Supplementary Material

Additional Methods

This project was scrutinised by the Privacy Advisory Committee for issues relating to information governance, disclosivity and privacy. Scotland has clear guidance on principles of data linkage to ensure data are linked and analysed in an ethical and legal framework.(1) This guidance was developed with consultation and engagement with the Scottish public.  Data linkage is undertaken centrally by Information Services Division of NHS Scotland using probabilistic matching methods. The fields used to undertake linkage include name, sex, date of birth, post code, date of death, and unique patient identifying numbers such as the Community Health Index number (a unique health care identifier in Scotland allocated to all Scottish residents). A computer algorithm is used to compare each field between two records and generate a score. This score depends on the agreement of the contents of the field and the rarity of the information. From this, the probability that the two records relate to the same person is calculated. This probability is the sum of weighted scores for each field. Records are only considered correct matches if the sum of the weighted scores is greater than a specified threshold value. Manual validation of linkages indicates that the accuracy of this method of data linkage is high.(2,3)
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2. 	Division IS. NHS Hospital Data Quality: Towards  better data from Scottish hospitals. Edinburgh: ISD Publications Scotland; 2007. 
3. 	Division IS.  Assessment of SMR01 Data 2010-11 Scotland Report. Edinburgh: ISD Publications Scotland; 2012. 




[bookmark: _GoBack]Supplemental Figure 1. Study Cohort SelectionPatients with discordant death or admission dates n=379


Alive at end of follow up period   n= 512 799



Hospital Deaths 
n= 5322(0.9%)


Alive at hospital discharge   n= 567 304



Other diagnostic and non-surgical codes n= 98 212 


Patients aged under 16 years n= 106 747 


Patients with multiple admissions n= 236 860 


Final study cohort                  n= 572598 


All surgical admissions with included codes n= 1 014 796








Supplemental Table 1. Univariable Analysis of Factors Associated with 30 Day, 1 Year and 4 Year Mortality. All variables in each model are associated with outcome; p<0.001. Z=Z statistic: this is the statistic produced dividing the regression coefficient [log(OR)] by the standard error. The p-value is <0.05 if Z>1.96 or Z<-1.96. It can be interpreted as the strength of evidence that there is an association.Died before the end of follow up period 
n= 82 143 (10.4%)




	
	30 day mortality
	1 year mortality
	4 year mortality

	
	OR
	95%CI
	Z
	OR
	95%CI
	Z
	OR
	95%CI
	Z

	Age (years) 
	2.17
	(2.12, 2.22)
	69.3
	2.18
	(2.15, 2.20)
	142.4
	2.33
	(2.31, 2.34)
	232.1

	Gender 
	
	
	
	
	
	
	
	
	

	Male
	Ref
	
	
	Ref
	
	
	Ref
	
	

	Female
	0.88
	(0.84, 0.94)
	-4.2
	0.90
	(0.87, 0.92)
	-8.0
	0.93
	(0.92, 0.95)
	-8.0

	Surgical status 
	
	
	
	
	
	
	
	
	

	Elective
	Ref
	
	
	Ref
	
	
	Ref
	
	

	Emergency
	6.25
	(5.90, 6.62)
	62.3
	3.54
	(3.44, 3.64)
	88.5
	2.29
	(2.25, 2.33)
	86.7

	Social deprivation quintile 
	
	
	
	
	
	
	
	
	

	1 (Least deprived)
	Ref
	
	
	Ref
	
	
	Ref
	
	

	2
	1.11
	(1.00, 1.23)
	2.0
	1.06
	(1.01, 1.11)
	2.4
	1.08
	(1.05, 1.11)
	5.0

	3
	1.17
	(1.06, 1.29)
	3.1
	1.15
	(1.10, 1.21)
	5.9
	1.18
	(1.15, 1.22)
	11.4

	4
	1.31
	(1.19, 1.44)
	5.5
	1.26
	(1.20, 1.32)
	9.9
	1.29
	(1.26, 1.33)
	17.8

	5 (Most deprived)
	1.31
	(1.19, 1.44)
	5.5
	1.30
	(1.24, 1.36)
	11.4
	1.33
	(1.30, 1.37)
	20.0

	Count of Charlson comorbidities 
	
	
	
	
	
	
	
	
	

	0
	Ref
	
	
	Ref
	
	
	Ref
	
	

	1
	4.13
	(3.87, 4.40)
	42.9
	5.59
	(5.42, 5.77)
	109.5
	5.50
	(5.39, 5.62)
	158.4

	2
	7.25
	(6.30, 8.34)
	27.7
	10.34
	(9.64, 11.08)
	65.8
	12.51
	(11.82, 13.24)
	87.6

	3+
	9.05
	(6.42, 12.74)
	12.6
	16.50
	(13.95, 19.52)
	32.7
	23.83
	(20.22, 28.08)
	37.9

	BUPA Operative severity category 
	
	
	
	
	
	
	
	
	

	Minor
	Ref
	
	
	Ref
	
	
	Ref
	
	

	Intermediate
	1.23
	(1.09, 1.39)
	3.4
	0.98
	(0.93, 1.03)
	-0.9
	1.05
	(1.02, 1.09)
	3.5

	Major
	2.57
	(2.30, 2.88)
	16.4
	1.92
	(1.83, 2.01)
	28.2
	2.14
	(2.08, 2.20)
	53.4

	Major +
	6.16
	(5.43, 7.00)
	28.1
	3.32
	(3.13, 3.51)
	40.8
	2.75
	(2.65, 2.86)
	51.4

	Complex Major
	4.69
	(4.17, 5.29)
	25.3
	1.86
	(1.76, 1.96)
	21.8
	1.85
	(1.79, 1.92)
	34.7

	Number of previous hospital admissions 
	1.21
	(1.20, 1.22)
	46.5
	1.27
	(1.26, 1.27)
	117.7
	1.28
	(1.27, 1.28)
	173.6

	OPCS procedure chapter
	
	
	
	
	
	
	
	
	

	B Endocrine System and Breast
	Ref
	
	
	Ref
	
	
	Ref
	
	

	E Respiratory Tract
	4.10
	(3.08, 5.46)
	9.67
	2.23
	(2.00, 2.49)
	14.44
	1.37
	(1.29, 1.46)
	9.87

	F Mouth
	0.70
	(90.48, 1.03)
	-1.81
	0.76
	(0.67, 0.87)
	-4.07
	0.55
	(0.51, 0.59)
	-15.82

	G Upper Digestive System
	25.00
	(18.97, 32.95)
	22.86
	10.10
	(9.06, 11.26)
	41.58
	4.70
	(4.39, 5.04)
	44.05

	H Lower Digestive System
	5.94
	(4.53, 7.79)
	12.9
	2.25
	(2.03, 2.49)
	15.52
	1.46
	(1.38, 1.55)
	13.12

	J Other Abdominal Organs
	2.45
	(1.78, 3.37)
	5.5
	1.09
	(0.95, 1.25)
	1.27
	0.69
	(0.63, 0.74)
	-9.27

	L Arteries and Veins
	11.19
	(8.48, 14.77)
	17.07
	3.62
	(3.24, 4.04)
	22.69
	2.28
	(2.14, 2.43)
	24.89

	M Urinary
	3.87
	(2.8, 5.35)
	8.21
	3.05
	(2.7, 3.44)
	17.94
	2.07
	(1.92, 2.22)
	19.8

	Q Upper Female Genital Tract
	0.47
	(0.32, 0.68)
	-3.88
	0.46
	(0.4, 0.53)
	-11.17
	0.38
	(0.35, 0.41)
	-25.58

	S Skin
	1.13
	(0.83, 1.54)
	0.79
	1.23
	(1.11, 1.37)
	3.79
	1.05
	(0.99, 1.11)
	1.59

	T Soft Tissue
	4.76
	(3.62, 6.24)
	11.24
	1.97
	(1.78, 2.19)
	13
	1.22
	(1.16, 1.29)
	6.92

	V Bones and Joints of Skull and   Spine
	0.53
	(0.31, 0.9)
	-2.34
	0.58
	(0.49, 0.7)
	-5.85
	0.50
	(0.45, 0.55)
	-13.81

	W Other Bones and Joints
	4.96
	(3.81, 6.47)
	11.84
	2.52
	(2.29, 2.78)
	18.92
	1.66
	(1.57, 1.74)
	19.15

	Other procedure chapters
	1.08
	(0.82, 1.43)
	0.53
	1.53
	(1.39, 1.68)
	8.53
	1.67
	(1.59, 1.76)
	19.61

	ICD chapter diagnosis groups
	
	
	
	
	
	
	
	
	

	M Musculoskeletal 
	Ref
	
	
	Ref
	
	
	Ref
	
	

	C Cancer 
	3.37
	(3.1, 3.67)
	28.45
	6.02
	(5.78, 6.27)
	85.63
	6.19
	(6.01, 6.36)
	126.31

	H Eye/ear
	0.17
	(0.14, 0.21)
	-16.33
	1.44
	(1.37, 1.51)
	14.69
	2.84
	(2.76, 2.92)
	75.73

	K Digestive
	1.43
	(1.31, 1.56)
	8.24
	0.99
	(0.94, 1.04)
	-0.36
	0.98
	(0.94, 1.01)
	-1.45

	N Genitourinary
	0.22
	(0.18, 0.26)
	-17.42
	0.41
	(0.39, 0.44)
	-24.83
	0.71
	(0.68, 0.73)
	-19

	S Injury
	0.26
	(0.21, 0.31)
	-13.56
	0.48
	(0.44, 0.51)
	-18.26
	0.59
	(0.56, 0.61)
	-22.97

	Other ICD chapters
	2.89
	(2.67, 3.12)
	26.61
	3.25
	(3.12, 3.39)
	55.29
	2.95
	(2.87, 3.03)
	75.5



Supplemental Table 2. Multivariable Model of Factors Associated with 30 Day, 1 Year and 4 Year Mortality. All variables in each model are associated with outcome; p<0.001. Z=Z statistic.

	
	30 day mortality

	1 year mortality
	4 year mortality

	
	OR
	95%CI
	Z
	OR
	95%CI
	Z
	OR
	95%CI
	Z

	Age (years)
	1.07
	1.07, 1.08
	56.47
	1.07
	1.07, 1.07
	111.27
	1.08
	1.08, 1.08
	187.94

	Gender
	
	
	
	
	
	
	
	
	

	Male
	Ref
	
	
	
	
	
	
	
	

	Female
	0.78
	0.73, 0.83
	-7.60
	0.75
	0.73, 0.78
	-17.03
	0.73
	0.72, 0.75
	-28.29

	Surgical status
	
	
	
	
	
	
	
	
	

	Elective
	Ref
	
	
	
	
	
	
	
	

	Emergency
	3.68
	3.42, 3.96
	34.85
	3.29
	3.15, 3.43
	55.24
	2.56
	2.48, 2.65
	58.3

	Socioeconomic status quintile
	
	
	
	
	
	
	
	
	

	1 (Least deprived)
	Ref
	
	
	
	
	
	
	
	

	2
	1.13
	1.01, 1.25
	2.19
	1.09
	1.03, 1.15
	3.13
	1.13
	1.09, 1.17
	6.88

	3
	1.23
	1.11, 1.36
	3.95
	1.20
	1.14, 1.26
	6.92
	1.26
	1.22, 1.3
	13.37

	4
	1.39
	1.26, 1.54
	6.52
	1.31
	1.25, 1.38
	10.62
	1.40
	1.35, 1.45
	19.83

	5 (Most deprived)
	1.53
	1.39, 1.69
	8.4
	1.50
	1.42, 1.57
	15.72
	1.65
	1.59, 1.7
	29.31

	Count of Charlson comorbidities
	
	
	
	
	
	
	
	
	

	0
	Ref
	
	
	
	
	
	
	
	

	1
	1.30
	1.2, 1.4
	6.41
	1.65
	1.58, 1.72
	24.63
	1.69
	1.64, 1.73
	36.37

	2
	1.51
	1.29, 1.78
	5.02
	1.93
	1.77, 2.1
	15.31
	2.36
	2.21, 2.53
	24.65

	3+
	1.82
	1.25, 2.64
	3.14
	2.79
	2.3, 3.38
	10.44
	3.90
	3.24, 4.7
	14.41

	BUPA Operative severity category
	
	
	
	
	
	
	
	
	

	Minor
	Ref
	
	
	
	
	
	
	
	

	Intermediate
	0.94
	0.83, 1.08
	-0.84
	0.84
	0.79, 0.89
	-5.86
	0.93
	0.89, 0.96
	-3.96

	Major
	2.10
	1.84, 2.39
	11.17
	1.21
	1.14, 1.28
	6.41
	1.14
	1.1, 1.19
	6.82

	Major +
	2.54
	2.2, 2.94
	12.51
	1.20
	1.12, 1.29
	4.99
	1.11
	1.05, 1.17
	3.88

	Complex Major
	3.06
	2.67, 3.51
	15.86
	1.02
	0.95, 1.09
	0.56
	0.98
	0.94, 1.03
	-0.82

	Number of previous hospital admissions
	1.06
	1.05, 1.07
	10.83
	1.12
	1.12, 1.13
	40.85
	1.15
	1.14, 1.15
	68.11

	OPCS procedure chapter
	
	
	
	
	
	
	
	
	

	B Endocrine System and Breast
	Ref
	
	
	
	
	
	
	
	

	E Respiratory Tract
	3.18
	2.36, 4.3
	7.57
	2.35
	2.08, 2.65
	13.77
	1.52
	1.41, 1.64
	10.75

	F Mouth
	1.84
	1.25, 2.72
	3.06
	2.91
	2.52, 3.36
	14.42
	2.20
	2.01, 2.41
	17.06

	G Upper Digestive System
	7.39
	5.52, 9.88
	13.5
	6.59
	5.82, 7.46
	29.80
	3.47
	3.19, 3.79
	28.17

	H Lower Digestive System
	2.71
	2.04, 3.6
	6.88
	1.83
	1.63, 2.05
	10.39
	1.37
	1.28, 1.47
	8.91

	J Other Abdominal Organs
	1.47
	1.05, 2.06
	2.24
	1.81
	1.55, 2.11
	7.60
	1.12
	1.02, 1.24
	2.26

	L Arteries and Veins
	3.50
	2.58, 4.75
	8.04
	3.26
	2.85, 3.71
	17.62
	2.08
	1.91, 2.26
	17.22

	M Urinary
	2.02
	1.44, 2.82
	4.1
	2.05
	1.79, 2.35
	10.39
	1.39
	1.28, 1.52
	7.43

	Q Upper Female Genital Tract
	1.22
	0.82, 1.82
	0.98
	1.51
	1.3, 1.75
	5.47
	1.33
	1.22, 1.45
	6.38

	S Skin
	1.13
	0.82, 1.55
	0.75
	1.19
	1.06, 1.34
	2.92
	1.00
	0.93, 1.07
	0.05

	T Soft Tissue
	5.03
	3.77, 6.73
	10.94
	3.75
	3.33, 4.21
	22.19
	2.05
	1.9, 2.2
	19.31

	V Bones and Joints of Skull and   Spine
	1.12
	0.65, 1.94
	0.4
	3.09
	2.52, 3.79
	10.88
	2.24
	1.99, 2.53
	13.05

	W Other Bones and Joints
	1.86
	1.37, 2.52
	3.97
	2.50
	2.21, 2.83
	14.40
	1.57
	1.45, 1.7
	11.45

	Other procedure chapters
	1.94
	1.44, 2.61
	4.35
	1.62
	1.44, 1.82
	8.11
	1.18
	1.1, 1.27
	4.61

	ICD chapter diagnosis groups
	
	
	
	
	
	
	
	
	

	M Musculoskeletal 
	Ref
	
	
	
	
	
	
	
	

	C Cancer 
	8.74
	7.05, 10.82
	19.87
	11.58
	10.54, 12.72
	51.03
	6.94
	6.54, 7.36
	64.58

	H Eye/ear
	0.44
	0.32, 0.61
	-5.07
	2.31
	2.05, 2.59
	14.14
	2.24
	2.09, 2.41
	22.29

	K Digestive
	4.77
	3.84, 5.94
	14.02
	1.98
	1.79, 2.2
	13.03
	1.32
	1.24, 1.41
	8.61

	N Genitourinary
	3.02
	2.26, 4.02
	7.54
	2.71
	2.4, 3.07
	15.76
	1.77
	1.64, 1.91
	14.79

	S Injury
	3.91
	3.22, 4.74
	13.86
	2.43
	2.23, 2.65
	20.50
	2.01
	1.9, 2.12
	25.79

	Other ICD chapters
	5.96
	4.85, 7.32
	17.04
	3.46
	3.16, 3.79
	26.69
	2.12
	2.01, 2.24
	26.67










Supplemental Figure 2. Receiver operator curve for multivariable logistic regression model predicting 30 day mortality. Area under curve=0.9216, p<0.001.
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Supplemental Figure 3. Observed vs. Predicted Mortality using multivariable model predicting 30-day mortality. Hosmer-Lemeshow test statistic chi2=34.7, p=<0.001; Brier Score 0.008
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Supplemental Figure 4. Effect of indirect compared with direct ICU admission on 30-day mortality for patients alive on each postoperative day, whole cohort and high risk cohort.
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