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AIM To assess the relationship between developmental coordination disorder (DCD) and
mental health outcomes in late adolescence.
METHOD Data were analyzed from the Avon Longitudinal Study of Parents and Children.

Moderate-to-severe DCD was defined at 7 to 8 years according to the DSM-IV-TR criteria.

ABBREVIATIONS
ALSPAC  Avon Longitudinal Study of
Parents and Children

DCD Developmental coordination
disorder
SMFQ Short Moods and Feelings

Questionnaire

SDQ Strengths and Difficulties
Questionnaire

WEMWBS  Warwick-Edinburgh Mental
Well-being Scale

Mental health was assessed at 16 to 18 years using self-reported questionnaires: Strengths
and Difficulties Questionnaire, Short Moods and Feelings Questionnaire, and the Warwick—
Edinburgh Mental Well-being Scale. Logistic and linear regressions assessed the associations
between DCD and mental health, using multiple imputation to account for missing data.
Adjustments were made for socio-economic status, 1Q, and social communication difficulties.
RESULTS Adolescents with DCD (n=168) had an increased risk of mental health difficulties
(total Strengths and Difficulties Questionnaire score) than their peers (n=3750) (odds ratio
1.78, 95% confidence interval 1.12-2.83, adjusted for socio-economic status and 1Q). This was,
in part, mediated through poor social communication skills. Adolescent females with DCD
(n=59) were more prone to mental health difficulties than males. Greater mental well-being
was associated with better self-esteem (f 0.82, p<0.001).

INTERPRETATION Individuals with DCD, particularly females, had increased risk of mental

health difficulties in late adolescence. Interventions that aim to promote resilience in DCD
should involve improving social communication skills and self-esteem.

Developmental coordination disorder (DCD) is a common
neurodevelopmental condition which affects 2% to 6% of
the population.' It is characterized by deficits in motor
coordination that interfere with a child’s ability to perform
everyday tasks and academic activities. Previous research
has shown that children with DCD have an increased risk
of mental health difficulties compared with their peers,’
and findings from cross-sectional studies suggest that
young adults with DCD have a higher risk of experiencing
internalizing problems, particularly mood impairments.’
The few longitudinal studies that have been conducted
have demonstrated greater prevalence of psychosocial
problems for those with DCD in the long term, although
recruitment from clinical samples, where risk of comorbid-
ity is higher, and lack of strict diagnostic criteria limit the
strength of the conclusions that can be drawn.”

The mechanisms for DCD leading to poor mental
health outcomes are not well understood. A monozygotic
twin study reported that twins with DCD demonstrated
higher levels of depressive symptoms than their co-twins
without DCD, which suggests that mental health problems
in DCD may be explained by unique environmental experi-

ences.” The current study tests the Environmental Stress
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Hypothesis,® which considers poor motor coordination to
be the primary stressor, which leads to multiple secondary
stressors, such as frustration at school, negative peer inter-
actions, or bullying,7 which, in turn, contribute to poor
self-esteem and subsequently internalizing problems.® Con-
versely, protective factors, such as social support,” guard
against this cascade. Over time, the cumulative experience
of positive and negative factors determines overall mental
health and well-being.

Previous work on the Avon Longitudinal Study of Par-
ents and Children (ALSPAC) cohort has shown that poor
mental health outcomes at 9 to 10 years in children with
DCD were associated with poor social communication
skills, increased bullying, and poor peer relationships.” In
this follow-up study using the ALSPAC cohort, we have
re-examined the risk of mental health difficulties at 16 to
18 years in those with diagnosed DCD at 7 years of age,
and hypothesized that those with DCD would continue to
have a greater risk of mental health problems than their
peers. We have also assessed the positive outcome of over-
all mental well-being, which we hypothesized would be
lower in those with DCD. Finally, we aimed to assess the
impact of poor social communication skills, low
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self-esteem, peer relationships, and bullying on mental
health and well-being in adolescents with DCD.

METHOD

ALSPAC

ALSPAC is a large population-based birth cohort that
invited all pregnant females in the Avon area, south-west
England, with expected dates of delivery between 1 April
1991 and 31 December 1992 to take part.'® The original
sample comprised 14 062 live-born children. ALSPAC has
collected data on a large range of socio-economic, environ-
mental, and health measures for parents and children,
using questionnaires, face-to-face assessments, and linked
health/education data. The study website contains details
of all the data that are available through a fully searchable
data dictionary (http://www.bris.ac.uk/alspac/researchers/da
ta-access/data-dictionary/). Ethical approval was obtained
from the ALSPAC Ethics and Law Committee and the
local research ethics committees.

Measures

Exposure: moderate-to-severe DCD

Children were defined as having DCD according to the
adaption of the DSM-IV-TR criteria set out in the Leeds
Consensus Statement 2006."" Children were defined as
having DCD at 7 to 8 years of age if they met all four of
the DSM-IV-TR criteria: (1) poor motor coordination; (2)
functional limitation in activities of daily living or aca-
demic achievement; (3) absence of another neurological/vi-
sual disorder; and (4) absence of severe learning difficulty
(IQ<70). Definition of children with DCD in this cohort
has been described in detail previously.'

Motor skills were assessed in a research clinic between 7
and 8 years of age using the ALSPAC coordination test,
which consisted of three subtests of the Movement Assess-
ment Battery for Children.'? The subtests were chosen to
represent the three domains of coordination: balance (heel-
to-toe walking), manual dexterity (placing pegs task), and
ball skills (throwing bean bag into box). Age-adjusted
ALSPAC coordination scores for each subtest were gener-
ated and summed to give an overall score.! Functional limi-
tations were assessed using results from the English
National Curriculum writing test at 5 to 7 years of age and
a parent-reported activities of daily living scale. Those with
known visual, developmental or neurological conditions, or
with an IQ<70 were excluded from case definition of DCD.

A cohort of 6902 children had all the data required for
full assessment. Those with a motor score below the fif-
teenth centile and who failed their National Curriculum
writing test, or scored less than the fifteenth centile in the
activities of daily living scale, were defined as having mod-
erate-to-severe DCD.

Outcomes

Strength and Difficulties Questionnaire. 'The Strengths and
Difficulties Questionnaire (SDQ) was self-reported at
16 years 6 months. The SDQ is a standardized
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What this paper adds

* Mental health difficulties in developmental coordination disorder persist into
late adolescence.

® Adolescent females with developmental coordination disorder may have
greater risk of mental health difficulties.

® Social communication difficulties mediate the relationship between develop-
mental coordination disorder and mental health.

questionnaire widely used to screen for mental health diffi-
culties in young people and comprises 20 items relating to
four different psychosocial scales (five items each): emo-
tional symptoms; conduct; hyperactivity/inattention; and
peer problems. Responses were scored using a three-point
Likert scale, and answers summed to give a ‘total difficul-
ties’ score out of 40. In a large survey of UK children,
those with a score in the worst decile have been shown to
have a 15-fold increase in the odds of having an indepen-
dently diagnosed psychiatric disorder.”> Scores
dichotomized using this 10% cut-off to define those with a
high risk of mental health difficulties.

Short Mood and Feelings Questionnaire. The Short Mood
and Feelings Questionnaire (SMFQ) was self-reported at
17 years 6 months. The SMFQ is a 13-point validated
questionnaire used to identify depressive symptoms. It has
good validity and reliability in determining the presence of
depression when a young person scores 11 or more."* We
dichotomized the scores using this cut-off to define those
with high risk of depression.

The Warwick—Edinburgh Mental Well-being  Scale. The
Warwick-Edinburgh Mental Well-being Scale
(WEMWRBS) questionnaire was self-reported at 17 years
6 months. The WEMWBS comprises 14 positively worded
items and responses were scored using a five-point Likert
scale. Responses were summed to provide a single score
out of 70, which indicates overall mental well-being.
WEMWBS score demonstrated good validity and reliabil-
ity in adolescent populations in the UK." Tt does not have
a defined cut-off for normality and so was analyzed as a
continuous variable.

were

Confounding variables

Potential confounding variables were selected based on
previous literature and our own univariate analyses against
both the exposure (DCD) and the outcome measures.

Child-related variables assessed were sex, gestation, and
birthweight. In this follow-up cohort, sex was associated
with both exposure and outcomes.

Parental mental health and socio-economic status were
associated with both DCD and child mental health in pre-
vious analyses.” Presence of maternal depression was taken
from a self-report questionnaire at 12 years 6 months.
Socio-economic status was assessed using the ALSPAC
Family Adversity Index. The Family Adversity Index is
derived from responses to a questionnaire about childhood
adversity and socio-economic status, which mothers com-
pleted during pregnancy. The index comprises 18 items
assigned a score of 1 if adversity is present and 0 if it is
absent, giving a total possible score of 18.
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Mediating variables

The following variables were considered as potential medi-
ators, based on previous literature: 1Q;” hyperactivity/im-
pulsivity;” friendship support and bullying;” self-esteem;®
and social communication skills.”

1Q. 1Q was measured using the short version of the
Wechsler Intelligence Scale for Children III, applied in a
research clinic at 8 years 6 months of age. IQ shows high
stability over time when measured in school-age children
onwards.'®

Hyperactivity/impulsivity. Difficulties with hyperactivity are
incorporated in the total SDQ score as one of the sub-
scales, and so were only adjusted for in the SMFQ analy-
ses, using those in the worst decile of the SDQ
hyperactivity/inattention subscale to denote significant
hyperactivity.

Social  communication. Social communication difficulties
were measured using the Social and Communications
Disorders Checklist,'” completed by the main caregiver at
16 years 6 months. It comprises 12 items relating to the
individual’s social communication ability and cognition,
each with three responses (not true/quite or sometimes
true/very or often true). Answers are summed to give a
score between 0 and 36; a score of 9 or above was used to
identify social communication difficulty trait."®

Self-esteem. Self-esteem was assessed at 17 years 6 months
using the Bachman revision of the Rosenberg’s Self-esteem
Scale, which comprises 10 statements relating to self-
esteem, each with four responses (strongly disagree/dis-
agree/agree/strongly agree), which are summed to give a
total score.

Friendship support. Friendship support was assessed at
13 years 6 months using five questions from the Cam-
bridge Hormones and Moods Project Friendship Ques-
tionnaire;”® a higher score indicated less supportive peer
relationships.

Bullying. Bullying was assessed at 15 to 16 years as part of
a self-reported questionnaire. Respondents were asked how
often they were upset by name-calling/exclusion or bully-
ing in the last year, with four possible responses (never/
rarely/sometimes/most days). Children were classified as
being overt victims of bullying if they answered ‘some-
times’ or ‘most days’.

Analyses

Logistic regressions were used to assess the associations
between DCD and mental health difficulties on the SDQ
and SMFQ. Multivariable models were created to adjust
for the effect of the confounding and mediating variables
sequentially. A ‘variable-focused model’ of resilience was
used to consider how different variables influenced the risk
of psychopathology in children with DCD compared with
controls.”! Model 1 adjusted for child and parental factors.
Model 2 adjusted for 1Q. Model 3 adjusted for social com-
munication difficulties and hyperactivity. Pearson goodness
of fit y* tests were used to ensure satisfactory model fit.
Linear regressions were used to examine the association

between mental well-being on the WEMWBS and each of
the covariates. Tests were two-tailed, with an a priori set al-
pha-level of p<0.05.

Multiple imputation using chained equations was used to
impute missing data in the covariates only. Analysis of
imputed data sets helps to minimize attrition bias and
improve precision of estimates.”” Logistic regressions were
used to determine which variables strongly predicted miss-
ingness; these were included in the imputation models
(Appendix S1 and Table SI, online supporting informa-
tion). Analyses were performed using all available data
(Tables SII-SIV,  online supporting information) and
imputed data sets for the cohort as a whole, and then strat-
ified by sex. Results from analyses of the imputed data sets,
where the effect of attrition is minimized, are presented.
All analyses were performed using Stata version 13.1 (Stat-
Corp, Jacksonville, FL, USA).

RESULTS

Sample

For those assessed for DCD at 7 to 8 years of age
(n=6902), data for the SDQ at 16 years 6 months were
available for 3918 children (168 [4.3%] with DCD),
whereas data for the SMFQ and WEMWSBS at 17 years
6 months were available for 3177 children (130 [4.1%]
with DCD). Compared with those who were followed-up,
those with missing outcome data were more likely to be
male, have lower IQ, have lower socio-economic status,
and have mothers who reported depression (Appendix S1).
Characteristics of the children with DCD and controls
who responded to the SDQ are compared in Table I. In
this follow-up cohort, those with DCD were more likely
to have poor social communication skills, lower self-
esteem, less supportive friendships, and report more fre-
quent bullying.

Sba

The odds ratios (OR) and 95% confidence intervals (CI) of
mental health difficulties measured by the SDQ using the
imputed data sets are presented in Table II.

Cross-tabulation for the total difficulties SDQ score
showed that 14.9% (#=25) of those with DCD were at risk
of mental health difficulties versus 7.5% (#=282) of those
without DCD. After adjusting for socio-economic factors
(Model 1) and IQ (Model 2), the odds of difficulty were
attenuated but remained high. However, further adjust-
ment for co-existing social communication difficulties
(Model 3) substantially attenuated the relationship. Using
the SDQ subscales, children with DCD were more likely
to have problems with hyperactivity and peer relationships,
and these associations were similarly attenuated in the fully
adjusted model.

When stratified by sex (Table III), males with DCD
were no more likely than same-sex controls to have mental
health difficulties, as measured by the total score. How-
ever, they were more likely to report hyperactivity/impul-
sivity and peer relationship difficulties. The association
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Table I: Comparison of the characteristics of the adolescents with and without developmental coordination disorder (DCD) for whom outcome data

(Strengths and Difficulties Questionnaire) were available

Control (max. n=3750)

Male sex

Gestation >37wks

Birth weight >2500g

Maternal depression on self-report at 12.5y — yes
Median (25th/75th centiles) FAI

Mean (SE) 1Q at 8y

SCDC at 16.5y (score >8)

Median (25th/75th centiles) self-esteem score at 17.5y

1780 (48)
3570 (95)

0 (0-1)

3552 (96) (n=3706)
689 (21) (n=3350)

107.7 (0.26) (n=3424)
394 (11) (n=3603)
29 (24-33) (n=2428)

Median (25th/75th centiles) friendship score at 13.5y

Bullying frequency at 15.5y
Sometimes/most days
Most days only

2 (1-3) (n=2676)

410 (15) (n=2810)
60 (2) (n=2810)

DCD (max. n=168) Effect size for test p
109 (65) OR 2.04, 95% CI 1.48-2.82 <0.001*
159 (95) OR 0.89, 95% ClI 0.45-1.77 0.742°
155 (93) (n=166) OR 0.61, 95% CI 0.32-1.15  0.123%
37 (26) (n=143) OR 1.34, 95% Cl 0.92-1.98  0.1267
1(0-2) r=0.03 0.074°
96.8 (1.42) (n=142) a=0.71 <0.001°
35 (21) (n=163) OR 2.22, 95% CI 1.51-3.28 <0.001°
27 (21-31) (n=100)  r=0.06 0.002°
3 (2-4) (n=110) r=0.07 <0.001°¢
29 (26) (n=110) OR 2.10, 95% CI 1.35-3.24  0.001°
9 (8) (n=110) OR 4.10, 95% CI 1.97-8.46 <0.001°

Data are reported as n (%) unless otherwise indicated. Bold denotes statistical significance. ?Logistic regression. °Student’s t-test. “Mann—
Whitney U test. FAI, Family Adversity Index; SE, standard error; SCDC, Social Communication Difficulties Checklist; r, effect size for Mann-
Whitney U test; d, Cohen’s d statistic of effect size for Student’s t-test.

Table Il: Mental health difficulties measured using the Strengths and Difficulties Questionnaire (SDQ) and Short Mood and Feelings Questionnaire

(SMFQ) at 16 to 18 years in adolescents with developmental coordination disorder (DCD) compared to controls, using multiple imputation data

Unadjusted OR Model 1 OR Model 2 OR Model 3 OR
(95% ClI) P (95% ClI)? p (95% CI)® P (95% CI)° p
SDQ total difficulties score, with a  2.15 (1.38-3.35) 0.001 2.09 (1.32-3.29) 0.002 1.78 (1.12-2.83) 0.024 1.32 (0.77-2.26) 0.321
10th centile cut-off (n=3918)
SDQ hyperactivity subscale 2.12 (1.41-3.21) <0.001 1.84 (1.20-2.82) 0.005 1.53 (1.00-2.37) 0.052 1.28 (0.80-2.04) 0.312
(n=3950)
SDQ emotional subscale (n=3942)  1.36 (0.81-2.27)  0.247 1.55(0.91-2.64) 0.102 1.47 (0.86-2.51)  0.149 1.19 (0.68-2.09) 0.532
SDQ peer problems subscale 2.87 (1.88-4.40) <0.001 2.64 (1.71-4.07) <0.001 2.24 (1.56-3.76) <0.001 2.14 (1.36-3.37) 0.001
(n=3940)
SDQ conduct subscale (n=3944) 1.22 (0.65-2.28) 0.528 1.18 (0.62-2.23)  0.614 1.02 (0.54-1.94) 0.950 0.61 (0.30-1.25) 0.170
SMFQ, with a cut-off of 11 1.51 (1.00-2.28) 0.048 1.56 (1.03-2.38) 0.042 1.40 (0.91-2.15) 0.124 1.26 (0.81-1.96) 0.303

(n=3177)

Bold denotes statistical significance. °Model 1 adjusted for sex, maternal depression, and Family Adversity Index. "Model 2 — Model 1 plus
1Q. °Model 3 — Model 2 plus difficulties in social communication (note: hyperactivity was also adjusted for in SMFQ analysis). OR, odds

ratio; Cl, confidence interval.

with hyperactivity attenuated after adjustment but the asso-
ciation with peer difficulties persisted after adjusting for
socio-economic factors, 1Q, and social communication dif-
ficulties. In comparison, females with DCD had increased
odds of a mental health difficulty on a number of measures
when compared with same-sex controls. They had greater
odds of difficulty on the total SDQ and with hyperactivity/
impulsivity, emotions, and peer relationships. All associa-
tions attenuated after adjustment for social communication

skills.

SMFa

The ORs and 95% ClIs of mental health difficulties mea-
sured by the SMFQ using the imputed data sets are pre-
sented in Table II.

A weak association was found between reported
depressive symptoms on the SMFQ and DCD; 24.6%
(n=32) of DCD cases reported symptoms versus 17.8%
(m=541) of those without DCD. After adjusting for
socio-economic factors, this association persisted but was
attenuated after adjustment for IQ and social communi-
cation skills.
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When stratified by sex (Table III), males were no more
likely than same-sex controls to report depressive symp-
toms. However, females were more likely to report depres-
sive symptoms compared with same-sex controls. This
association attenuated after adjustment for social commu-
nication skills.

WEMWBS

The linear associations between well-being and psychoso-
cial factors for those with DCD using the imputed data
sets are presented in Table IV. Males with DCD reported
a higher mean WEMWBS score than females with DCD
(49.2 vs 43.4, =-3.64; p<0.001). Higher well-being scores
were positively associated with higher self-esteem for both
males and females with DCD. For females only, lower
self-esteem was associated with poor social communication

skills.

DISCUSSION

The results of this prospective study using a large UK
cohort showed that children with DCD had a greater risk
of mental health difficulties in late adolescence than their



Table Ill: Mental health difficulties measured using the Strengths and Difficulties Questionnaire (SDQ) and Short Mood and Feelings Questionnaire
(SMFQ) in males and females with developmental coordination disorder (DCD), compared to same-sex controls, using multiple imputation data

Unadjusted OR Model 1 OR Model 2 OR Model 3 OR
(95% ClI) P (95% ClI)? P (95% ClI)° p (95% CI)° p
Males SDQ total difficulties 1.61(0.86-3.01) 0.136 1.44 (0.76-2.72) 0.267 1.24 (0.65-2.38) 0.510 0.96 (0.45-2.05) 0.923
score, with a 10th centile
cut-off (n=1889)
SDQ hyperactivity 1.72 (1.05-2.83)  0.032 1.64 (0.99-2.72) 0.056 1.32(0.79-2.22) 0.295 1.19 (0.68-2.09) 0.541
subscale (n=1911)
SDQ emotional subscale 1.05 (0.42-2.65) 0.921 0.92 (0.36-2.33) 0.853 0.90 (0.35-2.32) 0.826 0.81(0.31-2.12) 0.662
(n=1905)
SDQ peer problems 2.87 (1.71-4.81) <0.001 2.70 (1.60-4.56) 0.001 2.54 (1.50-4.33) 0.001 2.40 (1.38-4.16) 0.002
subscale (n=1904)
SDQ conduct subscale 0.72 (0.30-2.00)  0.533 0.64 (0.23-1.78) 0.389 0.53 (0.19-1.52) 0.244 0.35(0.11-1.06) 0.064
(n=1903)
SMFQ, with a cut-off of 11 1.48 (0.82-2.66)  0.188 1.39 (0.77-2.52) 0.270 1.22 (0.67-2.23) 0.511 1.11 (0.60-2.05) 0.736
(n=1374)
Females SDQ total difficulties 3.31(1.75-6.26) <0.001 3.42 (1.77-6.62) 0.001 2.91(1.49-5.69) 0.002 2.01 (0.90-4.48) 0.089
score, with a 10th centile
cut-off (n=2029)
SDQ hyperactivity 2.52 (1.21-5.24)  0.013 2.58 (1.20-5.51) 0.015 2.27 (1.05-4.91) 0.036 1.53 (0.65-3.62) 0.328
subscale (n=2039)
SDQ emotional subscale 2.16 (1.13-4.14)  0.020 2.20 (1.13-4.27) 0.020 2.05 (1.05-4.00) 0.036 1.61(0.79-3.26) 0.186
(n=2037)
SDQ peer problems 2.54 (1.18-5.48) 0.018 2.52 (1.16-5.48) 0.019 2.24 (1.03-4.91) 0.043 1.70 (0.75-3.86) 0.204
subscale (n=2036)
SDQ conduct subscale 2.19 (0.97-4.92)  0.059 2.15(0.95-4.90) 0.068 1.90 (0.83-4.37) 0.130 0.97 (0.37-2.55) 0.954
(n=2041)
SMFQ, with a cut-off of 11 1.91 (1.05-3.45)  0.033 1.82 (0.99-3.34) 0.054 1.65(0.89-3.06) 0.109 1.47 (0.78-2.77) 0.233
(n=1803)

Bold denotes statistical significance. Model 1 adjusted for: maternal depression and Family Adversity Index. "Model 2 — Model 1 plus IQ.
°Model 3 — Model 2 plus difficulties in social communication (note: hyperactivity was also adjusted for in SMFQ analysis). OR, odds ratio;

Cl, confidence interval.

Table IV: Linear associations between mental well-being score on the Warwick—Edinburgh Mental Well-being Scale (WEMWBS) and psychosocial

factors for adolescents with developmental coordination disorder (DCD), using multiple imputation data and stratified by sex

All (n=130) Males (n=79) Females (n=51)

Psychosocial

factor Coefficient (SE) p Coefficient (SE) p Coefficient (SE) p

FAI score® —0.72 (0.49) 0.143 —0.77 (0.57) 0.183 —0.52 (0.81) 0.536
1Q 0.05 (0.04) 0.363 0.01 (0.06) 0.918 0.12 (0.08) 0.155
SCDC score® —0.27 (0.19) 0.175 —0.10 (0.22) 0.660 —0.67 (0.33) 0.050
Self-esteem score 0.82 (0.09) <0.001 0.77 (0.13) <0.001 0.77 (0.14) <0.001
Friendship score® —0.44 (0.40) 0.286 —0.81 (0.43) 0.065 0.08 (0.83) 0.923

Bold denotes statistical significance. Higher score indicates more family adversity. "Higher score indicates increased difficulties. °Higher
score indicates less supportive friendships. SE, standard error; FAI, Family Adversity Index; SCDC, Social and Communication Difficulties

Checklist.

peers. They had particular difficulties with hyperactivity
and peer relations and were also more likely to report
depressive symptoms than their peers. When compared
with same-sex controls, females with DCD were more
likely to report emotional difficulties and depressive symp-
toms, whereas males with DCD experienced greater peer
problems. These mental health difficulties were mediated
by poor social communication skills. In those with DCD,
higher mental well-being was associated with higher self-
esteem. These results add robust longitudinal data, using a
strict definition of DCD, to the growing body of evidence
linking motor coordination problems with mental health
problems in later life, and highlight the important contrib-
utory role of poor social communication skills.

The key strengths of this study are use of a large popu-
lation-based cohort, which avoids the bias inherent in clini-
cal samples, and the prospective follow-up over 10 years.
We were able to adjust for multiple confounders and
covariates and were also able to consider a positive out-
come of well-being, collected separately from the mental
health difficulties.

The main limitation is missing data. ALSPAC, in com-
mon with all cohorts, suffers from considerable attrition,
which we have attempted to account for by using multiple
imputation, an increasingly recognized method of dealing
with missing data to minimize bias.** Previous work on this
cohort found that children with DCD had greater risk of
mental health difficulties on the SDQ (OR 4.23, 95% CI
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3.10-5.77) and SMFQ (OR 2.08, 95% CI 1.36-3.19) when
compared with their peers at 9 to 10 years.” In late adoles-
cence, the risk was not as severe or pervasive. This may
represent a true reduction in risk of psychopathology with
age, but it must be acknowledged that attrition may have
contributed to this lower observed risk. The factors that pre-
dicted missingness in this sample are also known to be asso-
ciated with DCD, and so it is possible that drop-out of the
more severe cases has led to an underestimation of risk.

Few studies have been large enough to assess sex differ-
ences in psychosocial outcomes in DCD. In our previous
work on ALSPAC, no sex effect was found at 9 to
10 years.2 In contrast, at 17 years, we found that when
compared to their same-sex controls, females with DCD
had a higher risk of self-reported emotional and depressive
problems than males with DCD. In their population-based
cohort study, Sigurdsson et al. found higher levels of
maternally reported anxiety in adolescent males compared
with females who had previous indicators of motor impair-
ment in childhood.* One study of 7- to 8-year-olds olds
referred to an occupational therapy service reported that
females with DCD were more likely to experience peer
problems than males on the parent-reported SDQ.”?
Another study found motor skills to be a potentially
important factor affecting psychosocial well-being in ado-
lescent females.”* Population-based research has also
demonstrated that females, in general, are at greater risk of
reporting depressive symptomatology in adolescence.'* Tt
may be that a higher risk of depression in adolescence
combined with both direct and indirect consequences of
DCD make females with the condition were more likely to
develop mental health difficulties than their male counter-
parts. This is concerning because females with DCD are
thought to be an underdiagnosed group.

The Environmental Stress Hypothesis proposes that the
primary stressor of poor motor coordination leads to a series
of secondary stressors over time, which, in turn, lead to poor
mental health.® Of particular interest is the impact of poor
motor coordination on a child’s social development. Chil-
dren with DCD often struggle to perform in games and
sports, and may avoid activities that highlight their impair-
ments. Consequently, they may become socially isolated,
and develop low self-esteem, which we found in this cohort.”
Self-perceptions are an important factor influencing the
relationship between poor motor skills and emotional out-
comes.” It has also been proposed that poor motor skills in
childhood may impair important executive functions, such as
cognitive flexibility, which impact negatively on social
understanding and therefore relationships.*® Our work on
the ALSPAC cohort has consistently shown the mediating
effect of social communication skills and self-esteem on risk
of mental health problems in DCD, relationships that are
complex but have important clinical implications.

In light of mounting evidence that poor motor coordina-
tion and mental health are linked, clinicians need to manage
not only the primary deficits in DCD, but also the sec-
ondary features that may influence the trajectory of mental
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health. The importance of social communication skills, self-
esteem and peer support in mediating psychosocial out-
comes in DCD has been increasingly highlighted in numer-
ous studies. Clinical, psychological, and social interventions
targeted on these domains may represent the best opportu-
nity to improve mental health and well-being of children
with DCD. This has been recognized in programmes such
as the Partnering for Change initiative,”” which focuses on
providing a more holistic approach to managing DCD in
schools. The concept has also been investigated in a ran-
domized trial, which found that motor and psychosocial
skills improved in 4- to 6-year-olds who took part in a
whole-class physical activity programme called ‘Animal
Fun’, which promoted social interaction.”® More interven-
tion-focused research is needed to determine the longitudi-
nal benefits for adolescents and young adults with DCD,
who are an important but less well understood group.

In summary, the work on the ALSPAC cohort has
demonstrated longitudinally that poor mental health is an
important consequence of DCD, especially so for females
in adolescence. Factors that consistently affect these rela-
tionships are social communication skills, peer support,
bullying, and self-esteem.

Conclusion

Clinicians need to be aware of and screen for mental
health difficulties in young people with DCD. Combining
therapy for motor coordination difficulties with interven-
tions that help promote social interaction, self-esteem, and
positive peer relationships may improve mental health out-
comes in these individuals.
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SUPPORTING INFORMATION
The following additional material may be found online:

Appendix S1: Missing data and multiple imputation.

Table SI: Factors which predict missingness in the data
(Strengths and Difficulties Questionnaire at 16y 6mo) for the
whole cohort

Table SII: Mental health difficulties measured using the
Strengths and Difficulties Questionnaire (SDQ) and the Short
Moods and Feelings Questionnaire (SMFQ) at 16 to 18 years in
adolescents with developmental coordination disorder (DCD)
compared to controls, using all available data



developmental coordination disorder (DCD), compared to same-

sex controls, using all available data
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