1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Am Soc Hypertens. Author manuscript; available in PMC 2019 September 01.

-, HHS Public Access
«

Published in final edited form as:
JAm Soc Hypertens. 2018 September ; 12(9): 681-689. doi:10.1016/j.jash.2018.06.018.

Aldosterone, Inactive Matrix Gla-protein, and Large Artery
Stiffness in Hypertension

Julio A. Chirinos, MD, PhD1:2, Mayank Sardana, MBBS3, Amer Ahmed Syed, MD?,
Maheshwara R. Koppula, MD2, Swapna Varakantam, MD12, I1zzah Vasim, MD1:2, Harold G.
Oldland, MD?, Timothy S. Phan, BSBME, BSECE?, Nadja EA Drummen, BSc*, Cees
Vermeer, PhD#, Raymond R Townsend, MD?, Scott R. Akers, MD, PhD1, Wen Wei, PhD?,
Edward G. Lakatta, MD®, and Olga V. Fedorova, PhD®

1 Corporal Michael J. Crescenz VAMC, Philadelphia, PA, USA 2 Cardiology Division, Department
of Medicine, University of Pennsylvania Perelman School of Medicine and Hospital of the
University of Pennsylvania, Philadelphia PA, USA 2 Cardiology Division, Department of Medicine,
University of Massachusetts Medical School, Worcester, MA, USA 4 R&D Group, VitaK,
Maastricht University, Maastricht, The Netherlands ° National Institute of Aging. Baltimore, MD.
USA.

Abstract

Background: Vascular calcification leads to increased large artery stiffness. Matrix Gla-protein
(MGP) is a vitamin K-dependent protein that inhibits arterial calcification. Aldosterone promotes
vascular calcification and stiffness, but the relationships between aldosterone, MGP and arterial
stiffness are unknown.

Methods: We studied 199 adults (predominantly older men) with hypertension. We assessed the
relationship between levels of dp-ucMGP, aldosterone and carotid-femoral pulse wave velocity
(CF-PWV) using standard regression and mediation analyses. Plasma aldosterone was measured in
a subgroup of subjects (n=106).

Results: Aldosterone was strongly associated with dp-ucMGP (Standardized p=0.50, ~<0.001),
which was independent of potential confounders (p=0.37, £<0.001). Levels of dp-ucMGP were
significantly associated with CF-PWV (p=0.30; £<0.001), which persisted after adjustment for
potential confounders (B=0.25; £=0.004). Plasma aldosterone was also significantly associated
with CF-PWYV (Standardized p=0.21; P=0.035). However, in a model that included aldosterone
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and dp-ucMGP, only the latter was associated with CF-PWV. Mediation analyses demonstrated a
significant dp-ucMGP-mediated effect of aldosterone on CF-PWYV, without a significant direct
(dp-ucMGP-independent) effect.

Conclusions: our study demonstrates a novel independent association between high aldosterone
levels and dp-ucMGP, suggesting that aldosterone may influence the MGP pathway. This
relationship appears to underlie the previously documented relationship between aldosterone and
increased arterial stiffness.
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Introduction

Increased large artery stiffness is associated with an increased risk of cardiovascular events
1.2 Large artery stiffening precedes development of hypertension, rather than simply being
the end-product of arterial damage from the blood pressure.3-5 Arterial stiffness also
increases left ventricular pulsatile hydraulic load,”: & as well as pressure and flow pulsatility
in microvascular beds, which is relevant for the damage of hypertensive target organs.8: 9
Therefore, the molecular pathways leading to increased arterial stiffness are of great interest.

Matrix Gla-Protein (MGP) is a small secretory protein produced by chondrocytes and
vascular smooth muscle cells 10, The inactive form of MGP (dephospho-uncarboxylated
MGP, dp-ucMGP) undergoes serial post-translational carboxylation and phosphorylation to
form active MGP. The active form of MGP protects against arterial wall calcification by
inhibiting bone morphogenetic protein-2 (BMP-2)-induced osteogenic differentiation of the
vascular smooth muscle cells. MGP is also a direct calcification inhibitor. Carboxylation of
MGP is dependent upon availability of vitamin K and is thus, deficient in vitamin K-
depleted states.10 dp-ucMGP is secreted into the circulation and an increase in its levels
indicates deficient MGP maturation/activation. 19 Increased dp-ucMGP levels have been
associated with increased large artery stiffness.11: 12 However, our understanding of the
clinical correlates of dp-ucMGP levels, and its relationship with other pathways associated
with arterial stiffness is limited.

Arterial stiffness has been shown to be increased in individuals with primary
hyperaldosteronism, when compared to hypertensive controls.13: 14 Moreover, arterial
stiffness is significantly reduced after adrenalectomy in patients with adrenal adenoma,
suggesting that hyperaldosteronism causally contributes to arterial stiffening.1® /n-vitro and
animal experiments demonstrate that aldosterone and mineralocorticoid receptors stimulate
pro-calcific/pro-stiffening pathways in the arterial wall.16 However, whether aldosterone
levels are related to the dp-ucMGP pathway in human hypertension is unknown.

In this study, we aimed to assess the relationship between plasma dp-ucMGP, aldosterone
and large artery stiffness in hypertensive adults.
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Methods

Study Population

We enrolled a convenience sample of 199 participants with hypertension referred to the
cardiovascular imaging studies the Corporal Michael J. Crescenz VA Medical Center. The
protocol was approved by the Philadelphia VA Medical Center Institutional Review Board,
and a written informed consent was obtained from all participants.

Plasma dp-ucMGP Measurement—Citrate tubes were used for collection of venous
blood sample at the time of enrollment. Plasma was prepared and stored at —80°C for batch
analysis. A dual-antibody sandwich enzyme linked immunosorbent assay technique (VitaK;
Maastricht University; The Netherlands) was used to measure dp-ucMGP.17 Intra-assay
coefficients of variation for this assay have previously been reported at 3.1% and 5.4% for
lower and upper limit of normal. Inter-assay variation coefficients are 6.9% and 13.6% for
lower and upper limits of normal 1.

Aldosterone Measurement—Plasma aldosterone levels were measured in a subgroup of
patients (n=106). Plasma samples were extracted on SepPak C18 cartridges (Waters,
Milford, Massachusetts, USA), and used for aldosterone measurement using an aldosterone
ELISA kit (Cayman Chemicals; Cayman Chemical, Ann Arbor, Michigan, USA).

Carotid-Femoral Pulse Wave Velocity Measurement—Carotid femoral pulse wave
velocity (CF-PWV), considered the non-invasive reference measure of large artery stiffness,
18-20 \yas measured using the SphygmoCor Px system (Atcor Medical, Sydney, Australia).
Briefly, carotid-to-femoral transit time (AT) was computed from the foot-to-foot time
difference between sequentially acquired carotid and femoral waveforms, using the
intersecting tangents method, and the QRS complex of the ECG as a fiducial point. The
distance between the sternal notch and the carotid artery was subtracted from the distance
between the sternal notch and the femoral artery, in order to estimate the path length (L), and
CF-PWV was computed as L/AT.18-20

Statistical Analysis—Continuous variables are presented as mean + standard deviation,
whereas categorical variables are presented as proportions (frequencies and percentages).
Univariate and multivariate linear regression models were first used to determine the
association of clinical and laboratory variables with dp-ucMGP. The relationship between
dp-ucMGP and aldosterone was also assessed using linear regression. We also determined
the association between dp-ucMGP and CF-PWYV, in unadjusted and multivariable models
adjusted for potential confounders (including significant correlates of dp-ucMGP). The
association of aldosterone and CF-PWYV was similarly assessed using unadjusted and
multivariable adjusted models.

We also performed formal mediation analyses when appropriate to assess the relationship
between plasma dp-ucMGP and aldosterone as predictors of CF-PWV. Mediating variables
are “intermediate” factors that act as a link between a predictor variable and an outcome
variable. We performed mediation analyses when the following criteria were met: (1) the
exposure was significantly correlated to both the hypothesized mediator and the outcome
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variable, and; (2) the hypothesized mediator was significantly related to the outcome
variable. Mediation analyses quantify direct effects and indirect effects that contribute to an
observed relation between the predictor variable and an outcome variable (CF-PWV), and
examine the role of the mediator.2! Estimates of the total, direct, and indirect effect size
(along with 95% confidence intervals) were computed via bootstrapping, with 5000
resamples, using the PROCESS macro for SPSS.2! Significant mediation is established
when the indirect effect is significantly different from zero. The percent mediation (£,
interpreted as the percent of the total effect accounted for the indirect effect) was also
computed. Standardized regression coefficients and effect sizes are presented for easier
comparison of the magnitude of the relationships of different predictors. All probability
values are 2-tailed. Statistical significance was defined as a 2-tailed Pvalue<0.05. SPSS
software (IBM SPSS for Mac, version 24, Chicago IL) was used for the statistical analyses.

Baseline characteristics of study participants are presented in Table 1. Mean age was 64+10
years and the majority (90%) were males. Most participants were African-American (57%)
or Caucasian (40%). The mean aldosterone levels was 0.56+0.25 nmol/L. The mean

circulating dp-ucMGP was 7631854 pmol/L and the mean CF-PWV was 10.73£3.5 m/sec.

Clinical Correlates of dp-ucMGP

In univariable analysis, age (=0.26, A<0.001), coronary artery disease (Standardized
=0.21, P=0.003), and warfarin use (Standardized p=0.39, A<0.001) were associated with
higher dp-ucMGP. In contrast, African-American ethnicity (Standardized p=-0.30, A<0.001)
and estimated glomerular filtration rate (Standardized p=-0.37, £<0.001) were inversely
associated with dp-ucMGP. In multivariable-adjusted analysis, age (Standardized p=0.15,
P=0.036), African-American ethnicity (Standardized =-0.26, £<0.001), a history of stroke
or transient ischemic attack (Standardized p=0.10, £=0.013), warfarin use (Standardized
[=0.43, P<0.001), estimated glomerular filtration rate (Standardized p=-0.24, A<0.001), and
serum calcium (Standardized p=0.22, P=0.04) were significantly associated with dp-ucMGP.

Relationship between Aldosterone and dp-ucMGP

Aldosterone was strongly associated with dp-ucMGP in unadjusted analyses (Standardized
=0.50, A<0.001). Table 2 shows a multivariate model that tested the association of
aldosterone with dp-ucMGP, after adjustment for potential confounders. In this model,
aldosterone remained independently associated with dp-ucMGP (Standardized $=0.37,
F£<0.001) after adjustment for age, gender, African-American ethnicity, mean arterial
pressure, history of coronary artery disease, stroke or transient ischemic attach, use of
various antihypertensive medications, warfarin use, estimated glomerular filtration rate, and
serum phosphorus, calcium and magnesium. In this model, African-American ethnicity
(Standardized p=-0.19, P=0.027), and warfarin use (Standardized p=0.40, A<0.001), were
also independenly associated with dp-ucMGP.
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dp-ucMGP as a Predictor of CF-PWV

dp-ucMGP was significantly associated with CF-PWYV in unadjusted analyses (Standardized
p=0.30; £<0.001; Model 1, Table 3). In multivariate model that adjusted for known
correlates of CF-PWV (age, sex, body mass index, heart rate, mean arterial pressure,
diabetes mellitus), as well as the variables associated with dp-ucMGP (ethnicity, warfarin
use, estimated glomerular filtration rate, serum calcium), dp-ucMGP was independently
associated with CF-PWV (Standardized p=0.25; P=0.004; Model 2, Table 3).

Plasma Aldosterone, CF-PWV, and Mediation analyses

Plasma aldosterone was significantly associated with CF-PWV (Standardized p=0.21;
P=0.035). In a multivariable model that adjusted for age, sex, heart rate, mean arterial
pressure, and diabetes mellitus, dp-ucMGP (Standardized p=0.19; £=0.047) but not
aldosterone (Standardized p=0.01; £=0.92) was associated with CF-PWV. Figure 1 shows
the results of formal mediation analyses in which the direct and indirect (dp-ucMGP-
mediated) effects of aldosterone on CF-PWV were examined. In this model, aldosterone
demonstrated a significant total effect on CF-PWV (=0.179; 95%CI1=0.013 to 0.346;
P=0.035). There was a strong effect of aldosterone on dp-ucMGP (p=0.438; 95%CI=0.273
to 0.603; ~£<0.0001), as well as a significant effect of dp-ucMGP on CF-PWV (p=0.20;
95%CIl=0.012 to 0.398; P=0.038). The direct effect of aldosterone on CF-PWV, however,
was non-significant (§=0.09; 95%CI1=-0.0985 to 0.274; P=0.34), whereas its indirect (dp-
ucMGP-dependent) effect was significant (8=0.102; 95%CI=0.012 to 0.218). This model
revealed that dp-ucMGP mediated ~50% of the relationship between aldosterone and CF-
PWV (P,~0.5001).

Discussion

In sample of hypertensive adults composed predominantly of older men, we demonstrate, for
the first time, that dp-ucMGP is strongly associated with high aldosterone levels. Consistent
with previous studies, we found that dp-ucMGP is significantly related to CF-PWV.
Similarly, we observed a relationship between aldosterone and CF-PWV. However, in a
model that included dp-ucMGP, aldosterone and various potential confounders, dp-ucMGP,
but not aldosterone, was independently associated with CF-PWV. Formal mediation analyses
demonstrated that dp-ucMGP accounts, at least in large part, for the relationship between
aldosterone and increased arterial stiffness. We also found that hypertensive African-
Americans demonstrated lower levels of dp-ucMGP, compared to Caucasians, even after
adjustment for multiple potential confounders, a novel finding that may have implications
for our understanding of the role of ethnicity on large artery stiffening in hypertension.

In two recent European community-based cohort analyses, increased circulating dp-ucMGP
was independently associated with increased large artery stiffness (measured by CF-PWV).
11,12 pivin et al. found that the percentage of participants taking antihypertensive agents
increased from the lowest (7%) to the highest tertiles (25%) of dp-ucMGP.11 In our cohort of
participants with hypertension, we found dp-ucMGP to be an independent predictor of CF-
PWV, in line with these previous studies, further supporting a role of the MGP pathway in
mediating increased large artery stiffness in hypertension.
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Although a relationship between aldosterone and arterial stiffness/calcification has been
demonstrated in several studies, the relationship between aldosterone and dp-ucMGP and
their role in arterial stiffening in human hypertension has not been reported before. In a
classical nephrectomy-aldosterone-salt hypertension animal model, aldosterone leads to
increase in arterial stiffness, which is ameliorated by pharmacologic mineralocorticoid
receptor antagonism.22 In a cross-sectional analysis, Bernini et a/. found elevated CF-PWV
in subjects with hyperaldosteronism, compared to hypertensive controls.14 Similarly,
aldosterone levels were associated with arterial stiffness in a cross-sectional analysis of
overweight and obese participants, irrespective of blood pressure.23 Furthermore, a
beneficial effect of mineralocorticoid receptor antagonism on arterial stiffness has been
reported.24 25 Yet, the potential mechanisms by which aldosterone leads to arterial stiffness
are poorly understood. Aldosterone increases and spironolactone abrogates the expression of
the type 111 sodium-dependent phosphate transporter (Pit-1), promoting the osteogenic
differentiation of vascular smooth muscle cells. 26-28 Aldosterone also promotes tumor
necrosis factor-a expression, which may contribute to vascular calcification.2

Vascular calcification leads to increased large artery stiffness. Various extracellular
molecular stimuli modulate pro-calcific (BMP-2, osteocalcin) and anti-calcific (MGP,
osteopontin) pathways in the vascular smooth muscle cells 2°. The inactive form of MGP,
dp-ucMGP, undergoes post-translational modifications to become active MGP.19 dp-ucMGP
has poor affinity for calcium and is released into the circulation. The determinants of dp-
UCMGP synthesis and activation are incompletely understood. We found a strong association
between dp-ucMGP with aldosterone levels, which was independent of various confounders.
Furthermore, in formal mediation analyses, we found that most of the effect of aldosterone
on CF-PWV was mediated by its relationship with dp-ucMGP, whereas its direct (dp-
ucMGP-independent) effect was not significant. Our data suggests that circulating dp-
ucMGP largely accounts for the association between aldosterone and CF-PWV in
hypertension. This might result from aldosterone effects on the maturation of dp-ucMGP, the
expression and synthesis of MGP, or through indirect effects mediated by independent
biologic pathways.

Another novel finding from our study is that dp-ucMGP levels were significantly lower
among participants of African-American ethnicity, despite adjusting for multiple potential
confounders. Paradoxically, African Americans suffer from higher cardiovascular morbidity
and mortality when compared to Caucasians 30 and various cross-sectional studies have
reported greater levels of arterial stiffness among African Americans 31. In a recent cross-
sectional study, Wei et al. reported lower dp-ucMGP levels in black South African
participants when compared to white South African participants 32. This might reflect either
1) decreased expression of MGP in African-Americans, or 2) an increase in dp-ucMGP
maturation, leading to lower circulating dp-ucMGP. Further research is required to elucidate
the role of specific pathways on ethnic-related differences in arterial stiffness.

In addition to the observations discussed above, we found significant associations of dp-
UcMGP with age, estimated glomerular filtration rate, serum calcium, cerebrovascular events
and warfarin use. These findings are in line with prior cross-sectional studies and suggest a
role for the MGP pathway in mediating arterial stiffness with aging and renal disease.33 We
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also found a positive association of serum calcium with dp-ucMGP levels. Mendoza et al.
found that increased serum calcium led to increased MGP expression in heathy and uremic
rats.3* Future studies are warranted to understand the biological basis of the association of
serum calcium and MGP. Similarly, warfarin use was associated with increased dp-ucMGP
levels in our study, in line with prior reports.19 This finding supports a crucial role for
Vitamin K in the post-translational maturation of MGP to its active form. Moreover, our
findings raise the concern for a detrimental effect of warfarin, a commonly used
anticoagulant in hypertensive subjects, on the arterial wall.3> Importantly, recent data from
Knapen et al. suggest that long-term vitamin K2 supplementation ameliorate arterial
stiffening.38 The potential efficacy of vitamin K2 for this purpose requires further study.

Our study should be interpreted in context of certain strengths and limitations. To the best of
our knowledge, our study is the first to evaluate the association of dp-ucMGP with CF-PWV
in a multiethnic cohort of participants with hypertension. Additionally, this is the first study
to evaluate the interrelationships between circulating dp-ucMGP, aldosterone, and large
artery stiffness. We utilized CF-PWV which is gold-standard test for measurement of large
artery stiffness18 and performed formal mediation analyses to clarify whether dp-ucMGP
accounts for the observed relationship between aldosterone and CF-PWV.

Our study also has several limitations. We included a relatively small sample of participants
through convenience sampling at a Veteran Affairs Medical Center, which may introduce
selection bias. Therefore, the majority of our participants were males who were receiving
clinical care for hypertension. Participants were receiving a variety of medications, which
could affect aldosterone levels and the observed relationships. We did not account for
vitamin D levels or supplementation. Measurements of 24-hour urinary aldosterone would
have provided more reliable data compared to a single circulating aldosterone level. Only a
subset of participants had available aldosterone levels, which could have affected the results.
Our study design did not allow us to establish the origin or cause for increased aldosterone
levels. Finally, our study was cross-sectional in nature and the associations found do not
prove causality. In this regard, it is important to note that the effects deduced from the
applied mediation analyses constitute, in a strict sense, a statistical rather than a mechanistic
inference, and therefore do not necessarily imply that the MGP pathway participates in the
biologic causal pathway between high aldosterone levels and arterial stiffness. Although the
proposed effects are biologically plausible, future mechanistic experimental studies are
required to assess the molecular basis behind the association between the aldosterone and
the MGP pathway.

Conclusion

In summary, among older men with hypertension, we found that dp-ucMGP was
independently associated with large artery stiffness, and that the relationship between
plasma aldosterone and CF-PWV s largely accounted for by the important relationship
between aldosterone and dp-ucMGP. Our data provide novel insights regarding the potential
role of the MGP pathway on arterial stiffening in high aldosterone states. Future
investigations should assess the mechanisms that may mediate the relationship between
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aldosterone and arterial stiffness, and whether targeting the MGP pathway may ameliorate
the arterial stiffness in hypertension.
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Page 11
Highlights
. We studied the relationship between plasma aldosterone, MGP and arterial
stiffness.
. Inactive MGP levels were associated with higher large artery stiffness.
. Aldosterone were independently associated with inactive MGP levels.
. Aldosterone levels were associated with arterial stiffness.
. Most of this association was mediated through its association with MGP.
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dp-ucMGP b
2n 2
(o 2
Serum 1 Carotid-
aldosterone " Femoral PWV
Standardized 95% Confidence
Estimate Interval
Direct (dp-ucMGP-independent) 0.090 -0.095 to 0.274
aldosterone effect on CF-PWV (c’)
Indirect aldosterone effect on CF-PWYV, 0.102 0.012 t0 0.218
through dp-ucMGP (a,b,)
Total effect of aldosterone on CF-PWV 0.179 0.013 to 0.346
Effect of aldosterone on dp-ucMGP (a,) 0.438 0.273 to 0.603
Effect of dp-ucMGP on CF-PWV (b,) 0.20 0.012 to 0.398

Figure 1: Mediation Model for Examining the Direct and Indirect (dp-ucMGP-mediated) Effects
of Aldosterone on Carotid-Femoral Pulse Wave Velocity.

Path a; represents the effect of aldosterone on dp-ucMGP. Path by represents the effect of
dp-ucMGP on carotid-femoral pulse wave velocity (CF-PWV). Path ¢4’ represents the direct
effect of aldosterone on CF-PWV. The indirect effect of aldosterone on CF-PWYV is also
shown, and depends on a; and b;.

J Am Soc Hypertens. Author manuscript; available in PMC 2019 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Chirinos et al.

Baseline Characteristics of Study Participants

Table 1:

Age, years
Male
Ethnicity
African-American
Caucasian
Other
Body mass index, kg/m?
Systolic Blood Pressure, mmHg
Diastolic Blood Pressure, mmHg
Pulse Pressure, mmHg
Mean arterial pressure, mmHg
Current smoker
Diabetes mellitus
Coronary Artery Disease
CVAorTIA
Peripheral Vascular Disease
Number of antihypertensive medications
ACE inhibitor use
ARB use
Beta-blocker use
Insulin use
Spironolactone use
Statin use
Warfarin use
eGFR, mL/min/1.73 m?
eGFR 30-60 mL/min/1.73 m2
eGFR <30 mL/min/1.73 m?
Plasma aldosterone, nmol/L
dp-uc-MGP, pmol/L
Serum phosphorus, mmol/L
Serum magnesium, mmol/L
Serum calcium, mmol/L

CF-PWV, m/s

All participants
(N=199)

64+10
179 (90%)

113 (57%)
80 (40%)
6 (3%)
3146
146.5£17.9
84.1+11.5
62.4+13.87
111+17
46 (23%)
114 (57%)
61 (31%)
23 (12%)
17 (9%)
2.12+1.07
111 (56%)
26 (13%)
121 (61%)
44 (22%)
8 (4%)
138 (69%)
18 (9%)
77+29
51 (25.6%)
5 (2.5%)
763+854
1112021
0.79+0.14
2.26+0.43
10.7£3.5

Participants with aldosterone
measurement (N=106)

64+10
98 (93%)

61 (57%)
41 (39%)
4 (4%)
32+6
148.4+18.2
84.5+11.82
63.9+14.49
113+17
26 (25%)
67 (63%)
40 (38%)
17 (16%)
15 (14%)
2.19+1.13
65 (61%)
13 (12%)
66 (62%)
33 (31%)
2 (2%)
78 (73%)
12 (11%)
79+29
28 (26.4%)
4 (3.8%)
0.56+0.25
7514854
1.1140.20
0.79+0.15
2.25+0.47
10.7+3

CVA: cerebrovascular accident; TIA: transient ischemic attack; eGFR: estimated glomerular filtration rate; ACE: angiotensin Convertase enzyme;

ARB: angiotensin receptor blocker; CF-PWV: carotid-femoral pulse wave velocity.
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Table 2.

Page 14

Univariable and Multivariable Associations of Plasma Aldosterone with dp-ucMGP

Model 1

B Coefficient = P value

Model 2

B Coefficient *

P value

Plasma aldosterone 0.50 <0.001
Age

Male

African-American ethnicity
Mean arterial pressure
Coronary artery disease
CVAor TIA

Peripheral Arterial Disease
ACE inhibitor use

ARB use

Insulin use

Spironolactone use
Warfarin use

eGFR

Serum phosphorus

Serum magnesium

Serum calcium

0.37
0.10
-0.09
-0.19
0.02
-0.02
-0.01
0.01
0.05
-0.07
0.08
0.01
0.40
-0.17
-0.09
0.12
-0.06

<0.001
0.26
0.26
0.027
0.78
0.80
0.99
0.97
0.58
0.47
0.35
0.93
<0.001
0.07
0.35
0.40
0.68

Model 1: unadjusted; Model 2: Multivariable-adjusted model; variables with significant association in the multivariable model are highlighted;
CVA: Cerebrovascular accident; TIA: Transient ischemic attack; eGFR: Estimated glomerular filtration rate; ACE: Angiotensin Convertase

enzyme; ARB: Angiotensin receptor blocker

*
Standardized coefficients are presented for easier comparison of various predictors;
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dp-ucMGP as a Predictor of CF-PWV in Various Regression Models

Table 3.

Model 1 Model 2

B Coefficient ™ Pvalue g coefficient ™ P value
dp-ucMGP 0.30 <0.001 0.25 0.004
Age 0.41 <0.001
Male -0.04 0.57
African-American ethnicity -0.05 0.40
Body mass index 0.05 0.39
Heart rate 0.14 0.031
Mean arterial pressure 0.24 <0.001
Diabetes mellitus 0.14 0.028
eGFR 0.10 0.15
Warfarin use -0.04 0.64
Serum calcium -0.12 0.06

Page 15

Model 1: unadjusted; Model 2: Multivariable-adjusted model; variables with significant association in the multivariable model are highlighted; dp-
ucMGP: Dephosphorylated uncarboxylated Matrix Gla-Protein; CF-PWV: carotid-femoral pulse wave velocity; eGFR: Estimated glomerular

filtration rate

*
Standardized coefficients are presented for easier comparison of various predictor
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