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Comparison of the Usefulness of Lipid Ratio Indicators for Prediction
of Metabolic Syndrome in the Elderly Aged 65 Years or Older
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‘—HA]‘—‘—,—;L BHEL ZXAH JHEHo7 E}QlO} Aot TS $A1RF 22 EA(receiver operating characteristic,
ROC) TAo = A& AHY ST & AdghS 7961t SHAT Aot sz A4
o] Y EFo|A 7 #9E0H(:=0.278, p<0.001 vs r=0.252, p<0.001), A A8[E& X HFE= (AR} H|w 5o
AAERGoA] thARS ST W EO] B3It B 5WAS Afe v A AHE A HEH ROC T4 ofe] |
(area under the ROC curve; AUC)&ol ¥ ZH} 0.826(95% C1=0.799-0.850), 0.852(95% CI=0.820-0.881)Z
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Abstract The purpose of this study was to compare the usefulness of the lipid ratio indicators for the
diagnosis of metabolic syndrome in the elderly aged 65 years or older. From January 2018 to
December 2020, 1,464 people aged 65 years or older who underwent a health checkup at a general
hospital in Seoul were included. Lipid ratio indicators were measured through blood tests. The
prevalence of metabolic syndrome according to the quartiles of the lipid ratio index was confirmed
by logistic regression analysis. In addition, the metabolic syndrome predictive ability and cutoff value
of the lipid ratio indices were estimated with the receiver operating characteristic(ROC) curve. The
correlation between atherogenic index of plasma(AIP) and waist circumference was the highest in
both men and women(r=0.278, p<0.001 vs r=0.252, p<0.001). As for the lipid ratio indices, the
incidence of metabolic syndrome was higher in the fourth quartile than in the first quartile. The area
under the ROC curve(AUC) value of AIP was higher at 0.826(95% CI=0.799-0.850) and 0.852(95%
CI=0.820-0.881) for men and women, respectively, compared to other lipid ratio indicators, and the
optimal cutoff values for both men and women was 0.44(p<0.001). Therefore, the AIP among the lipid
ratio indicators was found to be the most useful index for diagnosing metabolic syndrome in the
elderly aged 65 years or older.
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YA S 18-S = 2 B4 (glucose
intolerance), =& ZAA4}, W ULt
2H|E(high density lipoprotein cholesterol,
HDLo), T8, EFHTHE 2ok of2] A4 tiAL 9l
8219 HgAITH1,2]. AT 9] 57HA] 913
821 F 37HA] o9 tirfolds 7IHte R AthE| il
UARE e etE o & Qladl AP dat WA o]
71} 523t EAo|t}3]. E3t ARSI AEH A
o9 A 2% G T AT welo] vk #oh
SAZF AA=ATHAL A AA A AR 71
E2 20~25%% HiEH, vj=9] B 35%7H4] +4
Hoh3,5]. FUAZFFERA] T2 2vte) 2017
Y A sS AHES 34 28.1%= 1047 371 F
Ao, oJ4dL 18.7%2 AHH FFS EHTH).

WA AASA AHeF BEo] A mifHe=
AET A% gl 9 AT TE A5 St 7t
oot f-83% ARE SEHTHT 8] HAZAE i
o8 ARSI FBES FUstet w2 AN

ATHO]. o FAEAEFL BT HASS Fdst= 7t
& 583 8% 5 shol, o=
NE AAAFET A8 Adol=t F83% o=
AAEeH10]. B8] % W3}t A|4x(atherogenic
index of plasma, AIP)= % SAX4S HDL-E9
AHEARE e g2 21 A3 o= oXEE
ST ol 44740k 2 AgE A A gt
£2 A7o] ERIFATH11-14]. HEeHEA o] t=H
@ WA} A7t AU ALARES A 2
T A& o] o Hojuttal EuEn15]. ®

£ AtolMe % 5943 A7t Al 2% G
9 et HE N g S S48 A&5UAt
o] 1% qItH16-18].

=WA5 A4(atherogenic coefficient, AC)= H
HDL-Z¥ 48 &% HDL-SHAHE Hl&=2 3450
ol= 5% B4 dSoh, of=AEH B(apolipoprotein
B)Z Hlodols 483 AEE HuEH19). E3F Castelli
938 A4 I(castelli risk index I, CRI-D) ¥ castelli
93 A4 (castelli risk index 1I, CRI-I)= &2

~HE, LDL-FHAEE3 HDL-ZHAHE v &R 3
A=, Ao 29 7]1E A wrfHSE o
AHET S o Aot dSote 222 HiESlth
[20]. AAIE A&HlE2 A Ee AdEHA] T
A et v gls o e AgEe AdE ASst
+ 8 U2 ARE AAEIL QUTH21]. o]eF Zo] A&A|
O tpFet 2o ARG 2 ASH ASAE 4
Aot |85t ARbE UATHI,12-14], &%
WS} A5 FoPAolRlT ot E|7HA] w|=Qlo)A|
£ A%E 5ol AFT £ e AR oid AeE
UERSTH22-24]. E3F 333 2 S oS3
91t A dulE A H A AdghE WS QlF] o
2t & & Slthe FolrH22,251.

wEbA] 2 AoA= 654 ol LHAE e R
QASET A& A3 Adulg A2l 8F 59
3} A&, castelli A A 1, castelli Y AS 11, &
WAsH A49] §-842 B7ketaA stk AREol
otz g ARSTZE dI&shr] 't Yl 7HA] A dvl&
AR 584Z Hwe Ade glon, 2 d3E B9
AAoNA AT Addohs 7hdsta A= 4=
U= NAHE AREE AR} 5Tt

2.1 ¢4 Chdd

o] GHATE 20184 1E9HE 20204 129744
AEAY SEBUNA AFEXE T 654 ol A
ARE Qo2 sttt 2AFE 5 25§ 285
= WAAE AR S A A 1,464B0 2
34 9017, 94 56378°131tt. /g0l wE Hat AlA|
AEAE G4 A 165.1 cm, AF 65.8 kg, ALF
A%(body mass index, BMI) 24.1 kg/m?o]H, 14
< A 1523 cm, AT 57.2 kg, AEZFAT 24.6
kg/m*0|lct.

2.2 A1

221 dAAE ¥ HAEY

719} FEAR= AA7 141842497 Inbody 770(Biospace,
Seoul, Korea)& o|-&sto] SHotglon, AHFAFE=
E2A(ke)Z 712 AHmA)LE e gto g At
sElEde AYAANN 55 Hotd F9% St

g

0

[e]
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FES Aol FEAE A5 B2 AR
YA HBP-9020(0OMRON, Kyoto, Japan)S AR&5}o]

ke A 158 B FAL AT F 2Fshak

2.2.2 FHAAN 3 XETH KB

FSEYAHE(TC), F8AKTG), HDL-ZH AHE
(HDLc), LDL-ZEAEE(LDLo), 35EF2 12412t
=4 & A83}o] Hitachi 7600(Hitachi, Tokyo,
Japan) A5 AsEEA7E SA5tqth 249 A1E
A AEE= oh3 Zo] AAbsyitt. B HDL-Z2A
BZ(Non HDLc) = TC-HDLc, 8% 59733} A5 =
log (TG/HDLe), castelli Y& A4 1 = TC/HDLc,
castelli Y& A4 11 = LDLc/HDLc, 5WAHS} A4 =
Non HDLc/HDLc[26,27].

223 USSR TIHY

HAS ST A vl SHAHE BSZ2 03 4l
Az g 3¥A  HiX(National
Education Program Adult Treatment Panel III,
NCEP ATP IIl) 71&& 7|22 3t92oH, 5714 48
& F 37 ol dBE AS diSIEoR Zdst
Aot AT AR 57 84 SAAN
150 mg/dL o, HDL-ZH AEE-2 94 40 mg/dL
ok, o34 50 mg/dL "¢, 7] €Y 130 mmHg
o4} T o]¢7] Y 85 mmHg oY, 3EEY 100
mg/dL ol3oldtt. slElEdl= oAo-AEEYE 71E
L &4 90 cm ©°1F, 9/ 80 cm ol A-&sIit
(2,28].

]

Cholesterol

2.3 XEEN

E A7 "loJH+ MedCale Statistical Software
19.0.3(MedCalc Software, Mariakerke, Belgium)<
ARgste] EASHIT. Al Eote] tARS S At
5o wet gARES T At (with MetSy)d AAE
(without MetSy)Q] Azt thid=te] Uwtd E47t 7]
AT A7 Aol & Rlst] ol =P HE A=
Algstgint. B3 ARG 849 o] e
A dulg A 2] ol& ERlsty] s AdufR] FARE
A(one way ANOVAYS AlFsHSIT}. A7 & A ik
A9l dutd B4 AA:A AR Aol= B+
HAZ AA[IGT. A HH& AR} ST AL

o

=
fL

2719 TAZS FRIstuA moj&el AREA
(Pearson’s correlation analysis)2 Al33}ct 24
Hl& A #9] ARl W AT FHES] Aol
£ gRlsk] sl A, AEFAE, sdEd, +571<
olgt7] EYL BAISH T ZAAH I|HEA(ogistic
regression)= =3 Y&H|(odds ratio)2} 95% AlFT
7H95% confidence interval)& F5Fch AR 4=
o3t Zo] Aostyint. B @ s} A4 QL
(0.10, Q2; 0.10-0.31, Q3; 0.32-0.51, Q4; 0.52 oJ4F
/ castelli Y& A4 1 Q1; €2.98, Q2; 2.98-3.59, Q3;
3.60-4.30, Q4; 4.31 o4/ castelli & A<= 1I Q1:
(171, Q2: 1.71-2.22, Q3: 2.23-2.82, Q4: >2.83/%
WAt A4 Ql; <198, Q2; 1.98-2.59, Q3;
2.60-3.31, Q4; 23.32/ 9 B¢ % sHAS} A
4 Q1; €0.12, Q2; 0.12-0.31, Q3; 0.32-0.48, Q4; >
0.49/ castelli ¥& A4 1 Q1; €3.03, Q2: 3.03-3.69,
Q3 3.70-4.43, Q4; =4.44/ castelli 998 A4 11 QL;
<1.77, Q2; 1.77-2.31, Q3; 2.32-2.97, Q4; =2.98/%
WAs A4 Q1. <2.03, Q2 2.03-2.69, Q3:
2.70-3.42, Q4; 23430130t} ESF ASET d&5=
fgt AdHlE AR -84 ASSH] s AA
ARt APES ERol] A 28 EA(receiver
operating characteristic, ROC) ZA0& HAEET d
E58E 9019t ROC $4& B 449 Adulg
A1 ST S-S Azt 24 ddghcutoff value),
7 (sensitivity), E°]&=(specificity) ¥ Youden index
£ Fol9nh 2 79 2E N0k BAE felide
pL0.052 A5tk

£749] AolE Table 191 A /oI AF2
At A7} o, 71(p=0.015), &5A, ALFA
&, sElEd, #5719 o] Y, 3EETS T
Het tjASET Aol EATHAZ p<0.001). 4
oA AG(p=0.025), T, ALFA, e, +5
719 oler] B, FEEF AUTET dA ST A
oA FolskA EAHEZ p<0.001).
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Table 1. Descriptive characteristics of study groups
Men(N=901) Women(N=563)
Variables p value p value
with MetSy without MetSy with MetSy without MetSy

N 143 758 147 416
Agel(years) 71.1525.11 70.58+4.80 0.194 71.18+4.98 70.19+4.46 0.025
Hight(cm) 166.2846.21 164.93+6.05 0.015 151.9845.36 152.4145.63 0.422
Weight(kg) 72.45:8.14 64.61+9.05 <0.001 60.47+6.81 56.11£7.52 <0.001
BMI(kg/m?) 26.15£2.19 23.73+2.97 <0.001 26.24+2 .48 24.14+2.87 <0.001
WC(cm) 91.72+6.35 83.68+7.73 <0.001 85.97+5.93 79.31£7.16 <0.001
SBP(mmHg) 127.06+15.88 117.61£14.05 <0.001 128.95+15.80 116.58+15.83 <0.001
DBP(mmHg) 78.36+9.22 73.658.92 <0.001 78.65+9.57 72.95+9.71 <0.001
Glucose(mg/dL) 115.54+24.09 96.29+22.86 <0.001 104.41+22.00 92.44+15.64 <0.001

" Abbreviations: MetSy, metabolic syndrome; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP,

diastolic blood pressure.

Table 2. Lipid profiles and ratios among study groups

Men(N=901) Women(N=563)
Variables p value p value
with MetSy without MetSy with MetSy without MetSy
Lipid profiles
TC(mg/dL) 186.03+34.80 185.80£32.07 0.936 203.59+38.40 199.50£36.42 0.249
TG(mg/dL) 185.44175.54 108.42+58.60 <0.001 178.05£89.95 106.18+51.53 <0.001
HDLc(mg/dL) 45.06£12.39 54.37+13.81 <0.001 46.3319.45 59.17+12.89 <0.001
LDLe(mg/dL) 113.91£30.70 113.92428.85 0.997 131.67+33.53 123.73+33.63 0.014
Non HDLc 140.97£32.71 131.42+31.49 0.001 157.25%36.20 140.32435.92 <0.001
Lipid ratios
AlP 0.59+0.24 0.25%0.26 <0.001 0.54£0.23 0.22+0.23 <0.001
CRI-I 4.31£1.03 3.56810.91 <0.001 4.50£0.92 3.49:0.87 <0.001
CRI-II 2.66£0.86 2.22+0.77 <0.001 2.91£0.76 2.1920.76 <0.001
AC 3.31£1.03 2.58+0.91 <0.001 3.50£0.92 2.49:0.87 <0.001

" Abbreviations: MetSy, metabolic syndrome; TC, total cholesterol; TG, triglyceride; HDLc, high density lipoprotein cholesterol; LDLc, low
density lipoprotein cholesterol; AIP, atherogenic index of plasma; CRI, castelli risk index; AC, atherogenic coefficient.

gl e AL ARSI gzt A
2 219 }o]E BRIt ATH= Table 29+ Z} Y
LRolA F4A, B HDL-ZHAHE, 594} A
<, castelli 98 A5 1, 11, WAt Ao4s 4R
o AR AgolM folstA wken, HDL-&
AAHES ol =A Uehthzzt p<0.05).
3.2 HAS 2 894 0l IE XEblE X7

X0

o OE ARSI 84 ol whE AE
H|& 9] Zpol= Fig. 13} At} g EFolA tASS
F QAT 271k ZuAS 22 castelli 93
A 11, SHEe} Aae FAsHA &3%oH, tiks

I A —

Tt T84 Aol wet A hulE 2| #o] AolE E
ATHZAZE p<0.001).

3.3 A ZEH|E X|HL} A2 T LERA7| AEEA

gHo] T A AH|E A 1o} ARG
3= Table 30 AAIsHAT EAdolA 85}
A4, castelli Y& A5 1, =HWAS} A= A
A& 4 sl et folgt AIAE veien, o
32 WA} A, castelli A A= 1, 11, 59733}
Aot QGRS s, 5719 o] BTt
of fogt JH3S EATHAZE p<0.001). EZE Hd
LA FHAS}E A5t e o AEArt 7
=7 YeRFTH:=0.278, p<0.001 vs r=0.252, p<0.001).
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Fig. 1. Comparison of differences in lipid ratios according to the number of metabolic syndrome components
DAbbreviations: See table 2.

Table 3. Correlation between lipid ratio and non-lipid metabolic syndrome components

Men(N=901) Women(N=563)
Variables

AlP CRI-I CRI-II AC AlP CRI-I CRI-II AC
BMI(kg/m?) 0.278" 0.207" 0.185" 0.207" 0.215" 0.195" 0.170" 0.195"
WC(cm) 0.278" 0.210" 0.184" 0.210" 0.252" 0.203" 0.182" 0.202"
SBP(mmHg) -0.003 -0.053 -0.061 -0.053 0.159" 0.160" 0.139" 0.160"
DBP(mmHg) 0.000 -0.019 -0.022 -0.019 0.172" 0.166" 0.133" 0.166"
Glucose(mg/dL) 0.145" 0.052 0.030 0.052 0.057 0.051 0.044 0.051

' Abbreviations: See table 1, 2.
" p€0.001
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Table 4. Association between lipid profiles and ratios and metabolic syndrome

Men(Odds ratio, 95% confidence interval)

Variables o 02 o o
AlP Reference 1.193(0.398-3.580) 4.112(1.582-10.690)" 6.294(2.001-11.899)"
CRI-I Reference 2.540(1.101-5.857)" 3.462(1.560-7.686)" 13.711(6.330-29.478)"
CRI-II Reference 1.575(0.766-3.239) 2.271(1.149-4.488)" 5.192(2.693-10.010)"
AC Reference 2.453(1.064-5.651)" 3.377(1.5622-7.497)" 13.454(6.205-29.171)"
Women(Odds ratio, 95% confidence interval)
Q1 Q2 Q3 Q4
AP Reference 1.728(0.615-4.854) 3.498(1.332-9.187)" 10.207(4.751-18.961)"
CRI-I Reference 2.868(1.069-7.697)’ 8.902(3.478-11.789)" 22.300(8.737-26.919)"
CRI-II Reference 3.148(1.229-8.063)’ 9.554(3.887-13.487)" 16.004(6.553-29.085)"
AC Reference 2.719(1.013-7.297) 8.386(3.268-21.522)" 22.108(8.662-36.428)"

" Abbreviations: See table 2.

Adjusted for age, body mass index, waist circumference, systolic blood pressure, diastolic blood pressure.

" p{0.05, ™ p0.001

Table 5. Areas under the receiver operating characteristic curve(AUC) and cutoff value of the indices

predicting metabolic syndrome

Variables AUC(95% Cl) o value %:E’g Sensitivity(%) Specificity(%) Yi‘r’;‘ii”
AP Overall 0.829(0.809-0.848) (0.001 0.44 78.28 78.88 0571
Men 0.826(0.799-0.850) <0.001 0.44 82.52 75.07 0575

Women 0.852(0.820-0.881) <0.001 0.44 74.15 85.82 0.599

CRI-I Overall 0.748(0.725-0.770) <0.001 4.03 66.90 71.12 0380
Men 0.711(0.680-0.741) (0.001 3.98 64.34 68.47 0328

Women 0.790(0.754-0.823) €0.001 4.07 70.07 75.96 0.460

CRI-II Overall 0.702(0.678-0.726) (0.001 230 74.14 58.09 0322
Men 0.652(0.620-0.683) (0.001 244 62.94 62.66 0.256

Women 0.754(0.716-0.789) <0.001 2.56 69.39 70.91 0.403

AC Overall 0.748(0.725-0.770) <0.001 3.03 66.90 71.12 0380
Men 0.711(0.680-0.741) (0.001 298 64.34 68.47 0328

Women 0.790(0.754-0.823) <0.001 3.07 70.07 75.96 0.460

" Abbreviations: See table 2, AUC, area under the curve; Cl, confidence interval.

34 XZHIE X[HQ WASE 7 2y

/gol| W AEHlE 2|1} ARG TR
Table 40 AAstc}. AAHFE BA & I
A3t WA A= 1AHESS
H] 3 4&%%’4%]%1 6.294(2.001-11.899, p<0.001)2]
AFH(95% AFHHE Uetdth dASSE d5S
93t castelli 9F A5 19] HAH(95% A=EH=
IAHES)S R 4AFERIS=lA 13.711(6.330-29.478,
p£0.001 At castelli 9&
A4 119 AFH(95% A= FHE 1AREH4<} v st

1o rlo

o] 4AHE91SE= 5.192(2.693-10.010, p<0.001)°]%d
U} A5 H°“ﬂl(95% A== WHHT%
H W3] 4AHES e 13 454(6 205- 29 171, p<0.001)
o]t} o9 73 gt FHAS}
A4=9] AH(95% AF7he= IA}%%T% H| ] 4
AHEQISRol A 10.207(4.751-18.961, p<0.001)°] itk
castelli 918 A4 19 AGH(95% A=FHHe 1AH:
Aot vl 4AREQSA 22.300(8.737-26.919,
p<0.001)0]Act. ESE castelli A A4 119 A$H|(9
5% AZTIh= 1A Hlasko] 4AREQIa=ol A
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16.004(6.553-29.085, p<0.001)°I3ie}. S5} Al
o] HI(95% AF T IAHEIeET 4AHE9)S
oA 22.108(8.662-36.428, p<0.001)°]ct.

3.5 HABREE OS5l | st XIZHIE XIES| 2K
ok

Table 59t Fig. 20 dASSH &S As X4
H|& A #9] ROC #4= &3 ROC 4l of#f9] HA
(area under the ROC curve; AUC)ZFS AA|5FTH
SHAG3E A%, castelli AF A4 1 11, SHE3 A5
= AA AL o2 S e Aol B4
Ao g RFosH 0.5HTH & AUC g UEtitHZdZ
p€0.001). EZF Fd EFoJA B3 FHATL A7)
7P & AUC(0.826 vs 0.852)3k HgloH, Aokt
0.44%9th. Youden IndexT® 543} A4=7F 7HF
=oF 9 247+ 0.575, 0.5998 et

i

100 |- ——
i -~ A
- L ‘_/ /l( "
80 |- |
A Y
i vl
2 I el
== [
= : .lf [,*" :
g a0 [/ ik
N — AP
P -~ CRI_I
20 I s CRL
0.'l.\||.|\||||\||||.|I|I||‘
0 20 40 60 80 100

100-Specificity

Fig. 2. Receiving operating curve of lipid related
indices for predicting metabolic syndrome

in overall subjects
" Abbreviations: See table 2.

4. 1% Y zE

3} Ales AT EE dEtte AETE 4 s AR
At 53] @4 sHWAS A4 AUC g#fo] 3 25F
0.80 oo YAZTF A AS5&rt 7P %2
), A A2 0.44%.

QAR o JAEE S, HIwE 184 F A 23
T 22 g A% digt 9P 8%1e #HE
7golth1,2]. ol AEESTS ABH Aol F3F2 v
A & = AP (atherosclerotic plaque)?] &
43 #Hlo] glon, sHASE 9 AEy dg Y
F83% 91982l 5 sholth29]. 4 WA} A4
= 38AYT HDL-E9AHEY F 714 F83F v
HPE 7RO R St o/ FAAE S o] QU= Al
REA AT A% S dScte Y ARE A
AlEAL QIeH11-13]). §HH, 20029 U] SHAHE I
SLEOHoNEe A3 AUst AZE: AgH(small
dense low density lipoprotein, sdLDL)o| #A5H
Age] 8 AARUUE FRlstlon, Xdgt AL
Aol 242 AGSIATHA0L Ty A A dollAl
A et AdE Aol 42 H[Eo] AR YRt
Skot=d| ojgo] leH11]. % FHES A= X
et AUE A|ehillS gt o vhdgtthal Bl n
[11], Dobidsova 512612 T-&H A oA %
THAS A7 YW 2Fe 2R AWES
of 2AEHASS 2 11 S TS wHol o
= d5stlth

Ad 9 A do] At o w S E= wf7f
Ao HIEL AR B Aot o §-8%
A#7F E & ke AR Haso] $rH31-33]
Castelli ARt WA Alps AEH 22 AF
o] &2 7QlZ At YdHeE 583 & ot
I BVEG2]] & d727 88 sHAst AeE 2
e A AT AEe ZYTEY ARG g
A=A verston, @74 59733} X4, castelli 19
A= L 11, 5943 Alee A HE847 5
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