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eAppendix 1 - Calculaion of relaive recurrence risk

The Concept

The relaive recurrence risk is a relaive measure of recurrences of disease in relaives condiional of earlier 

disease diagnosed in the family. As such it can be used as a measure of family clustering of disease. The 

relaive recurrence risk may be deine as a raio of two hazards λ
i
/ λ

j where

λi = probability of disease recurrence among relaives with a diseased proband

λj = probability of disease among relaives with no diseased proband

Thus, the relaive recurrence is simply a special case of a relaive risk but where the exposure is the 

existence of disease in a relaive. This allows us to esimate the relaive recurrence risk by usual tools and 

models for relaive risk esimaion including logisic regression or Cox regression. Since we have access to 

detailed date of onset data we are uilizing this by iing Cox regression.

In this study we are only considering sibling and cousin relaions. In this appendix I only refer to siblings but 

the interpretaion for cousins and possibly other family relaions should be straighforward. 

Calculations and Statistical Model

For the esimaion we are iing Cox regression models using the years from cohort entry as ime scale and 

using the hazard raios from the Cox regression to esimate the relaive recurrence risk risk.

The hazard being the instantaneous risk of ASD diagnosis, that is, the probability of ASD diagnosis at ime t 

(years from cohort entry). With T indicaing the random ime point of ASD diagnosis this can be writen as 

λ
j
(t )=Pr (T=t |T≥t ) ,j=1,2, . ..

and the Cox regression can be writen as λ
j
( t )=λ

0
(t ) e

X
j
β

where λ
0 is called the baseline hazard, a non-

negaive funcion of ime of arbitrary
λ

i

λ j

=
λ
0
e

X
i
β

λ0e
X j β

=
e

X
i
β

e
X j β

=e
( Xi−X

j )β
 and unspeciied shape. The hazard 

raio of two subjects with ixed covariate X
i and X j is then, X

i =1 when ASD diagnosis and X
i =0 when 

no ASD diagnosis. The esimaion assumes the relaive risk (hazard raio) is constant for all ime points. This 

assumpion is important since it allow us to remove the arbitrarily shaped baseline hazard from the 

comparison of exposed and non-exposed.

In our study, the units (subjects) entering the calculaions are the sibling pairs in each family. Each pair 

consist of a child and his sibling proband. Furthermore, instead of considering each child as exposed or not 

exposed we allow each child to be unexposed up to the point when his proband is observed with an ASD 

diagnosis. The exposure is ime-varying.

The eFigure 1 and eFigure 2 below illustrate how siblings enter the calculaions for four diferent families. 

The eFigure 1 illustrate the siblings ordered (x-axis) by increasing birth year and the eFigure 2 show how 

these siblings are represented as sibling-pairs in the calculaions. For each family, all pair wise sibling-pairs 

are included where each pair contribute with informaion how one sibling proband is exposing and afecing 

another sibling (in his family).

Thus, for the top let family (eFigure1) the irst sibling is born 1992 but he do not contribute with any 

informaion about risk carried over from a sibling unil his sibling is born in 1994. Now, for this family, there 

are two sibling pairs contribuing to the calculaions (eFigure2). The youngest sibling is included as being 

exposed by his older sibling from age 0 up to age 12, in the igure's indicated as pair (2, 1), and the older 

sibling is also included as being exposed by his younger sibling staring from age 2 up to age 12, in the 
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eAppendix 1 - Calculaion of relaive recurrence risk

igure's indicated as pair (1,2). Since none of these siblings experience an ASD diagnosis they will only 

contribute with informaion about the baseline risk.

The botom let family (eFigure1) do not contribute with any informaion since the oldest sibling is censored 

(dead or emigrated) before the second sibling is born and the exposure status is not known. However, if 

sibling 1 had been observed with an ASD diagnosis before being censored the sibling pair (1,2) would have 

contributed to the calculaions; but sibling pair (2,1) would sill not have contributed.

The botom right family have three children born 1992, 1995 and 1997 (eFigure1). This family will 

contribute with six sibling pairs (eFigure2) as each sibling can be considered exposed by each of his siblings. 

From 1995 sibling pairs (1,2) and (2,1) will contribute with informaion in the calculaions of RR and from 

1997 the sibling pairs (3,1) and (3,1) and (3,2) and (2,3) will contribute.

Including all pairwise combinaions of siblings will have an averaging efect. Each sibling pair will enter the 

staisical model and the RR is calculated as the RR averaged over all the sibling pairs. Alternaively, one can 

consider the pairs in the family as repeated measures similar to a clinical trial with diferent paients 

contribuing with diferent number of repeated visits or diferent number of blood pressure measurements. 

The 'standard' Cox model assumes independence between subject. When experimental units are naturally 

or ariicially clustered, failure imes of siblings within a cluster are correlated. In the calculaions we adjust 

for this by using a robust sandwich covariance matrix esimate (the Huber Sandwich esimator) to account 

for the within-family dependence1 . The sandwich esimator is robust in the sense that the shape of the 

correlaion matrix does not have to be speciied1.

While some earlier studies have calculated the relaive recurrence risk using logisic regression2, 3 our 

approach is using ime to event analysis which beter adjust for length of follow-up where individuals 

followed for longer ime are assumed to have higher risk than individual observed only for a short ime. By 

adjusing for length of follow-up possible biases can be avoided and is expected to have a higher precision. 

Other studies have also used ime to event analysis to calculate the RR4 . Earlier studies have also been done 

with the addiional assumpions that only younger siblings are being exposed, that is, the younger sibling 

become at risk for ASD when an older sibling has been diagnosed as ASD2, 5 . Here we relax this assumpion 

and allow any sibling to expose or be exposed by any other sibling. We do this by considering all ime-

overlapping pairwise combinaions of siblings. This come with some advantages:

1. We gain power since we can uilize more events and longer follow-up

2. The measure is less restricive since it does not need any assumpion about ages between siblings.

3. With RRR=
λ

i

λ j

=
λ
0
e

X
i
β

λ0e
X j β

=e
(X i−X

j) β
  and esimaing RRR condiioning on older sibling always 

exposing a younger sibling X
j is always associated with earlier birth cohorts compared with X

i

why an upward bias can potenially be introduced.

As a comparison we also calculated the RRR where each sibling entering the calculaions only once per 

family and condiioning on the older sibling exposing the later born only. We obtained the following 

esimates:
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eAppendix 1 - Calculaion of relaive recurrence risk

Family type

Older Sibling Exposing Younger Using all pair wise sibling pairs

Variance 

Raio
RRR (95% 

Conidence 

Interval)

Robust 

Standard 

Error

RRR (95% 

Conidence 

Interval)

Robust 

Standard 

Error

Full siblings 11.9 (10.6-13.3) 0.0576 10.3 (9.4-11.3) 0.0469 1.23

Maternal half siblings 3.3 (2.5-4.5) 0.1544 3.2 (2.6-4.2) 0.1245 1.24

Paternal half siblings 3.5 (2.6-4.7) 0.1573 2.9 (2.2-3.7) 0.1335 1.18

Figures - Representation of sibling-pairs

  

  

eFigure 1 Families of siblings. Example of families with siblings on calendar scale from cohort 

entry (solid dot) to cohort exit (death, emigraion, ASD diagnosis or 31-December-

2006, arrow). Sibling obtaining ASD diagnosis is marked with blue star.
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eAppendix 1 - Calculaion of relaive recurrence risk

eFigure 1 Families of siblings. Example of families with siblings on calendar scale from cohort 

entry (solid dot) to cohort exit (death, emigraion, ASD diagnosis or 31-December-

2006, arrow). Sibling obtaining ASD diagnosis is marked with blue star.

  

  

eFigure 2 Sibling pairs from families in eFigure 1b as represented in the staisical analysis. Pair 

(1,2) represent sibling 1 exposing sibling 2 and (2,1) represent sibling 2 exposing 

sibling 1. Example of families with siblings on calendar scale from cohort entry (solid 

dot) to cohort exit (death/emigraion or 31-December-2006, arrow).
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eAppendix 1 - Calculaion of relaive recurrence risk

Creating families family types

This secion describes how the family types and subjects are deined for this study.

A diagnosis of ASD is only available from 1987 in the Swedish registers. Consequently we included all 

Swedish born children between 01-Jan-1982 and 31-Dec-2006 with at least one sibling. For these children 

essenially all parents and grandparents are known. Full siblings are siblings with the same mother and 

father while half-siblings share the same mother or father. Children in a half-sibling family can have siblings 

in full-sibling families. Twins status was found in the Swedish twin register. In the last step, using 

grandparents and parents id we deined cousins. In full-, half- and cousin-families with both a twin birth and 

a singleton birth the twins are allowed to expose a singleton sibling but not reversed.

Examples

In the example below the calculaions are illustrated using R code. Sotware is available from

htp://cran.r-project.org/.

Example 1. Data representation

The families shown in eFigure 2 are represented with the follow data structure to allow calculaion of the 

relaive recurrence risk using Cox regression.

Family Sibling Entry Exit Exposed Event
ID Pair (Age) (Age) (Y/N) (Y/N)
1 2,1 2 12 0 0

1 1,2 0 12 0 0

2 2,1 2 5 0 0

2 2,1 5 12 1 0

2 1,2 0 3 0 1

4 2,1 3 7 0 1

4 3,1 5 7 0 1

4 1,2 0 4 0 0

4 1,2 4 8 1 0

4 3,2 3 8 0 0

4 1,3 0 2 0 0

4 1,3 2 9 1 0

4 2,3 0 6 0 0
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eAppendix 1 - Calculaion of relaive recurrence risk

Example 2. Cox regression

Below a Cox regression model is ited for a sample with 10,000 rows and 46 events to calculate the RR 

using the R sotware. The “cluster(famid)” term in the model achieve the robust standard errors to be 

applied.

library(survival); #-- Call the survival package

coxph(Surv(entry, exit, event==1) ~ exposed + cluster(famid), data=A)

Call:

coxph(formula = Surv(entry, exit, event == 1) ~ exposed + cluster(famid), 

    data = A, method = "breslow")

         coef exp(coef) se(coef) robust se    z       p

exposed1  3.4      29.8    0.725     0.713 4.76 1.9e-06

Likelihood ratio test=9.62  on 1 df, p=0.00192  n= 10000, number of events= 46 

The relaive recurrence risk is obtained from exp(coef) above, RR=29.8. The model standard error is 0.725 

and the robust standard error, adjusing for the within-family dependencies between sibling-pairs, is 0.713.

Example 3. Number of siblings in families

Below is an example showing how family size is adjusted for in the staisical model. We muliply the 

number of siblings in the families in previous example with 4. Instead of having families with 2, 3 or 4 

members we now have 8, 12 or 16, each member in the families replicated four imes. Using the robust 

standard error in family clusters the RRR and the standard error is unchanged. Note however how the 

model standard error is now considerably lower, 0.362, and delated due to the dependent sibling-pairs.

#-- Replicate the earlier dataset 4 times

B = rbind(A,A,A,A)

#-- Run the code from example 1 but on the new dataset

coxph(Surv(entry, exit, event==1) ~ exposed + cluster(famid), data=B)

Call:

coxph(formula = Surv(entry, exit, event == 1) ~ exposed + cluster(famid), 

    data = B, method = "breslow")

         coef exp(coef) se(coef) robust se    z       p

exposed 1  3.4      29.8    0.362     0.713 4.76 1.9e-06

Likelihood ratio test=38.5  on 1 df, p=5.51e-10  n= 40000, number of events= 184 

The point esimate, RRR, remains the same 'exp(coef)' = 29.8. The conidence interval obtained from 

treaing families as clusters in the family also remain unchanged.
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eAppendix 2 - Heritability calculaions using family data

The classical twin design

Heritability is the proporion of total variaion of a disease phenotype that can be atributed to geneic 

sources. Historically data from twins and 'twin-models' have been standard approach for calculaing 

heritability. These methods uilize the relaion between monozygoic (MZ) and dizygoic (DZ) twins. The MZ 

twins in a pair are assumed to share 100% of their co-segregaing genes while DZ twins are assumed to 

share 50%. Further, MZ and DZ twin pairs are assumed to be equally afected by shared environmental 

experiences, known as the equal environments assumpion. From these assumpions it is possible to infer 

how much of the variaion in a phenotype that may be atributed to geneic and environmental sources.1

Rational of using extended sibling design

In the current study the fracion variance explained by geneic sources (heritability) and environmental 

sources were esimated using an extended sibling design, an extension of the classical twin design1. In this 

design, addiional to MZ and DZ twins, we included full siblings and maternal and paternal half siblings. 

Non-twin siblings were included in the analyses to increase power and make results more generalizable; 

they also allowed us to esimate both addiive and dominance geneic sources of variance simultaneously 

as shared and non-shared environmental sources of variance.

Liability-threshold approach

For analyses of the binary outcome we employed the liability-threshold approach, much similar to probit 

regression. In this approach each individual is assumed to have a liability of having the disease which is 

distributed as the standard normal distribuion, if the liability is above an esimated threshold we observe a 

1 (individual has the disease), else a 0 is observed (individual does not have the disease). This may be 

writen as

where  is the distribuion funcion of the standard normal distribuion,  is the probability of 

observing a 1 in the outcome, and  is the threshold. We may further include ixed and random efects 

into the model;

where  is a subject number,  is a vector of covariates,  is a design vector for random efects,  is 

a vector of regression coeicients, and  is a vector of random efects. In the current study  includes 

birth periods and gender, and the geneic and environmental sources of variance are deined as random 

efects and captured by by  and .

Similarity in liabilities for disease

To test whether the liabiliies for disease was similar between sibling order in a pair, and between sibling 

types, we performed a series of tests for both outcomes separately. We irst ited a saturated model, where 

we adjusted the liability of having the disease for birth period efects and for gender efects, these 

parameters were assumed to be the same regardless of sibling order and sibling type throughout the 

analyses. The liability of having the disease, adjusted for birth period and gender, was esimated separately 

for each sibling type as well as for sibling 1 and sibling 2 in sibling pairs (Model 1). We then ited a model 

where the liability was assumed to be the same within each sibling type, regardless of order in a pair 

(Model 2). Finally a model where all individuals were assumed to have the same liability was ited (Model 

3). In eTable B1 the results for ASD are shown, and in eTable B2 the results for AD are shown. For both 
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outcomes the order in pairs did not afect the liability of having the outcome, the liability was, however, 

diferent for the diferent sibling types. Therefore we allowed the liability to be diferent in diferent types of 

siblings when esimaing the fracion of the variance explained by geneic and environmental sources.

eTable B1: Likelihood raio tests for similarity of liability for ASD.

Model
Esimated 

parameters

Diference in 

degree of 

freedom

Minus 2 log 

likelihood

Diference in 

minus 2 log 

likelihood
p-value

 #

1: Saturated model 20 NA 143,903.2 NA NA

2: Equal liability for sibling 

1 and 2 in pairs
15 5 143,909.7 6.50 0.261

3: Equal liabiliies for all 

diferent sibling types
8 12 145,699.9 1,796.7 <0.001

NA, not applicable. #: p-value test if model it beter than the saturated model H0: models equal Ha: model 

it beter 

eTable B2: Likelihood raio tests for similarity of liability for AD.

Model
Esimated 

parameters

Diference in 

degree of 

freedom

Minus 2 log 

likelihood

Diference in 

minus 2 log 

likelihood
p-value

 #

1: Saturated model 20 NA 64,583.8 NA NA

2: Equal liability for sibling 

1 and 2 in pairs
15 5 64,584.5 0.71 0.983

3: Equal liabiliies for all 

diferent sibling types
8 12 65,123.7 539.9 <0.001

NA, not applicable. #: p-value test if model it beter than the saturated model H0: models equal Ha: model 

it beter 

Estimating sources of variance

The extended sibling design was used to decompose the variance in liability into addiive geneic factors (A) 

relecing addiive efects of diferent alleles, non-addiive geneic factors (D) relecing interacion efects 

between alleles at the same gene locus, shared environmental factors (C) relecing non-geneic inluences 

that contribute to similarity within pairs of siblings and non-shared environmental factors (E) relecing 

experiences that make sibling pairs dissimilar2. The notaion of A, D, C and E for the diferent components 

follow the standard notaion in twin modelling.

MZ twins were assumed to share 100% of their A in a pair, DZ twins and full siblings were assumed to share 

50% of their A, and maternal and paternal half siblings were assumed to share 25% of A in a pair. 

Furthermore we assumed that all sibling types included shared the C-parameter in pairs, except paternal 

half siblings since children tend to be living with their mother while growing up. We also assumed shared D, 

100% between MZ twins, 25% between DZ twins and full siblings, and not shared between half siblings. We 

allowed for diferent liabiliies of the outcome in the diferent sibling types, and adjusted the liability for 

gender and birth period.

The A, D, C, and E was treated as random efect and assumed to be normally distributed. The regression 
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equaions for sibling pair  may thus be writen as

where sub index i1  refers to sibling 1 and i2  to sibling 2. Let g
Ai  be the assumed amount of shared A, 

g
Di  be the assumed amount of shared D, and mi  be the assumed amount of shared C, all for sibling pair 

i . The random efects can thus be stated as

[A i1

A
i2
] N∼ ([00 ] ,[ σ

A

2
g

Ai
σ

A

2

g
Ai
σ

A

2 σ
A

2 ]) ,

[D i1

D
i2
] N∼ ([00 ] , [ σ

D

2
g

Di
σ

D

2

g
Di

σ
D

2 σ
D

2 ]),

[C i1

C
i2
] N∼ ([00 ] ,[ σ

C

2
m

i
σ

C

2

m
i
σ

C

2 σ
C

2 ]) ,

[E i1

E
i2
] N∼ ([00 ] ,[σ E

2
0

0 σ
E

2 ]) .
The variance sources contributes to the total variance within any individual with σ A

2
, σD

2
, σC

2
, and σ E

2
, 

respecively. Since we are using the distribuion funcion of the standard normal distribuion the variance is 

1, and therefore the sum of the contribuions to the variance must be 1. Thus, the fracion of the total 

variance explained by each variance source are the esimated values for σ A

2
, σD

2
, σC

2
, and σ E

2
. 

Heritability

The fracion of variaion in a phenotype atributable to genotypic variance is referred to as the broad sense 

heritability. In the ADCE model σ A

2
+σ D

2
 is the total modelled variaion due to genes, we refer to this as 

broad sense heritability. In contrast, the fracion of variaion explained by addiive geneic source of 

variance, σ A

2
, is known as the narrow sense heritability2. In table 2 of the main manuscript both narrow 

and broad sense heritability have been calculated, with 95% proile likelihood conidence intervals.

Model fitting

We ited a model including all potenial sources of variance in a model, the ADCE model. We then ited 

models excluding parameters; we compared the ACE, ADE and DCE models with the full ADCE model using 

likelihood raio tests. Next, sub-models where the geneic parameters, shared environmental parameter, 

and both these parameters are dropped (AE, DE,CE, and E models), were tested to explain the observed 

data and patern of variance using as few parameters as possible. Since E, the non-shared environment 

source contains random error, it was not excluded in any model. These tests, and esimates of A, D, C and E 

fracions of variance in liability, and their conidence intervals, are shown in the main manuscript, table 2.
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Software

For model iing we used likelihood based techniques, as implemented in the library OpenMx3 in the 

sotware R.4 OpenMx allows for use of the liability-threshold approach, and for inclusion of muliple groups 

where co-variaion between subjects vary; in our case the ive diferent types of siblings. Given the 

assumpions, encoded as diferent co-variaion between siblings pairs in the diferent groups, the sotware 

inds the soluion for all the modeled parameters which maximizes the likelihood of observing the data.
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eTable 1: Internaional Classiicaion of Diseases (ICD) codes deining psychiatric history

ICD-8 Codes

295, 2950, 2951, 2952, 2953, 2954, 2955, 2956, 2957, 2958, 2959, 295A, 295B, 295, 295G, 295H, 295X, 296, 2960, 

2961, 2962, 2963, 2968, 2969, 296A, 296B, 296D, 296, 296W, 296X, 297, 2970, 2971, 2979, 297X, 2981, 2982, 2983, 

2989, 299, 2999, 300, 3000, 3001, 3002, 3003, 3004, 3005, 3006, 3007, 3008, 3009, 301, 3010, 3011, 301, 3013, 

3014, 3015, 3016, 3017, 3018, 3019, 301X, 303, 3030, 3031, 3032, 3039, 303, 304, 3040, 3041, 3042, 3043, 3044, 

3045, 3046, 3047, 3048, 3049, 304X, 305, 3050, 3051, 3052, 3053, 3054, 3055, 3056, 3057, 3058, 3059, 305X, 310, 

3100, 3101, 310, , 3104, 3105, 3106, 3107, 3108, 3109, 310A, 310W, 311, 3110, 3111, 3112, 311, , 3115, 3116, 3117, 

3118, 3119, 311X, 312, 3120, 3121, 3122, 3123, 3124, 312, 3126, 3127, 3128, 3129, 313, 3130, 3131, 3132, 3133, 

3134, 3135, 3136, 3137, 313, 3139, 314, 3140, 3141, 3142, 3143, 3144, 3145, 3146, 3148, 3149, 315, 3150, 3151, 

3152, 3153, 3154, 3155, 3156, 3157, 3158, 3159, 315X

ICD-9 Codes

295, 2951, 2952, 2956, 2959, 295A, 295B, 295C, 295D, 295E, 295F, 295G, 295H, 295

295X, 296, 2962, 296A, 296B, 296C, 296D, 296E, 296W, 296X, 297, 2971, 297B, 297C

297D, 297W, 297X, 298, 298B, 298C, 298E, 298W, 298X, 300, 300A, 300B, 300C, 300D

300F, 300G, 300H, 300W, 300X, 301, 301A, 301B, 301C, 301D, 301E, 301F, 301G, 301

301J, 301W, 301X, 303X, 304, 304A, 304B, 304C, 304D, 304E, 304F, 304G, 304H, 304

304X, 305, 305A, 305B, 305X, 306X, 307, 307A, 307B, 307C, 307D, 307E, 307F, 307G

307H, 307W, 307X, 308X, 309, 309A, 309B, 309X, 310, 3109, 310A, 310C, 310W, 310X

312X, 313, 313A, 313B, 313C, 313D, 313W, 313X, 314, 314J, 314W, 314X, 315, 315A

315B, 315D, 315E, 315W, 315X, 318, 318A, 318B, 318C

(coninues on next page)
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eTable 1 (coninued)

ICD-10 Codes

F10, F100, F101, F102, F103, F104, F105, F106, F107, F108, F109, F110, F111, F11, F113, F114, F115, F116, F117, 

F118, F119, F12, F120, F121, F122, F123, F124, F12, F126, F127, F128, F129, F13, F130, F131, F132, F133, F134, F135, 

F136, F137, F13, F139, F140, F141, F142, F143, F144, F145, F147, F148, F149, F150, F151, F152, F1, F154, F155, F156, 

F157, F158, F159, F160, F161, F162, F163, F164, F165, F166, F1, F168, F169, F17, F170, F171, F172, F173, F174, F175, 

F176, F177, F178, F179, F18, F181, F182, F183, F184, F185, F186, F187, F188, F189, F19, F190, F191, F192, F19, F194, 

F195, F196, F197, F198, F199, F19P, F200, F201, F202, F203, F204, F205, F2, F208, F209, F21, F210, F219, F22, F220, 

F228, F229, F231, F232, F249, F25, F250, F251, F252, F258, F259, F28, F289, F29, F290, F293, F299, F29P, F30, F300, 

F301, F302, F308, F309, F31, F310, F311, F312, F313, F314, F315, F316, F317, F318, F31, F40, F400, F401, F402, F408, 

F409, F41, F410, F411, F412, F413, F415, F418, F419, F42, F420, F421, F422, F428, F429, F43, F430, F431, F432, F438, 

F439, F43A, F440, F441, F442, F443, F444, F445, F446, F447, F448, F449, F45, F450, F451, F452, F45, F454, F457, 

F458, F459, F48, F480, F481, F488, F489, F500, F501, F502, F503, F50, F505, F508, F509, F51, F510, F511, F512, F513, 

F514, F515, F518, F519, F52, F520, F521, F522, F523, F524, F525, F526, F527, F528, F529, F530, F531, F538, F539, F5, 

F549, F559, F599, F59P, F600, F601, F602, F603, F604, F605, F606, F607, F608, F6, F61, F610, F619, F620, F621, F628, 

F629, F630, F631, F632, F633, F638, F639, F64, , F642, F648, F649, F650, F651, F652, F653, F654, F655, F656, F658, 

F659, F6, F661, F662, F668, F669, F680, F681, F688, F69, F699, F70, F700, F701, F708, F709, F710, F711, F718, F719, 

F720, F721, F728, F729, F730, F731, F738, F739, F780, F7, F788, F789, F790, F791, F798, F799, F79P, F99, F999

ICD:Internaional Classiicaion of Diseases. Psychiatric history deined as diagnosis at the birth of the irst child 
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eTable 2 Relaive recurrence risk (RRR) for ASD and 2-sided 95% conidence 

intervals (CI) by family size (number of children in the family). Full siblings only.

Family size 

(number of 

children)

Sibling Pairs

(Cumulaive %)

Cases

(Cumulaive%)

RRR (95% CI) * Standard

Error #

2 1,138,086 (42.8)  7,177 (40) 10.8 (9.4 - 12.3) 0.067

3 944,834 (78.3)  6,338 (75.2) 10.7 (9.1 - 12.5) 0.082

4 361,491 (91.9)  2,783 (90.7) 9.9 (7.8 - 12.6) 0.121

5 121,704 (96.5)  1,007 (96.3) 6.8 (4.1 - 11.5) 0.266

6 48,141 (98.3) 387 (98.5) 7.9 (4.5 - 13.9) 0.288

≥6 92,698 (100) 656 (100) 9.1 (5.7 - 14.3) 0.232

#: The robust standard error on the logarithmic scale

* Note: These results should be interpreted with care since family size is not a ix measure but will vary over ime.
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eTable 3 Person years and rate (cases per 100,000 person years) for ASD among MZ and DZ 

twins, full siblings and maternal- and paternal- half siblings and cousins and in sub-

groups of birth year (1982-86, 87-91, 92-96, 97-2001, 2002-06) and gender among full 

siblings.

Family type

All subject or

Subset

Paricipants without 

relaive with auism

Paricipants with 

relaive with 

auism

Person

Years

Rate

Person

Years

Rate

MZ twins All 130,720 26.8 96 6,273.5

DZ twins All 385,521 54.5 869 805.1

Full sibs All 35,486,922 48.8 76,481 829.0

Maternal half sibs All 4,641,500 94.1 16,273 491.6

Paternal half sibs All 4,651,888 84.7 15,638 370.9

Cousins All 148,,053,914 48.6 313,739 154.6

Full sibs 1982-86 8,750,181 26.3 14,467 463.1

Full sibs 1987-91 12,268,494 45.4 24,580 728.2

Full sibs 1992-96 8,650,801 62.8 21,206 1,013.9

Full sibs 1997-01 4,116,561 71.1 11,743 962

Full sibs 2002-2006 1,700,884 64.4 4,485 1,337.8

Full sibs Male-Male 9,378,760 67.2 28,587 1,035.5

Full sibs Male-Female 8,871,116 28.2 27,527 512

Full sibs Female-Male 8,878,053 67.9 10,045 1,254.4

Full sibs Female-Female 8,358,993 29.8 10,323 687.8

ASD: Auism Spectrum Disorders, MZ: Monozygoic, DZ: Dizygoic; Male-Male indicate risk in male exposed by a male 

relaive, Male-Female indicate risk in female exposed by a male relaive etc;
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eTable 4 Crude (no adjustment for confounding) recurrence risk (RRR) and two-sided 95% 

conidence intervals

Family 

relaion

ASD AD

Cases Pairs RRR (95% CI) Cases Pairs RRR (95% CI)

MZ Twins 41 8,354

217.06

(85.22 - 552.86)

21 8,354

301.76

(57.87 - 

1573.38)

DZ Twins 217 29,216

12.38

(5.65 - 27.12)

99 29,216

28.78

(8.75 - 94.64)

Full Siblings 17,961 2,641,822

14.35

(13.10 - 15.72)

7,273 2,642,064

24.18

(20.66 - 28.30)

Paternal 

Half Siblings

3,999 445,335

4.24

(3.26 - 5.51)

1,461 445,531

4.32

(2.17 - 8.63)

Maternal 

Half Siblings

4,446 432,114

4.98

(3.91 - 6.35)

1,573 432,281

7.60

(4.43 - 13.06)

Cousins 72,436 5,798,842

2.72

( 2.45 - 3.02 )

27,352 5,799,875

3.35

(2.65 - 4.24)

MZ: Monozygoic; DZ: Dizygoic; ASD: Auism Spectrum Disorder; AD: Auisic Disorder
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eTable 5 Person years and rate (cases per 100,000 person years) for Auisic Disorder (AD) 

among MZ and DZ twins, full siblings and maternal- and paternal- half siblings and 

cousins and in sub-groups of birth year (1982-86, 87-91, 92-96, 97-2001, 2002-06) 

and gender among full siblings.

Family type

All subject or

Subset

Paricipants without 

relaive with auism

Paricipants with 

relaive with 

auism

Person

Years

Rate

Person

Years

Rate

MZ twins All 130,855 14.5 42 4,748.3

DZ twins All 386,501 24.8 387 775.8

Full sibs All 35,574,718 20.0 34,138 486.3

Maternal half sibs All 4,661,940 33.4 6,250 240.0

Paternal half sibs All 4,670,597 31.1 6,436 124.3

Cousins All 148,418,487 18.4 133,335 60.7

Full sibs 1982-86 8,770,373 6.6 5,032 139.1

Full sibs 1987-91 12,302,896 14.5 9,386 362.3

Full sibs 1992-96 8,673,579 26.5 10,234 439.7

Full sibs 1997-01 4,124,828 40.3 6,642 662.4

Full sibs 2002-2006 1,703,041 45.9 2,844 1,265.9

Full sibs Male-Male 9,411,567 28.3 12,987 646.8

Full sibs Male-Female 8,892,456 10.8 12,343 218.8

Full sibs Female-Male 8,899,609 28.7 4,422 791.5

Full sibs Female-Female 8,371,086 11.2 4,386 456.0

MZ: Monozygoic, DZ: Dizygoic;  Male-Male indicate risk in male exposed by a male relaive, Male-Female indicate risk 

in female exposed by a male relaive etc; 
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eTable 6 ASD. Tetrachoric correlaions (SD). Correlaions of ASD diagnosis (yes/no) between

sibling pairs in the diferent family relaions.

Sibling

Relaion

Un-adjusted

Adjusted for sex 

and birth cohort

Both 

genders

Female Male Female-Male Male-Female Both genders

All

0.219 

(0.013)

0.228 

(0.035)

0.216 

(0.021)

0.218 

(0.026)

0.241

(0.029)

MZ

0.541 

(0.203)

x

0.699 

(0.203)

NA NA

0.522

(0.214)

DZ

0.252 

(0.127)

x x

0.381

(0.193)

0.327

(0.200)

0.262

(0.130)

Full

Siblings

0.252 

(0.015)

0.246 

(0.041)

0.248 

(0.024)

0.245

(0.029)

0.294

(0.032)

0.253

(0.015)

MH

Siblings

0.114 

(0.039)

0.246 

(0.088)

0.058 

(0.068)

0.135

(0.075)

0.105

(0.093)

0.128

(0.040)

PH

Siblings

0.073 

(0.044)

0.053 

(0.132)

0.132 

(0.063)

0.085

(0.087)

x

0.078

(0.045)

MZ: Monozygoic twins; DZ: Dizygoic twins; MH: Maternal half siblings; PH: Paternal half siblings; x: Not esimable 

(missing observaion where both siblings are cases); NA: Not applicable for same sex twins; SD: Standard deviaion;

Note: If normally distributed data are dichotomized the correlaion between the original normally distributed variables 

can be esimated from the dichotomized variables using the 'tetrachoric correlaion'. Here, it is assumed there is a 

normally distributed trait underlying the binary ASD diagnosis.
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eTable 7 AD. Tetrachoric correlaions (SD). Correlaions of AD diagnosis (yes/no) between sibling 

pairs in the diferent family relaions.

Sibling

Relaion

Un-adjusted

Adjusted for sex 

and birth cohort

Both genders Female Male Female-Male

Male-

Female

Both genders

All

0.243 

(0.023)

0.2715 

(0.0628)

0.265 

(0.034)

0.258 

(0.045)

0.160 

(0.066)

MZ x x x NA NA x

DZ x x x x x x

Full

Siblings

0.272 

(0.025)

0.3238 

(0.0657)

0.303 

(0.037)

0.263 

(0.052)

0.174 

(0.076)

0.276

(0.025)

MH

Siblings

0.131 

(0.079)

x

0.081 

(0.136)

0.283 

(0.115)

x

0.149

(0.081)

PH

Siblings

0.141 

(0.078)

x

0.010 

(0.136)

0.189 

(0.142)

0.213 

(0.148)

0.143

(0.080)

AD: Auisic disorder; MZ: Monozygoic twins; DZ: Dizygoic twins; MH: Maternal half siblings; PH: Paternal half 

siblings; x: Not esimable (missing observaion where both siblings are cases); NA: Not applicable for same sex twins; 

SD: Standard deviaion

Note: If normally distributed data are dichotomized the correlaion between the original normally distributed variables 

can be esimated from the dichotomized variables using the 'tetrachoric correlaion'. Here, it is assumed there is a 

normally distributed trait underlying the binary ASD diagnosis.

© 2014 American Medical Associaion. All rights reserved.


