
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

He et al. BMC Nephrology           (2024) 25:26 
https://doi.org/10.1186/s12882-024-03460-x

BMC Nephrology

†Lei He and Yuzhe Li contributed equally to this work and share first 
authorship.

*Correspondence:
Jinsheng Xu
xjs5766@126.com

Full list of author information is available at the end of the article

Abstract
Background Up to now, there is no unequivocal intervention to mitigate vascular calcification (VC) in patients with 
hemodialysis. This network meta-analysis aimed to systematically evaluate the clinical efficacy of sodium thiosulfate, 
bisphosphonates, and cinacalcet in treating vascular calcification.

Methods A comprehensive study search was performed using PubMed, Web of Science, the Cochrane Library, 
EMBASE and China National Knowledge Internet (CNKI) to collect randomized controlled trials (RCTs) of sodium 
thiosulfate, bisphosphonates, and cinacalcet for vascular calcification among hemodialysis patients. Then, network 
meta-analysis was conducted using Stata 17.0 software.

Results In total, eleven RCTs including 1083 patients were qualified for this meta-analysis. We found that cinacalcet 
(SMD − 0.59; 95% CI [–0.95, -0.24]) had significant benefit on vascular calcification compared with conventional 
therapy, while sodium thiosulfate or bisphosphonates did not show such efficiency. Furthermore, as for ranking the 
efficacy assessment, cinacalcet possessed the highest surface under the cumulative ranking curve (SUCRA) value 
(88.5%) of lessening vascular calcification and was superior to sodium thiosulfate (50.4%) and bisphosphonates 
(55.4%). Thus, above results suggested that cinacalcet might be the most promising drug for vascular calcification 
treatment in hemodialysis patients. Mechanistically, our findings illustrated that cinacalcet reduced serum calcium 
(SMD − 1.20; 95% CI [–2.08, − 0.33]) and showed the tendency in maintaining the balance of intact Parathyroid 
Hormone (iPTH) level.
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Introduction
Vascular calcification (VC), a common complication in 
haemodialysis (HD) patients, is associated with stiffen-
ing of the arterial wall and disruption of blood flow and 
significantly increases the risk of cardiovascular-related 
morbidity and mortality [1–3]. Thus, improving or 
reversing vascular calcification is of great significance 
and extremely urgent. To date, numerous studies have 
been conducted to explore the mechanisms of vascular 
calcification in an attempt to identify effective thera-
peutic approaches. However, there is still a lack of an 
unequivocal intervention to consistently attenuate vascu-
lar calcification progression [4].

Recent studies have proven that VC is a complicated 
active pathological process involving mineral metabolism 
disturbance, a reduction in mineralization inhibition fac-
tors, and secondary hyperparathyroidism (SHPT) [5–7]. 
Sodium thiosulfate, bisphosphonates, and cinacalcet, 
which target the above mechanisms, are currently being 
used to mitigate vascular calcification in clinical prac-
tice. Studies have shown that sodium thiosulfate (STS) 
plays a role in maintaining the balance of bone mineral 
metabolism and might retard the progression of vascu-
lar calcification by chelating precipitated calcium to form 
soluble calcium thiosulfate [8, 9]. Adirekkiat et al. evalu-
ated the effect of STS on vascular calcification in 87 dial-
ysis patients and observed a delay in VC progression [10]. 
Coincidentally, bisphosphonates, a type of mineralized 
inhibitor, have also been indicated to prevent hydroxy-
apatite formation by inhibiting calcium-phosphate crys-
tal construction and soft tissue growth [11]. In patients 
undergoing dialysis, bisphosphonate administration for 
12 months reduced coronary artery calcification progres-
sion but was associated with an increased risk of osteo-
malacia [12, 13]. Additionally, cinacalcet, a new drug 
recently incorporated into clinical practice for vascular 
calcification treatment, is used to treat secondary hyper-
parathyroidism by decreasing serum parathyroid hor-
mone levels, thereby delaying the progression of vascular 
calcification [14]. The ADVANCE study, a multicentre 
trial conducted in dialysis patients, observed the effect 
of cinacalcet and reported a reduction in coronary artery 
calcification volume scores [15]. However, the above 
studies were limited by their small sample sizes and short 
follow-up times, making the conclusions restricted and 
reducing the generalizability. Moreover, there are few 

studies comparing the above three drugs with each other; 
thus, it cannot be determined which intervention is the 
most promising for treating vascular calcification.

Therefore, the aim of this study was to identify an 
appropriate intervention for vascular calcification among 
these different treatments. Conventional pairwise meta-
analysis fails to analyse the associated merits of different 
treatments if they have not been examined in head-to-
head trials. Network meta-analysis (NMA) allows com-
parisons to be inferred and then estimates the best 
approach. Thus, we conducted a network meta-analysis 
to compare the efficacy of sodium thiosulfate, bisphos-
phonates, and cinacalcet in terms of vascular calcification 
and provide a prospective strategy for the future.

Methods
Registration and protocol
The protocol of this network meta-analysis was pro-
spectively registered on the International Prospective 
Register of Systematic Reviews (registration number: 
CRD42022379965). This network meta-analysis followed 
the PRISMA Extension Statement for Reporting of Sys-
tematic Reviews Incorporating Network Meta-analyses 
of Health Care Interventions (PRISMA-NMA) guidelines 
[16].

Search strategy and literature source
Two investigators (LH and YZL) identified the studies 
through a systematic search of PubMed, Web of Science, 
the Cochrane Register of Controlled Trials databases, 
Embase and China National Knowledge Infrastructure 
(CNKI) databases from inception to November 2022, 
using the following search terms: vascular calcification, 
sodium thiosulfate, cinacalcet, bisphosphonates, ran-
domized clinical trials (RCTs) and their medical subject 
heading (MeSH) terms with the Boolean search terms 
‘OR’ and ‘AND’. The details of the search strategy were 
presented in the Supplementary Table 1.

Inclusion and exclusion criteria
Two reviewers (L.H. and Y.Z.L.) independently screened 
the titles and abstracts then assessed the full texts of 
potentially relevant studies using EndNote 20. Disagree-
ments were double-checked and resolved by a third 
reviewer (J.J.J.). Studies that met the following inclusion 
criteria were included in the subsequent analyses: (1) 

Conclusions This network meta-analysis indicated that cinacalcet appear to be more effective than sodium 
thiosulfate and bisphosphonates in mitigating vascular calcification through decreasing serum calcium and iPTH. And 
cinacalcet might be a reasonable option for hemodialysis patients with VC in clinical practice.

Systematic Review Registration [http://www.crd.york.ac.uk/PROSPERO], identifier [CRD42022379965].
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Studies that included patients (aged ≥ 18 years old) diag-
nosed with ESRD who were treated with regular haemo-
dialysis for more than 3 months [17]. (2) Studies in which 
the patients in the treatment groups received a specific 
dose or duration of sodium thiosulfate, bisphosphonates 
or cinacalcet. Patients in the conventional therapy group 
used vitamin D supplements and phosphate binders. 
Other measures remained consistent between the two 
groups. (3) Studies in which at least one of the follow-
ing results was mentioned: coronary artery calcification 
scores and aorta calcification scores (including abdomi-
nal aorta and iliac artery scores). In addition, each out-
come indicator included pre- and posttreatment baseline 
values or differences. (4) Studies that were RCTs.

Studies were excluded if they met at least one of the 
following criteria: (1) studies including CKD patients 
without haemodialysis; (2) repeatedly published studies; 
(3) retrospective studies, case reports and case series, 
systematic evaluations and meta-analyses, reviews, and 
other literature related to non-RCT trials; (4) animal 
or cell studies; and (5) studies without full texts or with 
incomplete original data after contacting the authors.

Data extraction and quality assessment
The following information was extracted from each 
study: author, publication year, baseline participant char-
acteristics (country, age, sex etc.), interventions, trial 
duration and outcome measurements, such as the calcifi-
cation score, serum calcium level, phosphorous level, and 
iPTH level. Based on the Cochrane handbook’s checklist 
of factors, a standardized data extraction form was cre-
ated. If the original data only provided the median and 
quartile range, the web tool (https://www.math.hkbu.
edu.hk/~tongt/papers/median2mean.html) was used to 
convert original data to mean and standard deviation. To 
overcome the differences of calcification scores between 
the conventional treatment group and the intervention 
group in baseline, we analyzed the data using the dif-
ferent value between the pre- and post-treatment calci-
fication scores. ‘The Cochrane Collaboration’s tool for 
assessing risk of bias [18]’ was utilized to measure the risk 
of bias in the RCTs. RevMan 5.3 was used to represent 
the risk of bias. Two authors (L.H. and Y.Z.L.) indepen-
dently graded the risk of bias in the studies and consulted 
the third author (J.J.J.) when discrepancies arose.

Data synthesis and statistical analyses
Three key assumptions of a network meta-analysis 
include homogeneity, transitivity and consistency [19]. 
As interventions are by definition heterogeneous, pair-
wise meta-analyses on head-to-head comparisons based 
on the frequentist approach were executed. The stan-
dardized mean differences (SMD; Hedges’g) [20] and 95% 
intervals (CI) of vascular calcification score and serum 

indicators between the treatment and control groups 
were calculated. Furthermore, statistical heterogeneity 
was assessed using the statistic inconsistency index (I2). 
The fixed-effects model was used when I2 ≤ 50%, and the 
random-effects model was used when I2>50%.In pursuit 
of optimal accuracy of results, an I2 value greater than 
50% is generally considered to indicate a substantial level 
of heterogeneity, which consequently initiates sensitivity 
analysis to identify the source [21]. In sensitivity analyses, 
we incorporated the risk of bias assessment by eliminat-
ing studies that were judged as having bias on the par-
ticular outcome. We used p values less than 0.05 to assess 
significance.

Transitivity is a key assumption of NMA and refers to 
the assumption that indirect comparison is an authen-
tic estimate of the unobserved direct comparison [22]. 
In our study, we assessed connectivity of the network at 
different interventions visually and found no evidence 
of unconnectedness on either network. Another key 
assumption in network meta-analysis relates to con-
sistency, however, there were no head-to-head RCTs 
included, all data were from indirect treatment compari-
sons, thus we were unable to assess statistical inconsis-
tency [23].

We used STATA software (Version 17) to perform a 
multivariate network meta- analysis within a frequen-
tist framework [24] according to current PRISMA NMA 
guidelines. The effective estimates were presented as a 
standardized mean difference (SMD) with a 95% confi-
dence interval (CI). Results were considered as not statis-
tically significant when 95% of CI contained null values. 
Evidence network diagrams were used to display the 
comparisons of different treatments. Connecting lines 
showed direct comparisons between the two interven-
tions. The number of trials were indicated by the width 
of each line. The size of each node provided informa-
tion about the intervention’s total sample size. Using the 
pairwise comparison, an interval plot was generated to 
present all possible pairwise comparisons between any 
two of the three treatments. The efficacy of each ther-
apy was ranked using the surface under the cumulative 
ranking curve (SUCRA), expressed as a percentage with 
a range of 0 to 1. For efficacy assessment, interventions 
with highest SUCRA value corresponds to the most effi-
cacious treatment. To assess the presence of bias due to 
small-scale studies, which could cause publication bias in 
NMA, funnel plots were created and visually inspected 
using the criterion of symmetry [25].

Results
Data extraction and quality assessment
In the present meta-analysis, a total of 250 studies were 
retrieved, of which 41 duplicated studies were eliminated. 
After reading the titles and abstracts, 137 studies that 

https://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html
https://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html
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were reviews, meta-analyses, cell or animal studies, and 
case reports were excluded. Finally, after full-text review, 
eleven RCTs [12, 15, 26–34] met our criteria and were 
selected for our network meta-analysis. The flow diagram 
of literature identification and screening was shown in 
Fig. 1. The included studies had satisfactory qualities, as 
depicted in Fig. 2.

The clinical characteristics of the eleven included stud-
ies were provided in Table  1. In total, we enrolled 1083 
participants, of which 543 patients were in treatment 
groups. In detail, these trials evaluated the efficacy of 
3 different therapeutic agents, including sodium thio-
sulfate, bisphosphonates, and cinacalcet, for treating 
vascular calcification when compared to conventional 
therapeutic agents (vitamin D supplements and phos-
phate binders). The studies were conducted in Europe 
(n = 3) [26, 32, 33], Asia (n = 6) [12, 27–30, 34] and North 
America (n = 2) [15, 31]. For the study population, all 
eleven studies focused on patients treated with HD, 
and the average time of haemodialysis ranged from 7.02 
to 104.4 months. Three studies reported the results of 
patients after treatment with sodium thiosulfate. Another 
three studies reported the use of 200–400  mg/day eti-
dronate. The remaining five studies demonstrated that 
the utilization of cinacalcet started at 30  mg/d and was 
adjusted to achieve the targets. The time of treatment 
ranged from 3 to 12 months.

Intervention efficiency evaluation
Summary of evidence network
The evidence networks displayed in Figs. 3A, 4A and 5A, 
and 6A indicated the correlation of sodium thiosulfate, 
bisphosphonates and cinacalcet with conventional ther-
apy across the 3 arms. Since the original studies evalu-
ated the effectiveness of these drugs separately when 
compared to conventional therapy, there was no pairwise 
comparison of the three drugs. In other words, the cur-
rent network meta-analysis had no triangular loop. Thus, 
there was no source of inconsistency in our analysis.

Effect of different interventions on the calcification score
Six studies included 509 patients undergoing haemodi-
alysis and provided data on calcification scores. Pairwise 
analyses demonstrated that compared with conventional 
therapy, there was a significant attenuation of vascular 
calcification after treatment with cinacalcet (SMD: −0.60, 
95%CI: [− 0.83, − 0.37], P = 0.000, I2 = 0.00%, Supplemen-
tary Fig.  1C). Whereas sodium thiosulfate (SMD − 0.29, 
95%CI: [− 0.64, 0.05], P = 0.091, I2 = 0.00%, Supplemen-
tary Fig. 1A) and bisphosphonates (SMD: −0.24, 95%CI: 
[− 0.81, 0.34], P = 0.369, I2 = 0.00%, Supplementary Fig. 1B) 
did not display any mitigation of vascular calcification 
when comparing with conventional therapy.

In agreement with the pairwise meta-analysis, the 
results of the interval plot demonstrated that cinacalcet 
(SMD − 0.59; 95% CI [− 0.95, − 0.24]) remarkably miti-
gated vascular calcification compared with conventional 
therapy in haemodialysis patients (Fig. 3B). Furthermore, 
cinacalcet showed a tendency to be more effective than 
sodium thiosulfate (SMD − 0.29; 95% CI [− 0.64, 0.05]) 
and bisphosphonates (SMD − 0.35; 95% CI [− 0.93, 0.23]) 
in alleviating vascular calcification (Fig.  3B). For rank-
ing the efficacy assessment, cinacalcet had the highest 
SUCRA value (88.5%) for alleviating vascular calcification 
(Fig.  3C-E). The above results suggested that cinacalcet 
possessed more therapeutic prospects for vascular calci-
fication. The funnel plot did not suggest that there was 
any publication bias or other small study effects (Fig. 3F).

Effect of different interventions on serum calcium levels
Additionally, analyses were performed to explore the dif-
ferent drug therapeutic effects on serological markers 
associated with vascular calcification. Ten trials with a 
total of 723 patients undergoing haemodialysis reported 
the level of serum calcium. The forest plots displayed 
the efficacy of different treatment compared with the 
conventional therapy. There was a significant serum 
calcium reduction in cinacalcet group (SMD: −1.20, 
95%CI: [− 2.09, − 0.31], P = 0.008, I2 = 92.4%, Supplemen-
tary Fig. 2C) but neither sodium thiosulfate (SMD: 0.04, 
95%CI: [− 0.31, 0.39], P = 0.823, I2 = 5.7%, Supplemen-
tary Fig.  2A) nor bisphosphonates (SMD: −0.25, 95%CI: 
[− 1.72, 1.21], P = 0.734, I2 = 82.4%, Supplementary Fig. 2B) 
demonstrated such an effect.

Based on the pairwise analysis, we conducted the net-
work meta-analysis. The outcome revealed that cinacal-
cet (SMD − 1.20; 95% CI [–2.08, − 0.33]) was superior in 
reducing serum calcium levels compared with conven-
tional therapy (Fig.  4B), while the other two therapies 
were not statistically significant. Moreover, cinacalcet 
showed a tendency to be more effective than sodium 
thiosulfate (SMD − 1.33; 95% CI [–2.67, 0.02]) and 
bisphosphonates (SMD − 0.96; 95% CI [–2.38, 0.47]) in 
reducing serum calcium levels. Considering the efficiency 
of lowering serum calcium levels, remarkably, cinacal-
cet had the highest SUCRA value (96.0%), followed by 
bisphosphonates (47.6%) and conventional treatment 
(31.4%) (Fig. 4C-E). Therefore, cinacalcet was rated as the 
best treatment for reaching the standard level of serum 
calcium. The funnel plot indicated that some points fell 
outside the 95% CI, which may be related to the hetero-
geneity in the study (Fig. 4F).

Effect of different interventions on serum phosphorus levels
Nine studies published relevant data on serum phospho-
rus levels in 668 haemodialysis patients. As shown by 
pairwise meta-analyses versus conventional treatment 
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Fig. 1 Flow chart showing the detailed procedures involved in study screening and the application of the exclusion criteria. Eleven studies were included 
in this network meta-analysis
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Fig. 2 Quality assessment of the included literature. (A) Risk of bias graph; (B) risk of bias summary
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(Supplementary Fig.  3A-C), sodium thiosulfate (SMD: 
0.78, 95%CI: [− 0.97, 2.53], P = 0.384, I2 = 90.1%) nor 
bisphosphonates (SMD: −0.15, 95%CI: [− 0.72, 0.41], 
P = 0.596, I2 = 47%) and cinacalcet group (SMD: −0.10, 
95%CI: [− 0.29, 0.09], P = 0.319, I2 = 0.0%) all failed to 
lower blood phosphorus.

Next, network meta-analysis was performed. The 
result of network meta-analysis indicated that the effi-
cacy of sodium thiosulfate (SMD 0.64; 95% CI [–0.22, 
1.50]), bisphosphonates (SMD − 0.12; 95% CI [–0.9, 
0.66]), and cinacalcet (SMD − 0.14; 95% CI [–0.67, 0.38]) 
in decreasing serum phosphorus levels was similar to 

Fig. 3 The network meta-analysis for calcification score. (A) Evidence network of all enrolled studies in relation to the calcification score of hemodialysis 
patients in this NMA; (B) Interval plots of network meta-analysis of calcification score; (C) The surface under the cumulative ranking curve (SUCRA) rank-
ing chart for calcification score; (D) (E) ranking of calcification score of HD patients in this NMA. (F) funnel plot of calcification score. CT = conventional 
therapy; STS = sodium thiosulfate
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that of conventional therapy (Fig. 5B). There was no sig-
nificant difference in the comparison of the interven-
tions with each other. The corresponding SUCRA values 
are presented in Fig.  5C, and the comparative ranking 
of SUCRA values is shown in Fig.  5D-E. The top three 

SUCRA values were 72.1%, 66.3% and 53.6% for cinacal-
cet, bisphosphonates and conventional therapy, respec-
tively. As for evaluating publication bias, the funnel plot 
appeared symmetrical (Fig. 5F).

Fig. 4 The network meta-analysis for serum calcium level. (A) Evidence network of all enrolled studies in relation to the serum calcium of hemodialysis 
patients in this NMA; (B) Interval plots of network meta-analysis of serum calcium; (C) The surface under the cumulative ranking curve (SUCRA) ranking 
chart for serum calcium; (D) (E) ranking of serum calcium of HD patients in this NMA. (F) funnel plot of serum calcium level. CT = conventional therapy; 
STS = sodium thiosulfate
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Effect of different interventions on serum iPTH levels
Secondary hyperparathyroidism (SHPT) is considered 
as a vital factor in the development of vascular calcifica-
tion. Therefore, we further evaluated the effect of these 

three interventions on serum iPTH levels. The incidence 
of serum iPTH level was showed from eight trials with 
654 patients on haemodialysis. In pairwise comparisons, 
cinacalcet (SMD: −0.47, 95%CI: [− 0.65, − 0.29], P = 0.00, 

Fig. 5 The network meta-analysis for serum phosphorus level. (A) Evidence network of all enrolled studies in relation to the serum phosphorus of he-
modialysis patients in this NMA; (B) Interval plots of network meta-analysis of serum phosphorus; (C) The surface under the cumulative ranking curve 
(SUCRA) ranking chart for serum phosphorus; (D) (E) ranking of serum phosphorus of HD patients in this NMA. (F) funnel plot of serum phosphorus level. 
CT = conventional therapy; STS = sodium thiosulfate
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I2 = 0.00%, Supplementary Fig. 4C) exert reducing serum 
iPTH levels than conventional therapy. Nevertheless, 
sodium thiosulfate (SMD: 0.15 95%CI: [− 0.23, 0.54], 
P = 0.434, I2 = 37.6%, Supplementary Fig. 4A) and bisphos-
phonates (SMD: 0.57, 95%CI: [− 2.28, 3.42], P = 0.697, 

I2 = 93%, Supplementary Fig.  4B) didn’t demonstrated 
advantage over conventional treatment.

Although there was no significant difference observed 
between sodium thiosulfate, bisphosphonates and cina-
calcet and conventional therapy, cinacalcet (SMD − 0.59; 
95% CI [–1.28, 0.10]) was the only intervention that 

Fig. 6 The network meta-analysis for serum intact Parathyroid Hormone, (iPTH) level. (A) Evidence network of all enrolled studies in relation to the serum 
iPTH of hemodialysis (HD) patients in this NMA; (B) Interval plots of network meta-analysis of serum iPTH; (C) The surface under the cumulative ranking 
curve (SUCRA) ranking chart for serum iPTH; (D) (E) ranking of serum phosphorus of HD patients in this NMA. (F) funnel plot of serum iPTH level. CT = con-
ventional therapy; STS = sodium thiosulfate
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tended to decrease the iPTH level (Fig.  6B). Moreover, 
cinacalcet still showed a tendency to lower iPTH level 
when compared with sodium thiosulfate (SMD − 0.74; 
95% CI [–1.93, 0.46]) and bisphosphonates (SMD − 1.03; 
95% CI [–2.40, 0.35]). Figure  6C-E illustrated the rank 
probability of the efficacy of different medications on 
decreasing serum iPTH levels, suggesting that cinacal-
cet was most likely to be ranked as the first therapeutic 
option (92.2%). The funnel plots of the network meta-
analysis for iPTH were not suggestive of publication bias 
(Fig. 6F).

Sensitivity analyses
Furthermore,sensitivityanalyseswere performed to 
ensure robustness of results (Supplementary Fig.  5). 
After removing studies one by one, the ranking outcomes 
of network meta-analyses were similar to the original 
studies among serum calcium level and serum iPTH 
level. When excluding Raggi in the sensitivity analysis 
of vascular calcification score, we found that cinacalcet 
(SUCRA:72.3%) remained the most favorable treatment 
for alleviating vascular calcification (Supplementary 
Fig. 6).

Discussion
To the best of our knowledge, this network meta-anal-
ysis is the first to synthesize evidence for evaluating the 
impact of sodium thiosulfate, bisphosphonates and cina-
calcet on vascular calcification. Notably, the results of 
network meta-analysis indicated that compared with 
conventional therapy, cinacalcet could significantly 
reduce vascular calcification in haemodialysis patients. In 
addition, the most striking result indicated that cinacalcet 
was superior to sodium thiosulfate and bisphosphonates 
in delaying the process of vascular calcification. Mecha-
nistically, our findings illustrated that the maintenance of 
stable calcium and iPTH levels might be the main reason 
for the effect of cinacalcet on reducing vascular calcifica-
tion. Overall, our outcomes demonstrated that cinacalcet 
is a promising choice of treatment for vascular calcifica-
tion in patients with haemodialysis.

Cinacalcet is a calcimimetic compound that acts on the 
calcium sensing receptor (CaSR) and subsequently inhib-
its parathyroid hormone secretion [35, 36]. Currently, 
cinacalcet is widely used to treat moderate and severe 
secondary hyperparathyroidism in dialysis patients. A 
prospective cohort study conducted in Japan with 47 
patients demonstrated a reduction in abdominal aortic 
calcification over a 12-month period of cinacalcet treat-
ment in the real world [37]. Moreover, in in vitro experi-
ments, Wu et al. illustrated significant aortic calcification 
attenuation in uraemic rats that were orally administered 
cinacalcet for 12 weeks [38]. Consistently, our systematic 
review of large and comprehensive RCTs also revealed 

that cinacalcet delayed the process of vascular calcifica-
tion relative to conventional therapy.

In addition, our analysis suggested that cinacalcet was 
better than sodium thiosulfate and bisphosphonates in 
retarding vascular calcification, which was confirmed by 
its high SUCRA values. Regarding sodium thiosulfate, 
Mathews et al. treated 22 HD patients with intravenous 
sodium thiosulfate for 5 months and reported no signifi-
cant differences in the mean annualized changeable rates 
of the calcium volume in aorta, coronary, or vertebral 
bone density [39]. Although it has been proposed that 
sodium thiosulfate can chelate calcium to form highly 
soluble calcium thiosulfate salt [40], this process seems 
to be unreasonable because sodium thiosulfate cannot 
lower circulating calcium levels [14]. To date, bisphos-
phonates have also been used to alleviate vascular calci-
fication. Nevertheless, in the CKD stage 3–4 population, 
18 months of bisphosphonate usage failed to lead to a 
difference in the progression of aortic vascular calcifica-
tion [41]. Furthermore, the safety of bisphosphonates 
regarding long-term use is unclear, and researchers are 
still concerned about the possible risk of exacerbated 
adynamic bone disease and osteomalacia [42]. However, 
the bisphosphonate included in the present study is eti-
dronate only, and these results may not be generalizable 
to other bisphosphonates. In summary, neither drug led 
to a reduction in vascular calcification. Consistent with 
the above studies, our findings demonstrated that nei-
ther sodium thiosulfate nor bisphosphonates significantly 
mitigated vascular calcification, while cinacalcet exhib-
ited such an effect. Therefore, cinacalcet might be the 
best recommendation for dialysis patients with poten-
tially progressive vascular calcification.

Cinacalcet mimics the action of calcium by allosteri-
cally activating CaSR on the chief cell of the parathyroid 
gland to directly suppress PTH secretion and indirectly 
reduce serum calcium levels [43]. Joki et al. evaluated the 
role of calcimimetics in uraemic mice and emphasized 
that the activation of CaSR might contribute to slowing 
the progression of vascular calcification [44]. In addition, 
Kawata et al. found that cinacalcet markedly lessened cal-
cification-related changes by reducing serum parathyroid 
hormone and calcium levels in rats with a remnant kid-
ney model of uraemia [45]. Similarly, clinical treatment 
with cinacalcet lowered serum calcium and phosphate 
levels, thereby slowing the progression of cardiovascu-
lar calcification [46]. In summary, cinacalcet is now suc-
cessfully used in conjunction with phosphate binders and 
active vitamin D in the treatment of SHPT and vascular 
calcification in dialysis patients. However, the side effects 
associated with cinacalcet should also be brought up as 
high importance. The results of a meta-analysis suggested 
that cinacalcet significantly increased the risk of hypocal-
caemia, nausea, and vomiting [47], and Xu et al. found 
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out that gastrointestinal events were noted at greater 
doses [48]. These side effects may be correlated with the 
pharmacological action and therefore need to be closely 
monitored during the use of cinacalcet.

Recent studies have indicated that the cardiovascular 
benefits of cinacalcet are also worth noting. Cunningham 
et al. analysed the clinical data of four RCTs and demon-
strated that cinacalcet decreased the risk of cardiovascu-
lar hospitalization [49]. In addition, the post hoc analysis 
of the EVOLVE trial, which was conducted in 3883 dialy-
sis patients with a 2-year follow-up, showed a lower inci-
dence of calcific uraemic arteriolopathy [50], a tendency 
towards a reduced fracture rate [51], and a decreased 
risk of cardiovascular events in patients over the age of 
65 years [52]. Overall, the cardiovascular benefit demon-
strated by cinacalcet might be associated with a reduc-
tion in vascular calcification.

The follow-up time in the studies included in the pres-
ent meta-analysis is relatively short (ranging from 3 to 12 
months). However, the hemodialysis patients we included 
already had vascular calcification at the baseline of the 
studies. In our analysis, our focus is on whether vascu-
lar calcification has progressed before and after these 
drugs treatment. And the follow-up time in all studies 
included in the present meta-analysis is similar. Hence, 
its influence on the results is limited. Another question 
worth considering is that the drug dosages and dura-
tions were not entirely consistent among the studies we 
included. However, the pairwise meta-analysis revealed 
no significant heterogeneity in the combination of the 
same drugs. And the sensitivity analyses showed that the 
results of network meta-analyses were stable. Therefore, 
we thought our network meta-analyses had certain clini-
cal value to roughly compare the efficacy of these three 
drugs. Certainly, different doses of intervention and dura-
tions of treatment made some limitations for the results, 
and further direct RCT research is needed in the future 
to prove our results of NMA.

There are several potential limitations in this network 
meta-analysis. First, due to the lack of direct RCTs of 
treatment comparisons, consistency was unable to assess. 
However, after excluding studies may potentially lead 
to heterogeneity, the results of NMA did not materially 
change for the primary outcome, which hinted at the sta-
bility of our findings. For sure, further direct comparative 
trials for sodium thiosulfate, bisphosphonates, and cina-
calcet are needed to verify our conclusion. Second, in the 
hemodialysis population, the disturbances of calcium and 
phosphorus metabolism induces systemic vascular calci-
fication, and the progression of vascular calcification may 
vary among different sites. This variation may affect the 
evaluation of drug efficacy, leading to a certain bias in our 
analysis and further homogeneity research is needed to 
confirm our results. Third, our study was conducted with 

haemodialysis patients but did not assess the underlying 
ability of these drugs in the chronic kidney disease popu-
lation with renal transplantation or peritoneal dialysis. 
Certainly, further large-scale and head-to-head studies 
should be conducted to confirm the generalizability of 
the present results.

Conclusion
This network meta-analysis indicated that cinacalcet 
appear to be more effective than sodium thiosulfate 
and bisphosphonates in mitigating vascular calcifica-
tion through decreasing serum calcium and iPTH. And 
cinacalcet might be a reasonable option for hemodialysis 
patients with VC in clinical practice. Certainly, further 
large-scale or head-to-head RCTs are required to verify 
these conclusions.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12882-024-03460-x.

Supplementary Material 1

Acknowledgements
We would like to deeply appreciate the authors who conducted the eligible 
trails included in our network meta-analysis.

Author contributions
Conceptualization, collection and assembly of data, writing the original 
draft: Lei He, Yuzhe Li. Data analysis and interpretation: Lei He, Yuzhe Li. 
Methodology and software: JingJing Jin. Validation and visualization: Yaling 
Bai. Supervision: Jinsheng Xu. All authors participated in drafting manuscript, 
accepting accountability, and ensuring the accuracy or completeness of the 
overall work are properly investigated and resolved. Finally, all authors have 
agreed to the last version.

Funding
This work was supported by the Hebei Provincial Specialty Capacity Building 
and Specialty Leader Training Project ([2018]674), the Hebei Provincial 
Excellent Talents in Clinical Medicine Training Project ([2019]139), the Hebei 
province medical technology tracking project (GZ2020013), the Hebei Clinical 
Medical Research Centre Project (20577701D), and the project of the Hebei 
Provincial Excellent Health Talents and High-Quality Development of Public 
Hospitals ([2022]180).

Data availability
The original data presented in the study are publicly available as cited in the 
reference section, further requirements can be directed to the corresponding 
author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Departments of Nephrology, Hebei Key Laboratory of vascular 
calcification in kidney disease; Hebei Clinical Research Center for Chronic 

https://doi.org/10.1186/s12882-024-03460-x
https://doi.org/10.1186/s12882-024-03460-x


Page 14 of 15He et al. BMC Nephrology           (2024) 25:26 

Kidney Disease, The Fourth Hospital of Hebei Medical University, 12 
Jiankang Road, 050011 Shijiazhuang, China

Received: 29 June 2023 / Accepted: 6 January 2024

References
1. Chen J, et al. Coronary artery calcification and risk of Cardiovascular Disease 

and Death among patients with chronic kidney disease. JAMA Cardiol. 
2017;2(6):635–43.

2. Evans M, et al. A narrative review of chronic kidney disease in clinical practice: 
current challenges and Future perspectives. Adv Ther. 2022;39(1):33–43.

3. Sarnak MJ, et al. Chronic kidney Disease and Coronary Artery Disease: JACC 
State-of-the-art review. J Am Coll Cardiol. 2019;74(14):1823–38.

4. Singh A, Tandon S, Tandon C. An update on vascular calcification and poten-
tial therapeutics. Mol Biol Rep. 2021;48(1):887–96.

5. Düsing P, et al. Vascular pathologies in chronic kidney disease: pathophysi-
ological mechanisms and novel therapeutic approaches. J Mol Med (Berl). 
2021;99(3):335–48.

6. Mace ML, et al. Chronic kidney Disease-Induced Vascular Calcification impairs 
bone metabolism. J Bone Miner Res. 2021;36(3):510–22.

7. Reiss AB, et al. CKD, arterial calcification, atherosclerosis and bone health: 
inter-relationships and controversies. Atherosclerosis. 2018;278:49–59.

8. Karageuzyan KG. Oxidative stress in the molecular mechanism of pathogen-
esis at different diseased states of organism in clinics and experiment. Curr 
Drug Targets Inflamm Allergy. 2005;4(1):85–98.

9. Yatzidis H. Absence or decreased endogenous thiosulfaturia: a cause of recur-
rent calcium nephrolithiasis. Int Urol Nephrol. 2004;36(4):587–9.

10. Adirekkiat S, et al. Sodium thiosulfate delays the progression of coronary 
artery calcification in haemodialysis patients. Nephrol Dial Transplant. 
2010;25(6):1923–9.

11. Kenkre JS, Bassett J. The bone remodelling cycle. Ann Clin Biochem. 
2018;55(3):308–27.

12. Hashiba H, et al. Inhibitory effects of etidronate on the progression of vascu-
lar calcification in hemodialysis patients. Ther Apher Dial. 2004;8(3):241–7.

13. Toussaint ND, Elder GJ, Kerr PG. Bisphosphonates in chronic kidney disease; 
balancing potential benefits and adverse effects on bone and soft tissue. Clin 
J Am Soc Nephrol. 2009;4(1):221–33.

14. Ruderman I, et al. Current and potential therapeutic strategies for the 
management of vascular calcification in patients with chronic kidney disease 
including those on dialysis. Semin Dial. 2018;31(5):487–99.

15. Raggi P, et al. The ADVANCE study: a randomized study to evaluate the effects 
of cinacalcet plus low-dose vitamin D on vascular calcification in patients on 
hemodialysis. Nephrol Dial Transplant. 2011;26(4):1327–39.

16. Hutton B, et al. The PRISMA extension statement for reporting of systematic 
reviews incorporating network meta-analyses of health care interventions: 
checklist and explanations. Ann Intern Med. 2015;162(11):777–84.

17. Levey AS, et al. Nomenclature for kidney function and disease-executive 
summary and glossary from a kidney disease: improving global outcomes 
(KDIGO) consensus conference. Eur Heart J. 2020;41(48):4592–8.

18. Yang ZR, Sun F, Zhan SY. Risk on bias assessment: (2) revised Cochrane risk of 
bias tool for individually randomized, parallel group trials (RoB2.0). Zhonghua 
Liu Xing Bing Xue Za Zhi. 2017;38(9):1285–91.

19. Donegan S, et al. Assessing key assumptions of network meta-analysis: a 
review of methods. Res Synth Methods. 2013;4(4):291–323.

20. Hedges L. and I. Olkin.
21. Higgins JP, et al. Measuring inconsistency in meta-analyses. BMJ. 

2003;327(7414):557–60.
22. Salanti G. Indirect and mixed-treatment comparison, network, or multiple-

treatments meta-analysis: many names, many benefits, many concerns 
for the next generation evidence synthesis tool. Res Synth Methods. 
2012;3(2):80–97.

23. Salanti G, et al. Evaluation of networks of randomized trials. Stat Methods 
Med Res. 2008;17(3):279–301.

24. Rücker G, Schwarzer G. Ranking treatments in frequentist network meta-anal-
ysis works without resampling methods. BMC Med Res Methodol. 2015;15:58.

25. Trinquart L, Chatellier G, Ravaud P. Adjustment for reporting bias in network 
meta-analysis of antidepressant trials. BMC Med Res Methodol. 2012;12:150.

26. Djuric P, et al. Sodium thiosulphate and progression of vascular calcification 
in end-stage renal disease patients: a double-blind, randomized, placebo-
controlled study. Nephrol Dial Transplant. 2020;35(1):162–9.

27. Saengpanit D, et al. Effect of Sodium Thiosulfate on arterial stiffness in 
end-stage renal disease patients undergoing chronic hemodialysis (Sodium 
Thiosulfate-Hemodialysis Study): a Randomized Controlled Trial. Nephron. 
2018;139(3):219–27.

28. Yu Y, et al. [Effect of sodium thiosulfate on coronary artery calcifica-
tion in maintenance hemodialysis patients]. Zhonghua Yi Xue Za Zhi. 
2016;96(46):3724–8.

29. Hashiba H, et al. Inhibition of the progression of aortic calcification by etidro-
nate treatment in hemodialysis patients: long-term effects. Ther Apher Dial. 
2006;10(1):59–64.

30. Ariyoshi T, et al. Effect of etidronic acid on arterial calcification in dialysis 
patients. Clin Drug Investig. 2006;26(4):215–22.

31. Fishbane S, et al. Cinacalcet HCl and concurrent low-dose vitamin D 
improves treatment of secondary hyperparathyroidism in dialysis patients 
compared with vitamin D alone: the ACHIEVE study results. Clin J Am Soc 
Nephrol. 2008;3(6):1718–25.

32. Ureña-Torres P, et al. Efficacy of cinacalcet with low-dose vitamin D in inci-
dent haemodialysis subjects with secondary hyperparathyroidism. Nephrol 
Dial Transplant. 2013;28(5):1241–54.

33. Eddington H, et al. A randomised controlled trial to examine the effects 
of cinacalcet on bone and cardiovascular parameters in haemodialysis 
patients with advanced secondary hyperparathyroidism. BMC Nephrol. 
2021;22(1):106.

34. Susantitaphong P, et al. The effectiveness of cinacalcet: a randomized, open 
label study in chronic hemodialysis patients with severe secondary hyper-
parathyroidism. Ren Fail. 2019;41(1):326–33.

35. Alexander ST, et al. Critical cysteine residues in both the calcium-sensing 
receptor and the Allosteric activator AMG 416 underlie the mechanism of 
action. Mol Pharmacol. 2015;88(5):853–65.

36. Hannan FM, et al. The calcium-sensing receptor in physiology and in calci-
tropic and noncalcitropic diseases. Nat Rev Endocrinol. 2018;15(1):33–51.

37. Nakayama K, et al. Long-term effect of cinacalcet hydrochloride on abdomi-
nal aortic calcification in patients on hemodialysis with secondary hyperpara-
thyroidism. Int J Nephrol Renovasc Dis. 2013;7:25–33.

38. Wu M, et al. Cinacalcet ameliorates aortic calcification in uremic rats via 
suppression of endothelial-to-mesenchymal transition. Acta Pharmacol Sin. 
2016;37(11):1423–31.

39. Mathews SJ, et al. Effects of sodium thiosulfate on vascular calcification in 
end-stage renal disease: a pilot study of feasibility, safety and efficacy. Am J 
Nephrol. 2011;33(2):131–8.

40. Chen NC, Hsu CY, Chen CL. The strategy to prevent and regress the vascular 
calcification in Dialysis patients. Biomed Res Int. 2017;2017:p9035193.

41. Toussaint ND, et al. Effect of alendronate on vascular calcification in 
CKD stages 3 and 4: a pilot randomized controlled trial. Am J Kidney Dis. 
2010;56(1):57–68.

42. Wheeler DC, Becker GJ. Summary of KDIGO guideline. What do we really 
know about management of blood pressure in patients with chronic kidney 
disease? Kidney Int. 2013;83(3):377–83.

43. Nemeth EF, et al. Pharmacodynamics of the type II calcimimetic compound 
cinacalcet HCl. J Pharmacol Exp Ther. 2004;308(2):627–35.

44. Joki N, et al. Effects of calcimimetic on vascular calcification and atherosclero-
sis in uremic mice. Bone. 2009;45(Suppl 1):S30–4.

45. Kawata T, et al. Cinacalcet suppresses calcification of the aorta and heart in 
uremic rats. Kidney Int. 2008;74(10):1270–7.

46. Tsuruta Y, et al. Change in coronary artery calcification score due to cinacalcet 
hydrochloride administration. Ther Apher Dial. 2008;12(Suppl 1):S34–7.

47. Xu J, et al. Cinacalcet plus vitamin D versus vitamin D alone for the 
treatment of secondary hyperparathyroidism in patients undergoing 
dialysis: a meta-analysis of randomized controlled trials. Int Urol Nephrol. 
2019;51(11):2027–36.

48. Harris RZ, et al. Pharmacokinetics, pharmacodynamics, and safety of cinacal-
cet hydrochloride in hemodialysis patients at doses up to 200 mg once daily. 
Am J Kidney Dis. 2004;44(6):1070–6.

49. Cunningham J, et al. Effects of the calcimimetic cinacalcet HCl on cardio-
vascular disease, fracture, and health-related quality of life in secondary 
hyperparathyroidism. Kidney Int. 2005;68(4):1793–800.

50. Floege J, et al. The Effect of Cinacalcet on calcific uremic arteriolopathy 
events in patients receiving hemodialysis: the EVOLVE Trial. Clin J Am Soc 
Nephrol. 2015;10(5):800–7.



Page 15 of 15He et al. BMC Nephrology           (2024) 25:26 

51. Moe SM, et al. Effects of Cinacalcet on fracture events in patients receiving 
hemodialysis: the EVOLVE Trial. J Am Soc Nephrol. 2015;26(6):1466–75.

52. Parfrey PS, et al. The effects of Cinacalcet in older and younger patients on 
Hemodialysis: the evaluation of Cinacalcet HCl therapy to Lower Cardiovas-
cular events (EVOLVE) trial. Clin J Am Soc Nephrol. 2015;10(5):791–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Comparative efficacy of sodium thiosulfate, bisphosphonates, and cinacalcet for the treatment of vascular calcification in patients with haemodialysis: a systematic review and network meta-analysis
	Abstract
	Introduction
	Methods
	Registration and protocol
	Search strategy and literature source
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Data synthesis and statistical analyses

	Results
	Intervention efficiency evaluation
	Summary of evidence network
	Effect of different interventions on the calcification score
	Effect of different interventions on serum calcium levels
	Effect of different interventions on serum phosphorus levels
	Effect of different interventions on serum iPTH levels
	Sensitivity analyses


	Discussion
	Conclusion
	References


