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Table 1 Baseline characteristics

Triglyceride quintile, mmol/l

Q1 (<1.11) Q2 (1.12-1.46) Q3 (1.47-1.83) Q4 (1.84-2.45) Q5 (=>2.46)
N=369 N=359 N=369 N=370 N=369 p Value*

Age, years 609 61+9 59+8 58+9 58+8 - <0.001
Men, n (%) 297 (81) 296 (82) 309 (84) 324 (88) 336 (91) <0.001
BMI, kg/m? 23+3 23+3 2443 24+3 24x2 <0.001
Diabetes mellitus, n (%) 149 (40) 136 (38) 132 (36) 137 (37) 149 (40) 0.913
Hypertension n (%) 243 (66) 238 (66) 245 (66) 257 (70) 255 (69) 0.211
Total cholesterol, mmol/l 5.12+1.22 5.53+1.11 5.82x1.19 5.92+1.34 6.23+1.22 <0.001
HDL cholesterol, mmol/l 1.24+0.36 1.16+0.34 1.11x0.31 1.03+0.28 0.98+0.28 <0.001
Non-HDL cholesterol, mmol/l 3.88+1.16 4.37£1.09 471113 4.89+1.27 5.25x1.20 <0.001
Current smoker, n (%) 260 (71) 243 (68) 272 (74) 280 (76) 304 (82) <0.001
Family history of CAD, n (%) 126 (34) 119 (33) 102 (28) 103 (28) 125 (34) 0.446
Prior Mi, n (%) 147 (40) 175 (49) 170 (46) 185 .{50) 204 (55) <0.001
Prior stroke, n (%) 15 (4) 24 (7) 11 (3) 14 (4) 18 (5) 0.720
Atrial fibrillation, n (%) 49 (13) 47 (13) 43 (12) 38 (10) 54 (15) 0.985
On dialysis (%) 6 (1.6) 1{0.2) 6 (1.6) 7(1.9) 7(1.9) 0.283
No of diseased vessels 2.17+0.84 2.27x0.83 2.24+0.85 2.32+0.78 2.28+0.82 0.128
LMT lesion, n (%) 34.(9) 21 (6) 41 (11) 29 (8) 24 (7) 0.437
Avrterial bypass to LAD, n (%) 117 (32) 112 (31) 126 (34) 124 (34) 129 (35) 0.791
LVEF (%) 65.3x12.7 64.0+12.9 65.3+11.9 63.9x13.5 63.4+13.4 0.136
Revascularisation-isolated PCl, n (%) 139 (38) 117 (33) 96 (26) 98 (27) 85 (23) <0.001
Medications, n (%) :

Aspirin 279 (76) 264 (74) 266 (72) 253 (68) 251 (68) 0.006
ACE inhibitors 20 (5) 16 (4) 16 (4) 24 (7) 14 (4) 0.729
B-blockers 88 (24) 84 (23) 113 31) 123 (33) 111 (30) 0.003
Statins 84 (23) 60 (17) 60 (16) 67 (18) 57 (16) 0.035
Fibrates 3(0.8) 81(2.2) 10 (2.7) 5(1.4) 7(1.9) 0.551
Niacin 37 (10) 29 (8) 28 (8) 37 (10) 23 (6) 0.214

*p Value for trend for all comparisons across triglyceride quintiles.

BMI, body mass index; CAD, coronary artery disease; HDL, high-density lipoprotein; LAD, left anterior descending; LMT, left main trunk; LVEF, left ventricular ejection fraction; Mi,

myocardial infarction; PCl, percutaneous coronary intervention.

mortality even after adjustment for cholesterol levels and other
covariates in secondary prevention of CAD. Second, the mortal-
ity risk of triglyceride was observed in patients with significant
CAD who had achieved complete revascularisation. Finally,
there were no interactions in each subgroup, although associa-
tions of fasting triglyceride level with cardiac mortality after
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Figure 1

complete revascularisation were obvious in men, patients with
low HDL cholesterol levels and patients not receiving statins.
Our findings therefore suggest that fasting triglyceride levels
indicate mortality risk in the secondary prevention of CAD
regardless of the presence or absence of other concomitant car-
diovascular risks.
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Cumulative mortality curves according to the quintiles of triglyceride levels for (A) all-cause deaths and (B) cardiac deaths. p Values for

overall log-rank tests indicate whether there is a difference in the five different mortality curves (p=0.145 for all-cause death, p=0.039 for cardiac
death). p Values for log-rank trend test indicate whether increased levels of triglycerides are associated with increased cumulative survival (p=0.240
for all-cause death, p=0.002 for cardiac death). This figure is only reproduced in colour in the online version.
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Figure 2 HR for mortality according to the quintiles of triglyceride levels: (A) all-cause deaths; (B) cardiac deaths. Model 1 adjusted for age and
gender; Model 2 adjusted for age, gender, total and HDL cholesterols; Model 3 adjusted for age, gender, non-high-density lipoprotein (HDL) and
HDL cholesterol; Model 4, adjusted for variables in model 2 plus hypertension, diabetes mellitus, prior myocardial infarction, prior stroke, atrial
fibrillation, dialysis, left ventricular ejection fraction, number of diseased vessel, left main trunk lesion, isolated percutaneous coronary intervention,
use of aspirin, use of angiotensin-converting enzyme (ACE) inhibitors, use of statins and use of niacin for all-cause death and the same variables
other than hypertension, use of aspirin and use of ACE inhibitors for cardiac death; Model 5, adjusted for non-HDL cholesterol plus same variables
in model 4 other than total cholesterol. Ln, natural logarithm-transformed. This figure is only reproduced in colour in the online version.

In the primary prevention of CAD the independent associ-
ation of triglyceride levels with the morbidity and mortality
rates of CAD has long been a controversial issue.!’™*3 In previ-
ous case-control studies, triglyceride levels have been identified
as one of the risk factors for CAD even after adjustment for
total and HDL cholesterol levels.?*'”  Although most
population-based cohort studies have shown a univariable asso-
ciation between triglyceride levels and CAD, the relationship
becomes non-significant or weak after adjustment for total
and/or HDL cholesterol levels.'®> There are at least four
meta-analyses of population-based prospective studies regarding
the relationships between triglyceride levels and morbidity and
mortality rates of cardiovascular disease.’™8 Of these, three have
similar conclusions. Hokanson and colleagues reported the
results of a meta-analysis of 46413 men and 10 864 women
from the USA and European countries.” In the univariable ana-
lysis the relative risk of triglyceride (per 1 mmol/l) for the com-
posite of fatal and non-fatal cardiovascular disease was 1.32 in
men and 1.76 in women. After adjustment for HDL cholesterol,
these relative risks were attenuated to the modest levels of 1.14
in men and 1.37 in women. A recent updated meta-analysis that

examined 262 525 subjects from the USA and European coun-
tries revealed a 1.7 times higher risk for the composite of fatal
and non-fatal CAD at the upper triglyceride tertile compared
with the lower triglyceride tertile in the adjusted analysis.”
Another meta-analysis that examined 96 224 men and women
from the Asian and Pacific populations showed that the risk for
the composite of fatal and non-fatal CAD in individuals in the
top triglyceride quintile was 1.8 times greater than those in the
bottom triglyceride quintile after adjustment for several estab-
lished risk factors.® In the most recent and robust evidence from
the Emerging Risk Factors Collaboration, 302 430 people were
examined in 68 prospective studies.® With adjustment for age
and sex, triglycerides showed a strong stepwise association with
fatal and non-fatal CAD. However, after adjustment for stand-
ard risk factors and other lipid measures such as non-HDL and
HDL cholesterol levels, the association between triglycerides
and CAD was no longer significant.’ The American Heart
Association has recently suggested that the independence of the
triglyceride level as a causal factor in developing CAD remains
debatable, but triglyceride levels appear to provide unique infor-
mation and can be used as a biomarker of risk.'®
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Figure 2 Continued.

Although individuals enrolled in some of the population-
based prospective studies included in the abovementioned
meta-analysis had a history of CAD, the percentage of such indi-
viduals was very low (<15%). Furthermore, there are no subdi-
vided analyses regarding individuals with CAD. In the case of
secondary prevention of CAD, only one report suggesting a sig-
nificant relationship between triglyceride levels and long-term
prognosis is available. von Eynatten and colleagues reported
that, in patients with CAD, fasting triglyceride levels were asso-
ciated with a high incidence of secondary cardiovascular events
(ie, composite of cardiovascular death, non-fatal MI and stroke)
during a median follow-up term of 57 months, even after adjust-
ment for other lipid and adiponectin levels, with an HR of 1.5
which is identical to the results of our study (as a continuous
variable).?” However, the main purpose of their study was not
to assess the relationship between triglyceride levels and progno-
sis but to investigate whether adiponectin is a useful prognostic
predictor in patients with CAD and to compare the values of
adiponectin for secondary risk stratification with the prognostic
role of markers of dyslipidaemia (ie, triglyceride, low-density
lipoprotein (LDL) and HDL cholesterol). Their patients were a
mixture of those who had undergone non-invasive or invasive
(PCI and CABG) treatment. Except for the severity of CAD, the
details related to CAD and type of treatment were not specific-
ally described and were not adjusted for in the multivariable
analysis (eg, whether PCI was successful or whether complete
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revascularisation was performed were not mentioned and no
adjustment was made for them). Our study shows that, in
patients with complete revascularisation, fasting triglyceride
levels were associated with increased cardiac mortality for a
long-term follow-up period (>10 years). It was important to
assess data only from patients who had achieved complete revas-
cularisation because initial CAD events may be prevented or
delayed by complete coronary revascularisation, even in patients
with severe coronary atherosclerosis. This selection minimises
the bias of treatment procedures for initial CAD events.
Therefore, we specifically assessed the effect of fasting triglycer-
ide levels on long-term mortality among the secondary preven-
tion cohort of patients with CAD in this study.

We also assessed the possible interactions of triglyceride levels
and cardiac mortality with age, gender, presence or absence of
DM, total and HDL cholesterol and use of statins. There were
no statistically significant interactions between the subgroups,
which indicated that the relationship between triglyceride levels
and high cardiac mortality was not affected by these factors. A
strong relationship was found between triglyceride levels and
cardiac mortality in men, patients with low HDL and patients
not receiving statins. Although the Framingham Heart Study
suggested that a high triglyceride level was a predictor of the
incidence of cardiovascular disease in women,?’ the triglyceride
level in our study did not show a significant relationship with
increased cardiac mortality in women with CAD. In general,
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Figure 3  Subgroup analyses of (A) all-cause deaths and (B) cardiac deaths. HDL, high-density lipoprotein. This figure is only reproduced in colour

in the online version.

women who receive coronary revascularisation are older and
their baseline risk profiles are worse than men.?! ?* These
* factors might attenuate the significance of the association of tri-
glyceride levels and cardiac mortality in women in our study
population. Nevertheless, considering that no significant associ-
ation was observed between triglyceride levels and cardiac mor-
tality in all subgroups which included small numbers of patients
(ie, women, patients with high HDL cholesterol levels and
patients receiving statins), the results of analysis within individ-
ual subgroups should be interpreted with caution.

On the other hand, the relationship between triglyceride
levels and mortality risks among patients with CAD receiving
statin treatment has been investigated in several studies. For
instance, Wolfram et al*® reported that, in patients with acute
coronary syndrome of whom 98% were on statin treatment, tri-
glyceride levels were not associated with 1-year clinical out-
comes. In addition, there was no significant relationship
between triglyceride levels and short-term outcome in the
Myocardial Ischaemia Reduction with Aggressive Cholesterol
Lowering trial.>* Analyses from the Incremental Decrease in
End Point Through Aggressive Lipid Lowering trial and the
Treating to New Targets trial showed that triglyceride levels are
associated with a risk of cardiovascular events even after adjust-
ment of other lipid parameters, but this relationship was no
longer significant when other risk factors were included in
further multivariable analysis.”> In contrast, the Pravastatin or
Atorvastatin Evaluation and Infection Therapy-Thrombolysis In
Mpyocardial Infarction (PROVE IT-TIMI) 22 trial showed an
independent relationship between triglyceride levels and cardio-
vascular events outcome, which is consistent with the results of
the present study.?® These conflicting results could be explained

by the differences in baseline triglyceride levels across these
studies, including ours. In studies which failed to show a signifi-
cant relationship between triglyceride levels and outcomes,”>~%°
patients had relatively low triglyceride levels compared with the
PROVE IT-TIMI 22 trial®® and the present study, suggesting that
the degree of hypertriglyceridaemia may affect the effect of
adjustment for covariates including other lipid parameters.
Nevertheless, these results also indicate that elevated triglyceride
levels can be a predictor of worse outcomes even in patients on
statin treatment, and further adjunctive intervention for elevated
triglyceride levels should be considered.””

It remains controversial whether there is a causal relationship
between triglyceride levels and CAD morbidity and mortality.
The triglyceride level is rather regarded as an important bio-
marker of cardiovascular disease because of its association with
atherogenic remnant particles and apo CIIL'® Randomised con-
trolled studies on treatment for lowering triglyceride levels
could provide a solution to this controversy. However, all avail-
able interventions for lowering triglyceride levels such as drugs
(eg, fibrates, niacin and statins) and lifestyle modifications also
affect the confounding parameters, including LDL cholesterol,
HDL cholesterol and insulin resistance,?®! so we could not
determine the causality in such studies. However, as the condi-
tion is characterised by an increased circulating triglyceride
level, the triglyceride level can be considered as an interven-
tional target. This hypothesis is supported by a recent report by
Tirosh and colleagues®* who followed 13 953 young men aged
26-45 years for 5.5 years and performed two measurements of
fasting triglycerides 5 years apart. There were significant correla-
tions between a good lifestyle and the reduction in triglyceride
levels between the two measurements. Evaluation of the change
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Figure 3  Continued.

in triglyceride levels over the first 5 years and incident CAD in
the next 5.5 years showed a direct correlation between increases
in triglyceride levels and the risk of CAD. These findings
suggest a causal relationship between increased triglyceride level
and CAD morbidity and mortality.

The present study has several limitations. First, balloon angio-
plasty was the only PCI used in all patients and 51.1% of the
CABG procedures involved an arterial graft. It is difficult to
determine whether the use of stents and arterial grafts could
have improved the results in the recent era of revascularisation
and to evaluate the relative importance of improvements in both
operator skills and adjunctive drug therapy. Further investigation
is needed to clarify whether triglyceride levels will affect the
long-term mortality in the stent and arterial bypass era. Second,
assessment of data only of patients who achieved complete
revascularisation also introduced potential selection bias in
terms of the overall mortality rate which should be taken into
account. Third, several groups recently reported that the non-
fasting triglyceride level is a superior predictor of cardiovascular
risk than fasting levels.>® 3* If we can use non-fasting triglycer-
ide levels as a predictor of cardiovascular morbidity and mortal-
ity in patients with CAD, it would have greater clinical
applications as it is easier to obtain non-fasting than fasting tri-
glyceride levels. Further studies and discussions regarding the
importance of non-fasting triglyceride levels in the secondary
prevention of CAD are therefore needed.

Conclusions

Fasting triglyceride levels were associated with an increase in
cardiac mortality over a 10-year period after complete coronary
revascularisation. This association was observed even after

adjustment for the total and HDL cholesterol levels together
with other covariates.
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