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aBSTraCT

Introduction

The glycoprotein sclerostin (22kDa) is involved in bone metabolism and may play a 
role in vascular calcifications in hemodialysis (HD) patients. In the present study, we 
investigated the relation between serum sclerostin and mortality. Furthermore, the 
influence of both the dialysis modality and the magnitude of the convection volume 
in hemodiafiltration (HDF) on serum sclerostin concentration was investigated. 

methods

In a subset of patients from the CONTRAST study, a randomized controlled trial 
comparing HDF with HD, serum sclerostin was measured at baseline and 6, 12, 24 
and 36 months thereafter. Patients were divided into quartiles according to baseline 
serum sclerostin. The relation between baseline serum sclerostin and all-cause and 
cardiovascular mortality was investigated with crude and adjusted Cox regression 
models. Linear mixed models were used for longitudinal measurements of serum 
sclerostin.

results

Mean age of 396 analyzed patients was 63.6±13.9 years, 61.6% were male and 
median follow-up was 2.9 years. Patients with the highest serum sclerostin con-
centrations had a reduced risk on all-cause and cardiovascular mortality when 
compared to subjects with the lowest serum sclerostin concentrations (adjusted 
HRs 0.49 [95% CI 0.31-0.78, p=0.002] and 0.23 [95% CI 0.09 – 0.59, p=0.002], 
respectively). Stratified models showed a stable serum sclerostin concentration in 
patients treated with HD (Δ +2.72 pmol/L/year, 95% CI -2.04 to +7.49, p=0.26) 
and a decreasing concentration in those treated with HDF (Δ -6.33 pmol/L/year, 
95% CI -11.58 to -1.08, p=0.02). The relative change in the latter group depended 
on the magnitude of the convection volume.

Conclusions

(1) A high serum sclerostin concentration is associated with a reduced all-cause 
and cardiovascular mortality risk in patients with end-stage kidney disease, (2) 
treatment with HDF decreases serum sclerostin concentrations and (3) the relative 
decrease in patients treated with HDF depends on the magnitude of the convection 
volume.
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INTroduCTIoN 

Despite increasing knowledge and understanding of the uremic state and various 
treatment-related improvements, mortality remains unacceptably high in patients 
treated with hemodialysis (HD).1-3 A large proportion of deaths can be attributed 
to an increased cardiovascular risk,4,5 which can only partly be explained by the 
high prevalence of traditional risk factors in this patient group, such as diabetes 
mellitus, hypertension and dyslipidemia.6 Therefore, non-traditional cardiovascular 
risk factors have been implicated as well, including systemic (micro)inflammation, 
protein-energy wasting and chronic kidney disease - mineral bone disease (CKD-
MBD),7,8 which has particularly been related to extra-skeletal calcifications. In the 
latter condition, not only calcium, phosphate, parathyroid hormone and vitamin 
D are involved, but probably also other markers of bone metabolism, such as 
osteocalcin, (bone-specific) alkaline phosphatase (BALP), fibroblast growth factor 
23 (FGF23) and sclerostin.7,9-11 

Sclerostin (Scl), a 22kDa-sized glycoprotein secreted by osteocytes, inhibits the ca-
nonical Wingless-type mouse mammary tumor virus integration site (Wnt) pathway 
by binding to lipoprotein receptor-related protein 5 and 6. In healthy subjects, Scl 
inhibits osteoblast function and promotes upregulation of osteoclasts, thus leading 
to decreased bone formation.12 In CKD patients, serum Scl (sScl) is inversely re-
lated to kidney function and especially high in subjects treated with HD.13 The role 
of Scl in osteogenic altered vessel walls as occurring in these patients, however, 
is largely unknown. Of note, data concerning the association between sScl and 
mortality show conflicting results, ranging from a positive14,15 via no association16,17 
to an inverse relation.18 

Importantly, the molecular weight of sScl permits its removal by convective trans-
port. Thus, the goals of the present study are threefold: (1) determine the associa-
tion between baseline sScl and all-cause and cardiovascular mortality in a cohort 
of end-stage kidney disease (ESKD) patients, (2) investigate whether longitudinal 
data on sScl are different for patients treated with conventional HD or post-dilution 
online hemodiafiltration (HDF) and if so, (3) study the influence of the magnitude 
of the convection volume on the sScl concentration. To address these issues, data 
from the CONvective TRAnsport STudy (CONTRAST) were used.
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meTHodS

Patients and study design

Methods of the CONTRAST study (NCT00205556) have been described extensively 
elsewhere.19,20 In short, CONTRAST was a randomized controlled trial evaluating 
the effect of post-dilution online HDF versus low-flux HD on all-cause mortality and 
cardiovascular events. 714 patients were enrolled in 29 dialysis facilities between 
2004 and 2009 and followed until December 2010. ESKD patients ≥18 years were 
eligible for inclusion when treated with HD two or three times per week for at least 
2 months. Exclusion criteria were treatment with HDF or high-flux HD in the six 
months preceding randomization, a life expectancy ≤3 months due to non-renal 
disease, severe incompliance to dialysis prescription or participation in another 
clinical intervention trial. CONTRAST was conducted in accordance with the dec-
laration of Helsinki and Good Clinical Practice guidelines and was approved by a 
central medical ethics review board. Written informed consent was obtained from 
all participants before enrollment.

data collection

At baseline, various data on demographics, medical history, biochemical values 
and treatment characteristics were collected. Material for laboratory measurements 
was drawn before dialysis. Routine samples were analyzed in local laboratories of 
the participating centers by standard techniques. The mean delivered convection 
volume (substitution volume plus net ultrafiltration) during the trial was estimated 
with the following formula: mean delivered convection volume = (HDF treatments 
/ total number of treatments) * mean convection volumes of the three treatments 
preceding the quarterly visit.19 

Serum samples

In 17 out of the 29 participating centers it was logistically feasible to collect and 
store serum samples (at -80 degrees Celsius) of every patient for future determina-
tions. In these samples, sScl was measured centrally in one run (Centre Hospitalier 
Universitaire de Lyon, Pierre Benite, France) using the enzyme-linked immunosor-
bent assay from Biomedica®, Austria (reference value 19.0 pmol/L) at baseline 
and 6, 12, 24 and 36 months thereafter.

follow-up

Follow-up was complete as patients who discontinued the randomized treatment, 
for example due to renal transplantation, a switch to peritoneal dialysis or mov-
ing to a non-participating center, were still followed for cause-specific mortality. 
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Adverse outcomes were continuously monitored. Cardiovascular death was defined 
as death due to myocardial infarction, rupture of an aneurysm, sudden death, 
terminal heart failure or either hemorrhagic or ischemic stroke. An independent 
Endpoint Adjudication Committee reviewed source documentation of all clinical 
outcomes.19,20

Statistical analysis

As the relation between baseline sScl and mortality was not linear (see crude 
results in table 2), patients were divided into quartiles according to baseline sScl. 

Table 1. Baseline patient characteristics.

Determinant Entire 
CONTRAST 
cohort (n=714)

Study group 
(n=396)

Investigated 
HD patients 
(n=198)

Investigated 
HDF patients 
(n=198)

Demographic characteristics
 Age (years)
 Sex (male gender)
 BMI (kg/m2)

64.1 (13.7)
445 (62.3%)
25.4 (4.8)

63.6 (13.9)
244 (61.6%)
25.0 (4.8)

63.2 (13.8)
126 (63.3%)
25.2 (4.7)

64.0 (14.0)
118 (59.6%)
24.7 (4.9)

Medical history
 Diabetes (yes)
 Renal transplant
 CVD
 SBP (mmHg)
 Residual kidney function*

170 (23.8%)
78 (10.9%)
313 (43.8%)
148 (22)
376 (52.7%)

83 (21.0%)
40 (10.1%)
174 (43.9%)
148 (22)
223 (56.3%)

39 (19.7%)
29 (14.6%)
86 (43.4%)
149 (22)
108 (54.5%)

44 (22.2%)
11 (5.6%)
88 (44.4%)
148 (22)
115 (58.1%)

Laboratory values
 Hemoglobin (g/dL)
 Phosphorus (mg/dL)
 Albumin§ (g/dL)
 Cholesterol (mg/dL)
 Creatinine (mg/dL)

11.8 (1.3)
5.08 (1.53)
4.04 (0.38)
142 (37)
9.7 (2.9)

11.9 (1.3)
5.20 (1.60)
4.00 (0.40)
142 (39)
9.8 (2.9)

11.8 (1.1)
5.10 (1.50)
4.00 (0.42)
142 (42)
10.1 (2.9)

11.9 (1.3)
5.20 (1.80)
3.99 (0.38)
141 (35)
9.5 (2.7)

Medication
 Beta-blocker
 Calcium antagonist 
 RAS inhibitor
 Statin
 Platelet aggregation inhibitor

381 (53.4%)
230 (32.2%)
351 (49.2%)
369 (51.7%)
240 (33.6%)

223 (56.3%)
130 (32.8%)
211 (53.3%)
205 (51.8%)
116 (29.3%)

116 (58.6%)
66 (33.3%)
105 (53.0%)
95 (48.0%)
60 (30.3%)

107 (54.0%)
64 (32.3%)
106 (53.5%)
110 (55.6%)
56 (28.3%)

Dialysis characteristics
 Dialysis vintage (years)
 Set treatment time (hours)
 spKt/Vurea

2.00 (1.00-4.00)
3.78 (0.38)
1.40 (0.22)

1.83 (0.92-3.33)
3.78 (0.39)
1.38 (0.21)

2.0 (0.92-3.60)
3.78 (0.38)
1.37 (0.17)

1.67 (0.92-3.08)
3.79 (0.40)
1.40 (0.24)

Data are presented as mean (standard deviation), median (interquartile range) or number (percent-
age), when appropriate.
* Defined as diuresis ≥ 100ml/24h
§ Bromcresol green values
Abbreviations: CONTRAST = CONvective TRAnsport STudy; BMI = Body Mass Index; CVD = cardio-
vascular disease; SBP = systolic blood pressure; RAS = renin-angiotensin system; HD = hemodialy-
sis; HDF = hemodiafiltration
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An interaction term between treatment modality and baseline sScl in relation to 
mortality was calculated to determine whether the effect of sScl on mortality was 
similar for patients treated with either dialysis modality. As there was no interaction 
(p ≥0.10), hazard ratios (HRs) were calculated in the pooled cohort (i.e. HD and 
HDF patients combined) for each quartile versus the lowest quartile for all-cause 
and cardiovascular mortality using Cox proportional hazards models. Based on 
available literature and considering physiologic plausibility, the following available 
factors were considered to be potential confounders: age, sex, diabetes, history 
of cardiovascular disease, BMI, dialysis vintage, residual kidney function, serum 
albumin and treatment modality. As the number of events of one of the outcome 
parameters was limited (cardiovascular mortality, n=52), we refrained from us-
ing covariates in the multivariable model that did not markedly alter the relation 
between baseline sScl and mortality (change in HR versus crude model ≤5%) in 
order not to overfit the model. In brief, the ultimate multivariable model was ad-
justed for age, sex, history of cardiovascular disease, serum albumin and residual 
kidney function. Two extra models were fitted for both outcomes (i.e. all-cause and 
cardiovascular mortality) incorporating the factors described above plus BALP, a 
marker of bone turnover.21 The proportional hazards assumption of the Cox models 
was checked using log minus log plots and was not violated in any case. 

For the longitudinal analyses, generalized linear mixed models (LMM) were used 
with either a random intercept or both a random slope and a random intercept, 
based on the lowest Aikaike’s Information Criterion. As the time between the labo-
ratory measurements differed (i.e. either 6 months or 12 months), a continuous 

Table 2. Results of Cox proportional hazards models into the relation between sScl quartiles and 
(cause-specific) mortality.

Model 1 (crude)# Model 2#* Model 3#§

All-cause mortality
 Q2 versus Q1
 Q3 versus Q1
 Q4 versus Q1

0.75 (0.48 - 1.17)
0.74 (0.48 - 1.15)
0.74 (0.48 - 1.13)

0.71 (0.44 - 1.13)
0.57 (0.35 - 0.93)&

0.49 (0.31 - 0.78)&

0.68 (0.42-1.09)
0.55 (0.34-0.89)&

0.47 (0.30-0.76)&

Cardiovascular mortality
 Q2 versus Q1
 Q3 versus Q1
 Q4 versus Q1

0.51 (0.24 - 1.11)
0.82 (0.42 - 1.59)
0.33 (0.17 - 0.78)&

0.49 (0.21 - 1.12)
0.66 (0.30 - 1.41)
0.23 (0.09 - 0.59)&

0.42 (0.18-0.99)&

0.60 (0.28-1.31)
0.21 (0.08-0.54)&

# Results are shown as hazard ratios (HRs) with 95% confidence intervals
* Adjusted for age, sex, history of cardiovascular disease, serum albumin and residual kidney func-
tion
§ Adjusted as in model 2 plus bone specific alkaline phosphatase
& Indicates a significant difference in hazard at the level of p<0.05
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autoregressive covariance matrix was used in all LMMs. To investigate whether the 
rate of change per year differed for subjects treated with HD and those treated 
with HDF, a LMM with an interaction term between time and modality was fitted. 
Since this interaction term was positive, LMMs stratified by treatment modality 
were used to calculate the rate of change over time for each dialysis modality. 

Lastly, the influence of the magnitude of the convection volume on the change in sScl 
concentration was investigated. HD participants were considered as one category 
and HDF participants were divided into three categories according to tertiles of 
the convection volume reached (low-volume HDF <18.18L/session; middle-volume 
HDF 18.18-21.95L/session; high-volume HDF >21.95L/session). As the baseline 
sScl concentration of these 4 categories differed, relative changes over one year 
of follow-up were investigated. All statistical analyses were performed with either 
SPSS 20.0 (IBM Inc, IL, USA) or RStudio (RStudio Inc, version 0.98.932).

Sensitivity analyses

To assess the robustness of the findings, two sensitivity analyses were performed. 
In the CONTRAST study, as already mentioned, all patients were followed until 
death or end of the study. Thus, the survival models described above are analy-
ses using an ‘intention-to-treat’ approach. As a first sensitivity analysis, we ran 
crude and adjusted Cox regression models using an ‘on treatment’ approach, i.e. 
censoring patients at the time of discontinuation of the randomized treatment, for 
example due to a renal transplant, a switch to PD or moving to a non-participating 
center. This is especially relevant as such events may markedly alter both the 
life expectancy of a patient and the sScl concentration. In the second sensitivity 
analysis, sScl was dichotomized. A propensity score was calculated using a logistic 
regression model including all the aforementioned potential confounders. A crude 
HR and a propensity-score adjusted HR, thus adjusting for all potential confound-
ers, was calculated for the dichotomous sScl value. 

reSuLTS

Baseline characteristics

Out of the 714 patients included in CONTRAST, baseline sScl was available in 396 
subjects. No marked differences were observed in baseline characteristics between 
the entire cohort and the study group or between the investigated patients treated 
with either HD or HDF (table 1). In the study group, mean age was 63.6 ± 13.9 
years and 61.6% were male. Mean spKt/Vurea was 1.38 ± 0.21 per dialysis session 
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and 43.9% had a history of cardiovascular disease. sScl was not-normally distrib-
uted with a median of 139 pmol/L (interquartile range [IQR] 100-183 pmol/L).

Survival analysis

Median follow-up was 2.9 years (range 0.1-6.5 years). The results of the survival 
analyses are shown in table 2. Out of 396 patients, 155 died during follow-up, of 
which 52 (34%) due to a cardiovascular cause. Considering all-cause mortality, no 
difference was found in mortality risk for patients in the highest sScl quartile versus 
patients in the lowest quartile in a crude analysis (HR 0.74 [95% CI 0.48-1.13, 
p=0.16]). After adjustment for confounders, however, both the third and the fourth 
quartile had a significant reduced mortality risk when compared to patients in the 
lowest quartile (HRs 0.57 [95% CI 0.35 - 0.93, p=0.02] and 0.49 [95% CI 0.31 
- 0.78, p=0.002], respectively), as is shown in figure 1a. For cardiovascular mortal-
ity (fig 1b), the highest quartile had a significantly reduced mortality risk when 
compared to patients in the lowest quartile in both crude and adjusted models 
(HRs 0.33 [95% CI 0.17-0.78, p=0.04] and 0.23 ([95% CI 0.09 - 0.59, p=0.002], 
respectively). The HRs of the models for all-cause and cardiovascular mortality did 
not markedly change after adjusting for BALP (table 2). 

Longitudinal analysis

The longitudinal data on sScl as stratified by treatment modality are visualized 
in figure 2. The change in sScl concentration was different for patients treated 
with HD and patients treated with HDF (p for interaction = 0.004). Stratified LMM 
models showed a significant decrease of sScl of -4.45 pmol/L/year (95% CI -8.04 
to -0.85, p=0.02) for patients treated with HDF, while sScl concentration remained 
stable in patients treated with HD (Δ +2.89 pmol/L/year, 95% CI -0.49 to 6.27, 
p=0.26). 

In figure 3, median relative changes in sScl are shown for HD patients and HDF 
patients according to tertiles of the convection volume. In HD subjects, sScl in-
creased 5.3% in one year (IQR -9.1% to +21.7%), whereas sScl decreased 1.7% 
(IQR -13.6% to +16.12%), 7.3% (IQR -24.3% to +6.8%) and 10.7% (IQR -25.1% 
to +2.2%) in one year in HDF patients reaching low, middle and high convection 
volumes on average, respectively. 

Sensitivity analyses

As can be seen in supplementary table 1, censoring patients at the time of dis-
continuation of the randomized treatment (on treatment) shows similar results as 
with censoring at the end of the study or death (intention to treat). Furthermore, 
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figure 1a and 1b. Survival curves for (a) all-cause mortality and (b) cardiovascular mortality in 
strata of baselinesclerostin, adjusted for age, sex, history of cardiovascular disease, serum albumin 
and residual kidney function.
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as shown in supplementary table 2, patients with a sScl concentration above the 
median value have a reduced all-cause mortality risk when compared to patients 
with lower sScl concentrations in the propensity-score adjusted model (HR 0.69 
[95% CI 0.49-0.97]). For cardiovascular mortality, the propensity-score adjusted 
HR for patients above median sScl was 0.65 (95% CI 0.36-1.17), which, as can be 
seen from the CI, did not reach statistical significance.

dISCuSSIoN

From the results of the present study, a number of major conclusions can be 
drawn. First, in patients with ESKD, a high sScl is related to a reduced all-cause 
and cardiovascular mortality risk. Although Scl has been associated with bone turn-
over,22 the relation between sScl and clinical outcome did not alter after correction 
for BALP. Second, sScl is influenced by dialysis modality as the sScl concentration 
remained unaltered in HD patients and decreased over time in patients treated with 
HDF. Lastly, the decrease in sScl in the latter group was positively related to the 
magnitude of the convection volume. 

figure 2. Change in serum sclerostin (mean with standard error) over time, stratified by treatment 
modality.
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Previous studies investigating the association between sScl and mortality in HD pa-
tients reported heterogeneous results. Two European studies (n=239 and n=164) 
with a follow-up between 2 and 4 years did not find an association between sScl 
and mortality,16,17 whereas one Brazilian study (n=91) reported an inverse rela-
tion.23 At the other end of the spectrum, two European studies (n=637 and n=100) 
in both incident and prevalent HD patients with a similar follow-up demonstrated 
results comparable to ours, i.e. a reduced mortality risk for patients with higher sScl 
concentrations.14,15 Although differences in the assays used has been reported to 
explain these conflicting results,24 this seems unlikely as the same assay was used 
in studies with no association,17 an inverse relation23 and a positive association.14 
The small Brazilian study reporting an inverse relation between sScl and survival 
investigated a relatively young (mean age 42 years) and healthy population (15.4% 
had diabetes, versus >20% in the other studies) with a long dialysis vintage (me-
dian 10 years versus <5 years in other studies or even incident patients in one 
study). Such differences may affect the relation between sScl and clinical outcome 
and could thus explain (some of) the discrepant results. Other explanations for the 
heterogeneous results include differences in statistical adjustment, residual kidney 
function or the categorization of sScl. Finally, it is possible that sScl may increase 

figure 3. Median relative change in serum sclerostin over 1 year of follow-up in categories of con-
vection volume.
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due to inflammation and that in this setting higher levels of sScl reflect different 
inflammation levels in different cohorts. Nevertheless, it is interesting to note that 
three studies investigating this topic, including the present study (adding up to 
1169 out of a total of 1663 patients), report a reduced mortality risk for patients 
with higher sScl concentrations.14,15 

Accepting an inverse relation between sScl and mortality, the question of causality 
arises. A high sScl value may be a marker of reduced renal function and as such an 
innocent bystander, or causally beneficial for survival. If causal, sScl may be protec-
tive against vascular calcification in ESKD patients, since a high sScl is related to an 
impaired proliferation of osteoblasts and increased apoptosis in healthy subjects, 
leading to less bone formation.25 It is conceivable that these mechanisms may apply 
to extra-skeletal calcifications as well. In CKD patients, high sScl concentrations are 
related to extensive vascular calcification in coronary and abdominal vessels.26,27 
Since sScl is considered an inhibitor of calcification in healthy subjects,25 a high sScl 
concentration in CKD may represent a compensatory mechanism to the propensity 
for extra-skeletal calcifications, resulting from other uremic derangements, such as 
abnormalities in phosphate and vitamin D metabolism, in this patient group.28 This 
hypothesis is supported by the recent finding that the increase in sScl concentra-
tion in patients with CKD is not the result of a reduced excretion of sScl, but 
due to an increased production.29 Alternatively, the picture may be much more 
complicated due to an altered balance between a variety of pro- (osteoprotegerin, 
calcium, phosphate) and anti-calcifying substances (fetuin A, matrix GLA protein) 
in CKD, overall resulting in a dynamic and delicate pro-calcifying state. Since the 
relation between sScl and outcome did not markedly alter after correction for BALP, 
the relation between sScl and clinical outcome may run, at least partly, through 
other pathways than just altered bone metabolism. Lastly, as increased intimal and 
medial calcifications may induce atherosclerotic plaque stabilization30 and hence 
lower the risk of myocardial infarction and arterial emboli, a high sScl concentration 
may protect patients against atherosclerotic cardiovascular events. 

As mentioned, longitudinal sScl concentrations differed considerably between 
patients treated with HD or HDF. Above and beyond, the decline in sScl was most 
pronounced in HDF patients with the highest convection volumes achieved. Note-
worthy, multiple studies reported an inverse relation between the magnitude of the 
convection volume and mortality risk.19,31-33 A beneficial effect of high-volume HDF 
and a concomitant reduction of elevated sScl concentration which is related to a 
better survival, as demonstrated in this study, appears counterintuitive. Possibly, 
the assumed beneficial effects of high-volume HDF override the negative effect of 
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a lower sScl, i.e. the reduction in sScl due to treatment with HDF may be too low 
to influence clinical outcomes. Alternatively, it is conceivable that HDF is protective 
for cardiovascular events by restoring mineral balance, as measured by reductions 
in phosphate and FGF23,34,35 which may induce a lower compensatory production 
of sScl per se. Lastly, as mentioned before, sScl may be an “innocent bystander”, a 
marker of CKD-MBD, which, however, plays no causal role in cardiovascular mortal-
ity and morbidity. The latter possibility would also explain the conflicting results in 
the aforementioned studies on the association between sScl and mortality. 

The present analysis is limited by its observational nature. Thus, a causal relation 
between sScl and mortality cannot be established. Furthermore, many other mark-
ers of bone metabolism, which may also be involved in extraskeletal calcifications, 
were not available. The most important strength is the randomization between HD 
and HDF, establishing the causal influence of the dialysis modality on sScl concen-
trations. Second, the assessment of all sScl measurements in a central laboratory in 
one run eliminates inter-assay variability. Moreover, the present study is performed 
in a well-established ESKD cohort in which the data were collected meticulously 
and an endpoint adjudication committee reviewed all clinical events. Lastly, we 
performed several sensitivity analyses to increase the robustness of our findings. 

Future research is urgently warranted to determine whether longitudinal measure-
ments of sScl are associated with hard clinical end points, especially given the 
availability of sclerostin antibodies, which is currently being tested in osteoporotic 
subjects.36 Second, the causal pathways of the described relations remain to be de-
termined. Investigating associations between sScl and vascular parameters, such 
as carotid intima-media thickness, pulse wave velocity or left ventricular mass, 
appears a logical next step given the suggested role of sScl in vascular calcification. 

In conclusion, in ESKD patients, a high sScl concentration is associated with a 
reduced mortality risk. Furthermore, sScl decreased in HDF patients and remained 
unaltered in patients treated with HD. Lastly, the reduction of sScl in HDF patients 
depends on the magnitude of the convection volume. The clinical implications of 
these results require additional research.
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SuPPLemeNTary TaBLeS

Supplementary table 1. Sensitivity analysis for all-cause and cardiovascular mortality stratified by 
sScl quartiles using on-treatment follow-up.

Model 1# Model 2#* Model 3#§

All-cause mortality
 Q2 versus Q1
 Q3 versus Q1
 Q4 versus Q1

0.60 (0.37 – 0.99)&

0.70 (0.44 - 1.10)
0.69 (0.44 - 1.08)

0.62 (0.36 - 1.05)
0.53 (0.32 - 0.90)&

0.53 (0.32 - 0.87)&

0.58 (0.34-0.99)&

0.51 (0.30-0.86)&

0.51 (0.31-0.84)&

Cardiovascular mortality
 Q2 versus Q1
 Q3 versus Q1
 Q4 versus Q1

0.45 (0.19 - 1.05)
0.88 (0.44 - 1.77)
0.35 (0.15 - 0.86)&

0.47 (0.19 - 1.17)
0.72 (0.31 - 1.63)
0.28 (0.11 - 0.74)&

0.40 (0.15-1.03)&

0.65 (0.28-1.51)&

0.26 (0.10-0.70)&

HRs are calculated with Cox models with censoring of patients at the time of discontinuation of ran-
domized treatment (i.e. due to switch to PD, renal transplantation, etc)
# Results are shown as hazard ratios (HRs) with 95% confidence intervals
* Adjusted for age, sex, history of cardiovascular disease, serum albumin and residual kidney func-
tion
§ Adjusted as in model 2 plus bone specific alkaline phosphatase
& Indicates a significant difference in hazard at the level of p<0.05

Supplementary table 2. crude and propensity-score adjusted HRs for dichotomous sScl (cut-off 
138.7 pmol/L).

Model 1# Model 2#* Model 3#§

All-cause mortality
 high versus low 0.84 (0.62-1.16) 0.69 (0.49-0.97)& 0.68 (0.48-0.97)&

Cardiovascular mortality
 high versus low 0.74 (0.43-1.29) 0.65 (0.36-1.17) 0.64 (0.35-1.18)

# Results are shown as hazard ratios (HRs) with 95% confidence intervals
* Adjusted for a propensity score encompassing age, sex, diabetes, history of cardiovascular disease, 
BMI, dialysis vintage, serum albumin, residual kidney function and treatment modality
§ Adjusted as in model 2 plus bone specific alkaline phosphatase
& Indicates a significant difference in hazard at the level of p<0.05
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