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Supplementary materials table S1. Framework to determine evidence of measure validity (predictive and/or

criterion)
Green (evidence of e Prediction of mortality and/or hospital admissions was statistically significant
validity) e Associations and agreement between measures (criterion validity) were
judged to be good or strong by study authors
Amber (unclear or e  Evidence of validity was mixed because:
inconsistent evidence o The frailty measure was tested against both outcomes (mortality
of validity) and hospital admission) but observed a significant association for
only one outcome
o Prediction was statistically significant for only some sub-groups (e.g.
age groups)
o Evidence of either, but not both, predictive or criterion validity was
demonstrated
o Evidence of predictive validity varied depending on when (e.g. 30
day) and where (e.g. hospital or ICU) mortality was measured, the
level of frailty tested (e.g. moderate or severe), or how the frailty
score was used (e.g. as continuous or binary)
o  Where individual components of the frailty measure were tested
and only some, not all, demonstrated predictive validity
e Only differences in mortality rates between frail and not frail were reported,
with no test of prediction
e Unclear reporting in the paper made it difficult to determine whether the
measure was intended to capture frailty or a different concept
e Associations and agreement between measures (criterion validity) were
judged to be fair or modest by study authors
Red (no evidence of e Prediction of mortality and/or hospital admissions was not statistically
validity) significant

e Data were not reported in the publication to verify a claim that the frailty
measure predicted mortality and/or hospital admissions
e  Associations and agreement between measures (criterion validity) were

judged to be poor or weak by study authors
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Supplementary materials table $2. Number of studies using frailty measures?®

Measure Number of
studies using
measure

Phenotype model (or variation of these criteria)® 137

Cumulative deficit model frailty indices® 88

CFS 14

Sarcopenia/muscle wasting/muscle size/sarco-osteopenia/morphemic values of 9

muscle (including in combination with weight and mobility)

Liver Frailty Index? 5

Short Physical Performance Battery 5

Hand grip 3

Walk Test 2

Groningen Frailty Indicator 2

Risk Analysis Index 2

Veterans Aging Cohort Study Index 2

Performance based frailty scale 1

Function Based Frailty scale 1

EQ-5D Item C 1

Comprehensive Frailty Assessment Instrument 1

Tilburg Frailty Indicator 1

Physical Performance Test 1

Blood levels of alanine amino transferase 1

Cervical Endocrine Surgery Risk Index 1

Edmonton Frail Scale 1

Physical Function Scale of SF36 1

Frailty Discriminant Score 1

Frailty Framework among Homeless and Vulnerable Populations 1

Frailty Framework among Vulnerable Populations 1

Morse Fall Risk Score 1

Chair stands 1

International Myeloma Working Group Frailty Score 1

Kidney Disease Quality of Life SF36 1

Frailty Risk Score 1

Composite score from CFS and Montreal Cognitive Assessment 1
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Frailty Questionnaire 1
Radiographic frailty markers 1
Vascular disease (CT scan) as indicator of frailty alongside other CT scan 1
indicators of frailty
Not reported 1

9Numbers are not mutually exclusive as some studies used more than one measure®Includes the FRAIL scale,
the Study of Osteoporotic Fractures Scale, the SHARE Frailty Instrument for Primary care, and the John Hopkins
Frailty Indicator, all of which use items that overlap with the phenotype model; “Includes frailty indices where
the number of index deficits varied between studies, the modified Frailty Indices (mFl 5 and 11 item versions),
the European Male Ageing Study Frailty Index, the Spinal Tumor Frailty Index, the Adult Spinal Deformity Frailty
Index, and the Systemic Lupus International Collaborating Clinics Frailty Index; “Although termed a frailty index,
the Liver Frailty Index is not based on the cumulative deficit model.
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Supplementary materials table S3. Summary of evidence of predictive validity for frailty measures in younger populations

Type of validity
PREDICTIVE (MORTALITY AND/OR

ADMISSION),
CRITERION(CORRELATION OR
AGREEMENT))
Sample size Sample age
Paper Mean/median (SD/IQR) Sample population
2333 Adult survivors of
Ness 2013 Mean: 33.6 (8.1) childhood cancer
812
Delgado 2015 Median: 52.0 (42-61) Chronic Kidney disease _
McAdams-DeMarco 605
2018 Mean: 53.7 (13.5) End-stage renal disease
370
Fitzpatrick 2019 Mean: 54.9 End stage renal disease _
569
Chu 2019 Mean: 51.7 (14.0) End stage renal disease _
1576
Bao 2012 Mean: 59.6 (14.2) End stage renal disease _
330
Makhani 2017 Mean: 58.0 (SD not reported, range 18-89) Generic surgery _
771
Johansen 2016 Mean: 57.1 (14.2) Haemodialysis _
727
Johansen 2019 Mean: 57.2 (14.2) Haemodialysis _
1658
Lee 2017 Mean: 55.2 (11.9) Dialysis
156
ha 2016 Means 53.0 (126, 13.0% Heartfaiure eRepicTvE MORTALTY)
Pamukcuoglu et al 117 Hemotopoietic cell
2019 Median: 59.0, range 40-73 transplant
6515
Akgun 2014 Mean: 47.6 (8.5) HIV
1016
Kelly 2019 Median: 51.0 (46.5) HIV
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Gustaffson 2017

Verheij 2020
McAdams-DeMarco
2013
McAdams-DeMarco
2015

Montgomery 2020
Singer 2018

Ravindrarajah 2013

Malmstrom 2014

Hope 2017
Singer 2015

Moayedi 2018
McAdams-DeMarco
2017

Joseph 2017

Rozenberg 2018

Johansen 2014
McDonagh 2020
St Vincent's Frailty
Measure (Fried
criteria)

1385

598

383

537

100

299

2929

998

95

395

201

663

75

221

771

131

Mean: 42.6 (8.8)
Median:

Robust: 51.5 (47.6-56.9)
Prefail: 53.3 (48.6-60.1)
Frail: 55.1 (49.7-60.0)

Mean: 53.5 (13.9)

Mean: 53.0 (14.0)
Mean: 59.0 (7.0)
Median: 59.0 (IQR: 50, 65)

Mean: 59.9 (10.8)
Mean: (at baseline according to tertile): 51.4
(1.1); 56.0 (1.5); 61.5, (2.0).

Mean: 57.1, (17.5)
Median: 59.0 (IQR: 50-64)

Mean: 53.8 (12.4)

Mean: 53.0 (13.9)

Mean: 58.0 (12.0)

Cohort 1 mean: 59.0 (9.0)

Cohort 2 mean: 55 (43-62)

Not frail: mean: 53.8 (14.4); self-report: mean:
57.6 (12.1); performance: 51.6 (15.8); self report
+ performance: mean 62.9, (13.0)

Mean: 54.0 (14.0)

HIV

HIV
Kidney transplant

Kidney transplant
Lung transplant

Lung Transplant

General population

General population

Critical illness/ICU

Lung Transplant

Heart failure

Kidney transplant

End-stage heart failure

Lung transplant

Haemodialysis

Heart Failure
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22 Cohort 2 mean 550 (90) _
Rozenberg 2018 Cohort 2 mean: 55.0 (SD not reported) Lung transplant
Erlandson 2012 Median: 50.8 (IQR: 47.7-55.7) HIV
Kane 2017 Mean: 40.3 (13.0) (under 65s group) syndrome

42953 Multiple means reported by sex and twin group. _
Li 2019 Reader referred to paper for further details. General population

998 Mean: (at baseline according to tertile): 51.4 _
Malmstrom 2014 (1.1); 56.0 (1.5); 61.5 (2.0). General population

Intellectual &

3034 developmental
McKenzie 2016 Mean: 53.9 (17.3) disabilities

1521 Grouped on frailty scores ranging from mean Myocardial infarction _
Myers 2014 52.0 (8.0) to mean 77.0 (6.0) survivors
Rockwood 2011 Mean: 44.0 (18.0) General population

SHARE: 57546;

YALE-PEP: 754; NSHS: mean: 48.1 (19.8)

NSHS: 3227 SHARE: mean: 64.2 (10.5)
Pena 2014 Yale-PEP: mean: 78.4 (5.3) General population
Jayanama 2018 2030 Mean: 46.6 (16.9) General population _
Hyde 2016 303 Range: 45-96 years, 53.8% aged <60 years General population _
Guaraldi 2017 7 Mean: 51.2 (6.9) HIV + Liver transplant _
Guaraldi 2015 Mean: 46.0 (8.0) HIV
Brothers 2017 %63 Mean: 46.8 (7.1) HIV _
Ravindrarajah 2013 Mean: 59.9 (10.8) General population
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Legge 2019
Systemic Lupus
International
Collaborating Clinics 1683 Systemic lupus
(SLICC)-FI Mean: 35.7 (13.3) erythematosus (SLE)
Blodgett 2017 (Lab 2888 .
and self report Fl) Mean: 49.4 (19.0) General population
Intellectual &

2893 developmental
Martin 2018 Mean: 49.5 (17.7) disabilities
Ahmed 2017
Spinal Tumour 6727
Frailty Index Median: 47, IQR: 28 - 61 Spinal tumour surgery

Adams 2013 6727 Mean: 54.7 (17.2), Head and neck surgery
132765
Akyar 2018 71.2% aged < 60 years Emergency surgery
Cytoreductive surgery
with intraoperative
hyperthermic
1171 intraperitoneal
Konstantinidis 2017 Median: 55.0, range 19-87 chemotherapy
10048 Radial pelvic surgery
McChesney 2020 Mean: 59.9 (5.3) patients
Brain haemorrhage -
angiogram-negative
75 subarachnoid
Mclntyre 2020 Mean: 55.4 (1.5) haemorrhages (ANSAH)
962913 Thoracoabdominal
Mosquera 2018 Mean: 53.8 (17.0) surgery patients
ACDF group — mean: 52.9 (SD not reported)
6965 PCF group — mean: 59.8 (SD not reported) Post Cervical Spinal
Shin 2017 Fusion
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10300
Louwers 2017 Mean: 59.0 (SD not reported) Hepatectomy patients

379 Lower extremity
Fang 2017 Mean: 59.0 (15.0) amputation
Brain haemorrhage -
aneurysmal
217 subarachnoid
Mclntyre 2019 Mean: 57.6 (1.0) haemorrhage (aSAH)
634 Traumatic spinal cord
Banasek 20 Mean: 50.3 (19.8) injury

24477 Post Arthroscopic
Traven 2020 Mean: 58.4 (SD note reported) Rotator Cuff Repair

2012 - 56.84 (16.76)

541485 2015 - 56.42 (16.85)
Subramaniam 2018 Post surgery (general)
97905

Balla 2019 Mean 55.9 (SD not reported) Ventral Hernia Repair

|

Courtwright 2018 Mean: 53.5 (14.1) Lung transplant
309
Lai 2016 Median: 59 (IQR 53-63) End-stage liver disease
719 Kidney transplant
Nastasi 2018 Mean: 51.6 (14.2) (recipients)
299
Singer 2018 Median: 59 (IQR: 50, 65) Lung Transplant
395
Singer 2015 Median: 59 (IQR: 50-64) Lung Transplant
359

Erlandson 2012 Median: 50.8 (IQR: 47.7-55.7)
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Not frail
Mean: 57.6 (18.1)
8110 Frail
Fernando 2019 Mean: 69.2 (12.2) Critical illness/ICU
197
Bagshaw 2016 Mean: 58.5 (4.1) Critical illness/ICU _
95
Hope 2017 Mean: 57.1 (17.5) Critical illness/ICU
Ney 2018 355
MoCA-CFS Mean: 55.9 (9.6) Cirrhosis
495
Kahlon 2015 67.3% aged under 60 years General population _
15238
Montgomery 2019 Mean: 58.0 (17.0) Critical illness/ICU _
2279
Hewitt 2019 Median: 54.0 (IQR: 36-72) Emergency surgery _
2541
Griffin 2018 Mean 50.2 (SD not reported) General population
With diabetes
Mean: 57.4 (4.4)
998 Without diabetes
Chode 2016 Mean: 55.9 (4.4) Diabetes
560,795
Chao 2018 Mean: 56.4 (13.8) Diabetes
Range 50-66. Mean age not reported but uses
10412 same cohort in another publication (same study
Susanto 2017 team) with a mean age of 52.5 years. General population
998
Malmstrom 2014 Range 49-65 General population _
Ravindrarajah 2013 2929
EMAS Frail Scale Mean: 59.9 (10.8) General population
Various analytic groups according to ADL
1586 difficult/dependency and frailty level, ranging
Morley 2012 from mean 56.1 (4.5) to 57.7 (3.9) General population
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Liver Frailty Index

1044
Lai 2019

536
Lai 2017

529
Lai 2018

1108

Haugen 2019b
SOF Frailty Scale and CHS Frailty Scale

998
Malmstrom 2014

John Hopkins Frailty Indicator

115317
Asemota 2019

Walk test

359
Erlandson 2012

Muscle mass/sarcopenia

36
Kelm 2016

333
Heberton 2016
Hand grip

72
Chung 2014
CERSI

Median: 57 (IQR 49-63)
Median: 58 (IQR 50-63)
Median: 58 (IQR 50-63)

Mean: 55.0 (10.0)

Mean: (at baseline according to tertile): 51.4
(1.1); 56.0 (1.5); 61.5 (2.0).

Frail

Mean: 57.1 (SD: 16.9)
Non-frail

Mean: 51.9 (15.8)

Median: 50.8, IQR: 47.7-55.7

Median 56 (IQR 49,62)

Sarcopenic (yes): Mean: 53.0 (14.0)
Sarcopenic (no): Mean 57.0 (14.0)

Mean 59.0 (2.0)

End-stage liver disease  PREDICTIVE (MORTALITY)

End-stage liver disease | PREDICTIVE (MORTALITY)
End-stage liver disease | PREDICTIVE (MORTALITY)

Liver transplant

PREDICTIVE (MORTALITY)

General population

Transphenoidal Pituary
Surgery

CRITERION (AGREEMENT WITH PHENOTYPE
CRITERIA AND THE SHORT PHYSICAL
HIV PERFORMANCE BATTERY)

Lung transplant

Left ventricular assist
device (LVAD)
implantation

PREDICTIVE (MORTALITY)

Heart failure PREDICTIVE (MORTALITY)
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154895 Mean: 56.1 (15.6) Thyroid & parathyroid
Mascarella 2020 surgery patients
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