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Abstract

Sluggish cognitive tempo (SCT) is characterized by behavioral symptoms reflecting slowness and lethargy (e.g., sluggishness,
appearing sleepy) and inconsistent alertness/mental confusion (e.g., daydreaming, fogginess). SCT is substantially correlated
with the inattentive symptoms of attention-deficit/hyperactivity disorder (ADHD) and may be part of that domain, but in cross-
sectional data, SCT is also strongly associated with both inattention and depression. To date, no study has examined the
prospective associations of SCT symptoms in childhood/adolescence with symptoms of ADHD and internalizing problems in
adulthood. Using a sample of 449 twin children and adolescent pairs, prospective multiple regression analyses examined whether
self- and parent-reported SCT, depression, and parent-reported symptoms of ADHD predicted symptoms in adulthood 12 years
later. SCT and depression at time one were strongly correlated (self-reported SCT and depression » = 0.84; parent-reported SCT
and depression 7 = 0.78). When adult outcomes were separately regressed on each youth symptom dimension, self-reported SCT
(3=0.26, p<0.0001) and depression (3 =0.13, p < 0.0001) each predicted adult symptoms of depression and self-reported SCT
predicted inattention (3 =0.12, p=0.0026). Parent-reported depression, but not parent-reported SCT, predicted self-reported
adult depression symptoms (3 =0.17, p = 0.0003). In contrast, when each adult outcome was regressed simultaneously on youth
self-reported SCT and depression, neither predicted adulthood inattention or depression. These findings indicate that SCT in
childhood and adolescence is strongly associated concurrently and predictively with both inattention and depression. Theoretical
and clinical applications of the construct of SCT must take its robust association with both inattention and depression into
account.

Keywords Sluggish cognitive tempo - Depression - Internalizing psychopathology - Inattention - Attention-deficit/hyperactivity
disorder - Longitudinal

The construct of sluggish cognitive tempo (SCT), character-
ized by excessive daydreaming, slowed behavior/thinking,
and mental confusion, is not currently included in a diagnostic
nosology (Becker et al., 2016), despite the frequent presence
of such symptoms in the clinical literature. The study of SCT
began as part of an attempt to determine if there was an addi-
tional domain of attention-deficit/hyperactivity disorder
(ADHD) (e.g., Carlson et al., 1986). However, there is strong
evidence that SCT and ADHD are at least partly distinct con-
structs (Becker et al., 2016). Indeed, although ADHD is a core
externalizing disorder, recent work has suggested SCT may be
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better viewed as part of internalizing psychopathology
(Becker et al., 2016; Becker & Willcutt, 2019; Servera et al.,
2018; Smith et al., 2018; Ward et al., 2019). Consistent with
this idea, SCT is associated with depression and anxiety even
when controlling for inattentive symptoms (Becker et al.,
2016; McBurnett et al., 2014; Smith & Langberg, 2017).
Interestingly, SCT has been moderately to strongly associated
with both externalizing (e.g., ADHD) and internalizing disor-
ders (e.g., depression; Becker et al., 2016; Becker & Willcutt
2019; Servera et al., 2018; Smith & Langberg, 2017).

There is growing evidence that SCT is strongly associated
with depression and that childhood SCT symptoms predict
adolescent depressive symptoms (Becker & Willcutt, 2019;
Becker et al., 2018). In a large, nationally representative sam-
ple of children ages 4—13, found that in a parent-reported high
SCT group, 35% of youth met criteria for a clinical cutoff of
depression and SCT was uniquely associated with depression
at a higher rate than ADHD inattentive symptoms. However,
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no study has examined whether SCT in childhood predicts
later psychopathology in adulthood. A recent body of research
has found SCT to be partly distinct from other groups of
internalizing symptoms (Becker et al., 2018; Becker et al.,
2015; McBurnett et al., 2014; Smith et al., 2019; Willcutt
et al., 2014). Although a myriad of studies have examined
the discriminant validity of SCT and ADHD, only a handful
have found discriminant validity between SCT and depression
(Becker et al., 2018; Becker et al., 2014; Lee et al., 2014;
McBurnett et al., 2014; Smith et al., 2019; Willcutt et al.,
2014). However, only two of these studies used self-report
of SCT, which is essential to the assessment of internalizing
psychopathology. Using factor analyses, these two studies
found self-reported SCT and depression to be distinct, but
strongly correlated factors (Becker et al., 2015; Smith et al.,
2018). Becker et al. (2015) used exploratory structural equa-
tion modeling with a sample of 124 children ages 8—13 to
examine the distinctiveness of the factors of depression, anx-
iety, ADHD, and SCT. The best fitting model found that the
construct of child-rated SCT was a distinct factor from child-
rated depression and anxiety and teacher-rated ADHD. Self-
reported SCT was strongly correlated with depression (r=
0.68) and anxiety (=0.55). Building upon this work, Smith
et al. (2019) used confirmatory factor analysis with a sample
of 262 adolescents with ADHD, finding SCT, depression,
anxiety, and daytime sleepiness all to be distinct factors.
Although distinct factors, SCT was strongly associated with
depression (r=0.51), anxiety (r=0.51), and daytime sleepi-
ness (r=0.55). Both studies found strong associations be-
tween SCT and internalizing factors, but showed that SCT
and depression form two distinct factors.

Currently, only ten studies from four samples have ex-
amined youth self-reported SCT (Becker et al., 2020), find-
ing SCT to be uniquely associated with internalizing symp-
toms, academic impairment, and social difficulties
(Becker, 2014; Becker et al., 2015, 2020; Holdaway &
Becker, 2018; Saez et al., 2019; Smith et al., 2019; Smith
& Langberg, 2017). Further cross-sectional work has
shown SCT to account for 23—30% of the variance in de-
pression and to be negatively associated with externalizing
factors such as ODD, CD, and hyperactivity-impulsivity
(Becker et al., 2016; McBurnett et al., 2014; Smith &
Langberg, 2017; Willcutt et al., 2014). Only one study to
date (Becker et al. 2020) has examined different factors
associated with depression (i.e., rumination, suicidal idea-
tion, emotion dysregulation). Using a sample of 302 young
adolescents with (n=162) and without (n=140) ADHD,
they found SCT to be correlated with aspects of rumination
(i.e., brooding »=0.50, reflection »=10.39), suicidal idea-
tion (= 0.35), and six aspects of emotion dysregulation (rs
range 0.13-0.50). Additionally, SCT was uniquely associ-
ated with greater self-reported internalizing symptoms and
suicidal ideation when controlling for ADHD inattentive
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symptoms, further suggesting the strong, but distinct, rela-
tionship between SCT and aspects of depression.

Very few studies have examined SCT longitudinally, with
no study examining how childhood SCT predicts psychopa-
thology in adulthood. One longitudinal study found parent-
reported SCT in early childhood (ages 4-9), but not ADHD
inattentive symptoms, uniquely predicted higher anxiety and
depression in ninth grade (ages 14—16; Becker et al., 2018).
This built on Servera and colleagues (2015) and Bernad et al.
(2016) work that found SCT and ADHD inattentive
symptoms both uniquely predicted depression in Spanish,
school age children 1 year later. It would appear that SCT
contributes more to later depression symptoms from
childhood to adolescence than ADHD inattentive symptoms.
However, these studies did not account for childhood
depressive symptoms at the first time point in their analyses.
Additionally, Becker et al. (2019) used cross-lagged panel
analyses for teacher-reported SCT and teacher- and child-
reported depression symptoms across 6-months. Time one
SCT predicted increases in both teacher- and child-reported
depressive symptoms 6 months later, but depression at time
one did not predict SCT at time two. Thus, SCT may be a
developmental precursor for risk of later depression, not the
reverse (Becker et al., 2019). This emphasizes the importance
of understanding whether SCT in childhood predicts later de-
pressive symptoms, as youth with higher levels of SCT may
be at risk for depression later in life.

In the present study, we examined SCT longitudinally in-
cluding both parent- and self-report of SCT in a sample of 449
twin pairs initially assessed as youth ages 6—17. Importantly,
this is the first study that used an interview format to assess
SCT, which is described in more detail below. This sample
was part of a larger study, the Tennessee Twin Study, which
recruited twins to allow future comparative tests of shared and
unique genetic and environmental dimensions of psychopa-
thology, although this was out of the scope of the current
analyses. We included both parent and self-report to address
the lack of inclusion of self-report in the previously described
studies. As parent- and self-report of SCT are not invariant
across reporters (Smith et al., 2018), we anticipated a relative-
ly weak correlation between the constructs as each provides
unique information and previous work has found only weak
associations (e.g., 7= 0.16; Smith & Langberg, 2017). In order
to address the impact of SCT longitudinally, we examined the
ability of childhood symptoms of SCT, as well as associated
constructs of inattention, hyperactivity-impulsivity, and de-
pression to predict adult psychopathology 12 years later. We
expected SCT to be strongly associated with concurrent de-
pression, moderately associated with inattentive symptoms,
and weakly associated with symptoms of hyperactivity-impul-
sivity. We hypothesized that self-reported SCT would predict
depression and ADHD-inattentive symptoms in adulthood,
with a weaker association with the ADHD inattentive domain.
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By contrast, we expected ADHD symptom domains would
not predict later depression when including childhood SCT.
As SCT is typically not associated with hyperactivity-
impulsivity (Becker et al., 2016; Lee et al., 2014), we hypoth-
esized that SCT would not predict later hyperactivity-impul-
sivity. If these hypotheses are supported, this would suggest
the validity of SCT as a construct of importance in predicting
psychopathology. If SCT both predicts depression, part of the
internalizing nosology, and inattention, part of externalizing
or its own domain (Laceulle et al., 2015; Lahey et al., 2017,
Noordhof et al., 2015), this would provide further evidence
that SCT is substantially correlated with both domains
(Becker & Willcutt, 2019).

Method

Participants and Procedures Wave one and Wave two par-
ticipants from the Tennessee Twin Study (TTS; Lahey
et al., 2008) were used in this sample. Study procedures
were approved by the Vanderbilt University and
University of Chicago Institutional Review Boards. All
participants provided consent/assent at first visit through
interview. See Lahey et al. (2008) for more information
on sample and procedures.

Wave One Sample The Wave one sample is representative of
all 6-17-year-old twins in Tennessee’s five metropolitan sta-
tistical areas (MSAs) in 2000-2001, which includes the 28
urban, suburban, and rural counties surrounding the cities of
Nashville, Memphis, Knoxville, Chattanooga, and Bristol.
The Tennessee Department of Health identified all twin pairs
born in Tennessee in the eligible age range, from which we
recruited the sample. A total of 7968 households were initially
identified, but 2431 households were eliminated because they
lived outside an MSA in Tennessee at the time recruitment
began. A random sample was selected from the remaining
families, stratified by age and geographic subareas, propor-
tional to the number of families. Of 4012 selected households,
3592 (89.5%) were located and screened, with 2646 of
screened families being eligible (co-residence with the care-
taker at least half time during the past 6 months and twins and
caretakers spoke English). Interviews were completed with
2063 adult caretakers (90.8% biological mothers), with a
70% response rate. When caretakers were interviewed, 98%
of both twins were interviewed. After excluding pairs in
which either twin had been given a diagnosis of autism, psy-
chosis, or seizure disorder, the sample consisted of 3990 twins
in 1995 complete pairs. Caretakers classified 71% of the twins
as non-Hispanic white, 24% African American, 2% as
Hispanic, and 3% as other racial identities, which were repre-
sentative of the broader twin population in Tennessee.

Wave One Measures Adult caretakers and youth participants
were interviewed separately using the Child and Adolescent
Psychopathology Scale, which is a structured interview
(CAPS; Lahey et al. 2004). The CAPS item pool covers all
DSM-IV symptoms of ADHD and major depressive disorder
(MDD) in DSM-IV and ICD-10 and includes 11 symptoms of
SCT. CAPS items covering DSM-IV symptoms were based
on the “stem questions” in Version IV of the Diagnostic
Interview Schedule for Children (DISC-1V; Shaffer et al.,
2000), modified from “yes or no” questions to fit a four-
point response scale: “1. Not at all, 2. Just a little, 3. Pretty
much, 4. Very much.” Interviewers read each item aloud to
the respondent from a lap-top computer and entered responses
using the computer. The program routed the interviewer from
question to question, skipped age-inappropriate questions,
used correct sex terms to refer to girls and boys, referred to
“other children” or “other people your age” for youth
<11 years or >11 years in some items, used the correct word-
ing for children who did or did not attend school or work, and
disallowed out-of-range responses. Participants were asked to
respond by thinking about how well each item described the
youth’s emotion or behavior, how often it occurred, and how
serious it was during the last 12 months. Caretakers and youth
were interviewed separately in private after caregivers provid-
ed signed consent and youth provided assent, typically by the
same trained lay interviewer.

This is the first study to use an interview-based format to
assess SCT. Currently, there is no gold standard for measuring
SCT, though a recent meta-analysis suggested 13 items best
represent SCT and are distinct from ADHD inattentive symp-
toms (Becker et al., 2016). This was confirmed in a sample of
adolescents with and without ADHD, finding convergent va-
lidity of the SCT factor (13 items) and discriminant validity
with the ADHD inattentive symptoms (Becker et al., 2020).
The SCT construct in this study was created by selecting
symptoms that fit the SCT factor found to have convergent
and discriminant validity by Becker et al. (2020). We were
able to include 11 of the 13 symptoms, as we did not have all
the symptoms included in the CAPS interview (i.e., foggy,
stare off, sleepy, daydream, lost in my thoughts, tired easily,
confused, space out, thinking slowed; Becker et al., 2016,
2020). The additional two symptoms that were included in
this study have also been found to be consistent with SCT
(i.e., “sluggish” and “low energy”; Penny et al., 2009; Smith
etal., 2018). Additionally, the SCT interview has proven to be
internally consistent with parent-report alpha at 0.83 and self-
report at 0.85. As Smith et al. (2018) found self- and parent-
report to not be invariant across reporters, both respondents
were included in separate analyses. Importantly, the factors of
SCT and depression did not have overlapping items in this
study.

In a representative sample of 1382 4-17 year olds (Lahey
et al., 2004), a subset of the participants were selected for
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participation in a second interview 7-14 days following the
initial interview to assess test—retest reliability of the CAPS.
The test-retest intra-class correlations (ICCs) for unit-
weighted mean ratings of the symptoms of ADHD symptom
domains, MDD, and SCT on caretaker reports were inatten-
tion = 0.89, hyperactivity-impulsivity = 0.88, MDD =0.82,
and SCT =0.84. The ICCs based on youth reports of symp-
toms were MDD = 0.69 and SCT =0.77.

Wave Two Sample Twin pairs for Wave two assessments were
recruited in four replicates in reverse order of their age in
Wave 1 (16-17, 14-15, 12—-13, and 10-11 years) to minimize
the age distribution in Wave two. Twin pairs were eligible if
the last known address of both twins was within 300 miles of
Vanderbilt University (95.2% of twins). Wave two partici-
pants were selected by oversampling based on greater ratings
of psychopathology symptoms from parent- or youth-report at
Wave one. High-risk pairs were selected with certainty if ei-
ther twin had symptom ratings on the total number of inter-
nalizing, attention-deficit/hyperactivity disorder, or the com-
bination of ODD and CD symptoms in the top 10% of that age
range. In addition, 19-23% of the remainder of each replicate
was randomly selected with two constraints: (a) monozygotic
pairs were oversampled by randomly excluding 40% of the
randomly selected dizygotic pairs, and (b) the number selected
from the remainder of the sample varied slightly to equate
replicate sizes (100—105 pairs). Three pairs of twins could
not be located and 37 pairs refused screening. Eighteen select-
ed pairs of twins across replicates were declared out of scope
due to previous participation in a pilot study, mental or phys-
ical incapacity, residence outside the United States, imprison-
ment, or death. Interviews regarding psychopathology were
completed for 72% of the screened sample during 2013—
2016, including 248 complete twin pairs (49.5% monozygot-
ic; 66.9% high risk) and 3 individuals without their twin.

The 499 interviewed participants were 23-31 years of age
(median 26 years); 52.1% female; and self-identified as 71.5%
Non-Hispanic white, 25.2% African American, and 3.2% oth-
er racial-ethnic groups. Twenty-six percent were still in school
and the mean years of education was 14.3. Consistent with
oversampling participants based on Wave one psychopathol-
ogy, 50.3% met criteria for at least one Wave two mental
disorder (46.2% of females; 54.8% of males) in the past year
and 26.8% met criteria for >2 diagnoses. For the outcomes of
interest, 5.0% met criteria for ADHD and 11.4% met criteria
for Major Depressive Disorder.

Wave Two Measures Psychopathology symptoms in adult-
hood were assessed using self-report on the young adult ver-
sion of the Diagnostic Interview for Children (YA-DISC;
Abram et al., 2015; Shaffer et al., 2008; Witkiewitz et al.,
2013). The modules used in these analyses queried diagnostic
criteria for adult ADHD and MDD over the past 12 months.
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Participants were asked about all symptoms of depression,
however, only individuals that endorsed dysphoria and anhe-
donia were asked about frequency and duration of their de-
pressive symptoms over the past 12 months. This may have
resulted in higher prevalence of endorsed depression symp-
toms than if frequency and duration threshold were
considered.

Data Analysis

Regression analyses were conducted using SURVEYREG
procedure in the Statistical Analysis System (SAS) version
9.4, accounting for stratification and clustering with twin pairs
and using weights to account both for the inverse of the prob-
ability of participation in Wave two based on selection and for
nonresponse. These weights corrected any biases due to non-
response relative to demographic characteristics (i.e., age at
both time points, maternal education, race, sex) and Wave one
measures of psychopathology. These weights allow valid pa-
rameter estimates when weighted back to the full Wave one
TTS sample and, by extension, to the population from which
the Wave one sample was drawn (Korn & Graubard, 1999).

In separate analyses for parent- and self-report of SCT in
Wave one, we tested predictions that adult depression and
inattention in Wave two, but not hyperactivity-impulsivity,
would be independently predicted by Wave one SCT. First,
each self-reported predictor variable at Wave one (i.e., self-
reported SCT and depression, as self-reported inattention and
hyperactivity-impulsivity were not collected at Wave one) and
parent-reported predictor variable (i.e., SCT, depression, inat-
tention, hyperactivity-impulsivity) were separately run to pre-
dict adult outcomes (i.e., depression, inattention, hyperactivi-
ty-impulsivity). Next, we included self-reported depression,
parent-reported inattention, and parent-reported hyperactivi-
ty-impulsivity with self-reported SCT to predict adult out-
comes. We did the same for parent-reported SCT, including
parent-reported depression, inattention, and hyperactivity-
impulsivity with parent-reported SCT to predict self-reported
adult outcomes (i.e., depression, inattention, hyperactivity-im-
pulsivity). Age in Wave one, the number of years since Wave
one, gender, non-Hispanic white versus other race-ethnic
group, the log of the total income of the family of origin,
and the number of years of education of the twins’ mothers
were covariates of no interest in all analyses. We corrected for
multiple testing using a 5% false discovery rate (FDR) applied
to two-tailed tests.

Results

Bivariate Associations Bivariate correlations are displayed in
Table 1. As expected, inter-rater correlations were stronger
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Table 1  Bivariate correlations, means, and standard deviations
SCTP  SCTY IA T1 HILTI YDep Tl PDep Tl IA T2 HI T2 Dep T2 Age MomEd Race Age T2 Sex
SCTP -
SCTY 021" -
IA_T1 066" 023" -
HI Tl 040" 012" 0667 -
YDep 0.15" 084" 0.8 0.10" -
PDep T1  0.78 0.27 0.69 0.55 0.26 -
IA_T2 0.16" 0227 0197 018" 023" 018" -
HI T2 0.15" 020" 0.9 0247 0187 0197 0467 -
Dep T2 0.2 026 012"  0.04 029" 022" 040" 033" -
Age 0.07 002 —0.09 -022"" -0.06 0.05 -0.04 0.05 0.004 -
MomEd —0.12" -0.16" -0.02 —0.02 -020"" -0.14" -0.02 -008 -0.09 —0.05 -
Race -0.02  —0.01 0.05 0.03  —0.12" 0.01 -0.04 003 —0.10° 002 -001 —
Age T2 0.03 —0.01  —0.12"" -0.23"" -0.08 001  —0.05 0.02 0.01 093" -0.01 006 -
Sex -0.15"" -0.04 022" -0.16"" —0.02 -0.12"°  -001 -0.14" 0.3 —0.08 001 004 -0.05 -
Mean 433 4.65 7.98 6.16  10.71 5.77 0.81 1.13 278 1356 1360 072 2605 0.2
SD 4.16 2552 6.27 5.57 521 424 1.56 1.73 226 246 275 045 180 050

wFHREFRED < 0.05, p<0.01, p<0.001

Note. Sex code 1 = female, 0 = male. SCTP parent-reported SCT, SCTY self-reported SCT, /A inattention, HI hyperactive/impulsive, YDep self-reported
depression, PDep parent-reported depression, 7'/ time 1, 72 time 2, MomED maternal education at time 1, SD standard deviation

than cross-rater associations. Self-reported SCT and depres-
sion were strongly correlated (=0.84) at Wave one, while
parent-reported hyperactive/impulsive, inattentive symptoms,
depression, and SCT respectively were weakly correlated with
self-reported SCT (r=0.12, r=0.23, r=0.27, r=0.21). This
weak correlation between parent- and self-reported SCT was
expected since the two are not invariant across reporters and is
in line with previous work (e.g., Smith et al., 2018; Smith &
Langberg, 2017). For parent-reported SCT, parent-reported
depression was strongly associated with SCT (»=0.78) and
inattention was moderately correlated with SCT (»=0.66). In
contrast, hyperactive/impulsive, self-reported depression, and
self-reported SCT were weakly associated with parent-
reported SCT (r=0.15, =15, r=0.21). Between time points,
all bivariate associations of the variables of interest were non-
significant or weakly associated. See Table 1.

Prospective Multiple Regression Analyses Analyses were run
with each variable separately predicting later psychopatholo-
gy, continuing to control for age, race, log of family income,
gender, and maternal education (See Tables 2 and 3).

Predictor Variables Regressed Separately When accounting for
FDR, self-reported SCT (3 = 0.26, 95% confidence interval (CI)
[0.15, 0.37], p<0.0001) and depression (3 =0.13, 95% CI
[0.08, 0.18], p <0.0001) separately predicted later adult depres-
sion. When separately regressed on adult inattentive symptoms,

self-reported SCT also predicted adult inattentive symptoms
(B=0.12, 95% CI [0.04, 0.19], p=0.0026). For parent-report,
the findings when variables were separately regressed held, with
parent-reported hyperactivity-impulsivity predicting adulthood
hyperactivity-impulsivity (3 =0.06, 95% CI [0.03, 0.09], p =
0.0005) and depression predicting adulthood depression (3 =
0.11, 95% CI [0.05, 0.17], p =0.0004) respectively.

Predictor Variables Regressed Simultaneously When adult
outcomes were regressed simultaneously for youth symptoms
dimensions and included self-reported SCT, only parent-
reported hyperactivity-impulsivity symptoms predicted adult
self-reported hyperactivity-impulsivity (3 =0.05, 95% CI
[0.01, 0.09], p = 0.0017) when controlling for age, race, log of
family income, gender, and maternal education and accounting
for the FDR. Similarly, parent-reported hyperactivity-impulsiv-
ity predicted later self-reported adult hyperactivity-impulsivity
(3 =0.06,95% CI[0.03, 0.10], p = 0.0007) and parent-reported
depression predicted later self-reported adult depression (3 =

0.17, 95% CI [0.08, 0.27], p=0.0003) when parent-report of
SCT was simultaneously regressed on hyperactivity-
impulsivity and depression respectively. See Tables 4 and 5
for more details. The strong associations between depression
and SCT for both raters suggested that multicollinearity may
have contributed to the nonsignificant finding of SCT and de-
pression predicting adult depressive symptoms when both were
included in analyses.
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Table 2 Standardized regression
coefticients of youth self-reported

Self-reported sluggish cognitive tempo symptoms

symptom dimensions when
regressed separately on adult out-

comes using self-reported SCT

Psychopathology Estimate Standard error 95% CI t-value p value

Response variable: adult SR depression symptoms

Self-reported SCT 0.26 0.06 [0.15, 0.37] 4.67 <0.0001
Response variable: adult SR depression symptoms

Self-reported depression 0.13 0.03 [0.08, 0.18] 5.00 <0.0001
Response variable: adult SR inattention symptoms

Self-reported SCT 0.12 0.04 [0.04, 0.19] 3.04 0.0026
Response variable: adult SR hyperactivity-impulsivity symptoms

Self-reported SCT 0.09 0.04 [0.01, 0.18] 225 0.0255

Note. Bold indicates statistical significance after adjustment for 10 tests at a 5% false discovery rate. Covariates
include sex, age at Wave one and two, maternal education, log of total family income, and race-ethnicity. C/
confidence intervals, HI hyperactive-impulsive, SCT sluggish cognitive tempo, SR self-report Please note that

self-report of IA/HI was not collected

Discussion

Only a handful of studies have assessed SCT longitudinal-
ly, with no prior study examining whether SCT in child-
hood and adolescence predicts adulthood psychopatholo-
gy. Additionally, no longitudinal study has used self-report
of SCT to predict internalizing outcomes despite the fact
that SCT may be considered an internalizing construct. As
SCT has showed strong associations with both the exter-
nalizing and internalizing domains (Becker & Willcutt,
2019), we sought to examine its concurrent relationship
to ADHD and depressive symptoms in childhood and

whether it provides an independent prediction of adult psy-
chopathology. When SCT and depression were run in sep-
arate analyses, both predicted adulthood depression, with
the exception of parent-reported childhood SCT.
According to parent-reported depression and SCT at time
one, depression in childhood, but not SCT, predicted
higher levels of depression in adulthood. However, when
accounting for both self-reported SCT and depression at
time one, neither predict later psychopathology. Our find-
ings indicate that SCT in childhood and adolescence is
associated concurrently and predictively with both depres-
sion and inattention.

Table 3 Standardized regression
coefficients for of youth parent-

Parent-reported sluggish cognitive tempo symptoms

reported symptom dimensions
when regressed separately on

adult outcomes using parent-
reported SCT

Psychopathology Estimate Standard error 95% C1 t-value p value
Response variable: adult SR depression symptoms

Parent-reported SCT 0.04 0.03 [-0.02, 0.10] 1.27 0.2043
Response variable: adult SR depression symptoms

Parent-reported depression 0.11 0.03 [0.05, 0.17] 3.57 0.0004
Response variable: adult SR inattention symptoms

Parent-reported SCT 0.06 0.03 [0.01, 0.11] 228 0.0232
Response variable: adult SR inattention symptoms

Parent-reported inattention 0.05 0.02 [0.01, 0.08] 2.54 0.0117
Response variable: adult SR hyperactivity-impulsivity symptoms

Parent-reported SCT 0.02 0.03 [-0.02, 0.07] 0.98 0.3282
Response variable: adult SR hyperactivity-impulsivity symptoms

Parent-reported HI 0.06 0.02 [0.03, 0.09] 3.51 0.0005

Note. Bold indicates statistical significance after adjustment for 10 tests at a 5% false discovery rate. Covariates
include sex, age at Wave one and two, maternal education, log of total family income, and race-ethnicity. C/
confidence intervals, HI hyperactive-impulsive, SCT sluggish cognitive tempo, SR self-report
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Table 4 Standardized regression
coefficients of youth symptom Self-reported sluggish cognitive tempo symptoms
dimensions when regressed
simultaneously on adult outcomes Psychopathology Estimate Standard error 95% CI t-value p value
using self-reported SCT
Response variable: adult SR inattention symptoms
Parent-reported inattention 0.04 0.02 [-0.01, 0.08] 1.91 0.0570
Self-reported SCT 0.10 0.00 [0.02, 0.18] 244 0.0156
Response variable: adult SR hyperactivity-impulsivity symptoms
Parent-reported HI 0.05 0.02 [0.01, 0.09] 3.18 0.0017
Self-reported SCT 0.08 0.04 [-0.01, 0.16] 1.89 0.0596
Response variable: adult SR depression symptoms
Self-reported depression 0.07 0.04 [-0.02, 0.15] 1.61 0.1087
Self-reported SCT 0.15 0.10 [-0.04, 0.34] 1.53 0.1278

Note. Bold indicates statistical significance after adjustment for 12 tests at a 5% false discovery rate. Covariates
include sex, age at Wave one and two, maternal education, log of total family income, and race-ethnicity. H/
hyperactive-impulsive, SCT sluggish cognitive tempo, SR self-report. Please note that self-report of IA/HI was not

collected

Depression When simultaneously regressing adult symptom
dimensions on SCT and depression, only parent-reported de-
pression predicted later adulthood depression (3 =0.17, p=
0.0003), which held when depression was run separately.
Importantly, depression and SCT did not have overlapping
items in this study. SCT and depression were strongly corre-
lated (self-report 7 = 0.84, parent-report » = 0.78) in childhood
and there is a degree of conceptual overlap between SCT and
depression, with aspects of sleepiness, slowed behaviors, and
apathy characterized in both constructs (Becker & Willcutt,
2019; Smith et al., 2019). However, there are also non-shared
symptoms, including excessive daydreaming, losing train of
thought, and staring blankly for SCT, and suicidal ideation,
hopelessness, excessive guilt, and feelings of worthlessness

for depression (American Psychological Association, 2013;
Becker et al., 2016, 2020). Having shared symptoms between
constructs is often the rule, not the exception, with psychopa-
thology, particularly when both constructs are in the same
higher-order domain (i.e., internalizing; Lahey et al., 2017).
This may, however, increase multicollinearity, which can
make variables statistically insignificant due to inflated stan-
dard errors (Daoud, 2017; Nimon et al., 2010). Thus, running
predictor analyses separately for strongly correlated factors
can show the true magnitude of the results (Daoud, 2017
Nimon et al., 2010). When run separately, each one standard
deviation (SD) unit increase in self-reported SCT was associ-
ated on average with 0.26 SD higher depression scores and
0.12 SD higher inattentive scores in adulthood, while self-

Table 5 Standardized regression

coefficients for of youth parent-
reported symptom dimensions
when regressed separately on
adult outcomes using parent-
reported SCT

Parent-reported sluggish cognitive tempo symptoms

Psychopathology Estimate Standard error 95% C1 t-value p value
Response variable: adult SR inattention symptoms

Parent-reported inattention 0.03 0.02 [-0.03, 0.08] 1.74 0.0830
Parent-reported SCT 0.03 0.03 [-0.03, 0.52] 0.87 0.3867
Response variable: adult SR hyperactivity-impulsivity symptoms

Parent-reported HI 0.06 0.02 [0.03, 0.10] 342 0.0007
Parent-reported SCT —0.01 0.03 [-0.06, 0.04] 0.34 0.7368
Response variable: adult SR depression symptoms

Parent-reported depression 0.17 0.05 [0.08, 0.27] 3.64 0.0003
Parent-reported SCT —0.08 0.05 [-0.18, 0.02] 1.66 0.0989

Note. Bold indicates statistical significance after adjustment for 12 tests at a 5% false discovery rate. Covariates
include sex, age at Wave one and two, maternal education, log of total family income, and race-ethnicity. HI

hyperactive-impulsive, SCT sluggish cognitive tempo, SR self-report
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reported depression predicted 0.13 SD higher depression
scores in adulthood. Interestingly, self-reported SCT had a
higher association with later depression than childhood de-
pressive symptoms.

The strong associations found in this study are consistent
with the view that SCT is closely aligned with depression.
When assessing for both SCT and depression, the current
findings, however, suggest that SCT does not provide addi-
tional prediction of depression when regressed simultaneously
with youth depressive symptoms. This is in contrast to the one
longitudinal that found SCT in childhood (pre-school to
second grade) uniquely predicted depression in adolescence
(ninth grade; Becker et al., 2018). However, that study did not
include childhood depression symptoms when regressing in-
ternalizing symptoms on SCT. The findings in the current
study show the importance of simultaneous regression with
both SCT and depressive symptoms when examining later
internalizing psychopathology. Becker et al. (2019) suggested
SCT may be a precursor to depression; however, this study
only examined SCT and depression across a 6-month interval.
There is a clear need for further longitudinal studies examin-
ing the relationship between SCT and depression.

Inattention Despite SCT originating from ADHD research,
more and more evidence has accumulated to conclude they
are distinct, though related constructs. When accounting for
FDR, SCT did not predict later inattentive symptoms when
inattentive symptoms were simultaneously regressed on SCT
and inattention, though when regressed separately, self-
reported SCT predicted a 0.12 SD higher rate of inattentive
symptoms in adulthood. This suggests a small, but significant
association and continues to move the field towards the pos-
sibility of SCT as a distinct construct that may affect, but is not
part of, ADHD symptoms. Very little work has examined
what the underlying mechanisms are behind SCT, with one
neuroimaging study finding SCT symptoms were more
strongly associated with abnormal activity in posterior net-
works related to impaired orienting and shifting of attention,
which is different than the frontal-parietal networks often ev-
ident in ADHD (Fassbender et al., 2015). This supports the
differentiation between SCT and ADHD. In addition, Moruzzi
et al. (2014) found that a small set of SCT items were genet-
ically and environmentally correlated to ADHD symptom do-
mains, but were distinct domains. From the little evidence
gathered about the etiology of SCT, it is clear there are dis-
tinctions between SCT and ADHD as constructs, though fur-
ther work is needed to not only understand these distinctions,
but to also further understand SCT.

Hyperactivity-Impulsivity Unsurprisingly, SCT in youth did
not predict later hyperactivity-impulsivity symptoms in adult-
hood. This follows a long line of evidence showing that SCT
and externalizing behaviors, like hyperactivity and

@ Springer

impulsivity, are not associated and even negatively associated
when accounting for inattentive symptoms (Becker et al.,
2016; Lee et al., 2014). SCT was significantly correlated with
hyperactivity-impulsivity, but this was a weak association for
self-report of SCT. Surprisingly, parent-reported SCT and
hyperactivity-impulsivity were moderately correlated (r=
0.40). Parent- and self-report of SCT are not invariant across
reporters, and it has been suggested that parents may report
more behavioral symptoms (e.g., sleepiness, slow behaviors)
while self-report may better encapsulate the internalizing as-
pects (e.g., daydreaming, mental confusion, apathy; Smith
et al., 2018). Still, it is unexpected that slow behaviors would
be associated with hyperactivity-impulsivity and may be due
to the large sample size and common method variance.
Additionally, parent-reported SCT did not predict later hyper-
activity-impulsivity, though the most consistent finding across
analyses was that parent-reported hyperactivity-impulsivity in
childhood and adolescence predicted higher levels of self-
reported hyperactivity-impulsivity in adulthood despite the
cross-rater aspect of these analyses.

SCT Through an Internalizing Lens

While the above data demonstrate that SCT in childhood is
predictive of later depression, it does not provide evidence that
SCT is a necessary additional construct in the internalizing
domain independent of depression. Of course, the present
work is not an ideal test for that. Given that homotypic conti-
nuity (construct predicting the same construct) is typically
greater than heterotypic continuity (construct predicting a dif-
ferent construct; Lahey et al. 2014) it is not surprising that
childhood depression was a better predictor of adult depres-
sion than childhood SCT. Currently SCT is not included in a
diagnostic nosology and one might argue that the strong cor-
relation between SCT and depression supports the belief that
SCT may be part of the internalizing domain of psychology
(Becker & Willcutt, 2019). SCT has also consistently been
associated with inattention, which has been considered part
of the externalizing domain (Lahey et al., 2017). Thus, SCT
is an example of a symptom group that is positively associated
with both internalizing and externalizing and may contribute
to the frequently observed positive correlation between inter-
nalizing and externalizing disorders. The field of psychology
had historically used categorical taxonomy to define and un-
derstand psychopathology, however, a growing body of re-
search is suggesting that psychopathology should be under-
stood in a dimensional, hierarchical approach (Kotov et al.,
2017; Lahey et al., 2017). This work indicates that psychopa-
thology is structured hierarchically with a general psychopa-
thology factor that contributes to higher-order externalizing
and internalizing dimensions that subdivide into more specific
dimensions (Kotov et al., 2017; Lahey et al., 2017).
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Correlations between psychopathological constructs are due
to the shared ectiology of these dimensions or hierarchy of
causal influences (Kotov et al., 2017; Lahey et al., 2017).
This occurs both within and across internalizing and external-
izing domains.

Previous work suggests that SCT may constitute a first-
order dimension that could prove to be part of the higher order
internalizing factor, as there are strong correlations between
SCT and depression, as well as associations with internalizing
behaviors such as withdrawal, rumination, suicidal ideation,
emotion dysregulation, and isolation (Becker et al., 2017,
2018, 2020; Ward et al., 2019). Additionally, when control-
ling for ADHD, SCT is negatively associated with externaliz-
ing symptoms while ADHD inattentive symptoms are consis-
tently associated with higher externalizing behaviors, further
suggesting that the two constructs should be included on the
internalizing and externalizing domains respectively (Becker
& Barkley, 2018; Becker et al., 2016). When using the hier-
archical model of psychopathology, correlations across do-
mains is expected, though first-order dimensions within a
higher-order factor have stronger correlations with each other
(Lahey et al., 2017). This fits with the current findings, as SCT
is strongly associated with depression and weakly to moder-
ately associated with inattention and hyperactivity-impulsivi-
ty. As such, researchers should evaluate SCT within hierar-
chical models of psychopathology to understand whether SCT
is indeed part of the internalizing domain of psychopathology
and how it is associated within this framework with inattentive
symptoms. The extent to which SCT shows unique predictive
validity of other internalizing symptoms remains an open
question.

Limitations and Future Directions

Several limitations should be considered. First, we did not
collect parent-report of adult symptoms so could not run
cross-rater analyses for self-reported SCT and depression.
The estimates with self-reported SCT and depression found
in this study may be partially inflated due to common method
variance. This also may contribute to the fact that parent-
reported inattentive symptoms in childhood did not predict
self-reported inattentive symptoms in adulthood. The Wave
two sample over-selected participants who had higher rates
of psychopathology at Wave one. Therefore, it is possible that
the psychopathology ratings at Wave two might have
regressed toward the mean, possibly biasing the results. It is
important to note, however, that the rates of ADHD (5.0%)
and depression (11.4%) were both in the normative range.
Additionally, as is common across psychopathology, SCT
and depression share similar items. In this study, although
items may be conceptually similar, SCT and depression did
not have overlapping items, though the similarity in their

conceptualization likely increase the associations between
the factors. Further work should assess the association and
distinction of SCT from low physiological arousal, negative
affect, anhedonia, and related constructs to further understand
the association and distinction between SCT and depression.

Importantly, although a strength of this study is the use of
both parent- and self-report of SCT, future work should in-
clude teacher ratings of SCT as they may have a unique per-
spective and ability to assess how SCT affects behavior. For
example, previous research has shown teacher-reported SCT
was associated with shyness while parent- and self-reported
SCT were not (Saez et al., 2019). Shyness may be a behavior
better captured in the school-setting as teachers often see chil-
dren interacting with peers and is important to assess as this
may be associated with withdrawal and depressive symptoms.
The effects found in this sample are small, which we may have
been able to detect due to our large sample size. To account for
this, we adjusted for statistical significance at a 5% false dis-
covery rate. Despite the smaller effect sizes, these findings are
clinically meaningful and build upon prior research suggest-
ing SCT may be more related to internalizing domains like
depression than previously thought.

Twins tend to have somewhat higher levels of ADHD
symptoms, possibly because of lower birth weights
(Ehringer et al., 2006). However, correlations among symp-
toms of psychopathology are similar for twins and non-twins,
suggesting a small difference between twins and singletons
(Rutter & Redshaw, 1991). It is important to note the many
future directions that are possible with twin data, including
examination of shared and non-shared genetic and environ-
mental variance associated with SCT. Becker et al., 2016 has
called for further study of the etiology of SCT and the use of
twin data in future studies would help with this call.

This was the first study to use an interview format to assess
SCT symptoms. Although it is still unclear whether SCT
should be considered a psychological disorder, there are many
strengths to assessing psychological constructs through inter-
view instead of a rating scale. Although this interview did not
include all 13 items of SCT found in a recent metanalysis
(Becker et al., 2016), we were able to include 11 of the 13
symptoms. Additionally, the interviewer was able to assure
the respondent (parent or self) endorsed symptoms based on
impairment, frequency, and severity.

Conclusions

This was the first study to examine whether SCT in childhood
and adolescence predicted psychopathology in adulthood. As
excepted, SCT and depression were strongly correlated con-
currently in childhood and adolescence, with both separately
predicting adulthood depressive symptoms. These findings
are consistent with the hypothesis that SCT may be considered
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under the internalizing domain of psychology, but this has not
been tested using hierarchical models of psychopathology.
Further work is needed to assess etiology, impairment from
a prospective perspective, prevention, and treatment of SCT.
Importantly, these future studies need to do so with multiple
reporters, particularly self-report if SCT is indeed an internal-
izing construct, and with a longitudinal perspective.
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