APPENDICES

eTable 1 – Search Strategy 

Database: Ovid MEDLINE(R) ALL 
Search Strategy:
--------------------------------------------------------------------------------
1     *Frail Elderly/ or Frail Elderly/sn [Statistics & Numerical Data] 
2     (frail or frailty).ti. 
3     Frailty/ or frailty.tw,kw. 
4     (index* or indicator* or rule* or measur* or instrument* or scale* or metric* or rating or designation or phenotype).tw,kw. 
5     3 and 4 
6     1 or 2 or 5 
7     registries/ or vital statistics/ or "Insurance Claim Review"/ 
8     Population Surveillance/ 
9     Databases, Factual/ 
10     (database* not ((database adj2 search*) or embase)).tw. 
11     (administrative or claims or medicare).tw,kw. 
12     (demographic data or utili?ation data* or managed care data* or billing data* or hospitali?ation data* or linked data*).tw. 
13     exp Medical Records/ or (EHR or EMR or EPR).tw,kw. 
14     ((health or patient or medical) adj2 record*).tw,kw. 
15     Health Services Accessibility/sn or Medicare/sn or Hospitalization/sn 
16     7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 
17     6 and 16 


Database: Embase Classic+Embase 
Search Strategy:
--------------------------------------------------------------------------------
1     *frailty/ or *frail elderly/ 
2     (frail or frailty).ti. 
3     frailty.tw,kw. 
4     (index* or indicator* or rule* or measur* or instrument* or scale* or metric* or rating or designation or phenotype).tw. 
5     scoring system/ or instrument validation/ or validation process/ 
6     4 or 5 
7     3 and 6 
8     1 or 2 or 7 
9     "administrative claims (health care)"/ 
10     (administrative or claims or medicare).tw.
11     factual database/ 
12     *medicare/ 
13     (database* not ((database* adj2 search*) or embase)).tw. 
14     (demographic data or utili?ation data* or managed care data* or billing data* or hospitali?ation data* or linked data*).tw. 
15     exp *medical record/ 
16     (EHR or EMR or EPR).tw.
17     ((health or patient or medical) adj2 record*).tw. 
18     or/9-17 
19     8 and 18 


Database: EBM Reviews - Cochrane Central Register of Controlled Trials 
Search Strategy:
--------------------------------------------------------------------------------
1     Frail Elderly/ 
2     (frail or frailty).ti. 
3     frailty.tw,kw. 
4     (index* or indicator* or rule* or measur* or instrument* or scale* or metric* or rating or designation or phenotype).tw,kw.
5     3 and 4 
6     1 or 2 or 5 
7     registries/ or vital statistics/ or "Insurance Claim Review"/ 
8     Population Surveillance/ 
9     Databases, Factual/ 
10     (database* not ((database adj2 search*) or embase)).tw.
11     (administrative or claims or medicare).tw,kw. 
12     (demographic data or utili?ation data* or managed care data* or billing data* or hospitali?ation data* or linked data*).tw. 
13     exp Medical Records/ or (EHR or EMR or EPR).tw,kw. 
14     ((health or patient or medical) adj2 record*).tw,kw. 
15     Health Services Accessibility/ or Medicare/ or Hospitalization/ 
16     7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 
17     6 and 16 


CINAHL
	
	Query

	S17
	S6 AND S16

	S16
	S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15

	S15
	(MH "Hospitalization/SN")

	S14
	(MH "Health Services Accessibility/SN")

	S13
	(MH "Population Surveillance")

	S12
	TI ( (demographic data or utili?ation data* or managed care data* or billing data* or hospitali?ation data* or linked data*) ) OR AB ( (demographic data or utili?ation data* or managed care data* or billing data* or hospitali?ation data* or linked data*) )

	S11
	TI ( ((health or patient or medical) N2 record*) ) OR AB ( ((health or patient or medical) N2 record*) )

	S10
	(MH "Medical Records") OR (MH "Electronic Health Records")

	S9
	(MH "Medicare")

	S8
	TI ( (administrative or claims or medicare) ) OR AB ( (administrative or claims or medicare) )

	S7
	(MH "Resource Databases") or TI ( database* ) OR AB ( database* )

	S6
	S1 OR S2 OR S5

	S5
	S3 AND S4

	S4
	(MH "Instrument Validation") or TI ( (index* or indicator* or rule* or measure* or instrument* or scale* or metric* or rating or designation or phenotype) ) OR AB ( (index* or indicator* or rule* or measure* or instrument* or scale* or metric* or rating or designation or phenotype) )

	S3
	TI frailty OR AB frailty

	S2
	TI frail OR TI frailty

	S1
	(MH "Frailty Syndrome")or (MM "Frail Elderly") or (MH "Frail Elderly/SN")




eTable 2. Summary of Included Studies 
	Study, Yr (Reference) 
	Frailty Instrument
	Study Size, n
	Mean Age
	Female (%)
	Frail (%)
	Specialty
	Procedure Urgency

	Abt et al., 2016
	11 item NSQIP modified frailty index
	1193
	63.4
	32.4
	4.6
	ENT/Plastics
	Mixed

	Adams et al., 2013
	11 item NSQIP modified frailty index
	6727
	54.7
	49.7
	4.5
	ENT/Plastics
	Emergency

	Adedayo et al., 2018
	11 item NSQIP modified frailty index
	1216
	62.39
	*
	21.3
	Gyne
	Elective

	Ahmed et al., 2017
	Spinal tumor frailty index
	1589
	47
	48.2
	6.0
	Neuro
	Elective

	Akyar et al., 2018
	11 item NSQIP modified frailty index
	132765
	*
	51.35
	10.3
	General
	Emergency

	Al-Khamis et al., 2019
	5 item modified frailty index
	295490
	*
	52.5
	*
	General
	Elective

	Ali et al., 2017
	11 item NSQIP modified frailty index
	4704
	67.9
	36
	26.9
	Vascular
	Mixed

	Arya et al., 2015
	11 item NSQIP modified frailty index
	23027
	73.4
	19.8
	27.1
	Vascular
	Elective

	Asemota et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	115317
	*
	50.9
	1.5
	Neuro
	Mixed

	Augustin et al., 2015
	11 item NSQIP modified frailty index
	3498
	67
	69.3
	17.5
	General
	Mixed

	Augustin et al., 2016
	11 item NSQIP modified frailty index
	13020
	*
	*
	7.6
	General
	Elective

	Balla et al., 2019
	5 item modified frailty index
	86892
	55.9
	53.95
	15.2
	General
	Mixed

	Barbey et al., 2019
	11 item NSQIP modified frailty index
	15893
	*
	*
	*
	Vascular
	Elective

	Bellamy et al., 2017
	11 item NSQIP modified frailty index
	51582
	71.2
	40.4
	15.9
	Ortho
	Elective

	Brahmbhatt et al., 2016
	11 item NSQIP modified frailty index
	24624
	68.3
	36
	59.9
	Vascular
	Emergency

	Chen et al., 2018 (Surgery)
	5 item modified frailty index
	22478
	*
	53
	50.0
	General
	Elective

	Chen et al., 2018 (GI Surgery)
	5 item modified frailty index
	1928
	*
	45.37
	33.2
	General
	Elective

	Chimukangara et al., 2016
	11 item NSQIP modified frailty index
	885
	*
	76.3
	18.4
	General
	Mixed

	Chimukangara et al., 2017
	5 item modified frailty index
	3711
	>60
	75.5
	*
	General
	Mixed

	Cohan et al., 2015
	Frailty trait count
	2493
	*
	41.9
	21.3
	General
	Elective

	Conguista et al., 2017
	11 item NSQIP modified frailty index
	19649
	60
	53.6
	20.5
	General
	Emergency

	Crozier-Shaw et al., 2018
	11 item NSQIP modified frailty index
	205
	>65
	*
	21.0
	General
	Mixed

	De la Garza Ramos et al., 2016
	Metastatic Spinal Tumor Frailty Index
	4583
	62
	42.2
	24.7
	Neuro
	Emergency

	Ehlert et al., 2015
	11 item NSQIP modified frailty index
	40803
	70.5
	40.8
	*
	Vascular
	Elective

	Ehlert et al., 2015†
	11 item NSQIP modified frailty index
	5621
	72
	27
	*
	Vascular
	Elective

	Esses et al., 2018
	Risk Analysis Index
	3088
	69.2
	37.7
	5.5
	Cardiac
	Elective

	Flexman et al., 2016
	11 item NSQIP modified frailty index
	52671
	56.1
	48
	3.9
	Ortho
	Mixed

	Fu et al., 2019
	11 item NSQIP modified frailty index
	10527
	69.2
	56.4
	18.2
	Ortho
	Elective

	Ganapathi et al., 2014
	6-component Frailty Index
	574
	56.1
	29.7
	25.8
	thoracic
	Mixed

	Gani et al., 2017
	revised Frailty Index
	814
	60
	51.2
	*
	General
	Elective

	George et al., 2019
	VQI-Risk Analysis Index
	15803
	72.8
	20.8
	12.7
	Vascular
	Elective

	Goel et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	5346
	64
	39.4
	7.4
	ENT/Plastics
	Mixed

	Guyton et al., 2018
	11 item NSQIP modified frailty index
	16656
	62.39
	49.8
	56.6
	General
	Elective

	Hall et al., 2017
	Risk Analysis Index
	2785
	60.7
	3.6
	2.2
	Other
	Elective

	Hampton et al., 2019
	5 item modified frailty index
	646
	59
	49
	9.6
	General
	Elective

	Ho et al., 2017
	Modified Frailty index
	52087
	*
	48.5
	2.6
	General
	Mixed

	Hodari et al., 2013
	11 item NSQIP modified frailty index
	2095
	*
	*
	6.7
	thoracic
	Emergency

	Holzgrefe et al., 2019
	5 item modified frailty index
	9861
	70
	56.6
	51.9
	Ortho
	Elective

	Hui et al., 2019
	Preoperative frailty index
	198953
	*
	*
	29.9
	Mixed
	Elective

	Johnson et al., 2019 (J Arth)
	Frailty deficit index
	8640
	68
	51.3
	32.9
	Ortho
	Elective

	Johnson et al., 2019 (Orthopedics)
	Frailty deficit index
	9818
	69
	56.8
	39.1
	Ortho
	Elective

	Joseph et al., 2019
	11 item NSQIP modified frailty index
	70339
	*
	*
	*
	General
	Mixed

	Kessler et al., 2018
	11 item NSQIP modified frailty index
	189
	*
	*
	12.7
	Neuro
	Emergency

	Konstantinidis et al., 2017
	11 item NSQIP modified frailty index
	1038
	62
	59.3
	54.4
	General
	Elective

	Kothari et al., 2019
	11 item NSQIP modified frailty index
	117064
	*
	52.4
	17.1
	General
	Mixed

	Kumar et al., 2017
	Frailty Deficit Index
	535
	64.3
	100
	24.5
	Gyne
	Elective

	Kundi et al., 2019
	Hospital Frailty Risk Score
	28531
	81.5
	46.4
	47.6
	Cardiac
	Mixed

	Kundi et al., 2019†
	Hospital Frailty Risk Score
	3746
	80.1
	48.2
	49.2
	Cardiac
	Mixed

	Kundi et al., 2018
	John-Hopkins Claims-Based Frailty Indicator
	52338
	82.4
	48.1
	66.6
	Cardiac
	Mixed

	Lakomkin et al., 2019
	11 item NSQIP modified frailty index
	2170
	57
	46
	*
	Neuro
	Mixed

	Lascano et al., 2015
	15 item ACS-NSQIP modified frailty index
	41681
	60.8
	15.6
	9.1
	Urology
	Mixed

	Leven et al., 2017
	11 item NSQIP modified frailty index
	6094
	60
	55
	4.8
	Ortho
	Elective

	Leven et al., 2016
	11 item NSQIP modified frailty index
	1001
	59
	54
	13.1
	Ortho
	Elective

	Louwers et al., 2016
	11 item NSQIP modified frailty index
	10300
	58
	48.8
	13.6
	General
	Emergency

	Martin et al., 2018
	Combined CSHA-FI, Katz Index, poor mobility
	2624
	81.2
	*
	55.9
	Cardiac
	Emergency

	McIsaac et al., 2017
	Johns Hopkins ACG frailty-defining diagnosis indicator
	77184
	77.5
	54.7
	25.6
	General
	Emergency

	McIsaac et al., 2016
	Johns Hopkins ACG frailty-defining diagnosis indicator
	125163
	75.5
	60.7
	2.4
	Ortho
	Elective

	McIsaac et al., 2018
	Preoperative frailty index
	415704
	*
	*
	28.8
	Mixed
	Mixed

	Meng et al., 2018
	11 item NSQIP modified frailty index
	1516
	67.2
	21.9
	20.3
	Urology
	Elective

	Michel et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	9459
	70
	15.8
	7.1
	Urology
	Mixed

	Miller et al., 2018
	Adult spinal deformity frailty index
	266
	50.6
	76
	33.8
	Neuro
	Elective

	Miller et al., 2017
	Adult spinal deformity frailty index
	417
	56.5
	80
	38.8
	Neuro
	Elective

	Mosquera et al., 2016 (Surgery)
	11 item NSQIP modified frailty index
	232352
	63.9
	46
	21.0
	General
	Elective

	Mosquera et al., 2016 (WJG)
	11 item NSQIP modified frailty index
	94811
	61.3
	52
	12.4
	General
	Elective

	Murphy et al., 2019
	11 item NSQIP modified frailty index
	57173
	60
	54
	44.1
	General
	Emergency

	Ondeck et al., 2017
	11 item NSQIP modified frailty index
	68680
	65.1
	55.8
	18.2
	Ortho
	Elective

	Palumbo et al., 2019
	11 item NSQIP modified frailty index
	3644
	*
	*
	20.6
	Urology
	Mixed

	Pandit et al., 2018
	CCFI (derived from CSHA-FI)
	53652
	75
	46.1
	34.0
	General
	Elective

	Ramanathan et al., 2019
	Cancer abbreviated modified frailty index
	61683
	62.4
	42.3
	*
	General
	Elective

	Rege et al., 2018
	11 item NSQIP modified frailty index
	15787
	<60
	50.7
	1.6
	Ortho
	Emergency

	Rege et al., 2018†
	11 item NSQIP modified frailty index
	40634
	>60
	27.6
	9.0
	Ortho
	Emergency

	Runner et al., 2017
	11 item NSQIP modified frailty index
	90260
	70.75
	62.8
	19.6
	Ortho
	Elective

	Sacco et al., 2018
	new surgical frailty index
	456
	62
	55.7
	17.3
	General
	Mixed

	Sathianathen et al., 2019
	5 item modified frailty index
	5516
	69
	23.3
	2.2
	Urology
	Elective

	Segal et al., 2018
	5 item modified frailty index
	2399
	74
	70.2
	44.6
	Neuro
	Elective

	Seib et al., 2018
	11 item NSQIP modified frailty index
	140828
	59.3
	56.9
	14.9
	General
	Elective

	Shin et al., 2017
	11 item NSQIP modified frailty index
	6148
	52.9
	49.7
	13.3
	Mixed
	Elective

	Shin et al., 2017†
	11 item NSQIP modified frailty index
	817
	59.8
	43.9
	20.7
	Mixed
	Elective

	Shin et al., 2016
	11 item NSQIP modified frailty index
	14584
	65.2
	55.6
	2.4
	Ortho
	Elective

	Shin et al., 2016†
	11 item NSQIP modified frailty index
	25223
	67.1
	63.5
	4.9
	Ortho
	Elective

	Subramaniam et al., 2018
	5 item modified frailty index
	881679
	56.4
	57.3
	*
	Mixed
	Mixed

	Taylor et al., 2019
	5 item modified frailty index
	92999
	63
	19
	11.9
	Urology
	Elective

	Telemi et al., 2018
	11 item NSQIP modified frailty index
	943
	46
	45.7
	12.8
	General
	Mixed

	Tomlinson et al., 2017
	novel NSQIP-based risk score
	27098
	58
	52
	19.0
	Neuro
	Emergency

	Tran et al., 2018
	Johns Hopkins ACG frailty-defining diagnosis indicator
	40083
	65.84
	20.6
	22.0
	Cardiac
	Emergency

	Traven et al., 2019 (Arthroscopy)
	5 item modified frailty index
	24477
	58.4
	41.8
	*
	Ortho 
	Elective

	Traven et al., 2019 (Revision)
	5 item modified frailty index
	16304
	65.2
	58.9
	*
	Ortho
	Mixed

	Traven et al., 2019 (Revision) †
	5 item modified frailty index
	13948
	65.9
	54.6
	*
	Ortho
	Mixed

	Traven et al., 2019 (Primary)
	5 item modified frailty index
	226398
	66.6
	62.1
	*
	Ortho
	Elective

	Traven et al., 2019 (Primary) †
	5 item modified frailty index
	140158
	64.8
	44.8
	*
	Ortho
	Elective

	Traven et al., 2019 (JSES)
	5 item modified frailty index
	18957
	69.2
	56.1
	*
	Ortho
	Elective

	Venkat et al., 2018
	11 item NSQIP modified frailty index
	470
	70
	55.6
	25.5
	General
	Mixed

	Vu et al., 2017
	11 item NSQIP modified frailty index
	36242
	79.5
	72.2
	9.0
	Ortho
	Emergency

	Wilkes et al., 2019
	Risk Analysis Index
	10257
	58
	55
	28.4
	Mixed
	Elective

	Wilson et al., 2018
	5 item modified frailty index
	6494
	65.07
	82.8
	34.5
	Ortho
	Emergency

	Yao et al., 2019
	Deficit Index
	535
	64.3
	100
	24.5
	Gyne
	Elective

	Youngerman et al., 2017
	11 item NSQIP modified frailty index
	9149
	*
	52.9
	21.5
	Neuro
	Mixed



*Information not available. † Denotes second procedure for studies that reported data separately by procedure.
ACG, Adjusted Clinical Groups. 























eTable 3 Summary of Frailty Instruments Used
	
Category
	Frailty Instrument
	Newly created?
	Number of studies using instrument
	Total number of deficits
	Number of domains in instrument
	Domains in instrument

	Index
	
	
	
	
	
	

	
	11 item NSQIP MFI
	No
	42
	11
	3
	Functional, cognitive, comorbidities

	
	5 item NSQIP MFI
	No
	16
	5
	2
	Functional, comorbidities

	
	Frailty deficit index
	Yes
	3
	30
	4
	Functional, cognitive, comorbidities, disability

	
	Preoperative Frailty index
	No
	2
	30
	6
	Functional, cognitive, comorbidities, pharmacology, psychosocial, disability

	
	Adult spinal deformity index 
	Modified
	2
	40
	4
	Functional, comorbidities, psychosocial, disability

	
	Metastatic Spinal Tumor Frailty Index
	Yes
	1
	9
	1
	Comorbidities 

	
	MFI
	Modified
	1
	10
	3
	Functional, cognitive, comorbidities

	
	15 item ACS-NSQIP MFI
	Modified
	1
	15
	4
	Functional, cognitive, comorbidities, pharmacology, psychosocial, disability

	
	6 component Frailty index
	Yes
	1
	6
	2
	Cognitive, comorbidities

	
	Modified frailty deficit index
	Modified
	1
	32
	4
	Functional, cognitive, comorbidities, psychosocial

	
	New surgical frailty index
	Yes
	1
	11
	5
	Functional, cognitive, comorbidities, pharmacology, disability 

	
	CCFI
	Yes
	1
	7
	3
	Cognitive, comorbidities, psychosocial

	
	novel NSQIP-based risk score
	Yes
	1
	19
	3
	Functional, comorbidities, pharmacology

	
	Spinal tumor frailty index
	Yes
	1
	9
	1
	Comorbidities 

	
	Revised Frailty Index
	Yes
	1
	6
	1
	Comorbidities 

	
	Cancer abbreviated modified frailty index
	Yes
	1
	5
	2
	Functional, comorbidities

	
	
	
	
	
	
	

	Phenotype
	
	
	
	
	
	

	
	John-Hopkins Claims-Based Frailty Indicator
	No
	1
	
	3
	Functional, cognitive, comorbidities

	Other
	
	
	
	
	
	

	
	Johns Hopkins ACG frailty-defining diagnosis indicator
	No
	6
	
	5
	Functional, cognitive, comorbidities, psychosocial, disability

	
	Risk Analysis Index
	No
	4
	
	4
	Functional, cognitive, comorbidities, psychosocial

	
	Frailty trait count
	Yes
	1
	
	3
	Functional, comorbidities, pharmacology

	
	Combined CSHA-FI, Katz Index, poor mobility
	Yes
	1
	
	3
	Functional, comorbidities, disability

	
	Hospital Frailty Risk Score
	No
	1
	
	2
	Cognitive, comorbidities




MFI, modified frailty index; ACG; Adjusted clinical groups; CSHA, Canadian Study of Health and Ageing; CCFI, Colon Cancer Frailty Index. 

eTable 4. Summary of Primary Outcome: Mortality
	Study, YR (Reference)
	Frailty Instrument
	Outcome Window
	Crude OR
	95% CI
	Adjusted OR/HR
	95% CI

	Abt et al., 2016
	11 item NSQIP mFI
	IH/30 day
	4.63
	0.82-26.29
	*
	*

	Adams et al., 2013
	11 item NSQIP mFI
	IH/30 day
	20.79
	8.02-53.87
	*
	*

	Akyar et al., 2018
	11 item NSQIP mFI
	IH/30 day
	*
	*
	2.89
	2.55-3.28

	Ali et al., 2017
	11 item NSQIP mFI
	IH/30 day
	6.9
	2.51-18.95
	7.00
	1.40-34.50

	Arya et al., 2015
	11 item NSQIP mFI
	IH/30 day
	*
	*
	1.40
	1.00-1.90

	Augustin et al., 2015
	11 item NSQIP mFI
	IH/30 day
	*
	*
	3.72
	1.09-12.64

	Augustin et al., 2016
	11 item NSQIP mFI
	IH/30 day
	4.88
	3.37-7.08
	2.57
	1.70-3.91

	Barbey et al., 2019
	11 item NSQIP mFI
	90-365 days
	*
	*
	1.74 ‡
	1.46-2.07

	Bellamy et al., 2017
	11 item NSQIP mFI
	IH/30 day
	4.69
	2.76-7.96
	6.00
	4.33-8.29

	Brahmbhatt et al., 2016
	11 item NSQIP mFI
	IH/30 day
	2.96
	2.37-3.68
	1.74
	1.37-2.20

	Chimukangara et al., 2016
	11 item NSQIP mFI
	IH/30 day
	47.57
	0.087-25964.58
	*
	*

	Conguista et al., 2017
	11 item NSQIP mFI
	IH/30 day
	6.25
	5.32-7.34
	1.81
	1.49-2.20

	Crozier-Shaw et al., 2018
	11 item NSQIP mFI
	IH/30 day
	2.05
	0.38-11.12
	*
	*

	Flexman et al., 2016
	11 item NSQIP mFI
	IH/30 day
	*
	*
	2.99
	1.52-5.93

	Guyton et al., 2018
	11 item NSQIP mFI
	IH/30 day
	1.76
	1.64-1.89
	3.13
	2.10-4.58

	Hodari et al., 2013
	11 item NSQIP mFI
	IH/30 day
	4.17
	1.82-9.56
	*
	*

	Joseph et al., 2019
	11 item NSQIP mFI
	IH/30 day
	*
	*
	62.05
	28.78-133.80

	Kessler et al., 2018
	11 item NSQIP mFI
	IH/30 day
	33.21
	3.51-314.54
	*
	*

	Konstantinidis et al., 2017
	11 item NSQIP mFI
	IH/30 day
	4.05
	0.84-19.49
	*
	*

	Kothari et al., 2019
	11 item NSQIP mFI
	IH/30 day
	7.91
	7.04-8.90
	*
	*

	Lakomkin et al., 2019
	11 item NSQIP mFI
	IH/30 day
	*
	*
	15.60
	1.31-184.96

	Leven et al., 2017
	11 item NSQIP mFI
	IH/30 day
	10.09
	1.78-57.24
	*
	*

	Leven et al., 2016
	11 item NSQIP mFI
	IH/30 day
	2.68
	0.19-37.75
	7.30
	0.80-71.10

	Louwers et al., 2016
	11 item NSQIP mFI
	IH/30 day
	*
	*
	26.40
	7.70-88.20

	Mosquera et al., 2016 (Surgery)
	11 item NSQIP mFI
	IH/30 day
	3.04
	2.73-3.40
	*
	*

	Mosquera et al., 2016 (WJG)
	11 item NSQIP mFI
	IH/30 day
	7.38
	6.30-8.64
	*
	*

	Murphy et al., 2019
	11 item NSQIP mFI
	IH/30 day
	2.49
	2.29-2.71
	*
	*

	Palumbo et al., 2019
	11 item NSQIP mFI
	IH/30 day
	1.91
	1.16-3.14
	0.91
	0.50-1.66

	Rege et al., 2018
	11 item NSQIP mFI
	IH/30 day
	2211.55
	4.21-1161864.27
	11.02
	6.26-19.39

	Rege et al., 2018†
	11 item NSQIP mFI
	IH/30 day
	*
	*
	3.37
	1.22-7.94

	Runner et al., 2017
	11 item NSQIP mFI
	IH/30 day
	3.43
	1.94-6.07
	4.41
	2.99-6.50

	Shin et al., 2017
	11 item NSQIP mFI
	IH/30 day
	9.07
	2.4-34.19
	*
	*

	Shin et al., 2017†
	11 item NSQIP mFI
	IH/30 day
	37.33
	0.066-21260.56
	*
	*

	Shin et al., 2016
	11 item NSQIP mFI
	IH/30 day
	13.76
	3.44-55.01
	*
	*

	Shin et al., 2016†
	11 item NSQIP mFI
	IH/30 day
	4.58
	1.20-17.44
	*
	*

	Telemi et al., 2018
	11 item NSQIP mFI
	IH/30 day
	44.17
	5.57-349.89
	*
	*

	Venkat et al., 2018
	11 item NSQIP mFI
	IH/30 day
	7.5
	1.67-33.71
	*
	*

	Vu et al., 2017
	11 item NSQIP mFI
	IH/30 day
	3.48
	2.88-4.20
	1.81
	1.46-2.24

	Youngerman et al., 2017
	11 item NSQIP mFI
	IH/30 day
	2.96
	2.17-4.04
	1.88
	1.32-2.66

	Lascano et al., 2015
	15 item ACS-NSQIP mFI
	IH/30 day
	3.86
	2.46-6.60
	1.94
	1.18-3.18

	Al-Khamis et al., 2019
	5 item mFI
	IH/30 day
	*
	*
	2.44
	2.22-2.69

	Balla et al., 2019
	5 item mFI
	IH/30 day
	1.33
	0.88-2.03
	*
	*

	Chen et al., 2018 (Surgery)
	5 item mFI
	IH/30 day
	1.55
	1.36-1.76
	1.71
	1.55-1.89

	Chen et al., 2018 (GI Surgery)
	5 item mFI
	IH/30 day
	1.4
	0.42-4.60
	*
	*

	Chimukangara et al., 2017
	5 item mFI
	IH/30 day
	*
	*
	3.63
	1.07-12.31

	Holzgrefe et al., 2019
	5 item mFI
	IH/30 day
	55.47
	0.11-28108.34
	*
	*

	Segal et al., 2018
	5 item mFI
	IH/30 day
	2.51
	0.36-17.66
	*
	*

	Subramaniam et al., 2018
	5 item mFI
	IH/30 day
	*
	*
	4.49
	3.97-5.09

	Taylor et al., 2019
	5 item mFI
	IH/30 day
	3.01
	2.16-4.19
	*
	*

	Traven et al., 2019 (Arthroscopy)
	5 item mFI
	IH/30 day
	*
	*
	18.86
	1.45-244.73

	Traven et al., 2019 (Revision)
	5 item mFI
	IH/30 day
	*
	*
	6.34
	2.37-16.99

	Traven et al., 2019 (Revision)†
	5 item mFI
	IH/30 day
	*
	*
	5.60
	2.78-11.33

	Traven et al., 2019 (Primary)
	5 item mFI
	IH/30 day
	*
	*
	3.86
	2.41-6.21

	Traven et al., 2019 (Primary)†
	5 item mFI
	IH/30 day
	*
	*
	3.31
	2.11-5.20

	Traven et al., 2019 (JSES)
	5 item mFI
	IH/30 day
	*
	*
	9.43
	3.03-29.40

	Ganapathi et al., 2014
	6-component Frailty Index
	90-365 days
	5.04
	2.68-9.48
	4.50
	2.10-9.60

	Pandit et al., 2018
	CCFI (derived from CSHA-FI)
	IH/30 day
	1.1
	0.99-1.22
	1.20
	0.90-1.60

	Martin et al., 2018
	Combined CSHA, Katz Index, poor mobility
	IH/30 day
	*
	*
	1.19
	0.74-1.92

	Johnson et al., 2019 (J Arth)
	Frailty Deficit index
	>1 year
	3.02
	1.65-5.53
	2.17‡
	1.20-3.90

	Johnson et al., 2019 (Orthopedics)
	Frailty Deficit index
	>1year
	2.68
	1.37-5.24
	2.62‡
	1.32-5.22

	Kumar et al., 2017
	Frailty Deficit Index
	30-90 day
	3.47
	1.83-6.59
	2.60
	1.32-5.10

	Kundi et al., 2019
	Hospital Frailty Risk Score
	90-365 days
	2.6
	2.41-2.80
	1.06‡
	1.06-1.07

	Kundi et al., 2019†
	Hospital Frailty Risk Score
	90-365 days
	2.88
	2.43-3.40
	1.06‡
	1.05-1.07

	Kundi et al., 2018
	John-Hopkins Claims-Based Frailty Indicator
	>1 year
	1.44
	1.39-1.49
	*
	*

	Asemota et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	IH/30 day
	3.99
	2.66-5.99
	3.11
	1.15-10.16

	McIsaac et al., 2017
	Johns Hopkins ACG frailty-defining diagnosis indicator
	90-365 days
	2.04
	1.97-2.11
	1.29‡
	1.25-1.33

	McIsaac et al., 2016
	Johns Hopkins ACG frailty-defining diagnosis indicator
	90-365 days
	4.49
	3.87- 5.20
	3.03‡
	2.62-3.51

	Michel et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	IH/30 day
	2.88
	1.90-4.36
	2.30
	1.08-4.92

	Tran et al., 2018
	Johns Hopkins ACG frailty-defining diagnosis indicator
	>1 year
	1.82
	1.70-1.95
	1.63‡
	1.53-1.74

	De la Garza Ramos et al., 2016
	Metastatic Spinal Tumor Frailty Index
	IH/30 day
	4.99
	2.35-10.60
	5.15
	2.44-10.86

	Ho et al., 2017
	Modified Frailty index
	IH/30 day
	9.76
	8.24-11.56
	6.40
	4.63-8.79

	Sacco et al., 2018
	new surgical frailty index
	IH/30 day
	1.3
	0.12-14.59
	*
	*

	Tomlinson et al., 2017
	novel NSQIP-based risk score
	IH/30 day
	*
	*
	15.20
	13.20-17.50

	Hui et al., 2019
	Preoperative frailty index
	>1 year
	3.73
	3.58-3.89
	2.42‡
	2.31-2.54

	McIsaac et al., 2018
	Preoperative frailty index
	>1 year
	*
	*
	2.53
	2.44-2.61

	Esses et al., 2018
	Risk Analysis Index
	IH/30 day
	3.01
	1.48-6.11
	2.93
	1.44-5.94

	Hall et al., 2017
	Risk Analysis Index
	>1 year
	10.35
	4.95- 21.65
	*
	*

	Wilkes et al., 2019
	Risk Analysis Index
	IH/30 day
	56.36
	0.10-30692.75
	*
	*

	George et al., 2019
	Risk Analysis Index
	>1 year
	3.54
	3.12-4.02
	2.88‡
	2.57-3.20


*Information not available. †Denotes second procedure for studies that reported data separately by procedure. ‡Indicates Hazard ratio. All other effect measures are odds ratio.
mFI, modified frailty index; ACG, Adjusted Clinical Groups; CSHA, Canadian Study of Health and Ageing; CCFI, Colon Cancer Frailty Index; IH, In hospital mortality.
eTable 5 - Summary of Predictive Accuracy Data and Meta-Analyses

	Mortality
	 
	 
	 
	 
	 
	 

	Study
	Specialty
	Frailty Instrument
	C-statistic
	Calibration (Hosmer-Lemeshow)
	Sensitivity
	Specificity

	Akyar et al, 2018
	General
	11 item NSQIP modified frailty index
	

	Al-Khamis et al, 2019
	General
	5 item modified frailty index
	0.89
	
	
	

	Ali et al, 2017
	Vascular
	11 item NSQIP modified frailty index
	0.89
	0.63
	
	

	Arya et al, 2015
	Vascular
	11 item NSQIP modified frailty index
	0.73
	0.08
	
	

	Augustin et al, 2016
	General
	11 item NSQIP modified frailty index
	0.72
	0.86
	
	

	Brahmbhatt et al, 2016
	Vascular
	11 item NSQIP modified frailty index
	0.82
	0.46
	
	

	De la Garza Ramos et al, 2016
	Neuro
	Metastatic Spinal Tumor Frailty Index
	0.64
	
	
	

	Ehlert et al, 2015
	Vascular
	11 item NSQIP modified frailty index
	0.66 (carotid surgery)
	
	
	

	Ehlert et al, 2015
	Vascular
	11 item NSQIP modified frailty index
	0.63 (open aortic surgery)
	
	
	

	Ehlert et al, 2015
	Vascular
	11 item NSQIP modified frailty index
	0.64 (lower extremity artery surgery)
	
	
	

	
	
	
	
	
	
	
	

	Ehlert et al, 2015
	Vascular
	11 item NSQIP modified frailty index
	0.61 (endovascular aortic surgery)
	
	
	
	

	Ehlert et al, 2015
	Vascular
	11 item NSQIP modified frailty index
	0.72 (peripheral vascular intervention)
	
	
	
	

	Esses et al, 2018
	Cardiac
	Risk Analysis Index
	0.68
	
	
	
	

	Gani et al, 2017
	General
	revised Frailty Index
	0.68
	
	
	
	

	Hall et al, 2017
	Other
	Risk Analysis Index
	0.78
	
	50
	82
	

	Hui et al, 2019
	Mixed
	Preoperative frailty index
	0.82
	
	
	
	

	Lakomkin et al, 2019
	Neuro
	11 item NSQIP modified frailty index
	0.86
	
	
	
	

	Lascano et al, 2015
	Urology
	15 item ACS-NSQIP modified frailty index
	0.66
	0.36
	
	
	

	McIsaac et al, 2018
	Mixed
	Preoperative frailty index
	0.8
	
	
	
	

	Meng et al, 2018
	Urology
	11 item NSQIP modified frailty index
	0.54
	
	
	
	

	Subramaniam et al, 2018
	Mixed
	5 item modified frailty index
	0.91
	
	
	
	

	Tomlinson et al, 2017
	Neuro
	novel NSQIP-based risk score
	0.87
	0.001
	75.3
	83.3
	

	Youngerman et al, 2017
	Neuro
	11 item NSQIP modified frailty index
	0.67
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	Non-home discharge
	 
	 
	 
	 
	 

	Study
	Specialty
	Frailty Instrument
	C-statistic
	Calibration (Hosmer-Lemeshow)
	Sensitivity
	Specificity

	Fu et al, 2019
	Ortho
	11 item NSQIP modified frailty index
	0.59
	
	
	

	Meng et al, 2018
	Urology
	11 item NSQIP modified frailty index
	0.53
	
	
	

	Ondeck et al, 2017
	Ortho
	11 item NSQIP modified frailty index
	0.62
	
	
	

	Youngerman et al, 2017
	Neuro
	11 item NSQIP modified frailty index
	0.6
	
	
	

	Ramanathan et al, 2019
	General
	Cancer abbreviated modified frailty index
	0.73
	
	
	

	
	
	5 item modified frailty index
	0.64
	
	
	

	McIsaac et al, 2018
	Mixed
	Preoperative frailty index
	0.56
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	Length of Stay
	 
	 
	 
	 
	 

	Study
	Specialty
	Frailty Instrument
	C-statistic
	Calibration (Hosmer-Lemeshow)
	Sensitivity
	Specificity

	Al-Khamis et al, 2019
	General
	5 item modified frailty index
	0.85
	 
	 
	 

	Fu et al, 2019
	Ortho
	11 item NSQIP modified frailty index
	0.62
	 
	 
	 

	Meng et al, 2018
	Urology
	11 item NSQIP modified frailty index
	0.59
	 
	 
	 

	Ondeck et al, 2017
	Ortho
	11 item NSQIP modified frailty index
	0.61
	 
	 
	 

	Sathianathen et al, 2019
	Urology
	5 item modified frailty index
	   0.60 (95% CI 0.58–0.62)
	 
	 

	Yao et al, 2019
	Gyne
	Frailty Deficit Index
	   0.84 (95% CI 0.79-0.89)
	 

	Youngerman et al, 2017
	Neuro
	11 item NSQIP modified frailty index
	0.63
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eTable 6: Summary of Secondary Outcome: Non-home discharge
	Study, Yr 
	Frailty Instrument
	Crude OR
	95% CI
	Adjusted OR/HR
	95% CI

	Adedayo et al., 2018
	11 item NSQIP modified frailty index
	4.7
	2.13-10.39
	1.95
	1.91-5.01

	Bellamy et al., 2017
	11 item NSQIP modified frailty index
	2.62
	2.47-2.77
	2.79
	2.62-2.92

	Chimukangara et al., 2016
	11 item NSQIP modified frailty index
	4.05
	1.94-8.45
	*
	*

	Flexman et al., 2016
	11 item NSQIP modified frailty index
	*
	*
	2.3
	1.91-2.74

	Murphy et al., 2019
	11 item NSQIP modified frailty index
	1.44
	1.39-1.49
	*
	*

	Runner et al., 2017
	11 item NSQIP modified frailty index
	1.98
	1.90-2.06
	1.8
	1.82-1.98

	Runner et al., 2017
	11 item NSQIP modified frailty index
	1.98
	1.9-2.06
	1.8
	1.82-1.99

	Vu et al., 2017
	11 item NSQIP modified frailty index
	3.64
	3.25-4.07
	*
	*

	Youngerman et al., 2017
	11 item NSQIP modified frailty index
	2.22
	1.96-2.53
	1.49
	1.27-1.75

	Al-Khamis et al., 2019
	5 item modified frailty index
	*
	*
	4.75
	4.46-5.06

	Balla et al., 2019
	5 item modified frailty index
	3.85
	3.42-4.34
	*
	*

	Chimukangara et al., 2017
	5 item modified frailty index
	*
	*
	1.62
	1.13-2.33

	Holzgrefe et al., 2019
	5 item modified frailty index
	1.95
	1.64-2.33
	1.92
	1.57-2.34

	Sathianathen et al., 2019
	5 item modified frailty index
	4.2
	2.80-6.30
	2.31
	1.4-3.82

	Segal et al., 2018
	5 item modified frailty index
	2.3
	1.64-3.22
	*
	*

	Taylor et al., 2019
	5 item modified frailty index
	3.86
	3.42-4.36
	2
	1.75-2.28

	Traven et al. 2019 (Arthroscopy)
	5 item modified frailty index
	*
	*
	3.07
	1.63 - 5.77

	Traven et al., 2019 (Revision)
	5 item modified frailty index
	*
	*
	2.25
	1.93-2.65

	Traven et al., 2019 (Revision)†
	5 item modified frailty index
	*
	*
	2.13
	1.79-2.53

	Traven et al., 2019 (JSES)
	5 item modified frailty index
	*
	*
	4.66
	3.8-5.69

	Wilson et al., 2018
	5 item modified frailty index
	1.62
	1.39-1.90
	1.28
	1.07-1.53

	Ganapathi et al., 2014
	6-component Frailty Index
	6.15
	3.09-12.26
	3.7
	1.8-7.7

	Pandit et al., 2018
	CCFI (derived from CSHA-FI)
	1.8
	1.73-1.86
	1.8
	1.3-2.7

	Yao et al., 2019
	Frailty Deficit Index
	4.24
	2.44-7.37
	2.58
	1.53-4.93

	Asemota et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	7.74
	6.63-9.02
	*
	*

	Goel et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	4.23
	3.32-5.38
	3.07
	1.68-5.6

	McIsaac et al., 2016
	Johns Hopkins ACG frailty-defining diagnosis indicator
	2.45
	2.28-2.64
	2.09‡
	1.93-2.25

	McIsaac et al., 2017
	Johns Hopkins ACG frailty-defining diagnosis indicator
	7.19
	6.87-7.53
	5.82‡
	5.53-6.12

	Michel et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	3.91
	3.29-4.64
	3.43
	2.5-4.69

	McIsaac et al., 2018
	Preoperative frailty index
	*
	*
	1.88
	1.74-2.03

	George et al., 2019
	Risk Analysis Index
	2.92
	2.58-3.30
	*
	*



*Information not available. †Denotes second procedure for studies that reported data separately by procedure. ‡Indicates Hazard ratio. All other effect measures are odds ratio.
ACG, Adjusted Clinical Groups.


























eTable 7: Summary of Secondary Outcome: Cost 
	Study, Yr
	Frailty Instrument
	Median cost with frailty ($)
	IQR cost ($) with frailty (SD)
	Median cost without frailty ($)
	IQR cost ($) without frailty (SD)
	SMD
	95% CI
	Adjusted IRR
	95% CI

	Asemota et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	109614.33
	355674.98
	56370.35
	133211.21
	0.38
	0.33-0.43
	*
	*

	Goel et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	49459.33
	36801.88
	21369.67
	17214.37
	1.45
	1.34-1.56
	1.75
	1.52-2.03

	McIsaac et al., 2016
	Johns Hopkins ACG frailty-defining diagnosis indicator
	20359
	12505.85
	14955
	5642.11
	0.91
	0.88-0.95
	1.53
	1.51-1.56

	McIsaac et al., 2017
	Johns Hopkins ACG frailty-defining diagnosis indicator
	67172
	69646
	36110
	18383
	0.8
	0.79-0.82
	1.51
	1.49-1.52

	Michel et al., 2019
	Johns Hopkins ACG frailty-defining diagnosis indicator
	41419.33
	20950.78
	28167
	11050.19
	1.1
	1.02-1.18
	1.52
	1.4-1.63

	Wilkes et al., 2019
	Risk Analysis Index
	11594
	245
	6934
	180
	22.73
	22.38-23.07
	*
	*



*Information not available. 
IQR, Interquartile range; SD, Standard Deviation; SMD, Standardized Mean Difference; IRR, Incidence Rate Ratio; ACG, Adjusted Clinical Groups. 










eTable 8: Summary of Secondary Outcome: Length of Stay
	Study, Yr
	Frailty Instrument
	Median LOS with frailty
	IQR with frailty (SD)
	Median LOS without frailty
	IQR without frailty (SD)
	SMD
	95% CI

	Augustin et al., 2016
	11 item NSQIP modified frailty index
	16.5
	16.9
	12.5
	12.62
	0.3
	0.23-0.37

	Brahmbhatt et al., 2016
	11 item NSQIP modified frailty index
	9.5
	11.3
	6.4
	9.9
	0.29
	0.26-0.31

	Palumbo et al., 2019
	11 item NSQIP modified frailty index
	7.67
	5.94
	5
	2.97
	0.71
	0.62-0.79

	Chen et al., 2018
	5 item modified frailty index
	9.57
	11.53
	7.67
	9.82
	0.18
	0.15-0.20

	Chen et al., 2018
	5 item modified frailty index
	7.67
	2.97
	7.67
	2.97
	0
	(-)0.1-0.1

	Hampton et al., 2019
	5 item modified frailty index
	5.5
	4.55
	4.67
	2.97
	0.26
	0.0007-0.52

	Miller et al., 2017
	Adult spinal deformity frailty index
	8
	3.9
	6.8
	2.9
	0.35
	0.13-0.57

	Miller et al., 2018
	Adult spinal deformity frailty index
	11.1
	1.1
	9.6
	0.5
	1.88
	1.56-2.20

	Pandit et al., 2018
	CCFI (derived from CSHA-FI)
	8.3
	4.45
	6.73
	3.71
	0.39
	0.38-0.41

	Yao et al., 2019
	Deficit Index
	8.33
	3.75
	7.33
	3.72
	0.27
	0.07-0.47

	Cohan et al., 2015
	Frailty trait count
	7.7
	5.29
	7.4
	4.52
	0.06
	(-)0.03-0.16

	Asemota et al., 2019
	Johns Hopkins ACG frailty-defining diagnoses indicator
	9.27
	31.23
	4.46
	12.04
	0.38
	0.34-0.43

	Goel et al., 2019
	Johns Hopkins ACG frailty-defining diagnoses indicator
	13
	9.67
	4.33
	3.71
	1.96
	1.85-2.06

	Michel et al., 2019
	Johns Hopkins ACG frailty-defining diagnoses indicator
	15
	8.91
	7.67
	2.97
	1.97
	1.89-2.05

	McIsaac et al., 2016
	Johns Hopkins ACG frailty-defining diagnosis indicator
	5.67
	3.71
	3.67
	2.22
	0.88
	0.85-0.92

	McIsaac et al., 2017
	Johns Hopkins ACG frailty-defining diagnosis indicator
	22.2
	25.6
	12.6
	14.6
	0.53
	0.51-0.55

	Wilkes et al., 2019
	Risk Analysis Index
	1.4
	0.04
	0.8
	0.03
	17.74
	17.46-18.01

	Ahmed et al., 2017
	Spinal tumor frailty index
	14.4
	1.7
	6.4
	0.2
	15.76
	15.1-16.41


LOS, Length of Stay; IQR, Interquartile range; SD, Standard Deviation; SMD, Standardized Mean Difference; ACG, Adjusted Clinical Groups. 






 


eTable 9 - Risk of Bias Assessment[image: ]
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eFigure 1 – Pooled unadjusted odds ratios for the association of frailty with postoperative mortality
[image: ]

eFigure 2 - Pooled adjusted odds ratios for the association of the NSQIP mFI 5-item (A) and 11-item (B) frailty instruments with postoperative mortality, along with their component deficits

(A) [image: ]
Composition of NSQIP mFI-5 item
1 point each is assigned for presence of:
Heart failure
Diabetes mellitus 
Hypertension requiring medication
Chronic obstructive pulmonary disease or pneumonia
Non-independent functional status




















(B)
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Composition of NSQIP mFI-11 item
1 point each is assigned for presence of:
Heart failure
Diabetes mellitus 
Hypertension requiring medication
Chronic obstructive pulmonary disease 
Pneumonia
Non-independent functional status
Myocardial infarction in 6 months prior to surgery
Previous percutaneous coronary intervention, cardiac surgery, or angina
Peripheral vascular disease (PVD) or rest pain 
Impaired sensorium
Cerebrovascular accident or stroke with deficit










eFigure 3 - Pooled unadjusted odds ratios for the association of frailty with postoperative non-home discharge
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eFigure 4 - Pooled adjusted odds ratios for the association of frailty with postoperative non-home discharge

[image: ]
















eFigure 5 - Pooled adjusted odds ratios for the association of the NSQIP mFI 5-item (A), 11-item (B) and ACG (C) frailty instruments with postoperative non-home discharge

(A)
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(B)
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(C)
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eFigure 6 - Pooled unadjusted standardized mean difference for the association of frailty with costs
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eFigure 7 - Pooled adjusted rate ratios for the association of frailty with costs
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eFigure 8 - Pooled unadjusted standardized mean difference for the association of frailty with length of stay
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