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The Heritability of Autism Spectrum Disorder
Studies have found that autism spectrum disorder (ASD) ag-
gregates in families, and twin studies estimate the propor-
tion of the phenotype variance due to genetic factors (herita-
bility) to be about 90%.1

In a previous study,2 ASD heritability was estimated to be
0.50, and shared familial environmental influences to be 0.04.
To define presence or absence of ASD, the study used a data
set created to take into account time-to-event effects in the
data, which may have reduced the heritability estimates
(detailed explanation in Figure).

Using the same underlying data as in the previous study,2

we used an alternate method (used by previous studies in the
field) to define concordant and discordant sibling pairs to cal-
culate the heritability of ASD.

Methods | A population-based cohort of children born in Sweden
1982 through 2006, with follow-up for ASD through Decem-
ber 31, 2009, were included. The study population and case-
ascertainment methods are described in detail elsewhere.2

The study was approved, with a waiver of informed consent,
by the ethics committee at the Karolinska Institutet.

Figure. Examples of Methods for Defining ASD-Discordant and ASD-Concordant Sibling Pairs
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The concordant or discordant status of the pair is determined at the end of follow-up of the exposed sibling (cohort exit).

ASD indicates autism spectrum disorder. Each sibling is followed from birth to
end of follow-up (death, emigration, or end of follow-up) or ASD diagnosis.
Analysis methods A and B agree for the clear majority of all sibling pairs.
If S2 was not observed with ASD, the concordance or discordance status would
be the same for both methods. In the Figure, for the family with 2 siblings where
S1 is diagnosed with ASD in 1993 and S2 in 1998, the sibling pair (S1, S2) will be
discordant in 1993 because S2 is censored at the ASD diagnosis of S1. However,
the pair (S2, S1) will be concordant in 1998. The 2 pairs are 2 candidates

representing the family. For calculating heritability, 1 of these representative
sibling pairs was randomly selected. As a consequence, the algorithm led to
a loss of about half of the concordant pairs compared with results under the
assumptions and methods applied in the alternate method (analysis method
B),3 in which calculating heritability typically does not consider sibling pairs as
both discordant or concordant depending on which sibling is considered
dependent, but instead follows them as a pair.
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Liability-threshold models were fitted using monozy-
gotic or dizygotic twins, full siblings, and paternal and mater-
nal half siblings to decompose the variance in liability to ASD
into factors for additive genetic effect (inherited additive ef-
fects of different alleles), nonadditive (dominant) genetic fac-
tors (interaction effects between alleles at the same locus),
shared environmental factors (nongenetic influences contrib-
uting to similarity within sibling pairs), and nonshared envi-
ronmental factors (making siblings dissimilar).3 From each fam-
ily, 1 sibling pair was randomly included. For each pair, ASD
status was defined as the presence or absence of ASD at any
time point during follow-up. Differences in probability of being
diagnosed depended on birth cohort, due to differing time of
follow-up and changes in diagnostic practices, and were
handled by adjustment for birth year. Models obtained by ex-
cluding 1 or more of the 4 genetic and environmental para-
meters were compared using likelihood ratio tests. The heri-
tability was calculated as the variance associated with the
genetic term(s) divided by the total variance. A 2-sided P value
of less than .05 was the threshold for statistical significance.
Models were fitted using OpenMx (OpenMx Project), version
2.6.9, and R (R Foundation), version 3.3.3.

Results | The study included 37 570 twin pairs, 2 642 064 full
sibling pairs, and 432 281 maternal and 445 531 paternal half-
sibling pairs. Of these, 14 516 children were diagnosed with ASD.
The model including additive and nonadditive genetic, shared
and nonshared environmental parameters was chosen as the
full model under which nested submodels were tested. The
best-fitting model included only additive genetic and non-
shared environmental parameters (Table). Using this model,
the ASD heritability was estimated as 0.83 (95% CI, 0.79-
0.87) and the nonshared environmental influence was esti-
mated as 0.17 (95% CI, 0.13-0.21). In the full model, the shared
environment variance was estimated as 0.04 (95% CI, 0.00-
0.14); nonshared environment, 0.16 (95% CI, 0.05-0.30); non-
additive genetic, 0.10 (95% CI, 0.00-0.38); and additive ge-

netic (heritability), 0.69 (95% CI, 0.40-0.86). Using only twins,
the heritability was estimated as 0.87 (95% CI, 0.68-0.96).

Discussion | In a reanalysis of a previous study of the familial
risk of ASD, the heritability was estimated to be 83%, suggest-
ing that genetic factors may explain most of the risk for ASD.
This estimate is slightly lower than the approximately 90% es-
timate reported in earlier twin studies1 and higher than the 38%
(95% CI, 14%-67%) estimate reported in a California twin
study,4 but was estimated with higher precision. Like earlier
twin studies, shared environmental factors contributed mini-
mally to the risk of ASD.

Twin and family methods for calculating heritability re-
quire several, often untestable assumptions.5,6 Because ASD
is rare, estimates of heritability rely on few families with more
than 1 affected child, and, coupled with the time trends in ASD
prevalence, the heritability estimates are sensitive to the choice
of methods. The method initially chosen in the previous study2

led to a lower estimate of heritability of ASD. The current es-
timate, using traditional methods for defining ASD discor-
dance and concordance, more accurately captures the role of
the genetic factors in ASD. However, in both analyses, the heri-
tability of ASD was high and the risk of ASD increased with in-
creasing genetic relatedness.
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Table. Autism Spectrum Disorder Heritability Model Comparisons and Parameter Estimates

Modelsb

Model Comparison Measures Estimated Variance (95% CI)a

No. of
Model
Parameters −2LL

Diff
− 2LL P Valuec

Additive Genetic
(Narrow-Sense
Heritability)

Nonadditive
Genetic

Environment Total Genetic
(Broad-Sense
Heritability)Shared Nonshared

ACDE 14 146 836 NA NA 0.69 (0.40-0.86) 0.10 (0.00-0.38) 0.04 (0.00-0.14) 0.16 (0.05-0.30) 0.80 (0.59-0.95)

ACE 13 146 836 0.4 .52 0.77 (0.58-0.87) NA 0.03 (0.00-0.13) 0.20 (0.13-0.30) 0.77 (0.58-0.87)

ADE 13 146 836 0.8 .38 0.80 (0.68-0.87) 0.05 (0.00-0.26) NA 0.15 (0.05-0.21) 0.85 (0.79-0.95)

CDE 13 146 856 20.9 <.001 NA 0.64 (0.48-0.75) 0.25 (0.21-0.29) 0.11 (0.03-0.24) 0.64 (0.48-0.75)

AE 12 146 836 0.9 .64 0.83 (0.79-0.87) NA NA 0.17 (0.13-0.21) 0.83 (0.79-0.87)

DE 12 147 100 264 <.001 NA 0.99 (0.97-1.00) NA 0.01 (0.00-0.03) 0.99 (0.97-1.00)

CE 12 146 897 61 <.001 NA NA 0.39 (0.37-0.41) 0.61 (0.59-0.63) NA

E 11 147 996 1160 <.001 NA NA NA 1.00 (1.00-1.00) NA

Abbreviations: 2LL, 2 × logarithm of the likelihood; Diff − 2LL, 2 × difference in
log-likelihood between the model and the full model; NA, not applicable.
a The 95% CIs are 2-sided CIs. Variances are based on the tetrachoric correlations.

The unadjusted tetrachoric correlation (SD) was estimated to 0.87 (0.08) and
0.40 (0.10) for monozygotic and dizygotic twins; 0.41 (0.01) for full siblings;
0.22 (0.03) and 0.17 (0.04) for maternal and paternal half siblings.

b All models adjusted for sex and birth cohort. The genetic terms for each model

are shown in each row, which include additive genetic effect (A; inherited
additive effects of different alleles), shared environmental factors (C; nongenetic
influences contributing to similarity within sibling pairs), nonadditive (dominant)
genetic factors (D; interaction effects between alleles at the same locus), and
nonshared environmental factors (E; making siblings dissimilar).

c P value for testing the hypothesis: the parameters not in the model but in the
full model are all equal to 0.
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COMMENT & RESPONSE

Long-term Intra-articular Steroid Injections
and Knee Cartilage
To the Editor Dr McAlindon and colleagues investigated the long-
term effects on cartilage of intra-articular corticosteroid in-
jections in the knee every 3 months for 2 years in people with
knee osteoarthritis.1 With respect to the clinical outcome, we
agree with the authors that the usual short-term benefits af-
ter the injections probably were missed.

The repeated injections were given independent of the se-
verity of symptoms and the presence of inflammatory signs,
and results of this study indicate that such repeated injec-
tions can have deleterious effects on the cartilage after 2 years.
It would be interesting to know if these effects were present
in patients with inflammatory signs at each repeated injec-
tion, severe knee pain, or a flare of pain, which are the usual
indications for such injections in clinical practice.

The change in cartilage volume was defined as the pri-
mary structural outcome in the trial register and study proto-
col. Also, the sample size calculation was based on the detec-
tion of a difference in cartilage volume of 90 mm3 between the
groups. The operationalization of this cartilage volume mea-

sure was not mentioned in the original study protocol, trial reg-
ister, or the sample size calculation reported in the article.
Moreover, the standard deviation of 224 mm3 in the sample
size calculation cannot be found in the article the authors
cited.2 The treatment difference used in the sample size cal-
culation suggests that the proxy total cartilage damage index
may have been used. However, in the analytic plan, the au-
thors reported that they used cartilage thickness as a proxy for
cartilage volume. Moreover, in the final analysis plan (un-
dated) provided in the supplement, the authors stated that they
had used as the primary outcome the cartilage damage index
and the mean cartilage thickness. In summary, we are con-
fused about what the original primary structural outcome was
in this study. If it was the total cartilage damage index, no sta-
tistically significant difference was found between the groups
(Table 2 in the article), which might change the conclusion.

It would be of interest to know whether for any of the struc-
tural outcome measures used in this study the predictive value
with respect to clinical decline is known and whether the differ-
ences reported are large enough to affect future clinical decline.
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To the Editor The randomized clinical trial by Dr McAlindon
and colleagues1 evaluated intra-articular administration of
triamcinolone in the knee every 3 months. It is not surpris-
ing that clinical benefit 3 months following injection relative
to placebo was not observed. The analgesic effect following
corticosteroid injection is limited to weeks in duration.2

Corticosteroid injections, indicated for acute, sympto-
matic episodes of pain, are not commonly repeated at
3-month intervals. The use of an intervention that is not
consistent with clinical practice raises questions about the
validity and generalizability of the study. Presumably, the
authors chose this regimen with the hope of providing ben-
eficial effects on joint structure and patient symptoms. The
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