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The Relationship between the Triglyceride
to High-Density Lipoprotein Cholesterol
Ratio and Metabolic Syndrome
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Background: Metabolic syndrome is associated with cardiovascular diseases and is characterized by insulin resistance. Recent studies suggest that the triglyceride/high-density lipoprotein cholesterol (TG/HDLC) ratio predicts
insulin resistance better than individual lipid levels, including TG, total cholesterol, low-density lipoprotein cholesterol (LDLC), or HDLC. We aimed to elucidate the relationship between the TG/HDLC ratio and metabolic syndrome in the general Korean population.
Methods: We evaluated the data of adults ≥20 years old who were enrolled in the Korean National Health and Nutrition Examination Survey in 2013 and 2014. Subjects with angina pectoris, myocardial infarction, stroke, or cancer
were excluded. Metabolic syndrome was defined by the harmonized definition. We examined the odds ratios (ORs)
of metabolic syndrome according to TG/HDLC ratio quartiles using logistic regression analysis (SAS ver. 9.4; SAS
Institute Inc., Cary, NC, USA). Weighted complex sample analysis was also conducted.
Results: We found a significant association between the TG/HDLC ratio and metabolic syndrome. The cutoff value
of the TG/HDLC ratio for the fourth quartile was ≥3.52. After adjustment, the OR for metabolic syndrome in the
fourth quartile compared with that of the first quartile was 29.65 in men and 20.60 in women (P<0.001).
Conclusion: The TG/HDLC ratio is significantly associated with metabolic syndrome.
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INTRODUCTION

metabolic syndrome definition was based on the harmonized defini-

Cardiovascular diseases occur more frequently in patients with meta-

groups.17) Metabolic syndrome was defined by fulfilling ≥3 compo-

tion emphasizing variations of waist circumference according to racial

1)

bolic syndrome. In particular, in middle-aged men with metabolic

nents. For central obesity, the definition of the Korean Society for The

syndrome the risk of total mortality due to cardiovascular diseases is

Study of Obesity was used.20) Because most drugs for the treatment of

2.6–3.0 times higher than observed in individuals without metabolic

dyslipidemia (statins) primarily target the lowering of LDLC, the use of

syndrome.2) Insulin resistance is important in metabolic syndrome

medication for dyslipidemia was ignored.

and is associated with many diseases including coronary disease, hypertension, adult-onset diabetes, obesity, and stroke.3-6)

The following were the components used to assess for the presence
of metabolic syndrome: (1) waist circumference >90 cm (men), >85

Dyslipidemia is also a risk factor for cardiovascular diseases. Con-

cm (women); (2) hypertriglycemia TG ≥150 mg/dL; (3) HDLC <40 mg/

ventionally, the role of triglycerides (TGs), high-density lipoprotein

dL (men), <50 mg/dL (women); (4) hypertension: systolic blood pres-

cholesterol (HDLC), and low-density lipoprotein cholesterol (LDLC)

sure ≥130 mm Hg or diastolic blood pressure ≥85 mm Hg or on antihy-

have been emphasized. High TG and low HDLC are independent risk

pertensive medication; and (5) fasting glucose ≥100 mg/dL or on

factors of cardiovascular diseases.7,8) TGs and HDLC are also compo-

medication for hyperglycemia.

nents of metabolic syndrome. In practice, many clinicians focus primarily on LDLC in high-risk cardiovascular patients. However, 60% to

1. Statistical Analysis

70% of cardiovascular events occur despite therapy to lower LDLC lev-

The original data from the 2013 and 2014 Korean National Health and

els.9) Also, a prior study reported that high LDLC levels do not increase

Nutrition Examination were merged. Only the data of significant fig-

the risk of mortality in women.10)

ures needed for analysis were used. Age (categorization), smoking sta-

Recently, the TG/HDLC ratio was suggested as a compliment to

tus, drinking status, daytime physical activity, numbers of components

LDLC for predicting the risk of cardiovascular diseases. The TG/HDLC

of metabolic syndrome, metabolic syndrome status, quartiles for the

ratio is significantly related to insulin resistance11-13) and also appears

TG/HDLC ratio, and LDLC, a chi-square test and t-test were conduct-

to be useful in predicting the development of diabetes,14) coronary

ed. The LDLC level was calculated using Friedewald’s equation

15)

heart disease, and cardiovascular mortality.

Previous studies have

(LDLC=TC-HDLC-TG/5). The relationship between the number of

demonstrated that the TG/HDLC ratio is a better screening index for

metabolic syndrome components and the TG/HDLC ratio was ana-

insulin resistance than the homeostasis model assessment for insulin

lyzed by multiple regression, and the odds ratio (OR) of metabolic syn-

resistance.16)

drome according to the TG/HDLC ratio was analyzed by logistic re-

It would be clinically useful to identify insulin-resistant individuals

gression. Weighted complex sample analysis was conducted. All anal-

before the appearance of cardiovascular diseases. One method has

yses were performed using SAS ver. 9.4 (SAS Institute Inc., Cary, NC,

been to assess the number of criteria for metabolic syndrome present

USA).

in a patient.17) Several studies have suggested that the TG/HDLC ratio
can identify insulin-resistant individuals in a simpler manner.11-13) Also,
the TG/HDLC ratio has been shown to be comparable to of the use of

RESULTS

metabolic syndrome criteria in identifying insulin resistance in appar-

1. General Characteristics of the Study Population

ently healthy individuals.18,19)

From the total 32,875,039 selected adults (16,375,805 men [49.81%]

Data on the association between the TG/HDLC ratio and metabolic

and 16,499,234 women [50.19%]), 4,200,892 men (25.65%) and

syndrome in the Korean population is limited. If the TG/HDLC ratio

2,956,022 women (17.92%) met the criteria of metabolic syndrome. In

could be shown to be closely associated to metabolic syndrome, mea-

both men and women, metabolic syndrome was significantly associ-

surement of the TG/HDLC ratio may be clinically useful because of its

ated with age, drinking, exercise, blood pressure, waist circumference,

simplicity. Determination of the TG/HDLC ratio does not require a

white blood cell count, fasting glucose, and lipid profile (Table 1). In

measurement of waist circumference, a measurement that varies with

men, the TG/HDLC ratio was 2.73±0.05 in those without metabolic

sex and ethnicity and is not routinely checked in clinical situations. We

syndrome and 6.80±0.20 in those with metabolic syndrome, a statisti-

aimed to elucidate the relationship between the TG/HDLC ratio and

cally significant difference (P<0.001). In women, the TG/HDLC ratio

metabolic syndrome in the general Korean population.

was 1.73±0.03 in those without metabolic syndrome and 4.65±0.11 in
those with metabolic syndrome, also a statistically significant differ-

METHODS

ence (P<0.001).

We evaluated the original data of adults aged ≥20 years who were envey in 2013 and 2014. Subjects with a history of angina pectoris, myo-

2. The Relationship between the Triglyceride/High-Density
Lipoprotein Cholesterol Ratio and the Number of
Components of Metabolic Syndrome

cardial infarction, stroke, or cancer were excluded from the study. The

The mean value of the TG/HDLC ratio increased as the number of

rolled in the Korean National Health and Nutrition Examination Sur-
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4,200,892 (25.65)
274,883 (1.68)
732,183 (4.47)
1,106,499 (6.76)
1,188,119 (7.26)
899,209 (5.49)
860,415 (5.25)
1,937,038 (11.83)
1,403,439 (8.57)
652,284 (3.98)
1,680,170 (10.26)
1,868,438 (11.41)
605,228 (3.70)
2,008,533 (12.27)
1,587,132 (9.69)
127.09±0.55
83.48±0.40
91.63±0.29
7.09±0.06
114.24±1.01
264.90±6.82
42.13±0.33
98.85±1.64
6.80±0.20

2,958,540 (18.07)
2,748,593 (16.79)
2,567,908 (15.68)
2,111,171 (12.89)
1,788,701 (10.92)
3,494,984 (21.34)
5,025,483 (26.60)
3,654,446 (22.32)
1,938,178 (11.84)
6,383,814 (38.98)
3,852,920 (23.53)
1,503,175 (9.18)
5,548,082 (33.88)
5,123,656 (31.29)
115.72±0.29
75.92±0.22
81.55±0.18
6.46±0.04
95.43±0.38
129.28±2.09
51.33±0.24
108.21±0.67
2.73±0.05

≥3

12,174,913 (74.35)

0–2

No. of metabolic syndrome components

Values are presented as number (%) or mean±standard error, unless otherwise stated.
BP, blood pressure; TG, triglyceride; HDLC, high-density lipoprotein cholesterol.
*P<0.05. **P<0.01. ***P<0.001.

Total
Age (y)
20–29
30–39
40–49
50–59
≥60
Smoking status
Never smoker
Ex-smoker
Current smoker
Alcohol history
No
≤1/wk
≥2/wk
Exercise
No
1–2/wk
≥3/wk
Systolic BP (mm Hg)
Diastolic BP (mm Hg)
Waist circumference (cm)
White blood cell count (103/μL)
Fasting glucose (mg/dL)
TG (mg/dL)
HDLC (mg/dL)
Low-density lipoprotein cholesterol (mg/dL)
TG/HDLC ratio

Characteristic

Male

Table 1. General characteristics according to the number of metabolic syndrome components

(-19.31***)
(-18.38***)
(-30.13***)
(-8.75***)
(-17.30***)
(-19.07***)
(22.57***)
(5.36***)
(-19.30***)

6.59

58.19***

25.64**

200.77***

chi-square or (t-value)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.0928

<0.0001

<0.0001

<0.0001

P-value

1,853,209 (11.23)
6,797,360 (41.20)
4,892,644 (29.65)
110.29±0.30
71.53±0.21
74.90±0.19
5.77±0.03
92.58±0.27
93.04±1.09
58.46±0.20
108.94±0.54
1.73±0.03

4,115,663 (24.95)
7,784,307 (47.18)
1,643,242 (9.96)

11,952,993 (72.45)
829,718 (5.03)
760,501 (4.61)

2,672,254 (16.20)
3,154,037 (19.12)
3,290,884 (19.95)
2,574,133 (15.60)
1,851,904 (11.22)

13,543,212 (82.08)

0–2

563,048 (3.41)
1,615,743 (9.80)
777,231 (4.71)
126.31±0.63
77.19±0.42
86.89±0.36
6.32±0.06
113.68±1.16
197.31±4.04
45.22±0.32
112.88±1.30
4.65±0.11

1,380,494 (8.37)
1,349,076 (8.18)
226,452 (1.37)

2,674,343 (16.21)
143,947 (0.87)
137,732 (0.84)

67,506 (0.41)
195,243 (1.18)
422,352 (2.56)
821,866 (4.98)
1,449,056 (8.78)

2,956,022 (17.92)

≥3

No. of metabolic syndrome components

Female

(-24.85***)
(-12.90***)
(-33.67***)
(-9.15***)
(-17.70***)
(-24.52***)
(36.91***)
(-2.79**)
(-25.74***)

40.16***

95.43***

3.81

797.79***

chi-square or (t-value)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0056
<0.0001

<0.0001

<0.0001

0.2110

<0.0001

P-value
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metabolic syndrome components increased: 1.61 with no compo-

ent study, the fourth quartile was 3.52. The OR for metabolic syndrome

nents; 2.71 with 1 component; 4.20 with 2 components; 6.17 with 3

was 29.65 in men and 20.60 in women.

components; 7.33 with 4 components; and 10.92 with 5 components

Metabolic syndrome is characterized by insulin resistance and is

in men. In women, the mean TG/HDLC ratio was 1.17 with no com-

primarily caused by central obesity. A recent meta-analysis showed

ponents; 1.78 with 1 component; 2.92 with 2 components; 3.98 with 3

that the total mortality rate was lower in overweight people as defined

components; 5.39 with 4 components; and 6.34 with 5 components.

by body mass index (BMI).22) In adult males, central obesity with nor-

The ratio increased significantly with the increase in the number of

mal weight defined by BMI was twice as high as the total mortality of

components present (P<0.001) (Table 2).

being overweight or obese by BMI without central obesity.23) Central
obesity and insulin resistance are important components of the meta-

3. The Odds Ratios for Metabolic Syndrome according to
the Triglyceride/High-Density Lipoprotein Cholesterol
Ratio

bolic syndrome.

The TG/HDLC ratio was divided by quartile. After adjustment, the OR

First, the TG/HDLC ratio predicts insulin resistance.11-13) Insulin resis-

for metabolic syndrome in the fourth quartile compared with that of

tance promotes the accumulation of fat in the body, resulting in obesi-

the first quartile was 29.65 in men and 20.60 in women (P<0.001) (Ta-

ty. Insulin resistance also facilitates the progression to pre-diabetes or

ble 3).

diabetes, and is associated with hypertension. Moreover, insulin resis-

The finding that the TG/HDLC ratio is significantly related to metabolic syndrome can be explained based on multiple mechanisms.

tance induces endothelial dysfunction of the blood vessels and is as-

DISCUSSION

sociated with oxidant stress and hormone and cytokine secretion from

In this study, we aimed to elucidate the relationship between the TG/

atherosclerosis.

fat cells, resulting in inflammation that promotes the development of

HDLC ratio and the presence of metabolic syndrome characterized by

Second, the TG/HDLC ratio is known to predict the level of detri-

insulin resistance. The TG/HDLC ratio accordingly increased signifi-

mental LDLC subtypes including type B LDLC.24,25) There are several

cantly in both men and women with an increase in the number of

sub-types of LDLC, and types A and B have received the greatest atten-

metabolic syndrome components present. In a previous study that in-

tion. Type A LDLC is large in volume and is not considered to be

vestigated the relationship between the TG/HDLC ratio and metabolic

harmful. However, the smaller and denser type B LDLC is easily oxi-

syndrome in Koreans visiting a health-screening center, the cutoff val-

dized and triggers inflammation and atherosclerosis, resulting in arte-

ue of the TG/HDLC ratio in the fourth quartile of was ≥2.93.21) In pres-

rial stiffness.26,27) The TG/HDLC ratio is independently associated with

Table 2. TG/HDLC ratio according to the number of metabolic components present
No. of components
0
1
2
3
4
5
P-trend

Male
No. (%)

Female

TG/HDLC ratio (95% CL for mean)

4,559,816 (27.85)
4,044,732 (24.70)
3,570,365 (21.80)
2,701,419 (16.50)
1,247,920 (7.62)
251,553 (1.54)

1.61±0.03 (1.56–1.66)
2.71±0.07 (2.58–2.85)
4.20±0.13 (3.94–4.45)
6.17±0.25 (5.67–6.67)
7.33±0.34 (6.66–7.99)
10.92±1.16 (8.64–13.21)
<0.001

No. (%)

TG/HDLC ratio (95% CL for mean)

6,553,087 (39.72)
4,165,070 (25.24)
2,825,055 (17.12)
1,744,092 (10.57)
924,586 (5.60)
287,343 (1.74)

1.17±0.01 (1.15–1.20)
1.78±0.03 (1.73–1.83)
2.92±0.10 (2.72–3.12)
3.98±0.13 (3.73–4.23)
5.39±0.20 (5.00–5.79)
6.34±0.36 (5.64–7.04)
<0.001

P-values were calculated using simple regression analysis.
TG, triglyceride; HDLC, high-density lipoprotein cholesterol; CL, confidence level.

Table 3. Odds ratios for metabolic syndrome across the TG/HDLC ratio quartiles
Quartile of TG/
HDLC ratio
(ratio value)
Q1 (<1.28)
Q2 (1.28–2.12)
Q3 (2.12–3.52)
Q4 (≥3.52)

Odds ratio for male
Unadjusted (95% CL)

P-value

1
2.76* (1.23–6.19)
0.0138
7.11*** (3.39–14.92) <0.0001
28.38*** (13.23–60.90) <0.0001

Adjusted† (95% CL)

Odds ratio for female
P-value

Unadjusted (95% CL)

P-value

Adjusted† (95% CL)

P-value

1
1.67 (0.54–5.17)
0.3734
4.13** (1.44–11.87)
0.0084
29.65*** (10.53–83.53) <0.0001

1
1.45 (0.88–2.37)
4.75*** (2.80–8.06)
16.20*** (7.63–34.41)

0.1458
<0.0001
<0.0001

1
0.70 (0.39–1.28)
2.23** (2.02–6.16)
20.60*** (11.33–37.44)

0.2451
0.0063
<0.0001

TG, triglyceride; HDLC, high-density lipoprotein cholesterol; CL, confidence level.
*P<0.05. **P<0.01. ***P<0.001. †Adjusted for age, smoking status, alcohol history, waist circumference, HDLC, low-density lipoprotein cholesterol, blood pressure, fasting
glucose, and white blood cell count.
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an increase in arterial stiffness in healthy individuals.28)

creased risk of cardiovascular disease? Am J Cardiol 2005;96:399-404.

A strength of this study is that the results are reliable in terms of gen-

13. Kim JS, Kang HT, Shim JY, Lee HR. The association between the tri-

eral applicability to the Korean population. A weakness of this cross-

glyceride to high-density lipoprotein cholesterol ratio with insulin re-

sectional study is the lack of clinical outcomes, we cannot conclude

sistance (HOMA-IR) in the general Korean population: based on the

that the TG/HDLC ratio is as powerful in predicting clinical outcomes
as is the metabolic syndrome. Further studies are needed to determine
which factors, including the TG/HDLC ratio, best predict the morbidity and mortality rate of cardiovascular diseases in patients with the
metabolic syndrome. Because lipid profiles vary with nationality, gen-

National Health and Nutrition Examination Survey in 2007-2009. Diabetes Res Clin Pract 2012;97:132-8.
14. De Leon AC, Coello SD, Gonzalez DA, Diaz BB, Rodriguez JC, Hernandez AG, et al. Impaired fasting glucose, ancestry and waist-to-height
ratio: main predictors of incident diagnosed diabetes in the Canary Islands. Diabet Med 2012;29:399-403.

der, and ethnicity, additional studies are needed to determine the ap-

15. Hadaegh F, Khalili D, Ghasemi A, Tohidi M, Sheikholeslami F, Azizi F.

propriate cutoff points of the TG/HDLC ratio among these different

Triglyceride/HDL-cholesterol ratio is an independent predictor for

populations.

coronary heart disease in a population of Iranian men. Nutr Metab
Cardiovasc Dis 2009;19:401-8.
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