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Abstract

Purpose : The lipid profile is a major predictive index for cardiovascular disease, but there have only been a few studies
conducted on the relationship between lipid ratio and cardiovascular disease risk factors in the Korean population. To address this
research gap, we investigated the association between three lipid ratios and cardiovascular disease risk factors among Korean adults.

Methods : This study used data from the seventh Korea National Health and Nutrition Examination Survey conducted in 2016.
Lipid ratios included triglyceride (TG)/high density lipoprotein cholesterol (HDL), total cholesterol (TC)/HDL, and low density
lipoprotein cholesterol (LDL)/HDL. Cardiovascular risk factors included in this research were: systolic blood pressure (SBP)>140,
diastolic blood pressure (DBP)>90, fasting blood sugar (FBS)> 126, HbAlc>6.5, body mass index (BMI)>25, waist
circumference (WC) men>90, women >85, and metabolic syndrome (MetS). A complex samples logistic regression test was
performed to analyze the association between lipid ratios and cardiovascular disease risk factors.

Results : 1) TG/HDL ratio had statistically significant relationships with DBP, FBS, HbAlc, BMI, WC and MetS. 2) TC/HDL
ratio was correlated to SBP, DBP, FBS, BMI, WC, and MetS. 3) LDL/HDL ratio had association with BMI, WC, and MetS.

Conclusion : We identified significant association between lipid ratios and cardiovascular disease risk factors. The three lipid

ratios were particularly strongly associated with BMI, WC, and MetS.
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(World Health Organization, 2018). A2l =0 A o] A& 3

A3t AMLEL 7FASH] AR AR == JlEk
=TTt A ] W Ee] F/ksta glo] AAAH R
A¥3 A3 X7 FR7F 2718 Aer Kozt
(Beaglehole 5, 2011). -8yt = A 20697F AL E
A At APdE HEE HE HEd A8 AMYES 7
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A&t gk, ddA ARAZIO AFFEL 199749 o1t
109 E S 13.79 o 4] 2017 QI+ 107 o 27.8F o2
24| o]AF Z7}9ich. (Statistics Korea, 2017). &3, A7FHE
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o] Eof A¥¥ Agho] A&F o Flshs FAot
(Health insurance review & assessment service, 2016).
Alg 3 Aglo] Wyl APE o Zrl= 189 Wik
oA ATS, M, FH E F2 old APANE
o] dth(Yusuf 5, 2004; Wijeysundera 5, 2010).
O AAE TS eyl A= B Agho] A&HA
o7 F7ehe a3k 29 F stuE d#A Slth(Kim
& Oh, 2013). A& Aehaf A iko] wA7F A5 &
A7 19709t 2ol= I A A& 5 & ZULHE
(total cholesterol; TC)o] At thAro]¢l(Murata %,
1971), o]% AlE3te A5l o8 W 1= =9
2~ H]| E+(high-density lipoprotein cholesterol; HDL), =2 A
Y% Zd A HE(low-density lipoprotein Cholesterol; LDL)
T} =2 =X X)W (triglyceride; TG)o| AE 3 230 98
Eo]l= Aow Ad#HHTHLee 5, 2017; Rubenfire &
Brook, 2013). @& ﬂ—?ga 3 Aldd 2sko] 7| E A
ol ool ZAEWASE Qo A Arjake] 7] Ho|
SeiAEA g el adgel A Aso] 247
=YHen 9T 2 B ohfe AR QUH] ks
A o] g+ % th(Cho, 2006; Witztum & Steinberg, 1991). wh
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=2} g, oA ol A E, HE
= ATENT = @A HEdERE Y, /e A
W), HA2s, AL e, ek, dEd,
o, A, wHe A, 7TER, AR, BRIt
d, CHUY, WS, WA Eg = k3t
EH o At 23 A= 37637 0| 3Tk &
A= st A E 4] & 919 2l (Institutional
Review Board; IRB no. UH 2019-03-012) %1 Hho}
AT,

:
SERE £57)9 o9 WS 29 EAY) WIS
olgsten BEAY, FoHAAL AWFAL, BB

S @M= 6.5 %, AAF A= 25 kg/wt, 2=
FAF sl elEd 90 em, A%} S Y= 85 emE 27+ 7]
Zom S0 MU} S 23 WS Fom TR,
AS T -2 National Cholesterol Education Program
Adult Treatment Panel III(INCEP-ATP III) 7| &35}
#elaheieh

3. A 24

Zte] A wsa AdW 4% AHassnel B
2 complex sample logistic regression testS A}8-5}%
WA FAS] Sistel da, A, SF3A
A, SE34E BAste] BASA BALNS
23l SPSS for window version 20.0(SPSS, Cjocago, iL,
USA) sAZE=IHS AHgstdlen, A% fold2
p<05=2 AAskch

il jil ox N
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m. 9323

A2t 40.59+0314] JHL TA} 51.6 %, o7}
48.4 % o)t} 3 Sl vbAA] g AbgRo] 24.0 %,
sheto]l 13] w|uto] 232 %, Fheof 2-43]7} 18.8 %, 3
2-33]7} 153 %, = 43] 237} 8.9 % o]l oo &
AR}7}F 253 % o]t £ &% 34+ 4.00+0.073] o]
ot Wi $£==7]) S 115.17+0.33 mHg, H o<+
7] deFe 75.85+0.22 mmHg ©o|th Hi FEIGS
95.92+0.45 mg/dl, H+ G AE= 545+0.13 % ©]
t} B £ ZYAH S 196.13+0.76 ng/dl, B
T ZYAHESE 52214028 mg/dl, BF =AA|
140.0643.37  mg/dl, Hat AUE  ZHAH
122.61£1.69 mg/d¢, B+ TLUZE C §FSA T
0.99+0.03 ©]ith B 3 =Y 81.28+0.22 cm,
A AR = 23.6120.07 kg/nt o] ITh H]TFE = A A
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572 18.8 % otk AT AREL] dutE EA
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2. TG/HDL ®|9} A8 1@ aSte] Ba

o

TG/HDL w9} B 4%7] @er 140 o4 WAEo)
TLAH] = 1.044(95% CI 1.017 ~ 1.073; p=.002), B3+ o] ¢

B oAT ARl FNALGGRAARE B3k 2
Hlo]El(complex survey data)o] B2 bR S mejer w71 BY 90 O L121(95% CI 1082 ~ 1.162; p<.001),
a1 FHo) \a - .

StREEA S AW}t 7R Adyte]RE 2y o 5 89 1%6_ o]A} 1.057(95% CI 1.029 1.085;
7[170}—001 oo]:—]x_/\]_ '?E]_]\]X]'E o]'g_x]in]/\i Oﬂ u-‘]_a_ Zﬂ‘—g—ﬁ]—gﬂ p<001), %-ﬂ- %ﬁ]—géﬂﬁ\_ 65 01}2)]'1058(95% CI 1031 ~
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Table 1, General characteristics of the study participants (n=3763)
Charicteristics Categories Value
Age (years) 40.59+0.31
Sex Male 14741826.36/1665 (51.6 %)
Female 13821943.93/2098 (48.4 %)
Alcohol drinking frequency No 2936252.29/548 (24.0 %)
< 1/month 2842602.89/472 (23.2 %)
= l/month 1213938.44/197 (9.9 %)
2-4/month 2298122.83/367 (18.8 %)
2-3/week 1876275.90/285 (15.3 %)
> 4/week 1084458.82/175 (8.9 %)
Smoking status No 20925852.41/2901 (74.7 %)
Yes 7103398.79/796 (25.3 %)
Frequency of exercise/week 4.00+0.07
Systolic blood pressure (mmHg) 115.17+0.33
Diastolic blood pressure (mmHg) 75.85+0.22
Fasting blood glucose (mg/d() 95.92+40.45
HbAlc (%) 5.45+0.13
Total cholesterol (mg/d¢) 196.13+0.76
HDL cholesterol (mg/d() 52.2140.28
Triglyceride (mg/d¢) 140.06+3.37
LDL cholesterol (mg/df) 122.61+1.69
hsCRP 0.99+0.03
Waist circumference (cm) 81.28+0.22
BMI (kg/m) 23.61+0.07
Obese status Underweight 1429279.33/190 (5.1 %)

Normal weight

17889285.92/2406 (63.5 %)

Obese 8867104.47/1121 (31.5 %)
Metabolic syndrome No 21531258.04/2840 (81.2 %)
Yes 4999192.36/672 (18.8 %)

HbAlc; hemoglobin Alc, HDL; high density lipoprotein, LDL; low density lipoprotein, hsCRP; high sensitivity C-reactive protein,

BMI; body mass index,

Values are presented as meantstandard error or unweighted number/weighted number (weighted %)

1.085; p<.001), H+ A|AZF 2|4 25 o]A4F 1.109(95% CI
1.031 ~ 1.192; p=.006), B+t 3= A= 90 oA E

= oZ}E= 85 o]AF 1.101(95% CI 1.031 ~ 1.176; p=.004),

AREF 1.758(95% CI 1.550 ~ 1.995; p<.001)2 H5F=
WA 7E -9 8HA] S 718k tH(Table 2).
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Table 2, Crude odds ratios for clinical cardiovascular characteristics by TG/HDL ratio

Variables Odds ratio p-value® 95% CI
Systolic blood pressure (mmHg)
< 140 1
> 140 1.044 .002 1.017 ~ 1.073
Diastolic blood pressure (mmHg)
<90 1
> 90 1.121 <.001 1.082 ~ 1.162
Fasting blood glucose (mg/d()
< 126 1
> 126 1.057 <.001 1.029 ~ 1.085
HbAlc (%)
< 6.5 1
> 6.5 1.058 <.001 1.031 ~ 1.085
BMI (kg/mr)
<25 1
> 25 1.109 .006 1.031 ~ 1.192
Waist circumference (cm)
Man < 90 Woman < 85 1
Man > 90 Woman > 85 1.101 .004 1.031 ~ 1.176
Metabolic syndrome
No 1
Yes 1.758 <.001 1.550 ~ 1.995

TG; triglyceride, HDL; high density lipoprotein, HbAlc; hemoglobin Alc, BMI; body mass index, CI; Confidence Interval

* was taken by complex samples logistic regression test

3. TCHDL ®|ot H8% 9P ASTHY HAA

TC/HDL wjo} 5t =57] EYf 140 o] A€
2] = 1.293(95% CI 1.178 ~ 1.420; p<.001), F ©]
7] @3t 90 o] A4t 1.512(95% CI 1.384 ~ 1.652; p<.001), &
& ZE I 126 oA 1.557(95% CI 1.387 ~ 1.747;

ek

p<.001), B+ G M4 6.5 0|4 1.598(95% CI 1.414 ~
1.805; p<.001), Ha+ A& A= 25 o4 1.707(95% CI
1.553 ~ 1.877; p<.001), B 3|5 A= 90 o] &=
L oJz}= 85 o]AF 1.716(95% CI 1.562 ~ 1.886; p<.001),
hAFZE T 3.168(95% CI 2.813 ~ 3.568; p<.001)& LI
WAFB 7L o 5HA S7s i tk(Table 3).

Table 3, Crude odds ratios for clinical cardiovascular characteristics by TC/HDL ratio

Variables Odds ratio p-value 95% CI

Systolic blood pressure (mmHg)

< 140 1

> 140 1.293 <.001 1.178 ~ 1.420
Diastolic blood pressure (mmHg)

<90 1

> 90 1.512 <.001 1.384 ~ 1.652
Fasting blood glucose (mg/d()

< 126 1

> 126 1.557 <.001 1.387 ~ 1.747
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Variables Odds ratio p-value® 95% CI
HbAlc (%)
< 6.5 1
> 6.5 1.598 <.001 1.414 ~ 1.805
BMI (kg/m’)
< 25 1
> 25 1.707 <.001 1.553 ~ 1.877
Waist circumference (cm)
Man < 90 Woman < 85 1
Man > 90 Woman > 85 1.716 <.001 1.562 ~ 1.886
Metabolic syndrome
No 1
Yes 3.168 <.001 2.813 ~ 3.568

TG; triglyceride, HDL; high density lipoprotein, HbAlc; hemoglobin Alc, BMI; body mass index, CI; Confidence Interval
* was taken by complex samples logistic regression test

4. LDLHDL ¥} A% #8257

r

A 2 =8 FAE 90 oA = ofxl= 85 o)A} 1.540(95%

CI 1264 ~ 1875; p<.001), ThAFZZL 1.673(95% CI

LDL/HDL ®|¢} 4t A ATF 4= 25 o]t UAE] 1.369~ 2.043; p<.001)Z o] A 7}A| o) Aqt m2}u] 7} 59
WAFH| = 1.426(95% CI 1.156 ~ 1.758; p=0.001), H++ 3| 574 2715+ cH(Table 4).

Table 4, Crude odds ratios for clinical cardiovascular characteristics by LDL/HDL ratio

Variables Odds ratio p-value’ 95% CI
Systolic blood pressure (mmHg)
< 140 1
> 140 0.853 .298 0.632 ~ 1.151
Diastolic blood pressure (mmHg)
<90 1
> 90 0.902 .398 0.708 ~ 1.147
Fasting blood glucose (mg/d0)
< 126 1
> 126 1.317 .190 0.872 ~ 1.989
HbAlc (%)
< 6.5 1
> 6.5 1.349 142 0.904 ~ 2.013
BMI (kg/nr)
<25 1
> 25 1.426 .001 1.156 ~ 1.758
Waist circumference (cm)
Man < 90 Woman < 85 1
Man > 90 Woman > 85 1.540 <.001 1.264 ~ 1.875
Metabolic syndrome
No 1
Yes 1.673 <.001 1.369~ 2.043

LDL; low density lipoprotein, HDL; high density lipoprotein, HbAlc; hemoglobin Alc, BMI; body mass index, CI; Confidence Interval

* was taken by complex samples logistic regression test
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5. A%, Y, 2535, A, 25348 B ¥ 1.071; p=.002), B+ A &F 2|4 25 o4 1.086(95% CI
TG/HDL ®|¢} AE8# Y@ a1E579] #AA 1.008 ~ 1.170; p=0.030), H4 3|2 S8 A= 90 oA+

T oz 85 o]AF 1.090(95% CI 1.016 ~ 1.170;
B2 & TG/HDL v|e} H o]ekr] EQf 90 o] Ay p=017), thAFZZ 2 1.728(95% CI 1.497 ~ 1.995; p<.001)
9] WAFH|E= 1.086,(95% CI 1.052 ~ 1.122; p<.001), % 2 P $27] 9 140 o)A A Qstis BE wA}
&4 TE I 126 o)A 1.042(95% CI 1.015 ~ 1.071; v7} 90317 Z7}3l%tH(Table 5).
p=.003), B G M x 6.5 0|4} 1.043(95% CI 1.016 ~

Table 5, Adjusted odds ratios for clinical cardiovascular characteristics by TG/HDL ratio

Variables Odds ratio p-value’ 95% CI
Systolic blood pressure (mmHg)
< 140 1
> 140 1.027 .067 0.998 ~ 1.056
Diastolic blood pressure (mmHg)
< 90 1
> 90 1.086 <.001 1.052 ~ 1.122
Fasting blood glucose (mg/d()
< 126 1
> 126 1.042 .003 1.015 ~ 1.071
HbAlc (%)
< 6.5 1
> 6.5 1.043 .002 1.016 ~ 1.071
BMI (kg/nr)
<25 1
> 25 1.086 .030 1.008 ~ 1.170
Waist  circumference (cm)
Man < 90 Woman < 85 1
Man > 90 Woman > 85 1.090 .017 1.016 ~ 1.170
Metabolic syndrome
No 1
Yes 1.728 <.001 1.497 ~ 1.995

TG; triglyceride, HDL; high density lipoprotein, HbAlc; hemoglobin Alc, BMI; body mass index, CI; Confidence Interval

* was taken by complex samples logistic regression test(adjusted by age. sex. alcohol drinking frequency, smoking status and exercise
frequency)

6. A%, AY, 335, FALH, 25345 A 1.748; p<.001), HaF M4 6.5 o4 1.533(95% CI

TC/HDL H|¢} A8 1@ adExe #A4 1320 ~ 1.781; p<.001), B+ AAZF A4 25 o]4F

1.671(95% CI 1.491 ~ 1.873; p<.001), B+ 3|S5 F=+

B2 & TC/HDL B9} Bt =57] o 140 o] ¥ L 9004 L ofz} 85 o]AF 1.741(95% CI 1.550 ~

A& O] WAFH]| = 1.248(95% CI 1.112 ~ 1.402; p<.001), 3 1.955; p<.001), ThAFZZF 3.240(95% CI 2.789 ~ 3.763;

& o] gl 90 oA} 1.442(95% CI 1.307 ~ 1.592; p<.00)&2 == w7} 90314 Z7}5}%thTable 6).
p<.001), HH FE FF 126 o4} 1.518(95% CI 1.317 ~
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Table 6. Adjusted odds ratios for clinical cardiovascular

Variables

characteristics by TC/HDL ratio
Odds ratio
Systolic blood pressure (mmHg)

p-value® 95% CI
< 140

1
> 140

1.248 <.001 1.112 ~ 1.402
Diastolic blood pressure (mmHg)
< 90 1
> 90

1.442
Fasting blood glucose (mg/d¢)

<.001 1.307 ~ 1.592
< 126

1
> 126 1.518 <001 1317 ~ 1.748
HbAlc (%)

<65 1

> 6.5

1.533 <001 1.320 ~ 1.781
BMI (kg/nt)
<25

1
> 25

1.671 <.001
Waist circumference (cm)
Man < 90 Woman < 85

1.491 ~ 1.873
1
Man > 90 Woman > 85

1.741 <.001 1.550 ~ 1.955
Metabolic syndrome
No

1

Yes 3.240 <.001 2.789 ~ 3.763

TG; triglyceride, HDL; high density lipoprotein, HbAlc; hemoglobin Alc, BMI; body mass index, CI; Confidence Interval
frequency)

was taken by complex samples logistic regression test(adjusted by age. sex. alcohol drinking frequency, smoking status and exercise

P

7. A%, AE, 535, 398

dH, 28345 Y ¥ g2 A= 90 o] E= &= 85 o4 1.593(95%
LDL/HDL H|¢} AT 93 g olEylo] iy CI 1272 ~ 1.995; p<.001), ThAZZ L 1.832(95% CI
1.436 ~ 2.338; p<.001)Z ©] A 7}A o A gt wA}H| 7} &
X7 % LDL/HDL H|9} o A A x|4= 25 o4 &
A5 WAFH]E= 1.431(95% CI 1.114 ~ 1.838; p=.005),

2 SJ3HAl 5713 A tH(Table 7).
5

Table 7. Adjusted odds ratios for clinical cardiovascular characteristics by LDL/HDL ratio
Variables Odds ratio p-value’ 95% CI
Systolic blood pressure (mmHg)
< 140 1
> 140 1.061 773 0.707 ~ 1.592
Diastolic blood pressure (mmHg)
<90 1
> 90 1.190 210 0.906 ~ 1.563
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Variables Odds ratio p-value® 95% CI
Fasting blood glucose (mg/df)
< 126 1
> 126 1.456 117 0.910 ~ 2.330
HbAlc (%)
< 6.5 1
> 6.5 1.273 331 0.781 ~ 2.076
BMI (kg/m’)
<25 1
> 25 1.431 .005 1.114 ~ 1.838
Waist circumference (cm)
Man < 90 Woman < 85 1
Man > 90 Woman > 85 1.593 <.001 1.272 ~ 1.995
Metabolic syndrome
No 1
Yes 1.832 <.001 1.436 ~ 2.338

LDL; low density lipoprotein, HDL; high density lipoprotein, HbA1lc; hemoglobin Alc, BMI; body mass index, CI; Confidence Interval

* was taken by complex samples logistic regression test(adjusted by age. sex. alcohol drinking frequency, smoking status and exercise

frequency)
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TC/HDL ®]7} LDL/HDL BXth 3|84 A4 Az o
SRR FHEAgo]l okl H kgl th(Assmann 5,
1996; Lemieux 5, 2001). o]= 2|2 uv|7} A&d3} A%}
ez ggol sbsaitie Hn B4 B A7
2 AR5t 2ASo|

B oJLo] A TG/HDL H|9} B 4=27] ¢ 140 o]

FollAde onl e 2ol gk oA EET AL

oo S F7HA 7= AR o] oA 9lal(Otsuka
=, 2016), TG/HDL ®|7} 8eko] o 20124912 8Hal ol
7 ATEL(Onat S, 2010; Tohidi 5, 2012) & AATo}
s

| AnE Hoh B3 AU BF AW SR
=
=

AS BAT T & Aol AL 184] ol4re] B
2 oyl A ole, £%7] Bl FNBLF F
A Aol A5k AuEAE nyo, 1Y 29
LHEAE HHT, 9T RE FAT FEWA}
3! Eom

H ¢o]3Lo] A TG/HDL, TC/HDL ®]9} 3 dof, s}
Mol A wAHH|7E o5k A F7Fsk itk TG/HDL H
oF Qlad Aol Fog Aol Avk= A+ A
Kim 5, 2012)9} 5G] el AJFLE o7t
ATAlo] ot At AXE vig o 2 (Kim %, 2005)

Fode ded AAEE AH SAs] oF7] o

o]
=
2ol dedd AE diAl Ao A A = Qe

A ®& TGHDL H]7} s o] $hKim 5, 2007). =
Y @A TOHDL ¥t #9542 35 dd3t ¢
o A4t BO ATHE ol ARA o] 9L U3
i, ol 2 et 9% AXste AxpolthPak 5,

2015).
2 AFolA = Al 7HA HlE RFolA Bt AlE T A
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