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Background: Vascular calcification is strongly related to the risk of mortality
and cardiovascular (CV) diseases. In vascular calcification, matrix Gla protein
(MGP), a small vitamin K-dependent protein, is an important mineralization
inhibitor. Recent studies showed that circulating MGP is associated with
mortality risk. However, the longitudinal association between urinary excretion
of MGP and all-cause mortality was not established.

Materials and methods: Urinary MGP was measured in 776 randomly
recruited Flemish population (mean age: 51.2 years; 50.9% women) at
baseline (during 2005-2010) using capillary electrophoresis coupled with
mass spectrometry. Plasma inactive MGP [desphospho-uncarboxylated MGP
(dp-ucMGP)] levels were quantified in 646 individuals by ELISA kits. Mortality
status was ascertained through the Belgian Population Registry until 2016. The
longitudinal association with mortality was determined by the multivariate-
adjusted Cox proportional hazards regression models. The multivariate linear
regression models were used to identify determinants of urinary MGP level.

Results: Over the 9.2 years, 47 (6.06%) participants died, including 15
CV deaths. For a doubling of urinary MGP the hazard ratios (HRs)
were 1.31 (95% ClI: 1.01-169, P = 0.040) for all-cause mortality and
2.05 (95% CI. 1.11-379, P = 0.023) for CV mortality with adjustment
for covariates, including estimated glomerular filtration rate and urine
microalbumin. The addition of wurinary MGP to the basic models
improved the reclassification as suggested by the increased net
reclassification improvement [64.01% (95% Cl. 32.64-98.63)] and
integrated discrimination improvement [2.33% (95% CI. 0.24-4.71)].
Circulating inactive MGP, total cholesterol, urine microalbumin, and
smoking were significantly associated with urinary MGP levels (P < 0.041),
independent of sex and age.

Conclusion: Elevated urinary MGP was associated with an increased risk of
all-cause mortality and CV mortality and improved the risk reclassification
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for all-cause mortality. These findings suggested that urinary MGP might be
useful in mortality risk assessment in the general population. However, these
observations need to be replicated in larger studies with a longer follow-

up time.

renal function, mortality, population science, biomarker, matrix Gla protein

Introduction

Vascular calcification that compromises arterial compliance
and elastance and deteriorates cardiovascular hemodynamics
is increasingly prevalent with advancing age, which is
associated with adverse clinical impacts, such as congestive
heart failure, aortic stenosis, and atherosclerotic plaque
stability  (1).
vascular calcification is a strong risk factor for mortality

Epidemiological studies have shown that

and cardiovascular diseases (2-5). In vascular calcification,
matrix Gla protein (MGP), a vitamin K-dependent protein,
is a vital mineralization inhibitor that protects the arterial
wall against calcium-binding and calcium crystallization
(6, 7). Since the active status is a prerequisite for exerting
the full inhibitory function of MGP, elevated circulating
MGP  generally
calcification (8). Recent findings have repeatedly demonstrated

inactive indicates progressive vascular
that this circulating inactive MGP 1is associated with all-
of the
general population, type 2 diabetes, and vascular diseases
(8-11).

The molecular weight of MGP is 11 kDa, whereas the
glomerular filtration threshold is around 30-50 kDa, which

cause mortality, cardiovascular risk, regardless

enables MGP to freely filter through the glomerulus into
urine (12). Urine is an easily accessible, stable, and non-
invasive obtained biofluid that reserves abundant endogenous
peptides and low-molecular-weight proteins derived from
larger precursor proteins and protein degradation (13).
Urinary proteins have been suggested to be indicative of
diverse diseases, such as heart failure, coronary vasculopathy
after heart transplantation, and chronic kidney disease
(14-16). function of MGP
and the merits of urinary biomarkers, it is clinically

Considering the biological

relevant to assess whether urinary MGP is associated with
mortality. Determining this association not only promotes
biomarker discovery for vascular -calcification but also
facilitates risk stratification and intervention for mortality.
The interpretation of urinary MGP might be affected by
multiple factors, thus it is also necessary to investigate the
potential determinants, such as sex, age, renal function,
and vitamin K status. The primary purpose of this study
was to evaluate the association between urinary MGP and
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all-cause mortality in a general population with 9 years of
follow-up. The secondary objective was to investigate the
determinants of urinary MGP.

Materials and methods

Participants

This study was nested in a family-based study, the
Flemish Study on Environment, Genes and Health Outcomes
(FLEMENGHO), which enrolled individuals from 1985 until
2004 with an initial participation rate of 78% (17-19). The
studies involving human participants were reviewed and
approved by the University of Leuven Ethics Committee (17-
19). The participants provided their written informed consent to
participate in this study. Participants were repeatedly followed-
up. From May 2005 until May 2010, 804 participants provided
a 5 ml fresh middle-urine sample for urinary protein analysis.
Of 799 participants with a valid measurement of urinary MGP,
23 participants were excluded because the interval between
the biochemistry tests and urine sampling was over 1 month.
Hence, this study included 776 participants, of whom 646
participants were measured with plasma inactive MGP in the
meanwhile.

Urinary matrix Gla protein (MGP)
measurement

Urinary MGP was quantified by capillary electrophoresis
coupled with mass spectrometry performed with a P/ACE MDQ
CE (Beckman Colter, Fullerton, California, United States).
coupled to a micro-TOF-MS (Bruker Daltonics, Bremen,
Germany). MosaiquesVisu software was applied to process
mass spectral data and generated peptides with molecular mass,
migration time, and signal intensity that were calibrated using
internal urinary standard peptides to assure the comparability
between different datasets (20, 21). The peptides detected
were assigned to the previously sequenced peptides from
the Human Urinary Proteome Database by fragmenting
peptides and matching the fragmentation spectra to the
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protein sequences from the databases such as the International
Protein Index, the Reference Sequence Database at the
National Center for Biotechnology Information (NCBI),
and the (22).
modifications and specific mass spectra were considered

UniProt Knowledgebase Posttranslational

when protein was annotated. Peptides from different
samples were considered the same when the deviations of
their molecular weight and the migration time were < 100
parts/million and < 1 min, respectively. Detailed information
on sample preparation, proteome analysis, data processing,
and sequencing of the peptides has been described in previous
publications and the methods section of the supplements

(23, 24).

Biochemical measurements

Circulating inactive MGP [desphospho-uncarboxylated
MGP (dp-ucMGP)], a surrogate for vitamin K status, was
measured in citrated plasma samples by sandwich ELISA Kkits.
This approach was developed by VitaK (Maastricht University,
the Netherlands), which provided low variations of intra-assay
(5.6%) and interassay (9.9%) with a minimum detection limit of
0.22 pg/l (25). The venous blood samples were obtained after
at least 8 h of fasting. The measurement of lipid parameters
and plasma glucose was performed with automated methods in
certified laboratories. Serum creatinine was measured using the
isotope-dilution mass spectrometry-traceable creatinine assay.
The estimated glomerular filtration rate (eGFR) was calculated
using the chronic kidney disease Epidemiology Collaboration
creatinine equation (26). Participants collected a timed 24-h
urine sample for the measurement of microalbumin.

Clinical measurements

Hypertension was referred to as office systolic blood
pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg
or the prescription of antihypertensive drugs. Diabetes mellitus
was defined as fasting blood glucose of > 126 mg/dl or the
use of antidiabetic drugs. History of smoking indicated inhaling
tobacco daily in the past. Body mass index (BMI) was calculated
by weight in kilograms divided by height in meters squared.
Chronic kidney disease (CKD) was staged as 1 to 5 based on
eGFR according to the guidelines from the National Kidney
Foundation-Kidney Disease Outcomes Quality Initiative (27).

Assessment of the outcomes

The vital status of all the participants was annually
ascertained through the Belgian Population Registry in Brussels
until 31 December 2016. In cases of death, the causes were
indicated with the International Classification of Diseases
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(ICD) codes that were acquired from the Flemish Registry of
Death Certificates. Physicians ascertained the diseases reported
on the death certificates. Participants were censored when
deaths occurred.

Statistics

Data analysis was performed with SAS software, version 9.4
(SAS Institute, Cary, North Carolina, United States). Urinary
MGP, plasma inactive MGP, and urine microalbumin were
normalized by the transformation of the logarithm to base 2.
Means and proportions were compared by the t-test, ANOVA,
or Fisher’s exact test, as appropriate. Statistical significance was
a two-sided P-value of 0.05.

In survival analysis, participants were grouped by one-
third of urinary MGP. The crude cumulative incidence
of all-cause mortality was estimated across the groups by
the Kaplan-Meier method. The cumulative incidence curves
were compared using the log-rank test. The associations
of urinary MGP with all-cause mortality and cardiovascular
mortality were assessed using the multivariable-adjusted Cox
proportional hazards regression models. The proportional
hazard assumption was examined by the Kolmogorov-type
supremum test. According to previous publications and clinical
relevance, potential confounders included age, sex, BMI, systolic
blood pressure, diastolic blood pressure, smoking, diabetes
mellitus, total cholesterol, low-density lipoprotein cholesterol,
history of diabetes mellitus, history of cardiovascular diseases,
eGFR, and urine microalbumin. The prognostic value for 8-
year all-cause mortality added by urinary MGP was evaluated
by the integrated discrimination improvement (IDI) and the
net reclassification improvement (NRI) (28, 29). The IDI
denoted the difference in discrimination slopes before and
after adding the urinary MGP or dp-ucMGP into a reference
model. The continuous NRI was calculated by 2 x (the
percentage of cases with increased predicted probability - the
percentage of non-cases with increased predicted probability)
after adding urinary MGP. The 95% CIs and P-values
for the NRI and the IDI were calculated by 500 times
bootstrap methods.

When investigating the determinants of urinary MGP,
the evaluated variables included sex, age, BMI, systolic blood
pressure, diastolic blood pressure, smoking, diabetes mellitus,
total cholesterol, low-density lipoprotein cholesterol, history
of diabetes mellitus, history of cardiovascular diseases, eGFR,
urine microalbumin, and circulating inactive MGP. Their
associations with urinary MGP were primarily investigated
with the univariate linear regression models. All these
variables were added in the stepwise linear regression with
backward selection and the variables that remained significant
(P < 0.05) were considered determinants for urinary MGP.
The collinearity of linear regression models was examined. The
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TABLE 1 Participant characteristics and classified according to one-third of urinary matrix Gla protein (MGP).

Characteristics Low (n = 258) Medium (n = 259) High (n =259) P for trend
Urinary MGP (Log,), unit <10.21 10.21-11.27 >11.27

Number with characteristic (%)

Female 116 (45.0) 130 (50.2) 149 (57.5) 0.004
Current Smoking 61 (23.6) 47 (18.2) 43 (16.6) 0.043
Current alcohol intake 187 (72.5) 183 (70.7) 167 (64.5) 0.049
Diabetes mellitus 13 (5.0) 9(3.5) 12 (4.6) 0.82
History of CVD 8 (3.1) 18 (7.0) 36 (13.9) <0.0001
Hypertension 80 (31.0) 109 (42.1) 144 (55.6) <0.0001
Treatment of hypertension 51 (19.8) 62 (23.9) 92 (35.5) 0.0001
Statins 32 (12.4) 27 (10.4) 42(16.2) 0.20
Warfarin 0(0) 0(0) 7(2.7) 0.001
Mean (=4 SD) or median (IQR)

Age, years 44.7 £ 16.5 51.2 4 14.0 57.5+13.8 <0.0001
Body mass index, kg/m2 254 +42 269 +4.4 27.1+43 <0.0001
Waist-to-hip ratio 0.85 £ 0.09 0.88 £ 0.08 0.89 £ 0.08 <0.0001
Systolic blood pressure, mmHg 1243 £15.1 129.7 +17.3 134.8 £19.0 <0.0001
Diastolic blood pressure, mmHg 77.7 £10.3 80.8 +9.2 80.7+9.2 0.0002
Serum total cholesterol, mmol/L 4.99 £0.99 5.28 +0.88 5.46 +0.99 <0.0001
HDL-cholesterol, mmol/L 1.42 £0.37 1.40 +0.33 1.45+ 0.36 0.19
LDL-cholesterol, mmol/L 2.98 +0.86 326 +0.77 3.37+0.87 <0.0001
Blood glucose, mmol/L 491+ 1.01 4.9540.74 4.9540.57 0.015
Serum creatinine, mg/dL 0.91£0.15 0.93 £0.17 0.94 £+ 0.21 0.39
eGFR, ml/min/1.73m? 914 +£17.8 844+16.2 79.5 £ 16.5 <0.0001
Urine albumin, mg/L 5.10 (3.50, 7.40) 5.50 (4.10, 7.30) 6.00 (4.60, 8.50) <0.0001
Plasma dp-ucMGP, nmol/L 0.32(0.22, 0.45) 0.43 (0.30-0.56) 0.53 (0.36, 0.69) <0.0001

Current smoking refers to inhaling tobacco daily; Diabetes mellitus was use of antidiabetic drugs, fasting blood glucose of > 126 mg/dL; Hypertension was an office blood pressure

of > 140 mmHg systolic or > 90 mmHg diastolic, or use of antihypertensive drugs; Body mass index was calculated by weight in kilograms divided by height in meters squared;

Glomerular filtration rate was estimated using the chronic kidney disease epidemiology collaboration creatinine equation.

CVD, cardiovascular diseases; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; IQR, interquartile range; LDL, high-density lipoprotein; MGP, matrix Gla

protein; SD, standard deviation.

correlation coefficients and 95% CI were estimated by the linear
regression model.

Results

Baseline characteristics

The age (SD) of 776 participants averaged 51.2 (15.7) years
and 395 (50.9%) were women. The mean value for
systolic/diastolic blood pressure was 129.6 (17.7)/79.7 (9.7) mm
Hg, 26.5 (4.3) kg/m2 for body mass index, and 5.2 (1.0) mmol/l
for total cholesterol. Of all the participants, 333 (42.9%)
participants had hypertension, 34 (4.4%) participants had a
history of diabetes mellitus, 62 (8.0%) participants experienced
previous cardiovascular diseases, and 7 (0.9%) participants
received treatment with warfarin. Of those with hypertension,
205 (61.6%) participants received antihypertensive treatment.
The average eGFR was 85.1 (17.5) ml/min/1.73 m? and 49 (6.3%)
participants had an eGFR < 60 ml/min/1.73 m?, including 48
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at CKD stage 3 and 1 at CKD stage 4. In 776 participants, the
median for urinary MGP level was 1,713 [interquartile range
(IQR): 947-2,961] unit. Of 646 participants measured with
plasma dp-ucMGP, the median of dp-ucMGP was 0.42 (IQR:
0.28-0.58) nmol/l. Table 1 shows the baseline characteristics of
participants by one-third of the distribution of urinary MGP.
The characteristics of participants across the tertile of plasma
dp-ucMGP are given in Supplementary Table 1.

Associations of mortality risk with
urinary matrix Gla protein

The median time of follow-up was 9.2 (5th-95th percentile,
5.8-10.7) years. Of 776 participants, there were 47 deaths
(6.06%), including 15 cardiovascular deaths. As shown in
Figure 1, the cumulative incidence of all-cause mortality at the
top third of urinary MGP was significantly higher than those at
the bottom third of urinary MGP [unadjusted HR = 2.90 (95%
CI: 1.25-5.08), P = 0.006].
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FIGURE 1
Cumulative incidence of all-cause mortality in 776 participants
by one-third of urinary matrix Gla protein (MGP). The
participants were divided into the three groups by one-third of
urinary MGP. The colored bands represent SE. P-values express
the significance of the log-rank test for the difference across
one-third of urinary MGP. Abbreviation: MGP, matrix Gla protein;
SE, standard error.

With the adjustment of age, sex, body mass index,
systolic blood pressure, diastolic blood pressure, smoking,
total cholesterol, low-density lipoprotein cholesterol, history of
diabetes mellitus, and history of cardiovascular diseases, the risk
of all-cause mortality was 1.31 (95% CI: 1.02-1.69, P = 0.006)
for a doubling of urinary MGP (Table 2). A doubling of urinary
MGP was still associated with a 31% increased risk of all-cause
mortality [HR: 1.31 (95% CI: 1.01-1.69), P = 0.040] after further
adjustment for eGFR and urine microalbumin. Similarly, higher
urinary MGP was significantly associated with an increased risk
of cardiovascular mortality. In the fully adjusted model, the
risk of cardiovascular mortality was 2.05 (95% CI: 1.11-3.79,
P =0.023) for a doubling of urinary MGP. All the models met
the proportional hazard assumption.

Urinary matrix Gla protein (MGP) and
all-cause mortality risk discrimination
and reclassification

The utilization of urinary MGP in all-cause mortality risk
reclassification was assessed by the NRI and the IDI (Table 3).
The basic model comprised of common risk factors, including
age, sex, BMI, systolic blood pressure, diastolic blood pressure,
smoking, diabetes mellitus, total cholesterol, low-density
lipoprotein cholesterol, history of diabetes mellitus, history
of cardiovascular diseases, eGFR, and urine microalbumin.
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TABLE 2 Association of urinary matrix Gla protein (MGP) with
all-cause mortality and cardiovascular mortality.

Outcomes Events Urinary MGP
HR 95% CI P

All-cause mortality 47/776

Crude 1.63 1.27-2.08 0.0001
Adjusted model 1 1.31 1.02-1.69 0.034
Adjusted model 2 1.31 1.01-1.69 0.040
Cardiovascular mortality 15/776

Crude 2.38 1.51-3.77 0.0002
Adjusted model 1 2.04 1.14-3.65 0.017
Adjusted model 2 2.05 1.11-3.79 0.023

Adjusted model 1: adjusted for age, sex, body mass index, systolic blood pressure,
diastolic blood pressure, smoking, total cholesterol, low-density lipoprotein cholesterol,
history of diabetes mellitus, and history of cardiovascular diseases.

Adjusted model 2: adjusted for variables included by model 1 plus estimated glomerular
filtration rate and urine microalbumin.

CI, confidence interval; HR, hazard ration; MGP, matrix Gla protein.

The categorical free NRI was 64.01% (95% CI: 32.64-98.63,
P < 0.0001) overall, 37.88% (95% CI: 8.31-70.37, P = 0.018) in
cases, and 26.14% (95% CI: 19.10-33.04, P < 0.0001) in controls.
The IDI was 2.33% (95% CI: 0.24-4.71, P = 0.018).

Determinants of urinary matrix Gla
protein (MGP)

In the unadjusted linear regression analysis, urinary MGP
was significantly associated with all the variables given in
Table 4, except for diabetes. eGFR was inversely associated
with urinary MGP [coeflicient: -0.022 (95% CIL. -0.027
to -0.017)], whereas urine microalbumin was positively
associated with urinary MGP [coefficient: 0.236 (95% CI:
0.149-0.324)]. However, the association of urinary MGP with
eGFR became non-significant [coefficient: -0.004 (95% CI: -
0.011 to 0.004)] when considering other variables, but the
association with urine microalbumin remained. Similarly, CKD
(< 60 ml/min/1.73 m?) was also not significantly associated
with urinary MGP levels [coefficient: 0.020 (95% CI: -0.391 to
0.431)]. Another determinant of urinary MGP was circulating
inactive MGP [coefficient: 0.149 (95% CI: 0.062-0.237)],
regardless of other variables. In the final multivariate-adjusted
linear regression model, urinary MGP was also significantly
higher among women compared with men [coefficient: 0.370
(95% CI: 0.180-0.559)] (Table 4), while smokers had lower
urinary MGP than non-smokers [coefficient: -0.255 (95% CIL:
-0.501 to -0.010)]. In addition, urinary MGP was significantly
increased with age [coeflicient: 0.012 (95% CI: 0.005-0.019)] and
total cholesterol [coeflicient: 0.372 (95% CI: 0.247-0.497)], as
shown in Table 4. In addition, urinary MGP was significantly
associated with urine creatinine [coeflicient: -0.049 (95% CI: -
0.069 to —0.029)] in the univariate analysis, but the association
lost significance after adjusting for sex and age [coeflicient:
-0.008 (95% CI: -0.033 to 0.017), P = 0.53].
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TABLE 3 Improvements in risk discrimination and reclassification for
all-cause mortality upon addition of urinary matrix Gla protein (MGP).

Index Improvements

Estimate,% 95% CI P

Net reclassification improvement 64.01 32.64-98.63 <0.0001
Net reclassification improvement ¢yent 37.88 8.31-70.37 0.018
Net reclassification improvement pon—event 26.14 19.10-33.04 <0.0001
Integrated discrimination improvement 2.33 0.24-4.71 0.048

The basic models included age, sex, body mass index, systolic blood pressure, diastolic
blood pressure, smoking, diabetes mellitus, total cholesterol, low-density lipoprotein
cholesterol, history of diabetes mellitus, history of cardiovascular diseases, estimated
glomerular filtration rate, and urine microalbumin. CI, confidence interval.

Discussion

Our main finding was that urinary MGP was associated
with the increased risk of all-cause mortality and cardiovascular
mortality, independent of renal function, urine microalbumin,
and other clinical risk factors. Specifically, urinary MGP further
improved the risk reclassification for all-cause mortality on
the basis of known risk factors, which was supported by the
increased NRI and IDI. The longitudinally results demonstrated
that urinary MGP may be used as a novel marker for the risk
stratification of all-cause mortality. The level of urinary MGP
was suggested to be associated with sex, age, circulating inactive
MGP, urine microalbumin, smoking, and total cholesterol,
but not with eGFR.

The prospective association of urinary MGP and all-cause
mortality is consistent with previous evidence on elevated
MGP in circulation and mortality (8, 10, 11, 30-32). In a
longitudinal study that included 2,318 Flemish population with
14.1 years of follow-up, a doubling of dp-ucMGP at baseline is
associated with 15% increased risk of mortality (8). Similarly,
another study on 799 patients experiencing coronary events or
ischemic stroke showed that patients in the highest quartile
of dp-ucMGP had a 1.89-fold risk of all-cause mortality and
1.88-fold cardiovascular mortality in a period of 5.6 years
of follow-up (10). High dp-ucMGP level was significantly
associated with short-term mortality in patients with severe
calcific valvular aortic stenosis (11). Likewise, this association
between circulating inactive MGP and mortality has been
observed in patients with CKD or end-stage renal disease
(ESRD) where vascular calcification is generally pronounced
(30-32). Besides, dp-ucMGP has been suggested to be positively
associated with established cardiovascular risk factors, such
as systolic blood pressure, obesity, and pulse wave velocity
(33). Indeed, the precursors of MGP experience two sequential
posttranslational modifications, namely, y-carboxylation and
phosphorylation, before being fully functional, thus MGP
exists in several species due to different phosphorylation
and carboxylation status (25). In this study, the detected
urinary MGP did not exclusively originate from dp-ucMGP,
but from all the formations of MGP. Limited studies reported
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the association of total uncarboxylated MGP with adverse
outcomes, though the results were inconclusive (9, 10, 34).
Along with this epidemiological evidence, experimental data
also suggested that MGP is necessary for maintaining normal
vascular function. The MGP knockout mice (MGP -/-) died
from excessive arterial calcification after 6-8 weeks after birth
(35). The polymorphisms of the MGP gene were suggested
to attribute to an increased risk of plaque calcification and
myocardial infarction (36). To the best of our knowledge, this is
the first study to investigate the association of urinary MGP with
mortality in a general population. This informative MGP well
exemplified that the property of small molecular weight allows
circulating MGP to excrete through the kidney into urine and
urinary MGP could be a useful marker.

The intuitive improvements in risk reclassification for all-
cause mortality suggested that urinary MGP may facilitate the
development of a novel framework for risk stratification and
intervention. Particularly, urinary MGP seemed to capture the
risk that was not covered by the common risk factors, such as
age, cholesterol, and urine microalbumin. Several merits make
urinary MGP a favorable choice for the prediction of mortality,
including obtaining an abundant quantity of urine samples
with a non-invasive approach, relatively stable proteins, and a
detective method with high reproductivity.

Urinary MGP might be related to vitamin K status, as
urinary MGP level was associated with circulating dp-ucMGP.
As the y-carboxylation of MGP is a vitamin K-dependent
process, circulating dp-ucMGP is considered a surrogate for
functional vitamin K status in clinical research (37). Due to
suppressing MGP activation, poor vitamin K status is associated
with deteriorated vascular calcification. Warfarin, for instance,
is a vitamin K antagonist that is used as an oral anticoagulant in
clinical practice. In patients receiving warfarin, the prevalence
of arterial calcification on X-ray was 44% than in those
patients without warfarin (38). More important, vitamin K
supplementation seems to promote the activation of MGP,
reduce dp-ucMGP level, and slow the progression of vascular
calcification (39). Therefore, the appropriate assessment of
vitamin K status could pave the way for the use of vitamin
K supplements to improve the adverse outcomes. Given the
association between urinary MGP and circulating dp-ucMGP,
urinary MGP might be correlated with active vitamin K
status, although future studies are required to investigate
this association.

The finding of this study that eGFR was not associated with
urinary MGP levels is consistent with a prior study on the renal
excretion of MGP. In 90 participants with moderate-to-severe
hypertension who underwent renal artery angiography, the
renal fractional extraction of MGP was 12.8% and independent
of renal function by comparing the arterial and venous MGP
concentrations (40). Of note, even though creatinine clearance
was in the wide range of 26-154 ml/min, the extraction fraction
was neither correlated with serum creatinine nor endogenous
creatinine clearance (40). Our study also showed that CKD
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TABLE 4 Determinants of urinary matrix Gla protein (MGP).

10.3389/fcvm.2022.894447

Variables Unadjusted model* Adjusted model* Final model
Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

Sex: Female 0.292+ 0.104, 0.481 0.385" 0.185, 0.586 0.370" 0.180, 0.559

Smoking -0.345" -0.583, -0.107 -0.233 -0.479, 0.014 -0.255" -0.501, -0.010

Diabetes -0.123 -0.586, 0.339 -0.466 -0.945,0.014

History of CVD 0.764* 0.419, 1.109 0.312 -0.068, 0.692

Age 0.027* 0.021, 0.032 0.007 -0.003, 0.017 0.012F 0.005, 0.019

BMI 0.049* 0.028, 0.071 0.016 ~0.007, 0.040

SBP 0.017* 0.012, 0.023 0.003 -0.005, 0.010

DBP 0.015* 0.005, 0.025 0.001 -0.011,0.013

Total cholesterol 0.251* 0.155, 0.347 0.228 -0.032, 0.488 0.190" 0.087,0.293

LDL cholesterol 0.261* 0.151,0.371 ~0.066* -0.360, 0.228

Inactive MGP 0.555* 0.439, 0.671 0.338 0.208, 0.467 0.372* 0.247, 0.497

eGFR -0.022* -0.027,-0.017 -0.004 -0.011, 0.004

Urine microalbumin 0.236* 0.149, 0.324 0.1461 0.057,0.235 0.149" 0.062, 0.237

*P < 0.0001; P < 0.001; TP < 0.05.

Adjusted model indicated the multivariable linear regression model including all the listed variables.
Final model included the variables that remained significant in the stepwise linear regression model with the backward selection.
BMI, body mass index; CVD, cardiovascular diseases; CI, confidence interval; DBP, diastolic blood pressure; eGER, estimated glomerular filtration rate; HDL, high-density lipoprotein;

LDL, high-density lipoprotein; MGP, matrix Gla protein; SBP, systolic blood pressure.

status (< 60 ml/min/1.73 m?) appeared to not associate with
urinary MGP as well. On the contrary, accumulating evidence
has demonstrated that high dp-ucMGP is associated with renal
dysfunction in multiple populations (41-44). For instance, Wei
et al. confirmed the longitudinal association of dp-ucMGP with
the risk of progression to CKD (eGFR < 60 ml/min/1.73 m?)
and microalbuminuria after adjusting for baseline eGFR and
other clinical variables in 1,009 Flemish population in a follow-
up of 8.9 years (42). However, another study showed that
the association of dp-ucMGP with the incidence of CKD
failed to replicate in a prospective study of 3,639 healthy
adults after adjustment for baseline eGFR (45). Considering the
high prevalence of vitamin K deficiency among patients with
CKD, the association between dp-ucMGP and renal function
is likely caused by poor vitamin K status (46). Interestingly,
urine microalbumin was proportionally increased with urinary
MGP, reflecting the ability of a small protein to filter through
the glomerulus, even with normal eGFR. Nonetheless, the
association of urinary MGP with mortality was independent of
urine microalbumin.

The finding in the present study that urinary MGP levels
were increased with advancing age is in the same line of previous
studies on dp-ucMGP and aging (8, 10, 45). This might be
related to the degenerative vascular calcification in advancing
age. Higher urinary MGP in women is also supported by
the observation of elevated dp-ucMGP (8, 10). Smoking had
an inverse association with urinary MGP, in consistent with
less prevalent smoking in participants with high dp-ucMGP,
although no published evidence on the mechanism of smoking
and MGP expression (8, 10). The association of urinary MGP
with cholesterol might involve the cholesterol deposition in
atherosclerotic calcification (7).

Frontiers in Cardiovascular Medicine

The noteworthy strengths of this study included the
well-characterized population to minimize the potential
confounding, the prospective study design and long-term
follow-up, and the assessment of the improvement in the
discrimination and reclassification for all-cause mortality.
Furthermore, the available data on inactive MGP, urine
albumin, and eGFR helped to address the potential impact of
renal function and vitamin K status on urinary MGP.

Limitations

However, our findings must be interpreted within the
context. It is noteworthy that although the association between
urinary MGP and mortality risk was observed in our population,
it needs to be further validated before generalizing to other
large cohorts with longer exposure. As an observational study,
there might be potential residual confounding factors, although
various clinical risk factors were included to eliminate the
potential confounding effects. Hence, causality cannot be
confirmed by this observation. Besides, plasma vitamin K
levels and food frequency questionnaires were not available
to directly evaluate vitamin K status. However, the food
frequency questionnaires that measure dietary intake and food
compositions are prone to be affected by diverse lifestyles and
cultures (37). Plasma vitamin K reflects the intake of vitamin K,
rather than functional vitamin K, and it was not conventional
in clinical practice. Alternatively, dp-ucMGP is considered a
reliable marker for functional vitamin K status. Future studies
are warranted to validate the association of urinary MGP
with vitamin K status determined by plasma vitamin K levels
and food frequency questionnaires. Furthermore, we did not
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measure the total MGP because circulating MGP has several
species and no mature commercial kits for measurement of total
MGP were developed. This present study only measured one
isoform of MGP, dp-ucMGP, in plasma. Moreover, this study
used the overall urinary MGP since the untargeted proteomics
approach did not distinguish the different isoforms of MGP in
urine. This might hinder the investigation of the constitution of
urinary MGP and its association with plasma MGP species and
adverse outcomes. Last, the majority of the studied population
were Caucasian, thus it should be cautiously generalized to
other ethnicities.

Conclusion

This study underlined that urinary MGP was significantly
associated with all-cause mortality and cardiovascular mortality.
The inclusion of urinary MGP could improve the risk
reclassification for all-cause mortality. Urinary MGP levels were
associated with circulating inactive MGP, sex, age, and urine
microalbumin but were not influenced by eGFR.
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