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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.



Page 4 of 26Dezfouli et al. Middle East Current Psychiatry            (2024) 31:8 

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
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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
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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
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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

 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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K-SADS-PL  The Kiddie Schedule for Affective Disorders and Schizophrenia 

for School-Age Children-Present and Lifetime version
WURS  Wender Utah Rating Scale
ADHQ  Attention deficit hyperactivity questionnaire
PTSD  Post-traumatic stress disorder
OD  One daily
BD  Two times a day
TDS  Three times a day

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s43045- 024- 00400-1.

Additional file 1: Supplementary table 1. The syntax used for searching 
each database and the number of results on February 2023. Supplemen‑
tary table 2. The results of meta-regression analysis. Supplementary 
table 3. The results of the subgroup analysis.

Additional file 2.  

Acknowledgements
Not applicable. This research was approved by Alborz University of Medical 
Sciences (103–6176).

Authors’ contributions
RAD and SHK conducted the search and the screening stages. RAD and 
AH extracted data and designed tables. RAD drafted the paper. ED was the 
supervisor.

Funding
This research was approved by Alborz University of Medical Sciences 
(103–6176).

Availability of data and materials
All the used data are available within the article or its supplementary materials.

Declarations

Ethics approval and consent to participate
This research was approved by the ethics committee of Alborz University of 
Medical Sciences (103–6176). Consent to participate is not applicable.

Consent for publication
Not applicable,

Competing interests
The authors declare no competing interests.

Author details
1 Chronic Diseases Research Center, Endocrinology and Metabolism Popula-
tion Sciences Institute, Tehran University of Medical Sciences, Tehran, Iran. 
2 Non-Communicable Diseases Research Center, Alborz University of Medical 
Sciences, Karaj, Iran. 3 Faculty of Psychology and Educational Sciences, Islamic 
Azad University East Tehran Branch, Tehran, Iran. 

Received: 24 December 2023   Accepted: 15 January 2024

References
 1. Association AP (1994) Diagnostic and statistical manual of mental 

disorders, fourth edition(DSM-IV). Am Psych Ass 42:143–7. Available from: 
https:// cir. nii. ac. jp/ crid/ 15742 31874 12416 1664

 2. Gnanavel S, Sharma P, Kaushal P, Hussain S (2019) Attention deficit hyper-
activity disorder and comorbidity: A review of literature. World J Clin 
cases 7(17):2420–2426

 3. Song P, Zha M, Yang Q, Zhang Y, Li X, Rudan I (2021) The prevalence of 
adult attention-deficit hyperactivity disorder: A global systematic review 
and meta-analysis. J Glob Health 11:4009

 4. Kittel-Schneider S (2023) ADHD: The mammoth task of disentangling 
genetic, environmental, and developmental risk factors. Am J Psychiatry 
180(1):14–6. Available from: https:// doi. org/ 10. 1176/ appi. ajp. 20220 916

 5. Kim JH, Kim JY, Lee J, Jeong GH, Lee E, Lee S et al (2020) Environmental 
risk factors, protective factors, and peripheral biomarkers for ADHD: an 
umbrella review. Lancet Psychiatry 7(11):955–70. Available from: https:// 
www. scien cedir ect. com/ scien ce/ artic le/ pii/ S2215 03662 03031 26

 6. Robinson LR, Bitsko RH, O’Masta B, Holbrook JR, Ko J, Barry CM, et al 
(2022) A systematic review and meta-analysis of parental depres-
sion, antidepressant usage, antisocial personality disorder, and stress 
and anxiety as risk factors for attention-deficit/hyperactivity disorder 
(ADHD) in children. Prev Sci. Available from: https:// doi. org/ 10. 1007/ 
s11121- 022- 01383-3

 7. Sibley MH, Kuriyan AB, Evans SW, Waxmonsky JG, Smith BH (2014) Phar-
macological and psychosocial treatments for adolescents with ADHD: an 
updated systematic review of the literature. Clin Psychol Rev 34(3):218–
32. Available from: https:// www. scien cedir ect. com/ scien ce/ artic le/ pii/ 
S0272 73581 40004 88

 8. Sibley MH, Link K, Torres Antunez G, Greenwood L (2022) Engagement 
barriers to behavior therapy for adolescent ADHD. J Clin Child Adolesc 
Psychol 1–16. https:// doi. org/ 10. 1080/ 15374 416. 2022. 20255 97

 9. Qiu H, Liang X, Wang P, Zhang H, Shum DHK (2023) Efficacy of non-
pharmacological interventions on executive functions in children and 

https://doi.org/10.1186/s43045-024-00400-1
https://doi.org/10.1186/s43045-024-00400-1
https://cir.nii.ac.jp/crid/1574231874124161664
https://doi.org/10.1176/appi.ajp.20220916
https://www.sciencedirect.com/science/article/pii/S2215036620303126
https://www.sciencedirect.com/science/article/pii/S2215036620303126
https://doi.org/10.1007/s11121-022-01383-3
https://doi.org/10.1007/s11121-022-01383-3
https://www.sciencedirect.com/science/article/pii/S0272735814000488
https://www.sciencedirect.com/science/article/pii/S0272735814000488
https://doi.org/10.1080/15374416.2022.2025597


Page 25 of 26Dezfouli et al. Middle East Current Psychiatry            (2024) 31:8  

adolescents with ADHD: A systematic review and meta-analysis. Asian J 
Psychiatr 87:103692

 10. Mechler K, Banaschewski T, Hohmann S, Häge A (2022) Evidence-based 
pharmacological treatment options for ADHD in children and adoles-
cents. Pharmacol Ther 230:107940. Available from: https:// www. scien 
cedir ect. com/ scien ce/ artic le/ pii/ S0163 72582 10014 2X

 11. Núñez-Jaramillo L, Herrera-Solís A, Herrera-Morales WV (2021) ADHD: 
Reviewing the Causes and Evaluating Solutions. J Pers Med 11:166

 12. Caye A, Swanson JM, Coghill D, Rohde LA (2019) Treatment strategies 
for ADHD: an evidence-based guide to select optimal treatment. Mol 
Psychiatry 24(3):390–408. Available from: https:// doi. org/ 10. 1038/ 
s41380- 018- 0116-3

 13. Coghill D, Banaschewski T, Cortese S, Asherson P, Brandeis D, Buitelaar 
J, et al (2021) The management of ADHD in children and adolescents: 
bringing evidence to the clinic: perspective from the European ADHD 
Guidelines Group (EAGG). Eur Child Adolesc Psychiatry. Available from: 
https:// doi. org/ 10. 1007/ s00787- 021- 01871-x

 14. Otasowie J, Castells X, Ehimare UP, Smith CH (2014) Tricyclic antide-
pressants for attention deficit hyperactivity disorder (ADHD) in children 
and adolescents. Cochrane Database Syst Rev 9:CD006997. Available 
from: https:// doi. org/ 10. 1002/ 14651 858. CD006 997. pub2

 15. Biederman J, Spencer T (2000) Non-stimulant treatments for ADHD. Eur 
Child Adolesc Psychiatry 9(1):S51-9. Available from: https:// doi. org/ 10. 
1007/ s0078 70070 019

 16. Verbeeck W, Tuinier S, Bekkering GE (2009) Antidepressants in the treat-
ment of adult attention-deficit hyperactivity disorder: a systematic 
review. Adv Ther 26(2):170–84. Available from: https:// doi. org/ 10. 1007/ 
s12325- 009- 0008-7

 17. Weilburg JB (2004) An overview of SSRI and SNRI therapies for depres-
sion. Manag Care 13(6 Suppl Depression):25–33. Available from: http:// 
europ epmc. org/ abstr act/ MED/ 15293 768

 18. Stahl SM, Grady MM, Moret C, Briley M (2005) SNRIs: the pharmacology, 
clinical efficacy, and tolerability in comparison with other classes of 
antidepressants. CNS Spectr 10(9):732–47. Available from: https:// www. 
cambr idge. org/ core/ artic le/ snris- the- pharm acolo gy- clini cal- effic acy- 
and- toler abili ty- in- compa rison- with- other- class es- of- antid epres sants/ 
85CE6 083A8 FDE2F A95B5 F44D3 04D98 7F. 2014/11/07

 19. Li J, Lu C, Gao Z, Feng Y, Luo H, Lu T et al (2020) SNRIs achieve faster 
antidepressant effects than SSRIs by elevating the concentrations of 
dopamine in the forebrain. Neuropharmacology 177:108237. Available 
from: https:// www. scien cedir ect. com/ scien ce/ artic le/ pii/ S0028 39082 
03030 51

 20. Locher C, Koechlin H, Zion SR, Werner C, Pine DS, Kirsch I et al (2017) 
Efficacy and safety of selective serotonin reuptake inhibitors, sero-
tonin-norepinephrine reuptake inhibitors, and placebo for common 
psychiatric disorders among children and adolescents: a systematic 
review and meta-analysis. JAMA Psychiatry 74(10):1011–20. Available 
from: https:// doi. org/ 10. 1001/ jamap sychi atry. 2017. 2432

 21. Luque CA, Rey JA (1999) Sibutramine: a Serotonin-Norepinephrine 
reuptake-inhibitor for the treatment of obesity. Ann Pharmacother 
33(9):968–78. Available from: https:// doi. org/ 10. 1345/ aph. 18319

 22. Mariappan P, Alhasso A, Ballantyne Z, Grant A, N’Dow J (2007) Dulox-
etine, a Serotonin and Noradrenaline reuptake inhibitor (SNRI) for the 
treatment of stress urinary incontinence: a systematic review. Eur Urol 
51(1):67–74. Available from: https:// www. scien cedir ect. com/ scien ce/ 
artic le/ pii/ S0302 28380 60100 98

 23. Healy D (2018) Citizen petition: Sexual side effects of SSRIs and SNRIs. 
Int J Risk Saf Med 29(3–4):135–147

 24. Bahrick AS, Harris MM (2009) Sexual side effects of antidepressant 
medications: an informed consent accountability gap. J Contemp 
Psychother 39(2):135–43. Available from: https:// doi. org/ 10. 1007/ 
s10879- 008- 9094-0

 25. Sansone RA, Sansone LA (2014) Serotonin norepinephrine reup-
take inhibitors: a pharmacological comparison. Innov Clin Neurosci 
11(3–4):37–42

 26. Montgomery SA (2008) Tolerability of Serotonin Norepinephrine Reup-
take Inhibitor Antidepressants. CNS Spectr 13(S11):27–33. Available 
from: https:// www. cambr idge. org/ core/ artic le/ toler abili ty- of- serot 
onin- norep ineph rine- reupt ake- inhib itor- antid epres sants/ DAC4A 5C701 
4BEA8 58D15 ED987 4B330 5C. 2014/11/07

 27. Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred reporting items 
for systematic reviews and meta-analyses: The PRISMA statement. BMJ. 
339(7716):332–6. Available from: https:// doi. org/ 10. 1136/ bmj. b2535

 28. Beller EM, Glasziou PP, Altman DG, Hopewell S, Bastian H, Chalmers I et al 
(2013) PRISMA for abstracts: reporting systematic reviews in Journal and 
Conference Abstracts. PLoS Med 10(4):e1001419

 29. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P et al 
(2008) GRADE: an emerging consensus on rating quality of evidence and 
strength of recommendations. BMJ 336(7650):924–926. Available from: 
http:// www. bmj. com/ conte nt/ 336/ 7650/ 924. abstr act

 30. Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD et al 
(2011) The Cochrane Collaboration’s tool for assessing risk of bias in 
randomised trials. BMJ 343(7829):1–9

 31. Pleak R, Gormly L (1995) Venlafaxine for Adult ADHD. Am J Psychiatry 
152(7):1099–1100

 32. Tourjman SV, Bilodeau M (2009) Improvement with duloxetine in an adult 
adhd patient. J Atten Disord 13(1):95–96

 33. Bilodeau M, Simon T, Beauchamp MH, Lespérance P, Dubreucq S, Dorée 
JP et al (2014) Duloxetine in adults with ADHD: a randomized, placebo-
controlled pilot study. J Atten Disord 18(2):169–175. https:// doi. org/ 10. 
1177/ 10870 54712 443157

 34. Mahmoudi-Gharaei J, Dodangi N, Tehrani-Doost M, Faghihi T (2011) 
Duloxetine in the treatment of adolescents with attention deficit/
hyperactivity disorder: an open-label study. Hum Psychopharmacol 
26(2):155–160

 35. Dodangi N, Habibi N, Astaneh AN (2015) Preliminary investigation on 
duloxetine efficacy in the treatment of children with attention-deficit 
hyperactivity disorder. J Compr Pediatr 6(4):2–6

 36. Olvera RL, Pliszka SR, Luh J, Tatum R (1996) An open trial of venlafaxine in 
the treatment of attention-deficit/hyperactivity disorder in children and 
adolescents. J Child Adolesc Psychopharmacol 6(4):241–250

 37. Findling RL, Greenhill LL, McNamara NK, Demeter CA, Kotler LA, O’Riordan 
MA et al (2007) Venlafaxine in the treatment of children and adolescents 
with attention-deficit/hyperactivity disorder. J Child Adolesc Psychophar-
macol 17(4):433–445

 38. Hashemian P, Nazemian A (2015) Evaluation of bupropion and venlafax-
ine in children with ADHD. African J Psychiatry (South Africa) 18(2):2–4

 39. Zarinara A-R, Mohammadi M-R, Hazrati N, Tabrizi M, Rezazadeh S-A, 
Rezaie F et al (2010) Venlafaxine versus methylphenidate in pediatric 
outpatients with attention deficit hyperactivity disorder: a randomized, 
double-blind comparison trial. Hum Psychopharmacol 25(7–8):530–535

 40. Mukaddes NM, Abali O (2004) Venlafaxine in children and adolescents 
with attention deficit hyperactivity disorder. Psychiatry Clin Neurosci 
58(1):92–95

 41. Hornig-Rohan M, Amsterdam JD (2002) Venlafaxine versus stimulant 
therapy in patients with dual diagnosis ADD and depression. Prog Neuro-
Psychopharmacology Biol Psychiatry 26(3):585–589

 42. Findling RL, Schwartz MA, Flannery DJ, Manos MJ (1996) Venlafaxine in 
adults with attention-deficit/hyperactivity disorder: An open clinical trial. 
J Clin Psychiatry 57(5):184–189

 43. Amiri S, Farhang S, Ghoreishizadeh MA, Malek A, Mohammadzadeh S 
(2012) Double-blind controlled trial of venlafaxine for treatment of adults 
with attention deficit/hyperactivity disorder. Hum Psychopharmacol 
27(1):76–81

 44. Hedges D, Reimherr FW, Rogers A, Strong R, Wender PH (1995) An open 
trial of venlafaxine in adult patients with attention deficit hyperactivity 
disorder. Psychopharmacol Bull 31(4):779–783

 45. Adler LA, Resnick S, Kunz M, Devinsky O (1995) Open-label trial of ven-
lafaxine in adults with attention deficit disorder. Psychopharmacol Bull 
31(4):785–788

 46. Bell CC (1994) DSM-IV: Diagnostic and statistical manual of mental disor-
ders. JAMA 272(10):828–9. Available from: https:// doi. org/ 10. 1001/ jama. 
1994. 03520 10009 6046

 47. Conners CK, Sitarenios G, Parker JD, Epstein JN (1998) The revised Con-
ners’ Parent Rating Scale (CPRS-R): factor structure, reliability, and criterion 
validity. J Abnorm Child Psychol 26(4):257–268

 48. Zhang S, Faries DE, Vowles M, Michelson D (2005) ADHD Rating Scale IV: 
psychometric properties from a multinational study as a clinician-admin-
istered instrument. Int J Methods Psychiatr Res 14(4):186–201

 49. Smyth AC, Meier ST (2019) Evaluating the psychometric properties of the 
conners adult ADHD rating scales. J Atten Disord 23(10):1111–1118

https://www.sciencedirect.com/science/article/pii/S016372582100142X
https://www.sciencedirect.com/science/article/pii/S016372582100142X
https://doi.org/10.1038/s41380-018-0116-3
https://doi.org/10.1038/s41380-018-0116-3
https://doi.org/10.1007/s00787-021-01871-x
https://doi.org/10.1002/14651858.CD006997.pub2
https://doi.org/10.1007/s007870070019
https://doi.org/10.1007/s007870070019
https://doi.org/10.1007/s12325-009-0008-7
https://doi.org/10.1007/s12325-009-0008-7
http://europepmc.org/abstract/MED/15293768
http://europepmc.org/abstract/MED/15293768
https://www.cambridge.org/core/article/snris-the-pharmacology-clinical-efficacy-and-tolerability-in-comparison-with-other-classes-of-antidepressants/85CE6083A8FDE2FA95B5F44D304D987F
https://www.cambridge.org/core/article/snris-the-pharmacology-clinical-efficacy-and-tolerability-in-comparison-with-other-classes-of-antidepressants/85CE6083A8FDE2FA95B5F44D304D987F
https://www.cambridge.org/core/article/snris-the-pharmacology-clinical-efficacy-and-tolerability-in-comparison-with-other-classes-of-antidepressants/85CE6083A8FDE2FA95B5F44D304D987F
https://www.cambridge.org/core/article/snris-the-pharmacology-clinical-efficacy-and-tolerability-in-comparison-with-other-classes-of-antidepressants/85CE6083A8FDE2FA95B5F44D304D987F
https://www.sciencedirect.com/science/article/pii/S0028390820303051
https://www.sciencedirect.com/science/article/pii/S0028390820303051
https://doi.org/10.1001/jamapsychiatry.2017.2432
https://doi.org/10.1345/aph.18319
https://www.sciencedirect.com/science/article/pii/S0302283806010098
https://www.sciencedirect.com/science/article/pii/S0302283806010098
https://doi.org/10.1007/s10879-008-9094-0
https://doi.org/10.1007/s10879-008-9094-0
https://www.cambridge.org/core/article/tolerability-of-serotonin-norepinephrine-reuptake-inhibitor-antidepressants/DAC4A5C7014BEA858D15ED9874B3305C
https://www.cambridge.org/core/article/tolerability-of-serotonin-norepinephrine-reuptake-inhibitor-antidepressants/DAC4A5C7014BEA858D15ED9874B3305C
https://www.cambridge.org/core/article/tolerability-of-serotonin-norepinephrine-reuptake-inhibitor-antidepressants/DAC4A5C7014BEA858D15ED9874B3305C
https://doi.org/10.1136/bmj.b2535
http://www.bmj.com/content/336/7650/924.abstract
https://doi.org/10.1177/1087054712443157
https://doi.org/10.1177/1087054712443157
https://doi.org/10.1001/jama.1994.03520100096046
https://doi.org/10.1001/jama.1994.03520100096046


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

 50. Busner J, Targum SD (2007) The clinical global impressions scale: applying 
a research tool in clinical practice. Psychiatry (Edgmont) 4(7):28–37

 51. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P et al (1997) 
Schedule for affective disorders and schizophrenia for school-age 
children-present and lifetime version (K-SADS-PL): initial reliability and 
validity data. J Am Acad Child Adolesc Psychiatry 36(7):980–988

 52. Gift TE, Reimherr ML, Marchant BK, Steans TA, Reimherr FW (2021) Wender 
Utah rating scale: psychometrics, clinical utility and implications regard-
ing the elements of ADHD. J Psychiatr Res 135:181–188

 53. Biederman J, Faraone SV, Spencer T, Wilens T, Norman D, Lapey KA et al 
(1993) Patterns of psychiatric comorbidity, cognition, and psychosocial 
functioning in adults with attention deficit hyperactivity disorder. Am J 
Psychiatry 150(12):1792–1798

 54. Ghanizadeh A, Freeman RD, Berk M (2013) Efficacy and adverse effects of 
venlafaxine in children and adolescents with ADHD: a systematic review 
of non-controlled and controlled trials. Rev Recent Clin Trials 8(1):2–8

 55. Kako Y, Niwa Y, Toyomaki A, Yamanaka H, Kitagawa N, Denda K et al (2007) 
A case of adult attention-deficit/hyperactivity disorder alleviated by mil-
nacipran. Prog Neuro-Psychopharmacology Biol Psychiatry 31(3):772–5. 
Available from: https:// www. scien cedir ect. com/ scien ce/ artic le/ pii/ S0278 
58460 70000 24

 56. Naguy A, Elsori DH, AlAwadhi DS, Alamiri B (2019) Add-on Milnacipran 
boosts methylphenidate response in an adolescent with attention-defi-
cit/hyperactivity disorder with comorbid anxiety and enuresis. Am J Ther 
26(6):e730–e732. Available from: https:// journ als. lww. com/ ameri canth 
erape utics/ fullt ext/ 2019/ 12000/ add_ on_ milna cipran_ boosts_ methy 
lphen idate_ respo nse. 12. aspx

 57. Mashiko H, Ishikawa H, Itagaki S, Takanashi Y, Miyashita N, Okano T, et al 
(2014) Milnacipran for attention-deficit hyperactivity disorder symptoms 
in adult asperger’s disorder. Open J Psychiatry 2014:195–201.

 58. Singh D, Saadabadi A (2022) Venlafaxine . Treasure Island: StatPearls. Avail-
able from: https:// www. ncbi. nlm. nih. gov/ books/ NBK53 5363/

 59. Sharma A, Couture J (2014) A review of the pathophysiology, etiology, 
and treatment of attention-deficit hyperactivity disorder (ADHD). Ann 
Pharmacother 48(2):209–225

 60. Arnsten AFT (2009) Toward a new understanding of attention-deficit 
hyperactivity disorder pathophysiology. CNS Drugs 23(Supplement 
1):33–41

 61. Halperin JM, Schulz KP (2006) Revisiting the role of the prefrontal cortex 
in the pathophysiology of attention-deficit/hyperactivity disorder. Psy-
chol Bull 132(4):560–581

 62. Mehta TR, Monegro A, Nene Y, Fayyaz M, Bollu PC (2019) Neurobiology of 
ADHD: a review. Curr Dev Disord Reports 6(4):235–240

 63. Sharp SI, McQuillin A, Gurling HMD (2009) Genetics of attention-deficit 
hyperactivity disorder (ADHD). Neuropharmacology. 57(7–8):590–600. 
Available from: https:// doi. org/ 10. 1016/j. neuro pharm. 2009. 08. 011

 64. Gizer IR, Ficks C, Waldman ID (2009) Candidate gene studies of ADHD: a 
meta-analytic review. Hum Genet 126(1):51–90

 65. Faraone SV, Mick E (2010) Molecular genetics of attention deficit hyper-
activity disorder. Psychiatr Clin North Am 33(1):159–80. Available from: 
https:// doi. org/ 10. 1016/j. psc. 2009. 12. 004

 66. Coghill D, Banaschewski T (2009) The genetics of attention-deficit/ hyper-
activity disorder. Expert Rev Neurother 9(10):1547–1565

 67. Abdi Dezfouli R, Ghanbari Merdasi P, Rashvand M, Mousavi Z, Haghparast 
A (2022) The modulatory role of dopamine receptors within the hip-
pocampal cornu ammonis area 1 in stress-induced analgesia in an animal 
model of persistent inflammatory pain. Behav Pharmacol 33(7):492–504. 
https:// doi. org/ 10. 1097/ FBP. 00000 00000 000697

 68. Oades RD (2007) Role of the serotonin system in ADHD: treatment impli-
cations. Expert Rev Neurother 7(10):1357–74. Available from: https:// doi. 
org/ 10. 1586/ 14737 175.7. 10. 1357

 69. Banerjee E, Nandagopal K (2015) Does serotonin deficit mediate suscep-
tibility to ADHD? Neurochem Int 82:52–68. Available from: https:// www. 
scien cedir ect. com/ scien ce/ artic le/ pii/ S0197 01861 50002 12

 70. Shaw P, Eckstrand K, Sharp W, Blumenthal J, Lerch JP, Greenstein D et al 
(2007) Attention-deficit/hyperactivity disorder is characterized by a delay 
in cortical maturation. Proc Natl Acad Sci U S A 104(49):19649–19654

 71. Itami S, Uno H (2002) Orbitofrontal cortex dysfunction in attention-deficit 
hyperactivity disorder revealed by reversal and extinction tasks. Neu-
roreport. 13(18):2453–7. Available from: https:// journ als. lww. com/ neuro 
report/ Fullt ext/ 2002/ 12200/ Orbit ofron tal_ cortex_ dysfu nction_ in. 16. aspx

 72. McLean A, Dowson J, Toone B, Young S, Bazanis E, Robbins TW et al (2004) 
Characteristic neurocognitive profile associated with adult attention-
deficit/hyperactivity disorder. Psychol Med 34(4):681–692

 73. Berquin PC, Giedd JN, Jacobsen LK, Hamburger SD, Krain AL, Rapoport 
JL et al (1998) Cerebellum in attention-deficit hyperactivity disorder: a 
morphometric MRI study. Neurology 50(4):1087–1093

 74. Mostofsky SH, Reiss AL, Lockhart P, Denckla MB (1998) Evaluation of 
cerebellar size in attention-deficit hyperactivity disorder. J Child Neurol 
13(9):434–439

 75. Dougherty DD, Bonab AA, Spencer TJ, Rauch SL, Madras BK, Fischman AJ 
(1999) Dopamine transporter density in patients with attention deficit 
hyperactivity disorder. Lancet 354(9196):2132–2133

 76. Castellanos FX, Giedd JN, Berquin PC, Walter JM, Sharp W, Tran T et al 
(2001) Quantitative brain magnetic resonance imaging in girls with atten-
tion-deficit/hyperactivity disorder. Arch Gen Psychiatry 58(3):289–95. 
Available from: https:// doi. org/ 10. 1001/ archp syc. 58.3. 289

 77. Sowell ER, Thompson PM, Welcome SE, Henkenius AL, Toga AW, Peterson 
BS (2003) Cortical abnormalities in children and adolescents with 
attention-deficit hyperactivity disorder. Lancet 362(9397):1699–1707

 78. Makris N, Biederman J, Valera EM, Bush G, Kaiser J, Kennedy DN et al 
(2007) Cortical thinning of the attention and executive function networks 
in adults with attention-deficit/hyperactivity disorder. Cereb Cortex 
17(6):1364–1375

 79. Tamm L, Menon V, Ringel J, Reiss AL (2004) Event-related fMRI evidence 
of frontotemporal involvement in aberrant response inhibition and task 
switching in attention-deficit/hyperactivity disorder. J Am Acad Child 
Adolesc Psychiatry 43(11):1430–40. Available from: https:// doi. org/ 10. 
1097/ 01. chi. 00001 40452. 51205. 8d

 80. Goldman-Rakic PS (1988) Topography of cognition: parallel distributed 
networks in primate association cortex. Annu Rev Neurosci 11:137–156

 81. Sonuga-Barke EJS (2005) Causal models of attention-deficit/hyperactiv-
ity disorder: from common simple deficits to multiple developmental 
pathways. Biol Psychiatry 57(11):1231–1238

 82. Del Campo N, Chamberlain SR, Sahakian BJ, Robbins TW (2011) The roles 
of dopamine and noradrenaline in the pathophysiology and treatment 
of attention-deficit/hyperactivity disorder. Biol Psychiatry 69(12):e145-57. 
Available from: https:// doi. org/ 10. 1016/j. biops ych. 2011. 02. 036

 83. Cho HS, Baek DJ, Baek SS (2014) Effect of exercise on hyperactivity, 
impulsivity and dopamine D2 receptor expression in the substantia nigra 
and striatum of spontaneous hypertensive rats. J Exerc Nutr Biochem 
18(4):379–384

 84. Aguiar A, Eubig PA, Schantz SL (2010) Attention deficit/hyperactivity dis-
order: a focused overview for children’s environmental health researchers. 
Environ Health Perspect 118(12):1646–1653

 85. Kotimaa AJ, Moilanen I, Taanila A, Ebeling H, Smalley SL, McGough JJ et al 
(2003) Maternal smoking and hyperactivity in 8-year-old children. J Am 
Acad Child Adolesc Psychiatry 42(7):826–33. Available from: https:// doi. 
org/ 10. 1097/ 01. CHI. 00000 46866. 56865. A2

 86. Milberger S, Biederman J, Faraone SV, Chen L, Jones J (1996) Is maternal 
smoking during pregnancy a risk factor for attention deficit hyperactivity 
disorder in children? Am J Psychiatry 153(9):1138–1142

 87. Coffin JM, Baroody S, Schneider K, O’Neill J (2005) Impaired cerebellar 
learning in children with prenatal alcohol exposure: a comparative study 
of eyeblink conditioning in children with ADHD and dyslexia. Cortex 
41(3):389–398

 88. D’Onofrio BM, Van Hulle CA, Waldman ID, Rodgers JL, Rathouz PJ, Lahey 
BB (2007) Causal inferences regarding prenatal alcohol exposure and 
childhood externalizing problems. Arch Gen Psychiatry 64(11):1296–1304

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.sciencedirect.com/science/article/pii/S0278584607000024
https://www.sciencedirect.com/science/article/pii/S0278584607000024
https://journals.lww.com/americantherapeutics/fulltext/2019/12000/add_on_milnacipran_boosts_methylphenidate_response.12.aspx
https://journals.lww.com/americantherapeutics/fulltext/2019/12000/add_on_milnacipran_boosts_methylphenidate_response.12.aspx
https://journals.lww.com/americantherapeutics/fulltext/2019/12000/add_on_milnacipran_boosts_methylphenidate_response.12.aspx
https://www.ncbi.nlm.nih.gov/books/NBK535363/
https://doi.org/10.1016/j.neuropharm.2009.08.011
https://doi.org/10.1016/j.psc.2009.12.004
https://doi.org/10.1097/FBP.0000000000000697
https://doi.org/10.1586/14737175.7.10.1357
https://doi.org/10.1586/14737175.7.10.1357
https://www.sciencedirect.com/science/article/pii/S0197018615000212
https://www.sciencedirect.com/science/article/pii/S0197018615000212
https://journals.lww.com/neuroreport/Fulltext/2002/12200/Orbitofrontal_cortex_dysfunction_in.16.aspx
https://journals.lww.com/neuroreport/Fulltext/2002/12200/Orbitofrontal_cortex_dysfunction_in.16.aspx
https://doi.org/10.1001/archpsyc.58.3.289
https://doi.org/10.1097/01.chi.0000140452.51205.8d
https://doi.org/10.1097/01.chi.0000140452.51205.8d
https://doi.org/10.1016/j.biopsych.2011.02.036
https://doi.org/10.1097/01.CHI.0000046866.56865.A2
https://doi.org/10.1097/01.CHI.0000046866.56865.A2

	Efficacy, safety, and tolerability of serotonin-norepinephrine reuptake inhibitors in controlling ADHD symptoms: a systematic review and meta-analysis
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Search strategy
	Eligibility criteria and study selection
	Data extraction
	Meta-analysis
	Risk of bias assessment

	Results
	Study selection
	Basic characteristics of the selected studies
	Venlafaxine
	Duloxetine

	Qualitative analysis
	Venlafaxine
	Duloxetine

	Quantitative synthesis
	Meta-analysis of the efficacy of SNRIs in ADHD
	Meta-analysis of the efficacy of venlafaxine in ADHD
	Meta-analysis of the efficacy of duloxetine in ADHD

	Outcomes certainty
	Risk of bias assessment

	Discussion
	Efficacy of SNRIs in ADHD
	Safety and tolerability profile of SNRIs in ADHD patients
	ADHD pathophysiology and possible mechanism of action of SNRIs in treating ADHD
	Strengths, limitations, and suggestions for future works

	Conclusion
	Acknowledgements
	References


