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ABSTRACT 

Background. There is wide heterogeneity in physical function tests available for clinical and research use, hindering our 
ability to synthesize evidence. The aim of this review was to identify and evaluate physical function measures that could 
be recommended for standardized use in chronic kidney disease ( CKD ) . 
Methods. MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, 
CINAHL, Scopus and Web of Science were searched from inception to March 2022, identifying studies that evaluated a 
clinimetric property ( validity, reliability, measurement error and/or responsiveness ) of an objectively measured 
performance-based physical function outcomes using the COnsensus-based Standards for the selection of health 

Measurement Instruments ( COSMIN ) methodology and Grading of Recommendations, Assessment, Development, and 
Evaluations ( GRADE ) based recommendations. Studies with individuals of all ages and of any stage of CKD were included. 
Results. In total, 50 studies with 21 315 participants were included. Clinimetric properties were reported for 22 different 
physical function tests. The short physical performance battery ( SPPB ) , Timed-up-and-go ( TUG ) test and Sit-to-stand 
tests ( STS-5 and STS-60 ) had favorable properties to support their use in CKD and should be integrated into routine use. 
However, the majority of studies were conducted in the hemodialysis population, and very few provided information 

regarding validity or reliability. 
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Conclusion. The SPPB demonstrated the highest quality of evidence for reliability, measurement error and construct 
validity amongst transplant, CKD and dialysis patients. This review is an important step towards standardizing a core 
outcome set of tools to measure physical function in research and clinical settings for the CKD population. 

LAY SUMMARY 

Poor physical function is very common among people living with chronic kidney disease ( CKD ) , gets worse as the 
disease progresses, and is linked with reduced survival and poor quality of life. Routine assessment of physical 
function can help identify frailty and sarcopenia ( loss of muscle mass ) early on, allowing for timely introduction of 
therapies such as exercise rehabilitation. In this study, we reviewed the current literature to identify which physical 
function measures should be used to ensure that physical function is captured accurately and consistently, both in 

clinical practice and in research. We found that the short physical performance battery, Timed-up-and-go, 
Sit-to-stand-5 and Sit-to-stand-60 had good evidence to support their use in CKD. Our review and recommendations 
are the initial steps toward introducing a set of tools to measure physical function that can be used as part of routine 
CKD care. 

GRAPHICAL ABSTRACT 
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NTRODUCTION 

hysical function is a key determinant of health and indepen-
ent living, and can be assessed on a spectrum of outcomes
anging from self-care to activities that require varying degrees 
f mobility, balance, strength or endurance [ 1 , 2 ]. In people liv-
ng with chronic kidney disease ( CKD ) , the effects of multimor-
idity, physical inactivity and sedentary lifestyle result in func- 
ional limitations, which in turn negatively impact quality of 
ife, patient-relevant outcomes such as falls and hospitalization,
nd survival [ 3 –5 ]. Routine assessment of physical function may
elp clinicians monitor physical health status [ 6 ], and allow for
he identification of people at risk of frailty and sarcopenia for
imely implementation of therapeutic interventions, such as ex-
rcise, to prevent or delay disability and loss of independence [ 7 ].

There are a plethora of assessment tools reported in the CKD
iterature, ranging from objective measures of performance- 
ased capacity, such as gait speed, chair-stand ability and hand-
rip strength ( HGS ) , to self-reported measures of physical ability
 5 ]. A review by Jegatheesan et al . ( 2021 ) demonstrated that clin-
cal and research practice seem to be varied and inconsistent
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n their approach to measuring physical function; in 111 trials 
eporting physical fitness outcomes in adults with CKD, 87 dif- 
erent physical function tests/measurements were used to eval- 
ate 30 different outcome measures [ 8 ]. Recommendations on 
est physical function assessment tools should be based on cri- 
eria of good measurement properties such as validity, reliability,
esponsiveness and interpretability, as well as safety and feasi- 
ility characteristics. We have therefore performed a systematic 
eview to summarize the clinimetric measurement properties of 
erformance-based physical function measures in CKD, in order 
o support evidence informed recommendations for use in clin- 
cal and research settings. 

ATERIALS AND METHODS 

his review follows recommendations from the COnsensus- 
ased Standards for the selection of health Measurement In- 
truments ( COSMIN ) initiative [ 9 , 10 ] and the Preferred Report- 
ng Items for Systematic Reviews and Meta-Analyses protocols 
 PRISMA 2020 ) [ 11 , 12 ]. The review was registered with PROSPERO 

 CRD42020182207 ) . The PRISMA 2020 checklist was used for re- 
orting of results ( Supplementary Material 8 ) . 

iterature search 

he following electronic databases were searched from their 
ate of establishment to 22 March 2020: MEDLINE ( Ovid ) ,
MBASE ( Ovid ) , Cochrane Central Register of Controlled Tri- 
ls ( Ovid ) , Cochrane Database of Systematic Reviews ( Ovid ) ,
INAHL, Scopus and Web of Science. Reference lists of key 
eview articles and studies selected for inclusion were hand- 
earched. The searches were re-run prior to final analysis ( March 
022 ) . The full search strategy is in Supplementary Material 1 .
esults were exported into the Covidence systematic review 

oftware ( Veritas Health Innovation, Melbourne, Australia ) for 
eduplication and screening. The list of studies excluded af- 
er full text review, and reasons for exclusion, are listed in 
upplementary Material 9 . 

nclusion criteria 

he studies included people ( of all ages ) living with CKD across 
ll stages and treatment modalities. Any study where the 
im was to evaluate a clinimetric property of a performance- 
ased physical function outcome, or any study that reported 
n the effect of an intervention using an objectively measured 
erformance-based physical function outcome and provided a 
linimetric property for the tool, was included. 

xclusion criteria 

tudies with no data on clinimetric properties, or used tools 
hat are highly specialized or that are not routinely available to 
easure physical function, were excluded. In addition, subjec- 

ive questionnaires that assess physical function were excluded.
tudies published in a language other than English were ex- 
luded due to resource constraints associated with translation 
 13 , 14 ]. 

tudy selection 

eviewers ( J.M.M., O.H., C.J.L., S.T., K.W.-F., C.B., T.J.W. ) working in 
airs independently screened abstracts, performed full text ad- 
udication and extracted data. Any disagreements were resolved 
y discussing discrepancies and reaching consensus, mediated 
y a third person if necessary. 

ata extraction 

he data extracted from the studies is shown in Table 1 . Objec-
ive measures of physical function were included: tests of car- 
iorespiratory fitness ( e.g. measured or estimated peak oxygen 
ptake, anaerobic threshold ) , exercise capacity ( e.g. peak power 
utput, time on test, distance travelled ) or neuromuscular fit- 
ess ( e.g. strength, power, balance ) as defined by Jegatheesan 
t al . [ 8 ]. 

easurement properties 

he measurement properties were defined using COSMIN clas- 
ification [ 9 ] but modified for objective measurement tools and 
ncluded: validity by construct ( hypothesis testing ) or criterion 
 correlation with gold standard ) , reliability [intraclass correla- 
ion ( ICC ) ], responsiveness [area under the curve ( AUC ) ] and 
easurement error [standard error of the mean ( SEM ) and min- 

mal detectable change ( MDC ) ] [ 15 ]. Minimally clinically impor- 
ant difference ( MCID ) was considered to be an important clini- 
etric property that, although not part of the modified COSMIN 

hecklist, was included. 

ssessing the methodologic quality of each study per 
easurement properties 

ethodologic quality was assessed using the modified COSMIN 

isk of Bias ( RoB ) checklist [ 16 ], which is a checklist developed
or assessing the methodological quality of studies on outcome 
easurement tools, outlining minimum standards for measure- 
ent properties ( including content validity, structural validity,

nternal consistency, cross-cultural validity\measurement in- 
ariance, reliability, measurement error, criterion validity, hy- 
otheses testing for construct validity and responsiveness ) . Re- 
iewers working in pairs ranked each measurement property 
 very good/adequate/doubtful/inadequate ) and reached consen- 
us on each item in the checklist, as it applied to the indi-
idual study; the rankings derived from this then informed 
he overall RoB score using the COSMIN RoB tool [ 15 , 17 ]
 Supplementary Material 3 and 4 ) . 

ssessing the criteria for good measurement properties 
sing COSMIN quality criteria 

he ratings of the results for each study are based on 
he criteria for good measurement properties defined in 
upplementary Material 2 [ 9 ]. 

ata synthesis 

o summarize multiple studies for a physical function measure,
he results were first reviewed for consistency across the studies,
ualitatively summarized and the overall result compared with 
he criteria for good measurement properties. Therefore, each 
hysical function test was rated, as per the description listed in 
upplementary Material 3 . A ( + ) ranking denotes a strong level of 
vidence; ( –) limited with only one study of fair methodological 
uality; ( ±) inconsistent/conflicting findings; and ( ? ) denotes an 
nknown level of evidence ( no evidence available or only studies 
f poor methodological quality ) . 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
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Physical function measurements in CKD 2113 

• Medline (via PubMed): 1341 
• EMBASE (via OVID): 1390
• CENTRAL: 392
• CINAHL (via EBSCO): 30
• Scopus: 1610
• Web of Science: 653
• Cochrane: 112

5528 records identified
through database search:

3602 records after
duplicates removed

3602 records screened
(title/abstract) 3078 records excluded

524 full-text articles
assessed for eligibility

50 studies included

486 full text articles excluded:
• No clinometric properties: 174
• Wrong outcomes: 111
• Wrong study design: 103
• Not enough data: 41
  (Conference proceedings)
• Duplicate: 17
• Non-English: 15
• Other: 25

Id
en

tif
ic

at
io

n 
Sc

re
en

in
g 

El
ig

ib
ili

ty
 

In
cl

ud
ed

0 additional records identified
through other sources

Search was repeated in March 2022:
• 1019 studies were screened
• 991 were excluded
• 17 full texts were assessed for eligibility
• 5 were excluded (1 duplicate, 4 wrong outcome)
• 12 additional studies were included 

Figure 1: PRISMA flow diagram. 

 

s

G

T  

e
G
E
n
t

d
w  

e  

r
s  

b  

o

F

B
t
B  

d  

f  

s  

i  

p  

a

R

S

T  

w  

v  

s  
Due to heterogeneity of studies and populations for the mea-
ures we evaluated, a meta-analysis was not conducted. 

RADE evaluation of the quality of the evidence 

he overall quality of the evidence for each measurement prop-
rty was graded ( Supplementary Material 4 ) using a modified 
rading of Recommendations, Assessment, Development, and 
valuations ( GRADE ) approach taking into consideration the 
umber, methodologic quality, heterogeneity and consistency of 
he results from the studies [ 15 ]. 

For each measurement property, the overall quality of evi- 
ence was given an initial evidence grading of “high quality,”
hich was then downgraded in a step-wise fashion from mod-
rate, to low, to very low, if there were any emerging concerns
egarding overall risk of bias, inconsistency of results, impreci- 
ion or indirectness. The overall quality of evidence could also
e downgraded by three levels to “very low,” if there was only
ne inadequate study present [ 17 ]. 
inal recommendations for physical function tools 

ased on COSMIN criteria recommendations, physical function 
ools were classified as: Category A—recommended; Category 
—promising; or Category C—insufficient [ 15 ]. Category A was
efined as an instrument that had at least moderate quality
or reliability and validity AND at least low evidence for mea-
urement error or responsiveness. Category C was defined as an
nstrument with insufficient or low evidence for measurement
roperty. Category B was an instrument that was not categorized
s A or C. 

ESULTS 

ummary of included study characteristics 

he initial literature search identified 5528 records of which 524
ere selected for full text review and 38 were included in the re-
iew. An updated search ( March 2022 ) revealed an additional 12
tudies. In total, 50 studies were included ( Fig. 1 ) . Ongoing trials

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data


2114 J.M. MacRae et al .

Figure 2: Frequency of physical function performance measures ( in order of most frequently used ) . OLST: One leg stand test; ADL: Activity of daily living; OLHR: One leg 
heel raise. Knee extension strength assessed using either handheld dynamometer, Biodex System or estimated 1-repetiition maximum on a leg extension machine. 
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l  
nd conference proceedings/published abstracts were excluded 
uring screening due to limited data that were available in these 
ypes of publications. The majority of studies were conducted in 
dults, whilst one was conducted in pediatric patients on either 
emodialysis ( HD ) or peritoneal dialysis ( PD ) [ 18 ]. HD was the 
ost common population studied ( n = 18 ) . There were two PD 

tudies, and five combined both PD and HD patients. Seven stud- 
es were conducted exclusively in non-dialysis CKD and five in 
ransplant recipients. The remaining studies included a combi- 
ation of CKD stages. Study designs included were n = 18 test–
etest, n = 1 clinical prediction rule, n = 10 cross-sectional, n = 19 
rospective cohort, n = 1 randomized controlled trial and n = 1 
andomized crossover trial. 

Studies were published between 1995 and 2022 and included 
 range of study designs ( Table 1 ) . 21 315 participants were in- 
luded. Study sample sizes ranged from 10 to 8767. The mean 
ge was 57.3 years ( range 11.2–76.7 years ) and 61.0% of partici- 
ants were male. 
Clinimetric properties were reported for 22 different physical 

unction tests ( Fig. 2 ) . Data on the tests that were most com- 
only assessed ( four or more studies ) are shown in Tables 2 
nd 3 and Fig. 2 . Tests not commonly reported in the literature 
 in two or fewer studies ) or tests with a lot of heterogeneity in 
he way they are measured ( e.g. knee extension strength ) are de- 
cribed in Supplementary Material 5 and 6 . 

easurement properties for physical function 

easures 

ables 2 and 3 summarizes results on the clinimetric properties 
f physical function tests. 

andgrip strength 

f 13 studies, 10 reported on construct validity. Low HGS was 
ssociated with frailty [ 19 ], malnutrition [ 20 ] and an increased 
isk of mortality in six studies [ 21 –26 ]. Reliability was reported
n three studies and showed excellent ICC values ( 0.89–0.96 ) [ 27 –
9 ]. Two studies reported on measurement error with a SEM 

anging from 1.5 to 2.3 kg in people on HD [ 28 , 29 ]. The mini-
al detectable change, 90% confidence level ( MDC90 ) ranged be- 

ween 3.4 and 5.5 kg. The summarized quality of the evidence for 
GS was moderate for measurement error and not assessed for 
esponsiveness. The quality was low for reliability and validity 
 Supplementary Material 4 ) . 

ix-minute walk test 

f 11 studies, 7 reported on validity [ 30 –36 ]. In people with CKD
nd receiving HD, data showed that the Six-minute walk test 
 6MWT ) correlated with maximum oxygen uptake ( VO 2max ; r 
etween 0.62 and 0.70 ) [ 35 , 36 ], and low score was predictive
f mortality [ 32 –34 ], hospitalizations [ 33 ], cardiovascular events 
 33 ], technique failure amongst PD patients [ 30 ], increased frac-
ure risk [ 31 ] and lower chance of transplantation [ 32 ]. Four
tudies showed excellent reliability [ 18 , 2 8 , 29 , 37 ]. Measure-
ent error was consistent ( 28.0–29.5 m ) in an adult HD pop- 
lation [ 28 , 29 , 37 ] and amongst a mixed pediatric group of
KD, HD and transplant patients ( 21.8 m ) [ 18 ]. The summarized 
uality of evidence is high for reliability and measurement er- 
or, low in the validity and very low for responsiveness studies 
 Supplementary Material 4 ) . 

eak oxygen uptake 

f nine studies, five reported on validity [ 34 –36 , 38 , 39 ]. Greater
eak oxygen uptake ( VO 2peak ) values predicted lower risk of fu- 
ure cardiovascular events and mortality amongst mixed CKD 

atients [ 38 ] and a reduced risk of mortality amongst transplant
atients [ 39 ], but not in HD [ 34 ]. Reliability properties were mea-
ured in two studies [ 40 , 41 ], and three explored measurement
rror ( SEM between 1.00 and 1.01 mL/kg/min ) in different popu- 
ations [ 40 –42 ]. MCID, reported in one study, ranged from 0.3 to

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
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Figure 3: Recommended Category A and B tests of physical function. 
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.8 mL/kg/min [ 41 ]. The summarized quality of evidence is low
or reliability and measurement error. The quality of evidence 
as low for construct validity ( Supplementary Material 4 ) . 

hort physical performance battery 

f 10 studies, 7 reported on validity. Lower Short physical per-
ormance battery ( SPPB ) performance was predictive of mortal- 
ty in CKD [ 43 , 44 ] and post-transplantation [ 45 ], of lower likeli-
ood of being transplanted [ 44 ], a longer length of stay at time
f transplant [ 46 ], frailty in a mixed population of CKD and HD
 19 ], and malnutrition in CKD [ 20 ]. The SPPB showed excellent
eliability ( ICC values 0.906–0.947 ) in two studies in HD and CKD
 29 , 47 , 48 ]. In two studies, the SEM ranged between 0.4 and 0.72
n HD patients [ 29 , 47 ] and the MDC90 was 1.7 [ 47 ]. The summa-
ized quality of evidence was high for reliability, measurement 
rror and construct validity. Responsiveness was not assessed 
 Supplementary Material 4 ) . 

ait speed 

he predictive validity of gait speed was reported in six studies.
lower gait speed was associated with an increased risk of mor-
ality in people on dialysis [ 25 , 43 ], but not post-transplant [ 45 ].
ait speed was associated with frailty in a mixed CKD popula-
ion [ 19 ]. Gait speed was not predictive of falls in HD patients
 49 ]. The reliability was examined in two studies ( n = 51 ) [ 29 , 48 ],
nd showed consistent reliability properties ( ICC values between 
.863 and 0.886 ) . One study reported measurement error with an
EM of 0.1 m/s [ 29 ]. The summarized quality of evidence is mod-
rate for validity and reliability but very low for measurement 
rror ( Supplementary Material 4 ) . 

it-to-stand tests 

our variations of the Sit-to-stand ( STS ) test were reported.
he construct validity of STS-5, reported in six studies, demon-
trated that it was correlated with other physical function 
easures [Incremental shuttle walk test ( ISWT ) [ 41 ], STS-60 [ 50 ]
nd VO 2peak [ 36 ]] and mortality [ 43 , 45 ], but not falls [ 49 ]. STS-60
as correlated with 6MWT and transplant wait list removal, as
ell as death [ 32 ]. STS-30 correlated with exercise capacity [ 51 ]
nd STS-10 with lower extremity muscle power [ 52 ]. Reliability
as reported in four studies for STS-5, five studies for STS-10,
ix studies for STS-30 and six studies for STS-60. The MCID for
TS-5 ranged between –4.2 and –2.5 s. The MCID for STS-60 was
hree repetitions [ 53 ]. The quality of evidence for reliability of
TS-5 was moderate, low for measurement error and high for
onstruct validity. The STS-10 had high quality of evidence for
eliability, moderate for measurement error and very low for 
onstruct validity. The STS-30 had high quality evidence for re-
iability, moderate for measurement error and low for construct 
alidity. The STS-60 had high quality evidence for reliability,
oderate for measurement error and moderate for construct 
alidity. The clinimetric property of responsiveness was not 
eported in any of the STS variations ( Supplementary Material 4 ) .

imed-up-and-go 

he validity of the Timed-up-and-go ( TUG ) was assessed in two
D studies [ 31 , 49 ]. The TUG was predictive of fractures in HD
atients but not falls over 12 months. Reliability was reported
n five studies with consistent SEM ranging from 0.78 to 1.24 s
 29 , 47 , 54 –56 ]. The quality of evidence was high for reliability
nd measurement error and moderate for validity due to bias
 Supplementary Material 4 ) . 

ncremental shuttle walk test 

alidity was assessed in three studies, one of which reported
hat ISWT correlated with the gold standard VO 2peak [ 41 ]. Im-
rovements in the distance walked during the ISWT were as-
ociated with reduced mortality and cardiovascular morbidity 
isk [ 57 ] whereas worsening of ISWT performance was not asso-
iated with development of end-stage kidney disease [ 58 ]. Two
mall studies reported on the reliability ( ICC values ranging from
.950 to 0.973 ) and measurement error ( SEM ranging from 7.1 to
4.1 m ) of the ISWT [ 41 , 56 ]. The MDC was determined between
0.0 and 79.6 m. The quality of evidence was low for both reliabil-
ty and measurement error, and moderate validity and criterion
 Supplementary Material 4 ) . 

est evidence synthesis: levels of evidence 

 summary of best evidence synthesis was derived from infor-
ation in Table 2 and 3 for each of the most frequent perfor-
ance tests shown in Table 4 ( and tests, all graded B or C, not

ncluded in main synthesis in Supplementary Material 7 ) . Given
he large variety of performance-based measures, results were
arely combined. Based on the quality of evidence across the
tudies SPPB, STS-5, STS-60 and TUG are recommended as Cate-
ory A tests with good evidence to support their use. Gait speed,
GS, ISWT, 6MWT, STS-10, STS-30,and VO 2peak are Category B
nd could be used in certain circumstances depending on the
roperty of interest ( Fig. 3 ) . 

ISCUSSION 

n this review, we systematically reviewed the literature to evalu-
te the clinimetric properties of physical function tools amongst
he CKD population. This represents the initial step in standard-
zing a set of tools available to measure physical function in re-
earch and clinical settings for CKD. Based on our findings, the
PPB, TUG, STS-5 and STS-60 have good evidence to support their
se in CKD. It is important to note that most studies included
n this review were conducted in the HD population, and of the
any studies exploring objective measures of physical function,
ery few provided information regarding validity or reliability. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad170#supplementary-data
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Table 4: Summary of the quality of the evidence for clinimetric properties of the physical function measures. 

Reliability Measurement error Validity Responsiveness 

Physical function measure Level GRADE Level GRADE Level GRADE Level GRADE Category 

Gait speed + Mod ? V.low + Mod ? N/A B 
HGS – Low + Mod – Low ? N/A B 
ISWT – Low – Low + Mod ? N/A B 
6MWT + High + High – Low – V.low B 
SPPB + High + High + High ? N/A A 

STS-5 – Mod ? Low + High ? N/A A 

STS-10 + High – Mod ? V.low ? N/A B 
STS-30 + High – Mod ? Low ? N/A B 
STS-60 + High ± Mod – Mod ? N/A A 

TUG + High + High – Mod ? N/A A 

VO 2peak ? Low ? Low – Low ? Low B 

The Category A physical function measures are highlighted in bold. 
Category criteria adapted from COSMIN manual ( step 9 ) : A: outcome measures with evidence for at least moderate quality for reliability and validity AND at least low 

evidence for measurement error or responsiveness; B: outcome measures categorized not in A or C; and C:outcome measures with only indeterminate or unknown 

evidence for properties. 
Criteria outlining the evaluation of quality of results across studies is presented in Supplementary Material 3; briefly: ( + ) denotes a strong level of evidence; ( −) limited 
with only 1 study of fair methodological quality; ( ±) inconsistent/conflicting findings; and ( ? ) denotes an unknown level of evidence ( no evidence available or only 
studies of poor methodological quality ) . 
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The SPPB demonstrated high quality of evidence for reliabil- 
ty, measurement error and construct validity amongst trans- 
lant, CKD and dialysis patients. SPPB score predicted mortality 
 43 , 44 ], frailty [ 19 ] and a lower likelihood of being transplanted
 44 ]. The finding that SPPB predicts mortality is consistent with 
ther chronic disease populations ( e.g. myocardial infarction 
 59 ], chronic lung disease [ 60 ] and elderly populations [ 61 ] ) . One
imitation of the SPPB is its ceiling effect in well-functioning CKD 

atients, and evidence on measurement error is poorly reported.
hilst not reported here, the SPPB can also have large floor ef- 

ects in very poor functioning patients [ 62 ]. Floor and ceiling ef- 
ects may limit how sensitive the test is to change and mean ef- 
orts to improve SPPB performance are often difficult. The SPPB 
s based on a summary score of each of its three components: 
tanding balance, gait speed and STS-5. The latter two tests are 
ommonly reported in CKD and the continuous nature may al- 
ow for better discrimination in patients with greater functional 
bility. Indeed, individually, both gait speed and STS-5 perfor- 
ance are associated with mortality across CKD [ 25 , 43 , 45 ], and
oth tests demonstrated moderate to high levels of evidence for 
eliability and validity. 

Other well-performing tests reviewed include the TUG and 
TS-60. The TUG evaluates an individual’s dynamic balance and 
obility and is recommended for its good reliability and mea- 

urement error properties, in people on HD and with CKD [ 56 ].
he STS-60 showed a high level of quality evidence for reliability,
oderate for measurement error and moderate construct va- 

idity showing correlation with 6MWT and mortality in a large 
roup of mixed dialysis patients [ 32 ]. We found that several 
ests, such as the Category B tests, could be used in certain cir- 
umstances depending on the property of interest. Tests of gait 
peed, VO 2peak , 6MWT, STS-10, STS-30, ISWT and HGS all demon- 
trated a lower and varied quality level of evidence for clinimet- 
ic properties. For example, the ISWT demonstrated good valid- 
ty when compared with VO 2peak ( the gold standard of cardiores- 
iratory fitness ) , however the quality of evidence was low for 
oth reliability and measurement error due to small sample size 
nd risk of bias. 

Whilst there is one other review which highlighted the het- 
rogeneity of physical function tests in CKD [ 8 ], there are no 
ther systematic reviews to explore clinimetric and measure- 
ent properties of physical function tools to compare our find- 
ngs. However, a review of older community-dwelling persons 
 > 60 years ) found the SPPB was the measurement with the best 
eliability, validity and responsiveness [ 63 ]. Similar support for 
PPB measurement properties is present in older adults dur- 
ng hospitalization [ 64 ]. A review of the clinimetric properties of 
uscle function tests in individuals with cystic fibrosis found 
ood support for STS-60, although it lacked validity against 
uadriceps muscle strength [ 65 ]. STS tests and TUG had good 
evel of support in a COSMIN review of performance-based mea- 
ures in hip and knee osteoarthritis [ 66 ]. A COSMIN review found
TS-5 and TUG to be promising for patients with chronic low 

ack pain [ 67 ]. However, more research on the measurement er- 
or and responsiveness of these tests in CKD is needed to be able
o fully recommend them as outcome measures in research and 
linical practice. 

trengths and limitations 

e used a systematic approach ( i.e. the COSMIN methodology ) 
or assessing the quality of the included articles. We compiled 
esults from a heterogeneous population across all stages of 
KD. This allowed us to identify suitable and stable measures 
or use across CKD stages; this is highly relevant in clinical prac- 
ice and research settings for monitoring and classification pur- 
oses. However, most studies were limited by small sample sizes 
nd lack of an a priori established hypothesis when exploring 
alidity properties and responsiveness, thus reducing the qual- 
ty of evidence that can lead to robust recommendations. We 
ere unable to provide a meta-analysis due to the heterogene- 

ty and the low quality of the studies. Whilst COSMIN provides 
 comprehensive, step-by-step and standardized framework to 
ssess measurement properties, it is not exhaustive. The COS- 
IN tool has not yet developed a rating scale to evaluate in-

erpretability or feasibility, but we believe these are important 
linical considerations for functional testing. By adhering to 
OSMIN’s guidance lowest scores method, included studies are 
valuated with perhaps overly stringent criteria, particularly in 
elation to construct validity. Reduced scores because of unre- 
orted or unclear information, combined with instructions that 
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lowest score counts” as the overall score, led to many tests be-
ng reported as either “doubtful” or “inadequate.” The tools rec- 
mmended as Category A or B are ones that do not require ex-
ensive training or specialty equipment ( with the exception of 
GS and VO 2peak ) . However, our recommendations do not take
nto consideration additional criteria beyond the methodolog- 
cal scoring we have applied, such as population acceptability 
nd equity—future primary research in this area should explore 
hese considerations. 

The SPPB, STS-5, STS-60 and TUG demonstrate the best prop-
rties across the spectrum of CKD. However, knowledge gaps re-
arding measurement properties remain for many tests. To im- 
rove the quality of evidence for these measures, COSMIN guide-
ines should be followed for the design and reporting of studies
nvestigating measurement properties of physical function out- 
omes in people with CKD. 

UPPLEMENTARY DATA 

upplementary data are available at ckj online. 
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