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Abstract

Objective—Calcification of the aortic valve and adjacent structures involves inflammatory, lipid,
and mineral metabolism pathways. We hypothesized that circulating biomarkers reflecting these
pathways are associated with cardiac calcification in older adults.

Methods—We investigated the associations of various biomarkers with valvular and annular
calcification in the Cardiovascular Health Study. Of 5888 participants, up to 3585 were eligible
after exclusions for missing biomarker, covariate, or echocardiographic data. We evaluated
analytes reflecting lipid (lipoprotein [Lp] (a), lipoprotein-associated phospholipase A, [LpPLA,]
mass and activity), inflammatory (interleukin-6, soluble [s] CD14), and mineral metabolism
(fetuin-A, fibroblast growth factor [FGF]-23) that were measured within 5 years of
echocardiography. The relationships of plasma biomarkers with aortic valve calcium (AVC), aortic
annular calcium (AAC) and mitral annular calcium (MAC) were assessed with relative risk (RR)
regression.

Results—Calcification was prevalent: AVC 59%, AAC 45% and MAC 41%. After adjustment,
Lp(a), LpPLA, mass and activity, and sCD14 were positively associated with AVC. RRs for AVC
per SD (95% CI) were: Lp(a), 1.051 (1.022-1.081); LpPLA, mass, 1.036 (1.006-1.066), and
activity, 1.037 (1.004-1.071); sCD14, 1.039 (1.005-1.073). FGF-23 was positively associated with
MAC, 1.040 (1.004-1.078), and fetuin-A was negatively associated, 0.949 (0.911-0.989). No
biomarkers were significantly associated with AAC.
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Conclusions—This study shows novel associations of circulating FGF-23 and fetuin-A with
MAC, and LpPLA; and sCD14 with AVC, confirming that previously reported for Lp(a). Further
investigation of lipoprotein and inflammatory pathways may provide added insight into the
etiology AVC, while study of phosphate regulation may illuminate the pathogenesis of MAC.
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INTRODUCTION

Calcification of the aortic valve (AVC) and adjacent structures (aortic annulus [AAC], mitral
annulus [MAC]) compromises valvular function, leading to morbidity and mortality in older
individuals [1,2]. Surgical or transcatheter interventions for valvular disease are costly and
risky. Accordingly, there is interest in developing medical approaches to prevent or reverse
valvular calcification. Similarities between AVC and atherosclerosis have prompted testing
of statin therapies in several randomized trials, but these failed to demonstrate small-to-
moderate effects on progression of AVC [3]. Genetic analyses of population-based cohorts,
however, have since implicated LDL cholesterol and lipoprotein (Lp) (a) in AVC in a causal
manner, suggesting that the null findings with statins may relate to insufficient cholesterol
lowering or their use after the disease process was already established [4,5]. Beyond lipids,
animal models and histopathologic studies in humans point to inflammatory and mineral
metabolism pathways in the pathogenesis of AVC and MAC [6,7]. Important gaps remain in
understanding the proteins involved and their relationship with calcification of the fibrous
skeleton of the heart in clinical cohorts. We tested the hypothesis that inflammatory, lipid,
and mineral metabolism markers are associated with echocardiographic AVC, AAC and
MAC in a large older cohort, to inform efforts in preventing cardiac calcification and its
complications.

METHODS

Study population and procedures

The Cardiovascular Health Study (CHS) is a population-based study of risk factors for
cardiovascular disease (CVD) in adults 65 and older [8]. CHS prospectively enrolled an
original cohort of 5201 individuals in 1989-90 from 4 U.S. communities, followed by a
supplemental cohort of 687 African-American individuals in 1992-93. Participants
underwent standardized evaluations, including history, physical examination, phlebotomy,
and diagnostic testing. All centers received institutional review board approval for the study
and subjects gave informed consent.

Biomarkers were previously measured to investigate their associations with CVD. Lipid
measures included Lp(a), a pro-atherogenic molecule previously associated with AVC in the
first (1989-90) echocardiographic exam, but not examined in relation to MAC or AAC,
which were only assessed in the second (1994-95) echocardiographic exam; and
lipoprotein-associated phospholipase A, (LpPLA,, mass and activity), an enzyme that
circulates in association with lipid particles, generating pro-atherogenic
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lysophosphatidylcholine (lysoPC) and non-esterified fatty acids [9,10]. Inflammatory
measures comprised the cytokine interleukin-6 (IL-6) and soluble cluster of differentiation
(sCD) 14, a cell-surface protein released by macrophages and hepatocytes that binds
bacterial lipopolysaccharide [11]. Measures of mineral metabolism included fetuin-A, a
liver-derived protein that solubilizes calcium and phosphate [12], and fibroblast growth
factor (FGF)-23, an osteocyte-secreted hormone that acts to lower phosphate levels [13]. The
primary outcome measures were AVC, AAC and MAC, diagnosed by echocardiography in
1994-95.

The numbers of participants attending each CHS exam, along with the timing and proportion
with specimens available for specific biomarker measurements in relation to the
echocardiographic assessment, are shown in Figure 1. Of 5888 participants at baseline
(original and supplemental cohort), 1881 were missing all calcification measures, 31 were
additionally missing all biomarkers, and 487 were additionally missing baseline covariates,
leaving 3489 with at least one calcification measure available for analysis. The
corresponding number for the 5201 participants from the original cohort was 3030. For the
5265 total participants attending the 1992-93 exam, 3585 with at lest one calcification
measure were available for fetuin-A analysis, while of 4413 participants completing the
1996-97 exam, 2895 were available for FGF-23 analysis.

Laboratory methods

Fasting blood samples were collected, frozen at —=70° C, and sent to the CHS Core
Laboratory. Lp(a) was analyzed by a monoclonal antibody-based enzyme-linked
immunosorbent assay [(ELISA), Genentech, San Francisco, CA] with a coefficient of
variation (CV) of 7.5% [14]. Lp-PLA, mass was measured using the PLAC™ Test
(Diadexus, San Francisco, CA) with a CV of 6.3%. Lp-PLA, activity was measured at
GlaxoSmithKline (Research Triangle Park, NC) using tritium-labeled platelet activating
factor (H3-PAF) as a substrate with a CV of 7.5% [15]. IL-6 and SCD14 were measured by
ELISA (R&D Systems, Minneapolis, MN) [16,17]. The inter-assay CV for sCD14 of 5.3%
to 12.4% [17]. Fetuin-A was determined by ELISA (Epitope Diagnostics, San Diego, CA)
with CV of 3.3 t0 9.1% [18]. FGF-23 was analyzed by ELISA (Immutopics, San Clemente,
CA) with intra- and interassay CV of 7.4% to 10.6% [19].

Echocardiography

Standardized echocardiograms were performed and interpreted by blinded readers at a core
laboratory. MAC was defined as an echodense structure at the junction of the atrioventricular
groove and posterior mitral leaflet. MAC was graded as “mild”, a focal, limited increased
echodensity of the mitral annulus; “moderate”, a marked echodensity involving >4 but <.
of the ring circumference; and “severe”, a marked echodensity extending =. of the ring
circumference or intruding into the left ventricular inflow tract. AAC was defined as
increased echocardiographic density of the aortic root at the insertion of the aortic leaflets.
AVC was defined as increased leaflet thickness without restriction of leaflet motion. AS was
defined as thickened leaflets with reduced systolic opening on 2D imaging and/or an
increased anterograde velocity (>2.0 m/s by continuous-wave Doppler) across the valve
[20]. In a random subset of 116 participants, intra-observer « scores for AAC, MAC and
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AVC were 0.60, 0.70, and 0.82, respectively, consistent with moderate or substantial
agreement, respectively.

Diabetes was defined by fasting glucose =126 mg/dl, non-fasting glucose =200 mg/dL, or
anti-glycemic therapy. Estimated glomerular filtration rate (eGFR) was calculated using
plasma cystatin C. Serum calcium, phosphate, and 25-hydroxyvitamin D were available
from a subset in 1992-93. Atherosclerotic CVD, including coronary heart disease (CHD),
stroke, transient ischemic attack (TI1A), and peripheral arterial disease (PAD), was
ascertained at the baseline examination and semi-annual contact thereafter, and adjudicated
by specialized committees.

Statistical analysis

RESULTS

Levels of baseline covariates and candidate biomarkers were described by presence or
absence of MAC, AAC, and AVC. Pairwise correlations of lipid, inflammatory, and mineral-
metabolism biomarkers were assessed with Spearman coefficients. Multivariable relative
risk (RR) regression was used to determine adjusted associations of biomarkers with AVC,
MAC, and AAC. Linearity of these associations was assessed with generalized additive
models. We adjusted sequentially for potential confounders. Model 1 was adjusted for age,
sex and race-ethnicity. Model 2 additionally adjusted for education, body mass index,
systolic blood pressure, antihypertensive medication, diabetes, smoking, prevalent CHD,
prevalent stroke/TIA, prevalent PAD, LDL, HDL, log-transformed triglycerides, log-
transformed C-reactive protein (CRP) and eGFR. Model 3 was adjusted for Model 2
variables plus Lp(a) for LpPLA, mass and activity; LpPLA, for Lp(a); sCD14 for IL-6; and
IL-6 for sSCD14. Analyses of IL-6 did not include adjustment for CRP, which is downstream
in the causal pathway. FGF-23 was adjusted for fetuin-A and fetuin-A for FGF-23. Fetuin-A
was further adjusted for calcium and phosphate as potential mediators. FGF-23 was
additionally adjusted for calcium, phosphate, and 25-hydroxyvitamin D, which may be both
potential confounders and mediators. First-order interactions were evaluated with age, sex,
race-ethnicity, eGFR, prevalent CVD, and, in the case of fetuin-A, diabetes, and for
biomarkers with each another. We used a two-tailed significance level of p<0.05 for main
effects; for the interaction analysis, we adopted a Bonferroni-corrected p<(0.05/6)=0.008.
As a sensitivity analysis we examined significant biomarker associations from the primary
analysis with graded levels of AVC (AVC without AS vs. none and AVC with AS vs. none)
and MAC (mild vs. none and moderate/severe vs. none). All analyses were performed with
STATA v. 12.1 (College Station, TX).

The mean age of the study sample at baseline was 725 years, and 63% were women. As
shown in Figure 2, valvular and annular calcification was prevalent, and frequently occurred
in combination. Individuals with calcification tended to be older; more frequently had
hypertension, dyslipidemia, and prevalent CVD; and had lower eGFR and higher phosphate,
as compared to those without calcification (Table 1). Participants with AVC were less
commonly women, diabetic or ever smokers, while those with MAC exhibited higher CRP,
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as compared to those without calcification. In similar comparisons, LpPLA, mass and
activity were higher in those with than without calcification for AVC, AAC and MAC, while
Lp(a) was higher for AVC, sCD14 for MAC, and FGF-23 for both AVC and MAC.

Spearman correlations between biomarkers are shown in Table 2. LpPLA, mass and activity
were strongly correlated and both were modestly correlated with lipids. IL-6 and CRP were
strongly correlated, and each was modestly correlated with sCD14. Fetuin-A was modestly
correlated with triglycerides, while FGF-23 was weakly correlated with triglycerides and
inflammatory markers.

Generalized additive models showed no meaningful departures from linearity
(Supplementary Figures 1-3). The adjusted associations between continuous levels of
biomarkers and cardiac calcification measures are presented in Table 3. After full adjustment
for potential confounders (Model 2), all lipid markers and sCD14 were associated with
AVC, but not with MAC or AAC, at the nominal significance level. Associations were
modest, ranging from 3.6 to 5.1% increased risk per SD for AVC, with 95% confidence
intervals (CI’s) encompassing effect estimates as low as 0.4% and as high as 8.1%. After
mutual adjustment, risk estimates for lipid markers with AVC were similar, as was that for
sCD14. Fully adjusted models revealed modest associations of nominal significance between
both mineral markers and MAC, but not with AVC or AAC. The relationship was inverse for
fetuin-A, characterized by a 5.1% decreased risk per SD, ranging from as low as 1.1% to as
high as 8.9%; it was instead positive for FGF-23, with a 4.0% increased risk per SD that
ranged from 0.4% to 7.8%. These associations were not meaningfully changed after mutual
adjustment. After additional adjustment for putative mediators of fetuin-A and FGF-23’s
associations with MAC (calcium, phosphate and, for FGF-23, 25-hydroxyvitamin D) among
participants with available measures (fetuin-A, n=1835; FGF-23, n=1534), there was no
appreciable effect on the risk estimates.

The associations of biomarkers with graded levels of AVC and MAC are shown in Figures
3A and 3B, respectively. There appeared to be strengthening of the association with greater
severity of AVC, particularly for Lp(a) and LpPLA, activity, although the number of
participants having AVC with AS was modest, and there was overlap of the 95% CI’s for the
risk estimates. In the case of MAC, there was an apparently graded inverse relationship for
fetuin-A, but not for sCD14 and FGF-23, although again there were few participants in the
higher MAC category.

There was evidence of effect modification of the association of LpPLA, with binary AVC
and AAC by age, whereby older participants tended to have a less pronounced association
(p=0.006; RR per SD 0.992 [95% CI 0.987, 0.998] per year greater of age and p=0.005; RR
per SD 0.990 [95% CI 0.983, 0.997] per year greater of age, respectively). In addition, there
was evidence of interaction between FGF-23 and eGFR in relation to binary AVC (p=0.003;
RR per SD 0.998 [95% C1 0.996, 0.999] per unit greater eGFR).
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DISCUSSION

Main findings
In this large cohort of older adults, circulating measures of lipid metabolism or
inflammation, namely, Lp(a), LpPLA, mass and activity, and sCD14, were positively
associated with AVC, at the nominal level of significance after adjustment for various
traditional cardiovascular risk factors. Significant associations were not observed with
respect to AAC or MAC, yet the upper 95% confidence bounds do not exclude similar
associations of modest size. By contrast, the inflammatory marker IL-6 did not exhibit
significant associations with any calcification, and in the case of AVC, the upper limit of the
95% CI excludes an association of the magnitude observed for sCD14. In turn, two mineral
metabolism markers, fetuin-A and FGF-23, were associated with MAC after such
adjustment, the first marker inversely and the second positively. Neither marker showed a
significant association with AAC or AVC, and, in the case of AVC, the 95% confidence
bounds excluded or all but excluded a modest association of the magnitude observed for
MAC. The associations for Lp(a) and LpPLA, activity persisted when graded levels of AVC
were considered, as did that for fetuin-A with graded MAC, but these dose-response
analyses were limited by small numbers in higher-severity categories.

Several of the relationships identified herein have not been previously reported, including
that between the macrophage activation marker sCD14 and AVC, and the bone-derived
hormone FGF-23 and MAC. The association of LpPLA, mass or activity with AVC extends
previous findings from pathological and small clinical studies to a broader population.

For LpPLA, activity, there was a weakening of its relationship with AVC and AAC with
older age, while for FGF-23, there was evidence of an association with AVC at lower eGFR.
Effect modification suggests that the association for LpPLA, may be overshadowed by other
age-related risk factors, and that for FGF-23, there may also be a relationship to AVC that is
especially relevant in the setting of kidney disease. These findings require replication given
their post-hoc nature and multiple testing.

Context and implications of associations with AVC

Animal models and human histopathologic studies provide insights into the pathogenesis of
cardiac calcification. The current conceptual model for AVC begins with an initiation phase
characterized by deposition of oxidized LDL and subsequent macrophage infiltration of the
leaflets [6]. Release of pro-inflammatory cytokines transdifferentiates valvular interstitial
cells to osteoblast-like cells. Osteoprogenitors promote tissue mineralization, which restricts
leaflet opening. Trauma from increased shear stress propagates a cycle of inflammation,
oxidative stress, and mineralization that results in progressive AS.

Epidemiological studies accord with these preclinical and pathological observations,
showing associations between AVC and various traditional atherosclerosis risk factors
[8,20]. Previous analyses in CHS and elsewhere have also linked circulating Lp(a) levels
with AVC [5,9], which we extend by demonstrating that the relationship remains significant
after more extensive adjustment than undertaken previously, and by showing that
associations of the same magnitude with other forms of calcification —~AAC and MAC- are
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unlikely. Our findings advance knowledge of lipid determinants of AVC, demonstrating a
relationship between circulating LpPLA, mass or activity with AVC that was independent of
lipid fractions and, for LpPLA, activity, even of Lp(a). The action of LpPLA; on
lipoproteins generates lysoPC, which has been shown to activate valvular mineralization.
LpPLA is expressed in stenotic aortic valve tissue, with higher circulating levels
documented in a small AS study [21,22]. Furthermore, recent data from another clinical
study suggest that increased LpPLA, activity may stimulate faster progression of mild AS
[23]. The present findings further implicate LpPLA, in AVC, and strengthen the rationale
for testing inhibition of LpPLA, as a preventive strategy. This could complement drastic
lowering of LDL and Lp(a) levels with another lipid-targeted approach using anti-proprotein
convertase subtilisin/kexin 9 antibodies.

Various markers of inflammation, including CRP, have not been consistently linked to AVC
in prior studies, and testing of 1L-6 in our study similarly revealed no association [24]. The
positive association documented between sCD14 and AVC is therefore notable. sSCD14 is an
acute phase protein secreted by the liver or released from macrophages. This protein
stimulates innate immunity in sepsis, triggering release of cell-adhesion molecules and
cytokines. sCD14 is elevated in atherosclerosis, and high levels have previously been related
to CVD and mortality, independent of CRP, IL-6 and traditional risk factors in CHS [17].
That sCD14 was modestly associated with AVC in this study, independently of CRP and
IL-6, points to the need for further study of macrophage-related pathways as potential
therapeutic targets.

Context and implications of associations with MAC

MAC and AVC have histopathologic similarities [1,25]. Conditions associated with
increased afterload impose high shear stress upon the ventricular aspect of the mitral leaflets,
and annular calcification may be a response to the resulting injury. A foremost risk factor for
MAC is chronic kidney disease (CKD), which is associated with derangements of mineral
metabolism. Previous work from CHS has linked increased serum phosphate with AVC,
AAC and MAC [26]. Development of MAC, however, may be even more sensitive to altered
calcium and phosphorus metabolism than AVC or AAC, as supported by the strong
association reported between CKD and MAC, but not AVC or AAC, in the Framingham
Offspring Study [24].

Our findings also suggest a potentially stronger role of altered mineral metabolism as a
determinant of MAC than of AVC. Both fetuin-A and FGF-23 are important regulators of
mineral metabolism that forestall precipitation of calcium in soft tissues. Fetuin-A binds
calcium and phosphate to inhibit their crystallization, but also engages the insulin receptor
tyrosine kinase, inducing insulin resistance [27]. Fetuin-A was inversely associated with AS
in a small, unmatched case-control study [28]. By contrast, in a cohort with prevalent CHD,
fetuin-A was inversely associated with MAC, but there was effect modification of its
relationship with AS, wherein a significant inverse association was only present in
participants without diabetes [29]. Our findings extend fetuin-A’s inverse association with
MAC to a general population, but do not confirm the presence of effect modification by
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diabetes in fetuin-A’s association with AVC. Raising fetuin-A levels to decrease MAC is
intriguing, but may be marred by it adverse effects on insulin sensitivity.

In turn, FGF-23 controls serum phosphate by inhibiting renal tubular transport and 1,25-
dihydroxyvitamin D (calcitriol) synthesis, increasing renal phosphate excretion and reducing
its intestinal absorption. Higher FGF-23 levels occur in response to dietary phosphate,
calcitriol, parathyroid hormone and calcium [30]. The positive association between FGF-23
and MAC could reflect more marked disturbance of kidney function and dysregulation of
calcium and phosphate metabolism, perhaps signaling a higher level of resistance to
FGF-23’s phosphate-lowering actions, with higher levels of the hormone necessary to
handle a given phosphate load. Evidence of a stronger positive association at lower eGFR
did not emerge for MAC, but it did for AVC, consistent with this premise in the latter
instance. The significant association between FGF-23 and MAC persisted after adjustment
for calcium, phosphate and 25-hydroxyvitamin D, as well as eGFR, suggesting an
independent effect. Higher levels of FGF-23 may lower its co-receptor, Klotho, which has
salutary actions, or stimulate the renin-angiotensin system. Notably, calcium mimetics have
been shown to reduce events in direct proportion to lowering of FGF-23 levels, suggesting a
potential intervention for testing [30].

LIMITATIONS

This study’s cross-sectional design limits inferences regarding causality. There was an offset
of 2 to 5 years between biomarker measurement and echocardiography, but this would tend
to bias associations toward the null. As noted, analyses of dose-response were limited by
fewer participants with higher grades of calcification. Echocardiographic assessment of
calcification is less accurate than computed tomography, but misclassification would
diminish the strength of associations. Further misclassification is introduced by the one-time
measurement of biomarkers, which would underestimate their cumulative impact over time.
We did not correct for multiple testing, which can increase potential for chance findings.
Hence, our findings will require independent replication.

CONCLUSIONS

This study shows novel associations of biomarkers of mineral metabolism, FGF-23 and
fetuin-A, with MAC, and biomarkers of lipid metabolism and inflammation, Lp(a), LpPLA,
and sCD14, with AVC, suggesting some possible differences in the etiology of these
disorders. Pending replication, these associations point to potentially new approaches for
medical prevention of these prevalent conditions in older adults, whose implications for the
health of our aging population could be profound.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY MESSAGES
What is already known about this subject?

Histopathologic studies implicate lipid, inflammation and mineral metabolism pathways
in calcification of the cardiac valves and annuli, and population-based genetic studies
support a causal role for LDL cholesterol and lipoprotein (a) in aortic valve calcification
(AVC). Smaller clinical studies have shown a positive association between plasma
lipoprotein phospholipase A, (LpPLA,) and AVC, and a negative association between
plasma fetuin-A and mitral annular calcification (MAC).

What doesthis study add?

This investigation evaluates biomarkers in relation to echocardiographic cardiac
calcification in a population-based study of older adults. The study shows significant
associations of fibroblast growth factor-23 (positive) and fetuin-A (inverse) with MAC,
and of Lp(a), LpPLA; and soluble cluster of differentiation (sCD) 14 with AVC, that are
independent of potential confounders and putative causal intermediates.

How might thisimpact on clinical practice?

MAC and AVC are important causes of cardiac dysfunction in older adults. The
identification of high Lp(a), LpPLA, and sCD14 as risk factors for AVC, and of elevated
FGF-23 and low fetuin-A as risk factors for MAC, suggest new potential strategies for
preventing cardiac calcification that warrant further study.
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Lp(a), n=5166 (3030%)

Original
Cohort
n=5201
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AVC, n=2974% 1989-90 Exam
AAC, n=2918%
MAC, n=3004+
Supplemental
Cohort
n=687

1992-93 Exam

Participants with
Bli)marker Measures Total CHS
(n=3489%) Baseline Cohort
LpPLA, mass, n=5542 n=5888
AVC, n=3334%
AAC, n=3278t
MAC, n=33667 Participants with
LpPLA, activity, n=5531 1992-93 Biomarker Measure
AVC,n=3330t Exam Fetuin A, n=4714 (3585%)
AAC, n=3275% n=5265 AVC, n=3522t
MAC, n=3362t AAC, n=3458t
sCD14, n=5462 MAC, n=3550t
AVC, n=3196%
AAC, n=3136%
MAC, n=32261
IL-6, n=5382
AVC,n=3176t
AAC, n=3120%
MAC, n=3205t
Participants with 1994-95 Exam
Calcification Measures n=4842
MAC, n=3970 Echocardiography
AAC, n=3865 n=4029
AVC, n=3937
Participants with
1996-97 Biomarker Measure
Exam FGF-23, n=3337 (2895%)
n=4413 AVC, n=28461
AAC, n=2796t
MAC, n=2870t
Figurel.

Timing of Examinations, Biomarker Measurement, and Echocardiographic Outcome
Assessment, Cardiovascular Health Study (1989-1997). The boxes provide the number of
participants attending each visit; the number having measures for each biomarker at the
corresponding visit; and the number with available cardiac calcification measures. The boxes
also provide the number of participants who had at least one calcification measure after
excluding missing biomarker and covariate measures (*); and, for each biomarker, the subset

Heart. Author manuscript; available in PMC 2018 January 13.
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of participants (f) included in analyses for individual cardiac calcification measures after
excluding missing covariates.
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Overall (n=3426) Overall (n=3461)
AVC 59.2% MAC 41.4%

(ST

Overall (n=3367)
AAC 45.1%

Figure2.
Venn diagram of participants with AVC, MAC, and AAC alone or in combination. The total

number of participants in the baseline analysis (original and supplemental cohorts) with each
calcification measure after exclusion of those with missing covariate or biomarker data is
provided outside the Venn diagram, along with the proportion having positive calcification.
Values inside the Venn diagram (*) are for the subset of these participants with information
on all three cardiac calcification measures, and give the number of participants having
positive calcification for each of these measures, alone and in combination.
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Heart. Author manuscript; available in PMC 2018 January 13.

RR

1.052

1.206

1.038

1.089

1.035

1.149

1.040

1.132

95% CI

(1.019,1.087)

(1.067,1.363)

(1.005,1.071)

(0.949,1.251)

(0.999,1.073)

(1.004,1.316)

(1.004,1.078)

(0.967,1.326)

Page 15

0.7

P value AVC without stenosis
AVC with stenosis

0.002 —f

0.003 =

0.022 -

0.225 =
0.058 e
0.044 w
0.028 —il—
0.123 =

0.8 09 1 1.1 1.2 1.3 1.4
Adjusted Relative Risk
A



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Bortnick et al.

Biomarker

sCD14

Fetuin-A

FGF-23

Page 16
n (MAC yes/no)” RR 95% CI P Value
Mild MAC
Moderate/Severe MAC
1204 /1899 1.046 (0.993,1.010) 0.087 L B
123/1899 1.067 (0.842,1.351) 0.591 o
1340 /2068 0.952 (0.910,0.995) 0.029 ——
142/2068 0.842 (0.723,0.982) 0.028 .
1061/1710 1.042  (1.005,1.081)  0.027 -
99/1710 1.041 (0.927,1.169) 0.500 .

0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

Adjusted Relative Risk
B
Figure 3.
Association of Selected Biomarkers with Graded Levels of AVC (Panel A) or MAC (Panel
B).

Relative risks are per SD increment in each biomarker comparing each level of calcification
indicated versus the no calcification category. Risk estimates are adjusted for age, sex, race,
education, BMI, systolic blood pressure, antihypertensive treatment, diabetes, smoking,
eGFR, prevalent coronary heart disease, prevalent stroke/transient ischemic attack, prevalent
peripheral arterial disease, LDL, HDL, log(triglycerides) and log(CRP). AVC yes/no
indicates those having calcification with stenosis or without stenosis (yes) versus no
calcification (no). MAC yes/no indicates those having calcification of mild or moderate/
severe degree (yes) versus those without calcification (no).
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