Appendix 3: PROBAST assessment of all included studies.

Zhang et al

PROBAST
(Prediction model study Risk of Bias Assessment Tool)

published in Annals of Internal Medicine (freely available):
1. PROBAST: A Tool to Assess the Risk of Bias and Aggficabilig of Preciction Model Studies
2. PROBAST: A Tool to Assess Risk of Bias and Applicability of Prediction Model Studies: Explanation

and Elaboration

What does PROBAST assess?
PROBAST assesses both the risk of bias and concerns regarding applicability of a study that evaluates
(develops, validates or updates) a multivariable diagnostic or prognostic prediction model. It is designed to
assess primary studies included in a systematic review.

Bias occurs if systematic flaws or limitations in the design, conduct or analysis of a primary study distort the
results. For the purpose of prediction modelling studies, we have defined risk of bias to occur when

shortcomings in the study design, conduct or analysis lead to ically distorted of a model’s
predictive performance or to an inadequate model to address the research question. Model predictive
performance is typically eval d using calibration, discrimination and i ificati 3
and these are likely inaccurately estimated i studies with high risk of bias. Applicability refers to the extent
to which the prediction model from the primary study matches your sy ic review question, for I
in terms of the partici , predictors or of interest.

A primary study may include the development and/or validation or update of more than one prediction
model. A PROBAST assessment should be completed for each distinct model that is developed, validated or
updated (extended) for making dividualised predicti Where a p ion assesses multiple prediction
models, only a PROBAST for those models that meet the inclusion criteria for
systematic review. Please note that subsequent use of the term “model” includes derivatives of mo

| as simplified risk scores, nomograms, or reiz!lbra!ions of models. 1 RGeS

PBQQAST is not designed for all multivariable diagnostic of prognostic studie
e y ssociated with an ¥
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Appendix 3: PROBAST assessment of all included studies.


Intended use of model:
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Describe the sources of data and criteria for participant selection:
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2 | Dev | val
1.1 Were appropriate data sources used, e.g. cohort, RCT or nested case-control study
data? g y )/
1.2 Were all inclusions and exclusions of participants appropriate? - Y \/
Risk of bias i d by sel of par RISK:
" (low/ high/ unclear) [ (%4 /o"" y
Rationale of bias rating:

Concern that the included parti and,sgﬁing dg not match | CONCERN:

the review question y | (low/high/ uncle&r)
Rationale of applicability rating: e
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List and describe predictors included in the final model,
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"2.2: Blinded to the outcome"

r lmlng fpredic:ors in CONCERN:
the model do not match the review question (low/ high/ unclear)

5 Dev | Val
2.1 Were predictors defined and assessed in a similar way for all participarts? Yy Y
2.2 Were predictor assessments made without knowledge of outcome data? M A
2.3 Are all predictors available at the time the model is intended to be used? y Y
Risk of bias introd by pred or their a RISK:
(low/ high/ unclear) low [M
Rationale of bias rating:

Rationale of applicability rating: &
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Describe the outcome, how
and d
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3.1 Was the outcome determined appropriately?
3.2 Was a pre-specified or standard outcome definition used?
3.3 Were pred from the definition? ¥
3.4 Was the defined and d d in a similar way for all participants?
.5 Was the outcome determined without k ledge of pi f

Was the time interval b 2 di sessment and me deter
‘appropriate? X g
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Describe how the model was developed (for example in regards to modelllng tedmlque (&ﬂ- Survival or
logistic modelling), predictor selection, and risk group definition):
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Describe whether and how the model was validt either i ly (e.g. b
(e.g.

: diﬁemnt type of parﬂc!pants):




Step 4: Overall assessment
Use the following tables to reach overall judgements.
of the prediction model ion (developm d/or
Complete for each evaluation of

adistinct model.

Low risk of bias | If all domains were rated low ri
- | If a prediction model was devel

very large data set and included some foi
; least one domain is judged to be at hi
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Step 3: Assess risk of bias and applicability 3 = b
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Step 2: Classify the type of prediction model evaluation

Use the following table to classify the eval as model di model or model update,
or bination. Different signalli ions apply for different types of prediction model evaluation. If the
evaluation does not fit one of these classifications then PROBAST should not be used.

Type of PROBAST boxes | Tick as Definition for type of prediction model study

prediction study | to appropriate X

Devel D Prediction mddel development without external

only valldatlan These studies may include internal

hods, such as b and

cross-validation techniques.

Devel Devel Predi model devels bined with

and validation and validation )( external validation in other participants in the same
article.

Validation only Validation ‘| External validation of existing (previously
developed) model in other participants.

This table should be completed once for each publication being assessed and for each relevant outcome in
your review.

Publication reference 2hany 21 R
Models of interest All machiné leaming n odels 5 & 2 2GE =3
Outcome of interest | MCID !

PROBAST is structured as four key domains. Each domain is judged for risk of bias (low, hlgh or uncleer) and
to help make . Signalling questions are rated as yes (Y), probably yes
(PY), probably no (PN), no (N) or no information (NI). All signalling questions are phrased so that “yes”

f bias. Any signalli on rated as “no” or “probably no' ﬂagsthe "forbias

i




Katakam et al

PROBAST
(Prediction model study Risk of Bias Assessment Tool)

published in Annals of Internal Medicine (freely available):

1. PROBAST: A Tool to Assess the Risk of Bias and Applicability of Preciction Model Studies
2. PROBAST: A Tool to Assess Risk of Bias and Applicability of Prediction Model Studies: Explanation

and Elaboration

What does PROBAST assess?
PROBAST assesses both the risk of bias and concerns regarding applicability of a study that evaluates
(develops, validates or updates) a multivariable diagnostic or prognostic prediction model. It is designed to
assess primary studies included in a systematic review.

Bias occurs if systematic flaws or limitations in the design, conduct or analysis of a primary study distort the 4
results. For the purpose of prediction modelling studies, we have defined risk of bias to occur when
shortcomings in the study design, conduct or analysis lead to ically distorted of a model’s
predictive performance or to an inadequate model to address the research question. Model predictive
performance is typically eval d using calibration, discrimination and i ificati 3
and these are likely inaccurately estimated i studies with high risk of bias. Applicability refers to the extent
to which the prediction model from the primary study matches your sy ic review question, for I < & i
in terms of the partici , predictors or of interest. §i }

A primary study may include the development and/or validation or update of more than one prediction
model. A PROBAST assessment should be completed for each distinct model that is developed, validated or
updated ( ded) for making individualised predicti Where a p ati multiple prediction i
models, only complete a PROBAST assessment for those models that meet the inclusion criteria for your
systematic review. Please note that subsequent use of the term “model” includes derivative dels, suc
as simplified risk scores, nomograms, or rgé!lbrations of models. z
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 clinical examinatiol




Step 2: Classify the type of prediction model evaluation
Use the following table to classify the as model devel model valid or model update,

or ion. Different signalli ions apply for different types of prediction model evaluation. If the
evaluation does not fit one of these classifications then PROBAST should not be used.

Type of PROBAST boxes | Tick as -| Definition for type of prediction model study

prediction study | to complete appropriate Y

Development Development Prediction model development without external

only validation. These studies may include internal

lidati such as b pping and

cross-validation techniques.

Development Development I Prediction model development combined with

and validation and validation )( external validation in other participants in the same
article.”

Validation only Validation External validation of existing (previously
developed) model in other participants.

This table should be completed once for each publication being assessed and for each relevant outcome in

3 your review.
Publication reference | Katakam 2021
Models of interest All machine learning models
Outcome of interest [ MCID

- Step 3: Assess risk of bias and applicability
PROBAST is structured as four key domains. Each domain is judged for risk of bias (low, high or unclear) and
ignalli to help make jud i i ions are rated as yes (Y), probably yes

gﬁ(probably no (PN), no (N) or no inforriation (NI). All signalling questions are phrased so that “yes”

5 s ab f bias. Any signalli ion rated as “no”,or “probably no” flags the potential for bias;

eed to use your judgement to determine whether the doma.in should be rated as “high”, “low” or
isk of bias. The guidance document contains further i ions and on rating

n ,{/f  risk of bias for each domain. £

h mains are also rated for concerns regarding applicability (low/ high/ unclear) to your review
bove. -

ins separately for each evaluation of a distinct model. Shaded boxes indicate where

s apply and should not be answered.




Describe the sources of data and criteria for participant selection:

<2 awdtmde ptical conkm & 3 Clmmnvl)é idteal conter
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1.1 Were appropriate data sources used, e.g. cohort, RCT or nested case-control study

data? i
1.2 Were all incli and exclusions of participants appropriate? .
Risk of bias d by sels of partici d 4 RISK:

(low/ high/ unclear)

Rationale of bias rating:

Rebospachi Gul (1l Am// 5

Describe included parinrs, setting and dut: ;

ncern lh:\t the included participants and setting -do not match ~ CONCERN:
question TG

(low/ high/ unclear)

5
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2.1 Were predictors defined and assessed in a similar way for all participants?

2.2 Were predictor made without knowledge of outcome data?
2.3 Areall predictors available at the time the model is intended to be used?
Risk of bias Juced by pre or their asse n e RISK:
. : (low/ high/ unclear)

Rationale of bias rating: Ve : o
"2.2: Blinded to the outcome”
t o bk by thi shady sel

PP o
| Concern that the di

the model do not match the review question
Xﬂatfc‘mulg of nppllcalgjllty rating:
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Describe the outcome, how it was deﬁe a determined, “and the time interval between predictor

and
-y vhehdd)
~ Ync: Ayear i 3 :

brs D/'.lM{lel’h }INH( S

3.1 Was the outcome determined appropriately? .

3.2 Wasa pre- fied or standard finition used? 5%

3.3 Were predi luded from the Jefinition?

3.4 Was the outcome defined and determined in a similar way for all partizipants?

3.5 Was the outcome determined without k ledge of predi mation?

3.6 Was the time interval b predictor and deter
appropriate? 3 :

Risk of bias introduced by the or its determil RISK:

= i (low/ high/ unclear)

Rationale of bias rating:
G ettt
bww"f] lhe ouboms B nltveat At j

| B. Applicability Siri%e
At what time point was the outcome determined:

Ayear

outcome was used, describe the relative

CONCERN:
' (low/ high/ unclear)




Describe numbers of participants, number of candidate predictors, outcome events and events per candidate
predictor: % A

Fuq 24 6,

Describe how the model was developed (for example in regards to modelling technique (e.g. survival or

logistic modelling), p lection, and risk group

Hy/,,/,,,,m/{, /,W,,j /7 CU. RF Leahne Leddechsn-
Describe whether and how the model was either (e.g. b pping, cross
random split sample) or lly (e.q. poral validation, g graphical validation, different setting,
different type of participants): A

Cv
Describe the performance measures of the model, e.g. (
benefit, and whether they were adjusted for optimism:

discrimination, (r ification, net

AN, abbahen , By Diorc

Describe any participants who were excluded from the analysis: 3

NP n, Lo s M/WM

Describe missing data on p and as well as used for missing data:

/ﬁu[/v/d, dn/ whnhen < 30/ ] . 3

‘ere there a reasonable numbeér of participants with the outcome?

~Were il and ical predi handled appropriately?
all enrolled participants included in the analysis?

t h missing data handled appropriately?

of predictors based on univariable analysis avoided?

the data (e.g. ing, comy risks, sampling of Is)

NN

\ b d appropri Y
imism in model performance accounted for?
g‘l§hts in the final model correspond to the results |
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RISK: A [
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Step 4: Overall assessment P . x
Use the following tables to reach overall judgements about risk of bias and concerns regarding applicability
of the prediction model evall and/or ion) across all d

Complete for each evaluation of a distinct model.

ut risk of bias of th

If all domains were rated low risk of bias.

If a prediction model was developed without any external validation, and it was rated |
as low risk of bias for all domains, consider downgrading to high risk of bias. Such a |
model can only be considered as low risk of bias, if the development was based on a |
very large data set and included some'form of internal validation.
High risk of bias | If at least one domain is judged to be at high risk of bias.

bias other domains. :

If low concerns regarding for all

Unclear risk of If an unclear risk of bias was noted in at least one domain and it was low risk for all |

the p model
applicability ion is judged to have low applicability.
High concerns regarding | If high concerns regarding applicability for at least one domain, the prediction
applicability model evaluation is judged to have high concerns regarding applicability.
Unclear concerns If unclear concerns (but no “high concern”) regarding applicability for at least |
regarding applicability one domain, the prediction model evaluation is judged to have unclear
g di ility overall. e e K




Fontana et al

PROBAST

(Prediction model study Risk Of Bias Assessment Tool)

Published in Annals of Internal Medicine (freely available):
1. PROBAST: A Tool to Assess the Risk of Bias and Applicability of Prediction Model Studies
2. PROBAST: A Tool to Assess Risk of Bias and Applicability of Prediction Model Studies: Explanation

and Elaboration

What does PROBAST assess?

PROBAST assesses both the risk of bias and concerns regarding applicability of a study that evaluates
(develops, validates or updates) a multivariable diagnostic or prognostic prediction model. It is designed to
assess primary studies included in a systematic review.

Bias occurs if systematic flaws or limitations in the design, conduct or analysis of a primary study distort the
results. For the purpose of prediction modelling studies, we have defined risk of bias to occur when
shortcomings in the study design, conduct or analysis lead to systematically distorted estimates of a model’s
predictive performance or to an inadequate model to address the research question. Model predictive
performance is typically evaluated using calibration, discrimination and sometimes classification measures,
and these are likely inaccurately estimated in studies with high risk of bias. Applicability refers to the extent
to which the prediction model from the primary study matches your ic review tion, for pls
in terms of the participants, predictors or outcome of interest.

A primary study may include the development and/or validation or update of more than one prediction
model. A PROBAST assessment should be completed for each distinct model that is developed, validated or
updated ( ded) for making indivi ised predictions. Where a publication assesses multiple prediction
models, only complete a PROBAST assessment for those models that meet the inclusion criteria for your
systematic review. Please note that subsequent use of the term “model” includes derivatives of models, such
as simplified risk scores, nomograms, or recalibrations of models.

PROBAST is not designed for all multivariable diagnostic or prognostic studies. For example, studies using
multivariable models to identify predictors associated with an outcome but not attempting to develop a
model for making individualised predictions are not covered by PROBAST.

PROBAST includes four steps.

_ | Whento complete 3
Once per systematic review

4
systematic

your
2 Classify the type of prediction model | Once for each model of interest in each publication
evaluation being assessed, for each relevant outcome
3 Assess risk of bias and applicability Once for each development and validation of each
distinct prediction model in a publication
4 Overall judgment Once for each development and validation of each

distinct prediction model in a publication

If this is your first time using PROBAST, we strongly recommend reading the detailed explanation and
elaboration (E&E, see link above) paper and to check the examples on www.probast.org

PROBAST - Version of 15/05/2019 - Page 1
For more information, please see www.probast.org


Fontana et al


Step 1: Specify your systematic review question

State your systematic review question to facilitate the assessment of the applicability of the evaluated models

to your question. The following table should be completed once per systematic review.

Intended use of model:

Participants including
selection criteria and setting:

All patients undergoing total knee or hip arthroplasty

Predictors (used in prediction
modelling), including types of
predictors (e.g. history,
clinical examination,
biochemical markers, imaging
tests), time of measurement,
specific measurement issues
(e.g., any requirements/
prohibitions for specialized
equipment):

Al that are available to the Researchers prior to surgery

Outcome to be predicted:

Whether patients achieve a PROMs MCID or not (classification)

PROBAST - Version of 15/05/2019 - Page 2

For more information, please see www.probast.org




Step 2: Classify the type of prediction model evaluation

Use the following table to classify the evaluation as model model validation or model update,
or ination. Different signalli apply for di types of prediction model evaluation. If the
evaluation does not fit one of these classifications then PROBAST should not be used.

a0

Classify the evaluationbased onitsaim 11 R -
Type of PROBAST boxes | Tick as Definition for type of prediction model study

prediction study | to complete appropriate
Develop: D Prediction model development without external
only. validation. These studies may include internal

validation methods, such as bootstrapping and
cross-validation techniques.

Development Development Prediction model development combined with

and validation and validation X external validation in other participants in the same
article.

Validation only Validation External validation of existing (previously

developed) model in other participants.

This table should be completed once for each publication being assessed and for each relevant outcome in
your review.

Publication reference | Fy,lpna et aC 20419

Models of interest All machine leaming models

Outcome of interest | MCID

Step 3: Assess risk of bias and applicability

PROBAST is structured as four key domains. Each domain is judged for risk of bias (low, high or unclear) and
includes signalli to help make jud ignalling are rated as yes (Y), probably yes
(PY), probably no (PN), no (N) or no information (NI). All signalling questions are phrased so that “yes”
indicates absence of bias. Any signalling question rated as “no” or “probably no” flags the potential for bias;
you will need to use your judgement to determine whether the domain should be rated as “high”, “low” or
“unclear” risk of bias. The guidance document contains further instructions and examples on rating signalling
questions and risk of bias for each domain.

The first three domains are also rated for concerns regarding applicability (low/ high/ unclear) to your review
question defined above.

Complete all d i P ly for each ion of a distinct model. Shaded boxes indicate where
signalling questions do not apply and should not be answered.

PROBAST - Version of 15/05/2019 ~ Page 3
For more information, please see www.probast.org




Describe the sources of data and criteria for participant selection:

-f/-\Jb. AIJ‘\ vebwae IQIHM;IA
T TIA pabents whe rc;-./d/u( ’?y /;/['lv ay

Dev Val
1.1 Were appropriate data sources used, e.g. cohort, RCT or nested case-control study 147 PY
data?
1.2 Were all inclusions and exclusions of participants appropriate? ¥ Y
Risk of bias introduced by selection of participants .RISK: <PN Lo
(low/ high/ unclear)
Rationale of bias rating:
)

Selulirn wrs wpsennlde .

'B. Applicability. R

Describe included participants, setting and dates:

See A ; 200%- 2042

Concern that the included participants and setting do not match CONCERN:
the review question (low/ high/ unclear)

loy

J(w

Rationale of applicability rating:

PROBAST — Version of 15/05/2019 — Page 4
For more information, please see www.probast.org




Dom/

A.

List and describe predictors included in the final model, e.g. definition and timing of assessment:

~ Gefore s )
~ 266 pribelers ‘l[h\- Soyes ﬁé/hﬁé@ n midh (4

Dev val
2.1 Were predictors defined and assessed in a similar way for all participants? Y ¥
2.2 Were predictor assessments made without knowledge of outcome data? Y
2.3 Are all predictors available at the time the model is intended to be used? Y Vi
Risk of bias introduced by i or their RISK:

(low/ high/ unclear) /0 W /0bv

Rationale of bias rating:

~ Sawe pafiher dbondraben for 0l vulismmes

< A ythichs  are padlibhd. pe- tueqey
B. Applicability 3 .

CONCERN:
(low/ high/ unclear)

Concern that the definition, assessment or timing of predictors in
the model do not match the review question

l(ﬂu ‘/lw

Rationale of applicability rating:

tilichrs  aomlpdl Ackec gty nud  Vharehore A;/hf’é@‘fk//

PROBAST - Version of 15/05/2019 - Page 5
For more information, please see www.probast.org




A.Riskof Bias

Describe the outcome, how it was defined and determined, and the time interval between predictor
and inatic

Mcp, m‘u- and 44)5:47144’14 éﬂﬂ(

3.1 Was the outcome determined appropriately?

3.2 Was a pre-specified or standard outcome definition used?

3.3 Were predictors excluded from the outcome definition?

3.4 Was the outcome defined and determined in a similar way for all participants?

R x|x
ROSR X

3.5 Wasthe | ined without k ledge of predictor information?

3.6 Was the time interval b predictor and determinati
v Py |py
ppropriate?

Risk of bias il by the or its di inati RISK: / (
(low/ high/ unclear) ow ow

Rationale of bias rating:

menn [7 nakis ,é[pndu( Wk Yo onleopm PREM yalin,

B. Applicability

At what time point was the outcome determined:

fre = amd /lf; J'W.

If a composite outcome was used, describe the relative fr istribution of each contributing outcome:

CONCERN:

Concern that the outcome, its definition, timing or /'
(low/ high/ unclear) @

determination do not match the review question

/ on

Rationale of applicability rating:

onbans  dhnid  ag :u”a/r/ in Vi g s intbomsoe crlbla.

PROBAST - Version of 15/05/2019 - Page 6
For more information, please see www.probast.org




N 4: Analysi M
Risk of Bias

Describe numbers of participants, number of candidate predictors, outcome events and events per candidate
predictor:

- 6470 TA £ 3222 THA ~ EUP > 100
< A7 pabdyer (canddnbe)

Describe how the model was developed (for example in regards to modelling technique (e.g. survival or

logistic P ion, and risk group definition):

~ M (eabue  eelechon

Describe whether and how the model was either i ly (e.g. b pping, cross
random split sample) or (e.g. poral validati phical validation, different setting,
different type of participants):

~BS HUd cVoon broindy dobasel (20X of fobal nbn)

Describe the performance measures of the model, e.g. (re)calibration, discrimination, (re)classification, net
benefit, and whether they were adjusted for optimism:

- Auc

~ el ablon

Describe any participants who were excluded from the analysis:

2 {'”'/W Lellow - or

1

Describe missing data on predictors and outcomes as well as methods used for missing data:
7 ’M/'J*//& lo tow parae C non- cobemodal  valun) .

= Sejrph  cakeqomy Lps  onuiay i ol sednl vaclrbls.
i Jiih % 4 Dev Val
4.1 Were there a reasonable number of participants with the outcome? Y s
4.2 Were continuous and categorical predictors handled appropriately? y y
4.3 Were all enrolled participants included in the analysis? y y
4.4 Were participants with missing data handled appropriately? PY
4.5 Was selection of predictors based on univariable analysis avoided? v
4.6 Were complexities in the data (e.g. censoring, competing risks, sampling of controls)
accounted for appropriately? y )’
4.7 Were relevant model performance measures evaluated appropriately? Y
4.8 Were model overfitting and optimism in model performance accounted for? y
4.9 Do predictors and their assigned weights in the final model correspond to the results
from multivariable analysis? Py
Risk of bias introduced by the analysis RISK:
(low/ high/ unclear) {’“ lO w

Rationale of bias rating:

Evp > 400,' 00/‘ P~ M /’J[ ;77‘7 )I'/,l/ft N/’é/

PROBAST ~ Version of 15/05/2019 — Page 7
For more information, please see www.probast.org




Step 4: Overall assessment
Use the following tables to reach overall judgements about risk of bias and concerns regarding applicability
and/or validation) across all d d i

of the prediction model

(¢
Complete for each evaluation of a distinct model.

If all domains were rated low risk of bias.
If a prediction model was developed without any external validation, and it was rated
as low risk of bias for all domains, consider downgrading to high risk of bias. Such a
model can only be considered as low risk of bias, if the development was based on a
very large data set and included some form of internal validation.

High risk of bias | If at least one domain is judged to be at high risk of bias.

Unclear risk of If an unclear risk of bias was noted in at least one domain and it was low risk for all

bias other domains.

ati

{ 2 Ll ool §
Low concerns regarding | If low concerns regarding icability for all the prediction model
applicability evaluation is judged to have low concerns regarding applicability.

High concerns regarding | If high concerns regarding applicability for at least one domain, the prediction
applicability model evaluation is judged to have high concerns regarding applicability.
Unclear concerns If unclear concerns (but no “high concern”) regarding applicability for at least

regarding applicability one domain, the prediction model evaluation is judged to have unclear
concerns regarding applicability overall.

Overall judgement of risk of bias

Summary of sources of potential bias:

Overall judgement of applicability CONCERN:

(low/ high/ unclear) ( onw

Summary of applicability concerns:

PROBAST — Version of 15/05/2019 - Page 8
For more information, please see www.probast.org




Huber et al

‘ PROBAST

| (Prediction model study Risk Of Bias Assessment Tool)

| Published in Annals of Internal Medicine (freely available):
| 1. PROBAST: A Tool to Assess the Risk of Bias and Applicability of Prediction Model Studies

! 2. PROBAST: A Tool to Assess Risk of Bias and Applicability of Prediction Model Studies: Explanation
and Elaboration

What does PROBAST assess?

PROBAST assesses both the risk of bias and concerns regarding applicability of a study that evaluates
(develops, validates or updates) a multivariable diagnostic or prognostic prediction model. It is designed to
assess primary studies included in a systematic review. j

Bias occurs if systematic flaws or limitations in the design, conduct or analysis of a primary study distort the
results. For the purpose of prediction modelling studies, we have defined risk of bias to occur when
shortcomings in the study design, conduct or analysis lead to systematically distorted estimates of a model’s
predictive performance or to an inadequate model to address the research question. Model predictive
performance is typically evaluated using calibration, discrimination and sometimes classification measures,
and these are likely inaccurately estimated in studies with high risk of bias. Applicability refers to the extent
to which the prediction model from the primary study matches your ic review ion, for pls
in terms of the participants, predictors or outcome of interest.

A primary study may include the development and/or validation or update of more than one prediction
model. A PROBAST assessment should be completed for each distinct model that is developed, validated or
updated (; ded) for making individualised predicti Where a publication assesses multiple prediction
models, only complete a PROBAST assessment for those models that meet the inclusion criteria for your
systematic review. Please note that subsequent use of the term “model” includes derivatives of models, such
as simplified risk scores, nomograms, or recalibrations of models.

PROBAST is not designed for all multivariable diagnostic or prognostic studies. For example, studies using
multivariable models to identify predictors i with an but not at ing to develop a
model for making individualised predictions are not covered by PROBAST.

PROBAST includes four steps.

1 Specify  your  systema Once per systematic review
i 2! Classify the type of prediction model | Once for each model of interest in each publication
| evaluation being assessed, for each relevant outcome
i 3 Assess risk of bias and applicability Once for each development and validation of each
B distinct prediction model in a publication
M 4 Overall judgment Once for each development and validation of each
}( distinct prediction model in a publication

If this is your first time using PROBAST, we strongly recommend reading the detailed explanation and
elaboration (E&E, see link above) paper and to check the examples on www.probast.org

PROBAST - Version of 15/05/2019 - Page 1
For more information, please see www.probast.org
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Step 2: Classify the type of prediction model evaluation

Use the following table to classify the evaluation as model development, model validation or model update,
or combination. Different signalling questions apply for different types of prediction model evaluation. If the
evaluation does not fit one of these classifications then PROBAST should not be used.

o] 2
Type of PROBAST boxes | Tick as Definition for type of pres n model study
prediction study | to complete appropriate
Development Development Prediction model development without external
only validation. These studies may include internal

validation methods, such as bootstrapping and
cross-validation techniques.

Development Development Prediction model development combined with

and validation and validation )( external validation in other participants in the same
article. X

Validation only Validation External validation of existing (previously

developed) model in other participants.

This table should be completed once for each publication being assessed and for each relevant outcome in

your review.

Publication reference Huabe eb aC
Maodels of interest All machine learning models
Outcome of interest | MCID

Step 3: Assess risk of bias and applicability

PROBAST is structured as four key domains. Each domain is judged for risk of bias (low, high or unclear) and
includes signalling questions to help make judgements. Signalling questions are rated as yes (Y), probably yes
(PY), probably no (PN), no (N) or no information (NI). All signalling questions are phrased so that “yes”
indicates absence of bias. Any signalling question rated as “no” or “probably no” flags the potential for bias;
you will need to use your judgement to determine whether the domain should be rated as “high”, “low” or
“unclear” risk of bias. The guidance document contains further instructions and examples on rating signalling
questions and risk of bias for each domain.

The first three domains are also rated for concerns regarding applicability (low/ high/ unclear) to your review
question defined above.

Complete all domains separately for each evaluation of a distinct model. Shaded boxes indicate where
signalling questions do not apply and should not be answered.

PROBAST - Version of 15/05/2019 — Page 3
For more information, please see www.probast.org
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escribe the outcome, how it was defined and determined, and the time interval between predictor
and inati

Avchor le m//lm//m Vel i M D

TI‘M ‘}:n[p—mi['. =l yf’,‘"

3.1 Was the outcome determined appropriately? I X
3.2 Was a pre-specified or standard outcome definition used? ¥ dl \
3.3 Were predictors excl from the definiti )4 NS
3.4 Was the outcome defined and determined in a similar way for all participants? ¥ i
3.5 Was the d ined without k ge of predictor i N W
3.6 Was the time interval b predictor and d )/
appropriate? i 4 y
Risk of bias in ed by the orits i RISK: ( (
o (low/ high/ unclear) |0 0
Rationale of bias rating: 20D
33 and V.8 Ae mbidh o dbe ,u/k_ ol Nburiboe o
T R R i
At what time point was the outcome determined: ¢
W
If a composite outcome was used, describe the relative fr istribution of each c ibuting 3
i
| Concern that the outcome, its definition, timing or CCONCERN: ! /
i do not match the review question (low/ high/ unclear) G || (G

Rationale of applicability rating:
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For more information, please see www.probast.org
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Describe of par number of candi predictors, events and events per candidate

dictor:
B T0 24 (g ) Ta, 10 CThA T CPs, Evp > 70

Describe how the model was developed (for example in regards to modelling technique (e.g. survival or
logistic modelling), predictor selection, and risk group definition):

M motls

Describe whether and how the model was valic either i lly (e.g. b pping, cross
random split sample) or (e.g. temporal validation, g phical validation, different setting,
different type of participants):

@l s tet dnkn M/Mw/%

Describe the performance measures of the model, e.g. (re)calibration, discrimination, (re)classification, net
benefit, and whether they were adjusted for optimism: )

7-stbihe ﬁ‘"""") T W cnllheallen

Describe any participants who were excluded from the analysis:

‘/é( l"JJ‘:? yahss

Describe missing data on predictors and outcomes as well as methods used for missing data:

Revorl oA L M Ur

4.1 Were there a reasonable number of participants with the outcome?

4.2 Were continuous and categorical predictors handled appropriately?

4.3 Were all enrolled participants included in the analysis?

4.4 Were participants with missing data handled appropriately?

4.5 Was selection of predictors based on univariable analysis avoided?

4.6 Were complexities in the data (e.g. censoring, c ing risks,
accounted for appropriately?

Y
4.7 Were relevant model performance measures evaluated appropriately? P A
4.8 Were model overfitting and optimism in model performance accounted for? )4
4.9 Do predictors and their assigned weights in the final model correspond to the results

from multivariable analysis? 7

Risk of bias introduced by the analysis RISK: N
(low/ high/ unclear) hg A bjl\

Rationale of bias rating:

4Fr a3, u.h, ¥

PROBAST - Version of 15/05/2019 — Page 7
For more information, please see www.probast.org




Step 4: Overall assessment
Use the following tables to reach overall judgements about risk of bias and concerns regarding applicability
of the prediction model evaluati and/or validation) across all d d

Complete for each evaluation of a distinct model.

eaching he

Ifall domains were rated low risk of bias.

If a prediction model was developed without any external validation, and it was rated
as low risk of bias for all domains, consider downgrading to high risk of bias. Such a
model can only be considered as low risk of bias, if the development was based on a
very large data set and included some form of internal validation.

High risk of bias | If at least one domain is judged to be at high risk of bias.

Unclear risk of If an unclear risk of bias was noted in at least one domain and it was low risk for all
bias other domains.

Low risk of bias

w concerns regarding

If low concerns regarding applicability for all domains, the prediction model
applicability evaluation is judged to have low concerns regarding applicability.
High concerns regarding | If high concerns regarding applicability for at least one domain, the prediction
licability model evaluation is judged to have high concerns regarding applicability.
Unclear concerns If unclear concerns (but no “high concern”) regarding applicability for at least
regarding applicability one domain, the prediction model evaluation is judged to have unclear :
concerns regarding applicability overall.

- RISK:

overal .
(low/ high/ unclear)

Summary of sources of potential bias:

'CONCERN:
| oWiliatunelear) 3| 0 00

> : PROBAST - Version of 15/05/2019 - Page 8
n For more information, please see www.probast.org
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PROBAST
(Prediction model study Risk Of Bias Assessment Tool)

What does PROBAST assess?
PROBAST assesses both the risk of bias and concerns regarding applicability of a study that evaluates
(develops, validates or updates) a multivari: or progn di model. It is designed to

assess primary studies included in a systematic review.

Bias occurs if systematic flaws or limitations in the design, conduct or analysis of a primary study distort the
results. For the purpose of prediction modelling studies, we have defined risk of bias to occur when
shortcomings in the study design, conduct or analysis lead to systematically distorted estimates of a model’s
d per or to an if model to address the research question. Model predictive
is typically evaluated using calibratit iscrimination and classification measures,
and these are likely inaccurately estimated in studies with high risk of bias. Applicability refers to the extent
o which the prediction model from the primary study matches your systematic review question, for example
in terms of the participants, predictors or outcome of interest.

A primary study may include the development and/or validation or update of more than one prediction
model. A PROBAST assessment should be completed for each distinct model that is developed, validated or
updated (. for making individualised predictions. Where a publication assesses multiple prediction
models, only complete a PROBAST assessment for those models that meet the inclusion criteria for your
systematic review. Please note that subsequent use of the term “model” includes derivatives of models, such
as simplified risk scores, nomograms, or recalibrations of models.

PROBAST is not designed for all multivari di ic or p ic studies. For example, studies using
multivariable models to identify predictors associated with an outcome but not attempting to develop a
‘model for making individualised predictions are not covered by PROBAST.

PROBAST includes four steps.

Specify your systematic review | Once per systematic review
question(s)
Classify the type of prediction model

Once for each model of interest in each publication

being assessed, for each relevant outcome

Assess risk of bias and applicability Once for each development and validation of each
distinct prediction model in a publication B

Overall judgment Once for each development and validation

distinct prediction model in a publicati

ation (E&E, see link above) paper and to check the examples

5
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step 1:5p
'Stz;g,
to

o

of the applicability of the models

Prediction of MCIDs in PROMs for patients undergoing TKAITHA

Al patients undergoing total knee or hip arthroplasty

All that are available to the Researchers prior to surgery




Step 2: Classify the type of prediction model evaluation
Use the following table to classify the evaluation as model devel model validation or model update,
or combii

Different signalli ions apply for different types of prediction model evaluation. If the
evaluation does not fit one of these classifications then PROBAST should not be used.

i A

2250 QIR DA AR SNSRIy e
PROBAST boxes | Tick as Definition for type of prediction model study
study | to i ¥

Development Development Prediction model development without external

only X validation. These studies may include internal
validation methods, such as bootstrapping and
cross-validation techniques.

Development Development Prediction model development combined with

and validation and validation external validation in other participants in the same
article.

Validation only Validation External validation of existing (previously

) model in other p:

This table should be ¢ once for each ication being assessed and for each relevant outcome in

your review.

Publication reference H At et al

Models of interest All machine leamning models

Outcome of interest | MCID

Step 3: Assess risk of bias and applicability

PROBAST is structured as four key domains. Each domain is judged for risk of bias (low, high or unclear) and
includes sij i ions to help make jud ignalli are rated as yes (Y), probably yes
(PY), probably no (PN), no (N) or no infc ion (NI). All signalli ions are phrased so that “yes”
indicates absence of bias. Any signalling question rated as “no” or “probably no” flags the potential for bias;
you will need to use your judgement to determine whether the domain should be rated as “high”, “low” or
“unclear” risk of bias. The guidance document contains further i ions and les on rating si
questions and risk of bias for each domain.

The first three domains are also rated for concerns regarding applicability (low/ high/ unclear) to your review
question defined above.

Complete all domains separately for each evaluation of a distinct model. Shaded boxes indicate where
signalling questions do not apply and should not be answered.

PROBAST - Version of 15/05/2019 - Page 3
For more information, please see www.|







Were defined and a y

" Ladr A
2 Were predictor assessments made without knowledge of outcome data?

3 Are all predictors available at the time the model is intended to be

sk of bias introduced by pred

ncern that the definition, assessment or timir
model do not match the review question
ationale of applicability ratin

Tioniy b ,,go/j, Lt




Describe the outcome, how it was eﬁed and deterined, and the time interval between predictor
and outcome de i

MCLD
Onchar - l/uf/

e
3.2 Was a pre-specified or dard outcome definition used? W
3.3 Were predictors excluded from the outcome definition? N
3.4 Was the outcome defined and determined in a similar way for all participants? X
3.5 Was the d ined without k ledge of predictor information? N
3.6 Was the time interval between predictor assessment and outcome determination
appropriate? Y
Risk of bias introdi by the orits RISK:
an/ high/ unclear) /0 Y
Rationale of bias rating:
93 ool 3.5 dne to Mo pobc o th jrllhin Soik
B.Applicabllity ey b

At what time point was the outcome determine

4)”” /l//~ 1‘79

If a composite outcome was used, describe the relative freq istribution of each contributing
Concern that the outcome, its definition, timing or CONCERN: /
determination do not match the review question (low/ high/ unclear) ow

Rationale of applicability rating:

Ontctni ppesed  ob rennrodle Yoo Dack2te




predictor: h
SER ; 6--06, EVPc 10

Describe numbers of participants, number of candidate predictors, outcome events and events per candidate

Describe how the model was developed (for example in regards to modelling technique (e.g. survival or
logistic modelling), predictor selection, and risk group definition):

p/‘ﬁlf’cx// LMM /ue/ on ML /«W////P

Describe whether and how the model was valid. either i ly (e.g. b pping, cross
random split sample) or (e.g. | validation, g 1phi idation, different setting,
different type of participants):

ClV ad éa,/n(/r///)v]

Describe the performance measures of the model, e.g. (re)calibrati iscriminatic ification, net
benefit, and whether they were adjusted for optimism:

AU e G ‘ |

Describe any participants who were excluded from the analysis:

see  Pomala A

Describe missing data on predictors and outcomes as well as methods used for missing data:

N M‘(IJ)A? }//l/ﬂ mnhj{M//-‘ N/D’ru

i A
Were there a reasonable number of pa ants with the outcome?

4.2 Were continuous and categorical predictors handled appropriately?

4.3 Were all enrolled participants included in the analysis?

4.4 Were participants with missing data handled appropriately?

4.5 Was selection of predi based on iable analysis avoided?

4.6 Were complexities in the data (e.g. i ing risks, ling of co Is) |
accounted for appropriately? / ]

4.7 Were relevant model performance luated appropriately

4.8 Were model overfitting and optimism in model performance accounted for?
4.9 Do predictors and their assigned weights in the final model corrgspond o the rest
from multivariable analysis? A
Risk of bias introduced by the analysis
i

Rationale of bias rating:
= il ok N{y‘ﬁ
TG A0 ntbemnten

il il




Step 4: Overall assessment

Use the following tables to reach overall judgements about risk of bias and concerns regarding applicability
of the prediction model evaluation (d and/or validation) across all assessed domains.

Complete for each evaluation of a distinct model.

Low risk of bias | If all domains were rated low risk of bias.

If a prediction model was developed without any external validation, and it was rated
as low risk of bias for all domains, consider downgrading to high risk of bias. Such a
model can only be considered as low risk of bias, if the development was based on a
very large data set and included some form of internal validation.

High risk of bias | If at least one domain is judged to be at high risk of bias.

Unclear risk of If an unclear risk of bias was noted in at least one domain and it was low risk for all
bias other domains.

Low concerns regarding | If low concerns regarding applicability for all domains, the prediction model

applicability evaluation is judged to have low gardil icabili

High concerns regarding | If high concerns regarding applicability for at least one domain, the prediction

applicability model evaluation is judged to have high di il

Unclear concerns If unclear concerns (but no “high concern”) regarding applicability for at least

regarding applicability one domain, the prediction model evaluation is judged to have unclear
g overall.

i) 7 AL
Summary of sources of potential bias:

Summary of applicability concerns:
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PROBAST

(Prediction model study Risk Of Bias Assessment Tool)

Published in Annals of Internal Medicine (freely available):
1. PROBAST: A Tool to Assess the Risk of Bias and Applicability of Prediction Model Studies

2. PROBAST: A Tool to Assess Risk of Bias and Applicability of Prediction Model Studies: Explanation
and Elaboration

What does PROBAST assess?

PROBAST assesses both the risk of bias and concerns regarding applicability of a study that evaluates
(develops, validates or updates) a multivariable diagnostic or prognostic prediction model. It is designed to
assess primary studies included in a systematic review.

Bias occurs if systematic flaws or limitations in the design, conduct or analysis of a primary study distort the
results. For the purpose of prediction modelling studies, we have defined risk of bias to occur when
shortcomings in the study design, conduct or analysis lead to systematically distorted estimates of a model’s
predictive performance or to an inadequate model to address the research question. Model predictive
performance is typically evaluated using calibration, discrimination and imes cl i

and these are likely inaccurately estimated in studies with high risk of bias. Applicability refers to the extent
to which the prediction model from the primary study matches your systematic review question, for example
in terms of the participants, predictors or outcome of interest.

A primary study may include the development and/or validation or update of more than one prediction
model. A PROBAST assessment should be completed for each distinct model that is developed, validated or
updated d) for making individualised predicti Where a ication assesses multiple prediction
models, only complete a PROBAST assessment for those models that meet the inclusion criteria for your =
systematic review. Please note that subsequent use of the term “model” includes derivatives of models, such
as simplified risk scores, nomograms, or recalibrations of models. :

PROBAST is not designed for all multivariable diagnostic or prognostic studies. For example, st
multivariable models to identify predictors associated with an outcome but not attempting to
model for making individualised predictions are not covered by PROBAST.

PROBAST includes four steps. o

1 Specify ~your systematic  review Once per systematic review

question(s)

2, Classify the type of prediction model | Once for each model of interest in-
[uati being assessed, for each relevant out

3 Assess risk of bias and applicability Once for each development and v
distinct prediction model in a publi
4 Overall judgment Once for each development and !

distinct prediction model in a public:

If this is your first time using PROBAST, we strongly recommend reading the _f
elaboration (E&E, see link above) paper and to check the examples on www.prob: .
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Step 1: Specify your systematic review question 4
State your systematic review question to facilitate the assessment of the applicability of the evaluated models
to your ion. The following table should be leted once per ic review.

Intended use of model: Prediction of MCIDs in PROMs for patients undergoing TKA/THA

Participants including

5 All patients ing total knee or hip
selection criteria and setting:

Predictors (used in prediction
modelling), including types of All that are available to the Researchers prior to surgery
predictors (e.g. history,
clinical examination,
biochemical markers, imaging
tests), time of measurement,
specific measurement issues
(e.g., any requirements/
prohibitions for specialized
equipment):

Outcome to be predi




Step 2: Classify the type of prediction model evaluation

Use the following table to classify the eval as model d model validation or model update,
or ination. Different sij i ions apply for different types of prediction model evaluation. If the
evaluation does not fit one of these classifications then PROBAST should not be used.

s aim

Tick as Deﬁnitio fr e of prediction model stud
_prediction study | to complete appropriate ki BE
Development Development Prediction model development without external
only validation. These studies may include internal
validation methods, such as bootstrapping and i
cross-validation techniques. 3
Development Development Prediction model development combined with T
and validation and validation external validation in other participants in the same |
article. '
Validation only Validation External validation of existing (previously
developed) model in other participants.
This table should be leted once for each publication being assessed and for each relevant outc
your review. 1 ik i ?

Publication reference Kiioe 2lint 2020
‘Models of interest All machine learning models
‘Outcome of interest | MCID

Step 3: Assess risk of bias and applicability
PROBAST is structured as four key domains. Each domain is judged for risk of bias (low, high or unc
includes si i ions to help make j ignalli are rated as yes (Y),
(PY), probably no (PN), no (N) or no i ion (NI). All si i i are phrased
indicates absence of bias. Any signalling question rated as “no” or “probably no” flags the pote
you will need to use your judgement to determine whether the domain should be rated as “hi
“unclear” risk of bias. The guidance document contains further instructions and examples on raf
questions and risk of bias for each domain.
The first three domains are also rated for concerns regarding applicability (low/ high/ unclear)
question defined above. 4
Complete all domains separately for each evaluation of a distinct model. Shaded boxes
signalling questions do not apply and should not be answered.

PROBAST - Version of 15/05/2019 - Page 3
For more infi , please see bast.org




Describe he surs data and cten'a for pnicipant selection:

< Anshlfubion oF fhi gnthors - YHA

Cod b sluge who Bl gdinkn hard o chilyy o b be blln g]
a

sy P % =
1.1 Were appropriate data sources used, e.g. cohort, RCT or nested case-control study

data?
1.2 Wereall inclusions and exclusions of participants appropriate? ¥ \
Risk of bias introd by sel of i RISK:

(low/ high/ unclear) {o“

Rationale of bias rating:
Vo ROb ia A4 puf A2
Descn e included participants, setting and dates:
see A, i e
040 -2016; 2yens bihe
Concern that the included participants and s

the review question : | (low/ high/ unclear)
Rationale of applicability rati

A congps




“List and describe predicto included in ﬁ I, ‘
§ (see /’7‘3)}(//“‘ J’/u/y)-
Sosesotnt hibre )

2.1 Were predictors defined and assessed ¥y
2.2 Were predictor made without knowledge of data? N
2.3 Are all predictors available at the time the model is i i to be used? v )/
Risk of bias duced by predi or their - RISK:

lovs | (o
Rationale of bias rating:

L5

Concern that the deﬁniion, assemeﬁt;of tir
'| the model do not match the review qu

Rationale of applicability rating:

Aot




Describe the outcome, how it was defined and determined, and the time interval between predictor

and
MED
D/Zﬂ/n Yo hpred

7 it

5,

3.1 Wasthe op Z |
3.2 Was a pre-specified or stanc definition used? |
3.3 Were predictors excluded from the outcome definition? i
3.4 Was the outcome defined and determined in a similar way for all participants?

3.5 Was the outcome determined without knowledge of predi i (

nt and outcome determination

3.6 Was the time interval between predictor
appropriate? S 2

~ RISK:
w/ high/ unclear)

Risk of bias introduced by

Rationale of bias rating:

ty
bi &%

At what time point was th

W $196

Concern that the o
determination do not matc|
[ Rationale of applicability r¢




Describe bers of p number of candidate predictors, outcome events and events per candidate
predictor:

G @50 Bl s or)

/

Describe how the model was developed (for example in regards to modelling technique (e.g. survival or
logistic modelling), predictor selection, and risk group definition):

benrsive fnly  sobedo .

Describe whether and how the model was validated, elther intemally (e. g bootstmppmg, cross validation,

random split sample) or lly (e.q. poral geograp, ion, different setting,
different type of participants):

VS Het dnbest

Describe the performance measures of the model, e.g. (re)calibration, discrimination, (re)classification, net :
benefit, and whether they were adjusted for optimism: ; £

ANC , calbbaben ,  bAe— sco

Describe any participants who were excluded from the analysis:

e Vypanda 1
Describe missing data on predic and as well as hods used for missing data
7305 wiiy dibn pir vl bl 2 crelugni s Olloe wféfé f“

SR

4.1 Were there a reasonable number of participants with the outcome? 2
4.2 Were continuous and categorical predictors handled appropriately?
4.3 Were all enrolled participants included in the analysis?

4.4 Were participants with missing data handled appropriately?
4.5 Was selection of predi based on univariable analysis
4.6 Were complexities in the data (e.g. censoring, competing risks, sanigl[

accounted for appropriately?

4.7 Were relevant model performance measures evaluated appropnatej y?
- [4.8 Were model overfitting and optimism in model perf C

from multivariable analysis?
of bias introduced by the analysis




Step 4: Overall assessment

Use the following tables to reach overall judgements about risk of bias and concerns regarding applicability
of the prediction model ion (d and/or validation) across all domains.

Complete for each evaluation of a distinct model.

Low risk of bias If all domams were rated low risk of bias.
If a prediction model was developed without any external validation, and it was rated
as low risk of bias for all domains, consider downgrading to high risk of bias. Such a
model can only be considered as low risk of bias, if the development was based on a
very large data set and included some form of internal validation.

High risk of bias | If at least one domain is judged to be at high risk of bias.

Unclear risk of I an unclear risk of bias was noted in at least one domain and it was low risk for all
bias other domains.

Low concerns regarding | If low concerns regarding applicability for all domains, the predlctlon model

applicability evaluation is judged to have low dii

High concerns regarding | If high concerns regarding applicability for at Ieast one domam, lhe predlctlon
applicability model evaluation is judged to have high

Unclear concerns If unclear concerns (but no “high concern”) regarding applicability for at least

regarding applicability one domain, the prediction model evaluation is judged to have unclear
concerns regarding applicability overall.

Overall judgement of risk of bias 5 2 RISK: il
3 4 (low/ high/ unclear)

Summary of sources of potential bias:

Il judgement of applicability B e el - CONCERN:
4 it A | (tow/ high/ unclear)

Sﬁm;nary of applicability concerns:
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