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Abstract 

Introduction  The aim of this study is to assess the effectiveness of serotonin-norepinephrine reuptake inhibitors 
(SNRIs) in managing ADHD symptoms compared to placebo, stimulants, or compared as pre- and post-treatment.

Methods  Clinical trials assessing the potency of SNRIs in treating ADHD patients were imported from PubMed, 
Web of Science, and Scopus (until February 2023). Data were extracted by two independent researchers. Random- 
and fixed- effect meta-analysis was performed to pool the data. Publication bias and study heterogeneity were 
assessed. The Cochrane Collaboration tool was utilized to determine the risk of bias. The certainty of outcomes 
was evaluated by the Grade criteria.

Results  Of the initial 830 studies, 13 were finally imported after two screening stages which two separate researchers 
carried out. The pooled standardized mean difference (95% CI) of reducing the score of different ADHD questionnaires 
(showing reduction in total inattentive and hyperactivity/impulsivity symptoms) by SNRIs, venlafaxine, and dulox-
etine were − 2.20 [− 3.00, − 1.40], − 1.86 [− 2.69, − 1.02], − 2.65 [− 3.35, − 1.96], respectively. While the most reported side 
effects were nausea, abdominal pain, and sedation, all studies reported that side effects were not serious and were 
well tolerated. Outcomes for the effectiveness of venlafaxine and duloxetine got high and moderate certainty, 
respectively.

Conclusions  Duloxetine and venlafaxine can be administered to treat symptoms of ADHD while being well toler-
ated. It seems that duloxetine is more potent in reducing ADHD symptoms. It can also be concluded that venlafax-
ine is more effective in females, and is more effective on inattentive symptoms of ADHD rather than hyperactive 
symptoms.
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Introduction
Attention deficit hyperactivity disorder (ADHD) pro-
foundly impacts the affected people’s daily lives [1]. This 
disorder is characterized by hyperactivity, inattention, 
impulsivity (the tendency to act without thinking), and 
significant problems with emotions and communication. 
ADHD also correlates with comorbidities [2] like mood 
disorders, sleep disturbances, and learning disabilities. 
According to the reports, ADHD is prevalent in 7–8% of 
school students and 4–5% of adults [3]. The prevalence 
rates vary across different countries and cultures, but it is 
generally more common in males than females [4]. Some 
other risk factors rather than being male are reported to 
be antisocial personality disorder, a dysfunctional family, 
downward socioeconomic standing, developmental defi-
cit, and anxiety [5, 6].

Regarding treatment approaches, there are either phar-
macological or non-pharmacological interventions [7]. 
Examples of non-pharmacological treatments include 
behavioral therapies such as parent/teacher education 
and cognitive behavioral therapy (CBT) [8], cognitive 
trainings, game-based trainings, mindfulness, neurofeed-
back, and physical exercise [9]. Although non-pharma-
cological interventions are popular among patients who 
prefer not or cannot use medications, pharmacological 
approaches still remain the first‐line therapy [10]. Stimu-
lants such as lisdexamfetamine, methylphenidate, and 
dexmethylphenidate are the most commonly used medi-
cations [11]. However, there are several concerns regard-
ing their abuse potential and their serious side effects 
[12]. These side effects include loss of appetite, irritabil-
ity, insomnia, nervousness, serious cardiovascular side 
effects, and dysphoria [13].

Along with stimulants, non-stimulant medications, 
including atomoxetine, clonidine, and guanfacine, have 
been proven efficient in treating ADHD [7]. Addition-
ally, it has been proved that other psychiatric medica-
tions, such as antidepressants, can be effective in treating 
ADHD symptoms as well [14–16]. Among all, one of the 
promising groups of medications that seems to be a good 
alternative in treating ADHD symptoms is serotonin-
norepinephrine reuptake inhibitors (SNRIs). They are 
useful in many diseases since they act by increasing both 
synaptic serotonin and norepinephrine concentrations. 
Two important medications in this group are venlafax-
ine and duloxetine. These two medications have a broad 
spectrum of indications, such as generalized anxiety 
disorder (GAD), major depressive disorder (MDD), and 
obsessive–compulsive disorder (OCD) [17–22]. How-
ever, there are some side effects of these medications as 
well. These side effects include decreased appetite, nau-
sea, constipation, hyperhidrosis, dry mouth, fatigue, 
somnolence, hypertension, blurred vision, and increased 

risk of suicide-relevant behavior in children and adults 
[23–26].

Given the fact that some patients may be unable to tol-
erate side effects, be resistant to first-line ADHD treat-
ments, or be contraindicated to use stimulants, it is of 
great importance to find new agents for the treatment 
of ADHD. Therefore, it is prone evaluating the efficacy 
of SNRIs and compare it with their safety profile to see 
if they are promising options for treating ADHD symp-
toms. Therefore, the present systematic review and meta-
analysis aims to answer this question: In people with 
ADHD, are SNRIs effective in decreasing disease symp-
toms compared to placebo?

Methods
A complete research protocol was created before 
the study and registered in PROSPERO with the 
CRD42023412366 ID. This protocol was then followed 
throughout the entire procedure. For this systematic 
review, the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) reference was uti-
lized [27]. Additionally, the abstract was written using the 
“PRISMA for Abstract” reference [28].

Search strategy
Supplementary Table  1 presents the full search syntax 
that was applied to each database. The search stage was 
conducted by two researchers without any restriction on 
publication year. However, there was a restriction on lan-
guage—only English studies were included. Unpublished 
work (i.e., dissertations, conferences) and gray literature 
were also investigated as far as possible. Although these 
articles were not included directly, they were used to help 
assess publication bias (if any).

The following search phrases were used in the sys-
tematic search in Scopus, Web of Science, and PubMed: 
“drug name” (venlafaxine or duloxetine) AND “atten-
tion deficit hyperactivity disorder” OR “attention-deficit 
hyperactivity disorder” OR “ADHD” OR “hyperactivity” 
OR “ADD” OR “attention deficit disorder” OR “attention-
deficit disorder.” Studies with search phrases in their 
titles or abstracts were found and imported into Mende-
ley. After removing duplicates and finishing the screen-
ing phases, the final selection of studies was made by the 
study team.

Eligibility criteria and study selection
The exposure of interest for this investigation was 
ADHD. The reduction in ADHD symptoms was com-
pared between two arms. The intervention was defined 
as taking venlafaxine or duloxetine. Two independent 
researchers carried out removing duplicate studies and 
assessing the rest of the publications according to the 
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stated goals of the study throughout the first screening 
stage. The following studies were excluded through the 
first screening stage:

Studies that were not clinical trials, studies on other 
diseases (i.e., autism and bipolar disease), other 
reviews and meta-analyses, studies on toxicity, pro-
tocols, studies on side effects, studies on pregnancy 
and lactation, commentaries, case reports, letters, 
studies on plasma concentration of drugs, pharma-
cology studies (including animal studies), pharmaco-
economic studies, safety studies, non-English stud-
ies, and other irrelevant studies. Conference papers 
and case-series studies were not excluded through 
the first screening stage. They remained to undergo 
a full-text screening to see if their data was useful for 
synthesis.

Clinical trials were included in the second screening 
stage if:

•	 The participants’ desired information (age, comor-
bidities, gender, current medications) was given.

•	 Venlafaxine or duloxetine were compared with a pla-
cebo, other medications, or data were given as pre- 
and post-treatment outcomes.

•	 Results were reported as the improvement in symp-
toms (as continuous, binary, or correlation values).

Studies were excluded if:

•	 The dosage and method of administering the drug 
were not clearly reported.

•	 Other important interventions were considered 
besides SNRIs that may affect the outcomes.

•	 The study was on withdrawal management (i.e., 
Cocaine and smoking cessation).

•	 The study was on managing the side effects of stimu-
lants.

When the second screening stage was finished, each 
researcher presented their papers, and the group chose 
the final studies to be included.

Data extraction
Two independent reviewers entered data from the final 
included studies into Microsoft Excel. The following 
details were included in the abstracted information:

•	 Publication details and characteristics: author(s), 
title, date, study location, number of participants, 
participants’ age, comorbidities, the approach used 
for identifying ADHD, and inclusion and exclusion 
criteria of clinical trials.

•	 Critical data: dose and administration routine of 
medication, number of participants in control and 
treatment arm, comparator arm, comparator arm’s 
administration routine, trial duration, outcome 
measure (different ADHD questionnaires), adverse 
effects (if reported), number of participants lost and 
the associated reason, tolerability (percentage of par-
ticipant who left the trial because of side effects), and 
final results for treatment and control group (reduc-
tion in ADHD scores as mean ± SD, median ± SE, 
number of patients with improved symptoms, and 
Pearson correlation coefficient).

Finally, the GRADE (Grading of Recommendations 
Assessment, Development, and Evaluation) criteria [29] 
were used to assess the certainty of outcomes.

Meta‑analysis
A meta-analysis was used to pool the effect sizes of SNRIs 
in reducing scores of ADHD questionnaires. Mean ± SDs 
were pooled when two or more papers reported their 
data as the comparison of SNRIs with placebo, compari-
son of SNRIs with other medications, or as the pre- and 
post-treatment means. Since the outcome measures dif-
fered among reference studies, the standardized mean 
difference (SMD) approach was utilized to pool the 
effect sizes. The fixed-effect model was used. However, 
if heterogeneity was high, a random-effect model was 
considered. The residual maximum likelihood (REML) 
approach was the estimation method. When one refer-
ence study reported more than one outcome measure for 
the same group of patients (i.e., both CAARS and CGI-S 
were reported for the same population), the outcomes 
with a bigger sample size and smaller SD/mean ratio 
were used for the meta-analysis.

The Q statistic and I-squared (%) were used to assess 
the heterogeneity within and between subgroups. In 
cases of observed heterogeneity, meta-regression and 
subgroup analysis were conducted by gender, age (quali-
tative and quantitative), and trial duration to find the 
source of heterogeneity. Subgroup analysis by the mean 
dose of medication was not possible since several stud-
ies used flexible dosing and did not report a final mean 
medication dose. Publication bias was assessed by Egger’s 
test. A sensitivity analysis was also conducted. Statisti-
cal significance was defined as a two-sided P value < 0.05. 
STATA version 17 was used to conduct all statistical 
analyses.

Risk of bias assessment
The Cochrane Collaboration’s tool was used to assess the 
risk of bias in the final included studies [30]. Two inde-
pendent reviewers carried out this procedure.
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The Cochrane Collaboration’s risk assessment method 
assesses each study’s potential for bias in six differ-
ent areas: “selection bias,” “performance bias,” “detec-
tion bias,” “attrition bias,” “reporting bias,” and “other 
bias.” The “selection bias” verifies that the allocation 
sequence generation procedure is sufficiently described 
in the study to assess whether or not it offers comparable 
groupings. By providing sufficient details regarding how 
the allocation sequence was concealed, it also confirms 
if the study has indicated whether allocations might have 
been expected at the time of enrolment. The “Perfor-
mance bias” checks to see if the study mentions the steps 
used to keep researchers from knowing participants’ 
intervention status. The “Detection bias” section ensures 
that all steps are taken to keep the intervention of each 
participant unknown at the time of evaluating outcomes. 
The “Attrition bias” indicates if the study, taking attrition 
and analytical exclusions into account, reflects how com-
plete each outcome is. The “Reporting bias” part, which is 
the last one, looks at the study’s description of the tech-
nique for analyzing selective outcome reporting.

Results
Study selection
A flowchart of the screening stages can be found in Fig. 1. 
Utilizing the search protocol stated earlier, 830 articles 
were initially imported, including 458 from Web of Sci-
ence, 211 from Scopus, and 161 from PubMed. Of these 
830 articles, 573 were for venlafaxine and 257 were for 
duloxetine. It can be concluded that venlafaxine has 
received more attention than duloxetine for treating 
ADHD. After 263 duplicates (184 for venlafaxine and 79 
for duloxetine) were removed, a total of 567 items (389 
for venlafaxine and 178 for duloxetine) made it to the 
first screening phase. Title and abstract screening during 
the first step ultimately led to the exclusion of 544 arti-
cles due to the standards outlined in the methods section. 
The 23 papers that remained were subjected to full-text 
screening, and 10 research were removed. Among the 
five studies excluded from the venlafaxine group and five 
from the duloxetine group, some were only abstracts, 
some were clinical trial registrations, and some were case 
reports [31, 32]. After meeting all inclusion criteria, data 
from 13 studies [33–45] were finally used (10 for venla-
faxine and three for duloxetine).

Basic characteristics of the selected studies
Venlafaxine
The basic characteristics of the final 13 included studies 
can be found in Table 1. As can be seen, out of 10 articles 
for venlafaxine, six were conducted in the United States 
(US) [36, 37, 41, 42, 44, 45], three were carried out in Iran 
[38, 39, 43], and one took place in Turkey [40]. Regarding 

the study date, only two studies were carried out after 
2010 [38, 43], and all others were relatively old. This may 
be due to the fact that researchers mostly focus on the 
use of SNRIs in other mental illnesses rather than ADHD, 
and these medications are not well-known for treating 
ADHD symptoms. Sample sizes varied from one study to 
another, ranging from 10 to 44 people. Among all studies, 
three included children and adolescents, while two and 
five studied children and adults, respectively. The mean 
age ranged from 9.49 to 43 across studies.

Regarding the health status of subjects, while par-
ticipants of some studies did not have any other comor-
bidities at all, some participants of other studies had 
oppositional defiant disorder (ODD), bipolar disease 
(BD), major depressive disorder (MDD), tic disorder, 
GAD, reading disorder, and separation anxiety disor-
der (SAD). The full details regarding the health status of 
each study’s participants are shown in Table  1. Studies 
used various inclusion and exclusion criteria for choos-
ing their participants. For the inclusion criteria, most of 
the references used the Diagnostic and Statistical Manual 
of Mental Disorders 4th edition (DSM-IV) criteria [46] 
for identifying ADHD. The DSM-IV is the official man-
ual of the American Psychiatric Association. Its goal is to 
offer a framework for organizing diseases into categories 
and setting diagnostic standards for each disorder listed. 
Another scoring scale used was Conners’ Parent Rating 
Scale (CPRS) [47]. To get parental reports of behavioral 
issues in children, researchers and clinicians frequently 
use the CPRS. Other used scales were the Attention-Def-
icit/Hyperactivity Disorder Rating Scale-IV (ADHD-RS-
IV) [48], Conners’ Adult ADHD Rating Scale (CAARS) 
[49], Clinical Global Impression ADHD Severity Scale 
(CGI-S) [50], and the Kiddie Schedule for Affective Dis-
orders and Schizophrenia for School-Age Children-Pre-
sent and Lifetime version (K-SADS-PL) [51].

Getting back to the inclusion criteria of included stud-
ies, participants in the first trial [36] had to have CPRS 
scores that were at least 1.5 SDs higher than the mean 
for their age and sex. Another study that was carried out 
on 40 children included patients who had problems with 
side effects or did not respond to methylphenidate [38]. 
One of the studies [43] included first-degree relatives of 
children who had ADHD to be its participants. Finally, 
one study [45] utilized the Wender Utah Rating Scale 
(WURS) [52] and Attention deficit hyperactivity ques-
tionnaire (ADHQ) [53] scales for finding ADHD subjects 
as well. WURS is a self-report tool adults use to assess 
the persistence of childhood symptoms and behaviors 
associated with ADHD in adulthood.

Finally, the exclusion criteria of included studies were 
recorded. Although investigators utilized various exclu-
sion criteria among studies, they all tried to exclude 
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Fig. 1  A summary of the study selection process



Page 6 of 26Dezfouli et al. Middle East Current Psychiatry            (2024) 31:8 

Ta
bl

e 
1 

Th
e 

m
ai

n 
ch

ar
ac

te
ris

tic
s 

of
 th

e 
in

cl
ud

ed
 s

tu
di

es

A
ut

or
, y

ea
r

St
ud

y 
lo

ca
tio

n
Sa

m
pl

e 
si

ze
 

(p
er

ce
nt

ag
e 

of
 

m
al

es
)

St
ud

ie
d 

po
pu

la
tio

n,
M

ea
n 

ag
e 

(r
an

ge
)

Co
m

or
bi

di
ty

a
In

cl
us

io
n 

cr
ite

ri
a

Ex
cl

us
io

n 
cr

ite
ri

a

Ve
nl

af
ax

in
e

 
O

lv
er

a 
et

 a
l. 

19
96

 [3
6]

U
SA

16
 (9

0%
)

C
hi

ld
re

n 
an

d 
ad

ol
es

ce
nt

s, 
11

.6
 

(8
–1

7)
So

m
e 

su
bj

ec
ts

 h
ad

:
• O

D
D

b

• M
D

D
• G

A
D

• S
A

D
• B

D

• M
ee

tin
g 

th
e 

D
SM

-IV
 c

rit
er

ia
 

fo
r A

D
H

D
• H

av
in

g 
a 

sc
or

e 
of

 th
e 

C
PR

S 
th

at
 w

as
 a

t l
ea

st
 1

.5
 

SD
s 

ab
ov

e 
th

e 
m

ea
n 

fo
r t

he
 p

at
ie

nt
’s 

ag
e 

an
d 

se
x

–

 
Fi

nd
lin

g 
et

 a
l. 

20
07

 [3
7]

U
SA

38
 (8

7%
)

C
hi

ld
re

n 
an

d 
ad

ol
es

ce
nt

s, 
10

.7
 

(5
–1

7)
• 3

1%
 O

D
D

• M
ee

tin
g 

D
SM

-IV
 c

rit
er

ia
 

fo
r A

D
H

D
 o

f a
t l

ea
st

 m
od

er
at

e 
se

ve
rit

y

• E
vi

de
nc

e 
of

 a
 c

ur
re

nt
 

or
 p

as
t s

ig
ni

fic
an

t m
ed

ic
al

 
or

 n
eu

ro
lo

gi
ca

l i
lln

es
se

s
• B

D
, m

en
ta

l r
et

ar
da

tio
n,

 M
D

D
, 

O
C

D
, P

TS
D

, G
A

D
• F

irs
t-

de
gr

ee
 re

la
tiv

es
 o

f b
ip

ol
ar

 
pa

tie
nt

s
• S

ub
st

an
ce

s 
ab

us
er

s
• P

at
ie

nt
s 

w
ith

 a
 p

as
t o

r c
ur

re
nt

 
hi

st
or

y 
of

 c
lin

ic
al

ly
 s

ig
ni

fic
an

t 
su

ic
id

al
 id

ea
tio

n 
or

 s
el

f-i
nj

ur
io

us
 

be
ha

vi
or

• F
em

al
es

 w
ho

 w
er

e 
se

xu
al

ly
 

ac
tiv

e 
bu

t n
ot

 u
si

ng
 e

ffe
ct

iv
e 

bi
rt

h 
co

nt
ro

l m
et

ho
ds

 
H

as
he

m
ia

n 
an

d 
N

az
em

ia
n 

20
15

 [3
8]

Ira
n

40
C

hi
ld

re
n,

 (7
–1

1)
–

• M
ee

tin
g 

D
SM

-V
 c

rit
er

ia
• P

at
ie

nt
s 

w
ho

 s
uff

er
ed

 
fro

m
 s

id
e 

eff
ec

ts
 o

r h
ad

 a
 la

ck
 

of
 re

sp
on

se
 to

 m
et

hy
lp

he
-

ni
da

te

-

 
Za

rin
ar

a 
et

 a
l. 

20
10

 [3
9]

Ira
n

38
 (7

1%
)

C
hi

ld
re

n,
 9

.4
9 

(6
–1

3)
–

• M
ee

tin
g 

th
e 

D
SM

-IV
-T

R 
di

ag
-

no
st

ic
 c

rit
er

ia
 fo

r A
D

H
D

• T
ot

al
 o

r s
ub

sc
al

e 
sc

or
es

 
on

 A
D

H
D

-R
S-

IV
 o

f a
t l

ea
st

 
1.

5 
st

an
da

rd
 d

ev
ia

tio
ns

 
ab

ov
e 

no
rm

s 
fo

r p
at

ie
nt

’s 
ag

e 
an

d 
ge

nd
er

• H
is

to
ry

 o
r c

ur
re

nt
 d

ia
gn

os
is

 
of

 p
er

va
si

ve
 d

ev
el

op
m

en
ta

l d
is

-
or

de
rs

, s
ch

iz
op

hr
en

ia
, o

r o
th

er
 

ps
yc

hi
at

ric
 d

is
or

de
rs

 (D
SM

-IV
 

ax
is

 I)
• A

ny
 c

ur
re

nt
 p

sy
ch

ia
tr

ic
 c

om
or

-
bi

di
ty

 th
at

 re
qu

ire
d 

ph
ar

m
ac

o-
th

er
ap

y
• A

ny
 e

vi
de

nc
e 

of
 s

ui
ci

de
 ri

sk
 

an
d 

m
en

ta
l r

et
ar

da
tio

n 
(IQ

 <
 7

0)
• A

 c
lin

ic
al

ly
 s

ig
ni

fic
an

t c
hr

on
ic

 
m

ed
ic

al
 c

on
di

tio
n,

 in
cl

ud
-

in
g 

or
ga

ni
c 

br
ai

n 
di

so
rd

er
, 

se
iz

ur
es

, o
r c

ur
re

nt
 a

bu
se

 
or

 d
ep

en
de

nc
e 

on
 d

ru
gs

 
th

e 
la

st
 s

ix
 m

on
th

s
• H

yp
er

te
ns

io
n 

or
 h

yp
ot

en
si

on



Page 7 of 26Dezfouli et al. Middle East Current Psychiatry            (2024) 31:8 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

or
, y

ea
r

St
ud

y 
lo

ca
tio

n
Sa

m
pl

e 
si

ze
 

(p
er

ce
nt

ag
e 

of
 

m
al

es
)

St
ud

ie
d 

po
pu

la
tio

n,
M

ea
n 

ag
e 

(r
an

ge
)

Co
m

or
bi

di
ty

a
In

cl
us

io
n 

cr
ite

ri
a

Ex
cl

us
io

n 
cr

ite
ri

a

 
A

m
iri

 e
t a

l. 
20

12
 [4

3]
Ira

n
44

 (5
8%

)
A

du
lts

, 3
0.

5 
(1

8–
45

)
–

• B
ei

ng
 p

ar
en

ts
 o

r s
ib

lin
gs

 
of

 c
hi

ld
re

n 
di

ag
no

se
d 

w
ith

 A
D

H
D

• M
ee

tin
g 

D
SM

-IV
 d

ia
gn

os
tic

 
cr

ite
ria

 fo
r a

du
lt 

A
D

H
D

• C
ur

re
nt

 p
sy

ch
ia

tr
ic

 d
is

or
de

rs
 

ot
he

r t
ha

n 
ad

ul
t A

D
H

D
• S

uff
er

ed
 fr

om
 a

 s
ig

ni
fic

an
t 

ch
ro

ni
c 

m
ed

ic
al

 d
is

ea
se

 s
uc

h 
as

 s
ei

zu
re

s 
or

 c
ar

di
ov

as
cu

la
r 

di
se

as
e

• H
ad

 a
 h

is
to

ry
 o

f d
ru

g 
or

 a
lc

o-
ho

l a
bu

se
 o

r d
ep

en
de

nc
y 

w
ith

in
 th

e 
pa

st
 s

ix
 m

on
th

s
• W

as
 b

re
as

tfe
ed

in
g 

or
 p

re
gn

an
t

 
M

uk
ad

de
s 

an
d 

A
ba

li 
20

04
 

[4
0]

Tu
rk

ey
13

 (6
9%

)
C

hi
ld

re
n 

an
d 

ad
ol

es
ce

nt
s, 

9.
9 

(6
–1

5)
• 1

5%
 O

D
D

• 7
%

 ti
c 

di
so

rd
er

• 1
5%

 re
ad

in
g 

di
so

rd
er

• M
ee

tin
g 

D
SM

-IV
 d

ia
gn

os
tic

 
cr

ite
ria

 fo
r a

du
lt 

A
D

H
D

• S
ei

zu
re

 d
is

or
de

r
• E

vi
de

nc
e 

of
 s

ys
te

m
ic

 d
is

ea
se

• C
om

or
bi

di
ty

 o
f d

ep
re

ss
io

n

 
H

or
ni

g-
Ro

ha
n 

an
d 

A
m

st
er

-
da

m
 2

00
2 

[4
1]

U
SA

17
 (7

0%
)

A
du

lts
, 4

3 
(2

1–
67

)
• 1

00
%

 c
hr

on
ic

 M
D

D
 

of
 >

 2
 y

ea
rs

• 5
2%

 B
D

• 4
1%

 h
is

to
ry

 o
f t

re
at

m
en

t-
re

si
st

an
t d

ep
re

ss
io

n

• M
ee

tin
g 

D
SM

-IV
 d

ia
gn

os
tic

 
cr

ite
ria

 fo
r a

du
lt 

A
D

D
• B

D
 T

yp
e 

I o
r T

yp
e 

II,
 O

C
D

, 
pa

ni
c 

di
so

rd
er

, G
A

D
, a

lc
oh

ol
 

an
d/

or
 s

ub
st

an
ce

 a
bu

se
 

w
ith

in
 th

e 
pa

st
 1

2 
m

on
th

s

 
A

dl
er

 e
t a

l. 
19

95
 [4

5]
U

SA
12

 (5
0%

)
A

du
lts

, 3
4.

9 
(1

9–
59

)
• 2

5%
 p

an
ic

 d
is

or
de

r
• 8

%
 M

D
D

• M
ee

tin
g 

W
U

RS
 a

nd
 A

D
H

Q
 

di
ag

no
st

ic
 c

rit
er

ia
 fo

r a
du

lt 
A

D
H

D
• M

ee
tin

g 
D

SM
-IV

 d
ia

gn
os

tic
 

cr
ite

ria
 fo

r a
du

lt 
A

D
H

D

–

 
Fi

nd
lin

g 
et

 a
l. 

19
96

 [4
2]

U
SA

10
 (5

0%
)

A
du

lts
, 3

8.
5 

(1
8–

54
)

• S
om

e 
su

bj
ec

ts
 h

ad
 G

A
D

 
or

 M
D

D
• M

ee
tin

g 
D

SM
-IV

 d
ia

gn
os

tic
 

cr
ite

ria
 fo

r a
du

lt 
A

D
H

D
• P

re
se

nc
e 

of
 o

rg
an

ic
 m

en
ta

l 
di

so
rd

er
• m

en
ta

l r
et

ar
da

tio
n

• P
sy

ch
os

is
, B

D
, G

A
D

, M
D

D
• S

ub
st

an
ce

 a
bu

se
rs

 
H

ed
ge

s 
et

 a
l. 

19
95

 [4
4]

U
SA

18
 (6

6%
)

A
du

lts
, 3

5
–

• M
ee

tin
g 

W
U

RD
S 

di
ag

no
st

ic
 

cr
ite

ria
 fo

r a
du

lt 
A

D
H

D
• M

D
D

• P
er

so
na

lit
y 

di
so

rd
er

s

D
ul

ox
et

in
e

 
Bi

lo
de

au
 e

t a
l. 

20
14

 [3
3]

Ca
na

da
30

A
du

lt,
 3

3.
2 

(1
8–

50
)

–
• H

av
in

g 
a 

m
in

im
al

 b
as

el
in

e 
sc

or
e 

of
 2

0 
on

 th
e 

C
A

A
RS

• H
av

in
g 

a 
sc

or
e 

of
 a

t l
ea

st
 

fo
ur

 o
n 

th
e 

CG
I-S

• H
av

in
g 

co
m

pl
et

ed
 h

ig
h 

sc
ho

ol
 o

r h
av

in
g 

an
 IQ

 o
f 8

0 
or

 g
re

at
er

• P
sy

ch
ot

ic
 d

is
or

de
rs

, B
D

, M
D

D
, 

G
A

D
,

• S
ub

st
an

ce
 o

r a
lc

oh
ol

 u
se

 
di

so
rd

er
 w

as
 p

re
se

nt
 s

ix
 m

on
th

s 
be

fo
re

 th
e 

st
ud

y
• P

re
gn

an
cy

• A
ny

 m
ed

ic
al

 c
on

di
tio

n 
or

 m
ed

ic
at

io
n 

in
co

m
pa

tib
le

 
w

ith
 d

ul
ox

et
in

e 
tr

ea
tm

en
t



Page 8 of 26Dezfouli et al. Middle East Current Psychiatry            (2024) 31:8 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

or
, y

ea
r

St
ud

y 
lo

ca
tio

n
Sa

m
pl

e 
si

ze
 

(p
er

ce
nt

ag
e 

of
 

m
al

es
)

St
ud

ie
d 

po
pu

la
tio

n,
M

ea
n 

ag
e 

(r
an

ge
)

Co
m

or
bi

di
ty

a
In

cl
us

io
n 

cr
ite

ri
a

Ex
cl

us
io

n 
cr

ite
ri

a

 
M

ah
m

ou
di

‐G
ha

ra
ei

 e
t a

l. 
20

11
 [3

4]
Ira

n
17

A
do

le
sc

en
ts

, 1
2.

23
 (1

1–
18

)
• 5

3%
 O

D
D

• 1
5%

 D
ep

re
ss

io
n

• 4
6%

 G
A

D
• 2

3%
 O

C
D

• M
ee

tin
g 

D
SM

-IV
 d

ia
gn

os
tic

 
cr

ite
ria

 fo
r a

du
lt 

A
D

H
D

• M
ee

tin
g 

K-
SA

D
S-

PL
 d

ia
gn

os
-

tic
 c

rit
er

ia
 fo

r a
du

lt 
A

D
H

D

• P
er

va
si

ve
 d

ev
el

op
m

en
ta

l 
di

so
rd

er
, B

D
, c

on
du

ct
 d

is
or

de
r, 

M
en

ta
l r

et
ar

da
tio

n,
 a

nd
 p

sy
-

ch
ot

ic
 d

is
or

de
r

• C
lin

ic
al

ly
 s

ig
ni

fic
an

t m
ed

ic
al

 
ill

ne
ss

 re
qu

iri
ng

 p
ha

rm
ac

o-
th

er
ap

y
• H

is
to

ry
 o

f h
yp

er
se

ns
iti

vi
ty

 
to

 d
ul

ox
et

in
e

• C
ur

re
nt

 s
ub

st
an

ce
 a

bu
se

 
or

 d
ep

en
de

nc
e 

w
ith

in
 th

re
e 

m
on

th
s

• P
re

gn
an

cy
 a

nd
 b

re
as

tfe
ed

in
g

 
D

od
an

gi
 e

t a
l. 

20
15

 [3
5]

Ira
n

13
C

hi
ld

re
n,

 8
.4

 (6
–1

1)
• 6

0%
 O

D
D

• 2
0%

 G
A

D
• 2

0%
 O

C
D

• 1
0%

 L
ea

rn
in

g 
D

is
ab

ili
ty

• M
ee

tin
g 

D
SM

-IV
 d

ia
gn

os
tic

 
cr

ite
ria

 fo
r a

du
lt 

A
D

H
D

• M
ee

tin
g 

K-
SA

D
S-

PL
 d

ia
gn

os
-

tic
 c

rit
er

ia
 fo

r a
du

lt 
A

D
H

D

• P
er

va
si

ve
 d

ev
el

op
m

en
ta

l 
di

so
rd

er
, B

D
, c

on
du

ct
 d

is
or

de
r, 

M
en

ta
l r

et
ar

da
tio

n,
 a

nd
 p

sy
-

ch
ot

ic
 d

is
or

de
r

• C
lin

ic
al

ly
 s

ig
ni

fic
an

t m
ed

ic
al

 
ill

ne
ss

 re
qu

iri
ng

 p
ha

rm
ac

o-
th

er
ap

y
• H

is
to

ry
 o

f h
yp

er
se

ns
iti

vi
ty

 
to

 d
ul

ox
et

in
e

a  P
er

ce
nt

ag
e 

of
 o

cc
ur

re
nc

e 
am

on
g 

th
e 

sa
m

pl
e 

si
ze

b  O
D

D
 o

pp
os

iti
on

al
 d

efi
an

t d
is

or
de

r, 
M

D
D

 m
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er
, G

AD
 g

en
er

al
iz

ed
 a

nx
ie

ty
 d

is
or

de
r, 

SA
D

 s
ep

ar
at

io
n 

an
xi

et
y 

di
so

rd
er

, B
D

 b
ip

ol
ar

 d
is

or
de

r, 
O

CD
 o

bs
es

si
ve

–c
om

pu
ls

iv
e 

di
so

rd
er

, P
TS

D
 p

os
t-

tr
au

m
at

ic
 

st
re

ss
 d

is
or

de
r, 

CP
RS

 C
on

ne
rs

’ P
ar

en
t R

at
in

g 
Sc

al
e,

 D
SM

 IV
 D

ia
gn

os
tic

 a
nd

 S
ta

tis
tic

al
 M

an
ua

l o
f M

en
ta

l D
is

or
de

rs
 4

th
 e

di
tio

n,
 A

D
H

D
-R

S-
IV

 A
tt

en
tio

n-
D

efi
ci

t/
H

yp
er

ac
tiv

ity
 D

is
or

de
r R

at
in

g 
Sc

al
e-

IV
, W

U
RS

 W
en

de
r U

ta
h 

Ra
tin

g 
Sc

al
e,

 A
D

H
Q

 a
tt

en
tio

n 
de

fic
it 

hy
pe

ra
ct

iv
ity

 q
ue

st
io

nn
ai

re
, C

AA
RS

 C
on

ne
rs

’ A
du

lt 
A

D
H

D
 R

at
in

g 
Sc

al
e,

 C
G

I-S
 C

lin
ic

al
 G

lo
ba

l I
m

pr
es

si
on

–A
D

H
D

–S
ev

er
ity

 S
ca

le
, K

-S
AD

S-
PL

 T
he

 K
id

di
e 

Sc
he

du
le

 fo
r A

ffe
ct

iv
e 

D
is

or
de

rs
 a

nd
 

Sc
hi

zo
ph

re
ni

a 
fo

r S
ch

oo
l-A

ge
 C

hi
ld

re
n-

Pr
es

en
t a

nd
 L

ife
tim

e 
ve

rs
io

n



Page 9 of 26Dezfouli et al. Middle East Current Psychiatry            (2024) 31:8 	

subjects likely to show serious side effects or have seri-
ous comorbidities. While some studies excluded patients 
with MDD, OCD, post-traumatic stress disorder (PTSD), 
seizures, and BD, some studies did not exclude any of the 
patients at all. Sexually active women who did not use 
effective birth control methods were excluded in some 
studies. Moreover, most studies excluded substance 
abuse patients and participants with mental retardation. 
None of the studies used other interventions rather than 
venlafaxine. Except for two studies [38, 45], participants 
of all other studies had to be off any medication at least 
1 week before the study. One of the remaining two stud-
ies [38] progressively reduced the dose of methylpheni-
date that patients used and gradually eliminated it. The 
other study [45] had some participants who used medi-
cations such as clonazepam due to their comorbidities. 
However, all patients taking other medicines were stabi-
lized on their medication one week prior to the study.

Duloxetine
Two of the three studies were conducted in Iran [34, 
35] and one in Canada [33]. Compared to venlafaxine, 
studies for duloxetine were relatively new since they all 
were conducted after 2010. Sample sizes varied from 13 
to 30, and the included studies studied populations with 
different age ranges. One of them studied children, one 
of them studied adolescents, and the other one studied 
adult patients. Regarding the health status of partici-
pants, like the venlafaxine studies, some participants had 
ODD, GAD, OCD, and MDD. These three studies used 
other scales on top of DSM-IV for the inclusion criteria. 
One of them [33] used CAARS and CGI-S. The study 
included participants with a minimal baseline score of 20 
on the CAARS scale and scoring at least four on the CGI-
S. The other two studies used the DSM-IV criteria and 
K-SADS-PL for diagnosing ADHD.

Regarding the exclusion criteria, substance and alcohol 
abusers were excluded, as well as pregnant women. The 
full list of exclusion criteria used in these three studies 
can be found in Table 1. In all three studies, there were 
no other interventions rather than duloxetine. All the 
patients had to eliminate their use of any other psycho-
tropic drug before the study began.

Qualitative analysis
Table  2 presents the research results investigating the 
effect of venlafaxine or duloxetine use on managing 
ADHD symptoms.

Venlafaxine
All the trials reported that venlafaxine significantly 
reduced the symptoms of ADHD (measured by different 
questionnaires), with some of them getting reduced more 

than 1 SD. While one study reported that venlafaxine had 
the same effectiveness as bupropion [38] and another 
one reported that venlafaxine had the same efficacy as 
methylphenidate [39], one study reported that there was 
no difference between the venlafaxine and placebo [43] 
(however, they both reduced symptoms significantly). 
Moreover, one study that particularly studied patients 
who had major depressive disorder on top of ADHD [41] 
reported that the improvements obtained by venlafaxine 
were nearly double the improvements with methylpheni-
date. The commonly reported side effects were abdomi-
nal pain, nausea, and sedation.

Duloxetine
Although studies on duloxetine were few in number, they 
all reported the same outcome: duloxetine significantly 
reduced the symptoms of ADHD. The single study that 
compared duloxetine with placebo also reported that 
duloxetine and placebo had significant differences [33]. 
Regarding side effects, while one study reported a 46% 
reduction in appetite [34], the other reported no weight 
changes at all [35]. Dry mouth and dizziness were other 
reported side effects.

Quantitative synthesis
Meta-analysis was conducted for the outcomes reported 
as pre- and post-treatment mean score changes. The 
meta-analysis of venlafaxine consisted of three separate 
sections: the meta-analysis of the hyperactivity subscale, 
inattentive subscale, and total scores. A random effect 
model was used for pooling data for the “SNRIs” and 
the “Overall” section of venlafaxine meta-analyses, and 
the fixed effect model was used for pooling the data for 
“Hyperactivity-Impulsivity” and “Inattentive” meta-anal-
yses of venlafaxine, and the duloxetine meta-analysis.

Table  3 shows summary results of using SNRIs (the 
whole group), venlafaxine alone, and duloxetine alone 
in controlling symptoms of ADHD. As can be seen, the 
pooled SMD (95% CI) of reducing the score of differ-
ent ADHD questionnaires by SNRIs, venlafaxine (over-
all), and duloxetine were − 2.20 [− 3.00, − 1.40], − 1.86 
[− 2.69, − 1.02], − 2.65 [− 3.35, − 1.96], respectively. In 
the following, the analysis of each section along with 
the results of subgroup analysis and meta-regression is 
reported separately (The results of risk of bias assessment 
in Fig. 2).

Meta‑analysis of the efficacy of SNRIs in ADHD
The pooled SMDs for the efficacy of SNRIs in ADHD 
are shown in Fig.  3 as a forest plot. As can be seen, 
the overall ADHD symptoms significantly decrease by 
consuming SNRIs (effect size: − 2.20 SMDs; 95% CI: 
[− 3.00, − 1.40]; p value < 0.001; I-squared: 86.93%; p 
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value < 0.001). Subgroup analysis and meta-regression 
were carried out to find the source of heterogeneity. 
Meta-regression was conducted by choosing the per-
centage of males, mean age, medication, and trial dura-
tion as moderators. It was revealed that none of these 
moderators could explain study heterogeneity (Supple-
mentary Table  2). Moreover, a subgroup analysis was 
conducted. Results did not show any significant differ-
ences in age range, percentage of males, and mean age 
(Supplementary Table  3). However, different groups 
of trial duration showed significant differences; the 
6-week treatment duration had the most efficacy among 
others, followed by the > 6-week trials and < 6-week tri-
als. Publication bias was observed (Coefficient: − 5.93; p 
value < 0.001) among studies evaluating the efficacy of 
SNRIs in ADHD. The sensitivity analysis did not show 
any changes in the results.

Meta‑analysis of the efficacy of venlafaxine in ADHD
The pooled SMDs for the efficacy of venlafaxine in ADHD 
(overall) are shown in Fig.  4 as a forest plot. As can be 
seen, the overall ADHD symptoms significantly decrease 
by consuming venlafaxine (Effect size: − 1.86 SMDs; 95% 
CI: [− 2.69, − 1.02]; p value < 0.001, I-squared: 86.02%, p 
value < 0.001). Subgroup analysis and meta-regression 
were carried out to find the source of heterogeneity. Meta-
regression was conducted by choosing the percentage 
of males, mean age, and trial duration as moderators. It 
was revealed that the percentage of males is one of the 
sources of study heterogeneity (R-squared: 49.54%, Sup-
plementary Table  2). Moreover, a subgroup analysis was 
conducted. Results did not show any significant group dif-
ferences for age range and mean age. However, different 
groups of trial duration and different percentages of males 
showed significant differences; the 6-week treatment 
duration has the most efficacy among others, followed by 
the > 6-week trials and < 6-week trials. In the case of gen-
der, 40–60% of males had the most effectiveness, followed 

by 60–80% and 80–100%, respectively. It seems that ven-
lafaxine is more effective in females. Publication bias was 
observed (Coefficient: − 5.70; p value < 0.5). The sensitivity 
analysis did not show any changes in the results.

The pooled SMDs for the efficacy of venlafaxine in 
ADHD (hyperactivity-impulsivity subscale) are shown 
in Fig. 5. As can be seen, the hyperactivity-impulsivity 
symptoms of ADHD significantly decrease by con-
suming venlafaxine (Effect size: − 1.00 SMDs; 95% CI: 
[− 1.35, − 0.65]; p value < 0.001; I-squared: 86.45%, p 
value < 0.001). Subgroup analysis and meta-regression 
were not carried out since the included studies were 
few in number. Publication bias was observed within 
this subgroup (Coefficient: − 4.98, p value < 0.001). The 
sensitivity analysis did not show any changes in the 
results.

The pooled SMDs for the efficacy of venlafaxine 
in ADHD (Inattentive subscale) are shown in Fig.  6. 
As can be seen, the inattentive symptoms of ADHD 
significantly decrease by consuming venlafaxine 
(Effect size: − 1.52 SMDs; 95% CI: [− 1.92, − 1.12]; p 
value < 0.001; I-squared: 90.32%, p value < 0.001). Sub-
group analysis and meta-regression were not carried 
out since the included studies were few in number. Pub-
lication bias was observed within this subgroup (Coef-
ficient: − 5.94, p value < 0.001). The sensitivity analysis 
did not show any changes in the results.

Meta‑analysis of the efficacy of duloxetine in ADHD
The pooled SMDs for the efficacy of duloxetine in ADHD 
are shown in Fig.  7. As can be seen, the symptoms of 
ADHD significantly decrease by consuming duloxetine 
(Effect size: − 2.65 SMDs; 95% CI: [− 3.35, − 1.96]; p 
value < 0.001; I-squared: 79.34%, p value < 0.05). Subgroup 
analysis and meta-regression were not carried out since 
the included studies were few in number. Publication bias 
was observed within this subgroup (Coefficient: − 6.40, 
p value < 0.01). The sensitivity analysis did not show any 
changes in the results.

Table 3  Meta-analysis results of the efficacy of SNRIs in ADHD

Measure Number of studies Pooled SMD (95% CI) Heterogeneity assessment

I Squared% Model P value

SNRIs 10 − 2.20 [− 3.00, − 1.40] 86.93 Random < 0.001

Venlafaxine (overall) 7 − 1.86 [− 2.69, − 1.02] 86.20 Random < 0.001

Venlafaxine (Hyperactivity-Impul-
sivity)

4 − 1.00 [− 1.35, − 0.65] 86.45 Fixed < 0.001

Venlafaxine (Inattention) 3 − 1.52 [− 1.92, − 1.12] 90.32 Fixed < 0.001

Duloxetine 3 − 2.65 [− 3.35, − 1.96] 79.34 Fixed < 0.001
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Outcomes certainty
Table  4, the outcome of the certainty assessment, helps 
conclude about the certainty of results for using SNRIs 
in ADHD. As can be seen, results are reported separately 
for each drug and the whole group. For using venlafax-
ine in all ADHD patients without any age range, the cer-
tainty of outcomes is high after reviewing the results for 
246 patients. When we classify the participants by age, the 
certainty of outcomes still remains high for the “Children 

and adolescents” and the “Adults” groups. The sample size 
for these two conclusions was 145 and 101, respectively.

Regarding the side effects, the same certainty was 
acquired. It seems that venlafaxine is well tolerable in 
all age groups. Moreover, some mixed conclusions were 
reported only in single studies, and their certainty was 
very low. For example, while one study reported that 
the efficacy of venlafaxine was as high as methylphe-
nidate, another study reported that the effectiveness of 

Fig. 2  The results of risk of bias assessment for included studies



Page 16 of 26Dezfouli et al. Middle East Current Psychiatry            (2024) 31:8 

Fig. 3  The pooled effect size of SNRIs is reducing ADHD symptoms

Fig. 4  Meta-analysis results of the efficacy of venlafaxine in treating ADHD (overall) along with the results of heterogeneity assessment

Fig. 5  Meta-analysis results of the efficacy of venlafaxine in treating ADHD (hyperactivity-impulsivity subscale) along with the results 
of heterogeneity assessment
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venlafaxine was not higher than placebo. These results 
need more clinical trials to be verified.

Regarding duloxetine, one main drawback that led 
to lower certainties was the low number of references. 
Although all the references reported improved symp-
toms, this outcome gets moderate reliability since this 
conclusion is based only on three studies. The scores 
were very low regarding side effects, and it seems that 
duloxetine is not as well tolerated as venlafaxine. Overall, 
the certainty of reducing ADHD symptoms by SNRIs is 
high after studying 306 patients, and the certainty of side 
effect tolerability is moderate.

Risk of bias assessment
Figure 2 displays the outcomes of the risk of bias assess-
ment. As can be seen, all 13 studies had a low risk of bias 
in the “Random sequence generation” and the “Alloca-
tion concealment” sections. Regarding the “Performance 
bias,” three, two, and eight studies got a low, unclear, and 
high risk of bias, respectively. The high rate of increased 
risks in this section was due to the fact that many of the 
included studies were open trials. The results of detection 
bias were the same as performance bias. Nine studies had 

a low risk of bias in the “Attrition bias” section. Three 
had unclear risks, and one had a high risk of bias. Finally, 
regarding the “reporting bias” section, nine, three, and 
one studies had a low, unclear, and high risk of bias, 
respectively.

Discussion
Efficacy of SNRIs in ADHD
Although serotonin-norepinephrine reuptake inhibi-
tors are mostly used in depression and anxiety, this study 
showed that they can also reduce attention deficit hyper-
activity disorder symptoms in children, adolescents, and 
adults. Aligned with our research, a systematic review 
[54] also reported the effectiveness of venlafaxine in con-
trolling ADHD in children and adolescents. In line with 
our findings, that study also reported that the most com-
mon side effects of venlafaxine were somnolence and 
stomach pain. There were no other systematic reviews 
about the efficacy of venlafaxine in ADHD. Moreover, 
there was also no former systematic review regarding the 
efficacy of duloxetine in ADHD.

Another piece of evidence related to this study is a 
review by Verbeeck et al. [16] in which they systematically 

Fig. 6  Meta-analysis results of the efficacy of venlafaxine in treating inattentive symptoms of ADHD along with the results of heterogeneity 
assessment

Fig. 7  Meta-analysis result of the efficacy of duloxetine in treating ADHD along with the results of heterogeneity assessment
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Table 4  GRADE evidence profile: using SNRIs is treating ADHD symptoms

Certainty assessment Population 
size

Certainty

Outcome Number 
of 
studies

Study design Risk of bias Imprecision Inconsistency Indirectness Publication 
bias

Venlafaxine

  Venlafaxine 
significantly 
improves 
ADHD symp-
toms in ADHD 
patients (no 
age range)

10 RCT​ Not serious Not serious Not serious Not serious Not serious 246 High

  Venlafaxine 
significantly 
improves 
ADHD 
symptoms 
in children 
and adoles-
cents

5 RCT​ Not serious Not serious Not serious Not serious Not serious 145 High

  Venlafaxine 
significantly 
improves 
ADHD symp-
toms in adults

5 RCT​ Not serious Not serious Not serious Not serious Not serious 101 High

  The side 
effects 
of venlafax-
ine in ADHD 
patients were 
not serious 
and were toler-
able (no age 
range)

10 RCT​ Not serious Not serious Not serious Not serious Not serious 246 High

  The side 
effects 
of venlafaxine 
in children 
and adolescent 
ADHD patients 
were not seri-
ous and were 
tolerable

5 RCT​ Not serious Not serious Not serious Not serious Not serious 145 High

  The side 
effects 
of venlafaxine 
in adult ADHD 
patients were 
not serious 
and were toler-
able

5 RCT​ Not serious Not serious Not serious Not serious Not serious 101 High

  Bupropion 
and venlafax-
ine are equal 
in efficacy 
for treat-
ing ADHD 
symptoms 
in children

1 RCT​ Not serious Serious Serious Not serious Not serious 40 Very low



Page 19 of 26Dezfouli et al. Middle East Current Psychiatry            (2024) 31:8 	

Table 4  (continued)

Certainty assessment Population 
size

Certainty

Outcome Number 
of 
studies

Study design Risk of bias Imprecision Inconsistency Indirectness Publication 
bias

  Methyl-
phenidate 
and venlafax-
ine are equal 
in efficacy 
for treat-
ing ADHD 
symptoms 
in children

1 RCT​ Not serious Serious Serious Not serious Not serious 38 Very low

  Placebo 
and venlafax-
ine are equal 
in efficacy 
for treating 
ADHD symp-
toms in adults

1 RCT​ Not serious Serious Serious Not serious Not serious 44 Very low

  Venlafax-
ine is better 
than meth-
ylphenidate 
in treating 
ADHD patients 
suffering 
from chronic 
MDD

1 RCT​ Not serious Serious Serious Not serious Not serious 17 Very low

  Venlafaxine 
improves 
inattentive 
symptoms 
but not hyper-
activity/
impulsivity 
symptoms 
in children 
and adoles-
cents

1 RCT​ Not serious Serious Serious Not serious Not serious 38 Very low

Duloxetine

  Duloxetine 
significantly 
improves 
ADHD symp-
toms (no age 
range)

3 RCT​ Not serious Not serious Not serious Not serious Not serious 60 Moderate

  Duloxetine 
significantly 
improves 
ADHD 
symptoms 
in children 
and adoles-
cents

2 RCT​ Serious Serious Serious Not serious Not serious 30 Low

  Duloxetine 
significantly 
improves 
ADHD symp-
toms in adults

1 RCT​ Serious Serious Serious Not serious Not serious 30 Very low
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Table 4  (continued)

Certainty assessment Population 
size

Certainty

Outcome Number 
of 
studies

Study design Risk of bias Imprecision Inconsistency Indirectness Publication 
bias

  The side 
effects 
of dulox-
etine in ADHD 
patients were 
not serious 
and were toler-
able (no age 
range)

3 RCT​ Not serious Not serious Not serious Not serious Not serious 60 Low

  The side 
effects 
of duloxetine 
in children 
and adolescent 
ADHD patients 
were not seri-
ous and were 
tolerable

2 RCT​ Serious Serious Serious Not serious Not serious 30 Very low

  The side 
effects 
of duloxetine 
in adult ADHD 
patients were 
not serious 
and were toler-
able

1 RCT​ Serious Serious Serious Not serious Not serious 30 Very low

  Dulox-
etine improves 
hyperactivity/
impulsivity 
symptoms 
but not inat-
tentive symp-
toms

1 RCT​ Not serious Serious Serious Not serious Not serious 13 Very low

SNRIs

  SNRIs 
significantly 
improve ADHD 
symptoms (no 
age range)

13 RCT​ Not serious Not serious Not serious Not serious Not serious 306 High

  SNRIs 
significantly 
improve ADHD 
symptoms 
in children 
and adoles-
cents

7 RCT​ Not serious Not serious Not serious Not serious Not serious 175 High

  SNRIs 
significantly 
improve ADHD 
symptoms 
in adults

6 RCT​ Not serious Not serious Not serious Not serious Not serious 131 High

  The side 
effects of SNRIs 
in ADHD 
patients were 
not serious 
and were toler-
able (no age 
range)

13 RCT​ Not serious Not serious Not serious Not serious Not serious 306 Moderate
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reviewed the efficacy of antidepressants in managing 
ADHD. However, they only found that one medication, 
bupropion, is among the effective antidepressants for 
ADHD. Results for desipramine, paroxetine, and lithium 
were not sufficient for drawing a conclusion. It is worth 
mentioning that the efficacy of reboxetine, a selective 
norepinephrine reuptake inhibitor, was reported, con-
firming the participation of the noradrenergic system in 
ADHD. This conclusion is also aligned with the phar-
macology of atomoxetine, an FDA-approved medication 
for ADHD, which is a selective noradrenaline reuptake 
inhibitor. Interestingly, when that study reviewed the effi-
cacy of selective serotonin reuptake inhibitors (SSRIs), it 
suggested that the addition of a noradrenergic treatment 
combined with SSRIs can significantly enhance the effi-
cacy of SSRIs in ADHD. Our study’s results firmly con-
firm this suggestion.

In the case of other SNRIs, data are very limited. 
While desvenlafaxine was not noticed for ADHD, 
there were some restricted studies on milnacipran. 
The first study [55] was a case-report of a 24-year-old 
woman suffering from ADHD. Results showed that 
her inattention and hyperactivity were significantly 
improved by consuming milnacipran. The second 
study [56] showed that milnacipran can be an effective 
add-on therapy for patients suffering from ADHD and 
GAD who are taking methylphenidate. The last study 
[57] was conducted on patients with Adult Asperger’s 
disorder who had some symptoms of ADHD too. The 
mean ADHD scores (both inattention and hyperac-
tivity/impulsivity) significantly improved in all of the 

15 participants. However, it is important to note that 
these studies are limited in scope and more research is 
needed to fully understand the potential benefits and 
risks of using milnacipran for ADHD. It is also worth 
noting that there is currently no data on the use of lev-
omilnacipran for ADHD.

The dosage and administration routine of SNRIs that 
were reported to be effective in ADHD patients were as 
follows:

Venlafaxine in children:

•	 Starting from 0.5  mg/kg daily, gradually rising to 
1.4 mg/kg daily.

•	 50 mg/day for < 30 kg and 75 mg/day for > 30 kg.

Venlafaxine in children and adolescents:

•	 For < 40 kg: 50 mg daily, for > 40 kg: 75 mg daily.
•	 First two weeks: 37.5  mg daily, second two weeks: 

75 mg daily, third two weeks: 150 mg daily.
•	 Starting from 18.75  mg/day OD and gradually ris-

ing, reaching 56.25 mg/day OD.

Venlafaxine in adults:

•	 Week one and two: 75  mg OD, weeks three and 
four: 75 mg BD, weeks five and six: 75 mg TDS.

•	 Starting from 25–37.5  mg daily OD and gradually 
raising, reaching 225 mg daily.

•	 Starting from 37.5  mg BD and gradually raising, 
reaching 75 mg BD.

Table 4  (continued)

Certainty assessment Population 
size

Certainty

Outcome Number 
of 
studies

Study design Risk of bias Imprecision Inconsistency Indirectness Publication 
bias

  The side 
effects of SNRIs 
in children 
and adolescent 
ADHD patients 
were not seri-
ous and were 
tolerable

7 RCT​ Not serious Not serious Not serious Not serious Not serious 175 Moderate

  The side 
effects of SNRIs 
in adult ADHD 
patients were 
not serious 
and were toler-
able

6 RCT​ Not serious Not serious Not serious Not serious Not serious 131 Moderate

RCT​ randomized clinical trial
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Duloxetine in children:

•	 First week: 15  mg/day OD, the next weeks: 30  mg/
day OD

Duloxetine in adolescents:

•	 First week: 30 mg/day OD, from week 2: 60 mg/day

Duloxetine in adults:

•	 60 mg OD

Safety and tolerability profile of SNRIs in ADHD patients
Regarding safety and tolerability, eight out of ten stud-
ies included for venlafaxine reported that nausea and 
abdominal pain were of the major side effects of this 
drug in ADHD patients. This side effect is aligned with 
the general safety profile reported for venlafaxine [58]. 
Sedation takes place as the next frequently reported side 
effect (seven out of ten studies). Moreover, since ADHD 
patients experience hyperactivity and impulsivity, some 
side effects like behavioral activation, agitation, and 
worsening of hyperactivity, which were reported in five 
out of ten studies, are prone to notice. These side effects 
seem not to be reported as the common side effects for 
venlafaxine [58] but seem relatively frequent in ADHD 
patients. It is suggested for future research to study this 
particular side effect among ADHD patients. Finally, 
regarding the concerns for cardiovascular side effects of 
venlafaxine, three studies [36, 37, 43] made clear reports 
that no changes in blood pressure and heart rate were 
seen. This is while no other studies reported any car-
diovascular side effects. Overall, it can be claimed that 
venlafaxine is tolerable in ADHD patients since studies 
reported no serious side effects. Among the reported side 
effects, several studies reported that side effects disap-
peared after dose reduction or after a while.

In the case of duloxetine, xerostomia seemed to be the 
prominent side effect, while nausea, decreased appetite, 
and headache were also reported. All these side effects 
align with the general safety profile of duloxetine, and 
nothing new was reported. Similar to venlafaxine, stud-
ies reported that side effects were mild to moderate and 
disappeared after dose reduction or after a while.

ADHD pathophysiology and possible mechanism of action 
of SNRIs in treating ADHD
Medications used to treat ADHD show that there may 
be a dopamine and norepinephrine deficit in ADHD 
patients. However, the underlying dysregulation seems to 
be extensively complicated. Although the precise etiology 

of ADHD is unknown, a mix of genetic and environmen-
tal factors is thought to be responsible for affecting the 
development and functioning of the brain [59]. Research 
has shown differences in the structure and function of 
certain brain areas in individuals with ADHD compared 
to those without [60–62]. These differences may affect 
attention, impulse control, motivation, and other cogni-
tive processes. Knowing the disease’s pathophysiology 
helps reveal the mechanisms by which SNRIs may be 
effective.

This is widely accepted that there is a strong genetic 
component to ADHD [62, 63]. Studies have shown that 
individuals with ADHD are more likely to have family 
members with the disorder [63]. Several genes have been 
implicated in ADHD, including those involved in dopa-
mine regulation and synaptic function [63–66]. While 
molecular mechanisms underlying genetic contributions 
to ADHD are still being studied, dopamine and norepi-
nephrine dysregulation are believed to be the primary 
neurotransmitter abnormalities associated with ADHD 
[62]. These neurotransmitters play a crucial role in regu-
lating attention, motivation, and reward processing [67]. 
Research has shown that medications such as stimu-
lants and non-stimulants can effectively increase dopa-
mine and norepinephrine levels in the brain, improving 
symptoms of ADHD. It is worth mentioning that studies 
have shown that serotonin also plays an important role 
in regulating mood, behavior, and attention. Studies have 
found [68, 69] that individuals with ADHD may have 
lower serotonin levels in their brains, which can contrib-
ute to symptoms such as impulsivity, hyperactivity, and 
difficulty focusing. However, it is important to note that 
a serotonin deficiency does not solely cause ADHD and 
that other factors also play a role.

On the other hand, abnormalities in the prefrontal cor-
tex, caudate nuclei, and cerebellum [61, 62], which are 
involved in regulating attention and behavior, have been 
linked to ADHD. These abnormalities include reduced 
volume and activity in the prefrontal cortex, which is 
responsible for executive functioning, attention, impulse 
control, and decision-making, as well as decreased 
activity in the basal ganglia, which plays a role in motor 
control and reward processing [59, 60]. Dopamine and 
norepinephrine work together to maintain the net-
work activity between these areas by acting on multiple 
receptors.

Regarding the norepinephrine receptors, it is thought 
that the α2 receptors play a part in the pathophysiology 
of ADHD, which is completely consistent with the mech-
anism of action of the ADHD medication guanfacine, a 
direct postsynaptic α2A stimulant. It is worth noting 
that the prefrontal cortex has the highest concentration 
of α2A receptors [59]. There are other proofs suggesting 
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that the prefrontal cortex has a role in ADHD, like a 
study by [70], which reported people with ADHD have a 
substantially slower rate of prefrontal brain development. 
Moreover, impairment in inhibitory behavior, reward 
reversal, and working memory deficits are some symp-
toms of prefrontal cortex lesions, which present similarly 
to ADHD. Poor focus, being easily distracted, and impul-
siveness are further characteristics of both ADHD and 
lesions of the prefrontal cortex [71, 72]. Regarding other 
brain centers that are shown to be altered in ADHD, the 
cerebellum [73, 74], corpus striatum [75, 76], inferior 
parietal cortex [77, 78], and dorsal anterior cingulate cor-
tex can be mentioned [79, 80].

Reports show that dopaminergic brain deficiency has 
been linked to ADHD, particularly in the mesocortical, 
mesolimbic, and nigrostriatal pathways [81, 82]. Dys-
regulation in these pathways leads to impaired cogni-
tion. Cognitive deficiencies are linked to dysfunction in 
the mesocortical dopamine system, whereas hypoactivity 
in the mesolimbic dopaminergic pathway is thought to 
contribute to the motivational difficulties seen in ADHD 
patients. Another important component of the “reward” 
circuitry, which is compromised in ADHD, is the mes-
olimbic pathway. The substantia nigra and striatum are 
connected by the dopaminergic nigrostriatal pathway, 
which is recognized to be essential for dopamine signal-
ing involved in cognitive function and the regulation of 
voluntary movements [83, 84].

Now, this question may arise: How do stimulants help 
reducing hyperactivity? At first look, it seems that stimu-
lants should worsen hyperactivity, but the physiological 
pathways are more complicated. The answer lies in the 
molecular mechanisms involved in ADHD. In normal 
people, the dopamine 2/dopamine 3 (D2/D3) presyn-
aptic receptors, which produce inhibitory signals to 
inhibit dopamine release, get stimulated modestly dur-
ing the tonic pool of synapses. Guided attention, focus, 
and organizational skills are favored by a moderate 
stimulation of dopamine and norepinephrine postsyn-
aptic receptors. It is theorized that in ADHD, the tonic 
pool (for both dopamine and norepinephrine) decreases, 
allowing for a massive phasic release of neurotransmit-
ters and, as a result, disordered behavior that results in 
inattention, hyperactivity, and other problems. In simpler 
words, a neurotransmitter deficiency in the presynaptic 
terminal leads to a hyper-stimulation of the postsynaptic 
receptors. Stimulants increase the tonic pool by prevent-
ing neurotransmitter absorption into the presynaptic ter-
minal, which inhibits the massive phasic release brought 
on by the action potential [59].

Too much about genetic and physiological reasons, 
environmental reasons can also play a role in the pres-
ence of ADHD. Prenatal and perinatal risk factors, 

such as maternal smoking [85, 86] or alcohol consump-
tion during pregnancy [87, 88], have been linked to an 
increased risk of developing ADHD. It is important for 
individuals with ADHD to be aware of these potential risk 
factors and take steps to minimize their exposure. The 
impact of stress and trauma on ADHD symptoms should 
also be taken into consideration. Research has shown 
that individuals who have experienced trauma or chronic 
stress may have an increased risk of developing ADHD 
or experiencing more severe symptoms. Therefore, incor-
porating stress-reducing techniques such as mindful-
ness, exercise, and therapy can be beneficial in managing 
ADHD symptoms. Additionally, addressing environmen-
tal factors such as diet, sleep habits, and screen time can 
significantly impact symptom management.

To summarize, knowing the norepinephrine deficiency 
in stimulating inhibitory presynaptic α2 receptors, SNRIs 
positively affect these patients by inhibiting the reuptake 
of norepinephrine, which leads to moderate stimulation 
of the postsynaptic receptors and inhibits a larger-than-
normal phasic release. Moreover, adding the proven role 
of serotonin deficiency in ADHD patients to the inhibi-
tory effect of SNRIs on re-uptaking serotonin, these med-
ications also benefit ADHD patients by increasing the 
concentration of synaptic serotonin.

Finally, while medication can be an effective treat-
ment option for some individuals with ADHD, it is not 
always necessary or appropriate for every individual with 
ADHD. Alternative treatments such as CBT, mindful-
ness practices, and lifestyle changes can also effectively 
manage symptoms. The optimum course of treatment 
for each person with ADHD should be decided through 
discussion with a medical expert. Additionally, ongoing 
support from family members, friends, and mental health 
professionals can help individuals with ADHD navigate 
the challenges they may face throughout their lives. With 
proper treatment and support, individuals with ADHD 
can lead fulfilling lives and achieve their goals.

Strengths, limitations, and suggestions for future works
This study is the first meta-analysis ever to evaluate the 
efficacy of SNRIs in ADHD patients. The strength of this 
study is its comprehensiveness in reporting outcomes. 
Moreover, the safety and tolerability profile of SNRIs in 
ADHD patients was precisely reviewed as well. All the 
possible conclusions and outcomes were extracted and 
reported precisely (GRADE table), even if the certainties 
were very low. This clears the way for future researchers 
to show in which areas we need more studies to increase 
the reliability of outcomes in the treatment of ADHD 
symptoms. Another strength of this study is suggesting 
potential replacements for stimulants without a risk of 
abuse or serious side effects.
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The main limitations of this study are the short 
period of included trials and the small sample size, 
which should be rectified in later trials. It is difficult to 
determine these medications’ prolonged efficacy, safety, 
and possible long-term adverse effects. Moreover, stud-
ies of duloxetine were very limited in number. Another 
limitation was that the data were not sufficient for a 
meta-analysis of controlled trials and only the open 
trials were included in the meta-analysis. Future stud-
ies are needed to assess the comparative effectiveness 
of SNRIs with other medications for ADHD. Moreover, 
more trials are needed in the case of duloxetine.

Conclusion
Duloxetine and venlafaxine can be administered to 
manage symptoms of ADHD in children, adolescents, 
and adults while being well tolerated. It seems that 
duloxetine is more potent in reducing ADHD symp-
toms. It can also be concluded that venlafaxine is more 
effective in females.
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