
PLOS One | https://doi.org/10.1371/journal.pone.0343612  March 18, 2026 1 / 11

 

 OPEN ACCESS

Citation: Vitor Santos JN, Rodrigues VGB, 
Taiar R, Cunha T, Assis Madeira EA, Martins 
ICM, et al. (2026) The prognostic value of gait 
speed in hemodialysis patients: A prospective 
observational study. PLoS One 21(3): 
e0343612. https://doi.org/10.1371/journal.
pone.0343612

Editor: Yuri Battaglia, University of Verona: 
Universita degli Studi di Verona, ITALY

Received: July 2, 2025

Accepted: February 8, 2026

Published: March 18, 2026

Peer Review History: PLOS recognizes the 
benefits of transparency in the peer review 
process; therefore, we enable the publication 
of all of the content of peer review and 
author responses alongside final, published 
articles. The editorial history of this article is 
available here: https://doi.org/10.1371/journal.
pone.0343612

Copyright: © 2026 Vitor Santos et al. This is an 
open access article distributed under the terms 
of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, 

RESEARCH ARTICLE

The prognostic value of gait speed 
in hemodialysis patients: A prospective 
observational study

Joyce Noelly Vitor Santos1,2,3, Vanessa Gomes Brandão Rodrigues2,3, Redha Taiar4, 
Tamara Cunha3, Elisângela Andrade Assis Madeira1,3, Inara Caroline Marcelino Martins1, 
Maria Cecília Sales Mendes Prates1, Vanessa Kelly da Silva Lage1,2,3,  
Ana Cristina Rodrigues Lacerda 1,2,3, Henrique Silveira Costa1,3, Frederico Lopes Alves2, 
Emílio Henrique Barroso Maciel1, Pedro Henrique Scheidt Figueiredo1,3,  
Vanessa Amaral Mendonça 1,2,3*

1  Programa de Pós-graduação em Reabilitação e Desempenho Funcional, Universidade Federal dos 
Vales do Jequitinhonha e Mucuri, Diamantina, Minas Gerais, Brazil, 2  Programa de Pós-graduação 
em Ciências da Saúde, Universidade Federal dos Vales do Jequitinhonha e Mucuri, Diamantina, Minas 
Gerais, Brazil, 3  Laboratório de Inflamação e Metabolismo (LIM), Universidade Federal dos Vales do 
Jequitinhonha e Mucuri – UFVJM, Diamantina, Minas Gerais, Brazil, 4  MATIM, Université de Reims 
Champagne Ardenne, Reims, France 

* vaafisio@hotmail.com

Abstract 

Background

Gait speed has emerged as a sensitive and practical measure of functional status, 

and its association with overall health and adverse outcomes in various populations 

has been increasingly recognized. However, its prognostic value among hemodialysis 

patients remains insufficiently explored.

Objective

To assess the prognostic value of the gait speed in hemodialysis patients.

Methods

This prospective observational study assessed adults with end-stage renal disease 

on hemodialysis. Baseline measurements were taken from April 2019 onward, and 

survival was observed until December 2024. Usual walking speed was measured by 

an 8-meter gait speed protocol, with the time to cover the central 4-meter distance 

recorded. Also, established prognostic factors were evaluated. Data were analyzed 

using the Cox regression analysis and the ROC curve. The Kaplan-Meier curve com-

pared the cumulative survival across gait speed categories. Statistical significance 

was set at 5%.
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Results

A total of 120 eligible patients were included. Age (HR 1.05 [95% CI 1.01–1.09], 

p = 0.01), phosphorus (HR 0.72 [95% CI 0.54–0.96], p = 0.03), and gait speed (HR 

0.04 [95% CI 0.01–0.14], p < 0.0001) were associated with mortality. Gait speed (HR 

0.04 [95% CI 0.01–0.15], p < 0.0001) was an independent predictor of mortality. The 

optimal cutoff point for mortality risk identification was ≥ 1.13 m/s (AUC = 0.85 [0.77–

0.0.90]; p < 0.0001), and low mobility was associated with a 10.4-fold higher mortality 

risk (HR 10.49 [95% CI 3.70–29.96], p < 0.0001).

Conclusion

Gait speed presented excellent accuracy in mortality risk identification, and low 

mobility was a significant risk factor for death in individuals undergoing hemodialysis. 

These findings highlight that gait speed assessment, a simple, quick, and low-cost 

measure, can be implemented in dialysis centers for risk stratification, supporting 

more targeted clinical decisions and therapeutic approaches. Furthermore, they 

underscore the importance of functional assessment in this setting.

Introduction

The prevalence of end-stage kidney disease (ESKD) is a relevant problem world-
wide [1,2] and has increased substantially due to the increasing incidence of risk 
factors such as hypertension and diabetes [3]. Despite advances in dialysis treat-
ments, this population remains highly vulnerable, with elevated rates of morbidity 
and mortality [4–6].

In patients with ESKD undergoing hemodialysis, the high symptom burden [7] 
and the complex interaction of the pathological mechanisms, such as mineral 
disorders [8], progressive bone disease [8], cachexia [9], chronic inflammation 
[10], physical inactivity [11], and environmental factors, result in the impairment 
of overall health, including reduced functional capacity [11,12] and increased 
fragility [13].

The functional capacity has emerged as a determinant marker of prognosis in var-
ious chronic conditions. [14,15] In this regard, the gait speed is a valid, reliable, and 
sensitive measure appropriate for assessing and monitoring functional status and 
overall health in various populations. In older people, the gait speed is designated as 
the “6th vital sign” [16] and the “functional vital sign” [17]. In hemodialysis patients, 
studies have shown that gait speed is slower based on general population values 
[18,19] and is associated with the diagnosis of frailty [20], hospitalizations [5], and 
cardiovascular events [21,22]. Recent studies have also demonstrated an association 
between gait speed and mortality, [5,21,23] identifying it as a predictor of all-cause 
mortality in developed countries [21,23]. However, its prognostic value among hemo-
dialysis patients remains insufficiently explored.

Thus, this study investigated the hypothesis that gait speed may be an accurate 
tool for mortality risk identification and that patients with low mobility, measured for 
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the gait speed test, may be at a higher risk of death. Accordingly, this study aimed to assess the prognostic value of gait 
speed in hemodialysis patients.

Patients and methods

Study design

This was a prospective observational study conducted in a reference Brazilian hemodialysis center. This study 
adhered to the ethical principles of the Declaration of Helsinki, approved by the institutional ethics committee (CAAE: 
60169822.1.0000.5108), and all participants provided written informed consent prior to their inclusion in the study. Our 
research strategy followed the Recommendations of PROGRESS (Prognosis Research Strategy) [24]. The STROBE 
statement was used as a guide to report this study [25,26].

Participants

Patients on hemodialysis treatment older than 18 years who were receiving hemodialysis treatment thrice weekly for at 
least three months were included in the study. Exclusion criteria were pregnant women, significant mental illness, contra-
indications, or inability to perform the functional tests, patients who underwent transplants or who changed dialysis centers 
and lost contact during follow-up.

Data collection

The recruitment period started on 09/04/2019 and ended on 31/12/2024. Baseline assessments included anthropomet-
ric measurements (weight, height, and body mass index) and usual walking speed. These evaluations were conducted 
before hemodialysis during the second weekly session. Subsequently, body composition measurements, including the 
appendicular lean mass (ALM) and body fat, were performed after hemodialysis using Dual-Energy X-ray Absorptiometry 
(DEXA). The sector itself carried out the biochemical analysis.

Usual walking speed

Patients were instructed to walk a distance of eight meters at their usual gait speed, and the time taken to cover the mid-
dle four meters was recorded. The patient was permitted to use a walking aid device during the test. The usual walking 
speed was measured twice for the four-meter gait speed, and the shortest time recorded was selected [27,28].

Known factors evaluated

Demographic variables (sex and age), anthropometric measurements, clinical factors (presence of diabetes mellitus and 
hemodialysis vintage), and biochemist variables (hemoglobin, phosphorus [P], iron [Fe], Alkaline phosphatase) were eval-
uated due to their recognized prognostic value in hemodialysis patients. The methods used to perform the biochemical 
analyses were briefly described in the supplementary material (S1).

Follow-up period and outcome measures

The follow-up was started immediately after the baseline assessments and was carried out through weekly visits by a 
researcher to the dialysis center. The endpoint was defined as death, irrespective of the cause. After follow-up, the sample 
was allocated into mortality and survival groups.

Sample size calculation

A priori sample size calculation was performed to ensure that the monitored sample adequately addressed the study 
question. The OpenEpi software was used for the sample size calculation, applying an alpha error of 5%, a statistical 
power of 95%, and a ratio of events of 34%, the minimum sample size required was determined to be 84 patients.
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Data analysis

Statistical analysis was performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) and MedCalc Statistical 
Software version 13.1 (MedCalc Software, Ostend, Belgium). The data distribution was verified using the Kolmogorov–
Smirnov test. Continuous variables were shown as mean and standard deviation (normal distribution) or median and 
interquartile range (non-normal distribution). Group comparisons were performed through independent t-tests and Mann–
Whitney’s or Chi-Square tests.

Univariate Cox regression analysis evaluated the association between gait speed and mortality. If p < 0.5, multivariate 
analysis was performed to assess the hazard ratio of the gait speed to predict mortality after adjusting for age, sex, hemo-
globin, P, Fe, Alkaline phosphatase, and presence of diabetes.

A Receiver-operating Characteristic (ROC) analysis was performed to determine the sensitivity and specificity of differ-
ent cutoff values of gait speed and predict mortality events. The area under the ROC curve (AUC) and 95% confidence 
interval (CI) were calculated for all tests, and optimal cutoffs were determined by values with the best combination of sen-
sitivity and specificity using the Youden Index. An AUC greater than 0.7 was considered acceptable, while an AUC greater 
than 0.8 was considered excellent for the proposed cutoffs [29,30]. Alternative cutoff points were suggested considering 
the combination of specificity and sensitivity. The Positive Predictive Value (PPV) and Negative Predictive Value (NPV) 
were calculated. The Kaplan-Meier curve was performed to evaluate the survival distribution equality for the different cate-
gories of gait speed from the established cutoff. Statistical significance was set at 5%.

Results

Characteristics of subjects

One hundred and twenty subjects were eligible for participation and enrolled in the study (Fig 1). At baseline, participants 
exhibited an average age of 51.37 ± 15.45 years, with a dialysis vintage of 3.22 (3.75) years. Among these, 76 (63%) 
were male, and 44 (47%) were female. The mean follow-up time was 31.37 ± 21.54 months. Mortality occurred in 23% of 
the sample. The causes of death included acute respiratory failure (25%), sepsis (12.5%), sudden death (18.7%), cancer 
(12.5%), stroke (6.2%), hemorrhagic shock (6.2%), and cases of undetermined origin (18.7%).

Characteristics of the participants are presented in Table 1. Age and serum phosphorus levels were significantly higher 
in the mortality group. Gait speed was significantly lower in the mortality group. No differences were observed in sex, dial-
ysis time, diabetes presence, body composition, and other biochemical variables.

Cox regression analysis between gait speed and mortality

In model 1, while age, phosphorus, and gait speed were significantly associated with mortality in univariate analysis, in 
the adjusted model, only gait speed was significantly associated with mortality. In model 2, low mobility was independently 
associated with mortality (Table 2).

ROC curves for gait speed

The area under the ROC curve (AUC) to identify mortality hazards in hemodialysis patients by gait speed was 0.85 
(0.77–0.90), p < 0.0001. The gait speed was excellent for screening mortality (Fig 2). Table 3 shows the properties of the 
cutoff points with the best combination of sensitivity and specificity and negative and positive predictive values of gait 
speed tests for screening mortality.

Kaplan-Meier curve analysis

Accumulative survivals were significantly decreased in hemodialysis patients with gait speed ≤1.13 or >1.13 m/s (Log-
rank: x2 = 34.38; p < 0.0001) (Fig 3).
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Discussion

The present study showed the prognostic value of the usual gait speed in hemodialysis patients. The main findings of this 
study were: (1) the gait speed is an independent predictor of mortality, (2) patients with low mobility, measured by gait 
speed, had a 10.4-fold higher risk of death, and (3) knowledge of the predictive value of gait speed ranges. These results 
have significant clinical meaning since they demonstrated that a simple and inexpensive evaluation can be valuable in 
clinical assessment and risk stratification of patients, which can assist in early therapeutic management.

This study showed that non-survivors were older, had had higher levels of albumin and lower levels of phosphorus, 
and had lower mobility values than survivors. Serum phosphorus levels differed between the survival and non-survival 
groups, both groups presented mean values within a relatively preserved range (survival: 5.04 ± 1.51 mg/dL; non-survival: 
4.31 ± 1.40 mg/dL). Hyperphosphatemia is a defined prognostic factor in hemodialysis patients, however previous studies 
indicate that increased mortality risk is particularly associated with low phosphorus levels (e.g., < 3 mg/dL) [31,32] often 
reflecting malnutrition or protein-energy wasting. In this context, lower phosphorus concentrations in our sample may act 
as a surrogate marker of poorer nutritional and functional status rather than indicating a direct causal relationship.

Additionally, the gait speed was our sample’s independent predictor of death. In other populations, the gait speed was 
associated with mortality, such as individuals with older age, [33] chronic obstructive pulmonary disease, [34,35] and 

Fig1.  Flowchart of participant selection and monitoring. DEXA, Dual-Energy X-ray Absorptiometry.

https://doi.org/10.1371/journal.pone.0343612.g001

https://doi.org/10.1371/journal.pone.0343612.g001
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cardiovascular diseases [36]. This is a very sensitive measure that in older populations is considered a sixth vital sign [16] 
and a functional vital sign [17].

In hemodialysis patients, gait speed has been associated with frailty diagnosis [20], hospitalizations [5], and cardiovas-
cular events [21,22]. Previous studies demonstrated an association between gait speed and mortality. [5,21,23] Neverthe-
less, the predictive value of gait speed remained underexplored.

In our analysis, a 1m/s increase in gait speed was associated with a 96% reduction in the risk of death. Also, patients 
with low mobility had a risk of death 10.4-fold higher than those who had normal gait speed. Reduced gait speed may be 
a marker of an underlying process. Firstly, we also caution that a reduced gait speed may reflect the functional capac-
ity and overall health status of an individual. [16,17] Lower gait speed may indicate underlying health issues, such as 

Table 1.  Comparison of the sample demographics, biochemists, body composition, and gait speed between mortality and survival groups. 
Data presented as mean ± SD or median (interquartile range). Kt/v fractional urea clearance, PTH parathormone, C-RP C-reactive protein, LDL 
low-density lipoprotein, HDL high-density lipoprotein, BMI body mass index, ALM appendicular lean mass *p < 0.05, #gait speed <1.13 m/s.

Variables All (n = 120) Survival (n = 86) Non-survival (n = 34) p-value

Sex (M/F) 76 (63)/ 44 (37) 56 (65)/ 30 (35) 20 (59)/ 14 (41) 0.76

Age (years) 51.37 ± 15.45 47.60 ± 15.57 60.90 ± 10.29 <0.0001*

Dialysis vintage (years) 3.22 (3.75) 2.04 (3.54) 4.17 (4.08) 0.07

Diabetes (yes n%) 32 (27) 20 (23) 12 (35) 0.29

Biochemist

Vit D (ng/ml) 37.50 (18.00) 37.40 (14.00) 29.60 (25.00) 0.06

PTH (pg/ml) 341.35 (314.00) 308.60 (377.00) 307.50 (338.00) 0.43

C-PR (pg/ml) 4.36 (8.00) 4.10 (6.00) 5.89 (15.00) 0.09

Kt/v 1.39 (0.37) 1.34 (0.37) 1.43 (0.36) 0.28

Hemoglobin (g/dL) 10.71 ± 1.82 10.81 ± 1.92 10.42 ± 1.50 0.28

Hematocrit (%) 32.77 ± 5.47 33.30 ± 5.53 31.44 ± 5.17 0.09

Albumin (g/dL) 3.90 ± 0.35 3.95 ± 0.34 3.77 ± 0.34 0.01*

Globulin (g/dL) 3.00 (0.60) 3.00 (0.60) 3.10 (0.88) 0.18

Potassium (g/dL) 5.40 ± 0.73 5.40 ± 0.73 5.39 ± 0.72 0.91

Sodium (g/dL) 138.38 ± 2.70 138.46 ± 2.50 138.17 ± 3.18 0.60

Phosphorus (g/dL) 4.83 ± 1.50 5.04 ± 1.51 4.31 ± 1.40 0.01*

Calcium (mg/dL) 8.95 ± 0.86 8.96 ± 0.89 8.95 ± 0.78 0.96

LDL (mg/dL) 88.86 ± 28.86 86.02 ± 28.73 96.43 ± 28.17 0.09

HDL (mg/dL) 38.76 ± 14.91 37.37 ± 12.84 42.34 ± 19.05 0.11

Triglycerides (mg/dL) 116.00 (87.50) 117.00 (92.00) 154.00 (97.00) 0.56

Ferritin (ng/dL) 418.50 (340.00) 215.00 (380.95) 401.00 (327.75) 0.20

Iron (μg/dL) 54.00 (21.75) 54.00 (27.00) 54.50 (25.25) 0.78

Alkaline phosphatase (U/L) 107.00 (99.25) 97.00 (89.50) 118.00 (91.75) 0.19

Body composition

Dry weight (kg) 63.66 ± 15.15 63.98 ± 15.78 62.88 ± 15.73 0.72

Abdominal circum. (cm) 81.00 (21.00) 79.00 (20.00) 86.00 (24.00) 0.24

BMI (Kg/m2) 22.95 (8.00) 23.90 (8.00) 22.40 (9.00) 0.51

Body fat (%) 30.14 ± 10.51 29.04 ± 10.26 33.01 ± 10.80 0.07

ALM (kg) 30.69 ± 14.21 32.24 ± 14.72 26.64 ± 12.06 0.64

Physical test

Gait speed (m/s) 1.14 ± 0.29 1.23 ± 0.26 0.90 ± 0.20 <0.0001*

Low mobility (yes/no) # 52(43)/ 68(57) 22 (26)/ 64 (74) 30 (88)/4(35) >0.001*

https://doi.org/10.1371/journal.pone.0343612.t001

https://doi.org/10.1371/journal.pone.0343612.t001


PLOS One | https://doi.org/10.1371/journal.pone.0343612  March 18, 2026 7 / 11

Table 2.  Univariate and multivariate Cox regression analysis of mortality. Adjusted model: For sex, age, body mass index (BMI), hemodialysis 
vintage, presence of diabetes, hemoglobin level, P, and albumin level. HR hazard ratio, 95% CI 95% confidence interval. *p < 0,05; # ≤ 1.13 m/s.

Variables Crude Model Adjusted model

HR (95% CI) p-value HR (95% CI) p-value

Model 1

Age (years) 1.05 (1.01-1.09) 0.01* – 0.71

Phosphorus (g/dL) 0.72 (0.54-0.96) 0.03* – 0.83

Gait Speed (meters/second) 0.04 (0.01-0.14) <0.0001* 0.04 (0.01-0.15) <0.0001*

Model 2

Low mobility (yes) # 11.76 (4.13-33.44) <0.0001* 10.49 (3.70-29.96) <0.0001*

https://doi.org/10.1371/journal.pone.0343612.t002

Fig 2.  ROC curves for gait speed. ROC curves for gait speed (AUC = 0.85 [0.77-0.90]; p < 0.0001) in the mortality screening.

https://doi.org/10.1371/journal.pone.0343612.g002

Table 3.  Cutoff points, AUC-curve, sensitivity, specificity, PPV, and NPV of the gait speed test for screening mortality. AUC area under the 
ROC curve, PPV positive predictive value, NPV negative predictive value, CI confidence interval.

Cutoff point Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

≤0.61 11.8 (3.3-27.5) 98.8 (93.7-100.0) 80.0 (28.4-99.5) 73.9 (64.9-81.7)

≤1.13 88.2 (72.5-96.7) 74.4 (63.9-83.2) 57.7 (43.2-71.3) 94.1 (85.6-98.4)

≤1.28 100.0 (89.7-100.0) 41.9 (31.3-53.0) 40.5 (29.9-51.7) 100.0 (90.3-100.0)

https://doi.org/10.1371/journal.pone.0343612.t003

https://doi.org/10.1371/journal.pone.0343612.t002
https://doi.org/10.1371/journal.pone.0343612.g002
https://doi.org/10.1371/journal.pone.0343612.t003
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muscle wasting, frailty, inflammation, or impaired cardiovascular function, a well-established predictor of poor prognosis 
[21,33,37,38]

The gait speed accurately predicted death in the sample. Alternative cut-off values for gait speed were proposed for 
use in clinical practice as appropriate. Gait speed showed low positive and high negative predictive values. The cut-off 
gait speed values for classifying low mobility also demonstrated a substantial negative predictive value.

The gait speed value with the best sensitivity and specificity was 1.13m/s. This cutoff point was not similar to the one 
found for other populations, such as patients with heart failure (≤0.8m/s) and post-cardiac surgery (0.63m/s). [39,40] In the 
COPD patients, a similar cutoff of 1.04 m/s was identified for impaired health status identification [41]. However, in addi-
tion to being different populations, the age mean in these studies is older. Early identification of risk in younger patients 
may serve as a potential strategy for reducing mortality.

Finally, in the Kaplan-Meier curve, a significant difference in survival distribution was observed among gait speed 
categories (Log-rank: x2 = 34.38; p < 0.0001), highlighting the accuracy of the gait speed test to identify mortality in this 
population.

In conclusion, our study supports the hypothesis that gait speed is an accurate functional test for identifying and strati-
fying the mortality risk. The measure of the gait speed was a protective factor, and the presence of low mobility was a risk 
factor for mortality. These findings highlight the prognostic value of the test and the importance of the functional evaluation 
in hemodialysis patients.

Strengths and limitations

Among the strengths of the study, gait speed is a simple, fast, easy-to-use, and free-of-charge measure. Thus, the gait 
speed test is valuable for identifying patients with mortality hazards and who may benefit from interventions to prevent this 
negative outcome. The principal limitation of this study is that the cohort may not be highly representative of all hemodi-
alysis centers. However, it is representative of dialysis centers with similar characteristics. The study was conducted in a 
single outpatient hemodialysis center located in a region with a low Human Development Index (HDI), which influences 
both patient characteristics and healthcare delivery. The center provides chronic hemodialysis predominantly within a pub-
lic healthcare system, and the patient population is characterized by a wide age range, with a predominance of younger 
adults compared to cohorts commonly reported in high-income settings. This demographic profile reflects regional 

Fig 3.  Kaplan-Meier estimate of cumulative survival by gait speed categories (≤1.13 m/s or >1.13 m/s).

https://doi.org/10.1371/journal.pone.0343612.g003

https://doi.org/10.1371/journal.pone.0343612.g003
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epidemiological patterns, including earlier onset of chronic kidney disease and differences in access to preventive care. 
Additionally, the center operates with standard staffing levels and routinely available resources, without access to special-
ized rehabilitation or infrastructure, which is representative of many dialysis units in low- and middle-income regions.

Conclusion

In conclusion, our study establishes low mobility, measured by gait speed, as an independent predictor of mortality in 
hemodialysis patients and its prognostic value. This finding highlights the potential use of this simple, fast, easy-to-use, 
and free-of-charge measure as a tool for mortality risk stratification in hemodialysis patients. Incorporating this mea-
sure into the decision-making process can aid in implementing effective preventive strategies, and a functional measure 
associated with survival could steer current assessment protocols and interventions to be more patient-centered, contrib-
uting to a higher standard of care. Notably, this study is the first to demonstrate the prognostic value of gait speed among 
hemodialysis patients in a developing country.

Supporting information

S1 File. Methods used for biochemical measurements. 
(PDF)

S2 File. Data available. 
(PDF)

Acknowledgments 

The authors thank the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), Brazil; Conselho Nacio-
nal de Desenvolvimento Científico e Tecnológico (CNPq), Brazil; Fundação de Amparo à Pesquisa do Estado de Minas 
Gerais (FAPEMIG), Brazil; and Hemodialysis Center of Santa Casa de Caridade de Diamantina, Minas Gerais, Brazil.

Author contributions

Conceptualization: Joyce Noelly Vitor Santos, Vanessa Gomes Brandão Rodrigues, Pedro Henrique Scheidt Figueiredo, 
Vanessa Amaral Mendonça.

Data curation: Joyce Noelly Vitor Santos, Henrique Silveira Costa, Pedro Henrique Scheidt Figueiredo.

Formal analysis: Joyce Noelly Vitor Santos, Henrique Silveira Costa, Pedro Henrique Scheidt Figueiredo, Vanessa 
Amaral Mendonça.

Funding acquisition: Joyce Noelly Vitor Santos, Pedro Henrique Scheidt Figueiredo, Vanessa Amaral Mendonça.

Investigation: Joyce Noelly Vitor Santos, Tamara Cunha, Elisângela Andrade Assis Madeira, Inara Caroline Marcelino 
Martins.

Methodology: Joyce Noelly Vitor Santos, Vanessa Gomes Brandão Rodrigues, Ana Cristina Rodrigues Lacerda, 
Henrique Silveira Costa, Pedro Henrique Scheidt Figueiredo, Vanessa Amaral Mendonça.

Project administration: Joyce Noelly Vitor Santos, Elisângela Andrade Assis Madeira, Pedro Henrique Scheidt 
Figueiredo, Vanessa Amaral Mendonça.

Resources: Joyce Noelly Vitor Santos, Vanessa Gomes Brandão Rodrigues, Maria Cecília Sales Mendes Prates, 
Frederico Lopes Alves, Emílio Henrique Barroso Maciel, Pedro Henrique Scheidt Figueiredo, Vanessa Amaral 
Mendonça.

Software: Joyce Noelly Vitor Santos.

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0343612.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0343612.s002


PLOS One | https://doi.org/10.1371/journal.pone.0343612  March 18, 2026 10 / 11

Supervision: Joyce Noelly Vitor Santos, Pedro Henrique Scheidt Figueiredo, Vanessa Amaral Mendonça.

Validation: Joyce Noelly Vitor Santos, Ana Cristina Rodrigues Lacerda, Henrique Silveira Costa, Pedro Henrique Scheidt 
Figueiredo, Vanessa Amaral Mendonça.

Visualization: Joyce Noelly Vitor Santos, Pedro Henrique Scheidt Figueiredo, Vanessa Amaral Mendonça.

Writing – original draft: Joyce Noelly Vitor Santos.

Writing – review & editing: Joyce Noelly Vitor Santos, Redha Taiar, Vanessa Kelly da Silva Lage, Ana Cristina Rodrigues 
Lacerda, Henrique Silveira Costa, Pedro Henrique Scheidt Figueiredo, Vanessa Amaral Mendonça.

References
	 1.	 Eknoyan G, Lameire N, Winkelmayer WC. KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. 

2025. https://kdigo.org/wp-content/uploads/2024/03/KDIGO-2024-CKD-Guideline.pdf

	 2.	 Nerbass FB, Lima H do N, Moura-Neto JA, Lugon JR, Sesso R. Brazilian Dialysis Survey 2022. Brazilian Journal of Nephrology. 2024;46(2).

	 3.	 Kalantar-Zadeh K, Jafar TH, Nitsch D, Neuen BL, Perkovic V. Chronic kidney disease. Lancet. 2021;398(10302):786–802. https://doi.org/10.1016/
S0140-6736(21)00519-5 PMID: 34175022

	 4.	 Valdivia J, Gutiérrez C, Treto J, Delgado E, Méndez D, Fernández I, et al. Prognostic factors in hemodialysis patients: experience of a Havana 
hospital. MEDICC Rev. 2013;15(3):11–5. https://doi.org/10.37757/MR2013V15.N3.4 PMID: 23934421

	 5.	 Kutner NG, Zhang R, Huang Y, Painter P. Gait speed and mortality, hospitalization, and functional status change among hemodialysis patients: A 
US renal data system special study. Am J Kidney Dis. 2015;66(2):297–304. https://doi.org/10.1053/j.ajkd.2015.01.024 PMID: 25824124

	 6.	 Webster AC, Nagler EV, Morton RL, Masson P. Chronic Kidney Disease. The Lancet. 2017;389(10075):1238–52.

	 7.	 Flythe JE, Dorough A, Narendra JH, Wingard RL, Dalrymple LS, DeWalt DA. Development and content validity of a hemodialysis symptom 
patient-reported outcome measure. Qual Life Res. 2018;28(1):253–65. https://doi.org/10.1007/s11136-018-2000-7

	 8.	 Eknoya G, Lameire N, Kasiske BL. KDIGO 2017 Clinical Practice Guideline Update for the Diagnosis, Evaluation, Prevention, and Treatment of 
Chronic Kidney Disease–Mineral and Bone Disorder (CKD-MBD). 2017. https://kdigo.org/wp-content/uploads/2017/02/2017-KDIGO-CKD-MBD-
GL-Update.pdf

	 9.	 Koppe L, Fouque D, Kalantar-Zadeh K. Kidney cachexia or protein-energy wasting in chronic kidney disease: facts and numbers. J Cachexia Sar-
copenia Muscle. 2019;10(3):479–84. https://doi.org/10.1002/jcsm.12421 PMID: 30977979

	10.	 Nowak KL, Chonchol M. Does inflammation affect outcomes in dialysis patients?. Seminars in Dialysis. 2018;31(4):388–97.

	11.	 Gomes EP, Reboredo MM, Carvalho EV, Teixeira DR, Carvalho LFC d’Ornellas, Filho GFF, et al. Physical Activity in Hemodialysis Patients Mea-
sured by Triaxial Accelerometer. Biomed Res Int. 2015;2015:645645. https://doi.org/10.1155/2015/645645 PMID: 26090432

	12.	 Figueiredo PHS, da Silva ACR, Costa HS, Nominato GA, Lopes PH, Campos P, et al. The Glittre activities of daily living as a potential test for func-
tional evaluation of patients on hemodialysis: a validation study. Disabil Rehabil. 2022;44(10):2083–90. https://doi.org/10.1080/09638288.2020.181
2121 PMID: 32870711

	13.	 Chan GC-K, Kalantar-Zadeh K, Ng JK-C, Tian N, Burns A, Chow K-M, et al. Frailty in patients on dialysis. Kidney Int. 2024;106(1):35–49. https://
doi.org/10.1016/j.kint.2024.02.026 PMID: 38705274

	14.	 Fuentes-Abolafio IJ, Stubbs B, Pérez-Belmonte LM, Bernal-López MR, Gómez-Huelgas R, Cuesta-Vargas AI. Physical functional performance and 
prognosis in patients with heart failure: a systematic review and meta-analysis. BMC Cardiovasc Disord. 2020;20(1):512. https://doi.org/10.1186/
s12872-020-01725-5 PMID: 33297975

	15.	 Sui X, Laditka JN, Hardin JW, Blair SN. Estimated functional capacity predicts mortality in older adults. J Am Geriatr Soc. 2007;55(12):1940–7.

	16.	 Fritz S, Lusardi M. White paper: “walking speed: the sixth vital sign”. J Geriatr Phys Ther. 2009;32(2):46–9. https://doi.org/10.1519/00139143-
200932020-00002 PMID: 20039582

	17.	 Middleton A, Fritz SL, Lusardi M. Walking speed: the functional vital sign. J Aging Phys Act. 2015;23(2):314–22. https://doi.org/10.1123/japa.2013-
0236 PMID: 24812254

	18.	 Painter P, Carlson L, Carey S, Paul SM, Myll J. Physical functioning and health-related quality-of-life changes with exercise training in hemodialysis 
patients. Am J Kidney Dis. 2000;35(3):482–92. https://doi.org/10.1016/s0272-6386(00)70202-2 PMID: 10692275

	19.	 Painter P, Marcus RL. Assessing physical function and physical activity in patients with CKD. Clin J Am Soc Nephrol. 2013;8(5):861–72. https://doi.
org/10.2215/CJN.06590712 PMID: 23220421

	20.	 Zanotto T, Mercer TH, Linden ML van der, Traynor JP, Doyle A, Chalmers K, et al. Association of postural balance and falls in adult patients receiv-
ing haemodialysis: A prospective cohort study. Gait Posture. 2020;82:110–7. https://doi.org/10.1016/j.gaitpost.2020.08.128 PMID: 32911095

	21.	 Lee YH, Kim JS, Jung S-W, Hwang HS, Moon J-Y, Jeong K-H, et al. Gait speed and handgrip strength as predictors of all-cause mortality and 
cardiovascular events in hemodialysis patients. BMC Nephrol. 2020;21(1):166. https://doi.org/10.1186/s12882-020-01831-8 PMID: 32375664

https://kdigo.org/wp-content/uploads/2024/03/KDIGO-2024-CKD-Guideline.pdf
https://doi.org/10.1016/S0140-6736(21)00519-5
https://doi.org/10.1016/S0140-6736(21)00519-5
http://www.ncbi.nlm.nih.gov/pubmed/34175022
https://doi.org/10.37757/MR2013V15.N3.4
http://www.ncbi.nlm.nih.gov/pubmed/23934421
https://doi.org/10.1053/j.ajkd.2015.01.024
http://www.ncbi.nlm.nih.gov/pubmed/25824124
https://doi.org/10.1007/s11136-018-2000-7
https://kdigo.org/wp-content/uploads/2017/02/2017-KDIGO-CKD-MBD-GL-Update.pdf
https://kdigo.org/wp-content/uploads/2017/02/2017-KDIGO-CKD-MBD-GL-Update.pdf
https://doi.org/10.1002/jcsm.12421
http://www.ncbi.nlm.nih.gov/pubmed/30977979
https://doi.org/10.1155/2015/645645
http://www.ncbi.nlm.nih.gov/pubmed/26090432
https://doi.org/10.1080/09638288.2020.1812121
https://doi.org/10.1080/09638288.2020.1812121
http://www.ncbi.nlm.nih.gov/pubmed/32870711
https://doi.org/10.1016/j.kint.2024.02.026
https://doi.org/10.1016/j.kint.2024.02.026
http://www.ncbi.nlm.nih.gov/pubmed/38705274
https://doi.org/10.1186/s12872-020-01725-5
https://doi.org/10.1186/s12872-020-01725-5
http://www.ncbi.nlm.nih.gov/pubmed/33297975
https://doi.org/10.1519/00139143-200932020-00002
https://doi.org/10.1519/00139143-200932020-00002
http://www.ncbi.nlm.nih.gov/pubmed/20039582
https://doi.org/10.1123/japa.2013-0236
https://doi.org/10.1123/japa.2013-0236
http://www.ncbi.nlm.nih.gov/pubmed/24812254
https://doi.org/10.1016/s0272-6386(00)70202-2
http://www.ncbi.nlm.nih.gov/pubmed/10692275
https://doi.org/10.2215/CJN.06590712
https://doi.org/10.2215/CJN.06590712
http://www.ncbi.nlm.nih.gov/pubmed/23220421
https://doi.org/10.1016/j.gaitpost.2020.08.128
http://www.ncbi.nlm.nih.gov/pubmed/32911095
https://doi.org/10.1186/s12882-020-01831-8
http://www.ncbi.nlm.nih.gov/pubmed/32375664


PLOS One | https://doi.org/10.1371/journal.pone.0343612  March 18, 2026 11 / 11

	22.	 Kuki A, Tanaka K, Kushiyama A, Tanaka Y, Motonishi S, Sugano Y, et al. Association of gait speed and grip strength with risk of cardiovascu-
lar events in patients on haemodialysis: a prospective study. BMC Nephrol. 2019;20(1):196. https://doi.org/10.1186/s12882-019-1370-6 PMID: 
31146702

	23.	 Chen X, Han P, Zhang K, Liang Z, Yu C, Lu N. Physical performance and muscle strength rather than muscle mass are predictor of all-cause mor-
tality in hemodialysis patients. Front Public Health. 2023;11:1–10.

	24.	 Riley RD, Hayden JA, Steyerberg EW, Moons KGM, Abrams K, Kyzas PA. Prognosis Research Strategy (PROGRESS) 2: Prognostic Factor 
Research. PLoS Med. 2013;10(2):e1001380. https://doi.org/10.1371/journal.pmed.1001380

	25.	 Elm E von, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. Strengthening the reporting of observational studies in epidemiol-
ogy (STROBE) statement: guidelines for reporting observational studies. BMJ. 2007;335(7624):806–8. https://doi.org/10.1136/bmj.39335.541782.
ad

	26.	 Cuschieri S. The STROBE guidelines. Saudi J Anaesth. 2019;13(Suppl 1):S31–4. https://doi.org/10.4103/sja.SJA_543_18 PMID: 30930717

	27.	 Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. Sarcopenia: revised European consensus on definition and diagnosis. 
Age Ageing. 2019;48(1):16–31. https://doi.org/10.1093/ageing/afy169 PMID: 30312372

	28.	 Wang X, Ma Y, Wang J, Han P, Dong R, Kang L. Mobility and muscle strength together are more strongly correlated with falls in suburb-dwelling 
older Chinese. Scientific Reports. 2016;6(1):25420. https://doi.org/10.1038/srep25420

	29.	 Hajian-Tilaki K. Receiver Operating Characteristic (ROC) Curve analysis for medical diagnostic test evaluation. Caspian J Intern Med. 
2013;4(2):627–35. PMID: 24009950

	30.	 Abdulrazaq MA, Fan W (David). A priority based multi-level heterogeneity modelling framework for vulnerable road users. Transportmetrica A: 
Transport Science. 2025:1–34. https://doi.org/10.1080/23249935.2025.2516817

	31.	 Lertdumrongluk P, Rhee CM, Park J, Lau WL, Moradi H, Jing J, et al. Association of serum phosphorus concentration with mortality in elderly and 
nonelderly hemodialysis patients. J Ren Nutr. 2013;23(6):411–21. https://doi.org/10.1053/j.jrn.2013.01.018 PMID: 23631888

	32.	 Lee J-E, Lim J-H, Jang HM, Kim YS, Kang S-W, Yang CW, et al. Low serum phosphate as an independent predictor of increased infection-
related mortality in dialysis patients: A prospective multicenter cohort study. PLoS One. 2017;12(10):e0185853. https://doi.org/10.1371/journal.
pone.0185853 PMID: 28973026

	33.	 Studenski S. Gait speed and survival in older adults. JAMA. 2011;305(1):50.

	34.	 Kon S, Canavan J, Schofield S, Banya W, Jones S, Nolan C, et al. Gait speed as a predictor of mortality in COPD. 12 Rehabilitation and Chronic 
Care. European Respiratory Society; 2015. OA4973.

	35.	 Walsh JA, Nolan CM, Kon SSC, Patel S, Barker RE, Jones SE. Gait speed and mortality in chronic obstructive pulmonary disease (COPD). Reha-
bilitation and chronic care. European Respiratory Society; 2019. p. PA3414.

	36.	 Veronese N, Stubbs B, Volpato S, Zuliani G, Maggi S, Cesari M, et al. Association between gait speed with mortality, cardiovascular disease 
and cancer: a systematic review and meta-analysis of prospective cohort studies. J Am Med Dir Assoc. 2018;19(11):981-988.e7. https://doi.
org/10.1016/j.jamda.2018.06.007 PMID: 30056008

	37.	 White DK, Neogi T, Nevitt MC, Peloquin CE, Zhu Y, Boudreau RM, et al. Trajectories of gait speed predict mortality in well-functioning older adults: 
the Health, Aging and Body Composition study. J Gerontol A Biol Sci Med Sci. 2013;68(4):456–64. https://doi.org/10.1093/gerona/gls197 PMID: 
23051974

	38.	 Miller ME, Magaziner J, Marsh AP, Fielding RA, Gill TM, King AC, et al. Gait speed and mobility disability: revisiting meaningful levels in diverse 
clinical populations. J Am Geriatr Soc. 2018;66(5):954–61.

	39.	 Cirelli C, Limonta R, Carioli G, D’Elia E, Ameri P, Inciardi RM, et al. Prognostic role of gait speed in worsening heart failure. Eur J Intern Med. 
2024;130:71–8. https://doi.org/10.1016/j.ejim.2024.07.015 PMID: 39117554

	40.	 Alfredsson J, Stebbins A, Brennan JM, Matsouaka R, Afilalo J, Peterson ED. Gait Speed Predicts 30-Day Mortality After Transcatheter Aortic Valve 
Replacement. Circulation. 2016;133(14):1351–9.

	41.	 Ozsoy I, Kodak MI, Zerman N, Kararti C, Erturk A. Optimal cut-off points of 4-meter gait speed to discriminate functional exercise capacity and 
health status in older patients with chronic obstructive pulmonary disease. Ann Geriatr Med Res. 2022;26(2):156–61.

https://doi.org/10.1186/s12882-019-1370-6
http://www.ncbi.nlm.nih.gov/pubmed/31146702
https://doi.org/10.1371/journal.pmed.1001380
https://doi.org/10.1136/bmj.39335.541782.ad
https://doi.org/10.1136/bmj.39335.541782.ad
https://doi.org/10.4103/sja.SJA_543_18
http://www.ncbi.nlm.nih.gov/pubmed/30930717
https://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
https://doi.org/10.1038/srep25420
http://www.ncbi.nlm.nih.gov/pubmed/24009950
https://doi.org/10.1080/23249935.2025.2516817
https://doi.org/10.1053/j.jrn.2013.01.018
http://www.ncbi.nlm.nih.gov/pubmed/23631888
https://doi.org/10.1371/journal.pone.0185853
https://doi.org/10.1371/journal.pone.0185853
http://www.ncbi.nlm.nih.gov/pubmed/28973026
https://doi.org/10.1016/j.jamda.2018.06.007
https://doi.org/10.1016/j.jamda.2018.06.007
http://www.ncbi.nlm.nih.gov/pubmed/30056008
https://doi.org/10.1093/gerona/gls197
http://www.ncbi.nlm.nih.gov/pubmed/23051974
https://doi.org/10.1016/j.ejim.2024.07.015
http://www.ncbi.nlm.nih.gov/pubmed/39117554

