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etabolic syndrome (MetS) is known as the cluster 
of changes associated with resistance to insulin, 
which plays an important role in patients with 

coronary heart disease (CHD).1,2 Increased all-cause and 
cardiovascular disease (CVD) mortality with the MetS have 
been reported repeatedly in previous studies.3–8 However, 
the certainty of pathogenesis of insulin resistance (IR) and 
the predictive value for CVD of MetS has been challenged 
because of the insufficiency of conclusive evidence.9

Dyslipidemia is another well-known major risk factor for 
CHD, as well as a component of MetS, and the role of  
low-density lipoprotein cholesterol (LDL-C) in CVD is well 
established. Over the past several years, a number of clinical 
trials that have primarily targeted LDL-C have demonstrated 
clinical benefits of lipid-lowering therapy, with a significant 
reduction in cardiovascular events. However, 60–70% of CVD 

events continue to occur despite LDL-lowering therapy. 
Therefore, a need for new targets to compliment the measures 
of LDL lowering has been suggested.10

Several reports have raised the possibility that newly 
addressed lipid measures might be superior to the traditional 
ones used for cardiovascular risk prediction. Triglycerides 
(TG)11 and high-density lipoprotein cholesterol (HDL-C)12 are 
not only independent risk factors of CVD, but also compo-
nents of MetS.13 Several lipid ratios have been proposed as 
simple, convenient clinical indicators because of the integra-
tive information of the multiple variables. The TG/HDL-C 
ratio has been advocated as an indicator of IR,14–16 and the 
total cholesterol (TC)/HDL-C ratio has shown a predictive 
value for CVD.17,18 The LDL-C/HDL-C ratio has shown 
similar predictive potential for CHD as the TC/HDL-C ratio, 
though the published reports are not entirely consistent.19
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Background:  Several reports have raised the possibility that newly addressed lipid measures might be superior 
to the traditional ones for cardiovascular risk prediction. However, data on the associations between these lipid 
measures with metabolic syndrome (MetS) is limited.

Methods and Results:  A cross-sectional study of participants in routine health examinations was performed. 
The associations between lipid measure variables (total cholesterol (TC), triglycerides (TG), low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), TC/HDL-C, LDL-C/HDL-C, TG/HDL-C ratio 
and non-HDL-C) and MetS, insulin resistance (IR) by homeostatic model assessment (HOMA) and adiponectin 
were analyzed in 6,546 participants (3,820 men; mean age 46.0±9.2 years in men, 44.6±9.5 years in women). In 
multivariable adjusted regression analysis, the 3 lipid ratios of TC/HDL-C, LDL-C/HDL-C and TG/HDL-C showed 
significant association with the number of MetS components, HOMA and log adiponectin level in both men and 
women without MetS (P<0.001, respectively), though these relations were weaker in participants with MetS. The 
mean  levels  of  the  lipid  ratios also associated with  increasing numbers of  the MetS components,  quartiles of 
HOMA and adiponectin.

Conclusions:  Lipid ratios of TC/HDL-C, LDL-C/HDL-C and TG/HDL-C, as well as TG and HDL, were con-
sistently associated with MetS and IR in participants without MetS. Lipid ratios might be used as integrated and 
simple lipid measures.    (Circ J  2010; 74: 931 – 937)
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However, data on the associations between these lipid 
measures, especially the lipid ratios, with MetS is limited. 
To improve the understanding of the association between  
the lipid variables and MetS, we analyzed the associations 
between potentially valuable lipid measures and MetS, as 
well as IR and adiponectin. IR has been described as a major 
etiology of MetS,1,2 and adiponectin is known to be closely 
related.20 Though several lipid measures have been intro-
duced as useful indicators of CVD risk, it is also necessary 
to refine their meaning in relation to MetS. Our present analy-
sis of Korean men and women was to assess the value of 
lipid measures within the common core area of MetS, IR and 
adiponectin.

Methods
Subjects
A cross-sectional study of participants in routine health exami-
nations at the health promotion center of Severance Hospital 
and Ewha Womans University Mokdong Hospital was per-
formed from April 2006 to June 2007. All the 6,546 subjects 
(3,820 men, 2,726 women) who completed an annual health 
evaluation completed a structured questionnaire that collected 
demographic and clinical characteristics including serum  
insulin and adiponectin levels. The Institutional Review Board 
of Human Research of Yonsei University approved this study 
and written informed consent was given by all the partici-
pants before enrollment.

Data Collection
The examinations were performed according to a standard 
protocol. The structured questionnaire were used to investi-
gate smoking, alcohol and exercise habits and other demo-
graphic characteristics. Participants were also asked if they 
had any disease or if they were taking any medication. The 
data were checked and cleaned again during the analysis. 
Weight and height were measured by experienced medical 
staff and we calculated the body mass index (BMI, kg/m2). 
Diabetes was defined as a self-reported history of the dis-
order or when the fasting blood glucose (FBG) level was 
≥126 mg/dl. Hypertension was defined as a self-reported  
history of the disorder or when systolic blood pressure (BP) 
was ≥140 mmHg or diastolic BP ≥90 mmHg. Dyslipidemia 
was defined as a self-reported past history or medication for 
dyslipidemia. MetSs was defined as the presence of at least  
3 of the 5 components described by the National Cholesterol 
Education Program Adult Treatment Panel III (NCEP ATP 
III),13 except waist circumference, the cutoff value of which 
was modified for Asian populations:21 (1) waist circumfer-
ence >90 cm for men and >80 cm for women; (2) TG level 
≥150 mg/dl; (3) HDL-C <40 mg/dl for men and <50 mg/dl 
for women; (4) systolic BP ≥130 mmHg or diastolic BP 
≥85 mmHg; (5) FBG level ≥110 mg/dl.

Laboratory Methods
Peripheral venous blood samples were collected at 08.00 h 
after 12 h of fasting and were stored at –80°C within 2 h until 
analysis. FBG, TC, TG, HDL-C, LDL-C and other biomarkers 
were measured with a Hitachi-7600 analyzer (Hitachi Ltd, 

Table 1. General Characteristics of the Study Participants According to the Presence or Absence of MetS

Men (n=3,820) Women (n=2,726)

With MetS Without MetS With MetS Without MetS

(n=740) (n=3,080) (n=283) (n=2,443)

Age, years 47.8±9.4　   45.6±9.2*** 52.3±10.4   43.7±9.0***

BMI, kg/m2 27.0±2.6　   24.1±2.4*** 26.2±2.9　   22.4±2.7***

WC, cm 92.3±6.6　   83.8±6.7*** 85.4±6.7　   74.2±7.4***

FBG, mg/dl 108.2±30.6　       92.9±14.3*** 102.3±27.8　   87.3±9.7***

Fasting insulin, μU/ml 6.4±3.7       3.8±2.6*** 6.2±3.7       3.6±2.4***

HOMA 1.7±1.1       0.9±0.7*** 1.6±1.1       0.8±0.6***

Adiponectin, μg/ml 5.6±3.4       7.2±4.1*** 8.6±5.3   11.0±5.9***

No. of MetS components 3.3±0.6       0.9±0.8*** 3.4±0.6       0.6±0.7***

SBP, mmHg 131.7±12.4　   121.8±13.0*** 129.9±13.5　   114.2±13.3***

DBP, mmHg 85.5±28.6       76.6±10.2*** 80.6±10.1   70.9±9.8***

Nonsmoker 159 (21.5)   806 (26.2) 267 (94.4) 2,289 (93.7)　

Ex-smoker 268 (36.2) 1,069 (34.7)　   5 (1.8)   61 (2.5)

Current smoker 313 (42.3)   1,205 (39.1)*　 11 (3.9)   93 (3.8)

Drinker 657 (89.9) 2,726 (89.2)　 159 (58.7)     1,113 (46.7)**

Regular exercise† 344 (67.2) 1,385 (66.7)　 109 (56.2)   896 (56.1)

Hypertension 416 (56.2)       669 (21.7)*** 151 (53.4)       261 (10.7)***

Diabetes 168 (22.7)     142 (4.6)***   54 (19.1)       29 (1.2)***

Dyslipidemia 56 (7.6)   135 (4.4)** 23 (8.1)       67 (2.7)***

Data are mean ± SD or n (%).
*P between 0.05 and 0.01, **P between 0.01 and 0.001, ***P<0.001 with MetS vs without MetS in men and women, 
respectively.
†Data available for 2,590 men and 1,792 women.
Hypertension  defined  as  SBP  >– 140 mmHg,  DBP  >– 90 mmHg  or  history  of  the  disorder;  diabetes  defined  as  FBG 
>– 126 mg/dl (7.0 mmol/L) or history of the disorder; dyslipidemia defined as self-reported past history or taking medi-
cation.
MetS, metabolic syndrome; BMI, body mass index; WC, waist circumference; FBG, fasting blood glucose; HOMA, 
homeostatic model assessment; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Tokyo, Japan). Insulin was analyzed by solid-phase 2-site 
chemiluminescent immunometric assay with IMMULITE 
2000 (Diamond Diagnostics, Holliston, MA, USA). The 
homeostatic model assessment of IR (HOMA-IR) was cal-
culated as: HOMA = FBG (mg/dl) × fasting serum insulin 
(μU/ml)/405.22 Adiponectin levels were measured using an 
enzyme-linked immunosorbent assay (Mesdia Co, Ltd, Seoul, 
Republic of Korea). The intra- and interassay variances of 
adiponectin were 6.3–7.4% and 4.5–8.6%, respectively.23

Statistical Analysis
The results are presented as mean ± standard deviation (SD) or 
number (%). Differences in general and clinical characteristics 
between the with and without MetS groups were compared 
with Student’s t-test (continuous variables) or the chi-square 
test (categorical variables) in men and women, respectively. 
The associations between lipid variables [TC, TG, LDL-C, 

HDL-C, TC/HDL-C, LDL-C/HDL-C, TG/HDL-C and non-
HDL-C] and MetS, IR measured by HOMA, and adiponectin 
were analyzed. Linear regression analysis was performed to 
test associations between lipid measures and the number of 
MetS components, HOMA and log adiponectin with adjust-
ment for age, waist, systolic BP, smoking24 and alcohol status. 
Log-transformed adiponectin was used to achieve a normal 
distribution. Mean levels and standard deviations of lipid 
ratios were calculated according to the number of MetS com-
ponents, HOMA quartiles, and adiponectin quartiles in men 
and women, respectively. The differences between each mean 
value of the lipid ratio levels were assessed by ANOVA tests.

All statistical tests were 2-sided, and differences with a  
P<0.05 were considered to be statistically significant. All 
analyses were conducted using SAS statistical software,  
version 9.1 (SAS Institute Inc, Cary, NC, USA) for statistical 
analysis.

Table 2. Clinical Characteristics of the Study Participants by Lipid Measures

Characteristics
Men (n=3,820) Women (n=2,726)

With MetS Without MetS With MetS Without MetS

TC, mg/dl 193.4±34.5　   186.7±30.3*** 193.7±34.6　   181.4±32.3***

TG, mg/dl 235.2±145.0   126.5±74.6*** 173.3±83.9　     82.8±42.2***

HDL-C, mg/dl 42.1±8.5　     51.3±10.7*** 45.5±8.7　     60.6±12.4***

LDL-C, mg/dl 114.7±30.3　 115.9±28.2　 119.0±30.9　   107.1±29.8***

TC/HDL-C 4.7±1.1     3.8±0.9*** 4.4±0.9     3.1±0.8***

LDL-C/HDL-C 2.8±0.8     2.4±0.7*** 2.7±0.8     1.8±0.7***

TG/HDL-C 6.0±4.7     2.7±2.0*** 4.0±2.1     1.5±1.0***

Non-HDL-C 151.3±33.5　   135.4±30.7*** 148.2±33.2　   120.8±31.6***

Data are mean ± SD.
***P<0.001 with MetS vs without MetS in men and women, respectively.
TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-
cholesterol. Other abbreviation see in Table 1.

Table 3. Regression Analysis of the Lipid Measures With the Number of MetS Components and Insulin 
Resistance in Participants Without MetS

β (SE)

No. of MetS components HOMA Log adiponectin

Men (n=3,080)

    TC, mg/dl 0.0007 (0.000)   0.020 (0.007)**  –0.001 (0.000)**

    TG, mg/dl     0.0040 (0.000)***     0.031 (0.003)***   –0.001 (0.000)***

    HDL-C, mg/dl     –0.018 (0.001)***   –0.127 (0.019)***     0.010 (0.001)***

    LDL-C, mg/dl –0.0001 (0.000)　   0.022 (0.007)** –0.0002 (0.000)　

    TC/ HDL-C       0.240 (0.013)***     1.780 (0.227)***   –0.122 (0.011)***

    LDL-C/ HDL-C       0.198 (0.017)***     1.817 (0.280)***   –0.096 (0.014)***

    TG/ HDL-C       0.154 (0.005)***     1.075 (0.099)***   –0.039 (0.005)***

    Non-HDL-C     0.0029 (0.000)***     0.036 (0.007)***   –0.002 (0.000)***

Women (n=2,443)

    TC, mg/dl   –0.001 (0.000)** –0.001 (0.006)　 –0.0001 (0.000)　

    TG, mg/dl       0.005 (0.000)***     0.042 (0.005)***   –0.001 (0.000)***

    HDL-C, mg/dl     –0.018 (0.001)***   –0.075 (0.016)***     0.010 (0.001)***

    LDL-C, mg/dl   0.001 (0.000)* 0.013 (0.007)  –0.001 (0.000)**

    TC/ HDL-C       0.294 (0.015)***     1.229 (0.275)***   –0.161 (0.016)***

    LDL-C/ HDL-C       0.291 (0.018)***     1.415 (0.311)***   –0.161 (0.019)***

    TG/ HDL-C       0.258 (0.011)***     1.774 (0.196)***   –0.082 (0.012)***

    Non-HDL-C       0.002 (0.000)*** 0.012 (0.007)   –0.002 (0.000)***

With adjustment for age, WC, SBP, smoking status, and alcohol drinking.
*P  between  0.05  and  0.01,  **P  between  0.01  and  0.001,  and  ***P<0.001.  Adiponectin  was  log-transformed  to 
achieve normal distribution.
SE, standard error. Other abbreviations see in Tables 1,2.
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Results
The baseline characteristics of the study population are shown 
in Table 1. Mean age was 46.0±9.2 years in men and 44.6± 
9.5 in women. The mean age, BMI, waist circumference, 

FBG, fasting insulin, HOMA, BP and the number of MetS 
components showed differences between the groups with 
and without MetS, both in men and women. The number of 
MetS components was 3.3±0.6 in men with MetS and 0.9± 
0.8 in men without MetS (Table 1).

Table 4. Regression Analysis of the Lipid Measures With the Number of MetS Components and Insulin 
Resistance in Participants With MetS

β (SE)

No. of MetS components HOMA Log adiponectin

Men (n=740)

    TC, mg/dl 0.0004 (0.001) 0.054 (0.022)* –0.001 (0.001)　

    TG, mg/dl       0.001 (0.000)***   0.019 (0.005)** –0.0002 (0.000)　

    HDL-C, mg/dl     –0.023 (0.002)*** –0.039 (0.088)　     0.011 (0.002)***

    LDL-C, mg/dl       0.002 (0.001)** 0.029 (0.024) 0.001 (0.001)

    TC/HDL-C       0.389 (0.014)*** 1.233 (0.657)  –0.068 (0.018)**

    LDL-C/HDL-C     0.089 (0.025)** 0.903 (0.908) –0.046 (0.025)　

    TG/HDL-C       0.031 (0.004)***   0.461 (0.155)** –0.008 (0.004)　

    Non-HDL-C       0.152 (0.017)***   0.060 (0.022)** –0.001 (0.001)*　

Women (n=283)

    TC, mg/dl 0.0004 (0.001)   0.104 (0.035)** 0.000 (0.001)

    TG, mg/dl       0.002 (0.000)***     0.083 (0.014)*** –0.005 (0.000)　

    HDL-C, mg/dl     –0.017 (0.004)*** 0.032 (0.139) 0.007 (0.004)

    LDL-C, mg/dl –0.0003 (0.001)　 0.068 (0.039) 0.001 (0.001)

    TC/HDL-C     0.122 (0.036)**   2.951 (1.281)* –0.070 (0.038)　

    LDL-C/HDL-C   0.074 (0.043) 2.487 (1.522) –0.028 (0.046)　

    TG/HDL-C       0.095 (0.016)***     2.528 (0.582)*** –0.032 (0.018)　

    Non-HDL-C   0.002 (0.001)   0.109 (0.036)** –0.000 (0.001)　

With adjustment for age, WC, SBP, smoking status, and alcohol drinking.
*P  between  0.05  and  0.01,  **P  between  0.01  and  0.001,  and  ***P<0.001.  Adiponectin  was  log-transformed  to 
achieve normal distribution.
Abbreviations see in Tables 1–3.

Figure.    Lipid ratio levels according to the number of metabolic syndrome components in men and women. Mean ± standard 
deviation of the lipid ratio levels. ***P<0.001, compared with the lipid ratio level without any metabolic syndrome component. 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.
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Mean TC levels were 188.0±31.3 mg/dl in men and 182.7± 
32.8 mg/dl in women. The mean TC/HDL-C was 4.0±1.0 and 
3.2±0.9 and TG/HDL-C was 3.3±3.0 and 1.7±1.4 for men and 
women, respectively (Table 2).

In regression analysis of the lipid measures with MetS 
and IR after adjustment for multiple covariables in partici-
pants without MetS, TC/HDL-C (β=0.240 with number of 
MetS components, P<0.0001; 1.780 with HOMA, P<0.001),  
LDL-C/HDL-C (β=0.198 with number of MetS components, 
P<0.0001; 1.817 with HOMA, P<0.0001) and TG/HDL-C 
(β=0.154 with number of MetS components, P<0.0001; 
1.075 with HOMA, P<0.0001) showed significant positive 
associations with both the number of MetS components and 
HOMA in men. TC and LDL-C failed to show significant 
correlation with all 3 of the MetS-associated variables. TG, 
HDL-C, and non-HDL-C had statistically significant corre-
lations; however, all their β estimates were lower than 0.127 
(0.001–0.127). These results were similar in women without 
MetS. The 3 lipid ratios of TC/HDL-C, LDL-C/HDL-C and 
TG/HDL-C consistently showed significant negative corre-
lations with the number of MetS components, HOMA and 
log adiponectin (Table 3). When we repeated the regression 
analysis after exclusion of participants with past history of 
or medications for dyslipidemia, there was no difference in 
the results (data not shown). However, these relations were 
weaker in participants with MetS (Table 4).

The mean level of TC/HDL-C was 3.4 (SD 0.7) in par-
ticipants without any MetS components, whereas it was 5.7 
(SD 1.4) in participants with 5 MetS components. The mean 
levels of LDL-C/HDL-C and TG/HDL-C also increased with 
increasing number of MetS components. Every mean level 
of the 3 lipid ratios in participants with any MetS components 
was significantly higher than those in participants without any 
components (P<0.0001). In men, the TC/HDL-C and TG/
HDL-C levels were significantly (P<0.0001) different among 
all of the 6 groups of MetS components (0–5). However, in 
our analysis of LDL-C/HDL-C, the groups with 2–4 compo-
nents failed to show a significant difference with the 5 compo-
nents group. In women, the TC/HDL-C and LDL-C/HDL-C 
levels were significantly (P<0.0001) different between the 
group with 0–2 components and the 5 components group.  
In the TG/HDL-C analysis, all groups except those with 
between 4 and 5 components, showed differences with each 
other (data not shown) (Figure). The mean levels of single 
lipid measures (TC, HDL-C, LDL-C, TG) were also asso-
ciated with increasing number of MetS components (data not 
shown) Table 5 shows the lipid measure levels according to 
the levels of IR, which were consistently associated with the 

levels of the HOMA and adiponectin quartiles.

Discussion
In our results, 3 lipid ratios were prominent and consistent 
measures associated with MetS, IR and adiponectin.

Among several proposed lipid markers, TG and HDL-C 
are key metabolic abnormalities in patients with IR. The TG 
level was an associated factor with ischemic heart disease, 
independent of HDL-C concentrations,11 and there is a large 
body of experimental evidence to suggest that augmenting 
HDL-C can have major protective effects, from prevention 
to stabilization and regression of vascular abnormalities, 
independent of TC or non-HDL-C levels.10 After 10-year 
follow-up of 12,339 middle-aged participants in the Ath-
erosclerosis Risk in Communities (ARIC) Study, LDL-C, 
HDL-C, lipoprotein(a), and in women but not men, TG, were 
all independent CHD predictors.12 In terms of sex differ-
ences, the levels of TG or TG/HDL-C ratio seemed to be 
higher in the men in our study. However, the correlations 
between MetS and TG or TG/HDL-C levels in the regres-
sion analysis showed similar results in men and women.

TG/HDL-C has advantages for standardization and identi-
fication of patients with an atherogenic lipoprotein profile as 
a convenient indicator of IR.13,14 The necessity to evaluate 
the value of the TG/HDL-C ratio to predict not only IR but 
also MetS was suggested in a recent study;25 however, the 
predictive value of the TG/HDL-C ratio is not completely 
understood. In a recent prospective study, the TG/HDL-C 
ratio was an imperfect surrogate for IR and its associated 
CHD risk, and was only slightly better than the TC/HDL-C 
ratio for this purpose.26 In our study, the TG/HDL-C ratio 
showed possibility as a useful marker; however, its range 
appeared wider than that of the other ratios and we could not 
directly compare the predictive power of the measures in 
this cross-sectional study. Further studies are needed to eval-
uate the strength of TG/HDL-C as a predictor.

Other lipid measures have shown their own predictive 
value for CVD. Apolipoprotein B (ApoB) and the ApoB/
apolipoproteinA-1(ApoA-I) ratio were strongly and positive-
ly related to increased risk of fatal myocardial infarction in 
both men and women. They are thought to be useful predic-
tors, especially for patients with normal LDL cholesterol 
levels;27 however, the TC/HDL-C ratio was as good as or 
better than the apolipoprotein fractions in predicting CVD in 
a prospective cohort study of over 15,000 US women who 
were followed over 10 years.17 According to a recent cohort 
study, measurement of ApoB or ApoA-I in clinical practice 

Table 5. Lipid Measure Levels According to the Quartiles of Insulin Resistance in Men and Women

HOMA Adiponectin

0 <– Q1<4.8 4.8 <– Q2<7.3 7.3 <– Q3<10.8 10.8 <– Q4 0 <– Q1<8.8 4.8 <– Q2<14.2 14.2 <– Q3<22 22 <– Q4

Men (n=3,080)

    TC/HDL-C 3.5±0.9 3.8±0.9 4.1±1.0     4.4±1.0*** 4.3±1.1 4.0±1.0 3.8±1.0     3.5±0.9***

    LDL-C/HDL-C 2.2±0.7 2.3±0.7 2.5±0.7     2.7±0.8*** 2.6±0.8 2.5±0.7 2.4±0.8     2.2±0.7***

    TG/HDL-C 2.2±2.2 2.7±2.0 3.4±2.7     4.6±4.0*** 4.0±3.6 3.3±2.8 2.9±2.7     2.3±1.5***

Women (n=2,443)

    TC/HDL-C 2.9±0.7 3.1±0.8 3.3±0.9     3.7±1.0*** 3.5±1.0 3.4±0.9 3.2±0.8     3.0±0.8***

    LDL-C/HDL-C 1.7±0.6 1.8±0.7 2.0±0.7     2.3±0.8*** 2.1±0.8 2.1±0.8 1.9±0.7     1.8±0.7***

    TG/HDL-C 1.3±0.9 1.5±1.1 1.8±1.3     2.6±1.9*** 2.2±1.9 2.0±1.5 1.7±1.3     1.5±1.1***

***P<0.001 with vs without MetS in men and women, respectively.
Abbreviations see in Tables 1,2.
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was not supported when TC and HDL-C results are avail-
able.19

In our study, the correlations between MetS and single 
lipid measures were relatively low. The LDL-C or TC level 
has been widely used to assess lipid atherogenesis, but its 
utility for IR is not well known, in contrast to TG or HDL-C. 
Though non-HDL-C is suggested to have predictive value 
for CVD in prospective studies,17 the relation of non-HDL-C 
to MetS seemed to be weaker than that of TG/HDL-C or 
HDL in Korean women.28 Lipid ratios that include informa-
tion on at least 2 measures might have a more integrated and 
concentrated explanation than single lipid measures, even 
TG or HDL-C.

The lipid ratios showed a close correlation not only with 
MetS, but with IR and adiponectin as well, though the rela-
tion was weaker in MetS patients, which might support the 
consistency of the present results. Adiponectin is known as 
an inverse predictor of CVD,20 so the negative correlation in 
the present results is coincident with previous reports.

There is the possibility of racial difference in lipid mea-
sures. In African-Americans, TG levels and the TG/HDL-C 
ratio are not reliable markers of IR.29 In a Taiwanese cohort 
study, the ApoB or TC/HDL-C concentration was a better 
predictor of CHD than other lipid markers in Chinese.18 In 
Korean women, HDL-C, TG/HDL-C and TG correlated with 
MetS, based on definitions by the NCEP and IDF without 
adjustment for important variables including smoking and 
alcohol status.28 The present study provides additional infor-
mation about lipid measures in both male and female Asians.

Study Limitations
First, although the study subjects were a general population, 
they might have better health-related behavior or higher 
socioeconomic status than others because they chose to take 
a routine health examination. Second, this study had a cross-
sectional design, so we cannot exclude potential biases. 
Third, TG and HDL-C are included in the criteria of MetS, 
so the usefulness of TG/HDL-C has limitations, though the 
analysis with IR and adiponectin also revealed similar 
results. Fourth, data on ApoB and ApoA-I levels were not 
collected in our study.

In conclusion, lipid ratios of TC/HDL-C, LDL-C/HDL-C 
and TG/HDL-C, as well as TG and HDL levels, were consis-
tently associated with MetS and IR in participants without 
MetS. Lipid ratios might be useful as integrated and simple 
lipid measures. Further long-term prospective research is 
needed to reveal the predictive value of the lipid ratios for 
CVD in association with MetS and to find their optimal cut-
off values.
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