

1. wan1sAnwdayanaly

wansAnudeyarluvesngusnetng
9791200 WU ngusegeaduladuine
nds Anifuieuny 88.0 01gLade 47 Vsl
WIaneLadeLinfu 24.55 ke/m? seaulusiy
1288 LDL-C = 124.78 mg/dL waz small
dense LDL-C = 34.79 mg/dL famnsnedi 1

Auus fauw/mage faeaz/AlsuuulnTgy

LA

WY 24 12.0

N 176 88.0
81y (V) 47.95 6.73
thwiin (Rlan3w) 62.19 12.07
dauge (lwuRlung) 158.53 12.38
fatduanie (kg/m?) 24.55 4.36
LDL-C 124.78 31.54
small dense LDL-C 34.79 15.13

LDL-C; Low-Density Lipoproteins Cholesterol, small dense LDL-C; small dense Low- Density

Lipoproteins Cholesterol



Website 3910155 9NE1UIAUMTIVUATASEITUINY UN 5 1lw18u 2568 - JurAy 2569 50

2. Uadeniianudunusnaseaussauludulu

1eanviia LDL waz Small Density LDL

(% [

NANTSILASIEUATNTANUTUNUG

syaulvtiuluiaensia LDL uag Small Density

[ Y

LDL WaNISANWINUIN LWALANUAUNUSU

syauludiu LDL-C (p=0.022) uag small dense
LDL-C (p=0.030) dyudadueny wazdviluig
nudUUSsAU small dense LDL-C (p=0.002

Waz 0.001 MUAINU) AINISIN 2

A15199 2 Jadenfianuduiusaessauseaulvtiuludonsfia LDL way Small Density LDL

Variable LDL-C small dense LDL-C
LA 0.022* 0.030*
a1y () 0.245 0.707
Ywtn (lan3u) 0.459 0.002*
daugs (wuAung) 0.998 0.639
faduanie (kg/m?) 0.646 0.001*

3. NANSANEIAUFUNUSVRITEAUIULY
¥in LDL-C wag Small Density LDL-C
NANISILASIEUAITUANNUSTZ NI

LDL-C wag Small Density LDL-C wu11 LDL-

120.00

r=0.667
P<0.01

100.00

80.00

60.00

40.00

Small Density LDL-C

20.00

0.00

50.00 T70.00 90.00 110.00 130.00

C fAUFNRUSAU Small Density LDL-C 8814

a o (Y

Tfednfn1eada (=0.667, p<0.01) Fan il 1

15000  170.00  190.00 21000  230.00  250.00
LDL-C

AW 1 AuduRuSsEning LDL-C waz Small Density LDL-C



Website 3910155 9NE1UIAUMTIVUATASEITUINY UN 5 1lw18u 2568 - JurAy 2569 51

150l

N13An¥INIsANYIANNFURUSIENIN
svavluduluitdenydn Low Density
Lipoprotein (LDL) &g Small Density LDL
Inglddoyadoundaninmsiinsigiseauludu
YBIYARAINT L TINEIUIAUMTIVUATATTITUIIY
Adrfunmsnsagua szl a Tsmeuia
UMNSIYUASATETITIY SauTud 1 dguieu
2567 - 31 Ay 2567 ilefinrsandeya
mluredyaaing wuityaainslsameuia
WNsPuAsATsTINTvaL v itadude e
lsavaenidenialafigs Inotedsdesiidena
solsanaanidontu fo fuiwe §1ue1y BMI
> 23 kg/m?1? §ufudaduidosiideuduius
funisinngluiuludenfinunfnas i
amudesdelsavalauazrasaiden uagan
nsANYINUIIATRAY LDL-C Y89ngasienie
agj‘ﬁ 124.78 mg/dL 5@@@1114336% “borderline
high” (100-129 mg/dL) M1uLAMN VB
National Cholesterol Education Program
(NCEP) Adult Treatment Panel Ill (ATP111) @
ag19lsfnud193uA small dense LDL-C
(sdLDL-C) 1ad® 34.79 me/dL gl sdLDL-C §3
Lufidnnusiuinsguildduegtaunivane
wislou LDL-C usinsAnuniiniusnuanslidiu
31 sdLDL-C tluaynia LDL-C vurmdnuazdl
ANTUugadeaninsaunsndu i lUTus s
viaeaidonldienasiauidssieniainnng

29NTLATU (oxidative modification) U11N7I7

[

aun1A LOL-C vwnlng/*!? Jadunalndfey

o

IUﬂ’WiLﬁﬁ]ﬂ’]i}%MaaﬂLaaﬂLLG]QLL%Q

(atherosclerosis) wazlsaiilaunaian

Nan1saNw1UadeNIAuduNus U
seaulvunuIn inAdaudunusiuseau

logiu LDL-C (p = 0.022) way small dense

=

LDL-C (sdLDL-C) (p = 0.030) H9a0nAaodny

AR UL B inudn gugesindsedu
LDL-C uag sdLDL-C g@9n315v1e laglaniy
TugreTonatvprunasionunusediney
feswnnisasunlasvesgesluwealng
RUTUNUIMEAYABNITATUANNITLINATEY
Tosiuluident® yenaininanisAneinudn
Py duIanIulAUFuNUSAUTEAY
sdLDL-C egsiidedAey (p = 0.002 ka p = 0.001
AINAIRU) Fed0nAE0IRUNITANYIVO
Hoogeveen et al. izqi’nﬁamqlﬂmﬁu JEAY
sdLDL-C fuualfiugetuiiiosninaaiy
Wasunlasuedlasiadavasaidentaznig
avauluulusundainaonidenluvns oty

AzintniuwazlsrIudaiunumalfgly

o

a

N34y sdLDL-C 1ile931nn1izhesneduydu

(insulin resistance) AtAna1ntyduasay

s

d1uAu YanAINUNANITANYIAIUEUNUS
99495800 LDL-C Hmnuduiusidauiniusesu
small dense LDL-C (sdLDL-C) agnsfitidnAey

198@0@ (r = 0.667, p < 0.01) Fedonndoaiu

Y @ 1

ANSANWINBUNUITNYTALAUIN LDL-C way

sdLDL-C §imnuduiusiua iesain sdLbL-C

Y

Wudiulsenaudasvas LDL-C Fenalnnisiin
small dense-LDL tAAINATEUIUNITLUNIUD
dauvag VLDLY 91An1sAnwIvee Musunuru

et al. Tul 2009 Nuin1siasunladues

A a

AU Ul AN UFUNUSAUTEAU sdLDL-C

a o [

pg19dlydIAY @11 UINIBEY 4 @7



Website 3910155 9NE1UIAUMTIVUATASEITUINY UN 5 1lw18u 2568 - JurAy 2569 52

leiwn CEPT, LIPC, APOA1/A5 wag LPL
Aeateaturuinuaznisnszaedives LOL
139 HOLY wagnsAnuues Hoogeveen et al.
wanaliifudafinisivdeunvas single
nucleotide polymorphisms (SNPs) fi4 127
FuntsfiduRusSusERU sdLDL SNPs nszane
aglusunidlasiuloy 1, 2,7, 8, 11 uag 19
swdanszanelufustonun 14 62 nsuusiiu
maugnIsuvadduTusfunIsIna Iy
usfunaznalnnsdniay uenaninsanenil

[

FINUINNISHUIHUNINUsNITuTud 1

3

v

PCSK7 TudAfiaauduiusiuseau sdLDL
paeguiut
GRLY

nsAnu IR TagUIszAIAN
AMUFURUSsERIneseaulutu LDL-C uay
sdLDL-C Tunguyaainslsang1uIaunisny
UATATEIINIIY ieUsHduAl1UEsIHDNIS
Walsailataznasaiden lagannn1s@ama
WUI15260U sdLDL-C HAuduiusiuszay
LDL-C pgnsilfeodAey ogr9lsinin USuie
984 LDL-C tfiudaginagIialidaiunsnssy
finaarnlunisnelsa (Atherogenic potential)

'
1 o =

log1audug iWeinvuinveseynialudiul

[ | a

ANMNAIAABNISIAALIANINNINUSUIUSIY

o

'
P

#0AAABINUNISANYITBY Vekic Lagang'® 91
WUTsERUVDS sdLDL-C azufinduegrauinly
AUqelsavaeniieniiala (CHD) wilidnsesu
LDL-C smwé’qlmﬁlugq%uﬁmm NAQ1N
T [aXREt PEP TR POty EEEE (0 AIIRTEORRRET 1
ﬂiaammL?imﬁw%’uqﬂmﬂﬂiqwmma
LN Immawwﬂuﬂﬁjmﬁmamsmwlmﬁu

wuguegluinamiunfusiiininudesisgens

a ada a a = a
UAATATLNANREYS WN@WQLQ@EJLWU 47 v ozl

3 o

v A

AviluIanie (BMI) 1Ay 23 ke/m? daaglunay
dwniiunuinasieds Sadundgundniiny
Tunsinwiadell uazypansnduenslésuns
AT295¥AU sdLDL-C LitsiAa wnunnsiiansan
\flaen LDL-C 1iteseg19ifien 1ilesain
n3AnwIvea Griffin uazau'? syingidl
5¥61U LDL-IIl (sdLDL) g4nd1 100 mg/dL il
anudssdonisiinlsavasnideniiilagety
f9 4.5 Wi AInnsAnwadatuandlifiudn
yaansarulngueslsamgiuiaumsivs i

v

J998LFYINT1UBIYLAY BMI NEINARDTLAU

)

[
a a v o [y =

lofiuinun® AsunIInTI998AY sdLDL-C 3
[ o A aa a a i

WuinIeslloniiusednsninlunisseyunay
"AIMLEEIURNS" (Hidden Risk) na13fe wil
yAaINTITiaiden LDL-C Inesiuagluinue
Uni udvnilsgau sdLDL-C ga yaansngul
fapedinauidesgedaniiznasnideniu
Ay 131107 sdLDL-C ulgussiiiuginiuns

=

avgunmUseinasigliyaainslasuns
YTungAnssunIedngnszuaun1ssneags

Josnulspghsiurnineuialse

JolduDLUg
Jaduanuzlun1sinaddeluly

1. 1lun1sdansesanudsadesdy
\19991n526 U LDL-C fiarnuduiusesisd
Hod1AYAU sdLDL-C lsangruraaiunsalden
LDL-C mﬂmsmnqéumwﬂﬁzﬁﬂLﬂuﬁaﬂq%
Josdulumsusvidiumnudsdsanasniden
wlals lunsainsdldamnsansiata sdLDL-C
WUU Routine 9

2. MANTI8NTNTIIMNTRIUFTRANS

dmsuynainslunguidss 15ane1u1anas



Website 3910155 9NE1UIAUMTIVUATASEITUINY UN 5 1lw18u 2568 - JurAy 2569 53

915U ANN157T23 sdLDL-C Samfus1ens
nralusfuiingavegudn ieiiuanuusiugily
nsnensallsauazuaudasiulamzynaa
viadl JagturesfjoRnisdindesiiofisesiu
nsnaaouLda waildfidhendmiunaaoy
sdLDL-C lagdipnlgaeussann 300 umnsio
518073 Fetfu Tseweruiaenafiansanda
TU3nN1995293LAT129ReNa 1 wazdnvinduy
LANLNAETERNIINITATIIFUATINAINSU
ynansngudesioly

3. 1uéfmmiﬂ%’uLﬂﬁaquamiuqmmw

v s

AYSUNNANTISANEIANUIN BMI AANUAUNUS

LONE1591999

1. aunaulsaraendonunswisuseinalne

flu sdLDL-C andavinlusunsudaasugunin
yeanns Iaeiiunismuautmidnuagnisoan
fdanieiiioansedu sdLDL-C uazananyl
dodumsiinnzvasndenunauds

Foruauuzlunsiiddundedaly

1. msfnwlunguuszansiiniadu Tne
Asveenguiiotsludinguguaeailsn
U581 19U 1Y vseausulalings
iloiUSeuiisuanuuAnAave sz sdLDL-

C funguuAaININLaunInG

S MIVNINTURTRNsUTIsIansszauluiuluden

iedaafulsavaanfeniiala. ngamn: aunpulsavaendenuaiwisusemalng; 2564.

2. Bittner V. The new 2019 AHA/ACC guideline on the primary prevention of
cardiovascular disease. Circulation. 2020;142(25):2402-4.

3. Superko HR, Garrett BC. Small dense LDL: Scientific background, clinical relevance, and

recent evidence still a risk even with normal LDL-C levels. Biomedicines.

2022;10(4):829.

4. Jiang H, Zhou Y, Nabavi SM, Sahebkar A, Little PJ, Xu S, et al. Mechanisms of oxidized

LDL-mediated endothelial dysfunction and its consequences for the development of

atherosclerosis. Front Cardiovasc Med. 2022;9:925923.

5. Nishikura T, Koba S, Yokota Y, Hirano T, Tsunoda F, Shoji M, et al. Receiver operating

characteristic analysis of small dense LDL-cholesterol for coronary heart disease. J

Atheroscler Thromb. 2014;21:864-73.

6. Packard CJ. Triacylglycerol-rich lipoproteins and the generation of small, dense low-

density lipoprotein. Biochem Soc Trans. 2003;31(5):1066-9.



Website 3910155 9NE1UIAUMTIVUATASEITUINY UN 5 1lw18u 2568 - JurAy 2569 54

10.

11.

12.

13.

14.

15.

16.

St-Pierre AC, Cantin B, Dagenais GR, Mauriege P, Bernard PM, Després JP, et al. Low-
density lipoprotein subfractions and the long-term risk of ischemic heart disease in
men: 13-year follow-up data from the Quebec Cardiovascular Study. Arterioscler

Thromb Vasc Biol. 2005;25(3):553-9.

Srisawasdi P, Kroll MH, Lertrit A, Panyasai S, Khampumngam S, Chanthadusuwan S, et
al. Influence of small dense low-density lipoprotein on continuous cardiac risk

assessment in healthy Thai adults. Lipids Health Dis. 2015;14:11.

Hirayama S, Miida T. Small dense LDL: An emerging risk factor for cardiovascular

disease. Clin Chim Acta. 2012;414:215-24.

Ito Y, et al. Development of a homogeneous assay for measurement of small dense

low-density lipoprotein cholesterol. Clin Chim Acta. 2011;412(19-20):1779-85.

World Health Organization. The Asia-Pacific perspective: redefining obesity and its

treatment. Sydney: Health Communications Australia; 2000.

Klop B, Elte JWF, Castro Cabezas M. Dyslipidemia in obesity: mechanisms and potential
targets. Nutrients. 2013;5(4):1218-40.

Fan J, LiuY, Yin S, Chen N, Bai X, Ke Q, et al. Small dense LDL cholesterol is associated
with metabolic syndrome traits independently of obesity and inflammation. Nutr

Metab. 2019;16:1-9.

Berg G, Mesch 'V, Boero L, Sayegh F, Prada M, Royer M, et al. Lipid and lipoprotein
profile in menopausal transition: effects of hormones, age and fat distribution. Horm

Metab Res. 2004;36(4):215-20.

Hoogeveen RC, Gaubatz JW, Sun W, Dodge RC, Crosby JR, Jiang J, et al. Small dense
LDL cholesterol concentrations predict risk for coronary heart disease: the

Atherosclerosis Risk in Communities (ARIC) Study. Arterioscler Thromb Vasc Biol.

2014;34(5):1069-77.

Sumino H, Nakajima K, Murakami M. Possibility of new circulating atherosclerosis-
related lipid markers measurement in medical and complete medical checkups: small
dense low-density lipoprotein cholesterol and lipoprotein lipase. Rinsho Byori.

2016;64(3):298-307.



Website 3910155 9NE1UIAUMTIVUATASEITUINY UN 5 1lw18u 2568 - JurAy 2569 55

17. Musunuru K, Orho-Melander M, Caulfield MP, Li S, Salameh WA, Reitz RE, et al. lon
mobility analysis of lipoprotein subfractions identifies three independent axes of

cardiovascular risk. Arterioscler Thromb Vasc Biol. 2009;29(11):1975-81.

18. Vekic J, Zeljkovic A, Cicero AF, Janez A, Stoian AP, Sonmez A, et al. Atherosclerosis
development and progression: the role of atherogenic small, dense LDL. Medicina

(Kaunas). 2022;58(2):299.

19. Griffin BA, Freeman DJ, Tait GW, Thomson J, Caslake MJ, Packard CJ, Shepherd J. Role
of plasma triglyceride in the regulation of plasma low density lipoprotein (LDL)
subfractions: relative contribution of small, dense LDL to coronary heart disease risk.

Atherosclerosis. 1994;106(2):241-53.



