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risk of such events.5,6 Several lines of evidence have shown 
a link between serum triglyceride (TG) levels and CV dis-

A n elevated serum level of low-density lipoprotein 
cholesterol (LDL-C) is an independent risk factor 
for cardiovascular (CV) disease.1–4 Although the 

benefits of LDL-C lowering on CV events are well estab-
lished, patients with dyslipidemia still have a high residual 
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Background: Circulating triglyceride (TG) levels are a current focus as a residual risk for cardiovascular (CV) events. We evaluated 
the relationship between circulating TG levels and future CV events in patients with coronary artery disease (CAD) who were treated 
with conventional therapy.

Methods and Results: We analyzed data for 652 patients who were enrolled in the FMD-J Study A. We investigated the associa-
tions between serum TG levels and first major CV events (death from CV cause, nonfatal acute coronary syndrome (ACS), nonfatal 
stroke, and CAD) for a 3-year follow-up period. Patients were divided into 4 groups based on serum TG level: low-normal (<100 mg/dL), 
high-normal (100–149 mg/dL), borderline hypertriglyceridemia (150–199 mg/dL), and moderate hypertriglyceridemia (≥200 mg/dL). 
During a median follow-up period of 46.6 months, 14 patients died (9 from CV causes), 16 had nonfatal ACS, 6 had nonfatal stroke, 
and 54 had CAD. The Kaplan-Meier curves for first major CV event among the 4 groups were significantly different (P=0.04). After 
adjustment for various confounders, serum TG level ≥100 mg/dL were significantly associated with an increased risk of first major 
CV events compared with serum TG level <100 mg/dL.

Conclusions: Serum TG level may be a surrogate marker for predicting CV events in patients with CAD.
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organic stenosis of at least 1 coronary artery confirmed by 
diagnostic imaging (coronary angiography, cardiac nuclear 
scintigraphy, or coronary computed tomography), or pre-
vious percutaneous coronary intervention. The exclusion 
criteria were as follows: a history of coronary bypass sur-
gery; severe valvular heart disease; arrhythmia that required 
treatment (i.e., atrial fibrillation, atrial flutter; permanent 
pacemaker implantation or frequent ventricular premature 
beats); severe chronic heart failure (New York Heart Asso-
ciation level >Level III); malignancy; undergoing treatment 
with steroids, nonsteroidal anti-inflammatory drugs, or immu-
nosuppressive drugs; a serum creatinine level >2.5 mg/dL; 
a history of stroke, aortic disease (except peripheral artery 
disease), or serious liver disease; and judgement of the 
attending physician that the individual was ineligible for 
inclusion in the study.

Study Procedures
Blood examinations were conducted at the start of the study 
and CV events were monitored annually during the 3-year 
follow-up period. The participants were managed by their 
attending physicians, who were encouraged to treat any CV 
risk factors, including hypertension, dyslipidemia and dia-
betes mellitus, to achieve the best available standard of care 
in accordance with guidelines.1,3,4,19–21

Measurement of Blood Samples and Assessment of CV 
Risk Factors
The subjects were instructed to abstain from eating, drink-
ing alcohol, smoking and consuming caffeine for at least 
12 h prior to the study. Venous blood samples were obtained 
from the left antecubital vein. Levels of serum total choles-
terol, TGs, and high-density lipoprotein cholesterol (HDL-
C) were enzymatically measured (JCA-BM6010). LDL-C 
was calculated by the Friedewald formula. We excluded 
patients with serum TG levels ≥400 mg/dL. Non-HDL-C 
was calculated by the following formula: total cholesterol 
– HDL-C. Small dense LDL-C (sdLDL-C) was measured 
by the method previously described.22 Glucose levels were 
measured by the glucose oxidase immobilized oxygen elec-
trode method (GA08II; A&T, Yokohama, Japan). Hyper-
tension was defined as systolic blood pressure ≥140 mmHg 
or diastolic blood pressure ≥90 mmHg on at least 3 differ-
ent occasions in a seated position, or currently taking anti-
hypertensive medication.20 Diabetes mellitus was identified 

ease.5 However, there are conflicting results regarding the 
association between elevated serum TG levels and the inci-
dence of CV events.5–12

In the guidelines for cholesterol management, serum TG 
levels <150 mg/dL are defined as normal.1,2,9 Some clinical 
studies have shown that reducing TG levels by treatment 
with fibrates reduces CV events in a subgroup of patients 
with high TG levels.13,14 Unfortunately, there is insufficient 
evidence available to determine optimal TG levels for pre-
vention of CV events. Klempfner et al reported that high-
normal TG levels (100–150 mg/dL) are associated with an 
increased risk of all-cause death.15 We previously showed 
that endothelial function is already impaired even in sub-
jects with serum TG levels of 106–131 mg/dL after adjust-
ment for various confounders.16 However, it is unclear 
whether patients with high-normal TG levels have an 
increased risk of CV events. The purpose of this study was 
to evaluate the relationship between circulating TG levels, 
especially high-normal TG levels, and future CV events in 
patients with coronary artery disease (CAD) who were 
treated with conventional therapy including LDL-C lower-
ing treatment.

Methods
Study Design
The rationale and design of the FMD-J Study A have been 
described previously.17,18 It was a prospective multicenter 
observational cohort study conducted at 22 university hos-
pitals and affiliated clinics in Japan to examine the useful-
ness of flow-mediated vasodilation assessment for the 
management of patients with CAD with a 3-year follow-up 
period.17,18 The study was approved by the ethical commit-
tee of each institute and was executed in accordance with 
the Good Clinical Practice guidelines. All subjects gave 
written informed consent for participation in the study. 
The protocol was registered in the University Hospital 
Medical Information Network Clinical Trials Registry 
(UMIN000012950).

Study Subjects
Between May 1, 2010 and August 31, 2012, a total of 679 
patients aged 30–88 years who had been diagnosed with 
CAD were enrolled in the FMD-J Study A. CAD was 
defined as myocardial infarction, angina pectoris with 
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Co, Nagoya, Japan) was used to evaluate FMD. The pro-
tocol for measurement of FMD has been described in 
detail.25 Briefly, the longitudinal image of the brachial artery 
was assessed before and after generation of a vascular 
response to reactive hyperemia induced by a 5-min period 
of forearm occlusion to evaluate FMD. FMD was defined 
as the maximal percentage change in vessel diameter from 
the baseline value.

using the American Diabetes Association criteria.23 Dys-
lipidemia was identified using the Third Report of the 
National Cholesterol Education Program.2 We defined 
smokers as those who were current smokers. The Framing-
ham risk score was calculated by points of risk factors: age, 
total cholesterol level, HDL-C level, systolic blood pres-
sure, and smoking status.24

Measurement of Flow-Mediated Dilation (FMD)
A high-resolution ultrasonography (UNEXEF18G, UNEX 

Table 1. Clinical Characteristics of the Subjects on the Basis of Serum Triglyceride Levels (mg/dL)

Variable Total  
(n=652)

<100  
(n=264)

100–149  
(n=188)

150–199  
(n=104)

≥200  
(n=96)

P value  
for trend

Age, years 64±8　　 66±8　　 64±9　　 62±9　　 62±8　　 <0.001

Sex, male/female 545/107 216/48　　 156/32　　 88/16 85/11 　0.46　　
BMI, kg/m2 24.8±3.6　　 24.0±3.6　　 25.1±3.5　　 25.5±4.0　　 25.8±3.1　　 <0.001

SBP, mmHg 129±17　　 129±17　　 131±17　　 129±16　　 128±16　　 　0.53　　
DBP, mmHg 75±11 74±11 76±11 75±10 74±11 　0.23　　
Heart rate, beats/min 67±12 66±11 67±12 66±11 68±14 　0.52　　
Medical history, n (%)

  Hypertension 613 (94) 243 (92) 180 (96) 102 (98)　　 88 (92) 　0.053

  Dyslipidemia 610 (94) 232 (88) 178 (95) 104 (100) 　　96 (100) <0.001

  Diabetes mellitus 243 (37) 100 (38) 　　66 (35) 38 (37) 39 (41) 　0.82　　
  Smoker 　　87 (14) 　　26 (10) 　　28 (15) 14 (14) 19 (20) 　0.08　　
  Previous MI 308 (47) 116 (44) 　　94 (50) 48 (46) 50 (52) 　0.44　　
  Previous angina pectoris 333 (51) 142 (54) 　　91 (48) 56 (54) 44 (46) 　0.44　　
  Vasospastic angina 31 (5) 14 (5) 10 (5) 3 (3) 4 (4) 　0.73　　
Laboratory data

  Total cholesterol, mg/dL 170±30　　 164±27　　 166±33　　 177±30　　 182±31　　 <0.001

  Triglycerides, mg/dL 131±66　　 75±16 122±14　　 171±13　　 256±47　　 <0.001

  HDL-C, mg/dL 51±13 56±14 48±11 47±12 43±10 <0.001

  LDL-C, mg/dL 93±27 93±23 94±30 96±28 87±30 　0.11　　
  sdLDL-C, mg/dL 33±14 25±9　　 31±11 41±15 48±13 <0.001

  Ratio of sdLDL-C to LDL-C 0.36±0.15 0.27±0.07 0.34±0.10 0.44±0.12 0.56±0.17 <0.001

  Non-HDL-C, mg/dL 119±29　　 108±24　　 119±30　　 130±28　　 138±28　　 <0.001

  Glucose, mg/dL 117±35　　 114±29　　 115±29　　 119±37　　 127±50　　 　0.01　　
  HbA1c, % 6.4±1.0 6.3±0.9 6.4±1.0 6.5±1.2 6.7±1.2 　0.15　　
  High-sensitivity CRP, mg/dL 0.10±0.14 0.09±0.14 0.11±0.16 0.09±0.10 0.12±0.15 　0.24　　
Medications, n (%)

  Antiplatelets 620 (95) 252 (95) 176 (94) 98 (94) 94 (98) 　0.37　　
  Antihypertensive therapy 600 (92) 239 (91) 176 (94) 98 (94) 87 (91) 　0.48　　
    Calcium-channel blockers 317 (49) 125 (47) 　　97 (52) 58 (56) 37 (39) 　0.07　　
    Renin-angiotensin system inhibitors 443 (68) 169 (64) 132 (70) 72 (69) 70 (73) 　0.32　　
    β-blockers 292 (45) 117 (44) 　　83 (44) 48 (46) 44 (46) 　0.98　　
    Diuretics 　　77 (12) 　　33 (13) 　　24 (13) 11 (11) 9 (9) 　0.80　　
  Any lipid modification therapy 577 (88) 228 (86) 172 (91) 92 (88) 85 (89) 　0.40　　
    Statins 541 (83) 214 (81) 159 (85) 88 (85) 80 (83) 　0.75　　
    Fibrates 13 (2) 　　7 (3) 　　3 (2) 2 (2) 1 (1) 　0.74　　
    Eicosapentaenoic acids 42 (6) 15 (6) 　　19 (10) 5 (5) 3 (3) 　0.09　　
    Ezetimibe 46 (7) 22 (8) 10 (5) 5 (5) 9 (9) 　0.37　　
  Antihyperglycemic therapy

    Any 199 (31) 　　82 (31) 　　58 (31) 32 (31) 27 (28) 　0.96　　
    Insulin-dependent 38 (6) 18 (7) 14 (7) 3 (3) 3 (3) 　0.19　　
Framingham risk score, % 12.4±7.5　　 10.9±6.4　　 12.7±8.3　　 12.8±7.7　　 15.6±7.4　　 <0.001

FMD, % 4.7±2.8 4.5±2.8 4.6±2.5 4.9±2.8 5.1±3.4 　0.26　　

All results are presented as mean ± SD. BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood pressure; FMD, flow-mediated 
vasodilation; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; SBP, systolic 
blood pressure; sdLDL-C, small dense low-density lipoprotein cholesterol.
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the patients were on statins, 13 (2%) were on fibrates, 42 
(6%) were on eicosapentaenoic acids, and 46 (7%) were on 
ezetimibe.

Relationships Between Serum TG Levels and CV Risk Factors
Participants were categorized into 4 groups based on serum 
TG levels (Table 1). Body mass index, total cholesterol, 
sdLDL-C, ratio of sdLDL-C to LDL-C, non-HDL-C, glu-
cose, and Framingham risk score were significantly increased 
and age and HDL-C were significantly decreased with an 
increase in serum TG level. There were significant differ-
ences in the prevalence of hypertension and prevalence of 
dyslipidemia among the 4 groups. There were significant 
relationships of serum TG levels with sdLDL-C, ratio of 
sdLDL-C to LDL-C, non-HDL-C, and HDL-C. Serum 
TG levels did not correlate with LDL-C (Table 2).

Serum TG Levels and CV Events
During a median follow-up period of 46.6 months (inter-
quartile range, 40.9–54.6 months), 14 patients died (9 from 
CV causes), 16 had nonfatal ACS, 6 had nonfatal stroke, 
54 had CAD, and 5 had hospitalization for heart fail-
ure (Table 3). The Kaplan-Meier curves for first major 
CVevent among the 4 groups according to serum TG level 
(P=0.04; Figure 1A) and ratio of sdLDL-C to LDL-C 
(P=0.02; Supplementary Figure 1A) were significantly dif-
ferent, but there were no significant differences between 
the Kaplan-Meier curves for first major CV event among 
the 4 groups according to LDL-C (P=0.97; Figure 1B), 
HDL-C (P=0.15; Supplementary Figure 1B), non-HDL-C 
(P=0.49; Supplementary Figure 1C), and sdLDL-C (P=0.46; 
Supplementary Figure 1D). Clinical characteristics and 
clinical outcomes of the patients on the basis of LDL-C are 
summarized in Supplementary Table 1 and Supplementary 
Table 2. The Kaplan-Meier curves for CAD among the 4 
groups were significantly different (P=0.04), but the Kaplan-
Meier curves for death from CV disease (P=0.18), nonfatal 
ACS (P=0.06), nonfatal stroke (P=0.98), hospitalization 

CV Outcomes
All CV events were reported annually from each institution 
to the Efficacy Endpoint Review Committee. An indepen-
dent clinical-events committee adjudicated the endpoints of 
death from CV causes, nonfatal acute coronary syndrome 
(ACS), nonfatal stroke, CAD, hospitalization for heart 
failure, and death from any cause.17,18 CAD was defined as 
coronary artery restenosis or de novo coronary artery ste-
nosis, confirmed by diagnostic imaging (coronary angiog-
raphy, cardiac nuclear scintigraphy, or coronary computed 
tomography). Definitions of the clinical outcomes have 
been provided previously.17,18 The committee, consisting of 
members blinded to any information with regard to blood 
samples, assessed the appropriateness of clinical judge-
ments of CV events according to prespecified criteria. The 
committee could request physicians to provide additional 
clinical information on CV events if needed. Any differ-
ences in opinion under assessment were resolved by discus-
sion, and the committee finally determined whether the CV 
event would be included as an outcome event in the analy-
sis. We first assessed the associations of serum TG levels 
with first major CV event (death from CV cause, nonfatal 
ACS, nonfatal stroke, and CAD) and then we assessed the 
associations with death from CV causes, nonfatal ACS, 
nonfatal stroke, CAD, hospitalization for heart failure, 
and death from any cause.

Statistical Analysis
Results are presented as mean ± SD for continuous variables 
and as percentages for categorical variables. Statistical sig-
nificance was set at a level of P<0.05. Continuous variables 
were compared by using ANOVA for multiple groups. Cat-
egorical variables were compared by means of the χ2 test. 
Relations between variables were determined by Pearson’s 
correlation analysis. Time-to-event endpoint analyses were 
performed by the Kaplan-Meier method. We categorized 
subjects into 4 groups according to the serum TG level: low-
normal (<100 mg/dL), high-normal (100–149 mg/dL), bor-
derline hypertriglyceridemia (150–199 mg/dL), moderate 
hypertriglyceridemia (≥200 mg/dL).9 A log-rank test was 
used to compare survival in the groups. We evaluated the 
associations between serum TG levels and first major CV 
events after adjustment for age, sex, and CV risk factors by 
using Cox’s proportional hazard regression analysis. As the 
sensitivity analysis, we performed exploratory analysis to 
evaluate the prognostic value of serum TG levels before 
and after adjustment for age and sex. In the second sensi-
tivity analysis, the proportional hazards assumption was 
confirmed by inspection of Schoenfeld residuals and log-log 
plotting. The data was processed using the software package 
Stata version 9 (Stata Co., College Station, TX, USA).

Results
Baseline Clinical Characteristics
Of the 679 patients, complete outcome data were available 
for 652 and their baseline characteristics are summarized in 
Table 1. Of the 652 patients, 545 (84%) were men and 107 
(16%) were women. Mean levels of total cholesterol, TGs, 
HDL-C, and LDL-C were 170±30 mg/dL, 131±66 mg/dL, 
51±13 mg/dL, and 93±27 mg/dL, respectively. Of the 652 
patients, 613 (94%) had hypertension, 610 (94%) had dys-
lipidemia, 243 (37%) had diabetes mellitus, and 87 (14%) 
were current smokers. Among the patients, 577 (88%) were 
being treated with lipid-lowering agents, and 541 (83%) of 

Table 2. Univariate Analysis of Relationships Between 
Serum Triglyceride Levels and Variables

Variables r P value

Age, years −0.18 <0.001

BMI, kg/m2 　　0.20 <0.001

SBP, mmHg −0.03 　0.44　　
DBP, mmHg 　　0.03 　0.50　　
Heart rate, beats/min 　　0.04 　0.27　　
Total cholesterol, mg/dL 　　0.21 <0.001

HDL-C, mg/dL −0.37 <0.001

LDL-C, mg/dL −0.07 　0.09　　
sdLDL-C, mg/dL 　　0.60 <0.001

Ratio of sdLDL-C to LDL-C 　　0.71 <0.001

Non-HDL-C, mg/dL 　　0.39 <0.001

Glucose, mg/dL 　　0.14 <0.001

HbA1c, % 　　0.10 　0.04　　
High-sensitivity CRP, mg/dL 　　0.06 　0.14　　
Framingham risk score, % 　　0.21 <0.001

FMD, % 　　0.07 　0.09　　

Univariate analysis of the relationship between serum triglyceride 
levels and variables (Pearson’s correlation analysis). Abbrevia-
tions as in Table 1.
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Serum TG levels are associated with metabolic disorders 
that contribute to the pathogenesis of CV disease.9,26,27 It 
has been shown that serum TG levels are associated with 
other lipid levels, especially HDL-C.9,28,29 In the present 
study, we confirmed that serum TG levels significantly cor-
related with age, body mass index, total cholesterol, HDL-
C, sdLDL-C, ratio of sdLDL-C to LDL-C, non-HDL-C, 
and glucose. In addition, the Framingham risk score 
increased in relation to increases in serum TG levels. In the 
present study, after adjustment for CV risk factors, elevated 
serum TG levels were significantly associated with the inci-
dence of first major CV events in patients with CAD. These 
findings suggested that serum TG levels can be used to 
predict future CV events in patients with CAD.

The standard of CV risk management, especially in sec-
ondary prevention of CV disease, was considerably differ-
ent from that in previous large-scale clinical trials.30 Most 
patients with CV disease are treated with statins, antiplate-
let agents, β-blockers, diuretics, and renin-angiotensin-
aldosterone system inhibitors as conventional therapy. It is 
well known that patients with CAD have a high residual 
risk of CV events.3–5 Previous studies have shown that a 
high serum TG level is associated with the prevalence of 

for heart failure (P=0.57), and death from any cause 
(P=0.34) among the 4 groups according to serum TG levels 
were not significantly different (Figure 2, Supplementary 
Figure 2). Clinical outcomes of all patients on the basis of 
serum TG levels are shown in Table 3. After adjustment 
for various confounders, including LDL-C and HDL-C, 
serum TG levels ≥100 mg/dL were significantly associated 
with an increased risk of first major CV event compared 
with serum TG levels of <100 mg/dL (Table 4).

Discussion
In the present study, we demonstrated that elevated serum 
TG levels were significantly associated with an increased 
risk of the incidence of first major CV events in patients 
with CAD who were treated with conventional therapy. 
Multivariate regression analysis revealed that even high-
normal TG levels from 100 to 149 mg/dL were associated 
with the incidence of first major CV events in these 
patients. These findings suggest that we should pay atten-
tion to high-normal TG levels as well as to high TG levels 
in order to prevent CV events. Serum TG levels may be a 
surrogate marker for prediction of CV events.

Table 3. Clinical Outcomes of the Subjects on the Basis of Serum Triglyceride Levels (mg/dL)

Variable, n (%) Total  
(n=652)

<100  
(n=264)

100–149  
(n=188)

150–199  
(n=104)

≥200  
(n=96)

P value  
for trend

First major cardiovascular event 82 (12.6) 21 (8.0) 30 (16.0) 16 (15.4) 15 (15.6) 0.03

Death from cardiovascular disease 9 (1.4) 　　2 (0.8) 5 (2.7) 0 (0)　　　 2 (2.1) 0.12

Nonfatal acute coronary syndrome 16 (2.5)　　 　　4 (1.5) 2 (1.1) 5 (4.8) 5 (5.2) 0.06

Nonfatal stroke 6 (0.9) 　　2 (0.8) 2 (1.1) 1 (1.0) 1 (1.0) 0.99

Coronary artery disease 54 (8.3)　　 13 (4.9) 23 (12.2) 10 (9.6)　　 8 (8.3) 0.04

Hospitalization for heart failure 5 (0.8) 　　3 (1.1) 0 (0)　　　 1 (1.0) 1 (1.0) 0.33

Death from any cause 14 (2.1)　　 　　6 (2.3) 6 (3.2) 0 (0)　　　 2 (2.1) 0.15

All results are presented as number (%). First major cardiovascular events included death from cardiovascular disease, nonfatal acute coro-
nary syndrome, nonfatal stroke, and coronary artery disease.

Figure 1.  Kaplan-Meier curves of cumulative event-free survival of first major cardiovascular events (death from cardiovascular 
causes, nonfatal acute coronary syndrome, nonfatal stroke, and coronary artery disease) according to the serum triglyceride 
levels (A) and low-density lipoprotein cholesterol (LDL-C) (B).
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Figure 2.  Kaplan-Meier curves of cumulative event-free survival of death from cardiovascular causes (A), nonfatal acute coronary 
syndrome (B), nonfatal stroke (C), coronary artery disease (D), hospitalization for heart failure (E), and death from any cause (F), 
according to the serum triglyceride levels.
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the optimal target level of TGs for prevention of CV events 
and to determine whether lowering TG levels to the opti-
mal target level reduces CV events.

Study Limitations
First, we measured serum TG levels only once when the 
patients were enrolled. Repeated measurements of serum 
TG may be more useful as a surrogate marker of future CV 
events. Second, in the present study, serum levels of LDL-C 
were not associated with the incidence of first major CV 
events. There are some possible reasons for this result. The 
prevalence of dyslipidemia and the level of glucose were 
significantly higher in patients with LDL-C levels <76 mg/dL 
(Supplementary Table 1). These CV risk factors may affect 
the relationship between LDL-C and the risk of CV events. 
We previously reported that endothelial function was sig-
nificantly correlated with levels of LDL-C in subjects not 
receiving statin therapy but not in subjects receiving statin 
therapy.36 In the present study, more than 80% of the 
patients in the study groups were on statin therapy. We 
cannot deny the possibility that cholesterol-lowering ther-
apy using statins hinders the effects of raw values of LDL-C 
on CV events.

In conclusion, a serum TG level ≥100 mg/dL was inde-
pendently associated with the incidence of CV events in 
patients with CAD. Levels of TGs should be considered 
more seriously as a future target to reduce CV events.
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