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Meta-analysis of the association
between sclerostin level and adverse
clinical outcomes in patients undergoing
maintenance haemodialysis

Sha-Sha Li, Zhi-Qin Zhang, Da-Wei He, Ao-Lin He and Qi-Feng Liu

Abstract

Background: Studies regarding the relationship of sclerostin (Scl) with clinical outcomes
in patients undergoing maintenance haemodialysis have yielded controversial findings.
This meta-analysis was performed to investigate the predictive role of Sclin this patient

population.

Methods: Several electronic medical databases (e.g. PubMed, Embase, Web of Science and
Cochrane Library) were searched for eligible studies through December 20, 2019. Summary
hazard ratios (HRs) with 95% confidence intervals (Cls) were calculated based on Scr level
(high or low) using a random or fixed effects model.

Results: From among 641 initially screened publications, 16 eligible studies were included

in this meta-analysis. A high Scl level was not associated with cardiovascular events

[HR=0.8 (95% ClI, 0.42-1.35)] or all-cause mortality [HR=0.93 (95% Cl, 0.56-1.54)]. There was
high heterogeneity, but no evidence of publication bias. Interestingly, a high Scl level was
associated with reduced cardiovascular events [HR=0.44 (95% Cl, 0.29-0.69]] in the subgroup
by shorter follow-up period or all-cause mortality [pooled HR=0.58 (95% Cl, 0.36-0.91]] by

shorter dialysis vintage.

Conclusion: This meta-analysis indicated that a high Scl level did not predict total clinical
outcomes in patients undergoing maintenance haemodialysis despite survival benefits in the
subgroups. The predictive role of Scl in these patients should be further evaluated in large

prospective studies.
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Introduction

Patients with chronic kidney disease (CKD) exhibit
higher risks of cardiovascular (CV) morbidity and
mortality;! these risks are increased 10-20-fold for
patients undergoing maintenance haemodialysis
(MHD).2:3 Thus, risk stratification and assessment
are critical for improvement of patient prognosis in
this population. However, because of the lack of
reliable biomarkers, timely identification of high-
risk patients remains challenging.*5 CV morbidity
and mortality are greatly affected by many classical

and non-classical risk factors;! of these, chronic
kidney disease—mineral and bone disorder (CKD-
MBD) has been recognised as a clinically signifi-
cant pathophysiologic disorder that predicts adverse
outcomes in patients undergoing MHD.%’
Although considerable progress has been made in
recent decades, the exact mechanisms underlying
the correlation of CKD-MBD with adverse out-
comes are not fully understood. Sclerostin (Scl) is a
glycoprotein, which is encoded by the SOST gene.?
Scl is produced and secreted by osteocytes; it exerts
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various metabolic effects on bone and other tissues
through inhibition of canonical WN'T signalling.®
Thus, Scl is emerging as an essential modulator of
bone formation and bone mass;!? it is presumed to
participate in the pathogenesis and progression of
CKD-MBD, especially with respect to vascular cal-
cification (VC).!1-13 In this context, Scl may be
associated with detrimental clinical outcomes and
could serve as a novel prognostic biomarker in
patients undergoing MHD.

Indeed, several studies have demonstrated that ele-
vated Scl can predict more CV events and higher
mortality in patients with CKD;!415> however, other
studies do not confirm this association.1%17 A previ-
ous meta-analysis involving 1788 patients addressed
this inconsistency; it found no significant associa-
tions between Scl level and all-cause or CV
mortality.!® However, in that meta-analysis, only
three studies were pooled for all-cause mortality,
while two studies were pooled for CV mortality or
CV events; all studies exhibited high heterogeneity.
Although that meta-analysis did not evaluate the
relationships between Scl level and adverse clinical
outcomes in patients undergoing MHD, recent
studies have investigated these relationships.
Among those studies, some revealed that a high Scl
level was positively associated with fewer CV events
and reduced mortality for patients undergoing
MHD, suggesting that a high Scl level could serve
as a predictor for clinical outcomes.!%1° However,
the results of other studies suggested that a low Scl
level was predictive of fewer adverse outcomes,2%:21
or that Scl level failed to predict any outcomes in
patients undergoing MHD.22:23 Thus, the prognos-
tic significance of Scl in patients undergoing MHD
has not yet been determined. To better understand
the predictive significance of Scl, we performed this
systematic review and meta-analysis of the effects
of different Scl levels on clinical outcomes (e.g. CV
events and all-cause mortality) in patients undergo-
ing MHD.

Methods

Data source and literature search

A comprehensive literature search was under-
took using electronic medical databases, includ-
ing PubMed, Embase, Web of Science and
Cochrane Library. All databases were thor-
oughly searched from the date of inception until
December 20, 2019. The literature search

strategy was based on the PICOM format,?* as
shown in the following:

Is Scl level associated with adverse clinical out-
comes in patients undergoing MHD?

Patients: Patients undergoing MHD
Intervention: Scl level
High Scl level wversus low Scl

Comparison:
level

Outcomes: CV events or all-cause mortality
Methods: Prospective cohort studies

We searched the databases using combinations of
the following medical terms: (“End stage renal
disease” OR “ESRD” OR “end stage kidney dis-
ease” OR “ESKD” OR “uremia” OR “dialysis”
OR “hemodialysis” OR “haemodialysis” OR
“hemofiltration” OR “HD” OR “renal dialysis”
OR “renal dialysis”) and (“sclerostin” OR “Scl”)
AND (“death” OR “mortality” OR “all-cause
mortality” OR “total mortality” OR “morbidity”
OR “cardiovascular event” OR “cardiovascular
disease” OR “stroke” OR “coronary artery dis-
ease” OR “ischemic heart disease” OR “myocar-
dial ischemia” OR “myocardial infarction” OR
“prediction” OR “predictive” OR “endpoint” OR
“outcome” OR “survival” OR “prognostic” OR
“prognosis”). CV events included fatal or non-
fatal CV events. All-cause mortality was defined as
death from CV events or non-CV events.

Literature screening and quality assessment

Studies were considered eligible if they met the
following inclusion criteria: they used a prospec-
tive study design to investigate the association
between Scl level and clinical outcomes in
patients with CKD. However, studies were
excluded if met the following exclusion criteria:
they used a prospective study design and enrolled
patients aged <18years or dialysis vintage
<months; they included patients who were
undergoing pre-dialysis, peritoneal dialysis, or
kidney transplantation; and/or they were not
written in English or had no complete data. The
quality of included prospective studies was evalu-
ated using the Newcastle-Ottawa scale;?5 this
score is determined based on three components:
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participant selection, participant comparability
and outcome assessment. Studies with a score
=7 stars were considered to be of good quality.

Data extraction and data analysis

For eligible studies, we extracted the following
data: first author’s name, year of publication,
region, participant number, baseline characteris-
tics, Scl level, follow-up duration, outcomes,
adjusted hazard ratios (HRs), relative risks, odds
ratios (ORs) and 95% confidence indexes (CIs). If
HRs were not directly extracted in a study, they
were determined using Kaplan—Meier survival
analysis, as previously described.2® Meta-analysis
was conducted for the total effect sizes and 95%
CIs using RevMan 5.3.5 software (Cochrane
Collaboration, Copenhagen, Denmark). Hetero-
geneities of studies were assessed using I? statistics.
A random-effects model was used when I?=50%.
Sensitivity analysis was conducted by removing
studies in a sequential manner. Publication bias
was assessed by Begg’s and Egger’s tests, using
Stata software 12.0 (Stata Corp, College Station,
TX, USA). Origins of heterogeneity were investi-
gated using subgroup analysis. Values of p<<0.05
were considered as statistical significance.

Results

Description of literature search and study
selection

In total, 639 records were initially identified
through database searches using the search criteria
described in the Methods section; two additional
records were retrieved from the reference lists of
included studies. Of these 641 records, 19 studies
were retrieved for detailed evaluation; 16 prospec-
tive cohort studies were eventually included in the
current meta-analysis. After screening titles and
abstracts, 625 records were discarded because of
duplication or lack of relevance. The study selec-
tion process is presented in Figure 1.

Characteristics of included studies

Sixteen cohort studies with 3436 patients under-
going MHD were included in this meta-analysis.
14,16,17,19-23,27-34 These studies were prospectively
designed and published from 2013 to 2019. Five
studies were from Asia,!%20:29.32,3¢4 while the
remaining 11 were from Europe. Thirteen studies

reported the mean dialysis vintages, while the
remaining three did not.!%17:30 Of the included
studies, six reported both CV events and all-cause
mortality,16,20,21,29,30,34  three reported only CV
events,!%23:32 and seven reported only all-cause
mortality.17-19:22,27:28,31,33 'The baseline character-
istics are presented in Table 1. Based on the
Newcastle-Ottawa scale, the average score was
6.6; nine and seven studies were graded as good
and fair, respectively (Table 2).

Relationship of Scl level with CV events

In total, nine studies reported CV events, such as
fatal and non-fatal CV events. Six studies
reported adjusted HRs and 95% CIs (high Scl
level versus low Scl level).14:16:21,29,30,34 Qne study
reported that a high Scl level was correlated with
fewer CV events [Scl per 1pmol/LL increase,
HR=0.982 (95% CI, 0.967-0.996)];32 we calcu-
lated its OR (high Scl level versus low Scl level)
and included in our pooled analysis. The pooled
HR was 0.8 (95% CI, 0.42-1.53), with signifi-
cant heterogeneity (I?=82%, p < 0.00001; Figure
2). However, there was no significant publication
bias (Begg’s test p=0.548, Egger’s test p=0.371;
Figure 3). The remaining two studies did not
report adjusted HRs.2%:23 Because these two stud-
ies showed no relationship between Scl level and
CV events in the crude model, they were not
included in the meta-analysis. We presumed that
our results were not affected by exclusion of these
two studies, given that their findings were con-
sistent with our pooled results. These results per-
sisted in sensitivity analysis, following removal of
any single study.

Relationship of Scl level with all-cause

mortality

Of the 16 included studies, 13 reported all-cause
mortality; seven of these reported adjusted HRs
and 95% CIs (high Scl level wversus low Scl
level).16:19,27,29,30.33,34 Qne study reported that a
high Scl level was associated with higher all-cause
mortality [Scl per 10pmol/L increase, HR=1.095
(95% CI, 1.022-1.174)];?° another study reported
that Ln Scl was associated with mortality
[HR=2.378 (95% CI, 1.108-5.104)].17 We calcu-
lated the ORs (high Scl level versus low Scl level)
from these two studies and included them with
other HRs for our pooled analysis. The combined
HR was 0.93 (95% CI, 0.56-1.54; Figure 4).
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Records identified through database
searching
(n=639)

Additional records identified
through other sources

@=2)

(n=452)

Records after duplicates removed

A4

Records screened
(n=41)

Titles and abstracts excluded

A4

Full-text articles assessed
for eligibility
(n=23)

(n=411)

Full-text articles excluded, with reasons

v

Studies included in
qualitative synthesis
(n=19)

Studies included in
quantitative synthesis
(meta-analysis)
(n=16)

Figure 1. Study screening flow.

Although there was significant heterogeneity across
the studies (/?=83%, p<<0.00001; Figure 4), there
was no evidence of significant publication bias
(Begg’s test p=1.000, Egger’s test p=0.537;
Figure 5). The remaining four studies did not
report adjusted HRs and 95% ClIs. Because no
relationship was found among the four studies in
the crude models, their HRs were not retrieved or
calculated for meta-analysis. As with all-cause mor-
tality, we presumed that our results were not
affected by exclusion of these four studies. These
results persisted in sensitivity analysis, following
removal of any single study.

Subgroup meta-analysis

To examine potential sources of heterogeneity,
we performed independent subgroup meta-
analysis across studies based on age, sample size,

as follows(n=18)
No appropriate design(n=8)
Review article(n=2)
Animal study(n=1)
No relevant study population(n=3)
Others(n=4)

A 4

follow-up time, dialysis vintage and region. For
CV events, we found that age, dialysis vintage and
region did not significantly influence heterogene-
ity. However, there was no significant heteroge-
neity in subgroups with larger sample size (=200)
(I?=26%, p=0.25) and shorter follow-up period
(<3years) (I?=42%, p=0.18; Table 3). In addi-
tion, in the subgroup with a shorter follow-up
period, a high Scl level was associated with fewer
CV events [pooled HR=0.44 (95% CI, 0.29-
0.69)]. For all-cause mortality, we found that age,
follow-up period and region did not significantly
influence heterogeneity. However, there was no
significant heterogeneity in subgroups with larger
sample size (=200) (»=0.29; [°=20%) and
shorter dialysis vintage (<50months) (p=0.13;
1?2=47%; Table 4). Moreover, a high Scl level was
associated with reduced all-cause mortality in
subgroups with larger sample size (= 200) [pooled

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

S-S Li, Z-Q Zhang et al.

[panunuoy)
:9seaIoU|
diysuone)ad oN (8€°1-640) Z0'L Ayneyow asnes-y [C[SPELRBIS Y71 +89 skep |9%| €38+ 69 aH 6£C pueazyimg 1£'7€ 18 YemoN
Ayeyiow pasnpay (£6'0-G2°0) G0 Ayeyiow asnes-y MO) snstaA ybiH 71 +20L syjuow g GL*T'LS aH L0z Qouel4 AN CRERVI-ETS
diysuone)ad oN 3UON Ayeyow asneos-1y Mo) snsuaA ybiH 0l +SS syjuow %z 0€ + 6S aH 0sg Aaxuan] zz'1e 19 anjuedyuy
Ayneyow pasnpay (98°0-1€£°0) LG0 Ayneyow asnes-y MO) snsJaA ybiH 6'€L+9¢€9 sieakgz (ov-11) 22 AH96E spuejJayiaN ce'1e 10 sdi
axooe
vy adse
SJUBAS AJ padnpay (99°0-1£°0) GG¥7°0 SIUBA3 AD MO) snsuaA ybiH 7€l +€8G syuow9| €< aHEsS eulyy s17€ 19 Buep
(7€€-270) 911 Amersow A9
diysuonelal oN (7172-9G°0) 60°L Aineysow asnea-1y Mo) sns.an YbIH (94-88) L9 syiuow gy (88-71) LE aHé8¢ ueder v£'1€ 19 0jeS
(L9171-€66°0) 090°L:UN Amneysow A9
(G7€6-GLE'L) LGB'E 12341py| M) snsuah ybiH
:9seaIoU|
Aineyiow pasealou) (7L171-220°L) G60°L Aineyow asned-)y J/1owdgluad s GlL+6€9 syuow g9 (6°68-€'L2) 9°LS aHv8 Bulyg 071839 Usyy
diysuone)al o (70°1-00°L) LO"L:UN SIUSAS AD 13S 11eI8A0 Sl +GS syjuow /g 09+ 6L aHLé Aoxan | ez’ 1€ 49 41199
(6171-92°0) 950 Amneysow asnes-y aMo 86
(10°L '8L°0) €7°0 SIUBA3 AD ad Ll
diysuoijejas oN (oL'e'Lyo) 1zl ainjoelq Moy snstaa ybiy ¢l +€1'8S sieak/¢ 71 aH zv ylewuaQ 4,18 39 Uasuabior
auoN Ayeyow asnes-1y
Aijeyiow pasealou| (£99°6-%760°1) LGZ'E Aneyow AQ MO) snsuan ybiH 7L*19 sieakQ'g g9z aH 90l anbeud 1z']e 12 BAOSNO)EY
(4e2h) poriad (yauow)
uoisn)uo) 12 %S6 PUE Y0 10 YH sawodnQ SNS.I3/ abe abesany dn-moyjo4 sabejuin gH JaquinN Anuno) Joyyne ysuiq

"S3IpN}s papn|dul 8y} Jo SJ13SIda}orIRY) *| d)qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 12

‘pajsnlpeun :upn ‘ui3sola)ds 19 !siskjelp
1eauoyiad ‘gd ‘011ed SPPo ‘YQ ‘011l paezey ‘YH ‘sisAleipoway ‘gH ‘4BINISBAOIPIERD ‘AD ‘9SBASIP ASUPIY J1UOIYD ‘YD |BAISIUI SDUSPIUOD ‘| ‘UOIIEDI}IDIED J11I0E |RUIWOPJE. ‘QVY

Aineysow pasnpay (€4°0-Gl'0) €E0 Aineysow asnea-1y Moy snsah ybiy €l +89 skep g9 (8'89-L'Gl) 6°6€ adHool wnibag 1218 39 dUILIA
(508
diysuonejad oN auoN Ayeyow asnea-1y Moy snstan ybiy -8'29) 0°YL sieaky (79-11) 522 aH 91 wnibleg 521 19 akeueja(
(¢G7G°G-YETL) £65°C 123.41py| MO) sns.an YbiH €< aH 97
Ayeyiow pasealou| (701°6-801°L) 84E'Z Ayeyiow asnes-1y 195 U CLF L9 shep 478 auoN aMoa 76 8oued4 4118 18 sulpuelsaq
(§179-GEL) 88°C Amneysow A9
Aij1e1Iow paseadou| (96°€-6¢°1) 2°C Ayneyow asnes-y MO) snsJaA ybiH 8'8lLF+¢g¢Cy sJealql (891-8%) 0ZL aHlé i1zeag 47’18 18 Sanedu0g
(€9G°0-890°0) G61°0 Jo8dIpu| MO) snstaA ybiH
19sealou|
SIUBAS AQ PINpPaY [966'0-L96°0) 286°0 SIUBAS AD J/1owd | uad 1as €CL + 65 sieaky L6 aH &cl uemie| 7€ 12 bue
(86°0-5€°0) 650 :sueaky
(29°0-€1°0) 62°0 Jeakgr)
Amnersow A9
(68°0-17°0)09°0 ‘sieaky
(89°0-22°0) 6€0 Jeakgry ad 6§
Aieliow paonpay Ayeyow asnea-1y MO) snsuan YbiH 71+¢€9 Jeaky uo gy €< aH 719  spuelayiaN 0’18 18 4315y224(Q
(4eah) poriad (yauow)
uoisn)duo) 12 %S6 PUE Y0 40 YH sawodnQ SNS.IaA abe abesany dn-moyjo4 sabejuin gH JaquinN Anuno) Joyyne ysuiq

(PenuURUOY) | 31qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

S-S Li, Z-Q Zhang et al.

'9]82G MBI (-2]1SEIMAN ‘SON
"Wa}l S1Y} Joj papJeMe ag PIN0D SUB}S 7,

S / / ® % 2 2% % / 1218 19 SUBBIA
y / / X% / X x » / gz'1e 19 @feuelaq
g / / X ® ® % 3 / (118 39 sulpelsaq
L / X X% e X% x® X / ¢21€ 19 SaNeIU0Y
9 / / 3 Xt X X X / ze1e 30 bue
6 X 3 X 3 X X% X ® Y CREREIENRER
6 3 X3 3 e 3% 3% X% X 16778 19 eMoN
8 X / X X 3% 3% 3% 3¢ AWEREREETY
8 3 / 3 / * S X * 22’18 19 anjuedsy
8 X / ® Py ® ® x® 3 eele po sdi
9 / / 2 28 X X X / 717839 Buem
8 X / X X 3% 3% 3% 3% 7¢'1€ 19 03eS
L / 2% 2% R 3 3 P / 0z'18 32 uayg
y / / X / 3 3 X% / ¢18 2 11129
g / 3 X / X X X / 917€ }9 ussuabuor
L / % ® R 3 3 3 / 17'1€ 13 BAOSNOEY
S110Yy0d 4N220 0} SAW02)}N0 40108} JeuUonIppe Apnis jo 110y0d
Jo dn-mon\oy J0j ybnous buo) juswissasse 40 J03de} Jueyiodwy 14e)s e Juasauld jou ainsodxa jo pasodxaun ay} 140403 pasodxa ay} jo
jo foenbapy dn-mo))0j sepm awodinQ J10j 1043u0) 1S949}ul Jo SWodInQ juswuleIdSY Jo uon3es ssauaAljejuasalday
mﬂmwm awodnQ Anigesedwo) uol)I9)3s Apnjs ja0yo)

"S3IpN)s papn|dul 8y} JO S8103S SON °Z d1geL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 12

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE_Weight IV. Random. 95% CI IV, Random. 95% CI
Drechsler 2015 -0.5276 0.2664 16.5% 0.59 [0.35, 0.99] o
Goncalves 2014 1.0578 0.3866 14.8% 2.88(1.35,6.14)
Jorgensen 2018 -0.844 0.4443 13.9% 0.43[0.18,1.03) SRR < |
Kalousova 2019 1.1678 055 12.3% 3.21[1.09, 9.45) I
Sato 2018 01484 05183 12.7% 1.16[0.42,3.20] ===
Wang 2017 -0.7875 0.1958 17.4% 0.45(0.31, 0.67) ==
Yang 2015 -1.6348 0.5375 12.5% 0.19[0.07, 0.56) e
Total (95% Cl) 100.0% 0.80 [0.42, 1.53) *

Heterogeneity: Tau®= 0.60; Chi*= 33.85, df= 6 (P < 0.00001), I*= 82%

0.01

0.1

1

10

100

Test for overall effect: Z= 0.68 (P = 0.50)

Figure 2. Forest plots of sclerostin levels and CV events.

Cl, confidence interval.

Funnel plot with pseudo 95% confidence limits

s.e. of logOR
N,
L]
7

5 0
logOR

Figure 3. Funnel plot of sclerostin levels and CV
events.

HR=0.62 (95% CI, 0.46-0.83)] and shorter
dialysis vintage (<50 months) [pooled HR=0.58
95% CI, 0.36-0.91); Table 4]. Thus, sample
size, follow-up period and dialysis vintage were
potential sources of heterogeneity in this study.

Discussion

In this meta-analysis, we assessed the prognostic
impact of Scl on CV events and all-cause mortal-
ity in patients undergoing prevalent haemodialy-
sis. We found that Scl level failed to predict
overall adverse clinical outcomes in this popula-
tion, despite the better survival in the subgroup
analysis. Our findings did not support the hypoth-
esis that Scl may serve as a reliable predictor of
clinical outcomes in this patient population.

Scl is a bone-derived glycoprotein which serves as
negative regulator of bone formation via inhibit-
ing canonical Wnt/B-catenin signalling pathways.

Low sclerostin level High sclerostin level

Wnt/B-catenin pathways participate in various
pathophysiological processes during embryonic
development.3> Wnt ligands can bind to Wnt co-
receptors [i.e. lipoprotein receptor-related protein
(LRP) 5 and LRP6] on the cell surface, thereby
causing translocation of B-catenin from the cyto-
plasm to the nucleus. Then B-catenin interacts
with DNA and activates the transcription of down-
stream target genes. Canonical Wnt signalling
plays a pivotal role in osteogenesis by promoting
osteoblast differentiation and activity.?® Because
Scl is an inhibitor of Wnt/B-catenin, it is presuma-
bly involved in bone metabolism. CKD-MBD is a
common complication in patients undergoing
MHD and is reportedly an independent predictor
of poor survival outcome in this population. In
particular, cumulative evidence demonstrated that
Scl dysregulation was correlated with CKD-MBD
in patients with CKD (e.g. VC, mineral metabo-
lism disturbances and valve calcification).22,37-39
Therefore, Scl is emerging as an important compo-
nent of CKD-MBD.!12 Indeed, Scl levels were
found to be increased in patients with early CKD;
they were further increased in patients with
advanced stages of CKD.1540%41 Furthermore,
patients undergoing MHD have been found to
exhibit higher Scl compared with patients who are
not undergoing dialysis.!%17 Therefore, distur-
bances in Scl levels may be linked to clinical out-
comes in patients undergoing MHD. A previous
meta-analysis assessed the prognostic role of Scl in
patients with CKDj; however, the findings were not
statistically significant.!® Notably, that meta-analy-
sis included a relatively small number of studies
and did not perform a subgroup analysis in patients
undergoing MHD. Thus, the predictive role of Scl
in this particular population has not been system-
atically evaluated.
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Odds Ratio Odds Ratio
Study or Subgrou log[Odds Ratio! SE_Weight IV. Random, 95% CI IV, Random. 95% CI
Chen 2018 1.3499 0549 85%  3.86(1.32,11.31)
Desjardins 2014 0.9528 0.3789 10.7% 2.59[1.23,5.45)
Drechsler 2015 -0.5108 0.1943 12.9% 0.60([0.41,0.88] =
Gongalves 2014 0.7885 0.2492 12.3% 2.20[1.35,3.59) =
Jean 2016 -0.6931 0.3537 11.0% 0.50(0.25,1.00) ]
Jorgensen 2018 -0.5798 0.3915 10.6% 0.56[0.26,1.21) S i
Lips 2017 -0.6733 0.254 12.3% 0.51[0.31,0.84) =
Sato 2018 0.0862 0.3398 11.2% 1.09[0.56,2.12) =
Viaene 2013 -1.1087 0.4023 10.4% 0.33[0.15,0.73) e
Total (95% Cl) 100.0% 0.93 [0.56, 1.54]

Heterogeneity: Tau®= 0.48; Chi*= 47.53, df= 8 (P < 0.00001); IF= 83%

Test for overall effect: Z= 0.30 (P = 0.76)
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Figure 4. Forest plots of sclerostin levels and all-cause mortality.

Cl, confidence interval.
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Figure 5. Funnel plot of sclerostin levels and all-
cause mortality.

In recent years, a growing number of studies have
been conducted regarding the relationship between
Scl level and clinical outcomes in patients under-
going MHD. Viaene ez al. performed a prospective
study to assess whether Scl level was predictive of
clinical outcomes in 100 patients undergoing
MHD who were followed up for 637 days.2” They
found that patients with Scl levels above the
median value had reduced mortality, indicating
that a high Scl level was associated with better sur-
vival. However, the association was absent in fully
adjusted models. Subsequently, Drechsler ez al
conducted a large cohort study to investigate the
relationship between Scl level and mortality in 673
patients undergoing dialysis (91.2% were under-
going MHD). They found that a high Scl level pre-
dicted reduced CV or all-cause mortality at both
1.5years and 4years of follow-up.3° Other studies
demonstrated similar results.!43233 In contrast,
some studies showed that a high Scl level was

associated with increased CV or mortality.20:21,29
Thus, it has remained unclear whether a high Scl
level is protective or harmful in patients undergo-
ing MHD. We conducted the current meta-analy-
sis to address this inconsistency. Here, we included
16 studies with 3436 patients undergoing MHD.
We found that, although subgroup analysis showed
that patients in studies with shorter follow-up
period or shorter dialysis vintage had reduced risks
of adverse outcomes, a high Scl level was not asso-
ciated with overall CV events or all-cause mortality
in the final analysis despite inclusion of newer
studies. Therefore, a high Scl level may not neces-
sarily be an ideal predictor of clinical outcomes.

There are a few possible explanations for the nega-
tive findings. First, the effect of Scl on clinical out-
comes in patients undergoing MHD may be
partially related to VC. VC is regarded as a risk fac-
tor associated with increased mortality in patients
undergoing pre-dialysis or dialysis.4%%3 VC is a pro-
cess of mineral precipitation in the vasculature,
which is similar to osteogenesis. Thus, it is reason-
able to expect that Wnt signalling contributes to the
VC process. Indeed, there is increasing evidence
that Wnt signalling is enhanced in VC; notably,
inhibition of Wnt signalling is followed by amelio-
ration of VC.4+46 Scl is an inhibitor of Wnt signal-
ling, indicating that Scl may be a novel modulator
of VC%7 and may affect clinical outcomes in patients
undergoing MHD. However, clinical studies to test
these hypotheses yielded controversial results.
Some studies demonstrated inverse associations
between Scl level and types of VC, such as aortic
calcification,3? aortic arch calcification?* and
abdominal aortic calcification.*® These results sug-
gested that Scl inhibited the VC process, similar to
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Table 3. Results of subgroup analysis for CV events.

Heterogeneity
within each group

Heterogeneity
between subgroup

Subgroup Studies  Effect estimate
pooled HR (95% ClI)
Age 7 0.80 (0.42, 1.53)
Age =60years 3 1.20 (0.44, 3.24)
Age <60years 4 0.59 (0.22, 1.62)
Sample size 7 0.80(0.42, 1.53)
Sample size =200 2 0.71(0.39, 1.30)
Sample size <200 5 0.81(0.30, 2.13)
Follow-up period 7 0.80(0.42, 1.53)
Follow-up period =3years 4 1.46 (0.56, 3.78)
Follow-up period <3years 3 0.44(0.29, 0.69)
Dialysis vintage 5 0.99 (0.35, 2.82)
Dialysis vintage =3years 3 0.89 (0.19, 4.23)
Dialysis vintage <3years 2 1.15(0.16, 8.22)
Regions 7 0.80(0.42, 1.53)
Asia 4 0.75(0.26, 2.17)
Not Asia 3 0.87(0.32, 2.37)

p=0.02; 12=75%

p<<0.001; ?°=87%

p=0.25; 12=26%

p<<0.0001; 1?=88%

p=0.005; /2=77%

p=0.18; 12=42%

p=0.0003; 2=88%

p=0.004; [?=88%

p<0.0001; 1?=88%
p=0.01; 12=78%

p<0.001; ?=82%

p<<0.0001; /12=88%

p<<0.0001; 12=82%

p <0.0001; ?=84%

p<<0.0001; 12=82%

Cl, confidence interval; CV, cardiovascular; HR, hazard ratio.

the inhibition of bone formation.!>%° The inverse
correlation could be explained as the increased
apoptosis of vascular smooth muscle cells in VC led
to reduced overall production of Scl.5° The benefi-
cial effects of Scl against VC may be responsible for
the improved survival observed in some studies.
However, other studies showed that Scl level
was positively associated with abdominal aortic
calcification,!* valve calcification3®:51 and coronary
artery calcification.3%52 The extent of Scl expres-
sion in vessels or serum was strongly correlated
with the degree of medial calcification in biopsy
samples, indicating that a high Scl level was predic-
tive of VC occurrence.?%53 A plausible explanation
for this positive relationship is that, as a defensive
response or compensatory mechanism, a high Scl
level might counteract the progression of VC.21:54
Thus, although Scl has been implicated in the VC
process, its exact effect on VC remains unclear.
This uncertainty may contribute to inconsistent or
even negative clinical outcomes.

A second possible explanation for the negative
findings is that Scl measurement has not been
standardised. Currently, three commercial ELISA
kits are available from three manufacturers
(Biomedica, TECO Medical and R&D Systems).
However, the values of Scl determined by each kit
were found to significantly differ in comparative
studies.’>>® These substantial differences in
enzyme-linked immunosorbent assays inevitably
influence the interpretation of findings regarding
Scl in patients undergoing MHD. Standardisation
of materials and protocols among Scl assays is nec-
essary for clinical application of these assays.
Recently, a novel automated chemiluminescent
Scl assay, which exhibits a wide dynamic range and
high specificity, has become commercially availa-
ble; use of this assay may address the variability
limitations of existing kits.>”

A third possible explanation for the negative find-
ings is that Scl can be cleared by haemodialysis
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Table 4. Results of subgroup analysis for all-cause mortality.

Heterogeneity
within each group

Heterogeneity
between subgroup

Subgroup Studies Effect estimate
pooled HR (95% Cl)
Age 9 0.93 (0.56, 1.54)
Age =65years 4 0.83(0.35, 1.96)
Age <65years 5 1.01(0.50, 2.05)
Sample size 9 0.93 (0.56, 1.54)
Sample size =200 4 0.62(0.46,0.83)
Sample size <200 3 1.31(0.55, 3.11)
Follow-up period 9 0.93 (0.56, 1.54)
Follow-up period =3years 4 1.46 (0.70, 3.02)
Follow-up period <3years 0.66 (0.38, 1.14]
Dialysis vintage 7 0.86 (0.47, 1.60)
Dialysis vintage =50months 3 1.56 (0.50, 4.84)
Dialysis vintage <50 months 4 0.58(0.36, 0.91)
Regions 9 0.93 (0.56, 1.54)
Asia 3 1.94 (1.04, 3.61)
Not Asia 6 0.64 (0.40, 1.03)

p=0.0007; ?°=82%

p<0.0001; 12=87%

p=0.29; 12=20%

p<<0.0001; 12=86%

p=0.006; ?°=76%

p=0.001; 2=77%

p=0.0006; ?=87%

p=0.13; ?=47%

p=0.10; I?=57%
p=0.003; 12=72%

p<<0.0001; 1?=83%

p<0.0001; I?=83%

p<<0.0001; 12=83%

p<<0.0001; 12=83%

p<0.0001; /?=83%

Cl, confidence interval; HR, hazard ratio.

and subsequently detected in dialysate. A previous
study showed that serum Scl concentration
decreased remarkably during dialysis. Moreover,
dialysis dose enhanced Scl clearance, whereas
convection volume did not.’® Another study
showed that the Scl level in dialysate gradually
increases during dialysis, whereas the plasma con-
centration remains relatively constant.>® Thus, Scl
is dialysable and its level is influenced by dialysis,
which indicates that Scl levels cannot be com-
pared among dialysis modalities. In addition, Scl
levels in male subjects were higher than that in
female ones in five included studies,?!,23,27,31,34
thus, differences in Scl levels regarding genders
possibly influence the clinical outcomes. Finally,
we found that PTH level increased as Scl level
decreased in eight included studies,16:22:23:27,30-32,34
and PTH was inversely correlated with Scl level.
However, the effect of PTH on Scl or adverse out-
comes had not been evaluated in most included

studies, which also influences the interpretation of
the findings.

In total, our study showed that patients with a
high Scl level tended to experience fewer CV
events and tended to exhibit reduced all-cause
mortality, which was also demonstrated in sub-
group analysis. Longer duration of dialysis time
was significantly associated with greater mortal-
ity risk in patients undergoing MHD.% Thus,
the effects of Scl level on adverse outcomes may
have been attenuated by longer follow-up period
or dialysis vintage. Patients in the subgroup
with larger sample size had shorter follow-up
period or dialysis vintage. These possibly
explained the inconsistent results in subgroup
analysis. However, the results were not statisti-
cally significant in the final meta-analysis except
for subgroup analysis. Thus, the available evi-
dence does not support the hypothesis that Scl
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is as an ideal prognostic biomarker for patients
undergoing MHD. Inconsistent effects of Scl on
VC, lack of standardisation in Scl measurement
and differences in baseline characteristics or Scl
levels may explain the negative findings. These
issues should be addressed to determine whether
Scl can be used as a clinical biomarker.

Several limitations should be addressed in this
meta-analysis. First, the included studies exhib-
ited high heterogeneity. Differences in method-
ologies among studies (e.g. sample size,
follow-up period and dialysis vintage) may have
contributed to the observed heterogeneity,
which has been confirmed in the subgroup
analysis. Second, subgroup analysis according
to possible effect modifiers (e.g. follow-up time,
sample size and dialysis modality) was not con-
ducted in most included studies. Thus, the
associations of Scl with clinical outcomes were
not accurately evaluated among patient sub-
groups. Third, several adjusted HRs were not
obtained or calculated, which may have influ-
enced the results of this study. Finally, this
meta-analysis included several studies with
small sample sizes and short follow-up periods;
these low-quality studies may have reduced the
strength of our conclusions.

In conclusion, this meta-analysis showed no sig-
nificant associations between Scl level and CV
events or all-cause mortality in patients undergo-
ing MHD. However, conclusions drawn in our
study should be interpreted carefully due to
inherent limitations regarding the included stud-
ies and inconsistent findings in the subgroup
analysis. Thus, additional well-designed studies
with large sample sizes are acquired to clarify the
predictive performance of Scl in patients under-
going MHD.
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