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Abstract  

 
Many patients are taking psychiatric drugs for years 
despite little knowledge about their long-term harms. 
Here, we summarise the findings of whether 
psychiatric drug exposure causes long-term harms in 
mammals after a drug-free period. 

We searched PubMed, Biosis and Embase for 
controlled animal studies (no behavioural priming; 
behavioural assessments performed after a 90 day 
drug-free period).  

Data was extracted by two assessors for animal 
characteristics, study design, funding and behavioural 
outcomes: sleep, addiction, pain, anxiety, depression, 
locomotion, cognition and social (sexual) behaviour. 
Meta-analysis was performed when two or more 
studies were eligible.  

We included 33 studies in mice, rats, hamsters, 
cats and monkeys. The quality of the studies was poor 
or poorly reported and heterogeneity was high. 
Antidepressants caused impaired sexual behaviour; 
benzodiazepines, antidepressants and methyl-
phenidate caused statistically significant but variable 
effects on anxiety. Cognition was unaffected by 
haloperidol, olanzapine decreased learning in one test 
and diazepam impaired cognition on all cognitive 
outcomes. Antipsychotics increased vacuous chewing 
movements. 

Animal research on long-term outcomes is sparse 

and dominated by poor methodology. Still, impaired 
sexual behaviour, cognition and locomotion were seen. 
Action should be taken to improve reporting and 
reduce bias. We suggest that psychiatric drug research 
follow the animals after end of the intervention to 
assess long-term harms. 

 
 

Introduction 

 
The prevalence of persons diagnosed with a psychiatric 
disorder is increasing [1], and drugs for anxiety, 
depression, bipolar disorder and attention deficit 
hyperactivity disorder (ADHD) are widely prescribed 
[2-3]. Sales in Denmark of selective serotonin 
reuptake inhibitors (SSRIs) are so high that every 
seventh citizen could be treated for their entire life, 
although we know little about their long-term effects 
[4-5].  

The Cochrane Collaboration publishes systematic 
reviews of human studies but has also called for 
systematic reviews of preclinical studies to improve 

our knowledge about drugs [6]. It should be noted, 
however, that methodological limitations in animal 
studies are common and may lead to bias and wrong 

conclusions [7-11]. A meta-analysis of animal studies 
reported that non-blinded assessments exaggerated 
the odds ratio (OR) by 59% on average compared to 
blinded assessments [12].  

Animal studies on antipsychotics have reported 
that these drugs may lose their effect due to 
homoeostatic compensatory mechanisms [1,13], which 
supposedly cause the cognitive decline during long-
term use of the drugs [14-16].  

Exposure to SSRIs during foetal development 
may lead to lower birth weight, disturbed sleep, 
anhedonia and, later in life, altered sexual activity 
[17].  

As most human studies of psychiatric drugs are 
short-term, it could be worthwhile to summarise the 
long-term outcomes in animal studies [18-19]. 
Thousands of preclinical studies have been performed 
to assess behavioural effects of psychiatric drug 

exposure, but most have used primed animals or have 
assessed only short-term outcomes. Administration of 
psychiatric drugs to young rats has shown that altered 
levels of receptors persist into adulthood, long after 
termination of treatment [20-22]. It is therefore 
possible that exposure to psychiatric drugs could lead 
to persisting behavioural changes.  

To our knowledge, preclinical studies have not 
been analysed systematically for persistent 
behavioural changes from previous exposure to 
psychiatric drugs.  
 
Aim 
 
Assessment of whether changes in observed behaviour 
after exposure to psychiatric drugs persist in mammals 
after at least a 90-day drug-free period.  
 

Results 
 
We identified 7,347 unique records. We excluded 
6,231 records based on the title or abstract, if the 
studies did not contain psychiatric drugs, a follow-up 
period without drug, animals, or behavioural 
outcomes. Records were also excluded, if the animals 
were primed by either drug, surgery or genetic 
modification for certain behaviours. Full-text screening 
of the remaining 1,116 articles led to exclusion of 
1,083 as there was no control group, no behavioural 
outcomes, too short follow-up or primed animals were 
used. Thus, we included 33 studies. 
 
Study characteristics 

 
See table 1. All 33 studies were placebo-controlled, 
but not necessarily randomised, using the same 
settings and procedures for intervention and control 
groups, and they were published between 1981 and 
2014. Twenty-seven studies were in Wistar, Long-
Evans or Sprague-Dawley rats [29-56]; two studies 
were in monkeys [57-58]; one each in hamsters [59], 
cats [60] and Balb/C or Swiss Webster mice [61]. 
Median number of animals per study was 12 for the 
intervention (range 5-32) and 10 for the control 
(range 6-76). In nine studies, the intervention was 
prenatal [29,31,39,50-51,53-54,56,60]. 

Antidepressants were used in 16 studies, 
antipsychotics in nine, benzodiazepines in six and 
ADHD drugs in two. 

mailto:pd@cochrane.dk
http://nordic.cochrane.org/sites/nordic.cochrane.org/files/public/uploads/danborg_2017_long-term_harms_animal_study.pdf
http://nordic.cochrane.org/sites/nordic.cochrane.org/files/public/uploads/danborg_2017_long-term_harms_animal_study.pdf
http://nordic.cochrane.org/sites/nordic.cochrane.org/files/public/uploads/danborg_2017_long-term_harms_animal_study.pdf
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Table 1. summary of the 33 included studies. 
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Andreassen & Jørgensen, 1994 
(52) 

Rat Sprague-Dawley Female 84 140 2-3 8:00-20:00 10 10 haloperidol APS IP 
Vacuous chewing 
movement 

Andreassen et al, 2001 (30) Rat Sprague-Dawley Female 112* 196     10 5 haloperidol APS IM 
Vacuous chewing 
movement 

Bourke et al, 2013 (54) Rat Sprague-Dawley Male 28* 90 1 7:00-19:00 6 6 escitalopram SSRI  

Social behavior 
Open field 
Acoustic startle reflex 
Elevated plus-maze 
Sucrose consumption 
Marble burying 

Cannizzaro et al, 2001 (50) Rat Wistar Both 7* 90 3 8:00-20:00 32 32 diazepam BZD SC 
Acoustic startle reflex 
Open field 

Cannizzaro et al, 2002 (51) Rat Wistar Male 7* 90 3 8:00-20:00 72 12 
alprazolam            
diazepam               
zolpidem 

BZD SC 
Vogel test 
Auditory startle reflex 
Forced swimming test 

Cannizzaro et al, 2005 (31) Rat Wistar Male 7 240 3 8:00-20:00 6 6 diazepam BZD SC Acoustic startle reflex 

Dallemagne & Weiss, 1982 (61) Mouse 
BALB/c 
SwissWebster 

Both 18 159     12 6 haloperidol APS SC 
Open field 
Reinforcement test 

Egan et al, 1995 (32) Rat Sprague-Dawley Male 252 196 2 7:00-19:00 40 13 haloperidol APS IM 
Vacuous chewing 
movement 

Egan et al, 1996 (33) Rat Sprague-Dawley Male 210 168 2-3 7:00-19:00 60 15 haloperidol APS IM 
Vacuous chewing 
movement 

Frank & Heller, 1997 (34) Rat Long-Evans Male 14 110     24 8 
clomipramine   
desipramine        
zimelidine 

TCA    
TCA    
SSRI 

IP Total sleep 

Gill et al, 2012 (57) Monkey Rhesus Male 365 150 1   8 8 methylphenidate ADHD PO Cocaine intake 

Gray et al, 2007 (35) Rat Sprague-Dawley Male 29 95 2 11:00-23:00 9 9 methylphenidate ADHD IP 
Open field 

Elevated plus-maze 

Gunne & Haggstrom, 1983 (40) Rat Sprague-Dawley Female 210 210 1 12h cycle 17 7 haloperidol APS IP 
Vacuous chewing 
movement 

Gunne et al, 1986 (41) Rat Sprague-Dawley Both 300 150    48 16 

clozapine  
sulpiride          
thiroridazine 
chlorpromazine 
fluphenazine      
haloperidol 

APS PO 
Vacuous chewing 
movement 

Hansen et al, 1997 (36) Rat Wistar Male 14 98 3-4 6:00-18:00  27 23 
LU 10-134-C 
(escitalopram) 

SSRI IP 
Open field 
Social behavior 
Forced swimming test 

Hartley et al, 1990 (45) Rat 
Sprague-Dawley    
Wistar 

Male 14 219 1 13:30-01:30 25 24 clomipramine TCA SC 
Spontaneous locomotion 
Open field 
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* = prenatal intervention. APS – antipsychotics, BZD – benzodiazepines, ADHD – drugs targeting ADHD symptoms, TCA – tricyclic antidepressants, SSRI – selective serotonin reuptake 
inhibitors, IM - intramuscular, IP - intraperitoneal, PO – per oral, SC - subcutaneous. Grey box means that no data were available. 
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Hilakivi & Hilakivi, 1987 (37) Rat Wistar Male 12 135 6 6:00-18:00 15 7 
desipramine        
zimelidine 

TCA    
SSRI 

IP Forced swimming test 

Hilakivi et al, 1988 (42) Rat Wistar Male 12 102 6 6:00-18:00 12 6 
desipramine       
zimelidine 

TCA   
SSRI 

IP Auditory stimulation 

Klemfuss & Gillin, 1998 (59) Hamster Syrian Male 14 91 1 
14h cycle, age 
15 weeks 
lights on 24h  

9 9 
imipramine     
clomipramine 

TCA SC Running wheel 

Livezey et al, 1986 (53) Rat Sprague-Dawley Male 6* 180 1 12h cycle 10 10 diazepam BZD SC 
Tail flick test 
Radial arm maze 

Livezey et al, 1986 (60) Cat  NA 34* 365 1 12h cycle 8 29 diazepam BZD  Conditioning 

Marczynski et al, 1988 (29) Rat Sprague-Dawley Male 21* 106 1 12h cycle 9 9 diazepam BZD PO Radial arm maze 

Milstein et al, 2013 (38) Rat Long-Evans Male 22 161 2-3 12h cycle 11 9 olanzapine BZD PO 
Fear conditioning 
Elevated plus-maze 

Mirmiran et al, 1981 (43) Rat Wistar Male 14 309  13:30-1:30     10 9 chlorimipramine TCA IP 
Total sleep 
Mouse killing 
Left-right alternation 

Neill et al, 1990 (48) Rat Long-Evans Male 14 189  13:30-1:30 12 12 clomipramine TCA SC Sexual behaviour 

Olivier et al, 2011 (56) Rat Wistar Male 11 * 102 2 07:00-19:00 17 21 fluoxetine SSRI PO 

Novelty-suppressed 
feeding 
Sexual behavior 
Elevated plus-maze 

Rodriguez-Porcel et al, 2011 (55) Rat Long-Evans Both 14 132 2-3    
citalopram 
fluoxetine 

SSRI SC Sexual behaviour 

Shrestha et al, 2014 (58) Monkey Rhesus Male 365 180 1   12 12 fluoxetine SSRI PO Social behaviour 

Smol'nikova et al, 1985 (39) Rat  Both 20* 90    76 32 
lithium oxybutyrate 
lithium carbonate 

APS IP Forced swimming test 

Velazquez-Moctezuma et al, 
1992 (46) 

Rat Wistar Male 14 159  10:00-22:00 14 11 clomipramine TCA SC Forced swimming test 

Vogel & Hagler, 1996 (47) Rat Sprague-Dawley Male 14 159    34 27 iprindole TCA SC 
Total sleep 
Open field 
Sexual behaviour 

Vogel et al, 1990 (44) Rat Wistar Male 14 309    8 5 clomipramine TCA SC Total sleep 

Vogel et al, 1996 (49) Rat Long-Evans Male 14 129 1 13:30-1:30 53 27 chlorimipramine TCA IP Sexual behaviour 

Table 1 continued..  
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For 27 studies, more than one drug was 

compared to the same control group (where control 
groups were then split accordingly), this was not the 
case for the remaining six studies. 

Fifteen studies described that the animals were 
subjected to more than one test during the follow-up, 
whereas 15 did not and it was unclear for three 
studies. 

The median intervention period was 14 days 
(range 6-365). The median follow-up period after end 
of intervention was 150 days (range 90-365). 

 
Risk of Bias 
 
The quality of the studies was generally poor or at 
least poorly reported. Although it is important not only 
to randomise to drug and placebo but also to 
randomise the housing and the timing of the 
assessments, none of the studies were described as 
randomised in all three aspects. Six were described as 
randomised to the drug or placebo (but in one study, 
animals were subsequently selected based on their 
response to treatment for long-term follow-up) [30], 
three in relation to housing, and six in relation to 
timing.  

No studies provided information about blinding of 
caregivers, whereas the outcome assessors were 
described as blinded in 16 of the 33 studies. Eleven 
studies reported on dropouts and in seven of these, 
there were fewer than 20% missing animals in the 
analyses. Six studies mentioned adverse effects.  
Twenty-one studies reported all outcomes stated in 
the articles' methods sections, whereas 12 studies did 
not. In total, data was available for 142 of 192 
outcomes (74%). Twenty-nine of the 50 outcomes 
with no data were described as nonsignificant, 
whereas the remainder was not mentioned.  

Of the 23 studies that provided information on 
sponsorship, only one was industry-funded [36]; it 
found no significant differences for its antidepressant 
drug. Three studies declared no conflicts of interest 
[56-58], one declared conflicting interests [54], while 
the remaining 29 studies had no information on this.  
 
Binary data 
 

Binary data was only reported for one study [55]. The 
results showed significantly decreased intromission 
behaviour for rats treated with citalopram, RR 0.36 
(95% confidence interval 0.13 to 0.98) and 
significantly decreased ejaculation behaviour for both 
citalopram, RR 0.18 (0.04 to 0.73) and fluoxetine, RR 
0.27 (0.08 to 0.96). Mounting behaviour was 
decreased for citalopram and fluoxetine, but results 
were only statistically significant for fluoxetine 
(p=.0.0319). 
 
Continuous data 
 
A description of the tests is shown in Supporting 
Information S1, and which of our eight outcomes that 
refers to which tests is shown in S2.  

For aggression, there were no studies. For sleep, 
there were no significant differences with 
antidepressants (Fig 1, three trials), neither for studies 
included in the meta-analysis nor the study only 
stating results to be insignificant [44].  

For addiction, methylphenidate showed no 
difference in cocaine consumption and escitalopram 
showed no difference in sucrose consumption (Fig 2, 
one trial each).  

Social interaction covered also sexual behaviour 
(Fig 3). A total of 161 animals had received 
antidepressants or placebo. There were 11 outcomes, 

six of which addressed sexual behaviour. Sexual 

behaviour was impaired for all six outcomes and 
significantly so for number of mounts and mount 
latency. 

Two of the social behavioural outcomes 
(dominance and submissive displays) were assessed in 
24 monkeys, whereas the remainder were assessed in 
rats. Fluoxetine caused submissive behaviour, 
standardised mean difference (SMD) 1.09 (0.22 to 
1.96) and tended also to cause dominant behaviour (p 
= 0.16). None of the differences in rats were 
statistically significant. 

The outcomes for depression showed diverse 
results. The subgroup analysis of only antidepressants 
led to immobility in the forced swimming test (Fig 4), 
SMD 1.07 (0.58 to 1.55; 3 studies). 

Tests for cognition (Fig 5) were not affected by 
haloperidol, whereas olanzapine decreased learning in 
one of three tests, SMD 2.44 (1.22 to 3.66). Diazepam 
impaired these functions significantly in eight of nine 
outcomes studied.  

Benzodiazepines and similar drugs, and 
antidepressants and methylphenidate caused several 
significant effects on anxiety behaviour outcomes, 
sometimes increasing anxiety and sometimes 
decreasing it (Fig 6). This was also seen in those of the 
studies, where the drug was given prenatally. 

For the outcome locomotion, the subgroup 
analysis of antipsychotics increased vacuous chewing 
movements (Fig 7), SMD 1.09 (0.31 to 1.87; six 
studies) and diazepam decreased total distance 
travelled, SMD 1.30 (0.44 to 2.17).  
 
Serial data 
 
Ten studies assessed outcomes more than once during 
the follow-up period and we noted whether early 
changes persisted. Six of the ten studies showed 
significant differences at the first follow-up. Four 
showed abnormal chewing movements on haloperidol, 
which remained significant in three of the studies. One 
study showed persistent, disturbed sexual behaviour 
on clomipramine, and one showed persistent impaired 
locomotion on desipramine, but not on zimelidine. The 
extracted outcomes are shown in Table 2. 
 

Meta-regression analyses 
 
We could not perform such analyses, as the outcomes 
from the individual studies were not comparable. 
 
Other analyses 
 
Animal settings are thought to be more homogenous 
than human trials, but the level of heterogeneity in our 
results was high: The overall I2 values exceeded 50% 
for the dimensions depression, cognition and anxiety. 
The I2 values were above 50% for three of six sexual 
behaviours, two of nine locomotive behaviours, all 
outcomes on depression and four of 25 outcomes on 
anxiety. There were many differences between studies 
in choice of animals and strains, housing conditions, 
route of administration, drug category and highly 
varying test conditions, even when measuring the 
same type of behaviour. 

Sensitivity analyses (blinded observers, 
treatment length and drug category) and subgroup 
analyses (rats only, prenatal/postnatal intervention 
and non-skewed outcomes only) did not alter our 
findings or explained the heterogeneity.  
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Table 2: overview of studies with serial data. 
 

Author, year (reference) Species 

 

Gender 
Drug 
category Drug Primary outcome (test) 

 

Outcome category 

 

Follow-up days, first and last 

           PND28 PND140 

Andreassen & Jørgensen, 1994 (52) Rat Female APS HAL Vacuous chewing movements Locomotion P<0.05 NS 

             PND28 PND196 

Andreassen et al, 2001 (30) Rat Female APS HAL Vacuous chewing movements Locomotion P<0.05 P<0.05 

             PND30 PND180 

Dallemagne & Weiss, 1982 (61) Mouse Female APS HAL Squares entered (Open field) Locomotion NS NS 

   Male     NS NS 

             PND21 PND189 

Egan et al, 1995 (32) Rat Male APS HAL Vacuous chewing movements Locomotion P<0.05 P<0.05 

             PND21 PND189 

Egan et al, 1996 (33) Rat Male APS HAL Vacuous chewing movements Locomotion P<0.05 P<0.05 

             PND60 PND240 

Hartley et al, 1990 (45) Rat Male TCA CLO Total sectors entered (Open field) Locomotion NS NS 

      Total activity (spontaneous)  NS NS 

             PND57 PND153 

Hilakivi & Hilakivi, 1987 (37) Rat Male TCA DES Immobility time (Forced swimming) Depression P<0.05 P<0.05 

    SSRI ZIM   P<0.05 NS 

             PND22-35 PND106-119 

Klemfuss & Gillin, 1998 (59) Hamster Male TCA IMI Amplitude (Running wheel) Locomotion NS NS 

     CLO   NS NS 

       >90 days 2 months later 

Mirmiran et al, 1981 (43) Rat Male TCA CHLO Mouse killing Social behaviour NS NS 

     Left-right alternation Cognition NS NS 

             PND90 PND210 

Neill et al, 1990 (48) Rat Male TCA CLO Mounts Social behaviour (sexual) P<0.05 P<0.05 

      Intromissions  P<0.05 P<0.05 

      Ejaculations  P<0.05 NS 

      Mount latency  P<0.05 P<0.05 
      Post-ejac pause  NS P<0.05 

 

Serial data for outcomes that were assessed more than once during the follow-up period after last drug dose and the last assessment was performed at 90 days or later. APS – antipsychotics, 
TCA – tricyclic antidepressants, SSRI – selective serotonin reuptake inhibitors,  HAL – haloperidol, CLO – clomipramine, DES – desipramine, ZIM – zimelidine, IMI – imipramine, CHLO – 
chlorimipramine, PND – postnatal day, NS – not significant. 
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Discussion 
 
We investigated whether studies in mammals with a 
follow-up of at least 90 days after end of intervention 
would show persisting harms after exposure to 
psychiatric drugs. To our knowledge, our systematic 
review is the first to assess persisting harms in 
animals.  
 
Strengths and limitations 
 
All our studies were placebo-controlled. We therefore 
find it likely that the assessors of outcomes were also 
blinded, although there was little specific information 
on this in the reports. There was no information on the 
blinding of the caregivers. If the outcome assessor and 
the caregiver was the same person, then the studies 
were not effectively blinded despite it being placebo-
controlled, and the caregivers may not be effectively 
blinded if the colours of food, syringes needed for 
different cages, etc. were different. 
It was also not clear whether the studies were 
adequately randomised with respect to distribution to 
groups, housing and timing of assessments. 

Blinding is an important corner stone of 
responsible study design, as caregivers (performance 
bias) and observers (detection bias) tend to 
overestimate effects when blinding is not secured [12]. 
Proper randomisation is similarly important [11,62-
63], but randomisation to treatment groups has often 
not been carried out in animal research [64-65], as 
animals of identical strains are thought to be similar. 
Depending on whether animals are bought from 
external companies or home-bred, there can be a 

specific need to ensure randomisation of animals used 
for a specific trial. Obviously, random housing and 
random timing of the assessments during a working 
day are also important, as differences in light intensity 
and temperature affect animal behaviour, as well as 
diurnal variations [11]. There are also factors that 
need to be considered when obtaining animals from 
external companies. 

Publication bias is an important issue also in 
animal research and may lead to overestimation of 
effects by 14-45% [66-67] in systematic reviews and 
meta-analyses, but we did not assess this in our 
review due to huge heterogeneity. Selective reporting 
of outcomes also occurred in our study, as data was 
available for 74% of the outcomes mentioned in the 
methods section.  

Theoretically, animal settings are more easily 
controlled than human trials, but the level of 
heterogeneity of our results was high. There were 
differences in choice of animals, gender and strains, 
housing conditions, route of administration, drug 
category and highly varying test conditions, even when 
measuring the same type of behaviour. For example, 
the outcome dimension anxiety comprised 25 different 
outcomes measured with eight different tests. 

Most studies (27 papers) were published before 
2010, where careful study design considerations were 
not common. The ARRIVE guidelines [24] were 
published in 2010 to ensure minimal research waste 
and heightened translational value, but they have not 
yet been sufficiently implemented [68]. The six studies 
published in 2010 or later were just as methodolo-
gically poor as the ones published earlier.  
 
Attempts to publish our review in scientific journals 
 
We submitted our paper to four different journals that 
all accept systematic reviews and animal research 
(Journal of Risk and Safety in Medicine, PLoS Biology, 
PLoS One, Psychopharmacology) and later appealed 

the rejection by PLoS One. The reasons that the 

journals declined the paper were: it was out of scope; 
did not add anything new; too few studies; the quality 
of the studies was too poor; or we did not divide the 
studies according to the mechanism of action of the 
drugs.  

We consider this an unfortunate example of 
publication bias for which we hold the editors 
responsible. We cannot be blamed that the animal 
studies were of poor quality and it definitely has merit 
to publish our review, as it highlights the lack of 
reliable research on the long-term harms of psychiatric 
drugs in animals. This is important knowledge also 
because there are very few long-term studies in 
humans, and because many patients are treated for 
decades based on short-term trials despite the fact 
that this might cause permanent brain damage 
[5,69,70]. 

Our review also provides helpful directions for 
the planning of future, much better studies of 
potentially great value to patients. 
 
Interpretation 
 
There were persistent harms for social (including 
sexual) behaviour; movements; cognition, memory 
and learning; and depression.  

We found that the animals lost interest in sexual 
activities when previously exposed to antidepressants, 
in accordance with another systematic animal review 
that was not limited to studies with a follow-up of at 
least 90 days [71]. About half of patients treated with 
antidepressants develop sexual disturbances [72] and 
there are convincing reports that these may persist 
years after the patients have come off the drugs [73]. 
Antidepressants led to immobility in the forced 
swimming test but how this should be interpreted in a 
human context is less clear, although antidepressants 
can be depressogenic [74].  

We found that olanzapine decreased learning in 
one of three tests and that diazepam significantly 
impaired memory and learning in all tests. These 
findings agree with results from human studies. It is 
suggested that for humans, antipsychotics can cause 
permanent brain damage and benzodiazepines can 
cause impairment in anterograde memory and 

attention span [75,76] and dementia [77]. 
In monkeys, methylphenidate altered the 

behaviour significantly to become more submissive or 
dominant. ADHD drugs may cause violence in humans 
[78].  

The vacuous chewing movements displayed by 
the animals is clearly equivalent to the debilitating 
condition tardive dyskinesia seen in humans who have 
been exposed to antipsychotics [5,79]. It is well-
known that antipsychotics can cause tardive dyskinesia 
[82,83], but for newer drugs, like SSRIs and drugs for 
ADHD symptoms, a knowledge base of long-term 
harms needs to be established. 

The long-term harms from the use of psychiatric 
drugs reported here are in accordance with findings of 
altered receptor levels in animals long after end of 
intervention [80] and also with observations in 
humans [5].  

Given the studies’ many shortcomings, our 
results should be interpreted cautiously, especially 
regarding risk of bias and reproducibility of results, but 
they still do provide information of how psychiatric 
drugs could lead to persistent harms long after end of 
exposure for some dimensions. It should be kept in 
mind that these findings are most likely under-
estimated due to publication bias as this is a general 
problem with animal research [81]. 
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Because of several shortcomings in animal 

research, as also seen here, Ioannidis et al 2016 [84] 
suggested that preclinical research is recast with 
better study methods and that systematic reviews are 
performed prospectively based on animal studies with 
improved study designs.  

We agree that a high proportion of animal 
studies are of low quality as this was also predominant 
in our systematic review. However, to know which 
animal research to repeat, one needs to do a 
systematic investigation, as not all animal research 
necessarily needs repetition in a high-quality fashion. 
Also, there are areas of research that are of high 
priority to investigate, e.g. the field of psychiatry and 
harms from exposure to psychiatric drugs.  

We performed this systematic review of animal 
research to heighten focus on persistent harms as an 
under-researched area; we do not know much about 
persistent harms from exposure to psychiatric drugs.  

Also, animal research is the very reason for 
moving into clinical trials or not. Generally, clinicians 
do not pay much attention to animal research, but 
animal studies are the qualifying point for conducting a 
clinical trial. And since we still have animal studies as 
the entry point to clinical studies, we need to draw 
attention to the challenges of this area regarding 
reporting and choice of study design and methodology. 
To push forward information of the need for more 
responsible preclinical research in psychiatry and to 
highlight the lack of responsible research so far, 
systematic reviews are still needed. Many people are 
taking these drugs on a daily basis, have difficulties 
coming off them and suffer from persistent harms 
after ending the exposure of drugs. Thus, we cannot 
dismiss the available preclinical studies in this area 
and let them go unhandled. 

Bennani [85] has suggested areas where animal 
models are non-predictive of clinical outcomes; one of 
them is psychiatry. Animal models are often primed 
with drugs, operation or genetic modification and 
primed animals in psychiatric research reduce the 
clinical relevance, as face validity and construct 
validity are not secured [86]. Also, the predictive value 
from primed animals is compromised. To model a 
human trait or behaviour in animals genetically or with 
a drug, we make the animal exhibit specific psychiatric 

symptoms that resembles behaviours that characterise 
various psychiatric disorders [87,88]. But the 
modelling of animals is also based on the wrong 
premise, namely that the origin of the disorder is 
biological [89] or can be modelled in a single entity. 
The learned helplessness approach to some extent 
breed anxious or more sensitive mammals by exposing 
animals to extremely stressful situations, thus 
supporting the new paradigm that psychiatric disorders 
are contextual [90] and not genetically or biologically 
driven. In our review, we included only non-primed 
animals, being aware of the limitations of animal 
modelling [86], thus we were only able to include 33 
very heterogeneous studies covering all psychiatric 
drugs ever approved, despite screening about 7,500 
titles.  

Green [91] has presented ten recommendations 
to improve translational value of animal research. 
Here, we elaborate on the three most relevant ones: 

1. Respond to patient’s needs: it is of utmost 
importance that the research questions are of 
relevance to the patients. This review highlights the 
extreme lack of research on long-term behavioural 
outcomes after previous exposure to psychiatric drugs, 
as many people take the drugs for years as advised by 
their doctor or because it is difficult to come off them. 
To improve animal research for the sake of the 
patients, we need to determine whether to continue to 

perform animal modelling that is based on the 

biological approach to psychiatry or to move towards a 
much better documented paradigm, that psychiatric 
disorders are contextual and predominantly have 
psychosocial causes. We show that more long-term 
research is urgently necessary and we believe long-
term follow-up after end of exposure should be 
mandatory for psychiatric preclinical research. 

2. Replicate animal studies independently. 
Unfortunately, the field is flooded by studies that are 
very diverse. But to change animal research and 
improve the translational quality, we need to assess 
why the studies are of poor methodology or poor 
reporting and why this is accepted by journal editors in 
the first place. 

3. Review animal trials systematically: Ioannidis 
et al [84] proposed to do prospective meta-analyses. 
However, for this to happen, all animal studies must 
be registered in a central database, just like it is 
advised for human trials. A central register would help 
overcome publication bias and selective reporting. But 
since no trial register is currently available for animal 
studies, this is a proposal for the future. We 
furthermore recommend making ethics approval 
processes and review processes open and transparent 
and to adhere to the ARRIVE guidelines, and to set up 
a checking system to help secure publication of each 
uniquely identified study.  

By knowing the harms of a psychiatric drug in 
the preclinical phase, less money will be wasted in the 
developmental phase for the pharmaceutical 
companies, as knowledge of harms would be 
prominent earlier in the developmental process. 
 
Conclusions 
 
Despite the enormous extent of long-term use of 
psychiatric drugs, animal research on long-term 
effects of psychiatric drugs is sparse and characterised 
by poor methodology and poor reporting. Impairment 
of sexual behaviour, cognition and locomotion was 
seen as well as depression, and for anxiety, several 
outcomes were statistically significant, but in different 
directions.  

We strongly recommend implementation of the 
ARRIVE guidelines [63,92] at all institutions that are 

part of approving or performing animal research, as 
this will help improve reporting and reduce bias in 
preclinical studies. We suggest that multicentre studies 
are done to obtain sufficient power and align study 
methods. We also suggest that, for at least psychiatric 
drug research, a debate is taken on the validity of 
animal priming and if research is performed, that 
animals should be followed up long after end of the 
intervention to study whether drug-induced effects 
persist. 
 

The protocol for the systematic review 
 
The methodological considerations and decisions to be 
made in case of doubt were stated in a predefined 
protocol (S3).  
 
Eligibility criteria and data extraction 
 
We included controlled studies on psychiatric drugs on 
healthy mammals with a post-treatment period with 
no drugs of at least 90 days before assessment of 
behaviour.  

We excluded human studies, methodological 
papers and studies using animal models of disease or 
behaviour (e.g. ailments induced by operation, genetic 
modification or drugs). Therefore, studies with a drug 
challenge prior to outcome assessment were excluded, 
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as the behavioural outcome will be affected by the 

drug. We also excluded studies testing non-medical 
substances, e.g. cannabis, 3,4-methylenedioxy-
methamphetamine (‘ecstasy’) or nicotine, or reporting 
only on non-behavioural outcomes.  

Potentially eligible articles were collected in 
hardcopy and read in full. References of eligible 
articles were scanned to locate further studies. Data 
was recorded in Excel.  

Two unblinded investigators performed data 
extraction independently. Extracted data was 
compared and consensus reached, using a third 
assessor if disagreement arose. If there was any doubt 
about whether to include available data, we asked an 
arbiter who had not seen the data set. 
 
Search strategy 
 
We developed, through an iterative process with 
assistance from professionals at a university library, an 
extensive literature search in PubMed and Embase. 
Searches were performed using MeSH or Map terms in 
PubMed and Embase, respectively, for antidepressants 
and antipsychotics, benzodiazepines and the eight 
most sold ADHD drugs as reported by the Food and 
Drug Administration for 2012 [23] (atomoxetine, 
clonidine, dexmethylphenidate, dextroamphetamine, 
guanfacine, lisdexamphetamine, methylphenidate and 
amphetamine). 

The searches combined drug categories or drug 
names with relevant time factor terms and relevant 
mammalian species (see S4; the search in Biosis was 
supplementary and an amendment to our protocol). 
The most recent searches were performed in PubMed, 
Embase and Biosis in August 2015. We contacted 
authors for outcome data that were unclear or not 
reported in the papers published in 2000 or later. 
 
Quantitative data synthesis 
 
We extracted data according to published guidelines 
[11,24-26]: animals (species, strain, age, sex, other 
conditions like rearing), study design (drug 
intervention, group size, dose, route of administration, 
housing condition, treatment length and follow-up 
length), bias (blinding, randomisation, excluded 

animals, reporting of adverse effects) and outcome 
measures (see details in S5). 

For the meta-analyses, the outcome was 
behavioural change, and all behavioural assessments 
were included. If there were at least two eligible 
studies for an outcome (grouped as anxiety; 
depression; cognition, memory and learning; 
locomotion; sleep; social and sexual behaviour; 
aggression; pain; and addiction), meta-analysis was 
performed using the last time point and highest dose 
for the drug. If there were several active groups, we 
split the control group accordingly to avoid double 
counting.  

We performed sensitivity analyses with respect 
to blinded observers, treatment length (30 day 
threshold) and drug category. Exploratory analyses 
were performed including non-skewed outcomes only; 
rats only and prenatal or postnatal intervention 
separately. 

Risk of bias was assessed according to the 
methods by Syrcle (modified from Cochrane methods) 
[11,27] and responder selection bias was added to the 
bias assessment (responder selection is defined as 
choosing or categorising animals in the study based on 
tests done before beginning of the study). For animal 
studies, the SYRCLE risk of bias tool recommended 
assessment of three categories of randomisation, 
namely randomisation of animals to intervention or 

control groups; random housing to prevent 

behavioural differences between groups introduced 
through differences in light intensity and temperature; 
and random outcome assessments to prevent 
influence on results from diurnal variation. 
 
Statistical methods 
 
We used a random effects model. For binary data, risk 
ratios (RR) were reported. For the meta-analyses of 
continuous data and ranking scale data, the 
standardised mean difference (SMD) was calculated.  

As there were differences in the direction of the 
scales, we multiplied the values by -1 as appropriate. 
We extracted absolute outcome values. Pooling of 
means and standard deviations was done as advised 
by the Cochrane Handbook [27](S5). Missing standard 
deviations were calculated or estimated by standard 
methods, e.g. from SEs or p-values [27]. If SD values 
were not estimable, results were not used for meta-
analysis.  

Heterogeneity was assessed as I-square and 
further explored by subgroup and sensitivity analyses 
to determine the impact of explanatory factors [25,27-
28].  

When we had values from more than one time 
point after the last drug dose, we compared informally 
the first follow-up value with the last one.  
We planned to do meta-regression analyses, if there 
were at least ten comparable studies for the analyses, 
but this was not the case. 
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Figures 1 – 7 
 
 
 
 

 

 

Fig 1. Studies or subgroups showing total sleep and REM sleep. Data are listed as by first author, publication year, and 
short for the drug used, and as hours of sleep per total time, by means with standard deviation and number of animals used 
(Total). IV – statistical method Inverse Variance used, CI – confidence interval, SD – standard deviation. CLO – clomipramine, 
DES – desipramine, ZIM – zimelidine, IPR – iprindole. 

 

 

 
 

 
 
Fig 2. Studies or subgroups showing addiction. Studies are listed as by first author, publication year, and short for the drug 
used by means with standard deviation and number of animals used (Total). ESC – escitalopram, MPH – methylphenidate. 
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Fig 3. Studies or subgroups showing social behavior. Studies are listed as by first author, publication year, and short for 
the drug used, by means with standard deviation and number of animals used (Total). CLO – clomipramine, FLX – fluoxetine, IPR 
– iprindole, CHLO – chlorimipramine, ESC – escitalopram. 
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Fig 4. Studies or subgroups  showing depression. Studies listed as by first author, publication year, and short for the drug 
used, by means with standard deviation and number of animals used (total). Suffix –f refers to the use of female animals. ALP – 
alprazolam, DIAZ – diazepam, ZOL – zolpidem, ESC – escitalopram, DES – desipramine, ZIM – zimelidine, LITC – lithium 
carbonate, LITO – lithium oxybutyrate, CLO – clomipramine. 
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Fig 5. Studies or subgroups showing cognition, memory and learning. Studies are listed as by first author, publication 
year, and short for the drug used, by means with standard deviation and number of animals used (Total). Suffix –female refers 
to the use of female animals and suffix –both refers to the use of both female and male animals. Suffix –Rat refers to a study by 
Livezey et al in rats, as opposed to a study in cats. HAL – haloperidol, DIAZ – diazepam, OLA – olanzapine. 
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Fig 6 Studies or subgroups showing anxiety. Studies are listed by first author, publication year, and short for the drug used, 

by means with standard deviation and number of animals used (Total). Suffix –f refers to the use of female animals and suffix –

both refers to the use of both female and male animals. Suffix –Rat refers to a study by Livezey et al in rats, as opposed to a 

study in cats. ALP – alprazolam, DIAZ – diazepam, ZOL – zolpidem, DES – desipramine, ZIM – zimelidine, ESC – escitalopram, 

OLA – olanzapine, MPH – methylphenidate, IPR – iprindole, FLX – fluoxetine.  
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Fig 7. Subgroup analysis for antipsychotics of the outcome vacuous chewing movements (locomotion). Studies are 
listed by means with standard deviation and number of animals used (Total). Suffix –f refers to the use of female animals and 
suffix –both refers to the use of both female and male animals. HAL – haloperidol, CPM – chlorpromazine, CZP – clozapine, FLU – 
fluphenazine, SUL – sulpiride, THI – thioridazine. 
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Supporting Information S1 – short description of the tests used. 
 
 
 

Test Description 

Vacuous chewing movements Continuous chewing and jaw movements, despite no food 
present. Linked to tardive dyskinesia in humans. 

Acoustic startle reflex Used as a measure of anxiety and habituation to startle 
stimulus regimes. 

Open field Used to measure either locomotion or anxiety by assessing 
the animal’s exploration level in the central area versus the 
outer area. 

Elevated plus-maze Used to measure either anxiety or avoidance behaviour by 
assessing the animal’s exploration level in the open areas. 

Sleep The amount of sleep and REM sleep is measured. 

Social interaction Categories of social interaction were defined and measured. 
Social interaction could be sexual behaviour, passive or 
active, submissive or dominant or even killing behaviour, 

when seen in the encounter with another animal.  

Forced swimming test Used as a measure of despair or anhedonia, divided into 
swimming, climbing and immobile states. 

Sexual behaviour Male animals in the encounter with a female animal, 
outcomes are typically mounting, intromission and 
ejaculation and related latency periods. 

Running wheel Locomotion measured as cycles or amplitudes completed in 
the running wheel during a certain test time. 

Radial arm maze Used to measure working memory by placing bait in all eight 
arms of the maze and assess the accuracy and errors when 

collecting the baits. 

Conditioning Various tests were used. Classical conditioning is a process 
where a stimulus previously neutral comes to evoke certain 
behavioural responses. Operant conditioning is an extended 
classical conditioning where the animal behaviour is changed 

by rewarding or punishing a certain action.  

Addiction Measured the level of consumption of accessible stimulating 
compounds, e.g. sugar or recreational drugs. 

Marble burying This test uses innate rodent behaviour to assess anxiety by 
testing how many marbles they bury as an indication of 

anxiety or stress. 

Vogel test A test screening for potential anxiolytic properties of drugs. 
Drinking behaviour is punished with electrical shocks leading 
to lower water consumption in deprived animals.  

Skilled reaching Measures possible damage to motor neurons by counting the 

successful number of reaches for a pellet or a tray of pellets. 

Morris water maze A test for memory and learning, where the rodent has to 
identify the platform hidden in the non-transparent water. 

Delayed non-match to sample Measures working memory by learning choice tasks with a 

delay.  

Tail flick test A test for nociception, where the latency to remove the tail 
from a heat source is measured. 

Hot plate test A test for nociception, where the latency for the rat to either 
jump, use vocalization or lick the paw is measured. 

Left-right alternation A test for measuring reference and memory. 
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Supporting Information S2 – tests related to outcome dimensions. 
 
 

Outcome Tests included 

Anxiety Acoustic startle test, elevated plus-maze, radial 
arm maze, open field, conditioning, marble 
burying, Vogel test 

Depression Forced swimming test 

Cognition, memory and learning Conditioning, radial arm maze, skilled reaching 
test, delayed non-match to sample test, Morris 
water maze, left-right alternation 

Locomotion  Vacuous chewing movements, open field, running 
wheel 

Sleep Sleep 

Social/sexual behaviour  Sexual behaviour, social interaction 

Addiction Cocaine intake, sucrose intake 

Pain Tail flick test, hot plate test 

Aggression No studies 
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Supporting Information S3 – protocol. 
 
 

Protocol: Long-term changes in observed behaviour after exposure to psychiatric drugs: a systematic 

review of animal studies 

 

By Danborg PB, Lykkemark A, Hróbjartsson AH, Gøtzsche PC 

October 2015 

 

Background 

Cases of people with psychiatric diagnoses are still increasing worldwide (1) and thus, the drugs for psychiatric disorders like 
bipolar disorder, mania or anxiety are still widely prescribed (2). On top of that, there is an enormous use of recently marketed 
drugs, approved or sold off-label, for attention deficit hyperactivity disorder (ADHD) or depression, still increasing the total 
amount of medication prescribed (ref). For example, sales of one group of antidepressants, SSRIs, in Denmark are now so high 
that every single citizen can be treated uninterruptedly for 6 years of their life (2). 

Most short term studies praise the effects of the psychotropic drugs and emphasize the need for long-term assessment of 
efficacy (3)(4). However, data has been collected to illustrate long-term consequences, but has yet only been systematically 
reviewed or meta-analysed to a very small extent. Our searches only identified five systematic reviews relevant for our topic 
where three were performed before 1997 with human studies and case reports included (5)(6)(7). 

In spring 2014, the global Cochrane Collaboration urgently called for systematic reviews on preclinical studies in order to 
increase translational research and transparency in clinical trials (8). It is not common practice to perform preclinical systematic 
reviews before conducting experiments (8) or consider bias reduction (9) as concluded by The National Centre for the 
Replacement, Refinement and Reduction of Animals in Research (NC3Rs, government sponsored organization in the UK) in a 
comprehensive study on animal studies in the UK and the US. Methodological flaws in animal studies may lead to systematic bias 
and thus inadequate data and wrong conclusions (10). Efficient experimental design is a foundation for high-quality research in 

both humans and animals and this approach will be beneficial to human science with regards to methodological approaches, 
minimizing research waste and of course, ultimately patient safety (11). A recent meta-analysis reported an average 
exaggeration of reported odds ratio (OR) of 59% on non-blinded assessments compared to blinded assessments (12). Actually, 
there are examples, however few, of preclinical systematic reviews revealing results that find no evidence to justify moving into 
clinical trials (8). From an ethical and resourcing perspective, the responsibility to conduct rigorous studies and reporting them in 
an accurate and systematic manner is the responsibility of the researcher for proceeding in ways that enhance the translational 
level and keeps the animal use at a minimal level (13).  

Since the formation of Syrcle, a cooperation of researchers aiming at becoming centre of expertise on preclinical systematic 
reviews, new and more responsible guide lines for animal experimentation are offered to heighten the quality of research 
(14)(15)(16). In the light of minimizing research waste, the call for systematic reviews is even stronger. In general, there is a 
lack of systematic reviews and meta-analyses of adequate quality on preclinical research that will aid the selection of relevant 
treatment strategies in humans (17)(10), thus risk of bias must be calculated for future systematic analyses (18)(19).  

A systematic review on long-term lithium therapy was inconclusive based on conflicting scientific evidence and quality of studies 
and reports but advised to keep lithium blood levels as low as possible (5). One study on behavioural effects of short-term 
lithium therapy in rodents showed lithium to be depressogenic at doses below levels that suppressed activity of the rodent (20). 

Lithium carbonate is used at equal levels from 1997 to 2013 (interval 20.1-23.0 x thousand packages, www.medstat.dk) 

Findings from individual animal studies on antipsychotics showed that the drugs may lose their effect due to maintenance of 
homeostatic levels in the body and its cellular systems (21)(1); this mechanism supposedly leads to cognitive decline from long-
term use of drugs.  

A systematic review investigated sustained neurobehavioral effects of SSRIs in development and reported among other things 
lower birth weight, disturbed sleep behaviour, anhedonia and, later in life, altered sexual activity (22). There is suggestions that 
antipsychotic medication cause brain shrinkage and damage with long-term use (23)(24). One study investigated the effects of 
several antidepressants on apomorphine-induced aggression and found that all seven drugs potentiated aggressive behaviour 
during chronic treatment (25). 

For the ADHD drug, methylphenidate, impaired growth and demineralisation of skeletal bones were seen in adolescent rats after 
13 weeks of treatment; the effects was ameliorated during the five week post-treatment period (26). However, most people 
diagnosed with ADHD are children and adolescents growing up and thus generating bone mass. Since most children diagnosed 
with ADHD are boys, it is important to note that one study in rats found methylphenidate to impair normal spermatogenesis after 
eleven weeks of treatment, which indicated the drug to severely inflict male reproductivity (27). The use of methylphenidate for 
ADHD symptoms has shown to induce neuronal changes that may lead to increased drug abuse liability (28). One remarkable 
study showed that methylphenidate administration to young rats, corresponding in age to prepubertal children, resulted in 
altered levels of dopamine transporters that persisted into adulthood, long after termination of treatment (29). A study on small 
primates on acute administration of amphetamine derivatives showed the animals to suppress nearly all playing, eating and 
social interaction (30). Another study supported this depressive effect for hierarchical mid-ranking monkeys whereas for the 
high- and low-ranking monkeys, aggressive behaviour was increased (31). 
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However, the studies mentioned here are only representing a part of all articles published in the area of psychotropic drugs. 
There are a huge number of articles with a wide range of study designs, influencing and confounding factors and outcome 
measures. Furthermore, as mentioned above, the risk of bias varies greatly. Here, we wish to shed a needed light on the long-
term harms of treatment with psychotropic drugs with our systematic reviews. Another Cochrane collaborator are currently 
investigating the effects of SSRIs on sexual behaviour in animals, thus this defined topic will be covered in an independent 
systematic review and not here. 

Aim 

As psychotropic drugs cause harms in humans, the aim of this systematic review is to investigate whether persistent changes in 
observed behaviour after exposure to psychotropic drugs in selected mammals also occur. We will focus on the long-term 
outcomes after a post-treatment period of no drugs (e.g. observed changes in social interactions, memory, cognition, mood).  

Methods 

Eligibility criteria 

We included controlled studies on psychotropic drugs on selected healthy mammals with a post-treatment period of at least 90 
days before assessment of behaviour. The reasons for a follow-up period of at least 90 days were: 

• where prenatal interventions are applied, rodents are often followed up at postnatal day 90 to certainly have reached 
age corresponding human adulthood 

• to ensure a post-treatment period of adequate length to observe changed persisting behaviours and not those that 
diminish after a short period of no treatment  

However, the same post-treatment criteria are applied to all animals and do not distinguish between smaller and larger animals, 
like rodents and primates. 

We excluded human studies, methodological papers and studies using animal models of disease or behaviour (e.g. animal 
models induced by operation, transgenic modification or drugs). Therefore, studies with a drug challenge prior to outcome 
assessment are also excluded, as the behavioural outcome will be affected by the drug. We also excluded studies testing non-
medical substances, e.g. cannabis,  3,4-methylenedioxy-methamphetamine (‘ecstasy’) or nicotine as well as reporting of short-
term behavioural assessments (animals followed up for less than 90 days regardless of treatment period) or non-behavioural 
outcomes.  

Data analysis plan 

We developed, through an iterative process with assistance from the professional librarians at KUB Nord, an extensive computer-
based literature search on the selected subject in databases PubMed and Embase, as these are the largest and most widely used 
databases. The search was performed on June 2, 2014 (PubMed) using all MeSH terms in PubMed for antidepressants and 
antipsychotics and including also the names of the eight most sold ADHD drugs as reported by the Food and Drug Administration 
for 2012 (32)(atomoxetine, clonidine, dexmethylphenidate, dextroamphetamine, guanfacine, lisdexamphetamine, 
methylphenidate and amphetamine). A corresponding search was performed based on Map-terms in Embase on June 17, 2014, 
see Appendix B. 

All hits (total 5647 items) provided the sample to be assessed in Zotero for possible inclusion in our systematic review and meta-
analysis. The first assessment was performed by one investigator by a cautious and conservative approach on reading titles and 
abstracts and resulted in a total of 1091 studies (searches and from personal files). The second assessment, performed by one 
assessor, will confirm controlled studies on animals, where disease or behaviour is not induced by drug, transgenic modification 

or operation, and extract drugs tested in each study as well as drug treatment and post-treatment period of at least 90 days. 
The inclusion criterium regarding the post-treatment period was set to be at least 90 days, even though earlier studies and 
meta-analysis of preclinical studies have considered long-term to be seven days or more (33). The responsible assessor will 
consult a second assessor for discussion, if in doubt. 

We will also write to colleagues asking them if they are aware of additional relevant studies. We will be contacting authors for 
outcome data not reported in the papers, where number of animals in each group is at least 15 and follow-up is at least 90 days 
or where data are given but clarifications of study design are needed. We will not contact authors of studies performed before 
2000. Time limit to answer is approximately two months and each corresponding author will receive one reminder, if they do not 
answer after the first email. And finally, we will update our searches on the chosen topics for inclusion of the latest papers 
published, as of "today" until the day of the last search performed in PubMed and Embase. 

Updated searches were performed on January 31, 2015 and revealed no further eligible studies. 

Potentially eligible articles will be collected in hardcopy and read in full for third assessment (data extraction). Reference sections 
of obtained articles will be reviewed by reading main texts for additional papers to include due to eligibility criteria. 

Data extraction (third assessment) 

Two unblinded investigators will perform the data extraction independently. Extracted data will be compared and consensus 

reached together with a third assessor if there is any disagreement ("unblinded consensus"). More specifically, if there is any 
doubt about how to choose from several available data, we will ask an arbiter, who has not seen the data set. 

Outcomes 

AMENDED 
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The systematic review will analyse the observed behavioural consequences assessed in animal studies with a long post-
treatment period before assessment of behaviour through various tests. We will focus on the following outcome categories, and 
outcomes will be grouped according to the description by the authors 

o Anxiety 
o Depression 
o Cognition, memory, learning  
o Locomotion 
o Sleep 

o Social/sexual behaviour (encountering another animal, interaction) 
o Addiction 
o Aggression 

 

The systematic review will analyse the observed behavioural consequences assessed in animal studies with a long post-
treatment period before assessment of behaviour through various tests. We will focus on the themes anxiety and depression, 
memory, locomotion, sleep, aggression and sexual dysfunction   

The second assessment resulted in 33 studies with a follow-up of at least 90 days, regardless of sample size.  

• Serial data from the follow-up period will be extracted and included (first and last time point), where there is at least 
one assessment after 90 days follow-up to assess whether consequences arise at day 90 or if benefits and harms 
diminish over time. 

o If tests are repeated on the following day, only the test from ‘day 1’ is reported. This is true also if there are 
only two test days. 

• If more than one behavioural test is performed in one study, all data from behavioural tests will be extracted with a 
comment of whether animals are subjected to only one or more than one test.  

• Lowest and highest dose for each drug will be extracted.  
• We will be extracting mean end point data, not mean changes.  
• If one paper reports data for multiple drugs, we will extract all data in a multiplicative manner. 
• Where number of animals per group is reported as an interval, the lowest number stated will be used for analysis.  
• Outcomes specified per gender will not be lumped, as most studies have used male cohorts and there can be gender 

differences (34)(35).  
• Where multiple drug comparisons are made to one control cohort, the number of control animals will be divided by the 

total number of drug comparisons for the study, even though not all intervention groups are included in the analysis. 
• Where individual trial data as part of a series of trials is reported, the mean and SD will be pooled.  
• If various handling regimes are reported, only data for non-handled animals (those that are not handled/stroked as an 

intervention) will be extracted. Data on normal rearing, maternally separated animals and cross-fostered animals will be 
extracted.  

Mean dose for all included studies are not reported in summary statistics, as doses vary by size of species, multi-dose studies 
and drug type.  

To calculate periods of durations (e.g. post-treatment period, etc), we will calculate as follows: one full year equals 365 days, 
one full month equals 30 days, one week equals seven days and the rest is added in days, if periods of duration are not stated in 
days. 

For the meta-analysis, the effect estimate is behavioural alterations and all behavioural assessments are equivalent, whereas all 
behavioural assessments of this outcome are included. Studies will be included for meta-analysis if the authors describe 
assessment of observed behaviour, per test. If there are at least two eligible studies, meta-analysis will be performed. For the 
meta-analysis, last time point and highest dose will be used for all drugs reported. 

We will for the meta-analysis subgroup the studies to do sensitivity analysis of the impact of explanatory factors for 
heterogeneity. Primary factors to be assessed will be blinded observers, treatment period (as total days through the intervention 
period; 30 days threshold) and drug category.  

All other subgroup analyses are exploratory as there are many possibly influencing factors and the interpretation of results of the 
subgroup analyses will be performed cautiously.  

Statistical methods 

For the meta-analysis, we will be reporting risk ratios for binary data, using a random effects model. For continuous data and 
ranking scale data, standardised mean differences (SMD; we prefer SMD (Cohen’s d), which can combine similar but different 
outcome measures) will be  used for analysis, inspired by Carrillo et al (33) and Wartolowska et al (36).  

If there are differences in direction of scales or reporting of outcomes, then the outcomes where the higher value favours the 
control group will be multiplied by -1. 

Pooling of means and standard deviations from several trials on the same cohort will be calculated from formula from the 
Cochrane Handbook for combining groups, table 7.7.a.  

Outcome measures are expected to be of high heterogeneity due to the studies using various species, methods and tests during 
the years. Heterogeneity will be assessed as I-square (analyses outcomes relate between-group variation to total variation) and 
further explored by subgroup and sensitivity analyses to determine the impact of explanatory factors, as mentioned above 
(33)(37)(38). Meta-regression will be performed where relevant (studies n>9 for continuous data). 
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No data will be eliminated due to skewedness, as this might arise from the small cohorts used in several studies. Subgroup 
analysis will be performed for outcomes of the intervention groups where results are not skewed, i.e. ratio above 1 for probable 
skewedness and 2 for possible skewedness (observed mean minus lowest possible value (0) divided by SD).  

Missing standard deviation will be calculated or estimated by applied methods (36), meaning that where no SD or SEM is 
provided, the mean SD or SEM will be calculated from stated p-values, confidence intervals or t-values, using RevMan calculator. 
If not applicable, SD will be imputed from the mean of three other, but similar studies (preferably those included in the analysis). 
To find similar studies, these points are prioritized: fitting inclusion criteria regarding non-modified species and drug class, 
similar test, post-treatment period and preferably more than eight animals per group.  

We will not correct for multiple testing as we expect this situation to be present for the majority of included studies. For serial 
data, all data for the first and last time point for all outcomes will be informally compared to see if intervention group differs 
significantly from control group at first time point and whether the outcome scores for each group differ significantly on last time 
point compared to first time point.  

Risk of bias will be assessed according to modified methods from Syrcle (37)(19), where the risk of bias tool from Syrcle will be 
used and responder selection bias is added to the bias assessment. 
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Appendix A: search strategies 

We developed, through an iterative process with assistance from the professional librarians at KUB Nord, an extensive computer-
based literature search on the selected subject in databases PubMed and Embase, as these are the largest and most widely used 
databases. The search was performed on June 2, 2014 (PubMed) using all MeSH terms in PubMed for antidepressants and 
antipsychotics and including also the names of the eight most sold ADHD drugs as reported by the Food and Drug Administration 
for 2012 (32)(atomoxetine, clonidine, dexmethylphenidate, dextroamphetamine, guanfacine, lisdexamphetamine, 
methylphenidate and amphetamine). A corresponding search was performed based on Map-terms in Embase on June 17, 2014. 

The filters Comparative study, Clinical trial, Controlled clinical trial, or Randomized controlled trial was applied to reduce the 
number of items to screen and gave 2907 hits in PubMed. Later, a check of how many posts were included when applying each 
filter and revealed that filters Controlled clinical trial and Randomized controlled trial did not add any items and these two filters 
were thus removed from the updated search. The filter Comparative study resulted in most items (2835 items) and the filter 
Clinical trial resulted in 72 items. Checking the items returned when applying filter Clinical trial showed, that 16 of 20 items 
mentioned an animal in the title; thus, this filter will be applied in the updated searches. 

The filters applied in PubMed are not applicable in Embase; this search resulted in 2704 hits with little overlap between 
databases, possibly due to Embase including observational studies and other studies not controlled or randomised or some 
studies excluded in PubMed by applying filters, but showing in Embase. Also, the data format, for which data are transferred to 
the reference handling program Zotero, are not similar for items identified in PubMed and Embase, thus duplicate checking are 
performed manually after the first screening of titles and abstracts for eligible papers. 

The search in PubMed was tested against a search strategy suggested by Syrcle (based on my search presented above) with a 
minor difference in results (when tested by using the operator NOT and checking results, screening of 200 hits), with no 
differences in possibly relevant articles.  

All hits (total 5647 items) provided the sample to be assessed for possible inclusion in our systematic review and meta-analysis. 
The first assessment was performed by one investigator by a cautious and conservative approach on reading titles and abstracts 
and resulted in a total of 1091 studies (searches and from personal files). The second assessment performed by one assessor 
will confirm controlled studies on animals where disease or behaviour is not induced by drug, transgenic modification or 
operation with listing of drugs tested in each study as well as drug treatment and post-treatment period of at least 90 days. The 
inclusion criterium regarding the post-treatment period was set to be at least 90 days, even though earlier studies and meta-
analysis of preclinical studies have considered long-term to be seven days or more (33). The responsible assessor will consult a 
second assessor for discussion, if in doubt. 

We will also write to colleagues asking them if they are aware of additional relevant studies. And finally, we will update our 
searches on the chosen topics for inclusion of the latest papers published, as of "today" until the day of the last search 
performed in PubMed and Embase. 

Updated searches were performed on January 31, 2015 and revealed no further eligible papers (where filters Controlled clinical 
trial and Randomized controlled trial was removed). 

Potentially eligible articles will be collected in hardcopy and read in full for third assessment (data extraction). Reference sections 
of obtained articles will be reviewed by reading main texts for additional papers to include due to eligibility criteria. 

RevMan: 

Studies are entered into RevMan by first author year, short for drug name (see list below). 
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Appendix B:  

Search string, PubMed 

Search 
Add to 
builder 

Query 
Items 
found 

Time 

#49 Add Search ((((((((long-term) OR post-treatment) OR post-intervention) OR 
longitudinal) OR "Time Factors"[Mesh]) OR "Age Factors"[Mesh])) AND 
(((("Monoamine Oxidase Inhibitors" [Pharmacological Action]) OR "Serotonin 
Uptake Inhibitors" [Pharmacological Action]) OR "Psychotropic Drugs" 
[Pharmacological Action]) OR (("Amphetamine"[Mesh] OR lisdexamfetamine OR 
"lisdexamfetamine dimesylate"[Supplementary Concept] OR 
"Methylphenidate"[Mesh] OR "atomoxetine"[Supplementary Concept] OR 
"Guanfacine"[Mesh] OR "Clonidine"[Mesh])))) AND (("non-human primate" OR 
"nonhuman primate" OR baboon OR macaque OR chimpanzee OR orangutan OR 
"rhesus monkey" OR "rhesus macaque" OR marmoset OR "cynomolgus monkey" 
OR gibbon OR grivet OR "squirrel monkey" OR cat OR dog OR rodent OR rat OR 
mouse OR rabbit OR guinea pig OR hamster OR gerbil)) Filters: Comparative 

Study; Clinical Trial; Controlled Clinical Trial; Randomized Controlled Trial 

2907 04:13:30 

#43 Add Search ((((((((long-term) OR post-treatment) OR post-intervention) OR 
longitudinal) OR "Time Factors"[Mesh]) OR "Age Factors"[Mesh])) AND 
(((("Monoamine Oxidase Inhibitors" [Pharmacological Action]) OR "Serotonin 
Uptake Inhibitors" [Pharmacological Action]) OR "Psychotropic Drugs" 
[Pharmacological Action]) OR (("Amphetamine"[Mesh] OR lisdexamfetamine OR 
"lisdexamfetamine dimesylate"[Supplementary Concept] OR 
"Methylphenidate"[Mesh] OR "atomoxetine"[Supplementary Concept] OR 
"Guanfacine"[Mesh] OR "Clonidine"[Mesh])))) AND (("non-human primate" OR 
"nonhuman primate" OR baboon OR macaque OR chimpanzee OR orangutan OR 
"rhesus monkey" OR "rhesus macaque" OR marmoset OR "cynomolgus monkey" 
OR gibbon OR grivet OR "squirrel monkey" OR cat OR dog OR rodent OR rat OR 
mouse OR rabbit OR guinea pig OR hamster OR gerbil)) 

16128 04:13:30 

#45 Add Search ((((((((long-term) OR post-treatment) OR post-intervention) OR 
longitudinal) OR "Time Factors"[Mesh]) OR "Age Factors"[Mesh])) AND 
(((("Monoamine Oxidase Inhibitors" [Pharmacological Action]) OR "Serotonin 
Uptake Inhibitors" [Pharmacological Action]) OR "Psychotropic Drugs" 
[Pharmacological Action]) OR (("Amphetamine"[Mesh] OR lisdexamfetamine OR 
"lisdexamfetamine dimesylate"[Supplementary Concept] OR 
"Methylphenidate"[Mesh] OR "atomoxetine"[Supplementary Concept] OR 
"Guanfacine"[Mesh] OR "Clonidine"[Mesh])))) AND (("non-human primate" OR 
"nonhuman primate" OR baboon OR macaque OR chimpanzee OR orangutan OR 

"rhesus monkey" OR "rhesus macaque" OR marmoset OR "cynomolgus monkey" 
OR gibbon OR grivet OR "squirrel monkey" OR cat OR dog OR rodent OR rat OR 
mouse OR rabbit OR guinea pig OR hamster OR gerbil)) Filters: Meta-Analysis; 
Systematic Reviews 

5 04:11:42 

#42 Add Search (((((long-term) OR post-treatment) OR post-intervention) OR 
longitudinal) OR "Time Factors"[Mesh]) OR "Age Factors"[Mesh] 

1969340 04:10:31 

#41 Add Search ((("Monoamine Oxidase Inhibitors" [Pharmacological Action]) OR 
"Serotonin Uptake Inhibitors" [Pharmacological Action]) OR "Psychotropic Drugs" 
[Pharmacological Action]) OR (("Amphetamine"[Mesh] OR lisdexamfetamine OR 
"lisdexamfetamine dimesylate"[Supplementary Concept] OR 
"Methylphenidate"[Mesh] OR "atomoxetine"[Supplementary Concept] OR 
"Guanfacine"[Mesh] OR "Clonidine"[Mesh])) 

318598 04:08:49 

#40 Add Search ("non-human primate" OR "nonhuman primate" OR baboon OR macaque 
OR chimpanzee OR orangutan OR "rhesus monkey" OR "rhesus macaque" OR 
marmoset OR "cynomolgus monkey" OR gibbon OR grivet OR "squirrel monkey" 
OR cat OR dog OR rodent OR rat OR mouse OR rabbit OR guinea pig OR hamster 
OR gerbil) 

3578108 04:05:43 

#39 Add Search ("Time Factors"[Mesh]) AND longitudinal 13203 04:05:09 

#38 Add Search longitudinal 181153 04:04:45 

#35 Add Search "Age Factors"[Mesh] 405826 04:04:23 

#33 Add Search "Time Factors"[Mesh] 985477 04:03:50 

#30 Add Search ("Amphetamine"[Mesh] OR lisdexamfetamine OR "lisdexamfetamine 
dimesylate"[Supplementary Concept] OR "Methylphenidate"[Mesh] OR 
"atomoxetine"[Supplementary Concept] OR "Guanfacine"[Mesh] OR 
"Clonidine"[Mesh]) 

35173 04:01:06 

#27 Add Search ("Psychotropic Drugs" [Pharmacological Action]) AND "Psychotropic 
Drugs"[Mesh] 

69799 03:52:46 

#26 Add Search "Psychotropic Drugs" [Pharmacological Action] 274688 03:52:36 

http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=49
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=43
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=45
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=42
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=41
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=40
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=39
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=38
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=35
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=33
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=30
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=27
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=26
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Search 
Add to 
builder 

Query 
Items 
found 

Time 

#23 Add Search "Psychotropic Drugs"[Mesh] 127631 03:52:23 

#20 Add Search ("Serotonin Uptake Inhibitors" [Pharmacological Action]) AND "Serotonin 
Uptake Inhibitors"[Mesh] 

15602 03:51:41 

#19 Add Search "Serotonin Uptake Inhibitors" [Pharmacological Action] 36127 03:51:33 

#16 Add Search "Serotonin Uptake Inhibitors"[Mesh] 15602 03:51:20 

#12 Add Search ("Monoamine Oxidase Inhibitors"[Mesh]) AND "Monoamine Oxidase 
Inhibitors" [Pharmacological Action] 

8978 03:50:44 

#11 Add Search "Monoamine Oxidase Inhibitors"[Mesh] 8978 03:50:31 

#8 Add Search "Monoamine Oxidase Inhibitors" [Pharmacological Action] 19701 03:50:17 

#4 Add Search post-intervention 5410 03:25:42 

#3 Add Search post-treatment 22244 03:25:33 

#1 Add Search long-term 540769 03:24:09 

 

Search string, EmBase 

# ▲ Searches Results 

1 long-term.mp. [mp=title, abstract, subject headings, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, keyword] 

728823 

2 post-intervention.mp. [mp=title, abstract, subject headings, heading word, drug trade 
name, original title, device manufacturer, drug manufacturer, device trade name, 
keyword] 

8152 

3 post-treatment.mp. [mp=title, abstract, subject headings, heading word, drug trade 
name, original title, device manufacturer, drug manufacturer, device trade name, 
keyword] 

33904 

4 1 or 2 or 3 767049 

5 serotonin uptake inhibitor.mp. 37855 

6 serotonin noradrenalin reuptake inhibitor.mp. 3069 

7 monoamine oxidase inhibitor.mp. 16986 

8 amphetamine/ or amphetamine plus dexamphetamine/ or amphetamine.mp. 42570 

9 atomoxetine.mp. 3509 

10 clonidine.mp. 38759 

11 guanfacine.mp. 2538 

12 methylphenidate/ or dexamphetamine/ or methylphenidate.mp. 25906 

13 antidepressant agent/ or psychotropic agent/ or psychotropic.mp. or neuroleptic agent/ 141911 

14 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 255589 

15 ("non-human primate" or "nonhuman primate" or baboon or macaque or chimpanzee or 
orangutan or "rhesus monkey" or "rhesus macaque" or marmoset or "cynomolgus 
monkey" or gibbon or grivet or "squirrel monkey" or cat or dog or rodent or rat or 
mouse or rabbit or guinea pig or hamster or gerbil).mp. [mp=title, abstract, subject 
headings, heading word, drug trade name, original title, device manufacturer, drug 
manufacturer, device trade name, keyword] 

3737433 

16 4 and 14 and 15 2704 
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http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed/?cmd=HistorySearch&querykey=1
http://ovidsp.uk.ovid.com.ep.fjernadgang.kb.dk/sp-3.12.0b/ovidweb.cgi?&S=CJJJPDKNNPHFPFHOFNMKDBDGJHDOAA00&Sort+Sets=descending
http://ovidsp.uk.ovid.com.ep.fjernadgang.kb.dk/sp-3.12.0b/ovidweb.cgi?&S=CJJJPDKNNPHFPFHOFNMKDBDGJHDOAA00&Sort+Sets=descending
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Supporting Information S4 - search strategies. 

 

We included animals that were widely used in animal research: mice, rats, hamsters, guinea pigs, rabbits, cats, 

dogs, gerbils and monkeys. 

Below are the applied search strategies for databases PubMed, Embase and Biosis. 

 

PubMed search 

Long-term OR post-treatment OR post-intervention OR longitudinal OR "Time Factors"[Mesh] OR "Age 

Factors"[Mesh] 

AND  

"Monoamine Oxidase Inhibitors"[Pharmacological Action] OR "Serotonin Uptake Inhibitors"[Pharmacological 

Action] OR "Psychotropic Drugs"[Pharmacological Action] OR "Amphetamine"[Mesh] OR lisdexamfetamine OR 
"lisdexamfetamine dimesylate"[Supplementary Concept] OR "Methylphenidate"[Mesh] OR 
"atomoxetine"[Supplementary Concept] OR "Guanfacine"[Mesh] OR "Clonidine"[Mesh] 

AND  

"non-human primate" OR "nonhuman primate" OR baboon OR macaque OR chimpanzee OR orangutan OR "rhesus 
monkey" OR "rhesus macaque" OR marmoset OR "cynomolgus monkey" OR gibbon OR grivet OR "squirrel 
monkey" OR cat OR dog OR rodent OR rat OR mouse OR rabbit OR guinea pig OR hamster OR gerbil 

Filters applied: Comparative Study; Clinical Trial; Controlled Clinical Trial; Randomized Controlled Trial 

 

Embase search 

Long-term.mp. OR post-intervention.mp. OR post-treatment.mp.  

AND 

serotonin uptake inhibitor.mp. OR serotonin noradrenalin reuptake inhibitor.mp. OR monoamine oxidase 
inhibitor.mp. OR amphetamine/ or amphetamine plus dexamphetamine/ or amphetamine.mp. OR 
atomoxetine.mp. OR clonidine.mp. OR guanfacine.mp. OR methylphenidate/ or dexamphetamine/ or 
methylphenidate.mp. OR antidepressant agent/ or psychotropic agent/ or psychotropic.mp. or neuroleptic agent/  

AND 

"non-human primate" or "nonhuman primate" or baboon or macaque or chimpanzee or orangutan or "rhesus 
monkey" or "rhesus macaque" or marmoset or "cynomolgus monkey" or gibbon or grivet or "squirrel monkey" or 

cat or dog or rodent or rat or mouse or rabbit or guinea pig or hamster or gerbil).mp. 

 

BIOSIS search 

Long-term OR post-treatment OR post-intervention OR longitudinal OR "Time Factors" OR "Age Factors" 

AND  

"Tricyclic antidepressants" OR SSRI OR SNRI OR antidepressants OR reboxetine OR "Monoamine Oxidase 
Inhibitors" OR "Serotonin Uptake Inhibitors" OR "Psychotropic Drugs" OR Antipsychotics OR "Amphetamine" OR 
lisdexamfetamine OR "lisdexamfetamine dimesylate" OR "Methylphenidate" OR "atomoxetine" OR "Guanfacine" OR 
"Clonidine") 

AND  

"non-human primate" OR "nonhuman primate" OR baboon OR macaque OR chimpanzee OR orangutan OR "rhesus 

monkey" OR "rhesus macaque" OR marmoset OR "cynomolgus monkey" OR gibbon OR grivet OR "squirrel 
monkey" OR cat OR dog OR rodent OR rat OR mouse OR rabbit OR guinea pig OR hamster OR gerbil  

javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
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Supporting Information S5 - data was extracted based on the following 
additional rules, besides the rules stated in the article text. 

 

• Doses and drug variants were not pooled, each drug was reported and the highest dose was used. 

• If identical tests were repeated on the following days, only the results from the first day were extracted.  

• When data during follow-up were given for each consecutive day separately as part of the experimental 
setup (a series of connected experiments), we pooled means and SDs.  

• If more than one behavioural test was performed, data from them all was extracted separately. 

• If one behavioural test reported very similar outcomes for the same group of animals, the outcomes were 
grouped accordingly and pooled.  

• Where number of animals per group was reported as an interval, the lowest number stated was used for 

analysis.  

• Outcomes specified per gender were not to be lumped, as most studies have used male cohorts and there 
could be gender differences [80][81].  

• If various handling regimes were reported, only data for non-handled animals was extracted.  

• Data on rearing, maternally separated animals and cross-fostered animals was extracted.  

 

 


