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Background. No prior twin study has explored the heritability of clinically diagnosed attention deficit hyperactivity dis-
order (ADHD). Such studies are needed to resolve conflicting results regarding the importance of genetic effects for
ADHD in adults. We aimed to estimate the relative contribution of genetic and environmental influences for clinically
diagnosed ADHD across the lifespan with a specific focus on ADHD in adults.

Method. Information on zygosity and sex was obtained from 59514 twins born between 1959 and 2001 included in the
nationwide population-based Swedish Twin Registry. Clinical data for ADHD diagnoses (i.e. stimulant or non-stimulant
medication for ADHD) were obtained from the Swedish Prescribed Drug Register (PDR) and from the National Patient
Register (i.e. ICD-10 diagnosis of ADHD). Twin methods were applied to clinical data of ADHD diagnoses using struc-
tural equation modeling with monozygotic (MZ) and dizygotic (DZ) twins.

Results. The best-fitting model revealed a high heritability of ADHD [0.88, 95% confidence interval (CI) 0.83–0.92] for
the entire sample. However, shared environmental effects were non-significant and of minimal importance. The herit-
ability of ADHD in adults was also substantial (0.72, 95% CI 0.56–0.84).

Conclusions. This study shows that the heritability of clinically diagnosed ADHD is high across the lifespan. Our
finding of high heritability for clinically diagnosed ADHD in adults indicates that the previous reports of low heritability
are best explained by rater effects, and that gene-identification studies of ADHD in adults need to consider pervasiveness
(e.g. multiple raters) and developmentally (e.g. childhood-onset criteria) informative data.
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Introduction

Many twin studies have explored the heritable nature
of attention deficit hyperactivity disorder (ADHD)
but none of these have been based on clinically diag-
nosed cases. Such a study is needed to clarify how gen-
etic factors influence ADHD across different levels of
severity (Larsson et al. 2012) and to resolve inconsistent
results regarding the heritability of ADHD in adults
(Franke et al. 2012).

Twin studies using parent or teacher ratings indicate
that continuous measures of ADHD reveal a highly
heritable component (∼60–90%) (Faraone et al. 2005;
Burt, 2009; Nikolas & Burt, 2010). The few available
twin studies using categorical measures of ADHD
(see Table 1) suggest equally high heritability estimates
(Sherman et al. 1997; Thapar et al. 2000; Lichtenstein
et al. 2010; Larsson et al. 2011) but these studies have

several limitations. In particular, they applied broad
categories containing milder cases that would not
meet syndromal criteria for ADHD, and all studies
lacked information on the age of onset or impairment
criteria used in the DSM and ICD diagnostic defini-
tions of the disorder. Thus, more stringent diagnostic
methods and narrow definitions may generate differ-
ent heritability estimates.

Twin studies suggest substantially lower heritability
estimates (∼30–40%) for ADHD in adults (van den
Berg et al. 2006; Reiersen et al. 2008; Boomsma et al.
2010; Larsson et al. 2013a), but it has been difficult to
determine whether the drop in heritability reflects
true developmental changes or is related to rater effects
(Franke et al. 2012). This is because twin studies on
ADHD in adults have used self-ratings whereas
studies on children have used other informants (i.e.
parent and teacher ratings). The few studies on this
topic suggest that the heritability of self-rated ADHD
is low in both adults and adolescents (Kan et al. 2013;
Merwood et al. 2013), and that the heritability of
ADHD in adults is substantial when both parent and
self-ratings are combined into a composite index of

* Address for correspondence: Dr H. Larsson, Department of
Medical Epidemiology and Biostatistics, Karolinska Institutet, PO Box
281, Stockholm SE-171 77, Sweden.

(Email: Henrik.Larsson@ki.se)

Psychological Medicine (2014), 44, 2223–2229. © Cambridge University Press 2013
doi:10.1017/S0033291713002493

ORIGINAL ARTICLE

https://doi.org/10.1017/S0033291713002493 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291713002493


ADHD (Chang et al. 2013). Together, these findings
suggest that the low heritability for ADHD in adults
may be best explained by rater effects. Nevertheless,
more rigorously characterized twin samples are
required, including clinically stringent measures of
ADHD, to more firmly establish the heritability of
ADHD in adults.

In the current study we used data from 59514 twins
born between 1959 and 2001 included in the Swedish
Twin Register (Lichtenstein et al. 2006). Clinical data
on ADHD were obtained from Swedish national regis-
ters. We aimed to estimate the relative contribution
of genetic, shared environmental and non-shared
environmental influences for clinically diagnosed
ADHD across the lifespan, with a specific focus on
ADHD in adults. Based on previously observed simila-
rities between continuous trait measures and broad
categorical definitions, we predicted similar herit-
ability estimates for clinically diagnosed ADHD.
Based on recent cross-informant twin studies (Chang
et al. 2013), we also predicted high heritability for
ADHD in adults. This is because both cross-informant
measures and clinical diagnosis focus on pervasive
symptoms.

Method

The Swedish Twin Registry

We obtained data from the nationwide population-
based Swedish Twin Registry (Lichtenstein et al.
2006). The target population in this study was all
twins born in Sweden between 1959 and 2001
(n=89174). Excluded from the analyses were twin
pairs with unknown zygosity (n=21714), twin pairs
in which one twin or both twins had died (n=3250)
or emigrated (n=4696) before the start of follow-up

in 2001; thus, the final sample of 59514 twins
(29177 male twins, 49%) represented 67% of the target
population. Twin analyses on ADHD in adults were
based on a subsample of 37714 twins (18092 male
twins, 48%) born 1959–1991.

Zygosity was established using DNA testing or stan-
dard zygosity questionnaires concerning twin simi-
larity and confusion (Lichtenstein et al. 2006). When
zygosity was determined based on questionnaire
data, only twins with more than 95% probability of
being correctly classified were assigned a zygosity.
In the twin analyses, 17026 were monozygotic (MZ),
16554 were dizygotic (DZ) and 25934 were opposite-
sex DZ twins.

National registers

Data from the Swedish Twin Registry were linked to
the population-based Prescribed Drug Register (PDR)
and the National Patient Register, using each indivi-
dual’s unique personal identification number.

The Swedish PDR is a national health-care register
administered by the National Board of Health and
Welfare (NBHW) with data on dispensed pharmaceu-
ticals. Information regarding drug identity according
to the Anatomical Therapeutic Chemical (ATC) classifi-
cation system, quantity and dosage of the prescribed
drug, and date of prescription has been registered
since July 2005. The PDR covers the entire population
of Sweden, and the identity of the patients is available
for>99.7% of the population (Wettermark et al. 2007).

The National Patient Register, held by the NBHW,
has nationwide coverage for psychiatric out-patient
care since 2001. Every record has a discharge date, a
primary discharge diagnosis and up to seven second-
ary diagnoses assigned by the treating medical doctor
according to ICD-10 (WHO, 1992).

Table 1. Twin studies exploring the heritability using categorical measures of attention deficit hyperactivity disorder (ADHD)

Authors Twin sample Measure Informant
% meeting cut-off
criteria for ADHD

Heritability
(%)

Larsson et al.
2011

Population: children/
adolescents; 1450 twin pairs;
aged 8–17 years; Swedish

Longitudinal
DSM-IV ADHD
symptoms

Parents (i) High trajectory
of hyperactivity

(i) 80

(ii) High trajectory
of inattention

(ii) 72

Lichtenstein
et al. 2010

Population: 10895 twin pairs;
aged 12 years; Swedish

DSM-IV ADHD
symptoms

Parents 1.8 79

Sherman et al.
1997

Population: 288 twin pairs;
aged 11–12 years; USA

DSM-III-R ADHD
symptoms

Teachers and
parents,
combined

18 79

Thapar et al.
2000

Population: 2082 twin pairs;
aged 11–12 years; UK

DSM-IV ADHD
symptoms

Teachers and
parents,
combined

– 80
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Variables

Twins treated with stimulant or non-stimulant medi-
cation for ADHD [methylphenidate (N06BA04); ato-
moxetin (N06BA09); amphetamine (N06BA01); dex-
amphetamine (N06BA02)] at any time between July
2005 and July 2010 were identified through the PDR.
National guidelines for ADHD medication, issued
by the NBHW in 2002, stated that medication should
be reserved for cases where other supportive inter-
ventions have failed, indicating that pharmacologi-
cal ADHD treatment probably represents an indicator
of the more severe cases of ADHD. The authority
to prescribe ADHD drugs in Sweden is restricted to
specialist physicians familiar with the treatment
of this disorder. In the total sample of 59514 twins,
730 (1.23%) were treated for ADHD/hyperkinetic
disorder at any time between 2005 and 2010.

Twins obtaining a diagnosis of hyperkinetic disorder
between 2001 and 2009 were identified through the
Patient Register (ICD-10: F90). In the total sample of
59514 twins, 525 (0.88%) had received a diagnosis of
hyperkinetic disorder from out-patient care. A substan-
tial number of these twins (n=392, 74.7%) were treated
with stimulant or non-stimulant medication at any
time between 2005 and 2010.

To maximize power in the twin model-fitting ana-
lyses, the present study applied an ‘OR’ approach to
define clinically diagnosed ADHD, resulting in 863
twins (1.45%) who either met criteria for hyperkinetic
disorder at any time between 2001 and 2009 or
received stimulant or non-stimulant treatment at any
time between 2005 and 2010. We have recently
reported high specificity for this register-based defini-
tion of ADHD (Larsson et al. 2013b).

Twin model fitting on ADHD in adults was based
on the subsample of 37714 twins born between 1959
and 1991 (i.e. 518 years old at the end of follow-up)
resulting in 241 (0.64%) twins with a clinical diagnosis
of ADHD in adults; our definition only considered
twins diagnosed with ADHD at age 518 years.

The study was approved by the research ethics com-
mittee at Karolinska Institutet, Stockholm, Sweden.

Statistical analyses

The concordance rate (i.e. the risk of ADHD for the cot-
win of a twin with ADHD) was calculated as the pro-
portion of individuals belonging to concordantly
affected twin pairs out of all twins with the disorder.
Correlation of liability (tetrachoric within-twin pair
correlation) was also estimated for each sex-zygosity
group. Higher concordance rates and correlations of
liability in MZ than in DZ twins indicate a genetic
contribution to the manifestation of disease. Shared
environmental influences were inferred if the DZ

correlation was greater than half of the MZ correlation
(the DZ correlation higher than expected from sharing
50% of their segregating genes).

Biometric twin analyses were conducted on raw
ordinal data using the Mx program (Neale et al. 2003)
to determine the relative contribution of additive gen-
etic factors (A, heritability) reflecting additive effects
of different alleles, shared environmental factors (C)
reflecting environmental influences that make twin
siblings similar to each other and non-shared environ-
mental factors (E) reflecting non-genetic influences that
make twin pairs dissimilar (Rijsdijk & Sham, 2002).
In twin models based on ordinal raw data, each indi-
vidual is coded as having the disease or not, and the
threshold (z score) corresponds to the rate of the
disease.

The following combinations of variance components
were considered in the twin models: ACE and AE.
Three sex-limitation models were fitted to the data.
The full sex-limitation model allows quantitative and
qualitative differences in the parameter estimates be-
tween males and females. The common effects sex-
limitation model allows quantitative sex differences
between males and females, but no qualitative differ-
ences. The null model equates all genetic and environ-
mental parameter estimates for males and females,
testing the hypothesis that there are no sex differences.
Goodness of fit for the different twin models was
assessed by Akaike’s Information Criterion (AIC); a
lower AIC value indicates better fit of the model to
the observed data.

The quantitative genetic models were performed
under the usual assumptions of the classical twin
designs: random mating, no gene–environment inter-
action, and equal environments of MZ and DZ twin
pairs (Rijsdijk & Sham, 2002).

Results

Concordance rates and tetrachoric correlations for the
full sample (59514 twins born 1959–2001) are shown
in Table 2. Tetrachoric DZ correlations were half of
the MZ correlations, suggesting genetic, but not shared
environmental, influences on ADHD. MZ correlations
were less than 1, suggesting non-shared environmental
influences (including measurement error). Tetrachoric
twin correlations were similar for males and females,
indicating a lack of quantitative sex differences in the
genetic and environmental contribution. In addition,
twin correlations were similar for same-sex DZ and
opposite-sex DZ twins, suggesting no qualitative sex
differences (Table 2).

Table 3 displays the age-adjusted model-fitting
results of ACE and AE sex-limitation models com-
pared to the saturated model using the full twin
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sample (59514 twins born 1959–2001). In all these
models, thresholds were equated across twin 1 and
twin 2, for MZ and DZ twins, but not across males
(z score=1.46) and females (z score=2.06). The AE
null model had the lowest AIC value; that is, a
model that constrained the genetic and environmental
parameter estimates to be equal across sex, and
excluded variance in liability due to the shared en-
vironmental factor, provided the most parsimonious
fit of the data. This best-fitting model estimated the
heritability and non-shared environment contribution
as 0.88 [95% confidence interval (CI) 0.83–0.92] and
0.12 (95% CI 0.08–0.17) respectively.

Similar results were obtained when refitting all twin
models using an ‘AND’ approach (i.e. clinically diag-
nosed ADHD defined as meeting criteria for hyper-
kinetic disorder and received stimulant/non-stimulant
treatment). The best-fitting model (the AE null
model) estimated the heritability and non-shared en-
vironment contribution as 0.89 (95% CI 0.82–0.94)
and 0.11 (95% CI 0.06–0.18) respectively. Similar gen-
etic and environmental parameter estimates were also
obtained when the twin modeling was restricted to
either ADHD cases identified through ICD diagnoses
(A=0.89, 95% CI 0.83–0.93; E=0.11, 95% CI 0.07–0.17)
or pharmacological ADHD treatments (A=0.88, 95%
CI 0.83–0.92; E=0.12, 95% CI 0.08–0.17), providing con-
verging evidence across different outcome definitions
(Table 3).

Heritability of ADHD in adults

Analyses were also conducted on the 37714 twins born
between 1959 and 1991 to estimate the heritability
of ADHD in adults. These twins were on average
23.0 years old at the start of the register follow-up.
Importantly, we only considered twins diagnosed
with ADHD at age 518 years. The best-fitting model
(the AE null model) estimated the heritability and non-
shared environment contributions as 0.72 (95% CI
0.56–0.84) and 0.28 (95% CI 0.16–0.44) respectively.

Discussion

This study showed that the heritability of clinically
diagnosed ADHD is high across the lifespan. The
finding of high heritability for clinically diagnosed
ADHD in adults suggests that the previous reports of
low heritability are best explained by rater effects
and that gene-identification studies of ADHD in adults
should not rely only on self-ratings.

In this study, using data from representative
national registers, we estimated the heritability of clini-
cally diagnosed ADHD at 88%. Our result is in line
with the large number of twin studies using continu-
ous trait measures of ADHD based on parent orT

ab
le

2.
C
on
co
rd
an
ce

ra
te
s
an
d
te
tr
ac
ho
ri
c
co
rr
el
at
io
ns

w
ith

95
%

co
nfi

de
nc
e
in
te
rv
al
s
(C
Is
)
fo
r
cl
in
ic
al

di
ag
no
si
s
of

at
te
nt
io
n
de
fi
ci
t
hy
pe
ra
ct
iv
ity

di
so
rd
er

(A
D
H
D
)
in

59
51
4
Sw

ed
is
h
tw

in
s,
by

se
x
an
d

zy
go
si
ty

M
Z
M

D
Z
M

M
Z
F

D
Z
F

O
pp

os
ite

-s
ex

tw
in
s

C
as
e=

M
al
e

C
as
e=

Fe
m
al
e

N
o.

of
co
nc

or
d
an

t
af
fe
ct
ed

pa
ir
s

35
13

11
5

29
29

N
o.

of
di
sc
or
da

nt
pa

ir
s

55
13
9

38
68

27
7

10
0

C
on

co
rd
an

ce
ra
te

(9
5%

C
I)

0.
56

(0
.4
5–
0.
66
)

0.
16

(0
.0
9–

0.
25
)

0.
37

(0
.2
1–
0.
54
)

0.
13

(0
.0
4–
0.
26
)

0.
17

(0
.1
2–
0.
24
)

0.
37

(0
.2
7–
0.
47
)

Te
tr
ac
ho

ri
c
co
rr
el
at
io
n
(9
5%

C
I)

0.
90

(0
.8
4–
0.
94
)

0.
48

(0
.3
3–

0.
61
)

0.
81

(0
.6
8–
0.
90
)

0.
50

(0
.2
8–
0.
67
)

0.
49

(0
.4
0–
0.
58
)

M
Z
M
,M

on
oz

yg
ot
ic

m
al
e;

M
Z
F,

m
on

oz
yg

ot
ic

fe
m
al
e;

D
Z
M
,d

iz
yg

ot
ic

m
al
e;

D
Z
F,

di
zy

go
tic

fe
m
al
e.

2226 H. Larsson et al.

https://doi.org/10.1017/S0033291713002493 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291713002493


teacher ratings (Faraone et al. 2005; Burt, 2009), and the
few studies that have explored the genetic impact on
categorically defined ADHD (Sherman et al. 1997;
Thapar et al. 2000; Lichtenstein et al. 2010; Larsson
et al. 2011). There are noteworthy differences between
the present study and these prior twin studies, in par-
ticular related to differing assessment methodologies.
In the present study subjects were diagnosed using
ICD-10. These diagnoses are performed by clinicians,
and thus based on structured interviews covering age
of onset of the impairing symptoms and presence of
impairment in multiple settings, whereas prior twin
studies were based on quantitative measures of
ADHD symptoms without addressing the childhood
criteria and not systematically assessing the impair-
ment in multiple settings criteria. Nevertheless, re-
markably similar heritability estimates for ADHD
were obtained across studies, suggesting strong genetic
effects in ADHD regardless of whether the assessment
used continuous trait measures, broad categorical
definitions or narrow diagnostic definitions, which in
turn provides further support for ADHD as a quanti-
tative extreme of genetic and environmental factors
operating dimensionally throughout the distribution
of ADHD symptoms (Levy et al. 1997; Chen et al.
2008; Larsson et al. 2012).

One novel finding of this study was that clinically
diagnosed ADHD in adults was highly heritable.
This finding is in line with a recent cross-informant
twin study reporting that the heritability of ADHD in

19- to 20-year-olds was 78%, when both parent and
self-ratings were combined into a composite index of
ADHD symptoms to adjust for rater bias (Chang
et al. 2013), and also with prior family studies suggest-
ing a high familial loading on ADHD in adults
(Biederman et al. 1995, 1996; Faraone et al. 2000;
Faraone, 2004), but is inconsistent with twin studies
of self-rated ADHD in adults (van den Berg et al.
2006; Reiersen et al. 2008; Boomsma et al. 2010;
Larsson et al. 2013a). One possible explanation of pre-
vious reports of low heritability for ADHD in adults
is the increased contribution of measurement error
(reflecting accuracy of the measures) associated with
the use of self-ratings (Franke et al. 2012; Chang et al.
2013; Kan et al. 2013; Merwood et al. 2013). Another ex-
planation is that the clinical diagnosis of ADHD in
adults reflects persistence of the childhood disorder
(i.e. childhood onset), whereas cross-sectional self-
ratings may also reflect adult-onset ADHD-like symp-
toms (i.e. phenocopies) involving different genetic and
environmental processes. Taken together, this indicates
that self-ratings may not be the best measure to use in
gene-identification studies of ADHD in adults and that
other factors such as childhood onset, pervasiveness
and impairment should be taken into account.

Limitations

This study had some limitations. First, it was not
possible to classify ADHD cases according to the

Table 3. Model-fitting results of univariate analysis of attention deficit hyperactivity disorder (ADHD)

Model

Fit of model compared to saturated model

−2LL df χ2 Δdf AIC

Saturated model 8092.5 59489 – – –
1. ACE univariate
Full sex-limitation modela 8112.0 59505 19.5 16 −12.5
Common effects sex-limitation modelb 8112.0 59506 19.5 17 −14.5
Null modelc 8113.5 59509 21.0 20 −19.0

2. AE univariate
Full sex-limitation modela 8112.5 59507 20.0 18 −16.0
Common effects sex-limitation modelb 8112.5 59508 20.0 19 −18.0
Null modelc 8113.7 59510 21.3 21 −20.7

−2LL, Likelihood fit statistic; df, degrees of freedom; χ2, the difference in –2LL between the saturated and restricted models;
∆df, difference in df between the saturated and restricted models; AIC, Akaike’s Information Criterion.
Best-fitting model indicated in bold.
a The full sex-limitation model allows quantitative and qualitative differences in the parameter estimates between males and

females.
b The common effects sex-limitation model allows quantitative sex differences between males and females, but no qualitative

differences.
c The null model equates all genetic and environmental parameter estimates for males and females, testing the hypothesis

that there are no sex differences.
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three DSM-IV ADHD subtypes (i.e. combined, pri-
marily hyperactive-impulsive and primarily inatten-
tive type) as they were not recorded across the
registers. However, prior twin research does suggest
similar heritability estimates for the inattentive and
hyperactive-impulsive component of ADHD (Larsson
et al. 2006; Nikolas & Burt, 2010).

Second, the validity of the non-standardized register
diagnoses has not been explored using comparisons
with research diagnoses based on independent semi-
structured interviews and/or medical records.
Although our own validity checks of ADHD support
high specificity for the register-based diagnosis, we
could not rule out false negatives (i.e. individuals with
ADHD who had never been recorded in any registers).
This is because the Patient Register provided coverage
of out-patient care after 2001 and the PDR provided
data on twins treated with stimulant or non-stimulant
medication after 2005. However, bias due to such out-
come misclassification most probably applies equally
to MZ and DZ pairs and would therefore not introduce
a significant upward bias of the heritability estimate.

Third, the ascertainment of ADHD cases was based
predominantly on ICD-10 diagnosis of hyperkinetic
disorder and prescribed medication unique for the
treatment of ADHD. The ICD-10 definition of ADHD
is stricter than that in DSM-IV, and the Swedish
national guidelines for medication of ADHD state
that medication should be reserved for cases where
other supportive interventions have failed, indicating
that our measure most probably represents an indi-
cator of the more severe cases of ADHD. Thus, general-
izations should be made with caution.

Fourth, even with a nationwide twin cohort born
1959–2001, the absolute numbers of clinically diag-
nosed concordant or discordant twin pairs remained
limited, resulting in wide CIs and limited power to de-
tect shared environmental influences. Point estimates,
especially for ADHD in adults, should therefore be
interpreted with caution.

Conclusions

We have demonstrated that heritability estimates for
clinically diagnosed ADHD are high across the life-
span. This indicates that the previous reports of low
heritability for ADHD symptoms in adults are best
explained by rater effects giving rise to measurement
error, rather than by distinct developmental changes
in the importance of non-shared environmental factors.
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