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Objective: Systemic hypoperfusion is intricately involved in neurohormone secretion,

vascular calcification (VC) related impaired vasodilation, and luminal stenosis. We aimed

to conduct a joint evaluation of vasopressin-neurophysin II-copeptin peptide (VP) and

advanced aortic arch calcification (AAC) on all-cause and cardiovascular (CV) mortality

in maintenance hemodialysis (MHD) patients.

Methods: Unadjusted and adjusted hazard ratios (aHRs) of mortality risks were analyzed

for different groups of VP and AAC in 167 MHD patients. The modification effect between

higher VP and advanced AAC on mortality risk was examined using an interaction

product term.

Results: Interactions between VP and AAC with respect to all-cause and CV mortality

were statistically significant. In multivariable analysis, higher VP predicted all-cause

and CV mortality [aHR: 2.2 (95% confidence interval (CI): 1.1–4.5)] and 2.6 (95% CI:

1.1–4.6), respectively. Advanced AAC was associated with incremental risks of all-cause

and CV mortality [aHR: 2.1 (95% CI: 1.1–4.0)and 2.5 (95% CI: 1.0–4.3), respectively].

Patients with combined higher VP (>101.5 ng/mL) and advanced AAC were at the

greatest risk of all-cause and CV mortality [aHR: 4.7 (95% CI: 1.2–16.2)and 4.9 (95%

CI: 1.1–18.9), respectively].
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Conclusion: Combined VP and advanced AAC predict not only all-cause but also CV

death in MHD patients, and a joint evaluation is more comprehensive than single marker.

In light of hypoperfusion and ischemic events in vital organs, VP and AAC could act as

more robust dual marker for prognostic assessment.

Keywords: vasopressin, neurophysin II, copeptin, vascular calcification, mortality, dialysis

INTRODUCTION

Patients undergoing maintenance hemodialysis (MHD) are at
particular risk for early mortality, and cardiovascular (CV)
deaths top the list as the leading cause (1). In light of this,

searching for early warning signs with prompt intervention
strategies to improve outcomes in MHD population is of prime
importance. The hypothalamic-pituitary-adrenal (HPA) axis is

stimulated in response to hemodynamic instability and systemic
hypoperfusion in the emergency department and intensive
care unit (2). Thus, vasopressin related neurohormones have
emerged to assist clinicians with diagnosis and risk stratification

in myriads of diseases, such as acute kidney injury, acute
myocardial infarction (MI), heart failure, lower respiratory
tract infection, stroke, and progression of chronic kidney
disease (3–8). Furthermore, higher plasma concentrations of

copeptin serve as novel biomarkers of combined CV events
in MHD patients and significantly correlate with plasma
concentrations of arginine vasopressin independent of critical
illness (9, 10).

Physiologically, the primary determinant of the vasopressin
system is a state of systemic hypoperfusion regardless of cardiac
morphological determinants, including myocardial stretch,

wall thickness or cavity dimensions (11–14). Nonetheless,
MHD patients are especially prone to extraosseous vascular
calcification (EOVC) associated luminal narrowing (15), leading

to systemic hypoperfusion, reduced vascular compliance,
impaired myocardial perfusion, elevated cardiac afterload,
left ventricular hypertrophy, and ultimately sudden cardiac
death (16–18). With regard to the extremely high prevalence
of EOVC in MHD population, emerging evidence have

highlighted that surrogate markers of EOVC can independently
predict mortality risks (19, 20). Although EOVC can be
immediately assessed by diverse diagnostic imaging tools,
such as ultrasonography, computed tomography and

angiography, chest radiograph has the advantages of being
simple, inexpensive, and commonly applicable in daily clinical
practice. Advanced aortic arch calcification (AAC) detectable
on chest radiograph is identified as a robust predictor of CV

mortality beyond traditional risk factors of atherosclerosis
(21–24). Despite previous documented implications, the

joint and interaction effects of higher plasma concentrations
of vasopressin-neurophysin II-copeptin peptide (VP) and
advanced AAC on mortality risks remained unclear. Thus,
we aimed to conduct a joint evaluation of VP and AAC on
all-cause and CV death risks in this population-based study of
MHD patients.

METHODS

Participants in the Cohort
The study had been approved by the Research Ethics Review
Committee of En Chu Kong Hospital (ECKIRB1070102) in
accordance with the ethical standards of the committee and
the Helsinki declaration for research in humans. The written
informed consent was obtained from the participants of this
study. The relevant details of research methods were described
previously (1, 25). Patients undergoing MHD treatment for at
least 3 months were eligible for inclusion. All patients had to
be older than 18 years of age and be receiving thrice-weekly
MHD, and 185 patients were included. Eighteen patients were
excluded from the study because of inadequate dialysis, terminal
illness, active infections, advanced cancer, active hepatitis,
severe protein-energy wasting, incomplete data, or unwilling to
participate. Previous CV diseases (CVD) were defined as diseases
attributable to myocardial ischemia and infarction, heart failure,
symptomatic or life-threatening arrhythmia, cerebrovascular
diseases, pulmonary embolism, and peripheral artery diseases.

Assessment of Exposures
The plasma VP and AAC were assessed at baseline. Plasma
concentrations of VP were measured by a commercial
quantitative enzyme-linked immunosorbent (ELISA) assay
[Human vasopressin-neurophysin 2-copeptin ELISA Kit
(Catalog Number: OKEH00396), Aviva Systems Biology,
San Diego, CA, USA] in accordance with the manufactures’
instructions. The standard chest radiograph was taken in
posterior-anterior view. A clinician specializing in thoracic
radiology and blinded to patient’s clinical data independently
reviewed one pre-selected standard chest radiograph obtained
from each hemodialysis patient within or as close to the
prespecified study period as possible. To determine the severity
of AAC detectable on chest radiograph, we used a simple
classification system: grade 0 (no visible calcification), grade 1
(small spots of calcification or single thin calcification of the
aortic knob), grade 2 (one or more areas of thick calcification,
but ≤ 50% of the circular area of the aortic knob), and grade 3
(circular calcification with > 50% of circular area of the aortic
knob) (21). All patients were then stratified by AAC grading into
the following two groups for statistical analysis: non-advanced
AAC, patients with AAC grade 0 or grade 1; advanced AoAC,
patients with AAC grade 2 or grade 3.

Assessment of Covariates
The following bio-demographic and laboratory parameters
of each patient were recorded at baseline: age, gender,
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hypertension, diabetes mellitus (DM), previous CVD,
AAC grading, hemodialysis (HD) vintage, systolic blood
pressure, diastolic blood pressure, pre-dialysis blood urea
nitrogen, normalized protein catabolic rate, creatinine,
potassium, calcium, phosphorus, alkaline phosphatase
(ALP), alanine aminotransferase, albumin, uric acid,
total cholesterol, triglyceride, hemoglobin, platelet, intact
parathyroid hormone (iPTH), and VP. HD vintage was
defined as the duration of time between the first day of
HD treatment and the first day that the patient entered
the cohort. Blood pressure was recorded in the horizontal
recumbent position before a midweek dialysis session. Pre-
dialysis blood samples were obtained from the existing
vascular access for further analysis. We adjusted plasma
calcium according to the following equation: adjusted calcium,
measured calcium+ [(4.0—plasma albumin in g/dL) × 0.8]. All
laboratory tests were performed by standard procedures with
certified methods.

Ascertainment of Outcomes
CV mortality in study patients was defined as death
attributable to myocardial ischemia and infarction, heart

failure, fatal arrhythmia, cardiac arrest because of other causes,
cerebrovascular diseases, pulmonary embolism, peripheral
artery diseases, and sudden otherwise unexplained death.
Non-CV mortality was defined as all other causes of death,
i.e., infection, malignancies, gastrointestinal hemorrhage,
accidents and miscellaneous. All-cause mortality included
CV and non-CV death. Patients were censored at last
follow-up, switched to another dialysis unit or received a
kidney transplant.

Statistical Analysis
Continuous variables were presented as mean ± standard
deviation, and categorical variables were expressed as number
(%). The correlation coefficients between covariates of interest
were calculated. The univariate Cox regression analysis was
performed to investigate the independence of risk factors
associated with all-cause and CV mortality. The included
subjects for final analysis were further stratified into higher
and lower concentration groups by median values of VP and
AAC, respectively. If hazard ratios (HRs) for the variables in
the univariate analysis were significant, we would select the
covariates into the multivariable regression model. Unadjusted

TABLE 1 | Bio-clinical data of the whole study population with comparison between survivors and non-survivors.

Variables Overall

(n = 167)

Survivors

(n = 127)

Deceased

(n = 40)

Age (years) 63.3 ± 9.8 61.3 ± 9.5 69.4 ± 8.4

Male, n (%) 78 (46.7) 64 (50.3) 16 (40.0)

Diabetes mellitus, n (%) 73 (43.7) 50 (39.3) 24 (60.0)

Hypertension, n (%) 89 (53.3) 65 (51.2) 24 (60.0)

Advanced AAC 70 (41.9) 44 (34.6) 26 (65.0)

Cardiovascular diseases, n (%) 80 (47.9) 51 (40.2) 25 (62.5)

Systolic blood pressure (mmHg) 137.7 ± 22.6 136.3 ± 21.7 142.2 ± 24.9

Diastolic blood pressure (mmHg) 77.3 ± 11.8 78.4 ± 11.0 74.0 ± 13.6

Hemodialysis vintage (months) 72.3 ± 49.5 68.7 ± 54.3 83.7 ± 27.3

Normalized protein catabolic rate (g/kg/day) 1.0 ± 0.3 1.2 ± 0.3 0.9 ± 0.3

Albumin (g/dL) 3.9 ± 0.4 3.9 ± 0.4 3.6 ± 0.5

Total cholesterol (mg/dL) 189.5 ± 48.2 191.1 ± 51.8 182.5 ± 34.1

Triglyceride (mg/dL) 205.2 ± 179.9 214.1 ± 193.7 177.0 ± 124.2

Blood urea nitrogen (mg/dL) 59.3 ± 18.3 58.2 ± 19.1 63.0 ± 15.2

Creatinine (mg/dL) 9.8 ± 1.9 9.8 ± 2.0 10.0 ± 1.6

Uric acid (mg/dL) 7.3 ± 1.2 7.3 ± 1.3 7.4 ± 1.1

Potassium (mmol L−1) 4.4 ± 0.8 4.5 ± 0.9 4.3 ± 0.8

Alanine aminotransferase (IU/L) 14.9 ± 12.0 14.3 ± 10.7 17.0 ± 15.4

Alkaline phosphatase (IU/L) 90.1 ± 24.7 87.2 ± 22.7 99.6 ± 28.5

Adjusted calcium (mg/dL) 9.3 ± 0.8 9.3 ± 0.8 9.1 ± 0.7

Phosphate (mg/dL) 4.6 ± 1.5 4.6 ± 1.6 4.8 ± 1.5

Calcium-phosphate product 42.9 ± 14.3 42.7 ± 14.6 43.4 ± 13.5

Intact parathyroid hormone (pg/mL) 163.3 ± 188.6 137.3 ± 133.1 245.7 ± 291.6

Hemoglobin (g/dL) 10.6 ± 1.2 10.6 ± 1.2 10.5 ± 1.4

Platelet (k/µL) 197.6 ± 63.8 195.5 ± 62.3 204.6 ± 69.0

VP (ng/mL) 116.6 ± 64.0 99.9 ± 56.0 169.8 ± 57.9

Continuous variables were expressed as mean ± SD. Categorical variables are expressed as n (%). Boldface indicates where the values differ significantly between survivors and

non-survivors. AAC, aortic arch calcification; VP, vasopressin-neurophysin II-copeptin peptide.
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TABLE 2 | Comparisons of baseline bio-clinical data among four combined VP and AAC groups.

Variables Non-advanced AAC

and lower VP

Non-advanced AAC

and higher VP

Advanced AAC and

lower VP

Advanced AAC and

higher VP

Age (years) 55.9 ± 6.4 57.1 ± 5.4 68.7 ± 7.7 72.7 ± 6.4

Male, n (%) 17 (38.6) 28 (59.6) 13 (52.0) 20 (39.2)

Diabetes mellitus, n (%) 16 (36.7) 11 (23.4) 15 (60.0) 31 (61.0)

Hypertension, n (%) 24 (54.5) 25 (53.2) 15 (60.0) 25 (49.0)

Cardiovascular diseases, n (%) 12 (27.3) 25 (53.2) 14 (56.0) 29 (56.9)

Systolic blood pressure (mmHg) 133.7 ± 22.1 138.3 ± 20.8 143.5 ± 24.6 137.7 ± 22.6

Diastolic blood pressure (mmHg) 77.4 ± 9.9 79.8 ± 9.6 73.7 ± 10.4 74.9 ± 15.1

Hemodialysis vintage (months) 69.0 ± 62.3 66.6 ± 45.7 66.8 ± 41.5 83.0 ± 43.3

Normalized protein catabolic rate (g/kg/day) 1.1 ± 0.3 1.1 ± 0.3 1.0 ± 0.2 1.1 ± 0.3

Albumin (g/dL) 4.0 ± 0.4 4.0 ± 0.3 3.8 ± 0.4 3.7 ± 0.5

Total cholesterol (mg/dL) 192.6 ± 52.8 188.7 ± 47.1 194.1 ± 58.6 185.2 ± 39.8

Triglyceride (mg/dL) 189.9 ± 142.7 226.3 ± 202.0 274.5 ± 272.1 164.9 ± 110.0

Blood urea nitrogen (mg/dL) 57.3 ± 17.2 59.3 ± 17.7 58.5 ± 18.0 61.8 ± 20.0

Creatinine (mg/dL) 9.4 ± 2.0 10.4 ± 2.2 10.1 ± 1.3 9.6 ± 1.5

Uric acid (mg/dL) 7.3 ± 1.4 7.5 ± 1.3 7.2 ± 0.8 7.1 ± 1.2

Potassium (mmol L−1) 4.6 ± 0.9 4.7 ± 0.9 4.1 ± 1.0 4.3 ± 0.6

Alanine aminotransferase (IU/L) 17.7 ± 14.7 13.7 ± 12.3 13.4 ± 12.9 14.4 ± 7.8

Alkaline phosphatase (IU/L) 66.3 ± 6.3 101.6 ± 16.4 71.4 ± 9.8 109.3 ± 22.9

Adjusted calcium (mg/dL) 9.4 ± 0.8 9.4 ± 0.7 9.4 ± 0.9 9.0 ± 0.7

Phosphate (mg/dL) 4.7 ± 2.1 4.4 ± 1.2 4.5 ± 1.2 4.8 ± 1.4

Calcium-phosphate product 43.8 ± 19.0 41.7 ± 12.7 42.6 ± 12.2 43.2 ± 12.2

Intact parathyroid hormone (pg/mL) 93.2 ± 66.5 192.5 ± 189.1 234.4 ± 325.4 162.0 ± 151.5

Hemoglobin (g/dL) 10.7 ± 0.9 10.8 ± 1.4 10.1 ± 1.1 10.6 ± 1.4

Platelet (k/µL) 199.0 ± 54.8 197.7 ± 72.9 173.4 ± 59.0 205.5 ± 63.3

VP (ng/mL) 75.6 ± 40.6 80.1 ± 31.1 147.1 ± 63.2 170.8 ± 56.5

Continuous variables were expressed as mean ± SD. Categorical variables are expressed as n (%). Boldface indicates where the values differ significantly between survivors and

non-survivors. AAC, aortic arch calcification; VP, vasopressin-neurophysin II-copeptin peptide.

and multivariable adjusted hazard ratios (aHRs) of mortality
risks were calculated for different categories of plasma VP
and AAC in the Cox regression model, including VP,
AAC, DM, CVD, age, albumin, and ALP. The modification
effect between plasma VP and AAC on mortality risks was
determined using an interaction product term. According to
methods previously described, an interaction occurs when
the impact of a risk factor on outcome is changed by the
value of a third variable, sometimes referred to as effect
modification (19, 26).

We evaluated if the effect of VP on mortality risks was
modified by AAC through incorporating an interaction term in
the multivariable model. The cumulative survival probability and
proportional hazards were presented by graphical methods. A
significant product term indicates that there is an interaction
between VP and AAC on the probability of mortality risk. A p
< 0.05 was considered statistically significant. We used PASW
Statistics SPSS version 22.0 (IBM, NY, USA) to analyze all bio-
clinical data of MHD patients.

RESULTS

The final study sample included 167 MHD patients with
complete medical records and follow-up. Baseline bio-clinical

data of the whole study population with comparison between
survivors and non-survivors are summarized in Table 1. The
mean age was 63.3 ± 9.8 years; ∼47% were male. Prevalence
of DM, hypertension, CVD and advanced AAC were 43.7, 53.3,
47.9, and 48.5%, respectively. The mean duration of follow-up
was 26.1 ± 5.9 months. The overall mortality rate was 24.0%
during follow-up, corresponding to an annual mortality rate of
11.0%. The incidence of event rate is 110.1 cases per 1,000 person-
years. Twenty-eight patients (70.0%) died from CV causes, and
12 (30.0%) non-CV deaths occurred. The bio-clinical parameters
that differed significantly between survivors and non-survivors
included age, advanced AAC, history of CVD, DM, plasma levels
of VP, albumin, ALP, and iPTH. The baseline data of four
combined VP and AAC groups were compared and provided in
the Table 2. Age, advanced AAC, history of CVD, DM, plasma
levels of VP, albumin, and ALP still significantly differed among
four combined VP and AAC groups. The comparisons between
CV and non-CV deaths are summarized in Table 3. Patients
who died as a result of CV death were more frequent to have a
history of hypertension, prior CVD, higher levels of VP, albumin
and creatinine.

Table 4 summarizes the bivariate correlation coefficients
between prognostic factors (VP and AAC) and bio-clinical
parameters of interest in MHD patients at baseline. VP was
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TABLE 3 | Comparison of demographic characteristics and relevant laboratory

data between CV deaths and non-CV deaths.

Variables CV deaths

(n=28)

Non-CV deaths

(n=12)

Age (years) 70.2 ± 9.4 67.4 ± 5.5

Male, n (%) 13 (46.4) 3 (25.0)

Diabetes mellitus, n (%) 18 (64.2) 6 (50.0)

Hypertension, n (%) 20 (71.4) 4 (33.3)

Advanced AAC 18 (64.3) 8 (66.7)

VP (ng/mL) 180.4 ± 54.8 145.1 ± 59.7

Cardiovascular diseases, n (%) 22 (78.6) 3 (25.0)

Systolic blood pressure (mmHg) 147.1 ± 22.6 130.8 ± 27.3

Diastolic blood pressure (mmHg) 73.5 ± 12.9 75.1 ± 15.6

Hemodialysis vintage (months) 79.5 ± 26.1 93.6 ± 28.5

Normalized protein catabolic rate

(g/kg/day)

1.1 ± 0.3 1.1 ± 0.3

Albumin (g/dL) 3.7 ± 0.5 3.4 ± 0.5

Total cholesterol (mg/dL) 184.9 ± 31.9 179.9 ± 39.6

Triglyceride (mg/dL) 172.8 ± 116.4 186.9 ± 145.8

Blood urea nitrogen (mg/dL) 64.3 ± 17.0 60.2 ± 10.2

Creatinine (mg/dL) 10.3 ± 1.6 9.3 ± 1.2

Uric acid (mg/dL) 7.5 ± 1.2 7.20 ± 0.9

Potassium (mmol L−1) 4.3 ± 0.8 4.5 ± 0.8

Alanine aminotransferase (IU/L) 17.8 ± 7.1 15.0 ± 10.9

Alkaline phosphatase (IU/L) 90.1 ± 24.7 87.2 ± 22.7

Adjusted calcium (mg/dL) 8.9 ± 0.5 9.4 ± 0.9

Phosphate (mg/dL) 4.9 ± 1.6 4.6 ± 1.1

Calcium-phosphate product 43.5 ± 14.9 43.0 ± 10.1

Intact parathyroid hormone (pg/mL) 223.1 ± 246.6 298.4 ± 384.6

Hemoglobin (g/dL) 10.5 ± 1.2 10.8 ± 1.8

Platelet (k/µL) 211.6 ± 72.7 188.6 ± 59.8

Continuous variables were expressed as mean ± SD. Categorical variables are

expressed as n (%). Boldface indicates where the values differ significantly between

survivors and non-survivors. AAC, aortic arch calcification; VP, vasopressin-neurophysin

II-copeptin peptide.

significantly correlated with AAC (r, 0.28; p < 0.01), age (r,
0.25; p < 0.01), albumin (r, −0.20; p < 0.01), ALP (r, 0.23;
p < 0.01), and previous CVD (r, 0.17; p < 0.05), respectively.
AAC was in turn significantly correlated with age (r, 0.78; p
< 0.01), ALP (r, 0.26; p < 0.01), and albumin (r, −0.22; p <

0.01). In the univariate Cox regression analysis of prognostic
factors, higher VP levels, advanced AAC, previous CVD, DM,
age, albumin, and ALP were significantly associated with all-
cause mortality. Furthermore, higher VP levels, advanced AAC,
previous CVD, DM, age, and ALP were significantly associated
with CV mortality. The multivariable Cox regression model
demonstrated higher VP, advanced AAC, previous CVD, DM,
age, and albumin were still significantly associated with all-
cause and CV mortality [aHR: 1.02 (95% confidence interval
(CI): 1.01–1.02), 2.29 (95% CI: 1.14–4.59), 1.78 (95% CI: 1.10–
3.53), 2.19 (95% CI: 1.09–4.37), 1.08 (95% CI: 1.01–1.17), 0.41
(95% CI: 0.21–0.82), and 1.00 (95% CI: 1.00–1.00), respectively].
However, we merely found that higher VP, advanced AAC, and

TABLE 4 | The correlation analysis in VP, advanced AAC, and clinical parameters

of interest.

VP Advanced AAC

VP 1.00 0.28**

AAC 0.28** 1.00

Diabetes mellitus 0.14 0.21**

Hypertension 0.07 0.10

Cardiovascular diseases 0.17* 0.16*

Age 0.25** 0.78**

Hemodialysis vintage 0.08 0.07

Normalized protein catabolic rate − 0.09 − 0.15

Albumin − 0.20** − 0.22**

Creatinine − 0.14 − 0.05

Total cholesterol − 0.18 − 0.01

Triglyceride − 0.08 − 0.03

Uric acid 0.03 − 0.13

Adjusted calcium 0.13 0.04

Phosphate 0.09 0.05

Alkaline phosphatase 0.23** 0.26*

Intact parathyroid hormone 0.11 0.13

Hemoglobin 0.02 − 0.01

Platelet − 0.04 − 0.03

*0.01< p < 0.05, **p < 0.01. AAC, aortic arch calcification; VP, vasopressin-neurophysin

II-copeptin peptide.

TABLE 5 | Univariate and multivariable Cox regression analysis of prognostic

factors for all-cause mortality.

Cox univariate Cox multivariable

HR (95% CI) p-value aHR (95% CI) p-value

VP 1.014 (1.010–1.019) p < 0.01 1.016 (1.009–1.023) p < 0.05

ALP 1.020 (1.007–1.033) p < 0.01 1.006 (0.992–1.019) p > 0.05

Age 1.091 (1.051–1.132) p < 0.01 1.084 (1.005–1.169) p < 0.05

Albumin 0.248 (0.123–0.503) p < 0.05 0.412 (0.207–0.822) p < 0.05

DM 2.250 (1.194–4.424) p < 0.05 2.186 (1.094–4.370) p < 0.05

CVD 2.066 (1.089–3.920) p < 0.05 1.781 (1.098–3.535) p < 0.05

Advanced

AAC

3.303 (1.723–6.332) p < 0.01 2.286 (1.140–4.585) p < 0.05

AAC, aortic arch calcification; ALP, alkaline phosphatase; CI, confidence interval;

CVD, cardiovascular diseases; DM, diabetes mellitus; aHR, adjusted hazard ratio; VP,

vasopressin-neurophysin II-copeptin peptide.

age predicted CV mortality after multivariable adjustment [aHR:
1.03 (95%CI: 1.01–1.04), 2.40 (95%CI: 1.05–5.45), and 1.13 (95%
CI: 1.02–1.26), respectively] (Tables 5, 6).

A Joint Evaluation of VP and AAC on
All-Cause and CV Mortality Risks
The interaction analysis between higher VP and advanced
AAC was statistically significant for all-cause mortality and CV
mortality (p< 0.05, respectively). Figure 1 illustrated cumulative
survival curves of all-cause and CV mortality with respect to
higher and lower categories of plasma VP after multivariable
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adjustment in the Cox regression model. Multivariable-adjusted
results demonstrated higher VP concentrations were associated
with incremental risks for all-cause and CV mortality [aHR: 2.2
(95% CI: 1.1–4.5) and 2.6 (95% CI: 1.1–4.6), respectively] in
MHD patients.

Figure 2 illustrated cumulative survival curves of all-cause
and CV mortality with respect to advanced and non-advanced
AAC after multivariable adjustment in the Cox regression
model. Multivariable-adjusted results demonstrated advanced
AAC was associated with incremental risks for all-cause and CV
mortality [aHR: 2.1 (95% CI: 1.1–4.0) and 2.5 (95% CI: 1.0–4.3),
respectively] in MHD patients.

Figure 3 illustrated variousmortality risks (aHR) compared to
the reference group (VP< 101.5 ng/mL and non-advanced AAC)
in the multivariable Cox regression model. Figure 3A illustrated
mortality risks (aHR) for all-cause mortality in the non-advanced

TABLE 6 | Univariate and multivariable Cox regression analysis of prognostic

factors for CV mortality.

Cox univariate Cox multivariable

HR (95% CI) p-value aHR (95% CI) p -VALUE

VP 1.017 (1.011–1.022) p < 0.01 1.025 (1.014–1.035) p < 0.01

ALP 1.016 (1.001–1.031) p < 0.05 1.002 (0.986–1.019) p > 0.05

Age 1.103 (1.054–1.155) p < 0.01 1.131 (1.019–1.256) p < 0.05

Albumin 0.449 (0.190–1.061) p > 0.05 0.748 (0.337–1.659) p > 0.05

DM 2.664 (1.228–5.777) p < 0.05 2.010 (0.902–4.482) p > 0.05

CVD 2.810 (1.828–6.127) p < 0.05 2.634 (0.959–6.715) p > 0.05

Advanced

AAC

3.150 (1.452–6.834) p < 0.01 2.396 (1.054–5.449) p < 0.05

AAC, aortic arch calcification; ALP, alkaline phosphatase; CI, confidence interval;

CVD, cardiovascular diseases; DM, diabetes mellitus; aHR, adjusted hazard ratio; VP,

vasopressin-neurophysin II-copeptin peptide.

AAC and higher VP (>101.5 ng/mL) group, advanced AAC
and lower VP (<101.5 ng/mL) group, advanced AAC and
higher VP (>101.5 ng/mL) group were 1.4, 2.4, 4.7, respectively.
Figure 3B illustrated mortality risks (aHR) for CV mortality in
the non-advanced AAC and higher VP (>101.5 ng/mL) group,
advanced AAC and lower VP (<101.5 ng/mL) group, advanced
AAC and higher VP (>101.5 ng/mL) group were 1.4, 1.6,
4.9, respectively. Among four combined VP and AAC groups,
patients with higher VP (>101.5 ng/mL) and advanced AAC had
the greatest mortality risks for not only all-cause mortality but
also CV mortality.

The data of receiver operating characteristics (ROC) curves
were demonstrated in the Supplemental Figures 1–6. The ROC
analysis for all-cause mortality showed that the area under
curve (AUC) of higher VP was 0.725 (95% CI = 0.643–
0.808, Supplemental Figure 1), and the AUC of advanced AAC
was 0.745 (95% CI = 0.672–0.817, Supplemental Figure 2).
Moreover, the combination of higher VP and advanced AAC
yielded a higher AUC value at 0.769 (95% CI = 0.685–0.852,
Supplemental Figure 3). On the other hand, the ROC analysis
for CV mortality showed that the AUC of higher VP was
0.764 (95% CI = 0.694–0.834, Supplemental Figure 4), and
the AUC of advanced AAC was 0.760 (95% CI = 0.691–
0.830, Supplemental Figure 5). Furthermore, the combination
of higher VP and advanced AAC yielded a higher AUC value
at 0.801 (95% CI = 0.724–0.877, Supplemental Figure 6). In
light of this, combined higher VP and advanced AAC as a
predictor increases the sensitivity and specificity for all-cause and
CV mortality.

DISCUSSION

The demand for earlier diagnosis, more precise prognostic
evaluation and faster therapeutic decision-making process in
diverse diseases has contributed to the ongoing investigations of

FIGURE 1 | Cumulative survival curves of mortality risks with respect to plasma concentrations of VP after adjusting for advanced AAC, previous CVD, DM, age,

albumin, and ALP during follow-up. (A) Higher concentration of VP (>101.5 ng/mL) was associated with an incremental risk of all-cause mortality. (B) The association

between higher concentration of VP and CV mortality remained robust after multivariable adjustment. AAC, aortic arch calcification; ALP, alkaline phosphatase; CVD,

cardiovascular diseases; DM, diabetes mellitus; VP, vasopressin-neurophysin II-copeptin peptide.
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FIGURE 2 | Cumulative survival curves of mortality risks with respect to advanced AAC after adjusting for higher VP levels, previous CVD, DM, age, albumin, and ALP

during follow-up. (A) Advanced AAC was associated with an incremental risk of all-cause mortality. (B) The association between advanced AAC and CV mortality

remained robust after multivariable adjustment. AAC, aortic arch calcification; ALP, alkaline phosphatase; CVD, cardiovascular diseases; DM, diabetes mellitus; VP,

vasopressin-neurophysin II-copeptin peptide.

FIGURE 3 | Cumulative survival curves of mortality risks with respect to four combined groups of VP and AAC after adjusting for higher VP levels, advanced AAC,

previous CVD, DM, age, albumin, and ALP during follow-up. (A) The group with combined higher concentrations of VP (>101.5 ng/mL) and advanced AAC showed

the highest risk for all-cause mortality as compared to the reference group (VP < 101.5 ng/mL and non-advanced AAC). (B) The group with combined higher

concentrations of VP (>101.5 ng/mL) and advanced AAC showed the greatest CV mortality risk as compared to the reference group (VP < 101.5 ng/mL and

non-advanced AAC). The interaction analysis between higher VP and advanced AAC remained statistically significant for all-cause mortality and CV mortality (p <

0.05, respectively). AAC, aortic arch calcification; ALP, alkaline phosphatase; CVD, cardiovascular diseases; DM, diabetes mellitus; VP, vasopressin-neurophysin

II-copeptin peptide.

novel biomarkers. The hope is that novel biomarkers will enable
multidisciplinary specialist to identify the right level of care in
clinical practice. In this cohort study of MHD patients, we show
a brand new idea that a joint evaluation of VP and AAC provides
more comprehensive warning effects and stronger predictive
values for EOVC associated fatal events. In more depth, higher
plasma concentrations of VP and advanced AAC interact to
increase not only all-cause but also CV mortality. Several
important findings in this work deserve further discussion.

VP is the key neurohormone derived from the magnocellular
neurons of the hypothalamus. To a smaller extent, it is

synthesized by other tissues including the sympathetic ganglia,
adrenal glands, and the testis (27). VP is stored and secreted
by granules within the posterior lobe of the pituitary, primarily
as a response to hyperosmolarity, tissue hypoperfusion and
low circulating effective volume (Figure 4). The synthesis of
VP involves precursor peptides that are cleaved by a four-
enzyme cascade into three major components: vasopressin,
neurophysin II and copeptin. Since all the three cleavage
products are generated in equal ratios (28), we examined
the neurohormal effects of full-length peptide “vasopressin-
neurophysin II-copeptin” in the current study.
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FIGURE 4 | Schematic diagram illustrating possible synthesis and release mechanisms for vasopressin-neurophysin II-copeptin in hemodialysis patients with vascular

calcification. AVP, arginine vasopressin; GKR, amino acid spacer; NP II, neurophysin II; R, monobasic cleavage site; SP, signal peptide.

Why is VP sufficiently specific as a biomarker of all-
cause and CV mortality risk? The most powerful stimulus
for VP secretion is the elevation in plasma osmolality, even
1% change is sufficient. VP is also released under diverse
stressful stimuli involved in complex endocrine, autonomic, and
behavioral responses. Adaptations to stress stimuli activate the
HPA axis and the sympathetic nervous system, either acute or
chronic (29, 30). In other words, circulating VP corresponds
with human body’s stress level. Even mild stress circumstance

contributes to VP release. Because corticotropin releasing
hormone and VP induce the generation of adrenocorticotropic
hormone and cortisol in critical illness, the relationship between
plasma osmolality and VP is lost. With the strong ability
of vasoconstriction in peripheral vessels, VP is particularly
produced in response to acute ischemic events, including
hypovolemic shock and tissue hypoperfusion. Under critical
conditions, plasma VP concentrations exceed the physiological
range with exponential levels 100- or 1,000-fold times the
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normal range (28). Accordingly, VP acts as a versatile prognostic
biomarker for various diseases, e.g., acute MI, heart failure,
pulmonary diseases, acute dyspnea, sepsis, hemorrhagic shock,
and ischemic stroke (5, 31, 32). Especially type 2 MI, known
as secondary MI due to acute imbalance in oxygen supply and
demand other than coronary artery occlusion, is more common
in patients with renal failure (32). To the best of our knowledge,
it is the first study to prove VP is intricately involved in EOVC
related fatal ischemic events.

Why does VP interact with AAC to increase the risk of CV
mortality? EOVC associated impaired vasodilation and luminal
narrowing play pivotal roles in the pathophysiology of ischemic
events and sudden cardiac death in MHD population (18), and
AAC has been recognized as a potent indicator of EOVC (24).
Zhang et al. conducted a meta-analysis to prove that AAC
predicts CV and all-cause mortality in dialysis population (24).
Since VP secretion is attributed to systemic hypoperfusion, a
joint evaluation of VP and AAC is required for risk stratification.
Given that both VP and AAC were intricately involved in EOVC
related fatal events, we assumed that the mortality risk would be
augmented among patients with higher levels of VP and AAC.
In this study, the modification effect between AAC and VP on
all-cause and CV mortality was examined using an interaction
product term according to previous methods of moderation
analysis (1, 19, 26, 33). As expected, the effects of VP on all-
cause and CV mortality risks were modified by AAC in the
multivariable model. Our data show that patients with higher
plasma concentrations of VP (>101.5 ng/mL) and advancedAAC
have the greatest risk of all-cause and CV death. Furthermore, the
effects of higher VP on mortality are abated by non- advanced
AAC, and vice versa. The interaction effect between VP and AAC
on all-cause and CV mortality was statistically significant (p <

0.05 for the interaction term, respectively).
Our study has several limitations. First, our sample size

was relatively small and our patients were only Asian patients,
limiting the statistical power and generalization to other
populations. Second, cross-sectional laboratory values might not
reflect substantial intra-individual variability over time. Third,
our blood samples were measured immediately due to the
short half-life of vasopressin associated peptides, limiting the
clinical practicality. Finally, prospective nonrandomized analysis
is subject to residual confounders.

CONCLUSIONS

Since risk stratification enables clinicians to identify the right
level of care, searching for the novel biomarker is of prime

importance for MHD patients with EOVC. Combined VP and
AAC predict not only all-cause but also CV death in MHD
patients, and a joint evaluation is more comprehensive than a
single marker. In light of hypoperfusion and ischemic events in
vital organs, VP and AAC could act as more robust dual marker
for prognostic assessment.
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