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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 if 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 (a) depression symptoms in early adolescence,
(b) familial risk for depression (familial risk loading), and (c) future depression symptoms.
Motor abnormalities 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 non-traditional domains (delays=13.79%, coordination=35.5%) among adolescents. Motor
dysfunction was associated with depression symptoms (Cohen’s ds=0.02 to 0.12). Familial risk
for depression was related to motor abnormalities (Cohen’s ds=0.08 to 0.27), with the exception
of motor retardation. Family vulnerability varied in sensitivity to depression risk (e.g., retardation:
.53%; dyscoordination: 32.05%). Baseline endorsement of motor abnormalities predicted future
depression symptoms at one-year follow-up.
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Conclusions: These findings suggest that motor signs reflect a novel, promising future direction
for examining vulnerability to depression risk in early adolescence.

Introduction

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 economic burden[1]. Although
treatments exist, they have modest treatment 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 underlying neural
circuitry[10-12]. As a result, motor abnormalities 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 psychosis, 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 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 if motor abnormalities are
associated with vulnerability for depression in early adolescence. Early adolescence is a
critical developmental period where 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].
Additionally, 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 inter-related, 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 deficits
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, heritability,
and affective markers.

Among the adult literature, motor signs have been viewed as core components of
depression for decades[9]. Extant research highlight 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 unknown whether these
motor abnormalities are merely an epiphenomena or reflect a marker of vulnerability for
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depression[15]. Furthermore, it is not clear if psychomotor agitation and psychomotor
retardation are the ideal markers of vulnerability in early adolescence or if 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 if
developmental motor delays confer additional sensitivity to vulnerability measures over
traditional motor signs or reflect the same general vulnerability. In addition to developmental
motor delays, developmental coordination 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 dyscoordination may be
relevant marker of vulnerability for this disorder. As such, 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 to vulnerability to depression in a single
sample. 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 presence of active disease
processes (current depression)[44]. Though some extant literature suggests the heritability
of specific motor signs[27], little is known whether motor abnormalities 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 endophenotypes of depression vulnerability.

Large, representative, and longitudinal samples of adolescents, such as the Adolescent
Brain Cognitive Development (ABCD study), provide a unique opportunity to assess the
relevance and sensitivity of motor signs to vulnerability to depression. To date, ABCD
studies have largely focused on the contribution of health behaviors (i.e., sleep[45],
BMI[46], exercise[47, 48]), environment (i.e., stress[49], SES[50, 51]), or individual 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. This study leverages the nationally representative
samples of young adolescents in the ABCD study to 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 retardation)
and novel motor measures (developmental motor delays, dyscoordination), 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

Biol Psychiatry Glob Open Sci. Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Damme et al. Page 4

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 number 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 vulnerability. Finally, we examined the potential utility of
motor abnormalities 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.

Materials and Methods

Participants.

The ABCD study included 21 sites across the United States who 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
(DOI: 10.15154/1519065). These guidelines included obtaining both the 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 was used
from ABCD baseline timepoint for motor and baseline depression vulnerability data and
one-year follow-up waves for the longitudinal analyses.

Measures.

Youth Psychopathology Assessments.—The Schedule for Affective Disorders and
Schizophrenia for School-Age Children, Present and Lifetime Version (K-SADS-PL)

is a semi-structured parent-child interview designed to assess present and lifetime
psychopathology[57]. K-SADS-PL measures 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 to 35[see Supplemental Information (SI), 2]. Additionally, this assessment produces a
spectrum of depression diagnoses that are automated and not fully assessed by a clinician.
As such, 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
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interpretation. For a comparison of specificity, total social anxiety symptoms were also
compared to motor symptoms.

Motor Assessments.—Measurements of motor abnormalities are not a central domain

of the ABCD study. However, four items within clinical scales assess past and

current motor abnormalities. These items include (a) early motor developmental delays
(ABCD Developmental History Questionnaire), (b) current symptoms coordination (Child
Behavioral Checklist), (c) psychomotor retardation (KSADS), and (d) psychomotor agitation
(KSADS), SI. All motor variables were coded dichotomously (absence or presence).

Family History Assessment.—The Family History Assessment Module Screener
(FHAM-S[58]) screens for the presence/absence of psychopathological symptoms in first-
degree biological relatives and were 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 to rates of motor abnormalities (i.e., psychomotor agitation, psychomotor
retardation, developmental motor delays, dyscoordination) where depression symptoms

was the dependent variable and stimulant medication status was a covariate given the

impact of stimulants on motor behavior. Confidence intervals were assessed with 1,000
iterations of bootstrapped samples. In developmental symptoms, no correction for current
medication was applied and differences were assessed with a chi-square 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 2[59].
Third, we tested whether motor abnormalities at baseline predicted depression symptoms at
a one-year follow-up in two stepwise regressions. 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 (SI). Additionally,
post-hoc parallel analyses were conducted for total social anxiety symptoms to examine
possible specificity (SI). Finally, for each set of analyses (baseline depression, family history
of depression, depression at follow-up) we ran multivariate models that including all motor
abnormality variables in order 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, SlI). Analyses were
run in SPSS version 27 and visualized in Rv4.0.3.

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
psychomotor retardation, 8.8% endorsed developmental motor delays, and 19.3% endorsed
dyscoordination, Table 1. The average depression symptoms endorsed in the whole sample
at baseline was 0.74 (StD=2.44) and 0.94 (StD=2.71) at follow up; change in number of
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symptoms endorsed averaged of 0.41 (StD=3.20). Among individuals who endorsed at least
one depression symptom, the average number of symptoms endorsed was 5.97 (S5tD = 4.08)
and 5.79 (S5tD=4.13) at follow up. For individuals who endorsed at least one symptom at
either timepoint, the average change in symptoms was 1.79 (StD=.6.50). 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, M=1.55, SD=3.84, compared
to those who did not endorse Psychomotor agitation, M=0.73, SD=2.41; Cohen’s d=0.34;
B=0.08, SEF=.02, p<.001.

Depression Symptoms and Psychomotor Retardation.—Adolescents who
endorsed psychomotor retardation endorsed more depression symptoms, M=2.51, SD=4.40,
compared to those without psychomotor retardation, M=0.76, SD=2.43; Cohen’s d=0.73;
B=0.13, S£=0.03, p<.001.

Depression Symptoms and Developmental Motor Milestones Delays.—
Adolescents with developmental motor delays endorsed more depression symptoms,
M=1.18, SD=3.23, compared to adolescents with no motor delays, M=0.07, SD=2.43,
Cohen’s d=0.152; £11652)=6.07, p<.001.

Depression Symptoms and Dyscoordination.—Adolescents who endorsed
dyscoordination endorsed more depression symptoms, M=1.49, SD=3.50, compared to
coordinated adolescents, M=0.56, SD=2.07; B=0.12, S£=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 depression symptoms even after accounting for the
variance related to stimulant medication use, A5,11646)=82.49, 2=.03, p<.001. All four
motor variables were related to number of depression symptoms endorsed - psychomotor
agitation (B=0.82, 0.41-0.59 95% C.1., £=2.55, S£=0.19, p=.007), psychomotor retardation
(B=1.37, 0.56-2.19 95% C.1., £=3.32, SE=0.41, p=.001), developmental motor delays
(B=0.43, 0.27-0.99 95% C.I., £5.45, SE£=0.09, p<.001) and dyscoordination (B=0.86, 0.67—
1.00 95% C.1., £15.20, SE=0.06, p<.001).

Motor Abnormalities and Familial Risk for Depression.

Familial Risk and Psychomotor Agitation.—Endorsement of psychomotor agitation
related to a greater familial risk for depression, B=0.24, S£=.08, p<.001, Cohen’s d=0.27;
psychomotor agitation: M=1.55, SD=3.84; no psychomotor agitation: M=0.73, SD=2.41).

Familial Risk and Psychomotor Retardation.—Psychomotor retardation in youth was
unrelated to the number of relatives with a depression diagnosis, B=0.28, S£=0.15, p=.07,
Cohen’s d=0.34.
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Familial Risk and Developmental Motor Milestones Delays.—Individuals with
delayed motor milestones had more first-degree relatives with depression (M=0.47,
SD=.759) than individuals who did not experience delays (M=0.40, SD=.727),
#(11730)=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=.029, p<.001, Cohen’s d=0.19. Individuals who
endorsed current dyscoordination had more first-degree relatives with depression (M=1.49,
SD=2.07) than those who did not endorse dyscoordination (A#=0.56, SD=2.867).

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 variance related to stimulant medication use,
A5,11646)=33.18, p<.001, r°=.013. Three of the four motor variables were each uniquely
related to familial risk for depression - psychomotor agitation (B=0.16, 0.036—0.26 95%
C.l., =258, SE=0.06, p=.007), developmental motor delays (B=0.06, S£=0.03, p=.02),
and dyscoordination (B=0.13, S£=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 One-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, A4, 6448)=38.18, p<.001, and the change between steps was significant
(F-change(4, 6448)=42.25, #~change=011, p<.001), indicating that motor abnormalities
predicted depression symptoms at follow-up over and above baseline depression symptoms
alone. Baseline depression symptoms significantly contributed to the model (8= .146,
£=8.89, partial r=.11, p<.001), and all four motor abnormalities each uniquely predicted
follow-up depression symptoms in a second step (dyscoordination: =2.53, p=.011,

$=0.31; partial r=.10; psychomotor retardation: £6.80, p<.001, =0.088; partial r=.084,
psychomotor agitation: £2.07, p=.038, =0.027; partial r=.026), Table 2.

Discussion

Adolescents with motor abnormalities had greater depression vulnerability. Traditional
(psychomotor agitation, psychomotor retardation) and novel (developmental motor
milestones, dyscoordination) motor signs were related to depression. Similarly, familial

risk loading was related to psychomotor agitation, developmental motor delays, and
dyscoordination in adolescents. In a prospective model, motor abnormalities predicted future
symptoms. Collectively, these analyses suggest that motor abnormalities are sensitive to
depression in adolescence[35] and may provide added benefits when combined with the
traditional depression risk metrics (i.e., cognitive and affective measures).
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All motor abnormalities were endorsed by some adolescents in this sample, but traditional
motor measures had a notably low prevalence compared to other motor abnormalities.
Developmental motor delays have been reported to have a similar prevalence (7%) [60]

to the prevalence 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 retardation among adolescents with

a current depression diagnosis in the present study (0.3—-3.2%; see SI) were substantially
lower than the prevalence among adults with the 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 neurodevelopmental 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 depressed individuals, 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 symptoms severity in adults[16, 23, 24, 38]. Additionally,
supplemental analyses demonstrate that traditional motor metrics (psychomotor agitation
and retardation) may have a less specific relationship to depression, as they relate to
endorsements of psychomotor agitation, but novel motor measures (dyscoordination and
motor milestones) did not show a similar relationship to social anxiety (SI). 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 abnormalities
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 from genetic influences, and more studies (e.g., GWAS, 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 one 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[SI;17, 57-59], a discriminant function yielded
similar accuracy as a previously published motor discriminant function in adult samples that
discriminated healthy individuals from depression at follow-up[64]. Importantly, many of
the motor abnormalities provided a unique predictive contribution to the model, suggesting
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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 an added benefit in classifying
individuals as depressed. 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 emphasizes
the importance of psychomotor retardation[13, 23, 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 one-year follow-up, highlighting its potential in clinical utility. These
latter findings are consistent with reports 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 vulnerability 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 hyperactivity 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 hypo-
dopaminergic 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 development 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 traditional 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, that 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, velocity scaling [13, 78]. Existing literature demonstrates that behavioral
measures are more sensitive at identifying motor symptoms than observation or self-report
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
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dyscoordination were less stringent than self-reports of psychomotor 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. Additionally, parental report of abnormalities may be biased by parental
psychopathology or concerns regarding psychopathology 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: 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 heterogenous group.

In conclusion, motor abnormalities show promise as an early marker of vulnerability to
depression, as these markers (a) discriminated between individuals with depression and

the general population, (b) predicted familial risk loading and (c) prospectively predicted
worsening symptoms and onset. This study also demonstrated the utility of expanding motor
abnormality metrics beyond psychomotor agitation and psychomotor retardation to increase
the sensitivity to a broader set of more developmentally relevant motor issues, including
developmental motor delays and dyscoordination.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Effect Size of Motor Abnormalities by Current Depression Symptoms and Depression
Familial Vulnerability M easures

Psychomotor Agitation- Green, Psychomotor Retardation -Yellow, Developmental Motor
Delays — Red, Dyscoordination Symptoms -Purple; Effect Sizes above were transformed
into calculated in raw, not model-corrected data; Odds Ratios (see Table 2) and standard
error were transformed to Cohen’s d 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] and visualized with the metaviz package [85].
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Dyscoordinated (CBCL - Yes/No)
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Summary Future Symptoms =
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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 (see 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] and
visualized with the metaviz package [85].

Biol Psychiatry Glob Open Sci. Author manuscript; available in PMC 2023 January 01.



Page 18

Damme et al.

Author Manuscript

100°>d ‘80°TTT=(008TT ‘2)X %05 LT %0E'€2 TL2C uolreulp1009sAQ

20'=0 ‘29'6 =(299TT ‘T);X %092 %018 LTt sAe[aq 1010 [eJuaWidojana@

170'=d '80'6=(008TT ‘T)¢ X %020 %050 L€ uoljep.ElY J0J0WOoydAsd

700'=0 ‘¥0'92=(008TT'T)X %00'C %0€'T 08T uonenby JojowoydAsd

%S8'v¢ %SE'TE 98T¢ ubis Jojo Auy

1220 yT=(1);X %0T'8Y %08 Ly %00'8Y (orewad 9) xos

90'= 26'T=(898TT¥  (9v'2) G28TT  (9v'2) €0'6TT  (97°2) G6'8TT (@isW- (suuon) 8bv
solsiels 0€z8=U 6£9g=U 0/8'TT=U

uos|redwo) dnoio OoN SOA a|dwres ajoym

uossaide( Jo AJOSIH [el]ireS

‘sa11006a1e0 Al01s1y Jeijiwe) pue ‘sasoubelp uolssaidap ‘ajdwes ajoym ay) Buowre aduajenald :saLs|A dlydesbowsqg

‘TalqeL

Author Manuscript Author Manuscript Author Manuscript

Biol Psychiatry Glob Open Sci. Author manuscript; available in PMC 2023 January 01.



Page 19

Damme et al.

Author Manuscript

T %SOT. %Y6'9E  %hSZ8 %CE €T %SZ 6T 2EVT/6E8 uolreulpi003siq
28T %8L69 %996E  %IIT6 %T2'CT %856 089/Lty sAe|a@ J0J0N [R)UBWdOl2ARQ
WZ  %.S69 %SETS  %8L'66 %ES0 %TED 8T/6T uonepJelay J010WOYIASH
IST %9969 %890y  %T.'86 %00'C %0S'T S0T/2L uonenby 1010woydAsd
19T %SFTL  %L00F  %EEL6 %6E7 %LT'E 99T/TTT subis Jojow +g
OF'T  %SP'T. %I8'SE  %SL'Y. %S0°2€E %EE'LT SYOZ/TYTT uis Jojow Auy
40  AdN Ndd  Aipypeds  Auansues  sousferdld [[eAOQ  BUON/AIOSIH QAN felfiwed Sellfewouqy Jolo A

sasoubBelq uoissaida@ Bunoslaq 1oy saiijewlouqy J010|A JO SonsLaloRIeyD 1581

¢ dlgeL

Author Manuscript

Author Manuscript

Author Manuscript

Biol Psychiatry Glob Open Sci. Author manuscript; available in PMC 2023 January 01.



	Abstract
	Introduction
	Materials and Methods
	Participants.
	Measures.
	Youth Psychopathology Assessments.
	Motor Assessments.
	Family History Assessment.
	Data Analyses.


	Results
	Prevalence of Motor Abnormalities and Depression Symptoms in Whole Sample.
	Prevalence of Motor Abnormalities and Concurrent Depression Symptoms.
	Depression Symptoms and Psychomotor Agitation.
	Depression Symptoms and Psychomotor Retardation.
	Depression Symptoms and Developmental Motor Milestones Delays.
	Depression Symptoms and Dyscoordination.
	Motor Abnormalities Relative Association with Depression Symptoms.

	Motor Abnormalities and Familial Risk for Depression.
	Familial Risk and Psychomotor Agitation.
	Familial Risk and Psychomotor Retardation.
	Familial Risk and Developmental Motor Milestones Delays.
	Familial Risk and Dyscoordination.
	Motor Abnormalities Relative Contribution to Depression Familial Vulnerability - Familial Risk Loading.

	Motor Abnormalities and Future Symptoms.
	Depression Symptoms at One-Year Follow-Up.


	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

