a7 sakel 47 A5 http://dx.doi.org/10.17946/JRST.2024.47.5.325

Journal of Radiological Science and Technology, 47(5), 325-331 ISSN 2384-1168(0On-line) ISSN 2288-3509 (Print)
()
= 3l HIETIAZE 025 =0HAHS =
ez Zel o SK|=F 0|3¢ct SUE2Y O|A4XEES ¢+
ok
Solrieti wAlMET)

Study on Atherosclerotic Dyslipidemia Using Cardiovascular Risk Prediction Index

Hyun An

Department of Radiological Science, Dong—eui University

Abstract This study aimed to provide primary assistance in the clinical diagnosis of atherogenic dyslipidemia by using
cardiovascular risk indices based on lipid profiles, The study involved 3,536 participants (1,959 males and 1,577 females)
who underwent health check-ups at P Hospital in Busan. Methods included using lipid profiles to evaluate cardiovascular
risk indices such as Castelli's Risk Index I and II (CRI-I, CRI-II), Atherogenic Index of Plasma (AIP), Atherogenic Coefficient
(AC), Non-HDL cholesterol (NHC), and Triglyceride and Glucose Index (TyG). Statistical analyses, including difference anal-
ysis, correlation analysis, and ROC analysis, were conducted using the SPSS software. Results indicated significant differ-
ences in various factors, including age, gender, triglycerides, total cholesterol, LDL-C, HDL-C, fasting plasma glucose, and
cardiovascular risk indices, depending on the presence of dyslipidemia. There were significant correlations between car-
diovascular risk indices and dyslipidemia, with CRI-I, CRI-I, and AC showing the highest correlations, ROC analysis de-
termined optimal cut-off values for identifying atherogenic dyslipidemia as follows: CRI-I »3.83, CRI-I )2.43, AIP )0.49,
AC )2.83, NHC »162, and TyG )9.02. Cardiovascular risk indices were significantly higher in the dyslipidemia group,
demonstrating their usefulness in assessing cardiovascular disease risk. Particularly, CRI-I, CRI-II, and AC indices were con-
sidered valuable predictors for diagnosing atherogenic dyslipidemia,
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ratio, CRR)°|2}alte sh Vs Seta 4 7hs/d vt
Pah= Hwolw, F4& CRI-I= TCE HDL-CE Wi,
CRI-TI:= LDL-CZ HDL-CE = ko AXRecH7,8].
EMATE FAR|4(atherogenic index of plasma, AIP)= &
A EglZgMlEl=s 9 €3 HDL Y2 HES 7|HEe2 sh,
o= A2 thE ATkl thal Afo|o] AoARE-Z Hhgsal =
T BEE A5 4 9lom, FA AIP Al5= TGE HDL-C
2 e gk 21 WHeksto] yeRicH9,10]. S Al
(atherogenic coefficient, AC)= HDL—Cx} H&5}o] kst
Atz F7o)o] 4%} 7hsde LERE, TC -
HDL—CE HDL—C& Y 7ko& ARXETHI0], H] I2UEX]
chil Z| A8 =(Non — HDL cholesterol, NHC) 42|+ 4]
S A QRS Wrshe ] ARSElE Ao, T2
2HIEHTO) oA HDL-CE W gho = Alib=m, NHC 4227}
SR SAEWEES 9 A AR 9Rle] TRk
vebdich11,12], AR Tt 2|4x(triglyceride and
glucose index, TyG)+ SAY & £t} 2|5 0|83}
Qadl At Bty QIFE IS Ao, E3F A
9 9 diAf 9t T o]tk A TG X
FPG / 2 3= ARRIE e gho2 vehdcH13,14].

2 s FEEEE SRS oA 83 atherogenic
dyslipidemia)& ek 53] 9f8 A2 Z28S 7|Hke =
g AT AR Sk ApEs o83t Wl 4
FMESLE FHIRE o IRAES Xchof] YA =R
AL Z1ggE AT,

ol
=

LY KN
O 1o

Sl

353682 ke R 33Tt

1) oV AEF A=

opJAEEZofet A FH SIS0 oA HESE A=
A7) 271z a3l EIE 85 hypercholesterolemia,
>240 mg/dL), 1573485 (hypertriglyceridemia, >200
me/dl), I LDL-C S EIEE€5(high low—density lipoprotein
cholesterolemia, >160 mg/dL), #] HDL |2 HEEZ

(low-high density lipoprotein cholesterolemia, {40 mg/dL)
Z St} oito] A w2 AoJETH2].

2) @S 1A
2 BAE ol B fAIskaL B AAE Atk

TC, HDL-C, LDL-C, TG, FPGs= Hitachi 7180, 7180—1
(hitachi, tokyo, japan) 7]715 AR&3IICh

3 AEH 2 fAUA
Ay e SRl thgt ALY 5412 Table 1] et
et

4) SAEA

Ahe FERH] o REE S Xt T ofekRt |
Z=0lo] RFEA])= SPSS(SPSS statistical software ver,
29.0, Inc., Chicago, IL, USA) 4 =2 13S o] 835)5th

OVIAEES ol e Ak 7] Ajo] Blie= SHER

=87, 7l A8 skt @35k W, Agd
1. CHed R 2 A A%k o2 Qrjeh oAl ABZo tiet AR Tloj
(Pearson) AHEAIS: 18]35 ROC 418 S3f) A€y Agt
1. ST AEAEol tigt Wikte, Solw, T4l 8 WA(AUC), £¢l
ks Rabe] P lold 20239 SRR ~ gopaid T orouden index), S VRIS iRk SA )
DU AR AR Y 19509, ol 1577y, Ay T PCOSE RS,
Table 1. Classification of cardiovascular disease risk predictors
CVD Risk Factor Calculated by using formula Abbreviation
Castelli's Risk Index I TC(mg/dL) / HDL—C(mg/dL)m CRI-I
Castelli's Risk Index II LDL-C(mg/dL) / HDL-C(mg/dL)® CRI-I
Atherogenic Index of Plasma log (TG(mg/dL) / HDL-C(mg/dL))” AIP
Atherogenic Coefficient [TC(mg/dL) — (HDL-C(mg/dL))] / HDL-C(mg/dL)"" AC
Non-HDLe TC(mg/dL)-HDL-C(mg/dL)™** NHC
Triglyceride and glucose index In [TG (mg/dL) X FPG (mg/dL)/2]"*" TyG

LDL-C

TC—(HDL-C) —TG/5(Friedewald equation)™”
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1. SUHEHY OIMXILES Tt M2 chARtel S

oVIREEF Xt - ol W thRRe] £ Table 2
of Leprt,

Lol $7F A4, /94 triglycerides, TG), E-Z22H)
E=(TC), 12 LDL-C, A HDL-C, ZE&tfasting plasma

ZollA 1ZFYAElEEZ(hypercholesterolemia), 1154
HFEZ=(hypertriglyceridemia), 11 LDL-C ZSdAHEEZ
(high low—density lipoprotein cholesterolemia), A HDL &
| 2~HEEZ(low high density lipoprotein cholesterolemia
o2 FE3}o] Table 10f] LERL,

2. SUZsHY OlYX[EES0 WE A X|2te]
A

glucose, FPG), CRI- I, CRI-1, AIP, AC, NHC, TyG %] cTT
Soli] opdAABZ0 B Rk 0] A Uehit), =, VARSI AL flRAl A AR slels

=20 U1

o]/kol-x] Ad= 38 g =

Bl AR
UERENpC 00D, F7HE0 R oA AEE 2]

GoJulgt 2jo]7}
chke 12937

Table 2, Characteristics of the participants according to presence of dyslipidemia

s AAlske] AakE Table 30 UERIC
w4 Azt CRI-I= CRI-(r=0,953, p<0.01), AIP(r=0,708,

Varigble (MngO:I N(%) (Miyég)'ifnﬂf%» (’:;ljlgéggdsai o) or x%(p)
Age(y) 50.28%10.65(M+SD) 51,4249, 56(M+SD) 49.62£11.18(M£SD) -4,84(¢.001)
20's 89(2.5%) 13(1.0%) 76(3.4%)
30's 479(13.5%) 135(10.4%) 344(15.3%)
40's 1090(30.8%) 384(29.7%) 706(31.5%)
50's 1262(35.7%) 549(42.5%) 713(31.8%) 62.24(¢.001)
60's 466(13.2%) 164(12.7%) 302(13.5%)
70's 150(4.3%) 48(3.7%) 102(4.6%)
Total 3536(100%) 1293(100%) 2243(100%)
Male 1959(55.4%) 774(39.6%) 1185(60.4%)
16,40(¢.001)
Female 1577(44.6%) 519(32.7%) 1058(67.3%)
TG(mg/dL) 119.03169.33 162.51+85.24 93.97+40,91 -27.16(¢.001)
TC(mg/dL) 203.56£37.39 206.34142.24 191.69%27.05 -24,28(4.001)
HDL-C(mg/dL) 57.59+14.45 51.41%15.16 61,14£12.73 19.45(.001)
LDL-C(mg/dL) 122,16+34,72 140,22+40, 74 111,75+25, 44 -27.16(¢.001)
FPG 98,05£21,36 101,05+23,98 96,32£19.48 -6,02(4.001)
CRI I(mg/dL) 3,72%1.07 4.506£1.06 3.410.73 -39.24(¢.001)
CRI II(mg/dL) 2,25+ 86 2.8440,90 1.9140.62 -32.75(4.001)
AIP(mg/dL) .26%.31 0.44%0,32 0.15£0.25 -28,29(¢.001)
AC(mg/dL) 2,72+1,07 3.561.06 2.24%0.73 -39.24({.001)
NHC (mg/dL) 145.97+37.34 172.73137 41 130,55+27.23 -35.48(¢.001)
TyG(mg/dL) 8.49%.63 8.8311.60 8.30+0.53 -24,80(¢.001)
Dyslipidemia(n=1293)
High cholesterol 588(45.4%) 705(54.6%) 1223.46(<.001)
High triglyceride 461(35.6%) 832(64.4%) 919.60(¢.001)

High HDL Cholesterol

493(38.1%)

800(61,9%) 993.77(£.001)

Low LDL Cholesterol

495(38.2%)

798(61.8%) 996.93(¢.001)

N=3530, Positive group=1293, Negative group=2243, TG; triglyceride, TC; total cholesterol, HDL-C; high-density lipoprotein cholesterol,
LDL-C; low-density lipoprotein, cholesterol, FPG; Fasting plasma glucose
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Table 3, Correlations between serologic variables

Variable CRHI AP AC NHC TG
CRI-I .953" 708" 1.000" 764" 547"
CRI-II 495" 953" 8117 326"
AIP 708" 358" 925"
AC 764" 547"
NHC 342"
“P{0.01
p<0.01), NHC(r=0.764, p<0.01), TyG (r=0.547, p<0.0N¢t A5 HFow, FHHIM oSS Adshy] St

fofgh oFel S vt CRI-II= AIP(r=0.495,
p<0.0D)2F AC(r=0.811, p<0.0D)<} frelgt o] AJHiAE 1
i}, AIP= AC(r=0.358, p<0.01) & TyG(r=0,925, p<0.01)
ok fofet kol RIS Beth X3 ACE NHC
(r=0.764, p<0.01) ¥ TyG(r=0.547, p<0.01)2} ko] Azt
AE VR NHCE TyG(r=0,342, p<0.0D)9HE 5]t oF
o] AMIAIS HJrh CRI-19F ACS] AAIS7} 1.00002
UeRt = 257t ehst kel A IAE vERT

OVIAEAEFTE oI5 thtRt Bipoll thek ROC 4] 2
= Table 49} Fig, 1] UERch

FWAHIMY o IAAT S ol a3t 2Ho] AugkS
T3l7] $Jal 95% AlF] F7ke] A o] F<(area under
the curve, AUC), Youden A=, W%, Eolg 5l
o}, A3t 2459 8ig= 5 CRI- 1 (AUC=0.847), CRI-1 -1
(AUC=0.802), AIP(AUC=0.764), (AUC=0.847), NHC R|4
(AUC=0.821), TyG A|4(AUC=0,732) % CRI- 1, AC A&
oA 7H 2 AUC 2k 0.847£ UrEHH ol AAET Xt
of o ol W Uepge, WIZiES} Sojwg we )
2k Youden A== CRI- I, AC X]—roﬂ/ﬂ dHes w2 4

Table 4, ROC prediction curve analysis of variable

CRI-1, CRI-I—1, AIP, AC, NHC, TyG A4-5¢] 2|2jo|
ATES 53,83, 12.43, 10,49, Y2.83, Y162, Y9.022 et
o}, e CRI- 1, AC XI5l Zk2t 74,4%% 595}

Al Urebstth, Solte= AIP A4=of|A 91, 7%= 7V =] et
wit,

ROC 54
10 CRI I, Cut off value(>2. 43),_»—-7_-:-_7.7.:;3‘,-—5*’
I L S
CRI -1, Cut off value(>3.83) = Lt
- e o
AC, Cut off value(>2.83) [/ P == 2 = SHG, Cut off value[>162)

e
overlap -~
08 T
. -

R
N AIP, Cut off value(>0.49)
e g

Composition of curves

Sensitivity

0.0 02 04 06 08 1.0

1-Specificity

Fig. 1. ROC analysis for CRI |, CRI II, AP, AC, NHC, TyG

Variable  Sensitivity  Specificity AUC(95% Cl) Youden index cut off value pvalue
CRI 1 74.4 78.3 0.847(0.834 ~ 0.858) 0.526 )3.83 €0.001
CRI I 65.5 79.5 0.802(0.788 ~ 0.815) 0.450 2.43 0.001
AIP 50.7 91.7 0.764(0.750 ~ 0.778) 0.424 20.49 0.001
AC 74.4 78.3 0.847(0.834 ~ 0.838) 0.526 )2.83 (0.001
NHC 65.3 86.7 0.821(0.808 ~ 0.834) 0.521 )162 0.001
TyG 45 92.6 0.732(0.717 ~ 0.746) 0.371 29.02 {0.001
N=3536, Positive group=1293, Negative group=2243.
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2 e oA TT HRE s S TC
HDL—-C, LDL-C, FPGe} 4183 gt 9 9jx]4=¢l C
I, CRI-I, AIP, AC, NHC, TyG A55o] thet BAS
ol 1A} gk AEYIT), 2 Atella] o dHEE
frof| w2 didAbe] EAelA trolel didellx] gt o]
BAAEF ZeIFo] = etz p<0.001). 12]az,
HDL—C, LDL—C, TG, FPG, CRI- I, CRI-1, AIP, AC,
NHC, TyG Ag=of|A] o dA-EZ dste] foulgh 2jol&
HAHpC0.001). #JolE Kol M4ES stk Fo7s)
oA EST FHEES WE 5 S ZoE ddHr

20229 TR A FHEsIere] Aol wEH Adw Ak
o] Fa3t A3 LDL- C 5= TC $2219F AR 38k
= YepHtRar Harsiar Qlok, 200) o] $-FE| 4=2]7F $zobA|aL
30toll A S0TH7HA] A AT F 3; Zhaxsh, Aol A
o149} LDL-C Xi= 60A17HA] S713ick7t A1A18] Z4sst
+ B, JA82 507 SR AA8] dagictar )
FCH1. ¥ dA7ollA LDL-C 5= TC $219t fARE ek
< UEhi}, 200 o] {(LDL-C: 194.27)%H 27} ok
a1 30ti(LDL—C: 204.93), 40tH(LDL—C: 208.51)71A] &7}
8-S Ho|al 50tf(LDL—C: 204.93)5 € Az} 7hAsk= 1f
B8 2}, AdoA LDL-C 4221 JAlT oJAdollA] 404
7] 77 A AS] sl AdRke Hol 71 Aokl
2ol Hrt o= AX[EF AR7A| ARG o, v gt 5
< HiARkL AR WIER AGE ZI3gsto] o]=igk 2}
o5 HQl Ao= Y7L,

TG s 949 B TG 2= 10404 40474 55
Skl 40410014 60M|2 /g2 dEE FAIsHH 6041 ol Foll=
TAE vehlon, o2 30M7HA] W2 53 fAsIt
40} SR o]go]] F7ksto] 6541 o] %ol Zarzol Eikth 20
AleflA 504I7IR= J/do] o dHet TG 42271 A4ds] A9t
o/l 4=2i= 60A]| ofFoll 2t obxicar silrHl], £
TolA TG Fes oVIRAEES f- oA 212t aido] o4
Ry A vepgkon, dgtiERE o RAES T1E0lA
20tH,, 30tH, 40ch7I+] 57k, B0t o|%- sl A<
At A TEelsde 40di~50th= 571 60t e 7
709 ol% F7ksl= A S Hol 7|1E A At Alls
Bart o= & Atolxs A tdAE A drdes
slgi7lol olefgl ZjolE Kol Ao wErt

HDL-C sfe= A8 8-S A7l AH2 g
o, BE= ARTO] ool A] A Yttt 531, 20~30
o of/doflA] oF 10mg/dL ©f =7 UeRom, 604 o] $-HE]

o

£ 5mg/dL PYReR FAsk= FaHdE ol ZloR UE
WoHl], 2 doAE HDL-C S A4 2304 oA
(67.38 mg/dL)o] ‘&3(55.58 mg/dL)Ee} =A] LElsdet ol
AEEF TgollAE o3(57.59 mg/dL)o] '@d(47.26 mg/dL)
Ho} =7 Jepgon, = 25 7t Aol 282 10mg/dL oV
o7 Uepgitt, vt 604 ool A 15(58.11 me/dL)
1} oA AEZ 12(51.28 mg/dL) HFoA HDL-C 5%
7} sk AR yepith o= HDL-C %9 4t 4
g3t 9 Sl wHo] e oJwgit

Alloubani 5{16]2] @A-ol|A] oA EEFTE 2 EF A
2 9] oliFe omlshH, TC, TG, LDL-C A7t 2
&, HDL-Co| W35 18|11 FPG A7} 25 41838
ko] 9IFle] S7RRITHAL sl3it}, 53], LDL-C 5=} ¥
S AP WS Afo]9] A&AQ1 kol AduRATL 9le
B2 IDL-CE fAaA7|= Zo] g3 23] 9de sol=
o] Fagt 9k gtk ®asial gt

AHEH 91F Frlelld 7-88H4 AM&El= CRI- I 2 CRI-
I += Mainieri 5{17]¢] Q+toll w2, CRI- 1 9] X42] 4
TR 3.5, AUCE 0.78, WIEE 75%, 0|k T2%=
UERkom, CRI-19] 7 249 Adgke 2.5, AUCE
0.80, WIAIEE 78%, Eo|wis 74%5 Huskal gt} 2 it
o| A= CRI- I 9] 24 Hoigke- 3,83, AUCE 0.847, WIXHe
= 74.4%, Eo|== 78.3%= Ul CRI- 19| % 24
o] Aekgke 9 43, AUCE 0,802, WIHEE 65.5%, Eolw=
79.5%= JEbTh & Atolld CRI- 1 ollde 4o A
gk AUC, Wi, SolkoflA A vehtal, CRI-I+
2] Aozl vifies W, AUCE $YsH|, Sol=s &
Al vept 71 At Al Zjolg Bt

2015¢¢]] ¥HEE Niroumand ${18]¢] ¢i5teo] w=H AIP
= sWEslel WEH deke] FE dlSshe e A%
B2 AN 4= glom, ST Aghe] Wl MUER AR
AR8E 4= Qlrkar 3159}, Alloubani ${16]9] GLol|Al= AIP
o] HA o] Aekzke 0,24, AUCE 0,82, YIZ=E 80%, E9|
T 76%= UERITE 2 AtollAs APS] 249 Hekgke
0.49, AUC= 0,764, TIZFEX 50.7%, Eol%s 91, 7%= Lt
Bt 7|2t ZjolE KAl

A8 A 7l A ARl ACE Lu 5{19]9] A+
ol ACO] 2| dekghe 8.0, AUCE 0.79, WRI== T1%,
Soltes= 73%= HAIskal 9let, & Aol AC A et
22,83, AUCE 0,847, TIIE= 74, 4%, Eo|%i= 78 3%=
Leht 71E ket AR Aaks Heict

A8 Ak oS0 23t 98-S k= NHCE= Chen &
[20]¢] +te] wEw, NHCO| 24 Aok 160 mg/dL,
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AUCE 0,81, WIZ%L 79%, Eolvt 75%= KHalslal Qrt
2 Holld NHCO| 24 Adgh 162 mg/dL, AUCE
0.821, WZ=E 65.3%, Eolvi 86, 7%= UeR} 7|12 At
o} Hls=gt AvE Kk

TR B8 S 7R R ALl tiA S5 ﬂr
03% B7sl= TyG Alg== Liu 5{21]9] ¢

o gt ?FLOM TyG A7} & #1339
oA A3 ARBE o 2lom, TyG X577t s ANl
APgER AT /\]'U]'Eo] F7RIth= Harsial 9lem, o] ¢
Tols TyG X471 9,362 2k off s Rlos QIgh
AFFEC] S7slL, 9,525 ZaKst uf A8y AFYEC] VIR
tjal ®uskal Qi

Castello FellA= TyG Al5=2] 2|4 AdgkS 8,78 A4
o AUCE 0,83, IIHEs= 82%, Eol%= 78%= A|A5}
AL QIEH3). & At TyG Al9] 24 Aekgke 9.022
Aglon AUCE 0,732, WIRIEE= 44.5%, S0l 92.6%
2 Ut 7| Al vlarste] 22o] Augke =7|, AUC
o W= |, Boles A v AlolE B o=
=2 TyG Ag7F A83 Aght WisH da=o] a2 Al

=R

_4

¢

BARloR, o] S 53 A GERE o
= thalstle
885 Ao

=20

3“9@11 o %‘EW ol

3} QJEX| 45 0] 83} F=7}149]

R

Il
[

B AP opaEzy
LDL, FPG)I} 483 ¢J€A«~(CRI- I, CRI-1, AIP, AC,
NHC, T50) o] e Eeled 4l del 1% oS

o &=

A AEE(TC, TG, HDL,

Lt

f87e Ba 5 1
Z22 nglh 47 Zas 7
o1} LDL-C2} TG $:2]2
. o] A ol AEF 1
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