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Comparison of Predictive Value of Obesity and LipidRelated Variables for
Metabolic Syndrome and Insulin Resistance in Obes&dults

Kyung A Shin™
Department of Clinical Laboratory Science, Shinsung University, Dangjin 31801, Korea

In this study, obese adults were compared for #iglity to predict obesity and lipid related véiizs and their optimal
cutoff values to predict metabolic syndrome andlingesistance. In this study, 9,256 adults adgegezrs or older and
less than 80 years old, who were in the Gyeongipinefrom January 2014 to December 2016 and whe wamined
at a general hospital, were enrolled. The diagnasiieria for obesity were WHO (World Health Orgaation), and
BMI 25 kg/nf or more presented in the Asia-Pacific region. lelia syndrome was diagnosed based on the critéria
American Heart Association / National Heart, Luagd Blood Institute (AHA / NHLBI). According to thesults of
receiver operating characteristic curve (ROC) aigly riglyceride / HDL-cholesterol (TG / HDL-C)riglyceride and
Glucose (TyG) index, lipid accumulation product @and visceral adiposity index (VAI) showed higledictive
power for diagnosing metabolic syndrome. The diago@ccuracy of LAP (AUC: 0.854) for males and \{AI888)
for females was the highest. The optimal cutofugadf LAP was 42.71 for male and 35.44 for femate] the cutoff
value of VAl was 1.92 for male and 2.15 for feméteaddition, WHIR (waist to height ratio), TyG & and LAP were
used as predictors of insulin resistance in obda#sa Therefore, LAP and VAI were superior to otimelicators in
predicting metabolic syndrome in obese adults.
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(Elahi, 1996).

A A 2255 (body mass index, BMI)& 2] =#l <}
$(waist / height ratio, WHtR);z-*3 #] 02} HDL-Z&]2~¢|
& H]-E&(TG / HDL-C), LAP (lipid accumulation product), VAI
(visceral adiposity index), Triglyceride and Glueg$yG) index
T i o R gAaleSas dSehe (hdska &%
A%z A
Shin, 2018b).A1 3170l BMI2F WHIRS A1 thAL 9
AoAE ] 95k 1A S48 WQlo R Hx
I tWang et al., 2009; Shin, 2018a) - A|A|E LAPS2}
VA= e S 83 sz odHA 9l
tH(Kahn, 2005; Amato et al., 2010). LAP 3] 2] =& <} F43

Aol o= ALk, VAI &2l BMI 2 &g
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A A F 2 G E tHKahn, 2005; Amato et al., 2010). TYG

FUAPA S Aeshs 14 2120 HOMA-
IR (homeostasis model assessment of insulin neseAat}
F& A 7 E B dASS RS Q1A 8k
F2 A x=2 LHZITKShin, 2017).
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Blood Institute (NHLBI) 2|51 2] 7|5zel] wheh 3714] o) &
Fes 49 ST ros #gegion, 1~2709 o)
At 7)) dldshs ASE AT A
© 2 A3 HGrundy et al., 2005)7-31 421 A7)
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<50 mg/dL, B4 <40 mg/dL® FAA S >150 mg/dL
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(low density lipoprotein, LDL)Z#| ~H =, 358, 84
7% CHEA e (high sensitivity C-reactive protein, hs-
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At} &3+ A 4 (hemoglobin Alc, HbALGE L&l A=
ZulE 73] H(high performance liquid chromatograpBy)
2]-8-3F Variant Il (Bio Rad, CA, USAE o]-83o] SA4313
oh Q&Y r)skehitgd W E4 9 (electrochemilumi-
nescence immunoass&y) ¥ e]E 483 Roche Modular
Analytics E170 (Roche, Mannheim, Germady} =743}

42 ofy

2

Table 1.Anthropometric and characteristics of the studiersabjects

Variables V(\,[\'ltz {Afdtf%’ W'(tngust g/éelt)s y P-value mt:hgl% \(/ﬂt:h;) %tllzR) P-value
Age (years) 48.1810.76 45.2510.43 <0.001 49.4912.55 45.7%10.52 0.005
Height (cm) 171.8%6.31 171.26:6.41 0.004 170.966.95 171.386.38 0.523
Weight (kg) 83.489.96 78.1%£8.12 <0.001 83.7t12.30 79.198.71 <0.001
BMI (kg/mz) 28.25£2.53 26.631.82 <0.001 28.542.79 26.942.07 <0.001
WC (cm) 93.3&5.92 87.385.58 <0.001 94.257.93 88.52:6.08 <0.001
HC (cm) 102.44:43.02 98.36:24.14 0.001 100.586.44 99.1829.34 0.644
WHIR 0.54t0.03 0.510.03 <0.001 0.550.04 0.510.03 <0.001
SBP (mmHg) 123.2814.52 113.0311.88 <0.001 119.6815.22 115.0413.08 0.001
DBP (mmHg) 80.4210.51 73.48:9.26 <0.001 76.779.91 74.8%9.94 0.054
TC (mg/dL) 200.74:36.71 199.2434.53 0.162 200.8940.82 199.5334.91 0.703
TG (mg/dL) 242.76:121.07 148.09:89.15 <0.001 224.71156.18 166.574102.63 <0.001
HDL-C (mg/dL) 43.6%9.99 50.4410.53 <0.001 45.248.95 49.16:10.79 <0.001
LDL-C (mg/dL) 124.35:33.25 127.0230.84 0.005 124.0632.05 126.5%31.35 0.422
GLU (mg/dL) 108.76:29.81 91.2815.72 <0.001 127.2943.82 94.38:19.79 <0.001
HbAlc (%) 6.26:1.12 5.610.62 <0.001 6.811.56 5.710.76 <0.001
Insulin (LU/mL) 8.124.06 5.85:3.15 <0.001 13.984.60 5.712.49 <0.001
HOMA-IR 0.42+1.06 0.220.60 <0.001 4.081.25 0.210.55 <0.001
UA (mg/dL) 6.411.45 6.25:1.28 <0.001 6.161.43 6.28:1.32 0.378
hs-CRP (mg/dL) 0.20.50 0.1%0.40 0.001 0.381.11 0.1%0.40 0.075
TG/HDL-C 5.95:3.57 3.16:2.26 <0.001 5.223.66 3.71%2.79 <0.001
TyG index 9.350.48 8.66:0.56 <0.001 9.3%0.62 8.7¢0.61 <0.001
LAP 74.65:40.52 35.9524.00 <0.001 70.6846.43 43.46:31.79 <0.001
VAI 3.31+1.97 1.76:1.22 <0.001 2.9%1.99 2.0Z1.53 <0.001

Calculated by independertest

Values are presented as meanstandard deviations

Abbreviations: MetSy, metabolic syndrome; IR, imsutsistance; BMI, body mass index; WC, waistutinterence; HC, hip circumference;
WHItR, waist to height ratio; SBP, systolic bloo@ggsure; DBP, diastolic blood pressure; TC, totalegterol; TG, triglyceride; HDIC,
high density lipoprotein cholesterol; LDL-C, lowrdity lipoprotein cholesterol; GLU, fasting glucpsibAlc, hemoglobin Alc; HOMA-IR,
homeostasis model assessment for insulin resistatgeuric acid; hs-CRP, high sensitivity C-reaetigrotein; TyG triglyceride an
glucose; LAP, lipid accumulation product; VAI, visal adiposity index
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greol] mE HIwk g A A 339 Ao
= ddujA E2HE2 (one-way ANOVA)C. 2 8Ho131%] o
W, AFZAH o2 Scheffe S 28313 th T3 ROC
(receiver operating characteristi§)?] S ©]-8-3}f v|7+ 2
AARE A F7F dASF B JIERARA 5SSl
&l ek A EIAE F]lsh] HOH HAE efo] Hla
skt g At 2 9ls
gk H|wk g gk 2)3xe] A 71%'
W3zl Solizo] gho] Hujr}h H= # :
o] A7llA ROC 245 ALleh 2= A2 SPSS
EAZ=213(IBM, NY, USA) .2 #2519l on, ROC &
432 MedCalc Statistical Software 19.0.3 (MedCalc Sarfey
Mariakerke, Belgium$ AH&-3Fit Bk o] dAto] B
A Feldel WS P<0.052 A4Sl

Table 2.Anthropometric and characteristics of the studydie subjects

Variables V\?,Elh:'\ﬁg;?y W'(tﬂgtfl g/|5%t)s y P-value mt:h;g; mt:hg Ult0|8R) P-value
Age (years) 55.3811.21 49.8211.54 <0.001 58.9210.95 50.9411.67 <0.001
Height (cm) 155.86:5.92 156.5%5.84 0.017 155.387.09 156.435.84 0.271
Weight (kg) 68.06:8.34 65.6%7.35 <0.001 68.989.98 66.187.59 0.089
BMI (kg/mz) 28.00t2.59 26.7$2.18 <0.001 28.482.72 27.042.32 0.002
WC (cm) 86.2%16.26 81.0%6.40 <0.001 89.288.78 82.126.62 <0.001
HC (cm) 101.56:58.88 96.9222.47 0.103 98.517.01 97.95:34.56 0.920
WHIR 0.55:0.04 0.510.04 <0.001 0.5%0.06 0.52:0.04 <0.001
SBP (mmHg) 120.9516.65 109.7513.25 <0.001 119.2821.53 112.1%14.68 0.003
DBP (mmHg) 77.1810.96 70.439.58 <0.001 70.759.35 71.9%10.32 0.461
TC (mg/dL) 204.04:36.89 199.86:34.45 0.019 206.4840.74 200.66:34.95 0.305
TG (mg/dL) 189.64:91.98 99.54:48.31 <0.001 155.0595.72 119.4%£71.14 0.002
HDL-C (mg/dL) 46.6710.05 59.7412.77 <0.001 52.9713.54 56.84:13.37 0.074
LDL-C (mg/dL) 130.5%:33.34 124.1931.53 <0.001 131.6134.24 125.5432.01 0.242
GLU (mg/dL) 106.16:28.03 89.6914.63 <0.001 130.9447.32 92.75:18.22 <0.001
HbAlc (%) 6.271.09 5.62:0.58 <0.001 7.081.58 5.7%0.74 <0.001
Insulin (LU/mL) 8.034.19 5.67%3.16 <0.001 14.134.45 5.64:2.70 <0.001
HOMA-IR 0.58t1.12 0.32:0.69 <0.001 4.291.37 0.310.63 <0.001
UA (mg/dL) 4.871.45 4.470.98 <0.001 4.521.00 457%1.03 0.798
hs-CRP (mg/dL) 0.20.26 0.180.42 0.106 0.280.25 0.180.39 0.088
TG/HDL-C 4.32£2.50 1.7¢1.07 <0.001 3.152.31 2.3%1.84 0.007
TyG index 9.0€:0.47 8.25:0.48 <0.001 9.080.58 8.46:0.58 <0.001
LAP 57.94:30.06 25.1414.88 <0.001 52.3832.74 32.24:23.44 <0.001
VAI 3.40t£1.97 1.36:0.81 <0.001 2.581.75 1.81%1.45 0.002

Calculated by independertest
Values are presented as meanstandard deviations
Abbreviations: See Table 1
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TyG index, LAP, VAK= thAlS9 ekl 49 =7
UERGTHESF P<0.001). Q1EA A3 fiell whet 217,

o
&
Yol =4, clg] s, T 2HE, LDL-FH2H E,
22k hs-CRFE A3t BE 2wl Fazt f2o8h 2}
o]& YERITHEF P<0.05). 53] WHIR, TG / HDL-C,
TyG index, LAP, VAR= <l A A ol A =Qdt (5
P<0.001) (Table 1)1 thdaE tirtad 2 Qlad
AR AR sk IAISAEEE B AsteE 54

o] ztol& Hlagk A}, Yol =, hs-CRRE A9 g &

E3] WHIR, TG / HDL-C, TyG index, LAP, VAP thAl=3

ezt $ol@ Aol HTHERT P<0.05).

- Aektel A9 H=QCHEST P<0.001). Sl A3
ol wel <18 (P<0.001), BMI P=0.002), 3] 2] =#|(P<
0.001), WHtR P<0.001), 57| E<s}(P=0.003), 53 A"
(P=0.002), &3 3(P<0.001), HbAlc P<0.001), Q1=

70 *

50 mMale ®mFemale

50 466

39.7
40

30 * *

Percentage (%)

221 227 228

20 18.5 17.9

Reduced MetS IR
HDL-C

Central Elevated Elevated Elevated
obesity BP GLU TG

Fig. 1.Prevalence ofMetS, IR and MetS components in male
and females. , P<0.05. Abbreviations: See Table 1.

Table 3. Differences in obesity and lipid related variatdesording to the degree of metabolic syndrome

Variables MetSy Pre MetSy Without MetSy P-value
Male N=1,448 N=4,010 N=1,651
BMI (kg/m?) 28.25t2.53 26.93t1.97 25.92+1.08 <0.001
WC (cm) 93.38:5.92° 88.71:5.7C% 84.15+3.67 <0.001
WHIR 0.54:0.03° 0.51+0.03 0.49+0.02 <0.001
TG/HDL-C 5.95:3.57° 3.712.44 1.83+0.70 <0.001
TyG index 9.350.48° 8.83+0.54 8.26+0.36 <0.001
LAP 74.65-40.52° 42.63+25.23 19.717.54 <0.001
VA 3.31+1.9° 2.01+1.37 0.97+0.37 <0.001
Female N=489 N=1,229 N=429
BMI (kg/m?) 28.00:2.5¢% 27.16:2.35 25.71+0.98 <0.001
WC (cm) 86.2%6.26"° 83.05:6.13F 75.40:2.68 <0.001
WHIR 0.55+0.04" 0.53+0.04 0.48+0.02 <0.001
TG/HDL-C 4.32+2 50° 1.98+1.14 1.23+0.52 <0.001
TyG index 9.0¢0.47° 8.38+0.48 8.03+0.38 <0.001
LAP 57.94-30.06° 28.84:15.3¢ 14.54+5.88 <0.001
VA 3.40+1.97° 1.53+0.86' 0.89+0.38 <0.001

Calculated by one way ANOVA and Scheffe test
Values are presented as meanstandard deviations

a, significantly different from without MetSy B 0.05; b, significantly different from Pre MetSyRat0.05

Abbreviations: See Table 1.
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(P<0.001), HOMA-IR P<0.001)> ¢l A 3HAl el A
oJ5HA F=dt) T3 TG / HDL-C (P=0.007), TyG index
(P<0.001), LAP P<0.001), VAI P=0.002)= ¢l&& %314
o] EATHTable 2).

Ao ME HHABEE 7424 H sEINayel ¢
M gz X0

LRuh Bk HDL-ZH| ~HE8 S, dAeS 11
S ogolA BAHOE foal e WIEE BHlS
H, & d, 189, AT HALEFTE A B2
=S JEPATHEST P<0.05). Z12iu 1A 484
WES Aol mE ApolE Holx]| &SktkFig. 1).

HARS S F=0fl W HI2F I X|=2E Ho19| X|0]

Ao dAEF Aol upE vk g Ekd we
o] ztolE AH R, BMI, 3]2]Ed, WHR, TG / HDL-
TyG index, LAP, VAK= thAFS$- ek <k ﬂwﬁii
ekt Ag- dAsS fgale] glEvr =
Uebar, tiAsFat Adte A St AdA et e
EATHEF P<0.001). 94 9] At GLro] wE
HlgE g A wgle] ApolE ERIg Ay, JAT F

A3l BMI, 3]2]E=l, WHIR, TG / HDL-C

O[‘_,

, TYG index, LAP,

VAI = AR S delte] tiAS-Fa g 8lo]
R Eoem, giAES- ol

3 aelo] gleddt YrES
% P<0.001) (Table 3).

o ek
T AR EdTK

57.55%yp A tt. dEl=de] 4 71Ex= 89.00, AUC
W2 0.793@1 7 82.73%, 50| = 71.35%p]31tk TG /
HDL-C, TyG index, LAP, VA= BMIS} &]2]Ea 5t} of

ANEFEE e o F88 ARAT EF WHRS
BMIETH:E -8 Axgoh, dAEFwg s

B %J%P A3 ofd Ao R YERdth(Table
4). v|¥ gl o] girlsFat oSS 91g BMIS] F
A 7] 26.80, AUC 412 0.655(171 1 67.28%, 5©]
1= 58.56%p| Tt dlel=we] 4 7]+ 79.00, AUC
2 0739017 94.07%, 5| % 45.05%p] ST} TG /
HDL-C, TyG index, LAP, VA= BMI¢} &2]E# Bt} of
Al S-S 56k o] 183 AREATE B3 WHIRES
BMI Rt 83 leai_ﬂr, sElEdRth= o5y
o] Ykt 53] vk Al el A LAPE tiAS S

Table 4.Areas under the receiver operating charactegstiee (AUC) for predicting metabolic syndrome

Cutoff value AUC (95% ClI) Sensitivity (%) Specific(%)
Male
BMI (kg/m?) 26.00 0.709 (0.6980.719) 7355 57.55
WC (cm) 89.00 0.793 (0.78®.802) 82.73 71.35
WHtR 0.52 0.759 (0.7490.769) 70.30 70.18
TG/HDL-C 3.36 0.803 (0.7940.813) 81.84 67.06
TyG index 8.91 0.835 (0.82%.843) 84.94 68.93
LAP 42.71 0.854 (0.8450.862) 86.12 72.74
VAI 1.92 0.815 (0.8050.824) 80.59 70.06
Female
BMI (kg/m?) 26.80 0.655 (0.6350.679) 67.28 58.56
WC (cm) 79.00 0.739 (0.72®.758) 94.07 45.05
WHtR 0.51 0.730 (0.710.749) 85.69 51.99
TG/HDL-C 251 0.881 (0.8660.894) 80.16 81.85
TyG index 8.74 0.886 (0.870.899) 80.57 83.17
LAP 35.44 0.882 (0.8670.895) 80.16 81.60
VAI 2.15 0.888 (0.8740.901) 77.51 86.91

Abbreviations: See Table 1
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e LAP @ VAI

100 |- 100 |-
B Sensitivity: 86.1 u
80 - Specificity: 72.7 80 |-
- Criterion: >42.71 - Sensitivity: 77.5
- - Specificity: 86.9
L | Criterion: >2.15
> 60 - S 60 |~
T R
| |
® w0} S 40
20 20 |
B AUC =0.854 AUC =0.888
([ P <0.001 P <0.001
o e T (O i v e T [ SSSII
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity

Fig. 2. ROC curve of the most useful indicator to gdict the MetSy in males (A) and females (B)Abbreviations: ROC, recei\
operating characteristic; See Table 1.

Table 5.Areas under the receiver operating charactedstiee (AUC) for predicting insulin resistance

Cutoff value AUC (95% CI) Sensitivity (%) Specific(%)
Male
BMI (kg/m?) 26.00 0.696 (0.6850.706) 78.35 51.63
WC (cm) 92.60 0.722 (0.7D.732) 57.73 77.58
WHIR 0.53 0.729 (0.7190.739) 61.86 73.69
TG/HDL-C 3.15 0.665 (0.6540.676) 74.23 53.17
TyG index 9.12 0.744 (0.690.791) 62.89 71.59
LAP 42.89 0.730 (0.7190.740) 76.29 61.49
VAI 1.85 0.677 (0.6660.688) 71.13 58.11
Female
BMI (kg/m?) 28.00 0.661 (0.6410.681) 51.28 79.08
WC (cm) 84.50 0.752 (0.73®.770) 69.23 66.79
WHIR 0.54 0.756 (0.7370.774) 71.79 69.02
TG/HDL-C 2.30 0.644 (0.6230.664) 61.54 62.76
TyG index 8.70 0.755 (0.73®.773) 74.36 66.94
LAP 25.56 0.728 (0.7090.747) 87.18 50.38
VAI 2.17 0.663 (0.6430.683) 56.41 73.29

Abbreviations: See Table 1
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