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Abstract. Fetuin-A and matrix Gla protein (MGP) protect
against vascular calcification. It has been suggested that low
fetuin-A levels or high levels of inactivated, dephosphorylated,
uncarboxylated MGP (dp-ucMGP) may be associated with
poor cardiovascular outcomes. The present study evaluated
the potential of fetuin-A and dp-ucMGP levels as markers
of coronary heart disease (CHD) in patients undergoing
hemodialysis (HD). A total of 126 patients undergoing HD
(40 patients with established CHD) and 24 healthy subjects
were enrolled in the study. Serum fetuin-A and dp-ucMGP
levels were measured using ELISA. In the patients under-
going HD, fetuin-A levels were significantly lower, whereas
dp-ucMGP levels were significantly higher than in the healthy
subjects. In patients undergoing HD, fetuin-A levels did not
differ between those with or without CHD, diabetes mellitus,
a C-reactive protein (CRP) level >1 mg/dl, or heart failure.
Dephosphorylated, uncarboxylated MGP was lower in patients
with CHD, diabetes mellitus, a CRP level >1 mg/dl and heart
failure with a reduced ejection fraction. Dephosphorylated,
uncarboxylated MGP levels were shown to perform moder-
ately well as an indicator of CHD-free patients (area under
the curve, 0.659). An increase in dp-ucMGP by 1 ng/ml was
found to decrease the risk of CHD by 23.4%. On the whole, the
present study demonstrates that, in patients with HD, fetuin-A
levels are not associated with CHD. Conversely, elevated
dp-ucMGP levels indicate CHD-free patients, although its
accuracy is moderate.
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Introduction

Cardiovascular diseases (CVD) are the leading cause of
mortality among patients undergoing hemodialysis (HD) (1),
with the cardiovascular (CV) mortality rate being 10-20-fold
higher than that in the general population following stratifica-
tion for age, race and sex (2). In the general population, vascular
calcification is associated with increased CV mortality (3).
Compared to the general population, vascular calcification is
prevalent in patients undergoing HD and is associated with a
higher risk of CV-related mortality (4-6).

Fetuin-A and matrix Gla protein (MGP) are two proteins that
provide a defense against extraosseous calcification. Fetuin-A
is produced in the liver and functions as a calcification inhib-
itor by forming soluble colloidal spheres of fetuin-A, calcium
and phosphate, preventing the crystallization of hydroxy-
apatite (7). Fetuin-A-deficient mice on a mineral/vitamin
D-rich diet develop calcification in small vessels of the heart,
lungs, kidneys and skin (8). Matrix Gla protein is secreted by
chondrocytes and vascular smooth muscle cells. It binds to
newly formed hydroxyapatite crystals, hindering their accu-
mulation within the arterial wall. Additionally, MGP inhibits
the binding of bone morphogenetic protein-2 to its receptor,
preventing vascular smooth muscle cells from differentiating
into osteoblasts (9). MGP-deficient mice undergo spontaneous
and extensive calcification of cartilage and blood vessels,
leading to death within 2 months of birth due to blood vessel
rupture (10). For MGP to become active, it must undergo the
carboxylation of certain y-glutamate residues, followed by
the phosphorylation of specific serine residues, in a process
that depends on vitamin K. Consequently, dephosphorylated
uncarboxylated MGP (dp-ucMGP) represents its inactive form
and elevated levels of dp-ucMGP indicate a reduced capacity to
inhibit vascular calcification (11,12). In line with the increased
incidence of vascular calcification in patients undergoing HD,
serum fetuin-A levels are lower in this population (13,14),
whereas dp-ucMGP levels are higher (15,16). However, the
data do not univocally support a role for serum fetuin-A or
dp-ucMGP levels as markers of CV risk or established CVD.

In a community-based survey, low fetuin-A levels were
shown to be associated with aortic arch calcification (17).
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Another study detected a trend towards lower levels in patients
with peripheral artery disease (18). In another study, among
community-dwelling individuals, lower fetuin-A levels were
independently associated with greater severity of coronary
artery calcification, but not with peripheral artery disease
or carotid intima-media thickness (19). Conversely, in the
Multi-Ethnic Study of Atherosclerosis, fetuin-A was not
associated with the risk of CVD (20). In another cohort of
patients who underwent carotid or lower extremity endarter-
ectomy, fetuin-A was not associated with the coronary artery
calcification score (21). In a previous study, an analysis of
seven prospective studies found that fetuin-A genetic variants
associated with reduced fetuin-A levels were not related to
the risk of coronary heart disease (CHD) (22). Additionally,
in another study involving 1,049 patients with CHD, fetuin-A
levels failed to predict secondary CHD events over a 6-year
follow-up period (23). Notably, in another study, fetuin-A
was found to be higher in patients with CHD than in those
without (24).

A similar discrepancy is observed in studies involving
patients undergoing HD. Studies have shown that lower fetuin-A
levels are associated with a higher CV mortality (13,14,25-27),
an increased carotid intima-media thickness (13,26,27),
elevated carotid-to-femoral pulse wave velocity (28), higher
coronary artery calcification scores (25) and stroke (29).
Conversely, in one study involving 104 patients undergoing
HD, fetuin-A levels did not differ between those with or without
coronary artery or abdominal aortic calcification (30). In
another cohort of 220 patients undergoing HD, serum fetuin-A
was not associated with carotid intima-media thickness, the
degrees of carotid atherosclerotic plaques or calcification, left
ventricular ejection fraction, prevalent CVD and all-cause or
CV mortality (31). Similarly, in another cohort of 143 patients
undergoing HD, no difference in fetuin-A levels was observed
between those with a carotid intima-media thickness =0.8 mm,
plaque or stenosis =50% and those without (32).

Similarly, for fetuin-A, a discrepancy relative to dp-ucMGP
has been observed. In a population-based study with a 15.5-year
follow-up period, higher dp-ucMGP levels were associated with
an increased incidence of CVD and all-cause mortality (33).
That study did not find a significant link between dp-ucMGP
levels and the risk of myocardial infarction or sudden cardiac
death. Nonetheless, elevated levels of dp-ucMGP were associ-
ated with an increased risk of other CVDs (33). One possible
explanation for this is that myocardial infarction often results
from the rupture of non-calcified atherosclerotic plaques (34).
In another cohort of patients who experienced myocardial
infarction, coronary revascularization, or first ischemic stroke,
those in the highest quartile of dp-ucMGP had a higher risk
of all-cause and CV 5-year mortality (35). In the Multi-Ethnic
Study of Atherosclerosis, a positive association was detected
between dp-ucMGP and the incidence and progression
of coronary arteries and thoracic aorta calcification (36).
Interestingly, in patients with acute coronary syndrome, those
with non-ST-elevation myocardial infarction (NSTEMI) had
higher levels of dp-ucMGP than those with ST-elevation
myocardial infarction (STEMI), suggesting a potential link
between dp-ucMGP and coronary artery calcification burden
and more stable atherosclerotic plaques (37). Conversely, in the
Health, Aging, and Body Composition Study, no association

was detected between dp-ucMGP and incident CVD (38).
Mendelian randomization studies have demonstrated that lower
genetically predicted dp-ucMGP levels are associated with
a reduced risk of CHD (39,40). Notably, in the Multi-Ethnic
Study of Atherosclerosis, elevated dp-ucMGP was associated
with an increased risk of incident CVD, CHD and all-cause
mortality, but only in the youngest age quartile (41).

A similar discrepancy has been observed in studies
involving patients undergoing HD. In these patients, high
dp-uc MGP levels have been linked to increased vascular
calcification (15,16,42). In a previous study, in a cohort of
141 patients with end-stage kidney disease (ESKD) under-
going living donor kidney transplantation, elevated dp-ucMGP
levels were associated with the coronary artery calcification
score and medial vascular calcification in the epigastric
artery (43). However, in another cohort of 493 patients with
ESKD from the same center with a median follow-up period
of 42 months, elevated dp-ucMGP levels were associated with
increased all-cause mortality, but they were not identified as
an independent risk factor of coronary artery or aortic valve
calcification (44). Conversely, another study demonstrated that,
among 391 patients on incident HD, neither dp-ucMGP nor
fetuin-A were associated with coronary artery calcification,
pulse wave velocity or mortality risk (45). Similarly, among
participants in the Chronic Renal Insufficiency Cohort with
mild-to-moderate chronic kidney disease, dp-ucMGP was
not associated with either coronary artery calcification score
or pulse wave velocity (46). Moreover, in the same cohort,
elevated dp-ucMGP levels were associated with increased
all-cause mortality, but not with more atherosclerotic CV
events (47). Of note, in a study on 198 patients undergoing HD,
low dp-ucMGP levels were associated with a higher risk of
all-cause mortality and CV mortality (48).

In this complex landscape, the present study investigated
the association between fetuin-A or dp-ucMGP and established
CHD in patients undergoing HD. Additionally, the present
study explored other confounding factors that could impact
these associations, underscoring the need for a better under-
standing of these interactions to improve patient outcomes.

Patients and methods

Patients. A total of 126 patients undergoing HD participated in
the study. The mean age of the patients was 65.94+11.85 years,
comprising 89 males and 37 females. The cause of ESKD
was diabetic nephropathy (n=36), primary glomerulonephritis
(n=24), hypertension (n=21), autosomal dominant polycystic
kidney disease (n=11), secondary focal segmental glomerulo-
sclerosis (n=6), cardiorenal syndrome (n=4), vasculitis (n=4),
obstructive nephropathy (n=2), analgesic nephropathy (n=1)
and unknown causes (n=17).

In total, 50 patients had diabetes mellitus, and 40 had a
history of CHD. CHD was ascertained by coronary artery
angiography performed for angina symptoms or following a
myocardial infarction. A total of 110 patients underwent recent
transthoracic echocardiography. Among these, 38 patients
were identified with heart failure with preserved ejection frac-
tion (HFpEF), while 26 patients were diagnosed with heart
failure with reduced ejection fraction (HFrEF). Statin therapy
was administered to 82 patients, and the majority received
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No. of patients Mean SD
Age (years) 126 65.94 11.85
Duration (months) 126 56.21 50.04
Males/females 89/37
Diabetes mellitus (yes/no) 50/76
Coronary heart disease (yes/no) 40/86
HFrEF/HFpEF/No HF 26/38/46
Systolic blood pressure (mmHg) 126 132.12 2141
Diastolic blood pressure (mmHg) 126 65.57 13.32
White blood cell count (c/ul) 126 6,884 .81 2,286.36
Neutrophils (c/ul) 126 4,589.67 1,726.59
Lymphocytes (c/ul) 126 1,681.77 606.01
Hemoglobin (g/dl) 126 11.77 0.84
Platelets (c/ul) 126 203.99 58.97
Creatinine (mg/dl) 126 6.38 2.04
Urea (mg/dl) 126 130.35 2748
Urea reduction rate (%) 126 67.53 7.60
Residual diuresis (ml) 126 32143 422.30
Body mass index (Kg/m?) 126 26.90 5.71
Albumin (g/dl) 126 3.63 0.10
Cholesterol (mg/dl) 126 130.93 42.42
Triglycerides (mg/dl) 126 130.33 68.77
Calcium (mg/dl) 126 9.12 0.46
Phosphorus (mg/dl) 126 534 1.01
Parathyroid hormone (pg/ml) 126 347.73 287.29
Alkaline phosphatase (U/1) 126 205.80 105.30
SGOT (U/) 126 12.88 7.31
SGPT (U/) 126 11.72 9.16
Ferritin (ng/ml) 126 153.47 161.76
TSAT (%) 126 19.01 12.12
CRP (mg/dl) 126 1.24 0.87
CRP >1 mg/dl (yes/no) 63/63
Fetuin-A (mg/ml) 126 1.73 1.22
Dp-uc-matrix Gla protein (pg/ml) 126 4,743.50 2,556.75

HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HF, heart failure; SGOT, serum
glutamic-oxaloacetic transaminase; SGPT, serum glutamic-pyruvic transaminase; TSAT, transferrin saturation; CRP, C-reactive protein.

antihypertensive medications. The attending nephrolo-
gists determined the need for phosphate binders, vitamin D
analogues and calcimimetics. All patients had received HD for
at least 6 months prior to inclusion. Each patient underwent 4-h
HD sessions three times per week, using polysulfone dialyzers
and bicarbonate-based dialysate with calcium concentrations
of 1.25 or 1.5 mmol/l.

Patients with active infection, autoimmune disease,
malignancy, liver pathology, or who have received cytotoxic,
immunosuppressive, or corticosteroid therapy within the
previous 6 months were excluded from the study. Patients
receiving vitamin K antagonists were also excluded. Further
clinical and demographic features are presented in Table I.

A control group consisting of 24 healthy individuals
(mean age, 64.42+6.49 years; 15 males and 9 females) was

included following a review of medical records and a physical
examination.

Written informed consent was obtained from each partici-
pant, and the study protocol received approval from the Ethics
Committee of the Faculty of Medicine, University of Thessaly,
Larissa, Greece (approval no. 558/10-2-2017).

Patient samples and analyses. Blood samples were drawn at
the onset of the second hemodialysis session of the week, and
serum was preserved at -80°C.

Serum fetuin-A concentrations were measured using the
Human Fetuin-A ELISA kit (cat. no. CSB-E12882h, Cusabio
Technology, Wuhan, China), which has a sensitivity of
3.9 ng/ml. Serum dp-ucMGP levels were assessed using the
human dp-ucMGP ELISA kit (cat. no. EH4755, Wuhan Fine
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Figure 1. Comparison of serum fetuin-A and dp-ucMGP levels between healthy individuals and patients undergoing HD. (A) Serum fetuin-A levels were
significantly lower in patients undergoing HD compared to healthy subjects. (B) Conversely, dp-ucMGP levels were significantly higher in patients undergoing
HD compared to healthy subjects. The line inside the box indicates the median. The box represents the IQR, and the whiskers extend to 1.5 x IQR above and
below the upper and lower quartiles, respectively. Points outside the whiskers are outliers. "P<0.05, vs. healthy subjects. dp-ucMGP, uncarboxylated matrix Gla

protein; HD, hemodialysis; IQR, interquartile range.
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Figure 2. Serum fetuin-A levels in patients undergoing HD with or without CHD. (A) Serum fetuin-A levels did not differ significantly between patients under-
going HD with or without CHD. (B) ROC curve analysis revealed an area under the curve of 0.499 (P>0.05). HD, hemodialysis; CHD, coronary heart disease.

Biotech Co., Ltd.), which has a sensitivity of 46.875 pg/ml.
All other parameters were part of routine laboratory assess-
ments performed concurrently with serum collection for the
measurements of the factors described above.

Statistical analysis. Statistical analysis was performed using
the IBM SPSS Statistics version 29 (IBM Corp.). Since the
one-sample Kolmogorov-Smirnov test revealed that serum
fetuin-A and dp-ucMGP levels were not normally distributed,
non-parametric methods were applied. Specifically, for group
comparisons, the Mann-Whitney U test was performed, with
data presented as the median (interquartile range). Furthermore,
Spearman's rank correlation coefficient was performed to
evaluate correlations between continuous variables, while the
Chi-squared test was used to examined associations between
categorical variables. In addition, receiver operating charac-
teristic (ROC) curve analysis was performed, and the optimal
cut-off was identified by maximizing Youden's index. Finally,
binary logistic regression was used to assess the independent
effects of variables on outcomes. A value of P<0.05 was
considered to indicate a statistically significant difference.

Results

Serum fetuin-A and dp-ucMGP levels in patients undergoing
HD and healthy volunteers. Serum fetuin-A levels were
significantly lower in patients undergoing HD than in healthy
volunteers [1.54 (0.76-2.13) vs. 2.22 (1.423-3.980) mg/ml,
respectively; P=0.02, Mann-Whitney U test] (Fig. 1A).

On the contrary, compared to the healthy subjects,
the serum dp-ucMGP level was significantly higher in
patients undergoing HD [1334.35 (920.8-1449.6) vs. 3892.38
(2958.9-6983.4) pg/ml, respectively, P<0.001, Mann-Whitney
U test] (Fig. 1B)

Serum fetuin-A levels in patients undergoing HD. Serum
fetuin-A levels did not differ between patients undergoing
HD with or without established CHD [1.62 (0.74-1.93) vs. 1.47
(0.77-2.15) mg/ml, respectively, P=0.987, Mann-Whitney
U test] (Fig. 2A). Thus, ROC curve analysis revealed that in
patients undergoing HD, fetuin-A is not a reliable marker of
CHD [area under the curve (AUC), 0.499; 95% confidence
interval (CI), 0.390-0.608; P=0.987] (Fig. 2B).
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Figure 3. Scatterplots of statistically significant correlations between fetuin-A and the evaluated factors. Serum fetuin-A levels correlated significantly
with (A) dp-ucMGP (Rho=0.311, P<0.001), (B) phosphorus (Rho=0.184, P=0.042), (C) white blood cell count (Rho=0.280, P=0.002), and (D) neutrophils

(Rho=0.226, P=0.012). dp-ucMGP, uncarboxylated matrix Gla protein.

Notably, among the factors depicted in Table I, serum
fetuin-A levels exhibited positive correlations with serum
dp-ucMGP levels (Rho=0.311, P<0.001) (Fig. 3A), and phos-
phorus (Rho=0.184, P=0.042) (Fig. 3B). No correlations were
detected between fetuin-A and the nutritional markers, body
mass index (BMI; Rho=0.072, P=0.426) and serum albumin
(Rho=-0.001, P=0.992) (data not shown). Fetuin-A was also
not correlated with the urea reduction ratio (Rho=0.082,
P=0.364) (data not shown). Although a positive correlation was
detected with the white blood cell count (Rho=0.280,P=0.002)
(Fig. 3C) and neutrophils (Rho=0.226, P=0.012) (Fig. 3D), no
correlation was detected with serum C-reactive protein (CRP;
Rho=0.037, P=0.680) (data not shown). In addition, using a
serum CRP cut-off of 1 mg/dl to detect inflammation did not
reveal that inflammation affects serum fetuin-A levels. Its
levels were 1.62 (0.78-2.02) mg/ml in those with a CRP level
<1 mg/ml, and 1.39 (0.75-2.28) mg/ml in those with a CRP
level >1mg/dl (P=0.658, Mann-Whitney U test) (Table II).

Sex did not affect fetuin-A levels, which were 1.54
(0.73-2.21) mg/ml in males and 1.52 (1.05-2.12) mg/ml in
females (P=0.783, Mann-Whitney U test). Also, fetuin-A levels
did not differ in patients with or without diabetes mellitus [1.55
(0.75-2.42) vs. 1.47 (0.76-2.04) mg/ml, respectively, P=0.625,
Mann-Whitney U test], HFpEF [1.55 (1.06-2.15) vs. 1.68
(0.73-2.80) mg/ml, respectively, P=0.921, Mann-Whitney U
test], or HFrEF [1.30 (0.72-1.85) vs. 1.67 (0.96-2.15) mg/ml,
respectively, P=0.325, Mann-Whitney U test] (Table II).

Serum dp-ucMGP levels in patients undergoing HD.
Serum dp-ucMGP levels were significantly lower in patients

undergoing HD with established CHD. They were 3,112.62
(2,487.32-4,221.92) pg/ml in those with CHD and 4,704.96
(3,135.95-7,207.95) pg/ml in those without CHD (P=0.004,
Mann-Whitney U test) (Fig. 4A). ROC curve analysis revealed
an AUC of 0.659 (95% CI, 0.560-0.757; P=0.004) (Fig. 4B).
Below the optimal cut-off point of 4,241 pg/ml, serum
dp-ucMGP exhibited a specificity for detecting CHD of
80.00% (95% CI, 65.24-89.50%) and a sensitivity of 55.81%
(95% CI, 45.29-65.84%). Thus, serum dp-ucMGP may be
characterized as a moderately significant marker of CHD in
patients undergoing HD.

From the factors depicted in Table I, serum dp-ucMGP
levels were correlated negatively with age (Rho=-0.302,
P<0.001) (Fig. 5A), and positively with BMI (Rho=0.230,
P=0.010) (Fig. 5B), creatinine (Rho-0.187, P=0.037) (Fig. 5C),
calcium (Rho=0.398, P<0.001) (Fig. 5D), intact parathyroid
hormone (iPTH; Rho=0.192, P=0.031) (Fig. 5E) and fetuin-A
(Rho=0.311, P<0.001) (Fig. 5F). Notably, dp-ucMGP was not
correlated with serum albumin (Rho=0.139, P=0.121) or the
urea reduction ratio (Rho=-0.074, P=0.409) (data not shown).
Although no correlation was detected with CRP (Rho=-0.153,
P=0.087), when a CRP cut-off point of 1 mg/dl was set for
defining inflammation, those with inflammation had lower
dp-ucMGP levels [3,631.09 (2,492.57-6,218.71) pg/ml] than
those without inflammation [4,684.97 (3,181.79-7,197.20)
pg/ml] (P=0.032, Mann-Whitney U test) (Table III).

Sex did not affect serum dp-ucMGP levels. They
were 3,766.63 (3,056.58-6,910.13) pg/ml in males and
4,451.02 (2,094.04-6,983.42) pg/ml in females (P=0.750,
Mann-Whitney U test). However, dp-ucMGP levels were
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Table II. Differences in serum fetuin-A (mg/ml) between different groups.

No. of patients Yes No P-value
Male sex 90 1.54 (0.73-2.21) 1.52 (1.05-2.12) 0.783
Diabetes mellitus 50 1.55(0.75-2.42) 1.47 (0.76-2.04) 0.625
Coronary heart disease 40 1.62 (0.74-1.93) 1.47 (0.77-2.15) 0.987
HFpEF 38 1.55 (1.06-2.15) 1.68 (0.73-2.80) 0921
HFrEF 26 1.30 (0.72-1.85) 1.67 (0.96-2.15) 0.325
CRP>1 mg/dl 63 1.39 (0.75-2.28) 1.62 (0.78-2.02) 0.658

Values correspond to median (IQR) analyzed using the Mann-Whitney U test. HFpEF, heart failure with preserved ejection fraction; HFrEF,

heart failure with reduced ejection fraction; CRP, C-reactive protein.
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Figure 4. Serum dp-ucMGP levels in patients undergoing HD with or without CHD. (A) Serum dp-ucMGP levels were significantly lower in patients under-
going HD with CHD compared to those without CHD. “P<0.05, vs. those with no CHD. (B) dp-ucMGP levels can identify patients who are free of CHD,
although its accuracy is moderate, as indicated by an area under the curve of 0.659 (P<0.05) in ROC curve analysis. dp-ucMGP, uncarboxylated matrix Gla

protein; HD, hemodialysis; CHD, coronary heart disease.

lower in patients with diabetes mellitus. They were 3,512.70
(2,490.82-4,943.77) pg/ml in those with diabetes mellitus
and 4,736.58 (3,088.39-7,377.55) pg/ml in those without
diabetes mellitus (P=0.006, Mann-Whitney U test). The levels
of dp-ucMGP did not differ in those with HFpEF [4,451.02
(3,054.16-7,207.95) pg/ml] or without HFpEF [3,810.37
(3,328.87-7,840.34) pg/ml] (P=0.571, Mann-Whitney U test).
However, they were significantly lower in patients with HFrEF
[3,094.49 (2,474.14-4,357.54) pg/ml] than in those without
HFrEF [4,008.10 (3,076.50-7,707.95) pg/ml)] (P=0.028,
Mann-Whitney U test) (Table III). Notably, CHD was
associated with HFrEF (Chi-squared test, 35.267, P<0.001)
(Table I'V), indicating that, in many cases of HFrEF, CHD may
be responsible.

Of note, the male sex was associated with CHD
(Chi-squared test, 15.955, P<0.001), as was diabetes mellitus
(Chi-squared test, 10.107, P=0.001) (Table IV). As regards the
other variables that were associated with serum dp-ucMGP
levels, age (P=0.182, Mann-Whitney U test), BMI (P=0.317,
Mann-Whitney U test), calcium (P=0.825, Mann-Whitney
U test), iPTH (P=0.992, Mann-Whitney U test), creatinine
(P=0.067, Mann-Whitney U test) and CRP (P=0.902,
Mann-Whitney U test) did not differ between those with CHD

and those without CHD (Table V). When the CRP cut-off of
1 mg/dl was set for defining inflammation, no association was
detected between inflammation and CHD (Chi-squared test,
0.147, P=0.702) (Table 1V).

Among the variables that may causally influence
dp-ucMGP levels, only diabetes mellitus exhibited a causal
association with CHD. Binary logistic regression analysis
with CHD as the outcome variable and 1,000 pg (1 ng) incre-
ments of dp-ucMGP as the predictor variable revealed that
for every dp-ucMGP increase of 1,000 pg/ml, the risk for
CHD decreased by 23.4% [odds ratio (OR), 0.776; 95% CI,
0.649-0.928; P=0.005] (Table VI). Binary logistic regression
analysis with CHD as the outcome variable and 1,000 pg
increments of dp-ucMGP and diabetes mellitus as predictor
variables was performed using the enter method. The overall
model was statistically significant (Chi-squared test, 15.850;
P<0.001), indicating that the predictors reliably distinguished
between individuals with and without CHD. The model
explained 16.6% of the variance (Nagelkerke R*=0.166)
and correctly classified 73.8% of cases. Diabetes mellitus
almost triplicates the possibility for CHD (OR, 2.909; 95% CI,
1.295-6.534; P=0.01), and for every dp-ucMGP increase of
1,000 pg/ml, the risk for CHD decreased by 18.8% (OR,
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Figure 5. Scatterplots of statistically significant correlations between dp-ucMGP and the evaluated factors. Serum dp-ucMGP levels significantly correlated
with (A) age (Rho=-0.302, P<0.001), (B) body mass index (Rho=0.230, P=0.010), (C) creatinine (Rho=0.187, P=0.037), (D) calcium (Rho=0.398, P<0.001),
(E) parathyroid hormone (Rho=0.192, P=0.031), and (F) fetuin-A (Rho=0.311, P<0.001). dp-ucMGP, uncarboxylated matrix Gla protein.

0.812; 95% CI, 0.677-0.973; P=0.024). Thus, dp-ucMGP levels
predicted CHD independently of diabetes mellitus (Table VI).

Discussion

Since CVD is the primary cause of mortality in patients
undergoing HD, evaluating CVD pathogenesis and identifying
potential markers for its early detection is critical. The present
study investigated whether fetuin-A, a vascular calcification
inhibitor, and dp-ucMGP, an inactive vascular calcification
inhibitor, are associated with established CHD in a cohort of
stable patients undergoing HD.

As previous studies have shown (13,14), serum fetuin-A
levels were lower in HD patients than in healthy volunteers.
However, its levels did not differ in patients undergoing
HD with or without CHD. The data on the role of fetuin-A
as a risk factor or a marker of established CVD are mixed.
Some studies in the general population have shown that low
fetuin-A levels are associated with an increased risk of CV or

established CVD (17-19), other studies did not find an associa-
tion (20-23), and at least one study demonstrated that fetuin-A
was higher in patients with CHD than in those without (24).
Studies involving patients undergoing HD have also yielded
mixed outcomes. Some studies support the role of fetuin-A as
a risk factor or marker of CVD (13,14,25-29), while others do
not (30-32). According to the present study, serum fetuin-A
cannot serve as a marker of established CHD in patients
undergoing HD. This result does not entirely contradict
studies suggesting that fetuin-A levels can indicate the risk
of CVD. Numerous of those studies focused on subclinical
atherosclerosis or vascular calcification (13,25-28,30,32), or
they assessed incident CVD rather than established CVD in
general or CHD specifically (13,14,25-27).

In the present study, serum fetuin-A levels correlated with
dp-ucMGP, phosphorus, white blood cell count and neutrophil
levels, but not with CRP. Additionally, factors such as sex,
diabetes mellitus, heart failure and inflammation, as defined by
a CRP cut-off, did not affect fetuin-A levels. Of note, fetuin-A
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Table III. Differences in serum dp-ucMGP (pg/ml) between different groups.

No. of patients

Yes

No

P-value

Male sex 90
Diabetes mellitus 50
Coronary heart disease 40
HFpEF 38
HFrEF 26
CRP>1 mg/dl 63

3,766.63 (3,056.58-6,910.13)
3,512.70 (2,490.82-4,943.77)
3,112.62 (2,487.32-4,221.92)
4,451.02 (3,054.16-7,207.95)
3,094.49 (2474.14-4,357.54)
3,631.09 (2,492.57-6,218.71)

445102 (2,094.04-6,983.42)
4,736.58 (3,088.39-7,377.55)
4,704.96 (3,135.95-7,207.95)
3,810.37 (3,328.87-7.840.34)
4008.10 (3.076.50-7,707.95)
4,684.97 (3,181.79-7,197.20)

0.750
0.006
0.004
0.571
0.028
0.032

Values correspond to median (IQR) analyzed using the Mann-Whitney U test. HFpEF, heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; CRP, C-reactive protein.

Table IV. Associations of CHD with sex, diabetes, HFrEF and CRP.

Variable Category CHD (no. of patients No CHD (no. of patients) ¥ P-value
Sex Male 38 52 15.955 <0.001
Female 2 34
Diabetes mellitus Yes 24 26 10.107 0.001
No 16 60
HFrEF Yes 22 4 35.267 <0.001
No 18 68
CRP >1 mg/dl Yes 21 42 0.147 0.702
No 19 44
HFrEF, heart failure with reduced ejection fraction; CRP, C-reactive protein; CHD, coronary heart disease.
Table V. Differences in factors correlated with dp-ucMGP in patients with or without CHD.
CHD No CHD P-value
Age (years) 71.5 (63-77) 67.0 (59-74) 0.182
Body mass index (kg/m?) 25.30 (22.25-27.80) 25.54 (23.43-29.77) 0.317
Creatinine (mg/dl) 6.0 (3.77-7.03) 6.4 (5.1-7.7) 0.067
Calcium (mg/dl) 9.05 (8.7-10.0) 9.10 (8.8-9.3) 0.825
Parathyroid hormone (pg/ml) 258.7 (199.9-391.9) 267.3 (175.0-455.0) 0.992
Fetuin-A (mg/ml) 1.62 (0.745-1.93) 1.47 (0.773-2.145) 0.987
CRP (mg/dl) 1.02 (0.79-1.61) 0.945 (0.78-1.60) 0.902

Values correspond to median (IQR) analyzed using the Mann-Whitney U test. dp-ucMGP, dephosphorylated-uncarboxylated matrix Gla

protein; CRP, C-reactive protein; CHD, coronary heart disease.

is considered a negative inflammatory reactant (13,14,26-29).
Notably, not all studies involving patients undergoing HD
have shown a negative association with CRP (31,49). As
regards diabetes mellitus, while some studies have reported
an association with decreased fetuin-A levels (29,31), others
have not (26). Considering the lack of an association between
fetuin-A levels and heart failure in the present study, in the
patients included herein, heart failure was strongly associated
with CHD, implying that, in the majority of cases, CHD may
be the cause of heart failure.

Asin previous studies (15,16), serum dp-ucMGP levels were
higher in patients undergoing HD than in healthy volunteers.
In the present study, in patients undergoing HD, dp-ucMGP
levels were significantly lower in those with established CHD
than in those without CHD. ROC curve analysis revealed an
AUC of 0.659 for identifying CHD-free patients, indicating
serum dp-ucMGP as a moderately significant marker of CHD
in patients undergoing HD.

The data on the role of high dp-ucMGP as a risk factor
or a marker of established CVD are mixed. In the general
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Table VI. Logistic regression analysis for CHD with dp-ucMGP alone (model 1) or in combination with diabetes (the only

variable affecting both) (model 2).

95% C.I. for OR

B S.E Sig. OR Lower Upper
Model 1
dp-ucMGP (ng/ml) -0.254 0.091 0.005 0.776 0.649 0.928
Model 2
Diabetes mellitus 1.068 0413 0010 2.909 1.295 6.534
dp-ucMGP (ng/ml) -0.208 0.092 0.024 0.812 0.677 0.973

Model 1 fit: Omnibus test of model coefficients, P=0.03; Nagelkerke R?=0.097, x>=9.055, P=0.03. Model 2 fit: Omnibus test of model coef-

ficients, P<0.001; Nagelkerke R*=0.166, x>=25.850, P<0.01.

population, some studies have identified high dp-ucMGP
levels as a risk factor for CVD or a marker of established
CVD (33-37,41). By contrast, others have not found such an
association (38), whereas, particularly for CHD, others have
supported the opposite (39,40). However, even in studies that
have supported an association between high dp-ucMGP levels
and CVD, several interesting points emerge. In one of these,
no link was detected between dp-ucMGP levels and the risk of
incident myocardial infarction or sudden cardiac death (33). In
another study, patients with NSTEMI had higher dp-ucMGP
levels than those with STEMI (37). The results of the last
two studies suggest that high dp-ucMGP levels are associated
with greater coronary artery calcification and, consequently,
a lower risk of atherosclerotic plaque rupture (34). Lastly,
one study demonstrated that elevated dp-ucMGP levels were
associated with an increased risk of incident CVD, CHD
and all-cause mortality, but only in the youngest age quartile
(45-to-53-year-olds) (41), i.e., in a younger age group than the
patients undergoing HD in the present study.

In studies involving patients undergoing HD, the findings
on the role of high dp-ucMGP as a CVD risk factor or marker
of established CVD are also inconsistent. Some studies have
shown such an association (15,16,42-44), while others have
failed to detect it (45,46); notably, in one study, low dp-ucMGP
levels were linked to increased all-cause [hazard ratio (HR),
1.71; 95% CI1,0.92-3.17] and CV mortality (HR, 1.83; 95% CI,
0.9-3.7) (48). Of note, in one study involving patients with mild
to moderate chronic kidney disease, elevated dp-ucMGP levels
were associated with increased all-cause mortality, but not with
more atherosclerotic CV events (47). Finally, in support of the
results of the present study, studies have failed to confirm CV
benefits despite the potential of vitamin K supplementation to
reduce dp-ucMGP levels in patients with ESKD (49).

In the present study, serum dp-ucMGP levels were nega-
tively correlated with age and positively correlated with BMI,
creatinine, calcium, iPTH and fetuin-A. Although no correla-
tion was detected with CRP, when a CRP cut-off of 1 mg/dl
was used to define inflammation, those with inflammation had
lower dp-ucMGP levels than those without. Studies involving
patients undergoing HD conclude with inconsistent results
regarding the association between dp-ucMGP levels and CRP.
Some have detected a positive association (42,44,45), while

others have found no association (50). Sex did not affect serum
dp-ucMGP levels. However, dp-ucMGP levels were lower in
patients with diabetes mellitus. Studies on patients undergoing
HD conclude with varying results regarding the association
between dp-ucMGP levels and diabetes mellitus. Some have
detected a positive association (16,51), while others have
found no association (43,44), or a negative association (38,46).
Finally, dp-uc MGP levels were lower in patients with HFrEF.
However, the strong association between HFrEF and CHD
suggests that CHD may have caused HFrEF in the patients in
the present study.

Among the variables that affected dp-ucMGP levels,
only diabetes mellitus was associated with CHD. For every
dp-ucMGP increase of 1 ng/ml, the risk of CHD decreased
by 23.4%. Still, following adjustment for diabetes mellitus,
for every dp-ucMGP increase of 1 ng/ml, the risk for CHD
decreased by 18.8%.

The present study has certain limitations. First, further
prospective studies involving a larger patient population are
necessary to verify the findings. The modest discriminatory
capacity of dp-ucMGP for detecting CHD (AUC, 0.659) further
underscores the need for additional research. In addition, the
present study relied on the medical records of patients to deter-
mine the presence of CHD. As a consequence, some cases of
asymptomatic CHD may have been overlooked. Nevertheless,
regular thrice-weekly attendance at the HD unit enables early
detection of CHD, and patients undergo periodic cardiological
assessments and transthoracic echocardiography. Moreover,
the results do not entirely contradict studies suggesting that
fetuin-A or dp-ucMGP levels can indicate the risk of CVD. A
number of those studies focused on subclinical atherosclerosis
or vascular calcification (15,16,42-45), or they assessed inci-
dent CVD rather than established CHD (43-45,47.48). Finally,
we assessed fetuin-A and dp-ucMGP at a single time point to
determine whether they are associated with established CHD.
However, interpreting the results is challenging as the patients
who survive to that time point are not a random sample.
Patients with more calcified arteries may have an improved
prognosis, since more calcified atherosclerotic plaques are less
prone to rupture (34). Thus, patients with CHD with higher
dp-ucMGP levels or lower fetuin-A levels, and possibly more
calcified coronary arteries, are more likely to be alive and
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were included in the assessment. This survival imbalance
may influence the observed association between fetuin-A or
dp-ucMGP and CHD. In other words, dp-ucMGP may be a
negative marker of prevalent CHD and, concurrently, a risk
factor for incident CHD. Following-up on the patient cohort
for incident CHD will help clarify this concept.

In conclusion, the present study demonstrates that, in
patients undergoing HD, fetuin-A levels are not associated
with established CHD. Conversely, elevated dp-ucMGP levels
indicate CHD-free patients, though its accuracy is moderate.
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