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Abstract

The present study aimed to determine the genetic and environmental etiology of the association between childhood negative emotionality
(NE) and hyperactivity/inattention problems (HIP) using South Korean elementary school twins (mean age = 10.19 years, SD = 1.79 years).
Telephone interviews were given to mothers of 919 twins (229 monozygotic males: 112 pairs and 5 individuals; 148 dizygotic males: 73 pairs
and 2 individuals; 180 monozygotic females: 87 pairs and 6 individuals; 103 dizygotic females: 50 pairs and 3 individuals; 259 opposite-sex
dizygotic twins: 127 pairs and 5 individuals) to assess their children’s NE and HIP. Consistent with prior studies, the phenotypic correlation
between NE and the HIP was moderate (r = .29; 95% CI = .24, .34). Model-fitting analysis revealed that additive genetic and nonshared envi-
ronmental influences on NE were .45 (95% CI [.34, .54]) and .55 (95% CI [.46, .66]), respectively, and that additive and nonadditive genetic,
and nonshared environmental influences on HIP were .08 (95% CI [.03, .26]), .41 (95% CI [.21, .51]) and .51 (95% CI = .42, .61), respectively.
In addition, the additive genetic correlation between NE and HIP was 1.0 (95% CI [.52, 1.00]), indicating that additive genetic factors are
entirely shared between the two phenotypes. Nonadditive genetic influences were unique to HIP and not responsible for the NE-HIP asso-

ciation. Nonshared environmental correlation was significant but modest (r. =.18, 95% CI [.06, .30]).

Keywords: Negative emotionality; hyperactivity/inattention; twin study; genetic correlation; heritability

(Received 16 January 2021; accepted 2 February 2021; First Published online 26 March 2021)

A recent meta-analysis has demonstrated that parental ratings of
children’s negative emotionality (NE) significantly predict various
forms of psychopathology, including attention deficit hyperactivity
disorder (ADHD) in children and adolescents (Kostyrka-Allchorne
etal, 2020). NE is characterized by sadness, fear and irritability and
is known to form a basis for later neuroticism, a general marker of
adulthood psychopathology (du Pont et al., 2019; Rothbart & Bates,
2006). The mean correlation between NE and externalizing disor-
ders in children and adolescents has been reported to be .34 (Singh
& Waldman, 2010). The relationships remained significant even
after removing the overlapping items between measures of NE
and childhood externalizing psychopathology, suggesting that
the associations were not due to measurement confounding
(Lemery et al., 2002).

Heritability of childhood NE is well documented. Genetic vari-
ance for NE was primarily additive, and generally fell within the
range of 20%—60%, with the remaining variance being mostly
attributable to nonshared environmental effects (Saudino, 2005;
Vertsberger et al., 2019). ADHD is characterized by hyperactivity,
inattention and impulsivity symptoms (American Psychiatric
Association, 2013). ADHD is substantially influenced by genetic
factors. For example, Faraone et al. (2005) found that the mean
heritability estimate across 20 twin studies of ADHD symptoms
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was .76. Evidence for nonadditive genetic effects is inconsistent
in the literature of ADHD symptoms. While some studies detected
the presence of nonadditive genetic effects (e.g. Singh & Waldman,
2010), others failed to detect them (e.g. McLoughlin et al., 2007;
Taylor et al., 2013).

Despite well-documented phenotypic relationships between
NE and ADHD symptoms, a surprisingly small number of twin
studies have examined the genetic and environmental etiology
of these associations, partly because most previous twin studies
associated NE with the broad externalizing factor rather than spe-
cific ADHD traits. For example, Schmitz et al. (1999) examined
genetic and environmental influences on the covariance between
NE and externalizing problem behavior in a small longitudinal
twin sample (<350 pairs). The phenotypic correlations ranged
from .19 to .30 from 14 months to 4 years of age, and these corre-
lations were largely due to substantial genetic overlap (genetic
correlations: .70—.86), with environmental correlations being non-
significant. Similar conclusions were drawn from a few twin studies
that examined the genetic and environmental etiology of the asso-
ciations between NE and ADHD traits alone. An early study
(Gjone & Stevenson, 1997) showed that significant genetic factors
mediated the relationship between the Attention Problems scale of
the Child Behavior Checklist and NE in children and adolescent
twins. Singh and Waldman (2010) found that NE was significantly
correlated with Hyperactivity/Impulsivity at .38 and Inattention at
.33 in 4- to 17-year-old twins. They further found that while
additive genetic influences were completely overlapping (r, = 1.0)
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between NE and Inattention and NE and Hyperactivity/Impulsivity,
common nonadditive genetic influences were small: only
29% between NE and Inattention and 26% between NE and
Hyperactivity/Impulsivity. Common nonshared environmental
influences were also small: 13% for Inattention and 9% for
Hyperactivity/Impulsivity.

Using Australian adult twins (mean age=32.31 years,
SD = 2.5 years), Park et al. (2017) found that the phenotypic cor-
relation between the Neuroticism scale of the NEO Five Factor
Inventory (Costa & McCrae, 1992) and the Adult ADHD Self-
Report Scale (ASRS; Kessler et al., 2005) was .45. The Cholesky
decomposition model of the data showed additive genetic and non-
shared environmental correlations to be .56 and .37, respectively,
indicating that 52% of the phenotypic correlation between the
Neuroticism scale and the ASRS scale was explained by overlap-
ping additive genetic influences, with the remaining correlation
explained by overlapping nonshared environmental influences.
Although male twins showed some evidence for nonadditive
genetic influences on the Neuroticism and the ASRS scales,
common nonadditive genetic influences did not attain statistical
significance in the total sample of the Park et al. study.

The main objective of the present study was to investigate the
genetic and environmental etiology of the relationship between NE
and hyperactivity/inattention problems (HIP) in elementary
school twins in South Korea. We attempted to elucidate underlying
specific quantitative genetic structure for NE and ADHD symp-
toms by focusing only on ADHD symptoms rather than the gen-
eral externalizing factor.

Materials and Methods
Participants

Participants in the present study were elementary school twins
drawn from the South Korean Twin Registry (Hur et al., 2019).
Twins ranged in age from 7 to 13 years (mean=10.19 years;
SD =1.79 years). Telephone interviews were conducted with
mothers of the twins to assess their children’s temperament and
behavior problems. Zygosity of twins was determined from moth-
ers’ responses to questions during the telephone interview about
physical similarity of the twins and frequency of confusion by
others (Ooki et al., 1993). As the questionnaire method is less accu-
rate than DNA analysis in determining twins’ zygosity, we
excluded twin pairs whose zygosity was ambiguous from data
analyses (n = 11 pairs). The final sample included 919 twins, con-
sisting of 229 monozygotic male (MZM: 112 pairs and 5 individ-
uals), 148 dizygotic male (DZM: 73 pairs and 2 individuals), 180
monozygotic female (MZF: 87 pairs and 6 individuals), 103 dizy-
gotic female (DZF: 50 pairs and 3 individuals), and 259 opposite-
sex dizygotic twins (OSDZ: 127 pairs and 5 individuals; Table 1).

Measures

Negative Emotionality (NE). To measure NE, we used the
Emotionality scale of a Korean version (Cheon, 2002) of the
Emotionality, Activity and Sociability (EAS) temperament survey
(Buss & Plomin, 1984). The EAS temperament survey consists of
the (negative) EAS scales that measure major dimensions of child-
ren’s temperament. Psychometric properties of the EAS tempera-
ment survey have been well established (Buss & Plomin, 1984). The
NE scale comprises five items assessing children’s temperamental
distress and the tendency to become upset easily and intensely.
Example items include ‘s/he cries easily’, ‘s/he gets upset easily’

https://doi.org/10.1017/thg.2021.5 Published online by Cambridge University Press

Yoon-Mi Hur and Hoe-Uk Jeong

and ‘s/he reacts intensely when upset’. During the telephone inter-
view, mothers of twins were asked to rate their children’s behaviors
on a 5-point Likert-type scale ranging from not at all true (1) to
certainly true (5). The NE score was calculated by summing the
scores of all five items so that higher scores indicate higher NE.
Cronbach’s alpha reliability of the five items was .71 in the present
sample.

Hyperactivity/Inattention Problems (HIP). To measure ADHD
symptoms of twins, we used five items of the HIP scale of the
Korean version of the Strengths and Difficulties Questionnaire
(SDQ; Ahn et al,, 2003; Goodman, 1997). The SDQ is one of
the most commonly used instruments for screening psychopathol-
ogy in children and adolescents aged from 3 to 17 years and has
been translated into over 70 languages worldwide. It includes
25 items to represent five scales: Emotional Problems, Peer
Problems, HIP, Conduct Problems and Prosocial Behavior.
Psychometric properties of the five scales have been shown to
be satisfactory across different age groups and sexes (Stone
etal., 2010). The HIP scale includes two inattention, two hyperac-
tivity and one impulsivity item. Mothers of the twins were asked to
rate their children’s behaviors on a 3-point Likert-type scale rang-
ing from not true (0) to certainly true (2) through a telephone inter-
view. The HIP score was computed by summing the scores of the
five items. Higher scores represented greater symptoms of ADHD.
Cronbach alpha reliability estimates of the five items were .78 in the
present sample.

Statistical Analyses

To fulfill the goal of the present study, maximum likelihood twin
correlations were computed for five zygosity groups, and a bivari-
ate Cholesky model-fitting analysis was conducted. Monozygotic
(MZ) twins who share all segregating alleles are assumed to be
genetically identical, whereas dizygotic (DZ) twins, on average,
share 50% of their segregating alleles, and are thus assumed to have
50% genetic resemblance. Genetic influences are implied when MZ
twin correlation is greater than DZ twin correlation. When DZ
twin correlation is lower than half the MZ twin correlation, this
would be indicative of nonadditive genetic effects. On the other
hand, when DZ twin correlation is greater than half the MZ twin
correlation, this would indicate the presence of shared environ-
mental influences. In twin correlational analysis, age was treated
as a covariate.

In the bivariate Cholesky model-fitting analysis, the phenotypic
variances and covariances of NE and HIP were partitioned into
additive genetic (A1, A2), nonadditive genetic (D1, D2) and shared
(C1, C2) and nonshared environmental (E1, E2) variance compo-
nents. Measurement error was confounded with nonshared envi-
ronmental variances and covariances. In the model, NE was
entered first because we were interested in the extent to which
the genetic factor for NE also influences the second genetic factor
for HIP, assuming that NE may developmentally precede ADHD
symptoms. As C and D effects cannot be estimated simultaneously
in a model with twin data alone, we fit the ACE and the ADE mod-
els separately and compared the model-fit statistics to determine
the full model. The bivariate Cholesky model provides additive
genetic (r,), nonadditive genetic (r4), shared environmental (r.)
and nonshared environmental correlation (r.) between NE and
HIP. These correlations indicate the extent to which the same
set of additive and nonadditive genes or shared and nonshared
environments influence two phenotypes. Bivariate heritability,
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Table 1. Sample size and mean (SD) for age, Negative Emotionality (NE) and Hyperactivity/Inattention Problems (HIP) by zygosity and sex

MZM DZM MZF DZF 0SDZ Total
N (individuals) 229 148 180 103 259 919
Age 10.42 (1.80) 10.15 (1.74) 10.33 (1.78) 10.41 (1.80) 9.83 (1.77) 10.19 (1.79)
NE 11.41 (4.24) 11.49 (4.42) 11.80 (4.39) 12.22 (4.52) 11.88 (4.46) 11.69 (4.39)
HIP 3.72 (2.73) 3.41 (2.68) 2.30 (2.07) 2.13 (2.15) 2.90 (2.69) 2.96 (2.60)

MZM, monozygotic male twins; DZM, dizygotic male twins; MZ; monozygotic female twins; DZF, dizygotic female twins; OSDZ, opposite-sex dizygotic twins; Age, age in years.

the contribution of common genetic factors to the phenotypic cor-
relation, is calculated by the product of the square root of both her-
itabilities multiplied by the genetic correlation (y/al X r, X /a2).
The same logic can be applied to the calculation of bivariate envi-
ronmentality (e.g. \/el X r. X y/€2), the contribution of common
nonshared environmental factors to the phenotypic correlation.
Because our sample size was not sufficiently large to adequately test
sex differences in genetic and environmental correlations, males
and females were combined to conduct bivariate model-fitting
analysis, where age and sex were treated as covariates to control
their main effects.

Mx (Neale et al., 2003) was used to compute maximum likeli-
hood twin correlations and carry out model-fitting analysis. Mx
produces —2 log-likelihood (—2LL), and the difference between
—2 LL of two nested models is distributed as a chi-square ()?), with
degrees of freedom (df) equivalent to the difference in the number
of parameters between the two models. The relative goodness of fit
of various nested models was compared to that of the full model to
determine the best-fitting, most parsimonious model for the data.
Parameter estimates were then calculated with 95% confidence
intervals using the maximum-likelihood method. The best-fitting
model was selected on the basis of the log-likelihood ratio test
(LRT) and the Akaike’s information criteria (AIC; Akaike,
1987). The model with the lowest AIC value is considered to be
the most parsimonious based on this criterion (Akaike, 1987).

Results
Descriptive Statistics and Twin Correlations

As the distributions of the NE and HIP scores were not seriously
skewed (.30 for NE and .86 for HIP), data transformation was not
necessary for any of the two scales. Means and standard deviations
of HIP and NE for five zygosity groups are presented in Table 1.
HIP was not significantly correlated with age (r=.01, p=.78). NE
was significantly negatively correlated with age, but the size of the
correlation was inconsequential (r = —.07, p <.05). The mean and
variance of HIP were significantly higher in males than in females
(t=9.0, p <.01; F=584, p <.01), although there was no signifi-
cant sex difference in the mean or variance of NE (t=.87,
p=.39; F=.30, p=.58). Within each sex, twins were not signifi-
cantly different across zygosity groups in the mean or variance of
HIP, indicating the absence of zygosity effects.

Figure 1 shows maximum likelihood twin correlations and their
95% confidence intervals for NE and HIP. The correlations for NE
were, respectively, .50 for MZM, .20 for DZM, .41 for MZF, .18 for
DZF and .27 for OSDZ twins. The corresponding correlations for
HIP were .55, .04, .37, .06 and .12, respectively. As can be seen from
confidence intervals in Figure 1, all MZ twin correlations were sig-
nificant, whereas all of DZ twin correlations were not significant
except for the OSDZ correlation for NE. Higher MZ than DZ twin
correlations for both traits in both sexes suggested substantial
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genetic influences. DZ twin correlations for NE were only slightly
lower than half the MZ correlations in both sexes, indicating that
genetic variance may be additive for NE. However, DZ twin cor-
relations for HIP were much lower than half the MZ twin corre-
lations in both sexes, which suggested that genetic variance may
be largely nonadditive for HIP.

The phenotypic correlation between HIP and NE adjusted for
age and sex was .29 (95% CI [.24, .34]), indicating a significant rela-
tionship between the two traits. The phenotypic correlation was
not significantly different between boys and girls (r = .30 for boys,
r =28 for girls). The sex- and age-adjusted cross-twin, cross-trait
correlations between NE and HIP were .19 (95% CI [.05, .32]) for
MZ and .14 (95% CI [.15, .26]) for DZ twins. Higher MZ than DZ
cross-twin, cross-trait correlation suggested that genetic influence
might mediate the relationship between NE and HIP. MZ cross-
twin, cross-trait correlation lower than the phenotypic correlation
suggested the presence of nonshared environmental influences on
the relationship between HIP and NE.

Bivariate Model-Fitting Analysis

Table 2 presents the results of bivariate model-fitting analysis. AIC
was much lower in model 1 than in model 2 (AIC =1362.03
vs.1372.42), indicating that the ADE model is better than the
ACE model. In model 3, all nonadditive genetic variances and
covariance for HIP and NE were removed from the ADE model.
The resulting chi-square difference was significant (Ay*=10.39,
Adf=3, p=.02), indicating that nonadditive genetic effects are
important. Model 4 allowed nonadditive genetic variance for
HIP only, whereas model 5 allowed nonadditive genetic variance
for NE only. A significant difference in chi-square occurred in
model 5 (Ay*=8.90, Adf=23, p=.01) but not in model 4
(Ay?=.58, Adf=2, p=.75), suggesting that nonadditive genetic
variance was significant only for HIP. In model 6, additive genetic
correlation was eliminated from model 4, whereas in model 7, non-
shared environmental correlation was dropped. Significant poor fit
occurred in both models 6 and 7. Thus, on the basis of LRT, model
4 was chosen as the best-fitting one. AIC agreed with the decision
made from LRT because model 4 had the lowest AIC.

Parameter Estimates in the Best-Fitting Bivariate Model

Figure 2 shows the parameter estimates in the best-fitting model.
Additive genetic and nonshared environmental influences on NE
were .45 (95% CI [.34, .54]) and .55 (95% CI .46, .66]), respectively.
Genetic influences on HIP were primarily nonadditive: Additive
and nonadditive genetic and nonshared environmental influences
on HIP were .08 (95% CI [.03, .26]), .41 (95% CI [.21, .51]) and .51
(95% CI [.42, .61]), respectively. Figure 2 also shows that the addi-
tive genetic correlation between HIP and NE was 1.0 (95% CI [.52,
1.00]), suggesting that although the additive genetic variance com-
ponent of HIP was modest (.08), it completely overlapped with
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Table 2. Bivariate model-fitting results for the relationship between Negative Emotionality (NE) and Hyperactivity/Inattention Problems (HIP)

Model —21LL df AIC Ay? Adf p
1 ADE for NE, HIP 5020.03 1829 1362.03
2 ACE for NE, HIP 5030.42 1829 1372.42
3 AE for NE, HIP 5030.42 1832 1366.41 10.39 3 02
4 AE for NE, ADE for HIP 5020.60 1831 1358.60 58 2 5
5 AE for HIP, ADE for NE 5028.93 1831 1366.93 8.90 2 .01
6 AE for NE, ADE for HIP, Drop r, 5041.16 1832 1377.16 21.13 3 .00
7 AE for NE, ADE for HIP, Drop re 5029.37 1832 1365.37 934 3 02

Models were compared with the ADE model. The best-fitting model is shown in bold. —2 LL, —2 log-likelihood; A, additive genetic influences; C, shared environmental influences; D, nonadditive
genetic influences; E, nonshared environmental influences including measurement error; r,, additive genetic correlation; ro, nonshared environmental correlation.
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Fig. 1. Maximum likelihood twin correlations for Negative Emotionality and Hyperactivity/Inattention problems for monozygotic male twins (MZM), dizygotic male twins (DZM),
monozygotic female twins (MZF), dizygotic female twins (DZF), and opposite-sex dizygotic twins (OSDZ).

genetic influences on NE. Nonadditive genetic variance was unique
to HIP and was not responsible for the NE-HIP association. The
nonshared environmental correlation between NE and HIP was
significant but small (r, = .18; 95% CI [.06, .30]). The bivariate her-
itability and environmentality calculated from these estimates were
19 (1.0%\/45 *,/.08) and .10 (.18%*,/.55%,/.51), respectively.
These suggest that 66% (.19/.29) of the phenotypic correlation
(r=.29) between NE and HIP can be explained by shared genes
that act additively, and the remaining 34% (.10/.29) can be
accounted for by common no-shared environmental influences
and measurement error.

Discussion

The etiology of the relationship between NE and HIP was exam-
ined in South Korean elementary school twins. Our finding that the
NE-HIP phenotypic association was largely due to genetic overlap
was in line with prior studies (Park et al., 2017; Singh & Waldman,
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2010). Especially, a complete overlap of additive genetic factors
between NE and HIP found in our study corroborated the results
from the Singh and Waldman study (2010). However, our study
differed from the Singh and Waldman (2010) study and the
Park et al. (2017) study in that while we found no overlap in non-
additive genetic variance, the Singh and Waldman study found
small but significant overlap in nonadditive genetic variance
between NE and two ADHD symptoms (26% and 29%) and the
Park et al. study showed a significant amount of additive genetic
variance unique to ADHD symptoms (25%) in addition to the
shared additive genetic variance between ADHD symptoms and
NE. As the Singh and Waldman study included twins with a wide
range of age (preschoolers to late adolescents), and the Park et al.
study contained adult twins, age differences in twins among the stud-
ies may partly explain the discrepancies in findings. Heritability esti-
mates of ADHD symptoms were found to be lower in adults than in
children (Boomsma et al., 2010; Faraone et al., 2005). For this reason,
several researchers have suggested that childhood ADHD, adulthood
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r,=1.0(0.52, 1.00)

V.45 (V.34 N.54)

V.55 (1.46,7.66)

0.18 (0.06, 0.30)

11

V.08 (1.03,7.26)

V.41 (N.21,.51)

V.51 (v.42,V.61)

Fig. 2. Parameter estimates in the best-fitting bivariate model for the relationship between negative emotionality (NE) and hyperactivity/inattention (HIP) problems. A, additive
genetic variance; D2, nonadditive genetic variance unique to HIP; E1, nonshared environmental variance including measurement error unique to NE; E2, nonshared environmental
variance including measurement error unique to HIP; r,, additive genetic correlation; re, nonshared environmental correlation. The path coefficients should be squared to deter-

mine variance components.

ADHD and persistent ADHD may be genetically distinct subtypes
that need to be analyzed separately (Palladino et al., 2019).

Our findings support the developmental propensity model
(Lahey & Waldman, 2003), where early developing disposition
such as NE plays an important etiological role in later manifes-
tation of externalizing disorders. However, as we assessed our
twins contemporaneously, future studies should examine the
etiological associations between NE and ADHD symptoms pro-
spectively using a longitudinal design. Recently, Caspi et al.
(2014) proposed that as a parallel to the g factor in cognitive abil-
ities, there exists a single general factor (P factor) that influences
hundreds of psychiatric symptoms, which aggregate into exter-
nalizing versus internalizing domains, and the thought disorder
domain. Caspi et al. further maintained that the P factor is char-
acterized by high neuroticism and low agreeableness and consci-
entiousness. Our finding of the significant positive association
between NE and ADHD symptoms generally fits well with the
concept of the P factor.

Genomewide association studies (GWAS) to date suggest that
ADHD is a highly polygenic trait in which many common variants
of small effect size make up the polygenic component (Faraone &
Larsson, 2019). Recently, a meta-analysis of 12 GWAS demon-
strated that 12 independent genetic loci mostly involved in neuro-
developmental processes were associated with ADHD (Demontis
et al,, 2019). Our finding of genetic overlap between NE and HIP
suggests that genetic variants associated with NE are likely to also
affect variations in ADHD symptoms and vice versa. Consistent
with our finding, Demontis et al. (2019) found significant genetic
correlation (r =.26) between neuroticism and ADHD in a GWAS
meta-analysis. However, Gale et al. (2016) failed to detect evidence
of pleiotropy in associations between neuroticism and ADHD, sug-
gesting that more work is necessary to draw a firm conclusion on
genetic correlation between NE and ADHD symptoms.
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Our study has several limitations that need to be addressed.
First, our data were based on mothers’ report only. If we had
employed multiple informants, the results may have been some-
what different. However, agreement among raters of children’s
temperament tends to be low (Achenbach et al., 1987). For this rea-
son, focusing on the common variance among raters can lead to
low heritability, explaining only a fraction of the variance of the
construct (Burt et al., 2005). Second, it has been argued that parents
tend to exaggerate dissimilarity of DZ twins (sibling-contrast
effects). If contrast effects are present but not detected, then non-
additive genetic variance can be overestimated, while additive
genetic variance and/or shared environmental variance can be
underestimated (Rietveld et al., 2003; Saudino et al., 2000). In twin
studies, sibling-contrast effects are difficult to detect without
including additional biologically unrelated relatives raised together
(e.g. step siblings). However, larger DZ than MZ twin variances are
indicative of sibling contrast effects (Saudino et al., 2000). As we
noted above, the variances of MZ and DZ twins in NE and HIP
in our sample were not significantly different, suggesting that
our estimates of genetic influences may not be seriously biased
due to sibling contrast effects. Third, the present study relied on
the screening questionnaire rather than diagnostic interviews to
assess ADHD symptoms. Prior twin studies found a strong genetic
link between the extreme and the subthreshold variation of ADHD
symptoms, suggesting that etiological factors involved in ADHD
may be largely the same across the full range of symptoms
(Larsson et al., 2012; Levy et al., 1997). Fourth, the HIP scale in
our study is a short measure including only five items. Future twin
studies may employ a more comprehensive measure to determine
how NE is genetically related to each of the three specific compo-
nents of ADHD, that is, hyperactivity, inattention and impulsivity.
Fifth, although additive genetic correlation between NE and HIP
found in the present study was 1.0, the phenotypic correlation (r
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=.29) and the common additive genetic variance (8%) between the
two traits were both modest. Thus, caution has to be exercised in
interpreting the practical significance of the findings. Finally,
bivariate analysis in the present study was based on a combined
sample of males and females. The phenotypic correlations between
NE and HIP were almost the same in males and females in our
sample. However, prior studies have shown that although the mag-
nitudes of genetic and environmental influences are the same in
boys and girls, genes for ADHD may be expressed differently
between two sexes (Derks et al., 2007). Thus, future twin studies
should increase the sample size to examine sex differences in
the etiology of the association between NE and ADHD symptoms.

In summary, using bivariate genetic model-fitting analysis, we
found that shared additive genetic factors largely mediated the
phenotypic relationship between NE and ADHD symptoms in
elementary school twin children in South Korea. Nonshared envi-
ronmental factors also significantly contributed to the phenotypic
association, but the magnitude was small. These results highlight
possible overlap in genetic variants between NE and ADHD symp-
toms, aiding gene identification studies for ADHD symptoms and
neuroticism.

Acknowledgments. The authors are grateful to twins and their parents who
participated in this study.

Financial support. This research was supported by the Research Fund of
Mokpo National University in 2018.

References

Achenbach, T. M., McConaughy, S. H., & Howell, C. T. (1987). Child/
adolescent behavioral and emotional problems: Implications of cross-
informant correlations for situational specificity. Psychological Bulletin,
101, 213-232.

Ahn, J.-S., Jun, S.-K., Han, J.-K., Noh, K.-S., & Goodman, R. (2003). The
development of a Korean version of the Strengths and Difficulties
Questionnaire. Journal of Korean Neuropsychiatric Association, 42,
141-147.

Akaike, H. (1987). Factor analysis and AIC. Psychometrika, 52, 317-332.

American Psychiatric Association. (2013). Diagnostic and statistical manual of
mental disorders (5th ed.). doi: 10.1176/appi.books.9780890425596

Boomsma, D. L., Saviouk, V., Hottenga, J. J., Distel, M. A., De Moor, M. H.,
Vink, J. M., Willemsen, G., Geels, L. M., van Beek, J. H. D. A, Bartels, M.,
de Geus, E. J. C,, & Willemsen, G. (2010). Genetic epidemiology of
attention deficit hyperactivity disorder (ADHD index) in adults. PLoS
One, 5, €10621.

Burt, S. A., McGue, M., Krueger, R. F., & Iacono, W. G. (2005). Sources of
covariation among the child-externalizing disorders: Informant effects and
the shared environment. Psychological Medicine, 35, 1133-1144.

Buss, A. H., & Plomin, R. (1984). Temperament: Early developing personality
traits. Erlbaum.

Caspi, A., Houts, R. M., Belsky, D. W., Goldman-Mellor, S. J., Harrington, H.,
Israel, S., Meier, M. H., Ramrakha, S., Shalev, 1., Poulton, R., & Moffitt, T.
E. (2014). The p factor: One general psychopathology factor in the structure of
psychiatric disorders? Clinical Psychological Science, 2, 119-137.

Cheon, S. Y. (2002). The differential developmental pattern by child tempera-
mental types and parental styles: A study on ‘goodness of fit’in a developmen-
tal context. Unpublished master’s thesis, Yonsei University.

Costa, P. T., & McCrae, R. R. (1992). Revised Neo Personality Inventory (NEO
PI-R) and Neo Five-Factor Inventory (NEO-FFI) (vol. 101). Psychological
Assessment Resources.

Demontis, D., Walters, R. K., Martin, J., Mattheisen, M., Als, T. D.,
Agerbo, E., Baldursson, G., Belliveau, R., Bybjerg-Grauholm, J.,
Bxkvad-Hansen, M., Cerrato, F., Chambert, K., Churchhouse, C.,
Dumont, A., Eriksson, N., Gandal, M., Goldstein, J. I., Grasby, K.
L., Grove, J., ... Neale, B. M. (2019). Discovery of the first genome-wide

https://doi.org/10.1017/thg.2021.5 Published online by Cambridge University Press

Yoon-Mi Hur and Hoe-Uk Jeong

significant risk loci for attention deficit/hyperactivity disorder. Nature
Genetics, 51, 63-75.

Derks, E. M., Dolan, C. V., Hudziak, J. J., Neale, M. C., & Boomsma, D. I.
(2007). Assessment and etiology of attention deficit hyperactivity disorder
and oppositional defiant disorder in boys and girls. Behavior Genetics, 37,
559-566.

duPont, A., Rhee, S. H., Corley, R. P., Hewitt, J. K., & Friedman, N. P. (2019).
Are rumination and neuroticism genetically or environmentally distinct
risk factors for psychopathology? Journal of Abnormal Psychology, 128,
385-396.

Faraone, S. V., & Larsson, H. (2019). Genetics of attention deficit hyperactivity
disorder. Molecular Psychiatry, 24, 562-575.

Faraone, S. F., Perlis, R. H., Doyle, A. E., Smoller, J. W., Goralnick, J. J.,
Holmgren, M. A., & Sklar, P. (2005). Molecular genetics of attention defi-
cit/hyperactivity disorder. Biological Psychiatry, 57, 1313-1323.

Gale, C. R., Hagenaars, S. P., Davies, G., Hill, W. D., Liewald, D. C,,
Cullen, B., Penninx, B. W., International Consortium for Blood
Pressure GWAS, CHARGE Consortium Aging and Longevity Group,
Boomsma, D. I, Pell, J., McIntosh, A. M., Smith, D. J., Deary, L. J., &
Harris, S. E. (2016). Pleiotropy between neuroticism and physical and men-
tal health: Findings from 108038 men and women inUK Biobank.
Translational Psychiatry, 6, €791.

Gjone, H., & Stevenson, J. (1997). A longitudinal twin study of temperament
and behavior problems: Common genetic or environmental influences?
Journal of American Academy of Child and Adolescent Psychiatry, 36,
1448-1456.

Goodman, R. (1997). The strengths and difficulties questionnaire: A research
note. Journal of Child Psychology and Psychiatry, 38, 581-586.

Hur, Y.-M.,, Kang, M. Ch., Jeong, H.-U., Kang, I. C., & Kim, J. W. (2019).
The South Korean Twin Registry. Twin Research and Human Genetics,
22, 606-608.

Kessler, R. C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi, E. V. A.,
Howes, M. ], Jin, R., Secnik, K., Spencer, T., Ustun, T. B., & Walters, E. E.
(2005). The World Health Organization Adult ADHD Self-Report Scale
(ASRS): A short screening scale for use in the general population.
Psychological Medicine, 35, 245-256.

Kostyrka-Allchorne, K., Wass, S. V., & Sonuga-Barke, E. J. S. (2020).
Research review: Do parent ratings of infant negative emotionality and
self-regulation predict psychopathology in childhood and adolescence? A
systematic review and meta-analysis of prospective longitudinal studies.
Journal of Child Psychology and Psychiatry, 61, 401-416.

Lahey, B. B., & Waldman, I. D. (2003). A developmental propensity
model of the origins of conduct problems during childhood and adolescence.
In B. B. Lahey, T. E. Moftitt, & A. Caspi (Eds.), Causes of conduct disorder and
juvenile delinquency (pp. 76-117). Guilford Press.

Larsson, H., Anckarsater, H., Rastam, M., Chang, Z., & Lichtenstein, P.
(2012). Childhood attention-deficit hyperactivity disorder as an extreme
of a continuous trait: A quantitative genetic study of 8,500 twin pairs.
Journal of Child Psychology and Psychiatry, 53, 73-80.

Lemery, K. S., Essex, M. J., & Smider, N. A. (2002). Revealing the relations
between temperament and behavior problem symptoms by eliminating
measurement confounding: Expert ratings and factor analyses. Child
Development, 73, 867-882.

Levy, F., Hay, D., McStephen, M., Wood, C., & Waldman, I. (1997). Attention
deficit hyperactivity disorder: a category or a continuum? Genetic analysis of
a large-scale twin study. Journal of the American Academy of Child and
Adolescent Psychiatry, 36, 737-744.

McLoughlin, G., Ronald, A., Kuntsi, J., Asherson, P., & Plomin, R. (2007).
Genetic support for the dual nature of attention deficit hyperactivity
disorder: Substantial genetic overlap between the inattentive and hyper-
active-impulsive components. Journal of Abnormal Child Psychology, 35,
999-1008.

Neale, M. C., Boker, S. M., Xie, G., & Maes, H. H. (2003). Mx: Statistical
modeling (5th ed.). Department of Psychiatry, Virginia Commonwealth
University.

Ooki, S., Yamada, K., & Asaka, A. (1993). Zygosity diagnosis of twins by ques-
tionnaire for twins’ mothers. Acta Geneticae Medicae et Gemellologiae, 42,
17-22.


https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1017/thg.2021.5

Twin Research and Human Genetics

Palladino, V. S., McNeill, R., Reif, A., & Kittel-Schneider, S. (2019). Genetic
risk factors and gene-environment interactions in adult and childhood atten-
tion-deficit/hyperactivity disorder. Psychiatric Genetics, 29, 63-78.

Park, S-H., Guastella, A. J., Lynskey, M., Agrawal, A., Constantino, J. N.,
Medland, S. E., Song, Y. J. C., Martin, N. G., & Colodro-Conde, L.
(2017). Neuroticism and the overlap between autistic and ADHD traits:
Findings from a population sample of young adult Australian twins. Twin
Research and Human Genetics, 20, 319-329.

Rietveld, M. J., Posthuma, L. D., Dolan, C. V., & Boomsma, D. 1. (2003).
ADHD: Sibling interaction or dominance: An evaluation of statistical power.
Behavior Genetics, 33, 247-255.

Rothbart, M. K., & Bates, J. E. (2006). Temperament. In N. Eisenberg (Ed.),
Handbook of child psychology (6th ed., vol. 3, pp. 99-166). Wiley.

Saudino, K. J., Cherny, S. S., & Plomin, R. (2000). Parent ratings of tempera-
ment in twins: Explaining the ‘too low’ DZ correlations. Twin Research, 3,
224-233.

Saudino, K. J. (2005). Behavioral genetics and child temperament. Journal of
Developmental and Behavioral Pediatrics, 26, 214-223.

https://doi.org/10.1017/thg.2021.5 Published online by Cambridge University Press

13

Schmitz, S., Fulker, D. W., Plomin, R., Zahn-Waxler, C., Emde, R. N., &
DeFries, J. C. (1999). Temperament and problem behaviour during early
childhood. International Journal of Behavioral Development, 23, 333-355.

Singh, A. L., & Waldman, I. D. (2010). The etiology of associations between
negative emotionality and childhood externalizing disorders. Journal of
Abnormal Psychology, 119, 376-388.

Stone, L. L., Otten, R., Engels, C. M. E., Vermulst, Ad. A., & Janssens, M.
A. M. (2010). Psychometric properties of the parent and teacher versions
of the Strengths and Difficulties Questionnaire for 4- to 12-year-olds: A
review. Clinical Child and Family Psychology Review, 13, 254-274.

Taylor, J., Allan, N., Mikolajewski, A. J., & Hart, S. A. (2013). Common
genetic and non-shared environmental factors contribute to the association
between socioemotional dispositions and the externalizing factor in children.
Journal of Child Psychology and Psychiatry, 54, 67-76.

Vertsberger, D., Saudino, K. J., Avinun, R., Abramson, L., & Knafo-Noam,
A. (2019). A longitudinal genetically informed analysis of parental negativity
and children’s negative emotionality in middle childhood. Developmental
Psychology, 55, 2403-2416.


https://doi.org/10.1017/thg.2021.5

	Twin Study of the Relationship between Childhood Negative Emotionality and Hyperactivity/Inattention Problems
	Materials and Methods
	Participants
	Measures
	Negative Emotionality (NE)
	Hyperactivity/Inattention Problems (HIP)

	Statistical Analyses

	Results
	Descriptive Statistics and Twin Correlations
	Bivariate Model-Fitting Analysis
	Parameter Estimates in the Best-Fitting Bivariate Model

	Discussion
	References


