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Circulating N-Linked Glycoprotein Side-Chain Biomarker,
Rosuvastatin Therapy, and Incident Cardiovascular Disease: An
Analysis From the JUPITER Trial

Akintunde O. Akinkuolie, MBBS; Robert J. Glynn, PhD; Latha Padmanabhan, MSc; Paul M Ridker, MD; Samia Mora, MD, MHS

Background—GlycA, a novel protein glycan biomarker of N-acetyl side chains of acute-phase proteins, was recently associated
with incident cardiovascular disease (CVD) in healthy women. Whether GlycA predicts CVD events in the setting of statin therapy in
men and women without CVD but with evidence of chronic inflammation is unknown.

Methods and Results—In the Justfication for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin
(JUPITER) trial (NCT00239681), participants with low-density lipoprotein cholesterol <130 mg/dL and high-sensitivity C-reactive
protein (hsCRP) >2 mg/L were randomized to rosuvastatin 20 mg/day or placebo. GlycA was quantified by nuclear magnetic
resonance spectroscopy in 12 527 before randomization and 10 039 participants at 1 year. A total of 310 first primary CVD
events occurred during maximum follow-up of 5.0 years (median, 1.9). GlycA changed minimally after 1 year on study treatment:
6.8% and 4.7% decrease in the rosuvastatin and placebo groups, respectively. Overall, baseline GlycA levels were associated with
increased risk of CVD: multivariable-adjusted hazard ratio (HR) per SD increment, 1.20 (95% Cl, 1.08—1.34; P=0.0006). After
additionally adjusting for hsCRP, this was slightly attenuated (HR, 1.18; 95% CI, 1.04—1.35; P=0.01). On-treatment GlycA levels
were also associated with CVD; corresponding multivariable-adjusted HRs per SD before and after additionally adjusting for hsCRP:
1.27 (95% Cl, 1.13-1.42; P<0.0001) and 1.24 (95% Cl, 1.07—1.44; P=0.004), respectively. Tests for heterogeneity by treatment
arm were not significant (P for interaction, >0.20).

Conclusion—In the JUPITER trial, increased levels of GlycA were associated with an increased risk of CVD events independent of
traditional risk factors and hsCRP.

Clinical Trials Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00239681. (J/ Am Heart Assoc. 2016;5:
€003822 doi: 10.1161/JAHA.116.003822)
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Ithough statins are effective agents in preventing
cardiovascular disease (CVD) in combination with opti-
mal lifestyle behaviors, cardiovascular events remain the
leading cause of morbidity and mortality worldwide and still
commonly occur during statin therapy.' Recent research has
also found that specific glycan changes facilitate the course of
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atherosclerosis and also track with cardiometabolic risk
factors.”® In addition, glycan attachments have been known
to functionally modify cytokines and other inflammatory
mediators implicated in atherosclerosis.* Yet, the potential
role of glycans in CVD prevention has not been well explored.
Considerable technological advances for glycan analysis are
now facilitating the investigation of glycans and their side
chains as novel diagnostic and pharmacotherapeutic targets
for various conditions, such as infectious diseases and
cancers.’

To this effect, we recently reported that GlycA, a novel
proton nuclear magnetic resonance (NMR) biomarker that
identifies a consensus sequence of glycans common to a host
of acute phase glycoproteins,® was associated with the risk of
incident CVD in initially healthy middle-aged and older women
in a manner similar to high-sensitivity C-reactive protein
(hsCRP)” despite the negligible contribution of hsCRP to the
GlycA signal.® Nonetheless, glycan structures change in
response to the phenotypic and metabolic state of a cell, and
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it is unknown whether the glycan sequence present in GlycA
predicts CVD in a high-risk population recruited on the basis of
elevated hsCRP. Furthermore, although GlycA was correlated
with modifiable CVD risk factors,””® the effect of statin therapy
on GlycA and its association with CVD events during treatment
with high-intensity statin therapy is unknown.

Therefore, in the Justification for the Use of Statins in
Prevention: an Intervention Trial Evaluating Rosuvastatin
(JUPITER),’ we measured baseline and on-treatment GlycA
levels in order to assess: (1) the effect of 1 year of rosuvastatin
treatment on GlycA; (2) the association of baseline and on-
statin GlycA with incident CVD; and (3) whether the CVD
relative risk reduction attributable to rosuvastatin treatment in
JUPITER was modified by GlycA levels.

Methods

Study Population

JUPITER (ClinicalTrial.gov No.: NCT00239681) was a double-
blind, placebo-controlled trial that evaluated rosuvastatin
20 mg daily versus placebo in the primary prevention of first
major CVD events among 17 802 apparently healthy men
>50 years and women =>60 years with low low-density
lipoprotein cholesterol (LDL-C; <130 mg/dL), but who were
at increased risk of cardiovascular events on the basis of
elevated hsCRP (>2 mg/L).” Key exclusion criteria for
JUPITER included previous or current use of lipid-lowering
therapy, current use of postmenopausal hormonal therapy,
diabetes mellitus, and inflammatory conditions, such as
severe arthritis, lupus or inflammatory bowel disease, or
treatment with immunosuppressant medications. The trial
protocol required study participants to provide a baseline
blood sample before randomization and after 1 year on study
treatment. Study participants were also requested, but not
required, to provide samples for additional phenotyping. For
this study, we analyzed a total of 12 527 participants who
provided a sufficient blood sample at baseline for NMR GlycA
measurements; and of these, 10 039 participants had a
sufficient blood sample at both baseline and at 1 year. The
JUPITER trial protocol was approved by the local institutional
review board at each participating center, and all study
participants provided written informed consent.

Laboratory Methods

Standard lipids, apolipoprotein-B, and hsCRP were assayed
immediately after blood collection in a core laboratory as
previously described.’® For the current analysis, GlycA was
measured for each participant from baseline and 1-year
samples that were paired together and stored in liquid nitrogen
until the time for assay. GlycA signals were quantified from

signal amplitudes generated from the automated proton (H')
NMR LipoProfile test at the CLIA-certified LipoScience, Inc.
(now LabCorp, Raleigh, NC) clinical laboratory.® The GlycA
signal is centered at 2.00+£0.01 ppm in H' NMR spectra of
plasma, and only N-acetylglucosamine with specific glycosidic
linkage, thatis, f (1—2) or B (1—6) with a preceding mannose
residue, contributes to the GlycA signal. NMR signal amplitudes
originating from the N-acetyl methyl group protons of the
N-acetylglucosamine moieties located on the bi-, tri-, and tetra-
antennary branches of specific serum proteins (mainly o 1-acid
glycoprotein, haptoglobin, o1-antitrypsin, o1-antichymotryp-
sin, and transferrin) were used to calculate the concentrations
of GlycA expressed in pmol/L of N-acetyl methyl groups.”

Outcomes

The primary endpoint of the current study is the trial primary
endpoint, defined as nonfatal myocardial infarction, nonfatal
stroke, hospitalization for unstable angina, arterial revascu-
larization, or cardiovascular death. We additionally examined
the expanded endpoint of the primary endpoint and all-cause
death, consistent with previous biomarker analyses in
JUPITER."" All components of the primary endpoint occurring
through the end of the JUPITER trial (March 30, 2008) were
adjudicated in a blinded fashion by an independent endpoint
committee and were confirmed using standardized diagnostic
criteria.” Only deaths adjudicated to be clearly attributed to a
cardiovascular or cerebrovascular cause were included in the
primary endpoint. For the expanded outcome, all deaths were
included regardless of whether data were available to confirm
the cause of death.

Statistical Analyses

Statistical analyses were performed with SAS software
(version 9.3; SAS Institute Inc., Cary, NC). Baseline charac-
teristics are expressed as medians (25th—75th percentiles) or
percentages. Spearman coefficients were used to compare
correlations of GlycA with risk factors. Wilcoxon signed-rank
tests compared baseline and 1-year GlycA levels by random-
ization arm. Changes in GlycA after 1 year of randomization
are expressed as percentages within each arm. The effect of 1
year of rosuvastatin therapy versus placebo on GlycA levels
was assessed by the Wilcoxon rank-sum tests. We performed
a similar analysis for hsCRP.

Person-time of follow-up was assessed from the time of
randomization to the first occurrence of a primary endpoint or
the date of death, last study visit, withdrawal from study, loss
to follow-up, or trial completion, whichever came first.
Absolute event rates were calculated per 100 person-years.
Consistent with previous published analyses examining on-
treatment hsCRP and LDL-C in relation to cardiovascular
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outcomes, '? on-treatment GlycA levels were defined as the
values obtained after the first year of treatment. A cumulative
incidence plot and log-rank statistics were used to compared
the unadjusted primary event rates between baseline quar-
tiles of GlycA. Hazard ratios (HRs) and 95% Cls for the
association of baseline and on-treatment GlycA with cardio-
vascular outcomes were quantified using Cox proportional
hazards regression according to quartiles of GlycA and per
SD. The P value for linear trend was computed by fitting a
continuous variable that assigned the median value for each
quartile in regression models. We used 3 models that
sequentially adjusted for demographic variables (age, sex,
race, and randomization treatment assignment), traditional
CVD risk factors (smoking, blood pressure, body mass index,
fasting glucose, LDL-C, high-density lipoprotein cholesterol
[HDL-C], triglycerides, and family history of premature coro-
nary disease), and natural log-transformed hsCRP. We tested
for treatment interaction by including a cross-product term
between GlycA and randomized treatment and by stratifying
the analysis according to randomization arm. We evaluated
the incremental predictive value of GlycA by calculating the

Table 1. Baseline Characteristics

likelihood ratio y? statistic and corresponding P value
comparing models with and without the addition of GlycA
We performed additional analyses to examine whether the
association of GlycA with events was modified by sex (male or
female), age (<65 or >65 years), smoking (yes or no), family
history of coronary heart disease (CHD; yes or no), metabolic
syndrome (yes or no), time to event (<24 or >24 months), or
fasting glucose (<100 or >100 mg/dL). Finally, we examined
whether the efficacy of rosuvastatin therapy on the primary
outcome was differential in subgroups defined by quartiles of
baseline GlycA levels. All probability values were 2-tailed, with
values <0.05 considered statistically significant.

Results

Baseline Characteristics

Baseline characteristics of study participants with measurable
GlycA levels were similar to that of the entire JUPITER cohort
except for more white participants in the current study
(Table 1). GlycA was normally distributed, with a mean (SD) of

Current Study Not in Current Study Overall Study

Characteristics n=12 527 n=5275 n=17 802
Age, y 66 (60-71) 66 (61-71) 66 (60-71)
Female 4542 (36.3) 2259 (42.8) 6801 (38.2)
Rosuvastatin 6182 (49.4) 2719 (51.6) 8901 (50.0)
Race/ethnicity

White 10 251 (81.8) 2432 (46.1) 12 683 (71.3)

Black 886 (7.1) 1338 (25.4) 2224 (12.5)

Asian 184 (1.5) 99 (1.9 283 (1.6)

Hispanic 1105 (8.8) 1156 (21.9) 2261 (12.7)

Other/unknown 99 (0.8) 250 (4.7) 349 (2.0)

Body mass index, kg/m?

28.4 (25.5-32.0)

28.1 (25.0-32.0)

28.4 (25.3-32)

Systolic blood pressure, mmHg

134 (124-146)

134 (125-144)

134 (124-145)

Diastolic blood pressure, mmHg 80 (75-86) 80 (76-89) 80 (75-87)
Current smoker 1883 (15.0) 937 (17.8) 2820 (15.9)
Family history of premature coronary disease 1575 (12.6) 470 (9.0 2045 (11.5)
Metabolic syndrome 4987 (40.4) 2329 (44.5) 7316 (41.6)
Fasting glucose, mg/dL 95 (88-102) 93 (86-101) 94 (88-102)
Hemoglobin Atc, % 5.7 (5.4-5.9) 5.7 (5.5-6.0) 5.7 (5.5-5.9)
High-sensitivity C-reactive protein, mg/L 41 (2.8-6.9) 4.7 (3.0-7.9) 43 (2.9-7.1)

LDL cholesterol, mg/dL

109 (95-119)

107 (91-118)

108 (94-119)

Total cholesterol, mg/dL

186 (170-200)

183 (165-198)

185 (169-200)

Triglycerides, mg/dL

116 (84-167)

122 (88-175)

118 (85-169)

HDL cholesterol, mg/dL

49 (41-60)

47 (39-58)

49 (40-60)

Values stated are median (25th—75th percentile) or n (%). Percentages may not add up because of rounding off. HDL indicates high-density lipoprotein; LDL, low-density lipoprotein.
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Table 2. Spearman Correlation Coefficients

GlycA
hsCRP, mg/L 0.46
Total cholesterol, mg/dL 0.09
LDL cholesterol, mg/dL —0.02
Apolipoprotein B, mg/dL 0.13
HDL cholesterol, mg/dL -0.03
Apolipoprotein A-1, mg/dL 0.01*
Triglycerides, mg/dL 0.20
Body mass index, kg/m? 0.07
Fasting glucose, mg/dL 0.01*
Hemoglobin Alc, % 0.21
1-Year Change
GlycA'

Placebo Rosuvastatin

hsCRP, mg/L" 0.47 0.44
Total cholesterol, mg/dL" —0.05 0.06
LDL cholesterol, mg/dL —0.06 0.05
Apolipoprotein B, mg/dL" 0.06 0.13
HDL cholesterol, mg/dL" —0.08 —0.07
Apolipoprotein A-1, mg/dL" —-0.10 —0.08
Triglycerides, mg/dL 0.06 0.10

HDL indicates high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; LDL-C,
low density lipoprotein cholesterol.

*Nonsignificant P values for Spearman correlations; otherwise, P values are <0.01.
"Denotes change at 1 year; otherwise, biomarkers represent baseline measurements.

411 (70) umol/L and a median value of 404 pumol/L (25th—
75th percentile: 364—449 pmol/L); corresponding median
value in men was 395 pmol/L (356—439) whereas that in
women was 419 umol/L (381-466). GlycA correlated posi-
tively in increasing magnitude with apolipoprotein B, triglyc-
erides, hemoglobin A1c, and hsCRP (Spearman r=0.13-0.46),

but not substantively with fasting glucose, LDL-C, body mass
index, and apolipoprotein B (Spearman, r<0.07; Table 2).

Effect of Rosuvastatin on GlycA

After 1 year of study treatment, GlycA levels were minimally
decreased in both placebo and rosuvastatin treatment groups
to median values of 383 (345-427) and 375 umol/L (337-
419), respectively; P<0.0001 for 1-year vs baseline values in
each group). The resulting median percent change (25th—75th
percentile) was —4.7% (—12% to 2.7%) in the placebo group
and —6.8% (—13.8% to 0.8%) in the rosuvastatin group (P
comparing changes between treatment groups <0.0001;
Table 3 and Figure 1). The corresponding percent changes
in hsCRP were —20% (—49.2% to 20%) and —48% (—68.8% to
—15.2%), respectively. Similar changes were observed in
analyses stratified by age, sex, metabolic syndrome, family
history of premature coronary disease, and current smoking
(data not shown).

In the rosuvastatin treatment group, 1-year change in
GlycA correlated positively with 1-year change in hsCRP
(Spearmen, r=0.44), but not substantively with 1-year
changes in LDL-C, apolipoprotein B, and triglycerides (Spear-
men, r<0.13; Table 2). Generally, similar correlations were
noted in the placebo group.

Association of Baseline and On-Treatment GlycA
With CVD

Among 12 527 JUPITER participants with baseline GlycA
levels, the study primary outcome was confirmed in 310
participants over a maximum follow-up of 5.0 years (median,
1.9). Of these, 201 (1.6%) primary events occurred in
the placebo group and 109 (0.87%) in the rosuvastatin group,
the proportion of these were similar to those observed in the
overall JUPITER trial.” The cumulative primary event rates
diverged increasingly according to quartiles of GlycA with the

Table 3. Median (25th—75th Percentile) Concentrations of GlycA and High-Sensitivity C-Reactive Protein by Randomized

Treatment Group

| Baseline | Year 1* Change' % Change
GlycA, pumol/L
Placebo 404 (363, 446) 383 (345, 427) —19 (—48, 10) —47 (-11.7, 2.7)
Rosuvastatin 404 (364, 448) 375 (337, 419) —27 (-57, 3) —6.8 (—13.8,0.8)
hsCRP, mg/L
Placebo 4.1 (2.8, 6.9) 3.4 (1.9, 5.9) —0.7 (-2.3,0.7) —20 (—49.2, 20)
Rosuvastatin 4.1 (2.8, 6.7) 2.1(1.2,4.2) —1.7 (=3.4, —0.5) —48 (—68.8, —15.2)

Values obtained from individuals with both baseline and 1-year measurements (n=10 039). hsCRP indicates high-sensitivity C-reactive protein.
*P values from the Wilcoxon signed-rank test comparing baseline and year 1 values were statistically significant (P<0.0001).
P values from the Wilcoxon rank-sum test comparing the change among the rosuvastatin group with the change among the placebo group were <0.0001.
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Figure 1. Baseline to 1-year median percent change in GlycA
with error bar indicating limit of 75th percentile according to
randomized treatment, among individuals with both baseline and
1-year measurements (n=10 039). P values from the Wilcoxon
signed-rank test comparing baseline and year 1 values were
P<0.0001. P values from the Wilcoxon rank-sum test comparing
the change among the rosuvastatin group with the change among
the placebo group were <0.0001. hsCRP indicates high-sensitivity
C-reactive protein.

lowest and highest events rates found in quartiles 1 and 4,
respectively (log-rank, P<0.0001; Figure 2 and Table 4). In a
multivariable model that included age, race, sex, randomized
treatment assignment, smoking, blood pressure, body mass
index, fasting glucose, LDL-C, HDL-C, triglycerides, and family
history of premature coronary disease, HRs for the primary
endpoint for quartiles 1 to 4 of baseline GlycA were 1.00, 1.05
(95% Cl, 0.74-1.49), 1.23 (95% Cl, 0.88—1.72), and 1.57 (95%
Cl, 1.12-2.18; Pjnear trend=0.004). This association was
slightly attenuated, but remained statistically significant, after
adjustment for hsCRP: HR for quartile 4 versus 1 was 1.45
(95% Cl, 1.01-2.10; Pjinear trend=0.03). Risk estimates per SD
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Figure 2. Cumulative incidence rates of the primary endpoint
according to baseline quartiles of GlycA.

increase in baseline GlycA levels were 1.20 (95% CI, 1.08—
1.34; P=0.0006) and 1.18 (95% Cl, 1.04—1.35; P=0.01) in the
corresponding multivariable adjusted models (Table 4).
Results were similar when baseline GlycA was examined in
relation to the expanded primary endpoint that included
all-cause death (528 events); the HR in the fully adjusted
model for quartile 4 versus 1 was 1.83 (95% Cl, 1.38-2.42;
Plinear trend<0.0001), with a corresponding HR per SD increase
in baseline GlycA of 1.25 (95% Cl, 1.15-1.37; P<0.0001;
Table 4).

Somewhat stronger magnitudes of associations were
observed among the 10 039 participants with on-treatment
levels of GlycA: the HRs for quartile 4 versus 1 of on-
treatment GlycA with the primary endpoint (224 events) in
multivariable adjusted models with and without hsCRP were
2.25 (95% Cl, 1.48-3.42; Pjnear trend<0.0001) and 2.05 (95%
Cl, 1.28-3.28; Pjinear treng=0.002; Table 5). The corresponding
HR per SD increase in on-treatment GlycA levels were 1.27
(95% Cl, 1.13—1.42; P<0.0001) and 1.24 (95% Cl, 1.07-1.44;
P=0.0004), respectively. In analyses examining on-treatment
GlycA levels with the expanded primary endpoint that
included all-cause death (315 events), the HR in the fully
adjusted model for quartile 4 versus 1 was 1.98 (95% Cl,
1.33-2.94; Piinear trend=0.0002), with a corresponding HR per
SD increase in on-treatment GlycA of 1.37 (95% Cl, 1.22—
1.54; P<0.0001; Table 5).

We found no evidence of statistical interaction by GlycA
across varied profiles of CVD risk factors when assessed at
baseline (Figure 3A) or on-treatment (Figure 3B; P>0.05).

Association of Baseline and On-Treatment GlycA
With CVD in the Rosuvastatin and Placebo
Groups

Risk estimates observed for the placebo subgroups when
baseline and on-treatment GlycA were examined with the
primary endpoint were similar to that for the overall study
population; Pjinear trend fOr baseline and on-treatment GlycA in
the fully adjusted model were 0.02 and 0.0005 respectively,
the corresponding HRs per SD of GlycA were 1.26 (95% Cl,
1.07—-1.48; P=0.005) and 1.35 (95% Cl, 1.13—1.62; P=0.001),
respectively. Similar magnitudes of effect were observed
among the rosuvastatin subgroup, although the associations
did not reach statistical significance; corresponding Piinear trend
were 0.64 and 0.38 while HRs per SD of GlycA were 1.07 (95%
Cl, 0.86—1.33; P=0.56) and 1.06 (95% Cl, 0.82—1.37; P=0.67),
respectively. There was no statistically significant interaction
between either baseline or on-treatment GlycA levels with
rosuvastatin therapy on the occurrence of the primary events (P
for interaction >0.05 in all models).

Stronger associations were observed in analysis examining
the expanded primary endpoint that included all-cause death
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Model 1 is adjusted for age, race, and sex. Model 2 is model 1 plus smoking, blood pressure, body mass index, fasting glucose, LDL-C, high-density lipoprotein cholesterol, triglycerides, and family history of premature coronary disease. Model

3 is model 2 plus high-sensitivity C-reactive protein. SD was 70.28 pumol/L. Incidence rates are reported per 100 person-years. HR indicates hazard ratio; LDL-C, low-density lipoprotein cholesterol.

"Prr likelihood ratio x? comparing model with and without GlycA as a continuous variable.

7LAdditionaIIy adjusted for randomized treatment assignment.

in the placebo subgroup; Pinear trend fOr baseline and on-
treatment GlycA in the fully adjusted model were <0.0001
and <0.0001, respectively, the corresponding HRs per SD of
GlycA were 1.28 (95% Cl, 1.14-1.44; P<0.0001) and 1.41
(95% CI, 1.21-1.64; P<0.0001). Likewise, results in the
rosuvastatin subgroup trended toward statistical significance;
corresponding Pjinear trend Were 0.054 and 0.21, whereas HRs
per SD increase in GlycA were 1.22 (95% Cl, 1.06—1.41;
P=0.005) and 1.30 (95% Cl, 1.09-1.56; P=0.004), respec-
tively. Similarly, there was no evidence of statistical interac-
tion by rosuvastatin therapy (P for interaction >0.05 in all
models; Tables 4 and 5).

Efficacy of Rosuvastatin According to Baseline
GlycA

In an analysis that examined participants based on 8
categories that took both treatment assignment and GlycA
levels according to quartiles into account, those who were on
placebo and had GlycA levels <364 umol/L (first quartile)
were considered as the referent. For both placebo and
rosuvaststin, there was a suggested trend of increasing risk
with increasing baseline GlycA levels; however, at each level,
the rosuvastatin group had lower risk (Figure 4A). Conse-
quently, rosuvastatin therapy had similar efficacy regardless
of GlycA levels (Figure 4B), with estimates centered around
that reported in the original JUPITER trial (HR, 0.56; 95% ClI,
0.46-0.69).

Discussion

In the JUPITER trial, baseline and on-treatment levels of GlycA,
a recently characterized biomarker of circulating glycan side
chains common to a host of acute-phase glycoproteins, were
positively associated with the first occurrence of CVD
independent of traditional risk factors and hsCRP. Impor-
tantly, there was no evidence of effect heterogeneity by
rosuvastatin treatment, and the association did not vary by
levels of traditional CVD risk factors.

Among CVD biomarkers assessed at baseline and on-
treatment in the current study, GlycA correlated positively
with hsCRP (=0.5), similar to the magnitude of correlation of
the change in GlycA with change in hsCRP (=0.5), consistent
with an inflammatory origin of GlycA. Nonetheless, while
rosuvastatin therapy was associated with a meaningful
reduction in hsCRP levels compared to placebo, the effect
of rosuvastatin on GlycA levels was minimal (median percent
decrease of ~2%) and may partly relate to the negligibly low
contribution of hsCRP to GlycA.” Statins may reduce GlycA by
inhibiting expression of the acute-phase proteins contributing
to GlycA or act more directly by repressing synthesis of the
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3 glycan side chains that represent GlycA. Consistent with our
i results, a prior study found that atorvastatin lowered levels of
— |- § alpha-1-acid glycoprotein, an acute-phase protein that is rich
. § § S 2 in the glycan detected by the GlycA signal, by a magnitude
< 7|9|3| & that was much less that than observed for hsCRP."
] g A subsequent study found that rosuvastatin downregulated
o ~|= ‘é alpha-1-acid glycoprotein expression.'* Whether or not treat-
g § § =3 é’ ment with targeted anti-inflammatory agents reduces circu-
%‘ VAKAR= ;ié lating levels of GlycA remains to be evaluated.

§ 388 2 % The prognostic potential of GlycA for CVD risk assessment
S slalg z2 was recently documented in the Women’s Health Study,
% g = ; g 3 where baseline GlycA levels were positively associated with
o Q5|8 ;% incident CVD events, but that association was attenuated
= [ e R A % f: after adjusting for hsCRP over a 17-year period.” That study
gﬁg also demonstrated a significant time interaction whereby
2 %g GlycA was independent of hsCRP in the short term (up to
é S8l 2 é 6 years of follow-up).” Consistent with this short-term
o« s|s|s| § =} observation, the present analysis of JUPITER, which included
] §§ men and women from an international clinical trial with a
g sisle g% maximum follow-up of 5 years, found the association of GlycA
< o wlwqi| 22 with incident CVD to be independent of hsCRP. Several
+ 2 & 8= E 53 acute-phase proteins contribute to the GlycA signal with
%5 E’ E E ~ EOE major contribution from o1-acid glycoprotein, haptoglobin,
g% = S22 3% o 1-antitrypsin, o1-antichymotrypsin, and transferrin, but not
] % § from CRP.” Bell et al.'® first characterized the proton NMR
o = ol =|= gg signal of chemically distinct glycan conjugates linked to
2 k- ele|y §§ several acute-phase proteins and showed that the intensity of
. 5 ,oé é gé g' g % the NMR signal was proportional to the degree of inflamma-
23 % g ST % §2 tion.” GlycA may, in fact, represent a global burden of low-
S8 b 213120 3 £ grade systemic inflammation, given that its unique molecular

— § § signature arises from a host of acute-phase proteins.
5 g°c ) Although enzymatic glycosylation serve to modify protein
E ? g % ? %% § functi.on,.the glycan conjugates on the acute—Phase proteins
= a dldlal g5 £ contributing to GlycA may have been synthesized cotransla-
z % = s|g|s 3 E g tionally or posttranslationally. In this context, the degree by
5 g S ql=|y) 5<% which the glycoconjugates nested within GlycA impacts the
°° il N A § §§ native function of the contributory acute-phase proteins,
2 § %’ particularly with respect to their role in atherosclerosis, is
= 2 E, c:? = unknown. However, the inflammatory origin of GlycA suggests
< E g z g g a pathogenic role for these glycoconjugates. Nevertheless, we
ps § . g 5 : E 2 observed that the association of GlycA with clinically relevant
g 3 § S % ‘§§ = CVD was independent of hsCRP. GlycA may therefore reflect
Y] % = - |- § 2 % E inflammatory burden that is not completely accounted for by

= 53 HE hsCRP.”

‘QE"; 5| f‘;g g The correlation of GlycA with atherogenic lipids mostly
= 282 g28¢ targeted by statins ranged from negligible for LDL-C
g <Z°, 2’ 3 % E “‘i &:z (=—0.02) to weak for apolipoprotein B (~=0.13). Furthermore,
b= = E % —la|m| 222 E the lack of effect heterogeneity by randomization treatment
3 g g T %’ g E‘; ‘2%; S on the occurrence of events suggests that GlycA, a novel
0 g E B|=|=[=] B2 % = inflammatory biomarker, is a determinant of residual CVD risk
% € 3 E %é in JUPITER. Although effect sizes did not reach statistical
= é ffﬁ significance in the rosuvastatin-treated subgroup for the
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Characteristics

Sex
Male
Female
Age
<=65 years
>65 years
Smoking
No
Yes
Family history CHD
No
Yes
Metabolic syndrome
No
Yes
Time of event
<=24 months
>24 months
Fasting glucose
<100 mg/dl
>=100 mg/dl

B
Characteristics

Sex
Male
Female
Age
<=5 years
>65years
Smoking
No
Yes
Family history CHD
Noe
Yes
Metabolic syndrome
No
Yes
Time of event
<=24 months
>24 months
Fasting glucose
<100 mg/dl
>=100 mg/dl

Hazard Ratio
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1.20(1.03-1.40, 0.02)
1.11(0.87-1.43,0.41)

1.16(1.00-1.33, 0.046)
1.36(0.96-1.91, 0.08)

1.13(0.95-1.34,0.17)
1.31(1.06-1.60, 0.01)

1.20(1.08-1.34, 0.0006)
1.24(1.00-1.54, 0.052)

1.16(0.98-1.36, 0.06)
1.22(0.97-1.55, 0.09)

HR (95%ClI, p-values) per SD

1.21(1.02-1.43, 0.03)
1.28(0.95-1.74,0.11)

1.27(0.98-1.63, 0.06)
1.21(1.01-1.45, 0.04)

1.24(1.04-1.47, 0,.02)
1.19(0.88-1.62, 0.25)

1.24(1.06-1.46, 0.009)
1.19(0.82-1.73,0.37)

1.12(0.92-1.36, 0.26)
1.50(1.18-1.80, 0.0008)

1.24(1.07-1.44, 0.004)
1.27(0.98-1.64, 0.08)

1.25(1.04-1.49, 0.02)
1.21(0.93-1.58, 0.14)

P interaction
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0.99
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0.32

0.48

P interaction

0.32
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Figure 3. A, Stratified hazard ratios (95% Cls) per SD of baseline GlycA with the primary endpoint
adjusted for age, race, sex, randomization treatment assignment, smoking, blood pressure, body
mass index, fasting glucose, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
triglycerides, family history of premature coronary disease, and high-sensitivity C-reactive protein. B,
Stratified hazard ratios (95% Cls) per SD of on-treatment GlycA with the primary endpoint adjusted
for age, race, sex, randomization treatment assignment, smoking, blood pressure, body mass index,
fasting glucose, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides,
family history of premature coronary disease, and high-sensitivity C-reactive protein. CHD indicates
coronary heart disease; HR, hazard ratio.
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Figure 4. A, Hazard ratios (95% Cls) for the primary endpoint
according to baseline GlycA levels events in relation to random-
ized treatment assignment, adjusted for age, race, sex, smoking,
blood pressure, body mass index, fasting glucose, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol,
triglycerides, high-sensitivity C-reactive protein, and family history
of premature coronary disease. B, Efficacy of rosuvastatin for the
primary endpoint according to baseline GlycA levels adjusted for
age, race, sex, smoking, blood pressure, body mass index, fasting
glucose, low-density lipoprotein cholesterol, high-density lipopro-
tein cholesterol, triglycerides, high-sensitivity C-reactive protein,
and family history of premature coronary disease.

primary endpoint, they were significant for the expanded
primary endpoint that included all-cause death and had a
greater number of events. Within this context, the lack of
interaction between GlycA levels and rosuvastatin therapy on
CVD risk and the stable estimates of rosuvastatin efficacy
across varying levels of GlycA suggest that GlycA may
mediate residual vascular risk through a pathway that, if
targeted, may complement statin therapy for managing the
risk of CVD. Given that specific glycan chains unique to a host
of acute-phase reactants are captured by GlycA, and

presumably the contributing acute-phase proteins bear glycan
sequence that do not contribute GlycA, a better understand-
ing of the holo-glycan sequence for each contributing protein
may shed light on the potential utility of GlycA for developing
diagnostics, and perhaps therapy, that address CVD through
inflammation. Research endeavors exploiting glycan biology
are already making gains in virology and cancer-preventive
research.>'®'7 |t is worth noting that heparin, which is
broadly indicated in the management of coronary events, is
one of the oldest known anticoagulants and was later
discovered to be a glycan-based therapeutic.'®

Merits and limitations of the present analysis warrant
mentioning. The present study includes a large number of
male and female participants who were recruited internation-
ally and randomly allocated to a potent statin or placebo, had
both baseline and on-treatment measurement of GlycA
assessed, and were extensively phenotyed for CVD risk
factors. Limitations of our study includes lack of generaliz-
ability given the entry criteria of JUPITER, which excluded
participants with low hsCRP, high LDL-C, high triglycerides,
known CVD, or diabetes and a limited follow-up duration.
Finally, we expect that missing data on GlycA at 1 year
occurred at random in a nondifferential manner that would, if
anything, bias our results toward the null.

To conclude, this post-hoc analysis of JUPITER found that
baseline and on-treatment GlycA levels were directly associ-
ated with the risk of future CVD independent of traditional
CVD risk factors, rosuvastatin therapy, and hsCRP. These
findings support the contribution of low-grade systemic
inflammation to the occurrence of CVD in statin-treated
individuals and, importantly, provide a significant biological
illustration on the potential role of glycan-based research to
address prevailing CVD risk burden.
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