Heart
Association.

ORIGINAL RESEARCH ) d .
" American

Triglyceride and Triglyceride/HDL (High Density Lipoprotein) Ratio
Predict Major Adverse Cardiovascular Outcomes in Women With

Non-Obstructive Coronary Artery Disease

Megha Prasad, MD; Jaskanwal Deep Sara, MBChB; Robert J. Widmer, MD, PhD; Ryan Lennon, MS; Lilach O. Lerman, MD, PhD; Amir
Lerman, MD

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—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% Cl: 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. (J Am
Heart Assoc. 2019;8:¢009442. DOI: 10.1161/JAHA.118.009442.)
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The lipid profile is a well-recognized traditional risk
factor that is associated with increased cardiovascular
risk.”® The role of individual lipid subparticles, including

C oronary artery disease has been recognized as the
number 1 cause of death in men and women, and
hyperlipidemia as a modifiable risk factor.' Metabolic changes

associated with menopause and aging can contribute to
dyslipidemia in women.? Postmenopausal women may have
higher triglyceride levels when compared with premenopausal
women, and this may be associated with increased post-
menopausal cardiovascular risk.** This is supported by data
that have shown a greater increase in triglyceride levels with
age in women versus men.>® While the risk of hypertriglyc-
eridemia 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.”

high-density lipoprotein (HDL), low-density lipoprotein, and
triglyceride levels is less well understood in patients with
NOCAD.""™"® 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.

NOCAD is an increasingly recognized cause of ischemic
symptoms, especially among women, and has been associ-
ated with a high prevalence of coronary endothelial dysfunc-
tion. This in turn is associated with significant cardiovascular
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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.

Additionally, we find that women with non-obstructive
coronary artery disease and elevated triglycerides who
were on statins may be protected against future cardiovas-
cular 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.

morbidity and mortality.""™"” 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 Institu-
tional 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 enzy-
matic colorimetric test. Low-density lipoprotein was
calculated 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.'® 2 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 assess-
ment of their overall health several years after their initial
coronary angiogram and evaluation. The standardized ques-
tionnaire 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.'®'?

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 ¢ 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 con-
founders. Non-informative censoring was likely, and censor-
ing 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.
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Results

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. Hyper-
tension 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.

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

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 differ-
ence 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).

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% ClI:
0.50, 1.14]; P=0.18). Among those on statins, after adjusting

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), 1(0.8, 1.2 1(0.9, 1.1) 0.73
median (Q1, Q3)

Type 2 diabetes 6 (9.0 37 (8.2 0.83
mellitus, n (%)

Body mass index, 28.8 (24.6, 32.9) | 27.8 (24.0, 31.9) | 0.46
kg/m?

Statin use, n (%) 28 (41.8) 166 (36.7) 0.43

Estrogen use, n (%) | 15 (22.4) 95 (21.0) 0.80

Total cholesterol, 190 (153, 247) 189 (166, 220) 0.32
mg/dL

LDL, mg/dL 119 (77, 146) 107 (85, 134) 0.15

HDL, mg/dL 50 (38, 61) 52 (43, 63) 0.23

Triglycerides/HDL 2.5 (1.7, 3.6) 2.2 (1.4,4.1) 0.52
ratio, mg/dL

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.

for the 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].

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

Type 2 diabetes 22 (6.25) 21 (12.5) 0.01
mellitus, n (%)

Body mass 27.4 (23.6, 32.1) | 28.4 (25.0, 31.4) | 0.71
index, kg/m?

Statin use, n (%) 128 (36.4) 66 (39.5) 0.49

Total cholesterol, 192 (168, 226) 181 (155, 209) 0.003
mg/dL

LDL, mg/dL 109 (88, 134) 103 (81, 139) 0.55

HDL, mg/dL 57 (48, 67) 43 (35, 50) 0.0001

Triglycerides/HDL 1.9 (1.3, 3.3) 3.4 (2.0, 5.1) 0.0001
ratio, mg/dL

Triglycerides, 113 (78, 231) 143 (92, 195) 0.004
mg/dL

HDL indicates high-density lipoprotein; LDL, low-density lipoprotein.
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Table 3. Occurrence of MACE by Sex

Men (n=167)

Number 29 (17.3%)
of MACE

Hazard ratio | 1.42 (95% Cl: 1.04, 1.93) | 0.81 (95% Cl: 0.66, 1.02)

Women (n=352)
38 (10.7%)

MACE indicates major adverse cardiovascular events.

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 signifi-
cantly 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).

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%
Cl: 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).

6.5 -

6.0+ —_—

554

log trigylcerides

35+

304 .

MACE No MACE

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.

3.5

30+
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20
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log tg/hdl
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0.5+
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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.

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.>?" There is a
growing body of evidence suggesting the role of triglycerides
in predicting cardiovascular risk, especially among women.?%
2424-27 Menopausal status and aging may play a key role in
linking increased triglyceride levels to increased cardiovascu-
lar risk in this population.>* 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.?® Bittner and colleagues also
reported that the triglyceride /HDL ratio may predict all-cause
mortality in women.?? Our findings extend these previous
studies. We report this association in women, but not among
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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 atheroscle-
rosis because lipoproteins are small enough to enter into the
arterial wall.?*° 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.®' This
ratio has also been associated with worse cardiovascular
outcomes in patients with chronic kidney, ischemic stroke
and cardiovascular disease.?’**°> 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.®® In a report from the WISE
(Women’s Ischemia Syndrome Evaluation) study, the triglyc-
eride/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 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 tomo-
graphic 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 mortal-
ity.3” 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.®®*° Thus, triglycerides may be an impor-
tant 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.

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 question-
naires and chart review, potentially limiting validity. While
baseline use of statins is known, the previous duration of
therapy, compliance, and lifestyle habits is unknown. Addi-
tionally, 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
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in management of NOCAD. There are no evidence-based
guidelines driving treatment of NOCAD because of significant
knowledge gaps.*' 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 mechanisti-
cally the role of triglycerides in increasing risk of CAD among
women, but also the protective effect of statins.*'

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
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 inves-
tigation 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.
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