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Abstract
Symptoms of attention-deficit hyperactivity disorder, in particular inattention symptoms, are associated with academic 
achievement. However, whether and why the developmental course of inattention symptoms (i.e. systematic decreases or 
increases of symptoms with age) predicts academic achievement remains unclear. A total of 5634 twin pairs born in the UK 
were included in the current study. We used latent growth curve modelling to estimate the baseline level and the develop-
mental course of inattention symptoms (assessed at ages 8, 11, 14 and 16 years) and test whether they predicted the General 
Certificate of Secondary Education scores (GCSE, at age 16 years). We then implemented multivariate twin modelling to 
determine the role of genetic and environmental factors in explaining the relationship between inattention symptoms and 
GCSE scores. Increasing inattention symptoms across childhood and adolescence predicted poorer GCSE scores indepen-
dently of the baseline level of inattention. Genetic factors explained most of this relationship, i.e. genetic factors contributing 
to individual differences in the developmental course of inattention also influenced GCSE scores. In conclusion, our study 
demonstrates that genetic factors underlying the developmental course of inattention symptoms across childhood and ado-
lescence also influence academic achievement. This may result from indirect mechanism, whereby genetic factors explain 
systematic changes in inattention levels with age, which in turn impact academic achievement. The shared genetic aetiology 
may also suggest common neurobiological processes underlying both the developmental course of inattention symptoms 
and academic achievement.
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Introduction

Attention-deficit hyperactivity disorder (ADHD) is a highly 
heritable neurodevelopmental disorder characterised by 
two distinct symptom dimensions: inattention and hyper-
activity/impulsivity [1]. The heritability of ADHD symp-
toms is estimated to be around 80% [2, 3]. Genetic factors 
also independently contribute to the developmental course 
of ADHD symptoms across the lifespan, i.e. systematic 
increase, decrease or persistence of symptoms with age [4, 
5]. Although twin studies report a high genetic correlation 
(0.55–0.62) between inattention and hyperactivity/impul-
sivity, suggesting overlapping genetic influences underly-
ing the two symptom dimensions, they also identify genetic 
effects specific to each symptom dimension. These findings 
support a partially distinct aetiology underlying the two 
ADHD symptom dimensions and encourage researchers to 
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investigate the two dimensions separately in quantitative 
genetic analyses [6–8].

ADHD is a major source of functional impairment [9, 
10]. Among these, academic underachievement is a com-
mon difficulty experienced by children with ADHD [11, 12]. 
Notably, the two ADHD symptom dimensions contribute 
differentially to academic outcomes [13]. Inattention directly 
predicts academic achievement as it specifically predicts 
learning difficulties such as mathematics, reading and spell-
ing ability [14, 15]. Conversely, hyperactivity/impulsivity 
is less strongly associated with learning ability but is asso-
ciated with externalising behaviours, classroom disruption 
and peer relational problems [16]. The unique influence 
of inattention symptoms on academic achievement across 
developmental stages was confirmed in systematic reviews 
and meta-analyses [17–19]. The significant phenotypic 
relationship between inattention symptoms and academic 
achievement could be partly attributable to a shared genetic 
aetiology. For example, a genetic correlation of − 0.31 was 
found between inattention and reading difficulty and − 0.41 
between inattention and mathematics ability. Conversely, the 
genetic correlation between hyperactivity/impulsivity and 
learning ability was significantly lower at − 0.12 with read-
ing ability and − 0.22 with mathematics ability, respectively 
[20]. The developmental course of the two ADHD symp-
tom dimensions also predicts academic achievement differ-
ently. Results from two population samples in the United 
States and Canada showed that increasing inattention lev-
els from childhood to adolescence significantly predicted 
high school graduation failure and poorer mathematics and 
reading abilities [21, 22]. Furthermore, the developmental 
course of inattention symptoms independently predicted 
academic outcomes regardless of average symptom sever-
ity [22]. On the contrary, trajectories reflecting the develop-
mental course of hyperactivity/impulsivity symptoms did 
not predict academic achievement when inattention symp-
toms were controlled for [23]. Taken together, the above 
findings support the unique influence of both baseline level 
and the developmental course of inattention symptoms on 
academic achievement. However, replication of these find-
ings in different population samples is needed. In addition, 
given the high heritability of academic achievement [24], 
whether the unique influence of the developmental course 
of inattention on academic achievement is attributable to a 
common genetic and/or environmental aetiology needs fur-
ther exploration.

To further examine the relationship between inattention 
symptoms and academic achievement, we applied twin mod-
elling to a population-based cohort comprising four waves 
of assessment of inattention symptoms at ages 8, 11, 14 
and 16 years. Academic achievement was indexed, at age 
16 years, by scores on the General Certificate of Second-
ary Education (GCSE), a nationwide examination at the 

end of compulsory schooling in the United Kingdom. We 
hypothesised that (1) the developmental course of inatten-
tion symptoms would influence GCSE scores at age 16 years 
independently of the baseline level of symptoms; (2) genetic 
factors influencing the baseline level and the developmental 
course of inattention symptoms would also partly explain 
their contribution to GCSE scores.

Methods

Participants

Participants were drawn from the Twins Early Development 
Study (TEDS), a longitudinal study of twins recruited from 
population birth records in England and Wales between Jan-
uary 1994 and December 1996 [25, 26]. The current study 
sample included twin pairs for whom both twins had GCSE 
scores at the end of compulsory schooling and at least one 
ADHD symptom assessment between ages 8 and 16 years. 
Missing GCSE scores can be due to study attrition, family 
who chose not to report GCSE results, twins with special 
educational arrangements and school drop-outs. The mean 
level of inattention ratings was higher in twin pairs with-
out GCSE scores, with Cohen d ranging from 0.24 to 0.38 
(Suppl. Table 1). Twins with pre- or perinatal complications, 
severe congenital anomalies, autistic disorder, chromosomal 
disorders, and those who failed to provide zygosity informa-
tion were excluded. A total of 5634 twin pairs were included 
in the current analysis, of which 53.3% were female. The 
study sample was adequately representative of the UK popu-
lation as compared with the UK census data from the general 
household survey (Suppl. Table 2). Approval was obtained 
from the Institute of Psychiatry, Psychology and Neuro-
sciences Ethics Committee at King’s College London Psy-
chology and Neuroscience Department. Written informed 
consent was acquired from parents prior to data collection. 
All human and animal studies have been approved by the 
appropriate ethics committee and have therefore been per-
formed in accordance with the ethical standards laid down in 
the 1964 Declaration of Helsinki and its later amendments.

Measures

Inattention symptoms were assessed with the Conners’ Par-
ent Rating Scales-Revised (CPRS-R) at age 7.9, 11.3, 14.2 
and 16.3 years. The CPRS-R consists of two subscales: inat-
tention and hyperactivity/impulsivity [27]. Each subscale 
comprises nine statements that describe ADHD symptoms 
based on the DSM-IV criteria, evaluated on a Likert rating 
scale with four levels from “not true at all” (0) to “very much 
true” (3). Higher scores indicate greater severity. From this 
dataset, standardised Cronbach alphas across the four ages 
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were found to range between 0.87 and 0.90 for inattention 
and 0.77 and 0.83 for hyperactivity/impulsivity

Academic achievement was assessed using scores from 
the General Certificate of Secondary Education (GCSE) at 
age 16 years. Data were collected by telephone interviews 
and mail questionnaires to the twins and their parents. The 
reliability of self-reported GCSE results was confirmed by 
comparing them with data from the National Pupil database 
(correlation of 0.98 for English, 0.99 for mathematics, and 
0.96 for all sciences) [28]. The overall GCSE mean score 
was the average of the three core subjects: mathematics, 
English and science.

Statistical analysis

The literature reviewed in the introduction shows that inat-
tention symptoms are more important than hyperactivity/
impulsivity in predicting academic achievement; hence, we 
focused on analysing the nature of the contribution of inat-
tention symptoms to academic achievement. Findings for 
hyperactivity/impulsivity are presented in the supplementary 
material for interested readers. All scores were regressed on 
age and gender prior to analyses.

First, a latent growth curve model was built to capture 
the baseline level (intercept) and the developmental course 
(slope, systematic decreases or increases in symptoms from 
age 8 to 16 years) of inattention symptoms from childhood 
to adolescence. This model was then expanded to include 
regression parameters to investigate the effects of the inter-
cept and the slope of inattention symptoms on GCSE scores 
at age 16, setting GCSE scores as the dependent (outcome) 
variable. Relevant parameter constraints were imposed in 
the latent growth model to account for non-independence 
between twins following the procedure described in Olsen 
and Kenny for exchangeable dyads [29].

Second, the latent growth models without and with GCSE 
estimated in the first step were fully developed into multi-
variate genetic models to: (1) examine genetic and environ-
mental influences on the baseline level and the developmen-
tal course of inattention, and (2) determine how much of 
the variance in GCSE scores was attributable to genetic and 
environmental components underlying the baseline and the 
developmental course of inattention symptoms. We used the 
standard Cholesky decomposition [30] to estimate the rela-
tive contributions of additive genetic (A), dominant genetic 
(D), shared environment (C) and non-shared environmental 
(E) factors to the baseline level and developmental course 
of inattention symptoms. The C component encompasses 
the environmental factors that make the twins within a pair 
similar. The E component captures any environmental fac-
tors that make the twins different, and also includes meas-
urement error. Whether dominant genetic effects (D) are 
estimated depends on the monozygotic (MZ) to dizygotic 

(DZ) within-pair correlations. If the within-pair correlation 
in MZ twins is more than twice higher than the within-pair 
correlation in DZ twins, then dominant genetic effects can 
be present and estimated. In a previous study using the same 
sample, the best-fitted genetic model for inattention symp-
toms was an ADE model [5], where dominant genetic effects 
(D) explained 55 and 35% of the variance in the intercept 
and slope of inattention symptoms. An ACE model fitted 
best for GCSE scores and shared environmental factors (C) 
explained 26% of the variance in GCSE [24]. Given the dis-
crepancy in best-fitting models for inattention symptoms 
and GCSE, and the need to model them simultaneously to 
answer our research questions, we estimated an AE model 
for inattention symptoms, where the A component reflected 
broad sense heritability (both additive genetic effects and 
non-additive genetic effects). An ACE model was used for 
GCSE.

The goodness-of-fit of the latent growth curve mod-
els were assessed using the comparative fit index (CFI), 
root mean square error of approximation (RMSEA) and 
the standardised root mean square residual (SRMR). A 
model is considered as an adequate fit when CFI ≥ 0.90, 
RMSEA ≤ 0.06 and SRMR ≤ 0.08 [31–33]. All analyses 
were performed using R software version 3.2.3 [34] using a 
built-in structural equation modelling package lavaan ver-
sion 0.5–20 [35]. A maximum likelihood estimator was 
used to deal with missing data, while 95% confidence inter-
vals were obtained by bootstrapping (number of bootstrap 
replicates = 5000).

Results

Descriptive statistics for inattention symptoms, GCSE scores 
and their age-to-age within-twin/cross-twin phenotypic cor-
relations are presented in Table 1 for MZ twins and Table 2 
for DZ twins. As shown in the table, the mean level of inat-
tention decreased slightly from age 8 to age 16 years and 
inattention scores were negatively correlated with GCSE 
scores. Significant zygosity differences were found in the 
cross-twin cross-trait phenotypic correlations between inat-
tention and GCSE scores, suggesting that genetic factors 
contribute to the relationship between inattention symptoms 
and GCSE scores. Findings for hyperactivity/impulsivity 
symptoms are displayed in Suppl. Table 3.

Modelling the developmental course of inattention

The estimated intercept of inattention symptoms was 5.26 
(95% CI 5.14, 5.38), representing the baseline score on the 
CPRS-R inattention scale at age 8 years. The estimated 
slope, reflecting systematic change in inattention symptom 
scores across follow-up (i.e. the developmental course), was 
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estimated to −1.12 (95% CI − 1.28, − 0.95). This negative 
slope corresponded to a systematic decrease of 1.12 point 
in the CPRS-R inattention scale per decade, leading to a 
predicted score of 4.13 at the end of the follow-up.

The contributions of both the baseline level [B = − 0.13, 
95% CI (− 0.14, − 0.12)] and the developmental course 
[B = − 0.08, 95% CI (− 0.09, − 0.07)] of inattention to GCSE 
scores were significant. The findings suggest that a 1-point 

Table 1   Phenotypic correlation of inattention and GCSE for MZ twins

MZ monozygotic twins, DZ dizygotic twins, GCSE General Certificate of Secondary Education
Below the diagonal are the MZ twin correlations. The top left and bottom right show the within-individual correlations of inattention for MZ 
(in bold, for example, correlation between age 8 and age 11 of twin 1 is 0.60 and 0.66 for twin 2, seea). The cross-twin correlations of inatten-
tion are presented in the diagonal (underlined, for example, correlation between twin 1 and twin 2 is 0.76 at age 8 and 0.73 at age 11, seeb). The 
cross-twin correlation of inattention and GCSE is shown in the bottom-left matric (in italics, for example, correlation of inattention of twin 1 at 
age 8 and GCSE of twin 2 is − 0.20; correlation of inattention of twin 2 at age 16 and GCSE of twin 1 is − 0.29, see c). The results suggested that 
higher levels of inattention of one twin at all ages significantly associated with lower GCSE scores of the other twin. In all cases, correlations 
were significant at p < 0.001. Cross-twin phenotypic correlation of inattention and GCSE in the MZ twins ranged from − 0.31 to − 0.20

MZ Twin 1 Twin 2

8 years 11 years 14 years 16 years GCSE 8 years 11 years 14 years 16 years GCSE

Twin 1 8 years – – – – – – – – – –
11 years 0.60a – – – – – – – – –
14 years 0.47 0.67 – – – – – – – –
16 years 0.42 0.55 0.68 – – – – – – –
GCSE − 0.23 − 0.27 − 0.31 − 0.35 – – – – – –

Twin 2 8 years 0.76b 0.52 0.43 0.37 − 0.20 – – – – –
11 years 0.52 0.73b 0.58 0.46 − 0.22 0.66a – – – –
14 years 0.41 0.54 0.78 0.54 − 0.25 0.52 0.70 – – –
16 years 0.37 0.43 0.54 0.72 − 0.29c 0.44 0.56 0.70 – –
GCSE − 0.20c − 0.22 − 0.28 − 0.31 0.84 − 0.24 − 0.25 − 0.30 − 0.38 –
Mean (MZ) 4.76 5.04 4.55 3.31 8.95 4.86 5.14 4.88 4.08 8.97
SD (MZ) 4.5 4.59 4.66 4.04 1.2 4.73 4.8 5.13 4.76 1.2

Table 2   Phenotypic correlation of inattention and GCSE for DZ twins

Above the diagonal are the DZ twin correlations. The top left and bottom right parts show the within-individual correlations of inattention for 
DZ twins (in bold, for example, correlation between age 8 and age 11 of twin 1 is 0.63 and 0.65 for twin 2, see a). The cross-twin correlations of 
inattention are presented in the diagonal (underlined, for example, correlation between twin 1 and twin 2 is 0.32 at age 8 and 0.32 at age 11, see 
b). The cross-twin correlation of inattention and GCSE is shown in the top-right matric (in italics, for example correlation of inattention of twin 
1 at age 8 and GCSE of twin 2 is -0.10; correlation of inattention of twin 2 at age 16 and GCSE of twin 1 is − 0.11, see c). In all cases, correla-
tions were significant at p < 0.001. Cross-twin phenotypic correlation of inattention and GCSE ranged between − 0.11 and − 0.06 in DZ twins. 
The results suggested that higher levels of inattention of twin 1 at all ages significantly associated with lower GCSE scores of twin 2. Compared 
with Table 1, (1) correlations for inattention and GCSE were about twice higher in MZ than DZ twins, indicating significant genetic overlap 
between inattention and GCSE scores

DZ Twin 1 Twin 2

8 years 11 years 14 years 16 years GCSE 8 years 11 years 14 years 16 years GCSE Mean (DZ) SD (DZ)

Twin 1 8 years – 0.63a 0.55 0.44 − 0.27 0.32b 0.21 0.20 0.16 -0.10c 4.78 4.46
11 years – – 0.66 0.57 − 0.29 0.19 0.32b 0.22 0.19 -0.08 5.16 4.62
14 years – – – 0.69 − 0.32 0.18 0.22 0.33 0.24 -0.09 4.5 4.49
16 years – – – – − 0.32 0.15 0.21 0.21 0.34 -0.08 3.5 4.2
GCSE – – – – – -0.06 -0.08 -0.08 -0.11c 0.54 8.9 1.21

Twin 2 8 years – – – – – – 0.65a 0.58 0.50 -0.27 5.15 4.97
11 years – – – – – – – 0.70 0.60 -0.29 5.43 5.1
14 years – – – – – – – – 0.70 -0.32 5.13 5.16
16 years – – – – – – – – – -0.34 4.24 4.83
GCSE – – – – – – – – – – 8.95 1.22
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higher initial level and 1-point higher slope of inattention 
symptoms were associated with, respectively, 0.13- and 
0.08-point decrease in GCSE scores.

Multivariate genetic model

AE model for inattention

Table 3 presents the standardised genetic and environmen-
tal influences on inattention symptoms in the AE Cholesky 
model. The broad heritability of inattention was high across 
ages with 75–80% of the total variance explained by genetic 
factors. Genetic innovation (i.e. genetic factors emerging 
with age) explained 32–36% of the variance of inattention 
symptoms at each age. The non-shared environment (total 
e2) accounted for 20–25% of the total variance of inatten-
tion symptoms (Table 3). Continuity of the non-shared envi-
ronmental influences from early environmental factors was 
small, ranging from only 1 to 5%. Findings for hyperactivity/
impulsivity symptoms are displayed in Suppl. Table 4.

Shared aetiology between inattention and GCSE 
scores

Figure 1 presents the model examining to what extent the 
genetic and the environmental factors underlying inattention 
symptoms contributed to GCSE scores. The fit indexes for 
the inattention model were good: CFI 0.97, RMSEA 0.038, 
SRMR 0.077.

As shown in Fig.  1, the initial genetic factors (A1) 
explained 82% (95% CI 78–85%) of the variance in the 
baseline level and 10% (95% CI 6–15%) of the variance 
in the developmental course of inattention symptoms. The 
newly identified genetic factor A2 explained 54% of the 

variance in the developmental course of inattention inde-
pendently of A1. A1 and A2, respectively, explained 10% 
(95% CI 8–12%) and 5% (95% CI 3–7%) of the variance in 
GCSE scores. In contrast to the findings for genetic factors, 
the initial environmental factor (E1) and the newly identi-
fied environmental factor (E2) only accounted for a total 
of 2% variance in GCSE scores. Overall, the genetic fac-
tors underlying the intercept and the slope of inattention 
symptoms explained 14.8% of the phenotypic variance of 
GCSE and 25.7% of the heritability of GCSE (see caption of 
Fig. 1). Findings expressed in terms of correlations were as 
follow: the phenotypic correlation between the intercept and 
GCSE was − 0.32 and could be decomposed into a genetic 
component (− 0.28; 88% of the phenotypic correlation) and 
a non-shared environmental component (− 0.04; 12% of the 
phenotypic correlation). Similarly, the phenotypic correla-
tion between the slope and GCSE was − 0.24 and could be 
decomposed into a genetic component (− 0.18; 74% of the 
phenotypic correlation) and a non-shared environmental 
component (− 0.06; 26% of the phenotypic correlation). The 
Cholesky decomposition of GCSE is also presented in the 
caption of Fig. 1.

As expected, the baseline level and the developmental 
course of hyperactivity/impulsivity were less predictive of 
GCSE scores (Suppl. Fig. 1).

Discussion

The current study examined to what extent the baseline 
level and the developmental course of inattention symptoms 
predicted academic achievement, indexed as GCSE scores 
at age 16 years, in a large population-based twin cohort. 
Results showed that the baseline level and the developmental 

Table 3   AE Cholesky decomposition for inattention symptoms at four ages

These values are standardised components of ADHD symptom variance at each age. The total a² corresponds to sum of genetic factors coming 
from each age, and total e² corresponds to sum of non-shared environmental factors. Total a² + e² at each age equals to 1, implying that symptom 
variation can be accounted by either genetic or environmental factors. Each An loading (n = 1–4) represents the genetic factors first identified at 
nth assessing age, and so does every En loading. The 95% confidence intervals were obtained using the bootstrap method (number of bootstrap 
replicates = 5000). All estimates were significant at p < 0.001 level

A1 A2 A3 A4 Total a²

8 years 0.77 (0.74, 0.81) 0.77 (0.74, 0.81)
11 years 0.39 (0.36, 0.43) 0.36 (0.33, 0.4) 0.75 (0.72, 0.79)
14 years 0.32 (0.28, 0.37) 0.15 (0.12, 0.18) 0.33 (0.29, 0.36) 0.80 (0.75, 0.84)
16 years 0.22 (0.19, 0.26) 0.12 (0.09, 0.15) 0.10 (0.07, 0.13) 0.32 (0.29, 0.36) 0.76 (0.72, 0.8)

E1 E2 E3 E4 Total e²

8 years 0.23 (0.19, 0.26) 0.23 (0.19, 0.26)
11 years 0.05 (0.04, 0.07) 0.20 (0.17, 0.22) 0.25 (0.21, 0.28)
14 years 0.02 (0.01, 0.04) 0.03 (0.02, 0.05) 0.15 (0.12, 0.17) 0.20 (0.16, 0.25)
16 years 0.01 (0.01, 0.03) 0.03 (0.02, 0.04) 0.05 (0.03, 0.07) 0.15 (0.13, 0.17) 0.24 (0.2, 0.28)
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course of inattention symptoms from childhood to adoles-
cence significantly and independently predicted GCSE 
scores. The predictive effects mainly resulted from underly-
ing genetic influences: genetic factors contributing to the 
baseline level and the developmental course of inattention 
symptoms collectively explained 15% of the individual dif-
ferences in GCSE scores.

Inattention symptoms and academic achievement

Our finding that higher baseline inattention symptoms pre-
dicted lower long-term academic achievement was consist-
ent with results from multiple previous studies [13, 15, 36]. 
Importantly, we also replicated the findings from two previ-
ous longitudinal studies, highlighting the independent role of 
the developmental course of inattention symptoms in long-
term academic achievement [21, 22]. In the current study, 
we added to the growing body of evidence that systematic 

change in inattention symptoms across childhood and ado-
lescence contributes to long-term functional outcomes.

Genetic and environmental underlying factors

This study is the first to examine the genetic and environ-
mental aetiology underlying the contribution of both the 
baseline level and the developmental course of inattention 
symptoms to academic achievement. We found that genetic 
factors contributing to the baseline level and the develop-
mental course of inattention symptoms accounted for 15% 
of the phenotypic variance of GCSE and explained a quar-
ter of the heritability of GCSE. These findings suggest that 
developmental genetic effects underlying systematic changes 
in inattention symptoms across childhood and adolescence 
also contribute to academic achievement.

This genetic overlap between the developmental course 
of inattention and academic achievement can be explained 

Fig. 1   Genetic and environmental contributions of inattention symp-
toms to GCSE scores. ‘A’ shows genetic factors, while ‘E’ represents 
non-shared environmental factors. “Edu” represents the mean GCSE 
scores. ‘I’ represents intercept, which is the baseline symptom level. 
‘S’ represents the slope, which captures the symptoms’ develop-
mental course (systematic changes in symptom ratings across ages). 
The arrows represent the standardised components of variance. The 
sum of these components in each variable equals to 1 (e.g. for GCSE 
variance: 5 + 10 + 1 + 1 + 83% = 100%). The aetiological effects are 
proportional to the width of arrows. Dotted arrows mean nonsignifi-
cant. The 95% confidence intervals were obtained using the bootstrap 

method (number of bootstrap replicates = 5000). The model described 
in the figure also included the decomposition of GCSE (results not 
fully shown). Genetic, non-shared environmental and shared envi-
ronmental contributions to GCSE were 57.4, 15.5 and 27.1%, respec-
tively. Among the 57.4% genetic variance in GCSE, 9.6% were 
explained by genetic factors coming from the intercept, 5.2% coming 
from the slope and 42.6% were specific to GCSE. Among the 15.5% 
non-shared environmental variance in GCSE, 0.9% came from the 
intercept, 1.1% from the slope and 13.5% were specific to GCSE. 
Thus, the variance specific to GCSE was 83% (42.6 + 13.5 + 27.1%)
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in two (non-exclusive) ways: a causal effect of inattention 
on academic achievement and a shared aetiology. First, the 
genetically driven phenotypic change in inattention symp-
toms can contribute to individual differences in academic 
achievement. In other words, genetic factors contribute 
to increasing inattention symptoms across childhood and 
adolescence, which then compromise learning abilities 
and lead to lower academic achievement. Importantly, this 
putative causal relationship between inattention symptoms 
and academic achievement still waits to be clearly estab-
lished. As shown in the study by de Zeeuw and colleagues 
[37], although a causal effect of inattention symptoms on 
academic achievement after accounting for confounding 
genetic and environmental influences was identified, the 
possibility of reverse causation, whereby poor academic 
performance exacerbated attentional problems could not be 
ruled out. Moreover, research investigating causal relation-
ships between the developmental course of inattention and 
academic achievement is still lacking. Research with designs 
such as Mendelian randomisation [38, 39] may help to esti-
mate putative bidirectional effects between inattention and 
academic achievement. Longitudinal fixed-effect models 
could test whether within-individual changes in inattention 
symptoms affect changes in academic achievement [40].

Second, common genetic factors that influence neuro-
biological structure and functioning may underlie both the 
developmental course of inattention symptoms and academic 
achievement (genetic pleiotropy). As a plausible candidate 
for such shared neurobiological processes, studies found 
that individuals with persistent ADHD symptoms exhibited 
more rapid thinning in frontal brain area supporting atten-
tion and cognitive control from childhood to adulthood [41]. 
The same brain regions are also involved in the development 
of cognitive ability during childhood and adolescence [42].

Noticeably, the genetic influence underlying inattention 
symptoms only accounted for 15% the total variance of 
GCSE scores, leaving a majority of the variance in GCSE 
scores accounted by other factors. This may explain find-
ings that a treatment strategy solely targeting ADHD core 
symptoms only partially improves learning ability or ulti-
mate academic attainment [43, 44]. Therefore, multimodal 
interventions, consisting of ADHD symptom reduction, par-
enting skill training, child social skill training and behav-
ioural management training at school could prove valuable 
to improve educational outcomes [45].

Non-shared environmental factors played a negligible 
role in explaining the relationship between inattention 
symptoms and GCSE scores, despite significant non-shared 
environmental influences on the developmental course of 
inattention symptoms. These findings are consistent with: 
(1) ample evidence of innovative non-shared environmental 
influences, emerging at different developmental stages, for 
both inattention and cognitive ability [46, 47]; (2) evidence 

that the early non-shared environmental influences on inat-
tention barely influence inattention itself at later ages [5, 48]; 
and (3) previous evidence of a small overlap between non-
shared environmental components of ADHD symptoms and 
educational outcomes [49]. Consequently, our findings that 
the non-shared environmental component of the baseline 
levels and the slope of inattention symptoms play a minor 
role in explaining later GCSE results appear unsurprising. 
Such findings may be expected considering that children are 
constantly under transition from different schools, teachers, 
peers, curricula and so forth. Hence, such environmental 
factors may be more time-specific by nature [50]. Neverthe-
less, one meta-analysis [51] found that the contribution of 
the non-shared environment to specific cognitive ability pro-
gressively increased with age and reached its maximum in 
late adulthood, accompanied by a gradual decrease in shared 
environmental influences; these findings suggest that such 
time-specific factors may still play an important role in the 
aetiology of cognitive ability. Importantly, estimates of non-
shared environmental influences should be interpreted with 
caution for two reasons: they include measurement error and 
can vary substantially by informants and assessment meas-
ures [46, 52]. Therefore, future research with a longitudi-
nal design from childhood to adulthood which incorporates 
reports from multiple informants may enable a more accu-
rate estimation of the role of the non-shared environment in 
the relationship between inattention symptoms and academic 
achievement.

Limitations

First, twin pairs with incomplete GCSE score records were 
excluded to estimate the relationship between inattention 
symptom development and academic achievement. Since 
inattention ratings were higher in individuals without GCSE 
scores, this could possibly underestimate the contribution of 
inattention symptoms to academic achievement.

Second, inattention symptoms were measured through 
parent reports. The use of parental report ensured consist-
ent assessment throughout development, which allowed us to 
estimate systematic change from childhood to adolescence. 
However, heritability estimates in quantitative genetic stud-
ies are often subject to informant-related issues [2]. In par-
ticular, the heritability of ADHD as derived from parent 
reports tends to be higher than that from self-reports [53]. 
Therefore, replication of the current findings using multiple 
informants is warranted.

Third, the study used questionnaire-based rating scales to 
assess the severity of inattention symptoms in a population 
sample. Such a dimensional approach is not equivalent to the 
categorical clinical diagnosis and the results may not directly 
apply to clinical populations. However, converging evidence 
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shows that the genetic overlap between questionnaire-rat-
ing and DSM diagnosis of ADHD is high [54, 55]. Shared 
genetic risk between individuals with ADHD diagnosis and 
their siblings was dimensionally distributed and proportional 
to the reported ADHD trait scores [56]. Similarly, polygenic 
risk scores for ADHD diagnosis could predict ADHD traits 
in the general population [57], suggesting the presence of a 
common genetic liability.

Finally, this study suffers from the common assumptions 
and limitations of the classical twin method, such as equal 
environment assumption and generalisability to the rest 
of the population. Although twin methods have been used 
extensively to study the aetiology of ADHD and other phe-
notypes, our results still should be interpreted with caution.

In conclusion, the genetic factors contributing to the 
developmental course of inattention symptoms across child-
hood and adolescence also influence long-term academic 
achievement. Our results highlight the importance of early 
detection and management for young children with inatten-
tion symptoms, as well as the need to monitor the change 
of symptom severity across development. To curb the risk 
of poor academic achievement, development-sensitive mul-
timodal interventions targeting inattention symptoms and 
co-developing cognitive and behavioural deficits may benefit 
individuals in need.
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