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Students with neurodevelopmental disorders (ND) are at risk for academic impairment. However,
the pervasive co-occurrence among these conditions has rarely been considered when evaluating
this association. This study examined whether intellectual disabilities (ID), communication disorders,
autism spectrum disorder (ASD), attention-deficit/hyperactivity disorder (ADHD), specific learning
disorder (SLD), and motor disorders were related to academic outcomes. Parents and teachers
completed standardized screening instruments for mental health problems and learning difficulties.
Children who screened positive were interviewed for diagnostic confirmation according to the
Diagnostic and Statistical Manual of Mental Disorders, while students who screened negative served
as controls. Academic performance across multiple subjects was obtained from school records. The
final sample comprised 9018 participants aged 5-17. Mixed-effects ordinal logistic regression models
determined the independent and combined effects of ND on academic performance, adjusting

for background and coexisting conditions. When examined separately, each diagnostic category

was significantly associated with lower marks in all educational outcomes, even after adjusting for
sociodemographic and school-related factors. However, when the influence of neurodevelopmental co-
occurrence was controlled for, ID emerged as the strongest predictor of poor academic performance,
followed by ADHD, SLD, and communication disorders. ASD and motor disorders were only associated
with lower marks in arts and physical education. Furthermore, youth with coexisting conditions were
at higher risk for academic impairment across all subjects. These findings highlight the need for early
diagnosis and targeted interventions to address the specific educational needs of students with ND.
Likewise, co-occurring diagnoses should be actively sought to avoid disadvantaging children with
multiple disorders.
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Neurodevelopmental disorders (ND) comprise a group of heterogenous conditions (i.e., intellectual disabilities
(ID), communication disorders, autism spectrum disorders (ASD), attention-deficit/hyperactivity disorder
(ADHD), specific learning disorder (SLD), and motor disorders) that emerge in childhood and affect typical
brain development, producing delays in the expected social, emotional, language, cognitive, and/or motor
milestones!. Children with ND experience functional impairments across multiple domains, which interfere
with daily life activities and may have long-lasting disabling consequences. Of special relevance is the impact
of ND on academic performance since educational attainment is an important determinant of future health
and life opportunities®. A nationwide cohort study of over 750,000 Scottish schoolchildren identified that those
treated for ADHD had higher rates of unauthorized absence and exclusion, performed worse in examinations,
were at greater risk of special educational needs, and left school at an earlier age than their typically developing
(TD) peers’. Students with SLD, which are characterized by persistent difficulties in learning academic skills,
have also been found to achieve poorer marks, require more educational support, and have lower rates of
graduation from high school and college*®. School performance in children and adolescents with ASD tends
to be more heterogeneous. While some high-functioning students perform in the average range on measures of
reading and mathematical achievement®”’, others experience greater academic challenges than their TD peers
due to disorder-related deficits, such as impaired social communication and interaction, attention problems,
and disruptive behaviors®. Similarly, children with developmental coordination disorder (DCD) or Tourette’s
syndrome frequently struggle at school®!°. In particular, DCD has a significant negative impact on handwriting
performance, spelling, speed, and reading, although preliminary evidence suggests that children with DCD also
exhibit learning disabilities that are not primarily motor-based®!.

Moreover, it is well established that youth with ND are particularly at risk for multiple coexisting conditions*2.
For instance, those who have ADHD often meet diagnostic criteria for other mental disorders, with co-
occurrence rates up to 80%'*. Common codiagnosed conditions include ASD, ID, tics, and SLD*!2. Likewise,
autistic children have been reported to have a mean of 3.2 coexisting disorders or problems'* and DCD usually
co-occurs with other developmental traits, such as hyperactivity, social communication difficulties, and learning
disabilities™!°. Lastly, overlapping between different types of SLD (i.e., with impairments in reading, written
expression, and mathematics) is also frequent (30-60%)'°. At an academic level, coexisting conditions have been
associated with poorer educational outcomes, higher rates of grade retention, and other school problems!®17:18,
pointing to an additive detrimental effect on academic achievement. Indeed, Larson et al.'® conducted a cross-
sectional analysis on a nationally representative sample of 61,779 U.S. children, including 5028 with ADHD, and
concluded that functioning declined in a stepwise fashion as the number of concurrent diagnoses increased.

However, there is a scarcity of research reporting academic outcomes for children with coexisting ND,
since most studies have examined individual conditions such as ADHD, ASD, ID, or SLD%. In addition,
those investigating co-occurring ND have mainly focused on the impact of ADHD with regard to educational
attainment, school dropout, or performance on core academic subjects (e.g., reading, mathematics)!®1218:21:22,
Finally, prior investigations have often relied on parent-reported diagnoses or have been drawn from clinical
samples, which may not necessarily reflect the heterogeneity in symptom severity or impairment observed
within the general population!®!317,

To address these gaps in the literature, the present study examined the associations between different ND
(i.e., ID, communication disorders, ASD, ADHD, SLD, motor disorders) and academic performance across
multiple domains (i.e., first language, foreign language, mathematics, physical education (PE), arts) to determine
the impact of specific disorder categories and co-occurring conditions on educational outcomes. Specifically,
we hypothesized that ID would negatively affect all academic domains. Students with ADHD, SLD and ASD
were expected to experience difficulties in first language, foreign language, and mathematics, although we
anticipated a more variable academic profile for the latter. Communication disorders would particularly impair
language-based subjects, while motor disorders would be associated with lower marks in PE and arts. Last,
we hypothesized that the effects of multiple co-occurring ND would be additive, resulting in poorer academic
performance as the number of diagnoses increased. Thus, we expand previous research by using data from
a large community sample of students aged 5-17 years, who have been accurately assessed according to the
Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria.

Methods

Procedure

The study sample was drawn from 77 general education schools in Catalonia, Spain, as part of the INSchool
cohort, a larger, ongoing research. Prior to the start of data collection in 2011, the project was approved by
the Ethics Committees of Vall d’Hebron University Hospital and Sant Joan de Déu Hospital, which ensured
that all methods were performed in accordance with the relevant guidelines and regulations. Informed consent
was obtained from all participating families, with additional permission provided by children aged 12 or older.
Specifically, the current investigation analyzes data collected cross-sectionally over 11 academic years (i.e., from
2011-2012 to 2022-2023) using a two-step procedure. Figure 1 describes the study design and data collection
process.

Screening assessment

In the first phase of the project (i.e., from September to April), parents of the participating students received
a survey regarding sociodemographic data and school-related factors, along with standardized screening
instruments to identify emotional or behavioral problems. The main classroom teacher also completed the
corresponding teacher-reported version of the screening questionnaires, and provided information on reading
and writing difficulties.
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Fig. 1. CONSORT diagram.

Diagnostic assessment

In the second phase (i.e., from January to June), children who screened positive for mental health problems or
learning difficulties were interviewed for diagnostic confirmation based on the DSM criteria, after providing
informed consent. Interviews were carried out on separate days within the school facilities so all students could
complete the clinical assessment. Specifically, participants and their parents met a psychiatrist of the research
team, who conducted a clinical interview. Besides, students were granted an additional appointment with an
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experienced neuropsychologist who evaluated their cognitive abilities, language, and learning academic skills
through standardized tests.

Finally, academic performance on multiple domains (i.e., first language, foreign language, mathematics, PE,
arts) was obtained from school records at the end of the academic year.

Participants

The final sample included (a) participants who screened negative in the first phase of the project, and (b) those
who received a clinical diagnosis of ND. In contrast, students with a positive screening score who did not meet
diagnostic criteria for any disorder were excluded from the analyses, as they may have presented with subclinical
symptoms or non-specific difficulties. Children with other mental conditions were also excluded unless these
co-occurred with a ND in order to reduce heterogeneity and ensure a clean comparison between affected and
unaffected participants. Overall, we analyzed data from 9018 primary and secondary school students, aged
between 5 and 17 years depending on their grade level at the time of participation and assessment, for whom
marks in at least one of the educational outcomes of interest were available.

Measures

Screening assessment

Parents and teachers of the enrolled students completed the respective version of the Achenbach System of
Empirically Based Assessment (ASEBA)? and the Conners’ Rating Scales-Revised (CPRS-R: S/ CTRS-R:
S)?*. Additionally, teachers reported reading and writing difficulties through the Protocol for Detection and
Management of Dyslexia. Teacher’s Version (PRODISCAT)?. Participants were identified as potential cases in
accordance with the following criteria: (a) a T score > 70 on any of the syndrome scales from the ASEBA, (b) a
T score > 70 on any of the subscales from the CPRS-R: S or CTRS-R: S, (c) five or more high-risk indicators on
the PRODISCAT, or (d) a previous diagnosis of ND from a medical professional.

Diagnostic assessment

ND were determined by trained psychiatrists and neuropsychologists using DSM-IV-TR criteria for assessments
conducted before 2014 and DSM-5 criteria for those conducted afterwards. Specifically, ID were diagnosed
based on both the Wechsler Intelligence Scale for Children®® and a clinical evaluation of adaptive functioning,
which included developmental history, parent and teacher interviews. The Clinical Evaluation of Language
Fundamentals, Fifth Edition?” was applied to identify communications disorders. The presence of ASD, ADHD
and motor disorders was determined using the Kiddie Schedule for Affective Disorders and Schizophrenia
Present and Lifetime version?$2, along with information from school reports and direct clinical observations.
Finally, SLD were evaluated based on the Battery for the Evaluation of Reading Processes, Revised®, Battery for
the Evaluation of Reading Processes in Junior and Senior High-School Students, Revised?!, Test for the Analysis
of Reading and Writing®, Battery for the Evaluation of Writing Processes*®, and NeurekaCALC?. To ensure
diagnostic consistency across the study period despite changes between DSM editions, individual disorders
were grouped into broader diagnostic categories (i.e., ID, communication disorders, ASD, ADHD, SLD, motor
disorders). In particular, the following diagnoses were included in this report: ID, unspecified ID, global
developmental delay, language disorder, speech sound disorder, childhood-onset fluency disorder (stuttering),
social (pragmatic) communication disorder, ASD, ADHD, unspecified ADHD, other specified ADHD, SLD,
unspecified SLD, persistent (chronic) motor or vocal tic disorder, provisional tic disorder, Tourette’s syndrome,
unspecified tic disorder, other specified tic disorder, DCD, and stereotypic movement disorder.

Background characteristics

Parents completed a questionnaire on sociodemographic data, including child’s gender, age, and country of birth.
The survey also collected information on their marital status, educational level, occupation, and country of birth.
Students who were not native Spanish or with at least one parent born abroad were considered of foreign origin.
Parents’ education and occupation were weighted to compute the Hollingshead four-factor index’, a measure of
socioeconomic status (SES) ranging from 8 to 66, where higher scores reflect higher SES. Finally, parents were
asked to indicate whether their child had ever repeated a grade or required some educational support.

Academic performance

Performance on six academic domains (i.e., Catalan, Spanish, English as foreign language, mathematics, PE,
arts) was obtained from school records at the end of the academic year and marks were converted into a 4-point
scale from D to A (D =unsatisfactory achievement, fail, 0-4.9; C = satisfactory achievement, pass, average, 5-6.9;
B=good achievement, above average, 7-8.9; and A =excellent achievement, 9-10). Given the high correlation
between Catalan and Spanish marks (r=.77, p<.001), we calculated the academic performance on first language
as the mean of the two scores.

Statistical analyses

All analyses were performed with SPSS 29.0 (IBM Inc., Arkmonk, NY). In order to investigate the independent
associations between ND and academic achievement, three mixed-effects ordinal logistic regression models
were estimated for each educational outcome, with D as the highest category. In particular, we accounted for the
clustering of academic marks by including school as a random effect and modeling a two-level structure with
students (level 1) nested within schools (level 2). We first examined each ND (yes, no), gender (boy, girl), age
(continuous variable), SES (continuous variable), ethnicity (native, foreign origin), parental divorce/separation
(yes, no), educational support (yes, no), and grade retention (yes, no) individually (model 0; crude analyses).
In a second set of models, each diagnostic category was adjusted for sociodemographic factors and school-
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related variables (model 1). Last, we considered all neurodevelopmental conditions, along with background
characteristics, in the final models (model 2) to control for co-occurring disorders, which resulted in sample
sizes ranging from 6590 to 7664. Additional analyses were conducted to evaluate the effects of multiple co-
occurring conditions on academic performance, considering the number of ND an individual had. To control
for multiple testing, a false discovery rate (FDR) threshold of 5% was applied separately within each model,
based on the number of predictors included (i.e., 13 comparisons per educational outcome in the fully adjusted
models).

Missing data

There were little missing values across the academic outcomes of testing (< 0.3%), except for arts (14.6%) and
PE (3.88%), where missingness resulted from school-level reporting differences rather than participant non-
response. With regard to background characteristics, the amount of missing data was greatest for ethnicity
(9.58%), followed by grade retention (8.65%), educational support (8.55%), and parental divorce/separation
(8.32%). In contrast, full data were available for gender, age, and SES. To examine the missing data mechanism,
we conducted multiple analyses (i.e., Little's MCAR test, logistic regressions on missingness indicators) and
confirmed that missingness was related to observed covariates included in the model (Table S1), supporting the
plausibility of a covariate-dependent missingness structure. Although full information maximum likelihood
(FIML) is theoretically appropriate under this assumption, missing data were handled using case-wise
deletion due to the technical limitations reported in the literature when applying FIML to complex models
involving hierarchical data, ordinal outcomes with sparse categories, and large sample sizes**-3%. Likewise,
multiple imputation was not applied as most missingness occurred in binary control variables, for which
reliable imputation is challenging without strong auxiliary predictors. Children with missing data had a higher
prevalence of ID than the complete sample (1.65% vs. 0.47%, p = .001), and achieved a greater proportion of Ds
on first language (4.49% vs. 2.28%, p = .001), foreign language (6.62% vs. 4.94, p = .037), and mathematics (8.75%
vs. 5.89%, p = .001). Significant differences were also found on age (incomplete: 10.4 years, complete: 9.43 years,
p <.001) and SES (incomplete: 42.1, complete = 43.8, p < .001).

Results

Sample characteristics

The sample comprised 9018 students, with a mean age of 9.48 years (SD=2.84; range=5-17 years). ND were
present in 2707 (30%) subjects, while the remaining 6311, who screened negative in the first phase of the study,
served as the control group. The most frequent conditions included SLD (n=1525, 16.9%) and ADHD (n =1523,
16.9%). Communication disorders were found in 269 (2.98%) students, 140 (1.55%) met criteria for ASD, 80
(0.88%) had motor disorders, and 47 (0.52%) met criteria for ID. Overall, 1522 (16.9%) participants had only
one ND, 774 (8.58%) had two, 334 (3.70%) had three, and 77 (0.85%) met criteria for at least four co-occurring
conditions. Compared to controls, children with ND were more likely to be male (64.2% vs. 49.2%, p <.001),
older (9.75 vs. 9.37 years, p<.001), from lower SES (39.1 vs. 45.7, p<.001), and of foreign origin (28.9% vs.
16.4%, p <.001). Additionally, the percentage of participants reporting parental divorce/separation, educational
support, or grade retention was higher among those who received a clinical diagnosis (p<.001). In terms of
academic performance, students with ND achieved mostly a mark of C or D on all educational outcomes, while
TD children had a greater proportion of As and Bs (p <.001). Table 1 shows the sociodemographic characteristics,
school-related variables, and academic performance of the study sample.

Associations with academic performance

Tables 2, 3,4 and 5 show the associations between ND and academic performance, estimated in a series of ordinal
logistic regression models with school as a random effect. The unadjusted models revealed that all diagnostic
categories were significantly associated with lower marks in first language, foreign language, mathematics, arts,
and PE (Tables 2, 3, 4 and 5, model 0). Specifically, the strongest association was observed for ID, with odds
ratios (OR) ranging from 6.91 to 14.0, partly because of the small number of participants with such disorders.
Repeater students, children of foreign origin, with divorced/separated parents or who required educational
support were also at risk for underperformance, while those from higher SES were found to receive better marks
in all academic subjects (Tables 2, 3, 4 and 5, model 0). Gender was related to first language, foreign language,
mathematics and arts, where boys performed worse than girls (Tables 2, 3 and 4, model 0). Likewise, age was
associated with negative educational outcomes on language subjects and mathematics (Tables 2 and 3, model 0).
Older students, in contrast, were less likely to achieve lower marks in PE (Table 5, model 0).

The effects of ND on academic performance remained even after adjustment for sociodemographic and
school-related variables (Tables 2, 3, 4 and 5, model 1). However, when we additionally included all the
diagnostic categories in the models to account for coexisting conditions, the associations of ASD and motor
disorders with academic impairment declined to a nonsignificant level, except for arts (Table 4, model 2) and
PE (Table 5, model 2). In contrast, ID were still the strongest predictor of poor performance (ORs 4.11-11.9;
Tables 2, 3, 4 and 5, model 2). Similarly, children with ADHD or SLD were more likely to have lower marks
than their peers in all academic domains (ADHD: ORs 2.67-4.65; SLD: ORs 1.86-5.97), although the largest
group differences were found in language subjects and mathematics (Tables 2, 3, 4 and 5, model 2). Last, the
relationship between communication disorders and poor educational functioning attenuated after controlling
for multiple co-occurring conditions, but remained significant across the outcomes examined (Tables 2, 3, 4
and 5, model 2). Background characteristics also predicted academic achievement in the fully adjusted models
(Tables 2, 3, 4 and 5, model 2). Nevertheless, once sociodemographic factors, school-related variables, and co-
occurring ND were controlled for, girls attained lower marks in mathematics (OR=1.23, 95% CI=1.12-1.34)
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‘ Total Control ND P
Sociodemographic factors
Gender (n, %) <.001
Boys 4843 (53.7) | 3105 (49.2) | 1738 (64.2)
Girls 4174 (46.3) | 3205 (50.8) | 969 (35.8)
Age (M, SD) 9.48 (2.84) | 9.37(2.86) | 9.75(2.77) | <.001
S\Z’ds‘g)“’“"mic Status | 437 (13.2) | 457 (123) | 39.1 (14.0) | <.001
Ethnicity (n, %) <.001
Native 6515 (79.9) | 4795 (83.6) | 1720 (71.1)
Foreign origin 1639 (20.1) | 940(16.4) | 699 (28.9)
School type (1, %) NS
Public 4570 (50.7) | 3188 (50.5) | 1382 (51.1)
Private 4448 (49.3) | 3123 (49.5) | 1325 (48.9)
Parental divorce/separation (1, %) <.001
No 6896 (83.4) | 5025 (86.3) | 1871 (76.5)
Yes 1372 (16.6) | 796 (13.7) | 576 (23.5)
School-related variables
Educational support (1, %) <.001
No 7258 (88.0) | 5529 (94.9) | 1729 (71.4)
Yes 989 (12.0) | 298(5.11) | 691 (28.6)
Grade retention (1, %) <.001
No 7972 (96.8) | 5775 (99.2) | 2197 (91.0)
Yes 266 (3.23) 49 (0.84) | 217 (8.99)
Academic performance
First language (1, %) <.001
A 1892 (21.0) | 1835(29.1) | 57 (2.11)
B 3810 (42.3) | 3189 (50.5) | 621 (23.0)
C 3090 (34.3) | 1254 (19.9) | 1836 (68.1)
D 215(2.39) | 31(0.49) | 184 (6.82)
Foreign language (1, %) <.001
A 1957 (21.7) | 1861 (29.5) 96 (3.56)
B 3458 (38.4) | 2881 (45.7) | 577 (21.4)
C 3131 (34.8) | 1480 (23.5) | 1651 (61.2)
D 452 (5.02) 80(1.27) | 372(13.8)
Mathematics (1, %) <.001
A 1888 (21.0) | 1778 (28.2) | 110 (4.08)
B 3470 (38.5) | 2886 (45.8) | 584 (21.7)
C 3103 (34.5) | 1506 (23.9) | 1597 (59.2)
D 542 (6.02) | 137(2.17) | 405(15.0)
Arts (n, %) <.001
A 1783 (23.2) | 1612 (30.1) | 171 (7.29)
B 3744 (48.6) | 2819 (52.7) | 925(39.4)
C 2038 (26.5) | 891 (16.7) | 1147 (48.9)
D 132(1.71) | 29(0.54) | 103 (4.39)
Physical education (1, %) <.001
A 2116 (24.4) | 1854 (30.5) | 262 (10.1)
B 4381 (50.5) | 3132 (51.5) | 1249 (48.3)
C 2070 (23.9) | 1066 (17.5) | 1004 (38.8)
D 101(1.17) | 29(048) | 72(2.78)

Table 1. Sociodemographic characteristics, school-related variables, and academic performance of the study
sample. ND, neurodevelopmental disorders; M, mean; SD, standard deviation; NS, non-significant. Differences
in sample sizes across variables are due to missing data.
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First language Foreign language
OR (95% CI) OR (95% CI)
Model 0 Model 1 Model 2 Model 0 Model 1 Model 2

Neurodevelopmental disorders

Intellectual disabilities
(Ref. No)

10.0 (5.44-18.5)*

3.81 (1.79-8.09)*

9.41 (4.11-21.6)*

7.86 (4.37-14.1)*

2.67 (1.25-5.71)*

4.69 (2.13-10.3)*

Communication disorders
(Ref. No)

6.56 (5.07-8.48)*

3.89 (2.89-5.23)*

2.95 (2.16-4.03)*

4.87 (3.82-6.20)*

3.20 (2.42-4.25)*

2.50 (1.87-3.34)*

Autism spectrum disorders
(Ref. No)

2.78 (2.00-3.87)*

1.48 (1.02-2.15)*

1.39 (0.94-2.07)

2.66 (1.93-3.66)*

1.45 (1.01-2.08)*

1.37 (0.95-1.99)*

ADHD (Ref. No)

8.49 (7.49-9.62)*

5.76 (5.00-6.64)*

4.65 (4.02-5.37)*

7.50 (6.66-8.46)*

5.10 (4.45-5.83)*

4.25 (3.70-4.88)*

Specific learning disorder
(Ref. No)

9.75 (8.58-11.1)*

7.05 (6.10-8.14)*

5.97 (5.15-6.92)*

7.09 (6.29-7.99)*

5.13 (4.48-5.87)*

4.32(3.76-4.96)*

Motor disorders
(Ref. No)

3.06 (1.97-4.76)*

2.67 (1.66-4.28)*

1.56 (0.95-2.56)

2.65 (1.74-4.04)*

2.19 (1.39-3.43)*

1.34 (0.84-2.14)

Sociodemographic factors

Gender (Ref. Girls) 2.01 (1.85-2.18)* 1.75 (1.59-1.93)* | 1.92 (1.77-2.09)* 1.61 (1.47-1.77)*
Age 1.11 (1.08-1.13)* 1.09 (1.06-1.11)* | 1.11 (1.08-1.13)* 1.08 (1.05-1.10)*
Socioeconomic status 0.96 (0.95-0.96)* 0.97 (0.97-0.97)* | 0.95 (0.95-0.96)* 0.97 (0.96-0.97)*
Ethnicity (Ref. Spanish) 1.82 (1.64-2.03)* 1.25 (1.11-1.41)* | 1.43 (1.29-1.59)* 0.91 (0.81-1.02)

Parental divorce/separation

2.10 (1.87-2.35)*

1.53 (1.35-1.74)*

2.08 (1.86-2.32)*

1.48 (1.30-1.67)*

(Ref. No)

School-related variables

Educational support
(Ref. No)

Grade retention
(Ref. No)

6.26 (5.42-7.23)* 2.48 (2.11-2.92)* | 5.03 (4.39-5.77)* 2.00 (1.72-2.33)*

10.7 (8.14-14.1)* 2.60 (1.91-3.55)* | 10.6 (8.21-13.7)* 3.66 (2.73-4.89)*

Table 2. Mixed-effects ordinal logistic regression models of the association between neurodevelopmental
disorders and poor academic performance on language subjects. OR, odds ratio; CI, confidence

interval; ADHD, attention-deficit/hyperactivity disorder. Model 0: crude analysis; Model 1: adjusted for
sociodemographic factors and school-related variables. Model 2: adjusted for sociodemographic factors,
school-related variables, and other neurodevelopmental disorders. Covariate estimates for Model 1 are
omitted, as each neurodevelopmental disorder was analyzed separately with adjustment for the same set of
background characteristics, yielding distinct coeflicients across disorder-specific models. *Significant at a FDR
of 5% based on the number of predictors included within each model.

and gender became significant for PE, where boys performed better (OR=0.78, 95% CI=0.70-0.86). The effect
of ethnicity declined and was no longer related to marks in foreign language and arts (Tables 2 and 4, model 2).

Sensitivity analysis examining Catalan and Spanish separately showed largely consistent results, confirming
that the associations with first language were robust. Specifically, ID, ADHD, SLD, and communication disorders
predicted poor academic performance on both subjects, while ASD remained significantly associated with lower
marks in Spanish (Table S2).

Finally, additional analyses were conducted to examine whether a higher number of co-occurring ND
was related to worse academic achievement, when adjusted for background characteristics. Each additional
diagnostic category increased the likelihood of obtaining lower marks in language subjects (first language:
OR=3.07, 95% CI=2.87-3.29, p <.001; foreign language: OR=2.61, 95% CI=2.45-2.78, p <.001), mathematics
(OR=2.39,95% CI=2.25-2.54, p<.001), arts (OR=1.93, 95% CI=1.81-2.06, p<.001), and PE (OR=1.70, 95%
CI=1.60-1.81, p<.001).

Discussion

The current research examined the associations between specific ND - including ID, communication disorders,
ASD, ADHD, SLD, and motor disorders — and academic performance across multiple dimensions in 9018
Spanish students, when controlling for coexisting conditions and background characteristics.

When examined separately, each diagnostic category was significantly associated with lower marks in all
educational outcomes. Likewise, previous studies have consistently demonstrated that students with ADHD,
ID or SLD are at higher risk for academic impairment than TD children, although the pervasive co-occurrence
among ND has rarely been considered in the evaluation of this relationship®-°. Indeed, when we included all
neurodevelopmental conditions in the models, a more restricted pattern emerged, with ID being the strongest
predictor of low educational outcomes. This broad impact is unsurprising and reflects the pervasive nature of
ID, which are characterized by deficits in cognitive and adaptive functioning across conceptual, social, and
practical domains'. These impairments - including poor attention, working memory, information processing,
and reasoning - hinder the acquisition of oral and written language skills***’. Students with ID also show
delayed mathematical development due to difficulties with basic numerical skills, planning, problem-solving,
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Mathematics
OR (95% CI)
Model 0 Model 1 Model 2

Neurodevelopmental disorders

Intellectual disabilities 8.24 (4.64-14.6)* | 3.48 (1.68-7.21)* | 6.90 (3.28-14.5)*

(Ref. No)

Communication disorders " " .
(Ref. No) 4.65 (3.66-5.90)* | 2.92 (2.22-3.85)* | 2.27 (1.71-3.01)
Autism spectrum disorders " "

(Ref. No) 2.35(1.71-3.24)* | 1.46 (1.03-2.09)* | 1.35 (0.94-1.94)
ADHD (Ref. No) 5.95 (5.30-6.68)* | 4.75 (4.16-5.41)* | 4.00 (3.50-4.57)*

Specific learning disorder
(Ref. No)

Motor disorders (Ref. No) | 2.17 (1.43-3.28)* | 2.09 (1.34-3.25)* | 1.28 (0.81-2.01)

5.99 (5.33-6.73)* | 4.37 (3.84-4.98)* | 3.68 (3.22-4.20)*

Sociodemographic factors

Gender (Ref. Girls) 1.09 (1.01-1.18)* 0.82 (0.74-0.90)*
Age 1.14 (1.12-1.16)* 1.10 (1.08-1.13)*
Socioeconomic status 0.96 (0.95-0.96)* 0.97 (0.97-0.97)*
Ethnicity (Ref. Spanish) 1.73 (1.56-1.92)* 1.17 (1.04-1.31)*
Parental divorce/separation " "
(Ref. No) 1.99 (1.78-2.22) 1.44 (1.28-1.63)
School-related variables

Educational support " "
(Ref. No) 4.06 (3.56-4.64) 1.72 (1.48-1.99)
Grade retention (Ref. No) 7.85(6.12-10.1)* 2.42(1.83-3.19)*

Table 3. Mixed-effects ordinal logistic regression models of the association between neurodevelopmental
disorders and poor academic performance on mathematics. OR, odds ratio; CI, confidence interval; ADHD,
attention-deficit/hyperactivity disorder. Model 0: crude analysis; Model 1: adjusted for sociodemographic
factors and school-related variables. Model 2: adjusted for sociodemographic factors, school-related

variables, and other neurodevelopmental disorders. Covariate estimates for Model 1 are omitted, as each
neurodevelopmental disorder was analyzed separately with adjustment for the same set of background
characteristics, yielding distinct coefficients across disorder-specific models. *Significant at a FDR of 5% based
on the number of predictors included within each model.

and abstract thinking‘“’“. Last, these deficits may affect creativity, coordination, and fine motor skills required
to engage effectively in arts and PE4,

As hypothesized, ADHD was one of the strongest drivers behind poor academic performance in first
language, foreign language, and mathematics. Indeed, a large body of literature demonstrates that youth
with ADHD face significant academic challenges, even after accounting for other neurodevelopmental
conditions?>*1%1317:21.22 These students often struggle with holding attention, following instructions, planning,
and completing schoolwork®**. Additionally, those with the hyperactive/impulsive presentation exhibit excessive
motor activity and difficulties in staying still*. Thus, it is unsurprising that they experience problems in an
academic environment, which may lead to lower levels of achievement. Unexpectedly, however, our results
revealed lower marks in less academically-oriented activities such as arts and PE. In this regard, there is evidence
that people with ADHD report enhanced creativity in public or mechanical abilities, but not in other artistic
tasks*®. Additionally, ADHD children may present motor control deficits, such as poor manual dexterity and
lower performance in fundamental skills*.

Likewise, the current investigation confirmed that SLD increase the risk of poor educational outcomes in
core subjects by impeding or slowing the acquisition of reading, writing, and arithmetic skills%>?!46. Students
with SLD also struggle in several cognitive and meta-cognitive tasks, including monitoring and regulating their
own performance’. In addition, we found independent, negative associations between SLD and marks in arts
and PE, which was somewhat unexpected. Nevertheless, these children exhibit postural, fine and gross motor
impairments, even after controlling or excluding for concurrent ADHD or DCDY, that frequently remain
unrecognized in the school and sports systems. These findings highlight the need for early and continued
assessments, along with adapted physical activities to optimize the motor development of children with SLD,
especially given the risk of motor decline from their sedentary lifestyle behaviors*’.

Another surprising finding was that participants who met criteria for communication disorders achieved
lower marks than their peers across all academic domains, although differences between groups were larger
in language-dependent subjects, as anticipated. In the same way, a recent systematic review demonstrated that
students with developmental language disorder are at greater risk of academic failure, particularly in literacy
achievement given the theoretical links between language ability and reading®®. Nevertheless, they may also
struggle with mathematics as many aspects are linguistic activities®. In this regard, Aguilar-Mediavilla et al.>°
showed that Spanish-Catalan students with developmental language disorder had more frequent grade retention
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Arts
OR (95% CI)
Model 0 Model 1 Model 2

Neurodevelopmental disorders

Intellectual disabilities 14.0 (7.27-27.0) | 6.40 (2.79-14.7)* | 11.9 (5.08-28.0)*

(Ref. No)

Communication disorders | 5,3 ) 55 4 15y« | 1,80 (1.34-2.41)* | 1.45 (1.08-1.95)*
(Ref. No)
Autism spectrum disorders " " "
(Ref. No) 3.85 (2.72-5.45)* | 2.36 (1.59-3.51)* | 2.35 (1.57-3.51)
ADHD (Ref. No) 541 (4.77-6.13)* | 3.59 (3.11-4.14)* | 3.09 (2.67-3.58)*

Specific learning disorder
(Ref. No)

Motor disorders (Ref. No) | 3.69 (2.34-5.80)* | 2.92 (1.79-4.76)* | 2.06 (1.25-3.39)*

3.60 (3.20-4.07)* | 2.80 (2.43-3.22)* | 2.42 (2.09-2.79)*

Sociodemographic factors

Gender (Ref. Girls) 3.56 (3.24-3.92)* 3.23(2.90-3.60)*
Age 1.01 (0.99-1.04) 0.97 (0.95-1.00)
Socioeconomic status 0.96 (0.96-0.97)* 0.97 (0.97-0.98)*
Ethnicity (Ref. Spanish) 1.50 (1.33-1.69)* 1.11 (0.98-1.27)
Parental divorce/separation " "
(Ref. No) 1.83 (1.61-2.07) 1.44 (1.26-1.66)
School-related variables

Educational support " "
(Ref. No) 3.54 (3.04-4.11) 1.70 (1.43-2.02)
Grade retention (Ref. No) 6.21 (4.53-8.52)* 1.96 (1.38-2.79)*

Table 4. Mixed-effects ordinal logistic regression models of the association between neurodevelopmental
disorders and poor academic performance on arts. OR, odds ratio; CI, confidence interval; ADHD, attention-
deficit/hyperactivity disorder. Model 0: crude analysis; Model 1: adjusted for sociodemographic factors and
school-related variables. Model 2: adjusted for sociodemographic factors, school-related variables, and other
neurodevelopmental disorders. Covariate estimates for Model 1 are omitted, as each neurodevelopmental
disorder was analyzed separately with adjustment for the same set of background characteristics, yielding
distinct coefficients across disorder-specific models. *Significant at a FDR of 5% based on the number of
predictors included within each model.

and lower marks than their peers in all academic subjects (i.e., Catalan, Spanish, English, arts), except for
mathematics and PE. By contrast, larger studies reported lower scores on mathematics and there is strong evidence
supporting the association of speech and language disorders with motor problems, such as slower eye-hand
coordination, reduced manual dexterity, and impaired balance®">2. Thus, our results highlight the importance
of integrating motor skill training into educational interventions for students with communication disorders as
they may also experience significant challenges in academic subjects with lower language dependence.

Movement abnormalities often occur in ASD as well, particularly in tasks involving locomotion skills, balance
and coordination®*>*. Therefore, the association between ASD and poor academic performance on PE is not
surprising and echoes a recent meta-analysis, which showed that children with ASD have physical activity levels
that are 8-12% lower than their peers during PE and school breaks®. Students with ASD may also struggle with
PE due to social and communication deficits, and the considerable stimuli existing in the gymnasium, which can
trigger frustration or disruptive behaviors®. In addition, poor fine motor skills and manual dexterity, especially
when manipulating writing utensils®’, might explain the increased risk for underperformance in arts. Conversely,
the relationship between ASD and academic impairment in language subjects and mathematics declined after
controlling for other neurodevelopmental conditions. Consistent with the disorder’s heterogeneity, the literature
shows a wide variability in academic performance, which presumably arises from differences in intellectual
and linguistic abilities, inattention, and working memory®8. For instance, high-functioning students with ASD
have been found to perform in the average range in reading and mathematics®’. Additional diagnoses, such
as ID, communication disorders, ADHD or SLD, may also contribute to the varied academic profile of autistic
children®®’, although most studies do not report the presence of coexisting disorders. Thus, further research is
needed to disentangle whether the academic difficulties associated with ASD are intrinsic to the disorder or due
to other co-occurring conditions.

Similarly, when we included all the diagnostic categories in the models, motor disorders were only related
to educational outcomes on arts and PE. This aligns with a previous investigation reporting the follow-up
of children with delayed motor development, which found a lower performance in all school subjects (i.e.,
Finish, first foreign language, mathematics, PE, music, drawing) compared to the control group. However,
differences in language and mathematics disappeared after controlling for IQ>°. More recently, Harrowell et al.'
revealed that the impact of DCD on educational achievement was attenuated when the effects of co-occurring
difficulties in reading, social communication, and hyperactivity/inattention were adjusted for, suggesting that
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Physical education

OR (95% CI)

Model 0

Model 1

Model 2

Neurodevelopmental disorders

Intellectual disabilities
(Ref. No)

6.91 (3.84-12.4)*

2.53 (1.25-5.14)*

4.11 (2.01-8.44)*

Communication disorders
(Ref. No)

2.77 (2.16-3.54)*

1.66 (1.25-2.21)*

1.37(1.03-1.83)*

Autism spectrum disorders (Ref. No)

5.19 (3.68-7.32)*

4.01 (2.73-5.89)*

3.89 (2.63-5.74)*

ADHD (Ref. No)

3.75(3.34-4.21)*

3.02 (2.64-3.45)*

2.67 (2.33-3.06)*

Specific learning disorder
(Ref. No)

2.99 (2.66-3.36)*

2.13 (1.87-2.43)*

1.86 (1.62-2.12)*

Motor disorders (Ref. No)

2.22 (1.44-3.44)*

2.39 (1.50-3.81)*

1.72 (1.07-2.76)*

Sociodemographic factors

Gender (Ref. Girls) 0.99 (0.91-1.08) 0.78 (0.70-0.86)*
Age 0.98 (0.95-1.00)* 0.94 (0.92-0.97)*
Socioeconomic status 0.97 (0.97-0.97)* 0.98 (0.98-0.99)*
Ethnicity (Ref. Spanish) 1.84 (1.64-2.06)* 1.42 (1.26-1.61)*

Parental divorce/separation
(Ref. No)

School-related variables

1.77 (1.57-1.99)* 1.35 (1.19-1.54)*

Educational support
(Ref. No)

Grade retention (Ref. No)

2.88 (2.51-3.30)* 1.68 (1.44-1.96)*

4.99 (3.86-6.45)* 2.12 (1.59-2.81)*

Table 5. Mixed-effects ordinal logistic regression models of the association between neurodevelopmental
disorders and poor academic performance on physical education. OR, odds ratio; CI, confidence

interval; ADHD, attention-deficit/hyperactivity disorder. Model 0: crude analysis; Model 1: adjusted for
sociodemographic factors and school-related variables. Model 2: adjusted for sociodemographic factors,
school-related variables, and other neurodevelopmental disorders. Covariate estimates for Model 1 are
omitted, as each neurodevelopmental disorder was analyzed separately with adjustment for the same set of
background characteristics, yielding distinct coefficients across disorder-specific models. *Significant at a FDR
of 5% based on the number of predictors included within each model.

other developmental conditions may account for the underperformance in academic subjects where adequate
movement competence is less crucial. By contrast, subjects that have a substantial movement component, such
arts and PE, may be directly impaired due to disorder-related deficits in both gross and fine motor skills®. For
instance, children with DCD are less coordinated in terms of manual dexterity and face significant difficulties
in writing, drawing, or using scissors®. Besides, they have trouble throwing, catching, or kicking a ball, which
hinders participation in physical activities and further impacts performance®®S!,

The observation that meeting criteria for multiple ND increased the odds of lower marks across all educational
outcomes is an important contribution to the literature since previous studies have mainly focused on single
conditions. However, those investigating the impact of ADHD in combination with ASD or SLD have reported
similar results!>18:21-22,

Finally, our results corroborate the presence of a stable female advantage in school marks, especially for
language subjects®?. The increased risk for academic underperformance with age echoes findings from a
large longitudinal study®® and may reflect the more challenging academic environment during adolescence,
characterized by multiple teachers, changes in curriculum content, and different instructional and assessment
methods. This association could also suggest a ‘growing into deficit” effect, where children with ND experience
a progressive decline in educational functioning as academic and cognitive demands increase, although this
interpretation remains speculative given the cross-sectional nature of our study.

The main strengths of the current research include the large size and age range of the sample, and the
comprehensive clinical assessment performed, although implementing such procedures in typical school settings
may be difficult due to resources and personnel constraints. Moreover, we used official academic records across
multiple domains and limited shared method variance by using different informants for diagnoses and academic
achievement. Last, we adjusted our analyses for multiple background characteristics, co-occurring ND, and the
nested structure of data within schools.

Nevertheless, alternative explanations for the observed relationships cannot be excluded since variables
such as children’s intelligence quotient, executive functioning, treatment status or other coexisting psychiatric
disorders were not considered. Students who screened negative did not undergo the diagnostic assessment and
false negative might have occurred. However, only 0.88% of them had ever repeated a grade and 5.19% required
educational support. These figures contrast with those in the positive screening group (7.43% and 21.7%,
respectively), suggesting that the presence of undetected ND was likely to be low. Missing data were handled using
case-wise deletion due to the methodological challenges reported in previous studies when applying FIML or
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multiple imputation to complex models involving ordinal outcomes, clustered data structures, binary indicators
with missing values, and large sample sizes*¢~3%. Therefore, it is unknown to what extent the loss of participants
might have impacted the findings, but associations might have been attenuated, as children with missing data
were older, from lower SES, had higher rates of ID, and achieved poorer marks in most educational outcomes
than the complete sample. Moreover, although we could not compare individuals who refused to participate
in the screening phase with those included in the final sample, we found that students in secondary education
and those attending private schools were over-represented among non-participants. Finally, the cross-sectional
design of the study prevents from drawing conclusions on causality. Caution is also warranted when interpreting
the generalizability of prevalence rates since the study was not intended as an epidemiological investigation. Our
primary objective was to examine the association between ND and academic performance in a large school-
based sample. Thus, children with other psychiatric conditions were excluded unless these co-occurred with a
ND, which may have resulted in an overrepresentation of ND diagnoses. In addition, data collection spanned the
transition period from DSM-IV to DSM-5. This diagnostic shift could have influenced both prevalence and co-
occurrence estimates. In particular, the broader age-of-onset criterion and the inclusion of all DSM-5 diagnostic
categories (i.e., combined, predominantly inattentive, predominantly hyperactive-impulsive, other specified,
and unspecified ADHD) may explain the relatively high ADHD rate. Besides, the school-based nature of our
sample and the comprehensive clinical assessment performed likely facilitated the identification of less severe
cases that might not have been referred for evaluation in clinical settings. Conversely, the lower prevalence of
ID and ASD may reflect both the stricter DSM-5 diagnostic criteria and the characteristics of the sample. The
DSM-5 places greater emphasis on adaptive functioning for the diagnosis of ID, potentially excluding children
with low IQ who function adequately in daily life, and identifies fewer cases of ASD, particularly among those
with milder or atypical presentations®. Furthermore, the DSM-IV did not allow the co-occurrence of ASD
and ADHD, which may have led to underidentification in earlier assessments. Finally, as the sample was drawn
from general education classrooms, children with more severe forms of ID or ASD - who are often placed in
specialized educational settings or integrated support units within schools — were likely underrepresented. This
is consistent with prior research showing that students with more profound neurodevelopmental impairments
are less frequently captured in population-based studies®.

Opverall, the present investigation demonstrates that ID, ADHD, SLD, and communication disorders have a
strong negative influence on students’ academic performance regardless of other co-occurring conditions and
background characteristics, while ASD and motor disorders are only associated with lower marks in arts and PE.
Furthermore, youth with multiple ND are at higher risk of academic impairment in all educational outcomes.
These findings, however, should be interpreted within the broader context of the educational system, where
teachers often lack training and support to effectively address the diverse needs of students with ND. Traditional
instructional and assessment methods may not align with the learning profiles of these children, and evidence-
based practices are not consistently implemented in classrooms, which may further exacerbate their academic
challenges. Therefore, our results underscore not only the need for early diagnosis, but the importance of
developing school-based frameworks that promote inclusive pedagogical strategies, coordinated collaboration
among educators, specialists, and families, and targeted academic supports to create more equitable learning
environments. Indeed, evidence suggests that students with mild ID attending regular classrooms may experience
greater academic progress than children in special schools®®®”. Similarly, adapted teaching methods have been
applied in various subjects, resulting in improved skills*’. Moreover, co-occurring diagnoses should be actively
sought as focusing solely on a primary condition may result in diagnostic overshadowing. This unrecognition of
additional ND may delay tailored interventions for specific learning, attentional or motor difficulties, potentially
exacerbating academic underperformance and widening achievements gaps over time. Further prospective
studies with a broader selection of covariates (e.g., intelligence, executive functioning, treatment status) are
needed to provide a more secure basis for inference and identify the combinations of disorders with the strongest
impact on educational outcomes. In addition, future research should explore potential moderators of academic
impairment and examine whether similar associations could be identified using screening tools specifically
designed to detect potential ND, as has previously been demonstrated with other widely used standardized
questionnaires such as the Child Behavior Checklist®®,
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The datasets generated and/or analyzed during the current study are available from the corresponding author
on reasonable request.
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