21sadns = = L .
IMABANITUNNGLazNILAINLNTA UNUTAURAVD

JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY ORIGINAL ARTICLE

Y Y 2 g A v A
nsilszanamszauneadueavmaanilanunuiuinalugislsann
Wnusian 2 wazanuaulang

nIWsS Yryun'?, 1g1odnund Ss:onna’ * .

Received: July 14, 2015
Revised & Accepted: August 21, 2015

UNANYD

fimsfnuUeThnsiszey small dense low density lipoprotein (sdLDL) iy fhinasnnnmsideumas
Tuaufienfives lipoprotein metabolism Fsilanudiufohanafuanudssinziiulsanlatasnasaiden
ﬂ%i}ﬁumﬂﬁﬂﬁlummn%maumﬂ%m sdLDL 1% density gradient ultracentrifugation, gradient gel electrophore-
sis, nuclear magnetic resonance S9NTIMUNE IENalumaTauu desordumatiasutoulumsnsin Rdianu
gasnniazsiiinlFlumalseimandiin wiemadansedundulszsnsnng ldimsdnuniiiewannmadiafiely
M3n5293a sdLDL-cholesterol 1ag35 novel homogenous enzymatic aN uﬁ’jﬁﬁﬁazdm@iamsﬁﬂﬂ% UANTIATUN
dwsumaaneiliielslumsdanses SefimsAnsieianngasdmiumalszina sdLDL-C :innamianga
galufuinll Sremazhinlflumsdansesmdihefidesielsailanazvaonidensufunamsnsayaloinls
oifin msdnmnadaiilfihgasdandanlisznaumves sdLDL-C luideavesauguand nsuifieusugihels
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Estimation of small dense low-density lipoprotein cholesterol levels in
patients with type 2 diabetes and hypertension

Nathapat Boonmak'?, Yaovalak Teerajetgul** .

Abstract

Many studies have indicated that increasing of small dense low-density lipoprotein (sdLDL) conse-
quences of lipoprotein metabolism morbidity which corresponding to higher risk of cardiovascular diseases.
Various methods for sdLDL particle determination have been developed; such as density gradient ultracen-
trifugation, gradient gel electrophoresis, nuclear magnetic resonance, etc. These methods are complicated, quite
expensive which are not suitable for routine laboratory. Another simple novel homogenous enzymatic method
for sdLDL-cholesterol (sdLDL-C) determination has been developed but is still expensive for routine applica-
tion. Therefore, a formula for sdLDL-C estimation using classic lipid profile has been proposed. This study
aimed to estimate sdLDL-C levels in 3 groups of subjects; healthy, type 2 diabetes, and hypertension (n = 270,
90 for each group) using this formula. We found that estimated sdLDL-C values of type 2 diabetes and hyper-
tension were statistical significantly higher than healthy subject (P < 0.0001). Means and standard deviations
(95%CI) were 20.2 = 5.8 (19.0-21.4), 34.7 £ 16.4 (31.3-38.2), and 35.8 = 11.8 (33.4-38.3) mg/dL for
healthy, type 2 diabetes, and hypertension subjects, respectively. Estimation of sdLDL-C levels may be used
as a covariate with routine lipid parameters in assessing the risk of cardiovascular disease in type 2 diabetes

and hypertension patients. However, there should be further studies in larger populations.
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iAalsaunsndeuldinn Tsaunsndeuiiddyedniisie
lsarhlanazvaeniaen (cardiovascular disease; CVD)
fnanggmaiteinenuhdifiszduanududues
small dense low density lipoprotein cholesterol
(sdLDL-C) Lﬁu%u %zﬁﬂmméﬂwiaﬂmﬁ@ CVD Lﬁu
I 2-3 wh TagliTuegiuanuiduduves low density
lipoprotein cholesterol (LDL-C)®* 91MAYD3 LDL il
AnuuansafInATaInaLaza Ty ealvui
Wudnszney  3eldfimsuednuazves LDL aw
sy 2 uoy e patern A 9ziflu LDL fiflomna
Tvajuazduiuuuuviains 3uad large, buoyant LDL
particles (IbLDL) d@udnuuu@e pattern B 3z LDL
filvmnadnuazianumnuiunn Fend sdLDL &g
sdLDL 1ilueymaves LDL fiflenwaansalumsunsn
Wntlsvasaideauadlaa uallanuamnsalumsivau
LDL receptor Wirosndn 3unllvansuedlunszua
\dealduiutuuazgnoendladldiiemsziiany
grumste oxidative stress o §aii sdLDL-C aiifu
risk marker MFlumathmemaia CVD fiianu
Sumzuagiinnhiianh LDL-CO
M3nTiavinavetayma LDL inasinlagis
density gradient ultracentrifugation (DGUC)"?, gradient
gel electrophoresis (GGE)” uag nuclear magnetic
resonance® ABaasgulumsuendiuves sdLDL Ao

ultracentrifugation ugismariazlFanny danugs

10 e eldifuiinenlumsasom sdLDL 13
Bnar wazliannsarhinldlufesgiiamsthl lu
7 a.6. 2003 Hirano T nazaniz® ldannizmsnlay
MinT19IA2AU sdLDL-C Tudsu lnsmsanaznoula
Tlsduiifianumnmiu < 0.044 g/mL 28 heparin-
magnesium daulamuunazlszneudie sdLDL-C uag
high density lipoprotein cholesterol (HDL-C) Wa2¥1m3
751999520 total cholesterol (TC) wagHDL-C slu{ijﬂ
Tadwuu then TC audiea HDL-C azldifludmany
19uduves sdLDL-C ey me/dL deanlull a.q.
2011 Ito Y uazanz"® l@Wamnismsnsiam sdLDL-
C Tnonse L%ﬂﬂ?%ﬂl’j”l a novel homogenous assay 1%
nanms homogenous enzymatic colorimetric usi@nl%
Selumsnniadiedsideiinaune uazhd a.a.
2011 1$uAY Srisawasdi P uagamz™ ldmmsdnm
Lﬁaﬂﬁzuwmﬁw sdLDL-C 11nnamin193a lipid profile
Tagl4eh non HDL-C uaza LDL-C #l¢nniansnsie
$alaunsa (direct LDL-C; dLDL-C) wagitldnnizms
Al (calculated LDL-C; cLDL-C) $3uiu lnafgns
fnaisiail

sdLDL-C (mg/dL) = 0.580 (non-HDL-C)
+ 0.407 (dLDL-C) - 0.719 (cLDL-C) - 12.05
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Tugihoveslsmenagurunielsawennailifuwmg
mwznaumlanazrasaidon azlénanisnsie
Tame mygnlsgianuiunamInggalviu [triglyc-
erides (TG), TC, HDL-C wag LDL-C] #uilufivensy
uazldfuedaumsnais™? msAnmasiigesmmau
s¢duves sdLDL-C fildnnmsdnnalasldgasves
Srisawadi P uasany 1ut§aﬂmaq;§ﬂaatu1ﬂawu%ﬁﬂﬁ
2 uaglsaanudulafings Wisuifieufuauguand o
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13 masudsemuenaaleiiu dsthname Tsaildzums
FeseTnounmd szeznariiiulsa menwsuladio wa
MINTNNYoUFIAMNS I@un fasting plasma glucose
(FPG), blood urea nitrogen (BUN), Creatinine (Cr)
uwag lipid profile (TC, TG, HDL-C, LDL-C) lage
LDL-C fhanl#ii 2 éh #ie eritldannmsannal (cLDL-
) uazmitldnnmsniaialaase (dLDL-C)

AwnsAn AnMuUDINGNAIAN (case-con-
trol study) 1aglASUMITUTEININAMSATINATISUTTIN
mitelnnd aminendeveundu e ud 6 fnan
2557 1avii HE572080 Mdayanamnya lipid profile
nannamea sdLDL-C sagas™”

sdLDL-C (mg/dL) = 0.580 (non HDL-C)
+ 0.407 (dLDL-C) - 0.719 (cLDL-C) - 12.05

e non HDL-C naimnd1 TC-HDL-C

dLDL-C #p @ LDL-C #ildnnmsnsinia
Taonsa

cLDL-C #® @ LDL-C fildmnmasmuies
é’haqm Friedewald’s formula"® ﬁﬂﬁ

cLDL-C (mg/dL) = TC-(HDL-C)—-(TG/5)

M3ANHTaYa FeUINIUANNIANANTYD
Aindesedu sdLDL-C veanguiieshasenin 2 ngu
lngl¥aan Mann-Whitney test ﬁ?ﬁ%ﬂ%ﬂgjﬁ@@ﬂdﬂ
nisuiisuanuuandNsgnInngulasads Fisher’s
Exact test 111sunsnen L%ﬁ];iﬂ STATA version 10 lag
Svuatioddymedddn P < 0.05

HAMSANH

Foyaimlivesdidhinlasamssm 270 e
uiu nguauguad nquithoiwnmmsiiod 2 wag
agudihaanuduladings Snnunguas 90 Ny wud
it 3 nquihumengunaniimans egmdsuansa
fufis 3 ndu Taenguithesanudulafingeiionginde
q9ga (58 1) Sanmaquynd masudsemumanalesiu
uazendiliname vesndulsaimmusiion 2 uaslsa
anudulaiagaiiainnnguanguMnao g1l
dAgnadn (P < 0.05) sepznamasmiiilsang 2
nquliunndafy nagaanudulafioimdslungulsa
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a d' 1 S v o aa 1
WvNUBHaN 2 egnitedAgnNada diuna FPG
Tunguiithannvnusiion 2 dagaininguauguain
nazngulsnanudulanngeegniioddgneada szau
BUN masgegalungulsaanuduladings douan Cr
M 3 ngubiuaneeiu (@151 1)

NaN1391399739 lipid profile W3y TC uaz
cLDL-C Tunguéiegnany 3 nguiiduansdninedie
1A o o aa ' aa
liffoddgmeadd (P > 0.05) nguauguamaiia
HDL-C wasgegauazamamgalungulsannmnusiion
2 @ TG, dLDL-C wag non HDL-C Tinaluiues

= U A A A A

wenfiude aguindulsannvnustion 2 uagliaany
aulafingalamdsganinguanguamaedwiitioddgy

aa 1 a A & 1A

neaaa udAndsveinguiiuliana 2 aguiiauan
annueg e hiitodagnedda (a1sen 2) s2au
sdLDL-C #ldnnmsannalinamiouduiunaves
TG, dLDL-C uaz non HDL-C lasnguindulsain
usiion 2 uazlsaanuaularingalismasganiingy
AUGUANABENNTINAYNNEEH (P < 0.0001) usian

1
1A

masveanguiiiulsana 2 nquiimuansafiedalaiil
Headagmeana (P = 0.2596) T@ﬂ@iﬂﬂﬁﬂﬂﬂdﬂdﬂﬁﬂ
anudulafiageiimgeningulsamusiiaf 2
(a3t 2 nag 31]17'; 1)

iiei3euiiiensed sdLDL-C Audeyaiiug
Tummsnveseaadamnngn (n = 270) Wud e
Mefumands auguiiuadliguyr wagssezinm
madulsa (wiih < 57 6-10 7 wag >10 1) sz
sdLDL-C uandduedwliitivdragnieada (P >
0.05) auitldsueanluifufisedy sdLDL-C qqm’muﬁ
Tildsusanluivedwiiioddyneddd (P < 0.0001)
senSeuiisssnianguenglasuiiiugieery 35-
45, 46-55, 56-65 wag 66-81 1 wuh lunduifieny
nnnaziun ey sdLDL-C getuetiifudiy
Maadd (P = 0.0057) Lﬁmmqmjumum BMI laguila
L‘ﬂuﬂdu‘ﬁﬁm BMI < 18.5, BMI = 18.5-24.9, BMI =
25.0-29.9, BMI = 30.0-39.9 uag BMI > 40 kg/m”
wuh gadfien BMIinanhiiuwn Weeiisedu sdLDL-C
geniegnitschdymeadd (P = 0.0012)
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FoyanuPUIRINGgNF Ve 270 M8 (Nguaz 90 Ny)

Total Healthy T2DM HT P-value*
Characteristics
(n=270) (n=90) (n=90) (n=90) T2DM-Healthy | HT-Healthy | T2DM- HT

WAL, 31U (%)

w18 116 (43.0) 38(42.2) 40 (44.4) 38 (42.2) 0.7640 1.0000 0.7640

MY 154 (57.0) 52(57.8) 50 (55.6) 52(57.8)

01¢, 1) 53.0+10.5 46+9 55+9 58+10 <0.0001 <0.0001 0.0136
(51.7-543) | (44.2-47.8) | (52.8-56.7) | (56.2-60.4)

mﬁquuw?,

U (%)

Taiqu 240 (88.9) 90 (100) 72 (80) 78 (86.7) <0.0001 <0.0001 0.2300

qu 30(11.1) 0(0) 18 (20) 12 (13.3)

masuilszmueian

Tugi, S (%)

131850 163 (60.4) 90 (100) 42 (46.7) 31(34.4) <0.0001 <0.0001 0.0959

1850 107 (39.6) 0(0) 48(53.3) | 59(65.6)

fsilname, kgm’ 23.843.9 22.8+3.0 242+42 | 242443 0.0179 0.0158 0.9520
(23.3242) | (22.2-23.5) | (23.3-25.1) | (23.3-25.6)

szozominiulsn, 1 21322 3.1+4.3 3.1£2.5 <0.0001 <0.0001 0.2034

(1.7-2.5) "o (2.2-4.1) (2.6-3.6)
SBP (mmHg) 116=14.3 L1113 | 113.9£14.1 | 123.3£14.5 0.1682 <0.0001 0.0001
(114.4-117.8) | (108.8-113.5) | (110.9-116.8) |(120.3-126.4)

DBP (mmHg) 72.248.6 69.8+7.9 70.8+8.1 76.0+8.6 0.4866 <0.0001 0.0001
(71.2-73.2) (68.2-71.5) (69.1-72.5) | (74.2-77.8)

FPG (mg/dL) 120.8+46.8 | 92.0+10.0 | 166.7+54.7 | 103.8£16.0 <0.0001 0.0845 <0.0001

(115.2-126.4) | (89.1-94.1) | (155.3-178.2) |(100.4-107.1)

BUN (mg/dL) 12.7+3.9 10.9+2.2 13.2+4.5 14.0+4.1 0.0004 <0.0001 0.0490
(12.2-13.2) (10.4-11.3) (12.2-14.1) (13.1-14.8)

Cr (mg/dL) 0.93+0.2 0.91+0.16 0.92+0.24 0.97+0.18 0.6673 0.0684 0.0864
(0.91-0.95) | (0.87-0.94) | (0.87-0.97) | (0.93-1.00)

¥

UD ya@imﬁmuﬁm;ﬁu mean+SD (95%CI)

*NATOUNNADA InoToyana9iu 1 Fisher's Exact test Yoyanai1041% Mann-Whitney test, p-value < 0.05 = Hianumanaediiiod i

SBP = Systolic blood pressure, DBP = Diastolic blood pressure, FPG = fasting plasma glucose, BUN = blood urea nitrogen, Cr = creatinine

T2DM = type 2 diabetes, HT = hypertension
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Ha lipid profile uag sdLDL-C ¥83nguéIag 270 11¢ (nguaz 90 1)

Total* Healthy* T2DM* HT* P-value**
Characteristics
(n=270) (n=90) (n=90) (n=90) T2DM-Healthy | HT-Healthy [ T2DM-HT
TC (mg/dL) 171.2+34.2 166.7£22.0 168.3+41.8 178.5+£34.9 0.5394 0.587 0.411
(167.1-175.2) | (162.1-171.3) | (159.5-177.1) | (171.2-185.8)
TG (mg/dL) 128.5+62.9 90.5+28.4 144.5+73.0 148.0+61.0 <0.0001 <0.0001 0.4587
(120.9-136.0) | (84.6-96.5) | (129.2-159.8) | (135.3-160.8)
HDL-C (mg/dL) 52.6+13.0 59.7+12.4 47.0£12.0 51.0£11.3 <0.0001 <0.0001 0.0263
(51.0-54.1) (57.1-62.3) (44.5-49.5) (48.6-53.4)
dLDL-C (mg/dL) | 100.2+33.4 86.7+7.3 104.9+41.4 108.9+32.8 0.0025 <0.0001 0.3306
(96.1-104.2) | (83.1-90.3) (96.3-113.6) (102.0-15.8)
cLDL-C (mg/dL) [ 93.5+30.3 90.5+20.2 92.2+34.7 97.9+33.7 0.779 0.4189 0.2731
(89.9-97.2) (86.2-94.7) (84.9-99.4) (90.7-105.0)
non HDL-C 118.6+33.6 107.0£19.6 121.3+38.8 127.5+£36.0 0.0271 0.0001 0.2402
(mg/dL) (114.6-122.6) | (102.9-111.1) | (113.2-129.4) | (120.0-135.0)
sdLDL-C 30.3£14.0 20.2+5.8 34.7+16.4 35.8+11.8 <0.0001 <0.0001 0.2596
(mg/dL) (28.6-31.9) (19.0-21.4) (31.3-38.2) (33.4-38.3)

sdoyauanaiiu meantSD (95%CI)

=NAF0UNNADA 1a81% Mann-Whitney test, p-value < 0.05 = innuuanaNeeNITad Wy

TC =total cholesterol, TG = triglycerides, HDL-C = high-density lipoprotein cholesterol, dLDL-C = direct low-density lipoprotein cholesterol,

cLDL-C = calculated low-density lipoprotein cholesterol, non HDL-C= non high-density lipoprotein cholesterol,

sdLDL-C = small dense low-density lipoprotein cholesterol

T2DM = type 2 diabetes, HT = hypertension

sdLDL-C <0001
=0.2596

(mg/dL) p<0.0001 H P |
40 - 7 34.7 35.8
30 A

202 .

20 A
10 -+

0 T T 1

Healthy Type 2 diabetes Hypertension

3N 1 szdumasves sdLDL-C fildnnmsanna lungudiediaine 3 ngu
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Isaluagaguamsane

HaMIMAdaUNINTENERIveITayaludas
nqunun Jeyadiulnaiimsaszanediliiflunuy nor-
mal distribution 9lFadAuLY nonparametric analysis
Tumsliangideya wun nguaraaiaslsznaios
az 57 Whunavdes namsnageumeddanuhianu
ummhwmé'ﬂd’mizwiwLWﬂ%mﬁmwwmjﬂuﬁy’qam
nguednliitschdgyneada (P > 0.05)

Ham3Seuieuszay sdLDL-C Tungudihe
wwmusiiaf 2 uasnguitheanudulafiogs wuh
Agu Q’ﬂaﬂﬁy’a 2 nguiAn sdLDL=C gannguangumm
Aodnitlyd AN Naan (P < 0.05) udsgédiy sdLDL-C
sgwhanguithemmmsiion 2 fugiheanuslafio
galimuansnafuegliitsddgneadd (P > 0.05)
Fiaeandeafumsanuues Shoji T nazan vl a.a.
2009™ inuhithenwmmusiion 2 uazdiheanudu
Tafingafisgdy sdLDL-C quiuigufiu [median (25"-57"
percentile) = 33.2 (25.4-49.9) uag 27.8 (19.2-46.8)
me/dL] udmsAnw1wes Shoji T uasaaiziilildims
Anlunguanguamd venanilfanut sz sdLDL-
C fgetnlunguithei 2 nquideSeuifsufungs
auguamalumsfnmadsildenadesiunannia
3¢% TG, dLDL-C uag non HDL-C Saflumniies
MFlumsdsziiuanudsdumsifalsaumsndeunn
CVD vesnguithennvmusiiai 2 uazdtheanud
Tainga

WewFeuisufunsAnuves Palazhy S uag
anug Tuf) a.d. 201477 Eeldvhnsdnmludihenm
¥iiafl 2 Wisuiisufunguann@lulszimaduide Tay
l¥msmuarme sdLDL-C mugnsved Srisawasdi P

(11) 1 = X X == g-ll dy 1 ‘VOJ
IWULAYINUAVUMIANEIATNU WUNIEAD

nazAMY
sdLDL-C Tunguaugumwadalndidsaiu (A1 sdLDL-
C lumsAnmaSeaifidnmny 20.2 £ 5.8 mg/dL uaz
M3ANEIYeN Palazhy S uazamizlimimnny 19.8 = 12.4
mg/dL) ugid1 sdLDL-C lungudihannvnusiian 2
4' o =S ISl d' 1

nhmsdAnulay Palazhy uazaaiz HARAgINIINS
Anv1asall (sedu sdLDL-C dnnaldvesngudihe

a d' =2

WNYNUBIAN 2 NNNIANEIYEY Palazhy S uazae
HazMIANEATIN AAINAY 46.2 £ 10.7 uaz 34.7 =

16.4 mg/dL mud) fstleiiloannnanuuanss
vosnguinesuiminndnin Wy szeznmiiiulsa 3
Talldszylilums@nwives Palazhy S nazame udlums
Fnmassilszsznminiiulsavesnguiihommusio
il 2 WaAvedd 3.1 7

M3AnEYea Cho Y uazaniz"® Tuil a.a. 2012
flszmainmaldnuh gasilslummlszanae sdLDL-
C v Srisawasdi P uazaaiziliamnsniI$lungu
Usgmnstadiedifinguernmamamunuedn (meta-
bolic syndrome) voszmanmaldld Wewnozld
mgennanihnge Tasdidnmlduunhlihienu
uanehafuvealszmnsluudasiui Ssanshmsfam
wesulFgasliimneaufudnsasvesnduiszmngly
usazdssine

38%0 sdLDL-C fldnnmsmunalumsfnm
aSail Tunquanguamdmemedicnganiumemdgeeta
NlodAgnadd (21.9 £ 5.7 uay 18.9 + 5.6 mg/
dL, P = 0.0133) ustlunguithem 2 ngue sdLDL-C
Tumamsnaginavgeuanannuegelaifivodidgns
dadf (34.3 = 16.3/35.0 = 16.7 lunguihannvnu
¥iafl 2 uay 35.8 + 12.1/35.8 * 11.7 lunguiihe
anusuTafings, P> 0.05) uennntidmunun ey
sdLDL-C lungufifiovganadiengeniinguiiiiongties
aufiquipisfidananhauithiquyn adfianuuans
Auegnlifiaddgmeada (ildudastoya)

Tunguaugummaimameaziszdy sdLDL-C
gannanged it Agneada deandeadums
Anmves Masumi A wagaaiz Will a.a. 201407 finy
7380 sdLDL-C lumamaganilumend (31.7 +
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