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Triglyceride (TG) levels encompass several lipoproteins that have been implicated in athero-
genic pathways. Whether TG levels independently associate with cardiovascular disease both
overall and, in particular among patients with established coronary artery disease (CAD) and
type 2 diabetes (T2DM), remains controversial. Data from the Bypass Angioplasty Revascu-
larization Investigation 2 Diabetes (BARI 2D) trial was used to evaluate patients with T2DM
and CAD. Cox proportional hazards models were used to determine the association between
TG levels and outcomes. Stepwise adjustment was performed for demographics, clinical fac-
tors, lipid profile and statin treatment. The primary composite outcome was time to CV death,
myocardial infarction (MI), or stroke and secondary outcome was CV death. Among 2,307
patients with T2DM and CAD, the mean (§SD) TG levels were 181 (§136) with a median
(Q1−Q3) 148mg/dL (104−219). Overall, 51% of patients had TG <150 mg/dL, 18% 150
−199 mg/dL, 28% 200−499 mg/dL and 3% ≥500 mg/dL. Participants with elevated TG levels
(≥150 mg/dL) were younger (61 vs 63 years, p <0.001), had higher BMI (32 vs 30 kg/m2,
p <0.001), more likely to have had prior MI (34.2 vs 30.1%, p = 0.033) and revascularization
(25.8 vs 21.4%, p = 0.013), had lower HDL-C (34 vs 39 mg/dL, p <0.001) and higher HbA1c
(8 vs 7%, p <0.001). In unadjusted analyses, baseline TG levels were linearly associated with
both the primary composite and secondary outcomes. In fully adjusted analyses, every
50 mg/dL increase in TG level was associated with a 3.8% (HR 1.038, 95%CI 1.004−1.072,
p <0.001) increase in the primary composite outcome and a 6.4% (HR 1.064 95%CI 1.018
−1.113, p <0.001) increase in the secondary outcome. There was no interaction between TG
and outcomes within key subgroups including female sex, additional non-coronary atheroscle-
rotic disease, CKD or low LDL (<100 mg/dL). In conclusion, among patients with T2DM and
CAD, elevated TG were independently associated with adverse cardiovascular outcomes, even
after adjustment for clinical and simple biochemical covariates. © 2020 The Authors. Pub-
lished by Elsevier Inc. This is an open access article under the CC BY-NC-ND license. (http://
creativecommons.org/licenses/by-nc-nd/4.0/) (Am J Cardiol 2020;132:36−43)
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Patients with type 2 diabetes mellitus (T2DM) and coro-
nary artery disease (CAD) are at high risk for future cardio-
vascular (CV) events. Among other factors,
hypertriglyceridemia has been implicated as a potential
contributor to the observed residual risk in patients with
T2DM despite statin therapy. Mechanistically, triglycerides
(TG), and more specifically triglyceride-rich lipoprotein
remnants, have links with a proatherosclerotic milieu
through their ability to, (1) enter the subendothelial vascular
space and promote atherogenesis,1,2 (2) impair the anti-ath-
erogenic efficiency of high-density lipoprotein (HDL)
reverse cholesterol transport3 and (3) increase the suscepti-
bility for low-density lipoprotein to become oxidized.4

Hypertriglyceridemia has been shown to generally associate
with increased risk of incident cardiovascular disease,5−8

however whether a similar relationship holds for patients
with established CAD is less clear. Specifically, whether
elevated TG levels are independently associated with CV
events or simply serve as a marker for other risk factors is
controversial.9 While post hoc analyses of trials have shown
elevated TG levels to confer increased risk for CV events in
patients with established CAD,10−12 these studies have
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either relegated T2DM to a binary variable in subgroup
analysis, or been performed in a pre-statin era. Using data
from BARI 2D (Bypass Angioplasty Revascularization
Investigation 2 Diabetes), the aims of this study were to; (1)
determine the prevalence and distribution of hypertriglycer-
idemia; (2) examine the association between baseline TG
levels and CV events overall and; (3) evaluate these rela-
tionships in key subgroups with either disparate or residual
risk.
Methods

The design13 and primary outcome results14 of the BARI
2D trial have been previously published. In brief, BARI-2D
was an international, multicenter trial which enrolled 2,368
participants with T2DM and angiographically documented
stable ischemic heart disease between January 2001 and
March 2005. Participants were randomized using a 2£ 2
factorial design; one level dictating cardiovascular treat-
ment, the other dictating T2DM treatment. The randomized
cardiac treatment strategies included intensive medical
therapy with prompt revascularization (within 4 weeks) or
intensive medical therapy with revascularization only when
clinically indicated. The randomized glycemic control strat-
egies compared primarily insulin-sensitizing (i.e., thiazoli-
dinediones and/or metformin) versus primarily insulin-
providing (i.e. insulin and/or sulphonylurea). The results of
the primary analysis showed no significant benefit of
prompt revascularization over initial medical therapy, nor
was there any notable difference in outcomes between the
glycemic strategies.

Beyond the investigational components, the protocol
included guideline-mandated concomitant risk factor con-
trol for hypertension, dyslipidemia and obesity, in addition
to a goal HbA1c of <7.0% regardless of randomization
assignment. Major exclusion criteria included definite need
for prompt invasive intervention as determined by the treat-
ing cardiologist, prior coronary revascularization within the
past 12 months, class III or IV congestive heart failure, cre-
atinine >2.0 mg/dL, TG >1000 mg/dL or HbA1c >13%.
Institutional review boards at each participating site
approved the protocol and all patients provided written
informed consent.

The BARI 2D trial data were obtained on request from
the Biologic Specimen and Data Repository Information
Coordinating Center of the National Heart, Lung, and
Blood Institute under a data use agreement. The protocol
for this analysis was approved by the Duke University Insti-
tutional Review Board. Data from participants in the BARI-
2D trial with baseline fasting lipids were considered for this
analysis.

As per trial protocol, lipid measures were obtained from
fasting blood acquired prior to randomization, frozen
locally and measured at the core laboratory. HDL-C was
quantified using standard enzymatic techniques after the
removal of Apolipoprotein-B (Apo-B) containing particles;
total cholesterol and TG were quantified with direct enzy-
matic techniques, and LDL-C was determined through the
Friedewald equation. Systolic and diastolic BP were
obtained in the seated position using an appropriately sized
cuff following 5 minutes of rest; the mean of three BP read-
ings was used and reported to the nearest 2mmHg.

The primary endpoint of this analysis mirrored that of
the primary trial, namely a composite of time to CV death,
myocardial infarction (MI) or stroke. The secondary out-
comes were the individual components of the primary end-
point in addition to coronary revascularization and all-
cause death. The diagnosis of spontaneous myocardial
infarction was based on a doubling of cardiac biomarkers
(creatine kinase-MB or troponin) and evidence of ischemia
on the basis of symptoms, electrocardiography, or imaging.
Myocardial infarction was classified by a core laboratory;
stroke and cause of death were adjudicated by an indepen-
dent clinical events committee. The average follow-up was
5.3 years for death and 4.6 years for other outcomes.

Participants were grouped by baseline TG levels. This
was performed initially by dichotomizing the cohort at a
TG value of 150mg/dL which is acknowledged as being
‘elevated’ in most consensus documents.15 Participants in
the ≥150 mg/dL group were further stratified: (1) 150
−199 mg/dL, (2) 200−499 mg/dL, (3) >500 mg/dL. Con-
tinuous variables are summarized as mean (§SD) or
median (Q1, Q3). Categorical variables are summarized as
counts (%). Comparison between elevated and normal TG
groups was performed using the Wilcoxon rank sum test or
t-test. Categorical variables were compared using chi-
square tests or Fisher’s exact test.

To assess the association between TG levels and clinical
outcomes, Cox proportional hazards models were fitted. In
order to determine how and which factors mediate any tri-
glyceride-outcome relationship, a series of models were fit-
ted with stepwise, cumulative inclusion of covariates as
follows: Model 1 - unadjusted; Model 2 - Add age, sex,
region, race and ethnicity; Model 3 - Add systolic BP and
smoking status; Model 4 - Add BMI, T2DM duration,
HbA1c; Model 5 - Add HDL-C, LDL-C and statin use. As
the Friedewald equation can inaccurately estimate LDL-C
in the setting of elevated TG, a sensitivity analysis was per-
formed by repeating model 5 after adjusting LDL-C values
in those patients with TG >300 mg/dL.16

To use the same participant sample for all models,
chained equations multiple imputation was performed to
create 25 data sets with no missing data. Models 1 and 2
included variables with complete information, whereas
models 3-5 required the imputed data sets. For those mod-
els, the parameter estimates and corresponding chi-square
statistics were averaged over the 25 imputed data sets. The
linearity assumption was tested for continuous variables
using natural cubic splines, and the proportional hazards
assumption for all variables using weighted Schoenfeld
residuals. No major violations were found. Finally, as a
post hoc analysis, we adjusted for non-HDL-C rather than
LDL-C. Non-HDL-C provides a coarse assessment of total
atherogenic particle burden, including VLDL-C as well as
LDL-C. Given their biological and somewhat arithmetic
interrelation, non-HDL-C and TG are expected to be corre-
lated. This correlation was assessed graphically and statisti-
cally using Spearman’s correlation coefficient.

Pre-specified interaction analyses were performed for the
composite and CV death endpoints using the imputed data
sets. Unadjusted Cox models were fit with TG, the covariate
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of interest, and their interaction. The following covariate
interactions with TGs were tested: sex, T2DM duration (in
years, defined as time from historical diagnosis to trial
entry), CKD (presence or absence, defined by eGFR
<60mL/min/m2), non-coronary vascular disease including
peripheral arterial disease (PAD) and/or cerebrovascular
disease (CeVD), low LDL (≤100mg/dL), and statin use.
For categorical covariates, hazard ratios are presented per
50 mg/dL increase in TG by covariate level. For the interac-
tion with T2DM duration, hazard ratios are presented per
50 mg/dL increase in TG at the following values: 1, 5, 10
and 20 years.
Results

The study population consisted of 2,307 patients (97% of
the overall study population) with non-missing fasting TG
levels at baseline. Table 1 shows the baseline characteristics
overall and by baseline TG level. Similar to the overall trial,
the median age of the study cohort was 62 years with the
majority being male and of white race. Most of the cohort
Table 1

Baseline characteristics

Characteristics Total (N=2,307)

Age (years) 62, 56-68

Women 683 (29.6%)

Non-White 683 (29.6%)

Hispanic 288 (12.5%)

Current Smoker 287 (12.5%)

Hypertension requiring Tx 1882 (82.5%)

Hypercholesterolemia requiring Tx 1869 (82.1%)

Diabetes duration (years) 9, 4-15

History of MI 730 (32.1%)

History of CHF 149 (6.5%)

History of stroke/TIA 225 (9.8%)

PAD and/or CeVD 549 (23.8%)

Prior Revascularization 544 (23.6%)

BMI (kg/m2) 31, 28-35

Systolic BP (mmHg) 130, 118-142

Diastolic BP (mmHg) 74, 67-81

Total Cholesterol (mg/dL) 164, 141-192

LDL-C (mg/dL) 92, 73-115

HDL-C (mg/dL) 37, 31-43

eGFR (mL/min/1.73m2) 74, 60-88

HbA1c (%) 7, 6-9

Insulin (IU/mL) 10, 6-17

Albumin Creatinine Ratio 12, 5-47

Medications at Baseline

Statins 1720 (74.7%)

Beta Blockers 1684 (73.2%)

ACEi or ARB 1780 (77.3%)

Non-sublingual Nitrates 730 (31.7%)

Aspirin 2026 (88.2%)

P2Y12 inhibitor 454 (19.7%)

Thiazolidinedione 440 (19.1%)

Sulfonylurea 1232 (53.4%)

Insulin 641 (27.8%)

ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin-receptor

chronic heart failure; eGFR = estimated glomerular filtration rate; HbA1c = hemo

dial infarction; LDL-C = low-density lipoprotein cholesterol; TIA = transient isch
had obesity with an overall median T2DM duration of just
under 10 years. The majority were on a statin. Triglyceride
levels were positively skewed with a mean value of 181
(§136) and a median value of 148 mg/dL (104−219).
Overall, 51% of patients had TG <150 mg/dL, 18% 150
−199 mg/dL, 28% 200−499mg/dL, and 3% 500
−1000 mg/dL.

Compared with those with levels below 150 mg/dL,
patients with TG levels at or above 150 mg/dL were youn-
ger and more likely to be of white race. Sex proportions
were similar between the groups, as was Hispanic ethnicity.
Although those with elevated TG were more likely to be
current smokers, have a history of MI or revascularization,
the rates of heart failure, prior stroke and non-coronary vas-
cular disease were similar between the two groups. Statisti-
cal differences in T2DM duration, insulin levels, eGFR and
albumin-creatinine ratio were observed between groups,
however these were numerically small and not clinically
meaningful. Patients with elevated TG had higher overall
total cholesterol and were more likely to have lower HDL-
C. Medication profile was similar with the exception of
Triglycerides (mg/dl)

<150 (N=1,167) ≥150 (N=1,140) p value

63, 57-69 61, 54-68 <0.001
356 (30.5%) 327 (28.7%) 0.338

415 (35.6%) 268 (23.5%) <0.001
130 (11.1%) 158 (13.9%) 0.048

129 (11.1%) 158 (13.9%) 0.043

954 (82.7%) 928 (82.3%) 0.802

928 (80.6%) 941 (83.6%) 0.055

9, 4-16 8, 4-14 0.002

346 (30.1%) 384 (34.3%) 0.033

78 (6.7%) 71 (6.3%) 0.645

117 (10.1%) 108 (9.5%) 0.646

267 (22.9%) 282 (24.7%) 0.295

250 (21.4%) 294 (25.8%) 0.013

30, 27-34 32, 28-35 <0.001
130, 118-144 129, 118-140 0.131

73, 67-80 75, 69-81 0.011

153, 132-176 177, 152-204 <0.001
91, 74-113 93, 72-117 0.390

39, 34-46 34, 29-39 <0.001
75, 61-89 72, 59-87 0.010

7, 6-8 8, 7-9 <0.001
9, 5-14 12, 7-19 <0.001
11, 5-41 14, 6-56 0.001

890 (76.4%) 830 (73.0%) 0.061

823 (70.6%) 861 (75.7%) 0.006

896 (76.8%) 884 (77.7%) 0.604

341 (29.3%) 389 (34.2%) 0.011

1029 (88.5%) 997 (87.8%) 0.637

230 (19.7%) 224 (19.7%) 0.972

232 (19.9%) 208 (18.3%) 0.328

610 (52.3%) 622 (54.7%) 0.251

343 (29.4%) 298 (26.2%) 0.081

blocker; BMI = body mass index; CeVD = cerebrovascular disease; CHF =

globin A1c; HDL-C = high-density lipoprotein cholesterol; MI = myocar-

emic attack.
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Figure 1. Unadjusted linear association (Model 1) of baseline triglyceride levels with the primary composite cardiovascular outcome (CV death, MI and

stroke). Shaded region represents the upper and lower bounds of the 95% confidence intervals. Histogram of triglyceride levels correspond to right Y-axis.
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higher rates of beta blocker and non-sublingual nitrate use
in patients with elevated TG levels.

The characteristics of patients with elevated TG are pre-
sented by strata in Supplementary Table 1. In summary,
monotonic relationships were generally observed with the
highest TG level stratum more likely to be younger, smok-
ing, have lower HDL-C cholesterol and higher insulin lev-
els (more insulin resistance). Small numbers in the highest
stratum limit meaningful conclusions on infrequently pre-
scribed medications, however most notably those with high-
est TG levels were least likely to be on statins.
Figure 2. Stepwise adjustment for covariates in models evaluating relationship b

50 mg/dL increase in TG.

Outcome 

CV Death, Ml, or Stroke 

Model 1 

Model 2 

Model3 

Model4 

Models 

CV Death 

Model 1 

Model 2 

Model3 

Model4 

Models 

1.02 1.04 1.06 1.0

IncreasedR
Baseline TG levels were linearly associated with the pri-
mary composite outcome of CV death, MI and stroke
(Figure 1). In the unadjusted model, every 50 mg/dL increase
in TG level was associated with a 3.2% (HR 1.032 95%CI
1.001−1.065) increase in CV death/MI/stroke and a 5.8%
(HR 1.058 95%CI 1.014−1.105) increase in CV death.

Adjusted associations between baseline TG level and
both primary and secondary outcomes are presented in
Figure 2. In stepwise adjustment, inclusion of age, sex,
region, race, ethnicity, systolic BP and smoking status cova-
riates in the model modestly increased the impact of TG
etween baseline triglycerides and cardiovascular outcomes. HR for every

8 1.1 1.12 

 isk --> 

Hazard Ratio (95% Cl) P-value 

1.032 (1.001 - 1.065) 0.04 

1.046 (1.015 - 1.077) <.01 

1.046 (1.015 - 1.078) <.01 

1.040 (1.009 - 1.073) O.Q1 

1.038 (1.004 - 1.072) 0.03 

1.058 (1.014-1.105) <.01 

1.075 (1.033 -1.119) <.001 

1.078 (1.034-1.124) <.001 

1.070 (1.025 -1.116) <.01 

1.064 (1.018-1.113) <.01 
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levels on risk for adverse CV outcomes. In contrast, the
subsequent addition of BMI, T2DM duration, HbA1c,
HDL-C, LDL-C and statin use all modestly attenuated the
impact of TG levels on risk for both outcomes. Despite this,
TG levels retained statistical significance in each model
building step. In the fully adjusted model, each 50mg/dL
increase in TG was associated with a 3.8% (HR 1.038,
95%CI 1.004−1.072) increase in the risk of CV death/MI/
stroke and a 6.4% (HR 1.064, 95%CI 1.018−1.113)
increase in the risk of CV death. A sensitivity analysis using
adjusted LDL-C levels for patients with TG > 300 mg/dL
(11.2% of cohort), did not significantly change these rela-
tionships (Supplementary Table 2).

In an exploratory analysis, baseline non-HDL-C was
monotonically correlated with TG levels (r = 0.50, p
<0.0001) (Supplementary Figure 1). Substituting non-
HDL-C for LDL-C in the fully adjusted model, TG levels
were no longer predictive of the composite (HR 1.016,
95%CI 0.977−1.057, p = 0.413) but remained predictive of
CV death (HR 1.073 [1.016−1.134], p = 0.012).

Interactions between TG levels and key covariates were
evaluated for the primary composite endpoint and CV
death. As listed in Table 2, there were no significant
Table 2

Primary and secondary outcomes, according to prespecified subgroup

Variable Events/N (%)

CV death/MI/Stroke

Sex

Female 132/683 (19.33%)

Male 263/1624 (16.19%)

History of Non-Coronary Artery Disease 275/1758 (15.64%)

Diabetes Duration (years)

1

5

10

20

CKD 265/1731 (15.31%)

LDL-C

LDL-C ≤100 mg/dL 143/857 (16.69%)

LDL-C >100 mg/dL 230/1323 (17.38%)

Statin use 294/1720 (17.09%)

CV death

Sex

Female 42/683 (6.15%)

Male 99/1624 (6.10%)

History of Non-Coronary Artery Disease 88/1758 (5.01%)

Diabetes Duration (years)

1

5

10

20

CKD 84/1731 (4.85%)

LDL

LDL-C ≤100 mg/dL 44/857 (5.13%)

LDL-C >100 mg/dL 87/1323 (6.58%)

Statin use 106/1720 (6.16%)

CKD = chronic kidney disease; LDL-C = low-density lipoprotein cholesterol.

For CKD, low LDL and statins, the HR was derived using 25 imputation data

imputed values that were used in the Cox models.
interactions for either of the endpoints between TG levels
and covariates of interest: sex, T2DM duration, non-coro-
nary atherosclerotic disease, CKD, LDL-C ≤100 mg/dL or
statin use.
Discussion

This study, performed in a large population of patients
with T2DM and established CAD, has several notable find-
ings; first, a large number of patients with T2DM and CAD
had elevated TG. Second, baseline fasting triglyceride lev-
els were linearly associated with subsequent cardiovascular
events. Third, the relationship between baseline TG levels
and cardiovascular events remained significant despite
adjustment for multiple clinical and biochemical covariates.
Fourth, the triglyceride-outcome relationship was constant
in multiple subgroups including those with low LDL-C.

The finding of a linear relationship between TG levels
and subsequent CV events in a dedicated population of
statin-treated patients with T2DM and established CAD
extends prior studies that have evaluated related popula-
tions. In a cohort of 1,917 outpatients with T2DM from
Italy, most of whom did not have CAD, the highest tertile
Hazard Ratioper 50 mg/dL

increase in TG (95% CI)

Interactionp

value

0.369

1.008 (0.944 − 1.075)

1.042 (1.007 − 1.079)

0.985 (0.909 − 1.067) 0.198

0.690

1.025 (0.971 − 1.083)

1.028 (0.986 − 1.073)

1.033 (1.000 − 1.066)

1.041 (0.998 − 1.086)

1.033 (0.983 − 1.085) 0.915

0.164

1.021 (0.985 − 1.060)

1.002 (1.000 − 1.003)

1.037 (1.004 − 1.071) 0.474

0.318

1.003 (0.890 − 1.131)

1.071 (1.025 − 1.119)

1.040 (0.933 − 1.159) 0.675

0.333

1.024 (0.941 − 1.115)

1.036 (0.971 − 1.106)

1.051 (1.003 − 1.102)

1.082 (1.023 − 1.144)

1.056 (0.995 − 1.122) 0.964

0.262

1.045 (0.994 − 1.099)

1.002 (1.000 − 1.004)

1.067 (1.023 − 1.113) 0.335

sets. Rates were computed using the original data and so do not reflect the
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of TG levels was independently associated with all-cause
mortality after adjustment for other lipid parameters.17 Sim-
ilar findings by Toth et al. were reported from a propensity
matched analysis of 21,980 patients in an administrative
setting which included patients with either T2DM (»85%)
and/or CAD (»30%).18 In the study by Toth et al., those
with TG >200 mg/dL were at 34.9% higher risk of MI,
stroke or revascularization when compared with a matched
cohort with TG <150 mg/dL. In studies of patients with a
recent ACS, baseline TG levels in both the MIRACL and
dal-OUTCOMES trials were associated with both short
term (16 weeks) and longer term (31 months) cardiovascu-
lar events (coronary death, non-fatal MI, stroke, angina).12

Similarly, an earlier analysis of the PROVE-IT TIMI 22
trial which also enrolled early post-ACS patients, showed
lower TG levels (<150 mg/dL) to be independently associ-
ated with a 20% relative risk reduction of CV events (death,
MI, and recurrent ACS).11

Our study extends this prior work in several ways. Ours
was a focused evaluation of a large group of patients with
both T2DM and angiographically proven CAD; a popula-
tion hitherto relegated to subgroup status in prior work. Fur-
ther, unlike the epidemiologic studies our results leveraged
high veracity trial data which included granular covariate
information and robust, adjudicated outcome events. These
factors are likely to have increased our precision in deter-
mining the presence of a triglyceride-outcome relationship
and allowed us to demonstrate linearity.

Our analysis suggests TG levels continue to be associ-
ated with future risk of cardiovascular events in patients
with established CAD despite achieving low levels of LDL-
C (≤100 mg/dL). This is consistent with prior literature on
the subject,19 and implicates TG levels as an important
component of residual risk observed in patients with T2DM
who continue to sustain recurrent events despite low LDL-
C levels. With as many as 50% of patients exhibiting a sim-
ilar lipid phenotype on statin therapy, there exists a large
population with potentially unmet treatment needs.20−22

Consistent with other work,23,24 our results suggest that
TG levels are associated with increased risk for CV events
in patients with established ASCVD, however whether tri-
glycerides are directly in the causal pathway or simply a
surrogate marker of risk remains unclear. Our analysis
found that even after adjusting for factors associated with
both TG levels and CV risk such as T2DM duration, LDL-
C, and BMI, triglyceride levels remained associated with
CV events. A recent Mendelian randomization study dem-
onstrated that the risk reduction achieved through either
LDL-C or TG lowering was related to the proportional
change in Apo-B,25 which may be the primary mediator of
the triglyceride-outcomes relationship. While adjustment
for Apo-B would have allowed us to uncouple a relation-
ship between triglyceride levels and particle number, this
was not measured in BARI-2D. Instead, we performed an
exploratory adjustment for non-HDL-C, which is consid-
ered a coarse marker for Apo-B particle number (i.e., LDL,
IDL, VLDL) and showed a weakening of the association
between outcomes and TG levels. This attenuation is likely
a result of both the correlation between TG levels and non-
HDL-C, as well as the potential for independent atheroge-
nicity of VLDL-C. Nevertheless, because TG levels and
LDL-C continue to be measured routinely in clinical prac-
tice, our findings of independent increases in CV risk
related to increases in TG levels remain clinically relevant.

The linear and independent relationship with risk does
not indicate that reducing serum TG levels by any means
would be associated with cardiovascular benefit. Impor-
tantly, the majority of agents in clinical trials including fish
oil supplements, fibrates, statins and niacin have been
underwhelming in their ability to lower CV risk due to
either, (1) modest reductions in TG levels or (2) the restric-
tion of benefits to a highly selected population which
appeared to occur distinct from observed triglyceride lower-
ing. In contrast to prior studies, the recent REDuction of
Cardiovascular Events with Icosapent ethyl Trial
(REDUCE-IT) study of icosapent ethyl, a pure, stable, pre-
scription formulation of eicosapentaenoic acid (EPA), dem-
onstrated profound reductions in cardiovascular events in
patients with elevated TG levels. However, the benefits
were derived independent of TG level changes.26 Recent
findings suggest that achieved high blood levels of EPA
from icosapent ethyl dosing were largely associated with
the CV benefits observed in REDUCE-IT, as compared to
lipid or lipoprotein biomarkers such as TG levels.27 Adding
further complexity to the relationship between omega-3
fatty acids, TG levels and CV outcomes is the recent
announcement that the STRENGTH trial (Outcomes Study
to Assess STatin Residual Risk Reduction With EpaNova
in HiGh CV Risk PatienTs With Hypertriglyceridemia) has
been terminated due to futility. While there are differences
in the compounds - Epanova in STRENGTH being EPA/
DHA, and icosapent ethyl in REDUCE-IT being EPA alone
- their early phase data suggested similar expected changes
in serum levels of omega-3 fatty acids.

Trials of agents are currently underway with more potent
and specific TG level lowering capacity. Pemafibrate, a next
generation PPAR-alpha agonist, has been shown to reduce
TG levels by 50% and increase HDL-C by 13% and is cur-
rently being studied in a phase III trial due to report in
2022.28 In addition, two RNA interfering agents targeting
genes for apolipoprotein C-III (APOC3, NCT03783377)
and angiopoietin-like protein 3 (ANGPTL3,
NCT03747224) have produced promising phase I/II trials
with reductions in TG of 64% and 66%, respectively.29,30

Whether these TG level-lowering agents will confer benefit
independent of their salutary effects on LDL-C/HDL-C
remains to be seen.

This study is a post hoc analysis of a clinical trial and
thus observational in nature. The effects of residual con-
founding and reverse causation cannot be quantified. Our
data lacked certain potential clinical confounders such as
alcohol use and hormone status. The cohort was predomi-
nantly white and male and of relatively narrow age range,
thus the results may not be generalizable to a broader group
of patients with T2DM and CAD. Similarly BARI 2D
excluded patients with severe hypertriglyceridemia
(>1000mg/dL) and included only a minority >500mg/dL;
thus, the degree to which the triglyceride-outcomes rela-
tionship retains linearity at very high TG levels cannot be
inferred from our data.

In conclusion, this study of largely statin-treated patients
with T2DM and CAD from the BARI 2D trial, baseline
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triglyceride levels were independently associated with
adverse cardiovascular outcomes. Whether lowering TG
levels leads to improved cardiovascular outcomes remains
to be seen.
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