
Vol.:(0123456789)1 3

International Urology and Nephrology (2019) 51:527–534 
https://doi.org/10.1007/s11255-019-02080-x

NEPHROLOGY - ORIGINAL PAPER

Associations of vitamin K status with mortality and cardiovascular 
events in peritoneal dialysis patients

Qingdong Xu1   · Huankai Guo1 · Shirong Cao2 · Qian Zhou3 · Jiexin Chen1 · Ming Su1 · Siying Chen1 · 
Songqin Jiang1 · Xiaofeng Shi1 · Yueqiang Wen4

Received: 20 July 2018 / Accepted: 7 January 2019 / Published online: 28 January 2019 
© Springer Nature B.V. 2019

Abstract
Purpose  Vitamin K deficiency, expressed by a high level of desphospho-uncarboxylated matrix GLA protein (dp-ucMGP), 
is highly prevalent in dialysis patients. However, the predictive ability of the vitamin K status remains unclear in continuous 
ambulatory peritoneal dialysis (CAPD) patients.
Methods  158 prevalent CAPD patients with a median level of dp-ucMGP of 1093 (752, 1485) pmol/L were enrolled. Patient 
outcomes including all-cause mortality and cardiovascular events (CVEs) were recorded during follow-up. Survival curves 
were performed using Kaplan–Meier method, and the influences of dp-ucMGP on outcomes were analyzed by Cox regres-
sion models.
Results  A total of 59 deaths and 82 new episodes of CVEs occurred during median follow-up of 31.4 ± 13.1 months (range: 
3.8–48.0 months). Kaplan–Meier analysis revealed patients with higher dp-ucMGP levels (≥ 1093 pmol/L) had an increased 
risk for both mortality (P = 0.005) and CVEs (P < 0.001). Multivariable Cox regression confirmed that higher dp-ucMGP 
levels increase the mortality risk [hazard ratio (HR), 1.763; 95% CI 1.045–3.291] and CVEs (HR, 1.846; 95% CI 1.074–
3.172). For every 100 pmol/L increase in serum dp-ucMGP, the adjusted HRs for mortality and CVEs were 1.054 (95% CI 
1.008–1.106) and 1.034 (95% CI 1.012–1.089), respectively.
Conclusions  Vitamin K deficiency, as expressed by high dp-ucMGP levels, showed independently associations with mortal-
ity and CVEs in CAPD patients.
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Introduction

Cardiovascular complications are highly prevalent in 
patients undergoing dialysis with end-stage renal disease 
(ESRD) [1–3]. The excessive cardiovascular risk is contrib-
uted to conventional and novel risk factors including cardio-
vascular calcification (CVC) [4].

Vitamin K is mainly known as an agent involved in blood 
coagulation, maintaining the activity of coagulation factors 
in the liver. Recently, epidemiological studies suggested that 
vitamin K deficiency is associated with several diseases, 
including osteoporosis and vascular calcification [5]. Stud-
ies both in vitro and in vivo have demonstrated vitamin K 
as a pivotal regulator of CVC, via carboxylation of vitamin 
K-dependent proteins such as matrix GLA protein (MGP) 
[6–9]. Desphospho-uncarboxylated MGP (dp-ucMGP), a 
fully inactive form of phosphorylated and dephosphorylated 
MGP, was thought to be associated with the vitamin K status 
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[10–13]. It has been reported that a high vitamin K status 
resulted in lower dp-ucMGP levels, which in turn reduced 
CVC [14, 15]. In line with these results, many studies have 
attempted to investigate the effect of the vitamin K status on 
clinical outcomes, both in the general population [16] and 
in high-risk populations such as patients with diabetes [17], 
chronic vascular diseases [18, 19], or undergoing chronic 
hemodialysis [20, 21], which showed a potential positive 
relationship between dp-ucMGP and the risk of all-cause or 
cardiovascular mortality.

To our knowledge, few reports have investigated the pre-
dictive value of the vitamin K status in peritoneal dialy-
sis (PD) patients. We thus evaluated the clinical relevance 
between the vitamin K status and adverse outcomes in PD 
patients.

Methods

Study population

This study was approved by the Institutional Review Board 
of Jiangmen Central Hospital, Affiliated Jiangmen Hospital 
of Sun Yat-Sen University (June 1, 2012), and informed con-
sent was obtained from all participants before enrollment.

A total of 206 patients who underwent continuous ambu-
latory peritoneal dialysis (CAPD) for more than 3 months 
at our center from July 1, 2013 to December 31, 2013 were 
retrieved from our database. All patients were treated with 
Dianeal solution (Baxter China Ltd., Guangzhou, China). 
Exclusion criteria were patients aged < 18 years (n = 2); with 
incomplete data (n = 27); on warfarin treatment (n = 1); with 
underlying malignancy (n = 4), congenital or chronic rheu-
matic heart disease (n = 3); or with acute infection complica-
tions or acute cardiovascular events (CVEs) 1 month before 
the study (n = 11). Ultimately, a total of 158 patients were 
evaluated in the present study.

Demographic and clinical data

Variables included demographic characteristics (age and 
gender), body mass index (BMI), etiology of kidney dis-
ease, presence of diabetes and cardiovascular disease (CVD; 
defined as history of either ischemic heart disease, conges-
tive heart failure, ischemic or hemorrhagic stroke, or periph-
eral vascular disease) [22, 23].

Fasting serum samples were collected for the detection 
of biochemical data [calcium, phosphate, intact parathyroid 
hormone (iPTH), hemoglobin, albumin, high-sensitivity 
CRP (hs-CRP), cholesterol, triglycerides, and dp-ucMGP]. 
Serum dp-ucMGP, determined with a dual-antibody (“sand-
wich”) ELISA technique, is based on monoclonal antibody 
detection against the non-carboxylated sequence at amino 

acids 35 to 49 in human MGP (VitaK BV, Maastricht, The 
Netherlands). Adequacy of dialysis (total weekly urea clear-
ance, Kt/Vurea) was calculated using a standard method 
described previously [24]. Residual glomerular filtration 
rate (rGFR) was measured as the mean of 24-h urinary urea 
and creatinine clearance [25].

Echocardiography

Echocardiography was performed by a skilled echocardi-
ographist according to the American Society of Echocar-
diography recommendations [26]. The echocardiographist 
was blind to all clinical details. Two-dimensional guided 
M-mode echocardiography images were recorded from 
standardized views. We defined valvular calcification as 
bright echoes > 1 mm on one or more cusps of the cardiac 
valve [27, 28].

Outcomes

The primary outcomes included all-cause mortality and 
fatal or non-fatal CVEs. Fatal or non-fatal CVEs included 
electrocardiographically documented myocardial ischemia 
or infarction, arrhythmia, acute heart failure, ischemic or 
hemorrhagic stroke, peripheral vascular disease, or sudden 
death [29]. As non-fatal events can occur repeatedly, the 
first new episode of event was recorded. All patients were 
followed up until the occurrence of one of the following 
events: a primary outcome (death or CVEs), kidney trans-
plantation, transfer to hemodialysis or loss to follow-up, or 
end of follow-up (June 30, 2017).

Statistical analyses

Summary statistics by median level of serum dp-ucMGP 
(1093  pmol/L) were expressed as percentages of cat-
egorical data, mean ± standard deviation (SD), or median 
(interquartile range, IQR), according to the distribution. 
Between-group comparisons were performed using t test, 
Mann–Whitney U, or Chi-Square test when appropriate. 
The associations of the serum dp-ucMGP level with respect 
to other variables were carried out by bivariate correlation 
analysis, with Pearson’s correlation coefficients test for 
quantitative variables and Spearman’s correlation coeffi-
cients for categorical variables. Multivariable linear regres-
sion analysis was further constructed to analyze the inde-
pendent factors correlated with the serum dp-ucMGP level. 
Survival estimates for all-cause mortality and CVEs were 
performed using the Kaplan–Meier and Cox proportional 
hazards model, with the function of the serum dp-ucMGP 
level either categorized by the median or as a continuous 
variable. Factors with P < 0.05 in the univariate analysis 
were included in the multivariable analysis to determine 
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independent predictors of outcomes. Statistical analyses 
were performed using SPSS software, version 13.0 (SPSS, 
Chicago, IL, USA). Statistical significance was defined as a 
two-side P value less than 0.05.

Results

Baseline characteristics of study cohort

A total of 158 patients undergoing CAPD were included in 
this study. The mean age was 53.17 ± 12.89 years, and 46.8% 
were female. The median level of dp-ucMGP was 1093 (752, 
1485) pmol/L. Table 1 shows the characteristics of the study 
cohort sorted by the median dp-ucMGP level. Patients with 
higher serum dp-ucMGP levels were significantly older, with 

a higher incidence of valvular calcification. They also had 
lower serum albumin levels and higher hs-CRP levels. No 
significant difference was observed between the two groups 
in gender, BMI, etiology of ESRD, presence of diabetes, 
hypertension or pre-existing CVD, serum level of Ca × P 
product, iPTH, hemoglobin, cholesterol, and triglycerides. 
Furthermore, neither prescription use (CaCO3, active vita-
min D analog) nor dialysis-specific parameters (dialysis 
vintage, rGFR, and Kt/Vurea) were significantly different 
between the two groups.

Univariate analysis showed that the serum dp-ucMGP 
level positively correlated with age, hs-CRP, and valvular 
calcification, whereas it negatively correlated with the serum 
albumin level (Table 2). Multivariate analysis showed that 
the serum dp-ucMGP level remained positively association 
with hs-CRP (β = 0.221; P = 0.003) and valvular calcification 

Table 1   Clinical characteristics of the study cohort stratified by median of dp-ucMGP

Values expressed as mean ± SD, percent, or median (interquartile range), or the number (percentage) for binary variables
dp-ucMGP desphospho-uncarboxylated MGP; BMI body mass index; ESRD end-stage renal disease; CGN chronic glomerulonephritis; DN dia-
betic nephropathy; HN hypertensive nephrosclerosis; CVD cardiovascular disease; CCB calcium-containing phosphate binder; IQR interquartile 
range; rGFR residual glomerular filtration rate; iPTH intact parathyroid hormone; hs-CRP high-sensitivity C-reactive protein

All patients (n = 158) dp-ucMGP < 1093 pmol/L 
(n = 79)

dp-ucMGP ≥ 1093 pmol/L 
(n = 79)

P  value

Age (years) 53.17 ± 12.89 51.38 ± 12.39 54.96 ± 13.21 0.031
Female (%) 74 (46.8) 33 (41.8) 41 (51.9) 0.202
BMI (kg/m2) 21.58 ± 2.75 21.82 ± 2.96 21.34 ± 2.51 0.266
Etiology of ESRD (%)
 CGN (%) 73 (46.2) 42 (53.2) 31 (39.2) 0.244
 DN (%) 49 (31.0) 22 (27.8) 27 (34.2)

   HN (%) 18 (11.4) 9 (11.4) 9 (11.4)
 Others (%) 18 (11.4) 6 (7.6) 12 (15.2)

Diabetes (%) 51 (32.3) 20 (25.3) 31 (39.2) 0.063
Pre-existing CVD (%) 46 (29.1) 15 (19.0) 31 (39.2) 0.005
Valvular calcification (%) 53 (33.5) 18 (22.8) 35 (44.3) 0.004
Hypertension (%) 140 (88.6) 68 (86.1) 72 (91.1) 0.317
Prescription (%)
CCB 104 (65.8) 48 (60.8) 56 (70.9) 0.180
Active vitamin D analog 103 (65.2) 47 (59.5) 56 (70.9) 0.133
Dialysis-specific parameters
Dialysis vintage (months, IQR) 18.0 (11.8, 25.2) 17.7 (11.0, 24.0) 18.3 (12.0, 26.3) 0.410
rGFR (ml/min/1.73 m2, IQR) 1.13 (0, 3.14) 0.95 (0, 3.63) 1.20 (0, 3.27) 0.688
Total Kt/Vurea 2.19 ± 0.45 2.20 ± 0.45 2.19 ± 0.45 0.835
Laboratory findings
Ca × P product (mg2/dL2) 54.12 ± 13.66 53.23 ± 14.21 55.01 ± 13.11 0.413
iPTH (pg/Ml, IQR) 320.9 (151.5, 557.6) 324.9 (132.7, 589.9) 320.9 (171.9, 557.4) 0.746
Hemoglobin (g/L) 101. 7 ± 21.2 104.2 ± 21.1 99.2 ± 21.3 0.216
Serum albumin (g/L) 36.36 ± 4.94 37.23 ± 4.73 35.50 ± 5.01 0.021
hs-CRP (mg/L, IQR) 2.88 (0.92, 7.82) 2.21 (0.78, 6.04) 5.80 (1.29, 9.17) 0.006
Cholesterol (mmol/L) 4.73 ± 1.29 4.78 ± 1.43 4.69 ± 1.14 0.648
Triglycerides (mmol/L, IQR) 1.32 (0.95, 1.81) 1.33 (0.95, 1.97) 1.30 (0.92, 1.70) 0.593
dp-ucMGP (pmol/L, IQR) 1093 (752, 1485) 756 (586, 888) 1484 (1286, 1938) < 0.001
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(β = 0.271; P = 0.001), and negatively association with 
serum albumin (β = − 0.179; P = 0.019; Table 3).

Relation to clinical outcomes

During the median follow-up of 31.4 ± 13.1 months (range: 
3.8–48.0 months), 59 patients (37.3%) died, 36 (61.0%) of 
which were attributed to CVEs, and 82 patients developed 
one or more fatal or non-fatal CVEs (Table 4). A significant 
higher incidence of all-cause mortality (48.1% vs. 26.6%, 
p = 0.005) and CVEs (64.6% vs. 39.2%, p = 0.001) were 
observed in patients with dp-ucMGP levels ≥ 1093 pmol/L. 
Also, patients with higher dp-ucMGP levels had a signifi-
cant higher incidence of stroke (21.5% vs. 10.1%, p = 0.05), 
and a borderline significant association of high dp-ucMGP 

levels with ischemic stroke was observed (16.5% vs. 7.6%, 
p = 0.087). Kaplan–Meier analysis revealed that high dp-
ucMGP levels (≥ 1093 pmol/L) were associated with an 
increased risk for both all-cause mortality and CVEs (Fig. 1; 
log-rank test: P = 0.005 and P < 0.001, respectively). The 
univariate Cox regression analysis showed a hazard ration 
(HR) of 2.116 (95% CI: 1.239–3.615) for all-cause mor-
tality and a HR of 2.786 (95% CI: 1.758–4.359) for CVEs 
(Table 5). Regardless of the adjustment method used, the 
high serum dp-ucMGP level was significantly associated 
with higher all-cause mortality and CVEs. In model 3, which 
is a maximally adjusted model including age, gender, BMI, 
diabetes, previous CVD, hypertension, prescription of CCB, 
active vitamin D analog, dialysis vintage, rGFR, total Kt/
Vurea, Ca × P product, iPTH, hemoglobin, cholesterol, tri-
glycerides, and MICS components (serum albumin, hs-CRP, 
and valvular calcification), the adjusted HRs for all-cause 
mortality and CVEs were 1.763 (95% CI: 1.045–3.291) and 
1.846 (95% CI: 1.074–3.172), respectively. Similar results 
were observed when the dp-ucMGP level was used as con-
tinuous variable, for every 100 pmol/L increase in the serum 
level of dp-ucMGP, the adjusted HRs for mortality and 
CVEs were 1.054 (95% CI: 1.008–1.106) and 1.034 (95% 
CI: 1.012–1.089), respectively.

Discussion

The current study revealed that among patients undergo-
ing CAPD, a poor vitamin K status, as expressed by high 
dp-ucMGP levels, correlated with malnutrition, inflamma-
tion, and valvular calcification, and thereby conferred to an 
increased risk of mortality and CVEs, which is independent 
of traditional CVD risk factors.

Recently, vitamin K deficiency has been considered as a 
novel risk factor in CKD population [21, 30]. A significant 
amount of evidence has revealed a high prevalence of vita-
min K deficiency as high as 60–90% in patients at all stages 
of CKD [31], with a robust inverse association between 
eGFR and serum dp-ucMGP levels. Our data confirmed 
high plasma dp-ucMGP levels in CAPD patients when 
compared with that in healthy subjects (448 ± 167 pmol/L) 
[32, 33]. The factors associated with vitamin K deficiency 
in CKD patients are complex as many factors are involved, 
among which a reduced dietary intake may be a vital factor. 
Generally, CKD patients are recommended a dietary regi-
men with potassium-rich foods, which are usually rich in 
vitamin K [34, 35]. Moreover, anorexia and poor appetite 
are common in these patients, resulting in a compromised 
overall energy intake and subsequent malnutrition. Indeed, 
our results showed a robust association between low serum 
albumin levels and high dp-ucMGP, which is consistent with 

Table 2   Variables correlation with baseline serum dp-ucMGP levels

Abbreviations and definitions as listed in Table 1

Variables r P value

Age (years) 0.234 0.003
Female 0.066 0.410
BMI (kg/m2) − 0.129 0.106
Diabetes 0.101 0.151
Previous CVD 0.061 0.319
Valvular calcification 0.345 < 0.001
Hypertension 0.039 0.628
Prescription of CCB 0.094 0.241
Prescription of active vitamin D 

analog
0.129 0.105

Dialysis vintage (months) 0.099 0.217
rGFR (ml/min/1.73 m2) 0.015 0.852
Total Kt/Vurea − 0.050 0.537
Ca × P product (mg2/dL2) 0.006 0.941
iPTH (pg/mL) − 0.049 0.545
Hemoglobin (g/L) − 0.056 0.487
Serum albumin (g/L) − 0.176 0.007
hs-CRP (mg/L) 0.317 < 0.001
Cholesterol (mmol/L) 0.029 0.714
Triglycerides (mmol/L) 0.008 0.925

Table 3   Multivariate analysis of clinical measures associated with 
baseline serum dp-ucMGP levels

Abbreviations and definitions as listed in Table 1

Variables Standard error Standardized β t P value

Age (years) 3.725 0.057 0.709 0.480
Valvular calcifi-

cation
97.92 0.271 3.472 0.001

Serum albu-
min (g/L)

9.055 − 0.179 − 2.267 0.019

hs-CRP (mg/L) 10.31 0.221 2.967 0.003
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the study of Delanaye et al., emphasizing the correlation 
between malnutrition and vitamin K deficiency [36].

Intriguingly, our findings also showed an independent 
association between vitamin K status and inflammatory 
marker (hs-CRP) in multivariate analysis, a relationship 
that has also been found in previous studies in a general 
population cohort [37] and kidney transplant recipients [38]. 
A potential anti-inflammatory effect of vitamin K has pre-
viously been shown through inhibition of interleukin-6 in 
lipopolysaccharide-treated fibroblasts [39]. Furthermore, 
an in vitro study has shown an increment in expression of 
inflammatory genes with a vitamin K-deficient diet, and this 
inflammatory response was reversed by vitamin K1-supple-
mented diets [40].

Other than malnutrition and inflammation, a reduced 
renal function may also facilitate the poor vitamin K sta-
tus in CKD patients [30]. However, no association between 
residual renal function and dp-ucMGP was seen in our 
patients. Also, we found no relationship between serum dp-
ucMGP and dialysis indexes, including dialysis vintage and 
Kt/Vurea, suggesting the poor renal function of our preva-
lent PD patients or PD itself is insufficient for developing 
a significant discrepancy in the clearance or production of 
serum dp-ucMGP, which needed to be verified in future pro-
spective study.

Cardiovascular disease remains exceedingly common in 
dialysis patients [1–3]. Despite the progress in the under-
standing of CVD in these populations, its pathophysiology 

Table 4   All-cause mortality, CV mortality, and CVE in patients with different serum dp-ucMGP levels

Expressed as number (%)
a Chi-Square test was performed between patients with dp-ucMGP < 1093 pmol/L and dp-ucMGP ≥ 1093 pmol/L

All patients (n = 158) dp-ucMGP < 1093 pmol/L 
(n = 79)

dp-ucMGP ≥ 1093 pmol/L 
(n = 79)

P valuea

All-cause mortality 59 (37.3) 21 (26.6) 38 (48.1) 0.005
Cardiovascular mortality 36 (22.8) 16 (20.3) 20 (25.3) 0.448
Cardiovascular events (fatal and unfatal) 82 (51.9) 31 (39.2) 51 (64.6) 0.001
Angina pectoris 5 (3.2) 2 (2.5) 3 (3.8) 1.0
Acute myocardial infarction 13 (8.2) 5 (6.3) 8 (10.1) 0.564
Acute heart failure 31 (19.6) 12 (15.2) 19 (24.1) 0.229
Arrhythmia 6 (3.8) 3 (3.8) 3 (3.8) 1.0
Stroke 25 (15.8) 8 (10.1) 17 (21.5) 0.05
Ischemic stroke 19 (12.0) 6 (7.6) 13 (16.5) 0.087
Hemorrhagic stroke 6 (3.8) 2 (2.5) 4 (5.0) 0.681
Peripheral vascular accident 2 (1.3) 1 (1.3) 1 (1.3) 1.0

Fig. 1   High dp-ucMGP levels predict all-cause mortality and cardio-
vascular events in peritoneal dialysis patients. Kaplan–Meier analysis 
of all-cause (a) and cardiovascular events (b) in patients with low and 

high levels of dp-ucMGP (grouped according to median), log-rank 
test: P = 0.005 and P < 0.001, respectively
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has not been fully elucidated. Recently, CVC has been 
increasingly recognized as a key player in this devastating 
clinical outcome [3, 4]. In addition, emerging evidence 
has suggested vitamin K deficiency as a link between 
vascular calcification and CKD [36, 41]. In this regard, 
studies both in vitro and in vivo have demonstrated that 
high dp-ucMGP levels, as a sensitive marker of vitamin 
K deficiency, correlated with more ectopic calcification 
[10, 12, 42]. Accordingly, several epidemiological studies 
have attempted to investigate the effect of the vitamin K 
status on clinical outcomes, both in the general population 
[16] and in high-risk populations such as patients with 
diabetes [17], chronic vascular disease [18, 19], or chronic 
hemodialysis [20, 21]. These studies showed potential 
positive clinical relevance between dp-ucMGP and higher 
mortality risk, especially cardiovascular mortality. Like-
wise, our study confirmed a robust positive relationship 
between dp-ucMGP and a higher rate of all-cause mortal-
ity in PD patients. Compared with patients with low dp-
ucMGP, patients with dp-ucMGP levels above the median 
level had more than 70% increment in mortality risk inde-
pendently of conventional risk profiles. Importantly, we 
extended these results by establishing that high dp-ucMGP 
levels, beyond conventional risk factors, are also associ-
ated with incremental subsequent CVEs risk. In particular, 
this association was pronounced for the subtype of stroke, 
especially in terms of ischemic stroke. We speculate this 
association between vitamin K status and stroke might 
have something to do with ectopic calcification. Actually, 
numerous population-based studies have reported a signifi-
cant higher risk of ischemic stroke in patients with ectopic 
calcification [43–45]. However, a recent study in general 
population found no association between vitamin K (dp-
ucMGP) and stroke [46], which seemed to differ from our 

study. The discrepancy in results might be attributable to 
different populations. As mentioned above, our patients 
had markedly elevated dp-ucMGP levels as compared with 
healthy subjects [32, 33]. Also, the relatively small varia-
tion in dp-ucMGP levels in healthy subjects may limit the 
ability of detecting an association between dp-ucMGP lev-
els and stroke. Additionally, inconsistent with a relatively 
few prevalence of CVC in healthy population, a markedly 
higher prevalence of CVC in our high-risk patients may 
contribute to stroke, as was in line with previous studies 
[44, 45]. Concerning our findings and previous reports, 
we concluded that a poor vitamin K status, expressed by a 
high level of dp-ucMGP, could be a pivotal risk factor for 
CVD, especially ischemic stroke, in PD patients.

Though this study is the first to explore the association 
between dp-ucMGP and mortality and CVEs in PD patients, 
there are some limitations to it. First, the nature of cross-
sectional design does not allow causal inferences. Second, 
a single measurement may not reflect the time-average or 
time-variation in exposure of serum dp-ucMGP. Further-
more, our study included only prevalent but not incident 
patients and may introduce selection bias. Finally, as a result 
of the relatively small sample size and limited numbers of 
events, we may have had limited power to detect a somewhat 
weaker association, especially in terms of the associations 
between dp-ucMGP and CVE subtype. Further studies with 
larger sample sizes should thus be conducted to clarify this 
issue widely and deeply.

In conclusion, our results showed that dp-ucMGP, a 
vitamin K status marker, was associated with higher mor-
tality and CVD risk in CAPD patients. Further studies 
are needed to determine whether vitamin K supplementa-
tion, to increase the rate of MGP carboxylation, and thus 
decrease dp-ucMGP levels, leads to a regression in ectopic 

Table 5   Crude and adjusted Hazard ratios (95%CI) for the association of dp-ucMGP with all-cause and incident cardiovascular events among 
PD patients

Model 1 adjusted for epidemiologic parameters including age, gender
Model 2 adjusted for all model 1 parameters plus BMI, diabetes, previous CVD, hypertension, prescription of CCB, active vitamin D analog, 
dialysis vintage, rGFR, total Kt/Vurea, Ca × P product, iPTH, hemoglobin, cholesterol, triglycerides
Model 3 adjusted for all model 2 parameters plus serum albumin, hs-CRP, valvular calcification

Crude Adjusted

Model 1 Model 2 Model 3

All-cause mortality
Continuous model (per 100 pmol/L increase) 1.067 (1.027–1.108) 1.040 (1.001–1.081) 1.058 (1.013–1.106) 1.054 (1.008–1.106)
dp-ucMGP < 1093 pmol/L 1.00 1.00 1.00 1.00
dp-ucMGP ≥ 1093 pmol/L 2.116 (1.239–3.615) 1.775 (1.024–3.076) 1.845 (1.062–3.494) 1.763 (1.045–3.291)
Cardiovascular events
Continuous model (per 100 pmol/L increase) 1.084 (1.039–1.215) 1.061 (1.032–1.178) 1.042 (1.026–1.124) 1.034 (1.012–1.089)
dp-ucMGP < 1093 pmol/L 1.00 1.00 1.00 1.00
dp-ucMGP ≥ 1093 pmol/L 2.786 (1.758–4.359) 2.506 (1.575–3.988) 1.780 (1.064–2.978) 1.846 (1.074–3.172)
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calcification, and subsequently to a reduction in the mortal-
ity/CVD risk of patients on CAPD.
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