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Lipid accumulation product (LAP) is a new index reflecting central lipid accumulation and is known to
be a strong independent indicator for identifying the risk of cardiovascular disease (CVD) or diabetes
mellitus (DM). This study was conducted to assess the relationship between the homeostasis model
assessment of insulin resistance (HOMA-IR) and LAP according to the presence or absence of
obesity in Korean adults. The study was carried out using data from the 2019 Korean National Health
and Nutrition Examination Survey (KNHANES) and included 6,090 adults aged 20 years or older.
There were several key findings. First, after adjusting for related variables, the mean of the HOMA-IR
levels (M+SE, 95% confidence interval) was positively associated with the quartiles of LAP in the
overall population (P<0.001), non-obese (£<0.001) or obese groups (P<0.001). Second, in all the
groups (overall population, non-obese and obese groups), the mean value of the fasting blood
glucose (all, A<0.001), insulin (all, A<0.001), and the metabolic syndrome score (all, ~<0.001)
increased with the increasing quartiles of LAP. Insulin resistance was thus positively associated with
an increase in the LAP in Korean adults with or without obesity.

Copyright © 2022 The Korean Society for Clinical Laboratory Science.
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Table 1. Clinical characteristics of research subjects
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N (%), M+SD

Variables Category Total (N=6,090) Non-obesity (N=4,014)  Obesity (N=2,076) P-value
Age (years) 51.72+16.89 51.12+17.22 52.88+16.18 <0.001
Gender Men 2,714 (44.6) 1,608 (40.1) 1,106 (53.3) <0.001

Women 3,376 (55.4) 2,406 (59.9) 970 (46.7)
Drinking Current drinker 3,256 (53.5) 2,148 (53.5) 1,108 (53.4) 0.469
Smoking Current smoker 1,060 (17.7) 660 (16.4) 400 (19.3) 0.003
Exercising Regular exerciser 5,420 (89.0) 3,588 (89.4) 1,832 (88.2) 0.096
SBP (mmHg) 119.76+16.47 117.90+16.74 123.36+15.33 <0.001
DBP (mmHg) 75.67%x9.75 74.43+9.39 78.09+9.98 <0.001
BMI (kg/mz) 23.94+3.59 21.93+2.00 27.82+2.71 <0.001
WC (cm) 84.07+10.41 78.96+7.58 93.95+7.64 <0.001
LAP 36.06+35.97 24.92+23.53 57.59+44.61 <0.001
TC (mg/dL) 192.74+37.97 191.76+36.96 194.64+36.80 <0.001
TGs (mg/dL) 131.68+100.58 116.55+86.09 160.94+118.53 <0.001
HDL-C (mg/dL) 52.75+12.85 54.99+13.11 48.41+£11.09 <0.001
BUN (mg/dL) 15.54+4.90 15.35+5.01 15.91+4.67 <0.001
Crea (mg/dL) 0.81+0.23 0.80+0.23 0.84+0.22 <0.001
FBG (mg/dL) 101.54+23.54 98.45+20.29 107.52+27.85 <0.001
Insulin (uU/mL) 9.21+10.10 7.33x1.24 12.84+14.32 <0.001
MetS 1,699 (28.0) 661 (16.5) 1,038 (520.2) <0.001
MetS score 1.66+1.37 1.22+£1.24 2.51+1.21 <0.001
HOMA-IR 2.43+3.62 1.84+1.93 3.58+5.42 <0.001

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumference; LAP, lipid accumulation
product index; TC, total cholesterol; TGs, triglycerides; HDL-C, high density lipoprotein cholesterol; BUN, blood urea nitrogen; Crea, serum
creatinine; FBG, fasting blood glucose; MetS, metabolic syndrome; MetS score, metabolic syndrome score; HOMA-IR, homeostasis model

assessment of insulin resistance.
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TGs (all, P<0.001), FBG (all, P<0.001), Insulin (all, P<
0.001), MetS score (all, P<0.001) Y HOMA-IR (all, P<
0. 001)7}57}0} Aa(gt, ¥ekEoA insulin}F HOMA-IR 4=
=2 LAPY] 1AEEHe] HG1o] LAP 3ARE] 2 4ARERlof| A5t
—-7}01—@11 b, HDL-C (all, £<0.001)= Z45H3ict.

3. LAPQ| At2
HOMA-IR
TAIRIAE, /Al HITkLollA] LAPL] ARE9<ro] &
FBG, insulin, MetS score @ HOMA-IR Table 5, 63} 2
o} ZAIQIE, H|Rto] opd T Bl H|RkE oflA], A, A, &<
53, 2559, 2553 SBP, DBP, BUN ¥ Creas H7g%t
Fofl, LAPS] ARE917t 571t w2t FBG (all, £<0.001),
Insulin (all, 2<0.001) & MetS score (all, <0.001)2] H+t
ZHM=SE, 95% confidence interval [CI])& 27513tk
(Table 5). TEZF, AAQIHE, HIRto] opd o X H]Tha: HSFojlA,
THHSE BT 0], LAPS] ARG 7 S71etel wetk
HOMA-IRS] BghM=SE, 95% CD-2 S7Fst%irkall, <
0.001) (Table 6).

Q|4:0] =2 FBG, insulin, MetS score &

www.kjcls.org



152 Hyun Yoon. LAP and HOMA-IR and Obesity

Table 2. Clinical characteristics of subjects according to the quartiles of LAP in overall population N (%), M+SD (N=6,090)
Lipid accumulation product (LAP)
Post hoc
Variables aQuartiIe 1 bQuartiIe 2 CQuartiIe 3 dQuartiIe 4 P-value analysis
(£14.14) (14.15~26.09) (26.10~45.99) (>46.00) (Scheffo)
(N=1,522) (N=1,523) (N=1,523) (N=1,522)
LAP 8.48+3.50 19.81+3.49 35.07+5.62 80.88+45.20 <0.001 a<b<c<d
Age (years) 42.92+16.68 52.51+16.42 56.64+15.60 54.82+15.60 <0.001 a<b<d<c
Men 532 (35.0) 616 (40.4) 745 (48.9) 821 (53.9) <0.001
SBP (mmHg) 112.14+14.54 119.16+16.73 122.95+15.78 124.82+15.87 <0.001 a<b<c<d
DBP (mmHg) 72.49+8.95 75.02+16.73 76.66+9.19 78.54+10.33 <0.001 a<b<c<d
BMI (kg/m?) 20.75+2.21 23.22+2.33 24.75+2.71 27.04+3.61 <0.001 a<b<c<d
WC (cm) 73.00£6.33 82.04+6.40 87.36+6.88 93.87+8.46 <0.001 a<b<c<d
TC (mg/dL) 183.44+32.48 189.35+36.08 194.56+40.05 203.60+39.88 <0.001 a<b<c<d
TGs (mg/dL) 65.55+23.17 90.67+27.63 130.29+37.19 240.23+141.28 <0.001 a<b<c<d
HDL-C (mg/dL) 60.89+12.48 55.38+12.13 49.85+10.56 44.87+10.10 <0.001 d<c<b<a
BUN (mg/dL) 14.75+4.44 15.51+56.13 16.15%5.06 15.75+4.86 <0.001 a<d
Crea (mg/dL) 0.77+0.17 0.80+0.26 0.83+0.23 0.85+0.24 <0.001 a<b<c, d
FBG (mg/dL) 92.35+13.59 98.32+16.97 104.02+22.80 111.48+32.02 <0.001 a<b<c<d
Insulin (uU/mL) 5.67+4.20 7.70+6.83 9.73+7.35 13.75+15.95 <0.001 a<b<c<d
MetS 10 (0.7) 153 (10.1) 435 (28.7) 1,101 (72.5) <0.001
MetS score 0.41+0.65 1.15+0.98 1.97+£1.01 3.13+1.03 <0.001 a<b<c<d
HOMA-IR 1.31+1.07 1.92+2.12 2.58+2.47 3.93+6.09 <0.001 a<b<c<d

Abbreviations: See Table 1.

Table 3. Clinical characteristics of subjects according to the quartiles of LAP in non-obesity

N (%), M£SD (N=4,014)

Variables

Lipid accumulation product (LAP)

®Quartile 1

®Quartile 2

“Quartile 3

YQuartile 4

Povalue Post hoc analysis

(10.51) (10.62~18.64) (18.65~31.82) (>31.83) (Scheffe)

(N=1,002) (N=1,004) (N=1,005) (N=1,003)
LAP 6.58+2.72 14.39+2.35 24.51+3.77 54.19+3.77 <0.001 a<b<c<d
Age (years) 40.91+16.44 4952+16.44 55.55+165.84 58.49+14.63 <0.001 a<b<c<d
Men 328 (32.7) 373 (37.2) 420 (41.8) 487 (48.6) <0.001
SBP (mmHg) 111.23+14.36 115.86+16.28 120.24+16.78 124.29+16.56 <0.001 a<b<c<d
DBP (mmHg) 72.14+8.99 73.83+9.37 75.06+9.34 76.69+9.30 <0.001 a<b<c<d
BMI (kg/m?) 10.09+1.95 21.81+1.67 22.69+1.49 23.24+131 <0.001 a<b<c<d
WC (cm) 70.66+5.47 77.97+5.08 81.76+5.22 85.42+528 <0.001 a<b<c<d
TC (mg/dL) 182.43+31.85 187.08+35.14 194.73+37.55 202.77+39.61 <0.001 a<b<c<d
TGs (mg/dL) 62.60+22.91 80.01+23.43 112.32+30.57 211.25+30.57 <0.001 a<b<c<d
HDL-C (mg/dL) 62.20+12.60 57.45+12.63 53.24+11.33 47.08+10.87 <0.001 d<c<b<a
BUN (mg/dL) 14.40+4.20 16.07+4.66 15.87+6.00 15.84+4.87 <0.001 a<b, ¢, d
Crea (mg/dL) 0.76+0.16 0.78+0.18 0.81+0.33 0.82+0.22 <0.001 a, b<c, d
FBG (mg/dL) 9153+12.93 95.58+15.29 99.81+18.60 106.87+27.78 <0.001 a<b<c<d
Insulin (uU/mL) 5.42+3.39 6.36+4.61 7.78+7.77 9.77+7.09 <0.001 a<b<c<d
MetS 3(0.3) 30 3.0) 127 (12.7) 501 (50.0) <0.001
MetS score 0.31x0.57 0.74+0.84 1.29+1.00 2.56+1.11 <0.001 a<b<c<d
HOMA-IR 1.24+0.85 1524122 1.97+2.44 2.64+2.39 <0.001 a<b<c<d

Abbreviations: See Table 1.
o 519l v|RhERt ofu g} v|gto] opd of| A LAP7} 57}
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Table 4. Clinical characteristics of subjects according to the quartiles of LAP in obesity

N (%), M+SD (N=2,076)

Lipid accumulation product (LAP)

Variables Quartile 1 ®Quartile 2 “Quartile 3 YQuartile 4 Povalue oSt hoc analysis
(<30.23) (30.24~46.69)  (47.00~69.71) (>69.72) (Schefte)
(N=519) (N=519) (N=519) (N=519)
LAP 21.83+5.58 38.32+4.69 57.13%6.70 113.07+56.00 <0.001 a<b<c<d
Age (years) 50.44+17.28 54.72+15.66 54.33+16.03 52.06+15.35 <0.001 a<b, ¢
Men 255 (49.1) 268 (51.6) 285 (54.9) 298 (57.4) 0.041
SBP (mmHg) 120.66+15.02 123.12+14.50 124.40+15.79 125.30+15.61 <0.001 a<c, d
DBP (mmHg) 76.13x9.05 77.69%+9.56 78.30+9.88 80.23+10.92 <0.001 a<d
BMI (kg/mz) 26.71+£1.60 27.27+2.02 28.02+2.71 29.27+3.42 <0.001 a<b<c<d
WC (cm) 89.01+2.99 92.51+6.02 95.43+6.80 98.87+7.90 <0.001 a<b<c<d
TC (mg/dL) 182.93+35.93 191.00+39.36 195.63+37.20 208.98+41.98 <0.001 a<b, c<d
TGs (mg/dL) 79.72+20.92 116.85+25.97 161.02+37.59 292.17+164.10 <0.001 a<b<c<d
HDL-C (mg/dL) 54.96+11.42 49.29+10.01 46.46+9.35 42.93+9.81 <0.001 d<c<b<a
BUN (mg/dL) 15.87+4.53 16.36+4.69 15.74+4.38 15.66+5.05 0.076
Crea (mg/dL) 0.82+0.19 0.85+0.20 0.86+0.20 0.86+0.25 0.011 a<c, d
FBG (mg/dL) 99.68+17.71 105.64+24.53 109.36+29.32 115.41+34.67 <0.001 a<b, c<d
Insulin (WU/mL) 9.43+7.40 11.28+7.94 13.15+8.99 17.50+24.22 <0.001 a<c<d
MetS 86 (16.6) 168 (32.5) 336 (64.9) 448 (86.8) <0.001
MetS score 1.54+0.97 2.14+0.94 2.86+0.98 3.52+0.92 <0.001 a<b<c<d
HOMA-IR 2.37x2.16 3.07+£3.01 3.62+3.24 5.25+9.43 <0.001 a<c<d

Abbreviations: See Table 1.

Table 5. Comparisons of FBG, Insulin, and MetS score according to the quartiles of LAP in overall population, non—obesity, and obesity

(N=6,090)
Variables Cateqor FBG (mg/dL) Insulin (uU/mL) MetS score
gory M=SE (95% Cl) M=SE (95% Cl) M=SE (95% Cl)
Overall population LAP  Quartile 1 95.22+0.60 (94.05~96.39) 5.09+0.26 (4.58~5.61) 0.65+0.02 (0.60~0.69)
(N=6,090) Quartile 2 98.37+0.56 (97.26~99.48) 7.73%£0.25 (7.24~8.21) 1.15+0.02 (1.11~1.19)
Quartile 3 102.42+0.57 (101.30~103.54) 10.03+0.25 (9.54~10.52)  1.85+0.02 (1.81~1.90)
Quartile 4 110.17+0.58 (109.04~111.30) 14.01+0.25 (13.51~14.50)  3.01+0.02 (2.97~3.05)
P-value <0.001 <0.001 <0.001
Non-obesity LAP  Quartile 1 94.52+0.64 (93.28~95.77) 4.96+0.20 (4.59~5.35) 0.54+0.03 (0.49~0.59)
(N=4,014) Quartile 2 96.27+0.60 (95.09~97.45) 6.30£0.19 (5.93~6.67) 0.79+0.02 (0.74~0.84)
Quartile 3 98.64+0.60 (97.46~99.82) 7.96+0.19 (7.59~8.33) 1.19+0.03 (1.15~1.24)
Quartile 4 104.43+0.62 (103.21~105.65) 10.14+0.20 (9.75~10.52)  2.37+0.03 (2.32~2.42)
P-value <0.001 <0.001 <0.001
Obesity (N=2,076) LAP  Quartile 1 100.37£1.20 (98.02~102.71) 9.05+0.62 (7.83~10.28) 1.63+0.04 (1.56~1.70)
Quartile 2 105.06£1.18 (102.74~107.37) 11.356+£0.62 (10.14~12.55)  2.12+0.04 (2.04~2.19)
Quartile 3 108.98+1.18 (106.67~111.29) 13.22+0.62 (12.12~14.53)  2.82+0.04 (2.75~2.90)
Quartile 4 115.62+1.19 (113.30~117.95) 17.64+0.62 (16.42~18.85)  3.48+0.04 (3.41~3.56)
P-value <0.001 <0.001 <0.001
Abbreviations: See Table 1; SE, standard error; Cl, confidence interval.
Adjusted for age, gender, smoking, drinking, regular exercising, SBP, DBP, BUN, Crea.
HDL-C9] 74:9} Z-2 oA ESE BF FBG B34 TyG index®h 2= ThE A2 WA AR 946l Hal
of FA U G F AR YA HIS)L 53], B ST, Sun 52404 o 541 o At
A B AL e ARG S7RZILT2DM TS A70l4 LAP= T2DM [area under the curve (AUC):
714314 4= QlEH16]. ARAT w2, Shind 204 oV 0.658, 95% CI0.645~0.671] & 1&d AJ/J(AUC: 0.781,
O] HIREAS th o & AN Ao A LAPE= RIEAAIESE 95% CI0.771~0.792)2] all&o] lojA BMITH WCHH 2= 41

MetSE a3kt 9lolH TGS/HDL-C, A ulekis:2} ulisto] 94sleka 1 nslsirhig]. 37h4.
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Table 6. Comparisons of HOMA-IR according to the quartiles of LAP in overall population, non—-obesity, and obesity (N=6,090)
HOMA-IR
Variables Category

Model 1 Model 2 Model 3
Overall population LAP Quartile 1 1.26+0.09 (1.07~1.44) 1.26+0.09 (1.07~1.44) 1.22+0.09 (1.03~1.41)
(N=6,090) Quartile 2 1.92+0.09 (1.75~2.10)  1.92+0.09 (1.75~2.10)  1.92+0.09 (1.75~2.10)
Quartile 3 2.61+0.09 (2.43~2.79) 2.61+0.09 (2.43~2.78)  2.62+0.09 (2.44~2.80)
Quartile 4 3.95+0.09 (3.77~4.13) 3.95+0.09 (3.78~4.13)  3.98+0.09 (3.80~4.16)

P-value <0.001 <0.001 <0.001
Non-obesity (N=4,014) LAP Quartile 1 1.21+0.06 (1.09~1.33) 1.21+£0.06 (1.09~1.33)  1.19+0.06 (1.06~1.31)
Quartile 2 1.561+0.06 (1.39~1.62) 1.51+0.06 (1.39~1.62) 1.51+0.06 (1.40~1.63)
Quartile 3 1.99+0.06 (1.87~2.10) 1.99+0.06 (1.87~2.10)  1.99+0.06 (1.88~2.11)
Quartile 4 2.66+0.06 (2.54~2.78) 2.66+0.06 (2.54~2.78)  2.68+0.06 (2.56~2.80)

P-value <0.001 <0.001 <0.001
Obesity (N=2,076) LAP Quartile 1 2.37+0.24 (1.91~2.83) 2.36+0.24 (1.90~2.82) 2.28+0.24 (1.81~2.74)
Quartile 2 3.08+0.23 (2.62~3.54) 3.06+0.23 (2.60~3.52) 3.06+0.23 (2.60~3.52)
Quartile 3 3.63+0.23 (3.17~4.09) 3.66+0.23 (3.20~4.12)  3.67+0.23 (3.21~4.13)
Quartile 4 5.24+0.23 (4.79~5.70) 5.24+0.23 (4.78~5.70)  5.31+£0.24 (4.85~5.77)

P-value <0.001 <0.001 <0.001

Abbreviations: See Table 1.

Model 1 (M+SE [95% Cl]), age and gender; Model 2 (M+SE [95% Cl]), Model 1 further adjusted for smoking, drinking, and regular exercising;
Model 3 (M*+SE [95% Cl]), Model 2 further adjusted for SBP, DBP, BUN, and Crea.
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