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ABSTRACT

BACKGROUND: Motor abnormalities, such as psychomotor agitation and retardation, are widely recognized as core
features of depression. However, it is not currently known whether motor abnormalities connote risk for depression.
METHODS: Using data from the Adolescent Brain Cognitive Development (ABCD) Study, a nationally representative
sample of youth (N = 10,835, 9-11 years old), the present paper examines whether motor abnormalities are
associated with 1) depression symptoms in early adolescence, 2) familial risk for depression (familial risk loading),
and 3) future depression symptoms. Motor abnormality measures included traditional (DSM) motor signs such as
psychomotor agitation and retardation as well as other motor domains such as developmental motor delays and
dyscoordination.

RESULTS: Traditional motor abnormalities were less prevalent (agitation = 3.2%, retardation = 0.3%) than nontra-
ditional domains (delays = 13.79%, coordination = 35.5%) among adolescents. Motor dysfunction was associated
with depression symptoms (Cohen’s d = 0.02 to 0.12). Familial risk for depression was related to motor abnormalities
(Cohen’s d = 0.08 to 0.27), with the exception of motor retardation. Family vulnerability varied in sensitivity to
depression risk (e.g., retardation: 0.53%; dyscoordination: 32.05%). Baseline endorsement of motor abnormalities
predicted future depression symptoms at 1-year follow-up.

CONCLUSIONS: These findings suggest that motor signs reflect a novel, promising future direction for examining

vulnerability to depression risk in early adolescence.
https://doi.org/10.1016/j.bpsgos.2021.06.011

Major depressive disorder is one of the leading causes of
disability in the world, indicating that depression is both a
serious public health concern and an economic burden (1).
Although treatments exist, they have modest response rates
(approximately 40%-50% remission) (2,3). In response to this
problem, a growing literature suggests that early identification
of this disorder and targeted interventions may reduce the
rates and course of depression (4,5). Current approaches to
assessing risk in depression focus on familial risk, emotion,
cognition, or psychosocial factors (6-8). However, these risk
assessments omit motor signs, despite psychomotor slowing
and agitation being characteristic features of depression (9),
and the sensitivity of motor behaviors signal changes in un-
derlying neural circuitry (10-12). As a result, motor abnormal-
ities may be a valuable early marker of vulnerability (11,13).
Indeed, pediatric practice has long depended on the use of
early motor milestones as a sensitive marker of disturbances in
development (14). In other psychopathology, such as psy-
chosis, distinct motor abnormalities have served as strong
indicators of early vulnerability as well as emerging brain
dysfunction (15-22). There is some evidence to suggest that
motor abnormalities may predict a severe course of depression
in older adults (11,23-25) and that motor abnormalities show
promise for the notion of an early biomarker application (26).
However, it is not known whether motor abnormalities are

associated with vulnerability for depression in early adoles-
cence. Early adolescence is a critical developmental period
when symptoms first emerge, making it an ideal period for
identifying markers of vulnerability for the disorder (27,28).
Unfortunately, the relationship of motor abnormalities to
depression in adolescence remains poorly characterized (15).
In addition, it is not clear which motor signs might be most
relevant in adolescence. Finally, motor signs may be a marker
that could predict a symptom course starting in early
adolescence.

Current neurobiological models of depression suggest that
many depression symptoms may be related to a long-term
downregulation of dopamine impacting interrelated, parallel
circuits (e.g., affective, associative, and motor) (10,11,29).
Recent literature also suggests that disturbances in these
parallel circuits may have synergistic impacts on clinical defi-
cits across emotion, cognition, and motor behaviors (30).
Regardless of the exact source of the pathophysiology (31), it
is clear that any such disturbance may also impact motor
behavior, alongside cognitive and affective circuits. As a result,
motor signs can be a clinically significant risk marker that
should be considered alongside traditional cognitive, herita-
bility, and affective markers.

Among the adult literature, motor signs have been viewed
as core components of depression for decades (9). Extant
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research highlights the potential for motor abnormalities to be
crucial behavioral markers that relate to greater symptom
severity (23,24,27), worsening course (25,32), lower quality of
life (24), and worse response to antidepressant treatment
(33,34). However, in developmental literature, it remains un-
known whether these motor abnormalities are merely epiphe-
nomena or reflect a marker of vulnerability for depression (15).
Furthermore, it is not clear whether psychomotor agitation and
psychomotor retardation are the ideal markers of vulnerability
in early adolescence or whether other motor markers may be
more relevant earlier in development.

Early depression vulnerability may be marked by delays in
meeting developmental motor milestones (e.g., sitting upright,
rolling over, walking) (35). Indeed, infants of depressed
mothers exhibited developmental motor delays (36,37), and
such delays have predicted symptoms several decades later in
adulthood (16,38). While these studies provide strong evidence
of developmental motor delays as a vulnerability marker, it is
not clear whether developmental motor delays confer addi-
tional sensitivity to vulnerability measures over traditional
motor signs or reflect the same general vulnerability. In addi-
tion to developmental motor delays, developmental coordina-
tion disorder (a childhood movement disorder) has been
related to high levels of childhood depression (39,40) and
future depression in adulthood (41,42). In a parallel line of work,
adults with depression with psychotic features have also
shown motor dyscoordination (43), which suggests that dys-
coordination may be relevant marker of vulnerability for this
disorder. Therefore, an expanded list of motor abnormalities
may be a useful marker of symptoms, onset, or risk.

In addition to a limited set of motor abnormalities, there has
been no comprehensive or comparative assessment of motor
abnormalities and vulnerability to depression in a single sam-
ple. Comparing motor abnormality prevalence across current
depression, familial risk for depression, and future depression
may indicate whether motor abnormalities reflect inherited
mechanisms (familial risk loading for depression) or the pres-
ence of active disease processes (current depression) (44).
Although some extant literature suggests the heritability of
specific motor signs (27), little is known whether motor ab-
normalities reflect a stable vulnerability or track early emerging
symptoms in adolescence. Examining multiple facets of
vulnerability in a single study will thus aid in assessing whether
motor abnormalities may be potential psychiatric endopheno-
types of depression vulnerability.

Large, representative, and longitudinal samples of adoles-
cents, such as the Adolescent Brain Cognitive Development
(ABCD) Study, provide a unique opportunity to assess the
relevance and sensitivity of motor signs to depression
vulnerability. To date, studies using the ABCD dataset have
largely focused on the contribution of health behaviors [i.e.,
sleep (45), body mass index (46), exercise (47,48)], environ-
ment [i.e., stress (49), socioeconomic status (50,51)], or indi-
vidual traits [i.e., familial risk loading (52-54), race (50,51)] to
depression. Far fewer of these studies have examined specific
depression symptoms over time (55), and none have examined
the potential relationship of motor abnormalities to concurrent
depression, familial risk for depression, or future risk for
depression. The current study leverages the nationally repre-
sentative samples of young adolescents in the ABCD Study to
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answer several heretofore unanswered questions about the
relevance of motor signs in this critical developmental period.
First, we determined the prevalence of motor abnormalities in
adolescents in general and in those with depression using
both traditional (psychomotor agitation, psychomotor retar-
dation) and novel (developmental motor delays, dyscoordina-
tion) motor measures, thus examining the utility of expanding
the traditional motor signs to include developmental motor
delays from early life and dyscoordination. We hypothesized
that motor signs will be present in adolescence and more
prevalent among individuals with emerging depression or risk
for depression. Importantly, given the age of the sample and
the age window for when depression typically has its onset
(56), many individuals in ABCD will have not yet passed
through the peak risk window for full depression onset.
Therefore, in the current study, we examined depressive
symptoms dimensionally and hypothesized that individuals
who endorsed a motor sign will have a greater nhumber of
depression symptoms. Second, we tested whether motor
abnormalities are familial vulnerability factors for depression.
This analysis provided insight into which motor abnormalities
track emerging symptoms or mechanisms related to inherited
risk and whether motor abnormalities represent a general
depression vulnerability endophenotype. We hypothesized
that motor signs are related to higher rates of familial vulner-
ability. Finally, we examined the potential utility of motor ab-
normalities at baseline to predict depression symptoms at the
1-year follow-up. We expected youth with motor abnormalities
at baseline to demonstrate higher rates of depression at
follow-up.

METHODS AND MATERIALS

Participants

The ABCD Study included 21 sites across the United States
that collected participants (aged 9-11 years) with a broad
demographic diversity range. All research protocols were in
line with the ethical guidelines laid out by each respective
institutional review board. These guidelines included obtaining
both parents’ informed consent and the children’s assent. The
ABCD Study aimed to track development from childhood
through adolescence to understand factors that may alter
healthy development. In the ABCD Study, self-assessments
were comprehensive and included various measures, such
as automated current diagnoses, dimensional assessments of
current psychopathology symptoms, and familial risk loading
for psychopathology. The present paper takes advantage of
this comprehensive approach by examining each of these
clinical characterizations of depression vulnerability to examine
how each might relate to motor signs. Data were used from
ABCD baseline time point for motor and baseline depression
vulnerability data and 1-year follow-up waves for the longitu-
dinal analyses (https://dx.doi.org/10.15154/1522640).

Measures

Youth Psychopathology Assessments. The Schedule
for Affective Disorders and Schizophrenia for School-Age
Children, Present and Lifetime Version (K-SADS-PL) is a
semistructured parent-child interview designed to assess
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present and lifetime psychopathology (57). K-SADS-PL mea-
sures affective and psychotic impairments on both diagnosis-
specific and global levels and is highly reliable and well
validated; all questions were asked of each participant. The
depression symptoms sum was calculated as a total count of
symptoms that were endorsed (current or in the past), resulting
in a possible score of 0-35 (see the Supplement) (2). In addi-
tion, this assessment produces a spectrum of depression di-
agnoses that are automated and not fully assessed by a
clinician. Therefore, they are not recommended for inclusion in
studies. However, such diagnoses show similar patterns of
findings as the results below. As a result, we have included
these diagnostics in supplemental material but emphasize
caution in their reference and interpretation. For a comparison
of specificity, total social anxiety symptoms were also
compared with motor symptoms.

Motor Assessments. Measurements of motor abnormal-
ities are not a central domain of the ABCD Study. However, 4
items within clinical scales assess past and current motor
abnormalities. These items include 1) early motor develop-
mental delays (ABCD Developmental History Questionnaire), 2)
current symptoms coordination (Child Behavioral Checklist), 3)
psychomotor retardation (K-SADS), and 4) psychomotor
agitation (K-SADS) (Supplement). All motor variables were
coded dichotomously (absence or presence).

Family History Assessment. The Family History Assess-
ment Module Screener (58) screens for the presence/absence
of psychopathological symptoms in first-degree biological
relatives and was completed by parents. A total number of
first-degree relatives (parents or siblings) endorsed as having
depression were used as a proximal measure of familial
loading of risk.

Data Analyses

First, we used a linear regression analyses to examine current
depression symptoms and rates of motor abnormalities (i.e.,
psychomotor agitation, psychomotor retardation, develop-
mental motor delays, dyscoordination), where depression
symptoms was the dependent variable, and stimulant medi-
cation status was a covariate given the impact of stimulants on
motor behavior. Confidence intervals were assessed with 1000
iterations of bootstrapped samples. In developmental symp-
toms, no correction for current medication was applied, and
differences were assessed with a %2 analysis. Second, for the
dependent variable of familial risk, general linear models were
run for each motor abnormality. Diagnostic test characteristics
are reported for all motor measures (Table 1) (59). Third, we
tested whether motor abnormalities at baseline predicted
depression symptoms at a 1-year follow-up in 2 stepwise re-
gressions. All current symptom analyses excluded individuals
on antipsychotics (n = 74). Supplemental analyses that
included these individuals and did not correct for stimulant
medication use yielded similar results (Supplement). In addi-
tion, post hoc parallel analyses were conducted for total social
anxiety symptoms to examine possible specificity
(Supplement). Finally, for each set of analyses (baseline
depression, family history of depression, depression at follow-
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up) we ran multivariate models that include all motor abnor-
mality variables to examine the unique contribution of each
motor abnormality to the depression outcome variable. All
models described above were considered significant if they
passed Bonferroni correction for 4 model comparisons (p <
.0125) (Supplement). Analyses were run in SPSS (version 27;
IBM Corp.) and visualized in R (version 4.0.3; R Foundation for
Statistical Computing).

RESULTS

Prevalence of Motor Abnormalities and Depression
Symptoms in Whole Sample

In the whole sample, 26.9% of individuals endorsed at least
one motor sign, and 3% endorsed two or more motor signs:
1.5% endorsed psychomotor agitation, 0.3% endorsed psy-
chomotor retardation, 8.8% endorsed developmental motor
delays, and 19.3% endorsed dyscoordination (Table 1). The
average depression symptoms endorsed in the whole sample
was 0.74 (SD = 2.44) at baseline and 0.94 (SD = 2.71) at follow-
up; change in number of symptoms endorsed averaged of 0.41
(SD = 3.20). Among individuals who endorsed at least one
depression symptom, the average number of symptoms
endorsed was 5.97 (SD = 4.08) at baseline and 5.79 (SD = 4.13)
at follow-up. For individuals who endorsed at least one
symptom at either time point, the average change in symptoms
was 1.79 (SD = 6.03). Finally, 30.5% of the sample had a first-
degree relative with a depression diagnosis.

Prevalence of Motor Abnormalities and Concurrent
Depression Symptoms

Depression Symptoms and Psychomotor Agitation.
Adolescents who endorsed psychomotor agitation endorsed
more depression symptoms (mean = 1.55, SD = 3.84) than
those who did not endorse psychomotor agitation (mean =0.73,
SD =2.41; Cohen’s d = 0.34; B = 0.08, SE = 0.02, p < .001).

Depression Symptoms and Psychomotor Retardation.
Adolescents who endorsed psychomotor retardation en-
dorsed more depression symptoms (mean = 2.51, SD = 4.40)
than those without psychomotor retardation (mean = 0.76,
SD = 2.43; Cohen’s d = 0.73; B = 0.13, SE = 0.03, p < .001).

Depression Symptoms and Developmental Motor
Milestones Delays. Adolescents with developmental
motor delays endorsed more depression symptoms (mean =
1.18, SD = 3.23) than adolescents with no motor delays (mean =
0.07, SD = 2.43; Cohen’s d = 0.152; t11g52 = 6.07, p < .001).

Depression Symptoms and Dyscoordination. Adoles-
cents who endorsed dyscoordination endorsed more depres-
sion symptoms (mean = 1.49, SD = 3.50) than coordinated
adolescents (mean = 0.56, SD = 2.07; B = 0.12, SE = 0.008,
Cohen’s d = 0.39, p < .001).

Motor Abnormalities Relative Association With
Depression Symptoms

A general linear model with simultaneously entered predictors
demonstrated that motor abnormalities overall were related to
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Table 1. Demographic Metrics: Prevalence Among the Whole Sample, Depression Diagnoses, and Familial History

Categories

Whole Sample Familial History of Depression
Characteristic (N =11,870) Yes (n = 3639) No (n = 8230) Group Comparison Statistics
Age, Months, Mean (SD) 118.95 (7.46) 119.03 (7.46) 118.75 (7.46) t11868 = 1.92, p = .06
Sex, Female 48.00% 47.80% 48.10% x21 =0.14,p=.71
Any Motor Sign 26.9% 31.35% 24.85%
Psychomotor Agitation 1.5% 1.30% 2.00% %%1.11800 = 26.04, p = .001
Psychomotor Retardation 0.3% 0.50% 0.20% X21y11300 =9.08, p = .01
Developmental Motor Delays 8.8% 8.40% 2.60% X21.11662 =5.62,p =.02
Dyscoordination 19.3% 23.30% 17.50% ¥22.11800 = 111.08, p < .001

depression symptoms even after accounting for the variance
related to stimulant medication use (Fs 11646 = 82.49, * = 0.03,
p < .001). All four motor variables were related to number of
depression symptoms endorsed —psychomotor agitation (B =
0.82; 95% Cl, 0.41-0.59; t = 2.55; SE = 0.19; p = .007), psy-
chomotor retardation (B = 1.37; 95% ClI, 0.56-2.19; t = 3.32;
SE = 0.41; p = .001), developmental motor delays (B = 0.43;
95% ClI, 0.27-0.99; t = 5.45; SE = 0.09; p < .001), and dys-
coordination (B = 0.86; 95% ClI, 0.67-1.00; t = 15.20; SE =
0.06; p < .001).

Motor Abnormalities and Familial Risk for
Depression

Familial Risk and Psychomotor Agitation. Endorse-
ment of psychomotor agitation related to a greater familial risk
for depression (B = 0.24, SE = 0.08, p < .001, Cohen’s d =
0.27; psychomotor agitation: mean = 1.55, SD = 3.84; no
psychomotor agitation: mean = 0.73, SD = 2.41) (Figure 1).

Familial Risk and Psychomotor Retardation. Psychomotor
retardation in youth was unrelated to the number of relatives
with a depression diagnosis (B = 0.28, SE = 0.15, p = .07,
Cohen’s d = 0.34).

Familial Risk and Developmental Motor Milestones
Delays. Individuals with delayed motor milestones had more
first-degree relatives with depression (mean = 0.47, SD =
0.759) than individuals who did not experience delays (mean =
0.40, SD = 0.727, t11730 = 2.93, p < .001, Cohen’s d = 0.082).

Familial Risk and Dyscoordination. Endorsement of
dyscoordination related to familial risk for depression (B = 0.22,
SE = 0.029, p < .001, Cohen’s d = 0.19). Individuals who
endorsed current dyscoordination had more first-degree rela-
tives with depression (mean = 1.49, SD = 2.07) than those who
did not endorse dyscoordination (mean = 0.56, SD = 2.867)
(Figure 2).

Motor Abnormalities Relative Contribution to
Depression Familial Vulnerability—Familial Risk
Loading. A general linear model with simultaneously entered
predictors demonstrated that motor abnormalities overall were
related to familial risk for depression, accounting for the vari-
ance related to stimulant medication use (Fs 11646 = 33.18, p <
.001, # = 0.01 3). Three of the four motor variables were each
uniquely related to familial risk for depression—psychomotor
agitation (B = 0.16; 95% Cl, 0.036-0.26; t = 2.58; SE = 0.06,

T Figure 1. Effect size of motor abnormalities by
Depression Symptoms | —_— current depression symptoms and depression fa-
Familial Depression Loading | —le— milial vulnerability measures. Psychomotor agitation:
: green, psychomotor retardation: yellow, develop-
Summary Psychomotor Agitation (KSADS - Yes/No) = i i mental motor delays: red, and dyscoordination
| symptoms: purple. Effect sizes above were trans-
Depression Symptoms - | formed into raw, not model-corrected data; odds
Familial Depression Loading 9 ratios (Table 2) and standard error were transformed
) ] to Cohen’s d using the Michaela package in R; error
Summary Psychomotor Retardation (KSADS - Yes/No) | — bars reflect the standard error; effect sizes were
) | converted to common values using the R Michaela
Depression Symptoms 4| —HB— . . . .
Familial Depression Loading 4 | package (84) and visualized with the metaviz pack-
P 1 & age (85). CBCL, Child Behavior Checklist; DHQ,
Summary Developmental Motor Delay (DHQ) 4 | <& Developmental HI.Story. Questionnaire; . K_SAD.S’
| Schedule for Affective Disorders and Schizophrenia
Depression Symptoms - | = for School-Age Children.
Familial Depression Loading = | =
]
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|
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Dyscoordinated (CBCL - Yes/No) -

Figure 2. Effect size of motor abnormalities at
baseline on depression at 1-year follow-up. Effect
sizes above are raw, not model-corrected data; odds
ratios (Table 2) and standard error were calculated
using the Michaela package in R; error bars reflect
the standard error; effect sizes were converted to
common values using the R Michaela package (84)

Psychomotor Retardation (KSADS - Yes/No) -

and visualized with the metaviz package (85). CBCL,
Child Behavior Checklist; K-SADS, Schedule for Af-
fective Disorders and Schizophrenia for School-Age
Children.

Psychomotor Agitation (KSADS - Yes/No) = ————
Summary Future Symptoms = ‘
0.0 0?5 170 1?5
Cohen's d
p =.007), developmental motor delays (B = 0.06, SE = 0.03, p = DISCUSSION

.02), and dyscoordination (B = 0.13, SE = 0.02, p < .001), while
psychomotor retardation was not (B =0.23, SE=0.17, p =.17).
The test characteristics of motor signs in predicting familial
vulnerability to depression can be found in Table 2.

Motor Abnormalities and Future Symptoms

Depression Symptoms at 1-Year Follow-up. In a
stepwise regression, predicting dimensional depression
symptoms at follow-up, the first step included baseline
symptoms of depression and stimulant uses, and the second
step included baseline motor abnormalities (motor agitation,
motor retardation, and dyscoordination). The overall model
was significant (F4 448 = 38.18, p < .001), and the change
between steps was significant (F-changesesss = 42.25,
rg-change = 0.011, p < .001), indicating that motor abnor-
malities predicted depression symptoms at follow-up over and
above baseline depression symptoms alone. Baseline
depression symptoms significantly contributed to the model
(B =0.146; t = 8.89, partial r = 0.11, p < .001), and all four motor
abnormalities each uniquely predicted follow-up depression
symptoms in a second step (dyscoordination: t = 2.53,
p =.011, B = 0.31; partial r = 0.10; psychomotor retardation: t =
6.80, p < .001, B = 0.088; partial r = 0.084; psychomotor
agitation: t = 2.07, p = .038, B = 0.027; partial r = 0.026)
(Table 2).

Adolescents with motor abnormalities had greater depression
vulnerability. Traditional (psychomotor agitation, psychomotor
retardation) and novel (developmental motor milestones, dys-
coordination) motor signs were related to depression. Similarly,
familial risk loading was related to psychomotor agitation,
developmental motor delays, and dyscoordination in adoles-
cents. In a prospective model, motor abnormalities predicted
future symptoms. Collectively, these analyses suggest that
motor abnormalities are sensitive to depression in adoles-
cence (35) and may provide added benefits when combined
with the traditional depression risk metrics (i.e., cognitive and
affective measures).

All motor abnormalities were endorsed by some adoles-
cents in this sample, but traditional motor measures had a
notably low prevalence compared with other motor abnor-
malities. Developmental motor delays have been reported to
have a prevalence (7%) (60) similar to that in the current
sample (9.6%). Similarly, the rates of dyscoordination in the
current study (19.25%) was similar to the rate of clinically
assessed dyscoordination in previous adolescent studies
(27.72%) (61) and populations studies of Canadian children
(23%) (62). Psychomotor agitation and psychomotor retarda-
tion among adolescents with a current depression diagnosis in
the present study (0.3%-3.2%) (Supplement) were substan-
tially lower than the prevalence among adults with the

Table 2. Test Characteristics of Motor Abnormalities for Detecting Depression Diagnoses

Familial MDD, Overall
Motor Abnormalities History/None Prevalence Sensitivity Specificity PPV NPV OR
Any Motor Sign 1141/2045 27.33% 32.05% 74.75% 35.81% 71.45% 1.40
2+ Motor Signs 111/166 3.17% 4.39% 97.33% 40.07% 71.45% 1.67
Psychomotor Agitation 72/105 1.50% 2.00% 98.72% 40.68% 69.66% 1.57
Psychomotor Retardation 19/18 0.31% 0.53% 99.78% 51.35% 69.57% 2.41
Developmental Motor Delays 447/680 9.58% 12.21% 91.61% 39.66% 69.78% 1.52
Dyscoordination 839/1432 19.25% 23.32% 82.54% 36.94% 71.05% 1.44

MDD, major depressive disorder; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value.
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diagnosis (34%—-63%) (11,63-65). This difference across
development may suggest that motor abnormalities develop
over the symptom course. Alternatively, psychomotor agitation
and psychomotor retardation may be masked by neuro-
developmental processes, such that motor abnormalities
become more salient in adulthood. Motor abnormalities may
also take alternative forms in adolescence, as dyscoordination
had a prevalence of 35.5% among individuals with depression,
which was more consistent with the prevalence of adult motor
disturbance (39,40,42,66). Traditional motor measures did,
however, show high negative predictive value that may be
useful to distinguish individuals without the diagnosis from a
larger pool of potential patients. Concurrent symptoms also
related to motor abnormalities, consistent with studies that
have linked single motor measures to patient symptom
severity in adults (16,23,24,38). In addition, supplemental an-
alyses demonstrate that traditional motor metrics (psycho-
motor agitation and retardation) may have a less specific
relationship to depression, as they relate to endorsements of
psychomotor agitation, but novel motor measures (dyscoor-
dination and motor milestones) did not show a similar rela-
tionship to social anxiety (Supplement). As a result, the
addition of novel motor abnormalities, i.e., dyscoordination,
increased sensitivity and specificity to disorder vulnerability
beyond traditional measures.

Familial risk loading was related to the endorsement of
psychomotor agitation, developmental motor delays, and
dyscoordination; it had similar effect sizes to depression
symptoms. Thus, motor abnormalities may not reflect the
presence of depression alone but a general depression
vulnerability. These findings are consistent with motor abnor-
malities in infants, children, and adolescents with familial risk
for depression (27,36,37,67,68) but build upon these findings
by demonstrating the relevance of multiple motor metrics to
familial risk loading in adolescence. However, it is notable
that the current study is unable to disambiguate environmental
influences from genetic influences, and more studies
(e.g., genome-wide association study, twin studies) are
needed to test whether motor abnormalities are potential
endophenotypes.

Endorsement of motor abnormalities at baseline predicted
future depression symptoms independent of baseline
depressive symptoms consistent with adult research
(17,27,34,38,69). These results provide convincing evidence
for the clinical significance of motor abnormalities, even with a
relatively short follow-up period of 1 year. Notably, the age of
the sample at follow-up is earlier than the peak onset window
for disorder (56), suggesting that motor abnormalities may
connote early (and perhaps more chronic) risk for depression.
In supplemental analyses (Supplement) (17, 57-59), a
discriminant function yielded similar accuracy as a previously
published motor discriminant function in adult samples that
discriminated healthy individuals from those with depression at
follow-up (64). Importantly, many of the motor abnormalities
provided a unique predictive contribution to the model, sug-
gesting that expanding motor measure may improve sensitivity
to predicting future disorder onset and course. The variability
of the motor abnormalities in terms of specificity and sensitivity
to depression may explain why each motor measure showed
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an added benefit in classifying individuals having depression.
As a result, motor measurements, both traditional and novel,
show promise as early markers of risk for disorder onset and
course.

Generally, motor abnormalities were related to depression,
but psychomotor retardation had a limited relationship to
baseline familial risk, contrary to adult literature, which em-
phasizes the importance of psychomotor retardation
(13,28,24,32,37,70-77). However, these studies often measure
psychomotor retardation directly (e.g., actigraphy) rather than
via self-reports, which may underestimate the prevalence of
this symptom in the ABCD Study. Psychomotor retardation
did, however, show utility in predicting concurrent and future
symptom course at 1-year follow-up, highlighting its potential
in clinical utility. These latter findings are consistent with re-
ports that psychomotor retardation may highlight a subgroup
of the most severe patients or only mark individuals at risk for
severe course (17,27,34,38,69). Taken together, psychomotor
retardation may have limited utility as an early clinical vulner-
ability feature but may connote risk for a more severe course
and thus warrant early screening to identify those most in need
of intervention.

The exact mechanisms of motor disturbance in depression
are currently still debated. Some models suggest that hyper-
activity in cortical structures, subgenual anterior cingulate
cortex and basal lateral amygdala signals the nucleus
accumbens to drive a downregulation of dopamine input to
cortical regions in the ventral tegmental area (10,11,29,30).
This hypodopaminergic state leads to long-term decrease in
dopaminergic gain, which may manifest as decreased volition,
movement, and hedonics among other motoric, cognitive, and
affective symptoms (30). Some researchers suggest that
reduced metabolism of catecholamine leads to psychomotor
agitation type motor signs (11), or reduction of dopamine in
particular leads to psychomotor retardation (11,30). Others
propose that tuning of excitability of these circuits, in general
(30) or among interneurons in particular (10), during develop-
ment will result in motor, cognitive, and affective symptoms.
This model suggests that motor signs may be a risk marker
that may have sensitivity to depression risk alongside tradi-
tional cognitive and affective measures (11). The current study
provides support for this model and suggests that motor may
provide additional sensitivity to emerging psychopathology in
early adolescence.

Although the study had several notable strengths, it is
important to note key limitations. First, these analyses may
overestimate the sensitivity of psychomotor agitation and
psychomotor retardation as they are included in the symptom
sum. However, these motor signs were independent of the
measure used to assess risk for this disorder, which also
showed a comparable effect size. Second, all of the current
motor behavior measures were single items, self-report of
motor signs, limiting the sensitivity of motor measures (relative
to controlled laboratory assessments) to ones that are salient
to participants. This limitation is particularly notable as many
motor behavioral measures are readily available, e.g., force
variability and velocity scaling (13,78). Existing literature dem-
onstrates that behavioral measures are more sensitive at
identifying motor symptoms than observation or self-report
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measures alone (79,80). It is also notable that the motor items
were included in both self- and parental reports, and it is
possible that parental reports of motor milestone delays and
dyscoordination were less stringent than self-reports of psy-
chomotor slowing and agitation. However, it is also possible
that the parental reports may be a more sensitive measure of
dyscoordination as their assessment reflects a number of
observations of this phenomenon in several of contexts. In
addition, parental report of abnormalities may be biased by
parental psychopathology or concerns regarding psychopa-
thology in the child. Next, it is notable that the small effect
sizes and test characteristics suggest that self- and parental
reports of motor behavior alone will not be sufficient to assess
risk for depression. Instead, motor may confer some additional
benefit as a part of a larger risk battery. However, the current
effect sizes (odds ratios [ORs]: 1.40-2.41) are within a similar
range to other risk markers of depression (81) including
genome-wide associations of depression (OR = 1.35) (82),
single nucleotide polymorphisms/single candidate genes
(OR = 1.15) (82), severe irritability (OR = 1.33) (83), and current
parental depression (maternal OR = 1.99; paternal OR = 1.45)
(53). Finally, although depression in the current paper is treated
as a singular outcome, we recognize that the depression is
heterogeneous that reflects a number of complex profiles.
Future studies should consider examining the specific features
of depression rather than aggregating over this heterogeneous
group.

In conclusion, motor abnormalities show promise as an
early marker of vulnerability to depression, as these markers 1)
discriminated between individuals with depression and the
general population, 2) predicted familial risk loading, and 3)
prospectively predicted worsening symptoms and onset. This
study also demonstrated the utility of expanding motor ab-
normality metrics beyond psychomotor agitation and psy-
chomotor retardation to increase the sensitivity to a broader
set of more developmentally relevant motor issues, including
developmental motor delays and dyscoordination.
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