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Lo o FueTan W Pariopaton Disease, injury, developmental/congenital condition
an ructures
1
I

Framework of Functioning, 1 1 - ’

Disability and Health (19

1
I Environmental factors | | Personal Factors | IMPAIRMENT
Pp— Dysfunction and structural abnormalities in specific body systems (muscoleskeletal,
onstruct Leve
(A) Disablement Process (16 miological Functional Disability CV etc)
Impairment ,  Limitations

(B) Functional Measurement Exercise Tolerance "‘Physical Performance Functional Status
Spectrum (11 Tests Tests Selffproxy report

FUNCTION LIMITATIONS

Restrictions in basic physical actions (ambulation, speak, climb stairs etc)

Operational Level
Assessment Considerations

Clinimetric Utility Higher Lower
Information content Higher Lower
Patient Inclusiveness Lower Higher Difficulty doing ADL (job, personal care, hobbies, household management etc)
Cost Higher Lower Adapted from: Guralnik and Ferucci (2003) Am J Prev Med: 112-121

Verbugge and Jette (1994) Soc Sci Med : 1-14
From: Koufaki and Mercer (2009) ACKD: 410-419
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Assessment of Physical Function-WHY?

No matter what domain/dimension of physical
function you measure, the overall conclusion is
always the same. Physical dysfunction and inactivity
are severe and prevalent in all ages and CKD stages
compared to normative data.

(Roshanravan et al. J Am Soc Nephrol 2013, 822-830, Roshanravan et al. Am J Kidney Dis 2012, 912-921,Robinson-
Cohen C .et al. J Ren Nutr 2013,123-131, Zamojska S. et al. Nephrol Dial Transpl 2006,1323-1327, Hartman et al. Clin J
Am Soc Nephrol, 2009;588-594, Walker et al. BMC Nephrology 2013, 228, Koufaki et al. J Sports Sci, 1902-1908)
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Physical function is responsive to
clinical changes and predicts health
outcomes

% VO, peak >17.5 ml.-1kg.-'min. better predicts survival over 3.5

Years (sietsema et al. Kidney Int 2004.719-724)

% Poor walking mobility is associated with a 7-fold increased
likelihood of ADL dlsablllty in eIderIy CKDS5 (Cook and Jassal (2008), Kidney Int;
1289-1295)

% Walking 5-6 times/week reduces the risk of death or dialysis by
50% over a year in CKD 2-4 (chen etal. , Clin J Am Soc Nephrol 2014,1183-1189)

% Frailty is associated with a 2.5 times increased risk of death or
dialysis in middle aged people with CKD2-4 (roshanravan et al. 2012 Am J Kidney
Dis, 912-921)

< Patients with SF-36 PCS<25 have 93% increased risk of dying &
56% increased risk of hospitalisation (vapes et al. kidney Int: 2003, 339-349

Physical function outcomes are responsive
to health interventions

Research Evidence

Macdonald JH, et al. (2009), Adv Chronic Kidney Dis:482-500
Segura-Orti E. (2010). Nefrologia; 236-24,

Heiwe and Jacobson (2011), Cochrane Database Syst Rev.
Smart N. & Steele M. (2011), Nephrology (Carlton);626-632.
Koufaki P, et al. (2013), Ann Rev Nurs Res; 235-275

Cheema B, et al. (2014), Sports Med; 1125-1138

Sheng K, et al. (2014), Am J Nephrol:478-90

Heiwe S and Jacobson (2014), Am J Kidney Dis:383-93
Koufaki et al. (2015), J Sports Sci:1902-1907

Phan K, et al. (2016), Br J Sports Med:317-8

Young H et al. (2018), Nephrol Dial Transplant;1-10
Gomes-Neto et al. (2018),Clin Rehab; 1189-1202

Clarkson et al. (2019), Am ] Physiol; F856-872

THERENAO Clinical Practice Guidelines:
founded 1950 g so WHAT NEXT?

» CPG: Exercise and Lifestyle in Chronic Kidney Disease iy

renal.org/sites/renal.org/files/
DRAFT%20Lifestyle%20and%20Exercise%20in%20CKD%20clinical%20practice %20guideline.docx.pdf)

» NICE CPG for Chronic kidney disease: early identification
and management of chronic kidney disease in adults in
prlmary and secondary care (http://www.nice.org.uk/quidance/cg182/ chapter/1-

Recommendations)

» CPG on management of patients with diabetes and
chronic kidney disease stage 3b or higher (eGFR <45 mL/

mln) (https://www.era-edta.org/en/erbp/guidance/chronic-kidney-disease/diabetes/

Pl

ERBP

N I c National Institute for
Health and Care Excellence
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“Translating” the guidelines into practice ]
STEP 1: Assess PA behaviour

AILCKD patients should > Establish an individual
have at least one reference baseline SUBJECTIVE METHODS OBJECTIVE METHODS
session with an . .
. habilitati > Inform clinical decision
exercise/rehabilitation making based on risk of Global PA questionnaires (i.e. Exercise Indirect Calorimetry, Doubly
specialist to assess: adverse outcomes (i.e. frailty it son 6P Al labelled water, HR monitoring
)| or interventions)
. . . Short recall PA questionnaires (.. Accelerometers
>PA behaviour > Monitor effectiveness of PAQ, PAS§7_day e '
> Physical function treatments/ interventions
>Read|ness to Change > Use data to develop Long Quantitative PA h|$t0ry Pedometers
) . oA g q (i.e. HAP)
PA behaviour individualised wr!tten plan ' '
for PA and exercise Multisensor devices
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Current global recommendations for
PA for health

Total volume: >1000 kcal/week or

>750 MET-min/week or

STEP 2: Assess physical function

Duration/ 150-300 min at moderate intensity/week| in bouts of any duration ADL IADL Ui Physiological
intensit QP nE .
4 * Dressing : limitations Impairment
75-150 min at vigorous intensity/week In bouts of any duration Bathi * Shopping Walki
¢ bathing i ¢ Walking . .
Frequency >4 days/week (aerobic) « Toileting : \(,:J:sa}:lil:g « Standing up o Cardlo.resplratory
>2 days/week (muscle strength) o Transferrin ' 9 « Push/oull capacity
9 e Cooking 2 * Muscle strength/
Type Any type for aerobic, muscle e Eating e Climb stairs

¢ Handling

¢ Grooming objects N el » Muscle mass
rip/ho

® Active balance

power

strengthening, flexibility, balance/ ¢ Descend stairs

functional training

e Use house « balance

Steps >10000 /day (healthy) machines
>7500 /day (disability and chronic illness

Sedentary
behaviour <5000 steps/day Limit as much as possible
WHO guidelines on PA and sedentary behaviour 2020
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PHYSICAL FUNCTION |

Determining physiological
“impairment”

5-year survival and baseline VT for 240
CKD patients waiting for KTx

VO, at VT >40% of pred
VO,peac  OF > 11.4 mi/kg/min
94-100% survival

®
2
£ 06
& P <0001 (Logrrank eet) VO, at VT <40% of pred
<~ AT >40% predicted peak VO, VOZpeak or <~9.4ml/min/kg,
041 — AT <40% predicted peak VO, 38-46% survival
02 .
0 10 20 30 4 50

Time (Months) Ting et al. (2014) J Am Soc Nephrol 25: 187-195,

Cardiorespiratory fitness & survival

Survival as function of baseline VO, for 175 ambulatory CKD5 patients

0 Complete + Censored
(P=0.009 Log-rank test)
0
1.00 ety Dialysis patients with
0.95 VO, peak >17.5
0.90 ml.-1kg.-tmin. had
0.85 significantly better survival
0.80 over 3.5 years compared
075 -<175  to those with lower
‘P ELLLS LS ™ exercise capacity
Time, days

Cumulative proportion surviving

Sietsema et al. (2004) Kidney Int :719-724
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PHYSICAL MEASUREMENT END-POINTS SEM, MDCq. | CLINICAL ANCHORS COMMENTS
FUNCTION OUTCOMES Ao 95, CV% FOR RISK
DOMAIN O e o | (considred e | SRATIFICATION &
- changeifexceed | \NTERPRETATION
normal variation of N
measurement) (associated with worse
outcome)
PHYSIOLOGICAL IMPAIRMENT
Inc:emeintal cycielffy Time at peak * VO;plateau-no | VO, peak Z?; g::ll:ni nkg + Same indices could be
protocols (min) further increases | (Koufaketal 2001, | oo o etal 2004) reported at a defined
Incremental with increasing 20‘,9',’%" etk submaximal level of
el * Peak pawer workrate VO, at VT <40% of VO, exercise such as at the
pr::logls output (watts) RER12 SEM: 1 peak or VTorlT
* VO, peak ’ MDC:2.8 <11 ml/min/kg (Ting et al.
(ml/min/kg) * Noincreases in CV: 5% 2014)
> P BP with increasing | "
exhaustion proricac
[SBP (mmHg)x |+ BP>220/110 VO.at VTLT
AT mmHg SEM: 0.9
1/1000
* Symptoms such CV%: 6.7
as dizziness,
Ir:]cr;lm emlall o I© Distance (m) angina, lack of « Fanmiliarisation session
Gl NS and speed WL to should be provided
(m.sec”) oral and/or visual
signs * Proper and adequate
* BPHR . warm up and cool down
) * Patient's request should be provided
* Angina scales X .
* Equipment failure
* RPE scales
* VO:atVTorat
LT (Koufaki ef al. 2021 in: BASES Sporf and Exercise Physiology
testing Vol|2, In Press)
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PHYSICAL MEASUREMENT END-POINTS SEM, MDCg. | CLINICAL ANCHORS COMMENTS
FUNCTION OUTCOMES e 95, CV% FOR RISK
DOMAIN (what to eport) function testing) (hw'ﬁﬂ?'fe::e\: SRATIFICATION &
cnangelHen INTERPRETATION
normal variation of o 2
measurement) (associated with worse
outcome)
PHYSIOLOGICAL IMPAIRMENT
Absolute max weight lifted in | | Patient: o SEM: 2.3
dynamic muscle | a continuous atient's reque (Wilkinson et al. o .
strength fashion; once, (1- | * Inability to 2019) . Famlhansahqn sessions
RM), three times continue MDC:6.4 eyLeaured
(3-RM) or 5 times *  Whole body and muscle
(5-RM) group specific warm up
sessions are required
Relative dynamic | Max number of . Cut-off points for Frail
muscle strength | repetitions ut-oft point § EARELY
performed at % of phenotype (Fried et al. 2001)

*  Cut off points for
sarcopenia (Cruz-Jentoft et
al. 2019)

* 2-3 consecutive
measurements of hand-
grip should be attempted

Hand-grip Kg.m.s ' or max SEM: 1.5 Men < 30 kg and feSUJ‘S should be
trength Kg achieved average
streng g achieve MDC: 3.4 Women <20 kg (Carerro et
(Segura-Orti etal, | al. 2016, Painter and Marcus
2011) 2013)

(Koufaki et al. 2021 in: BASES Sport and Exercise Physiology
testing Vol 2, In Press)

Muscle strength, mass and adiposity in KTx

Table 2. Adjusted Associations of Muscular, Adiposity, and Composite Indices With the Risk of Mortality and Acute
Hospitalization

Model 1* Model 21 Model 31
Multivariate Cox Regression Multivariate Cox F A iate Cox Reg
HR (95% CI) P value HR (95% CI) P value HR (95% Cl) P value
Muscular & adiposity
indices (continuous scale
HGS (k 0.93 (0.90, 0.97) <.001 0.92 (0.89, 0.97) <.001 0.95 (0.90, 0.99) 03]
LTI (kg/m°) 0.89 (0.80, 0.99) .03 0.87 (0.75, 0.99) .04 0.88 (0.74, 1.02) a2
BMI (kg/m?) 1.02 (0.98, 1.07) .36 1.01(0.96, 1.07) .66 1.01(0.92, 1.09) 65
FTI (kg/m?) 1.03 (0.99, 1.08) A5 1.04 (0.99, 1.09) 16 1.02 (0.96, 1.08) .55
Waist circumference (cm) 1.01(0.99, 1.02) 51 1.01(0.99, 1.02) 74 1.00(0.97, 1.03) 97

Categorical and composite

indices (categorical scale]
Low muscle strength 3.63 (2.16, 6.21) <.001 3.07 (1.71, 5.51) <.001 2.45 (1.30, 4.64) 006 ]

Low muscle mass 2.09(1.10,4.12) .02 1.78(0.98, 3.67) .08 1.01(0.62, 1.85) 19
Sarcopenia® 1.94 (1.10, 3.42) .02 1.76 (0.89, 3.48) 10 1.58 (0.69, 3.60) .28
Obesity** 1.31(0.83, 2.06) 25 1.14(0.69, 1.88) .35 1.15(0.70, 1.80) 44
Sarcopenic obesityf 2.36 (1.20, 4.63) .02 2.24(0.99, 4.96) .08 1.89 (0.67, 5.37) .23

In 128 KTx recipients followed for 5 years, only
hand grip strength remained significantly associated
with combined mortality and hospitalisation in all adjusted
models (Chan et al. 2019, J Renal Nutr, pp 536-547

| PHYSICAL FUNCTION II

Determining function
limitations
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Walking performance in CKD

Walking Speed

meter/second
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Dependent in ADLs & IADLs '"depe;‘::gtl_i" pOL

‘ ess Likely to

More Likely to be Hospitalized be Hospitalized

| | I

increased risk for adverse event

| | [ I |

Less Likely to
have Adverse Event

—
D/Cto
SNEF D/C to Home More Likely
Limited Community Community Cross Street
Age Household Walker Ambulation Ambulation Normal WS

<40 (n=23) | 101022
41:50 (n=04) [ O 55 - 0.23
51-60 (n=50) _ 0.90+0.22 peasured Gait speed of
61-69 (n=64) || 0.73 £ 0.29 Dialysis Patients
>70 (n=so) [ N 073 £0.29 Renal Exercise Demonstration
A1l (v-251) | O <5  0.2¢ Project (ref 48)

Painter and Marcus (2013), Clin J Am Soc Nephrol; 861-872
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Gait speed and mortality/frailty

i Muivariabia Time-Updatad Cox Modals of the Associston of Fraity and its Componants, Modalad Invidualy, Together, and According 1o the Numbee of

« Most strongly

»+ associated with
mortality over 3 years

w IN~770 patients on

HD (Johansen et al. 2019;
Gerontol A Biol Sci Med Sci,
380-386

Table 2 Disgrostc sccuracy of ning methods (using the Fralty Phenotype 25 ndard) in CKD G4-5D

Sasway  Spckoy  PYOWC) NIVOSCD IReOWC)  LR-GRQD
™) e c

: Best diagnostically
: ' accurate frailty
screening outcome

in 90 CKD4-5

people (Nixon et al. 2019;
Nephron, pp:147-1550

Al 00309 900

vo7)

Walking
wpeed

Ty

MR 096009

950099 OGN 004 030

Hindgly  0A2(0710-048) <ONL 0070 09 L0000 05605076 04
sengh

oot 046 (- to-051) <001 092

LR, posie keibood i LR-, nguie ckbood rso; CKD FL CKD Frty Ldes; SPPB, SortPiynid Pefamusce B

Gait speed and ADLs/hospitalisation

Table 3. Cox Proportional Hazards Models Predicing Association of Gar Speed Category With All-Cause Mortality Risk

Galt Spead Performance Model 1° Model 2" Model 3
=0.6 mis 1.00 (reference) 1.00 (reference) 1.00 {reference)
<0.6mis 2.46 (1.45-4.15) 2.39 (1.35-4.25) 217 (1.19-3.98)
Unable o pericem walk 5.84 (3.84-8.89) 6.93 (4.25-11.26) 6.93 (4.01-11.96)

> People on HD, unable to walk were 7 times more likely to die over 12

months (Kutner et al. 2015; Am J Kidney Dis. 297-304)

Tablo 4. One-Year Outcomes by Baseling Galt Spead Category HD patients with gate

12-m0 Ovcome 0,608 m's {0 = 116) 0810 s (n = 181) 1.0 mis (n = 160)" speeds <8m/sec were
Now hasptaizaton twice as likely to get

No. (3%) 62 (535) 95 (525) 63 (37.3) 1

OR (95% CIf 204 (1,19 10 3.49) 2,05 (1.30 10 3.25) 1,00 {refarance) hospltallsed and 4
Aﬁal:ﬂ\c}umvwoned . ot 2ua) times more ||ke|y to

OR (9% CI) 388 (14610 1033) 2.11(0.82 10 5.42) 1.00 {reference) deVG'Op difficulties with
SFl-‘:z‘:F:yégvc 4482204 507265 733248 ADLs over 12 months

Estimates (95% CI) -8.20 (~1357 1o -2.82) 4,01 (-8.45 10 0.43) 1.00 {reference)

* O ) . N—
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PHYSICAL MEASUREMENT END-POINTS SEM, MDCg- | CLINICAL ANCHORS COMMENTS
FUNCTION OUTCOMES o o o5, CV% FOR RISK
DOMAIN eioat fooction teaimay | (considered true | SRATIFICATION &
(what o report) | FY" 9) | changeifexceed | |NTERPRETATION
normal variation of -
measurement) (HSW::‘::O:;’; (oS
Function Limitations
prcrmenial « Distance (m) * Patient's request | SEM: 7- 47 <50m (Greenwood et al
shuttle walk 2019)
* BPHR * Inability to MDC: 20-110 * Familiarisation sessions
continue due to | (Wilkinson etal. 2019, should be provided
+ Angina scales adverse Hadjiioannou et al. 2020)
. RPE scales symptom * Quick and inexpensive
= 5 development ¢ Minimum interference
6-min walk test Distance (m) 6MWT <350-400 metres and inconvenience for
. ’ . walked tient
Gait sped over Gait speed (m.s™) SEM: 28 pal
3,4 or 7 metres <0.6 m/sec + Normative data available
MDC:66.3-77 (Sequra- | (Roshanravan etal. 2013,
Orti et al. 2011, Overend et | Painter and Marcus 2013, * Gait speed stands out as
8. 2010) Kinas s l201s) the best single screening
3m Timed up- Total time in sec SEM: 0.8-2.2 >10-12 sec outcome for physical
L il (Roshanaravan et al. 2013, frailty (Nixon et al. 2019)
ORIy MDC:2-5.2 (ortega Painter and Marcus 2013) e
Perez de Villar et al. 2018,
Hadjiioannou et al. 2020)
Sit-to-Stand Time (sec) it takes STS-5 STS5>13.7
transfers to complete 5 CV%: 15.1
(STS-5) or 10 SEM: 2.7
(STS-10) complete MDC: 7.5 (Koufaki etal
transfors 2002, Wilkinson et al. 2019)
OR STS-60
STS-60 (total CV%: 12.8
number of SEM: 1.3-3.5
complete STS MDC: 4-8.3 (Koufaki et (Koufaki et al. 2021 in: BASES Sport and
transfers achieved al:2002, Sagure:Orfl et l. Exercise Physiology testing Vol 2, In
- 2011, Wilkinson et al. 2019, b
in 60s) Hadjioannou et al. 2020) ress)

PHYSICAL FUNCTION III

ADLs = BATTED
Acti )

y Living]

Determining disability

[0 S .
it . levels via ADLs/IADLs
Toileting
Bathing
7 Transfers ;?f Q
ﬁi ;Qrceemg
Eating

% 0 i - Ty
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ADL functional status & Survival Leisure and ADL functional status —
(DOPPS) Physical Component Score (PCS) -DOPPS

> ~7,700 HD patients from 11 countries followed for 1.7 years A 10 point decline. o(i)nt_decline in PCS from SF-36 was associated
R WltzromO 32)5 % increased risk of death within a year (ignt et 1.

and 15% increased risk of hospitalisation (vapes et al. 2003)

Hazard ratios (95% CI) for Functional Status (FS) score and survival, by various levels of adjustment.

Model 1: Crude ~ Model 2: +age  Model 3: + demographics  Model 4: + comorbidities Model 5: +labs  Model 6:+ vascular access  Model 7: + cachexia

Functional Status (FS) score 346 Mapes et al: Quality of life a
FS<8 4.56 (3.80-547)  3.34(2.76-4.03) 363 (3.00-4.39) 265 (2.16-3.26) 246 (200-3.02) 246 (1.99-3.04) 237(1.92-2.94) Patlents Wlth PCS< 25
8§<FS<Il  262(220-3.11) 207(1.74-247, 2.23(1.87-2.66; 1.81(1.50-2.17, 1.69 (141-2.03) 1.70 (1.41-2.04 1.65 (1.38-1.99 A A
SESCIl 2EENII 207074240 (187260 (2h (1420 (420 (L had 93% increased risk of
11<FS<13 152(127-182) 1.33(1.11-1.60) 1.39 (1.16-1.67) 1.26 (1.06-1.51) 1.24(1.03-149) 1.24(1.04-149) 1.24(1.03-148) ~ .
@ dying
FS=13 1 (Ref.) 1 (Ref) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.) ;
g &
A]lmodclx stratified by connlry,anda.ccouming for facility clustering effects; Demographics: gender, black race, body mass index, years on dialysis; Comorbidities: listed in Table 2, Labs: serum albumin, g 560/0 increased risk Of
creatinine, phosphorus, hemoglobin, single pool Kt/V. kel . . .
g hospitalisation
=
Any level of functional dependency, irrespective of level of control of <
confounding factors, is significantly associated with higher risk of mortality -
<26 26-32 3338 39-46 >46 Mapes et al. (2003) Kidney Int:339-349

PHYSICAL | MEASUREMENT | END-POINTS | SEM, MDCso- CLINICAL COMMENTS
FUNCTION OUTCOMES ; 95, CV% ANCHORS FOR =
(when to terminate ” -
DOMAIN physical function testing) - RISK ST E P 3 T k
(unatto report hange i oweeds | SRATIFICATION & - 1ake a Ctl on
these limits) INTERPRETATION
(associated with worse . .
outcome) 1. >1ADL disability
2. Clinically low scores on physical function
Disability (Activities of Daily Living -ADLs) 3. “ready to change”
Physical Physical PCS<25 4. Stable health conditions
Component Component Score . "
Score (PCS) (0-100) 10 point * Composite score made up of a
from Short form decrease/increase range of perceived physical 1
36 Health in PCS (Mapes et al abilities for ADL and symptoms  —
(SFS:aSF)survey A0 Kojoht st 8. 2993) KDQOL also reports on a range 1.P d d /
-SF) or * _ . Provide written advice/exercise prescription

from Kidney ctsymptomsandbudsnlepeciic that prioritise “problem” areas or If none of the above but
Disease Quality DIk noy Cloess stable health conditions
of Life (KDQOL) hittps://www.rand.org/pubs/papers 2. Refer to community based specialist exercise

[P7994 htm| programme

* Normative data available
+ Widely used in the CKD i
population
1. Re-assess . .
DASI index (Hatky | Total score from 0- SEM: 3-3.95 SO ) ., . . 1 Pro"'d? general PA health advice/
etal. 1989) 58.2 .2(Clarke et al. * Al widely used in various chronic 2. Interpret/monitor progress information
. MDC: 8.5-9.2 2019) conditions and limited DASI, . et q : : . :
(Kurella et al. 2004, KATZ and BARTHEL data exist 3. Adjust prescription/advice or continue 2. written information about local PA
_ Hadfloannou et ol 2020) in CKD A, Fraviek faaalmdk opportunities and support networks

KATZ index (katz | Total score from 4: moderate o MEEmEncEs
etal. 1963) 0-6 impairment . g o celling e Y

higher functioning patients

?: seyere t * Extremely limited data exist on
impairmen test-retest reproducibility (Aiyegbusi ar iversity
e natrep ty (Aiyegousi Queen Margaret University Www.qmu.ac.uk
EDINBURGH
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