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Abstract

Background and aims: GlycA is a novel composite biomarker of systemic inflammation
reflecting posttranslational glycosylation of acute phase reactants. GlycA has been associated with
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coronary artery calcium, cardiovascular disease (CVVD) events and mortality. Vascular
calcifications outside of the coronary arteries are risk markers of CVD and mortality. Whether
GlycA is linked to extra-coronary calcifications (ECC) is not well established.

Methods: We studied 6,462 MESA participants free of clinical CVD who had plasma GlycA
measured at baseline. ECCs [calcification in aortic valve (AVC), mitral annulus (MAC), ascending
and descending thoracic aorta (ATAC, DTAC)] were ascertained at baseline and follow-up visit
(median 2.3-yrs later) by cardiac CT. Poisson regression models with robust variance estimation
assessed associations of GlycA with prevalent and incident ECC. Linear mixed models assessed
the cross-sectional and 2-year change in ECC. Models were adjusted for demographic and lifestyle
factors.

Results: In cross-sectional analysis, GlycA (per SD increment) was positively associated with
prevalent AVC, ATAC and DTAC with adjusted prevalence ratios (95% CI) of 1.08 (1.01-1.14),
1.18 (1.03-1.34) and 1.10 (1.06-1.14), respectively. There was also a significant association
between GlycA and baseline extent of both ATAC and DTAC. Longitudinally, GlycA was
positively associated with incident MAC and DTAC, with adjusted incidence ratios of 1.18
(1.03-1.37) and 1.17 (1.07-1.28), respectively. GlycA was also associated with 2-year change in
MAC and DTAC extent.

Conclusions: In this diverse cohort free from clinical CVD, we found GlycA was positively
associated with prevalent and incident ECC measures, in particular for progression of MAC and
DTAC.

Graphical Abstract.
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Forest plot showing the associations between one standard deviation increment in GlycA and extra
coronary calcification.

*Coefficients are natural log transformed. Exponentiate value to derive Prevalence & Incidence
ratios.

TModels were adjusted for age, sex, race/ethnicity, study site, CT scanner type, education, BMI,
smoking status, pack-years of smoking, and physical activity

*Findings for prevalent DTAC, DTAC extent, incident DTAC, DTAC progression, and MAC
progression remained statistically significantly associated with GlycA after further adjustment for
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potential mediating ASCVD risk factors (systolic blood pressure, use of antihypertensive
medications, total cholesterol, HDL-C, use of lipid-lowering medications, diabetes, and eGFR)

Extracoronary calcification=ECC; AVC= Aortic Valve Calcification; MAC= Mitral Annular
Calcification; ATAC= Ascending Thoracic Aortic Calcification; DTAC= Descending Thoracic
Aortic Calcification

Keywords

GlycA; inflammation; Thoracic aortic calcification; aortic valve calcification; Mitral annular
calcification

INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) still remains a leading cause of morbidity
and mortality around the world despite advances in preventive interventions such as the use
of statins.? Thus, there is a need to identify novel predictors of ASCVD, which may be
modifiable and better risk stratify individuals.2 Numerous research studies have corroborated
the key role that inflammation plays in the development of atherosclerosis.3# ® GlycA is a
novel composite biomarker of systemic inflammation measured by nuclear magnetic
resonance (NMR) spectroscopy.® 7 GlycA might prove to be a superior way of assessing
systemic inflammation due to its composite nature, lower analytic imprecision and lower
intra-individual variability when compared to high sensitivity C-reactive protein (hsCRP)
measurements.® Plasma GlycA levels have been shown to be associated with major ASCVD
events and all-cause mortality even after adjustment for other inflammatory markers such as
hsCRP and interleukin-6 (1L-6).4

GlycA has also been shown to be associated with a greater prevalence of coronary artery
calcium (CAC),® a surrogate marker of total coronary atherosclerosis burden and predictor
of incident ASCVD events.? Other markers of atherosclerosis, including Extra-Coronary
Calcifications (ECC), are also predictive of incident ASCVD and mortality.1® Components
of ECC include thoracic aortic calcification (TAC) and left-sided valvular calcification
[mitral annular calcification (MAC) and aortic valve calcification (AVC)]. Valvular
calcification has been linked to increased risk for myocardial infarction, stroke, atrial
fibrillation and vascular death, independent of traditional ASCVD risk factors.11: 12 TAC is
also associated with all-cause mortality,13 coronary events,1# non-coronary events,1° and
even non-CVD morbidity/mortality’®. CAC is associated with both TAC1® and left-sided
valvular calcification” and share many similar traditional ASCVD risk factors.18-20
However, despite similarities of cardiovascular risk factors across the various vascular beds,
risk factors for vascular calcification are not necessarily overlapping.2! Even though GlycA
is associated with CAC,22 whether GlycA is also linked to ECC (TAC, AVC, and MAC) and
their progression has not been well established. Further understanding of this relationship
may have clinical implications in the utilization of GlycA as a comprehensive risk marker
for CVD.
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Our study sought to assess the temporal relationship between GlycA and ECC in a diverse
multi-ethnic cohort without known clinical CVD at baseline. We hypothesized that
individuals with higher composite systemic inflammation, as measured by GlycA, would be
at increased risk for progression of calcification (as a marker of atherosclerosis) in non-
coronary vascular beds.

MATERIALS AND METHODS
Study population

The Multi-Ethnic Study of Atherosclerosis (MESA) consists of a diverse cohort of
participants recruited from six centers across the United States and followed longitudinally
to assess for progression of subclinical CVD. The baseline examination of this ongoing
study took place between 2000 and 2002 and there were five subsequent follow-up visits
(Exams 2 to 6). Demographically, the study population at enrollment included a total of
6,814 men and women between the ages of 45 and 84, 38% of whom were White, 28%
African American, 22% Hispanic and 12% Asian. All were asymptomatic from known
clinical CVD at the time of enrollment. Further details about the conduct of the MESA study
have been previously published.?3

For this present analysis, of the 6,814 participants enrolled at baseline, we excluded those
with missing GlycA measurements (n=30), missing baseline ECC measures (n=4), or
missing covariates (n=318). This left 6,462 participants for our analysis (Supplemental Fig.
1). Institutional Review Boards at each research center approved the study and informed
consent was obtained from each participant.

Exposure assessment

Covariates

Plasma levels of GlycA were obtained from EDTA plasma samples stored from MESA
baseline exam (2000-2002) using NMR LipoProfilé® analysis. Detailed description of the
protocol has been previously described.® The intra-assay and inter-assay coefficients of
variability for GlycA measurement were 1.9% and 2.6%, respectively. Previous work by
Otvos have confirmed stability of GlycA levels when measured after long-term storage.®
GlycA levels have also been shown to be similar when measured in plasma vs. serum
samples or in non-fasting vs. fasting samples.® A prior analysis found that GlycA levels are
modestly positively skewed in the MESA cohort, and women in MESA have higher GlycA
levels [mean (SD) 394 (62) pmol/L] than men [mean (SD) 365 (57) pmol/L],8 similar to the
finding of higher hsCRP levels in women than in men.

Covariates used in these analyses were ascertained at the baseline exam. Demographic
information on age, sex, race/ethnicity, education level, and smoking status was obtained
from interview and questionnaire data. Height and weight were measured following standard
protocol, and Body Mass Index (BMI) was calculated as weight per squared height (kg/m?).
Total amounts of moderate + vigorous physical activity (MET-minutes/week) were
ascertained through survey. Baseline systolic and diastolic blood pressures were measured
using the Dinamap automated blood pressure device. The CKD-Epi equation was used to
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calculate the estimated glomerular filtration rate (eGFR).24 Total and HDL cholesterol levels
were measured from fasting blood samples. A positive diabetes status was established as
taking oral hypoglycemic medications or insulin, self-report of diabetes, or a fasting glucose
level at or above 126 mg/dL. Medication use was determined through a medication inventory
approach. Markers of inflammation (hsCRP, IL-6 and fibrinogen) were measured from
stored blood obtained at baseline exam, as previously described.2®

Outcome assessment

The 4 ECC measures investigated in this analyses were AVC, MAC, ascending TAC
(ATAC), and descending TAC (DTAC) ascertained by cardiac computed tomography (CT),
using either an electron-beam CT (EBCT) or a four slice multidetector row helical CT
(MDCT). Prior work in MESA has established equivalence across scanner types.28: 27 There
was also very good reproducibility when using duplicate scans performed on the same
patient using the same scanner.26: 27 This pilot work suggests the accuracy of calcification
measurement is reasonably valid for the assessment of ECC progression over time.

All participants underwent an ECG-gated non-contrast CT scan at baseline (2000-2002).
Participants then underwent a follow-up CT scan at either Exam 2 (2002-2004) or Exam 3
(2004-2005), randomly assigned. Two scans were taken in succession and the results were
averaged to improve the accuracy of the calcium score. The CT scans were initially obtained
for CAC measurement but were retrospectively reviewed for the ECC measures. The
Agatston scoring method?8 was used to quantify the respective ECC scores. Further details

on the procedures for assessing the calcification measures have previously been published.
26, 29, 30

Statistical analyses

We modeled GlycA levels in quartiles and per one standard deviation (SD) increment. We
present baseline characteristics by GlycA quartiles. Continuous variables are presented as
means (SD) or median (interquartile interval) and categorical variables as frequency
(percent).

Prevalent ECC was defined as a greater than zero Agatston score present at baseline, and
incident ECC was defined as detectable calcium (Agatston score >0) at follow-up in a
participant without any detectable calcium at baseline (for each of the 4 ECC measures,
respectively). Given the skew of the calcification data, for the analyses of the extent and
progression of ECC measures, the ECC scores were natural log transformed as log(ECC+1)
in the models.

We used multivariable-adjusted Poisson regression with robust variance estimation to
determine prevalence and incidence ratios with their respective 95% confidence intervals
(CI) for the 4 ECC measures (i.e. calcium score >0). We also used linear mixed effects
models with random slopes and intercepts to determine the cross-sectional and longitudinal
associations of GlycA with log(ECC+1) extent and progression. The time variable was
scaled to derive the 2-year change.

Atherosclerosis. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ezeigwe et al.

RESULTS

Page 6

We adjusted for demographics and field center in our limited Model 1 (age, sex, race/
ethnicity, study site, CT scanner type). Model 2, our main analytic model, additionally
adjusted for lifestyle factors (education, BMI, smoking status, pack-years smoking
[log(pack-years+1)], alcohol consumption, and physical activity [log(physical activity+1)].
We then performed two additional supplemental models as follows: Model 3 further adjusted
for ASCVD risk factors which may be intermediate variables between inflammation and
atherosclerosis (systolic blood pressure, use of antihypertensive medication, total
cholesterol, HDL-cholesterol, use of lipid-lowering medications, diabetes, and eGFR). In
Model 4, we further adjusted for other traditional inflammatory markers, specifically
log(hsCRP), log(IL-6), and log(fibrinogen). In our incident ECC analysis, we excluded
participants with prevalent ECC and additionally adjusted for the time between CT scans.

In a sensitivity analysis, we explored the cross-sectional and longitudinal associations
between all the inflammatory markers (e.g., hsCRP, fibrinogen, IL-6, and GlycA) separately
on a log-transformed scale per 1 SD with the various ECC measures using our main analytic
Model 2. This was done in order to compare the relative magnitudes of associations across
the inflammatory markers.

Statistical significance was established at a p-value less than 0.05. Analyses were performed
using STATA Version 15.

Baseline characteristics

The baseline characteristics of the study population are shown in Table 1. Of the 6,462
participants in this study, the mean (SD) age was 62 (10) years with 53% being women, 39%
White, 27% Black, 22% Hispanic and 12% Chinese. The mean (SD) GlycA level was 381
(61) umol/L. Study participants in the higher GlycA quartiles tended to be women and have
a higher average BMI, median pack-years of smoking, systolic blood pressure and total
cholesterol than those in the lowest quartile of GlycA. Participants with higher GlycA levels
also had lower average physical activity levels, eGFR and HDL cholesterol. Those in the
higher GlycA quartiles also had higher average levels of the other markers of inflammation
(hsCRP, IL-6, and fibrinogen).

Cross-sectional analysis

Among our study participants, the presence of ECC for AVC, MAC, ATAC, and DTAC
(respective Agatston scores >0) at baseline was 13.2%, 9.4%, 3.4%, and 27.1%, respectively
(Supplemental Fig. 1). The prevalence of these ECC measures by GlycA quartiles are shown
in Table 2.

AVC—After adjustment for demographics and lifestyle factors in our primary model (model
2), participants with higher GlycA levels (per SD increment) had a greater prevalence of
AVC (>0), with adjusted prevalence ratio (PR) of 1.08 (95% CI 1.01, 1.14). (Table 2). This
association became attenuated and was no longer statistically significant in models that
further adjusted for potential intermediary ASCVD risk factors (model 3) or additional
inflammatory markers (model 4). When examining the association of GlycA with baseline

Atherosclerosis. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ezeigwe et al.

Page 7

extent of AVC, GlycA was only associated with log(AVC+1) in the limited demographic
model 1, with B coefficients of 0.05 (95% CI1 0.02, 0.09) (Table 3), but not in our primary or
additionally adjusted models.

MAC—There was no statistically significant association found for GlycA with the presence
and extent of MAC at baseline (Table 2 and 3).

ATAC—After adjustment for demographics and lifestyle factors in our primary model
(model 2), those with higher GlycA levels (per SD increment) had a greater prevalence of
ATAC (>0) [PR 1.18 (1.03, 1.34)] (Table 2). However, similar to AVC, this was also
attenuated in subsequent models adjusted for ASCVD risk factors and inflammatory
markers. In our primary model (model 2), higher GlycA levels per SD were also associated
with baseline ATAC extent [log(ATAC+1)] with beta-coefficients of 0.03 (0.01, 0.05) (Table
3).

DTAC—After adjustment for demographics and lifestyle factors in our primary (model 2),
those with higher GlycA levels (per SD increment) also had increased prevalence of DTAC
(>0) [PR 1.10 (1.06, 1.14)] (Table 2). Unlike the other atherosclerosis markers, the
association of GlycA with DTAC presence remained statistically significant after further
adjustment for ASCVD risk factors (model 3) but not after further adjustment for
inflammatory markers. Higher GlycA levels per SD were also associated with DTAC extent
[log(DTAC+1)] with beta-coefficients of 0.14 (0.08, 0.20) (Table 3) in our primary model
(model 2), as well in the ASCVD risk factor adjusted model.

Longitudinal analysis

There was a median of 2.3 years between CT scans. After excluding those with respective
ECC scores >0 at baseline, the percent of study participants who newly developed incident
measures of ECC >0 on the follow-up CT scans for AVC, MAC, ATAC, and DTAC were
4.1%, 4.4%, 1.9%, and 11.4%, respectively (Supplemental Fig. 1).

AVC—In all of our adjusted models, we found no association between levels of GlycA and
incident AVC as well as with 2-year change in AVC score (Tables 4 and 5).

MAC—On the other hand, higher GlycA levels, per SD, were found to have a statistically
significant positive association with incident MAC for our main model with incidence ratio
of 1.18 (1.03, 1.37) (Table 4). As for the association of GlycA with 2-year change in MAC
score, higher GlycA (per SD) was also associated with log(MAC+1) progression in our main
model with beta-coefficients of 0.04 (0.02, 0.06) (Table 5). This association with MAC
progression remained statistically significant after further adjustments for ASCVD risk
factors and inflammatory markers (models 3 and 4).

ATAC—Higher GlycA, per SD, was found to be positively associated with incident ATAC in
model 1 alone with incidence ratio of 1.23 (1.02, 1.48); however it was not statistically
significantly associated in our main model or after additional covariate adjustment (Table 4).
There was also no significant association of GlycA with 2-year ATAC progression (Table 5)
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DTAC—Of all the ECC markers, the association of GlycA appeared to be the most robust
for incidence and progression of DTAC. Among those without baseline DTAC, higher
GlycA levels (per SD) were associated with incident DTAC with incident ratio of 1.17 (1.07,
1.28) (Table 4) in our main model, which remained statistically significant after further
adjustment for both ASCVD risk factors (model 3) and additional inflammatory markers
(model 4). Furthermore, GlycA was associated with 2-year progression of DTAC [log(DTAC
+1) with beta-coefficients of 0.04 (0.01, 0.07) in demographic and lifestyle adjusted models
(Table 5), a finding which remained unchanged and significant after further adjustments in
models 3 and 4.

Comparison with other inflammatory markers

For comparison of the magnitude of associations between the other inflammatory markers,
GlycA, fibrinogen, IL-6, and hsCRP were all natural log-transformed and compared per SD
for the associations with the prevalence and incidence of the 4 ECC markers, as well as their
baseline extent and 2-year progression (Supplemental Table 1), in our primary model 2. The
confidence intervals were overlapping between markers, but GlycA appeared to be slightly
stronger of a marker for incident DTAC and 2-year DTAC progression than hsCRP (which
was not statistically significant).

DISCUSSION

In this diverse cohort of individuals free from clinical CVD at baseline, we found that higher
levels of a novel composite marker of inflammation, GlycA, was positively and
independently associated with greater prevalence and incidence of DTAC, as well as
baseline DTAC extent and 2-year progression. However, we found that higher GlycA levels
were not associated with incident ATAC in our main model, of which incident ATAC was
much less common an occurrence in our study population than incident DTAC (1.9% vs.
11.4%), but GlycA was associated with higher prevalence of ATAC at baseline. Furthermore,
we found no associations between levels of GlycA and prevalent MAC despite a positive
association with incident MAC. Additionally, while an association with GlycA levels and
incident AVC was not established in our study, a positive association with GlycA and
prevalent AVC was found. In sum, we found GlycA was positively associated with several
prevalent and incident ECC measures, in particular for progression of MAC and DTAC,
associations that persisted even after adjusting for potential mediating ASCVD risk factors
and other inflammatory markers.

Recently, the CANTOS randomized clinical trial showed that a pharmacologic intervention
(canakinumab) targeting the inflammatory pathway reduced ASCVD events, without
modifying lipid levels.> This study opened the door for future inflammation-modifying
therapies and a need to better understand mechanisms linking inflammation to
atherosclerosis pathogenesis. GlycA, a novel composite biomarker of systemic
inflammation, reflects serum concentration and glycosylation state of main acute-phase
reactants such as a1l-acid glycoprotein, haptoglobin, al-antitrypsin, al-antichymotrypsin
and transferrin.® To our knowledge, this is the first study examining the association of GlycA
with vascular calcification outside of the coronary arteries. Prior studies have examined the
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relationship between GlycA and subclinical coronary artery disease (CAD) as measured by
CAC score on non-contrast CT or coronary plaque by coronary CT angiography.8 3 In a
case-control study involving patients with psoriasis, GlycA was found to be associated with
subclinical CAD beyond ASCVD risk factors and hsCRP.3! In another cross-sectional study
conducted in patients with rheumatoid arthritis, GlycA was correlated with the presence of
CAC and prevalent CAD.32

GlycA has also been shown to be associated with clinical CVD events independent of
ASCVD risk factors in the WHS (Women’s Health Study)33, CATHGEN (CATHeterization
GENetics)34, PREVEND (Prevention of Renal and Vascular ENd-Stage Disease)3®, MESA?,
and JUPITER (Justification for the Use of Statins in Prevention: an Intervention Trial
Evaluating Rosuvastatin)38, and mortality in WHS37. Subclinical atherosclerosis is likely an
intermediary process linking inflammation to clinical CVD events and identification of ECC
may represent a window of opportunity for preclinical identification of at-risk patients who
would likely benefit from more intensive preventive therapies including improved lifestyle.
Notably, GlycA levels have been inversely associated with a more favorable cardiovascular
health profile as assessed by the American Heart Association Life Simple 7 criteria,
including an inverse relationship with physical activity levels.38 In contrast, statin therapy
has not been shown to reduce GlycA levels.38

While GlycA has previously been linked to subclinical coronary disease as mentioned
above, we believe the new findings presented here, of its association with vascular
calcification outside of the coronary beds, also have clinical relevance. Prior studies have
linked the presence of ECC with future risk of CAD and all-cause mortality such that
increasing multi-site ECC was associated with higher CAD and mortality risk.1% Notably
TAC is associated with non-CVD morbidity and mortality even independent of CAC.16 ECC
and CAC are correlated, but imperfectly so; thus the addition of ECC to CAC may
complement ASCVD risk assessment with the potential clinical application of using ECC as
an adjunct measurement to CAC.2! ATAC, while uncommon, is associated with ASCVD
events including stroke, independently of CAC.3° TAC is strongly associated with all-cause
and non-CVD mortalityl8, whereas CAC is a better predictor of CVD mortality.? In sum,
the location of calcification across the various vascular beds provides unique information
about mortality risk,%0: 41 and understanding the association of this new potent inflammatory
marker, GlycA, with each specific type of ECC may further our understanding of
inflammatory mechanisms in CVD pathogenesis.

It is unclear why the association of GlycA appeared more robust for DTAC in particular —
where it was associated with both incident DTAC and 2-year progression DTAC across all 4
progressively adjusted models tested. However, both the prevalence and incidence of DTAC
(at 27% and 11%) was greater than the other 3 ECC markers, so there may be less statistical
power to detect associations for the other ECC markers. Of note, DTAC has been shown to
be associated with CAC*2, and CAC has a positive association with GlycA8. Alternatively,
there may be distinct biological mechanisms that lead to preferential calcification across the
various vascular beds.#3 Vascular smooth muscle cells (VSMC) are increasingly recognized
as the central cell type responsible for arterial calcification.*# The distribution of VSMC
varies by the embryological origin of each vascular bed, with unique VSMC subpopulations
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present in the coronary artery, ascending aorta, descending thoracic aorta, and abdominal
aorta.*> As VSMC calcification appears to differ based on embryological origin,*®
differences in VSMC lineage type may explain variations in ECC prevalence and incidence.
Calcification in the aorta tends to involve both medial and intimal vessel layers, while CAC
primarily involves the intimal layer, which may explain why cardiovascular risk factors
associated with various vascular calcifications tend to be similar but not necessarily
overlapping.2! For example, smoking (another pro-inflammatory condition) is more strongly
associated with abdominal aortic calcification than coronary or carotid calcified plaque.4’

There is a need to identify and study novel predictors of ASCVD, which may better risk
stratify an individual. Understanding the relation between GlycA and ECC is one additional
step toward elucidating pathways linking inflammation to clinical ASCVD risk. The key role
that inflammation plays in the development and progression of ASCVD has been
established.? 48-50 Further understanding of the role of GlycA contributes in particular and
the mechanisms that lead to the development of ASCVD could have potential clinical
implications for primary and secondary prevention of ASCVD. The composite nature of
GlycA suggest that it may actually be superior in certain ways to hsCRP,8 although hsCRP is
the more commonly used marker of inflammation in clinical practice. GlycA has also been
shown to predict CVD risk beyond hsCRP* and could potentially be utilized similarly or
complementary to hsCRP in clinical settings. Some potential therapies, such as those
targeting tumor necrosis factor (anti-TNF) therapy, have been shown to reduce GlycA with a
demonstrated improvement of vascular inflammation in patients with psoriasis3! and could
be of potential clinical use. However, future interventional studies are needed to understand
how to best incorporate measures of inflammation such as GlycA for ASCVD screening and
treatment in clinical practice.

Limitations and strengths

Our study should be interpreted in the context of several limitations. First, our study is
observational and therefore, we cannot assert causality. It should also be noted that our
reporting of cross-sectional associations is subjected to survival and temporal biases. Our
result could still be prone to residual confounding even after adjustments for other CVD risk
factors. Many associations were attenuated after further adjustment for ASCVD risk factors
(in model 3) that might be intermediary factors in the pathway between inflammation and
atherosclerosis. Second, we were unable to adjust for use of anti-inflammatory drugs. Third,
GlycA levels were measured only once at baseline, and thus we were unable to assess
change in GlycA levels with change in the various ECC measures. Fourth, we only had data
over a median of 2.3 years available for ECC progression. Since the incidence was relatively
low for some of the ECC measures in this study population (incident AVC, MAC, and ATAC
all occurred in less than 5% of study population), longer follow-up may be needed to
examine progression in those vascular beds. Another limitation is that the aortic arch is not
visualized on these cardiac CT scans, yet is known to be rich with calcification. Finally, we
performed multiple analyses and findings may be due to chance; however our findings were
internally consistent and the purpose of our study was meant to be exploratory to stimulate
further research in this area.
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Of note, our study had a number of important strengths. We used data from a racially and
gender-diverse study population free of CVD at baseline who were followed longitudinally
to assess the natural history of subclinical atherosclerosis, including atherosclerosis outside
of the coronary beds. We were able to examine the cross-sectional and prospective relations
of GlycA with 4 distinct measures of ECC (AVC, MAC, ATAC, and DTAC), each of which
has prognostic value for clinical CVD events. We were able to adjust for potential
confounders and/or mediators in our assessment of GlycA levels with incident and prevalent
ECC. Our study adds to the emerging body of literature on the potential uses of GlycA as an
additional tool for the assessment of clinical or subclinical ASCVD disease.

Conclusion

In conclusion, higher levels of GlycA are positively associated with prevalent AVC and
ATAC, incident MAC, and both prevalent and incident DTAC in this diverse cohort free
from clinical CVD. While GlycA was associated with several measures of ECC, there were
differences in both the associations and the strengths of these relationships across the 4 ECC
markers. In particular, the association of GlycA with progression of MAC and DTAC
remained statistically significant even after accounting for potential mediating ASCVD risk
factors and other inflammatory markers. This work may contribute to better understanding
of inflammatory pathways in various subclinical ASCVD manifestations. Potential
directions for future studies include assessing whether the association of GlycA with ECC
has longitudinal implications for risk prediction of ASCVD events. Secondly, further
evaluating the entirety of the aorta including the aortic arch, another important site of
subclinical atherosclerosis. Lastly, future studies are needed to see if therapeutic lowering of
GlycA can slow or prevent atherosclerosis progression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. GlycA is a novel composite marker of inflammation
. We found GlycA was associated with prevalent and incident extra-coronary

calcium

. Associations for progression of MAC and DTAC were independent of CVD
risk factors

. This work adds to the understanding of the role of inflammation in
atherosclerosis

. Whether GlycA lowering prevents atherosclerosis progression warrants
further study
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