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Background

Attention-deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental condition characterized by an inappropri-
ate and persistent pattern of inattention, hyperactivity, and 
impulsivity (Christiansen et  al., 2019; Dan, 2020). The 
global prevalence of ADHD is approximately 5% in the 
pediatric population and 2.5% in adults, making it one of 
the most prevalent disorders in the pediatric population 
(Christiansen et al., 2019). According to the DSM-V crite-
ria, children who qualify for an ADHD diagnosis present 
six out of nine symptoms for at least 6 months, and the 
symptoms must occur globally, that is, they are present in at 
least two different settings (Austerman, 2015; Levelink 
et al., 2020). In the revised DSM-V-TR, ADHD is divided 
into predominant inattention, hyperactivity-impulsivity, 
and combined subtypes (Austerman, 2015).

The strategies designed to assess ADHD include the 
Vanderbilt ADHD rating scale, the Conners scale, the 
Diagnostic Interview for Children and Adolescents, and the 

Behavior Assessment System for Children (Christiansen 
et al., 2019; Zhou et al., 2018). However, an accurate assess-
ment can be challenging in that many ADHD symptoms 
overlap with those of comorbid disorders.

Children with ADHD often have reduced working mem-
ory, response inhibition, and planning ability, and are less 
able to adapt to change compared with those without ADHD 
(Hilger et al., 2020). Moreover, emotional regulation defi-
cits have been described in children and adolescents with 
this condition (Romani et al., 2018). This may manifest as 
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Abstract
Objective: In this review, we examined if there is a deficit in facial recognition of emotion (FER) in children, adolescents, 
and adults with attention deficit hyperactivity disorder (ADHD).
Background: Emotional regulation is impaired in ADHD. Although a facial emotion recognition deficit has been described 
in this condition, the underlying causal mechanisms remain unclear.
Methods: The search was performed in six databases in September 2022. Studies assessing children, adolescents, or 
adults with isolated or comorbid ADHD that evaluated participants using a FER task were included.
Results: Twelve studies out of 385 were selected, with participants ranging in age from 6 to 37.1 years. A deficit in FER 
specific to ADHD, or secondary to comorbid autism spectrum disorder, anxiety, and oppositional symptoms, was found.
Conclusions: There is a FER deficit in patients with ADHD. Adults showed improved recognition accuracy, reflecting 
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XX-XX)

Keywords
ADHD, facial emotion, children, adolescent, adults

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/jad
mailto:claudia.talero@urosario.edu.co


1182	 Journal of Attention Disorders 27(11)

altered facial emotion recognition (FER), which has also 
been described in individuals with borderline personality 
disorder, autism spectrum disorders (ASD), Parkinson’s 
disease, and schizophrenia (Romani et al., 2018; Villanueva-
Valle et al., 2021).

Specific brain regions are known to be crucial for facial 
processing. These include the posterior occipital area, 
which detects specific areas of the face, the ventral medial 
prefrontal cortex, which directs attention to the eyes, the 
temporal lobe, which identifies familiar and unfamiliar 
faces, and the right posterior superior temporal sulcus and 
amygdala, which are responsible for the recognition of 
facial expressions (Romani et al., 2018).

Emotions can be divided into positive emotions such as 
surprise and happiness, negative emotions such as madness, 
sadness, fear, and disgust, and neutral facial expressions 
(Greco et al., 2021). Emotional deficits have been examined 
according to changes in emotional vocalizations as well as 
changes in biological parameters such as heart rate, which are 
related to autonomic responses (Villanueva-Valle et al., 2021).

Despite the publication of several reviews about FER in 
individuals with ADHD, there are conflicting data. For 
instance, some authors have proposed that children with 
externalizing behaviors exhibit a primary deficit in FER 
(Cooper et  al., 2020) while others have suggested that 
altered FER is secondary to cognitive alterations in differ-
ent age groups with ADHD (Borhani & Nejati, 2018), but 
yet no conclusion has been reached. Furthermore, no direct 
causality has been described regarding abnormal FER in 
individuals with ADHD, and a single study compared FER 
throughout childhood, adolescence, and adulthood in this 
specific condition. Moreover, FER is sometimes considered 
limited to negative facial emotions (Rodrigo-Ruiz et  al., 
2017), so positive emotions remain to be elucidated. 
Accordingly, the objective of this systematic literature 
review was to evaluate the occurrence of deficient FER in 
children, adolescents, and adults with ADHD. Based on the 
results, we aim to determine if there is an actual deficit in 
FER among patients with ADHD and if so, identify if the 
deficit is primary or secondary.

Methods

Study Design

This study was a systematic review of the literature follow-
ing the PRISMA 2020 criteria for systematic reviews (Page 
et  al., 2021). The protocol was registered under the 
PROSPERO ID CRD42022345250.

Search Strategy

An online search was performed in September 2022 using 
PubMed, Scopus, ScienceDirect, Embase for published lit-
erature, and Medrxiv and Google Scholar for gray literature. 

We used the MeSH terms: (“Attention Deficit Disorder with 
Hyperactivity”) AND ((“Facial Expression”) OR (“Facial 
Recognition”)) AND (“Emotions”). Moreover, a manual 
search was performed on the references of the articles 
selected for full-text screening. The search results were lim-
ited to the last 5 years (2017–2022). The last systematic 
reviews performed on children with diagnosed ADHD had 
search strategies performed until 2017, with inconclusive 
results (Borhani & Nejati, 2018; Romani et  al., 2018). 
Therefore, this review intends to update the evidence since 
that year, discussing whether there is a primary or secondary 
facial emotion recognition deficit in people with ADHD 
with the newly generated information.

A single author performed the database search. The 
screening of titles, abstracts, and full texts was performed by 
pairs of authors. In case of discrepancy, a third author was 
called in order to reach a consensus for article inclusion.

Eligibility Criteria

The inclusion criteria were as follows: studies about pediat-
ric, adolescent, or adult patients with isolated ADHD or 
with comorbidities, the presence of a control group without 
ADHD, and the evaluation of participants using a FER task, 
published between 2017 and 2022 in English or Spanish. 
The exclusion criteria were as follows: systematic reviews, 
editorial letters, book chapters, and evaluation of partici-
pants using tasks unrelated to FER.

Quality and Risk of Bias Assessment

All authors conducted a quality assessment of the selected 
studies using the Joanna Briggs Institute Critical Appraisal 
tools for cross-sectional analytic designs. Critical appraisal 
was also done through paired assessment of the studies. In 
case of discrepancy or doubts, a third author was called in 
order to reach a consensus for article inclusion.

Data Extraction

Relevant data were extracted by two researchers (M.O. and 
O.V.). The items extracted from each study included the 
author names, publication year, country, design, mean age and 
age range of the patients, sample size, types of comorbidities, 
instruments used to assess ADHD symptoms, subtypes of 
ADHD, use of medication, characteristics of the FER task 
used, and performance in the emotion recognition task.

Results
The selection process is shown in the PRISMA chart in 
Figure 1, and the data extraction is in Table 1. A total of 385 
studies were found using the aforementioned search strat-
egy in the regular databases and gray literature. There were 
278 studies after eliminating the duplicates, of which 14 
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were included in the analysis (Figure 1). The data extraction 
showed that the measurements were not comparable owing 
to the absence of original data and standard measures for 
accuracy and response times. Some studies measured the 
mean number while others mean percentage, mean z score, 
median or accuracy percentage of correct responses, and 
mean error rates in different emotions. With respect to 
response times, some of the studies registered mean z score 
or mean reaction time in milliseconds while others did not 
report them. For these reasons, a meta-analysis could not be 
performed.

The studies encompassed a wide range of ages in the 
samples that were evaluated. Age varied from six (Kara 
et al., 2017; Löytömäki et al., 2020; Staff et al., 2022) to 
37.1 (standard deviation, SD = 10.2) years (Helfer et  al., 
2021). Among these, one article included children 
(Löytömäki et al., 2020), two included adolescents (Airdrie 
et al., 2018; Jusyte et al., 2017), eight combined children 
and adolescents (Buongiorno et  al., 2020; Greco et  al., 
2021; Jusyte et  al., 2017; Kara et  al., 2017; Maire et  al., 
2019; Staff et  al., 2022; Waddington et  al., 2018; Wells 
et al., 2019), and two included adults (Helfer et al., 2021; 
Thoma et al., 2020).

ADHD has been associated with particular comorbidi-
ties that were described in some of the studies. This included 
conduct disorder (n = 2) (Airdrie et  al., 2018; Staff et  al., 
2022), anxiety (n = 1) (Wells et al., 2019), depression (n = 2) 

(Thoma et al., 2020; Wells et al., 2019), oppositional defiant 
disorder (ODD) (n = 2) (Kara et  al., 2017; Wells et  al., 
2019), learning disabilities (n = 1) (Wells et al., 2019), lan-
guage disorder (n = 2) (Löytömäki et al., 2020; Staff et al., 
2022), ASD (n = 3) (Löytömäki et al., 2020; Thoma et al., 
2020; Waddington et al., 2018), obsessive-compulsive dis-
order (n = 1) (Thoma et al., 2020), bipolar disorder (n = 1) 
(Thoma et  al., 2020), and alcohol use disorder (n = 1) 
(Thoma et al., 2020).

Medication may be considered as another factor that can 
influence the obtained results in the included studies. 
Regarding the use of medication among the study partici-
pants, psycho-stimulant drugs were suspended 24 hr before 
the test in six studies (Airdrie et  al., 2018; Helfer et  al., 
2021; Kara et  al., 2017; Rinke et  al., 2017; Waddington 
et al., 2018; Wells et al., 2019), while one study suspended 
medication in the prior month (Staff et  al., 2022), three 
studies included people actively taking ADHD medication 
and antidepressants (Jusyte et al., 2017; Löytömäki et al., 
2020; Maire et al., 2019), and one study suspended ADHD 
medication the day before the experiment but permitted 
continued antidepressant treatment in the patient group 
(Thoma et al., 2020).

Different positive and negative emotions were assessed 
in the studies, including sad, happy, angry, fearful, sur-
prised, disgusted, shameful, and neutral expressions. Some 
studies used test batteries such as Ekman and Friesen’s 
facial affect battery (Airdrie et al., 2018; Rinke et al., 2017), 
the Child Affective Facial Expression Set (Buongiorno 
et al., 2020), the facial emotion task from the Amsterdam 
Neuropsychological Tasks (Waddington et  al., 2018), the 
faces submodule of the Frankfurt Test and Training of 
Facial Affect Recognition second edition (FEFA2) 
(Löytömäki et al., 2020), the National Institute of Mental 
Health Child Emotional Faces Picture Set (Staff et  al., 
2022), and the Bochum Emotional Stimulus Set (Thoma 
et  al., 2020). Other studies used facial emotion pictures 
from databases such as The Karolinska Directed Emotional 
Faces database (Helfer et al., 2021), the Cohn Kanade data-
base (Tehrani-Doost et al., 2017), and the Dartmouth data-
base (Wells et al., 2019). Finally, some authors employed 
morphing programs (Greco et al., 2021; Jusyte et al., 2017; 
Maire et al., 2019; Staff et al., 2022) in FER tasks.

Performance in Facial Emotion Recognition 
Tasks

Regarding FER task performance in ADHD patients and 
controls, three different possible outcomes were found. 
Some studies produced evidence for an intrinsic deficit in 
FER in individuals with ADHD, others supported the notion 
of abnormal FER as a secondary deficit in ADHD patients, 
and the third group indicated that there was no deficit in the 
participant group.

Records identified through database 
search (N=315):

Pubmed (n=51)
Scopus (n=146) 
Scienceirect (n= 4)
Embase (n=114)

Total records (n=385)

Records excluded (n=260)
216 excluded by title
37 excluded by abstract

Full-text articles 
assessed for eligibility
(n=25)

Full-text articles excluded (n=11)

Quality (n=3)
Methodology (n=7)
Excluded by year (n=1)

Studies included in the 
review
(n=14)

Records identified 
through grey literature 
search (N=70): 

Google Scholar (n= 28)
Medrxiv (n=42)

Records screened by title
and abstract after
duplicates
(n=278)  

Figure 1.  PRISMA algorithm for selection of the studies.



1184	

T
ab

le
 1

. 
D

at
a 

Ex
tr

ac
tio

n 
of

 S
tu

di
es

 E
va

lu
at

in
g 

FE
R

 in
 A

D
H

D
.

A
ut

ho
r/

 
pu

bl
ic

at
io

n 
ye

ar
T

itl
e

C
ou

nt
ry

Sa
m

pl
e 

si
ze

A
ge

C
om

or
bi

di
ty

Sy
m

pt
om

s 
va

lid
at

io
n

W
ith

ho
ld

in
g 

M
ed

ic
at

io
n

A
D

H
D

 s
ub

ty
pe

Fa
ci

al
 e

m
ot

io
n 

re
co

gn
iti

on
 t

as
k

Pe
rf

or
m

an
ce

 in
 t

he
 e

m
ot

io
n 

re
co

gn
iti

on
 

ta
sk

.

H
. K

ar
a 

et
 a

l. 
(2

01
7)

A
ss

es
sm

en
t 

of
 

re
la

tio
ns

hi
p 

be
tw

ee
n 

co
m

or
bi

d 
op

po
si

tio
na

l 
de

fia
nt

 d
is

or
de

r 
an

d 
re

co
gn

iti
on

 
of

 e
m

ot
io

na
l 

fa
ci

al
 e

xp
re

ss
io

ns
 

in
 c

hi
ld

re
n 

w
ith

 
at

te
nt

io
n 

de
fic

it 
hy

pe
ra

ct
iv

ity
 

di
so

rd
er

T
ur

ke
y

A
D

H
D

 n
 =

 2
0

A
D

H
D

/O
D

D
 

n 
=

 2
0

C
on

tr
ol

s 
n 

=
 1

1

6–
12

 ye
ar

s
O

D
D

- 
SR

S-
A

D
D

BD
- 

C
on

ne
r’

s 
Pa

re
nt

s 
an

d 
T

ea
ch

er
s 

R
at

in
g 

Sc
al

e

1 
da

y
-

- 
Ph

ot
og

ra
ph

s 
w

ith
 h

ap
py

, 
sa

d,
 a

ng
ry

, a
nd

 n
eu

tr
al

 fa
ci

al
 

ex
pr

es
si

on
s 

of
 3

 m
al

e 
an

d 
3 

fe
m

al
e 

ad
ul

ts
- 

50
%

 b
lu

rr
ed

 im
ag

es
 a

nd
 

cr
op

pe
d 

ey
e 

im
ag

es
 a

s 
di

st
ra

ct
or

s
- 

D
ia

gn
os

tic
 a

na
ly

si
s 

of
 n

on
ve

rb
al

 
ac

cu
ra

cy
 a

nd
 c

om
pl

et
io

n 
tim

e

- 
Si

gn
ifi

ca
nt

 d
iff

er
en

ce
s 

be
tw

ee
n 

co
nt

ro
l 

an
d 

A
D

H
D

 g
ro

up
s 

in
 h

ap
py

 (
“e

ye
,”

 
p 

=
 .0

12
), 

sa
d 

(“
to

ta
l,”

 “
cl

ea
r,

” 
“e

ye
,”

 
an

d 
“b

lu
rr

ed
,”

 p
 <

 .0
01

), 
an

gr
y 

(“
to

ta
l,”

 
p 

=
 .0

3)
, a

nd
 n

eu
tr

al
 (

“c
le

ar
,”

 p
 =

 .0
3 

an
d 

“e
ye

,”
 p

 =
 .0

26
) 

ex
pr

es
si

on
s.

- 
A

D
H

D
 +

 O
D

D
 s

ho
w

ed
 lo

w
er

 
pe

rf
or

m
an

ce
 t

ha
n 

th
e 

pu
re

 A
D

H
D

 
gr

ou
p 

(1
7.

5 
[1

5–
19

] 
vs

 1
8.

5 
[1

8–
19

], 
p 
<

 .0
01

)
- 

Si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
in

 n
eu

tr
al

 c
le

ar
 

ex
pr

es
si

on
s 

be
tw

ee
n 

A
D

H
D

 a
nd

 
A

D
H

D
 +

 O
D

D
 g

ro
up

s.
M

ai
re

 e
t 

al
. 

(2
01

9)
Fa

ci
al

 e
m

ot
io

n 
re

co
gn

iti
on

 in
 

ch
ild

re
n 

w
ith

 
or

 w
ith

ou
t 

A
tt

en
tio

n 
D

ef
ic

it/
H

yp
er

ac
tiv

ity
 

D
is

or
de

r:
 Im

pa
ct

 o
f 

co
m

or
bi

di
ty

Fr
an

ce
A

D
H

D
 n

 =
 3

4
C

on
tr

ol
s 

n 
=

 3
7

7–
11

 ye
ar

s
—

C
PR

S
1 

da
y

—
- 

Fa
ce

s 
of

 a
du

lts
 e

xp
re

ss
in

g 
fe

ar
, 

sa
dn

es
s,

 d
is

gu
st

, s
ur

pr
is

e,
 jo

y,
 

an
ge

r 
an

d 
ne

ut
ra

l e
xp

re
ss

io
n 

fr
om

 t
he

 P
ic

tu
re

s 
of

 F
ac

ia
l 

A
ffe

ct
 w

ith
 fu

ll 
an

d 
ha

lf 
in

te
ns

ity
 o

f e
m

ot
io

n.
- 

C
on

tr
ol

 t
as

k 
in

cl
ud

ed
 p

ic
tu

re
s 

of
 6

 g
eo

m
et

ri
c 

fo
rm

s 
(c

ir
cl

e,
 

sq
ua

re
, t

ri
an

gl
e,

 s
ta

r,
 c

ro
ss

, 
ar

ro
w

) 
an

d 
on

e 
bl

ac
k 

sc
re

en
.

-D
ur

at
io

n 
of

 fe
w

er
 t

ha
n 

10
 m

in

- 
A

D
H

D
 h

ad
 s

ig
ni

fic
an

tly
 lo

w
er

 s
co

re
s 

on
 t

he
 e

m
ot

io
n 

re
co

gn
iti

on
 t

as
k,

 
p 
<

 .0
1,

 b
ut

 n
ot

 o
n 

th
e 

ge
om

et
ri

c 
fo

rm
 

re
co

gn
iti

on
 t

as
k,

 p
 =

 .1
0.

- 
H

yp
er

ac
tiv

ity
, a

nx
ie

ty
, a

nd
 e

m
ot

io
na

l 
la

bi
lit

y 
w

er
e 

no
n-

pr
ed

ic
tiv

e 
fo

r 
fa

ci
al

 
em

ot
io

n 
re

co
gn

iti
on

 d
ef

ic
it

- 
In

at
te

nt
io

n 
w

as
 o

nl
y 

pr
ed

ic
tiv

e 
of

 a
 

lo
w

er
 a

ng
er

 s
co

re
 (

p 
<

 .0
5)

.
-O

pp
os

iti
on

 p
re

di
ct

ed
 lo

w
er

 g
lo

ba
l 

sc
or

es
 (

p 
<

 .0
1)

, l
ow

er
 s

ad
ne

ss
 

(p
 <

 .0
1)

, a
nd

 lo
w

er
 s

ur
pr

is
e 

(p
 <

 .0
1)

.
- 

A
ll 

ha
lf-

in
te

ns
ity

 e
m

ot
io

ns
 w

er
e 

m
is

ta
ke

n 
fo

r 
ne

ut
ra

l e
xp

re
ss

io
ns

 in
 t

he
 

A
D

H
D

 g
ro

up
.

Ju
sy

te
 e

t 
al

. 
(2

01
7)

R
ec

og
ni

tio
n 

of
 

pe
er

 e
m

ot
io

ns
 

in
 c

hi
ld

re
n 

w
ith

 
A

D
H

D
: E

vi
de

nc
e 

fr
om

 a
n 

an
im

at
ed

 
fa

ci
al

 e
xp

re
ss

io
ns

 
ta

sk

G
er

m
an

y
A

D
H

D
 n

 =
 2

6
C

on
tr

ol
s 

n 
=

 2
6

10
– 14

 ye
ar

s
N

o
- 

C
PR

S
- 

C
hi

ld
 B

eh
av

io
r 

C
he

ck
lis

t

2 
ta

ki
ng

 
m

et
hy

lp
he

ni
da

te
—

- 
51

 c
ol

or
 p

ho
to

gr
ap

hs
 o

f t
w

o 
fe

m
al

e 
an

d 
tw

o 
m

al
e 

ch
ild

re
n 

w
ith

 d
iff

er
en

t 
in

te
ns

ity
 le

ve
ls

 o
f 

ha
pp

y,
 a

ng
ry

, f
ea

rf
ul

, d
is

gu
st

ed
, 

su
rp

ri
se

d,
 s

ad
 a

nd
 n

eu
tr

al
 

ex
pr

es
si

on
s.

 2
%

 in
te

ns
ity

 
in

cr
em

en
ts

.
- 

A
cc

ur
ac

y,
 s

pe
ed

, a
nd

 p
er

ce
pt

ua
l 

in
te

ns
ity

- 
O

ve
ra

ll 
lo

w
er

 a
cc

ur
ac

y 
ac

ro
ss

 a
ll 

em
ot

io
na

l c
at

eg
or

ie
s 

in
 A

D
H

D
 

co
m

pa
re

d 
to

 t
he

 c
on

tr
ol

 g
ro

up
.

- 
N

o 
ev

id
en

ce
 fo

r 
im

pu
ls

iv
e 

or
 in

at
te

nt
iv

e 
re

sp
on

se
s 

in
 A

D
H

D
 g

ro
up

 (
p 
>

 .1
).

- 
A

D
H

D
 g

ro
up

 h
ad

 h
ig

he
r 

co
m

m
is

si
on

 
er

ro
rs

, b
ut

 w
ith

 t
he

 s
am

e 
pa

tt
er

n 
as

 
co

nt
ro

ls
.

- 
D

is
gu

st
 w

as
 fr

eq
ue

nt
ly

 c
on

fu
se

d 
w

ith
 

an
ge

r,
 fe

ar
 w

ith
 s

ur
pr

is
e,

 a
nd

 s
ad

ne
ss

 
w

ith
 fe

ar
 o

r 
an

ge
r 

in
 b

ot
h 

gr
ou

ps
.

 (c
on

tin
ue

d)



1185

A
ut

ho
r/

 
pu

bl
ic

at
io

n 
ye

ar
T

itl
e

C
ou

nt
ry

Sa
m

pl
e 

si
ze

A
ge

C
om

or
bi

di
ty

Sy
m

pt
om

s 
va

lid
at

io
n

W
ith

ho
ld

in
g 

M
ed

ic
at

io
n

A
D

H
D

 s
ub

ty
pe

Fa
ci

al
 e

m
ot

io
n 

re
co

gn
iti

on
 t

as
k

Pe
rf

or
m

an
ce

 in
 t

he
 e

m
ot

io
n 

re
co

gn
iti

on
 

ta
sk

.

W
ad

di
ng

to
n 

et
 a

l. 
(2

01
8)

V
is

ua
l a

nd
 a

ud
ito

ry
 

em
ot

io
n 

re
co

gn
iti

on
 

pr
ob

le
m

s 
as

 fa
m

ili
al

 
cr

os
s 

di
so

rd
er

 
ph

en
om

en
on

 in
 

A
SD

 a
nd

 A
D

H
D

N
et

he
rl

an
ds

A
SD

 n
 =

 8
9.

 
A

SD
 +

 A
D

H
D

 
n 

=
 6

4.
 

A
SD

 +
 A

D
H

D
 

un
af

fe
ct

ed
 

si
bl

in
gs

 n
 =

 1
22

A
D

H
D

 n
 =

 1
11

 
A

D
H

D
 

un
af

fe
ct

ed
 

si
bl

in
gs

 n
 =

 6
9

C
on

tr
ol

s 
n 

=
 2

20

7–
18

 ye
ar

s
A

SD
 (

n 
=

 6
4)

- 
So

ci
al

 
C

om
m

un
ic

at
io

n 
Q

ue
st

io
na

ir
e

- 
C

PR
S 

an
d 

C
T

R
S

- 
Pa

re
nt

al
 

A
cc

ou
nt

 
C

hi
ld

ho
od

 
Sy

m
pt

om
s 

A
D

H
D

 
su

bv
er

si
on

1 
da

y
-

-Id
en

tif
ic

at
io

n 
of

 F
ac

ia
l E

m
ot

io
n 

ta
sk

 w
ith

 h
ap

py
, f

ea
rf

ul
 a

nd
 

an
gr

y 
ex

pr
es

si
on

s
-P

ho
to

gr
ap

hs
 fr

om
 A

m
st

er
da

m
 

N
eu

ro
ps

yc
ho

lo
gi

ca
l T

as
ks

.
- 

A
cc

ur
ac

y 
(p

er
ce

nt
ag

e 
of

 
co

rr
ec

t 
re

sp
on

se
s)

 a
nd

 s
pe

ed
 

(m
ea

n 
re

ac
tio

n 
tim

e)
 o

f v
is

ua
l 

em
ot

io
n 

re
co

gn
iti

on

-A
D

H
D

 g
ro

up
 w

ith
 lo

w
er

 s
co

re
s 

th
an

 
co

nt
ro

ls
 o

n 
ac

cu
ra

cy
 o

f F
ER

 (
p 

=
 .0

02
) 

re
ga

rd
le

ss
 o

f c
ov

ar
yi

ng
 fo

r 
se

x 
an

d 
IQ

.
-A

nx
ie

ty
 le

ve
ls

 (
C

PR
S 

p 
=

 .0
3,

 C
T

R
S 

p 
=

 .0
2)

, h
yp

er
ac

tiv
ity

 (
C

PR
S 

p 
<

 .0
01

), 
in

at
te

nt
io

n 
(C

PR
S 

p 
<

 .0
01

) 
op

po
si

tio
na

l b
eh

av
io

r 
(C

PR
S 

p 
<

 .0
01

, 
C

T
R

S 
p 

=
 .0

1)
 fr

om
 C

on
ne

r’
s 

ra
tin

g 
sc

al
es

 c
or

re
la

te
d 

po
si

tiv
el

y 
w

ith
 t

he
 

ac
cu

ra
cy

 o
f F

ER
.

-S
pe

ed
 o

f F
ER

 p
os

iti
ve

ly
 c

or
re

la
te

d 
w

ith
 

an
xi

et
y 

(C
PR

S 
p 

=
 .0

04
).

- 
A

SD
-o

nl
y,

 A
SD

 +
 A

D
H

D
 a

nd
 A

D
H

D
-

on
ly

 g
ro

up
s 

ha
d 

a 
si

m
ila

r 
pe

rf
or

m
an

ce
 

in
 F

ER
 fa

ct
or

s
A

ir
dr

ie
 e

t 
al

. 
(2

01
8)

Fa
ci

al
 E

m
ot

io
n 

R
ec

og
ni

tio
n 

an
d 

Ey
e 

G
az

e 
in

 
A

tt
en

tio
n-

D
ef

ic
it/

H
yp

er
ac

tiv
ity

 
D

is
or

de
r 

W
ith

 a
nd

 
W

ith
ou

t 
C

om
or

bi
d 

C
on

du
ct

 D
is

or
de

r

U
ni

te
d 

K
in

gd
om

A
D

H
D

 n
 =

 3
6

A
D

H
D

 +
 C

D
 

n 
=

 2
7

C
on

tr
ol

s 
n 

=
 4

1

11
– 18

 ye
ar

s
C

D
 n

 =
 2

7
- 

SD
Q

- 
D

ev
el

op
m

en
t 

an
d 

W
el

l-B
ei

ng
 

A
ss

es
sm

en
t

1 
da

y
—

- 
60

 fa
ce

s 
fr

om
 t

he
 E

km
an

 a
nd

 
Fr

ie
se

n 
fa

ci
al

 a
ffe

ct
 b

at
te

ry
 

w
ith

 h
ap

pi
ne

ss
, a

ng
er

, 
fe

ar
, s

ad
ne

ss
, a

nd
 n

eu
tr

al
 

ex
pr

es
si

on
s.

- 
Ey

e 
m

ov
em

en
ts

 w
er

e 
re

co
rd

ed
 

(a
 =

 0
.8

3)

- 
N

o 
di

ffe
re

nc
e 

be
tw

ee
n 

A
D

H
D

 a
nd

 N
T

 
in

 fe
ar

 (
p 
>

 .0
5)

, n
eu

tr
al

 (
p 
>

 .0
5)

, o
r 

ot
he

r 
em

ot
io

ns
.

- 
A

D
H

D
/C

D
 w

er
e 

le
ss

 a
cc

ur
at

e 
in

 
re

co
gn

iz
in

g 
fe

ar
 a

nd
 n

eu
tr

al
 e

xp
re

ss
io

ns
 

th
an

 A
D

H
D

 a
nd

 c
on

tr
ol

s.
- 

N
o 

di
ffe

re
nc

e 
be

tw
ee

n 
A

D
H

D
 a

nd
 N

T
 

co
nt

ro
ls

 t
im

e 
to

 t
he

 fi
rs

t 
fix

at
io

n 
on

 
th

e 
ey

e 
re

gi
on

 (
p 
>

 .0
5)

.
- 

T
he

 A
D

H
D

/C
D

 a
nd

 A
D

H
D

 g
ro

up
 s

pe
nt

 
le

ss
 t

im
e 

fo
cu

si
ng

 o
n 

ey
es

 t
ha

n 
N

T
 

co
nt

ro
ls

 (
p 
<

 .0
5)

- 
A

D
H

D
 s

ym
pt

om
 s

ev
er

ity
 is

 n
eg

at
iv

el
y 

as
so

ci
at

ed
 w

ith
 p

er
ce

nt
ag

e 
of

 t
im

e 
lo

ok
in

g 
at

 a
ye

s 
bu

t 
un

re
la

te
d 

to
 

em
ot

io
n 

re
co

gn
iti

on
 a

cc
ur

ac
y.

W
el

ls
 e

t 
al

. 
(2

01
9)

A
re

 E
m

ot
io

n 
R

ec
og

ni
tio

n 
A

bi
lit

ie
s 

In
ta

ct
 in

 
Pe

di
at

ri
c 

A
D

H
D

?

U
ni

te
d 

 
St

at
es

A
D

H
D

 n
 =

 3
5

C
on

tr
ol

s 
n 

=
 2

9
8–

13
 ye

ar
s

A
nx

ie
ty

 (
20

%
 

A
D

H
D

 a
nd

 
co

nt
ro

l)
D

ep
re

ss
io

n 
(5

.7
%

 A
D

H
D

, 
6.

9%
 c

on
tr

ol
)

O
D

D
 (

11
.4

%
 

A
D

H
D

, 3
.4

%
 

co
nt

ro
l)

Le
ar

ni
ng

 
di

sa
bi

lit
ie

s 
(1

7.
1%

 
A

D
H

D
, 6

.9
%

 
co

nt
ro

l)

-P
ar

en
t-

te
ac

he
r 

ra
tin

g 
sc

al
es

 
fr

om
 t

he
 

Be
ha

vi
or

 
A

ss
es

sm
en

t 
Sy

st
em

 fo
r 

C
hi

ld
re

n
-C

hi
ld

 S
ym

pt
om

 
In

ve
nt

or
y

1 
da

y
C

om
bi

ne
d 

(n
 =

 2
4)

In
at

te
nt

iv
e 

(n
 =

 9
)

H
yp

er
ac

tiv
e/

im
pu

ls
iv

e 
(n

 =
 2

)

*P
ic

tu
re

s 
of

 fa
ce

s 
sh

ow
in

g 
ha

pp
in

es
s,

 a
ng

er
, s

ad
ne

ss
, f

ea
r,

 
su

rp
ri

se
, a

nd
 d

is
gu

st
 fr

om
 t

he
 

D
ar

th
m

ot
h 

D
at

ab
as

e.
*A

ni
m

al
 s

tim
ul

i: 
do

gs
, s

pi
de

rs
, 

bi
rd

s,
 fi

sh
, l

io
ns

, w
al

ru
se

s 
as

 a
 

co
nt

ro
l t

as
k.

*O
ne

 t
as

k 
pe

r 
em

ot
io

n 
(y

es
/n

o)
 

x 
w

or
ki

ng
 m

em
or

y 
(lo

w
/h

ig
h)

 
co

m
bi

na
tio

n.
 R

ec
og

ni
tio

n 
(lo

w
 

w
or

ki
ng

 m
em

or
y)

, r
ec

al
l (

hi
gh

 
w

or
ki

ng
 m

em
or

y)

- 
Si

gn
ifi

ca
nt

 s
tr

on
g 

ev
id

en
ce

 a
ga

in
st

 
A

D
H

D
x 

em
ot

io
n 

(B
F0

1 
=

 1
01

.7
4)

, 
em

ot
io

n 
× 

w
or

ki
ng

 m
em

or
y 

(B
F0

1 
=

 1
01

.1
3)

, A
D

H
D

 ×
 w

or
ki

ng
 

m
em

or
y 

(B
F0

1 
=

 9
.7

5)
, a

nd
 

A
D

H
D

xe
m

ot
io

n 
× 

w
or

ki
ng

 m
em

or
y 

(B
F0

1 
=

 3
8.

46
).

- 
C

hi
ld

re
n 

w
ith

 A
D

H
D

 r
eq

ui
re

d 
m

or
e 

tim
e 

to
 a

cc
ur

at
el

y 
id

en
tif

y 
ba

si
c 

em
ot

io
ns

 a
nd

 g
en

er
al

ly
 s

lo
w

er
 

pe
rf

or
m

an
ce

 o
n 

ch
oi

ce
-r

es
po

ns
e 

ta
sk

s.
- 

A
D

H
D

 a
nd

 N
on

-A
D

H
D

 g
ro

up
s 

sh
ow

ed
 

eq
ui

va
le

nt
 a

cc
ur

ac
y 

ra
te

s.

T
ab

le
 1

. 
(c

on
ti

nu
ed

)

 (c
on

tin
ue

d)



1186	

A
ut

ho
r/

 
pu

bl
ic

at
io

n 
ye

ar
T

itl
e

C
ou

nt
ry

Sa
m

pl
e 

si
ze

A
ge

C
om

or
bi

di
ty

Sy
m

pt
om

s 
va

lid
at

io
n

W
ith

ho
ld

in
g 

M
ed

ic
at

io
n

A
D

H
D

 s
ub

ty
pe

Fa
ci

al
 e

m
ot

io
n 

re
co

gn
iti

on
 t

as
k

Pe
rf

or
m

an
ce

 in
 t

he
 e

m
ot

io
n 

re
co

gn
iti

on
 

ta
sk

.

H
el

fe
r 

et
 a

l. 
(2

02
1)

Em
ot

io
n 

re
co

gn
iti

on
 

an
d 

m
in

d 
w

an
de

ri
ng

 in
 a

du
lts

 
w

ith
 a

tt
en

tio
n 

de
fic

it 
hy

pe
ra

ct
iv

ity
 

di
so

rd
er

 o
r 

au
tis

m
 

sp
ec

tr
um

 d
is

or
de

r

U
ni

te
d 

K
in

gd
om

A
D

H
D

 n
 =

 4
3

A
SD

 n
 =

 1
4

C
on

tr
ol

s 
n 

=
 4

6

A
D

H
D

 
37

.1
 (

SD
 

10
.6

)
A

SD
 3

6 
(S

D
 

12
.3

)
C

on
tr

ol
s 

29
.3

7 
(S

D
 

9.
06

)

—
-D

ia
gn

os
tic

 
In

te
rv

ie
w

 fo
r 

A
du

lt 
A

D
H

D
-B

ar
kl

ey
 A

du
lt 

A
D

H
D

 R
at

in
g 

Sc
al

e
-B

ar
kl

ey
 

Fu
nc

tio
na

l 
Im

pa
ir

m
en

t 
Sc

al
e

-S
oc

ia
l 

R
es

po
ns

iv
en

es
s 

Sc
al

e
-W

en
de

r-
R

ei
m

he
rr

 A
du

lt 
A

D
H

D
 S

ca
le

- 
M

EW
S

1–
2 

da
ys

—
- 

Pi
ct

ur
es

 o
f f

ac
es

 fr
om

 t
he

 
K

ar
ol

in
sk

a 
D

ir
ec

te
d 

Em
ot

io
na

l 
Fa

ce
s 

da
ta

ba
se

 s
ho

w
in

g 
an

ge
r,

 
fe

ar
, s

ur
pr

is
e 

or
 d

is
gu

st
 fa

ce
s.

- 
C

on
tr

ol
 c

on
di

tio
n 

w
as

 t
he

 
ge

nd
er

 o
f t

he
 p

er
so

n 
fr

om
 t

he
 

ph
ot

og
ra

ph
.

- 
M

ea
n 

nu
m

be
r 

of
 e

rr
or

s 
an

d 
m

ea
n 

re
ac

tio
n 

tim
e.

- 
N

o 
di

ffe
re

nc
es

 in
 e

rr
or

 r
at

es
 b

et
w

ee
n 

gr
ou

ps
 a

nd
 e

m
ot

io
ns

- 
Si

gn
ifi

ca
nt

ly
 h

ig
he

r 
m

ea
n 

re
ac

tio
n 

tim
e 

in
 A

D
H

D
 a

nd
 A

SD
 w

ith
 c

on
tr

ol
 

(p
 <

 .0
01

), 
bu

t 
af

te
r 

co
nt

ro
lli

ng
 fo

r 
m

in
d 

w
an

de
ri

ng
, A

D
H

D
 a

nd
 c

on
tr

ol
 

gr
ou

ps
 d

id
 n

ot
 d

iff
er

 s
ig

ni
fic

an
tly

 
(p

 <
 .0

07
)

- 
A

D
H

D
 a

nd
 A

SD
 g

ro
up

s 
ha

d 
th

e 
sa

m
e 

le
ve

l o
f a

cc
ur

ac
y 

be
tw

ee
n 

an
ge

r,
 fe

ar
, 

di
sg

us
t 

an
d 

su
rp

ri
se

 a
s 

th
e 

co
nt

ro
l 

gr
ou

p.

J. 
Lö

yt
öm

äk
i 

et
 a

l. 
(2

02
0)

T
he

 r
ol

e 
of

 li
ng

ui
st

ic
 

an
d 

co
gn

iti
ve

 
fa

ct
or

s 
in

 e
m

ot
io

n 
re

co
gn

iti
on

 
di

ffi
cu

lti
es

 in
 

ch
ild

re
n 

w
ith

 A
SD

, 
A

D
H

D
 o

r 
D

LD

Fi
nl

an
d

A
D

H
D

 n
 =

 1
7

A
SD

 n
 =

 2
0

D
LD

 n
 =

 1
3

C
on

tr
ol

s 
n 

=
 1

06

6–
10

 ye
ar

s
A

SD
 n

 =
 6

D
LD

 n
 =

 7
A

SD
 +

 D
LD

 
n 

=
 4

N
o 

sc
al

es
 fo

r 
im

pu
ls

iv
ity

, 
hy

pe
ra

ct
iv

ity
 o

r 
in

at
te

nt
io

n.

12
 t

ak
in

g 
A

D
H

D
 

m
ed

ic
at

io
n

-
Jo

y,
 a

ng
er

, s
ad

ne
ss

, f
ea

r,
 

su
rp

ri
se

, d
is

gu
st

, a
nd

 n
eu

tr
al

 
ex

pr
es

si
on

s:
-F

ac
es

 s
ub

m
od

ul
e 

of
 F

EF
A

2 
te

st
: 

50
 p

ho
to

gr
ap

hs
.

-E
ig

ht
 p

ho
to

gr
ap

hs
 o

f t
w

o 
ch

ild
re

n 
an

d 
tw

o 
ad

ul
ts

.
A

sh
am

ed
, j

oy
, a

ng
er

, s
ad

ne
ss

, 
fe

ar
, s

ur
pr

is
e,

 d
is

gu
st

, a
nd

 
ne

ut
ra

l e
xp

re
ss

io
ns

:
-E

ig
ht

 v
id

eo
 c

lip
s 

of
 fa

ce
s 

sh
ow

in
g

-M
at

ch
in

g 
fa

ci
al

 e
xp

re
ss

io
ns

 a
nd

 
to

ne
 o

f v
oi

ce
.

-O
ve

ra
ll 

si
gn

ifi
ca

nt
ly

 lo
w

er
 p

er
fo

rm
an

ce
 

in
 e

m
ot

io
n 

re
co

gn
iti

on
 a

cr
os

s 
gr

ou
ps

 
co

m
pa

re
d 

to
 c

on
tr

ol
s,

 e
xc

ep
t 

in
 

m
at

ch
in

g 
fa

ce
 a

nd
 v

oi
ce

 e
m

ot
io

ns
.

-C
hi

ld
re

n 
w

ith
 A

D
H

D
 (

77
.5

%
 S

D
 

15
) 

pe
rf

or
m

ed
 s

ig
ni

fic
an

tly
 b

et
te

r 
th

an
 t

he
 D

LD
 g

ro
up

 (
60

.9
%

, S
D

 
13

) 
in

 p
ho

to
gr

ap
h 

fa
ci

al
 e

xp
re

ss
io

n 
re

co
gn

iti
on

 (
p 

=
 .0

2)
.

-P
as

si
ng

 T
oM

 T
as

k 
1 

pr
ed

ic
te

d 
FE

FA
2 

te
st

 r
es

ul
ts

, c
on

tr
ib

ut
in

g 
to

 a
 s

m
al

le
r 

de
la

y 
in

 r
es

po
ns

e.
 C

hi
ld

re
n 

w
ith

 A
D

H
D

 
ha

d 
a 

sm
al

le
r 

de
la

y 
in

 F
ER

 r
es

po
ns

e.

Bu
on

gi
or

no
 

et
 a

l. 
(2

02
0)

Fa
ci

al
 e

m
ot

io
n 

re
co

gn
iti

on
 in

 
ch

ild
re

n 
w

ith
 

at
te

nt
io

n 
de

fic
it/

hy
pe

ra
ct

iv
ity

 
di

so
rd

er

A
rg

en
tin

a
A

D
H

D
 n

 =
 2

8
C

on
tr

ol
s 

n 
=

 2
6

7–
13

 ye
ar

s
N

o
C

PT
-II

—
—

- 
C

hi
ld

 A
ffe

ct
iv

e 
Fa

ci
al

 
Ex

pr
es

si
on

 S
et

: p
ho

to
gr

ap
hs

 o
f 

ch
ild

re
n 

w
ith

 a
ng

ry
, s

ad
, f

ea
r,

 
di

sg
us

t, 
ha

pp
in

es
s,

 s
ur

pr
is

e 
an

d 
ne

ut
ra

l e
xp

re
ss

io
n

- 
5 

em
ot

io
na

l a
nd

 5
 n

eu
tr

al
 

ex
pr

es
si

on
s

- 
N

um
be

r 
of

 c
or

re
ct

 r
es

po
ns

es

- 
C

on
tr

ol
 g

ro
up

 h
ad

 h
ig

h 
m

ea
n 

co
rr

ec
t 

re
sp

on
se

s 
(2

3,
8,

 C
I9

5%
 =

 2
2.

9–
24

.7
1)

 t
ha

n 
A

D
H

D
 g

ro
up

 (
20

,5
0,

 
C

I9
5%

 =
 1

9.
00

-2
1.

99
, p

 <
 .0

01
, c

oh
en

’s
 

d 
=

 1
.0

4)
- 

A
D

H
D

 g
ro

up
 h

ad
 m

or
e 

di
ffi

cu
lti

es
 

re
co

gn
iz

in
g 

an
gr

y 
(p

 =
 .0

4)
, s

ur
pr

is
e 

(p
 =

 .0
0)

 a
nd

 n
eu

tr
al

 e
xp

re
ss

io
ns

 
(p

 =
 .0

0)
.

- 
N

o 
co

rr
el

at
io

ns
 w

ith
 s

ex
, a

ge
, I

Q
, o

r 
at

te
nt

io
na

l v
ar

ia
bl

es
 fr

om
 C

PT
-II

.

T
ab

le
 1

. 
(c

on
ti

nu
ed

)

 (c
on

tin
ue

d)



1187

A
ut

ho
r/

 
pu

bl
ic

at
io

n 
ye

ar
T

itl
e

C
ou

nt
ry

Sa
m

pl
e 

si
ze

A
ge

C
om

or
bi

di
ty

Sy
m

pt
om

s 
va

lid
at

io
n

W
ith

ho
ld

in
g 

M
ed

ic
at

io
n

A
D

H
D

 s
ub

ty
pe

Fa
ci

al
 e

m
ot

io
n 

re
co

gn
iti

on
 t

as
k

Pe
rf

or
m

an
ce

 in
 t

he
 e

m
ot

io
n 

re
co

gn
iti

on
 

ta
sk

.

T
ho

m
a 

et
 a

l. 
(2

02
0)

C
on

fig
ur

al
 p

ro
ce

ss
in

g 
of

 e
m

ot
io

na
l 

bo
di

es
 a

nd
 fa

ce
s 

in
 p

at
ie

nt
s 

w
ith

 
at

te
nt

io
n 

de
fic

it 
hy

pe
ra

ct
iv

ity
 

di
so

rd
er

G
er

m
an

y
A

D
H

D
 n

 =
 2

6
C

on
tr

ol
s 

n 
=

 2
5

A
D

H
D

 
37

.1
 (

SD
 

10
.2

)
C

on
tr

ol
s 

35
 (

SD
 

11
)

D
ep

re
ss

iv
e 

sy
m

pt
om

s
- 

W
R

I
- 

IR
I

- 
R

ea
di

ng
 t

he
 

M
in

d 
in

 t
he

 
Ey

es
 T

es
t

- 
T

or
on

to
 

A
le

xi
th

ym
ia

 
Sc

al
e

1 
ta

ki
ng

 s
el

ec
tiv

e 
se

ro
to

ni
n 

no
ra

dr
en

al
in

e 
re

up
ta

ke
 

in
hi

bi
to

rs
.

1 
ta

ki
ng

 t
ri

cy
cl

ic
 

an
tid

ep
re

ss
an

ts
.

C
om

bi
ne

d
- 

40
 s

yn
th

et
ic

 p
ic

tu
re

s 
sh

ow
in

g 
up

ri
gh

t 
an

d 
in

ve
rt

ed
 a

ng
ry

, 
ne

ut
ra

l, 
an

d 
ha

pp
y 

fa
ci

al
 

ex
pr

es
si

on
s.

 F
ac

eG
en

 M
od

el
er

 
3.

5 
so

ft
w

ar
e

- 
90

%
 o

f t
he

 fa
ce

 s
tim

ul
i 

re
pr

es
en

te
d 

Eu
ro

pe
an

 fa
ce

s 
an

d 
on

ly
 1

0%
 A

si
an

 o
r 

A
fr

ic
an

 
fa

ce
s.

- 
El

ec
tr

oe
nc

ep
ha

lo
gr

ap
hy

 (
EE

G
) 

w
as

 r
ec

or
de

d 
fr

om
 3

0 
A

g/
A

gC
l 

el
ec

tr
od

es
 m

ou
nt

ed
 o

n 
an

 
el

ec
tr

od
e 

ca
p.

- 
N

o 
si

gn
ifi

ca
nt

 in
te

ra
ct

io
ns

 b
et

w
ee

n 
tr

ea
te

d 
an

d 
no

n-
tr

ea
te

d 
A

D
H

D
 g

ro
up

s 
w

ith
 F

ER
 (

p 
>

 .1
75

).
- 

Sl
ow

er
 r

es
po

ns
e 

tim
es

 in
 fa

ci
al

 s
tim

ul
i 

of
 t

he
 A

D
H

D
 g

ro
up

 c
om

pa
re

d 
to

 
co

nt
ro

ls
.

- 
En

ha
nc

ed
 P

10
0 

am
pl

itu
de

s 
in

 t
he

 
ri

gh
t 

he
m

is
ph

er
e 

in
 A

D
H

D
 p

at
ie

nt
s 

(F
[1

, 1
8]

 =
 1

5.
8,

 p
 =

 .0
01

, 
η
p2

 =
 0

.4
68

) 
co

m
pa

re
d 

to
 c

on
tr

ol
s 

(p
 =

 .0
86

).
- 

P2
50

 a
m

pl
itu

de
s 

w
er

e 
en

ha
nc

ed
 in

 
A

D
H

D
 p

at
ie

nt
s 

re
la

tiv
e 

to
 c

on
tr

ol
s 

in
 r

es
po

ns
e 

to
 in

ve
rt

ed
 F

ER
 p

ro
ba

bl
y 

dr
iv

en
 b

y 
m

al
e 

pa
rt

ic
ip

an
ts

.
G

re
co

 e
t 

al
. 

(2
02

1)
M

or
ph

in
g 

T
as

k:
 

T
he

 E
m

ot
io

n 
R

ec
og

ni
tio

n 
Pr

oc
es

s 
in

 
C

hi
ld

re
n 

w
ith

 
A

tt
en

tio
n 

D
ef

ic
it 

H
yp

er
ac

tiv
ity

 
D

is
or

de
r 

an
d 

A
ut

is
m

 S
pe

ct
ru

m
 

D
is

or
de

r

It
al

y
A

D
H

D
 n

 =
 2

0
A

SD
 n

 =
 2

1
C

on
tr

ol
 n

 =
 2

1

7–
12

 ye
ar

s
—

N
o 

sc
al

es
 fo

r 
im

pu
ls

iv
ity

, 
hy

pe
ra

ct
iv

ity
 o

r 
in

at
te

nt
io

n.

—
C

om
bi

ne
d

- 
24

 v
id

eo
 c

lip
s 

w
ith

 n
eu

tr
al

 fa
ce

s 
gr

ad
ua

lly
 d

ev
el

op
in

g 
sa

dn
es

s,
 

an
ge

r,
 s

ur
pr

is
e,

 h
ap

pi
ne

ss
, 

di
sg

us
t, 

an
d 

fe
ar

 fa
ci

al
 

ex
pr

es
si

on
s 

us
in

g 
Fa

nt
aM

or
ph

- 
H

um
an

 g
ra

ys
ca

le
 fa

ce
s 

an
d 

co
lo

re
d 

ca
rt

oo
n 

fa
ce

s 
fr

om
 6

 
m

en
 a

nd
 6

 w
om

en

- 
In

 h
um

an
 F

ER
, t

he
 A

D
H

D
 g

ro
up

 
ex

hi
bi

te
d 

th
e 

hi
gh

es
t 

er
ro

r 
fr

eq
ue

nc
y 

co
m

pa
re

d 
to

 A
SD

 a
nd

 c
on

tr
ol

 g
ro

up
 

(χ
2  =

 6
.0

25
; p

 =
 .0

49
).

- 
In

 c
ar

to
on

 F
ER

, t
he

re
 w

as
 a

 s
ig

ni
fic

an
t 

di
ffe

re
nc

e 
in

 e
rr

or
 fr

eq
ue

nc
y 

di
st

ri
bu

tio
n 

re
la

tiv
e 

to
 t

he
 e

m
ot

io
n 

of
 s

ad
ne

ss
 b

et
w

ee
n 

th
e 

A
D

H
D

 g
ro

up
 

an
d 

th
e 

ot
he

r 
tw

o 
gr

ou
ps

 (
χ2

 =
 6

.6
20

; 
p 

=
 .0

37
).

- 
T

he
 A

D
H

D
 g

ro
up

 h
ad

 t
he

 h
ig

he
st

 
pe

rc
en

ta
ge

 o
f e

rr
or

s 
in

 d
is

gu
st

 
(χ

2 
=

 9
.3

71
; p

 =
 .0

09
).

- 
A

D
H

D
 a

nd
 A

SD
 h

ad
 o

ve
ra

ll 
sl

ow
er

 
re

sp
on

se
s 

th
an

 t
he

 c
on

tr
ol

 g
ro

up
, b

ut
 

A
D

H
D

 h
ad

 fa
st

er
 r

es
po

ns
es

 t
ha

n 
A

SD
.

- 
A

cc
ur

ac
y 

of
 p

er
fo

rm
an

ce
 in

 F
ER

 w
as

 
be

tt
er

 in
 t

he
 c

on
tr

ol
 g

ro
up

.
St

af
f e

t 
al

. 
(2

02
2)

Fa
ci

al
 e

m
ot

io
n 

re
co

gn
iti

on
 

im
pa

ir
m

en
t 

pr
ed

ic
ts

 s
oc

ia
l a

nd
 

em
ot

io
na

l p
ro

bl
em

s 
in

 c
hi

ld
re

n 
w

ith
 

(s
ub

th
re

sh
ol

d)
 

A
D

H
D

N
et

he
rl

an
ds

A
D

H
D

 n
 =

 8
3

C
on

tr
ol

s 
n 

=
 3

0
6–

12
 ye

ar
s

La
ng

ua
ge

 
di

so
rd

er
 

(n
 =

 3
)

- 
D

BD
R

S
- 

St
re

ng
th

s 
an

d 
D

iff
ic

ul
tie

s 
Q

ue
st

io
nn

ai
re

- 
Im

pa
ir

m
en

t 
R

at
in

g 
Sc

al
e

- 
St

re
ng

th
s 

an
d 

W
ea

kn
es

se
s 

of
 A

D
H

D
-

sy
m

pt
om

s 
an

d 
N

or
m

al
 

Be
ha

vi
or

 r
at

in
g 

sc
al

e

30
 d

ay
s

Su
bt

hr
es

ho
ld

 
A

D
H

D
-N

IM
H

 C
hi

ld
 E

m
ot

io
na

l F
ac

es
 

Pi
ct

ur
e 

Se
t

-P
ic

tu
re

s 
of

 t
he

 fa
ce

s 
3 

m
al

e 
an

d 
3 

fe
m

al
e 

ch
ild

 a
ct

or
s 

sh
ow

in
g 

an
ge

r,
 fe

ar
, s

ad
ne

ss
, h

ap
pi

ne
ss

, 
an

d 
a 

ne
ut

ra
l e

xp
re

ss
io

n.
-M

od
ifi

ed
 v

er
si

on
 o

f t
he

 M
or

ph
ed

 
Fa

ci
al

 E
m

ot
io

n 
R

ec
og

ni
tio

n 
T

as
k.

 In
te

ns
ity

 m
or

ph
ed

 in
 2

0%
 

in
cr

em
en

ts
.

-E
rr

or
 r

at
es

 a
nd

 p
er

ce
nt

ag
e 

of
 

co
rr

ec
t 

re
sp

on
se

s

-P
oo

re
r 

em
ot

io
n 

re
co

gn
iti

on
 a

bi
lit

ie
s 

in
 

th
e 

A
D

H
D

 g
ro

up
 c

om
pa

re
d 

to
 c

on
tr

ol
s 

in
de

pe
nd

en
t 

of
 e

m
ot

io
na

l c
on

di
tio

n 
an

d 
in

te
ns

ity
.

-H
ig

he
r 

ov
er

al
l a

cc
ur

ac
y 

as
so

ci
at

ed
 w

ith
 

le
ss

 e
m

ot
io

na
l (

p 
=

 .0
12

) 
an

d 
pe

er
 

pr
ob

le
m

s 
(p

 <
 .0

01
).

-S
m

al
l-s

iz
ed

 m
ai

n 
ef

fe
ct

 o
f t

he
 g

ro
up

 
on

 a
cc

ur
ac

y 
(p

 =
 .0

4)
 a

nd
 o

n 
em

ot
io

n 
co

nd
iti

on
 (

p 
<

 .0
01

).
- 

C
hi

ld
re

n 
w

ith
 lo

w
 a

nd
 h

ig
h 

O
D

D
 

sy
m

pt
om

s 
di

d 
no

t 
di

ffe
r 

in
 a

cc
ur

ac
y.

T
ab

le
 1

. 
(c

on
ti

nu
ed

)

 (c
on

tin
ue

d)



1188	

A
ut

ho
r/

 
pu

bl
ic

at
io

n 
ye

ar
T

itl
e

C
ou

nt
ry

Sa
m

pl
e 

si
ze

A
ge

C
om

or
bi

di
ty

Sy
m

pt
om

s 
va

lid
at

io
n

W
ith

ho
ld

in
g 

M
ed

ic
at

io
n

A
D

H
D

 s
ub

ty
pe

Fa
ci

al
 e

m
ot

io
n 

re
co

gn
iti

on
 t

as
k

Pe
rf

or
m

an
ce

 in
 t

he
 e

m
ot

io
n 

re
co

gn
iti

on
 

ta
sk

.

R
in

ke
 e

t 
al

. 
(2

01
7)

Fa
ci

al
 e

m
ot

io
n 

re
co

gn
iti

on
 d

ef
ic

its
 

in
 c

hi
ld

re
n 

w
ith

 a
nd

 
w

ith
ou

t 
at

te
nt

io
n

de
fic

it 
hy

pe
ra

ct
iv

ity
 

di
so

rd
er

: a
 

be
ha

vi
or

al
 a

nd
 

ne
ur

op
hy

si
ol

og
ic

al
 

ap
pr

oa
ch

Sw
itz

er
la

nd
A

D
H

D
 n

 =
 2

9
C

on
tr

ol
 n

 =
 2

1
7–

17
 ye

ar
s

D
ev

el
op

m
en

ta
l 

di
so

rd
er

 n
 =

 2
- 

Ba
rk

le
y’

s 
C

ur
re

nt
 

Sy
m

pt
om

s 
Sc

al
e

1 
da

y
—

- 
C

an
di

t 
ne

ur
op

sy
ch

ol
og

ic
al

 
te

st
 b

at
te

ry
 fr

om
 E

km
an

 a
nd

 
Fr

ie
se

n.
-H

ap
pi

ne
ss

, a
ng

er
, f

ea
r,

 d
is

gu
st

, 
sa

dn
es

s,
 s

ur
pr

is
e,

 n
eu

tr
al

 fa
ce

.
-C

ho
os

in
g 

m
od

el
 p

ic
tu

re
s 

sh
ow

in
g 

an
 e

qu
al

 e
m

ot
io

n 
as

 
th

e 
on

e 
pr

es
en

te
d.

- 
N

o 
si

gn
ifi

ca
nt

 m
ai

n 
ef

fe
ct

 a
m

on
g 

ch
ild

re
n 

w
ith

 a
nd

 w
ith

ou
t 

A
D

H
D

 o
r 

in
te

ra
ct

io
n 

ef
fe

ct
 o

f t
he

 e
xp

er
im

en
t 

gr
ou

p 
by

 a
ge

.
- 

Y
ou

ng
er

 a
ge

 g
ro

up
 s

ho
w

ed
 a

 lo
ng

er
 

re
ac

tio
n 

tim
e 

(M
 =

 5
37

 m
s)

 t
ha

n 
th

e 
ol

de
r 

ag
e 

gr
ou

p 
(M

 =
 4

30
 m

s)

T
eh

ra
ni

-
D

oo
st

 
et

 a
l. 

(2
01

7)

Is
 E

m
ot

io
n 

R
ec

og
ni

tio
n 

R
el

at
ed

 t
o 

C
or

e 
Sy

m
pt

om
s 

of
C

hi
ld

ho
od

 A
D

H
D

?

Ir
an

A
D

H
D

 n
 =

 2
8

C
on

tr
ol

 n
 =

 2
7

7–
12

 ye
ar

s
N

o
- 

C
PR

S 
Sh

or
t 

V
er

si
on

- 
C

PT
- 

II

—
—

- 
C

om
pu

te
ri

ze
d 

fa
ci

al
 e

m
ot

io
n 

re
co

gn
iti

on
 t

as
k 

ba
se

d 
on

 t
he

 
C

oh
nK

an
ad

e 
fa

ce
 d

at
ab

as
e.

- 
H

ap
py

, s
ad

, a
ng

ry
, a

nd
 n

eu
tr

al
 

ex
pr

es
si

on
s.

-3
 m

al
e 

an
d 

2 
fe

m
al

e 
fa

ce
s

- 
2,

50
0 

m
s 

pr
es

en
ta

tio
n

- 
C

hi
ld

re
n 

w
ith

 A
D

H
D

 h
ad

 lo
w

er
 

de
te

ct
io

n 
of

 a
ll 

em
ot

io
ns

 in
cl

ud
in

g 
an

ge
r,

 h
ap

pi
ne

ss
, a

nd
 s

ad
ne

ss
 (

p 
<

 .0
5)

.
- 

R
es

po
ns

e 
tim

e 
w

as
 s

ig
ni

fic
an

tly
 h

ig
he

r 
in

 
th

e 
A

D
H

D
 g

ro
up

 d
et

ec
tin

g 
ha

pp
in

es
s 

(f
 =

 4
.1

9,
 p

 =
 .0

4)
-O

pp
os

iti
on

al
ity

 w
as

 s
ig

ni
fic

an
tly

 
as

so
ci

at
ed

 w
ith

 a
ng

ry
 fa

ce
s 

de
te

ct
io

n 
(p

 =
 .0

28
, t

 =
 −

0.
58

6)
- 

In
at

te
nt

io
n 

w
as

 n
eg

at
iv

el
y 

as
so

ci
at

ed
 

w
ith

 s
ad

 (
p 

=
 .0

26
, t

 =
 −

2.
37

1)
 a

nd
 

po
si

tiv
el

y 
w

ith
 a

ng
ry

 (
p 

=
 .0

05
, t

 =
 3

.1
06

) 
fa

ce
s.

N
ot

e.
 S

R
S-

A
D

D
BD

 =
 S

cr
ee

ni
ng

 a
nd

 R
at

in
g 

Sc
al

e 
fo

r 
D

is
or

de
rs

 o
f A

tt
en

tio
n 

D
ef

ic
it 

an
d 

D
is

ru
pt

iv
e 

Be
ha

vi
or

s 
in

 C
hi

ld
re

n 
an

d 
A

do
le

sc
en

ts
; D

LD
 =

 D
ev

el
op

m
en

ta
l l

an
gu

ag
e 

di
so

rd
er

; S
D

Q
 =

 S
tr

en
gt

hs
 

an
d 

D
iff

ic
ul

tie
s 

Q
ue

st
io

nn
ai

re
; C

PR
S 

=
 P

ar
en

t 
C

on
ne

rs
 R

at
in

g 
Sc

al
es

; C
T

R
S 

=
 T

ea
ch

er
 C

on
ne

rs
 R

at
in

g 
Sc

al
es

; M
EW

S 
=

 M
in

d 
Ex

ce
ss

iv
el

y 
W

an
de

ri
ng

 S
ca

le
; D

BD
R

S 
=

 T
ea

ch
er

-r
at

ed
 In

at
te

nt
io

n 
an

d/
or

 H
yp

er
ac

tiv
ity

/Im
pu

ls
iv

ity
 s

ca
le

 o
f t

he
 D

SM
-b

as
ed

 D
is

ru
pt

iv
e 

Be
ha

vi
or

 D
is

or
de

rs
 R

at
in

g 
Sc

al
e;

 S
D

Q
 =

 S
tr

en
gt

hs
 a

nd
 D

iff
ic

ul
tie

s 
Q

ue
st

io
nn

ai
re

; C
PT

-II
 =

 C
on

ne
r’

s 
co

nt
in

uo
us

 p
er

fo
rm

an
ce

 T
es

t 
II;

 
N

IM
H

 =
 N

at
io

na
l I

ns
tit

ut
e 

of
 M

en
ta

l H
ea

lth
; W

R
I =

 W
en

de
r-

R
ei

m
he

rr
 In

te
rv

ie
w

, I
R

I: 
In

te
rp

er
so

na
l R

ea
ct

iv
ity

 In
de

x.

T
ab

le
 1

. 
(c

on
ti

nu
ed

)



Galindo et al.	 1189

Evidence for Abnormal FER as a Primary Deficit 
in ADHD Patients

Many studies reported significantly higher FER perfor-
mance in control groups compared with that in children and 
adolescents with confirmed (Buongiorno et al., 2020; Greco 
et al., 2021; Jusyte et al., 2017; Kara et al., 2017; Löytömäki 
et al., 2020; Maire et al., 2019; Tehrani-Doost et al., 2017; 
Waddington et  al., 2018) and subthreshold ADHD (Staff 
et  al., 2022). Some authors reported that the difference 
remained significant after controlling for disruptive behav-
ior scores (Kara et al., 2017) and ODD symptoms (p = .463) 
(Staff et al., 2022), and that there was no correlation with 
impulsive or inattentive behavior (Jusyte et  al., 2017), 
attention-related variables (Buongiorno et al., 2020), hyper-
activity (Maire et al., 2019), or IQ (Buongiorno et al., 2020; 
Waddington et al., 2018).

Staff et al. (2022) found that higher FER task accuracy 
scores were associated with fewer emotional problems 
(p = .012) and decreased challenges with peer interactions 
(p < .001). Moreover, Jusyte et  al. (2017) suggested that 
children with ADHD might exhibit a developmental delay 
rooted in unclear boundaries between emotional categories, 
while Maire et al. (2019) suggested that emotional develop-
ment might be delayed in individuals with ADHD.

Evidence for Abnormal FER as a Secondary 
Deficit in ADHD Patients

In contrast, other studies found that inattention was corre-
lated with FER accuracy (Conner’s Parent Rating Scale 
p < .001) (Waddington et al., 2018) in children and adoles-
cents, and that it predicted lower anger recognition scores in 
children (ß = −.05, p < .05) (Maire et  al., 2019; Tehrani-
Doost et  al., 2017). Moreover, inattention was negatively 
associated with sad face recognition (p = .026, t = −2.371) 
(Tehrani-Doost et  al., 2017) in children. Hyperactivity 
(Conner Parent Rating Scale p < .001) (Waddington et al., 
2018) and oppositional behavior were also correlated with 
FER accuracy in children and adolescents (Conner’s Parent 
Rating Scale p < .001; Conner’s Teacher Rating Scale 
p < .01) (Waddington et  al., 2018), (ß = −.31, p < .01) 
(Maire et al., 2019). The latter was related to decreased rec-
ognition of sad (ß = −.05, p < .01)(Maire et al., 2019) and 
surprised faces (ß = −.04, p < .01)(Maire et al., 2019), sug-
gesting that oppositional symptoms may negatively impact 
emotion recognition abilities in children (Maire et al., 2019; 
Tehrani-Doost et al., 2017).

In terms of the recognition of fearful and neutral expres-
sions, Airdrie et al. (2018) only found FER differences in 
adolescents with ADHD and conduct disorder compared 
with the findings in controls (p < .05). This supports the 
idea that emotion recognition deficits in individuals with 
ADHD are specifically related to symptoms of conduct 

disorder. Additionally, anxiety symptoms were correlated 
with both the accuracy (CPRS p = .03, CTRS p = .02) and 
speed of FER in children (CPRS p = .004) (Waddington 
et al., 2018).

Löytömäki et  al. (2020) suggested that the first-order 
theory of mind could predict delayed FER in children, eval-
uated using photographs (FEFA2). Similar to that in partici-
pants in ADHD, emotion recognition task performance was 
significantly lower in developmental language disorder 
(DLD) and ASD groups, compared with that in controls. 
This suggests the presence of shared difficulties in emotion 
recognition between these conditions. However, the ADHD 
group performed better than the DLD group (p = .02) 
(Löytömäki et al., 2020). Waddington et al. (2018) described 
similar FER performance in children with ADHD, those 
with ASD, and a comorbid ASD + ADHD group. Deficits 
in FER may be an overlapping feature of children with 
ADHD and ASD, as suggested by Greco et al. (2021).

Airdrie et al. (2018) simultaneously assessed eye move-
ments during a FER task and found that adolescents with 
ADHD and conduct disorder symptoms spent less time 
focusing on the eye region of the face than controls. 
However, they found no differences between control groups 
and ADHD patients without conduct disorder symptoms.

Although Rinke et al. (2017) did not report significant dif-
ferences between children with ADHD and controls in their 
study, the authors state that the deficit may be secondary and 
only occur with certain ADHD subtypes and emotions.

Evidence Against a FER Deficit in ADHD 
Patients

Airdrie et al. (2018), Helfer et al. (2021), Wells et al. (2019), 
Rinke et al. (2017), and Thoma et al. (2020) reported no sig-
nificant differences in FER accuracy between ADHD groups 
and controls. However, in these studies, the FER speed in 
children with ADHD was slower than that in controls (Greco 
et al., 2021; Helfer et al., 2021; Wells et al., 2019). Wells 
et  al. (2019) proposed that working memory affects the 
speed of recognition of basic emotions, which was consis-
tent with their finding that individuals with ADHD exhibited 
slower performance in choice response tasks.

FER Performance According to Age Group

Most of the studies that reported significant deficits in FER 
accuracy in ADHD patients evaluated children and adoles-
cents (Buongiorno et al., 2020; Greco et al., 2021; Jusyte 
et al., 2017; Kara et al., 2017; Löytömäki et al., 2020; Maire 
et al., 2019; Tehrani-Doost et al., 2017; Waddington et al., 
2018), with the exception of Airdrie et  al. (2018), Rinke 
et al. (2017) and Wells et al. (2019). In contrast, the studies 
performed on adults only reported slower response times 
without a deficit in the accuracy of the identified emotions 
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(Helfer et al., 2021; Thoma et al., 2020). Yet, younger age 
groups (M = 537 ms) have higher response times than older 
age groups (M = 430 ms) regarding whether having ADHD 
condition is present or not (Rinke et al., 2017)

Happiness

Like Airdrie et al. (2018) and Buongiorno et al. (2020), Kara 
et al. (2017) found no statistically significant decrease in task 
performance for faces with happy facial expressions in chil-
dren and adolescents with ADHD. Maire et al. (2019) reported 
similar results, with non-significant differences in the recogni-
tion of happy faces with expressions at half (p = .95) and full 
intensity (p = .08). However, children with ADHD showed 
lower task performance than controls for cropped eye images 
(“eye” p = .012) of happiness in the study of Kara et al. (2017), 
as well as a higher response time for happiness detection in 
the study of Tehrani-Doost et al. (2017).

Sadness

Kara et  al. (2017) reported significant differences in sad 
facial expression recognition as well as eye expressions 
(p < .001) in children with ADHD. Greco et  al. (2021) 
assessed recognition using cartoon faces and found a higher 
error frequency in children with ADHD (p = .037) compared 
with that in the control group. Like Airdrie et al. (2018) and 
Buongiorno et al. (2020), Maire et al. (2019) reported no 
statistically significant differences in sad FER in children 
with ADHD compared with that in a control group (p < .01). 
However, opposition symptoms predicted lower sadness 
recognition in children (p < .01) (Maire et  al., 2019) and 
lower sadness recognition was also significantly related to 
inattention symptoms in Conner’s parent rating scales for 
ADHD (Tehrani-Doost et al., 2017).

Anger

Maire et  al. (2019) found that inattention predicted lower 
anger performance (p < .05), but reported no statistically 
significant differences in children with pure ADHD for faces 
with half (p = .81) or full emotional expression intensity 
(p = .17) compared to the control group. This was consistent 
with the results of Kara et al. (2017) (p = .03) in children and 
Airdrie et  al. (2018) in adolescents (p > .05). In contrast, 
Buongiorno et  al. (2020) found that children with ADHD 
exhibited more difficulty recognizing angry facial expres-
sions (p = .04) compared with controls. Tehrani-Doost et al. 
(2017) found that oppositional symptoms were associated 
with lower angry face detection in children as well.

Disgust

Greco et al. (2021) found that children with ADHD had a 
higher percentage of error when asked to evaluate disgust in 

cartoon faces (p = .009) compared to the control group—
they were more likely to confuse disgust with anger 
(p = .035). However, Maire et al. (2019) did not find statisti-
cally significant differences in disgust recognition in ADHD 
patients for faces with half (p = .50) or full emotional 
expression intensity (p = .91) in children. These findings 
were similar to those of Buongiorno et al. (2020).

Fear

Airdrie et al. (2018) reported that adolescents with ADHD 
group had less accurate FER for fearful faces compared 
with controls (p < .01), while participants with ADHD and 
conduct disorder were less accurate than those with pure 
ADHD and controls (p < .001). Maire et al. (2019) found no 
statistically significant differences in fear recognition in 
children with ADHD for facial expressions with half 
(p = .43) or full intensity (p = .99). These findings were simi-
lar to those of Buongiorno et al. (2020).

Surprise

Maire et al. (2019) found no statistically significant dif-
ferences in surprise recognition in children with ADHD 
for faces with half (p = .99) or full emotional intensity 
(p = .82), however, the presence of oppositional behaviors 
predicted poorer recognition (p < .01). In contrast, 
Buongiorno et  al. (2020) reported that children with 
ADHD exhibited more difficulty in surprise recognition 
(p = .00). This was supported by Greco et al. (2021), who 
found that children with ADHD had a higher percentage 
of error recognition for surprised human faces compared 
with controls (p = .049)

Neutral Expressions

Airdrie et al. (2018) reported significantly lower accuracy 
in identifying neutral facial expressions in adolescents with 
ADHD compared with that in control participants (p < .5). 
This was consistent with the results of children assessed by 
Kara et al. (2017) (clear face emotions, p = .03; cropped eye 
emotions p = .026) and Buongiorno et  al. (2020) (p = .00). 
Difficulty recognizing neutral facial expressions was accen-
tuated in individuals with both ADHD and conduct disorder 
(p < .001) (Airdrie et al., 2018).

Jusyte et al. (2017) reported that overall, children with 
ADHD had lower FER for anger, happiness, fear, disgust, 
sadness, and surprise, compared with a control group. This 
was similar to the findings of Staff et al. (2022) (p = 0.611), 
except that they did not evaluate disgust or surprise, and 
similar to the findings of Tehrani-Doost et al. (2017) which 
evaluated only anger, happiness, and sadness in children. In 
contrast, Wells et al. (2019) described equivalent accuracy 
rates among the evaluated emotions in children with and 
without ADHD. Similarly, Helfer et  al. (2021) reported 
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similar levels of accuracy for facial expressions showing 
anger, fear, disgust, and surprise in controls and adults with 
ADHD.

Discussion

We hypothesized that individuals with ADHD might have a 
specific deficit in FER. The high heterogeneity of the results 
indicates that additional factors, yet to be elucidated, influ-
ence FER deficits among children and adults with ADHD. 
This review examined the influence of different factors 
such as age, ADHD symptoms, and comorbidities.

Age

As mentioned above, all except three of the included studies 
favored a FER deficit in children and adolescents with 
ADHD compared with the findings in controls (Airdrie 
et al., 2018; Rinke et al., 2017; Wells et al., 2019). This is 
consistent with previous studies indicating that these 
patients have emotional recognition deficits related to emo-
tional expression, regulation, and understanding (Borhani 
& Nejati, 2018). Rodrigo-Ruiz et al. (2017) suggested that 
children with ADHD exhibit impaired FER as a primary 
deficit and that this results from reduced emotional intelli-
gence and emotional perception accuracy.

Contrary to Borhani and Nejati (2018) and Lindholm et al. 
(2019), the other studies included in this review show that 
FER deficits in children with ADHD were alleviated across 
development and that, although adults with ADHD had a 
higher response time, they showed no deficits in FER accu-
racy (Helfer et al., 2021; Thoma et al., 2020). Likewise, the 
effects of age were observed in the mean reaction time of 
emotion recognition, being shorter in older children, and hav-
ing more accurate anger recognition despite having or not 
having the ADHD condition (Rinke et al., 2017). This reflects 
that age is one of the intervening factors in FER tasks.

Overall, happiness was the emotion that has better rec-
ognition across different age groups, as supported by 
Rodger et al. (2015) who found that happiness has the low-
est recognition threshold. In the same study, the response of 
facial expression recognition for fear also remains stable 
across development. This explains why fear was reported 
with a less accurate response in both, ADHD children and 
adolescents in the studies included in this review.

Tsurumi et al. (2019) conducted several experiments and 
reported that 7 to 8-month-old infants were capable of cor-
rectly identifying a face. However, the identification of 
emotion in a face is a more complex process. Kujawa et al. 
(2014) found that emotion identification accuracy develops 
throughout childhood and adolescence and that the identifi-
cation of basic emotions (happiness and sadness) appears at 
approximately 5 years of age. More elaborate emotions 
(fear, disgust, anger, and neutral emotions) emerge at 

11 years old, at which this ability is comparable to that of an 
adult (Kujawa et al., 2014).

Thoma et al. (2020) suggested that the enhancement of 
event-related potentials at 250 ms component might indi-
cate disrupted or delayed maturation in these systems, 
reflecting compensation for poorer inhibition of incorrect 
stimulus representations and categorization of stimuli. This 
is supported by functional Magnetic Resonance Imaging 
findings regarding activity in regions associated with emo-
tional regulation and behavior, which led Dan (2020) to 
suggest that individuals might compensate for emotional 
recognition deficits after facing social challenges in daily 
life. Compensation might occur via changes in the structure 
of the inferior occipital and fusiform regions that integrate 
visual information, which matures by late adolescence and 
adulthood (Leppänen & Nelson, 2009).

This review included studies that examined different age 
groups. We found varied results for specific emotion recog-
nition abilities, even within the same age groups, except for 
adults (both with and without pure ADHD), who had more 
accurate FER in general compared with children (Helfer 
et al., 2021; Thoma et al., 2020). This indicates that there 
are other factors involved in FER deficits in addition to age.

The Effect of ADHD Symptoms or Comorbidities 
on FER Deficits

In this review, while some authors found that ADHD symp-
toms and comorbidities such as inattention, hyperactivity, 
oppositional behavior, conduct disorder, and anxiety were 
related to FER deficits, others presented contrasting evi-
dence or even found no evidence of FER deficits.

The emotional symptoms associated with ADHD are 
characteristic of a range of comorbid psychiatric disorders. 
Thus, these symptoms may be explained by the phenome-
non of comorbidity (Faraone et al., 2019).

Inattention

Inattention has been previously proposed to influence FER 
deficits in children without a diagnosis of ADHD (Cooper 
et al., 2020). Muszkat et al. (2015) suggested that FER defi-
cits might be attributed to poor allocation of attention to 
specific cues (Muszkat et al., 2015). Consistent with this, 
some authors have proposed that deficits in sustained atten-
tion and visual processing play a role in FER, as supported 
by the observation of increased gamma oscillations in 
occipital regions during the early stages of facial emotion 
processing (Sarraf Razavi et al., 2017). Additionally, more 
robust functional connectivity has been observed in the 
frontal lobes of children with ADHD, which may indicate 
the abnormal transfer of information from the occipital lobe 
to the frontal lobe, that is, from the visual to the emotional 
processing center (Ansari Nasab et al., 2022).



1192	 Journal of Attention Disorders 27(11)

Impulsivity

Regarding the contribution of impulsivity symptoms to 
FER deficits, Cortez-Carbonell and Cerić (2017) stated that 
ADHD groups showed faster responses to a stimulus but 
had higher error rates, indicating that they may have been 
acting with higher impulsivity (Cortez-Carbonell & Cerić, 
2017). Faraone et al. (2019) suggested that individuals with 
ADHD might have emotional management difficulties 
related to the consequences of impulsivity. These difficul-
ties could first manifest as impaired self-regulation and then 
evolve into deficient emotional self-regulation.

Hyperactivity

The correlation between hyperactivity symptoms and FER 
deficits proposed by some of the included studies was sup-
ported by previous studies that related hyperactivity not 
only to lower recognition of happy and angry expressions, 
but also to that of angry, happy, and sad vocal expressions 
(Chronaki et al., 2015).

Anxiety

Stoddard et al. (2017) reported that high levels of anxiety 
were associated with increased connectivity in the amyg-
dala and medial prefrontal cortex during FER in children 
and adolescents without ADHD, which may be a possible 
mechanism of the impact of anxiety on FER.

Autism Spectrum Disorder

The included studies reported similar FER deficits in indi-
viduals with ADHD and ASD. This is supported by other 
studies demonstrating shared neural processing of happy 
and angry emotional faces between neurodevelopmental 
disorders, particularly in the occipital and temporal regions 
(Vandewouw et al., 2020).

Medication

An infrared imaging study in children with ADHD found an 
increased hemodynamic response in the left inferior occipi-
tal region after methylphenidate administration for angry 
faces only (Kobayashi et al., 2020). However, the FER defi-
cits reported in the included studies did not vary on the time 
scale of the methylphenidate suspension prior to task evalu-
ation. Supporting these previous findings, Moukhtarian 
et al. (2017) reported that pharmacotherapy (methylpheni-
date or atomoxetine) minimally impacted emotion dysregu-
lation in comparison with core ADHD symptoms.

Some of the included studies found no differences in 
FER accuracy between individuals with ADHD and con-
trols (Basile et al., 2021). This might be partially explained 
by the findings of Rinke et al. (2017), who stated that FER 

accuracy is age-dependent such that older children display 
better FER accuracy regardless of ADHD condition (Rinke 
et al., 2017). However, this does not explain why adults and 
adolescents with ADHD still exhibited delayed FER 
response times.

Limitations

The included studies did not have a standardized methodol-
ogy as some FER tasks used the faces of adults while others 
used children’s faces, there were different colors of the 
faces displayed (full color or gray-scale), different ethnici-
ties, and different emotions which may have affected the 
results. Furthermore, we only considered studies with FER 
tasks, but there are other tasks such as emotional prosody 
recognition and emotional response registered as functional 
brain activation, and changes in heart frequency, among 
others, that were mentioned but not included in this review. 
Those studies can provide additional valuable evidence 
about the mechanisms of emotional response.

All the studies have evaluated emotions as a specific task 
either on a screen, on a card, or on paper. More studies are 
needed that recreate a natural scenario of social interaction 
for emotion recognition, interpretation, and response, to 
evaluate if the deficit occurs in more than one of the men-
tioned phases and if it also commits the emotional response 
of people with ADHD.

The results of this review also suggest that the FER defi-
cit is a shared deficit with other neurodevelopmental comor-
bidities, which may have implications as a clinical marker 
that remain to be explored.

Conclusion

There is evidence for a FER deficit in children and adults 
with ADHD, as indicated by prolonged response latencies 
of emotion recognition. Regarding the type of deficit, most 
studies demonstrated overall better recognition of happy 
facial expressions in children and adults with and without 
ADHD. Moreover, adults with ADHD showed improved 
recognition accuracy compared to children with ADHD, 
reflecting partial compensation of the deficit. Some factors, 
such as the use of medication for ADHD, did not impact 
FER outcomes. However, other factors such as the charac-
teristics of ADHD and its comorbidities appear to influence 
FER deficits. These remain to be elucidated.
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