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Abstract

Objective—The study addresses risk factors and etiology of pediatric sensory over-responsivity
(SOR) in a large sample of twins. We examine, at age two years, (a) the association of
temperamental traits with concurrent SOR; (b) the association of prenatal complications with
SOR; (c) the association of having a male co-twin with female SOR; and (d) the common and
unique genetic etiology of temperament and SOR symptoms.

Method—The sample included 1,026 twin pairs (mean age = 2 years 2 months) from a
population-based longitudinal study. Auditory and tactile SOR symptom domains were partially
independent and thus were examined separately.

Results—Temperamental negative affect and fear were moderately correlated with auditory and
tactile SOR symptoms. Prenatal complications significantly predicted tactile symptoms after
controlling for child characteristics. Additionally, females with a male co-twin showed greater
SOR at age two than same-sex female dizygotic twins, suggesting a possible risk associated with
in utero testosterone exposure. Both auditory and tactile SOR domains were heritable. Bivariate
genetic analyses showed that each SOR domain had a similar genetic relationship with fear and
negative affect.

Conclusion—The findings suggest partially non-overlapping etiologies and risk factors for
tactile versus auditory SOR and indicate that prenatal factors warrant further investigation.
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A small subset of both children and adults report unusually intense, even painful, responses
to everyday sensory stimuli that most individuals experience as innocuous. The reactivity of
senses to external stimuli appears to vary widely. For instance, most individuals experience
no auditory sensation from long florescent light bulbs, but a few find the hum of these lights
so uncomfortable that they cannot work in a room with florescent lighting. Clinicians
observe this sensory over-responsivity, sometimes called sensory defensiveness, in children
with a range of diagnoses, including attention-deficit hyperactivity disorder (ADHD),
autism, and Fragile X Syndromel3, but sensory over-responsivity, importantly, also occurs
in children without any apparent medical condition®. Over-responsivity can occur in
response to tactile, visual, auditory, or other modalities of stimuli. Some individuals
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experience a broad range of sensitivities that are chronic and severe; these sensitivities often
begin very early in life and may impact mastering key developmental milestones®. Although
these sensitivities may not always elicit strong concern from clinicians, parents and teachers
have viewed multiple, severe symptoms of sensory over-responsivity as adversely affecting
social interactions, peer and family relationships, and school performance of the child®. In
fact, the new diagnostic entity called Sensory Processing Disorder (SPD) has already been
acknowledged in some diagnostic classification schemes’2 and proposed for inclusion in
the next installment of the Diagnostic and Statistical Manual of Mental Disorders*19,

While past research has been predominantly focused on occupational therapy and treatment
of SPD, in order to successfully classify SPD, its etiology and relation to other behavioral
patterns needs to be thoroughly examined. Although SPD encompasses a wide range of
atypical sensory responses including under- and over-responsive sub-types, this study only
investigated sensory over-responsivity (SOR). Children who experience SOR “respond to
sensory messages more intensely, more quickly, and/or for a longer duration than children
with typical sensory responsivity”®. The current study aimed to examine (1) the relationship
between SOR and temperament, (2) the effects of individual risk factors such as socio-
economic status (SES) and birth events on SOR, (3) the possible role of in utero testosterone
exposure in potentiating risk of SOR symptoms in girls with male co-twins, and (4) the
distinctiveness of SOR by exploring the common and unique sources of genetic and
environmental covariance with temperament traits.

Temperament and Sensory Over-Responsivity

The relationships between different domains of SPD and temperamental qualities have been
studied extensively in the literature. Most commonly, sensory symptoms have been found to
be positively associated with introversion, difficult temperament, anxiety, and low self-
regulation11-13, One study found that sensory modulation problems are associated with
facets of difficult temperament such as irritability, hyperactivity and distractibility4, while
another study specifically related difficult temperament to auditory and tactile sensory
responsiveness2. We previously reported low to moderate correlations between overall
SOR and various temperamental and clinical scales!3. Attention, activity level, inhibitory
control, sadness, anger and soothability all showed low correlations with SOR symptoms,
with fear domains showing relatively high correlations (r = 0.50, p <.001). Emotionality,
harm avoidance and agoraphobic avoidance are also positively associated with sensory
symptoms?. Although these studies examined the relationship between temperament and
broader sensory domains such as sensory modulation or sensory responsiveness, these
studies did not directly assess SOR. We investigated broad temperamental domains such as
negative emotionality, effortful control, and fear rather than clinical conditions because
many clinical diagnoses are premature at age two years. Moreover, toddler temperament
predicts later childhood internalizing, externalizing, and ADHD diagnoses to a significant
degree.

Prenatal and Perinatal Risk Factors

Prenatal and perinatal complications have been implicated as risk factors for SOR; however,
the mechanisms underlying these associations are not clearly understood. Prenatal exposure
to alcohol, stress, or chronically high cortisol has been shown to increase the prevalence of
sensory processing symptoms in rhesus monkeys!®. Preliminary studies have shown that
children with sensory symptoms were more likely to have had birth and neonatal
complications such as prolonged labor, fetal distress and jaundice®19. Sensory deprivation
may also occur during prolonged stays in neonatal intensive care units, making premature or
critically ill infants at increased risk of sensory modulation problems?2,
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Prenatal exposure to testosterone is another potential risk factor for developing SOR.
Opposite-sex twin pairs provide a unique model for studying this effect, since hormones
such as testosterone can transfer between two fetuses during development, and for females,
this can result in physical and cognitive masculinization2%21, Although no research has
directly studied the effect of prenatal testosterone exposure on SOR, past findings indicate
that the relationship may be plausible. For example, masculinized finger-length ratios, which
serve as a proxy for prenatal testosterone exposure, show positive associations with ADHD
symptoms22, Since ADHD is also associated with SOR symptoms, we investigated whether
the presence of a male co-twin was a risk factor for tactile SOR in female co-twins?.

Environmental Etiology

The etiology of SPD is poorly understood. Our previous study utilized the twin method to
identify potential genetic contributions to SOR symptoms, suggesting that SOR is
moderately heritable13. For auditory defensiveness, 38% of the variance was explained by
genetic, 33% by shared environmental, and 28% by unique environmental influences.
Similarly, genetic influences accounted for 52% of the variance in tactile defensiveness,
with the shared (17%) and nonshared (31%) environment accounting for the remainder of
the variance. The covariance between auditory and tactile SOR was due to the environment
rather than overlap in genetic influences. To date, no study has attempted to determine the
underlying sources of the covariance between SOR symptoms and temperament domains,
which may provide evidence for the distinctiveness of SPD from temperamental domains.

Current Study

METHOD

Participants

This study expands on our previous work by using genetic modeling to investigate the
etiological relationship between SOR and temperament domains and by studying the
relationship between prenatal complications and the development of SOR. Two-year-old
twins were studied to allow more sensitive detection of prenatal influence, as well as to
detect temperamental influences prior to the clinical diagnosis of behavior disorders.
Specifically, auditory and tactile—the two most common modalities—were examined in
relation to temperament and birth and prenatal events. The goals of this study were to
examine (a) the association between SOR and temperament traits of negative affectivity,
effortful control and fear; (b) the association of obstetrical and neonatal events with SOR
symptoms at age 2; (c) the potential role of testosterone exposure in increasing the
prevalence of SOR symptoms in girls with boy co-twins; and (d) common and unique
sources of genetic and environmental variance on SOR, and on the association between SOR
and temperament.

Participants were from the Wisconsin Twin Panel, a statewide, birth-record based sample of
twins.23 Families of twin born between 1998 and 2002 were invited via mail to join the
study with approximately 76.7% of families responding, 90% of whom agreed to be
enrolled. We used data from a telephone interview with the primary caregiver that included
questions concerning temperament, medical history, zygosity, and demographics. The
response rate for the interviews was 61.5% of enrolled families; of those families that
participated in the interview, 62.0% also completed a mailed packet of questionnaires.
Medical and behavioral conditions such as autism and Fragile X were excluded from the
study due to their association with SOR. Fifty-eight families (5.4%) were omitted from the
final sample, due to at least one twin with autism (43 families), medical conditions such as
cerebral palsy, spina bifida and Down’s Syndrome (12 families) and unclear genetic
relationship between the twins (3 families). The final sample included 2,052 individual
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twins (n = 1,018 female), with an average age at assessment of 2 years and 2 months (SD =
3 months). The age variable was not corrected for prematurity in the analyses because we
directly examined gestational age as a predictor. There were 348 (33.9%) monozygotic
(MZ), 358 (34.9%) dizygotic same-sex (DZ-SS), and 320 (31.1%) dizygotic opposite sex
(DZ-0S) twin pairs. The race of the twins was reported as 94.4% Caucasian. Average
education of mothers was 14.9 years (SD = 2.30 years), and 75.6% of families reported an
annual income of $41,000 or more. SES was computed as the mean of the z-score of mother
years of education, father years of education, and family income.

As part of a follow-up study on a random subsample, medical records concerning the twin
pregnancy and birth were accessed for 372 twins, who were the only families used in the
analyses of prenatal and birth complications. The subsample was representative of the larger
sample, in that the means for auditory and tactile SOR of the groups with and without birth
record data only differed by 14% and 13% of a standard deviation, respectively, which we
did not regard as biasing. Using pregnancy-related variables transcribed directly from
hospital-obtained medical records avoided maternal recall bias that is inherent in studies
based on retrospective report. However, for all participating twins (n=2,052), gestational age
and birth weight were reported by mothers. These assessments were reliable as the
correlations between maternally reported and birth record obtained variables was r = 0.89, p
<.001 for gestational age and r = 0.97, p < .001 for birth weight. Therefore, maternal report
of gestational age and birth weight were used for all twins to increase sample size for some
birth-related analyses.

Sensory Over-Responsivity—SOR was assessed at age two with items from two
instruments, the Infant-Toddler Social and Emotional Assessment (ITSEA) and a revised
version of the Toddler Behavior Assessment Questionnaire (TBAQ). Items from both
instruments have been used in prior studies as measures of SOR13.26 and thus we combined
the ITSEA and TBAQ items that measured tactile and auditory SOR to increase reliability
(with a larger number of items) and to reduce method-specific variance. Table 1 shows the
loadings for 13 TBAQ and ITSEA items on two common (principal axis) factors, interpreted
as tactile and auditory domains. The principal axis loadings in Table 1 were replicated using
confirmatory factor analysis. The x2 value for the confirmatory factor analysis was 395.73,
df = 64, RMSEA =0.043 and CFIl = 0.89. Each participant in the study had a TBAQ score
(inclusion criterion), although only a portion of the sample (N = 907) had both TBAQ and
ITSEA scores. There were no mean differences in auditory (t = 1.59, p =.11) or tactile SOR
scores (t = “—1.42, p = .16) between the subsample with both TBAQ and ITSEA scores and
the sample with TBAQ scores alone. The results of this factor analysis were used to create
unit mean composite scores, which were used instead of factor scores. The auditory and
tactile SOR scales were moderately internally consistent (a’s = 0.70, and 0.72, respectively).

Zygosity—2zygosity was classified during the age two assessment using the Zygosity
Questionnaire for Young Twins?’, which has demonstrated over 95% agreement with
genotypic zygosity determination?®, Cases of ambiguous zygosity were resolved via hospital
placenta(e) reports (an unambiguous monochorionic placenta indicating monozygosity) and
follow-up zygosity questionnaires. If this information was not definitive, photographs, video
images, and genotyping were utilized. Seven pairs of twins (0.6%) with unknown or
ambiguous zygosity who were not genotyped were excluded from genetic analyses.

Temperament Assessment—Toddler Behavior Assessment Questionnaire (TBAQ). The

TBAQ assessed 10 temperament dimensions, including the soothability, object fear and
social fear of toddlers2. Factor analysis of the 10 scales yielded three factors labeled
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Negative Affect, Effortful Control, and Fear. The Negative Affect factor, which involves
distress reactions, was defined by the anger (factor loading (I) = 0.82), sadness (I = 0.65),
activity level (I = 0.55), and soothability (I = —0.45) scales. Effortful Control signifies the
ability of the child to stay interested and allocate attention to relevant activities, and to stop
an activity when asked to do so. This factor had primary loadings for TBAQ appropriate
attention allocation (I = 0.89), interest (I = 0.80) and inhibitory control (I = 0.63) scales.
Finally, Fear was a bipolar factor contrasting being fearful of objects and social situations
versus finding many situations pleasurable. This factor comprised the social fear (I = 0.74),
object fear (I = 0.50) and pleasure (I = —0.50) scales (Complete factor analysis results are
available in online supplement 1). These results were used to make mean unit composite
scores for each of the three factors. Reliability estimates (a’s) for the three factor-derived
scales were 0.85, 0.91, and 0.86 for Negative Affect, Effortful Control, and Fear,
respectively.

Assessment of Pregnancy and Birth Events

We obtained obstetrical and prenatal data through medical record transcription for
obstetrical complications, neonatal complications, and neonatal morbidity variables; these
records came from a total of 113 different Wisconsin hospitals. Two independent
researchers coded all records; the rare discrepancies were resolved via consensus. For each
scale, composite scores indicated relative risk. A more extensive review of the scales and
coding procedures can be found elsewhere?®.

Obstetrical Complications Scale (OCS)—The OCS included 38 obstetrical variables
(11 maternal variables and 27 pregnancy-specific variables), as well as 12 twin-specific
(fetal) items30. Maternal variables included mother’s age, gravidity, and chronic medical
conditions. Pregnancy variables included maternal substance use, bleeding, infections,
preterm labor and placental configuration. Twin-specific items included problems during
birth, such as malpresentation or nuchal cord. These variables were generally coded as 0
(not present) or 1 (present). Variables with multiple potential outcomes, such as fetal
presentation, were scored on a point scale relative to risk. The maximum score of the total
risk index was 85. Given the literature illustrating the role of prenatal complications, the
OCS was divided into two scales, a prenatal scale (30 items) and a birth complications scale
(8 items).

Neonatal Complications Scale (NCS)—The NCS included 20 neonatal variables
related to the first 24 hours of life32. Variables included gestational age, birth weight,
infectious and non-infectious diseases, and feeding type. Gestational age, birth weight and
length of hospitalization were removed from the risk index and analyzed separately. Without
these variables, the maximum NCS score was 19.

Neonatal Morbidity Scale (NMS)—The NMS involved 7 relatively common neonatal
complications, including bradycardia, tachypnea, and feeding restrictions during the hospital
stay3!. Treatment type and duration for conditions such as apnea, respiratory distress
syndrome and hyperbilirubinemia required these variables to be scored based on relative
risk, yielding a maximum score of 15.

Statistical Analysis—Most scores were z-transformed prior to analyses. We used
correlational and linear regression approaches to examine associations of temperament and
birth-related risk factors with SOR. Then, we used hierarchical linear modeling to estimate
the predictive power of temperament and obstetrical/neonatal variables while taking twin
dependency into account. Mx software was used for behavior-genetic modeling32. We fit
bivariate Cholesky models33 using maximum likelihood to the raw twin data to test for
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genetic and environmental contributions to the covariation between temperament variables
and auditory or tactile symptoms.

Means and standard deviations for relevant variables were as follows: prenatal
complications (M = 8.91, SD = 4.27), birth weight (M = 5.58 Ibs, SD = 1.29), and Neonatal
Intensive Care Unit (NICU) stay (M = 15.71 days, SD = 18.30). The mean gestational age
was 35.7 weeks, with approximately half of twins born <37 weeks and 12% born <33 weeks
gestation; 44.1% were low birth weight (<5.5lIbs), but only 6.3% were very low birth weight
(<3.3lbs). The SOR and temperament variables were standardized prior to analyses.

Zero-Order Correlations

Table 2 provides correlations among the dependent and independent variables. Gender was
not significantly correlated with SOR and thus was not included in subsequent analyses.
Findings to note are the moderate correlations of the SOR variables with negative affect and
fear, and the relatively low correlations with effortful control. Gestational age was very
weakly correlated with both domains of SOR, although this association was insignificant
when the sample was reduced to the subsample with birth record data. Prenatal
complications were correlated with tactile and not auditory SOR, while birth weight and
NICU stay were not associated with either SOR domain. Omitted from Table 2 are birth
complications, neonatal complications, and neonatal morbidity, which were not associated
with either SOR variable and thus dropped from subsequent analyses.

Examination of Risk Factors for SOR: Linear and Hierarchical Regression Approaches

Regression equations were computed to predict auditory and tactile SOR using age, SES,
negative affect, fear and prenatal complications as simultaneous predictors. Effortful control
was omitted from the analyses due to low correlations with the outcome variables, and high
colinearity with negative affect. R2 values are reported for each of the models along with
unstandardized betas in Table 3 (Panel A). SES, negative affect and fear were significant,
independent predictors for both sensory domains. Prenatal complications significantly
predicted tactile but not auditory scores.

The interpretation of these linear regressions is constrained by two main factors: (1) the
dependency between certain values for co-twins within a pair; and (2) the potential
confounding effect of a male co-twin on females from DZ-OS pairs. We addressed the first
limitation by using hierarchical linear modeling (HLM) to account for the twin dependency;
that is, HLM takes into account that both twins in a pair will share SES, age and prenatal
complications. The effect of a male co-twin was also assessed by adding the presence vs.
absence of a male co-twin as a predictor in additional HLM analyses that included only
females from DZ twin pairs (Table 3, Panel B). Because the presence of a male twin
significantly increased the tactile scores of their female co-twin, OS twins were dropped
from the final HLM analysis of the full sample to prevent confounding the results by an
effect that was specific to OS pairs (Table 3, Panel C). When OS twins were dropped from
the analyses, negative affect, fear and SES were predictors for auditory SOR. On the other
hand, negative affect, SES and prenatal complications significantly predicted tactile SOR.

Univariate Genetic Analyses

Twin intraclass correlations were computed for auditory and tactile SOR and the three

temperament domains (Table 4). As MZ twins share all of their segregating genes while DZ
twins share only half of their segregating genes, rMZ > rDZ is indicative of additive genetic
influences (A). Similarly rMZ < 1.0 signifies the presence of non-shared environmental (E)
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factors (i.e., factors specific to each individual and measurement error). Finally shared
family environmental (C) factors are indicated when rDZ > .5(rMZ) and dominant genetic
(D) factors are indicated if the rDZ < .5(rMZ) value. The classical twin method decomposes
the variance of a trait into variance in underlying genetic and environmental influences.
Each univariate model included A and E, and either C or D depending on the pattern of
intraclass twin correlations. We then tested whether each parameter could be dropped
without a significant decrement in fit of the overall model. The best fitting model (see Table
4) adequately explained the data with the fewest parameters (based on AIC and chi-square
difference score). All variables had a significant additive genetic component. Tactile SOR,
auditory SOR and negative affect also had modest shared environment components.
Although twin intraclass correlations suggested that temperamental effortful control and fear
might be influenced by dominance effects, both were best described by a more parsimonious
AE model. Examining the models descriptively, we note that auditory SOR was more
heritable (62% in the best-fitting model) than tactile SOR (44% in the best-fitting model).

Bivariate Genetic Analyses

We used bivariate Cholesky decompositions to investigate the covariance between auditory
and tactile SOR, as well as the relationship of each SOR domain with negative affect and
fear (Figure 1; results available in table form in online supplement 2). The bivariate model is
an extension of the classical twin model wherein the covariation between two traits is
decomposed into covariation between underlying genetic or environmental factors
influencing each trait. Effortful control was not included in these analyses due to its low
phenotypic correlations with the SOR variables. Standardized parameter estimates are
presented in Figure 1. Paths from Al, C1, and E1 to the first trait represent the proportions
of phenotypic variance accounted for by the latent Al, C1, and E1 factors. Paths from Al or
C1 to the second trait indicate the portion of variance in the second trait accounted for by
latent genetic or shared environment factors that also influence the first trait. Paths from A2,
C2, and E2 to the second trait represent the residual variance in the second trait that is
accounted for by the latent variables A2, C2, and E2. Note that while some of the path
coefficients are small, they are significant (based on the smallest AIC and non-significant
chi-squared difference score) due to the large sample size. The relationship between auditory
and tactile SOR, which had a phenotypic correlation of .35, had significant common genetic
(rA =0.29) and shared environmental (rC = 1.0) correlations. Note that even when total
genetic variation in two traits is low, the amount of overlapping genetic influences (i.e.
genetic correlation) may be high. Both auditory SOR and tactile SOR had modest genetic
correlations with negative affect (rA = 0.21 and .14 respectively) and wholly overlapping
shared environmental influences (rC = 1.0) with negative affect. The genetic and
environmental underpinnings of the relationship of each SOR domain with fear were similar,
with significant genetic (rA = 0.53 and 0.43 for auditory and tactile SOR, respectively) as
well as unique environmental correlations (rE = 0.17 for both domains).

DISCUSSION

Interpretation of Key Findings

We sought to understand the association of SOR with temperamental negative affect,
effortful control, and fear. In general, both correlational and regression analyses showed that
negative affect and fear were moderately related to both auditory and tactile SOR. These
correlations were low enough to counter the suggestion that SOR are “just” signs of toddler
temperament but high enough and clearly significant so that the association of SOR with
temperament appears real and in need of an explanation, part of which was provided by the
bivariate genetic analyses. The lack of association of SOR with effortful control may also be
noteworthy because both of these behavioral patterns are associated with ADHD117,
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We also sought to identify associations between obstetrical, birth, or neonatal complications
and SOR. Generally, birth weight, gestational age, duration of NICU stay, birth
complications, neonatal complications and neonatal morbidity were not significant
independent predictors of SOR symptoms (Table 3), although some of these variables did
show zero-order associations with auditory and tactile SOR (Table 2). This difference may
help clarify previous literature. The only prenatal or perinatal variable that showed a
significant independent relationship was prenatal complications, which predicted tactile
SOR, even after controlling for negative affect, fear, age, and SES. This finding appears
compatible with research in rhesus monkeys suggesting that prenatal maternal stress such as
alcohol or cortisol exposure increased tactile sensitivity of the offspring!®. These results
highlight another empirical difference in the correlates of auditory versus tactile SOR. They
also suggest a need for more research investigating the relationship between specific
prenatal events and SOR symptoms.

Our third research question concerned any potential risk for SOR associated with in utero
testosterone exposure in females with a male co-twin. The presence of a male co-twin and
potential in utero testosterone exposure predicted tactile, but not auditory, SOR. Notably,
the presence of a male co-twin did not influence either SOR domain in male twins (results
not shown). Although our study design did not allow us to measure testosterone as a risk
factor per se, the finding that females with a male co-twin have higher tactile SOR than
females with a female co-twin supports the need for more research into the topic. Since past
research has shown that testosterone exposure can occur between opposite sex twins in utero
and that this hormonal transfer can have significant, measurable effects in female twins, the
ability of testosterone exposure to potentiate risk of SOR symptoms seems plausible20:2,
Again, we note that the male co-twin effect held only for tactile, and not auditory, SOR.

The genetic analyses lead to several conclusions. First, univariate analyses showed that both
auditory and tactile SOR were heritable, supporting our past findings!3. The shared
environmental effects that we detected for tactile SOR adds to our previous findings that
prenatal effects, shared by twins, contribute to tactile SOR. Second, bivariate analyses
showed that auditory and tactile SOR share some degree of both genetic and shared
environmental variances. Bivariate genetic analyses of each SOR with the temperamental
variables revealed that auditory and tactile SOR had similar genetic and environmental
underpinnings of their associations with temperament. That is, both tactile and auditory SOR
showed modest common genetic overlap with fear and negative affect, and fear showed
modest common non-shared environmental overlap with the two types of SOR whereas
negative affect showed strong common shared environmental overlap with the two types of
SOR. Future analyses will need to elucidate the nature of these environmental influences on
SOR and temperament by investigating such variables as caregiver responsivity and
exposure to noxious environmental stimuli.

Several limitations attend our study. First, while our epidemiologically defined community
sample included children expected to develop a wide range of behavioral problems (except
autism, an exclusion criterion), the results should not be generalized to individuals with
specific medical conditions who report SOR symptoms. Another limitation is that
temperament assessment was obtained via caregiver report, the same methodology that
supplied the SOR symptom data. Thus, compared with objectively observed temperament
and SOR data, which would be difficult to collect in such a large sample, the associations
between temperament traits and SOR might be biased upwards. In addition, it would be
inappropriate to generalize our results to ethnic and racial minorities, who are not highly
represented in Wisconsin state birth records. Lastly, SOR symptoms likely change during
development, and our analyses are confined to the toddler period.
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The results contribute to emerging knowledge about sensory responsivity as a condition of
early childhood. Individual differences in SOR are heritable and modestly associated with
temperamental fear (versus pleasure) and negative affect. Prenatal complications were an
independent predictor of tactile SOR. Several lines of evidence supported the distinctiveness
of auditory versus tactile SOR.
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Auditory SOR and Tactle SOR

Figure 1.

Best-fitting Bivariate Cholesky Models of Sensory Over-Responsivity (SOR) variables and
temperament domains (Standardized Results).

Notes: N = 1056 twin pairs. A denotes additive genetic effects, D denotes dominant (non-
additive) genetic effects, C denotes shared environmental effects, and E denotes unique
environment effects. 1 refers to factors that influence the first variable and 2 refers to factors
that only influence the second variable. Pathways from A1, C1, or E1 to the second variable
reflect covariance due to genetic, shared environment or non-shared environment factors,
respectively, common to both variables.

Model fit statistics: Panel Al. Full model AIC = 3518.14; reduced model AIC = 3516.48,
Ax? =234, Addf =2, p=.31.

Panel B1. Full model AIC = 1818.09; reduced model AIC = 1817.33, Ay? = 3.26, Adf = 2, p
=.20.

Panel B2. Full model AIC = 1964.37; no reduced model.

Panel C1. Full model AIC = 1813.48; reduced model AIC = 1814.32, Ay? = 6.84, Adf =3, p
=.08.

Panel C2. Full model AIC = 1990.10; no reduced model.
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