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Genetic Structure of Reciprocal Social Behavior
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Objective: The study examined the genetic structure of deficits
in reciprocal social behavior in an epidemiologic sample of
male twins.

Method: Parents of 232 pairs of 7–15-year-old male twins com-
pleted the Social Reciprocity Scale to provide data on their chil-
dren’s reciprocal social behavior. Scale scores were analyzed by
using structural equation modeling.

Results: Intraclass (twin-twin) correlations for scores on the So-
cial Reciprocity Scale were 0.73 for monozygotic twins (N=98
pairs) and 0.37 for dizygotic twins (N=134 pairs). The best fitting
model of causal influences on reciprocal social behavior incor-
porated additive genetic influences and unique environmental
influences.

Conclusions: For school-age boys in the general population,
reciprocal social behavior is highly heritable, with a genetic
structure similar to that reported for autism in clinical samples.
Continuous measures of reciprocal social behavior may be use-
ful for characterizing the broader autism phenotype and may
enhance the statistical power of genetic studies of autism.

(Am J Psychiatry 2000; 157:2043–2045)

Previous twin and family studies of autism have shown
that the disorder is strongly genetically determined (1). By
definition, autism is characterized by deficits in reciprocal
social behavior, with accompanying delays in the develop-
ment of language, and by the emergence of stereotypic
patterns of odd behavior or behavior that reflects a re-
stricted range of interests. Reciprocal social behavior re-
fers to the extent to which a child engages in emotionally
appropriate turn-taking social interaction with others.

Recent studies have strongly suggested that autistic
symptoms are continuously distributed in the population
(2, 3); the spectrum of deficits has been previously re-
ferred to as the “broader autism phenotype.” Social defi-
cits that are below the threshold for the full diagnosis of
autism aggregate significantly in family members of au-
tistic probands (1, 3) and are therefore believed to be ge-
netically influenced.

Previous genetic studies of such subthreshold deficits
have exclusively utilized small clinical samples (families of
autistic probands) and have relied on symptom counts or
categorically defined measures of autistic symptoms. Our
group (2) previously developed a parent/teacher-report
measure of reciprocal social behavior called the Social
Reciprocity Scale, a 65-item questionnaire that measures
deficiency in reciprocal social behavior as a continuous
variable. In a study of 287 school children and 158 child
psychiatric patients with and without pervasive develop-
mental disorders, social deficits ascertained on the Social
Reciprocity Scale were continuously distributed within
each group and were minimally correlated with IQ. High
scores on the Social Reciprocity Scale correlated with clin-
ical diagnoses of autistic-spectrum disorders but not with
other child psychiatric disorders. Application of paramet-
ric and nonparametric factor analytic techniques failed to
demonstrate separate categories of deficiency for impair-

ment in reciprocal social behavior and other clusters of
core autistic symptoms.

We undertook this study to determine the heritability of
deficits in reciprocal social behavior as measured by the
Social Reciprocity Scale in an epidemiologic sample of
male twins.

Method

The Social Reciprocity Scale was mailed to the parents of 285
male twin pairs (age 7–15 years) randomly selected from the pool
of active participants in the Missouri Twin Study (4). Parents of
232 twin pairs (98 monozygotic pairs and 134 dizygotic pairs)
completed and returned the questionnaire (81.4% response rate).

The Social Reciprocity Scale is a 65-item questionnaire whose
psychometric properties were tested in a study involving 445 chil-
dren age 4–14 years (2). The Social Reciprocity Scale generates a
summary score that serves as an index of severity along the con-
tinuum of deficits in reciprocal social behavior in the population.
In the present twin sample, means and variances for Social Reci-
procity Scale scores were in keeping with previously published
means and variances for this age group (2). Seven subjects had
Social Reciprocity Scale scores at or above the previously pub-
lished mean (mean=101.5 [SD=23.6]) for subjects with pervasive
developmental disorder not otherwise specified (2).

To examine the extent to which the Social Reciprocity Scale
data fit specific models of genetic and environmental causation,
two-by-two variance-covariance matrices were constructed sepa-
rately for the sample’s monozygotic and dizygotic twins; these
data were then subjected to structural equation modeling by us-
ing the statistical software program Mx (5).

Structural equation modeling involves the use of path models
that mathematically represent the totality of causal influences on
a trait of interest. To quantify the degree of fit between the ob-
served data (in this case, variance and covariance statistics for
monozygotic and dizygotic twins) and values expected from a
given mathematical model of causality, the maximum likelihood
method is employed to generate a goodness-of-fit statistic,
which follows a chi-square distribution. To be judged a good fit,
models should have a nonsignificant (p>0.05) maximum likeli-
hood chi-square. For any given model, a lower chi-square value
in comparison to the chi-square value for a model with one more
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or one less parameter represents improved goodness-of-fit. In
general, more parsimonious models (with fewer variables) are
favored over more complex models if their statistics for good-
ness-of-fit are similar.

The first model tested (the full model) incorporated the effects
of three parameters: additive genetic influences (A), common or
shared environmental influences (C), and unique or nonshared
environmental influences (E). The latter term (“E”) also incorpo-
rates any measurement error that exists with respect to the trait of
interest. Successive models in which one or more of these vari-
ables were dropped from the full model were then tested to quan-
tify the extent to which each model fit the observed data. We also
tested more complex models that extended the original model by
1) incorporating data on age of the subjects, 2) including a latent
variable for dominant genetic effects (epistasis), 3) including a la-
tent variable for rater bias, and/or 4) adding paths for rater con-
trast effects. Finally, for the best fitting model(s), parameter esti-
mates for A, C, and E were generated, with 90% confidence limits.

Results

Deficits in reciprocal social behavior were normally
distributed in this epidemiologic sample of twins. For
monozygotic twins (N=98 pairs; mean Social Reciprocity
Scale score=34.0 [SD=20.3]), the intraclass (twin-twin)
correlation was 0.73, twin A variance was 437.2, twin B
variance was 388.8, and the covariance was 301.4. For
dizygotic twins (N=134 pairs; mean Social Reciprocity
Scale mean score=40.4 [SD=23.1]), the intraclass (twin-
twin) correlation was 0.37, twin A variance was 515.2, twin
B variance was 550.3, and covariance was 195.5.

The results of structural equation modeling applied to
these data are shown in Table 1. The best fitting model was
the AE model, which incorporated additive genetic influ-
ences and unique environment influences. Goodness-of-
fit indices for more complex models that incorporated
age, dominant genetic effects, rater contrast, and/or rater
bias were, without exception, poorer than those derived
for the AE model.

Discussion

These findings indicate that for boys in the general pop-
ulation, deficits in reciprocal social behavior are highly
heritable. The magnitude of additive genetic influences on
reciprocal social behavior in this epidemiologic twin sam-

ple was very similar to what has been observed for autism
itself in previous behavioral genetic studies (1). The esti-
mation of a relatively small influence of the unique envi-
ronment parameter (which incorporates measurement
error) offers further support for the validity of the Social
Reciprocity Scale. Future research on the genetic structure
of reciprocal social behavior is warranted; such research
should include female subjects, larger samples, and multi-
ple informants. Further research is also needed to exam-
ine the relationship between deficits in reciprocal social
behavior as measured by the Social Reciprocity Scale and
autistic-spectrum deficits ascertained by using conven-
tional autism rating scales.

Since deficits in reciprocal social behavior are the sine
qua non of autistic spectrum disorders, and since genetic
influences have been implicated in what has been referred
to as the “broader autism phenotype,” studies of the
causes of autism (particularly genetic linkage studies) may
be greatly facilitated by measuring reciprocal social be-
havior as a continuous variable in families representing
the entire range of deficits in the general population. The
Social Reciprocity Scale may feasibly be used in large-
scale genetic-epidemiologic studies and as a clinical mea-
sure of symptoms across the autistic spectrum.
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TABLE 1. Results of Structural Equation Modeling of Genetic and Environmental Influences on Deficits in Reciprocal Social
Behavior in an Epidemiologic Sample of Male Twins (N=232 Pairs)

Maximum Likelihood 
Analysisb Akaike’s

Information
Criterionc

Root Mean 
Squared Error

Approximationd

Parameter Estimates for Components of Best Fitting Models

Modela χ2 dfe p a2 90% CI c2 90% CI e2 90% CI
ACE 3.5 3 0.31 –2.49 0.04 0.76 0.69–0.80 0.0 –0.17 to 0.17 0.24 0.19 to 0.29
AE 3.5 4 0.48 –4.49 0.02 0.76 0.72–0.80 0.24 0.19 to 0.29
CE 31.4 4 0.00 23.37 0.24
E 97.2 5 0.00 87.20 0.39
a Models incorporate effects of additive genetic influences (A), common or shared environmental influences (C), and unique or nonshared en-

vironmental influences (E).
b Models with a nonsignificant χ2 value (p>0.05) are judged to have a good fit to the observed data.
c Defined as χ2 minus 2df (two times the number of degrees of freedom). Values >0.0 reflect a poor fit of the model to the observed data (5).
d Values <0.05 indicate a very good fit of the model to the observed data (5).
e df=N of observed statistics minus N of free parameters (A, C, and/or E) in the model. N of observed statistics=6.
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Objective: An association between the 5-HTTLPR short variant
polymorphism in the promoter region of the serotonin trans-
porter gene and risk for alcohol dependence has been reported

from case-control studies that are, however, prone to chance
findings related to artifacts of population structure. The authors
sought additional evidence for this association from a family-
based study. 

Method: Ninety-two alcohol-dependent probands and their
parents were tested for nonrandom transmission of alleles from
heterozygous parents to affected probands.

Results: Preferential transmission of the short allele was found
(65 of 102 transmissions from heterozygous parents).

Conclusions: The results suggest allelic association between a
variant in the promoter region of the serotonin transporter
gene and the risk for alcohol dependence. However, it remains
to be seen whether the functional properties of this variant
are directly responsible for the increased risk to alcohol
dependence.

(Am J Psychiatry 2000; 157:2045–2047)

Studies in rodents and humans have pointed to a rela-
tionship between low levels of brain serotonin turnover
and high levels of alcohol intake that may play a crucial
role in the initiation and maintenance of alcoholism. De-
creased availability of the serotonin transporter to radio-
ligands has been found in brain imaging studies of pro-
bands with alcohol dependence (1) and in postmortem
studies of human brains after alcohol exposure (2). Thus, a
polymorphism in the promoter region of the serotonin
transporter gene (3) can be considered a good candidate
for conferring genetic susceptibility to alcohol depen-
dence. It has been shown that the two common variants of
this polymorphic site differ in the effect they have on the
transcriptional activity of the gene in vitro (3), although it is
unclear which of several activators or silencers of tran-
scription (4) is to be held accountable. Such functional
polymorphisms are particularly valuable in tests for associ-
ation with complex traits such as alcohol dependence. The
traditional approach is to compare allele frequencies be-
tween afflicted individuals and unrelated matched healthy
comparison subjects. In studies using this design, a higher

frequency of the short allele has been found in probands
with alcohol dependence (5). Other studies have demon-
strated an association between the short allele and in-
creased neuroticism (3), a personality trait that in turn fig-
ures as a risk factor for alcoholism (6). Since case-control
studies are prone to false-positive results caused by popu-
lation structure (7), we used a family-based study design to
investigate the association between risk for alcohol depen-
dence and the 5-HTTLPR polymorphism in the promoter
region of the serotonin transporter gene.

Method

Ninety-two inpatients (mean age=35.3 years, SD=6.3, 82.6% of
whom were male) from the alcohol detoxification programs of
two psychiatric university hospitals in Germany and Hungary
and their parents donated blood samples and were interviewed
with the Semi-Structured Assessment for the Genetics of Alcohol-
ism (8) after receiving a complete description of the aims and the
procedures of the study and after having given written informed
consent. Inpatient probands fulfilled DSM-IV criteria for alcohol
dependence at a mean age of 26.6 years (SD=7.1). Antisocial per-
sonality traits were present in 10 probands (10.9%) and a history


