Supplementary Table 1. Characteristics of included twin studies


	AuthorRef
	Year
	Location
	Recruitment
	Diagnostic criteria
	Zygosity determination
	Twin pairs (affected/all)
	Pairwise concordance (%)
	NotesRef
	Population lifetime risk 
per 100,000Ref

	
	
	
	
	
	
	MZ
	DZ
	MZ
	DZ
	
	

	Uitdehaag1
	1989
	Holland
	Public appeal
	Poser
	Extended blood and serum group determinations
	0/4
	0/3
	0
	0
	
	882-3

	French Research Group4
	1992
	France
	National MS register
	Poser 
	DNA mini-satellites
	1/17
	1/37
	5.9
	2.7
	
	1375-8

	Mumford9
	1994
	UK
	MS clinic attendees
	Poser
	DNA mini-satellites
	9/44
	2/61
	20.5
	3.3
	
	22110-13

	Willer14
	2003
	Canada
	CCPGSM
MS clinic attendees
	Poser 
	DNA microsatellites
	24/133
	9/221
	18.0
	4.1
	Update of Ebers et al., 198615, Sadovnick et al., 199316
	3525, 17-18

	Hansen19
	2005
	Denmark
	National twin and MS registers
	Poser; Allison and Miller
	Questionnaire
	5/37
	1/119
	13.5
	0.8
	Update of Heltberg et al., 198520 - data given excludes unclassifiable same-sex twins
	2765, 21-22

	Ristori23
	2006
	Italy
	National twin register, MS clinic attendees
	Poser
	Questionnaire
	5/59
	3/157
	8.5
	1.9
	
	83 (Italy)24-28
241 (Sardinia)28-30

	Islam31
	2006
	USA
	Public appeal
	Schumacher
	Questionnaire
	56/418
	31/705
	13.4
	4.4
	
	1445, 32-34

	Kuusisto35
	2008
	Finland
	National twin and MS registers
	Poser
	Questionnaire
	3/10
	2/14
	30.0
	14.3
	Update of Kinnunen et al,. 1987 and 198836-37
	15538-40



CCPGSM = Canadian collaborative project on genetic susceptibility to multiple sclerosis
MZ = monozygotic
DZ = dyzgotic

Supplementary Table 2: Characteristics of included family studies


	AuthorRef
	Year
	Location
	N
	Case identification
	Ascertainment of relatives
	Diagnostic criteria
	Age-adjustment
	NotesRef
	Population lifetime risk
per 100,000Ref

	Wikstrom41
	1984
	Finland
	51
	Regional registers, hospital clinics
	Clinical examination
	Schumacher
	Direct method
	
	151 38-39, 42

	Sadovnick43
	1988
	Canada
	815
	Clinic attendees
	Clinical examination, medical records
	Schumacher; Poser
	Krailo & Pike, Lawless, Lalouel & Morton
	Update of Sadovick et al., 198144
	14818, 45-46

	Grasso47
	1989
	Italy
	166
	Clinic attendees
	Clinical examination, medical records
	Schumacher
	Falconer
	
	5928, 48-49

	Koch-Henriksen22
	1989
	Denmark
	383
	National and regional registers, regional neurologists
	Clinical examination, medical records, national register
	Allison and Miller, Schumacher
	Strömgren cumulative index method, actuarial life-table method
	
	1885, 21-22

	Robertson13
	1996
	UK
	674
	Regional case register
	Clinical examination, medical records, central register, history from relatives
	Poser
	Strömgren prior age-of-onset distribution
	
	22110-13

	Carton50*
	1997
	Belgium
	674
	Clinic attendees, regional neurologists
	Clinical examination, medical records, history from relatives, investigator judgement
	Poser
	Maximum likelihood
	
	13651

	Sazdovitch52
	2000
	France
	357
	Clinic attendees
	Clinical examination, medical records, history from relatives
	Poser
	None
	
	1375-8

	Marrosu53
	2002
	Sardinia
	901
	Clinic attendees
	Clinical examination, medical records
	Poser
	Kaplan-Meier
	Central and Northern regions
	22428-29, 54-55

	Prokopenko56
	2003
	Sardinia
	313
	Regional case register
	Clinical examination, medical records
	Poser
	Kaplan-Meier
	Nuoro province
	22428-29, 54-55

	O’Gorman57
	2011
	Australia
	1837
	Clinic attendees
	Clinical examination, medical records, history from relatives, investigator judgement
	Poser, McDonald, revised McDonald 
	Strömgren prior age-of-onset distribution
	
	88 (QLD)57-58
129 (VIC)57-58
172 (TAS)59



* = no age of onset data available (average data from all other age of onset used)
N = number of families

There were two studies published in sequential years by different investigators of Sardinian families.53, 56 The earlier, but larger study provided risks for fewer classes of relative, but it was decided to include both studies as the two studies covered different regions of Sardinia. Of the large number of studies produced by Canadian researchers, there are two papers that detail risks for all relatives and the most recent was included 43.



	Supplementary Table 3. Grubbs z scores and significant outliers amongst modifiers for generationally equivalent relatives

	
	
	
	
	
	
	

	Siblings/Cousins
	
	
	
	
	
	

	Author
	Year
	Location
	Relative
	Modifier
	z
	Outlier

	Sadovnick
	1988
	Canada
	Sibling
	0.732
	0.32951
	

	Sadovnick
	1988
	Canada
	Cousin
	0.602
	1.21483
	

	Koch-Henricksen
	1989
	Denmark
	Sibling
	0.747
	0.22735
	

	Robertson
	1996
	Cambridge
	Sibling
	0.836
	0.37875
	 

	Robertson
	1996
	Cambridge
	Cousin
	0.768
	0.08434
	

	Carton
	1997
	Flanders
	Sibling
	0.856
	0.51495
	

	Carton
	1997
	Flanders
	Cousin
	0.833
	0.35832
	

	Prokopenko
	2003
	Sardinia
	Sibling
	0.776
	0.02986
	

	Prokopenko
	2003
	Sardinia
	Cousin
	0.39
	2.65859
	Yes

	O'Gorman
	2011
	Gold Coast
	Sibling
	0.887
	0.72607
	

	O'Gorman
	2011
	Gold Coast
	Cousin
	0.886
	0.71926
	

	O'Gorman
	2011
	Tasmania
	Sibling
	0.914
	0.90994
	

	O'Gorman
	2011
	Tasmania
	Cousin
	0.918
	0.93718
	

	 
	 
	 
	Mean
	0.780
	 
	 

	Parents/Aunts/Uncles
	
	
	
	
	

	Author
	Year
	Location
	Relative
	Modifier
	z
	Outlier

	Sadovnick
	1988
	Canada
	Parent
	0.989
	0.42091
	

	Sadovnick
	1988
	Canada
	Aunt/Uncle
	0.978
	0.27962
	

	Koch-Henricksen
	1989
	Denmark
	Parent
	0.975
	0.24109
	

	Robertson
	1996
	Cambridge
	Parent
	0.986
	0.38238
	 

	Robertson
	1996
	Cambridge
	Aunt/Uncle
	0.936
	0.25986
	

	Carton
	1997
	Flanders
	Parent
	0.986
	0.38238
	

	Carton
	1997
	Flanders
	Aunt/Uncle
	0.968
	0.15117
	

	Prokopenko
	2003
	Sardinia
	Parent
	0.911
	0.58098
	

	Prokopenko
	2003
	Sardinia
	Aunt/Uncle
	0.712
	3.13709
	Yes

	O'Gorman
	2011
	Gold Coast
	Parent
	0.996
	0.51083
	

	O'Gorman
	2011
	Gold Coast
	Aunt/Uncle
	0.997
	0.52367
	

	O'Gorman
	2011
	Tasmania
	Parent
	0.999
	0.53652
	

	O'Gorman
	2011
	Tasmania
	Aunt/Uncle
	0.999
	0.54936
	

	 
	 
	 
	Mean
	0.956
	 
	 

	Offspring/Nieces/Nephews
	
	
	
	

	Author
	Year
	Location
	Relative
	Modifier
	z
	Outlier

	Sadovnick
	1988
	Canada
	Offspring
	0.217
	1.12022
	

	Sadovnick
	1988
	Canada
	Niece/Nephew
	0.21
	1.17935
	

	Koch-Henricksen
	1989
	Denmark
	Offspring
	0.272
	0.65563
	

	Robertson
	1996
	Cambridge
	Offspring
	0.31
	0.33464
	 

	Robertson
	1996
	Cambridge
	Niece/Nephew
	0.344
	0.04743
	

	Carton
	1997
	Flanders
	Offspring
	0.349
	0.0052
	

	Carton
	1997
	Flanders
	Niece/Nephew
	0.341
	0.07278
	

	Prokopenko
	2003
	Sardinia
	Offspring
	0.696
	2.92596
	Yes

	Prokopenko
	2003
	Sardinia
	Niece/Nephew
	0.334
	0.13191
	 

	O'Gorman
	2011
	Gold Coast
	Offspring
	0.365
	0.12996
	

	O'Gorman
	2011
	Gold Coast
	Niece/Nephew
	0.358
	0.07083
	

	O'Gorman
	2011
	Tasmania
	Offspring
	0.403
	0.45095
	

	O'Gorman
	2011
	Tasmania
	Niece/Nephew
	0.346
	0.03054
	

	 
	 
	 
	Mean
	0.350
	 
	 



	Supplementary Table 4. Crude pairwise and proband wise risks for twins
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MZ
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Pairwise Risk
	Probandwise Risk

	Author
	Year
	Location
	Ascert
	Lat (°)
	MZ Sus
	MZ Def
	Tot MZ
	C1
	Adj C1
	C2
	Adj C2
	D
	Adj D
	%
	(95% CI)
	%
	(95% CI)

	Uitdehaag
	1989
	Netherlands
	Single
	53.2
	0
	0
	4
	0
	0.0
	0
	0.0
	4
	4.0
	0.00
	(0.00 – 0.00)
	0.00
	(0.00 – 0.00)

	FRG
	1992
	France
	Single
	46.2
	1
	1
	17
	0
	0.0
	1
	1.1
	16
	15.9
	6.31
	(0.00 – 18.68)
	6.31
	(0.00 – 17.11)

	Mumford
	1994
	UK
	Single
	52
	9
	9
	44
	0
	0.0
	9
	11.9
	35
	32.1
	27.01
	(11.70 – 42.32)
	27.01
	(16.79 – 37.23)

	Willer
	2003
	Canada
	Mixed
	56.1
	37
	24
	133
	13
	13.0
	11
	11.0
	109
	109.0
	18.05
	(11.48 – 24.61)
	25.34
	(16.63 – 34.05)

	Hansen
	2005
	Denmark
	Double
	56.3
	10
	5
	37
	5
	5.3
	0
	0.0
	32
	31.7
	14.22
	(2.51 – 25.93)
	24.90
	(7.69 – 42.10)

	Ristori
	2006
	Italy
	Double
	41.9
	8
	4
	51
	4
	4.5
	0
	0.0
	47
	46.5
	8.85
	(0.48 – 17.23)
	16.27
	(3.31 – 29.22)

	Ristori
	2006
	Sardinia
	Double
	40.1
	2
	1
	8
	1
	1.1
	0
	0.0
	7
	6.9
	14.11
	(0.00 – 41.77)
	24.73
	(0.00 – 61.54)

	Islam
	2006
	USA
	Single
	37.1
	56
	56
	418
	0
	0.0
	56
	60.3
	362
	357.7
	14.44
	(10.93 – 17.94)
	14.44
	(11.28 – 17.59)

	Kuusisto
	2008
	Finland
	Double
	62.9
	6
	3
	10
	3
	3.0
	0
	0.0
	7
	7.0
	30.00
	(0.06 – 59.94)
	46.15
	(12.54 – 79.77)

	Overall
	 
	 
	 
	 
	129
	103
	722
	26
	26.9
	77
	84.3
	619
	610.8
	15.36
	(12.63 – 18.09)
	18.44
	(15.35 – 21.53)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DZ
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Pairwise Risk
	Probandwise Risk

	Author
	Year
	Location
	Ascert
	Lat (°)
	DZ Sus
	DZ Def
	Tot DZ
	C1
	Adj C1
	C2
	Adj C2
	D
	Adj D
	%
	(95% CI)
	%
	(95% CI)

	Uitdehaag
	1989
	Netherlands
	Single
	53.2
	0
	0
	3
	0
	0.0
	0
	0.0
	3
	3.0
	0.00
	(0.00 – 0.00)
	0.00
	(0.00 – 0.00)

	FRG
	1992
	France
	Single
	46.2
	1
	1
	37
	0
	0.0
	1
	1.1
	36
	35.9
	2.90
	(0.00 – 8.58)
	2.90
	(0.00 – 7.94)

	Mumford
	1994
	UK
	Single
	52
	2
	2
	61
	0
	0.0
	2
	2.1
	59
	58.9
	3.49
	(0.00 – 8.29)
	3.49
	(0.00 – 7.82)

	Willer
	2003
	Canada
	Mixed
	56.1
	12
	9
	221
	3
	3.0
	6
	6.0
	212
	212.0
	4.07
	(1.46 – 6.68)
	5.36
	(1.78 – 8.94)

	Hansen
	2005
	Denmark
	Double
	56.3
	2
	1
	119
	1
	1.1
	0
	0.0
	118
	117.9
	0.88
	(0.00 – 2.62)
	1.75
	(0.00 – 5.02)

	Ristori
	2006
	Italy
	Double
	41.9
	6
	3
	147
	3
	3.2
	0
	0.0
	144
	143.8
	2.20
	(0.00 – 4.67)
	4.30
	(0.00 – 8.77)

	Ristori
	2006
	Sardinia
	Double
	40.1
	0
	0
	10
	0
	0.0
	0
	0.0
	10
	10.0
	0.00
	(0.00 – 0.00)
	0.00
	(0.00 – 0.00)

	Islam
	2006
	USA
	Single
	37.1
	31
	31
	705
	0
	0.0
	31
	33.4
	674
	671.6
	4.74
	(3.11 – 6.37)
	4.74
	(3.28 – 6.19)

	Kuusisto
	2008
	Finland
	Double
	62.9
	4
	2
	14
	2
	2.0
	0
	0.0
	12
	12.0
	14.29
	(0.00 – 33.31)
	25.00
	(0.00 – 53.07)

	Overall
	 
	 
	 
	 
	58
	49
	1317
	9
	9.3
	40
	42.6
	1268
	1265.1
	3.94
	(2.86 – 5.03)
	4.61
	(3.38 – 5.85)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FRG
	French Research Group
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MZ
	monozygotic
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DZ
	dizygotic
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sus
	suspected probands
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Def
	definite probands
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Adj
	adjusted
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	C1
	singly concordant
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	C2
	doubly concordant
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	D
	discordant
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CI
	confidence interval
	
	
	
	
	
	
	
	
	
	
	
	
	
	





	Supplementary Table 5. Crude and age-adjusted risks for other relatives
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Parent
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	Fathers
	Mothers
	Parents
	Crude
	 
	Derived
	      AAR

	Author
	Year
	Location
	Lat (°)
	aff
	total
	aff
	total
	aff
	total
	risk
	Modifier
	denominator
	%
	(95% CI)

	Wikstrom
	1984
	Finland (Jalasjarvi)
	63.10
	
	
	
	
	
	
	
	
	
	 
	 

	Sadovnick
	1988
	Canada (Vancouver)
	49.26
	7
	431
	21
	567
	28
	998
	2.81%
	0.9888
	987
	2.84
	(1.80 – 3.87)

	Koch-Henriksen
	1989
	Denmark
	55.33
	7
	
	7
	
	14
	746
	1.88%
	0.9749
	727
	1.92
	(0.93 – 2.92)

	Grasso
	1989
	Italy (Rome)
	41.89
	
	
	
	
	4
	332
	1.20%
	
	326
	1.23
	(0.03 – 2.43)

	Robertson
	1996
	UK (Cambridgeshire)
	52.28
	12
	612
	13
	625
	25
	1237
	2.02%
	0.9859
	1220
	2.05
	(1.25 – 2.85)

	Carton
	1997
	Belgium (Flanders)
	51.07
	10
	660
	11
	663
	21
	1323
	1.59%
	0.9859
	1304
	1.61
	(0.93 – 2.29)

	Sazdovitch
	2000
	France (Paris)
	48.86
	4
	330
	7
	350
	11
	680
	1.62%
	
	667
	1.65
	(0.68 – 2.62)

	Marrosu
	2002
	Sardinia
	40.12
	5
	901
	15
	901
	20
	1802
	1.11%
	
	1768
	1.13
	(0.64 – 1.62)

	Prokopenko 
	2003
	Sardinia (Nuoro)
	40.32
	
	
	
	
	7
	610
	1.15%
	0.9107
	556
	1.26
	(0.33 – 2.19)

	O'Gorman
	2011
	Australia (Gold Coast)
	28.00
	6
	575
	5
	575
	11
	1150
	0.96%
	0.9964
	1146
	0.96
	(0.40 – 1.52)

	O'Gorman
	2011
	Australia (Melbourne)
	37.81
	6
	941
	12
	941
	18
	1882
	0.96%
	
	1847
	0.97
	(0.53 – 1.42)

	O'Gorman
	2011
	Australia (Tasmania)
	42.88
	0
	321
	3
	321
	3
	642
	0.47%
	0.9983
	641
	0.47
	(0.00 – 1.00)

	 
	 
	 
	 
	 
	 
	 
	 
	Mean (weighted)
	0.9787
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Aunt/uncle
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	Uncles
	Aunts
	Aunts/uncles
	Crude
	 
	Derived
	      AAR

	Author
	Year
	Location
	Lat (°)
	aff
	total
	aff
	total
	aff
	total
	risk
	Modifier
	denominator
	%
	(95% CI)

	Wikstrom
	1984
	Finland (Jalasjarvi)
	63.1.0
	
	
	
	
	
	
	
	
	
	 
	 

	Sadovnick
	1988
	Canada (Vancouver)
	49.26
	13
	1067
	25
	984
	38
	2051
	1.85%
	0.9782
	2006
	1.89
	(1.30 – 2.49)

	Koch-Henriksen
	1989
	Denmark
	55.33
	
	
	
	
	
	
	
	
	
	
	

	Grasso
	1989
	Italy (Rome)
	41.89
	
	
	
	
	
	
	
	
	
	
	

	Robertson
	1996
	UK (Cambridgeshire)
	52.28
	
	
	
	
	21
	2580
	0.81%
	0.9356
	2414
	0.87
	(0.50 – 1.24)

	Carton
	1997
	Belgium (Flanders)
	51.07
	8
	1997
	18
	2074
	26
	4071
	0.64%
	0.9677
	3939
	0.66
	(0.41 – 0.91)

	Sazdovitch
	2000
	France (Paris)
	48.86
	2
	476
	6
	443
	8
	919
	0.87%
	
	895
	0.89
	(0.28 – 1.51)

	Marrosu
	2002
	Sardinia
	40.12
	
	
	
	
	
	
	
	
	
	
	

	Prokopenko*
	2003
	Sardinia (Nuoro)
	40.32
	
	
	
	
	9
	2581
	0.35%
	
	2513
	0.36
	(0.12 – 0.59)

	O'Gorman
	2011
	Australia (Gold Coast)
	28.00
	2
	1354
	7
	1300
	9
	2654
	0.34%
	0.9969
	2646
	0.34
	(0.12 – 0.56)

	O'Gorman
	2011
	Australia (Melbourne)
	37.81
	
	
	
	
	
	
	
	
	
	
	

	O'Gorman
	2011
	Australia (Tasmania)
	42.88
	2
	1076
	11
	1012
	13
	2088
	0.62%
	0.9989
	2086
	0.62
	(0.29 – 0.96)

	 
	 
	 
	 
	 
	 
	 
	 
	Mean (weighted)
	0.9737
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sibling
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	Brothers
	Sisters
	Siblings
	Crude
	 
	Derived
	      AAR

	Author
	Year
	Location
	Lat (°)
	aff
	total
	aff
	total
	aff
	total
	risk
	Modifier
	denominator
	%
	(95% CI)

	Wikstrom
	1984
	Finland (Jalasjarvi)
	63.10
	3
	91
	2
	111
	5
	201
	2.49%
	
	164
	3.05
	(0.41 – 5.70)

	Sadovnick
	1988
	Canada (Vancouver)
	49.26
	20
	938
	34
	948
	54
	1886
	2.86%
	0.7319
	1380
	3.91
	(2.89 – 4.94)

	Koch-Henriksen
	1989
	Denmark
	55.33
	10
	523
	12
	469
	22
	992
	2.22%
	0.7475
	742
	2.97
	(1.74 – 4.19)

	Grasso
	1989
	Italy (Rome)
	41.89
	
	
	
	
	3
	336
	0.89%
	
	274
	1.10
	(0.00 – 2.33)

	Robertson
	1996
	UK (Cambridgeshire)
	52.28
	18
	679
	25
	668
	43
	1347
	3.19%
	0.8357
	1126
	3.82
	(2.70 – 4.94)

	Carton
	1997
	Belgium (Flanders)
	51.07
	12
	945
	21
	891
	33
	1836
	1.80%
	0.8559
	1571
	2.10
	(1.39 – 2.81)

	Sazdovitch
	2000
	France (Paris)
	48.86
	5
	409
	12
	426
	17
	835
	2.04%
	
	680
	2.50
	(1.33 – 3.67)

	Marrosu
	2002
	Sardinia
	40.12
	23
	1477
	36
	1494
	59
	2971
	1.99%
	
	2421
	2.44
	(1.82 – 3.05)

	Prokopenko 
	2003
	Sardinia (Nuoro)
	40.32
	
	
	
	
	48
	1300
	3.69%
	0.7757
	1008
	4.76
	(3.45 – 6.07)

	O'Gorman
	2011
	Australia (Gold Coast)
	28.00
	5
	672
	17
	633
	22
	1305
	1.69%
	0.8873
	1158
	1.90
	(1.11 – 2.69)

	O'Gorman
	2011
	Australia (Melbourne)
	37.81
	
	
	
	
	26
	2233
	1.16%
	
	1819
	1.43
	(0.88 – 1.97)

	O'Gorman
	2011
	Australia (Tasmania)
	42.88
	5
	391
	12
	374
	17
	765
	2.22%
	0.9136
	699
	2.43
	(1.29 – 3.58)

	 
	 
	 
	
	
	
	
	
	Mean (weighted)
	0.8148
	
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Offspring
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	
	Sons
	Daughters
	Offspring
	Crude
	
	Derived
	      AAR

	Author
	Year
	Location
	Lat (°)
	aff
	total
	aff
	total
	aff
	total
	risk
	Modifier
	denominator
	%
	(95% CI)

	Wikstrom
	1984
	Finland (Jalasjarvi)
	63.10
	
	
	
	
	
	
	
	
	
	 
	 

	Sadovnick
	1988
	Canada (Vancouver)
	49.26
	0
	659
	7
	609
	7
	1268
	0.55%
	0.2167
	275
	2.55
	(0.68 – 4.41)

	Koch-Henriksen
	1989
	Denmark
	55.33
	1
	
	3
	
	4
	625
	0.64%
	0.2723
	170
	2.40
	(0.07 – 4.63)

	Grasso
	1989
	Italy (Rome)
	41.89
	
	
	
	
	
	
	
	
	
	
	

	Robertson
	1996
	UK (Cambridgeshire)
	52.28
	1
	560
	5
	496
	6
	1056
	0.57%
	0.3105
	328
	1.83
	(0.38 – 3.28)

	Carton
	1997
	Belgium (Flanders)
	51.07
	
	
	
	
	6
	994
	0.60%
	0.3489
	347
	1.73
	(0.36 – 3.10)

	Sazdovitch
	2000
	France (Paris)
	48.86
	0
	235
	1
	221
	1
	456
	0.22%
	
	139
	0.72
	(0.00 – 2.13)

	Marrosu
	2002
	Sardinia
	40.12
	
	
	
	
	
	
	
	
	
	
	

	Prokopenko *
	2003
	Sardinia (Nuoro)
	40.32
	
	
	
	
	6
	370
	1.62%
	
	113
	5.31
	(1.16 – 9.47)

	O'Gorman
	2011
	Australia (Gold Coast)
	28.00
	2
	326
	3
	293
	5
	619
	0.81%
	0.3649
	226
	2.21
	(0.29 – 4.14)

	O'Gorman
	2011
	Australia (Melbourne)
	37.81
	
	
	
	
	
	
	
	
	
	
	

	O'Gorman
	2011
	Australia (Tasmania)
	42.88
	0
	233
	2
	239
	2
	472
	0.42%
	0.4034
	190
	1.05
	(0.00 – 2.50)

	 
	 
	 
	 
	 
	 
	 
	 
	Mean (weighted)
	0.3051
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Niece/nephew
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	
	Nephews
	Nieces
	Niece/nephew
	Crude
	
	Derived
	      AAR

	Author
	Year
	Location
	Lat (°)
	aff
	total
	aff
	total
	aff
	total
	risk
	Modifier
	denominator
	%
	(95% CI)

	Wikstrom
	1984
	Finland (Jalasjarvi)
	63.10
	
	
	
	
	
	
	
	
	
	 
	 

	Sadovnick
	1988
	Canada (Vancouver)
	49.26
	2
	1400
	8
	1389
	10
	2789
	0.36%
	0.2103
	587
	1.70
	(0.66 – 2.75)

	Koch-Henriksen
	1989
	Denmark
	55.33
	
	
	
	
	
	
	
	
	
	
	

	Grasso
	1989
	Italy (Rome)
	41.89
	
	
	
	
	
	
	
	
	
	
	

	Robertson
	1996
	UK (Cambridgeshire)
	52.28
	3
	885
	7
	885
	10
	1770
	0.56%
	0.3445
	610
	1.64
	(0.63 – 2.65)

	Carton
	1997
	Belgium (Flanders)
	51.07
	3
	1654
	2
	1607
	5
	3261
	0.15%
	0.3407
	1111
	0.45
	(0.06 – 0.84)

	Sazdovitch
	2000
	France (Paris)
	48.86
	
	
	
	
	0
	921
	0.00%
	
	291
	0.00
	(0.00 – 0.00)

	Marrosu
	2002
	Sardinia
	40.12
	
	
	
	
	
	
	
	
	
	
	

	Prokopenko 
	2003
	Sardinia (Nuoro)
	40.32
	
	
	
	
	6
	1697
	0.35%
	0.3336
	566
	1.06
	(0.22 – 1.90)

	O'Gorman
	2011
	Australia (Gold Coast)
	28.00
	1
	959
	8
	932
	9
	1892
	0.48%
	0.3579
	677
	1.33
	(0.47 – 2.19)

	O'Gorman
	2011
	Australia (Melbourne)
	37.81
	
	
	
	
	
	
	
	
	
	
	

	O'Gorman
	2011
	Australia (Tasmania)
	42.88
	2
	823
	3
	824
	5
	1647
	0.30%
	0.3461
	570
	0.88
	(0.11 – 1.64)

	 
	 
	 
	 
	 
	 
	 
	 
	Mean (weighted)
	0.3156
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cousin
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	
	Male cousins
	Female cousins
	Total cousins
	Crude
	
	Derived
	      AAR

	Author
	Year
	Location
	Lat (°)
	aff
	total
	aff
	total
	aff
	total
	risk
	Modifier
	denominator
	%
	(95% CI)

	Wikstrom
	1984
	Finland (Jalasjarvi)
	63.10
	
	
	
	
	
	
	
	
	
	 
	 

	Sadovnick
	1988
	Canada (Vancouver)
	49.26
	
	
	
	
	41
	3142
	1.30%
	0.6022
	1892
	2.17
	(1.51 – 2.82)

	Koch-Henriksen
	1989
	Denmark
	55.33
	
	
	
	
	
	
	
	
	
	
	

	Grasso
	1989
	Italy (Rome)
	41.89
	
	
	
	
	
	
	
	
	
	
	

	Robertson
	1996
	UK (Cambridgeshire)
	52.28
	
	
	
	
	23
	3401
	0.68%
	0.7685
	2614
	0.88
	(0.52 – 1.24)

	Carton
	1997
	Belgium (Flanders)
	51.07
	13
	4763
	22
	4790
	35
	9553
	0.37%
	0.8327
	7955
	0.44
	(0.29 – 0.59)

	Sazdovitch
	2000
	France (Paris)
	48.86
	
	
	
	
	3
	973
	0.31%
	
	797
	0.38
	(0.00 – 0.80)

	Marrosu
	2002
	Sardinia
	40.12
	
	
	
	
	
	
	
	
	
	
	

	Prokopenko*
	2003
	Sardinia (Nuoro)
	40.32
	
	
	
	
	43
	6159
	0.70%
	0.8186
	5042
	0.85
	(0.60 – 1.11)

	O'Gorman
	2011
	Australia (Gold Coast)
	28.00
	
	
	
	
	23
	5063
	0.45%
	0.8857
	4485
	0.51
	(0.30 – 0.72)

	O'Gorman
	2011
	Australia (Melbourne)
	37.81
	
	
	
	
	
	
	
	
	
	
	

	O'Gorman
	2011
	Australia (Tasmania)
	42.88
	
	
	
	
	23
	3781
	0.61%
	0.9182
	3472
	0.66
	(0.39 – 0.93)

	 
	 
	 
	 
	 
	 
	 
	 
	Mean (weighted)
	0.8186
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	* studies for relatives where AAR were recalculated from crude risk due to outlier test for modifier exceeding 0.05 threshold
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lat
	latitude
	
	
	
	
	
	
	
	
	
	
	
	

	aff
	[bookmark: _GoBack]affected
	
	
	
	
	
	
	
	
	
	
	
	

	AAR
	age-adjusted risk
	
	
	
	
	
	
	
	
	
	
	
	

	CI
	confidence interval
	
	
	
	
	
	
	
	
	
	
	
	




	Supplementary Table 6. Age-adjusted recurrence risks for all relative groups

	
	
	
	
	
	

	Relative
	Affected
	Total
	Crude Risk (%)
	AAR (%)
	(95% CI)

	MZ twin
	129
	748
	17.25
	18.44
	(15.35 - 21.53)

	Conjugal*
	11
	148
	7.43
	18.50
	(8.53 - 28.47)

	Parent/child*
	43
	472
	9.11
	9.44
	(7.42 - 11.46)

	DZ twin
	58
	1326
	4.37
	4.61
	(3.38 - 5.84)

	Sibling
	349
	16007
	2.18
	2.68
	(2.43 - 2.93)

	Parent
	162
	11402
	1.42
	1.45
	(1.23 - 1.67)

	Offspring
	37
	5860
	0.63
	2.07
	(1.7 - 2.43)

	Half-sib*
	49
	3436
	1.43
	1.89
	(1.36 - 2.42)

	Aunt/Uncle
	124
	16944
	0.73
	0.75
	(0.62 - 0.88)

	Niece/nephew
	45
	13977
	0.32
	1.02
	(0.85 - 1.19)

	Cousin
	191
	32072
	0.60
	0.73
	(0.63 - 0.83)

	Adoptee*
	1
	1201
	0.08
	0.13
	(0.00 - 0.43)

	Step-sib*
	1
	687
	0.15
	0.20
	(0.00 - 0.59)

	Gen Pop
	 
	 
	 
	0.16
	(0.15 - 0.17)

	
	
	
	
	
	

	* see main text for references

	AAR
	age-adjusted risk
	
	
	

	CI
	confidence interval
	
	

	MZ
	monozygotic
	
	
	

	DZ
	dizygotic
	
	
	
	



Supplementary Table 7. Ratios of fertility rates in aunts/uncles and parents

	Author
	Year
	Location
	Numbers of Relatives
	Fertility Rates

	
	
	
	Proband
	Sibling
	Aunt/Uncle
	Cousin
	Population
	Aunt/Uncle
	Parent
	Ratio
	(95% CI)

	
	
	
	
	
	
	
	CTFRRef
	
	(  S+P  )
	    Aunt/Uncle

	 
	 
	 
	(P)
	(S)
	(A)
	(C)
	(F)
	(C/A)
	(P(1/F))
	       Parent

	Sadovnick 
	1988
	Canada
	998
	1886
	2051
	3142
	0.8560
	1.532
	2.456
	0.624
	(0.531 - 0.716)

	Robertson
	1996
	UK
	1237
	1347
	2580
	3401
	0.861
	1.318
	1.671
	0.789
	(0.702 - 0.876)

	Carton
	1997
	Belgium
	1323
	1836
	4071
	9553
	0.862
	2.347
	1.910
	1.228
	(1.152 - 1.304)

	Sazdovitch
	2000
	France
	680
	835
	919
	973
	0.8863
	1.059
	1.961
	0.540
	(0.411 - 0.699)

	Prokopenko 
	2003
	Sardinia
	610
	1300
	2581
	6159
	0.8164
	2.386
	2.536
	0.941
	(0.837 - 1.045)

	O'Gorman
	2011
	Queensland
	1150
	1305
	2654
	5063
	0.8965
	1.908
	1.900
	1.004
	(0.919 - 1.090)

	O'Gorman
	2011
	Tasmania
	642
	765
	2088
	3781
	0.8965
	1.811
	1.951
	0.928
	(0.819 - 1.038)



CTFR = cumulative total fertility rate for women aged 45 and over (1 – proportion childless women aged 45 and over)
CI = confidence interval



	Supplementary Table 8. Sibling lambda (λs) against latitude

	
	
	
	

	Author
	Latitude (°)
	λS
	(95% CI)

	Wikstrom 1984
	63.10
	20.2
	(8.4 - 48.6)

	Sadovnick 1988
	49.26
	26.4
	(19.4 - 35.9)

	Koch-Henriksen 1989
	55.33
	15.8
	(10.2 - 24.4)

	Grasso 1989
	41.89
	18.6
	(5.9 - 58.8)

	Robertson 1996
	52.28
	17.3
	(12.5 - 23.8)

	Carton 1997
	51.07
	15.4
	(10.6 - 22.5)

	Sazdovitch 2000
	48.86
	18.2
	(11.1 - 30.0)

	Marrosu 2002
	40.12
	10.9
	(8.2 - 14.5)

	Prokopenko 2003
	40.32
	21.3
	(15.7 -28.9)

	O'Gorman 2011 TAS
	42.88
	14.1
	(8.6 - 23.1)

	O'Gorman 2011 QLD
	28.00
	21.6
	(13.6 - 34.3)

	O'Gorman 2011 VIC
	37.81
	11.1
	(7.2 - 16.8)



CI = confidence interval


	Supplementary Table 9. Individual and collective heritability for twin studies
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Study
	Year
	Location
	Lat (°)
	N
	Pop (%)
	MZ (%)
	DZ (%)
	xPop
	aPop
	xMZ
	aMZ
	xDZ
	aDZ
	bMZ
	bDZ
	nMZ
	nDZ
	VrMZ
	VrDZ
	h2
	se (h2)
	(95% CI – h2)
	c2
	e2

	Uitdehaag*
	1989
	Holland
	53.2
	7
	0.09
	0.00
	0.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FRG
	1992
	France
	46.2
	54
	0.14
	6.31
	2.90
	2.989
	3.273
	1.553
	1.964
	1.896
	2.281
	0.4967
	0.3726
	17
	37
	0.0227
	0.0174
	0.25
	0.1134
	(0.026 - 0.470)
	0.25
	0.50

	Mumford
	1994
	UK
	52.0
	105
	0.22
	27.01
	3.49
	2.848
	3.142
	0.613
	1.225
	1.812
	2.208
	0.7766
	0.3667
	44
	61
	0.0045
	0.0100
	0.82
	0.0410
	(0.739 - 0.900)
	0.00
	0.22

	Willer
	2003
	Canada
	56.1
	354
	0.35
	25.34
	5.36
	2.697
	3.003
	0.674
	1.271
	1.607
	2.03
	0.7399
	0.4049
	133
	221
	0.0016
	0.0023
	0.67
	0.0109
	(0.648 - 0.691)
	0.07
	0.26

	Hansen
	2005
	Denmark
	56.3
	156
	0.28
	24.90
	1.75
	2.77
	3.070
	0.674
	1.271
	2.108
	2.47
	0.7498
	0.2330
	37
	119
	0.0055
	0.0085
	1.00
	0.0397
	(0.956 - 1.000)
	0.00
	0.25

	Ristori
	2006
	Italy
	41.9
	198
	0.08
	16.27
	4.30
	3.156
	3.429
	0.982
	1.511
	1.717
	2.125
	0.7131
	0.4759
	51
	147
	0.0039
	0.0030
	0.47
	0.0195
	(0.436 - 0.513)
	0.24
	0.29

	Ristori*
	2006
	Sardinia
	40.1
	18
	0.24
	24.73
	0.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Islam
	2006
	USA
	37.1
	1123
	0.14
	14.44
	4.74
	2.989
	3.273
	1.063
	1.575
	1.675
	2.088
	0.6636
	0.4528
	418
	705
	0.0005
	0.0006
	0.42
	0.0033
	(0.415 - 0.428)
	0.24
	0.34

	Kuusisto*
	2008
	Finland
	62.9
	24
	0.16
	46.15
	25.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Overall+
	 
	 
	
	
	0.19
	18.44
	4.61
	2.948
	3.234
	0.9
	1.446
	1.685
	2.097
	0.7077
	0.4393
	700
	1290
	0.0003
	0.0004
	0.54
	0.0018
	(0.533 - 0.540)
	0.17
	0.29

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	* study excluded from individual calculations of h2 because 'n' < 30 or affected = 0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	+ weighted means
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FRG
	French Research Group
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lat
	latitude
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	N
	total twin pairs
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Pop
	population
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MZ
	monozygotic
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DZ
	dizygotic
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	x
	normal deviate
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	a
	mean deviation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	b
	regression coefficient
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	h2
	genetic heritability
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	c2
	shared environment component
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	e2
	environmental component
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	n
	number of twin pairs
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Vr
	variance of regression coefficient
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	se
	standard error
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CI
	confidence interval
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