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Psychological distress (PSYCH), somatic distress (SOMA), affective disorders (AD), and substance use (SU)
frequently co-occur. The genetic relationship between PSYCH and SOMA, however, remains understudied.
We examined the genetic and environmental influences on these two disorders and their comorbid AD
and SU using structural equation modeling. Self-reported PSYCH and SOMA were measured in 1,548
twins using the two subscales of a 12-item questionnaire, the Somatic and Psychological Health Report. Its
reliability and psychometric properties were examined. Six ADs, involvement of licit and illicit substance,
and two SU disorders were obtained from 1,663–2,132 twins using the World Mental Health Composite
International Diagnostic Interview and/or from an online adaption of the same. SU phenotypes (heritability:
49–79%) were found to be more heritable than the affective disorder phenotypes (heritability: 32–42%),
SOMA (heritability: 25%), and PSYCH (heritability: 23%). We fit separate non-parametric item response
theory models for PSYCH, SOMA, AD, and SU. The IRT scores were used as the refined phenotypes
for fitting multivariate genetic models. The best-fitting model showed the similar amount of genetic
overlap between PSYCH–AD (genetic correlation rG = 0.49) and SOMA–AD (rG =0.53), as well as between
PSYCH–SU (rG = 0.23) and SOMA–SU (rG = 0.25). Unique environmental factors explained 53% to 76% of
the variance in each of these four phenotypes, whereas additive genetic factors explained 17% to 46% of
the variance. The covariance between the four phenotypes was largely explained by unique environmental
factors. Common genetic factor had a significant influence on all the four phenotypes, but they explained
a moderate portion of the covariance.

� Keywords: twin studies, psychiatric disorders, addiction, genetics, social anxiety, psychometrics, item
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Psychological Distress and Somatic Distress

Psychological distress (PSYCH) and somatic distress
(SOMA) commonly co-occur (Clarke et al., 2008; de Waal
et al., 2004; Lee et al., 2015; Shidhaye et al., 2013). PSYCH
can be described as a negative feeling that affects a person’s
life. This discomfort is usually manifested as anxiety, frus-
tration, hopelessness, sadness, or worthlessness. SOMA,
also known as somatoform disorder or somatization syn-
drome, can involve various bodily discomforts such as
prolonged fatigue, pain, tiredness, or sleep disturbance
(Hanel et al., 2009; Hiller et al., 2006). The prevalence of

PSYCH and SOMA tends to vary across studies, likely
due to the heterogeneous definition of the distress and the
group from which the distress is measured. An analysis
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of five Australian National Health Surveys found that a
high level of PSYCH affected 11.1–13.4% of the population
aged 18–65. This prevalence remained fairly stable from
2001 to 2014 (Harvey et al., 2017). In primary care settings,
approximately 9.5% of Australian general practice atten-
ders had a very high level (K10 ≥ 30) of PSYCH (Clarke
et al., 2008). Somatization syndromes based on the Patient
Health Questionnaire, on the other hand, occurred in 9.3%
of the German general population (Kocalevent et al., 2013).
A higher prevalence has been reported in clinical samples,
with 16.1% of Dutch general practice participants report-
ing somatoform disorders as classified in the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV; de Waal et al., 2004), and 18.5% of Australians
being classified as somatisers (Clarke et al., 2008). Despite
the varying prevalence, a common finding in the studies is
a high comorbidity of PSYCH, anxiety/depressive disorder,
and somatoform disorders (Barsky et al., 1992; Clarke
et al., 2008; de Waal et al., 2004; Escobar et al., 1998; Eytan
et al., 2011; Maier & Falkai, 1999; Ormel et al., 1994). A
higher level of distress, as measured by the 10-item Kessler
Psychological Distress Scale (K10; Kessler et al., 2002), is
associated with higher probability of meeting criteria for a
mental disorder or substance use (SU) disorder (Andrews
& Slade, 2001; Slade et al., 2011).

SPHERE-12 for Measuring PSYCH and SOMA

The 12-item Somatic and Psychological Health Report
(SPHERE-12) is shortened from the original 34-item
SPHERE for screening mental illnesses that are com-
monly found in primary care settings and for use in re-
search (Hickie et al., 2001). The SPHERE-12 question-
naire consists of two six-item sub-scales: the PSYCH-6,
measuring PSYCH, and the SOMA-6, measuring SOMA.

Short questionnaires can be advantageous as short in-
struments with 12 or fewer items, such as the Beck
Depression Inventory-Short Form (BDI-SF; Beck & Steer,
1993), Patient Health Questionnaire-9 (PHQ-9; Kroenke
et al., 2001), and K10 (Kessler et al., 2002), have been shown
to be as accurate as longer questionnaires that contain 15
or more items (Cheng & Chan, 2005) in detecting depres-
sion (Akena et al., 2012). In addition, they can be completed
in a shorter time with lower participant burden and higher
completion rates. Few studies have focused on PSYCH and
SOMAmeasuredwith the SPHERE scale (Clarke&McKen-
zie, 2003; Couvy-Duchesne et al., 2017a).

Classical Twin Studies

The classical twin study provides a unique opportunity to
understand the extent to which a trait or a group of related
traits is governed by nature or nurture. Thismethod is com-
monly used to estimate the relative importance of genetic or
environmental influences on comorbid disorders (Agrawal
et al., 2010; Han et al., 1999; Karkowski et al., 2000; Kendler
et al., 2003; Kendler et al., 2007; Lynskey et al., 2004). Twin

studies typically employ standard error of the mean (SEM),
which provides various models to partition the variation of
a single phenotype, or the covariance of multiple pheno-
types, into additive genetic component and environmen-
tal component. Multivariate twin studies typically find that
psychiatric disorders are influenced by both genetic and en-
vironmental factors (Gelernter, 2015; Sullivan et al., 2000).

The Genetic Relationship Between PSYCH and SOMA

Few studies have examined the genetic etiology of PSYCH
and SOMA (Ball et al., 2011; Gillespie et al., 2000; Hansell
et al., 2012; Hickie et al., 1999; Ivkovic et al., 2007). Mod-
erate heritability has been estimated for PSYCH (0.18–
0.4) and SOMA (0.32–0.43). A high genetic correlation
(0.84) has been found between PSYCH and SOMA in Aus-
tralian adolescents and young adults (Hansell et al., 2012),
suggesting a large overlapping genetic effect on these two
phenotypes. Little is known about the genetic relation-
ship between PSYCH, SOMA, and the more severe mental
disorders and SU.

Aims

The objectives of this study were to (1) validate the PSYCH-
6 and SOMA-6 sub-scales; (2) estimate the heritability for
the PSYCH-6 and the SOMA-6, as well as CIDI-based as-
sessment of affective disorders (AD) and SU; and (3) ex-
amine the overlapping genetic influence on the PSYCH-6,
SOMA-6, AD, and SU. We examined the internal consis-
tency and reliability of the PSYCH-6 and SOMA-6. We ap-
plied the item response theory (IRT) modeling to create re-
fined phenotypes that estimate the normalized liability to
PSYCH, SOMA, AD, and SU. We estimated the heritabil-
ity for individual AD, SU phenotypes, as well as the IRT
theta scores for the four scales (PSYCH-6–IRT, SOMA-6–
IRT, AD–IRT, and SU–IRT). Finally, we investigated the ge-
netic and environmental influences on the covariance be-
tween these four IRT scores.

Materials and Methods
The 19Up Study

The Brisbane Longitudinal Twin Study (BLTS; Wright &
Martin, 2004) has collected a comprehensive array of neu-
robiological correlates, environmental risk factors, and en-
dophenotypes for psychiatric disorders, since its inception
in 1992 at QIMRBerghoferMedical Research Institute. The
current study used data collected in one of the BLTS stud-
ies, 19Up (see Figure 1 for details of data collection; Couvy-
Duchesne et al., 2018; Gillespie et al., 2013).

PSYCH and SOMA were assessed with the SPHERE-
12 questionnaire when the participants were on average 26
years old. The SPHERE-12 data were available from all the
three waves of the 19Up: NU1, NU2, and NU3. In addi-
tion, the Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition (DSM-5, American Psychiatric Associ-
ation, 2013) diagnoses were made using an online version
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Multivariate Twin Study of SPHERE

FIGURE 1
(Colour online) Timeline of data collection of psychological dis-
tress, somatic distress, and CIDI-based psychiatric diagnoses in
the 19Up study.

of theComposite InternationalDiagnostic Interview (CIDI;
World Health Organization, 1990). The CIDI-based diag-
noses were collected in NU2 andNU3. The 19Up study was
approved by the QIMR Human Research Ethics Commit-
tee. Data were stored in compliance with national regula-
tions regarding personal data protection. Informed consent
was obtained from all the participants.

Participants

Detailed descriptions of participation rates, sample demo-
graphics, and the prevalence of mental or SU disorders in
the 19Up cohort have been published (Couvy-Duchesne
et al., 2018). The current study only used the data collected
from twin individuals. The SPHERE-12 sample was com-
prised of 1,548 twin individuals. Their mean age was 25.3
years (age range: 18.4–38.4) and the sex ratio was 56.9% fe-
males. The CIDI sample was composed of measurements
from 2,132 twin individuals. Their mean age was 26.1 years
(age range: 18.7–38.6) and the sex ratio was 57.8% females.
The number of complete twin pairs and twin individuals are
shown for each study wave and zygosity group in Table 1.

Measures

Following standard administration procedures, respon-
dents were asked to rate each SPHERE-12 item on the ex-
tent it had troubled them over the previous two weeks:
sometimes or never having the problem (coded as 0), of-
ten (coded as 1), andmost of the time (coded as 2). Internal
consistency of the SPHERE-12 questionnaire was assessed
using Cronbach’s alpha (Cronbach, 1951) both item by item
and for the whole scale without excluding any items. A
small proportion of the participants answered the SPHERE-
12 questions in two or three waves, enabling us to evalu-
ate the test–retest reliability of the questionnaire between
(1) NU1 and NU2, (2) NU2 and NU3, and (3) NU1 and
NU3. There were 132 participants in both NU1 and NU2,
20 participants in both NU2 and NU3, and 22 participants
in both NU1 and NU3. SPHERE data used for the item-by-
item assessment of internal consistency consisted of 2,122–
2,126 twins and siblings. Phenotypes used in our univari-

ate and multivariate genetic modeling were composed of
measurements per twin individual. For twins with multiple
measurements, their earliest wave was used.

The CIDI was used to assess various lifetimeDSM-5 psy-
chiatric criteria to obtain diagnostic classifications relevant
to AD or SU. The AD included agoraphobia, depressive
episodes, major depressive disorder (MDD), panic attack
(PA), panic disorder (PD), and social anxiety. The SU phe-
notypes included ever using alcoholic beverages, tobacco
products, cannabis, non-medical use of prescription drugs
(e.g., pain killers, stimulants), or illicit drugs, such as co-
caine, amphetamine, inhalants, sedatives or sleeping pills,
hallucinogens, opioids, and party drugs (e.g., MDMA, ke-
tamine, or gamma-hydroxybutyrate), as well as alcohol-use
disorder (AUD), and cannabis-use disorder (CUD). We se-
lected six binary AD diagnoses and three ordinal SU diag-
noses to construct the AD and SU scale.

Non-Parametric Item Response Theory Modeling

We employed the non-parametric IRT to evaluate item
properties within each psychiatric domain or scale
(i.e., PSYCH-6, SOMA-6, AD, and SU). One advantage of
IRT is that item difficulty and item discriminability are used
to weight the items when calculating the IRT score. In ad-
dition, IRT makes it possible to combine information from
uniquelymeasured psychopathology (Thomas, 2011). Con-
sequently, the IRT score can yield more precise estimation
of the underlying trait than a summed score. This represents
an improvement over the classical test theory, in which dif-
ferent items are usually assumed to have equal difficulty and
discriminability and items’ properties cannot be evaluated.

IRT models can be categorized as parametric IRT or
non-parametric IRT. The parametric IRT assumes a logis-
tic shape on item-response step functions (IRSFs). This
more restricted method can lead to the rejection of use-
ful items when the assumption is violated. Non-parametric
IRT, however, does not impose a logistic shape on the
IRSFs. This flexible method has become increasingly popu-
lar inmodeling various scales, such as personality (Maydeu-
Olivares, 2005), quality of life (Sijtsma et al., 2008), psy-
chopathology (e.g., Khan et al., 2011; Meijer & Baneke,
2004), and mental health (Stochl et al., 2012).

In IRT, the family of graded response models (GRMs;
Samejima, 1968) is suitable for analyzing polychotomous
items collected by means of response scales (Hemker et al.,
1997; Mellenbergh, 1995). IRT models the probability of
answering each option in an item as a function of the un-
derlying trait (e.g., level of depression or somatization).
Such conditional probabilities are often referred to as IRSFs.
Here, we used non-parametric GRM (np-GRM) that makes
no assumptions about the underlying shape of the IRSF
(Sijtsma et al., 2008). This model allows the checking of a
fundamental requirement in IRT and scale construction —
the probability of reporting a symptom is a strictly growing
function of the latent score (hypothesis of monotonicity of
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TABLE 1
Number of Complete Twin Pairs and Individual Twins (Parenthetical) in Each Zygosity and Sex Group and Across All the
Groups (Sum) From Different Waves of (1) SPHERE-12 Questionnaire, (2) Diagnostic Interviews, and (3) Twins Who Are in
Both Samples (Overlapped)

SPHERE-12 Diagnoses Overlapped

Zygosity NU1 NU2 NU3 All waves NU2 NU3 All waves All waves

Monozygotic females 43 (98) 34 (109) 65 (178) 160 (385) 47 (144) 151 (380) 232 (524) 154 (376)
Monozygotic males 14 (46) 25 (86) 46 (146) 102 (278) 27 (96) 89 (265) 139 (361) 93 (265)
Dizygotic females 27 (76) 13 (54) 42 (125) 101 (255) 17 (64) 127 (318) 166 (382) 96 (248)
Dizygotic males 10 (41) 10 (48) 22 (97) 60 (186) 12 (57) 71 (216) 100 (273) 52 (170)
Dizygotic opposite sexes 43 (113) 20 (110) 64 (221) 160 (444) 26 (126) 155 (466) 219 (592) 144 (421)
Sum 137 (374) 102 (407) 239 (767) 583 (1,548) 129 (487) 596 (1,645) 860 (2,132) 539 (1,480)

Note: SPHERE-12 data were collected from three waves: NU1, NU2, and NU3. Diagnostic data were collected from two waves: NU2 and NU3.

IRSF). In practice, this ensures that the ordering of respon-
dents on the score reflects the true ordering on the latent
trait (Ark, 2005).

The np-GRM employs a kernel-smoothing technique
to model the relationship between the level of underlying
trait and the probability of choosing a particular option for
a questionnaire (Ramsay, 1991). We visually examined the
IRSF of every item for determining items that were included
in the final scales. Items were included in the np-GRMs
if they were monotonically increasing. The PSYCH-6
(questions 1–6 in Table 2) and the SOMA-6 (questions
7–12 in Table 2) included every item in their np-GRMs.
The AD scale included the aforementioned six binary
DSM-5 diagnosis items. The SU scale included three or-
dinal diagnoses: AUD, CUD, and degree of drug use. The
degree of drug use was derived from ever using any illicit
substance aforementioned. This variable was coded as 0 for
never using any of the nine drugs, 1 for ever using any one
of them, 2 for ever using any two of them, and 3 for ever
using 3 or more of them. The IRT scaling provided a better
distributional shape, with reduced skewness and kurtosis
relative to the scaling of the PSYCH-6 and the SOMA-6
summed scores (Figure S1).

We attempted various data transformations for PSYCH-
6 and SOMA-6 measurements; however, a reverse J-shaped
distribution was seen in all the transformedmeasurements.
Even though IRT modeling attempts to put all data on a
normal scale of liability with a limited number of items,
it was not possible to remove all kurtosis and skewness,
which is evident in the distribution of our data. We com-
bined the PSYCH-6 and SOMA-6 measurements across
the three waves, as we did not find significant differences
in the IRT scores among the three study waves for the
PSYCH-6 (Kruskal–Wallis chi-squared = 3.4,511, df = 2,
p value = .1781) and the SOMA-6 (Kruskal–Wallis chi-
squared= 0.69,418, df= 2, p value= .7067). The IRSFs for
the four scales, PSYCH-6, SOMA-6, AD, and SU, are shown
in Figures S2–S5.

Basic Assumption Tests

There are different zygosity and sex groups in the twin de-
sign (Evans et al., 1999). For binary phenotypes, the dif-

ferences in thresholds and covariances were examined be-
tween different zygosity and sex groups. For continuous
phenotypes, the differences in means, variances, and co-
variances were examined across all the groups (Evans et al.,
1999). When no significant differences are found between
the groups, means and variances can then be combined
across the groups to estimate the underlying population
mean and variance (Evans et al., 1999).

Univariate Twin Modeling

The observed variance of the phenotypes was partitioned
into (A) additive genetic, (D) dominant genetic, (C) com-
mon environmental, and (E) unshared environmental vari-
ationusing a univariateACEorADEmodel. TheACEmod-
elswere fit for the phenotypeswhereMZcorrelations (rMZ)
were smaller than twice the DZ correlations (rDZ). The
ADE models were fit for the phenotypes where rMZ were
greater than twice the rDZ. The presence of D effect was not
significant, given large sample sizes are required to detect a
significant D.

Univariate twin models were fit separately for each con-
tinuous, binary, and ordinal phenotypes using the full-
information maximum likelihood (FIML) method, which
allows the use of data from all available individuals (see the
number of twins in Table 3), including those without co-
twins and those with co-twins who had missing measures.
The log-likelihood ratio test was performed to assess the fit
of nested models. We regressed the IRT scores (PSYCH-
6–IRT, SOMA-6–IRT, AD–IRT, and SU–IRT) against co-
variates age of survey, sex, and study waves for obtaining
their residuals. The four residualized IRT scores (PSYCH-
6r, SOMA-6r, ADr, and SUr) were used to fit multivariate
twin models.

Multivariate Twin Modeling

Multivariate twin models allow us to estimate the relative
contribution of genes and environment to the covariation
between measures (Neale & Cardon, 1992). Our analyti-
cal flow started with fitting the fully saturated Cholesky de-
composition (CD) for PSYCH-6r, SOMA-6r, ADr, and SUr,
followed by the more parsimonious independent pathway
(IP) models, and common pathway (CP) models. To make
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TABLE 2
Internal Consistency Assessed With Cronbach’s Alpha Coefficients and Test–Retest Reliability Assessed With Intra-class Correlation Coefficients for Individual SPHERE-12
Questionnaire Items

Test–retest reliability

Internal consistency NU1–NU2 (N = 132, df = 131) NU2–NU3 (N = 20, df = 19) NU1–NU3 (N = 22, df = 21)

SPHERE-12 item
Number
of items

Sample
size

Cronbach’s
alpha ICC F p value ICC F p value ICC F p value

1. Feeling nervous or tense 11 2,124 0.87 0.61 [0.49, 0.71] 4.16 2.1E-15 0.52 [0.12, 0.78] 3.17 .0069 0.20 [-0.22, 0.57] 1.50 .17
2. Feeling unhappy and depressed 11 2,122 0.87 0.60 [0.48, 0.70] 4.04 6.6E-15 0.57 [0.20, 0.81] 3.70 .0027 0.23 [-0.19, 0.59] 1.61 .14
3. Feeling constantly under strain 11 2,122 0.87 0.60 [0.48, 0.70] 4.01 8.8E-15 0.57 [0.19, 0.80] 3.68 .0028 0.27 [-0.15, 0.61] 1.75 .1
4. Everything getting on top of you 11 2,122 0.87 0.59 [0.47, 0.69] 3.92 2.2E-14 0.57 [0.18, 0.80] 3.60 .0032 0.26 [-0.17, 0.60] 1.69 .12
5. Losing confidence 11 2,122 0.87 0.61 [0.49, 0.71] 4.11 3.3E-15 0.56 [0.18, 0.80] 3.59 .0033 0.22 [-0.20, 0.58] 1.57 .15
6. Being unable to overcome difficulties 11 2,122 0.87 0.62 [0.50, 0.71] 4.26 7.2E-16 0.52 [0.12, 0.78] 3.17 .0068 0.22 [-0.20, 0.58] 1.57 .15
7. Muscle pain after activity 11 2,123 0.88 0.65 [0.54, 0.74] 4.70 1.1E-17 0.62 [0.27, 0.83] 4.33 .001 0.25 [-0.17, 0.60] 1.68 .12
8. Needing to sleep longer 11 2,124 0.87 0.63 [0.52, 0.73] 4.46 1.1E-16 0.55 [0.16, 0.79] 3.41 .0045 0.27 [-0.15, 0.62] 1.76 .099
9. Prolonged tiredness after activity 11 2,122 0.87 0.62 [0.50, 0.71] 4.26 7.6E-16 0.55 [0.17, 0.79] 3.49 .0039 0.19 [-0.23, 0.56] 1.48 .18
10. Poor sleep 11 2,122 0.88 0.61 [0.50, 0.71] 4.19 1.5E-15 0.50 [0.10, 0.77] 3.01 .0092 0.21 [-0.22, 0.57] 1.52 .17
11. Poor concentration 11 2,122 0.87 0.63 [0.51, 0.72] 4.36 2.8E-16 0.57 [0.19, 0.80] 3.64 .0031 0.15 [-0.27, 0.53] 1.36 .24
12. Tired muscles after activity 11 2,126 0.88 0.64 [0.53, 0.73] 4.62 2.6E-17 0.62 [0.26, 0.83] 4.24 .0012 0.25 [-0.18, 0.60] 1.65 .12

Total scores 12 2,122 0.88 0.62 [0.51, 0.72] 4.31 4.7E-16 0.57 [0.19, 0.80] 3.63 .0031 0.23 [-0.20, 0.58] 1.59 .14

Note: Psychological distress sub-scale included items 1–6. Somatic distress sub-scale included items 7–12. Cronbach’s alpha coefficients for each item represent the effect of removing that item from the
computation of the alpha coefficients (e.g., if item 1 is removed, the resulting value for the scale is 0.87, if item 2 is omitted, it is 0.87, and so on). 95% confidence intervals shown in square brackets.
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TABLE 3
Maximum Likelihood Estimate Beta (Standard Error) of Age and Sex, Twin Correlations (Standard Errors), and Heritability (95%
Confidence Interval) for Affective Disorders, Substance Use, PSYCH- 6, and SOMA- 6 Distress Sub-scales of the SPHERE-12

Beta of covariates Monozygotic twins Dizygotic twins

Scale Phenotypes N Age Sex (F vs. M) Pairs (Ind) rMZ Pairs (Ind) rDZ Heritability

PSYCH-6 IRT score 1,548 -0.04 (0.01) -0.27 (0.11) 266 (666) 0.27 (0.06) 322 (882) 0.06 (0.05) 0.23 (0.13–0.33)
SOMA-6 IRT score 1,548 -0.05 (0.01) -0.13 (0.10) 266 (666) 0.29 (0.05) 322 (882) 0.04 (0.06) 0.25 (0.15–0.35)
AD AD–IRT 2,132 0.01 (0.01) -0.54 (0.10) 374 (885) 0.34 (0.04) 491 (1,247) 0.10 (0.05) 0.32 (0.23–0.39)

Major depressive
disorder

2,132 -0.01 (0.04) 0.28 (1.54) 374 (885) 0.43 (0.09) 491 (1,247) 0.17 (0.10) 0.41 (0.24–0.57)

Agoraphobia 2,132 0.01 0.64 374 (885) NC 491 (1,247) NC NC
Depressive

episodes
2,132 -0.01 0.31 374 (885) 0.43 (0.09) 491 (1,247) 0.16 (0.10) 0.41 (0.24–0.56)

Panic attack 2,132 -0.01 (0.13) 0.40 (7.01) 374 (885) 0.43 (0.10) 491 (1,247) 0.04 (0.12) 0.37 (0.17–0.55)
Panic disorder 2,132 -0.01 0.47 374 (885) 0.39 (0.27) 491 (1,247) NC 0.23 (0.00–0.68)
Social anxiety 2,132 0.01 (0.07) 0.26 (1.64) 374 (885) 0.44 (0.10) 491 (1,247) 0.15 (0.10) 0.42 (0.23–0.58)

SU SU-IRT 2,132 0.05 (0.01) 0.70 (0.09) 374 (885) 0.49 (0.04) 491 (1,247) 0.26 (0.04) 0.49 (0.42–0.56)
Alcohol use 2,132 0.02 (0.37) -0.15 (2.62) 374 (885) 0.71 (0.06) 491 (1,247) 0.56 (0.08) 0.75 (0.64–0.84)
Drug use ever 2,132 -0.03 (0.31) -0.26 (2.87) 374 (885) 0.78 (0.04) 491 (1,247) 0.44 (0.06) 0.79 (0.71–0.86)
Cannabis use

ever
1,663 -0.03 -0.38 245 (648) 0.78 (0.05) 372 (1,015) 0.38 (0.08) 0.78 (0.66–0.86)

Tobacco use ever 2,132 -0.03 (0.26) -0.32 (2.63) 374 (885) 0.65 (0.06) 491 (1,247) 0.50 (0.06) 0.70 (0.60–0.78)
Alcohol use

disorder
2,132 -0.03 (0.07) -0.43 (0.91) 374 (885) 0.43 491 (1,247) 0.23 0.50 (0.40–0.59)

Cannabis use
disorder

2,132 -0.04 -0.42 374 (885) 0.50 491 (1,247) 0.21 0.74 (0.61–0.83)

Note: Total number of subjects (N), number of complete MZ, or DZ twin pairs (individuals) are given. Significant betas are in bold-face. rMZ and rDZ are shown
as NC when these correlations are too small. The heritability is bolded when the AE models are significantly different from the E models. The heritability
is shown as NC when both rMZ and rDZ are NC. NC = not calculable.

it easier for researchers who are not familiar with twin stud-
ies and SEM, we provided conceptual path diagrams for the
quadrivariate CD (Figure S6), IP (Figure S7), and CP (Fig-
ure S8) model. SEM enables us to quantify the effect of a
single latent variable on an observed variable. High magni-
tudes of path coefficients indicate that latent variables have
a large effect on the observed variables. The relative con-
tribution of different latent variables to the variation of an
observed variable can be quantified by squaring the stan-
dardized path coefficients. The CD model assumes one A,
one C, and one E factor influences each of the four ob-
served variables. As this model does not carry an assump-
tion about the underlying genetic and environmental ar-
chitecture, it was used as the base model against its nested
sub-models (e.g., Cholesky AE, Cholesky CE, and Cholesky
E) and the more parsimonious IP and CP models were
compared.

The IP model hypothesizes that genes and environment
exert differential influence on the covariance between phe-
notypes (Gillespie & Martin, 2005). This model estimates
one set of shared genetic factor (Ac), common environmen-
tal factors (Cc), and unshared environmental factors (Ec),
which influence the covariation between the four pheno-
types via separate paths to each of them. In addition, this
model also estimates genetic factor (As), common environ-
mental factors (Cs), and unshared environmental factors
(Es) that are specific to each phenotype, to explain the re-
maining phenotype-specific variance.

Nested within the IP model, the CP model is more par-
simonious and restrictive than the IP model. This model

hypothesizes that the covariation between the four pheno-
types is influenced by common A, C, and E factors through
a latent factor (Gillespie & Martin, 2005). Similar to the IP
model, theCPmodel estimates phenotype-specific variance
with A, C, and E factors that are specific to each phenotype.
More complicated models, such as the IP with two or three
commongenetic factors, were also explored.We interpreted
the parameter estimates, such as phenotypic correlations
(rP), genetic correlations (rG), environmental correlations
(rE), and factor loading, from the best-fitting multivariate
model.

Statistical Software

We used R (R Core Team, 2016) and SAS 9.4 (SAS Insti-
tute Inc., 2013) for statistical analyses, graph, and table gen-
eration. The following R packages were used: package psy
(Falissard, 2012) for internal consistency (Cronbach’s alpha
coefficient), package irr (Gamer et al., 2012) for test–retest
reliability, package KernSmoothIRT (Mazza et al., 2014) for
the np-GRM models, and package OpenMx (Boker et al.,
2017) for twin modeling. Path diagrams were generated us-
ing �nyx (Oertzen et al., 2015).

Results
Internal Consistency and Test–Retest Reliability of
SPHERE-12

Good internal consistency (Cronbach’s alpha: 0.87–0.88,
Table 2) was seen in the SPHERE-12 scale, with the
scale hardly varying as each item was dropped in turn,
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suggesting a high level of homogeneity among these items.
A normal distribution in the intervals, assessed with
Shapiro–Wilk test, was found between NU2 and NU3 (W
= 0.94, Pr < W: 0.27) and between NU1 and NU3 (W =
0.94, Pr < W: 0.16), but not between NU1 and NU2 (W
= 0.97, Pr < W: 0.004). Moderate intra-class correlations
(ICC; Table 2) were found between NU1 and NU2 (ICC:
0.59–0.65, interval: 1.6 ± 0.3 years, range: 0.2–2.5 years)
and between NU2 and NU3 (ICC: 0.5–0.62, interval: 4.3 ±
0.8 years, range: 2.5–6.3 years). The ICC values were non-
significant between NU1 and NU3 in each of the 12 items
and the total scores.

Basic Assumption Tests

For binary phenotypes, no significant birth-order effect on
the thresholds was found (Table S2: H1t). A zygosity effect
(Table S2: H2t) was found only in alcohol use. Significant
differences between correlations of MZ twins (rMZ) and
DZ twins (rDZ) were found in drug use ever, and cannabis
use ever (Table S2: H3c).We found a significant familiar ag-
gregation effect (Table S2: H4c) in all the AD and SU phe-
notypes, except for agoraphobia and PD.

For continuous phenotypes, we did not find a signifi-
cant birth-order effect (Table S3: H1m) or zygosity effect
(Table S3: H2m) on the means. Significant differences be-
tween rMZ and rDZ (Table S3: H3c) were found in all the
phenotypes, suggesting the presence of significant genetic
effects in these phenotypes. A significant familiar aggrega-
tion effect on the covariance (Table S3: H4c) was found in
all the phenotypes.

Univariate Genetic Analyses

As shown in Table S4, the results of the univariate genetic
analyses revealed that the additive genetic (A) and unshared
environmental (E) effect model best explained the variation
in all the phenotypes (bolded AE models) except for AU
and tobacco use ever. Table 3 shows the sample sizes, esti-
mates of betas, twin correlations, and heritability from the
best-fitting models for each of these phenotypes. We found
a significant effect of age in all SU phenotypes, PSYCH-
6-IRT, and SOMA-6-IRT, but not in any AD phenotypes.
Sex had a significant effect on the variance of all the phe-
notypes except for SOMA-6-IRT. Significantly higher rMZ
than rDZ was found in all the phenotypes except for agora-
phobia and PD.Most AD phenotypes were moderately her-
itable, with heritability ranging from 37% for PA to 42% for
social anxiety. The SU phenotypes were found to be more
heritable than the AD phenotypes, with heritability ranging
from 49% for AUD to 79% for ever using drugs. We were
unable to estimate heritability for agoraphobia and PD as
the low prevalence of these disorders resulted in a lack of
discordant/concordant twin pairs, which resulted in insuf-
ficient information in the analyses.

Multivariate Genetic Analyses

Table S5 shows the model-fitting results for various multi-
variate models. Dropping the C component from the full
Cholesky ACE model did not lead to a significant loss of
model fit (Model 2). Dropping the A component (Model 3),
or A and C component (Model 4), however, led to signifi-
cant losses of fit. We then fit alternative IP models with one
common genetic factor (Model 5), IP with two common ge-
netic factors (IP2A; Model 6), IP with three common ge-
netic factors (Model 7), as well as the CP model (Model 8).
As none of thesemodels led to significant loss of fit, we then
explored the most parsimonious models from the IP model
and IP2A model. To test the importance of the A, C, and E
components, we fit a series of nested models by dropping
these components from the common and the specific paths
of the IPmodel (Models 10–17) and the IP2Amodel (Mod-
els 21–28). The C component could be dropped from both
the common and specific paths of the IPmodel (Model 17),
as well as the IP2Amodel (Model 28), without significantly
loss of fit. Moreover, the IP_AE_AE model (Model 33) and
the IP2A_AE_AE model (Model 34) had a lower AIC than
the Cholesky AE model (Model 12). We present the pa-
rameter estimates from IP_AE_AE (Figure 2) as it had the
lowest AIC.

Table 4 shows rP, rG, and rE between any two of the
four phenotypes. Significant rP’s were found between all
the four phenotypes, with an average of 0.22 (range: 0.06–
0.51). Significant and higher rG, ranging from 0.15 to 0.85,
was also found between the four phenotypes. The magni-
tude of rG between the PSYCH-6r and ADr was very close
to that between the SOMA-6r and ADr. The same pattern
was also seen when comparing the rG between PSYCH-
6r and SUr with the rG between the SOMA-6r and SUr.
Significant rE was only found between the PSYCH-6r and
the SOMA-6r, the PSYCH-6r and ADr, and the PSYCH-6r
and SUr.

The common unshared environmental factor (Ec in
Figure 2) had a significant influence on the PSYCH-6r,
SOMA-6r, and ADr, explaining 5–73% of their variation.
The specific environmental factors (Es) had a significant ef-
fect on SOMA-6r, ADr, and SUr, explaining 53–64% of their
variations. In phenotypes with significant Ec and Es, the Es
had amuch larger contribution than the Ec. A different pat-
tern was seen in the additive genetic influence. The com-
mon additive genetic factors (Ac) had significant loading
onto each set of the four phenotypes, explaining 3–22% of
their variations. The specific additive genetic factors (As),
however, were allowed to load only onto ADr and SUr. The
relative contribution of the As was two to four times larger
than the Ac.

Discussion
This is the first study to investigate the overlapping ge-
netic and environmental influences underlying the four
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FIGURE 2
Path diagram of an independent pathway (IP) model with standardized parameter estimates. The IP model has an additive genetic
(Ac) factor and a unique environmental factor (Ec) that are common to all four phenotypes, as well as genetic factor (As) and unshared
environmental factor (Es) that are specific to each phenotype. All shared environmental influences have been dropped without worsening
the model fit. Solid lines indicate significant paths and dotted lines indicate non-significant paths (95% confidence intervals include zero).
Standardized path coefficients, their 95% confidence intervals (CIs), and percentage of variation of a phenotype explained by a factor
are presented for significant paths. Non-significant paths are shown with path coefficients and 95% CIs.

comorbid disorders — PSYCH, SOMA, AD, and SU —
in young Australian adults. We began our analytical flow
with the validation of the SPHERE-12 instrument and then
dissected the genetic and environmental influences using
univariate and multivariate twin modeling. We found ev-
idence for a small but significant genetic influence that
was common to all the four phenotypes (Ac). The un-
shared environmental factors exerted greater influence on
the four phenotypes; however, these influences were largely
specific to SOMA, AD, and SU. This suggests that the ge-
netic and environmental influences on the four phenotypes
may be best explained by one common genetic factor (Ac),
one unshared environmental factor that is common to the
PSYCH-6, the SOMA-6, and AD (Ec), and genetic (As) and
unshared environmental factors (Es) that were specific to
some phenotypes.

Test–Retest Reliability of SPHERE-12

The SPHERE-12 has proved to be a highly consistent and
moderately reliable instrument in our young Australian
sample, which is consistent with longer SPHERE question-

naires such as the SPHERE-21 (Couvy-Duchesne et al.,
2017) and the SPHERE-34 (Hansell et al., 2012). Internal
consistency (Cronbach’s alpha) was consistent between the
PSYCH sub-scales (our PSYCH-6: 0.86; anxiety depression:
0.86–0.88; PSYCH-14: 0.87) and between SOMA sub-scales
(our SOMA-6: 0.81; chronic fatigue: 0.78–0.79; SOMA-10:
0.7), suggesting that the item reduction did not lower the
consistency of the SPHERE questionnaire.

Test–retest reliability, commonly assessed by ICC, re-
flects the variation in measurements taken during a test
and a retest on the same subjects and under the same con-
ditions (Koo & Li, 2016). The value of ICC can be influ-
enced by factors such as variability among participants,
sample sizes, and the time between the test and the retest.
The ICC of our PSYCH-6, 0.47–0.48, was consistent with
the anxiety-depression sub-scale, 0.47, reported by Couvy-
Duchesne et al. (2017). However, the ICC in our SOMA-6
(ICC: 0.36–0.5) was lower than their chronic fatigue sub-
scale (ICC: 0.57). The fact that our NU1–NU3 ICCs were
non-significant and lower than NU1–NU2 ICCs andNU2–
NU3 ICCsmay be attributed to the longNU1–NU3 interval
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(mean interval: 5.4 ± 0.7 years, range: 4.4–6.8 years) or the
stability of PSYCH-6 or SOMA-6 measurements over time.
Longer test–retest intervals have been shown to increase
inconsistency (Dareng et al., 2017).

Univariate Findings

Our heritability estimates were generally consistent with
previous studies. Heritability estimates can vary between
studies due to their variations in study designs, such as age
groups, sample sizes, sexes, data collection methods (e.g.,
via self-reporting questionnaires or diagnostic interviews),
and source of participants (e.g., community or clinical sam-
ples). Bearing in mind these differences, we checked to
see whether our heritability estimates overlapped with the
confidence intervals of heritability estimates reported from
previous studies.

We found low but significant heritable influences on the
PSYCH and the SOMA. Our heritability estimates for the
PSYCH-6–IRT (0.23, 95% CI [0.13, 0.33]) and the SOMA-
6–IRT (0.25, 95% CI [0.15, 0.35]) were consistent with her-
itability estimates for similar sub-scales in the oldest age
groups (Couvy-Duchesne et al., 2017). They reported her-
itability 0.37 (95% CI [0.21, 0.51]) for anxiety-depression
IRT scores at age 17–19 and 0.27 (95% CI [0.11, 0.41]) for
chronic fatigue at the same ages.

We found moderate to high heritability estimates on the
liability to AD and SU phenotypes (Table 3). For AD di-
agnostic phenotypes, our heritability estimates were in ac-
cordance with previous studies. Sullivan et al. (2000) at-
tributed on average 37% (range: 31–42%) of the variation
in major depression to additive genetic factors by review-
ing four community studies (Bierut et al., 1999; Kendler
et al., 1995; Kendler & Prescott, 1999; Lyons et al., 1998)
and two clinical studies (Kendler et al., 1995; McGuffin
et al., 1996). These reviewed studies employed various data
collection methods, such as semi-structured interviews,
mailed questionnaires, telephone interviews, or diagnostic
assessments on probands with MDD. Rijsdijk et al. (2003)
reported an estimate of 0.39–0.42 for severe depression,
measured with GHQ, in female twins aged 18–79 (mean
age: 47.7). Our heritability estimates for MDD (0.41, 95%
CI [0.24, 0.57]) and depressive episodes (0.41, 95%CI [0.24,
0.56]) fell within the range reported from these studies. Un-
fortunately, heritability for agoraphobia and PD was not
estimable, given insufficient cases in MZ and DZ twins
(Table S1). We therefore compared our heritability of PA
with that of PD, as PA is one of the defining features of
PD. Previous studies reported a considerable variation in
the heritability of PD, ranging from 0.28 in female twins
(Hettema et al., 2005) to 0.48 from a meta-analysis (Het-
tema et al., 2001) that combined data from five family stud-
ies and five twin studies. Our heritability of PA (0.37; 95%
CI [0.17, 0.55])waswithin this range. To our knowledge, the
heritability of DSM-5 social anxiety has not been reported.
However, studies that assessed a relevant symptom, social
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anxiety disorder (SAD), with diagnostic interviews on twin
samples have reported a considerable variation in their her-
itability estimates, ranging from 0.1 to 0.55 (Czajkowski
et al., 2011; Hettema et al., 2006; Kendler et al., 2001; Nelson
et al., 2000; Reichborn-Kjennerud et al., 2007). Our heri-
tability estimate for social anxiety 0.42 (95%CI [0.23, 0.58])
was close to the upper range.

For SU phenotypes, we found that 50–79% of the vari-
ation was attributable to the additive genetic influence,
which is comparable with heritability estimates for SU. To
our knowledge, this is the first twin study that reports her-
itability estimate (0.78, 95% CI [0.66, 0.86]) for CUD us-
ingDSM-5 diagnosis. Ameta-analysis (Verweij et al., 2010)
reviewed 28 studies for heritability estimates for cannabis
use initiation and problematic cannabis use; most of these
phenotypes were defined by DSM-IV-TR (American Psy-
chiatric Association, 2000). They reported heritability es-
timates of 48% in male twins and of 40% in female twins
for cannabis use initiation. Higher heritability was found in
problematic cannabis use: 51% in men and 59% in women.
Another study reported heritability of 72% for the DSM-
IV (American Psychiatric Association, 1994) definition of
cannabis abuse or dependence in young Australian adults
(Lynskey et al., 2012). A recent study found that 21% of the
phenotypic variation in theDSM-5CUDwas attributable to
the genomic variation in common SNPs, but this estimate
was found to be non-significant (Agrawal et al., 2014). It
is worth noting that the diagnostic criteria for SU disorder
differ between the DSM-IV and the DSM-5. The distinc-
tion between substance abuse and substance dependence
in the DSM-IV has been replaced with a single SU disor-
der in the DSM-5 (Hasin et al., 2013). Our heritability for
AUD, 0.50 (95% CI [0.4, 0.59]), is similar to the best-fit es-
timate of 0.49 (95% CI [0.43, 0.53]) reported by Verhulst
et al. (2015). Another study reported a wide range of her-
itability (49–64%) for alcoholism (McGue, 1999). For AU
and tobacco use, dropping the A component did not lead
to losses of fit, whereas dropping the C component led to
losses of fit. With the lowest AIC, the resulting CE models
best explained the variance of the two phenotypes.

Multivariate Findings

We found a strong genetic correlation (rG = 0.85) be-
tween the PSYCH-6r and the SOMA-6r, which is consistent
with longer SPHERE sub-scales. Couvy-Duchesne et al.
(2017) found high genetic correlations of 0.85–1.00 be-
tween anxiety-depression and chronic fatigue IRT scores
in four younger age groups (<13, 13–15, 15–17, and 17–
19 years). Hansell et al. (2012) reported a high rG of 0.87
between the PSYCH-14 and the SOMA-10 at mean age
15.5 years (age range: 12.0–25.6). Our results, together with
these findings, suggest that the genetic overlap between
PSYCH and SOMA remained consistently high in adoles-
cents and young adults. It is interesting to note that the two
SPHERE sub-scales had a similar genetic overlap with ADr

(rG = 0.49, 0.53) and SUr (rG = 0.23, 0.25). Although the
main objectives of this study were not to compare summed
scores with IRT scores, we found a high rP between them
in both the PSYCH-6 (rP: 0.81, 95% CI [0.79, 0.82]) and the
SOMA-6 (rP: 0.82, [95% CI: 0.8, 0.84]).

An important finding from our independent pathway
model was that the genetic influence on the four pheno-
typeswas through the actions of three sets of genetic factors.
The first set, the common genetic factor (Ac), explained 3–
22% of the variance of the four phenotypes. The second and
third sets were genetic factors (As) that were specific to ADr
and SUr. For these two phenotypes, these As explained a
larger proportion of their variance than the Ac.

What are the implications of the common genetic in-
fluence underlying comorbid psychiatric disorders? Given
the genetic factors derived from multivariate models are
statistically defined as a hypothetical predictive construct
(Carey, 1988), the genetic covariation does not directly map
onto an inference about shared loci. However, the shared
genetic construct suggests the potential utility of treatment
approaches that target comorbid conditions in the absence
of manifest comorbidity.

Limitations

The use of a genetically informative sample and compre-
hensive sets of phenotypes were the strength of this study;
however, our results should be interpreted considering the
following limitations. First, the low prevalence rates of ago-
raphobia and PD did not allow the estimation of their her-
itability. The estimation of heritability requires calculable
rMZ and rDZ (i.e., neither zero nor negative). There were
limited pairs of twins who were concordant for these dis-
orders, meaning that we were unable to estimate the her-
itability for these phenotypes (Table S1). However, we in-
cluded these items in our IRT modeling as they showed
acceptable IRSF (Figure S4). Low prevalence is a common
problem in these binary traits (Goodwin et al., 2005; Mos-
ing et al., 2009). Second, our use of a cross-sectional design
could limit the generalizability of our results beyond the
age group 18–38 years. Third, we combined the PSYCH-
6 and SOMA-6 measurement from all the study waves and
sexes in order to obtain their genetic estimates in a sam-
ple as large as possible. This may have diluted the differ-
ence in variance and covariance components between the
waves and between the sexes. Fourth, our study was well
powered to reject the C component in favor of an AE source
model, but was insufficiently powered to distinguish the IP
and CP structural models within the AE source model. Fi-
nally, although we found that unique environmental factors
and additive genetic factors explained on average 67.5% and
29.5% of the covariance between the four phenotypes, we
do not know how these influences may change over age.
For personality traits, genetic contribution tends to be sta-
ble over time, whereas new environmental effects emerge
over time (Read et al., 2006). Similar results have also been
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found on the genetic and environmental influences on sub-
jective well-being (Nes et al., 2006). To study the stability of
genetic influence on common psychiatric disorders, future
work needs to use a longitudinal twin design.

Conclusions
The present study shows that both nature and nurture play
an important role in the liability to PSYCH, SOMA, AD,
and SU in young adults. We found consistently high in-
ternal consistency between the 12-item SPHERE and the
longer SPHERE instruments. We examined the item prop-
erties for each of these four illnesses using non-parametric
item response theorymodels.We found a high genetic over-
lap between PSYCH and SOMA. These shared genetic ef-
fects suggest the potential utility of treatment approaches
that target comorbid conditions in the absence of manifest
comorbidity.
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