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Abstract

Objective: Several studies reported a negative association between ADHD symptoms and academic achievement. We
investigated the etiology of the association between Attention Problems (AP, one of the core symptoms in ADHD) in early
childhood and four academic skills across childhood in a genetically informative design. Method: Academic skills
(mathematics, spelling, reading and comprehension) were measured with standardized tests performed at school in grade 2,
4, and 6. AP were measured with mother ratings of the Devereux Child Behavior Rating Scale at age 5 and the Child Behavior
Checklist at age 7. Subjects were 767 Dutch twins from 445 families. Results: AP were negatively associated with most
academic skills in each grade, and this association was stable over time. Correlations of AP with mathematics and
comprehension were around -0.20, and with spelling around -0.15. Correlations with reading were not significant. A significant
genetic correlation (-0.40) between AP and mathematics across time indicated that shared genes play a role for these
measures. The genetic correlations of AP with spelling and comprehension (both -0.28, p= 0.09) were non-significant.
Conclusions: More complex academic skills, requiring higher cognitive processes, like mathematics and comprehension, are
especially negatively associated with attention problems. The association between AP and mathematics is partly due to
shared genes, while the association with comprehension, and spelling was driven by unique environmental factors.
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Résumé

Objectif: Étudier l’étiologie génétique et environnementale de la concomitance des symptômes du TDAH et des difficultés de
lecture dans le plus vaste échantillon étudié à ce jour, en distinguant deux dimensions dans le TDAH et dans la lecture.
Méthodologie: Analyse des données tirées de l’étude populationnelle Twins Early Development Study portant sur 6 428
paires de jumeaux âgés de 12 ans. Les symptômes du TDAH (type mixte, type inattentif et type hyperactif/impulsif) ont été
consignés à partir les notes des parents. La lecture a été évaluée au moyen d’une batterie de tests de compréhension et de
décodage. Résultats: L’héritabilité est élevée: elle est d’environ 70 % pour les symptômes du TDAH et de 45 à 65 % pour la
lecture. Certains gènes identiques affectent le TDAH de type mixte et la lecture, avec une corrélation génétique de—0,31. La
constatation la plus notoire a été que la corrélation génétique-lecture était significativement plus élevée dans le type inattentif
(- 0,31) que dans le type hyperactif-impulsif (- 0,16), ce qui permet de penser que le recoupement génétique entre le TDAH
mixte et la lecture est surtout motivé par l’inattention. En outre, les résultats montrent que le décodage, et non la
compréhension, est relié, de manière différentielle, au TDAH (corrélation génétique moins marquée avec le TDAH de type
hyperactif-impulsif qu’avec le type inattentif). Conclusion: Le recoupement génétique entre le TDAH et la lecture est
davantage motivé par l’inattention que par l’hyperactivité-impulsivité.

Mots clés: étude de jumeaux, TDAH, lecture, compréhension, décodage
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A
ttention Deficit/Hyperactivity Disorder (ADHD) is one

of the most common childhood developmental disor-

ders, with a prevalence of 8-12% worldwide (Polanczyk et

al., 2007). Developmentally inappropriate levels of hyperac-

tive/impulsive behavior and inattentive problems character-

ize ADHD. It is commonly agreed now that ADHD

symptoms are normally distributed in the population with

ADHD at the extreme end of this distribution (Levy et al.,

1997; Hay et al., 2006; Polderman et al., 2007; Lubke et al.,

2009). ADHD is a great burden for affected families; the dis-

order not only gives rise to significant clinical and

psychosocial problems (Mannuzza & Klein, 2000), but is also

associated with cognitive problems such as executive func-

tioning deficits (Barkley, 1997; Bidwell et al., 2007; Willcutt

et al., 2005a), lower IQ scores (Frazier et al., 2004; Friedman

et al., 2007), and academic problems at school (Frazier et al.,

2007; Polderman et al., 2010a). Regarding the high preva-

lence of ADHD and the predictive value of academic achieve-

ment for future functioning (Mackenbach et al., 2008)

including health (Groot & van den Brink, 2007; Batty et al.,

2010), the association between ADHD and academic abilities

has been subject to an increasing amount of research in the

past decade (for a systematic review, see Polderman et al.

2010a).

In a population sample of almost 700 children, Breslau et al.

(2009) assessed academic skills with the Woodcock-Johnson

Test of Achievement-Revised (WJ-R) (Woodcock & John-

son, 1990) when they were 17 years old. At the age of 6 years,

ADHD characteristics were assessed with the Attention Prob-

lem scale (AP) of the Child Behavior Check List (CBCL)

(Achenbach, 1991a) and Teacher Report Form (TRF)

(Achenbach, 1991b). Measures of AP are often used in popu-

lation studies and represent important characteristics of

ADHD symptoms. Reading and mathematics correlated

respectively -0.09 and -0.10 with AP while IQ was included

as covariate in the analyses. Duncan et al. (2007) investigated

the prospective relation between AP and academic achieve-

ment in six population cohorts (n total > 34.000 children).

They observed that AP, assessed between ages 4 and 6 with

various behavior checklists and raters, significantly predicted

lower academic achievement test scores between ages 8 and

14, with correlations of -0.08 and -0.11 for reading and math-

ematics respectively. The results applied to all cohorts, to

boys and girls, and to children from high and low socio-eco-

nomic backgrounds.

Clinical studies also reported significant differences in aca-

demic achievement between ADHD affected children and

normal controls. Lee and Hinshaw (2006) studied the associa-

tion between academic achievement and ADHD in 209 girls

(ADHD cases and controls) aged 6 to 13 years old. The

Wechsler Individual Achievement test (Wechsler, 1992),

assessed five years after the ADHD diagnosis, was used as

outcome variable. The results showed a negative association

of academic achievement with inattentive symptoms but not

with hyperactive/impulsive symptoms after the inclusion of

IQ as covariate. In a case-control study by Massetti et al.

(2008), DSM diagnoses were assessed in 255 children (80%

boys), at age 4 to 6 years old. Eight years later academic

achievement was measured with the WJ-R. Also in this study,

a negative association was found with inattentive symptoms

but not with hyperactive/impulsive symptoms after the inclu-

sion of covariates such as IQ and comorbid disorders.

An important question is which underlying factor explains

the association between ADHD symptoms and academic

achievement. Twin and family studies enable to investigate

whether variation in a trait is driven by genetic or environ-

mental factors, and can also unravel the etiology of

covariance between traits (Boomsma et al., 2002a). It is

widely established that ADHD is highly heritable (Freitag et

al., 2010) with about 75% of the variation explained by

genetic factors across childhood. Only a handful of twin stud-

ies examined the influence of genetic and environmental fac-

tors on academic skills. Bartels et al. (2002a) reported a

heritability of 60% for an academic achievement test in a sam-

ple of 12-year-old Dutch twins, while a heritability of 70%

was found in an Australian sample of 15 to 18 years old twins

(Wainwright et al., 2005). For mathematics and reading

heritability estimates vary between 19% and 65% in school

aged children (Kovas et al., 2007a; Kovas et al., 2007b;

Wadsworth et al., 2001; Davis et al., 2008; Hart et al. 2010) to

90% in adolescent twins (Markowitz et al., 2005). The large

variation in heritability estimates may reflect an age effect but

is probably also due to different measures of academic skills

(such as web testing (Davis et al., 2008), teacher ratings

(Kovas et al., 2007a), mother ratings (Markowitz et al.,

2005), and achievement tests (Hart et al. 2010) across studies.

Two older studies showed heritability estimates for spelling

around 65% (DeFries et al., 1991; Stevenson et al., 1987), and

more recent studies by Friend et al. (2007) and Bates et al.

(2007) showed similar results. Genetic influences on compre-

hension are estimated in the range of 41 to 76% (Harlaar et al.,

2007; Keenan et al., 2006; Betjemann et al., 2008).

Twin studies that investigated the etiology of the association

between AP and cognitive problems have mostly focused on

IQ so far. Results showed that the negative relation between

AP and IQ at age 5 (Kuntsi et al., 2004), age 9, and age 12

(Polderman et al., 2009b) was influenced by a shared genetic

factor. In addition, Polderman et al. (2006a) found that a pro-

spective relation between early AP (i.e., at age 5) and IQ
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performance at age 12 was also explained by genetic factors.

This means that partly the same genes have an influence on IQ

performance and on AP, indicating a shared underlying bio-

logical mechanism. Regarding the genetic correlations that

were found between IQ and AP and the fact that IQ and aca-

demic achievement are genetically correlated, (Bartels et al.,

2002a) one would expect that AP and academic achievement

share genetic factors as well.

In a recent study Hart et al. (2010) investigated the etiology of

ADHD symptoms and reading and mathematics performance

in a sample of 10-year-old twins. Their outcomes suggested

that the associations among measures were influenced by

both genetic and shared environmental factors.

In the current study, we aim to investigate the genetic archi-

tecture of the association between AP and academic achieve-

ment over time. We used data of AP assessed at age 5 and age

7, and academic achievement in grade 2 (age 8), 4 (age 10)

and 6 (age 12) of the primary school. We distinguished four

academic skills, namely reading, mathematics, comprehen-

sion and spelling because the association between AP and

academic achievement may vary across skills. In addition, we

examined the genetic factor structure within the academic

skills over time and modeled this as such in the analyses with

AP. We used data of 445 twin families that were followed lon-

gitudinally. Mother ratings of AP were assessed with the

Devereux Child Behavior Rating Scale (Spivack & Spotts,

1966) at age 5, and with the CBCL at age 7. Academic skills in

grade 2, 4 and 6 were measured with standardized tests

assessed at school.

Methods

Participants and Procedure

All twins were registered with the Netherlands Twin Register

(NTR), established in 1986 by the Department of Biological

Psychology at the VU University in Amsterdam (Boomsma et

al., 2002b). Parents of the twins completed behavior ques-

tionnaires when twins were 1, 2, 3, 5, 7, 10 and 12 years old

(Bartels et al., 2007). Behavioral data on AP at age 5 were

adapted from the Attention Problem scale (five items) of the

Devereux Child Behavior Rating Scale (DCB, Spivack &

Spotts, 1966), filled in by the mother. Mothers are instructed

to rate the severity of their child’s behavior over the last six

months on a 5-point scale. The DCB is described in detail by

Van Beijsterveldt et al. (2004). At age 7, maternal ratings of

AP were collected with the Child Behavior Checklist (CBCL)

(Achenbach, 1991a). The Attention Problem scale of the

CBCL consists of 11 items that are rated on a 3 point scale

(not true; somewhat or sometimes true; very true or often

true). The two week test-retest correlation and the internal

consistency of this scale at age 7 are 0.83 and 0.67, respec-

tively (Verhulst et al., 1996).

About 95% of all schools in the Netherlands use the Pupil

Monitoring System (PMS) to track the academic develop-

ment of their pupils. Schools are free to use the PMS, and are

free in their choice of tests they want to use. PMS tests are

administered at fixed time points (i.e., beginning, half way,

and/or end of the school year) in each grade.

For the current study PMS data were collected in 2008 and

2009 as part of the ongoing survey study of the NTR in

12-years-old twins. After parental consent teachers are

invited to complete a Teacher Report Form (TRF), and to pro-

vide all available PMS data of the complete primary school

period. For the current analyses, we used PMS data, delivered

by the schools, obtained half way the school year, on reading

comprehension (COM, grade 4 and 6; not many data were

available for grade 2, probably because children at that point

are still learning how to read, and less attention is paid to com-

prehension), mathematics (MAT, grade 2, 4 and 6), word

reading (READ, grade 2 and 4; not many data were available

for grade 6, probably because it is assumed that the level of

reading at that point is sufficient), and spelling (SPEL, grade

2, 4 and 6). The choice of academic skills was based on a pilot

study in which teachers indicated that these tests were most

informative about the cognitive development of pupils

(Polderman et al., 2009a).

For COM children had to read short texts and answer related

questions, or fill in certain parts of the text themselves, indi-

vidually without particular time limits. This test measures the

capability to interpret and process information from a text

read out. MAT included a dictation in which children had to

solve simple MAT problems within a short time, and more

complex problems that children had to solve individually

without particular time limits. The READ score was com-

prised by the total amount of words children could read aloud

(correct) in 3 minutes. SPEL was administered by a dictation

in which children had to write down separate words within a

certain time limit.

Covariates

We tested whether sex and socio economic status (SES) had a

main effect on the mean scores. Boys tend to have more AP

than girls (Derks et al., 2007; Rietveld et al., 2003). Further-

more, reading deficits (Rutter et al., 2004; Berninger et al.,

2008) and verbal fluency problems (Berninger & Fuller,

1992) are more common in boys than in girls. Second, chil-

dren from low-income families enter school with lower mean

academic skills and this gap might increase during childhood
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(Miech et al., 2001). Also, several studies showed a moderat-

ing effect of SES on the association between AP and aca-

demic achievement (Polderman et al., 2010a).

Data on Socio Economic Status (SES) were collected from

surveys mailed out when the twins were 3, 7 and 10 years old.

Since SES scores between age 3, 7 and 10 correlated highly

(varying from 0.70 to 0.78), we used the SES score of age 7

when age 10 was not available and the SES score of age 3

when scores at age 7 and 10 were not available. SES was

based on a full description of the occupation of the parents

and classified using a 5-point scale (1=lowest, 5=highest),

according to the system used by Statistics Netherlands

(Fengler et al., 1997). For the SES assessment at age 10 the

EPG-classification scheme was used (Erikson et al., 1979) in

combination with information on parental education. In both

cases the highest SES score of the two parents determined the

SES of the twin pair. The distribution of SES (from low to

high) was 1%, 17%, 49%, 20% and 13%.

Included subjects

The response rate of parental consents for the TRF, including

PMS measures, was 50% in 2008 and 37% in 2009. For the

TRF the response rate was 43% in 2008 and 57% in 2009. In

respectively 92% and 95% of completed TRFs a PMS form

was included. This resulted in one or more PMS data points of

845 subjects. Five subjects were excluded because of handi-

cap or severe illness, and of 68 subjects no information on

SES was available resulting in 767 included subjects. Of

these subjects, AP data were present for 683 subjects at age 5

and for 672 subjects at age 7.

The number of subjects and the number of complete twin

pairs differed per measure (see Table 1 and Table 2) because

the number of assessed PMS measures differed per school

and grade. In addition, about 50% of the twin pairs did not

share the same classroom. It is reported that this has no effect

on their cognitive performance (Polderman et al., 2010a).

Included subjects came from 445 twin families with the fol-

lowing zygosity distribution: 172 monozygotic (MZ) and 273

dizygotic (DZ) pairs, of which 124 pairs were of opposite sex.

A Genetic Study on Attention Problems and Academic Skills: Results of a Longitudinal Study in Twins

J Can Acad Child Adolesc Psychiatry, 20:1, February 2011 25

Figure 1. The Cholesky model with Attention Problems (AP) and mathematics (MAT) as example
measures. Observed measures are shown in squares and latent variables in circles. The figure includes
latent genetic factors (A) and latent unique environmental factors (E). Latent shared environmental
factors (C) follow the same factor structure but are not shown for the sake of clarity.



Zygosity of same sex twin pairs was determined by DNA or

blood group polymorphisms for 41 pairs. For 280 pairs

zygosity was based on questionnaire items; zygosity determi-

nation using this questionnaire is 93% accurate (Rietveld et

al., 2000).

Analyses

Data analyses were performed in the structural equation mod-

eling program Mx (Neale et al., 2006). Mx provides parame-

ter estimates by maximizing the raw data likelihood, so that

all available data, also when some observations for subjects

are missing, can be included. Estimates of means, variances

and correlations were obtained from a so-called saturated

model. This is a fully parameterized model in which the

covariance structure among relatives is allowed to take any

value, and is not modeled as a function of latent traits such as

genetic and environmental factors. Correlations were esti-

mated between traits (phenotypic correlations), and between

twins per trait (twin correlations). Correlations between phe-

notypes were constrained to be equal across zygosity, and

first and second born twins. We tested per phenotype if means

and variances were equal between MZ and DZ twins and we

tested whether the covariates gender and SES had a signifi-

cant effect on the means.

Nested models were evaluated by hierarchic likelihood ratio

(�²) tests. The �² statistic is computed by taking twice the dif-

ference between the log-likelihood of the fully saturated

model and the log-likelihood of a sub model with certain con-

straints, for example with the constraint that SES has no influ-

ence on the mean of AP at age 5. The associated degrees of

freedom are computed as the difference in degrees of freedom

between the two hierarchic models (Rijsdijk, 2007).

Twin method

Information of MZ and DZ twins is used to decompose the

variance of a trait, as well as the covariance between traits,

into additive genetic influences (A), environmental influ-

ences that are shared among family members (C), and envi-

ronmental influences that are unique for a person (E). A first

impression of the relative importance of genetic and environ-

mental influences on phenotypic trait variance is obtained by

inspecting the (intra pair) MZ correlations and DZ correla-

tions. MZ twins share all their genes while DZ twins share on

average half of their segregating genes. All twins grew up in

the same family, and thus share their family environment.

Therefore, MZ correlations twice as high as DZ correlations

indicate additive genetic influences. DZ correlations higher

than half the MZ correlations designate shared environmental

influences, while MZ correlations that are of similar

magnitude as DZ correlations indicate that only environmen-

tal influences play a role (Boomsma et al., 2002a).

Genetic analyses

A decomposition of the phenotypic matrix into genetic (A)

and environmental (C,E) covariance matrices was considered

by means of Cholesky decomposition with four observed

variables (i.e., AP at age 5 and age 7 and COM grade 4 and

grade 6; AP at age 5 and age 7 and READ grade 2 and grade 4)

or with five variables (i.e., AP at age 5 and age 7 and MAT

grade 2, 4 and 6; AP at age 5 and 7 and SPEL grade 2, 4 and 6).

An example of the 5-variate Cholesky decomposition is

shown in Figure 1. Since a Cholesky decomposition is fully

parameterized and gives the best possible fit to the data, it

serves as a reference model to evaluate the fit of more con-

strained models. First, AE and CE models were fitted. E

includes measurement error and is therefore always included

in the models. Second, genetic and environmental covariance

patterns were inspected to see whether these indicated a more

constrained factor model.

As the power to detect effects of covariates on the variance

decomposition was rather low with the current sample size

(Polderman et al., 2006b), SES was not included as
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Table 1. Numbers, and observed means and
variances of AP at age 5 and at age 7, and PMS
data in grade 2, 4 and 6

n mean sd

AP age 5 683 11.63 3.42

AP age 7 672 2.58 2.67

COM 4 622 41.17 14.25

COM 6 493 62.17 16.63

MAT 2 558 70.67 13.28

MAT 4 580 96.18 12.42

MAT 6 412 119.34 12.54

READ 2 391 44.77 20.38

READ 4 393 74.21 17.55

SPEL 2 558 119.69 7.89

SPEL 4 630 136.87 7.22

SPEL 6 466 149.68 8.25

Note: AP= Attention Problems; COM= Comprehension;
MAT= Mathematics; READ= Reading; SPEL= Spelling



moderating effect on the variance components and male and

female data were combined for both zygosities.

Results

Descriptives

Table 1 summarizes the descriptive statistics of AP at age 5

and age 7 and reading, mathematics, comprehension and

spelling in grade 2, 4 and 6. PMS scores lower or higher than

four SD from the mean were coded as missing (COM 6 n=1;

MAT 2 n=2; MAT 4 n=3, MAT 6 n=4; SPEL 2 n=17; SPEL 4

n=17; SPEL 6 n=15).

Sex had a significant main effect on AP at age 5 and age 7

(boys having more AP), on MAT and COM in all grades

(boys having higher scores), on READ in grade 4 (boys hav-

ing lower scores), but not in grade 2, and on SPEL in grade 2

and 4 (boys having lower scores), but not in grade 6. SES had

significant effects on AP at age 5 and age 7, COM and MAT,

across grades, but not on READ and SPEL (except for SPEL

in grade 6). Higher SES was associated with less AP, and
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Table 2. Left part: Estimated phenotypic correlations of AP at age 5 and 7 with PMS
measures in grade 2, 4 and 6 including confidence intervals Right part: Estimated MZ
and DZ twin correlations of AP at age 5 and 7 and of PMS data in grade 2, 4 and 6
including confidence intervals

r with AP5
(n twins)

r with AP7
(n twins)

MZ
(n complete pairs)

DZ
(n complete pairs)

AP age 5
0.61 (116)

.48 -.70

0.16 (174)

.02 -.29

AP age 7
0.39 (615)

.31 -.46

0.66 (118)

.55 -.74

0.30 (166)

.16 -.43

COM 4
-0.17 (559)

-.08—.25

-0.10 (544)

-.01—.20

0.66 (104)

.56 -.74

0.40 (149)

.26 -.52

COM 6
-0.23 (435)

-.13—.32

-0.22 (428)

-.12—.32

0.68 (88)

.56 -.76

0.37 (105)

.21 -.50

MAT 2
-0.18 (493)

-.09—.27

-0.17 (479)

-.08—.26

0.67 (91)

.54 -.75

0.42 (141)

.28 -.55

MAT 4
-0.22 (517)

-.13—.30

-0.23 (497)

-.14—.32

0.63 (97)

.51 -.73

0.43 (145)

.28 -.55

MAT 6
-0.17 (367)

-.07—.26

-0.17 (357)

-.06—.28

0.71 (76)

.57 -.80

0.43 (92)

.27 -.56

READ 2
-0.09 (358)

.00—0.19

-0.11 (335)

.00—.22

READ 4
-0.11 (352)

.00—.21

-0.05 (330)

.00—.16

SPEL 2
-0.14 (494)

-.05—.23

-0.14 (484)

-.05—.23

0.48 (87)

.33 -.61

0.32 (140)

.15 -.46

SPEL 4
-0.13 (560)

-.05—.22

-0.09 (550)

.00—.18

0.59 (107)

.47 -.68

0.30 (155)

.15 -.44

SPEL 6
-0.07 (411)

.00—.19

-0.15 (407)

-.04—.25

0.74 (86)

.62 -.81

0.61 (98)

.44—.72

Note: AP= Attention Problems; COM= Comprehension; MAT= Mathematics; READ= Reading; SPEL= Spelling



higher PMS scores. Significant covariates were included in

the subsequent genetic analyses as fixed effects on the means.

Phenotypic correlations

Table 2 (left part) shows the phenotypic correlations between

AP at age 5 and at age 7, and PMS data. Noteworthy is that the

correlations with AP do not vary much across grades (within

academic skills); in other words, the correlation between AP

and academic skills seems rather robust over time. For

instance, correlations of AP at age 5 and 7 with MAT in grade

2, 4 and 6 vary between 0.17 and 0.23. The correlations with

READ were all non-significant and therefore READ was

excluded from the genetic analyses.

Scores across grades within academic skills correlated mod-

erate to high: for COM grade 4-6 this was 0.59, and for READ

grade 2-4 this was 0.69. Correlations within MAT varied

between 0.50 and 0.71 and within SPEL between 0.35 and

0.61 across grades (not in Table).

Twin correlations

The right part of Table 2 presents the twin correlations of AP

and PMS measures. MZ correlations were higher than DZ

correlations for AP and all PMS measures, indicating that

genetic influences play a role in AP at ages 5 and 7 and in

PMS measures across grades. As for academic skills the DZ

correlations were not half the MZ correlations, it is suggested

that common environmental influences might also play a role

here.

Heritability estimates

Relative estimates of genetic (A), common environmental (C)

and unique environmental (E) variances, based on the

Cholesky model, are shown in the left part of Table 3. Individ-

ual differences in all measures were for the largest part

explained by genetic influences. Common environmental

influences were moderate for the academic skills but absent

for AP.

The fit statistics in Table 5 show that models with common

environmental influences (C) for the academic skills fitted the

data well, but it was also allowed to drop the total variance

and covariance of C. It was not allowed to drop the variance

and covariance of A. Therefore we continued the analyses

without C in the models.

Genetic associations

Inspection of the genetic and unique environmental correla-

tions between measures (see the right part of Table 3) showed

that genetic correlations were high within academic skills

across grades, and between both AP measures, but low

between AP and PMS measures. This suggested that the

genetic variance could be constrained to two factors, one for

AP and one for PMS. Since we were interested in the genetic

association between AP and academic measures, these latent
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Table 3. Left part: Relative contributions of additive genetic (A), common environmental (C) and unique
environmental (E) variance to Attention Problems (AP) at age 5, and at age 7, Comprehension (COM),
Mathematics (MAT), Reading (READ), and Spelling (SPEL) across grades Right part: genetic (rg) and
unique environmental (re) correlations among AP at age 5 and at age 7 and each PMS measure across
grades

A C E r
g / re with AP5 r

g / re with AP7 r
g / re r

g / re

AP5 57 0 43

AP 7 62 3 35 0.60 / 0.15 COM 4

COM 4 54 13 33 -0.11 / -0.13 -0.18 / -0.07

COM 6 62 6 32 -0.42 / 0.07 -0.22 / -0.14 0.94 / 0.12

MAT 2 MAT 4

MAT 2 51 17 31 -0.20 / -0.09 -0.29 / -0.06

MAT 4 45 20 34 -0.38 / -0.07 -0.28 / 0.04 0.95 / 0.20

MAT 6 52 18 29 -0.19 / -0.16 -0.16 / -0.07 0.44 / 0.39 0.66 / 0.63

SPEL 2 SPEL 4

SPEL 2 29 19 52 -0.18 / -0.10 -0.47 / -0.08

SPEL 4 50 10 40 -0.22 / -0.01 -0.28 / 0.03 0.93 / 0.31

SPEL 6 38 38 24 -0.18 / 0.09 -0.35 / 0.01 0.94 / 0.01 0.99 / -0.03



genetic factors were allowed to correlate, while uncorrelated

genetic factors were represented by genetic factors that were

specific for each measure. For the purpose of model identifi-

cation factor loadings for each genetic factor were set equal.

Unique environmental correlations between AP measures

and between AP and PMS measures were low; therefore the

Cholesky decomposition was kept for the latent factors of E.

In Figure 2 an example of this so called correlated factor

model is given.

Table 4 shows that the correlated factor model fitted the data

well for each academic skill. A significant correlation

between the genetic latent factors was found for AP and MAT

(r = -0.40). The genetic correlation between AP and COM,

and between AP and SPEL was estimated as -0.28, and

non-significant. Thus, for these academic skills unique envi-

ronmental factors explained the association with AP.

Specific genetic factor loadings were significant for AP at age

5 and at age 7. Measurement specific genetic factor loadings

for COM, MAT, and SPEL of grade 4, as well as SPEL of

grade 2 were non-significant.

Discussion
Previous studies reported a negative association between

ADHD related symptoms and academic achievement (for

reviews see Frazier et al. (2007) and Polderman et al.

(2010a)). Children with ADHD performed worse on aca-

demic achievement tests, completed fewer years of educa-

tion, had a lower grade point average, or more often failed to
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Table 4. Model fitting results of multivariate genetic analyses for Attention Problems (AP) at age 5 and
at age 7, Comprehension (COM), Mathematics (MAT), and Spelling (SPEL), across grades

-2 LL X2 df p r

COM

ACE 15406.247

CE 15350.153 56.094 10 0.000

AE 15408.848 2.601 10 0.989

2 factor model

r free 15418.166 11.919 13 0.534 -0.28

r = 0 15427.412 21.165 14 0.097

r = 1 15441.789 35.542 14 0.000

MAT

ACE 18116.007

CE 18176.047 60.040 15 0.000

AE 18128.208 12.201 15 0.664

2 factor model

r free 18141.068 25.061 22 0.294 -0.40

r = 0 18161.127 45.120 23 0.003

r = 1 18182.685 66.676 23 0.000

SPEL

ACE 17509.073

CE 17454.409 54.664 15 0.000

AE 17516.467 7.394 15 0.946

2 factor model

r free 17530.806 21.733 22 0.536 -0.28

r = 0 17541.518 32.445 23 0.091

r = 1 17569.775 60.702 23 0.000

Note: Constrained models were compared to Cholesky model; A = additive genetic factors, C = common environmental factors, E = unique environmental
factors; r = correlation between the latent genetic factors



complete high school. In the current study we investigated the

phenotypic association between Attention Problems (AP)

and four academic skills, as well as the etiology of these asso-

ciations in a longitudinal design.

Our phenotypic analyses confirmed previous work with a

negative association between AP at age 5 and 7 and academic

skills later in life. Notable was the similar pattern of correla-

tions between AP at age 5 and 7 and each academic skill

across grades. These patterns show that the association

between AP and academic skills is rather robust over time and

that the association is already established at the age of 5.

The strongest associations between AP and academic skills

were found for MAT and COM. This may be because READ

and SPEL are based on automatized processes and fluency

rather than complex cognitive abilities (Schatschneider et al.,

2002). Moreover, the way READ and SPEL were measured

in this study (i.e., with dictations) demand less attention and

concentration. Solving a difficult mathematic problem or

interpreting a complicated text relies on higher cognitive pro-

cesses, and will subsequently require much attentional skills

and concentration. In line with this, correlations between AP

and IQ are consistently higher, around -0.30 across childhood

(Kuntsi et al., 2004; Polderman et al., 2006a; Polderman et al.,

2009b). However, a number of clinical studies reported an

association between ADHD and Reading Disabilities

(Willcutt et al., 2005b; de Jong et al., 2009; Willcutt & Pen-

nington, 2000). In addition, Hart et al. (2010) found correla-

tions around -0.30 between reading and ADHD symptoms.

It is widely established that heritabilities of AP are moderate

to high and very stable across childhood (Rietveld et al.,

2004; Larsson et al., 2004) and the current estimates of

around 60% confirm these previous findings. Genetic studies

on academic skills are rather limited so far, especially for

spelling and comprehension. A strength of the current study is

that we present estimates of longitudinal data based on the

same standardized tests across time. In general, our estimates
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Figure 2. The correlated factor model with ADHD symptoms (AP) and mathematics (MAT) as example
measures. Observed measures are shown in squares and latent variables in circles. The figure includes
latent genetic factors (A) that are allowed to correlate (r), measurement specific latent genetic factors
(As), and latent unique environmental factors (E).



of genetic and environmental influences for reading and

mathematicswere similar to those presented in earlier studies.

The estimates for common environmental influences were

absent for AP, and overall low and non-significant for PMS

measures in the multivariate models. However, for instance,

for SPEL grade 6 it was estimated at 38%, and for MAT

around 18% in the full model. Shared environmental influ-

ences on academic skills that have been suggested in the liter-

ature are for example impoverished environments, in terms of

resources (i.e., low income) or in terms of cognitive stimula-

tion (i.e., low parental education) (Flouri, 2007).

Genetic covariance clustered high within AP measures and

within academic skills across grades and to a lesser extent

between AP and academic measures. We modelled these

covariance patterns by two latent genetic factors (one for AP

and one for resp. COM, MAT, and SPEL) that were allowed

to correlate. The correlation between the latent genetic factors

of AP and MAT was significant, indicating a shared set of

genes influencing early AP and mathematic skills later in life.

Neuropsychological theories that addressed the causal mech-

anisms for ADHD and cognitive impairments point to neuro-

logical dysfunctions in prefrontal regions that have an

influence on regulatory control (Barkley, 1997; Pennington

& Ozonoff, 1996), effort, arousal and motivation (Sergeant,

2000), and learning and conditioning (Sagvolden et al.,

2005). Each of these processes might have an effect on aca-

demic performance. Several brain imaging studies confirmed

that ADHD is associated with abnormalities in prefrontal

neural circuits (Durston, 2008; Mulder et al., 2008;

Castellanos et al., 2002). Shaw et al. (2006a) reported an asso-

ciation between cognition and the trajectory of cortical devel-

opment, primarily in frontal regions. In a second study they

(2006b) showed that children with ADHD have relative corti-

cal thinning in regions important for attentional control (i.e.,

medial and superior prefrontal and precentral regions).

Candidate genes having an influence on ADHD and complex

cognitive functioning like MAT might be involved in the

dopaminergic pathways of the prefrontal cortex. These sug-

gestions are based on studies on general cognitive function-

ing as so far, no studies focused on ADHD and the association

with academic functioning. Mill et al. (2006) reported an

association for the DRD4 seven-repeat allele and the DAT1

ten-repeat allele with variation in intelligence among children

with ADHD in two independent samples. However, a replica-

tion of these findings by Genro et al. (2006) and

Sonuga-Barke et al. (2008) failed. Recently, Bellgrove et

al.(2009) reported that DAT1 haplotype status predicted spa-

tial reorienting deficits in a sample of 50 ADHD cases and 65

age matched controls. The greatest spatial attention

impairments were present in children with ADHD homozy-

gous for the DAT1 haplotype.

The genetic correlation with COM and SPEL was not signifi-

cant suggesting that unique environmental factors explain the

association with AP. As half of the twin pairs in this sample

did not share the classroom a unique environmental influence

could be school conditions, and particularly the qualification

of the teachers. A good teacher achieves a climate in which

children are engaged and motivated for learning, leading to

positive school adjustments (Greenberg et al., 2003).

This study has some limitations. Because no IQ data were

available for the current sample, we could not correct for cog-

nitive differences among subjects. Also the interpretation of

the shared genetic risk of AP and MAT is uncertain. How-

ever, we included SES in our analyses and the correlation

between SES and intelligence is substantial (Deary et al.,

2005). A second limitation involves the relatively small sam-

ple size of complete twin pairs, especially for the academic

skills. This made the power to detect significant effects some-

what limited, although the multivariate design of this study

compensated for this. Lastly, the causal relation between AP

and academic skills could not be investigated in the current

design. An important question is whether biological mecha-

nisms that cause AP also cause academic deficits, or whether

this is vice versa. Larger twin samples with longitudinal data

can clarify this question.

In summary, our findings add to the growing body of evi-

dence supporting the observation that ADHD symptoms are

associated with diminished achievement. More complex aca-

demic skills, requiring higher cognitive processes, like math-

ematics and comprehension, are especially negatively

associated with attention problems. Furthermore, our results

strengthen the suggestion that the association between

ADHD symptoms and educational problems later in life orig-

inates in early childhood. We found a genetic overlap

between AP and mathematics. Possible biological mecha-

nisms underlying the association may be based in the

prefrontal cortex and related dopaminergic brain processes.
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