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Abstract
Background: Frailty is associated with multiple adverse outcomes in stage-5 chronic kidney disease (CKD-5) and
upwards of one third of people receiving haemodialysis (HD) are frail. While many frailty screening methods are
available in both uremic and non-uremic populations, their implementation in clinical settings is often challenged
by time and resource constraints. In this study, we explored the diagnostic accuracy of time-efficient screening
tools in people receiving HD.
Methods: A convenience sample of 76 people receiving HD [mean age = 61.1 years (SD = 14), 53.9% male] from
three Renal Units were recruited for this cross-sectional study. Frailty was diagnosed by means of the Fried
phenotype. Physical performance-based screening tools encompassed handgrip strength, 15-ft gait speed, timed up
and go (TUG), and five-repetition sit to stand (STS-5) tests. In addition, participants completed the SF-36 Health
Survey, the short-form international physical activity questionnaire and the Tinetti falls efficacy scale (FES) as further
frailty-related measures. Outcome measures included the area under the curve (AUC), sensitivity, specificity, positive
(PPV) and negative predictive values (NPV). The diagnostic performance of screening tools in assessing fall-risk was
also investigated.
Results: Overall, 36.8% of participants were classified as frail. All the examined instruments could significantly
discriminate frailty status in the study population. Gait speed [AUC = 0.89 (95%CI: 0.81–0.98), sensitivity = 75%,
specificity = 93%] and TUG [AUC = 0.90 (95%CI: 0.80–0.99), sensitivity = 89%, specificity = 85%] exhibited the highest
diagnostic accuracy. There was a significant difference in gait speed AUC (20%, p = 0.013) between participants
aged 65 years or older (n = 36) and those under 65 years of age (n = 40), with better discriminating performance in
the younger sub-group. The Tinetti FES was the only instrument showing good diagnostic accuracy (AUCs≥0.80) for
both frailty (sensitivity = 82%, specificity = 79%) and fall-risk (sensitivity = 82%, specificity = 71%) screening.
Conclusions: This cross-sectional study revealed that time- and cost-efficient walking performance measures can
accurately be used for frailty-screening purposes in people receiving HD. While self-selected gait speed had an
excellent performance in people under 65 years of age, TUG may be a more suitable screening method for elderly
patients (≥65 years). The Tinetti FES may be a clinically useful test when physical testing is not achievable.
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Background
Frailty is a biological syndrome of decreased reserve and
resistance to stressors, resulting from cumulative declines across multiple physiologic systems, and causing
vulnerability to adverse outcomes [1]. Chronic kidney
disease (CKD) promotes the activation of multiple proageing pathways, which can lead to an early onset of
frailty and increase the risks for morbidity and mortality
[2]. Progression to stage-5 chronic kidney disease (CKD5) is associated with further worsening of physical function and frailty-related outcomes [3]. Several observational studies have consistently concluded that upwards
of one third of people receiving haemodialysis (HD)
meet diagnostic criteria for frailty [4]. In the context of
CKD-5-HD, frailty has been associated with multiple adverse outcomes such as loss of functional independence,
falls, hospitalisations, cognitive impairment, vascular access complications, lower chances of receiving a kidney
transplant and increased risk of mortality [5–9].
Despite the overwhelming clinical implications of frailty,
appropriate screening is still not routinely performed in
many HD Units [10]. Several screening tools have been
proposed and validated in at-risk populations living with
or without CKD [11, 12]. However, the two most common
operationalisations of frailty are the Fried phenotype [1]
and the deficit accumulation model, as assessed through
the Frailty Index [13]. While both approaches have their
unique strengths, the Fried phenotype remains the de
facto gold standard [14] due to its earlier introduction and
greater evidence in terms of predicting negative health
outcomes in CKD [15]. Although the Fried phenotype is a
relatively expedient assessment, it requires a combination
of both physical measures and questionnaires. For this
reason, many clinicians still find this procedure timeconsuming and potentially unpractical in the context of
renal outpatient services [12]. To overcome this implementability issue, several researchers have designed alternative operationalisations of the Fried phenotype by
replacing the performance-based measures with subjective
(questionnaire-based) assessments in both CKD [16] and
non-CKD populations [17, 18]. Although these selfreported definitions of frailty perform well in predicting
adverse outcomes [5], they are often less accurate than objective assessments of physical performance in diagnosing
frailty in people living with CKD-5 [12, 16]. Therefore,
while self-reported measures remain advantageous from a
practical standpoint, there is also a need to identify objective measures of physical performance which could be conveniently utilised, as an alternative to the Fried phenotype,
in renal outpatient services. In this regard, several “field”
performance-based tests such as gait speed, timed up and
go, and repeated chair stands are commonly employed to
assess physical function in CKD [19] and may represent a
viable solution.
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Assessing frailty in HD is becoming increasingly important due to the rapid ageing of dialysis populations
[20]. Early identification of frailty may be a valuable
strategy to improve overall outcomes, while repeated assessments over time can provide useful prognostic information and assist both nephrologists and patients in
better understanding the risks and benefits of dialysis
continuation in frail individuals [10, 14]. The emerging
need to routinely and accurately evaluate frailty is accompanied by the call for identification of screening
tools that are less time-intensive (compared to reference
standards), easily implementable in HD settings, and
predictive of multiple frailty-related outcomes [16].
Therefore, the objective of this study was to explore the
diagnostic accuracy of several frailty screening methods,
using the Fried phenotype as reference standard, in
people receiving HD. As a secondary objective, we examined the diagnostic accuracy of the proposed methods
in predicting fall-risk, often a corollary of frailty, within
the same population.

Methods
Study design and setting

A cross-sectional study design was used to explore the diagnostic accuracy of frailty-related screening tools (e.g. objective and subjective measures of physical function), utilising
the Fried phenotype as reference standard, in a convenience
sample of people receiving HD. The study was conducted in
three Renal Units located in Fife and North Lanarkshire,
United Kingdom, between October 2015 and August 2018
(trial registration ID: NCT02392299). All frailty-related and
clinical measures were collected during a single assessment,
which was performed by a trained researcher on a nondialysis day (during the midweek interval). The study conformed to the ethical principles for medical research involving human participants, as outlined by the world medical
association declaration of Helsinki, and received ethical approval by the Queen Margaret University and West of
Scotland NHS Research Ethics Committees (NHS REC reference number: 15/WS/0079).
Study participants

A convenience sample of prevalent CKD-5 patients receiving
HD therapy was recruited for this study. Inclusion criteria
were: 1) HD vintage of at least 3 months, 2) good understanding of spoken and written English, and 3) aged 18 years
or older. Patients were not considered eligible if they had 1)
lower limb amputation without prosthesis, 2) unstable cardiovascular conditions (i.e. clinically severe left ventricular
outflow obstruction, suspected or known aneurysm, critical
mitral stenosis, critical cerebrovascular stenosis, critical proximal coronary artery stenosis), 3) unstable dialysis and medication treatment, 4) severe cognitive impairment (defined by
clinical diagnoses ascertained through medical records, e.g.
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dementia, Alzheimer’s disease), and 5) pregnancy. People
who agreed to take part in the study provided written informed consent prior to participation.
Data collection procedures

Demographics (i.e. age, gender) and clinical characteristics
(i.e. HD vintage, Charlson comorbidity index, number of
medications and laboratory values) were extracted from the
participants’ medical records. Height, weight and body mass
index were measured on the assessment day. Falls were operationally defined according to the Prevention of Falls Network
Europe (ProFaNE) recommendations as unexpected events in
which the participant comes to rest on the ground, floor, or
lower level [21]. We utilised a customised falls questionnaire
to prospectively record falls for 12 months. A trained researcher administered this questionnaire to participants once
a month, during their dialysis sessions [22]. Participants were
classified at-risk of falling if they 1) experienced at least one
fall during the prospective follow-up, or 2) reported at least
two falls in the previous year [23, 24].
Frailty was operationalised by means of the Fried
phenotype [1], which assesses the five canonical components of unintentional weight loss, exhaustion, weakness,
slow walking speed and low levels of physical activity.
These components were defined as: 1) unintentional
weight loss ≥10 lbs. in the previous year (ascertained
through medical records), 2) self-reported exhaustion,
assessed by means of the SF-36 questionnaire (vitality
score <55) [25], 3) low strength, assessed through an isometric handgrip test below an established threshold [1],
4) low gait speed, assessed as time to walk 15 ft above an
established threshold [1], and 5) low self-reported levels
of physical activity, assessed by means of the short-form
international physical activity questionnaire (IPAQ-SF)
[26] (total Kcal/week below an established threshold
[1]). Participants were classified as frail if they met at
least three of these components [1, 27]. Among non-frail
participants, individuals who met one or two criteria
were classified as pre-frail, while those not meeting any
criteria were considered robust.
Participants completed a battery of physical function
tests including the handgrip test, 15-ft walking test,
three-metre timed up and go (TUG) test, and fiverepetitions sit to stand test (STS-5), which were used as
frailty screening tools [11, 12]. Maximal isometric handgrip strength was measured, as part of the Fried phenotype, by means of a hydraulic hand dynamometer (Jamar
Patterson Medical Ltd., USA) in the seated position with
the elbow flexed at 90 degrees and the forearm in the
neutral position: participants performed three trials with
the dominant arm, interspersed by a one-minute rest,
and the average of these was taken for analysis [28]. The
15-ft walking test was used to assess gait speed (m/s) [1].
The beginning and ending of the 15-ft track (4.57 m)
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were marked with adhesive tape, and a stopwatch was
used to record the time. Participants were instructed to
walk with their normal walking pace and were allowed
to use their assistive walking devices (e.g. cane) if necessary. Two trials interspersed by a 30-s rest were performed and the average was taken for data analysis. For
the TUG test, participants were asked to stand up from
a chair, walk three metres, turn, walk back to the chair
and sit down again, as quickly as possible [29]. This test
was executed twice and up to 60 s of rest were allowed
between the two measurements. The average time to
perform the two trials was calculated for data analysis
[30]. Finally, participants performed the STS-5 test as a
further measure of lower limb muscle power [31]. The
time required to rise from a chair repeatedly five times,
as quickly as possible was recorded [32]. One trial
rounded to the hundredth of a second was taken for
data analysis.
Participants were also administered the SF-36 Health
Survey 2.0, the IPAQ-SF and the Tinetti Falls Efficacy
Scale (FES) as further frailty-related measures [33–35]
by the trained researcher. The SF-36 is a validated tool
for the assessment of health-related quality of life in
both CKD and non-CKD populations [36]. This survey
evaluates eight domains of health: physical functioning,
role limitations due to physical health problems, bodily
pain, general health, vitality, social functioning, role limitations due to emotional problems, and mental health
[37]. Participants completed the SF-36 and their answers
to the questions were transformed to create scores (ranging from 0 to 100) for each domain, using appropriate
SPSS syntaxes. Physical and mental composite scores
were also calculated as per standard procedures [37].
The scores from the physical functioning domain (SF-36
PF) and the physical component summary (SF-36 PCS)
were taken for analysis [33]. The IPAQ-SF is a four-item
questionnaire asking about frequency and duration of
walking activities, moderate- and vigorous-intensity activities, and sedentary behaviour (average daily sittingtime) in the last 7 days [26]. The frequency and duration
of these activities were initially entered as ‘days’ and ‘minutes’, which were subsequently converted to METminutes/week by using a physical activity compendium,
as per standard procedures [38]. Finally, participants
were administered the Tinetti FES, a 10-item rating scale
assessing perceived levels of confidence in undertaking a
range of activities of daily living (ADL) without fear of
falling [39]. Participants were asked to rate their confidence from one to 10 for each ADL, with higher scores
indicating worse confidence and higher fear of falling.
Statistical analysis

Statistical analyses were performed with SPSS (Version 26
for Windows, SPSS Inc., Chicago, IL). The Kolmogorov-
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Smirnov test was used to assess whether data were normally
distributed. Demographic and clinical characteristics were
summarised as mean ± standard deviation or median and
interquartile range based on normal distribution assumptions. Individual missing items were handled with pairwise
deletion in the analysis. Differences between frail and nonfrail participants were explored by means of Independent ttests and Mann-Whitney U for continuous variables, as appropriate, or through Chi-square tests/Fisher’s exact test for
categorical variables. Receiver operating characteristic (ROC)
analysis was used to explore the diagnostic accuracy of
screening tools through the area under the curve (AUC).
Classifier evaluation metrics included the Gini Index, the KS
statistic, and test cut-offs along with their sensitivity/specificity. The positive/negative predictive (PPV/NPV) values and
likelihood ratios (LR) were also determined. In a further analysis, we explored the diagnostic accuracy of the screening
tools categorised by age (< 65 years old and ≥ 65 years old)
and we compared the AUCs in the two age groups. Additional ROC analyses were performed to explore the diagnostic performance of the screening tools, as well as the Fried
phenotype, in assessing fall-risk. Statistical limits for interpretation of all analyses were set at an alpha level of 0.05.

Results
Study participants

Seventy-six people [mean age = 61.1 years (SD = 14),
53.9% male] undergoing outpatient HD therapy at the
Renal Units volunteered to take part in this crosssectional study. Overall, 28 participants (36.8%) were
classified as frail using the Fried phenotype descriptions.
The remaining 48 participants (63.2%) were classified as
non-frail, with 42 (55.3%) and six (7.9%) meeting the criteria for pre-frailty and robustness respectively. The
demographic and clinical characteristics of frail and
non-frail participants are summarised in Table 1. Those
who were frail had higher age, Charlson comorbidity
index, number of prescribed medications, a higher proportion of falls and lower levels of albumin and creatinine compared to their non-frail counterparts (Table 1).
Two participants (2.6%) did not provide complete answers to the SF-36 questionnaire and were therefore excluded from the calculation of the PF and PCS
subscales. One (1.3%), two (2.6%) and five (6.6%) frail
participants were unable to perform the gait speed, TUG
and STS-5 tests, respectively.
Frailty screening tools

Individual value plots of the frailty screening tools data
among robust, pre-frail and frail participants are shown
in Figs. 1 and 2. The diagnostic accuracies of the screening tools are summarised in Table 2. Overall, gait speed
and TUG had the highest AUC values (0.89 [95%CI:
0.81–0.98] and 0.90 [95%CI: 0.80–0.99]), with gait speed
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Table 1 Demographic and clinical characteristics of study
participants: results are expressed as percentages for categorical
variables and mean ± SD or median [IQR] for continuous
variables
Variables

Frail
(28)

Non-frail
(48)

P-value

Gender, female, n (%)

11 (39.3)

24 (50)

0.366

Age (years)

66.5 ± 10.5

57.9 ± 14.9

0.009

BMI (kg * m−2)

28.6 ± 6.3

29.2 ± 6.4

0.672

Dialysis vintage (days)

449 [881]

497 [891]

0.690

CCI (score)

6 ± 2.1

4.8 ± 2.3

0.032

Diabetes mellitus, n (%)

9 (32.1)

11 (22.9)

0.378

Arteriovenous fistula

15 (53.6)

35 (74.5)

0.063

Central-venous

13 (46.4)

12 (25.5)

0.063

Vascular access type, n (%)

Medications (n°)

13.3 ± 4.5

10.9 ± 2.9

0.015

History of falls, n (%)

16 (59.3)

17 (35.4)

0.046

Hb (g/dL)

11.2 ± 1.1

11.2 ± 1.2

0.924

CRP (mg/L)

8 [24]

6 [8]

0.075

Phosphate (mmol/L)

1.3 ± 0.5

1.5 ± 0.6

0.084

PTH (ρmol/L)

24 [19.4]

19.1 [16.8]

0.177

Albumin (g/L)

36.5 [5.8]

38 [4]

0.015

Adjusted calcium (mmol/L)

2.4 ± 0.1

2.3 ± 0.1

0.475

URR (%)

70.8 ± 7

71.5 ± 5.4

0.635

Creatinine (μmol/L)

555 ± 147

680 ± 150

0.001

Laboratory values

Abbreviations: SD Standard deviation, IQR Interquartile range, BMI Body mass
index, CCI Charlson comorbidity index, HD Haemodialysis, Hb Hemoglobin, CRP
C-reactive protein, PTH Parathyroid hormone, URR Urea reduction ratio

having the highest PPV (0.86) and LR+ (10.14), and
TUG having the highest NPV (0.93) and lowest LR(0.13). Among screening tools that were not based on
physical performance, the IPAQ-SF and Tinetti FES had
the greatest diagnostic accuracy (AUC = 0.84 [95%CI:
0.75–0.94] and AUC = 0.84 [95%CI: 0.74–0.94]). A cutoff value of ≤99 METS/min/week (total physical activity)
in the IPAQ-SF had excellent sensitivity (90%) but only
fair specificity (71%), while a cut-off value of ≥21 in the
Tinetti FES had both good sensitivity (82%) and specificity (79%).
The diagnostic accuracy of the frailty screening tools categorised by age are summarised in Table 3. Overall, the diagnostic accuracies were comparable for most tools in the < 65
years-old (n = 40) and ≥ 65 years-old (n = 36) sub-groups,
with differences in AUCs ranging from 0.02 to 0.11 (pvalues≥0.277). However, there was a significant difference in
AUC for gait speed (0.20 [95%CI: 0.04–0.35], p = 0.013), with
a better performance of this test in the < 65 years-old subgroup (0.98 [95%CI: 0.96–1.00]) compared to the ≥65 yearsold (0.79 [95%CI: 0.64–0.94]). Additionally, while the AUC
values of the handgrip were similar in both sub-groups, this
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Fig. 1 Individual value plots of physical performance-based screening tools in frail and non-frail (robust and prefrail) participants. Legend: TUG:
timed up and go test; STS-5: five-seconds sit to stand test

test did not significantly discriminate frail from nonfrail individuals in those aged under 65 years (0.66
[95%CI: 0.46–0.86]).
Fall-risk screening

Table 4 illustrates the diagnostic accuracy of the examined screening tools for the assessment of fall-risk. Overall, the handgrip, gait speed, TUG, SF-36 and the Tinetti
FES could significantly discriminate participants with
history of falls from those without falls. The AUC values
of handgrip, gait speed, TUG and SF-36 ranged from
0.65 (95%CI: 0.52–0.78) to 0.69 (95%CI: 0.57–0.81), indicating a poor to fair diagnostic value. The Tinetti FES
exhibited good diagnostic accuracy (AUC = 0.80 [95%CI:
0.69–0.90], p < 0.001), with a cut-off value ≥18 having
good sensitivity (82%) and fair specificity (71%). On the
other hand, the Fried phenotype did not significantly
discriminate fall-risk in the study population (AUC =
0.61 [95%CI: 0.48–0.74], p = 0.093).

Discussion
In this study, we explored the diagnostic accuracy of selected screening tools to expedite assessment of frailty in

people receiving HD, using the Fried phenotype as the
reference standard. Overall, all the examined methods
could significantly discriminate frail from non-frail individuals, with gait speed and TUG exhibiting the highest
AUC values and elevated PPV/NPV. While gait speed
had the highest specificity (93%) and PPV (0.86), TUG
had the highest NPV (0.93). As a secondary objective,
we explored the diagnostic accuracy of the same
methods for fall-risk screening. In this further analysis,
the Tinetti FES revealed the highest AUC value.
The prevalence of frailty in the study population was
36.8% which is strongly aligned with findings from a recent meta-analysis on the prevalence of physical frailty
in CKD-5 [4]. Therefore, our findings seem to exhibit
external validity and may be generalised to the general
HD population. Among non-frail participants, only one
eighth were classified as robust, while the large majority
of patients met at least one of the criteria of the Fried
phenotype, which is also in agreement with previous research [40, 41]. Although the mean age of frail participants (66.5 ± 10.5 years) in our sample was considerably
lower compared to community-dwelling participants
from the Cardiovascular Health Study [1], the prevalence
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Fig. 2 Individual value plots of questionnaire-based screening tools in frail and non-frail (robust and pre-frail) participants. Legend: SF-36 PF: physical function
score of SF-36 questionnaire; SF-36 PCS: physical composite scale of SF-36 questionnaire: IPAQ: international physical activity questionnaire (short format); FES:
Tinetti falls efficacy scale

of frailty was about five-fold higher. This observation
may indirectly reflect the premature onset of frailty in
people living with CKD-5 [2].
Previous diagnostic accuracy studies employed a geriatric assessment [42], a frailty index [43], and the Fried
phenotype [12] to evaluate different frailty screening

methods in CKD-5 populations. These different choices
in terms of reference standards highlight the current
lack of consensus on an unequivocal definition of frailty.
While a comprehensive geriatric assessment is regarded
as the gold standard for the assessment of frailty in clinical practice [44], the Fried phenotype has often been

Table 2 Diagnostic accuracy of screening tools to expedite assessment of frailty in people receiving haemodialysis
Screening tools

AUC (95% CI)

P-value

Gini-I

K-S

Cut-off

Prevalence, n (%)

SENS

SPEC

PPV

NPV

LR+

LR-

Handgrip (Kg)

0.71 (0.59–0.83)

0.001

0.42

0.36

≤ 21.17

18 (23.7)

90%

46%

0.49

0.89

1.67

0.22

Gait speed (m/s)

0.89 (0.81–0.98)

< 0.001

0.78

0.68

≤ 0.85

38 (50.7)

75%

93%

0.86

0.87

10.14

0.27

TUG (s)

0.90 (0.80–0.99)

< 0.001

0.79

0.74

≥ 10.88

30 (40.5)

89%

85%

0.76

0.93

6.06

0.13

STS-5 (s)

0.86 (0.75–0.96)

<0.001

0.71

0.64

≥ 15.65

30 (42.3)

87%

77%

0.64

0.93

3.80

0.17

SF-36 PF (score)

0.78 (0.67–0.89)

< 0.001

0.56

0.49

≤ 42.5

40 (54.1)

64%

85%

0.71

0.80

4.31

0.42

SF-36 PCS (score)

0.76 (0.64–0.88)

< 0.001

0.52

0.47

≤ 32.3

27 (37)

80%

67%

0.59

0.85

2.41

0.29

IPAQ (METs/min/week)

0.84 (0.75–0.94)

< 0.001

0.68

0.61

≤ 99

25 (32.9)

90%

71%

0.64

0.92

3.13

0.15

FES (score)

0.84 (0.74–0.94)

< 0.001

0.68

0.61

≥ 21

33 (43.4)

82%

79%

0.69

0.88

3.95

0.23

Abbreviations AUC Area under the curve, CI Confidence interval, Gini-I Gini Index, K-S KS statistic, SENS Sensitivity, SPEC specificity, PPV Positive predictive value,
NPV Negative predictive value, LR+ Positive likelihood ratio, LR- Negative likelihood ratio, TUG Timed up and go test, STS-5 Five-seconds sit to stand test, SF-36 PF
Physical function score of SF-36 questionnaire, SF-36 PCS Physical composite scale of SF-36 questionnaire, IPAQ International physical activity questionnaire (short
format), FES Tinetti falls efficacy scale

Zanotto et al. BMC Geriatrics

(2021) 21:411

Page 7 of 10

Table 3 Diagnostic accuracy of frailty screening tools according
to age group
Screening tools AUC (95% CI)

P-value ΔAUC (95% CI)

P-value

Handgrip
< 65 years

0.66 (0.46–0.86) 0.123

≥ 65 years

0.73 (0.57–0.90) 0.006

0.08 (−0.34–0.18)

0.564

0.20 (0.04–0.35)

0.013

0.08 (−0.08–0.23)

0.350

0.11 (−0.09–0.30)

0.277

0.03 (−0.18–0.24)

0.786

0.08 (−0.15–0.32)

0.487

0.06 (−0.27–0.15)

0.549

0.02 (−0.16–0.19)

0.853

Gait speed
< 65 years

0.98 (0.96–1.00) < 0.001

≥ 65 years

0.79 (0.64–0.94) < 0.001

TUG
< 65 years

0.95 (0.87–1.00) < 0.001

≥ 65 years

0.87 (0.73–1.00) < 0.001

STS-5
< 65 years

0.92 (0.82–1.00) < 0.001

≥ 65 years

0.81 (0.65–0.97) < 0.001

SF-36 PF
< 65 years

0.81 (0.67–0.96) < 0.001

≥ 65 years

0.78 (0.63–0.94) < 0.001

SF-36 PCS
< 65 years

0.83 (0.66–0.99) < 0.001

≥ 65 years

0.74 (0.58–0.91) 0.004

IPAQ
< 65 years

0.80 (0.63–0.97) < 0.001

≥ 65 years

0.87 (0.75–0.99) < 0.001

FES
< 65 years

0.87 (0.76–0.98) < 0.001

≥ 65 years

0.85 (0.72–0.99) < 0.001

Abbreviations: AUC Area under the curve, ΔAUC Difference in area under the
curve, CI Confidence interval, TUG Timed up and go test, STS-5 Five-seconds sit
to stand test, SF-36 PF Physical function score of SF-36 questionnaire, SF-36
PCS Physical composite scale of SF-36 questionnaire, IPAQ International
physical activity questionnaire (short format), FES Tinetti falls efficacy scale

preferred due to its greater expediency and solid evidence base in terms of predicting adverse outcomes. In
the study by van Loon et al., [42], 75 and 48% of participants were classified as frail according to a comprehensive geriatric assessment, which was used as reference
standard, and to the Fried phenotype, respectively. It is
interesting to note how the discrepancy in frailty prevalence emerging from this study was most likely underscored by the different conceptualisations of frailty that
were employed. Indeed, the geriatric assessment utilises
a multidimensional approach to evaluate multiple components of frailty (e.g. physical and cognitive function,
depression, malnutrition, comorbidities etc.) while the
Fried phenotype focuses primarily on physical frailty.
This important distinction should be kept in mind when
interpreting findings from our study. Interestingly, our
investigation presents similarities with the work by
Nixon et al., [12] in both study design (i.e. Fried phenotype used as the reference standard) and outcomes. In
agreement with this study, we found that gait speed had
an excellent diagnostic accuracy, with comparable AUC
(0.89 vs 0.97), PPV (0.86 vs 0.84) and NPV (0.87 vs 0.96)
values. In addition, gait speed performed better than
other commonly used performance-based screening
tools, such as handgrip strength [12]. Although the sample examined by Nixon et al., [12] predominantly included pre-dialysis patients, our findings seem to
corroborate the authors’ conclusion that gait speed can
be used to accurately screen for frailty in CKD and, by
extension, in the dialysis population.
It is also noteworthy that, while gait speed had excellent overall diagnostic accuracy, there was a significant
effect of aging on the observed AUC. Particularly, there
was a 20% difference in AUC between age groups, with
better performance in those under 65 years of age (Table
3). Since gait speed exhibited lower diagnostic accuracy
than TUG in the older group, we plausibly take the view
that TUG may be a more suitable screening method in

Table 4 Diagnostic accuracy of screening tools to expedite assessment of fall-risk in people receiving haemodialysis
Screening tools

AUC (95% CI)

P-value

Gini-I

K-S

Cut-off

Prevalence, n (%)

SENS

SPEC

PPV

NPV

LR+

LR-

Handgrip (Kg)

0.67 (0.54–0.79)

0.009

0.33

0.34

≤ 28.5

46 (60.5)

55%

79%

0.67

0.69

2.58

0.57

Gait speed (m/s)

0.65 (0.52–0.78)

0.021

0.31

0.32

≤ 0.75

27 (36)

79%

53%

0.56

0.77

1.68

0.40

TUG (s)

0.66 (0.53–0.79)

0.015

0.32

0.30

≥ 10.7

31 (41.9)

58%

71%

0.60

0.70

2.03

0.59

STS-5 (s)

0.57 (0.43–0.71)

0.348

0.14

0.25

≥ 20.3

18 (25.4)

39%

86%

0.65

0.68

2.75

0.71

SF-36 PF (score)

0.69 (0.57–0.81)

0.002

0.38

0.33

≤ 27.5

25 (33.8)

81%

52%

0.56

0.79

1.67

0.37

SF-36 PCS (score)

0.66 (0.54–0.79)

0.011

0.33

0.31

≤ 32.9

30 (41.1)

73%

58%

0.57

0.74

1.75

0.46

IPAQ (METs/min/week)

0.54 (0.41–0.67)

0.528

0.08

0.14

≤ 1243

61 (80.2)

26%

88%

0.63

0.60

2.17

0.84

FES (score)

0.80 (0.69–0.90)

< 0.001

0.59

0.53

≥ 18

40 (52.6)

82%

71%

0.69

0.83

2.86

0.25

Abbreviations: AUC Area under the curve, CI Confidence interval, Gini-I Gini Index, K-S KS statistic, SENS Sensitivity, SPEC Specificity, PPV Positive predictive value,
NPV Negative predictive value, LR+ Positive likelihood ratio, LR- Negative likelihood ratio, TUG Timed up and go test, STS-5 Five-seconds sit to stand test, SF-36 PF
Physical function score of SF-36 questionnaire, SF-36 PCS Physical composite scale of SF-36 questionnaire, IPAQ International physical activity questionnaire (short
format), FES Tinetti falls efficacy scale
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elderly (≥ 65 years-old) patients. Compared to selfselected walking speed, the TUG evaluates more components of physical function such as adequate muscle
strength (required to stand up from a chair), ambulation
and dynamic balance (required for walking and turning),
all of which are negatively affected by aging [45]. It is
therefore possible that TUG performance may be more
accurate in identifying both the true positives and negatives in the elderly. Interestingly, gait speed, TUG and
STS-5 seemed to perform better than the self-reported
definition of frailty proposed by Johansen et al., [16], an
adaptation of the Fried phenotype based on four (instead
of five) criteria. In their study, Johansen et al., [16] reported that such operationalisation of frailty had excellent sensitivity (90%) and NPV (0.93) but only fair
specificity (64%) and poor PPV (0.54). From a practical
standpoint, the physical performance-based tests examined in our study would offer a more advantageous balance in terms of PPV and NPV while being less time
intensive than the self-reported definition. Notably, we
observed that a cut-off value of the SF-36 PF ≤ 43 had
the best sensitivity-specificity trade-off (Table 2). This
contrasted with the cut-off value utilised by Johansen
et al., [16] (SF-36 PF < 75), which may explain why their
self-report definition of frailty tends to overestimate
frailty prevalence [12, 16].
While physical performance tests such as gait speed,
TUG and STS-5 could accurately discriminate frailty status, they only exhibited poor to fair accuracy for fall-risk
screening (Table 4). Notably, the Fried phenotype did
not discriminate fall-risk in our sample, which challenges the suitability of this frailty assessment as a potential gold standard in HD populations. Indeed, some
researchers have postulated that some components of
the Fried phenotype may not effectively characterise true
physiological impairments in people receiving HD. For
instance, the unintentional weight loss component may
be biased by the fluid shifts at dialysis initiation and by
the decreased susceptibility to weight loss in the later
stages of CKD-5-HD [41, 46]. This potential confounder
could partially explain the lack of diagnostic performance of the Fried phenotype in the study population.
Since falls are one of the primary frailty-related outcomes in CKD-5 [10, 47], identifying screening tools that
can effectively predict both frailty and fall-risk is paramount in a clinical setting, wherein time and resources
constraints often make it unpractical to administer multiple screening tests. In this regard, the Tinetti FES was
the only tool showing good diagnostic accuracy for
frailty (AUC = 0.84 [95%CI: 0.74–0.94]) and fall-risk
screening (AUC = 0.80 [95%CI: 0.69–0.90]) in our study.
In addition, this questionnaire performed well as a frailty
screener regardless of age, as evidenced by the high
AUC values in the ROC analysis categorised by age
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(Table 3). Therefore, the Tinetti FES may be a valuable
tool for clinicians as it combines expediency of frailty
screening with useful prognostic information on fall-risk.
The Tinetti FES would also have the advantage of not
requiring physical testing, which is often a valued feature
in clinical settings [16]. Nevertheless, walking-related
measures such as gait speed and TUG can also be easily
implemented in a clinical setting as they are time/cost
effective and require minimal training (of the assessor),
resources and patient burden. Additionally, walking
speed is an established predictor of mortality in CKD
populations [41, 48]. Thus, tests based on walking performance seem to have high overall clinical utility and
findings from this investigation strongly suggest that gait
speed and TUG are useful frailty screening tools in
people receiving HD.
Some strengths and limitations of this study should be
carefully examined when interpreting our findings. On
the one hand, all frailty-related assessments were conducted by a single researcher on non-dialysis days, which
represents a strength in terms of standardisation procedures and potential comparability within the study
population. On the other hand, the achieved sample was
relatively small (76 participants), which limits the statistical power to detect small sub-group (i.e. age < or ≥ 65
years) effects. In particular, the identification of appropriate cut-offs and their sensitivity/specificity in different
age categories would benefit from inclusion of a larger
sample. Analogously, due to the modest sample size we
could not explore the association between screening
tools and mortality. In addition, the convenience sample
used in this study could be subjected to selection bias,
which may limit the generalisability of findings to the
entire CKD-5 population. We should also acknowledge
that, due to the physical nature of some of the screening
tests employed in the study, we limited our inclusion criteria to participants who had sufficient physical function
to perform these tests. The exclusion of more physically
impaired patients might have impacted the observed
prevalence of frailty as well as the cut-off values identified in ROC analysis. Lastly, the prevalence of frailty
may also have been affected by the fact that we replaced
the frailty phenotype exhaustion component [1] with the
exhaustion criteria proposed by Johansen et al. [25].

Conclusions
The current study revealed that different time-efficient
screening tools involving either physical performance
tests or short questionnaires can be used to assess frailty
in people receiving HD. Among the examined tools,
walking performance measures such as gait speed and
TUG exhibited the highest diagnostic accuracy using the
Fried phenotype as the reference standard. While gait
speed had an excellent diagnostic performance in people
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under 65 years of age, the TUG may be a more appropriate screening method for elderly patients (≥ 65 yearsold). Importantly, the Tinetti FES was the only measure
showing good diagnostic accuracy for both frailty and
fall-risk screening. The instruments examined in this
study could be used to evaluate whether patients may
benefit from a comprehensive geriatric assessment. In
this regard, further research would be required to explore the diagnostic accuracy of walking performance
measures by utilising a geriatric assessment as the reference standard. Ultimately, multiple independent studies
may be needed to fathom which screening tools should
be incorporated into clinical practice for routine frailtyscreening in the dialysis unit.
Abbreviations
ADL: Activities of daily living; AUC: Area under the curve; CKD: Chronic
kidney disease; CKD-5: stage-5 chronic kidney disease; FES: Falls efficacy scale;
HD: Haemodialysis; IPAQ-SF: Short-form international physical activity
questionnaire; LR-: Negative likelihood ratio; LR + : Positive likelihood ratio;
NPV: Negative predictive value; PPV: Positive predictive value; ROC: Receiver
operating characteristic; SF-36 PCS: Physical component summary of SF-36
Health Survey; SF-36 PF: Physical functioning domain of SF-36 Health Survey;
STS-5: Five-repetition sit to stand test; TUG: Timed up and go test
Acknowledgements
We would like to express our gratitude to the people who took part in this
research project. We would also like to thank the Renal Staff at Monklands
Hospital and Victoria Hospital for their continuous support and courtesy.
Authors’ contributions
TZ, PK, TM and MvdL conceived and designed the study; TZ and PK
participated in data acquisition, curation and interpretation; TZ, PK, TM and
MvdL participated in data analysis and interpretation of findings; TZ
performed the statistical analysis; PK, TM and MvdL provided supervision or
mentorship. TZ drafted the manuscript. PK, TM and MvdL critically revised
the manuscript for important intellectual content. All authors reviewed and
approved the final version of the manuscript and accept accountability for
the overall work.
Funding
This work was supported by a British Kidney Patient Association – British
Renal Society joint grant (BKPA-BRS grant number: 16–003). The funders of
this study had no role in study design; collection, analysis, and interpretation
of data; writing the report; or the decision to submit the report for
publication.
Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study conformed to the ethical principles for medical research involving
human participants, as outlined by the world medical association declaration
of Helsinki, and received ethical approval by the Queen Margaret University
and West of Scotland NHS Research Ethics Committees (NHS REC reference
number: 15/WS/0079). All patients who agreed to take part in the study
provided written informed consent.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Page 9 of 10

Received: 22 April 2021 Accepted: 21 June 2021

References
1. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Cardiovascular Health Study Collaborative Research Group Frailty in older
adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56:
M146–56. https://doi.org/10.1093/gerona/56.3.M146.
2. Kooman JP, van der Sande FM, Leunissen KM. Kidney disease and aging: a
reciprocal relation. Exp Gerontol. 2017;87:156–9. https://doi.org/10.1016/j.
exger.2016.02.003.
3. Johansen KL. The frail Dialysis population: a growing burden for the Dialysis
community. Blood Purif. 2015;40:288–92. https://doi.org/10.1159/000441575.
4. Kojima G. Prevalence of frailty in end-stage renal disease: a systematic
review and meta-analysis. Int Urol Nephrol. 2017;49:1989–97. https://doi.
org/10.1007/s11255-017-1547-5.
5. Delgado C, Shieh S, Grimes B, Chertow GM, Dalrymple LS, Kaysen GA, et al.
Association of Self-Reported Frailty with falls and fractures among patients
new to Dialysis. Am J Nephrol. 2015;42:134–40. https://doi.org/10.1159/
000439000.
6. McAdams-DeMarco MA, Tan J, Salter ML, Gross A, Meoni LA, Jaar BG, et al.
Frailty and cognitive function in incident hemodialysis patients. Clin J Am
Soc Nephrol. 2015;10:2181–9. https://doi.org/10.2215/CJN.01960215.
7. Chao CT, Chiang CK, Huang JW, Hung KY, COGENT study group. Selfreported frailty among end-stage renal disease patients: A potential
predictor of dialysis access outcomes. Nephrology (Carlton). 2017;22:333–4.
https://doi.org/10.1111/nep.12961.
8. Johansen KL, Dalrymple LS, Glidden D, Delgado C, Kaysen GA, Grimes B, et al.
Association of Performance-Based and Self-Reported Function-Based
Definitions of frailty with mortality among patients receiving hemodialysis. Clin
J Am Soc Nephrol. 2016;11:626–32. https://doi.org/10.2215/CJN.03710415.
9. Haugen CE, Chu NM, Ying H, Warsame F, Holscher CM, Desai NM, et al.
Frailty and access to kidney transplantation. Clin J Am Soc Nephrol. 2019;14:
576–82. https://doi.org/10.2215/CJN.12921118.
10. Sy J, Johansen KL. The impact of frailty on outcomes in dialysis. Curr Opin
Nephrol Hypertens. 2017;26:537–42. https://doi.org/10.1097/MNH.
0000000000000364.
11. Clegg A, Rogers L, Young J. Diagnostic test accuracy of simple instruments
for identifying frailty in community-dwelling older people: a systematic
review. Age Ageing. 2015;44:148–52. https://doi.org/10.1093/ageing/afu157.
12. Nixon AC, Bampouras TM, Pendleton N, Mitra S, Dhaygude AP. Diagnostic
accuracy of frailty screening methods in advanced chronic kidney disease.
Nephron. 2019;141:147–55. https://doi.org/10.1159/000494223.
13. Rockwood K, Mitnitski A. Frailty in relation to the accumulation of deficits. J
Gerontol A Biol Sci Med Sci. 2007;62:722–7. https://doi.org/10.1093/gerona/
62.7.722.
14. Johansen KL, Dalrymple LS, Delgado C, Chertow GM, Segal MR, Chiang J,
et al. Factors associated with frailty and its trajectory among patients on
hemodialysis. Clin J Am Soc Nephrol. 2017;12:1100–8. https://doi.org/10.221
5/CJN.12131116.
15. Mei F, Gao Q, Chen F, Zhao L, Shang Y, Hu K, et al. Frailty as a predictor of
negative health outcomes in chronic kidney disease: a systematic review
and meta-analysis. J Am Med Dir Assoc. 2021;22:535–43. https://doi.org/10.1
016/j.jamda.2020.09.033.
16. Johansen KL, Dalrymple LS, Delgado C, Kaysen GA, Kornak J, Grimes B, et al.
Comparison of self-report-based and physical performance-based frailty
definitions among patients receiving maintenance hemodialysis. Am J
Kidney Dis. 2014;64:600–7. https://doi.org/10.1053/j.ajkd.2014.03.016.
17. Op Het Veld LPM, de Vet HCW, van Rossum E, Kempen GIJM, van Kuijk SMJ,
Beurskens AJHM. Substitution of Fried's performance-based physical frailty
criteria with self-report questions. Arch Gerontol Geriatr. 2018;75:91–5.
https://doi.org/10.1016/j.archger.2017.11.009.
18. Van der Elst MCJ, Schoenmakers B, Op Het Veld LPM, De Roeck EE, Van der
Vorst A, Schols JMGA, et al. Validation of replacement questions for
slowness and weakness to assess the Fried phenotype: a cross-sectional
study. Eur Geriatr Med. 2020;11:793–801. https://doi.org/10.1007/s41999-02000337-8.
19. Painter P, Marcus RL. Assessing physical function and physical activity in
patients with CKD. Clin J Am Soc Nephrol. 2013;8:861–72. https://doi.org/1
0.2215/CJN.06590712.

Zanotto et al. BMC Geriatrics

(2021) 21:411

20. U.S. Renal Data System (USRDS). Annual data report: atlas of chronic kidney
disease and end-stage renal disease in the United States. Bethesda: National
Institutes of Health, National Institute of Diabetes and Digestive and Kidney
Diseases; 2017.
21. Lamb SE, Jørstad-Stein EC, Hauer K, Becker C. Prevention of falls network
Europe and outcomes consensus group. Development of a common
outcome data set for fall injury prevention trials: the prevention of falls
network Europe consensus. J Am Geriatr Soc. 2005;53:1618–22. https://doi.
org/10.1111/j.1532-5415.2005.53455.x.
22. Zanotto T, Mercer TH, Linden MLV, Traynor JP, Doyle A, Chalmers K, et al.
Association of postural balance and falls in adult patients receiving
haemodialysis: a prospective cohort study. Gait Posture. 2020;82:110–7.
https://doi.org/10.1016/j.gaitpost.2020.08.128.
23. Ganz DA, Higashi T, Rubenstein LZ. Monitoring falls in cohort studies of
community-dwelling older people: effect of the recall interval. J Am Geriatr
Soc. 2005;53:2190–4. https://doi.org/10.1111/j.1532-5415.2005.00509.x.
24. Hauer K, Lamb SE, Jorstad EC, Todd C, Becker C. PROFANE-Group Systematic
review of definitions and methods of measuring falls in randomised
controlled fall prevention trials. Age Ageing. 2006;35:5–10. https://doi.org/1
0.1093/ageing/afi218.
25. Johansen KL, Chertow GM, Jin C, Kutner NG. Significance of frailty among
dialysis patients. J Am Soc Nephrol. 2007;18:2960–7. https://doi.org/10.1
681/ASN.2007020221.
26. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35:1381–95. https://doi.org/10.1249/01.
MSS.0000078924.61453.FB.
27. Zanotto T, Mercer TH, van der Linden ML, Rush R, Traynor JP, Petrie CJ, et al.
The relative importance of frailty, physical and cardiovascular function as
exercise-modifiable predictors of falls in haemodialysis patients: a
prospective cohort study. BMC Nephrol. 2020;21:99. https://doi.org/10.1186/
s12882-020-01759-z.
28. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, et al. A
review of the measurement of grip strength in clinical and epidemiological
studies: towards a standardised approach. Age Ageing. 2011;40:423–9.
https://doi.org/10.1093/ageing/afr051.
29. Podsiadlo D, Richardson S. The timed "up & go": a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39:142–8. https://
doi.org/10.1111/j.1532-5415.1991.tb01616.x.
30. Mesquita R, Janssen DJ, Wouters EF, Schols JM, Pitta F, Spruit MA. Withinday test-retest reliability of the timed up & go test in patients with
advanced chronic organ failure. Arch Phys Med Rehabil. 2013;94:2131–8.
https://doi.org/10.1016/j.apmr.2013.03.024.
31. Ward RE, Leveille SG, Beauchamp MK, Travison T, Alexander N, Jette AM,
et al. Functional performance as a predictor of injurious falls in older adults.
J Am Geriatr Soc. 2015;63:315–20. https://doi.org/10.1111/jgs.13203.
32. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,
et al. A short physical performance battery assessing lower extremity
function: association with self-reported disability and prediction of mortality
and nursing home admission. J Gerontol. 1994;49:M85–94. https://doi.org/1
0.1093/geronj/49.2.M85.
33. Nixon AC, Bampouras TM, Pendleton N, Mitra S, Brady ME, Dhaygude AP.
Frailty is independently associated with worse health-related quality of life
in chronic kidney disease: a secondary analysis of the frailty assessment in
chronic kidney disease study. Clin Kidney J. 2019;13:85–94. https://doi.org/1
0.1093/ckj/sfz038.
34. Mandelblatt JS, Zhou X, Small BJ, Ahn J, Zhai W, Ahles T, et al. Deficit
Accumulation Frailty Trajectories of Older Breast Cancer Survivors and NonCancer Controls: The Thinking and Living with Cancer Study. J Natl Cancer
Inst. 2021:djab003. https://doi.org/10.1093/jnci/djab003.
35. Esbrí-Víctor M, Huedo-Rodenas I, López-Utiel M, Navarro-López JL, MartínezReig M, Serra-Rexach JA, et al. Frailty and Fear of Falling: The FISTAC Study.
J Frailty Aging. 2017;6:136–40. https://doi.org/10.14283/jfa.2017.19.
36. Mapes DL, Bragg-Gresham JL, Bommer J, Fukuhara S, McKevitt P, Wikström
B, et al. Health-related quality of life in the Dialysis outcomes and practice
patterns study (DOPPS). Am J Kidney Dis. 2004;44:54–60. https://doi.org/10.1
053/j.ajkd.2004.08.012.
37. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF36). I. Conceptual framework and item selection. Med Care. 1992;30:473–83.
38. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al.
Compendium of physical activities: an update of activity codes and MET

Page 10 of 10

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

intensities. Med Sci Sports Exerc. 2000;32:S498–504. https://doi.org/10.1097/
00005768-200009001-00009.
Tinetti ME, Richman D, Powell L. Falls efficacy as a measure of fear of falling.
J Gerontol. 1990;45:P239–43. https://doi.org/10.1093/geronj/45.6.P239.
Takeuchi H, Uchida HA, Kakio Y, Okuyama Y, Okuyama M, Umebayashi R,
et al. The Prevalence of Frailty and its Associated Factors in Japanese
Hemodialysis Patients. Aging Dis. 2018;9:192–207. https://doi.org/10.14336/A
D.2017.0429.
Johansen KL, Delgado C, Kaysen GA, Chertow GM, Chiang J, Dalrymple LS,
et al. Frailty among patients receiving hemodialysis: evolution of
components and associations with mortality. J Gerontol A Biol Sci Med Sci.
2019;74:380–6. https://doi.org/10.1093/gerona/gly206.
van Loon IN, Goto NA, Boereboom FTJ, Bots ML, Verhaar MC, Hamaker ME.
Frailty screening tools for elderly patients incident to Dialysis. Clin J Am Soc
Nephrol. 2017;12:1480–8. https://doi.org/10.2215/CJN.11801116.
van Munster BC, Drost D, Kalf A, Vogtlander NP. Discriminative value of
frailty screening instruments in end-stage renal disease. Clin Kidney J. 2016;
9:606–10. https://doi.org/10.1093/ckj/sfw061.
Hoogendijk EO, van der Horst HE, Deeg DJ, Frijters DH, Prins BA, Jansen AP,
et al. The identification of frail older adults in primary care: comparing the
accuracy of five simple instruments. Age Ageing. 2013;42:262–5. https://doi.
org/10.1093/ageing/afs163.
Ferrucci L, Cooper R, Shardell M, Simonsick EM, Schrack JA, Kuh D. Agerelated change in mobility: perspectives from life course epidemiology and
Geroscience. J Gerontol A Biol Sci Med Sci. 2016;71:1184–94. https://doi.
org/10.1093/gerona/glw043.
Bohm C, Storsley L, Tangri N. The assessment of frailty in older people with
chronic kidney disease. Curr Opin Nephrol Hypertens. 2015;24:498–504.
https://doi.org/10.1097/MNH.0000000000000163.
McAdams-DeMarco MA, Suresh S, Law A, Salter ML, Gimenez LF, Jaar BG,
et al. Frailty and falls among adult patients undergoing chronic
hemodialysis: a prospective cohort study. BMC Nephrol. 2013;14:224. https://
doi.org/10.1186/1471-2369-14-224.
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;66:297–304.
https://doi.org/10.1053/j.ajkd.2015.01.024.

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

