Supplementary material 1 method: 
Data sources and searches
A comprehensive search of electronic databases MEDLINE and EMBASE was conducted for studies published between the beginning of each database and March 2021. On the 6th of April 2020 and on the 24th of March 2021, we conducted a search using the following strategy:
1) Medline: ((congenital heart disease [TIAB]) OR (congenital heart defect [TIAB]) OR (congenital heart malformation [TIAB])) AND (education (TW) OR (academic performance [TIAB]) OR (academic achievement [TIAB]) OR (school level[TIAB]) OR (educational attainment[TIAB]) OR (quality of life[TIAB]) OR (employment[TIAB])); 
[bookmark: _Hlk36977921]2) EMBASE: Search 1: congenital heart disease, ab,ti Search 2: congenital heart defect, ab,ti; Search 3: congenital heart malformation, ab,ti; Search 4: 1 OR 2 OR 3; Search 5: quality life, ab,ti; Search 6: academic performance, ab,ti Search7: academic achievement, ab,ti Search 8: school level, ab,ti Search 9: educational attainment, ab,ti Search 10: education, ab, ti, tw Search11: employment, ab, ti Search 12: 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 Search 12: 4 AND 12


Supplementary Figure 1a Funnel plot of studies included in pooled analyses of odds ratios of university degree.
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Supplementary Figure 1b Funnel plot of studies included in pooled analyses of odds ratios of secondary educational attainment. 
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Supplementary Figure 1c Funnel plot of studies included in pooled analyses of odds ratios of vocational training.
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Supplemenatry Figure 2a Pooled odds ratio of not achieving university degree comparing CHD patients to those without CHD with control for age and sex
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Supplementary Figure 2b Pooled odds ratio of not achieving secondary educational attainment comparing CHD patients to those without CHD with control for age and sex[image: ]




Suplementary figure Figure 2c Pooled odds ratio of not achieving vocational training comparing CHD patients to those without CHD with control for age and sex
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Supplemenatry Figure 3a Pooled odds ratio of not achieving university degree comparing CHD patients to those without CHD including comparison with sibling 
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Supplementary Figure 3b Pooled odds ratio of not achieving secondary educational attainment comparing CHD patients to those without CHD including comparison with sibling
[image: ]


Suplementary Figure 3c Pooled odds ratio of not achieving vocational training comparing CHD patients to those without CHD including comparison with sibling
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Supplementary Figure 4a Pooled  proportion of patients with CHD completing a university degree from all identified studies.
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Supplementary Figure 4b Pooled proportion of patients with CHD completing a secondary educational attainment from all identified studies
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Supplementary Figure 4c Pooled proportion of patients with CHD completing a vocational training from all identified studies
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Supplementary table 1. Overlapping studies excluded as overlapping with larger/more complete studies.
	Author, overlapping study
	Study location
	Study period
	CHD population
Source
	educational attainment data source
	Number patients
	Age
	Type CHD
	Control group
	Study aims to assess education outcomes in patients with CHD

	Van Rijen Ehm (1)
Overlapping with  Opic p, 2015(2)
	Netherlands
	First operation between 1968-1980 and recruitment 2000-2001
	The Department of Cardiothoracic surgery, Erasmus MC 
	Questionnaire

	362
	Mean 30.2 yrs range 20–46 
	Mix CHD 
20–33 years after their first heart surgery
	normative data were derived from the Netherlands Central Bureau of Statistics
	Yes 

	Sairanen Hi(3) overlapping with  Nieminen H, 2003 (4)
	Finland
	Surgery between 1953-1989
And <15 years old, closing date 1998
	Finnish national research registry of pediatric cardiac surgery
	Questionnaire
	2896
	Mean 27.6 (range 8.9-59 years)
	Mix chd
	Normative data from national statistical centre, Statistics Finland
	Yes 

	Apers S(5)
Overlapping with Sluman MA, 2019(6)
	International
	2013-2015
	Congenital Heart Disease-international study (APPROACH-IS)
	Questionnaire
	3989
	Median 32 (IQR 25-42)
	Mix CHD
	-
	No 

	Eaton SL(7)
Overlapping with Sluman MA, 2019(6)
	Australia
	2013-2015
	Congenital Heart Disease-international study (APPROACH-IS)
	Questionnaire
	135
	Median 25 (IQR 19-31)
	Mix CHD
	-
	No 

	Vigl M(8) overlapping with
Pfitzer C, 2018(9)
	Germany
	-
	National Registry for Congenital Heart Defects in Germany
	Questionnaire
	1067
	Mean 32.1 (±14.4)
	Mix CHD
	676 age and sex matched from the public use ﬁle of the German National Health Interview and Examination Survey
	No 

	Bay A(10)
Overlapping with Sluman MA, 2019(6)
	Sweden
	2013-2015
	Congenital Heart Disease-international study (APPROACH-IS)
	Questionnaire
	471
	Mean 38 (±14.1)
	Mix CHD
	-
	No 

	Moons P(11)
Overlapping with Sluman MA, 2019(6)
	International
	2013-2015
	Congenital Heart Disease-international study (APPROACH-IS)
	Questionnaire
	4028
	32 (IQR 25–43)
	Mix CHD
	-
	No 

	Pfitzer C
Overlapping with  Pfitzer C, 2018(9)
	Germany
	Born 1992-2011 survey 2015
	German National Register for Congenital Heart Defects (NRCHD)
	Questionnaire 
	1198
	Mean 18.2 ± 4.4years
	Mix CHD
	Normative data German general population
	Yes 



Supplementary table 2 Tool for risk of bias in exposure studies(12)
	Author
	Cofounding

	Selection

	Measurement of Exposure (CHD)

	Departures from exposure
	Missing data
	Measurement OF
Outcome

	Reported results

	Otterstad JE(13)
	Low
	Low
	Low
	Low 
	Low 
	Low
	Low 

	Lillehei CW(14)
	Low
	Low
	Low
	Low 
	Low 
	Low
	Low 

	Brandhagen DJ(15)
	Low
	Low
	Low
	Low
	Serious
	Low
	High

	Moller JH(16)
	Low
	Low 	
	Low
	Low 
	Serious 
	Low
	Low 

	Kokkonen J(17)
	Moderate 
	Low 	
	Low
	Low 
	Low 
	Moderate 
	Low 

	Ternestedt  BM  (18)
	Low 
	Low 	
	Low
	Low 
	Serious 
	Low
	Low 

	Nieminen H(4)
	Low
	low	
	Low
	Low
	Serious 
	Low
	low

	Simko LC(19)
	Low 	
	No information
	Low 
	Low 
	Low 
	Moderate 
	Low 

	Rose M(20)
	Critical	
	No information
	Low
	Low 
	Low 
	Low
	Low

	Kovacs AH(21)
	Low 	
	Low 	
	Low
	Low 	
	Low 
	Low 	
	Low 

	Moons P(22)
	Low 
	Low 	
	Low
	Low 
	Low 
	Low
	Low 

	Chen CA(23)
	Low
	Low 	
	Low
	Low 
	Low 
	Low
	Low 

	Riley  JP(24)
	Low
	Low 	
	Low
	Low 
	Low 
	Low
	Low 

	Olsen M(25)
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	Bygstad E(26)
	Low 	
	Low 	
	Low
	Low 
	Low 
	Low
	Low 

	Pike NA(27)
	Low 	
	No information
	Low
	Low 
	Low 
	Low
	Low 

	Ozcan EE(28)
	Moderate
	No information
	Low
	Low
	Low 
	Low
	Low 

	Zomer AC(29)
	Critical 
	Serious 
	Low
	Low 
	Low 
	Serious
	Low 

	Eslami B (30)
	Critical 
	No information
	Low
	Low 
	Low 
	Low
	Low 

	Bang JS(31)
	Low 	
	No information
	Low
	Low 
	Low 
	Low
	Low 

	Opic p(2)
	Low
	Serious 
	Low
	Low 
	Low 
	Critical 
	Low 

	Karsenty C(32)
	Low
	Low
	Low
	Low
	Low 
	Low
	Low 

	Kahya Eren N(33)
	Low 	
	Low 	
	Low
	Low 
	Low 
	Serious 
	Low 

	O’Donovan CE(34)
	Low
	Serious 	
	Low
	Low
	Low 
	Low 	
	Low 

	Aherrera JAM(35)
	Low 	
	No information	
	Low
	Low 
	Low 
	Low
	Low 

	Schaefer CJ(36)
	Critical
	Low 
	Low
	Low
	Low
	Low
	Low 

	Caruana M(37)
	Critical 
	Serious 	
	Low
	Low 
	Low 
	Low
	Low 

	Tumin D(38)
	Low
	Moderate 	
	Low
	Low  
	Low 
	Low
	Low 

	Gleason LP(39)
	Low 
	Serious 	
	Low
	Low 
	Low 
	Low
	Low 

	Schiele SE(40)
	Low 
	Serious 	
	Low
	Low 
	Low 
	Low
	Low 

	Rometsch S (41) 
	Critical 
	Low
	Low
	Low 
	Low 
	Low
	Low 

	Udholm S(42)
	Critical 
	Serious	
	Low
	Low
	Low 
	Low
	Low 

	Fedchenko M(43)
	Low 
	Critical 
	Low
	Low 
	Low 
	Low
	Low 

	Sluman MA(6)
	Low
	No information
	Moderate 
	Low
	Low 
	Low
	Low 

	Pfitzer C(9)
	Low
	Serious 
	Low
	Low
	Low 
	Low
	Low 

	Enomoto j(44)
	Low
	Serious 	
	Low
	Low 
	Low 
	Low
	Low 

	Connor B(45)
	Low
	No information
	Low
	Moderate
	Low 
	Low
	Low 

	Madsen NL(46)
	Low 
	Low 
	Low 
	Low 
	Low 
	Low 
	Low 

	Martínez‐Quintana(47)
	Low 
	Low 
	Low 
	Low 
	Low 
	Low 
	Low 

	Steiner(48)
	Low 
	Serious 
	Low 
	Low 
	Low 
	Low 
	Low 

	Berruda(49)
	Low 
	Low 
	Low 
	Low 
	Low 
	Low 
	Low 

	Soufi(50)
	Low 
	Low 
	Low 
	Low 
	Low 
	Low 
	Low 
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Rometsch 139 139 184 188 0.4% 6.80[0.36; 127.44] —
Udholm 1120 1120 137 140 0.4% 57.04[2.93; 1110.20] ;
Total (95% Cl) 93102 11820 100.0% 1.30 [1.08; 1.57] *
Prediction interval [0.76; 2.23] -

Heterogeneity: Tau® = 0.0457; Chi® = 53.51, df = 9 (P < 0.01); I = 83% f T T |
0.001 01 1 10 1000
Favours CHD patients <= => Favours those without CHD
Not achieving secondary education
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No-CHD CHD 0Odds Ratio 0Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Simko 6 124 12 124 17% 0.47[0.17;1.31] :
Rometsch 68 139 93 188 7.7% 0.98[0.63; 1.52]
Olsen 5071 20531 499 2072 31.9% 1.03[0.93; 1.15]
Madsen 688 6257 674 7019 31.1%  1.16[1.04; 1.30] =
Kokkonen 151 211 46 71 50% 1.37[0.77;2.42] —
Shaefer 39336 50066 146 203 13.1% 1.43 [1.05; 1.95] i
Udholm 433 1120 40 140 9.4% 1.58 [1.07; 2.32] T
Total (95% CI) 78448 9817 100.0%  1.16 [1.01; 1.33] (o
Prediction interval [0.83; 1.62] ——
Heterogeneity: Tau” = 0.0122; Chi” = 11.69, df = 6 (P = 0.07); I’ = 49%

0.2 0.5 1 2 5

Favours CHD patients <= => Favours those without CHD
Not achieving vocational training
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Study
Kokkonen
Nieminen
Martinez?Quintana
Otterstad
Ozcan
Barreda
Kahya Eren
Madsen
Rose

Opic
Eslami
O'Donovan
Olsen
Temestedt
Caruana
Bygstad
Zomer
Lillehei
Schiele
Udholm
Branhagen
Rometsch
Moons
Soufi
Aherrera
Fedchenko
Tumin
Sluman
Chen
Moller
Riley JP
Enomoto
Gleason
Kovacs
Pike

Simko
Steiner
Connor
Bang

Total (95% Cl)
Prediction interval

year
1992
2003
2020
1986
2012
2020
2015
2020
2005
2015
2013
2015
2011
2001
2016
2012
2012
1986
2018
2019
1991
2018
2009
2021
2016
2019
2017
2018
2010
1991
2011
2019
2019
2009
2012
2003
2020
2019
2013

Area
Europe
Europe
Europe
Europe

Middle East
South America
Middle East
Europe
Europe
Europe
Middle East
Australia
Europe
Europe
Europe
Europe
Europe
North America
North America
Europe
North America
Europe
Europe
Europe

Asia

Europe
North America
International
Asia
North America
Europe
Asia
North America
North America
North America
North America
North America
North America
Asia

Mean age Events

2210
31.70
29.00
42.00
23.80
29.00
39.70

33.00
39.70
33.20
32.00

30.60
32.20
39.00

26.50
32.60
31.00
2470
24.00
26.70
32.50
43.50
35.00
32.00
3320

37.20
33.60

31.90
25.60
26.40
38.00

26.50

2
257
17
1"
19
9
13
1333
22
57
84
29
207
7
21
29
459
34
61
51
57
7
257
26
41
36
217
2044
156
132
57
112
w
171
33
76
17
314
72

Total Wi
7
2676
169
96
145
67
69
7019
1M
252
347
110
770
26
76
95
1496
105
169
140
155
188
619
60
92
72
426
3989
289
232
99
193
130
280
54
124
25
437
85

leight Proportion

1.7%
2.7%
2.5%
24%
2.5%
2.4%
24%
2.7%
2.6%
27%
2.7%
2.6%
27%
2.2%
2.5%
26%
2.7%
2.6%
26%
2.6%
2.6%
27%
2.7%
2.5%
26%
26%
2.7%
2.7%
27%
2.7%
2.6%
27%
2.6%
2.7%
25%
2.6%
2.2%
27%
2.5%

21558 100.0%

Heterogeneity: Tau? = 0.7813; Chi? = 2655.28, df = 38 (P = 0); I = 99%

0.03
0.10
0.10
011
0.13
0.13
0.19
0.19
0.20
023
0.24
0.26
027
0.27
0.28
031
0.31
0.32
0.36
0.36
0.37
038
042
0.43
045
0.50
0.51
0.51
054
0.57
0.58
0.58
0.59
0.61
061
0.61
0.68
072
0.85

0.36

95% Cl IV, Random, 95% CI
[0.00; 0.10] B—

[0.09;0.11]

0.06; 0.16]
[0.06; 0.20]
[0.08; 0.20]
[0.06; 0.24]
[0.10; 0.30]
[0.18;0.20]
[0.13;0.28]
[0.18;0.28]
[0.20; 0.29]
0.18; 0.36]
[0.24;0.30]
[0.12;0.48]
[0.18;0.39]
[0.21; 0.41]
[0.28; 0.33]
[0.24; 0.42]
[0.29; 0.44]
[0.28; 0.45]
[0.29; 0.45]
[0.31; 0.45]
[0.38; 0.46]
[0.31;0.57]
[0.34; 0.55]
[0.38; 0.62]
[0.46; 0.56]
[0.50; 0.53]
[0.48; 0.60]
[0.50; 0.63]
[0.47;0.67]
[0.51;0.65]
[0.50; 0.68]
[0.55; 0.67]
[0.47,0.74]
[0.52;0.70]
[0.46; 0.85]
[0.67;0.76]
[0.75;0.92]

[0.30; 0.43]
[0.08; 0.78]

02 04 06 08
% subjects with university degree
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Study
Madsen
Rose
Karsenty
Otterstad
Caruana
Kahya Eren
Olsen
Pfitzer
Soufi
Martinez?Quintana
Eslami
Bygstad
Zomer
Opic
Nieminen
Barreda
Ternestedt
Chen
Moller
Fedchenko
Shaefer
Sluman
Bang
Branhagen
Moons
Udholm
Rometsch
Steiner
Simko
Lillehei
Schiele
Connor

Total (95% Cl)

Prediction interval

year Area
2020 Europe
2005  Europe
2015 Europe
1986 Europe
2016  Europe
2015  Middle East
2011 Europe
2018  Europe
2021 Europe
2020 Europe
2013 Middle East
2012 Europe
2012 Europe
2015  Europe
2003 Europe
2020 South America
2001 Europe
2010 Asia

1991 North America
2019 Europe
2016  Europe
2018 International
2013 Asia

1991 North America
2009 Europe
2019 Europe
2018  Europe
2020 North America
2003 North America
1986 North America
2018 North America
2019 North America

Mean age Events

33.00
40.00
42.00
30.60
39.70

30.00
26.70
29.00
33.20
32.20
39.00
39.70
31.70
29.00

33.20

4350
18.50
32.00
26.50
31.00
24.00
32.60
2470
38.00
26.40

26.50

1614
35
48
39
62
38
1198
712
36
114
237
65
1024
174
2100
53
21
248
209

67
190

3751

81
151
605
137
184

25
122
105
169
437

Total Weight Proportion

7019
111
126

96
120
69
2072
1198
60
169
347
95

1496
252

2676

67
26
289
232
72
203
3989
85
155
619
140
188
25
124
105
169
437

Heterogeneity: Tau? = 1.9034; Chi® = 5421.64, df = 31 (P = 0); I* = 99%

3.5%
34%
3.4%
3.4%
34%
3.4%
3.5%
35%
3.4%
3.4%
35%
3.4%
3.5%
35%
3.5%
3.3%
31%
3.4%
3.4%
31%
3.3%
3.5%
31%
31%
3.4%
3.0%
31%
1.7%
2.8%
1.7%
1.7%
1.7%

22831 100.0%

0.23
032
0.38
0.41
052
0.55
0.58
0.59
0.60
0.67
068
0.68
0.68
069
0.78
0.79
081
0.86
0.90
093
0.94
0.94
0.95
097
0.98
0.98
0.98
1.00
0.98
1.00
1.00
1.00

0.84

95% CI IV, Random, 95% CI
[0.22; 0.24] K1
[0.23;0.41] ——
[0.30;047] —H—
[0.31;0.51]
[0.42;0.61]
[0.43; 0.67]
[0.56; 0.60]
[0.57;0.62]
[0.47;0.72]
[0.60; 0.74]
[0.63;0.73]
[0.58; 0.78]
[0.66; 0.71]
[0.63;0.75]
[0.77; 0.80]
[0.67; 0.88]
[0.61;0.93]
[0.81; 0.90]
[0.85; 0.94]
[0.85; 0.98]
[0.89; 0.97]
[0.93; 0.95]
[0.88; 0.99]
[0.94; 0.99]
[0.96; 0.99]
[0.94; 1.00]
[0.95; 0.99]
[0.86; 1.00]
[0.94; 1.00]
[0.97; 1.00]
[0.98; 1.00]
[0.99; 1.00]

[0.76; 0.90] —
[0.23; 0.99]

04 0.6 08 1
% subjects with secondary education
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Study
Connor
Lillehei
Madsen
Simko
Moller
Fedchenko
Olsen
Bygstad
Udholm
Branhagen
Moons
Barreda
Rometsch
Kokkonen
Shaefer

Total (95% Cl)

year
2019
1986
2020
2003
1991
2019
2011
2012
2019
1991
2009
2020
2018
1992
2016

Prediction interval
Heterogeneity: Tau® = 0.9993; Chi® = 1030.32, df = 14 (P < 0.01); I = 99%

Area
North America
North America

Europe
North America
North America

Europe

Europe

Europe

Europe
North America

Europe
South America

Europe

Europe

Europe

Mean age Events

26.40

43.50

32.20
32.60
31.00
24.00
29.00
24.70
22.10
18.50

25
9
674
12
25
9
499
26
40
51
215
29
93
46
146

Total Weight Proportion

437
105
7019
124
232
72
2072
95
140
155
619
67
188
7
203

6.7%
6.2%
7.0%
6.4%
6.7%
6.2%
7.0%
6.6%
6.7%
6.8%
6.9%
6.6%
6.8%
6.6%
6.8%

11599 100.0%

0.06
0.09
0.10
0.10
0.11
0.12
0.24
0.27
0.29
0.33
0.35
043
0.49
0.65
0.72

0.25

95% CI IV, Random, 95% ClI
[0.04; 0.08] :
[0.04; 0.16] -HB—
[0.09; 0.10]
[0.05;0.16] M i
[0.07;0.15] &
[0.06;0.22] —f—
[0.22; 0.26]
[0.19; 0.37] —
[0.21; 0.37] ——
——
=

4]

[0.26; 0.41] ;
[0.31; 0.39] :

[0.31; 0.56] P

[0.42; 0.57] ——

[0.53; 0.76] i ——

[0.65; 0.78] =

[0.16; 0.36] ——
[0.03; 0.75]

0.1 0.2 0.3 04 05 06 0.7
% subjects with vocational training




