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Your TG:HDL ratio is calculated on a fasting lipid pro le. A calculator is here:
Simply take the Triglyceride and divide by the HDL; the closer to one, the better.
For example: TG = 120 mg/dL and HDL=40 mg/dL. 120 / 40 = 3.0, and indicates an
elevated risk of heart attack and stroke. In fact, at 3:1 the likelihood of a heart
attach goes way up!
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Low TG:HDL is desirable. As long as the TG is not below 40, your ratio can be
below 1:1, as it is in many well-trained and properly nourished athletes, for
example a TG of 50 mg/dL and HDL of 80 mg/dL provides a low TG:HDL ratio of
0.6.
High TG:HDL, especially >3, indicates signi cant risk of heart attack and stroke. I
realize that high cholesterol, especially LDL, gets most of the press, and this is do
primarily to the interest in pharmaceutical industry interests hard-selling the
cholesterol story. The research and relevance about the TG:HDL ratio is detailed
further below if you like reading about research.
You can get a full metabolic panel which includes
insulin and blood sugars through the PROGRESS
PANEL and DISCOVERY PANEL at ULTA Direct and
Discount Labs – accessing lab test results
inexpensively without a formal doctor’s order.

Your Triglyceride/HDL ratio helps offer a lifelong metric for your health.
TG:HDL is one of the criteria for the diagnosis of metabolic syndrome, which was
brie y known as Reaven’s syndrome, named after Gerald Reaven, MD, of Stanford
University. He and his colleagues around the world pioneered much of the
research on TG:HDL ratio that indicates cardiovascular risk.[i] TG:HDL is a strong
marker of lifestyle factors—Your TG:HDL ratio offers a way to see whether you
have a metabolism that naturally has cardiac protection (the lucky ones), or
whether you need to earn it (like me). Let me explain the studies.
Three thousand people were categorized for known risk factors for heart attack
and stroke: smoking, high blood pressure, or a sedentary lifestyle. In all of the
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categories, those with the higher TG:HDL ratios (>3) had the highest incidence of
heart attacks and strokes, compared to those with the lowest ratio (<1.1), and the
incidence of events was linear with the TG:HDL ratio.
In fact, the group that had the lower ratio and smoked cigarettes had no more
cardiac events than nonsmokers. This particular nding entertained journalists,
who concluded that “You can smoke if you have a low TG:HDL ratio.” Remember,
this study only looked at cardiovascular disease, not cancer, so I still advise
restraint. Know your TG:HDL ratio, and keep yourself in the lower range, as close
to 1 as possible.[ii]
Triglyceride is not an adequate test on its own. As TG goes up, the fat and sugar is
stored in the liver, making it less able to function properly. Therefore, the liver
does not produce the healthful HDL. The medical journals refer to this condition
as diabetic atherogenic dyslipidemia. Intimidating name, but as it implies, when
these lipids get out of balance, atherosclerosis and heart disease follow; and
likewise, your disease risk goes down with improvement in your TG:HDL.
[i] Reaven, M. D., Gerald, T. K., Fox, B. Syndrome X: The Silent Killer; The New

Heart Disease Risk. Simon & Schuster, 2001.
[ii] Jeppesen, J., et al. Low triglycerides-high high-density lipoprotein cholesterol
and risk of ischemic heart disease. Arch Intern Med. 2001; 161:361–66.
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About the Value of the Triglyceride-HDL Ratio
A standard lipid panel or fasting lipogram blood test returns at least the following four values.
•
•
•
•

Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides

These values are measured in either mmol/L or mg/dl.
A multitude of medical specialists have agonised over these numbers, deciding the fate of their
patients based on how they much they believe in these numbers.
There are some ratios that can be calculated from these numbers that may deliver good diagnostic
value. One of the more popular ratios is the triglyceride/HDL ratio.
The Value of the triglyceride/HDL Ratio
Studies show that the triglyceride/HDL ratio is a good predictor of the current or future presence of
arterial disease.
It is also an indicator of insulin resistance. This has been confirmed by a number of studies. One in
particular showed the ratio could be used to predict the probability of a first cardiac event
irrespective of body weight(1).
TG-HDL Ratios

Ratio mmol/L
Less than 0.8
Up to 1.6
Between 1.7 and 2.6
Over 2.7

Ideal
Fair
Worrying
Much too high

References:
1) TG/HDL ratio as surrogate marker for insulin resistance
https://www.escardio.org/Journals/E-Journal-of-Cardiology-Practice/Volume-8/TG-HDLratio-as-surrogate-marker-for-insulin-resistance
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Triglyceride (TG) to high-density lipoprotein (HDL) ratio values >2.75 in men and >1.65 in
women were found in the Metabolic Syndrome in Active Subjects (MESYAS) study -18,778
active workers enrolled in 3 insurance companies in Spain- to be highly predictive of the
metabolic syndrome (MS) diagnosis. TG/HDL ratio was also found to have a high
predictive value of a ﬁrst coronary event regardless of body mass index (BMI).

Topic(s): Risk Factors and Prevention;
Key points
Insulin resistance (IR) is the most accepted unifying theory to explain the pathophysiology
of the MS, which is nowadays the most prevalent risk factor for atherothrombotic disease.
Current methods to quantify IR are cumbersome and only needed in clinical trials and for
investigative purposes.
In the clinical scenario, the TG/HDL ratio has been proved to have a high correlation with
prevalence of MS and with IR.

The deﬁnition and clinical signiﬁcance of metabolic
syndrome
Metabolic syndrome (MS) is a cluster of risk factors for cardiovascular disease and type 2 diabetes
mellitus (DM2) which occur together more often than by chance alone.
These risk factors include:
a) raised blood pressure;
b) a distinct dyslipidemic phenotype (raised triglycerides and lowered high-density lipoprotein
cholesterol);
c) altered glucose metabolism;
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d) central obesity. The different diagnostic criteria been proposed by different organizations over
the past decade are summarized in table 11,2.
Table 1. The four main deﬁnitions of metabolic syndrome

WHO (1998)

EGIR (1999)

ATP (2005)

IDF (2005)

Required
criteria

Insulin resistance

Hyperinsulinemia

None

Central obesity

MS present when

+ 2/5 criteria

+ 2/4 criteria

3/5 criteria

+ 2/4 criteria

Obesity

Waist/hip1 or BMI2

Waist3

Waist4

Waist3
(European)

Hyperglycemia

Insulin resistance5

Hyperinsulinemia6

> 100 mg/dl

Dyslipidemia

TG7 or HDL-C8

TG9 or HDL-C10

TG7 and HDL11

TG7 and HDL11

Hypertension

> 140/90 mmHg

> 140/90 mmHg

> 130/85
mmHg

> 130/85 mmHg

Other criteria

Microalbuminuria12

None

None

None

> 100 mg/dl

1 > 90 cm (M) or > 85 cm (F)
2 Body mass index > 30 kg/m2
3 > 94 cm (M) or > 80 cm (F)
4 > 40 inches (M) or > 35 inches (F)
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5 Impaired fasting glucose, glucose intolerance, type 2 diabetes or any other evidence
6 Plasma insulin > 75th percentile
7 Plasma triglyceride > 150 mg/dl
8 High density lipoprotein < 35 mg/dl (M) or < 39 mg/dl (F)
9 Plasma triglyceride > 177 mg/dl
10 High density lipoprotein < 39 mg/dl
11 High density lipoprotein < 40 mg/dl (M) or < 50 mg/dl (F)
12 Urinary albumin excretion > 20 mcg/min or albumin-to-creatinin ratio > 30 mg/g
The MS is clinically important for several reasons:
a) it allows to identify patients with a high risk of developing atherothrombotic complications, DM2,
or both;
b) it expands our knowledge on the mechanisms linking their components and the development of
atherosclerosis;
c) it has prompted epidemiological and clinical investigation on preventive approaches based on
lifestyle and drug therapy

Measuring insulin resistance
Insulin is produced by the pancreas in response to hyperglycemia and stimulates glucose use
differently in various tissues (table 2)1.
Table 2. A summary of the effects of insulin in different tissues
Tissue

Effects of insulin

Skeletal
muscle

Stimulates glucose uptake (by translocation of the GLUT4 glucose transporter to the
cell surface)
Stimulates the synthesis of glycogen from glucose
Inhibits glycogenolysis
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Tissue

Effects of insulin

Adipose
tissue

Stimulates glucose uptake (by translocation of the GLUT4 glucose transporter to the
cell surface)
Inhibits lipolysis
Stimulates glucose uptake

Liver

Stimulates the synthesis of glycogen from glucose
Inhibits glycogenolysis
Decreases hepatic gluconeogenesis

Insulin resistance (IR) occurs when there is a decrease in the responsiveness of adipose, muscle and
liver cells to the action of insulin. As a consequence, circulating insulin and glucose levels remain
high, which leads to several pathologic changes. Insulin resistance is linked to several known
cardiovascular risk factors (dyslipidemia, hypertension, DM2, obesity) and is a hallmark of many
cardiovascular diseases. Therefore, quantifying insulin sensitivity/resistance in humans and animal
models has gained more and more importance for epidemiological studies and clinical and basic
science investigations, but its use in clinical practice has been scarce.
Direct and indirect methods are currently employed to assess insulin resistance. Established direct
methods for measuring insulin sensitivity in vivo are relatively complex. The hyperinsulinemiceuglycemic glucose clamp and the insulin suppression test directly assess insulin-mediated glucose
utilization under steady-state conditions, rather difﬁcult to achieve and control; they may be useful
for intensive physiological studies on small numbers of subjects. A slightly less complex indirect
method relies on minimal model analysis of a frequently sampled intravenous glucose tolerance test.
Some surrogate indexes are well-established methods to indirectly assess insulin
sensitivity/resistance (e.g., QUICKI, HOMA), that are derived from blood insulin and glucose
concentrations under fasting conditions (steady state) or after an oral glucose load (dynamic); these
indexes could be more appropriate for large epidemiological studies. The determination of fasting
intact proinsulin or the proinsulin/insulin ratio are currently used mostly to analyze the effects of
new drugs on the insulin secreting cells3,4.
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The ratio of triglyceride to high-density lipoprotein as
surrogate marker for insulin resistance
Some surrogate indexes have attempted to help in the recognition of insulin resistance in patients
with overweight or glucose abnormalities. In the clinical scenario, the presence or absence of insulin
resistance adds nothing to the preventive measures required for a patient with metabolic syndrome;
consequently, there are no indications for assessing insulin sensitivity by any of the available
methods.
The Spanish MESYAS (Metabolic Syndrome in Active Subjects) group has studied the correlation
between TG/HDL ratio and the presence of MS in 18,778 active workers (77.6% men; mean age 42.2
± 10.7 years) enrolled in 3 insurance companies in Spain from their annual health examinations.
Prevalences of MS were 18.8% in men and 6.1% in women. Mean value of the TG/HDL ratio was 2.50
± 2.2 and increased in parallel to the number of MS components present. Subjects with MS had a
ratio that was 2 times higher compared with those without (5.10 vs 2.03, p <0.001). Receiver
operating characteristic curves showed that values >2.75 in men and >1.65 in women of the TG/HDL
ratio were highly predictive to the diagnosis of MS with 80% sensitivity and 78% speciﬁcity5.
Another more recent study of this group has aimed to correlate the TG/HDL ratio with the incidence
of a ﬁrst coronary event (myocardial infarction, unstable angina or subclinical myocardial ischemia
detected through electrocardiogram abnormalities) in male workers according to body mass index
(BMI) in a case-control study design (208 cases and 2080 controls, mean age 49.9 years). TG/HDL
ratio was signiﬁcantly higher in cases compared to controls, and a signiﬁcant increasing prevalence
of cases and mean TG/HDL in each category of BMI was present (ﬁgure 1). Multivariable analysis
demonstrated that TG/HDL increased by 50% the risk of a ﬁrst coronary event (OR: 1.47; 95% CI
1.26-1.71), meanwhile LDL-C values obtained more moderate increased-risk (OR: 1.01; 95% CI 1.0051.012); metabolic syndrome (OR: 1.76; 95% CI 0.94-3.30) and hypertension (OR: 1.50; 95% CI 0.812.79) did not reach statistical signiﬁcance. TG/HDL ratio was associated to ﬁrst coronary event in all
categories of BMI6.
A number of studies have shown that the ratio TG/HDL has a good correlation with the generally
accepted methods to deﬁne insulin sensitivity, with the possible exception of African Americans7.
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Some drugs (thiazolidindiones, angiotensin and aldosterone antagonists, moxonidine) have
demonstrated favourable effects on IR, although we do not have enough data to conﬁrm if TG/HDL
also changes in the good direction.
Fig 1 :TG/HDL ratio correlated with the incidence of coronary event in the MESYAS study
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Triglyceride to HDL-C Ratio is
Associated with Insulin Resistance
in Overweight and Obese Children
Nur Ahmad Kamil Zati Iwani1,2, Muhammad Yazid Jalaludin1, Ruziana Mona Wan Mohd Zin1,2,
Md Zain Fuziah3, Janet Yeow Hua Hong3, Yahya Abqariyah4, Abdul Halim Mokhtar5 &
Wan Mohamud Wan Nazaimoon2
The purpose of this study was to investigate the usefulness of triglyceride to hdl-c ratio (TG:HDL-C)
as an insulin resistance (IR) marker for overweight and obese children. A total of 271 blood samples of
obese and overweight children aged 9–16 years were analysed for fasting glucose, lipids and insulin.
Children were divided into IR and non-insulin resistance, using homeostasis model assessment (HOMA).
The children were then stratified by tertiles of TG: HDL-C ratio. The strength between TG:HDL-C ratio
and other parameters of IR were quantified using Pearson correlation coefficient (r). Odds ratio was
estimated using multiple logistic regression adjusted for age, gender, pubertal stages and IR potential
risk factors. Children with IR had significantly higher TG:HDL-C ratio (2.48) (p = 0.01). TG:HDL-C ratio
was significantly correlated with HOMA-IR (r = 0.104, p < 0.005) and waist circumference (r = 0.134,
p < 0.001). Increasing tertiles of TG:HDL-C ratio showed significant increase in mean insulin level
(p = 0.03), HOMA-IR (p = 0.04) and significantly higher number of children with acanthosis nigricans and
metabolic syndrome. The odds of having IR was about 2.5 times higher (OR = 2.47; 95% CI 1.23, 4.95;
p = 0.01) for those in the highest tertiles of TG:HDL-C ratio. Hence, TG:HDL-C may be a useful tool to
identify high risk individuals.
Childhood obesity is associated with a wide range of serious health complications and increased risk of premature
onset of illnesses, including type 2 diabetes (T2D) and heart diseases.Insulin signalling is impaired in obesity.
Impairment of insulin signalling leads to impaired glucose transport, decreased metabolism of adipocytes and
skeletal muscle, and increased glucose release by the liver1. Measuring insulin resistance (IR), a major cause of
T2D, is therefore a useful tool to allow early intervention and prevent or delay the development of the disease.
The gold standard method to measure IR is by hyperinsulinemic euglycemic clamp2. However, the complexity
and high cost of the test has prevented its use in daily clinical practice and in epidemiological studies3. Instead,
the homeostasis model assessment for insulin resistance (HOMA-IR) index is widely used as a measure of insulin
resistance in adults and has also been validated in children and adolescents4. However, the HOMA calculations
require measurement of plasma fasting insulin and glucose. Due to the unstability of insulin, blood collected
for insulin measurement has to be kept cold, immediately processed and plasma frozen as soon as possible. The
logistics involved would be a problem especially in field study involving large number of samples5. In addition,
measuring fasting insulin is not a routine test for obese children. It is clear that there is a need for a diagnostic test
for predicting insulin resistance that is easy to carry out, offers good precision and is of low cost.
Triglyceride (TG) and HDL-C on the other hand is a routine test and inexpensive compared to insulin.
Currently, lipid profiles can also be tested using portable analyser in clinical setting. Previous studies reported
conflicting findings on the usefulness of the triglyceride to HDL-C ratio (TG:HDL-C ratio) as predictor or marker
of IR and is ethnicity-dependent6–10. Triglycerides (TG) are lipids or fats produced by our body as a way to store
energy for use. High-density lipoprotein cholesterol (HDL-C) is a beneficial cholesterol molecule that transports
fat cholesterol from the body to the liver for excretion or re-utilization. TG and HDL-C are easily and routinely
measured in obese patients for a relatively small fee.
1
Department of Paediatrics, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia. 2Diabetes and
Endocrine Unit, Institute For Medical Research, Kuala Lumpur, Malaysia. 3Department of Paediatrics, Putrajaya Hospital,
Putrajaya, Malaysia. 4Department of Social and Preventive Medicine, Faculty of Medicine, University of Malaya, Kuala
Lumpur, Malaysia. 5Department of Sports Medicine, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia.
Correspondence and requests for materials should be addressed to M.Y.J. (email: yazidj@ummc.edu.my)
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Figure 1. Flow chart for blood data used for TG:HDL-C ratio sub study.
In individuals with insulin resistance, TG levels increased while HDL-C levels decreased11. Triglyceride to
high-density lipoprotein cholesterol (TG:HDL-C) ratio has been proposed to be an alternative tool for gauging
insulin resistance11. A higher ratio would represent a poorer health status because there is a large amount of
circulating fats in the blood stream and/or a low amount of healthy cholesterol. A TG:HDL-C ratio of ≥3 has
been shown to be closely correlated to insulin resistance11. The TG:HDL-C ratio has also been shown to be an
independent risk factor for coronary heart disease (CHD) among Iranian men12.
In Malaysia, it was estimated that 3.9% of children under the age of 18 years were obese13. A lifestyle
school-based intervention programme was therefore developed specifically for overweight and obese children
to address this problem. Named as “My Body is Fit and Fabulous (MyBFF@school), the programme was piloted
between January and December 2014 in selected public schools in Putrajaya, the Administrative Capital City of
Malaysia. The objective of this study was to evaluate the association between TG:HDL-C ratio and IR among the
overweight and obese school children who participated in MyBFF@school programme.

Results

From a total of 425 children who participated, blood samples were obtained from 274; 86 children aged 9–12
years old and 188 adolescents aged 13–16 years old. However, only 271 children had complete data set of lipid
values and only their data (n = 271) were used for the analysis (Fig. 1). As shown in Table 1 median age was 14
years old with girls were slightly older than boys (13 years versus 14 years). Gender was equally distributed with
49.1% boys and 50.9% girls. Based on BMI z-score, 22.5% were overweight and 77.5% were obese. A total of 135
(53.1%) children had acanthosis nigricans while 28 (10.3%) children had metabolic syndrome. Table 2 described
the general anthropometric and biochemical measurements of the 271 children. There were 126 (49%) children
found to have IR as defined by HOMA-IR ≥ 4.0 (Table 3). The mean TG:HDL-C ratio was significantly higher
among children with IR compared to the non-IR (2.48 versus 1.73, p = 0.01). Likewise, BMI z-score, waist circumference and body fat percentage were significantly higher in the IR group.
Table 4 summarised the Pearson correlations coefficient (r) between TG:HDL-C ratio and other parameters of IR.
TG:HDL-C was significantly correlated with HOMA-IR (r =  0.104, p < 0.005) and waist circumference (r =  0.134,
p < 0.001). In addition, HOMA-IR was significantly correlated with BMI z-score (r =  0.202, p < 0.001) and waist
circumference (r =  0.258, p < 0.001). Table 5 summarised the anthropometric, clinical and metabolic parameters
when stratified according to tertiles of TG:HDL-C ratio. There was no significant difference in age, gender and
pubertal status across the tertiles. Highest number of children with acanthosis nigricans (n = 58, 43%) and metabolic
syndrome (n = 18, 64.2%) were seen at the third tertiles of TG:HDL-C ratio. However, there was no significant difference in blood pressure status across the tertiles. The BMI z-score and waist circumference rose significantly across
TG:HDL-C ratio tertiles (p = 0.03 and p < 0.01 respectively). Similarly, there was significant increase in mean insulin
level (p = 0.03) and HOMA-IR (p = 0.04) with increasing tertiles, implying worsening of IR. When based on multiple
linear regression analysis using HOMA-IR as the dependent variable and adjusting for age, gender, pubertal stages,
waist circumference and BMI-z score, children in the third tertiles of TG:HDL-C ratio posed 2.5 times higher risk of
developing IR compared to those in the lower tertiles (OR = 2.47; 95% CI 1.23, 4.95; p =  0.01) (Table 6).

Discussions

McLaughlin et al.11 was the first to demonstrate the clinical utility of TG:HDL-C ratio in identifying generally
healthy Caucasians with IR. It was shown that the TG:HDL-C ratio was as closely associated with specific measure
of insulin-mediated glucose disposal as was the fasting plasma insulin concentration, a surrogate estimate of insulin action that has been widely used to study the relation between IR and various clinical syndromes11. However,
several studies have shown that the association may be ethnicity dependent. While Hirscheler et al.6 observed
significant association between TG:HDL-C ratio and IR among their indigenous Argentinean children, Gianini
Scientific Reports | 7:40055 | DOI: 10.1038/srep40055
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Boys

Girls

P value

All

N (%)

133 (49.1)

138 (50.9)

NS

271

Age, median (p25, p75)

13 (11, 14)

14 (13, 14)

0.004

14 (11, 14)

Pubertal status
Pre-pubertal (n (%))

46 (37.4)

29 (22.1)

Pubertal (Tanner Stage ≥ 2) (n (%))

77 (62.6)

102 (77.9)

0.008

75 (29.5)
179 (70.5)

BMI z-score > 2 or 3 SD
Overweight (n (%))

21 (15.8)

40 (29)

Obese (n (%))

112 (84.2)

98 (71)

121 (91)

132 (100)

4 (9)

0 (0)

Median Systolic Blood Pressure (mmHg) (p25, p75)

110 (100, 120)

110 (110, 116)

NS

110 (100, 120)

Median Diastolic Blood Pressure (mmHg) (p25, p75)

70 (68, 80)

70 (60, 76)

0.002

70 (62, 80)

Present

52 (41.9)

83 (63.8)

Absent

72 (58.1)

47 (36.2)

No Metabolic Syndrome

116 (87.2)

127 (92)

With Metabolic Syndrome

17 (12.8)

11 (8)

0.009

61 (22.5)
210 (77.5)

Blood pressure (mmHg)
Within Normal range
With Hypertension

0.04

253 (98.4)
4 (1.6)

Acanthosis Nigricans
<0.001

135 (53.1)
119 (46.9)

Metabolic Syndrome
NS

243 (89.7)
28 (10.3)

Table 1. Clinical characteristics of 271 children. Missing data: 17 in pubertal status, 17 in acanthosis
nigricans, 17 in insulin resistance.14 in blood pressure status NS: Not Significant.

Median BMI z-score (p25, p75)
Median Waist Circumference (cm) (p25, p75)
Mean Body Fat (%)

Boys

Girls

P value

All

2.9 (2.4, 3.3)

2.4 (1.9, 2.8)

<0.001

2.6 (2.1, 3)

89 (83.2, 99.9)

85 (79.5, 90)

0.011

87 (81, 94)

38.7 ±  6.7

42.5 ±  4.7

<0.001

40.7 ±  6.1

5.3 (5, 5.5)

5.2 (4.3, 8.5)

NS

5.3 (5, 5.6)

5.3 (5, 5.5) 34 (31, 37)

5.2 (5, 5.5) 33 (31, 37)

NS

5.2 (5, 5.4) 33 (31, 36)

Biochemical Measurements
Median Fasting Plasma Glucose (mmol/l) (p25, p75)
Median HbA1c (%) (p25, p75) (mmol/mol)
Mean Total Cholesterol (mmol/l)
Median Triglycerides (mmol/l) (p25, p75)
Median HDL-C (mmol/l) (p25, p75)
Mean LDL-C (mmol/l)
Median TG:HDL-C ratio (p25, p75)

4.6 ±  0.8

4.6 ±  0.8

NS

4.6 ±  0.8

1.1 (0.8, 1.5)

0.9 (0.8, 1.3)

NS

1.0 (0.8, 1.4)

1.1 (1, 1.2)

1.1 (1, 1.3)

NS

1.1 (1, 1.3)

3.3 ±  0.9

3.2 ±  0.9

NS

3.2 ±  0.8

2.1 (1.6, 2.99)

1.9 (1.5, 2.7)

NS

2.0 (1.5, 2.78)

Table 2. Anthropometric and Biochemical Measurements of 271 children. NS: Not significant.

et al.7 showed that the association was only significant among the white obese children but not in the Hispanic
or African American children. Similarly, poor association between TG:HDL-C ratio and IR was also reported
among adult African–Americans8. On the other hand, TG:HDL-C ratio was found to be strongly associated with
IR among Korean population9 and obese South East Asian Immigrant youths9.
In the present study involving overweight and obese children of 9–16 years old, TG:HDL-C ratio was found
to be significantly correlated with HOMA-IR (p < 0.05) and was significantly higher (p = 0.01) among children
with HOMA-IR ≥ 4. In addition, TG:HDL-C ratio was also found to be significantly correlated with waist circumference (p < 0.001). A number of studies have reported significant predictive power of waist circumference
as anthropometric surrogate marker in predicting insulin resistance among children14–17. Hence, indicating the
practicality of introducing TG:HDL-C ratio as a relatively simple biochemical marker for IR.
In a study using a large and nationally representative sample (n = 2652) among non-diabetic adults of three
major racial/ethnic subpopulations in the United States, Li et al.18 found that TG/HDL-C ratio was the best predictor of hyperinsulinimia than that of triglyceride or HDL-C alone for the prediction of hyperinsulinemia. In
addition, triglycerides and HDL-cholesterol are the two important lipid measures in the diagnosis of metabolic
syndrome. A combined lipid ratio may better reflect the overall interaction between lipid/lipoprotein fractions,
and therefore associations with insulin resistance19.
When stratified according to TG:HDL-C tertiles, we found that mean insulin level and HOMA-IR significantly increased across tertiles. In addition, we also found that significantly higher number of children at the third
tertile of TG:HDL-C ratio had acanthosis nigricans and metabolic syndrome. This indicates that besides having
significant correlation to HOMA-IR index, TG:HDL-C ratio also have significant association with physical findings (which is very practical) related to the clinical risk of IR.
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IR (n = 126)

Non-IR
(n = 131)

p-Value

Mean Total Cholesterol (mmol/l)

4.6 ±  0.8

4.5 ±  0.8

0.09a

Median TG (mmol/l) (p25, p75)

1.1 (0.9, 1.4)

0.9 (0.7, 1.2)

0.001b

Median HDL-C (mmol/l) (p25, p75)

1.1 (1.0, 1.2)

1.1 (1.0, 1.3)

NS

Median LDL-C (mmol/l) (p25, p75)

3.2 (2.7, 3.8)

3.1 (2.5, 3.6)

0.04b

Median TG:HDL-C (p25, p75)

Clinical parameters

2.48 (1.6, 3.1)

1.73 (1.4, 2.6)

0.01b

Mean Systolic Blood Pressure (mmHg)

109.6 ±  10

109.5 ±  10

NS

Mean Diastolic Blood Pressure (mmHg)

69.7 ±  10

70.9 ±  8

NS

2.7 (2.3, 3.2)

2.5 (1.8, 2.9)

<0.001b

Median Waist Circumference (cm) (p25, p75)

89 (83.3, 96.5)

85 (79, 90)

<0.001b

Median Body Fat (%) (p25, p75)

42 (38.9, 46.3)

39.9 (35.2, 43.3)

<0.001b

Median BMI z-score (p25, p75)

Table 3. Clinical characteristics of children with insulin resistance (IR) and with no insulin resistance
(non-IR). NS: not significant. aIndependent sample t-test. bMann-Whitney U test.

TC

LDL

HDL

HOMA

BMI z-score

WC

TG:HDL-C

0.931**

0.523**

0.091

0.014

0.000

−0.01

0.238**

0.081

0.081

0.039

0.05

0.039

−0.12*

−0.161*

−0.468**

0.202**

0.258**

0.134*

LDL
HDL
HOMA
BMI z-score
WC

0.547**

0.104
0.173**

Table 4. Correlation between TG:HDL ratio and other parameters of insulin resistance (IR). TG:
triglyceride, TC: total cholesterol, LDL: low-density lipoprotein, HDL: high-density lipoprotein, HOMA-IR:
homeostasis model assessment of insulin resistance, BMI z-score: age and sex- corrected body mass index,
TG:HDL-C ratio of TG to HDL. Correlation was estimated using Pearson correlation coefficient. *P <  0.05,
**P <  0.000.

Moreover, children in the highest tertile of TG:HDL-C ratio posed 2.5 times higher risk of developing IR compared to those in the two lower tertiles. Similar trend was also reported in a study involving indigenous Argentinian
children6. Indeed, Pacifico et al.20 also demonstrated that in a study of Caucasian children highest TG:HDL-C ratio
showed a 1.8- to 3.8-fold increased risk of central obesity, insulin resistance, high-sensitivity c-reactive protein, non
alcoholic fatty liver disease, metabolic syndrome, and increased carotid artery intima-media thickness.
As shown in many studies, hypertriglyceridemia and decreased HDL-C are the hallmarks of dyslipidemia
which is a characteristic of insulin resistance and T2D. The Treatment Options for Type 2 Diabetes in Adolescents
and Youth (TODAY) study showed that 79.8% of T2D youth had a low HDL-C and 10.2% had high triglycerides within a few months of diagnosis21 and the SEARCH for Diabetes in Youth study found that 73% of 2096
US youth with T2D of longer duration had lower HDL and 60–65% had hypertriglyceridemia22. Therefore, the
clinical utility of measuring TG and HDL-C extended beyond identifying patients with IR. Not surprising, we also
found that BMI z-scores and waist circumference rose significantly across TG:HDL-C ratio tertiles. Association
between obesity and morbidity, independent of insulin resistance and diabetes has been shown in many
studies23–27. In a prospective study involving general population in China, logistic regression model showed that
TG:HDL-C ratio could independently predict future diabetes mellitus28.
In conclusion, this study has shown that TG:HDL-C ratio is significantly associated with IR in overweight and
obese Malay children. The TG:HDL-C ratio is an inexpensive predictor of IR and may be a useful tool to identify
high risk individuals for early intervention and thereby prevent or delay the development of IR-associated diseases such as T2D and hypertension. A larger cohort study involving children from different ethnic groups should
be carried out to confirm our current findings.

Methods

Study design and population. A total of 425 obese and overweight children aged 9 to 16 years old
with body mass index (BMI) z-score exceeded 2 or 3 standard deviation according to WHO BMI chart were
recruited for the study (Fig. 1). Children came from a total of 6 randomly selected public schools in Putrajaya,
the Administrative Capital City of Malaysia. Exclusion criteria included physical or mental disability that would
prevent children from participating in moderate-to-vigorous intensity physical activity and children with known
co-morbidities such as T2D, hypertension and cardiovascular disease. Ethical approval was obtained from the
Medical Research and Ethics Committee (MREC) Ministry of Health Malaysia. Written informed consent was
obtained from parent or guardian and all participating children were also required to sign an assent form. All
testing was performed in accordance with the approved guidelines.
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n
Age (y), mean (sd)

First tertile
(25th centile)

Second tertile
(50th centile)

Third tertile
(75th centile)

90

91

90

P value

13.1 ±  2.3

13.1 ±  2.0

12.9 ±  1.9

NS

Male, n (%)

41

46

46

NS

Female, n (%)

49

45

45

NS

Pre-Pubertal, n (%)

21

28

26

NS

Pubertal, n (%)

65

54

60

NS

Acanthosis Nigricans (n (%))
Present

39 (28.9)

38 (28.1)

58 (43)

Absent

46 (38.7)

45 (37.8)

28 (23.5)

No Metabolic Syndrome

85 (34.9)

86 (35.4)

72 (29.7)

With Metabolic Syndrome

5 (17.9)

5 (17.9)

18 (64.2)

Within Normal range systolic and/or diastolic
blood pressure

87 (34.4)

82 (32.8)

84 (32.8)

With Hypertension

1 (16.7)

1 (44.4)

2 (38.9)

0.005

Metabolic Syndrome (n (%))
0.001

Blood pressure (mmHg) n (%)

BMI z-score, mean (sd)

NS

2.4 ±  0.8

2.6 ±  0.8

2.8 ±  0.8

0.03

Waist Circumference (cm), mean (sd)

85.7 ±  10.3

88.4 ±  9.4

90.5 ±  9.7

<0.01

Body Fat Mass (kg), mean (sd)

25.5 ±  8.2

27.4 ±  8.4

28.7 ±  8.6

NS

Body Fat (%), mean (sd)

39.9 ±  5.8

40.9 ±  6.1

41.2 ±  6.3

NS

Systolic Blood Pressure (mmHg), mean (sd)

108 ±  10.4

110.3 ±  10.2

110.7 ±  10.9

NS

Diastolic Blood Pressure (mmHg), mean (sd)

69.8 ±  9.2

69.8 ±  10.8

71.7 ±  9.4

NS

Fasting Plasma Glucose (mmol/l), mean (sd)

5.3 ±  0.5

5.4 ±  0.5

5.7 ±  2.8

NS

Total Cholesterol (mmol/l), mean (sd)

4.5 ±  0.8

4.6 ±  0.7

4.6 ±  0.9

NS

TG (mmol/l), mean (sd)

0.7 ±  0.1

1.0 ±  0.2

1.6 ±  0.4

<0.001

HDL-C (mmol/l), mean (sd)

1.3 ±  0.2

1.1 ±  0.2

1.1 ±  0.2

<0.001

Mean LDL-C (mmol/l), mean (sd)

3.1 ±  0.9

3.3 ±  0.7

3.3 ±  1.0

NS

Mean TG:HDL-C ratio, mean (sd)

1.28 ±  0.27

2.1 ±  0.27

3.5 ±  1.0

<0.001

Mean Insulin (mU/mL), mean (sd)

15.1 ±  8

21.4 ±  29

22.0 ±  14.5

0.03

HOMA-IR, mean (sd)

3.6 ±  2.3

5.2 ±  7.5

6.1 ±  8.4

0.04

Table 5. Anthropometric, clinical and metabolic parameters across TG:HDL-C ratio tertiles. NS: Not
significant.

Health and physical examination.

Prior to the study visit, these children were asked to fast overnight
for at least 8 hours. All anthropometric measurements were performed by trained personnel, and health examinations were performed by pediatricians. Standing height was measured without shoes to the nearest 0.1 cm
using calibrated stadiometer (Seca 217, Germany). Body weight and body fat mass were measured in light clothing without shoes and socks to the nearest 0.1 kg using a pre-calibrated body impedance analyzer (InBody 720,
Korea). Waist circumference was measured twice to the nearest 0.1 cm over the skin midway between the tenth
rib and the iliac crest at the end of normal expiration, using a non-extensible tape (Seca 201, Germany) and the
mean was recorded. Two readings of blood pressure was measured after 5 minutes of resting using a mercury
sphygmomanometer (Accoson, UK) in a seated position with the arm supported at heart level, and the mean was
recorded. Pubertal status was assessed (self-administered) using Tanner staging scale29,30 and participants were
also examined for the presence of acanthosis nigricans over the neck4.

Biochemical parameters. Venipuncture was performed by experienced nurses or doctors. Blood samples
were transported cold to the central laboratory at the Institute for Medical Research within 2 hours of collection
and processed on the same day. Aliquots of serum/plasma samples were kept at −20 °C prior to analysis. HbA1c
level was determined by cationic exchanged high performance liquid chromatography (Adams A1c HA-8160,
Arkray Inc, Japan) and followed the National Glycohemoglobin Standardization Programme Guidelines. Fasting
plasma glucose, triglycerides, total cholesterol, HDL and LDL were analyzed using an automated analyzer (Dirui
CS-400, China) with reagents purchased from Randox Laboratories (Antrim, UK). Fasting insulin concentration
was measured using an automated enzyme immunoassay analyzer (TOSOH AIA-360, Japan). Interassay coefficient of variability (CV) for insulin at 8.7, 44.4 and 143.2 μU/ml was 2.5%, 2.6% and 2.4% respectively.
Definition of Measures.

Overweight or obese was defined as BMI z-score exceeded 2 or 3 standard deviation respectively for their age and sex, according to WHO BMI chart31. Tanner staging was assessed by showing a standardized Tanner staging pictures to the child where stage 1 external genitalia development and breast
development for boys and girls respectively was classified as pre-pubertal, while stage 2 and above was defined
as pubertal. Determination of acanthosis nigricans (AN) was based on Burke’s quantitative dichotomous score4.
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Univariate analysis
Variables

b

Crude OR
(95% CI)

Multiple variable analysis
p-value

b

Adjusted OR
(95% CI)

p-value

TG:HDL-C
Tertile 1 (25th percentile)

—

—

0.02

—

—

Tertile 2 (50th percentile)

0.62

1.87 (1.00, 3.47)

0.048

0.53

1.69 (0.85, 3.37)

Tertile 3 (75th percentile)

1.1

2.99 (1.6, 5.58)

0.01

0.90

2.47 (1.23, 4.95)

0.01

−0.25

0.78 (0.45, 1.32)

0.35

−0. 70

0.51 (0.15, 1.7)

0.28

0.624

−0.44

1.7 (0.93, 3.1)

0.09

0.123

1.13 (0.69, 1.8)

—

—

−0.123

0.884 (0.54, 1.45)

0.88 (0.31, 2.49)

0.51

Age
Gender
Male
Female
Pubertal stage
Pre-pubertal
Pubertal

0.333

1.395 (0.81, 2.4)

—

—

0.228

−0.13

—

—

0.14

−0.333

0.7 (0.42, 1.23)

—

—

Waist circumference

0.07

1.07 (1.04, 1.1)

<0.001

0.081

1.08 (1.03, 1.13)

0.001

BMI-z score

0.66

1.93 (1.36, 2.75)

<0.001

0.007

1.00 (0.56, 1.8)

0.983

Table 6. Associated factors of IR by simple and multiple logistic regression among obese and overweight
students. b = regression coefficients, OR = odds ratio, CI = confidence interval. Multivariate regression analysis
was applied. Hosmer Lemeshow Test (chi-square =  5.56, p-value = 0.696) and classification table (overall
correctly classified percentage =  67.5%).

Insulin resistance status was based on the homeostasis model assessment (HOMA), calculated by multiplying the
value of fasting plasma insulin and fasting plasma glucose and divided by 22.54. The score of ≥4.0 was classified
as insulin resistance, while a score of less than 4.0 was considered as insulin sensitive32. Metabolic syndrome for
children was based on the definition established by International Diabetes Federation (IDF)33. Metabolic syndrome was considered present if the waist circumference measurement was ≥  90th centile of the Malaysian waist
circumference chart34 with the presence of at least two of the following criteria; triglycerides ≥ 1.7 mmol/L, HDL
cholesterol < 1.03 mmol/L, systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg, or
fasting plasma glucose ≥ 5.6 mmol/L. Hypertension was defined as systolic and/or diastolic blood pressure of
more than 95th percentile for age, sex and height35.

Statistical Analysis.

Data analysis was conducted using the IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp. and StataCorp. 2015. Stata Statistical Software:
Release 14. College Station, TX: Stata Corp LP. Normality test for continuous data was determined using
Kolmogorov-Smirnov test. Means and standard deviations (SDs) were calculated for the continuous variables. Comparison of means among groups was conducted using independent group t-tests or analysis of variance (ANOVA) where applicable and the Mann–Whitney test was used for not normally distributed variables.
Categorical comparisons were made using Chi-square test. Multiple logistic regression analyses were performed
to examine the relationship between insulin resistance and TG:HDL-C adjusted for age, gender, pubertal stages,
waist circumference and BMI- zscore. All statistical tests were performed at 5% significance level.
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Chinese adults with triglyceride to HDL cholesterol ratios greater than 0.8533 are
more likely to experience a stroke, myocardial infarction or overall cardiovascular
event than those with smaller ratios, according to findings published in the Journal
of Diabetes Investigation.
“Compared with other individual lipid profiles, the [triglyceride to HDL cholesterol]
ratio can be a better predictive indicator for insulin resistance, obesity and
coronary heart disease by reflecting the complex interactions of lipoprotein
metabolism,” Shouling Wu, MD, PhD, of the department of cardiology at Kailuan
Hospital and North China University of Science and Technology in Tangshan,
China, and colleagues wrote. “Although some studies have shown the relationship
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and identified in medical and insurance records, according to the researchers,
who noted that participants were followed for an average of 9.75 years.
Researchers found a median triglyceride to HDL cholesterol ratio of 0.8533 among
the cohort. Those with a ratio greater than this mark were considered to have a
high ratio, and those with a ratio less than the mark were considered to have a low
ratio.

Chinese adults with triglyceride to HDL
cholesterol ratios greater than 0.8533 are
more likely to experience a stroke, myocardial
infarction or overall cardiovascular event than
those with smaller ratios.

In the total study cohort, a major CV event
took place 5,422 times in the decade after
study initiation. The researchers identified
3,115 such events in participants with a high
triglyceride to HDL cholesterol ratio, making
for a cumulative incidence of 3.23, and
2,307 events in those with low ratios, which
equated to a cumulative incidence of 2.39 (P
< .001). A CV event was 1.19 times more
likely to occur for a participant with a high
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ratio vs. a participant with a low ratio (OR =
1.19; 95% CI, 1.12-1.26).

Of the 4,228 strokes that occurred across the duration of the study, 2,372
occurred in those with a high ratio and 1,856 occurred in those with a low ratio.
When comparing cumulative incidence of stroke between the two groups, those
with high ratios had an increased rate vs. those with low ratios (2.46 vs. 1.92; P <
.001). In addition, participants with a high ratio were 1.11 times more likely to
experience a stroke than those with a low ratio (OR = 1.11; 95% CI, 1.03-1.18).
The researchers also observed 1,312 MIs in the total study cohort, including 819
for those with high ratios and 493 for those with low ratios. A cumulative incidence
rate of 0.85 was reported for those with high ratios vs. a rate of 0.51 for those with
low ratios (P < .001). Such an event was 1.5 times more likely to occur for a
participant with a higher ratio compared with a participant with a lower ratio (OR =
1.5; 95% CI, 1.33-1.7).
“Among the general population, the [triglyceride to HDL cholesterol] ratio should
be used for risk-stratification and be considered as a significant index for adverse
reactions in the long term,” the researchers wrote. “The present results might help
the public policymakers to formulate a strategy for individuals at high risk of major
CV events in the Chinese population.” – by Phil Neuffer
Disclosures: The authors report no relevant financial disclosures.
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CLINICAL SCIENCE
High ratio of triglycerides to hdlcholesterol predicts extensive coronary
disease

Protasio Lemos da Luz,I Desiderio Favarato,I Jose Rocha Faria-Neto Junior,II
Pedro Lemos,I Antonio Carlos Palandri ChagasI
doi: 10.1590/S1807-59322008000400003

da Luz PL, Favarato D, Faria-Neto Jr JR, Lemos P; Chagas ACP. High ratio of triglycerides to HDL-cholesterol ratio predicts
extensive coronary disease. Clinics. 2008;63:427-32.
An abnormal ratio of triglycerides to HDL-cholesterol (TG/HDL-c) indicates an atherogenic lipid profile and a risk for the development of coronary disease.
OBJECTIVE: To investigate the association between lipid levels, specifically TG/HDL-c, and the extent of coronary disease.
METHODS: High-risk patients (n = 374) submitted for coronary angiography had their lipid variables measured and coronary
disease extent scored by the Friesinger index.
RESULTS: The subjects consisted of 220 males and 154 females, age 57.2 ± 11.1 years, with total cholesterol of 210± 50.3 mg/
dL, triglycerides of 173.8 ± 169.8 mg/dL, HDL-cholesterol (HDL-c) of 40.1 ± 12.8 mg/dL, LDL-cholesterol (LDL-c) of 137.3 ±
46.2 mg/dL, TG/HDL-c of 5.1 ± 5.3, and a Friesinger index of 6.6 ± 4.7. The relationship between the extent of coronary disease
(dichotomized by a Friesenger index of 5 and lipid levels (normal vs. abnormal) was statistically significant for the following:
triglycerides, odds ratio of 2.02 (1.31-3.1; p = 0.0018); HDL-c, odds ratio of 2.21 (1.42-3.43; p = 0.0005); and TG/HDL-c, odds
ratio of 2.01(1.30-3.09; p = 0.0018). However, the relationship was not significant between extent of coronary disease and total
cholesterol [1.25 (0.82-1.91; p = 0.33)] or LDL-c [1.47 (0.96-2.25; p = 0.0842)]. The chi-square for linear trends for Friesinger >
4 and lipid quartiles was statistically significant for triglycerides (p = 0.0017), HDL-c (p = 0.0001), and TG/HDL-c (p = 0.0018),
but not for total cholesterol (p = 0.393) or LDL-c (p = 0.0568). The multivariate analysis by logistic regression OR gave 1.3 ±
0.79 (p = .0001) for TG/HDL-c, 0.779 ± 0.074 (p = .0001) for HDL-c, and 1.234 ± 0.097 (p = 0.03) for LDL. Analysis of receiver
operating characteristic curves showed that only TG/HDL-c and HDL-c were useful for detecting extensive coronary disease, with
the former more strongly associated with disease.
CONCLUSIONS: Although some lipid variables were associated with the extent of coronary disease, the ratio of triglycerides to
HDL-cholesterol showed the strongest association with extent.
KEYWORDS: Lipids. Triglycerides. HDL. Cholesterol. Coronary disease.

INTRODUCTION
Lipid abnormalities have long been suspected to
contribute to atherosclerosis; several epidemiological and
cohort studies have established a strong association between
total cholesterol, LDL-cholesterol (LDL-c), or low HDLInsituto do Coração, Faculdade de Medicina da Universidade de São Paulo
– São Paulo/SP, Brazil.
II
 Faculdade de Medicina, Pontifícia Universidade Católica do Paraná - Paraná, Brazil.
Email: daluzp@incor.usp.br
Received for publication on January 28, 2008
Accepted for publication on April 06, 2008
I

cholesterol (HDL-c) and the incidence of atherosclerosisrelated diseases, such as ischemic heart disease, stroke, and
peripheral vascular disease.
Recently, lipid particle subfractions have also been
implicated in the atherogenic process. Small dense LDL
particles are more atherogenic than larger buoyant ones,
and different HDL subfractions play different roles in
atherogenesis. The larger and less dense HDL2 particles are
considered protective, while the small dense HDL3 particles
are atherogenic.1,2 The former correlate inversely with serum
triglycerides and small dense LDL.3 The ratio of triglycerides
to HDL-cholesterol ratio (TG/HDL-c) correlates inversely
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with the plasma level of small, dense LDL particles. A
TG/HDL-c ratio of 3.8 divides the distribution of LDL
phenotypes, with 79% of phenotype B greater than this
value, and 81% of phenotype A lower than this value4. We
recently analyzed the relationship between plasma lipids and
development of coronary artery disease (CAD) as manifested
by angina, positive ischemic tests, or significant obstructive
lesions in the coronary angiogram. We found that an TG/
HDL-c ratio >4 is the most powerful independent predictor
of CAD development5. Thus, this ratio shows promise as an
attractive surrogate index of the atherogenicity of the plasma
lipid profile. However, little data exist on the association
between TG/HDL-c ratio and the extent or severity of lesions
in coronary disease.
Objectives - To evaluate the correlation between lipid
variables, especially the TG/HDL-c ratio, and the extent
of coronary disease in patients investigated for suspected
CAD.
Study design – Eligible patients were outpatients who
underwent diagnostic coronary angiography for suspected
coronary disease.
The presence of risk factors were defined as follows:
hypercholesterolemia (total cholesterol >200 mg/
dL), hypertriglyceridemia (>150 mg/dL), high LDLcholesterolemia (LDL-c) (>130 mg/dL), low HDLcholesterolemia (HDL-c) (<40 mg/dL for male and <50
mg/dL for female), elevated TG/HDL-c ratio (>4), diabetes
mellitus (fasting glucose ≥126 mg/dL, casual or GTT
over 200 mg/dL, or current use of oral hypoglycemiant or
insulin), hypertension (cutoff points were 140/90 mm Hg),
and status as a current smoker.
Laboratory tests for total cholesterol and fractions,
triglycerides, and glycemia were performed using standard
techniques.
Coronary lesion extent was evaluated using the Friesinger
index6. This classification uses the following categories: 0, no
arteriographic abnormalities; 1, trivial irregularities (lesions
from 1-29%); 2, lesions from 30-68%; 3, multiple narrowing
in the same vessel, and the segment has either one lesion
with a morphology defined as multiple, diffuse or tubular,
or two segments with stenosis of 30-68%; 4, at least one
lesion of 69-100%, except in the proximal segment where
it should be less than 100%; and 5, occlusion of a proximal
segment of a vessel. Left main lesions were counted as
proximal lesions of both left descending and circumflex
arteries. Coronary lesions were scored by experts blinded to
patient lipid profiles.
Statistics - Statistics were calculated by univariate
analysis with chi-square and non-parametric ANOVA
(Kruskal-Wallis), followed by multivariate analysis
using stepwise forward logistic regression to assess the
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independent influence of lipid variables on extent of coronary
disease extension, dichotomized by a Friesinger index of 5.
RESULTS
The subjects included 374 patients, 165 (60.2%) men
and 109 (39.8%) women, with a mean age of 57 ± 11.5
years. Total cholesterol was 214 ± 50.2 mg/dL; triglycerides,
167.9±91.7 mg/dL; HDL-c, 38.5 ± 11.9 mg/dL; LDL-c,
142.9 ± 45 mg/dL; TG/HDL-c, 5.1 ± 4.0; and Friesinger
index, 6.9 ± 4.4. Hypertensive and dyslipidemic subjects
were predominantly male. Table 1 shows demographics of
the patient sample, as well as the distribution of coronary
lesions.
Extensive coronary disease, by univariate analysis,
presented a direct relationship with the quartiles of total
triglycerides, and TG/HDL-c, and an inverse relationship
with HDL-c quartiles (Table 2).
Table 1 - Demographic characteristics of patient sample and
Friesinger index frequency
Characteristics

Frequency (%)

Gender (male/female) (%)

220/154

Age (mean ± SD years old)

57.2 ± 11.1

Hypertension

291 (78)

Hypercholesterolemia

208 (56)

Low HDL-cholesterol

246 (66)

High LDL-cholesterol

194 (52)

Hypertriglyceridemia

176 (47)

High TG/HDL ratio

170 (46)

Diabetes mellitus

108 (29)

Smoking

86 (23)

Friesinger Index
0

71 (19)

1–4

67 (17.9)

5 – 10

135 (36.1)

11 – 15

101(27.0)

Table 2 - Frequency of extensive coronary disease (Friesinger
index ≥5) by lipid quartile
Q1

Q2

Q3

Q4

P (linear
trend)

Total Cholesterol

70.2

47.9

62.8

71.7

0.393

LDL-cholesterol

64.9

50.5

62.9

75

0.0568

HDL-cholesterol

75

69.8

63.2

42.5

0.0001

Triglycerides

55.3

56.8

72.8

76.7

0.0017

TG/HDL-c

47.9

63.0

66.7

75.3

0.0001

Q1, Q2, Q3, and Q4 are quartiles
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The odds ratios for the extent of coronary disease
between the fourth and first quartiles were as follows: total
cholesterol, 1.08, 95%CI (0.57-2.03), p = 0.87; LDL-c,
1.62, 95%CI (0.86-3.06), p = 0.15; triglycerides, 1.7, 95%CI
(0.94-3.08), p = 0.986; HDL-c, 0.25, 95%CI (0.13-0.46),
p = 0.0001; and TG/HDL-c, 3.31, 95%CI (1.78-6.14), p =
0.0002 (Figure 1). This analysis showed that only HDL-c
and TG/HDL-c show statistically significant frequency
differences between the fourth and first quartiles, and that
the difference was larger for TG/HDL-c. The non-parametric
ANOVA (Kruskal-Wallis) demonstrated a significant
association between extensive coronary disease and the
lipid variable quartiles. However, only HDL-c and TG/
HDL-c--primarily the latter--showed statistically significant
differences in median Friesinger index between abnormal
values and normal ones. Total cholesterol and LDL-c showed
a similar distribution and Figure 2 therefore presents only the
Friesinger distribution for the quartiles of total cholesterol,
triglycerides, HDL-c, and TG/HDL-c.
The multivariate analysis by logistic regression included
these lipid variables, and it showed that the TG/HDL-c ratio
showed the strongest correlation [association] with extent
of coronary disease. Increasing the HDL-c quartile led to a
22% decrease in extent, while increasing the LDL-c or TG/
HDL-c quartiles led to a 23% and 30% increase in disease
extent, respectively (Table 3).
Of the 246 subjects with low HDL-c, 171 (69.5%) had
extensive coronary disease, and of the 170 subjects with high
TG/HDL-c, 122 (72%) had extensive coronary disease. This

Table 3 - Results of multivariate analysis
B

S.E.

Sig.

Exp(B)

HDL-cholesterol

-.249

.074

.001

.779

TG/HDL-c

.265

.079

.001

1.304

LDL-cholesterol

.211

.097

.030

1.234

may be due to the fact that HDL-c and Triglycerides levels
were discordant in 35 (25%) of subjects with low extents of
disease and in 75 (32%) of subjects with extensive coronary
disease. Thus, taking both variables into account by using
the Triglycerides to HDL-c ratio increased the accuracy of
detecting extensive coronary disease.
Analysis of the ROC curves showed the following areas
under the curves: 0.35 for HDL-c (p = 0.0001), 0.55 for
LDL-c (p = 0.131), and 0.63 for TG/HDL-c (p = 0.0001).
DISCUSSION
We found a relationship between the extent of coronary
disease and lipid variables using univariate analysis. In a
multivariate model that included these variables, the ratio of
triglycerides to HDL-cholesterol was found to be a powerful
independent indicator of extensive coronary disease.
Despite the fact that small, dense LDL particles are
an established risk factor for cardiovascular disease, the
assessment of their subfractions by current methods have
been too technically demanding to be applicable in a routine

Figure 1 - Odds ratios between fourth and first quartiles of lipid variables for extensive coronary disease (Friesinger index >4)
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Figure 2 - Boxplot distribution of Friesinger index by quartiles of total cholesterol, triglycerides, HDL-cholesterol, and TG/HDL-cholesterol

clinical laboratory. The usual techniques include density
gradient ultracentrifugation,7 non-denaturing gradient gel
electrophoresis (NDGGE),8 and nuclear magnetic resonance
(NMR) spectroscopy,9 which have the disadvantages of being
labor-intensive, technically demanding, expensive, or slow
to produce results. As a result, these precise and accurate
techniques are not widely used in clinical settings. Thus,
developing surrogate markers of lipid particle profiles are of
great clinical and economic importance.
Several studies have attempted to determine the risk
levels for CAD using lipid indexes or formulas.10 The goal
of this work is to manage patients better in order to prevent
cardiac events. Of particular interest are ratios that have
atherogenic particles in the numerator and HDL-c or its
constituents in the denominator. The ratio of total cholesterol
to HDL-c11,12 and, to a lesser extent, the ratio of LDL-c to
HDL-c13 have been shown to be better predictors of CAD
than lipid alone. More recently, in the INTERHEART casecontrol study, the apoB/apoA1 ratio was shown to be the
strongest risk factor associated with myocardial infarction.14
This ratio had already been proposed as an accurate predictor
of risk for major coronary events in the AFCAPS/TexCAPS15
and AMORIS16 studies.
The ratio TG/HDL-c, initially proposed by Gaziano et
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al,17 is an atherogenic index that has proven to be a highly
significant independent predictor of myocardial infarction,
even stronger than TC/HDL-c and LDL-c/HDL-c. The
Copenhagen Male Study showed triglycerides on their own
to be another strong risk factor, but it found that stratifying
triglyceride levels by HDL-c levels led to more accurate
detection of increased risk of coronary disease.18
The atherogenic link between high triglycerides and
HDL-c is due to the higher plasma concentration of
triglyceride-rich, very low-density lipoprotein that generates
small, dense LDL during lipid exchange and lipolysis. These
LDL particles accumulate in the circulation and form small,
dense HDL particles, which undergo accelerated catabolism,
thus closing the atherogenic circle.19,20
The present study indicates that TG/HDL-c, which we
previously showed to be an indicator of development of
coronary heart disease development,5 is also related to the
severity of vessel compromise. Thus this ratio is an easy,
non-invasive means of predicting the presence and extent of
coronary atherosclerosis.
Study limitations. We studied a high-risk subset of
patients, who showed a higher prevalence of coronary
disease than the general population. We compared only
lipid variables, and did not take into account the current
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use of medication or the inflammatory state of the patients.
Since the commonly used statin and angiotensin enzyme
inhibitors and angiotensin II receptor blockers may alter
the inflammatory state, they may weaken the relationship
between total cholesterol and LDL-cholesterol and the extent
of coronary disease. This is because they act more on LDLcholesterol and less on HDL-cholesterol and triglycerides.

CONCLUSION
Nearly all routinely assessed lipid variables were associated
with the extent of coronary disease, but only the ratio of
triglycerides to HDL-cholesterol or to HDL-c were robustly
associated with disease extent. Elevation in the ratio of TG to
HDL-c was the single most powerful predictor of extensive
coronary heart disease among all the lipid variables examined.
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cardiovascular events (MACE).
Dr. Raul D. Santos of the Heart Institute at the University of Sao Paulo Medical School Hospital in
Brazil reported the analysis, which was part of the Medical, Angioplasty, or Surgery Study (MASS-II).
That study compared the long-term effects of medical treatment, angioplasty, or surgical strategies in
patients with stable angina symptoms of multivessel coronary artery disease (CAD) and preserved
ventricular function, determining that surgery was the optimal approach in this patient subset (J. Am.
Coll. Cardiol. 2004;43:1743-51)
“After 10 years of follow-up of stable CAD patients in MASS-II, the TG/HDL [triglyceride/high-density
lipoprotein] ratio was the only lipid parameter independently associated” with major adverse
cardiovascular events (MACE), Dr. Santos reported in the poster presentation.
The study randomly assigned 611 patients to coronary artery bypass grafting (CABG), percutaneous
coronary intervention (PCI), or medical therapy. Lipid-modifying therapies were equally instituted in
all study patient groups. Concentrations of total cholesterol, high-density lipoprotein (HDL), non-HDL
cholesterol, and low-density lipoprotein (LDL) cholesterol, as well as LDL/HDL and TG/HDL ratios,
were divided according to distribution quartiles. The associations between MACE occurrence and
plasma lipids at baseline and at 6 months, as well as other risk factors and randomized CAD treatment,
were determined by Cox regression models.
Mean levels of lipids were 150 mg/dL for TG, 37 mg/dL for HDL cholesterol, and 140 mg/dL for LDL
cholesterol.
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“LDL was not well treated at the time this study began 11 years ago. Only about one third of patients
were on statins, and mean levels were about 140 mg/dL,” Dr. Santos said. “Yet, even in these patients
with high LDL, the TG/HDL ratio was a marker for later events.”
In the MASS-II patients followed for an average of 11.4 years (range 9-15 years), MACE were observed
in 42% of the PCI arm, 59% of the medical therapy arm, and 33% of the CABG arm.
After adjustment for confounders, the investigators found the following factors to be independently
associated with MACE: age greater than 65 years, randomization to CABG versus medical therapy,
systemic arterial hypertension, and TG/HDL ratio determined at 6 months.
For the TG/HDL ratio, the hazard ratio for the occurrence of MACE, comparing the highest and lowest
quartiles of the ratios, was significant at 1.57 (P = .015). Hazard ratios for the third versus first quartiles
was 1.38 (P = .098) and for the second versus first quartiles was 0.83 (P = .445). No association was
found between MACE and other plasma lipids.
Among patients with a TG/HDL ratio greater than 6, only about 45% of patients were free of MACE at
10 years, compared with greater than 70% for those with a TG/HDL ratio of less than 3.
“The TG/HDL ratio is a marker of residual risk,” Dr. Santos said. “For clinicians, this means that you
treat the LDL, of course, but you need to look at triglycerides and HDL. While the lab doesn’t give you
this ratio, it’s very easy to calculate.”
Dr. Gerald S. Berenson of Tulane University School of Medicine, New Orleans, and principal
investigator of the Bogalusa Heart Study, viewed Presented
the poster
by with interest. “This is very important
MENU
information,”
he said. “The TG/HDL ratio is so easy to measure. Everyone
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and so forth, but we routinely get these levels, so you just need to look at the ratio. It’s a good measure
of insulin resistance as well.”
Dr. Santos has served on the speakers bureaus of Novartis, Merck, Biolab, and Bristol-Myers Squibb.
Dr. Berenson had no relevant conflicts of interest.
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TriglycerideYtoYHigh-Density-Lipoprotein-Cholesterol Ratio
Is an Index of Heart Disease Mortality and of Incidence of
Type 2 Diabetes Mellitus in Men
Gloria Lena Vega, PhD,* Carolyn E. Barlow, MS,Þ Scott M. Grundy, MD, PhD,*
David Leonard, PhD,Þ and Laura F. DeFina, MDÞ

Background: High triglyceride (TG) and low high-density lipoprotein
cholesterol (HDL-C) impart risk for heart disease. This study examines
the relationships of TG/HDL-C ratio to mortality from all causes, coronary heart disease (CHD), or cardiovascular disease (CVD).
Subjects and Methods: Survival analysis was done in 39,447 men
grouped by TG/HDL-C ratio cut point of 3.5 and for metabolic syndrome. National Death Index International Classification of Diseases
(ICD-9 and ICD-10) codes were used for CVD and CHD deaths occurring from 1970 to 2008. Incidence of type 2 diabetes mellitus (DM)
according to ratio was estimated in 22,215 men. Triglyceride/HDL-C
ratio and cross-product of TG and fasting blood glucose (TyG index)
were used in analysis.
Results: Men were followed up for 581,194 person-years. Triglyceride/
HDL-C ratio predicted CHD, CVD, and all-cause mortality after adjustment for established risk factors and nonYHDL-C. Mortality rates were
higher in individuals with a high ratio than in those with a low ratio. Fiftyfive percent of men had metabolic syndrome that was also predictive of
CHD, CVD, and all-cause mortality. Annual incidence of DM was 2 times
higher in men with high TG/HDL-C ratio than in those with a low ratio.
Individuals with high TG/HDL-C ratio had a higher incidence of DM
than those with a low ratio. The TyG index was not equally predictive of
causes of mortality to TG/HDL-C, but both were equally predictive of
diabetes incidence.
Conclusions: Triglyceride/HDL-C ratio predicts CHD and CVD
mortality as well as or better than do metabolic syndrome in men. Also,
a high ratio predisposes to DM. The TyG index does not predict CHD,
CVD, or all-cause mortality equally well, but like TG/HDL-C ratio, it
predicts DM incidence.
Key Words: TG/HDL-C ratio, CVD mortality, CHD mortality
(J Investig Med 2014;62: 345Y349)

H

igh levels of plasma triglycerides (TGs) are a risk factor for
cardiovascular disease (CVD) regardless of high-density lipoprotein cholesterol (HDL-C) levels.1,2 Hypertriglyceridemia is
also frequently associated with impaired fasting glucose, impaired
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glucose tolerance, insulin resistance, type 2 diabetes mellitus
(DM), and metabolic syndrome.3,4 Elevated TGs are commonly
associated with a lipoprotein phenotype designated ‘‘atherogenic
dyslipidemia’’5; this includes reduced HDL-C and increased
number of small, dense, low-density lipoproteins.
A TG/HDL-C ratio of 3.5 or greater was reported by
McLaughlin et al.6 to be highly correlated with insulin resistance
and atherogenic dyslipidemia in men; this threshold was also associated with metabolic syndrome. They proposed that the TG/
HDL-C ratio provides a simple way to identify insulin-resistant,
dyslipidemic patients who are likely to be at increased risk for
CVD. More recently, the TG  fasting glucose (TyG index) has
been suggested as a new measure of insulin resistance7,8; this
index was compared with the TG/HDL-C ratio and found to be
similarly correlated with insulin resistance.
In the current study, we examined the impact of the TG/
HDL-C ratio, the TyG index, and the metabolic syndrome risk
factors on risk of mortality from coronary heart disease (CHD),
CVD, and all causes in a cohort of nonobese and relatively healthy
men participating in the Cooper Center Longitudinal Study
(CCLS). In addition, the relative impact of TG/HDL-C ratio and
TyG index as predictors of type 2 DM incidence was examined.

METHODS
The CCLS was originally designed to examine effects of
cardiorespiratory fitness on CVD or cancer incidence.9 The
CCLS participants were mostly college graduates (95% American white or Europid) who were self-referred or referred by
their employers for clinical evaluation. For the current analysis,
data collected between 1970 and 2008 were used, and it includes clinical history, physical examination, vital signs, plasma
concentration of TGs, cholesterol, lipoprotein cholesterol, and
fasting glucose. Analytical methods used have been detailed
previously.10
A total of 39,447 men aged 20 to 90 years were included in
the survival analyses. Men were grouped by TG/HDL-C ratio
using a cut point of 3.5. Survival analysis was done in men
followed from their baseline examination until the date of death
for decedents or until December 31, 2008, for survivors. The
primary source for mortality surveillance was The National
Death Index. Cardiovascular disease death was defined
with International Classification of Diseases, Ninth Revision
(ICD-9) codes (390Y449.9) for deaths before 1999 or International Classification of Diseases, 10th Revision (ICD-10) codes
(I00YI78) for deaths occurring from 1999 to 2008. Briefly, the
code list covers diseases of the circulatory system (acute rheumatic fever; chronic rheumatic fever; hypertension; ischemic
heart disease; disease of pulmonary circulation; other forms of
heart disease; cerebrovascular disease; diseases of the arteries,
arterioles, and capillaries; diseases of veins and lymphatics; and
other diseases of the circulatory system). Coronary heart disease
death was defined with ICD-9 codes (410.0Y414.9 and 429.2)
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for deaths before 1999 or ICD-10 codes I20YI26 for deaths
occurring from 1999 to 2008. The list includes angina pectoris,
acute myocardial infarction and subsequent complications, ischemic heart diseases, and pulmonary embolism. Hazard ratios
(HRs) were estimated for those with a high ratio of TGs to
HDL-C, and results were also compared with the HR estimated
for individuals with a high TyG index. The cut point for the TyG
index was determined as described in the statistical section.
The CCLS is approved annually by the institutional review
board at The Cooper Institute. All participants provided signed
informed consent for participation in the CCLS. The data are
maintained by The Cooper Institute.
Descriptive parameters are summarized as means T SDs.
Log transformations were done for parameters with skewed distributions before data modeling. Cut points for high or low levels
of parameters were defined using Adult Treatment Panel III criteria for metabolic syndrome.11,12 Accordingly, high plasma TG
was 150 mg/dL or greater, low HDL-C was less than 40 mg/dL,
high blood pressure was 130/85 mm Hg or greater, high fasting
blood glucose was 100 mg/dL or greater, high nonYHDL-C was
160 mg/dL or greater, and high waist girth was 102 cm or greater.
Thresholds for TG/HDL-C were selected to maximize the likelihood ratio W2 statistic between those with and without metabolic
syndrome.11,12 The estimated ratio was 3.5, identical to that proposed by McLaughlin et al.6 Analysis of variance was used
to compare parameter means at baseline between low and high
TG/HDL-C ratio groups. The TyG was calculated, and its relation
to mortality was compared with the association of the ratio of TGs
to HDL-C. The TyG index cut points were determined in the same
manner as the cut points for the TG/HDL-C ratio. The cut point
dividing high and low TyG index was 15,346 mg2. This value was
similar to that found by Abbasi and Reaven.7 Metabolic syndrome
risk factors included the ATP III criteria of 3 of 5 risks (high TG,
low HDL-C, elevated fasting blood glucose, increased blood
pressure, and/or increased waist girth).4 Cox proportional hazard
regressions were used to estimate crude and adjusted HRs.
Attained age was used as the time scale in the proportional
hazards models so that potentially nonlinear age effects would
be absorbed into the baseline hazard function.
Incidence of type 2 DM was estimated for men grouped according to TG/HDL-C ratios. These analyses were conducted among
22,215 individuals who had more than 1 fasting plasma glucose
measurement as well as measures of plasma TG and HDL-C as
previously detailed.10 Subjects were subgrouped at baseline according
to fasting plasma glucose categories of normoglycemia (fasting
glucose 70Y99 mg/dL), mild hyperglycemia (100Y109 mg/dL), and
intermediate hyperglycemia (110Y125 mg/dL). For the estimation
of incidence of type 2 DM, data were analyzed as detailed previously.10 Incidence was determined for subgroups of TG/HDL-C or
TyG cut points. Briefly, time to incident DM was calculated as
the difference in examination year between the first clinic visit and
the earliest clinic visit at which the individual had a blood glucose
level greater than 125.9 mg/dL or a reported diagnosis of type
2 DM. Exponential survival models were applied to the interval
censored data to estimate incidence rates in the glucose subgroups
and to compare glucose subgroups within sexes. SAS/STAT software (Cary, NC), version 9.2, was used for all analyses. Finally,
the usefulness of the TyG index in prediction of all-cause mortality and in the incidence of type 2 diabetes was compared with
the TG/HDL-C ratio.

RESULTS
Men were followed up for 581,194 person-years. Overall,
at baseline, 1% of men reported history of type 2 diabetes, and
16% reported personal history of hypertension; 2% had history
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of myocardial infarction, and 17% reported to be current
smokers. Subjects were subgrouped by cut points of TG/HDL-C
of 3.5 (Table 1). Men with high ratio (TG/HDL-C Q3.5) had a
higher prevalence of obesity defined by body mass index (BMI)
or by waist girth. They also had a higher prevalence of high
fasting plasma glucose, TGs, and nonYHDL-C; reduced HDL-C;
and increased blood pressure (Table 1).
Two thousand seven hundred fifty three men died over the
period of observation. Kaplan-Meier plots for CHD mortality,
CVD mortality, and all-cause mortality are shown in Figures 1AYC,
respectively. These data show that CHD and CVD mortality
was significantly higher in those with high TG/HDL-C ratio than in
those with a low ratio. Significant differences also were noted for allcause mortality.
The percentage of decedent cases with CHD and CVD
comprised 57.4%, and the remainder died of other causes
(Fig. 2A). Among decedents from CHD, CVD, and other causes,
50.6%, 46.2%, and 34.5% had mortality associated with a high
ratio of TGs to HDL-C, respectively (Fig. 2A). Those with a high
ratio of TGs to HDL-C had higher mortality rates per 10,000
person-years than individuals with a low ratio (Fig. 2B).

TABLE 1. Subject Demography and Clinical Characteristics
TG/HDL-C Ratio
G3.5

Q3.5
Mean T SD

n
26,261
13,186
Follow-up, y
14.7 T 7.9
14.8 T 7.6
Age, y
44.3 T 10.0
45.5 T 9.3*
26.0 T 3.6
28.6 T 4.2*
BMI, kg/m2
11.0
28.0
% BMI 930 kg/m2
Waist girth, cm
90.3 T 15.7
98.1 T 16.6
Elevated waist girth, %
14.0
37.0
Fasting plasma glucose,
98.5 T 13.1 104.7 T 25.8*
mg/dL
Plasma glucose
39.0
53.0*
Q100 mg/dL, %
Plasma TG median,† mg/dL
91 (69Y117) 201 (164Y261)*
% Plasma TG Q150 mg/dL
5.0
84.0*
HDL-C, mg/dL
50.7 T 11.3
36.5 T 7.3*
Reduced HDL-C, %
14.0
69.0*
TG/HDL-C ratio
1.91 T 0.78
7.20 T 16.80*
NonYHDL-C, mg/dL
150.0 T 36.9 184.2 T 41.3*
NonYHDL-C Q160 mg/dL, %
36.0
71.0
Systolic blood pressure,
120.8 T 13.2 124.0 T 13.7*
mm Hg
Systolic blood pressure
24.0
33.0*
Q130 mmHg, %
Diastolic blood pressure,
80.6 T 9.5
83.8 T 9.7*
mm Hg
Diastolic blood pressure
30
42*
Q85 mmHg, %
% Smokers
15
21*
% DM
1
2*
% Hypertension
13
22*
% Metabolic syndrome (ATP III)
8
55*
*Significantly different from parameters in groups with low TG/
HDL-C ratio, P G 0.0001.
†Median (25thY75th percentile).
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TG/HDL-C Ratio and CVD Mortality

FIGURE 2. Percentage of total mortality cases from CHD, CVD,
and other causes (A). Mortality from CHD and CVD comprised
57.4%. The percentage of mortality cases associated with a high
ratio of TGs to HDL-C was 50.6% of cases with CHD, 46.2% of
cases with CVD, and 34.5% of cases with other mortality causes.
The rate of CHD, CVD, and other-cause mortality for those with
high ratio was higher than for those with low TG/HDL-C (B). PY
indicates patient-years.

FIGURE 1. Kaplan-Meir survival plots for CHD mortality (A), CVD
mortality (B), and all-cause mortality (C) in men grouped by TG/HDL-C
ratio of 3.5. Men with a high TG/HDL-C ratio (Q3.5) have a higher
mortality rate from CHD, CVD, and from all-cause than do men with a
low TG/HDL-C ratio (G3.5). Group 1: low ratio; group 2: high ratio.

A high TG/HDL-C ratio was a strong independent predictor of CHD, CVD, and all-cause mortality (Table 2) before
(unadjusted) and after adjustment for age, smoking, BMI, and
resting systolic blood pressure, or additional adjustment for
nonYHDL-C levels. Similarly, the product of TyG was predictive of CHD, CVD, and all-cause mortality before and after
adjustments for age, BMI, systolic blood pressure, and smoking
(Table 2). Further adjustment for nonYHDL-C levels rendered
TyG uninformative (Table 2).
Hazard ratio for CHD, CVD, and all-cause mortality was
calculated based on the number of metabolic syndrome risk factors as defined by ATP III criteria, that is, 3 or more of 5 risks
(increased plasma TGs and/or reduced HDL-C, increased fasting
plasma glucose, increased blood pressure and/or increased waist
girth) or 3 of 4 risk factors after adjusting for resting blood pressure variance. In the current data set, 9353 men had metabolic
syndrome by ATP III criteria. Fifty-five percent of men with a
high ratio of TGs to HDL-C and 8% of men with a low ratio had
metabolic syndrome.
A cluster of 3 or more of 5 metabolic syndrome risk factors
was a strong independent predictor of CHD, CVD, and all-cause
mortality (Table 2), and 3 of 4 risk factors, after adjustment for
age, BMI, resting blood pressure, and smoking, also were predictive of mortality (Table 2).The usefulness of a cluster of metabolic syndrome risk factors as CHD or CVD predictor failed
after additional adjustment for nonYHDL-C levels. However,
metabolic syndrome risk factor clusters were a significant predictor of all-cause mortality (Table 2) in all analytical models.
In the secondary analysis, there were a total of 22,215 men;
57.5% were normoglycemic, 30.6% were mildly hyperglycemic,
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TABLE 2. HRs and 95% Confidence Intervals for Mortality From CHD, CVD, and All-Cause According to TG/HDL-C Ratio and TyG Index
TG/HDL-C Ratio*

TyG Index†

Metabolic Syndrome
(ATP-III)* Risk Factors

HR (95% Confidence Interval)
CHD mortality§
Unadjusted
Age, BMI, RSBP, smoking
Age, BMI, RSBP, smoking, nonYHDL-C
CVD mortality§
Unadjusted
Age, BMI, RSBP, smoking
Age, BMI, RSBP, smoking, nonYHDL-C
All-cause mortality§
Unadjusted
Age, BMI, RSBP, smoking
Age, BMI, RSBP, smoking, nonYHDL-C

1.92 (1.64Y2.25)‡
1.52 (1.28Y1.80)‡
1.30 (1.09Y1.56)‡

1.84 (1.57Y2.17)‡
1.46 (1.23Y1.74)‡
0.83 (0.69Y1.00)

1.75 (1.49Y2.21)‡
1.31 (1.09Y1.57)‡
1.19 (0.99Y1.43)

1.62 (1.43Y1.84)‡
1.30 (1.13Y1.48)‡
1.15 (1.00Y1.33)‡

1.64 (1.44Y1.86)‡
1.31 (1.15Y1.50)‡
0.89 (0.77Y1.03)

1.56 (1.37Y1.78)‡
1.18 (1.02Y1.37)‡
1.11 (0.95Y1.28)

1.36 (1.26Y1.47)‡
1.18 (1.09Y1.28)‡
1.14 (1.05Y1.25)‡

1.36 (1.26Y1.47)‡
1.16 (1.07Y1.26)‡
0.89 (0.82Y0.97)

1.33 (1.23Y1.44)‡
1.15 (1.05Y1.26)‡
1.14 (1.04Y1.25)‡

*TG/HDL ratio cut- point is 3.5 or greater.
†The TyG index cut point is 15,346 or greater.
‡Significant HR at P G 0.03.
§Adjusted for listed variables.
RSBP indicates resting systolic blood pressure.

and 11.9% had intermediate hyperglycemia. The incidence of
type 2 DM in men grouped according to TG/HDL-C ratio or TyG
index and subgrouped according to fasting glucose levels was
estimated. In men with a low TG/HDL-C ratio (or TyG index), the
incidence of type 2 diabetes was higher in the subgroup with mild
hyperglycemia (Fig. 3). Similar trends in the incidence of type
2 DM were noted among men with mild hyperglycemia and a
high TG/HDL-C ratio. However, the incidence of type 2 diabetes
was significantly higher for the groups with a high TG/HDL-C (or
TyG index) compared with those with a low ratio (Fig. 3).

DISCUSSION
This study shows that a high TG/HDL-C ratio in men is a
predictor of mortality from CHD and CVD. The TG/HDL-C ratio
had a significant and higher HR for mortality from CHD and
CVD than was found for the TyG index. These 2 measures, TG/
HDL-C ratio and TyG index, similarly predicted incidence of type
2 diabetes, but the HR associated with a high TG/HDL-C seems
to make the ratio a preferred single parameter of measurement. In
this study, we also noted that the HRs for prediction of CHD,
CVD, and all-cause mortality were similar for the TG/HDL-C
ratio and the metabolic syndrome except when the latter was adjusted for nonYHDL-C and other factors (Table 2). The HR
associated with a high TG/HDL-C ratio was similar to that
previously reported for the metabolic syndrome in the CCLS
population.13
Most investigators view the TG/HDL-C ratio as an index of
insulin resistance based on comparisons of the ratio to measures
of insulin resistance.6,7 This perspective is supported in part by
the work of Laws and Reaven,14 who provided evidence for the
association between a high TG and low HDL-C to resistance to
insulin-stimulated glucose uptake by peripheral tissues independently of body habitus and physical fitness. They showed that
insulin resistance has an effect on plasma insulin, TGs, and HDL
concentrations. Similarly, the ratio of TGs to HDL-C has been
compared with the metabolic syndrome to identify insulin resistance.15 As such, it has been suggested that the ratio represents a
simple clinical marker of the metabolic syndrome. Even so, as
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shown in this study, only 55% of the CCLS population having an
elevated TG/HDL-C ratio also had current criteria for the metabolic syndrome. Thus, the ratio appears to contain useful clinical
information for early detection of the metabolic risk.
Several previous investigators have examined the utility of
the TG/HDL-C ratio as an atherogenic marker. Hanak et al.16
found a high correlation between the ratio and low-density lipoprotein phenotype B (atherogenic dyslipidemia). In another study,
Dobiásová and Frohlich17 found that the log of TG/HDL-C correlated strongly with lipoprotein particle size and the esterification
rate in apoB-lipoproteinYdepleted plasma, another putative atherogenic marker. Furthermore, in another large study, Gaziano

FIGURE 3. Incidence of DM as a function of TyG index (white bars)
or TG/HDL-C ratio (black bars). The estimate of type 2 diabetes
incidence was similar when determined by either the TyG index or
the ratio of TGs to HDL-C. Diabetes incidence was higher in those
with a high ratio of TGs to HDL-C (or TyG) than in those with a low
cut point. In addition, individuals with a high TG/HDL-C ratio (TyG
index) and a fasting glucose in the range of 110 to 125.9 mg/dL
had the highest incidence of diabetes. The TyG index and TG/
HDL-C ratio provide an index of risk for type 2 DM.
* 2014 The American Federation for Medical Research
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et al.18 found that the ratio of TGs to HDL was a strong predictor
of myocardial infarction. In accord, Salazar et al.19 reported that
an elevated TG/HDL-C ratio is as effective as the metabolic syndrome for predicting the development of CVD. Other studies suggest the potential use of the TG/HDL-C ratio as an atherogenic
marker. For example, Urbina et al.20 found that the TG/HDL-C
ratio is associated with arterial stiffness in younger persons.
Despite these claims of utility of the TG/HDL-C for identifying a higher risk state, Kannel et al.21 questioned whether this
ratio is better than the total cholesterol/HDL-C ratio for defining
risk for CHD. For the Framingham Heart Study population, these
workers found that the TG/HDL-C correlated with insulin resistance (estimated by homeostasis model assessmentYinsulin resistance) only moderately. Furthermore, these ratios had power to
predict CHD only slightly better than did the total cholesterol/
HDL-C ratio.
Despite its limitations, the TG/HDL-C ratio has several
advantages. A high ratio is suggestive of insulin resistance and
metabolic syndrome. Its presence should alert the clinician to the
likelihood of a metabolic disorder. A careful evaluation for the presence of the metabolic syndrome is indicated. A high ratio is also a
risk factor for CVD. Its presence should lead to a full Framingham
risk scoring to determine absolute risk. Although there is overlap
between the TG/HDL-C ratio and the metabolic syndrome, almost
half of persons with a high ratio did not have the syndrome. Therefore, it independently points to greater risk for CVD. At the same
time, the finding of a high ratio calls for more attention to individual metabolic risk factors such as abdominal obesity, hypertension, and dysglycemia.
The finding of a high TG/HDL-C ratio is not a replacement
for the metabolic syndrome in clinical practice. Rather, it is a
simple number to serve as an alert that a patient is both at increased metabolic risk and cardiovascular risk. Its presence
should lead to a more intensive evaluation for these 2 types of
risk and, if necessary, to more intensive clinical intervention. It
is also important to recognize that TG/HDL-C ratio predicts
CHD and CVD mortality for those who have a high ratio independently of the presence of metabolic syndrome and of type
2 DM as shown in the current study.
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Abstract
High triglycerides (TG) and low high density lipoprotein cholesterol (HDL-C) are important
cardiovascular risk factors in women. The prognostic utility of the TG/HDL-C ratio, a marker for
insulin resistance and small dense low density lipoprotein particles, is unknown among high risk
women.
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Methods—We studied 544 women without prior myocardial infarction or coronary
revascularization, referred for clinically indicated coronary angiography and enrolled in the
Women’s Ischemia Syndrome Evaluation (WISE). Fasting lipid profiles and detailed demographic
and clinical data were obtained at baseline. Multi-variate Cox-proportional hazards models for all
cause mortality and cardiovascular events (death, myocardial infarction, heart failure, stroke) over
a median follow-up of 6 years were constructed using log TG/HDL-C ratio as a predictor variable
and accounting for traditional cardiovascular risk factors.
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Results—Mean age was 57±11 years, 84% were white, 55% hypertensive, 20% diabetic, 50%
current or prior smokers. TG/HDL-C ranged from 0.3 to 18.4 (median 2.2, first quartile 0.35 to
<1.4, fourth quartile 3.66–18.4). Deaths (n=33) and CV events (n=83) increased across TG/HDLC quartiles (both p<0.05 for trend). TG/HDL-C was a strong independent predictor of mortality in
models adjusted for age, race, smoking, hypertension, diabetes, and angiographic coronary disease
severity (HR 1.95, 95% CI 1.05, 3.64, p=0.04). For cardiovascular events, the multivariate HR was
1.54 (95% CI 1.05, 2.22, p=0.03) when adjusted for demographic and clinical variables, but became
non-significant when angiographic results were included.
Conclusion—Among women with suspected ischemia, the TG/HDL-C ratio is a powerful
independent predictor of all cause mortality and cardiovascular events.
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Coronary heart disease (CHD) is the most common cause of death among women. [1]
Dyslipidemia is an important risk factor for the development of CHD and treatment approaches
to decrease low density lipoprotein (LDL) cholesterol levels have reduced cardiovascular
events.[2] While the role of low high density lipoprotein cholesterol (HDL-C) in CHD
development has been widely accepted, the role of hypertriglyceridemia remains controversial.
Recent analyses demonstrate that hypertriglyceridemia is an independent predictor of CHD
and may be a stronger risk factor among women than men.[3,4] Atherogenic dyslipidemia, the
joint occurrence of high triglycerides (TG) and low HDL-C in association with elevated
apoprotein B and small dense LDL particles, is an important component of the metabolic
syndrome and strongly predictive of CHD.[5–8] The ratio of TG/HDL-C has been proposed
as an easily obtainable atherogenic marker.[9] A high TG/HDL-C ratio correlates with LDL
phenotype B, small HDL particles, and insulin resistance.[10–12] Data on the prognostic utility
of the TG/HDL-C ratio are limited. Gaziano et al. were the first to report in a case control study
that this ratio strongly predicted risk of myocardial infarction.[13] Others have linked a high
TG/HDL-C ratio to coronary atherosclerosis [14,15], impaired heart rate recovery after
exercise [16], CHD incidence [17], and CHD, cardiovascular and all cause death.[15,16,18]
These studies enrolled predominantly healthy, younger individuals [16,18], only males [17],
or did not report gender-specific risk ratios.[15,16,18] None of the outcomes studies evaluated
the prognostic utility of the TG/HDL-C ratio in the context of angiographic coronary artery
disease severity.
The purpose of the current study was to determine whether the TG/HDL-C ratio predicts
cardiovascular events and total mortality among women undergoing coronary angiography for
suspected myocardial ischemia.

Methods
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Study Population
The WISE study is an NHLBI-sponsored four-center prospective cohort study designed to
improve the diagnostic reliability of cardiovascular testing in the evaluation of ischemic heart
disease in women. Between 1996 and 2000, 936 women (out of 7,603 screened and 1,903 found
eligible) 18 years or older presenting to study sites for clinically indicated coronary
angiography to evaluate suspected myocardial ischemia were enrolled. Major exclusion criteria
were comorbidity that would compromise follow-up, pregnancy, contraindications to
provocative diagnostic testing, cardiomyopathy, New York Heart Association Class IV heart
failure, recent myocardial infarction or coronary revascularization, and significant valvular or
congenital heart disease. Each site’s institutional review board approved the study, all
participants provided written informed consent, and all data were monitored by an independent
data and safety monitoring committee. Full details of the protocol and design of the WISE
study have been previously published.[19]
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Of the 936 WISE women, 655 had no prior history of myocardial infarction or
revascularization. Blood sample collection was added to the protocol several months into the
WISE study. TG and HDL-C were available in 585 women. Of these, 567 (97%) had followup information. We excluded 13 women who were missing information on race, smoking,
blood pressure, or diabetes. The present analysis thus includes 554 women without prior
myocardial infarction or coronary revascularization at baseline who had baseline lipid data,
information on all the covariates in the model, and for whom we have follow-up information.
Baseline evaluation
Detailed data on demographics, cardiovascular risk factors, symptoms, medical and
reproductive history, and medication use were obtained at baseline. Height, weight, waist
circumference, and blood pressure were measured and body mass index (BMI) was calculated.
Blood samples were obtained after an overnight fast. Coronary angiograms were analyzed at
the WISE Angiographic Core Laboratory at Brown University by investigators blinded to all
clinical and outcome data, using previously published quantitative analysis methods.[20] We
used the coronary artery disease severity score as the measure for coronary artery disease.
[20] Using presence or absence of coronary artery disease (i.e., lesion >50%) in the modeling
yielded similar results (data not shown).
Laboratory Methodology
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Fasting blood samples for determination of lipoproteins were analyzed at the Lipid Core
Laboratory at the Cedars Sinai Medical Center which is enrolled in the Centers for Disease
Control and Prevention lipid standardization program. Fasting total plasma cholesterol, TG,
and HDL-C were determined by enzymatic assays as previously published.[21] LDL
cholesterol was calculated using the Friedewald formula and is thus only available in women
without hypertriglyceridemia.[22] The coefficients of variation for total cholesterol, HDL-C,
and TG were 1.80%, 1.23%, and 3.93%, respectively. Lipid Core Laboratory results were not
made available to the treating physicians or the WISE investigators. Treating physicians were
free to determine cholesterol levels in their patients and treat as medically indicated.
Follow-up procedures
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After enrollment, care was provided by each patient’s referring physician in accordance with
local standards of care. Follow-up telephone interviews were conducted at 6 weeks, 1 year,
and annually thereafter by an experienced nurse or physician who completed a scripted
interview which assessed major adverse cardiovascular events or hospitalizations. In the event
of death, a death certificate was obtained. For the current study, we evaluated all cause mortality
and a combined endpoint of “any cardiovascular event” which included death or hospitalization
for congestive heart failure, stroke, or myocardial infarction.
Statistical analysis
All statistical analyses were performed at the Data Coordinating Center at the University of
Pittsburgh. For descriptive purposes, we compared means (standard deviations) or percentages,
as appropriate, of demographic characteristics, cardiovascular risk factors, lipids and
lipoproteins, medication use, angiographic coronary artery disease severity measures and
clinical outcomes across TG/HDL-C quartiles. To calculate trend statistics, we used the
Mantel-Haenszel test for categorical data, and the Jonckheere-Terpstra method for continuous
data.[23]
Since the distributions of TG/HDL-C and angiographic coronary artery disease severity score
were skewed, these variables were log-transformed prior to modeling. To determine whether
the TG/HDL-C ratio related to severity of coronary artery disease, we performed multivariable
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linear regression with the log of the angiographic coronary artery disease severity score as the
outcomes variable and the log of the TG/HDL-C ratio as the predictor variable, adjusting for
demographic and clinical participant characteristics. Covariates considered for the
multivariable model included age, race, history of hypertension, systolic blood pressure (per
10 mmHg increment), history of smoking, body mass index, waist circumference, menopausal
status, and history of diabetes.
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The associations between the log of the TG/HDL-C ratio and cardivascular events and death,
respectively, were modeled using Cox proportional hazards models. The basic models adjusted
for age and race. We then sequentially added history of smoking (a stronger predictor in this
cohort than current smoking), systolic blood pressure (per 10 mmHg increment; a stronger
predictor in this cohort than a history of hypertension), and history of diabetes to determine
whether the relationship between TG/HDL-C and clinical outcomes was independent of these
covariates. Waist circumference was only available in 486 women (88%), since some women
did not allow this measurement to be taken. Waist circumference was not predictive of outcome
in these models and did not affect the relationship between log TG/HDL-C and outcomes. We
also considered use of lipid-lowering medications, but use was not predictive of death or
cardiovascular events and did not affect the relationship between log TG/HDL-C and
outcomes. Waist circumference and use of lipid-lowering medications were thus not included
in the models. The coronary artery severity score (the strongest predictor among the
angiographic coronary artery disease severity measures) was then added to the models. The
proportional hazards assumption of invariant hazard ratios during follow-up was tested and
found to be met. All analyses were conducted using SAS software, version 9 (Cary, NC), and
all tests for statistical significance were 2-tailed. The authors are solely responsible for study
design and conduct, all study analyses, and the drafting and editing of the paper and its
final contents.

Results
Baseline characteristics
The average age was 57±11 years, 16% of women were African American, 55% had a history
of hypertension, 20% were diabetic, and 50% had a history of smoking. The mean TG/HDLC ratio with TG and HDL-C expressed in mg/dL (corresponding values expressed in mmol/L
in parentheses) was 2.9±2.2 (1.3±0.96), median 2.2 (0.96), range 0.3–18.4 (0.13–8.0) (Figure
1).

NIH-PA Author Manuscript

Table I summarizes baseline characteristics by TG/HDL-C quartile. Age was similar across
quartiles. Women with higher TG/HDL-C ratios were less likely to be African American.
Smoking rates varied by group, but there was no consistent trend with increasing TG/HDL-C
ratio. As expected, women with higher TG/HDL-C ratios were more likely to have other
components of the metabolic syndrome, fulfill criteria for the metabolic syndrome [24], and
have diabetes. Use of medications known to affect cardiovascular outcomes (aspirin, lipidlowering drugs, beta blockers, angiotensin converting enzyme-inhibitors or angiotensin
receptor blockers, and hormone replacement therapy), did not differ across TG/HDL-C strata.
Women with higher TG/HDL-C ratios were more likely to have obstructive angiographic
coronary artery disease and to have more severe coronary artery disease.
In univariate linear regression modeling, log TG/HDL-C was significantly associated with the
log angiographic severity score (p = 0.004). This relationship remained significant after
adjustment for age, body mass index, and history of diabetes (beta for log TG/HDL-C in the
final model: 0.11, p = 0.02); race, history of smoking, and waist circumference were not
associated with the angiographic severity score.
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Mean follow-up time for surviving women was 5.3+/−2.5 years (median 6.0 years, interquartile
range 3.7–7.0 years). There were 33 deaths and 83 cardiovascular events. Both outcomes were
significantly more common in women with higher TG/HDL-C ratios (p for trend 0.01 for
cardiovascular events, 0.02 for death) (Table I).
Cardiovascular events—Kaplan Meier curves for freedom from cardiovascular events are
shown in Figure 2 for quartiles of the TG/HDL-C ratio. At 6 years, almost 1 in 4 women in the
highest quartile suffered an event during follow-up, approximately twice the rate of
cardiovascular events of women with lower TG/HDL-C ratios. Results of the sequential
modeling of cardiovascular events are shown in Table II. The log TG/HDL-C was a powerful
predictor of cardiovascular events independent of age, race, smoking, and systolic blood
pressure. Addition of diabetes attenuated the association between log TG/HDL-C and
cardiovascular events, but did not abolish it. Log TG/HDL-C was no longer predictive of
cardiovascular events, when angiographic coronary artery disease severity was added to the
model.
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Mortality—Results of the sequential modeling of all cause mortality are shown in Table III.
Log TG/HDL-C was a strong and independent predictor of all cause mortality after adjustment
for age, race, smoking, systolic blood pressure and diabetes and remained predictive even when
the coronary artery disease severity score was added to the model.
Other Lipid Predictors—In exploratory analyses, non-HDL-C, the total cholesterol/HDLC ratio, and total cholesterol did not predict cardiovascular events or mortality in this cohort.
When added to our final models together with TG/HDL-C, these lipids did not affect the
relationship between TG/HDL-C and cardiovascular events or mortality. HDL-C correlated
significantly with angiographic coronary artery disease severity, but did not predict
cardiovascular events or mortality when modeled as a continuous variable. Low HDL-C,
defined as HDL-C below 50 mg/dL (1.3 mmol/L), was predictive of cardiovascular events, but
not mortality. Log TG did not relate to angiographic disease severity, but predicted both
cardiovascular events and death during follow-up.

Discussion
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To our knowledge, this is the first study among high risk women to show that the TG/HDL-C
ratio is a powerful predictor of total mortality independent of important prognostic variables
including age, race, smoking, hypertension, diabetes, and severity of coronary artery disease.
We also found a strong relationship between the TG/HDL-C ratio and severity of coronary
artery disease as well as subsequent cardiovascular events among these women with suspected
myocardial ischemia.
Correlates of high TG and low HDL-C were similar in WISE as reported by others.[7–9,11–
13,16] High TG and low HDL-C characterize the dyslipidemia of metabolic syndrome.[5]. In
WISE, 85% of women in the highest quartile of the TG/HDL-C ratio met Adult Treatment
Panel III criteria for metabolic syndrome [24], the majority of women were obese and
hypertensive, and 30% carried a diagnosis of diabetes. As expected, women with high TG and
low HDL-C were less likely to be African American, an ethnic group in whom TG/HDL-C is
a less reliable indicator of insulin resistance.[25] In the general population, women tend to have
lower TG and higher HDL-C levels than their male counterparts and, since 1976, both TG
levels and HDL-C levels have increased modestly among women.[26] TG/HDL-C quartiles in
WISE women, in contrast, were similar to those reported among the predominantly male (78%)
participants from the Lipid Research Clinics Prevalence study, indicative of a highly abnormal
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lipoprotein pattern despite pharmacologic lipid-lowering therapy in 21% of WISE women.
[16]
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Previous reports have shown that high TG/HDL-C ratios correlate independently with presence
of angiographic coronary artery disease (defined as stenosis >50%) among men and women
even after adjustment for traditional risk factors, including diabetes.[14,15] In the current
analysis, we were able to reproduce this finding in an all-female cohort and extend the
observation to demonstrate that the TG/HDL-C ratio was also associated with coronary artery
disease severity as expressed by a modified Gensini score.[17]
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The relationship between TG/HDL-C and clinical outcomes has been assessed in a large metaanalysis of Asian-Pacific cohorts [18] and in several smaller population studies from Europe
and the US.[13,15,16,17] The strongest association was reported in the case control study by
Gaziano and colleagues with a 16-fold increase in risk of myocardial infarction in the highest
compared to the lowest quartile of the TG/HDL-C distribution.[13] Subsequent cohort studies
showed more modest effect sizes (adjusted hazard ratios between 1.25 and 4), but demonstrated
that the TG/HDL-C ratio was independently predictive of incident CHD, CHD and
cardiovascular death, and total mortality.[15–18] However none of these studies took into
account severity of angiographic coronary artery disease, most of the cohorts were established
many years ago preceding contemporary pharmacologic and revascularization measures, and
gender-specific hazard ratios were not reported.
WISE represents a contemporary cohort of women under evaluation for suspected myocardial
ischemia and whose coronary anatomy is known. As in prior studies, we found that the TG/
HDL-C ratio was independently predictive of cardiovascular events and all cause mortality,
with an approximately 2-fold increase in 6 year event rates in the highest compared to the
lowest quartile of the TG/HDL-C distribution. TG/HDL-C remained predictive of
cardiovascular events even after adjustment for demographic variables and traditional coronary
risk factors including diabetes. As the Kaplan Meier curves show (Figure 2), this increased
risk seems to be confined to the highest quartile of the TG/HDL-C distribution, women with
a TG/HDL-C ratio of 3.66 or higher (1.67 or higher, when TG and HDL-C are expressed in
mmol/L). Further adjustment for coronary artery disease severity attenuated the hazard ratio
for TG/HDL-C, suggesting that some of the risk associated with high TG/HDL-C might be
explained by its covariation with disease severity. This attenuation may also indicate coronary
artery disease to be the more proximal of the two variables to adverse events suggesting a
possible causal pathway. Such a pathway would assume the TG/HDL-C ratio to be relatively
consistent over time. While lipid levels do track over time, we cannot automatically assume
that the women had similar levels throughout their lifetime.
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In contrast, the TG/HDL-C ratio remained independently predictive of all cause mortality in
this cohort, even after adjustment for traditional risk factors and the coronary artery disease
severity score. In the absence of cause of death information and given our study design, we
cannot asses the pathophysiologic mechanism(s) that underlie this strong relationship between
the TG/HDL-C ratio and subsequent all cause mortality, but our data suggest that women with
high TG/HDL-C ratios should be considered at high risk of death and should be closely
followed clinically, even in the absence of obstructive coronary artery disease.
Limitations
Our study has several limitations. LDL-C was calculated by the Friedewald formula and was
thus not available in hypertriglyceridemic women. Comparative analyses of the prognostic
value of LDL-C and the TG/HDL-C ratio were therefore not feasible, nor could we
simultaneously model the impact of LDL-C and TG/HDL-C on severity of coronary artery
disease, cardiovascular events, or total mortality. Apolipoproteins were not measured in the
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WISE study. We were thus unable to compare the prognostic utility of the TG/HDL-C ratio
with that of the apoprotein B/A ratio. Our ability to model mortality was limited by the small
number of deaths –lack of statistical significance for some covariates may thus reflect low
power rather than lack of prognostic value. Women enrolled in the WISE study represent a
highly selected population of women who presented for clinically indicated angiography. It is
unknown whether our findings extend to women without a history of cardiovascular events in
the general population.

Conclusion
Among high risk women under evaluation for myocardial ischemia, the TG/HDL-C ratio is a
powerful independent predictor of cardiovascular events and all cause mortality. Clinical trials
targeting the abnormal TG/HDL-C ratio in such women appear to be warranted.
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Figure 1.

Distribution of the TG/HDL-C ratio in the study population
The distribution is highly skewed. All modeling was thus performed utilizing the log TG/HDLC ratio.
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Figure 2.

Kaplan-Meier curves for freedom from cardiovascular events by TG/HDL-C quartile Quartile
1 (Q1) through Q4 correspond to the quartiles of TG/HDL-C as shown in Table I (Q1: 0.35<1.4, Q2: 1.4-<2.2, Q3: 2.2-<3.66, Q4: 3.66–18.4). Excess risk of cardiovascular events is
limited to individuals in Q4 of the TG/HDL-C distribution.
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Abstract
Background
Women with non‐obstructive coronary artery disease have increased cardiovascular
morbidity. The role of risk factors in this population has yet to be established. We aimed to
study the predictive effect of triglycerides and the triglyceride/high‐density lipoprotein ratio on
major adverse cardiovascular events (MACE) in patients with non‐obstructive coronary artery
disease, and to explore the role of lipid lowering therapy in modifying this risk.

Methods and Results
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This is a prospective cohort study enrolling patients with anginal symptoms referred to the
cardiac catheterization laboratory for suspected ischemia, who were subsequently diagnosed
with non‐obstructive coronary artery disease, defined as no stenosis >20% on angiography.
All patients had baseline laboratory testing and were followed for 7.8±4.3 years for the
development of major adverse cardiovascular events. We performed Cox proportional hazard
testing to determine the effect of triglycerides on risk of major adverse cardiovascular events
among men and women by baseline statin use. A total of 462 patients were included. Median
age was 53 (Q1, Q3: 45, 62) years. In a Cox proportional hazard model stratified by statin use
adjusting for confounders, among those not on baseline statins, triglycerides were
independently predictive of major adverse cardiovascular events in women (per 50 mg/dL risk
ratio: hazard ratio 1.25 [95% CI: 1.06, 1.47]; P=0.01). This was not true among men. The
interaction between triglycerides and sex, and triglycerides and statin was statistically
significant.

Conclusions
Triglyceride levels may play a key role in predicting cardiovascular‐specific risk in women, and
statin use may be protective. Further investigation is necessary to better delineate the role of
statin use in preventing cardiovascular risk.

Clinical Perspective
What Is New?

We present novel data suggesting a significant association between triglyceride levels,
the triglyceride/high‐density lipoprotein ratio and major adverse cardiovascular events in
women.
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Additionally, we find that women with non‐obstructive coronary artery disease and
elevated triglycerides who were on statins may be protected against future
cardiovascular events.
What Are the Clinical Implications?

Further investigation is necessary in the form of larger randomized trials to assess the
role of triglycerides in predicting cardiovascular risk in this population.
Statin use may be protective against future cardiovascular events and larger trials will
help understand the role of statin therapy in women diagnosed with non‐obstructive
coronary artery disease and elevated triglycerides.

Introduction
Coronary artery disease has been recognized as the number 1 cause of death in men and
women, and hyperlipidemia as a modifiable risk factor.1 Metabolic changes associated with
menopause and aging can contribute to dyslipidemia in women.2 Postmenopausal women
may have higher triglyceride levels when compared with premenopausal women, and this
may be associated with increased postmenopausal cardiovascular risk.3, 4 This is supported
by data that have shown a greater increase in triglyceride levels with age in women versus
men.5, 6 While the risk of hypertriglyceridemia has been well‐studied in secondary prevention,
its role in patients with non‐obstructive coronary artery disease (NOCAD) and the effect of
lipid lowering therapy has yet to be defined in this population.7, 8, 9
The lipid profile is a well‐recognized traditional risk factor that is associated with increased
cardiovascular risk.10 The role of individual lipid subparticles, including high‐density lipoprotein
(HDL), low‐density lipoprotein, and triglyceride levels is less well understood in patients with
NOCAD.11, 12, 13 There are no set guidelines describing the need for lipid lowering therapy in
this subset of patients either, and so further investigation is required to better understand the
role of lipid levels and statin use in patients with NOCAD.
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NOCAD is an increasingly recognized cause of ischemic symptoms, especially among
women, and has been associated with a high prevalence of coronary endothelial dysfunction.
This in turn is associated with significant cardiovascular morbidity and mortality.11, 12, 13, 14,
15, 16, 17 We aimed to define the role of triglycerides in predicting major adverse
cardiovascular events (MACE) in patients with non‐obstructive coronary artery disease
(NOCAD) and further stratify by sex and baseline statin use.

Methods
The current study was approved by the Mayo Clinic Institutional Review Board. All patients
provided informed written consent. The authors were responsible for design and conduct of
the study, study analyses, and drafting of the manuscript.

Design and Participants
We screened and enrolled consecutive patients presenting to the Mayo Clinic Cardiac
Catheterization laboratory from January 1992 to August 2012 with signs and symptoms
suggestive of ischemic cardiovascular disease including chest pain who were subsequently
found to have non‐obstructive coronary disease (NOCAD) on invasive angiography. NOCAD
was defined as no stenosis >20%. The data, analytic methods, and study materials are in this
article and have been made available to other researchers for the purposes of reproducing the
results or replicating the procedure.

Blood Measurements
Patients underwent baseline laboratory testing on enrollment. They were given detailed
instructions to avoid alcohol, restrict exercise, and to not drink or eat anything except plain
water for 12 hours before blood testing. Fasting venous blood samples were drawn with a
vacutainer according to standard laboratory protocol. Samples were centrifuged, aliquoted,
and transferred to the core laboratory for analysis. Analysis was performed within 12 hours of
sample collection. Total cholesterol levels and triglycerides were measured using the
enzymatic colorimetric assay, and serum high‐density lipoprotein‐cholesterol was measured
using the homogeneous enzymatic colorimetric test. Low‐density lipoprotein was calculated
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according to standard procedure from these values. In addition, complete blood count with
differential, electrolyte panel, and inflammatory markers were also collected.
Additionally, on enrollment, all patients completed a standardized validated questionnaire to
assess baseline characteristics.18, 19, 20 Patients with a history of percutaneous coronary
intervention, coronary artery bypass graft surgery, unstable angina pectoris, valvular heart
disease, peripheral vascular disease, or known congestive heart failure were excluded from
the study.

Subsequent Evaluation
All patients received a standardized questionnaire for assessment of their overall health
several years after their initial coronary angiogram and evaluation. The standardized
questionnaire was used to assess occurrence of major adverse cardiovascular events
including stroke, rehospitalization, myocardial infarction, or death after a mean follow‐up of
7.8±4.3 years. Responses were verified by medical record review conducted by an
investigator masked to the results of the standardized questionnaire.18, 19

Statistical Analysis
All data are displayed as median with the first and third quartiles listed in parenthesis.
Demographic and baseline clinical data were compared using Student t test, ANOVA, and
Wilcoxon tests for continuous data and Pearson Chi‐square test for categorical data. We used
Cox proportional hazards models to assess the risk of MACE associated with dependent
variables after adjusting for potential confounders. Non‐informative censoring was likely, and
censoring was defined as time to receipt of survey form. Censoring for individual subjects was
not related to the probability of an event occurring. Follow‐up was independent of clinical
course and done through an independent questionnaire at a random time point. Additionally,
hazard functions were proportional over time and the assumption of proportional hazards was
met.

Results
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Baseline Characteristics
A total of 519 patients were included in this study. Of these 54 patients were excluded
because of lack of complete laboratory data. A total of 465 patients were included in the study.
Median age of the population was 53 years. Hypertension was present in 41%, diabetes
mellitus in 8%, and hyperlipidemia in 57%. Thirty‐seven percent of patients were on statins,
and 47% took daily aspirin. There was a total of 316 men and 149 women included in the
study. There was a total of 67 major adverse cardiovascular events (MACE), and Table 1
describes baseline characteristics by the occurrence of MACE. Table 2 describes baseline
characteristics by sex.

Table 1.Baseline Characteristics by Occurrence of MACE
Variable

MACE (n=67)

No MACE (n=452)

P Value

Age, y

54 (45, 62)

51 (42, 58)

0.04

Sex (female), n (%)

38 (56.7)

314 (68.1)

0.07

Hypertension, n (%)

29 (43.3)

181 (40.2)

0.64

Creatinine (mg/dL), median (Q1, Q3)

1 (0.8, 1.2)

1 (0.9, 1.1)

0.73

Type 2 diabetes mellitus, n (%)

6 (9.0)

37 (8.2)

0.83

Body mass index, kg/m2

28.8 (24.6, 32.9)

27.8 (24.0, 31.9)

0.46

Statin use, n (%)

28 (41.8)

166 (36.7)

0.43
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Variable

MACE (n=67)

No MACE (n=452)

P Value

Estrogen use, n (%)

15 (22.4)

95 (21.0)

0.80

Total cholesterol, mg/dL

190 (153, 247)

189 (166, 220)

0.32

LDL, mg/dL

119 (77, 146)

107 (85, 134)

0.15

HDL, mg/dL

50 (38, 61)

52 (43, 63)

0.23

Triglycerides/HDL ratio, mg/dL

2.5 (1.7, 3.6)

2.2 (1.4, 4.1)

0.52

Triglycerides, mg/dL

122 (90, 175)

117 (81, 177)

0.62

HDL indicates high‐density lipoprotein; LDL, low‐density lipoprotein; MACE, major adverse
cardiovascular events.

Table 2.Baseline Characteristics by Sex
Variable

Women (n=352)

Men (n=167)

P Value

Age, y

51 (43, 60)

54 (46, 62)

0.01

Hypertension, n (%)

137 (38.9)

73 (43.7)

0.29

Creatinine, mg/dL

0.9 (0.8, 1)

1.1 (1.0, 1.2)

0.07
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Variable

Women (n=352)

Men (n=167)

P Value

Type 2 diabetes mellitus, n (%)

22 (6.25)

21 (12.5)

0.01

Body mass index, kg/m2

27.4 (23.6, 32.1)

28.4 (25.0, 31.4)

0.71

Statin use, n (%)

128 (36.4)

66 (39.5)

0.49

Total cholesterol, mg/dL

192 (168, 226)

181 (155, 209)

0.003

LDL, mg/dL

109 (88, 134)

103 (81, 139)

0.55

HDL, mg/dL

57 (48, 67)

43 (35, 50)

0.0001

Triglycerides/HDL ratio, mg/dL

1.9 (1.3, 3.3)

3.4 (2.0, 5.1)

0.0001

Triglycerides, mg/dL

113 (78, 231)

143 (92, 195)

0.004

HDL indicates high‐density lipoprotein; LDL, low‐density lipoprotein.

Major Adverse Cardiovascular Events
Patients were followed for the development of major adverse cardiovascular events (MACE),
which was defined as any patient who developed a myocardial infarction, stroke, or
cardiovascular death during the follow‐up period.

Triglycerides and Triglyceride/HDL Ratio
All patients
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In all patients, including men and women, there was no significant difference in baseline
triglyceride level between those who developed MACE and those who did not develop MACE
(122 [Q1, Q3: 90, 175] mg/dL versus 117 [Q1, Q3: 81, 177] mg/dL; P=0.62). There was also
no significant difference in triglyceride/HDL ratio in those who developed MACE when
compared with those who did not (2.5 [Q1, Q3: 1.7, 3.6] versus 2.2 [Q1, Q3: 1.4, 4.1];
P=0.52). Triglyceride level and triglyceride/HDL ratio was not associated with MACE in a Cox
proportional hazard model adjusting for confounders.
Men

There were a total of 29 MACE among men (Table 3). There was no significant difference in
baseline triglyceride levels between men who developed MACE versus those that did not (118
[Q1, Q3: 81.3, 147.3] mg/dL versus 151 [Q1, Q3: 94, 205] mg/dL); P=0.10). There was also
no significant difference in baseline triglyceride/HDL ratio between men who developed MACE
versus those that did not (2.92 [Q1, Q3: 1.7, 4.1] versus 3.5 [Q1, Q3: 2.1, 5.5]; P=0.21).

Table 3.Occurrence of MACE by Sex
Men (n=167)

Women (n=352)

Number of MACE

29 (17.3%)

38 (10.7%)

Hazard ratio

1.42 (95% CI: 1.04, 1.93)

0.81 (95% CI: 0.66, 1.02)

MACE indicates major adverse cardiovascular events.
In a Cox proportional hazard model stratified by statin use, among those not on baseline
statins, after adjusting for age, lipid lowering drug use, hypertension, bone mass index, and
sex, triglycerides were not independently predictive of MACE in men (per 50 mg/dL risk ratio:
hazard ratio 0.76 [95% CI: 0.50, 1.14]; P=0.18). Among those on statins, after adjusting for the
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same confounders, triglycerides were also not independently predictive of MACE in men (per
50 mg/dL risk ratio: hazard ratio 0.71 [95% CI: 0.42, 1.02]; P=0.07].
Women

Among women, there were a total of 38 MACE over the follow‐up period of 7.8±4.3 years
(Table 3). Baseline triglyceride levels were significantly higher in patients who developed
MACE when compared with those that did not (123 [Q1, Q3: 100, 191] mg/dL versus 109 [Q1,
Q3: 73 164.5] mg/dL; P=0.02) (Figure 1). Triglyceride/HDL ratio was also significantly higher
in those who developed MACE when compared with those that did not (2.3 [Q1, Q3: 1.7, 3.6]
versus 1.9 [Q1, Q3: 1.2, 3.1]; P=0.02) (Figure 2).
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Figure 1. Triglycerides and major adverse cardiovascular events. This figure depicts log
triglycerides in women who develop MACE and women who do not. MACE indicates
major adverse cardiovascular events.

Download figure | Download PowerPoint
Figure 2. Triglyceride/high‐density lipoprotein ratio and major adverse cardiovascular
events in women. This figure depicts log triglycerides/high‐density lipoprotein ratio in
women who develop MACE and women who do not. MACE indicates major adverse
cardiovascular events.
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In a Cox proportional hazard model stratified by statin use, among those not on baseline
statins, after adjusting for age, lipid lowering drug use, hypertension, body mass index, and
sex, triglyceride levels were independently predictive of MACE in women (per 50 mg/dL risk
ratio: hazard ratio 1.25 [95% CI: 1.06, 1.47]; P=0.01). Among those taking statins after
adjusting for the same confounders, triglycerides was not predictive of MACE (per 50 mg dL
risk ratio 0.85 [95% CI: 0.53, 1.22]; P=0.47). In a separate Cox model, the interaction between
sex and triglycerides and statin use and triglycerides were both significant (P=0.004 and
P=0.0048, respectively).

Discussion
The current study has 3 main findings. First, triglycerides may be independently associated
with MACE in women with NOCAD not on lipid lowering therapy. Second, this association is
not seen among men. Lastly, baseline use of lipid lowering therapy and sex both modify the
effect of triglycerides on MACE. These findings suggest that hypertriglyceridemia may be
associated with increased MACE in women presenting with suspected ischemia and normal
coronary arteries and that statins may have a protective effect.
Several studies have reported increased risk of coronary artery disease with increased fasting
and/or non‐fasting triglyceride levels in postmenopausal women.5, 21 There is a growing body
of evidence suggesting the role of triglycerides in predicting cardiovascular risk, especially
among women.22, 23, 24,24, 25, 26, 27 Menopausal status and aging may play a key role in
linking increased triglyceride levels to increased cardiovascular risk in this population.2, 3, 4
The majority of women enrolled in this study are postmenopausal, and thus their risk may
differ from premenopausal women and men further explaining the effect we report. As women
age and estrogen levels decrease, this may contribute to increased triglyceride levels and
increased cardiovascular risk. A study by Lindquist and colleagues suggested that there may
be an age‐specificity in association between lipids and cardiovascular risk in women, with
triglyceride levels playing a greater role in older postmenopausal women.28 Bittner and
colleagues also reported that the triglyceride/HDL ratio may predict all‐cause mortality in
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women.22 Our findings extend these previous studies. We report this association in women,
but not among men. Moreover, we have found that statin use and sex both modify the effect of
triglycerides on MACE, suggesting a sex‐specific association between triglycerides and
MACE. Our data also support a potential protective role for statin therapy in these patients.
Initially, patients with severe hypertriglyceridemia were thought to develop atherosclerosis.
Recent data suggest that patients with severe hypertriglyceridemia have triglyceride
lipoproteins too large to enter the arterial intima, thus not leading to atherosclerosis, while
patients with moderate triglyceride elevations, have an increased risk of atherosclerosis
because lipoproteins are small enough to enter into the arterial wall.29, 30 In the current study,
the median triglyceride levels in both groups are not severely elevated, yet these patients
appear to have an elevated risk of MACE when compared with women with normal
triglyceride levels. This suggests that even a small elevation in triglycerides may be
associated with increased risk of MACE, and perhaps that these women should be managed
more aggressively with both risk stratification and preventive medicine. These studies provide
a plausible mechanism by which even moderately elevated triglyceride levels may play a key
role in increasing cardiovascular risk. We do not see this relationship in men, and we find that
sex modifies the effect of trigylcerides on MACE further supporting that triglyceride elevation
may have a sex‐specific effect.
The triglyceride to HDL ratio has also been cited as a marker of poor cardiovascular outcomes
in patients.31 This ratio has also been associated with worse cardiovascular outcomes in
patients with chronic kidney, ischemic stroke and cardiovascular disease.27, 32, 33, 34, 35
Gaziano and colleagues found that the triglyceride to HDL ratio predicted a 16‐fold increase in
myocardial infarction in patients with no prior history of coronary artery disease.36 In a report
from the WISE (Women's Ischemia Syndrome Evaluation) study, the triglyceride/HDL ratio
was found to be a powerful independent predictor of all‐cause mortality and cardiovascular
events in a similar population of women with suspected ischemia, but no obstructive plaque
on angiography.22 This study did not report the effect of statin use nor did it explore an
association of the triglyceride/HDL ratio and MACE in men. Our study extends the findings of
Bittner and colleagues, and highlights the role of both triglycerides and triglyceride/HDL ratio
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in predicting MACE while also reporting the sex‐specific difference in effect, and the protective
role of baseline statin therapy in modifying risk.
We also found that statins may exert a protective effect in these women with NOCAD. This is
supported by previous data by Chow and colleagues suggesting plaque attenuation
secondary to statin use even in those with NOCAD and minimal plaque. Authors used
coronary computed tomographic angiography to visualize non‐obstructive plaque and found
that patients with NOCAD had an incremental increase in mortality per additional segment of
non‐obstructive plaque, and baseline statin use was associated with reduced mortality.37 Our
findings are consistent with this study underscoring the potential importance of statin therapy
in patients without critical CAD (coronary artery disease) on coronary angiography.
To our knowledge, the current study is the first to assess the association of triglycerides, the
triglyceride/HDL ratio, and the role of sex and statin use in predicting outcomes in men and
women with suspected ischemia. Our findings suggest that women who develop MACE have
significantly higher triglycerides and triglyceride:HDL ratio when compared with those that do
not develop MACE. This relationship is not noted in the men in our population. Our findings
also highlight the potential importance of statin use in managing patients with NOCAD, even
in those with borderline elevation in triglyceride levels.38, 39, 40 Thus, triglycerides may be an
important predictor of events in this population of women with suspected ischemia. Few
studies have explored risk factor reduction in patients with NOCAD. Our cohort is unique in
that it represents a group of men and women with suspected ischemia in whom coronary
angiography has not shown obstructive disease.
This study has several strengths. First, this is a prospective cohort of patients with substantial
follow up of >6 to 7 years. Moreover, the event rate in the analysis is about 10%, allowing for
appropriate analysis. The robust data collected by study coordinators over a long follow‐up
time allowed for detailed analysis of risk factors in this population of patients. Moreover, the
inclusion of men in our study is an important strength as it allows a deeper understanding of
sex‐specific risk factors in patients with premature atherosclerosis and non‐obstructive
coronary artery disease.
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There are also some key limitations that must be considered when interpreting the results.
These findings are based upon cross‐sectional data on initial presentation. Data on outcomes
were obtained via a combination of questionnaires and chart review, potentially limiting
validity. While baseline use of statins is known, the previous duration of therapy, compliance,
and lifestyle habits is unknown. Additionally, another important limitation to consider is that
subsequent initiation or cessation of statin use may also impact outcomes and this information
was not collected on the follow‐up questionnaire. However, we have adjusted for traditional
cardiovascular risk factors in the analysis to account for this. These limitations highlight the
need for treatment intervention studies in this population of patients to further understand the
role of triglycerides and statin use in predicting outcomes in postmenopausal women with
NOCAD.
The current study highlights the importance of further investigation to better understand the
role of traditional and non‐traditional risk factors, and traditional medical therapies in
management of NOCAD. There are no evidence‐based guidelines driving treatment of
NOCAD because of significant knowledge gaps.41 Moreover, few have studied men with
NOCAD, who also may have adverse events. An in depth understanding of risk factors in both
population is important. While numerous large randomized trials guide treatment of
obstructive CAD and have made a considerable impact in this field, there is little known about
the role of risk factor modification and medication therapy in this population of patients who
have yet to develop obstructive CAD or ischemia. Moreover, sex‐specific differences and the
need for different treatments in patients with NOCAD have not been measured with long‐term
data from large cohorts and call for additional research to understand both mechanistically the
role of triglycerides in increasing risk of CAD among women, but also the protective effect of
statins.41

Conclusions
The management of patients with NOCAD continues to be challenging, despite its significant
associated cardiovascular morbidity and mortality. Our findings suggest that using the
triglyceride levels and the triglyceride/HDL ratio in women may help predict MACE in this
population, and that statin use may have a role in reducing cardiovascular events in this
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population. We do not note such an association among men and report a sex‐specific effect of
triglycerides on the occurrence of adverse cardiovascular events. Further investigation in the
form of both mechanistic studies and large randomized controlled trials are required to further
define this relationship and delineate clear therapies for women with non‐obstructive coronary
artery disease.

Disclosures
None.
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*Correspondence to: Amir Lerman, MD, 200 1st St SW, Rochester, MN 507‐284‐2511. E‐
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