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ABSTRACT
Background: The quantitative relationship between gait speed and mortality risk in patients with chronic kidney disease re-
mains unclear. This study aimed to conduct a meta-analysis to estimate the risk of mortality associated with gait speed in chronic 
kidney disease (CKD) patients.
Methods: Relevant studies published were identified through literature searches using Embase, PubMed and Web of Science. 
Prospective cohort studies of adult CKD patients that examined the relationship between gait speed and mortality were in-
cluded. Random effects meta-analyses based on restricted maximum likelihood to were used to calculate relative risk (RR) and 
95% confidence interval (95% CI). The results of meta-analyses were assessed using Grading of Recommendations, Assessment, 
Development and Evaluation framework.
Results: Seventeen prospective cohort studies involving 6217 CKD patients (mean age range: 51.6–81.85 years; 44.3%–84% male) 
were included. Pooled analysis of 12 studies (n = 4233) showed that lower gait speed was associated with a higher risk of all-cause 
mortality compared to higher gait speed (RR = 2.138; 95% CI: 1.794–2.548; p < 0.001; I2 = 16.0%; high-certainty evidence) in CKD 
patients. Dose–response meta-analysis of 6 studies (n = 1650) revealed that each 0.1 m/s increase in gait speed was associated 
with a 25.7% lower risk of all-cause mortality (RR = 0.743; 95% CI: 0.580–0.955; p = 0.018; I2 = 45.0%; high-certainty evidence).
Conclusions: Slower gait speed is a strong predictor of all-cause mortality in CKD patients, including those undergoing dialysis 
or kidney transplantation. Gait speed assessment should be incorporated into routine clinical evaluations to identify high-risk 
patients and guide interventions aimed at improving physical function and survival outcomes.
Trial Registration: PROSPERO registration number: CRD42022340135

1   |   Introduction

Chronic kidney disease (CKD) is a global public health problem 
characterized by high incidence, low awareness, poor progno-
sis and high medical costs [1]. Recent estimates suggest that 

the global prevalence of CKD is approximately 9.5%, affecting 
over 740 million people worldwide [2]. In high-income coun-
tries, CKD has become the ninth leading cause of death, with 
its incidence increasing yearly and trending toward younger 
population [3]. The global loss of life expectancy due to CKD is 
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expected to double by 2040, representing a formidable challenge 
for healthcare and health systems [4].

Gait speed, defined as the speed at which a person habitually 
walks, has emerged as a significant predictor of health out-
comes in various populations [5]. In healthy adults, gait speed 
has been associated with reduced risks of all-cause mortality 
and cognitive decline [6, 7]. A recent UK Biobank–based cohort 
study showed that participants with faster gait speeds had a 47% 
lower risk of developing CKD compared to those with slower 
gait speeds [8]. These findings suggest that gait speed may be 
a valuable indicator of overall health status and future risk in 
CKD patients.

In the context of CKD, physical function measures like gait 
speed are particularly relevant due to the high prevalence of 
frailty and sarcopenia in this population [9]. CKD patients often 
experience a decline in physical function as their disease pro-
gresses, which can impact their quality of life and clinical out-
comes [10]. Studenski et al. demonstrated in a pooled analysis of 
nine cohort studies that gait speed was associated with survival 
in older adults, with each 0.1 m/s increase in gait speed corre-
sponding to a 12% decrease in mortality risk [11].

Although previous studies have explored the relationship be-
tween gait speed and mortality in CKD patients, a comprehen-
sive quantitative analysis is lacking. A recent meta-analysis by 
Yang, He, and Li reported an association between gait speed 
and all-cause mortality in CKD [12]. However, our study aims to 
build upon this work by including a larger number of recent pub-
lished studies, employing more rigorous inclusion criteria and 
methodological assessments, conducting dose–response analy-
ses and performing more extensive subgroup analyses to explore 
potential sources of heterogeneity. Additionally, we will use the 
Grading of Recommendations, Assessment, Development and 
Evaluation (GRADE) framework to assess the certainty of evi-
dence, providing a more comprehensive evaluation of the rela-
tionship between gait speed and mortality risk in CKD patients 
across the disease spectrum.

The primary objective of this systematic review and meta-
analysis is to clarify the quantitative relationship between gait 
speed and all-cause mortality risk in adults with CKD, includ-
ing patients at various stages of the disease from non-dialysis to 
those receiving renal replacement therapy.

2   |   Methods

The review protocol has been registered with PROSPERO 
(CRD42022340135) and reported following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2020 statement (Table S1) [13] and Meta-analysis of 
Observational Studies in Epidemiology (MOOSE) [14].

2.1   |   Search Strategy

We searched PubMed, Embase and Web of Science for English-
language reports on the association between gait speed and 
all-cause mortality in patients with CKD from inception to 2 

January 2024 and updated search in September 2024. Details of 
the search strategy are provided in Table S2. In addition, refer-
ence lists of identified articles were manually searched for rele-
vant articles.

2.2   |   Study Selection

Two researchers (F.Z. and Y.B.) independently screened the lit-
erature. Studies were included if they were (1) prospective co-
hort studies. We did not set a minimum follow-up time as an 
inclusion criterion. This is because CKD patients have a higher 
risk of death, and meaningful results may be observed even with 
short-term follow-up [15]. However, we considered the effect of 
follow-up time (≤ 36 months vs. > 36 months) in the subgroup 
analysis; (2) participants were adult CKD patients (≥ 18 years of 
age), including non-dialysis, peritoneal dialysis, haemodialysis 
and kidney transplantation recipients; (3) gait speed (measured 
by timed walking speed test or self-reported) was considered as 
an exposure factor; (4) multivariable adjusted effect size (odds 
ratio [OR] or hazard ratio [HR] or relative risk [RR]) and 95% 
confidence interval (95% CI) were reported for the risk of all-
cause mortality of CKD for different gait speed categories; and 
(5) consider all-cause mortality during follow-up as an outcome. 
Conference abstracts, clinical trials, cross-sectional studies or 
reviews were excluded. If multiple articles based on the same co-
hort were published, we chose the one with the longest follow-up 
or the largest sample size.

2.3   |   Duplicate Cohort Description

Both Roshanravan et  al. [10, 16] are from the Seattle Kidney 
Study; in addition, Kutner et al. [17] and Johansen et al. [18] are 
from A Cohort To Investigate the Value of Exercise/Analyses 
Designed to Investigate be the Paradox of Obesity and Survival 
in ESRD (ACTIVE/ADIPOSE), both of which chose larger sam-
ple sizes and closer years, therefore excluding Roshanravan 
et al. [16] and Kutner et al. [17].

2.4   |   Data Extraction and Quality Assessment

Two researchers (F.Z. and H.W.) independently extracted data, 
including first author, year of publication, country, sample size, 
number of cases, length of follow-up, gender, mean age of study 
participants at baseline, gait speed measurements, level of walk-
ing speed, effect sizes corresponding to mortality and 95% CIs 
(adjusted for up to confounders) and adjustment variables. The 
quality of each study was assessed using the Newcastle–Ottawa 
Scale. Two researchers (F.Z. and H.W.) independently performed 
the quality assessment, and disagreements were resolved by a 
third researcher (Y.F.Z.).

2.5   |   Data Synthesis and Analysis

Due to a low incidence of the outcome (all-cause mortality), we 
used RR as a uniform effect size across all studies and assumed 
that HR and OR reported in the original study approximated the 
RR [19]. Effect sizes and corresponding 95% CIs were extracted 
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from each study, and the pooled RR (95% CI) was then calcu-
lated using a random effects model and restricted maximum 
likelihood (REML) adjustment. According to priori protocols, 
we first performed a paired meta-analysis to estimate the RR 
and 95% CI corresponding to all-cause mortality risk of CKD 
for different gait speed categories compared to the highest speed 
used as a reference. For studies where the reference category 
was not the highest, we recalculated the effect sizes and 95% CIs, 
assuming that the highest category was the reference category 
according to Hamling's method [20]. In the further analyses, we 
summarized the risk estimates using unit increments (0.1 m/s 
per acceleration). When studies presented multiple statistical 
risk-adjustment models, only the effect sizes associated with the 
statistical model containing the most additional covariates were 
considered. In addition, 95% prediction intervals were calcu-
lated to forecast the actual effects' range [21].

Heterogeneity was tested using Cochran Q and I2 statistics [22]. 
Q statistic p < 0.10 was considered statistically significant, and 
I2 ≈ 25%, 50% and 75% were considered low, intermediate and 
high heterogeneity, respectively. In addition, we performed 
meta-regression analyses to identify sources of heterogeneity.

We performed the following subgroup analyses.

1.	 Age (< 60 vs. > = 60 years): 60 years is usually considered 
a starting age for the elderly, and the prevalence of CKD is 
significantly higher in people older than 60 years.

2.	 Duration of follow-up (< = 36 vs. > 36 months): 36 months 
represents the mid-term follow-up. This allowed us to com-
pare differences in short/intermediate and long-term fol-
low-up outcomes.

3.	 Gender predominance (< 50% vs. ≥ 50% male): to assess the 
potential impact of gender composition on outcomes.

4.	 Disease stage (non-dialysis vs. renal replacement treat-
ment): to reflect the different severity and treatment stages 
of CKD.

5.	 Region (North America vs. Europe vs. Asian): to assess 
the impact of geographic and possible racial differences on 
outcomes.

We also performed two sensitivity analyses, including omitting 
one study at a time to examine each study's effect on the pooled 
results and only studies using 0.8 m/s as the cut-off point for 
walking speed. Funnel plots graphically assessed publication 
bias [23] and were further evaluated by Egger's test, with p < 0.05 
indicating potential publication bias. Trim-and-fill method was 
used to correct for the identified publication bias. All analyses 
were performed using R software (Version 4.2.2) [24]. A two-
tailed p < 0.05 was considered statistically significant if not oth-
erwise stated.

2.6   |   Grading of Evidence Assessment

Two independent reviewers (Y.B. and L.Y.H.) assessed the cu-
mulative evidence for each outcome using the GRADE frame-
work. The certainty of evidence was rated as high, medium, low, 
and very low by the GRADE tool [25].

3   |   Results

3.1   |   Literature Search and Study Selection Process

Figure 1 shows the systematic search and study screening pro-
cess. After excluding 516 duplicate records and an additional 
803 records that did not meet the inclusion criteria, we read the 
full text of 65 records; of these, 17 cohort studies were deemed 
to meet the inclusion criteria [10, 16, 18, 26–39]. Table S3 lists 
the studies that were excluded by reading full text (n = 48), with 
reasons for exclusion.

3.2   |   Characteristics of Cohort Studies

Seventeen prospective cohort studies [10, 16, 18, 26–39] involv-
ing 936 cases among 6217 participants (two of these studies did 
not report deaths) (Table 1). One study reported all-cause mor-
tality risk corresponding to each 1-point decrease in gait speed 
based on the Short Physical Performance Battery, which was 
not included in the meta-analysis [34]. The included cohort 
studies were conducted in the United States (n = 4), Canada 
(n = 1), the United Kingdom (n = 1), Spain (n = 1), China (n = 3), 
Iran (n = 1), Japan (n = 4), South Korea (n = 1), and Brazil (n = 1) 
and were published between 2013 and 2023. The cohort stud-
ies had a follow-up period ranging from 12 to 62.4 months. 
The risk assessment of the included studies according to the 
Newcastle–Ottawa Scale tool is shown in Table S4.

3.3   |   Gait Speed Assessment

Twelve and six cohort studies reported the association be-
tween gait speed categories compared to reference, gait speed 
per unit increase and risk of death, respectively (one study re-
ported both [10]). Sixteen cohort studies measured gait speed 
through a timed walking speed test, whereas another used a 
self-report questionnaire. Six studies used 0.8 m/s as a thresh-
old for assessing low walking speed, which is the most com-
mon walking speed cut-off. The walking distance tests used 

FIGURE 1    |    Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses flow diagram.
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in the included studies ranged from 3 to 16 m. See Table 1 for 
more information.

3.4   |   Categorical Analyses

We performed categorical analyses to summarize the risk 
of all-cause mortality for higher vs. lower gait speed, with 
4233 participants and 795 cases. Compared with higher gait 
speed, the all-cause mortality risk for lower was 2.138 (95% 
CI: 1.794–2.548; I2 = 16.0%; P for heterogeneity = 0.28; 95% predic-
tion intervals: 1.752–2.610) (Figure  2). We rate the evidence 
certainty of this outcome as high (Table S5). Negative effects 
of similar magnitude and significance were found for leave-
one-out sensitivity analysis (Figure  S1). No publication bias 
was observed by the funnel plot (Figure  S2) and Egger's test 
(p = 0.356). Sensitivity analysis illustrates the robustness of re-
sults (Figure S3).

In addition, the combined results of six studies that used 0.8 
as a threshold showed that participants with ≥ 0.8 m/s had a 
76.9% increased risk of death compared with CKD patients with 
walking speeds below 0.8 m/s (RR = 1.769; 95% CI: 1.127–2.778; 
I2 = 31.2%; P for heterogeneity = 0.20; 95% prediction intervals: 
0.617–5.076) (Figure S4).

Another study [34] also supported the above findings but was 
excluded from the meta-analysis because it reported point 
changes on the Short Physical Performance Battery rather than 
the actual speeds reported in other studies. Nastasi et al. [34] 
included 719 kidney transplant recipients and assessed their 
Short Physical Performance Battery performance at admis-
sion. During follow-up, the 5-year post-transplant mortality 
rate was 20.6% in impaired recipients compared with 4.5% in 
unimpaired recipients. A 1-point decrease in walking speed 
(worse function) was associated with an adjusted 1.21-fold 
(95% CI: 0.89–1.65, p = 0.22) increase in mortality risk after 
kidney transplant.

Subgroup analyses were performed for different ages (< 60 
vs. > = 60), male predominance (< 50% vs. > = 50%), disease 
stages (non-dialysis vs. renal replacement treatment), regions 
(North America vs. Europe vs. Asia) and follow-up times 
(< = 36 vs. > 36 months). Results showed that magnitudes or 
directions of pooled estimates were robust across subgroups 
(Figure 3). Meta-regression results showed that these factors 
were not a source of heterogeneity in the categorical analysis 
(Table S6).

In the subgroup analysis by disease stage (multiclassification), 
the pooled HR for kidney transplant recipients was 2.326 (95% 
CI: 1.887–2.867), indicating a significant association between 
slower gait speed and increased all-cause mortality risk in this 
subgroup. Compared to other subgroups, such as pre-dialysis 
(RR = 2.191; 95% CI: 1.807–2.657) and dialysis (RR = 2.430; 
95% CI: 1.172–5.039), kidney transplant recipients demon-
strated a similarly strong correlation between gait speed 
and mortality risk. However, the RR for haemodialysis pa-
tients (RR = 0.500; 95% CI: 0.107–2.345) showed a wider con-
fidence interval, likely due to heterogeneity in the included 
studies.A
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3.5   |   Dose–Response meta-Analysis

Figure 4 shows the dose–response analysis of gait speed and all-
cause mortality with 1650 participants and 191 cases. The pooled 
RR for all-cause mortality per 0.1 m/s increase in gait speed was 
0.743 (95% CI: 0.580–0.955, I2 = 45.0%; P for heterogeneity = 0.12; 95% 
prediction intervals: 0.426–1.293). The evidentiary certainty of 
this result was judged to be high (Table S5).

4   |   Discussion

In this meta-analysis of prospective cohort studies, we col-
lected available evidence on the association between gait speed 
and all-cause mortality risk in adults with CKD. We found 
from high-certainty evidence that lower gait speed was asso-
ciated with a 113.8% increased risk of early death in CKD pa-
tients. Each 0.1 m/s increase in gait speed was also associated 

FIGURE 2    |    Forest plot for multivariable analysis assessing the association between gait speed and mortality risk. 95% CI, 95% confidence inter-
val; RR, relative risk.

FIGURE 3    |    Subgroup analyses of the association between gait speed and all-mortality risk in CKD patients. Two studies did not report follow-up 
times and therefore were not included in subgroup analyses. 95% CI, 95% confidence interval; RRT, renal replacement therapy.
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with a 25.7% lower risk of death. Although the included studies 
used different walking speed thresholds to define ‘low walk-
ing speed’, < 0.8 m/s was the most commonly used. Our sen-
sitivity analysis demonstrated that a walking speed < 0.8 m/s 
was still associated with a significantly increased risk of death 
from CKD.

A previous meta-analysis of six studies (actually five cohorts) 
showed that lower gait speed was associated with a 145% (95% 
CI: 1.48–4.08) increased mortality risk in CKD patients com-
pared to higher gait speed [12]. In oncology patients, a meta-
analysis of six cohort studies showed that lower walking speed 
was associated with a 58% (95% CI: 1.23–2.05) elevated risk of 
all-cause mortality compared with higher gait speeds [44]. The 
MOBILISE-D study published by Buttery et al. [45] showed that 
a gait speed of < 0.8 m/s was accompanied by a 255% (95% CI: 
1.72–7.36) increased mortality risk in chronic obstructive pul-
monary disease compared to a gait speed of > = 0.8 m/s, whereas 
for each decline in gait speed of 1.0 m/s, there was an increase 
in mortality risk of up to 655% (95% CI: 1.11–51.3). A recent 
meta-analysis of healthy population data that included 50 225 
participants showed that gait speed average or brisk/fast was 
associated with a 20% (95% CI: 12%–28%) and 24% (95% CI: 9%–
38%) reduction in risk of all-cause mortality, compared to self-
reported slow walkers [46]. As a complement, the results of this 
study provide additional evidence for the health management of 
CKD patients.

The mechanisms underlying the association between walking 
speed and premature death risk in CKD patients can be ex-
plained in several ways. Most importantly, gait speed captures 
early multisystem impairments associated with ageing and mul-
timorbidity and is an important marker of functional reserve 
and resilience [47]. Poor gait speed indicates difficulties in par-
ticipating in physical activity, and low physical activity levels are 
associated with an increased risk of early death [48–50]. Second, 
a common factor contributing to slow gait speed is the presence 
of CKD-related comorbidities (e.g., sarcopenia and diabetes mel-
litus), which have also been associated with premature death 
[51]. In addition, slower gait speed is commonly related to en-
docrine dysfunction (e.g., low testosterone levels), inflammation 
and oxidative stress, all of which have been linked to a higher 
risk of mortality in patients with CKD [52]. Finally, faster gait 
speeds indicate better individual cardiorespiratory fitness, a key 
predictor of mortality risk in CKD patients [53].

Gait speed is one of the dimensions to assess frailty [54]. Walking 
speed is the most convenient and useful indicator for mobility. 
This assessment requires only a timer, and immediate interven-
tion should be undertaken when the measurement falls below 
the recommended threshold [55]. A recently published study 
with a large sample showed that physical function declines at 
different rates as kidney function deteriorates [56], which offers 
a need for intervention in the early stages of chronic renal fail-
ure. The lack of pharmacologic interventions targeting gait de-
cline has led to demands for physical activity and/or exercise to 
prevent or improve mobility in patients with CKD. A recent sys-
tematic review and meta-analysis showed that a home exercise 
programme was associated with improved walking speed over 
a 6-min walking distance in haemodialysis-dependent CKD pa-
tients [57]—with this in mind, a simple short-term home exer-
cise prescription, such as lifting free-weight dumbbells (an item 
of equal weight can also be used instead) at least three times a 
week for three sets of 10–15 repetitions each. This approach pro-
vides an inexpensive, convenient and safe way to improve gait 
speed in such a population.

Our subgroup analyses of disease stage suggest significant and 
plausible effect sizes in renal replacement therapy-dependent 
CKD patients and stronger correlations than in conservatively 
treated individuals. This should be considered when interpret-
ing how gait speed is associated with mortality risk in CKD pa-
tients. As kidney function deteriorates, CKD patients are forced 
to undergo peritoneal dialysis or haemodialysis to prolong their 
life, a treatment that leads to protein loss and muscle wasting 
in the body, which are important indications of an impact on 
gait speed [58]. In contrast, CKD patients who undergo kidney 
transplantation may obtain an improvement in physical func-
tion. Therefore, in future studies, it is necessary to set gait speed 
thresholds for different CKD stages to observe the correlation 
between gait speed and mortality risk.

Interestingly, when treated kidney transplant recipients as a 
distinct category, it revealed a significant association between 
slower gait speed and increased all-cause mortality risk in this 
subgroup (HR = 2.326; 95% CI: 1.887–2.867). This finding un-
derscores the unique clinical characteristics of kidney trans-
plant recipients, who, despite having preserved renal function, 
may experience muscle function impairments due to long-term 
use of immunosuppressants and steroids. These factors likely 
contribute to the observed relationship between gait speed and 

FIGURE 4    |    Meta-analysis of all-cause mortality per 0.1 m/s increased gait speed. 95% CI, 95% confidence interval; HR, hazard ratio; RR, relative 
risk.
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mortality risk in this population. Compared to other subgroups, 
such as pre-dialysis and dialysis patients, kidney transplant re-
cipients demonstrated a similarly strong correlation between gait 
speed and mortality risk. This suggests that gait speed is a robust 
predictor of mortality across different CKD stages, including in 
populations with improved renal function post-transplantation. 
However, the wider confidence intervals observed in the haemo-
dialysis subgroup (HR = 0.500; 95% CI: 0.107–2.345) may reflect 
heterogeneity, warranting further investigation in future studies.

This study has noteworthy strengths. The meta-analysis was 
based on data from prospective cohort studies, a study design 
that substantially reduces selection and recall bias, but the possi-
bility of reverse causation cannot be completely ruled out. Thus, 
the pooled results of prospective cohort studies may be the best 
empirical data to understand the genuine relationship between 
gait speed and mortality risk in CKD. In addition, most of the 
included studies had large sample sizes and long follow-up pe-
riods, which helped provide more reliable data for analysis. Our 
conclusions are strengthened by pooling data from categorical 
association analyses and dose–response relationship analyses of 
gait speed and CKD mortality risk.

Several limitations need to be further assessed and considered in 
future studies when interpreting the results. First, the methods of 
evaluating gait speed and determining the pace reference group 
varied across the included studies (including but not limited to 
0.8 and 1.0 m/s). These differences may have produced hetero-
geneity and reduced the precision of the overall association es-
timates. Nonetheless, sensitivity analyses did not show that any 
single study's assumptions would significantly impact the asso-
ciation between gait speed and mortality risk in CKD. Second, 
our findings may be subject to reverse causality bias because 
participants with faster gait speeds were more likely to engage in 
more physical activity and have better cardiorespiratory fitness, 
greater muscle mass and better health status, all of which are key 
variables influencing the risk of death from CKD; however, only 
one of the included studies added physical activity as a covariate. 
Future cohort studies need to consider physical activity variables 
fully. Third, although the included study statistically adjusted 
for potential confounders, we could not rule out whether other 
residual confounders (e.g., lifestyle risk factors, comorbidities or 
socio-economic status) might have influenced the observed asso-
ciation between gait speed and mortality. Fourth, our exploratory 
analyses could not fully account for heterogeneity in the analyses, 
which may have led to an overestimation of the reported associa-
tions. In addition, the small number of studies of pre-dialysis CKD 
patients in the present meta-analysis may limit the interpretation 
of our results for this subgroup. More studies on pre-dialysis CKD 
patients are needed in the future to validate our findings.

Our findings have several important implications for clinical 
practice. First, gait speed assessment could be a simple, quick 
and inexpensive tool for risk stratification in CKD patients. 
Clinicians should consider incorporating gait speed measure-
ment into routine clinical evaluations for CKD patients, as it 
may help identify those at higher risk of mortality who may 
benefit from more intensive monitoring and interventions [59]. 
Second, interventions aimed at improving or maintaining gait 
speed in CKD patients may have potential benefits for survival. 
Exercise programmes, particularly those focusing on improving 

lower extremity strength and function, have shown promise in 
enhancing gait speed in CKD patients [60]. Third, for patients 
identified with low gait speed, a comprehensive geriatric assess-
ment might be warranted to identify and address underlying 
factors contributing to reduced mobility [61]. Finally, gait speed 
could potentially be used as an outcome measure in clinical tri-
als evaluating interventions aimed at improving physical func-
tion and overall health in CKD patients [62].

5   |   Conclusion

This meta-analysis based on a prospective cohort study showed 
that lower gait speed was significantly associated with early 
death in CKD patients, with a 25.7% reduction in the risk of all-
cause mortality for every 0.1 m/s increase in walking speed. As 
walking is safe and easy to assess and interpret, gait speed can 
be a significant predictor of death in patients with CKD. To im-
prove the generalizability of these findings, well-designed large 
prospective cohort studies are needed to identify age-, sex- and 
CKD stage-specific thresholds for walking speed to improve the 
validity and efficiency of this indicator.
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