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ARTICLEINFO SUMMARY

Accepted 30 June 2021 Background: The association between fasting triglyceride (TG) and the occurrence of major adverse
cardiovascular event (MACE) remains elusive. The objectives of the present study were to analyze the
magnitude of the association between TG and MACE in the Taiwanese Secondary Prevention for Pa-
tients with AtheRosCLErotic Disease (T- SPARCLE) registry.

Methods: Two-year follow-up data from a nationwide cohort study of 6050 patients with atheroscle-
rotic cardiovascular disease (aged 68 years, 71% men) were used to identify risk factors for the occur-
rence of MACE, defined as cardiovascular death, non-fatal myocardial infarction (Ml), and non-fatal
stroke. 196 cases of MACE occurred during the follow up. The Cox proportional hazard model was ap-
plied to detect the independent risk factors for MACE. Adjustment was made for variables including
age, sex, history of stroke, heart failure, Ml/coronary artery disease, hypertension, diabetes, lipid-low-
ering agents except statin, statin, low-density lipoprotein cholesterol and high-density lipoprotein cho-
lesterol.

Results: Compared with TG (91-150) mg/dL, multivariate-adjusted HRs for MACE ranged from 1.47
(95% confidence interval (Cl): 1.02-2.13) for TG of < 90 mg/dL, 1.13 (95% Cl: 0.73-1.76) for TG of
151-200 mg/dL, 1.27 (95% Cl: 0.71-2.29) for TG 201-250 mg/dL to 1.65 (95% Cl: 0.99-2.77) for TG >
251 mg/dL.

Conclusions: The common belief that low TG are beneficial for health is not universally observed. By
using the long-term follow-up data of T-SPARCLE registry, we provided evidence that increased CV
events at both ends of the TG distributions.
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myocardial infarction, and stroke.” However, CV events remained
high despite optimal low density lipoprotein-cholesterol (LDL-C) re-
duction on intensive statin therapy and the residual risk may at-

1. Introduction

One meta-analysis and most published studies suggest a mo-

derate association between fasting triglyceride (TG) levels and
coronary heart disease (CHD).l_4 In a meta-analysis of 14 random-
ized trials of statins involving patients with CHD, statins were shown
to decrease the relative risk of cardiovascular (CV) deaths, nonfatal
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tribute to TG and lipoprotein abnormalities.®”’ Hypertriglyceridemia
was also associated with the severity of CHD.8 The study of second-
ary prevention of CHD, comparing standard and high-intensity statin
therapy after acute coronary syndrome (ACS), found that each 10
mg/dL decrease in on-treatment TG reduced the incidence of death,
myocardial infarction (Ml), and recurrent ACS by 1.6% and 1.4% after
adjustment for LDL-C or non-high-density lipoprotein cholesterol
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(HDL-C) and other covariates.’ In a 22-year follow-up of the Beza-
fibrate Infarction Prevention (BIP) trial, a higher TG was associated
with increased all-cause mortality.lo The results of the dal-OUT-
COMIES (A Study of RO4607381 in Stable Coronary Heart Disease Pa-
tients with Recent Acute Coronary Syndrome) and MIRACL (Myocar-
dial Ischemia Reduction with Aggressive Cholesterol Lowering) trials
also showed an increased TG risk of a CV event after ACS.* In con-
trast, the Emerging Risk Factors Collaboration, collecting data from
68 prospective studies, indicated that the relationship between
plasma TG and CV disease lost significance after further adjustment
for high-density lipoprotein (HDL)-cholesterol and non-HDL-choles-
terol.*? Moreover, most studies were mainly conducted in western
populations and data from Asians were fragmented. Current US and
European guidelines focus mainly on LDL cholesterol levels. There-
fore, TG has continued to be a controversial risk factor and might be
an additional target for residual CV risk reduction.

In most previous epidemiological studies, most participants
with atherosclerosis were excluded.®*?™%° Although, there were a
few studies that focused on the associations between TG levels and
secondary prevention of atherosclerotic CV disease (ASCVD). To help
quantify a more reliable association of plasma TG concentrations
with long-term CV events among atherosclerotic patients, we inves-
tigated stepwise increasing levels of TG related with major adverse
CV events (MACE) from the Taiwanese Secondary Prevention for Pa-
tients with AtheRosCLErotic Disease (T-SPARCLE) registry.

2. Materials and methods
2.1. Study population

The T-SPARCLE Registry was initiated by the Taiwan Society of
Lipids and Atherosclerosis in 2011 to investigate the control of dys-
lipidemia and the association between dyslipidemia and future car-
diovascular events. Fourteen hospitals (8 medical centers and 6 re-
gional hospitals) were invited to participate in this registry.16 The en-
rollment criteria were as follows: (1) patients with atherosclerotic
vascular diseases, including coronary atherosclerosis as diagnosed
by cardiac catheterization examination, history of myocardial infarc-
tion as evidenced by electrocardiography (ECG) or hospitalization,
angina diagnosed by ischemic ECG changes, or positive response to
stress test; (2) patients with cerebral vascular disease, cerebral in-
farction, and intracerebral hemorrhage, excluding those with intra-
cerebral hemorrhage caused by other diseases (such as cancer); and
patients with transient ischemic attack (TIA) whose carotid artery
duplex showed atheromatous change with more than 70% stenosis.
Peripheral atherosclerosis with symptoms of ischemia that were
confirmed by Doppler ultrasound or angiography. All participants en-
rolled in our study had documented ASCVD and were considered as
very high CV risk according to 2019 ESC/EAS Guidelines for the man-
agement of dyslipidemias.17

There were 7866 participants that met the enrollment criteria.
Finally, a total of 6050 patients with complete lipid measure values
[total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C)]
were included in this analysis. The study flowchart was shown in Fig-
ure 1. Data of demographic characteristics, medical history, and drug
history were collected. Hypertension (HTN) was defined as: (1) known
history of hypertension; (2) taking antihypertensive drugs at referral;
and (3) systolic blood pressure (BP) > 140 mmHg or diastolic BP > 90
mmHg based on the medical chart review. Those patients with an es-
tablished diagnosis of diabetes mellitus (DM) or those on glucose-
lowering drugs or fasting glucose > 126 mg/dL were diagnosed with
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DM. The estimated glomerular filtration rate (GFR) was calculated
using the simplified Modification of Diet in Renal Disease (MDRD)
Study equation [GFR (mL/min/1.73 m?) = 186.3 x (serum creatinine
in mg/dL)'l'154 x (age)'o'm3 x (0.742 if female)].18 CKD was defined as
a GFRless than 60 mL/min/1.73 mZ. This range is related to stage 3 or
higher CKD by the National Kidney Foundation’s classification and
helps identify subjects with clinically significant cKkD.Y? Lipid-lower-
ing agents were prescribed following the National Cholesterol Edu-
cation Program Adult Treatment Panel IIl (NCEP ATP IIl) guidelines.20
Atorvastatin 40 or 80 mg and rosuvastatin 20 mg were defined as
high-intensity statins. MACE was defined as CV death, stroke (fatal or
nonfatal), Ml (fatal or nonfatal), and cardiac arrest. During the study
period, each hospital had a dedicated person responsible for follow-
ing patients. If an event occurs, the attending physician in charge of
the patient will make a diagnosis to determine whether it is MACE.
This study was approved by the Joint Institutional Review Board of
Taiwan for each participating hospital. The JIRB number was 09-S-
015. Written informed consent was obtained from each patient.

2.2. Statistical methods

Data are expressed as mean * SD or percentage. The student’s
t-test was used for continuous data, and Chi-square tests of cate-
gorical data were used to compare the differences between groups.
Baseline fasting TG levels were stratified into 5 categories (< 90 mg/
dL, 91-150 mg/dL, 151-200 mg/dL, 201-250 mg/dL and > 251 mg/
dL). The Cox proportional hazard model was used to estimate the
hazard ratio and 95% confidence intervals in crude and multivariate
models. Missing values for biological data represented less than 5%
for history of cigarette smoking, HTN, and heart failure and more
than 5% for body mass index (BMI), LDL-C, HDL-C, TG, eGFR, diastolic
BP, systolic BP and history of diabetes. Multiple imputation, built on
missing-at-random (MAR) assumption, was a practical approach to
missing data problems and may provide unbiased and valid esti-
mates.?* We used multiple imputation (PROC Ml procedure in SAS)
to handle missing values, and the predictor variables in the imputa-

Enrolled patients with ASCVD from January 2010 to
August 2014 (n =7866)

Exclusion:

+ Not willing to follow the NCEP guidelines (n =226)
+ Receive hormone therapy (n =341)

+ Not Signed informed consent (n =0)

+ Patients have serious heart disease (n =305)

« Atherosclerotic vascular diseases with unknown disease type
(n=655)

+ Patients with dialysis (n=120)

+ Patients taking 2 statins at study enrollment (n = 8)

Patients included in the analysis (n =6050)

Figure 1. Study flowchart.



Triglyceride and Cardiovascular Event

tion model included BMI, LDL-C, HDL-C, TG, eGFR, diastolic BP, sys-
tolic BP, history of cigarette smoking, HTN, heart failure, and dia-
betes, as well as non-missing variables such as age, gender, and
MACE. The imputation step resulted in 20 complete data sets, each
with one unique estimate of the missing values. After imputation,
we used SAS/PROC PHREG to fit the Cox proportional hazards model
for each dataset, and subsequently, used SAS/PROC MIANALYZE to
combine results from the 20 Cox proportional hazards models. All
analyses were performed using SAS statistical software version 9.2
(SAS Institute, Carey, NC, USA).

3. Results

Baseline characteristics of individuals from the atherosclerotic
patients based on TG levels are shown in Table 1. The patients with
TG <90 mg/dL were significantly older and had lower waist mea-
surements, body mass index (BMI), prevalence rate of DM and CKD,
percentage of current smoking, TC, LDL-C and higher HDL-C than the
other four groups. In addition, individuals with TG > 251 mg/dL were
significantly more likely to take fibrate and unicontin. Subjects with a
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TG 91-150 mg/dL had a higher percentage of statin use. Regarding
crude cumulative incidence rates of MACE during the median fol-
low-up of 2.3 years according to fasting serum TG concentrations,
the corresponding incidence rates of MACE (per 1000 patients) were
13.9 in subjects with <90 mg/d, 9.6 in subjects with 91-150 mg/dL,
12.1in subjects with 151-200 mg/dL, 13.2 in subjects with 201-250
mg/dL and 17.2 in subjects with > 251 mg/dL (p = 0.19).

To further clarify the relationship between TG and MACE, the
Cox proportional hazards model was performed (Table 2). The rela-
tion between TG and MACE was assessed by successive adjustment
for age, gender, and other potential confounding factors and co-
variates. Overall, a clear gradient of risk of MACE was found with in-
creasing TG levels. The multivariable hazard ratio [95% confidence
interval (Cl)] of MACE ranged from 1.47 (95% Cl: 1.02-2.13) for TG of
<91 mg/dL, 1.13 (95% Cl: 0.73-1.76) for TG of 151-200 mg/dL, 1.27
(95% Cl: 0.71-2.29) for TG of 201-250 mg/dL to 1.65 (95% Cl:
0.99-2.77) for TG > 251 mg/dL, compared with TG of 91-150 mg/dL.
The results of TG < 150 vs. > 150 mg/dL on MACE employed by Cox
proportional hazards model was summarized in Supplementary data.
The relations between TG and risk for MACE, adjusted for age, sex,

Table 1
Baseline characteristics of individuals by triglyceride levels.
TG <90 mg/dL 91-150 mg/dL 151-200 mg/dL 201-250 mg/dL >251 mg/dL

Variables (N = 1682) (N =2214) (N =926) (N =437) (N =482) P value
Age (yrs) 68.5+11.5 66.3+11.1 65.9+11.0 63.0+11.9 61.1+12.0 <0.001
Gender (men, %) 1283 (76.3) 1631 (73.7) 692 (74.7) 308 (70.5) 356 (73.9) 0.12
WC (cm) 90.6 +9.9 93.1+£95 94.4+10.0 95.3+10.9 94.7 £9.8 <0.001
BMI (kg/mz) 25.2+3.6 26.4+3.6 26.8+3.9 27.4+4.0 27.3+3.7 <0.001
HTN (yes, %) 1202 (71.5) 1590 (71.8) 701 (75.7) 330(75.7) 357 (74.1) 0.07
HF (yes, %) 190 (11.3) 233 (10.5) 109 (11.8) 52(11.9) 62 (12.9) 0.59
DM (yes, %) 645 (41.6) 994 (49.1) 483 (56.2) 252 (61.8) 278 (60.2) <0.001
CKD (yes, %) 400 (25.6) 512 (25.6) 262 (31.5) 116 (29.4) 146 (33.5) <0.001
MI or CAD (yes, %) 1531 (91.0) 1978 (89.3) 832 (89.8) 386 (88.3) 435 (90.2) 0.36
Ischemic stroke (yes, %) 183 (10.9) 278 (12.6) 124 (13.4) 56 (12.8) 51 (10.6) 0.24
Current smoker (yes, %) 219 (13.0) 323 (14.6) 161 (17.4) 89 (20.4) 135 (28.0) <0.001
TC (mg/dL) 159.4+35.1 167.9 £ 36.0 175.3+38.6 184.3+37.2 194.6 £42.7 <0.001
TG (mg/dL) 68.9+14.6 117.8+16.8 1719+14.4 2239+ 146 361.1+156.6 <0.001
LDL-C (mg/dL) 93.8+31.1 98.8+31.9 99.3+34.6 100.3+34.8 97.6£47.1 <0.001
HDL-C(mg/dL) 50.6 +13.3 45.0+12.4 41.1+11.0 39.2+119 36.1+£9.3 <0.001

Statin (yes, %) 1108 (65.9) 1579 (71.3) 647 (69.9) 295 (67.5) 304 (63.1) <0.001

High-intensity statin (yes, %) 63 (3.8) 72 (3.3) 28 (3.0) 12 (2.8) 17 (3.5) 0.79

Fibrate (yes, %) 30 (1.8) 85 (3.8) 58 (6.3) 53 (12.1) 110 (22.8) <0.001
Ezetimibe & Questran (yes, %) 69 (4.1) 101 (4.6) 50 (5.4) 22 (5.0) 41 (8.5) <0.01
Nicotinic acid & Olbetam (yes, %) 5(0.3) 6(0.3) 1(0.1) 1(0.2) 4(0.8) 0.21
MACE (per 1000 patients) 139 9.6 12.1 13.2 17.2 0.19

WC: waist circumference; BMI: body mass index; HTN: hypertension; HF: heart failure; DM: diabetes mellitus; MI: myocardial infarction; CAD: coronary
artery disease; TC: total cholesterol; TG: triglyceride; LDL-C: low density lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol; high intensity
statin: atorvastatin 40 or 80 mg and rosuvastatin 20 mg; MACE: major adverse cardiovascular event.

Table 2
Hazard ratios for major adverse cardiovascular events by increasing levels of triglyceride.
Model 1 Model 2 Model 3 Model 4 Model 5
HR (95% Cl) p-value HR (95% Cl)  p-value HR (95% CI)  p-value HR (95% CI)  p-value HR (95% CI)  p-value
<90 mg/dL 1.35(0.94-1.94) 0.10 1.36(0.95-1.94) 0.09 1.41(0.98-2.02) 0.06 1.40(0.97-2.00) 0.07 1.47(1.02-2.13) 0.04
91-150 mg/dL reference reference reference reference reference

151-200 mg/dL  1.25(0.81-1.94)  0.31
201-250 mg/dL  1.43 (0.80-2.54)  0.23
>251mg/dL  1.99 (1.22-3.27) <0.01

1.23(0.80-1.91) 0.34
1.43 (0.80-2.55) 0.22
1.95 (1.19-3.20) <0.01

1.17 (0.75-1.81) 0.48
1.34(0.75-2.39) 0.32
1.76 (1.07-2.89) <0.05

1.17 (0.75-1.81) 0.49
1.34(0.75-2.39) 0.32
1.78 (1.07-2.95) <0.05

1.13 (0.73-1.76)  0.58
1.27 (0.71-2.29)  0.42
1.65 (0.99-2.77)  0.06

HR: Hazard ratio; Cl: confidence interval.
Model 1: adjusted for age and sex.
Model 2: adjusted for age, sex, history of stroke, HF and MI/CAD.

Model 3: adjusted for age, sex, history of stroke, HF, MI/CAD, HTN, DM and CKD.

Model 4: adjusted for age, sex, history of stroke, HF, MI/CAD, HTN, DM, CKD, statin and other lipid-lowering agents (except statin).
Model 5: adjusted for age, sex, history of stroke, HF, MI/CAD, HTN, DM, CKD, statin, other lipid-lowering agents (except statin), HDL-C and LDL-C.
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history of stroke, HF, MI/CAD, HTN, DM, CKD, statin, other lipid-low-
ering agents (except statin), HDL-C and LDL-C, are shown in Figure 2.

4. Discussion

This study showed that TG levels were a quasi-significant inde-
pendent predictor of MACE in patients with ASCVD. Overall, TG had a
U-shaped association with MACE in ASCVD Taiwanese. The incidence
of MACE was almost significantly higher in the patients with TG > 251
mg/dL but significantly higher in the patients with TG <90 mg/dL
compared those with TG from 91 to 150 mg/dL. This study suggests
that TG > 251mg/dL, as well as TG < 90 mg/dL, is a risk factor for
MACE in patients with ASCVD. TG lost attention as a causal risk of CV
disease (CVD) because attenuating the association between TG le-
vels and CV events while adjusting for HDL-C and other confounders
was found in previous studies conducted in western countries.*?
However, there was growing evidence indicating a causal relation-
ship between TG and CV risk and that treating hypertriglyceridemia
may be beneficial. In the dal-OUTCOMES and MIRACL study, subjects
with hypertriglyceridemia increased the likelihood of CV events.
However, the results did not reach statistical significance because of
the low statistical power.11 Elevated TG levels were associated with
an increase in stroke risk in a meta-analysis and Korean study.zz’23
Patients with a TG > 200 mg/dL had a higher incidence of all-cause
and CV death, compared to those with TG (90-150 mg/dL) in the
meta-analysis of 61 prospective studies.?* Our study had similar re-
sults with an increased MACE rate for a fasting TG level > 251 mg/dL,
compared with a TG level of 91-150 mg/dL. Therefore, focus on ele-
vated TG levels deserved renewed attention because one-third of
Taiwanese adults had a TG > 150 mg/dL, even when they were treated
with lipid-lowering agents according to previous studies.?” Regard-
ing the mechanisms involved in the positive association between TG
and MACE, triglyceride-rich lipoproteins (TRLs) were shown to pene-
trate the arterial wall, contributed the cholesterol to atherosclerotic
lesions and caused ischemic heart disease.’®%% In addition, high TG
levels were associated with increased small dense LDL particles,
which was considered as a predictor of cvp. 230 High TG levels are
also associated with increased coagulation factor VII activity,31 as
well as with increased cell adhesion molecules (CAM), which may
tend to promote atherosclerosis and thrombosis.>?

In our study, patients with TG < 90 mg/dL had higher HDL level
and lower percentage of DM and CKD than other subgroups. After
adjusting these confounders, TG < 90 mg/dL still had a higher MACE,
compared with 91 <TG < 150 mg/dL. In previous studies, lower TG
was associated with increased adverse cardiac events in patient with
MI.334 10 explain the association between lower TG and MACE was
following: 1) TG is too low to maintain cell membrane homeostasis.>”
2) Lower TG was a surrogate marker of poor nutritional status.>® Fu-
ture studies are needed to better characterize this phenotype.

The strengths of this study lie in its long-term prospective de-
sign of a nation-representative and large-scale systematically avail-
able medical records and the multicenter survey about the baseline
characteristics, especially regarding the TG levels and MACE in athe-
rosclerotic patients from the T-SPARCLE registry, which represented
multiple areas of Taiwan. The main limitation of this study was in-
herent to its observational nature. First, we had no information
about nutritional status, diet control and lifestyle interventions. Sec-
ond, the frequencies of risk factors in the study population might
also be underestimated, as we identified patients with HF, HTN, and
DM from medical records. Third, the baseline TG levels were in-
cluded in our analysis of CV events. Not every subject had series of
lipid levels measured during follow-up period. The impact of possibly
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Figure 2. Multivariable-adjusted hazard ratio for adverse cardiac events by
triglyceride levels obtained from Cox proportional hazard model (model 5).
*:p=0.04; #:p=0.06.

fluctuated TG levels on CV events was not known in our studies. Con-
sequently, the possibility of selection bias cannot be excluded.
Fourth, the interpretation of our results should be cautious because
the impact of unbalance data may exist in our observation cohort.
Further study such as propensity score matching study may be ne-
eded to eliminate the effect of unbalance data. However, despite
these limitations, this study provided a real-world view of the rela-
tionship between triglyceride levels and the incidence of important
clinical events.

In conclusion, the results of our prospective observational study
suggest that early identification of ASCVD patients with TG > 251
mg/dL is important as well as those with TG <90 mg/dL and had a
nonlinear U shaped association with MACE in patients with ASCVD.
The future study should focus on maintaining the TG level within
normal range by using fibrate, omega-3-fatty acid or statin in pa-
tients with hypertriglyceridemia and providing nutritional support
and treating the underlying condition that’s causing low TG for pa-
tients with lower TG levels could improve outcome in patients with
ASCVD.
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Supplementary Appendix

This appendix has been provided by the authors to give readers additional information about their work.

Results

The relation between TG and MACE was assessed by successive adjustment for age, gender, and other potential confounding factors and
covariates. From model 1 to model 5, the multivariable hazard ratio [95% confidence interval (Cl)] of TG > 150 mg/dL for MACE was 1.28
(95% Cl: 0.94-1.73),1.26 (95% Cl: 0.93-1.71), 1.16 (95% Cl: 0.85—-1.58), 1.16 (95% Cl: 0.85-1.59) and 1.10 (95% Cl: 0.79-1.52), respectively,
compared with TG < 150 mg/dL.

Supplementary Table 1
Hazard ratios for major adverse cardiovascular events by increasing levels of triglyceride.

Model 1 Model 2 Model 3 Model 4 Model 5
HR (95% CI) p-value HR (95% CI)  p-value HR (95% Cl)  p-value HR (95% CI)  p-value HR (95% CI)  p-value
< 150 mg/dL reference reference reference reference reference

> 150 mg/dL 1.28(0.94-1.73) 0.11 1.26 (0.93-1.71) 0.14 1.16(0.85-1.58) 0.34  1.16(0.85-1.59) 0.34 1.10(0.79-1.52) 0.57
HR: hazard ratio; Cl: confidence interval.
Model 1: adjusted for age and sex.
Model 2: adjusted for age, sex, history of stroke, HF and MI/CAD.
Model 3: adjusted for age, sex, history of stroke, HF, MI/CAD, HTN, DM and CKD.
Model 4: adjusted for age, sex, history of stroke, HF, MI/CAD, HTN, DM, CKD, statin and other lipid-lowering agents (except statin).
Model 5: adjusted for age, sex, history of stroke, HF, MI/CAD, HTN, DM, CKD, statin, other lipid-lowering agents (except statin), HDL-C and LDL-C.




