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Abstract
A few studies have indicated that adults with Autism Spectrum Disorder (ASD) and Attention-Deficit/Hyperactivity Disorder
(ADHD) are more inclined to ruminate than adults in the general population. The present study examined whether subclinical
ASD symptoms including difficulties in social interaction and attention to detail and ADHD symptoms that were composed of
inattention and hyperactivity-impulsivity were related to depressive rumination in undergraduate students. This study also
examined whether rumination is a mediating factor in the relationship of ASD and ADHD symptoms with depression. Non-
clinical undergraduate students (N = 294) in Japan completed the Autism-Spectrum Quotient, Adult ADHD Self-Report Scale,
interpersonal conflict subscale of the Interpersonal Stress Event Scale, Ruminative Responses Scale, and Beck Depression
Inventory-Second Edition. Structural equation modeling indicated that hyperactivity-impulsivity was positively associated with
rumination both directly and indirectly via interpersonal conflict, and that attention to detail and inattention were directly and
positively related to rumination. The significant relationship between difficulties in social interaction and rumination disappeared
after controlling for the influence of depression. These findings indicated that one pathway through which hyperactivity-
impulsivity symptoms prolong rumination might be through the increase in interpersonal conflict. In addition, it is possible that
cognitive inflexibility, academic difficulties, and adverse driving outcomes caused by attention to detail, inattention as well as
hyperactivity-impulsivity may lead to rumination. Moreover, attention to detail, inattention, and hyperactivity-impulsivity indi-
rectly increased depression via rumination, indicating that rumination is an important mediator in the relationship of subclinical
ASD and ADHD symptoms with depression.
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Introduction

Autism Spectrum Disorder (ASD) and Attention-Deficit/
Hyperactivity Disorder (ADHD) are two major types of
neurodevelopmental disorders. ASD is characterized by persis-
tent deficits in social communication and social interaction, as
well as restricted, repetitive patterns of behaviors, interests, or
activities. On the other hand, ADHD is characterized by, as its

name suggests, a persistent pattern of inattention and/or
hyperactivity-impulsivity (American Psychiatric Association
2013). Although theymanifest early in development, their symp-
toms can persist into adulthood among individuals with ASD
(Farley et al. 2009; Howlin et al. 2004) and ADHD
(Mannuzza et al. 2011; Uchida et al. 2018). Moreover, adults
in the general population exhibit ASD and ADHD symptoms at
a subclinical level (Baron-Cohen et al. 2001; Kessler et al. 2005).

It is well known that individuals with ASD and ADHD are
frequently diagnosed with depressive disorders (Kessler et al.
2006; Lever and Geurts 2016). In addition, previous studies
have indicated that adults with higher scores for subclinical
ASD and ADHD symptoms also have higher depressive
symptoms (Rosbrook and Whittingham 2010; Kanai et al.
2011; McKinney et al. 2013; Takeda et al. 2017). However,
the reason for this is unclear. The purpose of the present study
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was to examine whether relationships between subclinical
ASD and ADHD symptoms and depressive symptoms in un-
dergraduate students were mediated by depressive rumination,
which is a robust predictor of depression.

There are several scales that assess subclinical ASD and
ADHD symptoms. The Autism-Spectrum Quotient (AQ) is a
widely used self-report measure to assess autistic traits that was
developed by Baron-Cohen et al. (2001). AQ was initially
consisted of five subscales, namely social skill, attention
switching, attention to detail, communication, and imagination
(Baron-Cohen et al. 2001). However, Hoekstra et al. (2008)
suggested that the subscales excluding attention to detail were
highly correlated and clustered together into social interaction
(i.e., unwillingness to approach social situations, difficulties in
communication with others, and deficits in empathetic abilities).
Although other factor structures of AQ have been proposed
(Austin 2005; Hurst et al. 2007; Stewart and Austin 2009;
Kloosterman et al. 2011; Lau et al. 2013), the two-factor model
proposed by Hoekstra et al. (2008) has the advantage of being
more parsimonious than the other models to facilitate multivar-
iate analysis. Furthermore, the two-factor model overlaps with
the cardinal symptoms of ASD described in DSM-5. The social
interaction subscale of the model corresponds with persistent
deficits in social communication and social interactions, and
the attention to detail subscale (i.e., a preference for details
and patterns) might reflect circumscribed interests and increased
perception of auditory and visual stimuli, which is a subset of
restricted and repetitive patterns of behaviors, interests, or activ-
ities.1 Furthermore, the Adult ADHDSelf-Report Scale (ASRS;
Kessler et al. 2005) has been used to assess subclinical symp-
toms of inattention and hyperactivity-impulsivity. The two sub-
scales correspond to criterion A DSM-5 categories for diagnos-
ing ADHD.

One possible mediator of the relationship of ASD and
ADHD symptoms with depressive symptoms could be de-
pressive rumination, which is defined as Bbehaviors and
thoughts that focus one’s attention on one’s depressive symp-
toms and on the implications of these symptoms^ (Nolen-
Hoeksema 1991, p. 569). Crane et al. (2013) demonstrated
that adults with ASD ruminate more frequently than non-
ASD counterparts. Also, higher mean scores on the
Ruminative Responses Scale (RRS; Nolen-Hoeksema and
Morrow 1991) than the general population (e.g., Nolen-
Hoeksema et al. 1999) was reported among ADHD adults

(Oddo et al. 2018).2 Because previous experimental and lon-
gitudinal studies have robustly demonstrated that rumination
intensifies depressive symptoms and predicts the onset and
relapse of major depressive episodes (Nolen-Hoeksema et al.
2008, for review), it is plausible that rumination mediates the
relationship of ASD and ADHD with depressive disorders.
Consistent with this notion, rumination was positively corre-
lated with concurrent depressive symptoms among adult ASD
group (Crane et al. 2013; Gotham et al. 2014), and adult
ADHD group with comorbid lifetime depressive disorders
ruminates more frequently than those without comorbid de-
pression (Oddo et al. 2018).

Burrows et al. (2017) reviewed previous findings and pro-
posed that negative self-referential processing and cognitive
inflexibility (i.e., the inability to adaptively switch between
mental processes to produce appropriate behavioral responses)
in ASD increase the risk of rumination. A recent meta-analysis
related to the proposal by Burrows et al. (2017) showed that
impaired set-shifting component of executive function is asso-
ciated with rumination (Yang et al. 2017). In addition, it is
plausible that difficulties in social interaction that are common
in ASD, as well as aggressive behaviors caused by higher
hyperactivity-impulsivity symptoms of ADHD (Theriault and
Holmberg 2001; Vierikko et al. 2004), might generate interper-
sonal conflict, leading to sustained rumination. Interpersonal
conflict is a type of interpersonal stressor that includes quarrels
with an acquaintance, being insulted by others, and disagree-
ments with an acquaintance (Hashimoto 1997). According to
the goal progress theory of rumination (Martin et al. 2004),
stressors can keep one’s goals unattained and lead to rumina-
tion about information related to the goals that have not yet
been attained or progressed toward (See Michl et al. 2013 for
other possible reasons why exposure to stressors can increase
rumination). In line with this theory, previous studies have
demonstrated that frequent exposure to stressors including
those in the interpersonal domain is concurrently and prospec-
tively associated with increased rumination (Nolen-Hoeksema
et al. 1994; Moberly and Watkins 2008a; Michl et al. 2013).
Therefore, it is plausible that increased interpersonal conflict
caused by difficulties in social interaction and hyperactivity-
impulsivity symptoms could prolong rumination. These are
the possible reasons why individuals with ASD and ADHD
ruminate frequently.

It was predicted that individuals with more ASD and
ADHD symptoms at the subclinical level would ruminate fre-
quently due to the same reasons. To our knowledge, there was1 The two-factor model proposed by Hoekstra et al. (2008) has the limitation

that the model does not include factors assessing restricted and repetitive
patterns of behaviors, which are a core symptom in ASD. Also, Hoekstra
et al. (2008) conducted confirmatory factor analyses with data from a sample
that consisted of university students and the general population but not an adult
ASD sample. Therefore, it is possible that the two-factor model does not
accurately represent the traits that are continuous with ASD. The present study
adopted the two-factor model after taking the advantages of this model de-
scribed above into consideration. We have discussed the limitations of the
model in the Discussion section.

2 Although 22 items of the RRS was rated on a 4-point rating scale anchored
between 0 and 3 in Oddo et al. (2018), these items were usually rated between
1 and 4. If a standard rating scale were adopted, mean RRS scores of the adult
ADHD group in Oddo et al. (2018) would have been 54.01, indicating this
group ruminatesmore frequently than the general population group (e.g., mean
RRS scores of general population were 42.01 for women and 39.64 for men in
the study by Nolen-Hoeksema et al. 1999; See also Table 1 described below).
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only one study that examined and showed a positive relation-
ship between autistic traits and depressive rumination in the
general population (Keenan et al. in press), and no study to
date has investigated whether subclinical inattention and
hyperactivity-impulsivity symptoms were related to depres-
sive rumination. Furthermore, previous studies did not com-
pare the influences of ASD and ADHD symptoms on rumi-
nation in non-clinical as well as clinical samples. Because
ASD and ADHD symptoms were moderately correlated with
each other (e.g., Reiersen et al. 2008; Polderman et al. 2014),
it is important to examine what subcomponent of ASD and
ADHD symptoms is critically associated with rumination.

The current study was designed to examine whether social
interaction and attention to detail in autistic traits, as well as
subclinical inattention and hyperactivity-impulsivity in
ADHD, were related to rumination directly or indirectly via
interpersonal conflict. The study also investigated if rumina-
tion mediated the association between these symptoms and
depression. It is known that rumination and depression have
a mutually enhancing relationship (Nolen-Hoeksema et al.
1999; Moberly and Watkins 2008b). Therefore, it is possible
that depression is a confounding factor in the association of
ASD and ADHD symptoms with rumination. Consequently,
we examined these associations after controlling for the influ-
ence of depression. Furthermore, we also analyzed a model
that included two subtypes of rumination, namely brooding
and reflection than rumination in general. Brooding is a mal-
adaptive aspect of rumination that predicts increases in depres-
sion, whereas reflection is assumed to be an adaptive or less
maladaptive aspect of rumination that has been longitudinally
associated with less depression or no such association
(Treynor et al. 2003; Schoofs et al. 2010). We examined
whether social interaction, attention to detail, inattention,
and hyperactivity-impulsivity were related to the two subtypes
of rumination to identify the subtypes through which these
symptoms were related to depression.

Methods

Participants

Japanese undergraduate students (n = 351) were recruited
from the Tokai Gakuin University and Aichi Gakuin
University in Japan mainly during psychology lectures.
They took part in this study between November 2016 and
January 2017. Data of 57 students were excluded because of
missing values, and therefore, the final sample was composed
of 294 participants (97 men, 197 women, mean age 20.17,
SD = 2.75; age range = 18 to 54 years). All participated in
the study voluntarily. These participants completed the ques-
tionnaires described below. The Ethics Committee of Tokai
Gakuin University approved the study.

Measures

Autism-Spectrum Quotient (AQ; Baron-Cohen et al. 2001)
This scale is a self-report measure that assesses autistic traits
in adults. In the present study, the Japanese translation by
Wakabayashi et al. (2004) was used. TheAQ includes 50 items,
each of which is rated on a 4-point rating scale anchored be-
tween 1 (definitely disagree) and 4 (definitely agree). In the
scoring system devised by Baron-Cohen et al. (2001), items
are scored as 1 for a response in the autistic direction and 0
for a non-autistic response. However, the present study treated
the response scale as a four-point Likert scale following the
scoring method devised by Austin (2005) and Hoekstra et al.
(2007), because this method yields more variance than the 0/1
scoring system, and therefore facilitates detecting associations
between subscales of the AQ and other measures.

Although the AQ is initially designedwith five subscales in
which each subscale is composed of ten items (Baron-Cohen
et al. 2001), Hoekstra et al. (2008) indicated that subscales of
the AQ excluding attention to detail are composed of one
superordinate factor, social interaction. Consistent with the
implications indicated by Hoekstra et al. (2008), the present
data showed moderate positive correlations among social
skills, attention switching, communication, and imagination
(r ranged from .16 to .53). Moreover, correlations between
these four subscales and attention to detail were nonsignificant
or negative (r ranged from .00 to −.27). Therefore, in the
present study, the scores of the 40 items that compose sub-
scales excluding attention to detail were summed up and were
considered as the social interaction subscale. This decision
was also justified because the internal consistencies of the
social interaction subscale was satisfactory (α = .81), even
though the four subscales that compose social interaction were
in the low to moderate range (αs = .77, .37, .64, .47 for social
skill, attention switching, communication, and imagination,
respectively). Internal consistency of the attention to detail
subscale was .54.

Adult ADHD Self-Report Scale (ASRS; Kessler et al. 2005) The
ASRS is a self-report measure designed to assess ADHD
symptoms in adults. This scale is composed of 18 items that
represent the DSM-IV Criterion A symptoms and consists of
two subscales, inattention and hyperactivity-impulsivity. Each
question asks how often a symptom occurred over the past six
months, and is rated on a 5-point rating scale anchored be-
tween 0 (never) and 4 (very often). The Japanese translation by
Takeda et al. (2017) was used. Internal consistencies of the
inattention and hyperactivity-impulsivity subscales were re-
spectively .80 and .84, in this study.

Interpersonal Stress Event Scale (Hashimoto 1997) This scale
is a reliable and valid measure that assesses the frequencies of
interpersonal stressors that are often encountered in daily life
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by Japanese young adults. Although this scale includes three
subscales, only the interpersonal conflict subscale (composed
of 9 items) was used in this study. Sample items of this sub-
scale include BI quarreled with my acquaintance,^ BI was
insulted by others,^ and BI disagreed with my acquaintance.^
Participants indicated how often they encountered each event
over the past three months on a 4-point scale anchored be-
tween 1 (not at all) and 4 (often). Internal consistency of the
interpersonal conflict subscale was .91.

Ruminative Responses Scale (RRS; Nolen-Hoeksema and
Morrow 1991) The RRS is a widely used self-report measure
of depressive rumination. This scale includes 22 items, each of
which is rated on a 4-point rating scale anchored between 1
(almost never) and 4 (almost always). The RRS consists of
five items assessing brooding, five items assessing reflection,
and 12 depression-related items. Brooding and reflection sub-
scale scores and total RRS scores were calculated. Adequate
psychometric properties of the RRS, including good internal
consistency and construct validity, as well as moderate test-
retest reliability for total and subscale scores have been report-
ed (Treynor et al. 2003; Schoofs et al. 2010). The Japanese
translation by Hasegawa (2013) was used. Internal consisten-
cies of the brooding and reflection subscales and RRS total
scale were .84, .80, and .95, respectively.

Beck Depression Inventory-Second Edition (BDI-II; Beck et al.
1996) This scale is a well-validated 21-item self-report ques-
tionnaire that measures the severity of depressive symptoms
experienced in the past two weeks. Participants rate their re-
sponses using a 0–3 scale, with higher scores indicating great-
er severity of depression. The Japanese translation by Kojima
and Furukawa (2003) was used. Internal consistency of the
BDI-II was .93.

Statistical Analysis

All analyses except for structural equation modeling were per-
formed using SPSS ver. 23 and structural equation modeling
was conducted by Amos ver. 23. Raw scores for each variable
were analyzed, and Zero-order Pearson’s correlationswere com-
puted between each measure. Structural equation modeling
using the maximum likelihood method was conducted to exam-
ine how autistic traits, inattention and hyperactivity-impulsivity
symptoms influenced depression. In these analyses, total scale
and subscale scores were treated as observable variables.

Results

Table 1 displays descriptive statics of eachmeasure. As shown
in Table 1, all measures were normally distributed. Table 2
shows correlations between each of the measures. Although

the correlation between inattention and hyperactivity-
impulsivity was relatively high (r = .60), other correlations
among each variable were in the small to moderate ranges,
indicating that the problem of multicollinearity would be un-
likely when conducting multivariate analyses.

Structural equation modeling was conducted with social
interaction, attention to detail, inattention, and hyperactivity-
impulsivity as independent variables, interpersonal conflict,
and rumination assessed by total RRS scores as mediators
(interpersonal conflict was assumed to intensify rumination),
and depression assessed by the BDI-II score as a dependent
variable. In addition, the direct paths from four independent
variables to rumination and depression were set. Furthermore,
we set the paths from gender (1 =male, 2 = female) and age to
interpersonal conflict, rumination, and depression to control
for the influences of gender and age. Only a few significant
effects of gender and age were identified on each endogenous
variable, and therefore these results were not described. All
exogeneous variable were correlated. This model had an ex-
cellent fit for the data: χ2 (1) = .15, p = .70; CFI = 1.00;
RMSEA= .00. Figure 1 shows standardized coefficients in
the model. It can be seen that interpersonal conflict increased
rumination and in turn intensified depression. Inattention and
hyperactivity-impulsivity were positively associated with in-
terpersonal conflict, and all independent variables were posi-
tively related to rumination. In addition, social interaction and
hyperactivity-impulsivity were directly and positively associ-
ated with depression. Each variable explained 20.3% of the
variances for interpersonal conflict, 37.0% of the variances for
rumination,33.2% of the variances for depression.

A bias-corrected bootstrap with 10,000 bootstrap re-samples
was conducted to determine the significance of indirect effects.
The results indicated that only hyperactivity-impulsivity was
indirectly associated with rumination via interpersonal conflict
(β = .08, 95% CI: [.03, .14], p < .001). Furthermore, all inde-
pendent variables were indirectly and positively related with
depression via two mediators. The standardized coefficients
of total indirect effects from four variables were .05 (95% CI:
[.01, .09], p = .01) for social interaction, .06 (95%CI: [.03, .11],
p < .001) for attention to detail, .09 (95% CI: [.04, .15],
p < .001) for inattention, and .09 (95% CI: [.05, .15],
p < .001) for hyperactivity-impulsivity.

We also conducted structural equation modeling with de-
pression as an exogeneous variable that influences interper-
sonal conflict and rumination instead as a dependent variable,
because it is possible that depression might be a confounding
factor in the relationship between other variables. This
model was just identified (zero degrees of freedom), so
there was no test of overall model fit. Standardized coef-
ficients in the model are displayed within parentheses in
Fig. 1. It can be seen that nearly all significant coefficients
were unchanged, whereas the significant coefficient of so-
cial interaction to rumination disappeared.
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Next, we conducted an analysis of the model that included
brooding and reflection subscales instead of the RRS total
scale. This model had an excellent fit for the data: χ2

(1) = .63, p = .43; CFI = 1.00; RMSEA = .00. Results indicat-
ed that the relationships between brooding and the other var-
iables were very similar to the findings shown in Fig. 1. In
brief, social interaction, attention to detail, inattention,
hyperactivity-impulsivity as well as interpersonal conflict
were directly associated with brooding (βs ranged from .11
to .26, ps < .05), and hyperactivity-impulsivity was indirectly
associated with brooding via interpersonal conflict (β = .06,
95% CI: [.03, .12], p < .001). On the other hand, attention to
detail, inattention, hyperactivity-impulsivity and interpersonal
conflict were directly associated with reflection (βs ranged
from .13 to .27, ps < .05), and hyperactivity-impulsivity was
indirectly associated with reflection via interpersonal conflict
(β = .08, 95% CI: [.04, .14], p < .001). Also, social interaction,
inattention, and hyperactivity-impulsivity were indirectly re-
lated to depression (βs ranged from .04 to .09, ps < .05) al-
though indirect association of attention to detail with depres-
sion was slightly weak and not significant (β = .04, 95% CI:

[−.01, .09], p = .11). Because brooding, but not reflection was
significantly related to depression (β = .35, p < .001, β = −.04,
p = .56, respectively), it seems that these indirect effects ap-
pear as a result of brooding.

Discussion

The present study examined whether ASD and ADHD symp-
toms were related to depressive rumination directly and indi-
rectly via interpersonal conflict. This study also examined
whether rumination is a mediating factor in the relationship
of ASD and ADHD symptoms with depression. This study
was a cross-sectional study, and therefore conclusions about
causality should bemadewith caution. However, the results of
the study indicated the processes by which subclinical ASD
and ADHD symptoms are associated with depression.

Results indicated that hyperactivity-impulsivity was posi-
tively associated with rumination that was assessed by using
the total RRS scores both directly and indirectly via interper-
sonal conflict. Moreover, attention to detail and inattention

Table 2 Correlations between variables

1 2 3 4 5 6 7 8 9 10

1. Gender (1 =male, 2 = female) –

2. Age .03 –

3. Social interaction −.07 −.09 –

4. Attention to detail −.08 −.02 −.14 * –

5. Inattention −.00 .01 .27 *** −.14 * –

6. Hyperactivity-Impulsivity −.12 * −.04 .31 *** .06 .60 *** –

7. Interpersonal conflict −.04 .01 .18 ** .08 .34 *** .43 *** –

8. Brooding −.07 −.00 .25 *** .10 .44 *** .46 *** .39 *** –

9. Reflection −.21 *** −.00 .16 ** .29 *** .31 *** .42 *** .41 *** .71 *** –

10. RRS total −.16 ** −.03 .27 *** .15 ** .43 *** .49 *** .43 *** .93 *** .86 *** –

11. BDI-II −.11 * −.05 .40 *** .00 .33 *** .39 *** .27 *** .47 *** .33 *** .49 ***

RRS, Ruminative Responses Scale; BDI-II , Beck Depression Inventory-Second Edition; * p < .05, ** p < .01, *** p < .001

Table 1 Descriptive statistics of each scale

M SD α Range Skewness Kurtosis

Social interaction 95.65 12.16 .81 55 – 130 −.44 .80

Attention to detail 20.60 3.67 .54 9 – 30 −.10 .35

Inattention 15.55 5.37 .80 0 – 33 .06 .89

Hyperactivity-Impulsivity 11.00 6.00 .84 0 – 35 .34 .09

Interpersonal conflict 16.30 6.47 .91 9 – 36 .83 −.08
Brooding 11.01 4.03 .84 5 – 20 .29 −.81
Reflection 9.48 3.69 .80 5 – 20 .57 −.51
RRS total 45.37 15.50 .95 22 – 88 .38 −.65
BDI-II 14.07 11.04 .93 0 – 59 .91 .49

RRS, Ruminative Responses Scale; BDI-II, Beck Depression Inventory-Second Edition
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were directly and positively associated with rumination. Also,
these three traits were related to depression indirectly via ru-
mination (and interpersonal conflict). The significant relation-
ship between social interaction and rumination disappeared
after controlling for the influences of depression, indicating
that depression was a confounding factor in this relationship.

Hyperactivity-impulsivity symptoms are known to be
strongly associated with aggressive behaviors (Theriault and
Holmberg 2001; Vierikko et al. 2004). Therefore, it is plausi-
ble that behaviors caused by symptoms of hyperactivity-
impulsivity generate interpersonal conflict which is a social
stressor. Increased exposure to interpersonal conflict might
lead to sustained rumination about problems or the self be-
cause stressors can keep a person’s goals unattained and lead
to rumination about information related to the unattained goals
(Martin et al. 2004).

On the other hand, the results of structural equation model-
ing indicated that difficulties in social interaction in autistic
traits were not related to interpersonal conflict, although this
subdimension is significantly and positively correlated with
interpersonal conflict (r = .18). The social interaction subscale
was positively correlated with hyperactivity-impulsivity
symptoms, and this subscale was not associated with interper-
sonal conflict after controlling for hyperactivity-impulsivity
symptoms and other ASD and ADHD symptoms. Therefore,
the simple correlation between difficulties in social interaction
and interpersonal conflict could be due to confounding by
hyperactivity-impulsivity symptoms (More specifically, ag-
gressive behaviors caused by hyperactivity-impulsivity symp-
toms).3 The present findings that show significant correlations
between subclinical ASD and ADHD symptoms are in line

with previous studies (e.g., Reiersen et al. 2008; Polderman
et al. 2014).

Attention to detail, inattention, as well as hyperactivity-
impulsivity symptoms, are directly related to rumination.
Burrows et al. (2017) suggested that negative self-referential
processing and cognitive inflexibility might lead to rumina-
tion in individuals with ASD. Attention to detail might partly
reflect circumscribed interests, and according to the theory by
Burrows et al., this trait could arise as a result of difficulties in
switching between mental processes (i.e., cognitive inflexibil-
ity), although this relationship has not been empirically exam-
ined to date. In addition, a recent meta-analysis has indicated
that impaired set shifting component of executive function
could be associated with rumination (Yang et al. 2017).
Therefore, it is plausible that individuals with a higher level
of attention to detail might continue to ruminate as a result of
being unable to disengage from negative environmental and
internal information.

One possible reason why inattention and hyperactivity-
impulsivity symptoms were directly related to rumination
could be the poor academic achievement. A previous study
has reported that ADHD symptoms and especially inattention
in undergraduate students were related to lower high school
and university grade point averages (GPA), withdrawal from
classes, a lower frequency of taking notes, and a shorter time
and less intensive study (Frazier et al. 2007; Advokat et al.
2011). In addition, it has been suggested that ADHD symp-
toms and especially hyperactivity-impulsivity symptoms dur-
ing young adulthood cause adverse driving outcomes such as
tickets, accidents, and license suspensions and revocations
(Fischer et al. 2007; Thompson et al. 2007). Frequent expo-
sure to stressors is concurrently and prospectively associated
with increased rumination (Nolen-Hoeksema et al. 1994;
Moberly and Watkins 2008a; Michl et al. 2013). Moreover,
according to the goal progress theory of rumination (Martin
et al. 2004), stressors can keep a person’s goals unattained and

3 Consistent with our notion, difficulties in social interaction was not signifi-
cantly correlated with interpersonal conflict after controlling for hyperactivity-
impulsivity symptoms (pr = .05, p = .37)

Hyperactivity-

Impulsivity 

Inattention 

Attention to detail 

Social interaction 

Depression 

(BDI-II) 

Rumination 

(RRS total) 

Interpersonal 

conflict 

.14* (.13*) 

.32*** (.30***) 

.12*   (.04) .16*** (.15

.22*** (.19***) 

.20** (.15*) 

.23*** (.21*** 43.) ***

.25***

.13**

***)

Fig. 1 The results of a model
examining how ASD and ADHD
symptoms influence rumination
and depression. For clarity, paths
from gender and age to the other
variables, nonsignificant paths,
error variables, and covariances
are not depicted. The coefficients
after controlling for the influences
of depression are depicted in
parentheses. RRS = Ruminative
Responses Scale; BDI-II = Beck
Depression Inventory-Second
Edition; *p < .05, **p < .01, ***

p < .001
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lead to rumination about information related to the unattained
goals. Based on this theory and previous findings, it is possi-
ble that ADHD symptoms might cause academic difficulties
or adverse driving outcomes, and exposure to such stressors
might result in prolonged rumination.

Bootstrap analyses showed that attention to detail, inatten-
tion, and hyperactivity-impulsivity symptoms were indirectly
associated with depression via rumination. Furthermore, a
model that includes brooding and reflection subscales instead
of RRS total scale score indicated that inattention and
hyperactivity-impulsivity symptoms, but not attention to de-
tail intensified depression through brooding, but not through
reflection. These findings indicate that depressive rumination
and especially blooding which is assumed to be the maladap-
tive subcomponent of rumination mediates the associations of
inattention and hyperactivity-impulsivity symptoms as well as
attention to detail with depressive symptoms in non-clinical
undergraduate students, although it is cautious that mediating
role of brooding between attention to detail and depression
was slightly weak and therefore not statistically significant.

It is plausible that interventions focusing on ruminationwould
be effective in alleviating depression in young adults with high
ASD and ADHD symptoms. Previous studies have reported that
the practice of mindfulness meditation decreases rumination and
depressive symptoms in depressed people (Ramel et al. 2004;
Kingston et al. 2007; Geschwind et al. 2011). Moreover, the
same positive effects were observed in high-functioning adults
with ASD (Spek et al. 2013; Kiep et al. 2015). Interestingly,
recent studies have suggested that mindfulness-based cognitive
therapy, which is a combination of mindfulness and cognitive
therapy, decreases inattention and hyperactivity-impulsivity
symptoms in ADHD adults (Gu et al. 2018; Hepark et al. in
press). The results of this study suggest that such a reduction
of symptoms might also result in decreased rumination.
Therefore, it is possible that mindfulness meditation would be
an effective treatment to decrease rumination directly or indirect-
ly via the reductions of ADHD symptoms, leading to preventing
depression in people with high autistic traits and symptoms of
inattention and hyperactivity-impulsivity.

The present study has theoretical implications, as well as
clinical ones described above. Many previous studies have
examined possible causes of rumination, such as deficits in
executive functions (Yang et al. 2017, for review), and familial
and genetic origins (Nolen-Hoeksema and Watkins 2011, for
review). The present findings, as well as previous findings
based on non-clinical and clinical samples (Crane et al.
2013; Oddo et al. 2018; Keenan et al. in press), suggest that
ASD and ADHD symptoms might be one of the risk factors
for increasing rumination. More studies focusing on the rela-
tionship of ASD and ADHD symptoms at a subclinical level
and the diagnosis of these disorders with rumination would
contribute to identifying all the reasons why certain individ-
uals suffer from prolonged rumination whereas others do not.

The present study had some limitations. Although this
study adopted the two-factor model of AQ proposed by
Hoekstra et al. (2008), this model does not describe factors
assessing restricted and repetitive patterns of behaviors,which
are a core symptom in ASD. Also, the two-factor model was
confirmed with data from a nonclinical sample rather than an
adult ASD sample (Hoekstra et al. 2008). Therefore, it is pos-
sible that the two-factor model does not accurately represent
traits that are continuous with ASD. Indeed, Lau et al. (2013)
conducted an exploratory factor analysis of AQwith a sample,
one-third of which consisted of individuals diagnosed with
ASD, and they extracted a different factor structure from the
original two factor model of AQ. We adopted the two-factor
model because it has the advantage of being more parsimoni-
ous than the other models and because it overlaps with the
cardinal DSM-5 symptoms of ASD. However, it is suggested
that future studies should identify the factor structure of the
AQ that fits well with both the general population and adult
ASD samples, and adopt that factor structure to investigate
aspects of autistic traits that are related to interpersonal con-
flict, rumination, and depression.

Second, the internal consistency of attention to detail
subscale in this study was low. Previous studies have also
indicated that internal consistency of the attention to detail
subscale was around .60 (Baron-Cohen et al. 2001;
Wakabayashi et al. 2004; Hoekstra et al. 2008), although
test-retest reliability of this subscale over 1–6 months was
within the acceptable range (r = .71; Hoekstra et al. 2008).
Many previous studies that conducted exploratory or con-
firmatory factor analyses have extracted a factor corre-
sponding to attention to detail (Austin 2005; Hurst et al.
2007; Stewart and Austin 2009; Kloosterman et al. 2011;
except for Lau et al. 2013), indicating that attention to
detail is an important dimension of autistic traits. It is sug-
gested that future studies should reconstruct the item com-
position of this subscale and improve its internal consisten-
cy to examine whether the attention to detail component of
autistic traits is really related to rumination and depression.

Third, as described above, the present study is a cross-
sectional study, and future studies should adopt a longitu-
dinal design to identify causality. Fourth, results of struc-
tural equation modeling showed that social interaction and
hyperactivity-impulsivity were directly associated with de-
pression, which is suggestive of mediators other than ru-
mination. It would be fruitful to examine mediators other
than those that were assessed in this study. Finally, assess-
ments were conducted only by using self-report measures,
and it would be necessary to assess each variable with
other methods such as structured interview. Future studies
that are designed to overcome these limitations would fur-
ther advance the theory, as well as the treatment of adults
with high levels of ASD and ADHD symptoms, rumina-
tion, and depression.
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