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Background-—It is uncertain whether pharmacological reductions in very-low-density lipoproteins (VLDLs), and their component
triglyceride and cholesterol could reduce residual risk of atherosclerotic cardiovascular disease (ASCVD) events among individuals
in whom low-density lipoprotein cholesterol (LDL-C) has been adequately lowered. We examined whether individuals with greater
on-statin reductions in VLDL-related measures—beyond reductions in LDL-C—were at further reduced risk of ASCVD.

Methods and Results-—In 9423 participants in the JUPITER (Justification for the Use of Statins in Prevention) trial (NCT00239681),
at baseline and on statin we measured standard lipids, 400-MHz proton nuclear magnetic resonance spectroscopy-measured VLDL
particle subclasses (small, medium, and large VLDL lipoprotein particle concentration), and total VLDL cholesterol mass. Compared
with individuals allocated to placebo, we examined risk of incident ASCVD (N=211) among statin-allocated participants who
achieved minimal (<median) or greater (≥median) marker reductions using adjusted Cox models. On-statin changes in VLDL-related
markers were only modestly correlated (Spearman r≤0.29) with change in LDL-C. On-statin median LDL-C was 54 mg/dL and
triglyceride was 101 mg/dL. Dose-response reductions in ASCVD risk were observed for greater reductions in LDL-C, VLDL
cholesterol mass, and small VLDL lipoprotein particle concentration; the latter 2 remained significant after incremental adjustment
for change in LDL-C (P≤0.006). Conversely, there was no further risk reduction with greater reductions in triglycerides or large/
medium VLDL lipoprotein particle concentration.

Conclusions-—Pharmacological reduction in small, cholesterol-enriched, triglyceride-depleted VLDL was associated with reduction
in ASCVD risk. Chemically measured triglycerides may not sufficiently capture risk related to VLDL pathways. These findings also
support broader profiling of lipid and lipoprotein changes in response to statins as prognostic markers of individual benefit,
supporting more precision-medicine, individualized approaches to cardiovascular risk reduction.

Clinical Trial Registration-—URL: https://www.clinicaltrials.gov. Unique identifier: NCT00239681. ( J Am Heart Assoc. 2017;6:
e007402. DOI: 10.1161/JAHA.117.007402.)
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L evels of low-density lipoprotein cholesterol (LDL-C) in the
population are declining in response to lifestyle inter-

ventions and pharmacological strategies that target LDL-C
reduction, such as statins.1–3 However, among individuals
with achieved lower levels of LDL-C, atherosclerotic cardio-
vascular disease (ASCVD) events continue to occur with
unacceptable frequency.4 Such residual risk may reflect

aspects of atherogenesis not captured by LDL-C, including
effects of very-low-density lipoproteins (VLDLs) and their
contents (cholesterol and triglycerides).5–9 Enzymatic hydrol-
ysis of VLDL results in the formation of smaller, cholesterol-
enriched lipoprotein particles,5,10,11 which experimental stud-
ies suggest could contribute to the development of
ASCVD.5,7,10,12–16 Clinically, however, there has been
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uncertainty as to whether ASCVD events could be further
reduced by reducing these triglyceride-rich lipoproteins, with
several neutral trials examining this strategy to date.10,17

To study whether pharmacological reductions in concen-
trations of VLDL lipoprotein particle (VLDL-p) subclasses, and
their component cholesterol (VLDL-C) and triglyceride, may be
associated with lower ASCVD risk among individuals with low
LDL-C on-statin, we built on the observation that, in some
individuals, statins reduce triglycerides and VLDL (in part,
through increased clearance and effects on lipoprotein
lipase),18,19 and that, for uncertain reasons, these effects
are variable: Some individuals experience reductions whereas
others experience no reduction in VLDL lipoproteins on statin.
We thus examined whether individuals achieving larger
reductions in VLDL-p, VLDL-C, and triglycerides were at
incrementally lower risk of ASCVD events than those with
smaller or no reductions. Importantly, we examined whether
these potential risk reductions conferred benefit beyond
statin-related changes in LDL-C. Overall, we hypothesized that
incrementally greater reductions in small (relatively choles-
terol-enriched) VLDL lipoproteins and VLDL-C would be
associated with incrementally greater reductions in ASCVD
events, beyond reductions in LDL-C. In addition to identifying

potential therapeutic targets, broader profiling of the lipid/
lipoprotein changes in response to statin therapy could
identify independent markers of benefit from statin therapy,
and could support more precision-medicine, individualized
approaches to cardiovascular patient care.

Methods

Study Population
The study population is derived from a primary prevention
randomized, controlled clinical trial of rosuvastatin versus
placebo (JUPITER [Justification for the Use of Statins in
Prevention: an Intervention Trial Evaluating Rosuvastatin];
NCT00239681).20 The JUPITER trial investigators randomized
17 802 individuals (women ≥60 years, men ≥50 years) with-
out past history of coronary disease, stroke, or diabetes
mellitus, all of whom had low or normal LDL-C (<130 mg/
dL), but elevated high-sensitivity C-reactive protein (≥2.0 mg/
L), to rosuvastatin 20 mg daily versus placebo. Individuals with
triglycerides >500 mg/dL were excluded from trial entry. The
study enrolled a multiethnic population of women and men.
The relative risk reduction in the primary composite incident
ASCVD end point was 44% with rosuvastatin. After trial
completion, in a subset of randomly selected JUPITER partic-
ipants with sufficient plasma available, we performed 400-MHz
proton nuclear magnetic resonance (1H-NMR) spectroscopy-
based lipoprotein analysis of fasting blood samples collected
at baseline (pretreatment) and at 12 months (on study drug).
Data were analyzed from 9423 participants with all measures
of interest at both time points. The design of this secondary
analysis is observational in nature. Institutional approval was
granted and subjects provided informed consent.

Laboratory Analysis
Lipid measurements were performed on fasting samples by a
central laboratory. LDL-C was calculated by the Friedewald
equation (total cholesterol minus high-density lipoprotein
cholesterol [HDL-C] minus triglycerides/5) when triglycerides
were <400 mg/dL and measured by ultracentrifugation when
triglycerides were ≥400 mg/dL.21 Chemically measured
triglycerides were quantified using a colorimetric assay. HDL-
C was assayed in supernatant after heparin-manganese
precipitation of apolipoprotein B–containing proteins. 1H-
NMR spectroscopy (400-MHz) LipoProfile III measurements
were performed by LipoScience (now LabCorp). 1H-NMR was
used to quantify the total concentration of VLDL-Chylomicron
particles (VLDL-p) and size-based VLDL subclasses (large VLDL-
p/chylomicrons [>60 nm in diameter], medium VLDL-p [42–
60 nm], and small VLDL-p [29–42 nm]). Total VLDL-C was
measured by NMR as the sum of cholesterol contained in all

Clinical Perspective

What Is New?

• Among a population intended to represent the growing
number of individuals with low low-density lipoprotein
cholesterol, pharmacological reductions in small very-low-
density lipoproteins (small very-low-density lipoprotein
lipoprotein particle concentration) and remnant cholesterol
(very-low-density lipoprotein cholesterol mass) were asso-
ciated with reductions in atherosclerotic cardiovascular
disease risk.

• This observed risk reduction occurred independent of
changes in low-density lipoprotein cholesterol.

What Are the Clinical Implications?

• Pharmacological reductions in small, cholesterol-enriched,
triglyceride-depleted very-low-density lipoprotein could
result in reductions in residual atherosclerotic cardiovascu-
lar disease risk, independent of changes in low-density
lipoprotein cholesterol.

• Chemically measured triglycerides may not sufficiently
capture the risk related to the spectrum of very-low-density
lipoprotein subtypes.

• Broader profiling of changes in lipids and lipoproteins using
metabolomics platforms in response to statin therapy could
identify prognostic markers of individual benefit, supporting
more precision-medicine, individualized approaches to car-
diovascular risk reduction.
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VLDL subclasses. Concentrations of intermediate-density
lipoprotein were also examined. We also examined a formulaic
estimation of remnant cholesterol (RC),22 which was calculated
from standard lipid measures as total cholesterol minus HDL-C
minus LDL-C. (This was near equivalent to calculating RC as
triglycerides divided by 5, because LDL-C was calculated from
the Friedewald equation in most JUPITER participants.)

Outcomes
The primary outcome in this study was the JUPITER trial
primary composite incident ASCVD end point, defined as the
occurrence of either myocardial infarction, stroke, hospital-
ization for unstable angina, arterial revascularization, or
cardiovascular death.20 As in the primary trial, we counted
only end points confirmed upon medical record review by an
end points committee masked to treatment assignment.

Statistical Analyses
For baseline and follow-up continuous variables, including
clinical data and lipoprotein measures, we tabulated medians
and interquartile ranges, and percentages for categorical

variables. Demographic and biochemical differences between
groups were compared with the Kruskal–Wallis test or v2 test.
All P values were 2-tailed using a=0.05.

An overview of the study is shown in Figure 1. In the
primary analysis, using risk-factor–adjusted Cox proportional
hazards models, we evaluated residual risk of incident ASCVD
among statin-allocated participants who achieved a minimal
(<median) or larger (≥median) absolute change (always a
reduction) in each cholesterol/lipoprotein of interest: LDL-C,
triglycerides, chylomicron/large VLDL-p, medium VLDL-p,
small VLDL-p, and VLDL-C. Changes in non-HDL-C,
apolipoprotein B, IDL-p, and formulaic RC were also examined.
Risk estimates were examined in the 2 statin response
groups, in relation to risk in placebo-allocated participants
(reference). Differences between response group relative
hazards were tested for significance (Wald test). In addition to
examining risk by absolute marker change, risk based on
percent marker change was examined in sensitivity analyses.
The exposure time was calculated as the time from random-
ization to end point occurrence.

Adjusted Cox proportional survival models were examined,
adjusting for baseline marker level, age, sex, race, smoking,
body mass index, systolic blood pressure, fasting glucose,
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Figure 1. Illustrative schematic overview of study hypothesis, approach, and interpretation (hypothetical result shown). CVD indicates
cardiovascular disease; HR, hazard ratio; JUPITER, Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin
trial; LDL-C, low-density lipoprotein cholesterol; max., maximum; med., median; mo., months; VLDL, very-low-density lipoprotein; VLDL-C, VLDL
cholesterol; VLDL-p, VLDL lipoprotein particle concentration.
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baseline HDL-C, and baseline high-sensitivity C-reactive pro-
tein. To determine whether potential reductions in risk asso-
ciated with reductions in VLDLs and their contents were
independent of reductions in LDL-C, we incrementally adjusted
for each individual’s statin-related change in LDL-C. We also
examined Spearman correlations between change in LDL-C and
changes in the VLDL-related markers. To determine whether
patient compliance with statin therapy could explain reductions
in risk, we performed a sensitivity analysis including only those
individuals confirmed to be taking statin at 1 year, beginning
the follow-up at that time. Analyses were performed using SAS
software (version 9.3; SAS Institute Inc., Cary, NC).

Results

Study Population
Included study participants had a median (interquartile range)
age of 66 (60, 71) years and were 36% female. Except for
race/ethnicity, patients in the current study were generally
representative of those in the parent JUPITER trial (Table 1).
Baseline and on-statin, respectively, median (25th, 75th
percentile) marker levels were: LDL-C, 109 (96, 119) and 54
(43, 70) mg/dL; triglycerides, 119 (88, 169) and 101 (76,
138) mg/dL; and HDL-C, 49 (41, 60) and 53 (43, 64) mg/dL.
There were a total of 211 primary events observed over a
mean 2.0-year (maximum 5.0 years) follow-up, representing
21 442 person-years of follow-up.

Lipoprotein Response to Statin Therapy
Rosuvastatin therapy generally produced large absolute
reductions in LDL-C (median [25th, 75th percentile]=�51.0
[�65.0, �31.0] mg/dL; Figure 2). Conversely, statin therapy
resulted in smaller, more variable absolute changes in
triglycerides (�17.0 [�48.0, 5.0] mg/dL; Figure 3), large
VLDL-p (�0.3 [�1.7, 0.7] mmol/L; Figure 3), medium VLDL-p
(�0.6 [�6.0, 4.4] mmol/L), small VLDL-p (�6.9 [�17.4, 2.9]
mmol/L; Figure 3), VLDL-C (�2.6 [�5.9, 0.6] mg/dL;
Figure 3), and calculated RC (�3.0 [�10.0, 1.0] mg/dL).
Correlation (Spearman r) between absolute change in LDL-C
and VLDL-related markers was: triglycerides (r=0.15), large
VLDL-p (r=0.16), medium VLDL-p (r=0.18), small VLDL-p
(r=0.20), VLDL-C (r=0.29), and formualic RC (r=0.15). Base-
line small VLDL-p and VLDL-C levels were higher among those
with larger reductions in these markers compared with those
with more minimal changes (Tables 2 and 3).

Residual Risk
With on-statin marker changes, 2 patterns of risk reduction
were observed. First, similar to LDL-C (Figure 2),23

incrementally greater reductions in VLDL-C and small VLDL-
p (Figure 3) were associated with incrementally greater
ASCVD risk reductions. Compared with placebo, the hazard
ratio (95% confidence interval) for ASCVD among those with
minimal and larger on-statin changes in VLDL-C was 0.86
(0.61, 1.21) and 0.44 (0.30, 0.67), respectively, and for small
VLDL-p was 0.86 (0.61, 1.21) and 0.46 (0.31, 0.68),
respectively. Differences in risk between the statin response
groups remained significant after incrementally adjusting for
each individual’s on-statin absolute change in LDL-C (P=0.002
for VLDL-C and P=0.006 for small VLDL-p; Figure 3).
Conversely, although statin-allocated individuals were at
lower risk of ASCVD events compared with placebo, there
was no incremental risk reduction associated with incremen-
tally greater reductions in triglycerides or large VLDL-p

Table 1. Baseline Characteristics in the Study Sample vs the
Original JUPITER Cohort

Characteristic
Current JUPITER
Substudy (N=9423)

Overall JUPITER
Trial (N=17 802)

Age, y 66 (60, 71) 66 (60, 71)

Women 36 38

Rosuvastatin 49 50

Race/ethnicity*

White 85.1 71.2

Black 5.2 12.5

Asian 1.5 1.6

Hispanic 7.5 12.7

Other/unknown 0.7 1.96

Body mass index, kg/m2 28.5 (25.6, 32.0) 28.3 (25.3, 32.0)

Hypertension 56 57

Systolic blood pressure,
mm Hg

134 (124, 146) 134 (124, 145)

Diastolic blood pressure,
mm Hg

80 (75, 86) 80 (75, 87)

Current smoker 14 16

Family history of premature
coronary disease

13 11

Glucose, mg/dL 95 (89, 102) 94 (88, 102)

hsCRP, mg/L 4.05 (2.75, 6.65) 4.25 (2.85, 7.10)

LDL-C, mg/dL 109 (96, 119) 108 (94, 119)

Apolipoprotein B, mg/dL 109 (97, 122) 109 (95 122)

Triglycerides, mg/dL 119 (88, 169) 118 (85, 169)

HDL-C, mg/dL 49 (41, 60) 49 (40, 60)

Values shown are median (25th, 75th percentile) or proportion (%). HDL-C indicates high-
density lipoprotein cholesterol; hsCRP high-sensitivity C-reactive protein; JUPITER,
Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating
Rosuvastatin trial; LDL-C, low-density lipoprotein cholesterol.
*Proportions do not sum to 100% given rounding.
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(P≥0.24; Figure 3), nor for medium VLDL-p, formulaic RC, nor
intermediate-density lipoprotein (P≥0.35 for all).

In sensitivity analyses, the results were similar when the
analysis was performed using percent marker change with
randomized statin allocation. Results for apolipoprotein B and
non-HDL-C resembled those for LDL-C. Additional adjustment
of the main absolute change-based analysis for baseline LDLc
level did not appreciably affect the results. In sensitivity
analyses restricted to those confirmed on study drug at 1 year
without events preceding to this determination, the patterns
of association persisted (Table S1), although, with less power,
between-group differences were no longer statistically signif-
icant. Finally, a sensitivity analysis examining changes in LDL-
C and triglycerides in the broader JUPITER population in whom
these standard measures were available (N=15 546) revealed
significant differences in response groups for LDL-C (P=0.01),
but not triglycerides (P=0.28).

Discussion
Our study was designed to provide insight into whether
reductions in VLDLs and their contents are associated with
incremental reductions in residual ASCVD risk, beyond
reductions in LDL-C. Similar to LDL-C,23,24 we observed a
dose-response reduction in incident ASCVD risk with greater
reductions in NMR-measured VLDL-C and small VLDL-p.
Change in these lipoproteins was not strongly correlated with
change in LDL-C on-statin, and the incremental risk

reductions associated with reductions in VLDL-C and small
VLDL-p remained significant after accounting for each partic-
ipant’s change in LDL-C. Conversely, although allocation to
statin was associated with reduced ASCVD risk compared
with placebo, there was no further reduction in risk with
greater reductions in chemically measured triglycerides nor in
NMR-measured large VLDL-p/chylomicrons or medium VLDL-
p. Overall, these results support a potentially important role
for small VLDL lipoproteins and their associated cholesterol in
the development of ASCVD events, and suggest that, beyond
reductions in LDL-C, greater reductions in these particular
lipoproteins may possibly confer incremental ASCVD risk
reduction. Importantly, risk associated with these smaller
atherogenic triglyceride-rich lipoproteins was not captured by
the chemically measured triglyceride level.

The implementation of broad pharmacological- and life-
style-based preventive strategies targeting LDL-C has resulted
in appreciable reductions in LDL-C on the population level.1–3

At the same time, there is histopathological evidence that the
composition and morphology of human atherosclerotic plaque
has changed in recent years in parallel with these secular
trends in LDL-C reduction,25 compelling a shifting focus
toward residual, non-LDL-C mediators of ASCVD,26 including
VLDL.5,11 To investigate this potential risk pathway, we
performed detailed 1H-NMR spectroscopy to profile changes
in VLDL lipoprotein species and their associated cholesterol
and triglycerides in relation to changes in risk. Our results
support the hypothesis that VLDL species are important
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Figure 2. Waterfall plot23 demonstrating the range of individuals’ changes in LDL-C with rosuvastatin
20 mg daily. Subjects were divided into Minimal Response (red) and Larger Response (blue) groups based
on whether they had greater than or less than the median change (a reduction) in LDL-C. Cox models are
adjusted for age, sex, race, smoking, body mass index, systolic blood pressure, fasting glucose, baseline
HDL-C, baseline hsCRP, and baseline LDL-C and used placebo-allocated individuals as a reference.
*Between-response group comparison among participants in this substudy (N=9423) P=0.17 and among
all JUPITER participants with LDL-C measure (N=15 546) P=0.01.
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contributors to ASCVD risk, and raise hope that their targeted
reduction may possibly further reduce event rates beyond
reductions in LDL-C.

Experimental evidence suggests that VLDLs and their
contents could contribute to the pathogenesis of ASCVD,
potentially through increased expression of proinflammatory
cytokines, adhesion molecules, and coagulation factors, as
well as enhanced recruitment and attachment of monocytes
to endothelium, induction of endothelial cell apoptosis, and
impairment of the anti-inflammatory properties of HDL.5,10,12–16

Differences in VLDL size and composition may determine their
predilection for uptake into the neointima of atheroma.27 In
our study, reductions in the smaller VLDL lipoproteins and
VLDL-C, but not in larger VLDL lipoproteins/chylomicrons
(nor in plasma triglyceride), were associated with lower risk,
consistent with these experimental observations. Given that
triglyceride relative to cholesterol content decreases progres-
sively as VLDL size decreases, our findings appear concordant
with these past experimental observations.

The finding that greater triglyceride reduction was not
associated with incremental risk reduction is of interest, given
that this marker has been taken as a surrogate for this
lipoprotein family in clinical practice and research. However,
although in this substudy greater triglyceride reduction with
statin was not associated with improved outcomes, the
median on-statin triglyceride level was only 101 mg/dL.
Meta-analysis of clinical trials of triglyceride-lowering, includ-
ing ACCORD (Action to Control Cardiovascular Risk in
Diabetes), FIELD (Fenofibrate Intervention and Event Lowering
in Diabetes), and others, demonstrated that patients with low
levels of triglyceride (<200 mg/dL) may not derive benefit
from further reduction; however, individuals with elevated
baseline levels (>200 mg/dL) might experience reductions in
ASCVD risk with triglyceride lowering.28 Thus, our findings are
consistent with past analyses and likely do not carry negative
implications for ongoing and planned triglyceride-reduction–
based clinical trials, such as REDUCE-IT (Reduction of
Cardiovascular Events Outcomes), STRENGTH (Study to

Small VLDL-p

Large VLDL-p

VLDL-C

Triglycerides

0.25

0.5

1

A
dj

us
te

d 
H

R
 (9

5%
 C

I)
 C

V
D

0.25

0.5

1

A
dj

us
te

d 
H

R
 (9

5%
 C

I)
 C

V
D

0.25

0.5

1

A
dj

us
te

d 
H

R
 (9

5%
 C

I)
 C

V
D

0.25

0.5

1

A
dj

us
te

d 
H

R
 (9

5%
 C

I)
 C

V
D

P=0.002 P=0.006

P=0.85P=0.24*

A
bs

ol
ut

e 
ch

an
ge

 (m
m

ol
/L

) o
n 

ro
su

va
st

at
in

Observation number

Observation number

A
bs

ol
ut

e 
ch

an
ge

 (m
g/

dL
) o

n 
ro

su
va

st
at

in

Observation number

Observation number

A
bs

ol
ut

e 
ch

an
ge

 (m
m

ol
/L

) o
n 

ro
su

va
st

at
in

A
bs

ol
ut

e 
ch

an
ge

 (m
g/

dL
) o

n 
ro

su
va

st
at

in

Figure 3. Waterfall plot demonstrating the range of individuals’ absolute changes in VLDL-C, small and large VLDL-p, and triglycerides with
rosuvastatin 20 mgdaily. Subjectswere divided intoMinimal Response (red) and Larger Response (blue) groupsbasedonwhether they hadgreater
thanor less than themedian reduction in thegivenmarker.Coxmodels (comparing riskwith those in thecurrent substudyallocated toplaceboas the
reference population) are adjusted for age, sex, race, smoking, bodymass index, systolic blood pressure, fasting glucose, baseline HDL-C, baseline
hsCRP, baseline VLDL-relatedmarker level, and change in LDL-C. Among those on rosuvastatin, themedian (IQR) on-treatment LDL-C levels in the
Minimal Response and Larger Response groupswere 57 (45, 78) and 52 (42.0, 66.0)mg/dL, respectively, in the small VLDL-p change group and58
(45, 82) and 51 (45, 65) mg/dL, respectively, in the VLDL-C change group. *Between-response group comparison among participants in this
stubstudy (N=9423) P=0.24 and among all JUPITER participants with triglyceride measure (N=15 546) P=0.28.
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Assess Statin Residual Risk Reduction With Epanova in High
CV Risk Patients With Hypertriglyceridemia), and PROMINENT
(Pemafibrate to Reduce Cardiovascular Outcomes by Reduc-
ing Triglycerides IN Patients With Diabetes), in which patient
inclusion is limited to those with triglyceride levels 200 to
499 mg/dL. Rather, the findings related to small VLDL
species suggest that even among individuals in whom
targeted triglyceride reduction has historically failed to reduce
events (those without elevated triglyceride), some members
of this lipoprotein family might remain as important residual
risk targets for alternative approaches. Overall, these results
suggest that a more granular understanding of an individual’s
circulating lipid/lipoprotein milieu could be required to
successfully identify and treat the spectrum of relevant
triglyceride-related mediators in this residual ASCVD risk
pathway. The results also support profiling of broader lipid/

lipoprotein changes in response to statin therapy as indepen-
dent markers of individual benefit from statin therapy, and
could support more individualized approaches to statin
administration.

The results should be viewed in the context of the study
design. To our knowledge, this is the first study to examine
whether pharmacological reductions in 1H-NMR-profiled VLDL
lipoprotein particles may reduce residual risk. However, given
the relatively low event rates in this substudy, our results
should be viewed as hypothesis-generating and it is possible
that power to detect smaller differences between treatment
response groups may have been limited. It is possible that
larger studies could enable between-group comparisons
defined by greater separation of treatment responses (focus-
ing on more “extreme” biomarker groups29) and could detect
significant between-group differences. Furthermore, we used
the variable effects of statins to “model” the effects that

Table 2. Baseline and Select On-Treatment Demographic and
Biochemical Variables Among Those With Minimal or Larger
Change in Small VLDL-p

Δ Small VLDL-p

Minimal Change* Larger Change*

Baseline clinical and biochemical variables

Age, y 66 (60, 71) 66 (60, 71)

Women 38.0 35.6

Race (white) 84.7 85.5

BMI, kg/m2 28.6 (25.6, 32.3) 28.4 (25.7, 31.8)

Hypertension 59.1 54.3

Current smoker 13.9 13.8

Family CAD history 12.6 13.5

Glucose, mg/dL 95.0 (88.0, 103.0) 95.0 (88.0, 102.0)

hsCRP, mg/L 4.15 (2.85, 6.85) 3.95 (2.70, 6.45)

LDL-C, mg/dL 108.0 (94.0, 119.0) 110.0 (96.0, 120.0)

HDL-C, mg/dL 50.0 (41.0, 61.1) 48.0 (41.0, 59.0)

Triglycerides,
mg/dL

117.0 (83.0, 168.0) 122.0 (91.0, 174.0)

On-statin lipid variables

LDL-C, mg/dL 57.0 (45.0, 78.0) 52.0 (42.0, 66.0)

HDL-C, mg/dL 53.0 (43.5, 65.0) 52.0 (43.0, 64.0)

Triglycerides,
mg/dL

106.0 (77.0, 145.0) 97.0 (75.0, 132.0)

Small VLDL-p (mmol/L)—baseline, change, and on-statin levels

Baseline 17.9 (11.5, 26.3) 35.8 (26.8, 46.0)

Change 2.8 (�2.3, 9.8) �17.4 (�25.0, �11.5)

12-mo 22.6 (15.3, 32.1) 16.0 (9.9, 23.6)

BMI indicates body mass index; CAD, coronary artery disease; HDL-C indicates high-
density lipoprotein cholesterol; hsCRP high-sensitivity C-reactive protein; LDL-C, low-
density lipoprotein cholesterol; VLDL-p, VLDL lipoprotein particle concentration.
*Median (25th, 75th percentile) or proportion (%).

Table 3. Baseline and Select On-Treatment Demographic and
Biochemical Variables Among Those With Minimal or Larger
Change in VLDL-C

Δ VLDL-C

Minimal Change* Larger change*

Baseline clinical and biochemical variables

Age, y 66.0 (61.0, 71.0) 66.0 (60.0, 71.0)

Women 38.6 35.0

Race (white) 84.2 86.0

BMI, kg/m2 28.5 (25.5, 32.1) 28.5 (25.8, 31.9)

Hypertension 57.8 55.6

Current smoker 13.7 14.0

Family CAD history 12.6 13.6

Glucose, mg/dL 95.0 (88.0, 102.0) 95.0 (89.0, 102.0)

hsCRP, mg/L 4.25 (2.90, 7.05) 3.80 (2.70, 6.15)

LDL-C, mg/dL 107.0 (92.0119.0) 111.0 (98.0, 121.0)

HDL-C, mg/dL 51.0 (41.0, 62.0) 48.0 (40.0, 58.0)

Triglycerides, mg/dL 113.0 (82.0, 160.0) 127.0 (94.0, 181.0)

On-statin lipid variables

LDL-C, mg/dL 58.0 (45.0, 82.0) 51.0 (42.0, 63.0)

HDL-C, mg/dL 53.0 (43.0, 65.0) 53.0 (44.0, 63.0)

Triglycerides, mg/dL 108.0 (79.0, 150.0) 95.0 (74.0, 126.0)

VLDL-C (mg/dL)—baseline, change, and on-statin levels

Baseline 9.2 (6.6, 12.7) 15.2 (12, 18.9)

Change 0.6 (�1.1, 3.0) �5.9 (�8.3, �4.1)

12-mo 10.6 (7.3, 14.5) 8.3 (6.0, 11.6)

BMI indicates body mass index; CAD, coronary artery disease; HDL-C indicates high-
density lipoprotein cholesterol; hsCRP high-sensitivity C-reactive protein; LDL-C, low-
density lipoprotein cholesterol; VLDL-p, VLDL lipoprotein particle concentration.
*Median (25th, 75th percentile) or proportion (%).
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dedicated reductions in VLDL lipoproteins might have on
ASCVD events. Given that the mechanism of statin-mediated
VLDL and triglyceride change is incompletely understood, it
remains uncertain whether dedicated pharmacological thera-
pies to reduce small remnant VLDLs would confer incremental
benefit. Selection criteria utilized in JUPITER (LDL-C
<130 mg/dL, high-sensitivity C-reactive protein ≥2.0 mg/L,
and triglyceride <500 mg/dL) might limit external generaliz-
ability, particularly the exclusion of individuals with medica-
tion-treated diabetes mellitus or high triglycerides, given that
VLDLs have been hypothesized to be particularly relevant
disease mediators in this latter population. Additionally,
although multiple statistical tests are performed herein, many
are performed on correlated biomarkers as supportive
sensitivity analyses, the results of which aligned with those
of the primary analysis. Furthermore, the findings herein are
supported by previous biological and epidemiological studies
from multiple cohorts.30 Finally, although the JUPITER trial
was initially randomized, the current findings represent a
secondary analysis and therefore should be considered
observational in nature. Overall, these hypothesis-generating
findings warrant further study.

In conclusion, pharmacological reductions in VLDL and
their associated cholesterol may potentially provide incre-
mental ASCVD residual risk reduction among individuals with
adequate LDL-C lowering on statin. Some of these athero-
genic lipoproteins may lie outside the scope of what is
reflected by chemically measured triglyceride levels.
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Table S1. Adjusted* HR (95% CI) for the primary CVD endpoint among those achieving an absolute reduction greater than or less 

than the median on rosuvastatin 20 mg daily relative to placebo (reference), examining event rates after 1 year among those confirmed 

to be on-statin (N= 8,420; 130 events) compared with the overall cohort.   

Marker Regression Model 

HR (95% CI) 

P-value** 
Placebo 

Rosuvastatin 

Minimal Response 

(<median abs. △) 

Larger Response  

(≥ median abs. △) 

LDL-c Confirmed on study drug ref.  0.69 (0.43, 1.12) 0.59 (0.38, 0.93) 0.62 

 Overall   ref. 0.74 (0.52, 1.06) 0.54 (0.36, 0.79) 0.17 

Triglycerides  Confirmed on study drug ref. 0.50 (0.29, 0.85) 0.75 (0.49, 1.16) 0.19 

 Overall   ref. 0.54 (0.37, 0.80) 0.72 (0.51, 1.03) 0.24 

Calculated RC Confirmed on study drug ref. 0.50 (0.30, 0.85) 0.75 (0.49, 1.15) 0.20 

 Overall   ref. 0.56 (0.38, 0.83) 0.71 (0.50, 1.00) 0.35 

VLDL-c Confirmed on study drug ref. 0.78 (0.49, 1.23) 0.52 (0.32, 0.85) 0.20 

 Overall   ref. 0.86 (0.61, 1.21) 0.44 (0.30, 0.67) 0.01 

Large VLDL-p Confirmed on study drug ref. 0.73 (0.39, 1.38) 0.73 (0.38, 1.39) 0.98 

 Overall   ref. 0.47 (0.29, 0.75) 0.45 (0.27, 0.73) 0.85 

Medium VLDL-p Confirmed on study drug ref. 0.60 (0.38, 0.97) 0.66 (0.42, 1.05) 0.76 

 Overall   ref. 0.59 (0.40, 0.86) 0.68 (0.47, 0.97) 0.56 

Small VLDL-p Confirmed on study drug ref. 0.79 (0.50, 1.25) 0.51 (0.31, 0.83) 0.16 

 Overall   ref. 0.86 (0.61, 1.21) 0.46 (0.31, 0.68) 0.01 

Abbreviations: CI = confidence interval; HR = hazard ratio; RC = remnant cholesterol; VLDL=very low-density cholesterol.  

*Adjusted model is adjusted for age, sex, race, smoking, baseline BMI, baseline systolic BP, baseline fasting glucose, baseline HDLc, 

the natural log of baseline hsCRP, and baseline marker level.  **For comparison of hazard ratio between the two rosuvastatin groups. 

**P for comparison of Minimal versus Larger response groups.  




