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eFigure. Selection of the Study Sample in FIPS-A Sibling Study 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

Note: ASD = autism spectrum disorder; FIPS-A = Finnish Prenatal Study of Autism and Autism Spectrum Disorders; FHDR = the Finnish Hospital Discharge Register; FMBR = the 
Finnish Medical Birth Register; FPRC = the Finnish Population Register Centre 

* Of those, 913 was diagnosed with childhood autism, 1,367 with Asperger’s syndrome and 1,298 with PDD-NOS 

** Note: 3,735 controls excluded because of the matched case-control study design, i.e. the exclusion of one case leads to the exclusion of maximum 4 matched controls. 
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Excluding cases (n = 6) 
and controls (n = 12) 

whose only sibling had 
died prior to age three 
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eTable 1.  Diagnostic Classification of Mental Disorders According to the 
ICD-10 and Corresponding ICD-9 Diagnoses 
Diagnostic group Current classification ICD-10 

(1996 to present) 
ICD-9 

(1987-1995) 
Any  psychiatric or  
neurodevelopmental 
disorder 

F10-F99 291-319, excluding 316 

Schizophrenia and 
other nonaffective 
psychoses (referred as 
schizophrenia 
spectrum disorders) 

F20 schizophrenia, F21 
schizotypal disorder,  F22 
delusional disorder, F23 acute 
polymorphic psychotic disorder 
without symptoms of 
schizophrenia, F24 induced 
delusional disorder, F25 
schizoaffective disorder, F28 
other nonorganic psychotic 
disorders, F29 unspecified 
nonorganic disorders 

295, 297, 2989X, 3012C 

Affective disorders F30 hypomania, F31 bipolar 
affective disorder, F32 
depressive episode, F33 
recurrent depressive episode, 
F34 cyclothymia and dysthymia, 
F38 other single mood 
(affective) disorder, F39 
unspecified mood (affective) 
disorder 

296, 3004A, 2988A 

Anxiety disorders F40 phobic anxiety disorders, 
F41 other anxiety disorders 
(excluding F41.2), F42 
obsessive– compulsive disorder 

3000A, 3000B, 3000C, 3002B, 
3002C, 3002D, 3002X, 3003A 
 

Other neurotic and 
personality disorders 
and other 
nonpsychotic 
disorders (referred as 
other neurotic and 
personality disorders) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F41.2 mixed anxiety and 
depression, F43 reaction to 
severe stress and adjustment 
disorders, F44 dissociative 
amnesia, F45 somatoform 
disorders, F48 other neurotic 
disorders, F50 eating disorders, 
F51 non-organic sleep disorders 
(excluding F51.3; F51.4), F52 
lack or loss of sexual desire, 
F53 mental and behavioral 
disorders associated with the 
puerperium, not elsewhere 
classified, F54 psychological 
and behavioral factors 
associated with disorders or 
diseases classified elsewhere, 
F55 abuse of non-dependence 
producing substances, F59 
unspecified behavioral 
syndromes associated with 
physiological disturbances, F60 
specific personality disorders, 
F61 mixed and other personality 

300–302 (excluding 3000A, 
3000B, 3000C, 3002B, 3002C, 
3002D, 3002X, 3003A, 3004A and 
3012C), 3071A, 3074A, 3074F, 
3074H, 3075A, 3075B, 3075C, 
3075E, 3078A, 3079X, 309 
(excluding 3092A and 3092B), 312 
(excluding 3120A, 3123C and 
3123D) 
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disorders, F62 enduring 
personality changes, not 
attributable to brain damage and 
diseases, F63 habit and impulse 
disorders, F64 gender identity 
disorders, F65 fetishism, F66 
psychological and behavioral 
disorders associated with sexual 
development and orientation, 
F68 other disorders of adult 
personality and behavior, F69 
unspecified disorder of adult 
personality and behavior, F99 
mental disorder not otherwise 
specified 

Alcohol and drug 
addiction/ abuse 
(referred as substance 
abuse disorders) 

Mental and behavioural 
disorders due to use of… F10 
alcohol, F11 opioids, F12 
cannabinoids, F13 sedatives or 
hypnotics, F14 cocaine, F15 
other stimulants, including 
caffeine, F16 hallucinogens, 
F17 tobacco, F18 volatile 
solvents, F19 multiple drug use 
and use of other psychoactive 
substances 

303-305, 291-292  
 

Any disorder usually 
diagnosed in 
childhood (referred as 
any childhood onset 
disorder) 
 

F70-F79 intellectual disability, 
F80 specific developmental 
disorders of speech and 
language, F81 Specific 
developmental disorders of 
scholastic skills, F82 specific 
developmental disorder of motor 
function, F83 mixed specific 
developmental disorders,  F84 
pervasive developmental 
disorders, F88 other disorders 
of psychological development, 
F89 unspecified disorder of 
psychological development,  
F90 hyperkinetic disorders, F91 
conduct disorders, F92 mixed 
disorders of conduct and 
emotions, F93 emotional 
disorders with onset specific to 
childhood, F94 disorders of 
social functioning with onset 
specific to childhood and 
adolescence, F95 tic disorders, 
F98 other behavioural and 
emotional disorders with onset 
usually occurring in childhood 
and adolescence, F51.3 
sleepwalking, F51.4  sleep 
terrors 

299, 313, 314, 315, 317-319, 
3120A, 3123C, 3123D, 3070A, 
3070B, 3072A, 3072B, 3072C, 
3072D, 3073A, 3074G, 3075D, 
3076A, 3076B, 3076C, 3077A, 
3092A, 3092B 
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Autism spectrum 
disorders 
 

F84 pervasive developmental 
disorders 

299 

Attention deficit 
hyperactivity disorder 
 

F90 hyperkinetic disorders 314 

Intellectual disability F70-F79 intellectual disability 317-319 

Emotional disorders 
with onset specific to 
childhood (referred as  
childhood emotional 
disorders) 

F93 emotional disorders with 
onset specific to childhood 

3092A, 3092B, 3133A 

Learning and 
coordination disorders 
 
                       

F80-F83 learning disabilities or 
motor coordination disorders, 
including developmental 
disorders of speech, language, 
scholastic skills or motor 
coordination 

315 

Conduct and 
oppositional disorders 

F91-F92 conduct disorders, 
including oppositional defiant 
disorder 

3120A, 3123C, 3123D, 3138A 

Tic disorders F95 tic disorders 3072A, 3072B, 3072C, 3072D 
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eTable 2. Covariates in Relation to Psychiatric and Neurodevelopmental Disorders Among Siblings of Controls 
and in Relation to Risk of ASD in the Nationwide FIPS-A Study 

 Covariates in relation to 
psychiatric/ 

neurodevelopmental 
disorders among siblings 

of controls 

Covariates 
among 
controls 

Association between 
covariates and 

psychiatric/ 
neurodevelopmental 

disorders among siblings 
of controls 

Covariates in relation to 
psychiatric/ 

neurodevelopmental 
disorders among siblings 

of cases 

Covariates 
among 
cases 

Association 
between 

covariates 
and ASD 

 No disorder,   
No. (%) 

Yes,      
No. (%) 

No. (%) P Value No disorder, 
No. (%) 

Yes,      
No. (%) 

No. (%) P Value 

Maternal age 
data from FMBR, 
years 

n = 9,723 n = 
2,052 

n = 11,775 <.0001 n = 2,259 n = 
1,319 

n = 3,578 .0006 

15-24 1,755 (18.1) 433 
(21.1) 

2,188 
(18.6) 

 383 (17.0) 305 
(23.1) 

688 (19.2)  

25-34 6,697 (68.9) 1,253 
(61.1) 

7,950 
(67.5) 

 1,510 (66.8) 793 
(60.1) 

2,303 
(64.4) 

 

35 or over 1,271 (13.1) 366 
(17.8) 

1,637 
(13.9) 

 366 (16.2) 221 
(16.8) 

587 (16.4)  

Paternal age data 
from FPRC, years 

n = 9,723 n = 
2,052 

n = 11,775 <.0001 n = 2,259 n = 
1,319 

n = 3,578 .0008 

15-24 863 (8.9) 228 
(11.1) 

1,091 (9.3)  188 (8.3) 133 
(10.1) 

321 (9.0)  

25-34 6,422 (66.1) 1,204 
(58.7) 

7,626 
(64.8) 

 1,439 (63.7) 803 
(60.9) 

2,242 
(62.7) 

 

35-44 2,261 (23.3) 556 
(27.1) 

2,817 
(23.9) 

 571 (25.3) 334 
(25.3) 

905 (25.3)  
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45 or over 177 (1.8) 64 (3.1) 241 (2.0)  61 (2.7) 49 (3.7) 110 (3.1)  

Maternal 
psychiatric 
disorder* data 
from FHDR 

 

n = 9,723 

 

n = 
2,052 

 

n = 11,775 

 

<.0001 

 

n = 2,259 

 

n = 
1,319 

 

n = 3,578 

 

<.0001 

No 8,949 (92.0) 1,709 
(83.3) 

10,658 
(90.5) 

 1,947 (86.2) 966 
(73.2) 

2,913 
(81.4) 

 

Yes 774 (8.0) 343 
(16.7) 

1,117 (9.5)  312 (13.8) 353 
(26.8) 

665 (18.6)  

Paternal 
psychiatric 
disorder* data 
from FHDR 

 

n = 9,723 

 

n = 
2,052 

 

n = 11,775 

 

<.0001 

 

n = 2,259 

 

n = 
1,319 

 

n = 3,578 

 

<.0001 

No 8,854 (91.1) 1,755 
(85.5) 

10,609 
(90.0) 

 1,969 (87.2) 1,051 
(79.7) 

3,020 
(84.4) 

 

Yes 869 (8.9) 297 
(14.5) 

1,166 
(10.0) 

 290 (12.8) 268 
(20.3) 

558 (15.6)  

Maternal 
socioeconomic 
status** data from 
FMBR 

 

n = 7,433 

 

n = 
1,515 

 

n = 8,948 

 

< .0001 

 

n = 1,740 

 

n = 992 

 

n = 2,732 

 

.0064 

Upper white collar 
workers 

1,328 (17.9) 172 
(11.4) 

1,500 
(16.8) 

 306 (17.6) 138 
(13.9) 

444 (16.3)  

Lower white collar 
workers 

3,468 (46.7) 618 
(40.8) 

4,086 
(45.7) 

 778 (44.7) 392 
(39.5) 

1,170 
(42.8) 

 

Blue collar 
workers 

1,424 (19.2) 324 
(21.4) 

1,748 
(19.5) 

 335 (19.3) 237 
(23.9) 

572 (20.9)  



© 2016 American Medical Association. All rights reserved. 

Others 1,213 (16.3) 401 
(26.5) 

1,614 
(18.0) 

 321 (18.5) 225 
(22.7) 

546 (20.0)  

a Cases born in 1987-2005, diagnosed with ASD by 2007, full siblings born in 1977-2005, diagnosed in 1987-2009  

* ICD-10 codes F10-F99, excluding F70-F79; ICD-9 291-316 excluding 293-294; ICD-8 291-309 excluding 292-294 

** based on maternal occupation at birth. Upper white-collar workers = upper clerical workers such as teachers, leaders, experts; lower white-collar workers = lower clerical workers 
such as office workers, who are not leaders or experts; blue-collar workers = perform manual labour; others = entrepreneurs and people outside the labour force, such as students, 
homemakers and unemployed people. If a mother reported education instead of occupation, she was classified as upper white-collar worker if she had a university degree and as 
lower white-collar worker if she had a vocational degree lower than university level. 

ASD = autism spectrum disorders; FIPS-A = Finnish Prenatal Study of Autism and Autism Spectrum Disorders 
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eTable 3.  Associations Between ASD and Psychiatric and 
Neurodevelopmental Disorders Among the Siblings of Male and Female 
Cases and Controls in the Nationwide FIPS-A Study 
 ASDb male ASDb female
 Male 

case 
n = 

2,841 
(%) 

Male 
control 

n = 
9,345 
(%) 

Adjustedc 
RR (95 % 

CI) 

Female 
case 

n = 737 
(%) 

Female 
control 

n = 2,430 
(%) 

Adjustedc 
RR (95 % 

CI) 

Any psychiatric or 
neurodevelopmental 
disorder  
among siblings 

 
1,014 
(35.7) 

 
1,640 
(17.6) 

 
2.4 (2.2-
2.6) *** 

 
305 

(41.4) 

 
412 

(17.0) 

 
2.8 (2.4-
3.3) *** 

Schizophrenia 
spectrum disorders 

48 (1.7) 77 (0.8) 2.0 (1.3-
3.2) ** 

16 (2.2) 21 (0.9) n/a 

Affective disorders 212 
(7.5) 

416 
(4.5) 

1.6 (1.3-
2.0) *** 

72 (9.8) 105 (4.3) 2.3 (1.6-
3.2) *** 

Anxiety disorders 122 
(4.3) 

243 
(2.6) 

1.5 (1.2-
2.0) ** 

43 (5.8) 71 (2.9) 1.9 (1.2-
3.1) ** 

Other neurotic and  
personality disorders 
and other 
nonpsychotic disorders 

 
207 
(7.3) 

 
411 
(4.4) 

 
1.5 (1.2-
1.9) *** 

 
66 (9.0) 

 
98 (4.0) 

 
2.3 (1.6-
3.4) *** 

Alcohol and drug 
addiction/ abuse 

44 (1.6) 140 
(1.5)

1.3 (0.9-
1.9) 

12 (1.6) 35 (1.4) n/a 

Any childhood onset 
disorder 

815 
(28.7) 

1,085 
(11.6) 

2.9 (2.7-
3.2) *** 

246 
(33.4) 

277 
(11.4) 

3.3 (2.7-
3.9) *** 

ASD 289 
(10.2) 

102 
(1.1) 

11.5 (9.0-
14.8) *** 

85 (11.5) 23 (1.0) 12.8 (7.4-
22.3) *** 

ADHD 150 
(5.3) 

141 
(1.5)

3.9 (3.0-
5.0) *** 

39 (5.3) 39 (1.6) 3.0 (1.8-
5.1) *** 

Intellectual disability 68 (2.4) 114 
(1.2) 

2.5 (1.7-
3.6) *** 

36 (4.9) 23 (1.0) n/a 

Emotional disorders 
with onset specific to 
childhood 

93 (3.3) 126 
(1.4) 

2.3 (1.7-
3.2) *** 

33 (4.5) 31 (1.3) 3.5 (1.9-
6.5) *** 

Learning and 
coordination disorders 

 
428 

(15.1) 

 
568 
(6.1)

 
3.0 (2.6-
3.4) *** 

 
135 

(18.3)

 
129 (5.3) 

 
3.9 (2.9-
5.1) *** 

Conduct and 
oppositional disorders 

146 
(5.1) 

175 
(1.9) 

3.1 (2.4-
4.0) *** 

34 (4.6) 46 (1.9) n/a 

Tic disorders 24 (0.8) 19 (0.2) 4.1 (2.1-
8.0) *** 

4 (0.5) 5 (0.2) n/a 

*= P< .05, **= P< .01, ***= P< .001 
a Cases born in 1987-2005, diagnosed with ASD by 2007, full siblings born in 1977-2005, diagnosed in 1987-2009 
b Includes childhood autism, Asperger’s syndrome and PDD-NOS 
cAdjusted for maternal and paternal age, maternal and paternal psychiatric disorder, and maternal socioeconomic status 
FIPS-A = Finnish Prenatal Study of Autism and Autism Spectrum Disorders, ASD = autism spectrum disorders, PDD-NOS 
= pervasive developmental disorders – not otherwise specified, ADHD = attention deficit hyperactivity disorder, RR = risk 
ratio, CI = confidence interval, n/a =  not applicable due to too few numbers of observations or lack of subjects including 
the complete covariate data 
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eTable 4.  Associations Between ASD and Psychiatric and 
Neurodevelopmental Disorders Among the Siblings of Cases and Controls 
in the Nationwide FIPS-A Study After Exclusion of Siblings Diagnosed With 
ASD 
 No ASDb among siblings 
 Age of Sibling at Diagnosis, 

Mean (SD), y 
Frequencies (%) 

 
Adjustedc 

 Case,  
n = 1,025 

Control,  
n = 1,860

P 
Value

Case,  
n = 3,388 

Control,  
n = 11,135 

RR 95 % 
CI 

Any psychiatric or  
neurodevelopmental 
disorder among 
siblings 

 
9.8 (5.6) 

 
11.1 
(6.2) 

 
*** 

 
1,025 
(30.3) 

 
1,860 
(16.7) 

 
2.0 

 
(1.9-

2.2) *** 

Schizophrenia 
spectrum disorders 

18.0 
(3.6) 

19.5 
(4.1) 

ns 57 (1.7) 89 (0.8) 1.9 (1.3-
2.9) ** 

Affective disorders 15.9 
(4.4) 

17.5 
(4.2) 

*** 255 (7.5) 490 (4.4) 1.7 (1.4-
2.0) *** 

Anxiety disorders 15.8 
(4.8) 

16.9 
(5.4) 

** 150 (4.4) 294 (2.6) 1.6 (1.3-
2.1) *** 

Other neurotic and 
personality disorders 
and other 
nonpsychotic 
disorders 

 
14.6 
(5.6) 

 
15.6 
(6.1) 

 
** 

 
249 (7.4) 

 
481 (4.3) 

 
1.7 

 
(1.4-

2.1) *** 

Alcohol and drug 
addiction/ abuse 

18.8 
(3.5) 

18.7 
(4.3) 

ns 54 (1.6) 171 (1.5) 1.3 (0.9-
1.9) 

Any childhood 
onset disorder 

8.0 (4.2) 8.2 (4.2) ns 754 (22.3) 1,195 
(10.7) 

2.4 (2.1-
2.6) *** 

ADHD 8.8 (4.1) 9.4 (3.7) ns 140 (4.1) 152 (1.4) 3.1 (2.3-
4.0) *** 

Intellectual disability 8.1 (5.0) 7.2 (4.3) ns 55 (1.6) 113 (1.0) 2.3 (1.5-
3.4) *** 

Emotional disorders 
with onset specific to 
childhood 

12.3 
(3.8) 

13.2 
(3.8) 

ns 101 (3.0) 144 (1.3) 2.4 (1.7-
3.2) *** 

Learning and 
coordination 
disorders 

6.2 (3.1) 6.9 (3.4) *** 415 (12.3) 615 (5.5) 2.6 (2.3-
3.0) *** 

Conduct and 
oppositional disorders 

11.3 
(3.5) 

11.9 
(3.3) 

ns 140 (4.1) 199 (1.8) 2.3 (1.8-
3.0) *** 

Tic disorders 8.7 (2.9) 9.5 (3.7) ns 21 (0.6) 23 (0.2) 3.9 (2.0-
7.9) *** 

*= P< .05, **= P< .01, ***= P< .001, ns = not significant 
a Cases born in 1987-2005, diagnosed with ASD by 2007, full siblings born in 1977-2005, diagnosed in 1987-2009 
b Includes childhood autism, Asperger’s syndrome and PDD-NOS  
c Adjusted for maternal and paternal age, maternal and paternal psychiatric disorder, and maternal socioeconomic status 
FIPS-A = Finnish Prenatal Study of Autism and Autism Spectrum Disorders, ASD = autism spectrum disorders, PDD-NOS 
= pervasive developmental disorders – not otherwise specified,  ADHD = attention deficit hyperactivity disorder, RR = risk 
ratio, CI = confidence interval, SD = standard deviation 
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eResults. Results of the Additional Analyses 

  eTable 3 shows the adjusted associations of ASD and psychiatric and 

neurodevelopmental disorders among siblings, stratified by sex of the case. As shown in the 

table, the associations were observed among the siblings of both male and female probands. 

The associations did not differ between the siblings of female versus male probands as 

compared to their sex‐matched controls for all conditions (p>0.05). 

  eTable 4 shows the adjusted associations among siblings without ASD diagnosis. The 

mean age of diagnosis did not differ between siblings of cases vs. controls in most of the 

disorders examined. Further, ASD was still associated with all investigated disorders except 

substance abuse disorders. 

 


