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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.

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/HDL-
C 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.

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
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 follow-
up 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
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
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.

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/HDL-
C 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).

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, lipid-
lowering 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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Clinical Outcomes
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.

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/HDL-
C 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
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]

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]

The relationship between TG/HDL-C and clinical outcomes has been assessed in a large meta-
analysis 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.

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/HDL-
C 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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