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Introduction
Klotho is an identified gene in 1997 and exerted 
anti-aging effect.1 It encodes a single chain trans-
membrane protein (mKlotho), which functions as 
a co-receptor for fibroblast growth factor-23.2 
There is another form of Klotho, secreted Klotho 
or soluble (sKlotho), which is generated from 
alternative splicing of the Klotho gene or ectodo-
main cleavage of mKlotho.2 sKlotho can be 
released into the circulation and functions as a cir-
culating factor, with anti-inflammatory, anti-oxi-
dative, anti-apoptotic and anti-fibrotic effects.3,4 
sKlotho is suggested to be a novel kidney protec-
tive protein because it has various biological 

activities.5 Although Klotho has also been found 
in multiple organs, the kidney has the highest level 
of Klotho and Klotho is significantly decreased 
when kidney is diseased, demonstrating that the 
kidney is an important organ that is associated 
with the production of Klotho.6–8 Because Klotho 
is predominantly expressed in the kidney, there is 
a close association between sKlotho levels and 
kidney disease.9 The sKlotho level decreased sig-
nificantly in patients in early and intermediate 
chronic kidney disease (CKD) stages, and it 
decreased further in advanced CKD stages.10–12 
For pre-dialysis patients, decreased sKlotho levels 
are associated with more adverse kidney outcomes 
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including creatinine doubling, renal replacement 
therapy and death.11,13,14 These observations sug-
gested that sKlotho may be a potential biomarker 
for the timely diagnosis and prognosis of CKD 
patients without dialysis.

Patients undergoing maintenance haemodialysis 
(MHD) had lower sKlotho levels and a higher risk 
of cardiovascular (CV) events and mortality than 
pre-dialysis CKD patients.14–17 Furthermore, 
sKlotho deficiency is accompanied by abnormal 
calcium and phosphorus metabolism or prominent 
vascular calcification (VC) in this population.17–20 
It is well established that disturbed mineral metab-
olism and VC are common complications in 
patients on MHD, and these independently pre-
dict poor prognosis in this patient population.21 
This suggests that reduced sKlotho levels may also 
be correlated with increased adverse outcomes in 
haemodialysis patients. An increasing number of 
studies have suggested that reduced sKlotho levels 
predict a poor prognosis such as death or CV mor-
bidity in MHD patients,15,22,23 indicating that 
sKlotho is a potential predictor for MHD patients. 
However, other studies have shown conflicting 
results in which sKlotho level was not associated 
with adverse outcomes in MHD patients.24–26 
Thus, the prognostic role of sKlotho in MHD 
patients remains uncertain and it has not been sys-
tematically reviewed. We conducted this meta-
analysis and systematic review in MHD patients to 
investigate the relationship between the sKlotho 
level and adverse outcomes including CV events 
and all-cause mortality.

Methods and materials
The present meta-analysis was conducted in 
agreement with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA) criteria27 and A Guide to Systematic 
Review and Meta-Analysis of Prognostic Factor 
studies.28

Search strategy
Medical databases such as PubMed, Embase, 
Web of Science and the Cochrane Library (from 
their inception to 27 October 2019) were system-
atically searched to identify studies that assessed 
the prognostic value of sKlotho in patients with 
MHD. Two independent investigators (QFL and 
LXY) performed the search. Reference lists from 

each identified article were also examined. The 
following search terms were used: End stage renal 
disease or ESRD or end stage kidney disease or 
ESKD or uremic or dialysis or haemodialysis or 
haemodialysis or hemofiltration or HD or renal 
dialysis or renal dialysis; and Klotho or KL or 
alpha-Klotho or α-Klotho or α-KL or sKlotho or 
sKL; and death or mortality or all-cause mortality 
or total mortality or morbidity or cardiovascular 
event or cardiovascular disease or stroke or coro-
nary artery disease or ischaemic heart disease or 
myocardial ischaemia or myocardial infarction or 
prediction or predictive or endpoint or outcome 
or survival or prognostic or prognosis.

Study selection and inclusion criteria
Titles and abstracts were screened by two 
reviewers (JHF and LLX) for potentially rele-
vant studies and the full text of the relevant stud-
ies was evaluated for eligible studies based on 
the inclusion and exclusion criteria. The inclu-
sion criteria were set as the following: (a) Patients 
with MHD history >3 months and age >18 years; 
(b) Cohort or longitudinal studies; and (c) 
Studies reporting the relationship between 
sKlotho levels and adverse clinical outcomes 
(such as mortality and CV events). The exclu-
sion criteria were set as the following: (a) Patients 
with history of organ transplantation or immu-
nosuppressants; (b) Retrospective cohort studies 
or observational studies, or publications other 
than English; (c) Non clinical studies including 
in vivo and in vitro studies; and (d) Lack of com-
plete and essential data. The primary outcome 
was all-cause mortality, which was defined as 
subsequent death from CV or no-CV cause. 
Secondary outcomes were CV events, which 
were defined as new subsequent events such as 
coronary artery disease (CAD), heart dysfunc-
tion or heart failure, atrial fibrillation (AF) and 
cerebrovascular accidents.

Data extraction and quality assessment
Two reviewers (SS Li and QF Liu) extracted rel-
evant data from the full text of the included stud-
ies using a standardised data extraction form. The 
obtained information was expressed as follows: 
first author, publication year, study characteris-
tics (age, gender, location, study design and sam-
ple), assay utilisation of sKlotho, duration of 
follow-up and outcomes assessment including 
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relative risk (RR), hazard ratio (HR) and odds 
ratio (OR). Any disagreements concerning date 
extraction were resolved by a third reviewer after 
re-examining the original data. The Newcastle–
Ottawa Scale (NOS) was used to evaluate the risk 
of bias in the eligible publications.29 The NOS 
assigned three key points including the selection 
of study participants, comparability of study 
groups and assessment of outcome. Each study 
was awarded several stars depending on the qual-
ity of the items. Studies that scored ⩾7 stars were 
considered to have a low bias risk and were rated 
as high-quality studies.

Data synthesis and statistical analysis
The HR and the 95% confidence interval (CI) that 
were reported in the study were directly extracted 
and converted to the pooled HR and 95% CI. If 
the HR was not available directly in the study, the 
indirect HR was calculated based on Kaplan–
Meier curves, as previously described.30 Otherwise, 
OR was estimated based on the provided data and 
combined with HRs to generate a pooled effect 
size. Heterogeneity among the studies was exam-
ined by the I2 statistic. Fixed-effect models were 
used if the I2 value <50%; otherwise, random-
effect models were used in the pooled results. 
Publication bias was examined using a funnel plot 
and Egger’s test. Sensitivity and subgroup analyses 
were conducted to search the causes of heteroge-
neity. Data analysis was performed using Review 
Manager software 5.3 (Cochrane Collaboration, 
Copenhagen, Denmark) and Stata software 12.0 
(Stata Corp, College Station, TX, USA). p < 0.05 
using two-tailed tests was considered to represent 
statistical significance.

Results

Literature search
There were 1301 studies that were retrieved from 
medical databases and 228 studies were removed 
after duplication. Among the remaining 1073 
studies, 964 were excluded after screening the 
titles and abstracts, and 87 studies were excluded 
after examining the full texts in the remaining 109 
studies. Among the remaining 22 full articles, 11 
articles were included for qualitative synthesis 
and 8 eligible articles were selected for quantita-
tive synthesis.15,22–26,31,32 The literature screening 
flow chart is summarised in Figure 1.

Study characteristics
The current meta-analysis included eight eligible 
prospective studies with 992 MHD participants. 
The sample size ranged from 30–239 and follow-
up period ranged from 18–66 months. The effect 
indicators, including four HRs,15,22,23,25 one RR32 
and one OR,24 and 95% CIs were retrieved 
directly from six of the eight studies.26,31 Based on 
the median sKlotho or sKlotho tertiles levels, two 
studies reported CV events,24,31 four studies 
reported all-cause mortality25,26,32,22 and two 
studies reported composite CV events and all-
cause mortality.15,23 The study characteristics are 
summarized in Table 1. The NOS scores ranged 
from 6–8 stars and the average score was 7.3 
stars. Four studies were of good quality. The 
detailed NOS information is displayed in Table 2.

Correlation between sKlotho and CV events
One study reported that overall sKlotho level was 
correlated with cerebrovascular disease [HR, 
0.975 (0.960–0.990)]31 and one study demon-
strated that median sKlotho was not associated 
with CV events such as heart dysfunction (OR, 
1.515, 95% CI 0.901–2.564) or CAD (OR, 
1.099, 95% CI 0.813–1.515).24 Another study 
demonstrated that the sKlotho level was associ-
ated with the development of AF (OR, 1.515, 
95% CI 0.901–2.564).25 The pooled result of the 
association between the sKlotho level and CV 
events was a pooled HR of 1.73 (95% CI, 1.08–
2.76, p = 0.02; Figure 2). No obvious heterogene-
ity was found (I2 = 22%, p = 0.26; Figure 2).

Correlation between sKlotho and all-cause 
mortality
Four studies reported the relationship of sKlotho 
level and all-cause mortality.22,25,26,32 Among the 
four studies, one study demonstrated that sKlotho 
level was strongly correlated with all-cause mor-
tality,22 but the remaining three studies did not 
show this association.25,26,32 Zheng et al. observed 
that sKlotho level was related with all-cause mor-
tality in the model using the raw data, but the 
prominent association disappeared in the adjusted 
models.26 Because the adjusted HR was not 
obtained directly or indirectly in this study, the 
other three HRs were pooled. The combined 
results demonstrated that patients with reduced 
sKlotho levels had a high risk of elevated all-cause 
mortality in the fixed-effect model (pooled HR, 
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2.34, 95% CI 1.34–4.07, p = 0.003, Figure 3) 
without heterogeneity (I2 = 0, p = 0.45; Figure 3). 
When we calculated the unadjusted OR from 
Zheng et al.’s study26 and pooled it for analysis, 
the result did not change (pooled HR, 2.34, 95% 
CI 1.47–3.72, p < 0.001) and there was no het-
erogeneity (I2 = 0, p = 0.66).

Correlation between sKlotho and composite 
adverse clinical outcomes
CV events and all-cause mortality were combined 
into the composite adverse clinical outcomes for 
further analysis. Five HRs and one OR were 
pooled in our meta-analysis. Overall, there was a 
remarkable difference in the rate of composite 
adverse clinical outcomes (pooled HR, 1.75, 95% 
CI 1.19–2.57, p = 0.005, Figure 4) with moderate 

heterogeneity (I2 = 57%, p = 0.05; Figure 4) in a 
random-effect model. This suggested that 
reduced sKlotho levels were related with an 
increased risk of combined CV events and all-
cause mortality. When HR related to AF from 
Nowak et  al.’s study25 instead of HR related to 
all-cause mortality was pooled for the overall 
effect, the significant association persisted (pooled 
HR 1.79, 95% CI 1.19–2.68, p = 0.005). Notably, 
HR and OR represented different outcome meas-
urements in the cohort studies, and it was not rea-
sonable to combine them directly although they 
were still pooled in published studies due to lack 
of effect measures, such as HR or RR.30,33,34 
Because the HR from Buiten’s study was not 
obtained or extracted, instead, the OR was com-
bined with other five HRs for the analysis in this 
study. Interestingly, if we removed Buiten’s study 

Records identified through database 
searching
(n = 1301)

Additional records identified 
through other sources

(n = 0)

Records after duplicates removed
(n = 1073)

Records screened
(n = 109)

Titles and abstracts excluded
(n = 964)

Full-text articles assessed 
for eligibility 

(n = 22)

Full-text articles excluded, 
with reasons

(n = 87)

Studies included in 
qualitative synthesis

(n = 11)

Studies included in 
quantitative synthesis 

(meta-analysis)
(n = 8)

Figure 1.  Study screening flow.
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in the sensitivity analysis, the overall effect still 
reached the statistical significance (pooled HR 
1.93, 95% CI 1.14–3.26, p = 0.01, Figure 5), 
indicating our result was still reliable despite the 
inclusion of Buiten’s study.

Sensitivity and subgroup analysis of included 
studies
Although the positive association remained sig-
nificant after omitting any a single study in the 
sensitivity analysis, moderate heterogeneity was 
no longer observed after removing Marçais et al.’s 
study15 (I2 = 0%, p = 0.46; Figure 6). Because this 
study has the second largest sample size (238 par-
ticipants), the study was still included in our 
meta-analysis. The funnel plot was asymmetrical 

based on visual inspection and indicated that 
there was publication bias, which was confirmed 
by Egger’s test (Egger’s test, p = 0.006).

A subgroup meta-analysis was conducted to 
investigate the possible origins of heterogeneity in 
this study (Table 3). The eligible studies were 
divided into subgroups by age (⩾65 years or 
<65 years), sample size (⩾200 or <200), sKlotho 
level (median sKlotho and not median sKlotho), 
follow-up time (⩾36 months or <36 months) and 
study quality (⩾7 stars or <7 stars). The positive 
association was still observed in the subgroups by 
age and sKlotho level, but it was attenuated by a 
shorter follow-up time (<36 months, Figure 7), 
lower quality of the study (<7 stars) and a larger 
sample size (⩾100). No significant heterogeneity 

Figure 2.  Forest plots of low sKlotho levels and cardiovascular events.
CI, confidence interval.

Figure 3.  Forest plots of low sKlotho levels and all-cause mortality.
CI, confidence interval.

Figure 4.  Forest plots of low sKlotho levels and combined cardiovascular events and all-cause mortality.
CI, confidence interval.
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was detected in all subgroups except for age and 
sKlotho level, indicating that age and sKlotho 
level may be the main origins of heterogeneity.

Discussion
In this study, we systematically investigated the 
association of the sKlotho level with adverse clini-
cal outcomes in MHD patients. We showed that 
a reduction in the sKlotho level was strongly asso-
ciated with an increase in CV events and all-cause 
mortality in this population. To the best of our 
knowledge, this is the first meta-analysis and sys-
tematic review providing insights into the associa-
tion of sKlotho level with adverse outcomes in 
MHD patients. The results suggested that 
sKlotho may have prognostic role for MHD 
patients.

sKlotho is generated from mKlotho ectodomain 
cleavage or alternative splicing, so sKlotho can be 
released into the extracellular space and it func-
tions as a circulating hormone. The kidney is the 
major organ that is responsible for the production 
and metabolism of Klotho (both mKlotho and 

sKlotho).6 Thus, if the kidney is diseased, sKlotho 
loss immediately occurs and the sKlotho level 
reflects the state of kidney function.35 A strong 
positive association between sKlotho and kidney 
function has been well demonstrated in a recent 
meta-analysis that involved nine publications 
with 1457 patients.9 sKlotho deficiency also 
caused deterioration of kidney function and accel-
erated CKD progression. Consistent with this 
notion, we recently reviewed the predictive value 
of sKlotho in CKD patients who were not receiv-
ing dialysis. We found that patients with a low 
sKlotho level had a high risk of kidney function 
deterioration or death (pooled HR, 1.64, 95% CI 
1.19–2.26).30 The findings suggested that sKlotho 
is a feasible biomarker for CKD diagnosis and 
progression.

MHD patients had more CV complications and a 
higher mortality rate despite past improvements in 
prognosis.36 Screening potential biomarkers is of 
importance to reduce CV events and mortality in 
MHD patients. Unfortunately, an ideal biomarker 
has not been available until now in clinical prac-
tice.37 Available evidence for patients with MHD 

Figure 5.  Forest plots of low sKlotho levels and combined cardiovascular events and all-cause mortality after 
excluding Buiten’s study.
CI, confidence interval.

Figure 6.  Forest plots of low sKlotho levels and combined cardiovascular events and all-cause mortality after 
excluding Marçais 2017’s study.
CI, confidence interval.
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Table 3.  Results of subgroup analysis by age, sample size, follow-up time and study quality.

Subgroup Studies Effect estimate
pooled HR (95% CI)

Heterogeneity
within each group

Heterogeneity
between subgroup

Age 6 1.75 (1.19, 2.57) p = 0.02; I² = 83%

  Age ⩾65 years 4 1.31 (1.03, 1.67) p = 0.29; I² = 20%  

  Age <65 years 2 3.15 (1.62, 6.14) p = 0.58; I² = 0%  

Sample size 6 1.75 (1.19, 2.57) p = 0.46; I² = 0%

  Sample size ⩾200 2 1.47 (0.75, 2.86) p = 0.11; I² = 61%  

  Sample size <200 4 1.97 (1.31, 2.96) p = 0.34; I² = 11%  

sKlotho level 6 1.75 (1.19, 2.57) p = 0.07; I² = 69.2%

  Median sKlotho 4 1.44 (1.03, 2.01) p = 0.15; I² = 44%  

  Not median sKlotho 2 2.94 (1.46, 5.95) p = 0.47; I² = 0%  

Follow-up time 6 1.75 (1.19, 2.57) p = 0.18; I² = 44.7%

  Follow-up time ⩾36 months 3 2.20 (1.25, 3.89) p = 0.20; I² = 37%  

  Follow-up time <36 months 3 1.37 (0.92, 2.03) p = 0.22; I² = 33%  

Study quality 6 1.75 (1.19, 2.57) p = 0.43; I² = 0%

  High-quality study(⩾7 stars) 4 1.59 (1.06, 2.38) p = 0.06; I² = 59%  

  Low-quality study(<7 stars) 2 2.39 (0.95, 5.99) p = 0.21; I² = 31%  

CI, confidence interval; HR, hazard ratio.

Figure 7.  Forest plots of low sKlotho levels and combined cardiovascular events and all-cause mortality in the 
subgroup by follow-up time.
CI, confidence interval.
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is characterised by progressive sKlotho deficiency 
that is caused by almost or complete loss of kidney 
function.11,15,17,22 As a potential cardio-renal pro-
tective factor, theoretically, progressive reduction 
in sKlotho in patients with MHD may affect clini-
cal outcomes. Previous observational studies dem-
onstrated that the reduced sKlotho level was 
correlated with cardiac parameters such as left 
ventricular hypertrophy, heart dysfunction, coro-
nary artery calcification and AF, independent of 
traditional CV risk factors.19,20,38,39 This means 
that sKlotho may have a beneficial effect against 
CV complications and mortality. A previous pro-
spective study by Otani-Takei et al. reported that 
patients with lower sKlotho levels had higher all-
mortality rate (HR, 4.14, 95% CI 1.29–13.48) in 
fully adjusted models.22 This study enrolled 63 
MHD patients with a 65-month follow-up.22 
Memmos et al. recently observed that low sKlotho 
was independently associated with more CV 
events and all-mortality after adjustment for tradi-
tional risk factors (HR, 2.759, 95% CI 1.223–
6.224).23 Their study enrolled 79 MHD patients, 
and it had the longest follow-up time (66 months).23 
A similar result has also been shown in another 
recent study with a larger sample size.15 These 
publications supported the correlation between 
the reduced sKlotho level and more detrimental 
outcomes in MHD patients.

However, several studies contribute to these 
inconsistent results. In Nowak et  al.’s study, 
sKlotho levels, either as a categorical variable or a 
continuous variable, failed to predict death in 
MHD patients in the univariate or multivariate 
Cox regression analysis (HR, 2.42, 95% CI 1.00–
5.87).25 This study had the largest sample size. 
Another study showed patients with low sKlotho 
level had more CV events, such as CAD and heart 
dysfunction, but the correlation was not statisti-
cally significant.24 Several other studies also 
showed that the sKlotho level was not associated 
with adverse clinical outcomes.25,32 These contro-
versial results suggested that the predictive role of 
sKlotho in MHD patients has not been deter-
mined. Thus, it is important to address this incon-
sistency using a meta-analysis. Our findings in this 
meta-analysis including 992 MHD patients from 
eight studies revealed that reduced sKlotho levels 
were significantly associated with an increased risk 
of CV outcomes and all-cause mortality (HR, 
1.75, 95% CI 1.19–2.57), providing evidence for 
the use of sKlotho as a possible prognostic bio-
marker. Although moderate heterogeneity was 

observed (I2 = 57%, p = 0.05), this relationship 
persisted in the sensitivity analysis, indicating the 
stability of our results. In the subgroup analysis, 
the association still persists with regard to age and 
sKlotho level, however it became weak with a 
larger sample size and shorter duration of follow-
up. Interestingly, studies with a larger sample size 
had a shorter duration of follow-up, which affects 
the development of adverse outcomes.

There are several reasonable explanations for this 
association. In vivo and in vitro studies provided 
direct and indirect evidence that the sKlotho level 
was associated with cardio-protective effects. 
sKlotho directly suppressed isoproterenol-
induced cardiomyocyte apoptosis via endoplas-
mic reticulum stress signalling.40 Oxidative stress 
and inflammation were predictors of CV events 
and mortality,41 and sKlotho exerted cardio-ben-
eficial effects by modulating oxidative stress and 
inflammation.42 sKlotho has also been reported 
to ameliorate cardiac hypertrophy or fibrosis and 
improve heart function by regulating abnormal 
calcium signalling (TRPC6 channels)43 and 
fibrotic signalling such as transforming growth 
factor-β1 and Wnt signalling.44,45 In addition, the 
presence of the abnormalities in mineral metabo-
lism, secondary hyperparathyroidism (SHPT) 
and VC further enhanced the risk of CV events 
and the mortality rate in MHD patients.21,46 
sKlotho deficiency plays pathogenic roles in the 
development of these pathophysiological disor-
ders.20,47–49 sKlotho, with or without FGF23, was 
shown to decrease blood phosphorus level, main-
tain blood calcium level and inhibit VC via mul-
tiple mechanisms.49 First, sKlotho served as a 
co-receptor for FGF23 and decreased hyperphos-
phatemia by enhancing renal phosphate excretion 
via mediating renal phosphate transporters activ-
ity.49,50 Second, Klotho is also located in parathy-
roid tissue and aggressive loss of the Klotho–FGF 
receptor complex in end-stage renal disease con-
tributed to overproduction of intact parathyroid 
hormone and SHPT.51–53 Third, sKlotho inde-
pendently promoted calcium reabsorption and 
reduced renal calcium loss by regulating calcium-
selective channels that are expressed in the kid-
ney.54 Finally, sKlotho was demonstrated to 
suppress VC through inhibiting vascular osteo-
blastic differentiation and the Wnt/β-catenin sig-
nalling pathway.55–57 Overall, sKlotho exerted 
pleiotropic direct or indirect CV protective 
effects. These may at least partly explain the rela-
tionship of decreased sKlotho level with increased 
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VC events and mortality in MHD patients, which 
further confirmed our results.

This study has several limitations. First, the 
meta-analysis enrolled a small number of studies 
with a relatively small sample size and thus the 
strength of our results may be reduced. Second, 
there is moderate heterogeneity in this study. To 
find the sources of heterogeneity, we conducted a 
subgroup analysis. We found that there was no 
heterogeneity among subgroups except for the 
subgroups by age and sKlotho level. Thus, het-
erogeneity may result from age and sKlotho level. 
Because sKlotho was originally identified as a 
life-span factor, it is not surprising that sKlotho 
level is decreased with aging.58 This means that 
sKlotho expression is influenced by aging. Aging 
is also associated significantly with increased 
adverse outcomes in MHD patients in previous 
studies.26,59,60 In this context, the effect of 
sKlotho on clinical outcomes may be weakened 
by aging. There may be an interaction between 
sKlotho and aging. Thus, aging is an important 
confounder and the source of heterogeneity. In 
addition, sKlotho level (median sKlotho level or 
not median sKlotho level) was another source of 
heterogeneity among studies, although no heter-
ogeneity exits within this subgroup. We observed 
that studies with median sKlotho levels had a 
shorter follow-up and smaller sample size, thus, 
differences in methodologies among studies may 
explain the heterogeneities. Third, we only 
included eight English articles and excluded non-
English articles. Publication bias could not be 
avoided. Finally, although six adjusted effect 
measures (five HRs and one OR) were obtained 
directly from the full text of the manuscript, the 
other two adjusted HRs were not obtained 
directly. Therefore, our conclusion may be less 
convincing due to the limitations after omitting 
these two studies.

Thus, our findings demonstrated that a decreased 
the sKlotho level was associated with more detri-
mental clinical outcomes. The study provided 
evidence that sKlotho may have predictive perfor-
mance in CKD patients who are receiving hae-
modialysis despite several limitations. Further 
larger scale prospective studies with high quality 
are needed to confirm our conclusions.
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