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Multiple clinical and epidemiologic studies link lipo-
protein abnormalities to atherosclerotic cardiovas-
cular disease. A key process in the pathogenesis of
atherosclerosis is the accumulation of cholesterol-laden
macrophages in the artery wall. This process is greatly
enhanced by atherogenic lipoproteins such as LDL
cholesterol, which delivers cholesterol to macrophages
in the artery wall. In contrast, studies have demonstrated
a strong inverse relationship between HDL-cholesterol
levels and risk for cardiovascular disease. HDL cho-
lesterol retrieves cholesterol from macrophages in
atherosclerotic lesions for elimination in the liver, a
process known as reverse cholesterol transport which can
be measured in vitro by cholesterol-efflux capacity (1).
Triglycerides are a major component of VLDL and
other remnant lipoproteins such as chylomicrons,
intermediate-density lipoproteins collectively termed
triglyceride-rich lipoprotein cholesterol, which can
also be atherogenic and often associate with low HDL
cholesterol. Thus, measuring “non-HDL cholesterol”
(total cholesterol minus HDL cholesterol) or apo-B con-
centration (the major apo of LDL and triglyceride-rich
lipoprotein cholesterol) might provide a better index of
atherogenic lipids and cardiovascular risk.

Cardiovascular disease due to atherosclerosis is the
leading cause of death in patients with CKD. CKD
dyslipidemia is highly atherogenic and characterized by
increased small dense LDL cholesterol (an atherogenic
form of LDL highly predisposed to oxidative damage),
decreasedHDL cholesterol, and increased triglycerides—
specifically triglyceride-rich lipoprotein cholesterol.
However, other factors that accompany CKD—such as
diabetes, insulin resistance, metabolic syndrome, obesity,
and marked proteinuria—may potentiate dyslipidemia
and elevated triglyceride-rich lipoprotein cholesterol,
making a causal independent effect of CKD on lipid
abnormalities difficult to ascertain. Under normal phys-
iologic conditions, lipoprotein lipase hydrolyzes the
triglyceride content of triglyceride-rich lipoprotein cho-
lesterol. In CKD, increased production of VLDL, di-
minished lipoprotein-lipase activity coupled with
downregulation of glycosylphosphatidylinositol HDL
binding protein 1, recruitment of monocytes, and induc-
tion of proinflammatory cytokines result in diminished
clearance of atherogenic triglyceride-rich lipoprotein
cholesterol, promoting atherosclerosis (2).

Triglycerides are the most diverse class of lipids,
consisting of short to very long acyl chains with varying
degrees of unsaturation that profoundly alter by CKD

stage (3). Whether hypertriglyceridemia is a cause of
atherosclerotic cardiovascular events has been a matter
of long-standing debate, in part due to the unique
methodologic considerations pertaining to the quan-
tification of triglycerides. Some of these technicalities
include high variability of measurements especially
at higher levels of triglycerides, lack of distinction of
structural diversity of triglycerides with traditional
enzymatic methods, skewed distribution which neces-
sitate categorization of data or data transformation,
and collinearities with other prognostic lipid fractions
(e.g., HDL cholesterol) which mask their independence
even after delicate multivariable adjustments. These
issues have led to paradoxic results on the net effect
of triglycerides on cardiovascular outcomes (2). For
example, in a 2009 meta-analysis of 68 long-term pro-
spective observational studies including 302,430 people,
the association of high triglyceride level with coro-
nary heart disease was no longer statistically significant
after adjusting for HDL-cholesterol and non-HDL-
cholesterol lipid fractions (2).
To overcome challenges with reverse causality and

confounding issues inherent to observational epide-
miologic approaches, a number of genetic approaches
(which do not suffer the aforementioned limitations)
including mutational analysis and exome sequencing,
genome-wide associations, and Mendelian random-
ization studies were applied in recent years as alter-
native approaches to assess causality (4–6). In an exome
sequencing analysis of 6721 patients with myocardial
infarction compared with 6711 controls, a mutation in
the gene encoding apoA5was associated with increased
triglyceride levels and 2.2-fold higher odds of myocar-
dial infarction (4). In a meta-analysis of 14 genome-wide
association studies of coronary artery disease which
compared 22,223 individuals with and 64,762 without
coronary artery disease, 13 loci including regions
associated with increased triglycerides were associated
with a 6%–17% increased risk of coronary artery disease
(5). In a Mendelian randomization meta-analysis of 17
studies including 62,199 participants with 12,099 coro-
nary events, each 1-log unit increase in triglycerides was
associated with a higher coronary event using both an
unrestricted allele score related to 67 triglyceride-related
single nucleotide polymorphisms (odds ratio, 1.62; 95%
CI, 1.24 to 2.11), and a restricted allele score related to
27 triglyceride-related single nucleotide polymor-
phisms that were not associated with LDL cholesterol
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or HDL cholesterol (odds ratio, 1.61; 95% CI, 1.00 to
2.59) (6).
Finally, the question of whether alteration of triglyceride

levels can modify the risk of atherosclerosis can be best
answered in adequately powered randomized controlled
clinical trials. In a 2019 meta-analysis of 49 randomized
controlled clinical trials of lipid-lowering agents which
spanned over 43 years, a total of 374,358 patients from
24 trials of nonstatin therapies and 25 trials of statin
therapies with a total of 46,180 major cardiovascular events
were analyzed (7). Using a multivariable meta-regression
model in a pooled analysis, relative risk of major cardio-
vascular outcome was 0.84 (95% CI, 0.75–0.94; P=0.0026)
per each 1 mmol/L (40 mg/dl) reduction in triglycerides.
In a sensitivity analysis and after exclusion of the Reduction
of Cardiovascular Events with Icosapent Ethyl–Intervention
Trial (REDUCE-IT) trial as an outlier, the preventive relative
risk of the triglyceride-lowering agents remained statistically
significant despite attenuation of the effect. Unfortunately,
there was an under-representation of CKD in this analysis.
In this issue of CJASN, Lamprea-Montealegre et al. (8)

evaluated the association of apo-B and markers of
triglyceride-rich lipoprotein cholesterol with cardiovascular
events in a secondary analysis of the participants of the Study
of Heart and Renal Protection (SHARP) trial. They used data
from 6245 patients who were not receiving dialysis and 3025
patients who were receiving dialysis. The baseline charac-
teristics were gathered at the time of randomization. Samples
from baseline and 2.5 years (1.5 years for those initially
randomized to simvastatin) were used in the measurement
of the lipid markers. Multivariable adjustments by the
baseline characteristics using Cox regression models report
statistically higher risk of atherosclerotic cardiovascular
events with each 1 SD increase in apo-B, triglycerides,
ratio of triglyceride to HDL cholesterol, and triglyceride-
rich lipoprotein cholesterol. However, an inverse association
was found between these markers with the nonatheroscler-
otic cardiovascular outcomes and no association was found
with the nonvascular events. The study raises the possi-
bility for targeting triglyceride-rich lipoprotein cholesterol
in this vulnerable CKD population which has high risk
for cardiovascular events and mortality.
The investigators should be commended for this impor-

tant work, the major strengths of which include systematic
analysis in a large cohort of patients with moderate-to-
advanced CKD, a group that has been traditionally under-
represented in cardiovascular trials, and their use of
state-of-the-art analytical strategies. Important limita-
tions inherent to this study are not any different from
other observational studies of the association of triglyceride
levels with cardiovascular outcomes. After adjusting the
triglycerides with lipoproteins such as LDL cholesterol and
HDL cholesterol, the association was significantly attenu-
ated. This is likely because of the high degree of collinearity
reported between apo-B, LDL cholesterol, and non-HDL
cholesterol (r=0.9). Themeasured lipids are also time-varying
variables with dynamic levels. In absence of repeated
measurements of time-varying variables in Cox models,
application of the baseline values alone may not accu-
rately reflect the corresponding risk associated with change
in the level of time-varying lipids (8), a limitation that
is mitigated by application of regression dilution ratios.

Although the original source of the data is from a clinical
trial, the observational nature of the secondary analysis
does not allow for the inference of casualty.
Overall, the collective body of evidence supports a causal

role for triglycerides and trigylceride-rich lipoprotein
cholesterol as modifiable risk factors of atherosclerosis.
The Statin Residual Risk Reduction with Epanova in High
CV Risk Patients with Hypertriglyceridemia (STRENGTH)
trial (NCT02104817) is another randomized trial assessing
the effect of triglyceride-lowering treatments on major
cardiovascular events that is expected to complete in 2020
and will provide further evidence for the effect of tri-
glyceride-lowering therapies on atherosclerotic cardiovas-
cular events. Further, randomized controlled clinical trials
are needed to assess the effect of triglyceride-rich lipopro-
tein cholesterol–modifying agents on major cardiovascular
events in patients with CKD. Finally, with the advent of
high-throughput technologies (lipoprotein particle size and
number, lipidomics, and proteomics), it is now possible to
characterize lipoprotein abnormalities across the size spec-
trum to lipid diversity such as saturation, chain length, and
protein cargo (3,9,10). Importantly, it is increasingly clear
that levels of lipoproteins do not correlate with function. For
example, recent studies demonstrate cholesterol-efflux ca-
pacity of serum HDL cholesterol (serum depleted of choles-
terol-rich atherogenic lipoproteins) is an independent and
better predictor of incident and prevalent cardiovascular risk
than HDL cholesterol (1). In a study of patients with CKD in
whom plasma lipoprotein levels were similar, we recently
identified a plasma lipidomic signature of impaired mito-
chondrial b-oxidation across CKD stages as well as a
predictor of diabetic CKD progression (3,9). Other key
issues are the effects of lipoprotein particle size and
concentration and the relationship of those changes to
function and cardioprotection. Such in-depth characteriza-
tion beyond traditional measures of cholesterol and triglyc-
eride measurements, along with linking these lipoprotein
structural measures to function, will provide a biologic context
and identify patient-specific disease risk for cardiovascular
diseases. In an era of precision medicine, these issues will need
to be addressed with further research to identify novel patient-
specific risk markers and targets for individualized therapy.
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See related article, “Apolipoprotein B, Triglyceride-Rich
Lipoproteins, and Risk of Cardiovascular Events in Persons with
CKD,” on pages 47–60.
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