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ABSTRACT

BACKGROUND Even when low-density lipoprotein-cholesterol (LDL-C) levels are lower than guideline thresholds, a
residual risk of atherosclerosis remains. It is unknown whether triglyceride (TG) levels are associated with subclinical
atherosclerosis and vascular inflammation regardless of LDL-C.

OBJECTIVES This study sought to assess the association between serum TG levels and early atherosclerosis and
vascular inflammation in apparently healthy individuals.

METHODS An observational, longitudinal, and prospective cohort study, including 3,754 middle-aged individuals with
low to moderate cardiovascular risk from the PESA (Progression of Early Subclinical Atherosclerosis) study who were
consecutively recruited between June 2010 and February 2014, was conducted. Peripheral atherosclerotic plaques were
assessed by 2-dimensional vascular ultrasound, and coronary artery calcification (CAC) was assessed by noncontrast
computed tomography, whereas vascular inflammation was assessed by fluorine-18 fluorodeoxyglucose uptake on
positron emission tomography.

RESULTS Atherosclerotic plaques and CAC were observed in 58.0% and 16.8% of participants, respectively,

whereas vascular inflammation was evident in 46.7% of evaluated participants. After multivariate adjustment, TG
levels =150 mg/dl showed an association with subclinical noncoronary atherosclerosis (odds ratio [OR]: 1.35; 95%
confidence interval [CI]: 1.08 to 1.68; p = 0.008). This association was significant for groups with high LDL-C (OR: 1.42;
95% Cl: 1.11 t0 1.80; p = 0.005) and normal LDL-C (OR: 1.85; 95% Cl: 1.08 to 3.18; p = 0.008). No association was found
between TG level and CAC score. TG levels =150 mg/dl were significantly associated with the presence of arterial
inflammation (OR: 2.09; 95% Cl: 1.29 to 3.40; p = 0.003).

CONCLUSIONS In individuals with low to moderate cardiovascular risk, hypertriglyceridemia was associated with
subclinical atherosclerosis and vascular inflammation, even in participants with normal LDL-C levels. (Progression of Early
Subclinical Atherosclerosis [PESA]; NCTO1410318) (J Am Coll Cardiol 2021;77:3031-41) © 2021 The Authors. Published
by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBREVIATIONS
AND ACRONYMS

"®F-FDG = fluorine-18
fluorodeoxyglucose

CACS = coronary artery

calcium score

CT = computed tomography
CV = cardiovascular

CVRF = cardiovascular risk

factor

DHA = docosahexaenoic acid
EPA = eicosapentaenoic acid

ESC = European Society of

Cardiology

HDL-C = high-density
lipoprotein cholesterol

LDL-C = low-density
lipoprotein cholesterol

PET = positron emission

tomography

SCORE = Systematic Coronary

Risk Evaluation

TG = triglyceride

yslipidemia includes a wide variety
of biochemical disorders that have
been linked to adverse cardiovas-
cular (CV) events (1). Accumulated evidence
shows that lifetime cumulative exposure to
lipids has a clear impact on the risk of CV
events (2). Early identification of atherogenic
dyslipidemias, particularly in individuals at
low to moderate CV risk (a large subset of pa-
tients), could guide interventions to improve
primary prevention (3). Risk stratification can
be further refined by characterizing identi-
fied plaques as inflamed or noninflamed (4).
Dyslipidemia leads to CV events by
atherosclerotic plaque development and pro-
gression (5,6). Therefore, screening tools are
needed to detect and characterize subclinical
atherosclerosis and to design strategies to
restratify CV risk and guide lifestyle and drug
interventions (7). Among dyslipidemia fac-
tors, the main cause of atherosclerotic plaque
development and subsequent CV events is
considered to be low-density lipoprotein
cholesterol (LDL-C) (8). Although the evidence is less
clear, other lipids are thought to contribute to
atherosclerosis development, especially in the
absence of high LDL-C levels (9). Adverse CV events
have been linked to high levels of triglycerides (TGs)
(10,11). Current clinical practice guidelines for the
treatment of dyslipidemia recommend initiation of
statins for serum TG levels >200 mg/dl, but only in
patients at high CV risk (12). More solid evidence is
needed to guide clinical management of hyper-
triglyceridemia, particularly in individuals who are
not at high CV risk according to current scales.

SEE PAGE 3042

In this study, we investigated the association
between serum TG and subclinical atherosclerosis in
individuals without an indication for lipid-lowering
interventions according to current guidelines
(individuals at low to moderate CV risk and normal
LDL-C levels).

METHODS

STUDY DESIGN. This study was conducted in a subset
of participants from the PESA (Progression of Early
Subclinical Atherosclerosis) study, an observational
prospective cohort study using multiterritory imaging
to assess determinants of atherosclerosis presence and
progression. The study rationale and design have been
reported previously (13). Briefly, between June 2010
and February 2014, PESA enrolled 4,184 volunteers
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between the ages of 40 and 54 years without previous
CV disease. All participants were employees of
Santander Bank headquarters in Madrid, Spain. The
PESA exclusion criteria were previous CV disease,
extreme obesity (body mass index =40 kg/m?), chronic
kidney disease (estimated glomerular filtration
rate <60 ml/min/m?), active treatment for cancer, or
any condition reducing life expectancy or affecting
study adherence. The study protocol was approved by
the Carlos III Health Institute Ethics Committee, and
all participants provided written informed consent.

CV mortality risk was assessed with the European
Society of Cardiology (ESC) CV disease risk assess-
ment tool, the Systematic Coronary Risk Evaluation
(SCORE) (14). Participants were classified according to
10-year risk as having a low (<1%) or moderate (=1%
and <5%) CV risk. Participants with high CV risk
(=5%) were excluded from this study (n = 3). A
further 149 participants were excluded because of
noninterpretable images or missing laboratory,
questionnaire, or imaging data, and 278 individuals
were excluded because they were receiving statin
therapy. The final study group thus consisted of 3,754
PESA participants (Supplemental Figure 1).

ASSESSMENT OF CARDIOVASCULAR RISK AND LIPID
PROFILE. Anthropometric, clinical, and laboratory
data were collected according to the PESA study
protocol. The assessed CV risk factors (CVRFs) were
dyslipidemia, smoking, hypertension, diabetes,
obesity, and a family history of premature CV disease,
as reported previously (13). Venous blood was
collected after 8 h of fasting. Serum TG, total
cholesterol, high-density lipoprotein cholesterol
(HDL-C), and lipoprotein(a) were measured by spec-
trophotometric assays in an Architect-Ci8200
analyzer (Abbott Laboratories, Abbott Park, Illinois)
and using the manufacturer’s kits. LDL-C was calcu-
lated by the Friedewald method, except for partici-
pants with TG levels >300 mg/dl, in which case it was
measured directly. Participants were stratified into 3
groups according to the fourth Adult Treatment Panel
guidelines for fasting serum TG (11): hyper-
triglyceridemia was defined as TG =150 mg/dl, and
values <150 mg/dl were further classified as either
low normal (<100 mg/dl) or high normal (100 to
149 mg/dl). Participants were classified as having
normal or high serum LDL-C according to the ESC
guideline thresholds of 116 mg/dl for individuals at
low CV risk and 100 mg/dl for those at moderate CV
risk (12). The inflammatory marker high-sensitivity
C-reactive protein was assessed in all patients.

ASSESSMENT OF SUBCLINICAL ATHEROSCLEROSIS. The
presence of subclinical atherosclerotic plaques was
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assessed in all participants by 2-dimensional vascular
ultrasound (Philips iU22 ultrasound, Philips Health-
care, Bothell, Washington). Plaques were defined ac-
cording to the Mannheim criteria as focal protrusions
into the arterial lumen of thickness >0.5 mm or >50%
of the surrounding intima-media thickness or as a
diffuse intima-media thickness >1.5 mm (15). Cross-
sectional sweeps were made at 7 vascular locations:
the bilateral carotid arteries, the infrarenal aorta, and
the bilateral iliac and femoral arteries. All images
were analyzed at the National Center for Cardiovas-
cular Research (CNIC) core imaging laboratory in
Madrid, Spain by experienced, blinded operators.

The coronary artery calcium score (CACS) was
determined in all patients by noncontrast 16-slice
computed tomography (CT, Philips Brilliance, Philips
Healthcare, Andover, Massachusetts), as previously
described (16,17). After electrocardiography-gated
prospective CT acquisition, the CACS was calculated
from CT images by the Agatston method (18).

ASSESSMENT OF VASCULAR INFLAMMATION. As
described elsewhere (4), a subgroup of 755 PESA
participants with evidence of atherosclerosis on 2-
dimensional vascular ultrasound or CACS was exam-
ined by hybrid fluorine-18 fluorodeoxyglucose (*8F-
FDG) positron emission tomography (PET) to assess
vascular inflammation. Of this subgroup, 141 partici-
pants were excluded because of previous statin
therapy, lack of a SCORE assessment, or incomplete
imaging studies. Thus, the final sample assessed in
this substudy included 614 subjects. The ®F-FDG PET
scan covered 10 vascular territories per participant:
the right and left carotid arteries; the ascending, arch,
and descending thoracic aorta; the infrarenal
abdominal aorta; the left and right iliac arteries; and
the left and right femoral arteries. Qualitative PET
analysis in each vessel was performed after adjust-
ment of the color scale to between 0 and 2 stan-
dardized uptake value (SUV) units. Arterial ®F-FDG
uptake was defined as a localized area of increased
signal intensity encompassing an artery that could
not be explained by adjacent structures such as
lymph nodes or ureters.

STATISTICAL ANALYSIS. Study participants’ base-
line characteristics are presented as number (%) for
categorical variables and as mean + SD or median
(interquartile range) for normally and non-normally
distributed continuous variables. Participants’ char-
acteristics across TG groups were compared by anal-
ysis of variance with multiple-testing correction
(Bonferroni) for continuous variables or by the chi-
square test for categorical variables. Adjusted
ordinal regression models were used to assess the
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TABLE 1 Baseline Characteristics of Low to Moderate Cardiovascular Risk PESA Study

Total TG <100 TG 100-150 TG =150
(N = 3,754) (n = 2,580) (n =781) (n =393) p Value
Age, yrs 455+ 42 452+ 41 46.2 £ 4.4 46.0 £4.1 <0.001
Women 1,456 (38.8) 1,290 (50.0) 132 (16.9) 34 (8.7) <0.001
Hypertension 367 (9.8) 165 (6.4) 123 (15.7) 79 (20.1) <0.001
Diabetes 12 (0.3) 1(0.0) 1(0.1) 10 (2.5) <0.001
Dyslipidemia 1,376 (36.7) 661 (25.6) 421 (53.9) 294 (74.8) <0.001
Smoking 753 (20.3) 451 (17.7) 195 (25.3) 107 (27.4)  <0.001
BMI =30 kg/m? 486 (12.9) 204 (7.9) 170 (21.8) 12 (28.5) <0.001
Family history of CVD 562 (15.0) 346 (13.4) 152 (19.5) 64 (16.3) 0.107
Total cholesterol, mg/dl 201 £ 33.0 193 + 30.1 214 + 30.6 226 + 354 <0.001
LDL-C, mg/dL 133 +£29.4 127 £27.1 145 +29.5 146 +32.4 <0.001
HDL-C, mg/dl 495 +£122 527+122 442493 395+7.8 <0.001
SBP, mm Hg 16 +12.4 M3 +£1.9 120 £ 11.8 123 £11.9 <0.001
DBP, mm Hg 7214+93 703 +8.8 753 £ 9.1 77.8 £9.1 <0.001
BMI, kg/m? 259 +37 25.0+35 27.6 +£ 35 284 +35 <0.001
HbA1lc, % 5.4 (5.2-5.6) 5.4 (5.1-5.6) 5.4 (5.2-5.7) 5.5(5.3-5.8) <0.001
hs-CRP, mg/ml 0.09 0.08 0.13 0.14 <0.001
(0.05-0.18) (0.04-0.16) (0.07-0.23)  (0.08-0.27)
Lp(a), mg/dl 17.4 17.1 18.3 17.3 0.183
(6.8-41.9) (7.0-42.0) (6.3-42.8) (5.7-40.1)
SCORE risk 0.34 0.24 0.60 0.69 <0.001
(0.14-0.72) (0.09-0.54) (0.31-1.03) (0.40-1.18)
MVPA, % 343 34.8 327 337 0.008
(22.7-49.7)  (22.8-50.5) (22.4-48.4) (21.8-48.5)
Ethanol, g/day 6.5 (1.6-14.2) 5.5 (1.2-12.6) 8.8 (2.8-18.2) 10.2 (3.1-19.0) <0.001
Eating pattern
Mediterranean 1,457 (39.6) 1,133 (44.9) 229 (29.8) 95 (24.7) <0.001
Western 1,546 (42.1) 1,018 (40.4) 343 (44.7) 185 (48.2) <0.001
Social-business 672 (18.3) 372 (14.7) 196 (25.5) 104 (27.1) <0.001

Values are mean + SD, n (%), or median (interquartile range).

Coronary Risk Evaluation; TG = triglyceride.

BMI = body mass index; CVD = cardiovascular disease; DBP = diastolic blood pressure; HbAlc = glycated
hemoglobin; HDL-C = high-density lipoprotein cholesterol; hs-CRP = high-sensitivity C-reactive protein; LDL-
C = low-density lipoprotein cholesterol; Lp(a) = lipoprotein(a); MVPA = moderate to vigorous physical activ-
ity; PESA = Progression of Early Subclinical Atherosclerosis; SBP = systolic blood pressure; SCORE = Systematic

relationship between TG and the number of non-
coronary atherosclerotic territories (0, 1, 2, 3, =4).
Results were expressed as the odds ratio (OR) with its
95% confidence interval (CI). Potential confounders
included to assess the association between subclini-
cal atherosclerosis and TG categories were age, sex,
systolic blood pressure, LDL-C, HDL-C, smoking,
glycated hemoglobin (hemoglobin Aic), body mass
index, family history of CV disease, moderate to
vigorous physical activity, ethanol consumption
(g/day), and eating pattern (17). The relationship be-
tween TG levels as a continuous variable and the risk
of subclinical atherosclerosis was estimated using a
quadratic fit. The association between TG and
vascular inflammation was assessed by logistic
regression, with adjustment for variables previously
reported to predict vascular inflammation in the PESA
study (4). Statistical analyses were conducted using
Stata software version 15 (StataCorp, College Station,
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FIGURE 1 Prevalence and Extension of Subclinical Atherosclerosis According to TG Levels
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Texas). Differences were considered statistically sig-
nificant at a p value <0.05.

RESULTS

A total of 3,754 PESA participants with low to mod-
erate CV risk were included (45.5 + 4.2 years of age;
61.2% men). Most individuals (84.9%) had a low 10-
year CV risk, and the remaining 568 (15.1%) had a
moderate CV risk. Mean LDL-C was 133.0 + 29.4 g/dl.
Of the participants, 1,044 (27.8%) had serum LDL-C
levels within the ESC-defined normal range
(12): <100 and <116 mg/dl for moderate- and low-CV
risk individuals, respectively. Mean serum TG was
92.2 + 52.3 mg/dl; 393 individuals (10.5%) had
TG =150 mg/dl, 781 (20.8%) had TG between 100 and
150 mg/dl, and 2,580 (68.7%) had TG <100 mg/dl.
Compared with participants with TG <100 mg/dl,
those with TG >150 mg/dl were older, they were more
frequently men, and they had a worse CVRF profile
and a higher SCORE value (Table 1).

TG AND SUBCLINICAL
Imaging analysis detected subclinical atherosclerosis
in 52.5%, 68.8%, and 73.0% of participants with
serum TG <100 mg/dl, 100 to 149 mg/dl,
and =150 mg/dl, respectively; the stepwise increase
across TG groups was also evident for the number of
vascular territories affected (Figures 1A to 1C). After
multivariate adjustment, serum TG =150 mg/dl was
associated with a significantly higher prevalence of
noncoronary atherosclerosis (OR: 1.35; 95% CI: 1.08 to
1.68; p = 0.008) than TG <100 mg/dl. Regardless of
LDL-C concentration, lower serum TG was associated
with a lower risk of subclinical atherosclerosis
(Figure 2). The number of vascular territories affected
with subclinical atherosclerosis was higher as TG
levels increased for individuals with both normal and
high LDL-C (Central Illustration). The association be-
tween TG =150 mg/dl and the presence of non-
coronary atherosclerotic plaques was observed both
in individuals with high LDL-C (OR: 1.42; 95% CI: 1.11
to 1.80) and in those with normal LDL-C (OR: 1.85;
95% CI: 1.08 to 3.18) (Figure 3). CVRFs and TG showed
no significant interaction in the prevalence of sub-
clinical atherosclerosis (Supplemental Figure 2). TG
showed no association with CACS (OR per 10 mg/dl

ATHEROSCLEROSIS.

increase: 1.01; 95% CI: 0.99 to 1.03; p = 0.405)
(Supplemental Figures 3 and 4).

TG AND VASCULAR INFLAMMATION. Serum TG showed
a weak but significant correlation with high-
sensitivity C-reactive protein (R = 0.298; 95% CI:
0.269 t0 0.327; p < 0.001). Arterial *®F-FDG uptake and
the number of plaques with ®F-FDG uptake increased
with increasing TG level (Figure 4). Individuals
with TG =150 mg/dl had a 2-fold higher risk of arterial
BF-FDG uptake (adjusted OR: 2.09; 95% CI: 1.29 to
3.40; p = 0.003) than those with TG <100 mg/dl.

DISCUSSION

In this study, we assessed the association between
serum TG and atherosclerosis in a group of apparently
healthy middle-aged participants in the PESA study.
We reported 3 main findings: 1) serum TG is associ-
ated with the presence of noncoronary atheroscle-
rotic plaques in individuals at low to moderate CV
risk; 2) this association is present even in persons
with normal LDL-C levels according to ESC guidelines
and with no indication for lipid-lowering therapy;
3) serum TG is associated with general arterial
inflammation and with inflamed atherosclerotic pla-
ques. These findings are likely to be clinically rele-
vant. TG is easy and inexpensive to measure, thus
making TG testing as an index of underlying athero-
sclerosis available to most laboratories. Moreover, our
results revealed hypertriglyceridemia as a potential
target for therapies to reduce the risk of atheroscle-
rosis and future clinical events.

To our knowledge, this is the first large cross-
sectional study reporting an association between
serum TG and both subclinical atherosclerosis and
elevated vascular inflammation in individuals at low
to moderate CV risk. ESC guidelines recommend
treating hypertriglyceridemia as a primary prevention
measure to reduce CV risk only in high-risk in-
dividuals with TG >200 mg/dl (Class I recommenda-
tion, Level of Evidence: B) or with TG between 135
and 499 mg/dl despite statin treatment (Class Ila
recommendation, Level of Evidence: B) (12). Our data
suggest that lipid-lowering intervention may be
beneficial even in individuals at low to moderate CV
risk with TG >150 mg/dl.

3035

FIGURE 1 Continued

(A) Percentage of subjects with atherosclerotic plaques in the different groups according to triglyceride (TG) levels. (B) Distribution of subclinical atherosclerosis evaluated
with number of noncoronary vascular territories affected according to triglyceride levels. (C) Ordinal regression model to assess the relationship between triglyceride
levels and the number of noncoronary atherosclerotic territories (0, 1, 2, 3, =4). Results were adjusted for potential confounders, including age, sex, systolic blood pressure,
low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, smoking, glycated hemoglobin, body mass index, family history of cardiovascular disease,
moderate to vigorous physical activity, ethanol consumption, and eating pattern. Cl = confidence interval; 2D-VUS = 2-dimensional vascular ultrasound.
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FIGURE 2 Association Between TG Levels and Presence of Subclinical Atherosclerotic Plaques
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(Top) The relationship between triglyceride (TG) levels as a continuous variable and the risk of subclinical atherosclerosis was graphically represented using a
quadratic fit. Triglyceride levels were truncated at 250 mg/dLl because only 58 participants had values >250 mg/dLl. The predicted percentage of subclinical
atherosclerotic plaques is shown by the black line with its 95% confidence interval (Cl) in red, and it is represented in the right y-axis. A binary regression model
was used to assess the relationship between triglyceride levels and the presence of atherosclerotic plaques, after adjusting for age, sex, systolic blood pressure,
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol, smoking, glycated hemoglobin, body mass index, family history of cardio-
vascular disease, moderate to vigorous physical activity, ethanol consumption, and eating pattern. (Bottom) Results after repeating analysis by groups of low-
density lipoprotein cholesterol (normal: <116 mg/dl for individuals at low cardiovascular risk and <100 mg/dl for those at moderate cardiovascular risk).

OR = odds ratio.

Numerous studies have shown an association be- attenuated but not eliminated by adjustment for
tween high TG values and CV risk. A meta-analysis of HDL-C concentration. Data from the secondary pre-
data from 262,525 participants in 29 prospective vention PROVE IT-TIMI 22 (Pravastatin or Atorvasta-
studies showed that serum TG is a strong and inde- tin Evaluation and Infection Therapy-Thrombolysis
pendent predictor of CV risk (19). In that study, the In Myocardial Infarction 22) trial revealed that serum
association between high serum TG and CV risk was TG, regardless of LDL-C concentration, had a
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FIGURE 3 Subclinical Atherosclerosis and TGs According to LDL-C Levels
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Forest plot showing the relationship between triglyceride (TG) levels and the number of noncoronary atherosclerotic territories (0, 1, 2, 3, =4)
according to low-density lipoprotein cholesterol (LDL-C) levels. Results were assessed by ordinal regression analysis adjusted for potential
confounders, including age, sex, systolic blood pressure, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, smoking,
glycated hemoglobin, body mass index, family history of cardiovascular disease, moderate to vigorous physical activity, ethanol con-

substantial impact on CV outcomes in patients with
acute coronary syndromes (20). Notably, among
statin-treated patients, on-treatment TG <150 mg/dl
was associated with reduced CV risk independently of
LDL-C concentration. Furthermore, the beneficial ef-
fect of reducing LDL-C to <70 mg/dl was highest in
individuals with TG <150 mg/dl (20). Recently, Lee
et al. (3) compared the incidence and risk of CV events
according to each lipid parameter in a cohort of
30,330 young, statin-naive individuals 20 to 39 years
of age who were included in the South Korean Na-
tional Health Insurance Service database. These in-
vestigators found that serum TG was strongly
associated with clinical events regardless of HDL-C
and LDL-C concentrations (3).

In our study, we focused on subclinical athero-
sclerosis and vascular inflammation as early
markers of the risk of future CV events. The
development of atherosclerotic plaques—especially
vulnerable plaques, such as those with a high
metabolic rate or inflammation—is the mechanistic
link between dyslipidemia and CV events. The

association between serum TG and subclinical
atherosclerosis can be used to identify those in-
dividuals in the greatest need of primary prevention
measures to halt atherosclerosis and thus prevent
transition to manifest disease (21). The detection of
subclinical atherosclerosis at a very early stage is
critical to improving CV prevention and outcomes
by allowing early implementation of primary pre-
vention strategies (22).

This is the first study to evaluate the association
between TG and subclinical atherosclerosis; however,
a link between TG and low-grade vascular inflamma-
tion has been reported previously. A multidirectional
mendelian randomization study including 60,608
individuals demonstrated that elevated remnant
cholesterol (directly related to serum TG) was asso-
ciated with both low-grade inflammation and
ischemic heart disease, whereas elevated LDL-C was
associated with ischemic heart disease without
inflammation (23). Unlike LDL-C, TGs do not accu-
mulate in foam cells (24), and the hydrolysis of
remnant TGs by lipoprotein lipase at the endothelial
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emission tomography according to levels triglyceride (TG) levels. (Bottom) Binary logistic regression model to assess the relationship be-
tween triglyceride levels and arterial fluorine-18 fluorodeoxyglucose uptake. Results were adjusted for potential confounders, including age,

sex, smoking, and obesity. Cl = confidence interval.

surface or within the subendothelial space generates
a host of proinflammatory mediators (25). Inflamma-
tion alters endothelial function and contributes to the
vulnerability of plaques regardless of LDL-C levels
(26). Recent insights into inflammation as a major
component of plaque development, erosion, and
rupture have greatly expanded our understanding of
atherosclerosis. Many atherosclerotic CV events occur
in individuals with normal LDL-C (27), and this has
turned attention to other pathophysiological drivers

of atherosclerosis. In an intriguing post hoc analysis
of the AFCAPS/TexCAPS (Air Force/Texas Coronary
Atherosclerosis Prevention Study), investigators
observed that statin therapy remained effective at
mitigating risk in individuals with elevated high-
sensitivity C-reactive protein but low LDL-C (28), re-
sults consistent with the findings of JUPITER (Justi-
fication for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin) of statin
therapy in primary prevention (29). The intimate
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Distribution of number of vascular territories affected with subclinical atherosclerosis according to triglyceride levels in patients with normal and high low-density
lipoprotein cholesterol. Normal low-density lipoprotein cholesterol levels were defined as values within recommended targets by European Society of Cardiology
guidelines (<116 mg/dl for individuals at low cardiovascular risk and <100 mg/dl for those at moderate cardiovascular risk). High low-density lipoprotein cholesterol
levels were defined as those higher than recommended values. LDL-C = low-density lipoprotein cholesterol; TG = triglycerides.

involvement of inflammation in all stages of athero-
sclerosis makes intervention to modulate systemic or
local inflammatory responses an attractive route to
reducing CV risk (30). Whether strategies to decrease
TG levels can reduce arterial and plaque inflammation
remains to be investigated.

We observed a significant association between
TG =150 mg/dl and the presence both of atheroscle-
rotic plaques and of arterial inflammation, even in
study participants with LDL-C levels within recom-
mended limits. Hypertriglyceridemia and its associa-
tion with arterial inflammation could partially explain
the residual risk in persons with low to moderate CV
risk and normal LDL-C. Our findings indicate that
controlling and lowering serum TG may become key
measures for reducing the residual risk of CV events
in individuals who have already achieved guideline-
recommended LDL-C targets, even if they are at low
to moderate CV risk. Recently, 2 trials assessed the
effect of omega-3 fatty acids in high-CV risk patients
with hypertriglyceridemia with discordant results. In
REDUCE-IT (Reduction of Cardiovascular Events With

EPA-Intervention Trial), treatment with a purified
form of eicosapentaenoic acid (EPA) significantly
reduced the risk of ischemic events, including CV
death, in patients with established CV disease or high
CV risk with elevated TG levels (135 to 499 mg/dl) and
low LDL-C (<100 mg/dl) (31). However, in the
STRENGTH (STatin Residual Risk Reduction With
EpaNova in HiGh CV Risk PatienTs With Hyper-
triglyceridemia) trial, in patients at high CV risk with
TG levels between 180 and 500 mg/dl and LDL-C <
100 mg/dl, a mixture of EPA and docosahexaenoic
acid (DHA) did not result in a reduction of CV events
(32). A possible explanation is based on the different
biochemical and physiochemical properties of omega-
3 fatty acids; research has shown that EPA stabilizes
cell membranes and DHA could destabilize them (33),
meaning that the DHA could have counteracted the
beneficial effects of the EPA in the STRENGTH trial.
Another possible explanation would lie in the effect
of the resolvins, which are specialized proresolving
mediators derived from omega-3 fatty acids that
actively facilitate resolution of acute inflammation
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(34). It has recently been suggested that the anti-
inflammatory effects of EPA or DHA partly a result
of the resolvins (35). However, the resolvins gener-
ated from EPA and DHA are different: resolvins
derived from EPA are termed resolvin E, whereas
those derived from DHA are termed resolvin D (34).
Moreover, the anti-inflammatory and proresolving
effects of both resolvins are different. Therefore, it is
expected that the effects of both EPA and DHA are not
equal, and controlling these lipid mediators will
possibly prevent and/or provide treatment options
for diseases related to inflammation, such as
atherosclerosis.

Regarding coronary atherosclerotic risk, we have
not found an association between TG and CACS.
Vascular calcification is a late event in the athero-
sclerotic process (36), and the prevalence of CACS
>0 in the relatively young PESA study group is low
compared with that of noncoronary atherosclerotic
plaques. A lack of association between TG levels and
CACS was also reported in the CARDIA (Coronary Ar-
tery Risk Development in Young Adults) study (37).

STUDY LIMITATIONS. The data presented in this
study are observational, and therefore the clear as-
sociation between TG and subclinical atherosclerosis
should not be interpreted as indicating a causal rela-
tionship. A second limitation is that, despite optimal
multivariate analysis, it remains possible that the
observed associations could be partly explained by
residual confounders. Third, TG measurements were
performed with participants in the fasting state, in
line with traditional recommendations for blood
sampling for lipid analysis. Recent studies have used
nonfasting sampling, which generally increases
serum TG by 27 mg/dl (38). However, for most in-
dividuals, the mean increase in recorded TG is clini-
cally irrelevant. Fourth, coronary atherosclerosis was
assessed by CACS, and we therefore cannot rule out
an association between serum TG and the prevalence
or progression of noncalcified coronary plaques.
Fifth, the study group was essentially a nondiabetic
cohort, with <1% with diabetes mellitus (n = 12).
Finally, the PESA study cohort is a relatively homo-
geneous occupational cohort that may not be repre-
sentative of the general population.

CONCLUSIONS

A significant  association  between  hyper-
triglyceridemia (TG =150 mg/dl) and noncoronary
atherosclerosis and vascular inflammation was

JACC VOL. 77, NO. 24, 2021
JUNE 22, 2021:3031-41

identified in a group of apparently healthy persons
with low to moderate CV risk, even in those persons
with normal LDL-C levels. Our findings identify TG
determination as a potential screening tool with
therapeutic implications. These data reinforce the
role of targeting hypertriglyceridemia in primary CV
disease prevention. In light of these data, clinical
guidelines could revisit their recommendations and
consider a TG target of 150 mg/dl or lower for primary
prevention for individuals at any level of CV risk,
regardless of LDL-C concentration.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:
Serum TG levels are associated with subclinical
atherosclerosis and vascular inflammation in persons
with low to intermediate CV risk, irrespective of LDL-C
level.

TRANSLATIONAL OUTLOOK: Further studies are
needed to assess the impact of lowering blood TGs
across a range of LDL-C levels on atherosclerosis
progression and long-term clinical outcomes.
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