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Abstract
Rationale Selective serotonin reuptake inhibitors (SSRIs) are considered first-line medication for anxiety-like disorders such 
as panic disorder, generalized anxiety disorder, and post-traumatic stress disorder. Fear learning plays an important role in 
the development and treatment of these disorders. Yet, the effect of SSRIs on fear learning are not well known.
Objective We aimed to systematically review the effect of six clinically effective SSRIs on acquisition, expression, and 
extinction of cued and contextual conditioned fear.
Methods We searched the Medline and Embase databases, which yielded 128 articles that met the inclusion criteria and 
reported on 9 human and 275 animal experiments.
Results Meta-analysis showed that SSRIs significantly reduced contextual fear expression and facilitated extinction learning 
to cue. Bayesian-regularized meta-regression further suggested that chronic treatment exerts a stronger anxiolytic effect on 
cued fear expression than acute treatment. Type of SSRI, species, disease-induction model, and type of anxiety test used did 
not seem to moderate the effect of SSRIs. The number of studies was relatively small, the level of heterogeneity was high, 
and publication bias has likely occurred which may have resulted in an overestimation of the overall effect sizes.
Conclusions This review suggests that the efficacy of SSRIs may be related to their effects on contextual fear expression 
and extinction to cue, rather than fear acquisition. However, these effects of SSRIs may be due to a more general inhibition 
of fear-related emotions. Therefore, additional meta-analyses on the effects of SSRIs on unconditioned fear responses may 
provide further insight into the actions of SSRIs.

Keywords Fear learning · Anxiety · SSRIs · Acquisition · Extinction · Systematic review · Meta-analysis · 5-HT re-uptake 
inhibitor · Fear conditioning · Contextual anxiety

Introduction

Fear learning is a central process underlying the develop-
ment of anxiety-like disorders, such as panic disorder (PD) 
(Bouton et al. 2001), generalized anxiety disorder (GAD) 
(Lissek et  al. 2014), and post-traumatic stress disorder 
(PTSD) (Orr et al. 2000). All three disorders are associ-
ated with a disproportional reaction of fear in the absence 
of actual danger. Patients with these disorders are often not 
capable to extinguish this learned fear which may result in 
excessive fear expression and fear generalization (Jovanovic 
et al. 2012; Michael et al. 2007; Milad et al. 2013, 2009; 
Singewald et al. 2015; Wessa and Flor 2007)(reviewed in: 
Holmes and Singewald (2013); Kong et al. (2014)). Fear 
learning is often divided into five processes. These are acqui-
sition learning, fear expression after acquisition learning, 
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consolidation, extinction learning, and fear expression after 
extinction learning. Although the clinical representation of 
the three anxiety-like disorders is quite different, several 
lines of evidence point towards involvement of fear learning 
deficits in the etiology of these disorders. GAD and PTSD 
patients show enhanced fear acquisition (Orr et al. 2000; Peri 
et al. 2000; Thayer et al. 2000). Impaired within-session fear 
extinction is observed in patients with PD (Michael et al. 
2007; Otto et al. 2014) and GAD (Pitman and Orr 1986) 
whereas PTSD patients demonstrate impaired extinction 
recall (Milad et al. 2008). Abnormal conditioned fear gen-
eralization is evident in PD (Lissek et al. 2010), PTSD (Lis 
et al. 2020), and GAD patients (Lissek et al. 2014) compared 
to healthy controls. There is evidence for specific neural cir-
cuitry changes within these three anxiety disorders that may 
relate to these fear learning deficits. First, PTSD patients 
show an increased activation of the dorsal anterior cingulate 
cortex (dACC) (Milad et al. 2009) and abnormal activity and 
connectivity of the hippocampus (Huang et al. 2014a). These 
changes are associated with a reduced ability to extinguish 
learned fear (Rothbaum and Davis 2003) and the preserva-
tion and intrusion of traumatic memories (Chen and Etkin 
2013), respectively. Second, both PTSD and PD patients 
exhibit increased sustained bed nucleus of the stria termi-
nalis (BNST) activation which is associated with heightened 
sensitivity to unpredictable threat (Brinkmann et al. 2017a, 
b; Brinkmann et al. 2017a, b). Third, hyperactivity of the 
anterior insula is observed in PD (Brinkmann et al. 2017a, 
b) and GAD (Yassa et al. 2012) patients during sustained 
threat which might relate to feeling a loss of control and 
also reflects autonomic and emotional distress during threat 
(Alvarez et al. 2015; Hamann et al. 2002). Fourth, GAD 
patients exhibit a greater connectivity between the amygdala 
and the medial prefrontal cortex (mPFC) (Robinson et al. 
2014) which suggests that GAD patients have an increased 
attention toward threats (Robinson et al. 2012; Robinson 
et al. 2016; Vytal et al. 2014). However, how these neural 
mechanisms exactly relate to the different fear processes 
and the clinical symptoms associated with these disorders 
is not yet fully understood. Since there are clear parallels in 
terms of neural circuits and fear learning processes between 
humans and experimental animals (reviewed in: Burghardt 
and Bauer (2013)), investigating fear learning in animals can 
provide valuable insight in the neural mechanisms underly-
ing anxiety disorders.

Pharmacological intervention could potentially influence 
the aforementioned fear learning processes, eventually lead-
ing to a reduction in abnormal fear learning. Even though all 
processes appear crucial in etiology and treatment, the main 
focus of therapeutic action has been on reducing fear expres-
sion after extinction learning in order to support long-term 
extinction (Singewald et al. 2015). Selective serotonin reup-
take inhibitors (SSRIs) are the first-line pharmacological 

treatment for anxiety disorders such as PD and GAD and 
PTSD. Currently, six SSRIs are available for clinical use: cit-
alopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, 
and sertraline (Baldwin et al. 2014; Koen and Stein 2011). 
Their effectiveness, safety, and absence of abuse potential 
have been confirmed by multiple randomized controlled tri-
als (reviewed in: Ravindran and Stein (2010)). It is not yet 
clear how the SSRIs reduce anxiety symptoms; this could 
be via a specific effect on fear learning circuits (reviewed 
in: Burghardt and Bauer (2013)), but also via, for example, 
general emotional blunting (Fagiolini et al. 2021; Goodwin 
et al. 2017). Since the effects of SSRIs on the different fear 
learning processes are not well known and have not yet been 
systematically reviewed, this knowledge gap will be investi-
gated in the current systematic review.

With this systematic review we aimed to objectively 
determine which fear learning processes are affected by 
clinically effective SSRIs. Since SSRIs have been shown 
beneficial in the treatment of anxiety-like disorders, the 
results of this systematic review may identify fear learning 
processes that could be particularly relevant to address in 
future research on the development and treatment of anxi-
ety-like disorders. Furthermore, results from this systematic 
review may contribute to a better understanding of the role 
of the serotonergic system in acquisition and extinction of 
fear learning and fear expression. In this systematic review, 
we synthesized data from human and animal studies regard-
ing the effects of SSRIs on fear acquisition and extinction 
learning and on fear expression after acquisition and extinc-
tion learning, for both cued and contextual fear. We selected 
these fear learning processes because serotonin transport-
ers have been shown to play a role in acquisition learning 
(Bijlsma et al. 2015; Heitland et al. 2013) and SSRIs may 
affect the fear extinction process (Deschaux et al. 2011; Kar-
pova et al. 2011). To improve translation between animal and 
human research in future studies, we also examined whether 
study characteristics, including species, use of a disease-
induction model, duration of SSRI treatment, type of SSRI, 
and type of anxiety test used, may affect the effects of SSRIs. 
This information could prove useful to determine the most 
effective experimental set-up to study specific fear learning 
processes.

Materials and methods

This systematic review was performed in collaboration with 
the Systematic Review Center for Laboratory animal Experi-
mentation (SYRCLE). Furthermore, the reporting of this 
systematic review complied with the guidelines described 
in the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) statement (Page et al. 2021).
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Study protocol

This systematic review was conducted based on a preregis-
tered protocol (PROSPERO, CRD42020207075) which was 
registered at the PROSPERO website of the University of 
York on 30 September 2020 and updated on 25 February 
2021 and 28 September 2021; it can be accessed through this 
website: https:// www. crd. york. ac. uk/ prosp ero/. The protocol 
can also be found in supplementary file S1.

Literature search and selection

Search strategy

A literature search was performed in two major medical 
databases, Medline and Embase, containing all published 
articles up until the 4th of May 2021. The following com-
ponents were included in the search strategy: (1) clinically 
effective SSRIs (citalopram, escitalopram, fluoxetine, flu-
voxamine, paroxetine, and sertraline) and (2) fear learning 
processes (acquisition learning, fear expression after acquisi-
tion learning, extinction learning, and fear expression after 
extinction learning). The full search string can be found in 
supplementary file S2. The articles retrieved through this 
literature search were imported in EndNote and herein 
deduplicated. Afterwards the remaining set of articles was 
imported in the web program Rayyan (https:// www. rayyan. 
ai/) to perform study selection.

Study selection

Two reviewers (EH and MV) independently screened all arti-
cles that were identified during the literature search, based 
on inclusion and exclusion criteria as documented in the 
pre-registered protocol. Screening occurred in two phases: 
(1) titles and abstracts of all unique studies were screened 
and all possible eligible articles were selected; (2) full text 
of possibly suitable studies were read to determine eligi-
bility. Discrepancies in screening of studies in both phases 
were resolved by discussion between the two reviewers, if an 
agreement was not achieved a third reviewer was consulted 
(EYB or LG).

Study selection occurred in two phases: (1) title and 
abstract screening and (2) full-text screening. The follow-
ing exclusion criteria were used during the title and abstract 
screening: (1) a non-original study (reviews, case reports, 
conference abstracts, etc.); (2) an in vitro, ex vivo study or 
non-animal or non-human-related research; (3) any other 
treatment than one of the six following SSRIs (fluoxetine, 
fluvoxamine, sertraline, citalopram, escitalopram, parox-
etine) and/or a combined treatment with any other drug; 
(4) outcome not assessing the level of anxiety in tests for 
fear acquisition learning and expression and in tests for fear 

extinction learning and expression. These tests were lim-
ited to conditioned freezing, fear potentiated startle, several 
forms of passive avoidance (inhibitory avoidance, step-
through avoidance, plus-maze discriminative avoidance task, 
conditioned odor avoidance task), several forms of active 
avoidance (avoidance conditioning, two-way active avoid-
ance), conditioned emotional response, and conditioned 
place aversion; (5) the SSRI is not given directly to the study 
subject. The full-text screening used both the previous and 
the following exclusion criteria: (6) no appropriate placebo 
or vehicle control group is included; (7) information on the 
protocol of fear learning is not available/retrievable within 
one reference; (8) information on specific SSRI used is not 
available/retrievable; (9) results from the fear learning test 
are not reported; (10) additional pharmacological treatment 
is used before/during/after SSRI treatment and before test-
ing fear learning; (11) the effect of the SSRI treatment is not 
tested on fear learning; (12) the acquisition and/or extinc-
tion studies did not give the SSRI up until or within 24 h of 
the measurement of acquisition/extinction learning or fear 
expression (after acquisition or extinction learning); (13) 
the full article text is not retrievable; and (14) no English or 
Dutch version is retrievable.

Extraction of study characteristics

The study characteristics as shown in Table 1 were extracted 
from the included articles by one reviewer (EH) and checked 
by the second reviewer (MV).

Risk of bias assessment

Study quality was assessed with SYRCLE’s risk of bias 
tool (Hooijmans et al. 2014a, b) which uses three scoring 
categories: high/unclear/low risk of bias. Risk of bias was 
assessed based on six general categories, these were: selec-
tion bias, performance bias, detection bias, attrition bias, 
reporting bias, and other biases. For the latter category, we 
determined the presence of conflict of interest within every 
article. Since it is known that many preclinical studies show 
inadequate reporting and therefore lead to the scoring of 
many items of the risk of bias tool as unclear, two additional 
reporting items related to randomization and blinding were 
added to the risk of bias tool. Risk of bias was assessed inde-
pendently by two reviewers (EH and MV), and discrepancies 
were resolved by discussion or the consultation of a third 
reviewer (EYB or LG). Risk of bias was scored as “low” if 
an article took sufficient measures to minimalize or prevent 
risk of bias. In contrast, articles reporting that they did not 
take measures to limit risk of bias were scored as “high” 
(e.g., we did not randomize the allocation). Items of the risk 
of bias tool were reported as “unclear” in the situation where 

https://www.crd.york.ac.uk/prospero/
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insufficient information was available to determine the risk 
of bias.

“Selective outcome reporting” (reporting bias) was 
assessed using two procedures: (1) checking whether out-
come measures mentioned in the method section were also 
reported on in the result section and (2) examining the fol-
lowing two databases to determine the preregistration of pre-
clinical studies: Animal Study Registry (https:// www. anima 
lstud yregi stry. org) and (https:// precl inica ltria ls. eu/ datab ase).

Extraction of outcome data

Two reviewers (EH, MV) extracted the outcome data of the 
selected articles; extracted data by one investigator (EH) 
was cross-checked by the second investigator (MV) and 
vice versa. The outcome data that was extracted included 
a descriptive part based on the author’s conclusion (signifi-
cant increase/no effect/significant decrease in fear learning 
behavior compared to the placebo-controlled group) and a 
quantitative part (mean, SD, sample size) for both the con-
trol and the SSRI groups. Whenever there was a discrep-
ancy in sample size between the “Materials and methods” 
and ”Results” section, the sample size reported in the latter 
was chosen. Data that were only reported graphically were 
extracted by using a digital ruler (Universal Desktop Ruler). 
If an article reported multiple time points from the same ani-
mal, the measurement with the largest effect was extracted. 
We extracted and reported the doses that were tested for all 
experiments separately. However, inclusion of drug effects 
obtained at suboptimal doses could hamper interpretation 
of the effect size estimate. Also, inclusion of several data 
points from one experiment would cause dependency in 
the data set. Since our main question was if SSRIs could 
have an effect on fear-learning processes, we therefore only 
included data for the most effective dose that was tested in 
the meta-analysis. In case the sample size was described as 
a range, the highest value was used to calculate the corre-
sponding SD. When articles were found to have missing or 

unclear data, the authors of the article were contacted. If the 
requested data was not supplied by the authors in question, 
the article was removed from the systematic review.

In this article, we distinguished and reported the follow-
ing processes: acquisition learning, fear expression after 
acquisition learning, extinction learning, and fear expres-
sion after extinction learning. All four fear learning pro-
cesses can be related to either conditioning to cue or con-
ditioning to context. This yielded a total of eight different 
fear learning processes. It is important to note that the level 
of fear induced by acquisition and extinction learning can 
be measured in two ways: directly during training or in an 
expression test following the training session. If the level 
of fear induced by fear learning was only measured in an 
expression test (and not during training), and the SSRI was 
administered before and/or during training (and not within 
24 h before the expression test), the experiment was catego-
rized as “fear learning measured as expression.”

If a measure of fear learning was only obtained during 
a fear expression test, and the SSRI was only administered 
before and/or during training and no longer than 24 h before 
the fear expression test, the article was allocated to the cat-
egory “fear learning measured as expression.”

During the extraction of the data, this distinction was 
made; however, for the meta-analysis, the data of the two 
methods for measuring acquisition or extinction learning 
was combined.

Data‑analysis

Meta-analysis was conducted in R (R Core Team 2021). We 
used the R-package metafor (Viechtbauer 2010) to estimate 
the overall effect size, using a random-effects model which 
takes into account the precision of individual studies and the 
variation between studies and weighs each study accordingly 
(Hedges and Vevea 1998). Separate meta-analyses were 
conducted for each of the fear learning processes that were 
reported in ten or more independent comparisons from at 

Table 1  Study characteristics and the accompanying components that were extracted from the selected articles retrieved from the systematic 
search

*  = timing of SSRI administration relative to the measured fear conditioning process

Type of study characteristic Components

Study design Housing; time of testing; day/night schedule
Animal model/human characteristics Species; strain/race; age at time of testing/body weight at time of testing; sex; disease induction
Intervention Type of SSRI; doses; route; injection test interval*; duration of treatment (acute (1 × in 24 h)/subchronic 

(< 7 days)/chronic treatment (> 7 days)); for subchronic and chronic treatment the number of days were 
specified

Experimental design Number of subjects per experimental condition (intervention and control); type of test; test duration; 
reported outcome behavior

Outcome measures Most effective dose outcome is based on; fear learning process affected by SSRI (acquisition learning, 
extinction learning or fear expression after acquisition or extinction learning to either cue or context)

https://www.animalstudyregistry.org
https://www.animalstudyregistry.org
https://preclinicaltrials.eu/database
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least five different references. In case of multiple use of the 
same control group, the number of animals used in that con-
trol group was divided by the number of times that control 
group was used in the meta-analysis.

To account for between-studies heterogeneity, five cat-
egorical predefined moderators were coded: (SSRI, duration 
of treatment, disease induction, species, type of test). To 
encode all conditions of these categorical moderators, 33 
dummy variables were created. As the number of moderators 
was approximately equal to the number of available effect 
sizes (per process), classical meta-regression models were 
not identified. This problem can be overcome using Bayes-
ian regularized meta-regression (BRMA), as implemented 
in the pema package (Van Lissa and van Erp 2021) which 
applies a horseshoe prior to shrink small regression coeffi-
cients towards zero. This aids empirical model identification 
and helps identify relevant moderator variables (Van Lissa 
and van Erp 2021). The resulting regression coefficients are 
negatively biased by design, but the estimate of residual het-
erogeneity τ2 is unbiased. Note that, as this is a Bayesian 
model, inference is based on credible intervals. A credible 
interval is interpreted as follows: the population value falls 
within this interval with 95% probability (certainty). This is 
different from the interpretation of frequentist confidence 
intervals, which are interpreted as follows: in the long run, 
95% of confidence intervals contain the population value.

Note that some dummy variables in our data set were 
redundant; this occurs when studies within one sample have 
identical values on multiple dummy variables. To account 
for this redundancy, one of these dummy variables was 
retained, and its name was updated to reflect those of the 
other redundant dummies it represents. For example, in the 
“acquisition learning to context” sample, all human studies 
used the fear potentiated startle test (FPS); no other stud-
ies used this test, and no other test was used with humans. 
Therefore, the dummy for human participants and the one for 
were identical and their effects could not be distinguished. 
Thus, the analysis shows their joint effect as an effect of 
specieshuman;testFPS.

To examine the effect of a categorical variable, a refer-
ence category must be chosen. Dummy variables encode 
the difference between each remaining category and this 
reference category. When examining the results, the inter-
cept represents the expected effect size for a study that falls 
within the reference category for all categorical variables. 
The effect of dummy variables represents the difference of 
that category with the reference category. If a dummy varia-
ble has a significant effect, that means that that group’s mean 
differs significantly from the reference category’s mean (i.e., 
from the intercept). For the analyses, we used the following 
reference categories: fluoxetine (SSRI), chronic administra-
tion (duration of administration), stressed animals (disease 
induction), rats (species), and conditioned freezing (type 

of test). The choice of these categories was based on the 
expectation that this combination would yield the largest 
anxiolytic effect of SSRIs on the investigated fear learning 
processes.

Sensitivity analyses were not prespecified but determined 
during the course of the systematic review. We performed 
six sensitivity analyses related to the following experimental 
characteristics: (1) fear was instructed rather than learned; 
(2) BrdU was injected to measure cell proliferation; (3) sub-
jects received anesthetics and/or analgesics at some point 
during the experiment; (4) SSRI was given during both 
the measured fear learning process and one or more pre-
vious process(es) of fear learning (during acquisition and 
extinction); (5) subjects were exposed to repeated stress 
caused by daily injections for 5 months; and (6) acquisition 
or extinction learning to cue or context was measured as 
fear expression. Sensitivity analyses were carried out one 
by one, separately for each fear learning process. For each 
of the six experimental characteristics, experiments were 
excluded from the data set to determine whether the results 
obtained in the meta-analyses were robust to the decisions 
made regarding the six characteristics mentioned above.

Publication bias was examined using visual inspection 
of funnel plots, Eggers’ regression test, and Trim and Fill 
analysis. A minimum of 15 studies (for each outcome) was 
required to analyze publication bias. Funnel plots were made 
by plotting the SMD against 1/√n. We used this n-based 
precision estimate for standardized mean differences to avoid 
distortion of the funnel plots (Zwetsloot et al. 2017).

Asymmetry of the plots, as determined by visual inspec-
tion, was used as an indication of publication bias. Egger’s 
regression test focusses on small study effects and is a lin-
ear regression of the effect sizes on their standard errors, 
weighted by their inverse variance. In the absence of publi-
cation bias, the regression’s slope is expected to be zero (Lin 
and Chu 2018). The Trim and Fill analysis not only aims to 
detect funnel plot asymmetry by removing small, imprecise 
studies, but may also provide an estimate of the number of 
missing studies in the funnel plot and adjusts the overall 
effect size accordingly, thereby giving an effect estimation of 
the publication bias. Both the Egger’s regression test and the 
Trim and Fill analysis were performed in the program Stata.

Results

Adjustments to the protocol

For this systematic review, we performed an analysis that 
was not originally planned in the preregistered protocol. 
Instead of a subgroup analysis we performed a Bayesian 
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regularized meta-regression given the small sample size and 
the large number of moderators.

Data documentation

The Workflow for Open Reproducible Code in Science 
(WORCS) was used to make analyses reproducible (Van 
Lissa et al. 2021). All analysis code, supplemental materials, 
and synthetic data are available as a reproducible repository 
on GitHub at https:// doi. org/ 10. 17605/ OSF. IO/ MQHJR. The 
original data (restricted) and all study documentation are 
available via  https:// doi. org/ 10. 1007/ s00213- 023- 06333-7.

Study selection

The systematic search for relevant literature in the Medline 
and Embase databases yielded 3009 unique articles. Screen-
ing of the titles and abstracts of these individual articles 
revealed that 257 articles were eligible for full text screen-
ing, seven additional articles were identified through cita-
tion screening. After full-text screening, 128 articles were 
included in the systematic review of which 120 articles were 
eligible for the meta-analysis. The whole selection procedure 
is visualized in a flowchart (Fig. 1).

Study characteristics

For this article, we distinguished eight different fear learning 
processes. All eight processes were reported on in at least 
one of the 128 articles included in this systematic review. 
Acquisition learning was studied in 50 articles (16 to cue 
(6 of which as expression), 16 to context (12 of which as 
expression)). Fear expression after acquisition learning was 
studied in 88 articles (23 to cue, 65 to context). Extinction 
learning was studied in 15 articles (9 to cue (2 of which 
as expression), 4 to context), and 11 articles studied fear 
expression after extinction learning (6 to cue, 5 to context). 
A complete overview of study characteristics of the included 
studies can be found in supplementary file S3.

Risk of bias assessment

Risk of bias of the individual studies was assessed using the 
SYRCLE Risk of bias tool for animal studies (Hooijmans 
et al. 2014a, b). The complete risk of bias assessment can be 
found in supplementary file S3. Reporting of the six risk of 
bias categories was poor in almost all included articles. This 
lead to a predominantly unclear risk of bias score (Fig. 2). 
Regarding selection bias, 98% of the articles did not report 
on an adequately generated and applied allocation sequence. 
In 95% of the articles, the allocation concealment was not 
properly described or not described at all. On the other hand, 
51% of the articles used experimental groups that were 

similar at baseline or were adjusted for confounders. Assess-
ment of performance bias showed that none of the articles 
described whether the animals were randomly housed during 
the experiment. Also, 95% of publications did not describe 
whether caregivers/investigators were adequately blinded 
during the experiment. Evaluation of detection bias revealed 
that none of the articles reported whether the animals were 
selected at random during outcome assessment. In addition, 
the blinding of the outcome assessment was not specified in 
71% of the articles. The risk of attrition bias was unclear in 
76% of articles, since it was not described whether incom-
plete outcome data were adequately addressed. Likewise, 
the risk of reporting bias was unclear in all articles since 
none of the included studies was preregistered and therefore 
selective outcome reporting was assessed as unclear. Lastly, 
52% of the publications did not report whether the study was 
free of conflict of interest, which could cause a high risk of 
bias (Fig. 2a).

Two additional reporting items were scored, which 
revealed that 36% of publications mentioned that the 
experiment was randomized at any level and 29% of arti-
cles described that the experiment was blinded at any level 
(Fig. 2b).

Results per fear learning process

The 128 included articles reported a total of 284 unique 
experiments (k = 284). Acquisition learning was assessed 
in 82 experiments (24 to cue (15 of which as expression), 
29 to context (14 of which as expression)) and 160 experi-
ments assessed fear expression after acquisition learning (42 
to cue, 118 to context). Extinction learning was assessed in 
23 experiments (14 to cue (3 of which as expression), 9 to 
context) and 16 experiments assessed fear expression after 
extinction learning (7 to cue, 9 to context) (Fig. 3).

Below, the effects of SSRIs on fear learning are discussed 
separately for each fear learning process. For each process 
the descriptive statistics and, if performed, meta-analysis is 
described. If there was insufficient data to perform a meta-
analysis for a particular fear learning process, the individual 
data are reported in a forest plot which can be found in the 
supplementary files. Results from the meta-analysis with 
subgroup analysis using the DerSimonian and Laird method 
(as planned in the original protocol) can be found in supple-
mentary file S4. Results of both the classical meta-regres-
sion and the BRMA can be found in supplementary file S5.

Acquisition learning to cue

Descriptive statistics

The 20 articles that studied acquisition learning to cue 
reported a total of 39 unique experiments (k = 39). Out of 

https://doi.org/10.17605/OSF.IO/MQHJR
https://doi.org/10.1007/s00213-023-06333-7
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these 20 articles, the SSRI most frequently investigated 
was fluoxetine (n = 8; rats, 5–20 mg/kg; common gold-
fish, 81 ug/L) followed by citalopram (n = 4; rats, 10 mg/
kg; humans, 10–20 mg), escitalopram (n = 3; rats, 5 mg/
kg; mice, 10 mg/kg; humans, 10 mg/day), paroxetine 
(n = 3; rats, 5–10 mg/kg; mice, 5.5 mg/kg) and sertraline 
(n = 2; rats, 10 mg/kg; mice, 15 mg/kg). Most articles 
studied chronic administration of the SSRI (n = 13), 9 

investigated acute administration and 1 article adminis-
tered the SSRI subchronically. Rats were studied in 12 
articles, mice in 4 articles, humans in 3 articles, and 1 
article investigated the common goldfish. The majority of 
articles studied healthy, wild-type, naive or non-stressed 
subjects (n = 17), 5 articles used models of stress (single 
prolonged stress (n = 3), restraint (n = 1), acute uncon-
trollable stress (n = 1), immobilization stress (n = 1), 

Fig. 1  Flowchart of the study selection process
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and chronic social defeat (n = 1)) and 1 article used the 
genetic mouse model VGV 5-HT2CR. Fear learning was 
assessed with conditioned freezing (n = 14), active avoid-
ance (n = 4), or fear potentiated startle (n = 2). Most arti-
cles used male study subjects (n = 15), two articles used 
female study subjects, two articles used both sexes as 
study subjects, and two articles did not report the sex of 
their study subjects.

Meta‑analysis

For the meta-analysis, data of 39 experiments (k = 39) was 
available. Of these 39 experiments, acquisition learning 
to cue was measured in 24 experiments, and in 15 experi-
ments acquisition learning was measured as fear expression 
to cue. No effect of SSRIs on acquisition learning to cue was 
observed (effect size (95% CI) − 0.07 (− 0.45, 0.31); τ2 1.17 

Fig. 2  Risk of bias assessment of the included studies. The first nine 
questions shown in this figure were answered with “yes” indicating 
low risk of bias, “unclear” if not reported, and “no” indicating high 

risk of bias (A). The last two questions were answered with “yes” if 
there was any mention and “no” if there was no mention (B)

Fig. 3  Visual representation of the number of experiments per fear learning process for both acquisition, k = 242 experiments (left) and extinc-
tion, k = 42 experiments (right) included in this systematic review
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(0.89, 3.25); I2 84%; k = 39). However, this overall effect 
should be interpreted with caution since the investigated data 
showed high levels of residual heterogeneity that could not 
be explained by the moderator analysis. The forest plot in 
Fig. 4 showed that the results of this fear learning process 
are contradictory, 5 experiments reported an anxiolytic effect 
of SSRIs, 8 experiments reported an anxiogenic effect, and 
26 experiments reported no effect of SSRIs on acquisition 
learning to cue.

Acquisition learning to context

Descriptive statistics

The 25 articles that investigated acquisition learning to 
context reported 43 unique experiments in total (k = 43). 
Of these 25 articles the majority tested fluoxetine (n = 14; 
rats, 5–30 mg/kg; mice, 10–20 mg/kg), followed by citalo-
pram (n = 7; rats, 10–20 mg/kg; mice, 10 mg/kg; humans, 
20 mg), escitalopram (n = 3; rats, 1–10 mg/kg; mice, 10 mg/
kg), fluvoxamine (n = 1; rats, 10 mg/kg), paroxetine (n = 2; 
rats, 0.15–20 mg/kg), and sertraline (n = 3; rats, 20 mg/kg; 
mice, 15 mg/kg). Acute SSRI administration was performed 
in 12 articles, subchronic administration in 3 articles, and 

chronic administration in 10 articles. The studied subjects 
were rats (n = 17), mice (n = 7), and humans (n = 1). The 
majority of the articles studied healthy, wild-type, naive, 
or non-stressed subjects (n = 21), 4 articles used the single 
prolonged stress model, 1 article the chronic social defeat 
model, 1 article the maternal separation model, 1 article the 
olfactory bulbectomy model, and 1 article used the geneti-
cally modified mouse model Zfpm1CKO. Fear learning was 
assessed by conditioned freezing (n = 15), active avoidance 
(n = 4), passive avoidance (n = 5), or fear potentiated startle 
(n = 1). Most articles used male study subjects (n = 21), three 
articles used female study subjects, and one article used both 
sexes as study subjects.

Meta‑analysis

Data of 39 experiments (k = 39) was available for the meta-
analysis. Two articles comprising 4 experiments were not 
included in the meta-analysis since information on the dis-
persion of the data was missing (Archer 1982; Archer et al. 
1984). Of the 39 experiments, acquisition learning to context 
was measured in 25 experiments and acquisition learning 
measured as fear expression to context in 14 experiments. 
No effect of SSRIs on acquisition learning to context was 

Fig. 4  Forest plot of acquisition learning to cue with corresponding study characteristics per experiment. The overall effect was non-significant 
(SMD (95% CI) 0.01 (− 0.42, 0.44)). VGV 5-HT2CR = valine-glycine-valine isoform of the serotonin 2C receptor, NR = not reported
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observed (effect size (95% CI) − 0.24 (− 0.64, 0.15); τ2 1.32 
(0.83, 2.59); I2 85%; k = 39). Given the high levels of het-
erogeneity, however, the overall effect should be interpreted 
with caution. The forest plot in Fig. 5 showed that the results 
of this fear learning process were ambiguous, 11 experi-
ments reported an anxiolytic effect of SSRIs, 9 experiments 
reported an anxiogenic effect, and 19 experiments reported 
no effect of SSRIs on acquisition learning to context.

Cued fear expression after acquisition learning

Descriptive statistics

The 23 articles that studied cued fear expression after acquisi-
tion learning reported 42 unique experiments in total (k = 42). 
The majority of articles tested the SSRI fluoxetine (n = 12; rats, 
10 mg/kg; mice, 10–20 mg/kg; rabbits, 3 mg/kg) followed by 
paroxetine (n = 7; rats, 1–20 mg/kg; mice, 3–10 mg/kg), citalo-
pram (n = 3; rats, 10 mg/kg; mice, 10 mg/kg; humans, 10 and 
20 mg), fluvoxamine (n = 2; rats, 5–20 mg/kg; mice, 30 mg/kg), 
escitalopram (n = 1; mice, 10 mg/kg), and sertraline (n = 1; rats, 
100 mg/kg). These SSRIs were administered acutely in 10 arti-
cles, subchronically in 2 articles and chronically in 15 articles. 
The studied subjects were rats (n = 10), mice (n = 11), rabbits 

(n = 1), and humans (n = 1). Most articles studied healthy, wild-
type, naive, or non-stressed subjects (n = 19), some articles used 
models of stress (single prolonged stress (n = 3), water-immer-
sion and restraint stress (n = 1), or chronic social defeat (n = 1), 
other articles used genetically modified animals (Pdcd2-/- (n = 1) 
or MeCP2-308 (n = 1)), and 1 article looked at two phenotypes 
in rats characterized as low fear and high fear. Fear learning was 
assessed by conditioned freezing (n = 17), fear-potentiated startle 
(n = 5), or conditioned emotional response (n = 1). The majority 
of articles used male study subjects (n = 21), two articles used 
both sexes as study subjects, and one article did not report the 
sex of the study subjects.

Meta‑analysis

Extracted data of 41 experiments (k = 41) was included in 
the meta-analysis. One article, which reported 1 experiment, 
was not included in the meta-analysis since the quality of 
figures was too low to reliably extract the data (Hellewell 
et al. 1999). The forest plot in Fig. 6 shows that the results 
of this fear learning process were ambiguous, 6 experiments 
reported an anxiolytic effect of SSRIs, 6 experiments reported 
an anxiogenic effect, and 29 experiments reported no effect 
of SSRIs on cued fear expression. No effect of SSRIs on cued 

Fig. 5  Forest plot of acquisition learning to context with corresponding study characteristics per experiment. The overall effect was negative 
(favoring SSRIs) and non-significant (SMD (95% CI) − 0.24 (− 0.64, 0.15)). Zfpm1CKO = Zfpm1 conditional knockout
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fear expression after acquisition learning was observed (effect 
size (95% CI) − 0.13 (− 0.43, 0.16); τ2 0.71 (0.44, 1.53); I2 
78%; k = 41). However, given the high levels of heterogene-
ity, this overall effect should be interpreted with caution. The 
intercept of the BRMA model for this fear learning process 
was significant (SMD (95% CI) − 0.94 (− 1.65, − 0.21)), indi-
cating that SSRIs significantly reduced cued fear expression 
whenever studies fell within all of the chosen reference cat-
egories (fluoxetine, chronic administration, stressed animals, 
rats, and conditioned freezing). BRMA further showed that 
this effect of SSRIs was moderated by duration of treatment. 
Chronic administration of SSRIs had a significantly larger 
anxiolytic effect on cued fear expression than acute adminis-
tration (SMD (95% CI) 0.73 (0.14, 1.26).

Contextual fear expression after acquisition 
learning

Descriptive statistics

The 65 articles that investigated contextual fear expression 
after acquisition learning reported a total of 117 unique 
experiments (k = 117). These articles studied the effect of 

citalopram (n = 18; rats, 3–100 mg/kg; humans, 10 and 20 mg; 
zebrafish, 100 mg/kg), fluoxetine (n = 18; rats, 3–60 mg/kg; 
mice, 2.5–20 mg/kg), sertraline (n = 16; rats, 10–20 mg/kg; 
mice, 15–40 mg/kg), fluvoxamine (n = 11; rats, 3–100 mg/kg; 
mice, 10 – 40 mg/kg), paroxetine (n = 8; rats, 2.5–20 mg/kg; 
mice, 5–10 mg/kg), and escitalopram (n = 5; rats, 1–10 mg/kg; 
mice, 10 mg/kg). Acute administration was performed in 34 
articles, subchronic administration in 8 articles, and chronic 
administration in 29 articles. Most articles investigated rats 
(n = 39) followed by mice (n = 24), zebrafish (n = 2), and 
humans (n = 1). Nearly all articles studied healthy, wild-type, 
naive, or non-stressed subjects (n = 57), 13 articles used mod-
els of stress (single prolonged stress (n = 4), time-dependent 
sensitization (n = 4), variable stress (n = 3), chronic unpredict-
able stress (n = 1), and chronic social defeat (n = 1)), and 3 
articles made use of genetically modified animals (3xTgad 
(n = 1), MeCP2-308 (n = 1), and Pdcd2-/- (n = 1)). Outcome 
measures by which fear learning was assessed were condi-
tioned freezing (n = 55), fear-potentiated startle (n = 3), pas-
sive avoidance (n = 3), conditioned place aversion (n = 2), 
active avoidance (n = 1), and conditioned emotional response 
(n = 1). Most of the articles used male study subjects (n = 60), 
two articles used female study subjects, two articles used both 

Fig. 6  Forest plot of cued fear expression after acquisition learning 
with corresponding study characteristics per experiment. The over-
all effect was negative (favoring SSRIs) and non-significant (SMD 

(95% CI) − 0.13 (− 0.43, 0.16)). WIRS = water immersion restraint 
stress, MeCP2-308 = truncated form of methyl-CpG-binding protein 
2, Pdcd1-/- = PD-1 deficient
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sexes as study subjects, and three articles did not report the 
sex of the study subjects.

Meta‑analysis

The meta-analysis included data extracted from a total of 
117 experiments (k = 117). One article had an effect size esti-
mate almost 15 standard deviations from the mean effect size 
(Z = 14.98); this article was removed as an outlier (Verma et al. 
2016). The forest plot in Fig. 7 shows that the results of this 
fear learning process were rather ambiguous, 60 experiments 
reported an anxiolytic effect of SSRIs, 11 experiments reported 
an anxiogenic effect, and 46 experiments reported no effect of 
SSRIs on acquisition learning to context. SSRIs significantly 
reduced contextual fear expression (effect size (95% CI) − 0.85 
(− 1.12, − 0.57); P < 0.001; τ2 2.00 (2.04, 4.38); I2 89%; k = 117). 
However, caution should be taken when interpreting this overall 
effect given the presence of high levels of heterogeneity. The 
intercept of the BRMA model for this fear learning process was 
significant (SMD (95% CI) − 1.49 (− 2.31, − 0.72)), indicating 
that SSRIs significantly reduced contextual fear expression 
whenever studies fell within all of the chosen reference catego-
ries (fluoxetine, chronic administration, stressed animals, rats, 
and conditioned freezing).

Extinction learning to cue

Descriptive statistics

The 9 articles that studied extinction learning to cue reported 
a total of 17 unique experiments (k = 17). The articles inves-
tigated paroxetine (n = 3; rats, 5–10 mg/kg; mice, 5.5–16 mg/
kg), citalopram (n = 2; rats, 10 mg/kg; mice, 5–20 mg/kg), 
fluoxetine (n = 2; rats, 7 mg/kg; mice, 18 mg/kg), escitalopram 
(n = 1; humans, 10 mg/day), and sertraline (n = 1; rats, 10 mg/
kg). These SSRIs were mostly administered chronically (n = 6), 
2 articles used subchronic administration, and 2 articles gave the 
SSRIs acutely. The species investigated in the 9 articles were rats 
(n = 5), mice (n = 3), and humans (n = 1). Most of these articles 
investigated healthy, wild-type, naive, or non-stressed subjects 
(n = 8), 1 article used single prolonged stress as a model of stress, 
and 1 article used the genetic mouse model VGV 5-HT2CR. 
Conditioned freezing was used to test fear learning in 8 articles; 
1 article used active avoidance. Most articles used male study 
subjects (n = 7), one articles used both sexes as study subjects, 
and one article did not report the sex of the study subjects.

Meta‑analysis

For the meta-analysis, the data of 17 experiments (k = 17) was 
included. Of these 17 experiments, extinction learning to cue 
was measured in 14 experiments and extinction learning was 

measured as fear expression to cue in 3 experiments. SSRIs 
were observed to have a significant anxiolytic effect on extinc-
tion learning to cue (effect size (95% CI) − 0.99 (− 1.73, − 0.25); 
P = 0.01; τ2 2.15 (1.09, 5.74); I2 91%; k = 17). However, this 
overall effect should be interpreted with caution since the inves-
tigated data showed high levels of heterogeneity which could not 
be explained by the moderator analysis. The forest plot in Fig. 8 
shows that the results of this fear learning process were ambigu-
ous, 8 experiments reported an anxiolytic effect of SSRIs, 1 
experiment reported an anxiogenic effect, and 8 experiments 
reported no effect of SSRIs on acquisition learning to context.

Extinction learning to context

Descriptive statistics

The 4 articles that investigated extinction learning to context 
reported on 9 unique experiments in total (k = 9). All 4 arti-
cles administered fluoxetine chronically, 1 of the 4 articles 
also studied the effect of acutely administered fluoxetine 
(rats, 10–20 mg/kg; mice, 10 mg/kg). Both rats (n = 3) and 
mice (n = 1) were used in these articles. These rodents were 
healthy, wild-type, naive, or non-stressed in all 4 articles; 
also 1 article used the maternal separation model of stress. 
The fear learning was assessed with both conditioned freez-
ing (n = 3) and active avoidance (n = 1). Two articles used 
male study subjects, one article used female study subjects, 
and one article used both sexes as study subjects.

This fear learning process was investigated in 9 independ-
ent experiments; this number was too small to perform a 
meta-analysis on (as defined in the preregistered protocol). 
Details of the experiments for this fear learning process can 
be found in the forest plot shown in supplementary file S6.

Cued fear expression after extinction learning

Descriptive statistics

The 6 articles that studied cued fear expression after extinc-
tion learning reported a total of 7 unique experiments (k = 7). 
Most of these articles studied the effect of fluoxetine (n = 4; 
rats, 10 mg/kg; mice, 10–18 mg/kg), escitalopram (n = 1; 
humans, 10 mg/day), and paroxetine (n = 1; rats, 5 mg/kg) 
were investigated in the other 2 articles. Acute administration 
was performed in 1 article, subchronic administration also in 
1 article, and chronic administration in 4 articles. The species 
studied for this fear learning process were mice (n = 3), rats 
(n = 2), and humans (n = 1). All subjects were healthy, wild-
type, naive, or non-stressed (n = 6). Fear learning was tested 
in all 6 articles with conditioned freezing. Four articles used 
male study subjects, one article used both sexes as study sub-
jects, and one article did not report the sex of study subjects.
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This fear learning process was investigated in 7 inde-
pendent experiments; this number was too small to per-
form a meta-analysis on (as defined in the preregistered 
protocol). Details of the experiments for this fear learning 
process can be found in the forest plot shown in supple-
mentary file S6.

Contextual fear expression after extinction learning

Descriptive statistics

The 5 articles that investigated contextual fear expres-
sion after extinction learning reported a total of 9 unique 

Fig. 7  Forest plot of con-
textual fear expression after 
acquisition learning with 
corresponding study charac-
teristics per experiment. The 
overall effect was negative 
(favoring SSRIs) and sig-
nificant (SMD (95% CI) − 0.84 
(− 1.11, − 0.56) (P < 0.001)). 
MeCP2-308 = truncated form 
of methyl-CpG-binding protein 
2, Pdcd1-/- = PD-1 deficient, 
3xTgAD = triple transgenic Alz-
heimer’s disease, CODA = con-
ditioned odor avoidance task
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experiments (k = 9). All 5 articles studied the effect of chron-
ically administered fluoxetine (rats and mice: 10 mg/kg). In 
3 articles, the study subjects were mice, and in 2 articles, the 
subjects were rats. All 5 articles studied healthy, wild-type, 
naive, or non-stressed animals; 1 of these 5 articles also used 
the maternal separation model of stress. Conditioned freez-
ing was used in all articles to assess fear learning (n = 5). All 
articles used male study subjects (n = 5).

This fear learning process was investigated in 9 independ-
ent experiments; this number was too small to perform a 
meta-analysis on (as defined in the preregistered protocol). 
Details of the experiments for this fear learning process can 
be found in the forest plot shown in supplementary file S6.

Sensitivity analysis

For each fear learning process, multiple sensitivity analyses 
were performed to check the robustness of the meta-analysis 
results. Exclusion of the experiments by the characteristics 
described in the method section did not influence the sub-
stantive conclusions on the overall effect of SSRIs on acqui-
sition learning to cue, acquisition learning to context and 
cued and contextual fear expression after acquisition learn-
ing. However, upon exclusion of the 8 experiments in which 
SSRIs were administered not only during the fear learning 
process of interest but also during one or more previous 
process(es) of fear learning, the overall effect of SSRIs on 
extinction learning to cue was no longer significant but the 
direction remained the same. Given that the original number 
of articles investigated was already low (n = 17), this loss of 
statistical significance is likely due to loss of power rather 
than lack of robustness.

Publication bias

Visual inspection of the funnel plots of the five fear learn-
ing processes included in the meta-analysis showed variable 
shapes (supplementary file S7). However, these shapes did 
not show high levels of asymmetry and therefore do not indi-
cate the presence of publication bias. In addition, Egger’s 
regression test and a Trim and Fill analysis were performed 
to assess publication bias. In 4 out of 5 investigated fear 
learning processes, publication bias was found in at least 
1 of the 2 analyses (Table 2). The Trim and Fill analysis 
imputed 12, 7, and 26 “missing” studies for the fear learning 
processes acquisition learning to cue, cued fear expression 
after acquisition learning, and contextual fear expression 
after acquisition learning, respectively (supplementary file 
S8). Significant publication bias was found for extinction 
learning to cue in the Egger’s regression test (p = 0.016). 
No publication bias was found for acquisition learning to 
context.

Discussion

Effect of SSRIs on fear learning processes

This systematic review is the first to review the effects of 
clinically effective SSRIs on fear learning in both animals 
and humans. Meta-analyses of the included data suggest that 
treatment with SSRIs reduces the expression of contextual 
fear after acquisition learning and facilitate extinction learn-
ing to cue. Meta-analyses did not suggest an overall effect of 
SSRIs on acquisition learning to cue or context and on cued 

Fig. 8  Forest plot of extinction learning to cue with corresponding study 
characteristics per experiment. The overall effect was negative (favoring 
SSRIs) and significant (SMD (95% CI) − 0.99 − 1.73, − 0.25) (P = 0.01)). 

VGV 5-HT2CR = valine-glycine-valine isoform of the serotonin 2C 
receptor
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fear expression after acquisition learning. BRMA analysis 
indicated that duration of treatment may influence the effect 
of SSRIs on the expression of cued fear after acquisition 
learning.

Our study showed that SSRI treatment reduced contex-
tual fear expression. Interestingly, exacerbated contextual 
fear expression is considered an indicator of fear generaliza-
tion. Generalization is characterized by inappropriate fear 
responses to a variety of stimuli that share resemblance to 
the original conditioned stimulus, which can be both a cue 
and a context. Fear generalization is a hallmark of general-
ized anxiety disorder (Lissek et al. 2014), panic disorder 
(Lissek et al. 2010), and post-traumatic stress syndrome (Lis 
et al. 2020) which are treated most effectively with SSRIs 
(Baldwin et al. 2011; Chawla et al. 2022; Huang et al. 2020). 
Our results could thus suggest that the effectiveness of SSRIs 
is partly based on their ability to reduce fear generalization 
which is reflected in decreased contextual fear expression.

Although alterations in 5-HT transporter expression have 
been implicated in acquisition learning deficits (Bijlsma 
et al. 2015; Heitland et al. 2013), this systematic review of 
pharmacological studies does not provide evidence for the 
involvement of the 5-HT transporter in acquisition learning 
since selective blockade of the 5-HT transporter with SSRIs 
did not seem to affect this fear learning process. This finding 
is in line with earlier studies that have suggested that 5-HT 
transporter functioning is specifically important during early 
development by tuning the neural systems involved in anxi-
ety (Ansorge et al. 2004; Bijlsma et al. 2015). It is, however, 
important to realize that the absence of a significant overall 
effect of SSRIs on acquisition learning does not mean that 
SSRIs do not have an effect on this process. The lack of an 
overall effect could be due to the shortage of data and the 
high level of heterogeneity within the studied fear learning 
processes.

This systematic review also showed that SSRI treatment 
facilitated extinction learning to cue. However, this overall 
effect should not be overinterpreted since only a few stud-
ies were included and the analysis showed high levels of 
heterogeneity. Due to the low number of experiments, not 
all study characteristics within this fear learning process 
could be investigated properly with the Bayesian regularized 

meta-regression. For example, only one experiment investi-
gated the effect of SSRIs in stressed animals even though the 
use of such a disease model could contribute to the transla-
tional value of research into treating anxiety-like disorders. 
Therefore, we want to emphasize that additional research 
is necessary to confirm the observed effects of SSRI treat-
ment on extinction learning and investigate how this effect 
is moderated by different study characteristics.

The effects of SSRIs on fear learning processes found 
in this systematic review can be linked to specific neural 
mechanisms. The effect of SSRI treatment on contextual fear 
expression may suggest that the clinical effect of SSRIs is 
mediated by the BNST. The BNST is involved in processing 
of sustained and unpredictable threat (Goode et al. 2019). 
Both PD and PTSD patients show increased BNST activity 
which is associated with increased sensitivity to unpredict-
able threat (Brinkmann et al. 2017a, b; Brinkmann et al. 
2017a, b). Serotonin is thought to decrease BNST activity 
(as reviewed in: Burghardt and Bauer (2013)). and, there-
fore, SSRI treatment may have a normalizing effect on exac-
erbated BNST-mediated fear responses. Furthermore, GAD, 
PD, and PTSD have all been associated with decreased fear 
extinction (Michael et al. 2007; Milad et al. 2008; Otto et al. 
2014; Pitman and Orr 1986). As amygdala reactivity has 
been implicated as an indicator of treatment responsiveness 
(Gorka et al. 2019) and the amygdala has an important role 
in extinction learning (Phelps et al. 2004), our findings could 
also indicate that the clinical effect of SSRIs is mediated by 
its facilitatory effect on extinction learning.

In addition, our results do not suggest an emotional blunt-
ing effect of SSRIs since no effect of SSRIs on acquisition 
and cued fear expression was found. It could, however, be 
that the anxiolytic effect of SSRIs on contextual fear expres-
sion and extinction learning to cue is set about by a general 
inhibition of fear-related emotions. Therefore, it would be 
interesting to investigate how SSRIs affect other forms of 
anxiety, such as unconditioned fear responses. To our knowl-
edge, the effects of SSRIs on unconditioned anxiety, such as 
innate anxiety behavior and approach-avoidance behavior, 
show varying results. Acute administration of SSRIs, for 
example, has an anxiolytic effect in the separation-induced 
vocalization test in guinea-pig pups (Groenink et al. 2015). 

Table 2  Publication bias 
assessment of the fear learning 
processes using Egger’s 
regression test (p value) and the 
Trim and Fill analysis (imputed 
missing studies)

Fear learning process Egger’s regression test Trim and Fill 
analysis

Acquisition learning to cue 0.468 12
Acquisition learning to context 0.466 0
Cued fear expression after acquisition learning 0.448 7
Contextual fear expression after acquisition learning 0.15 26
Extinction learning to cue 0.016 0
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But both acute and chronic administration of SSRIs have 
anxiogenic-like or no effects in the elevated plus maze 
(reviewed in: Borsini et al. (2002)). Hence, we are currently 
performing a systematic review and meta-analysis in which 
we investigate the effect of SSRIs on unconditioned anxiety 
(PROSPERO registration number: CRD42022371871).

Bayesian regularized meta-regression suggested that the 
effect of SSRIs on cued fear expression may be dependent 
on duration of the treatment. Chronic SSRI treatment was 
associated with a stronger reduction in cued fear expres-
sion than single SSRI treatment as measured by conditioned 
freezing of fluoxetine-treated stressed rats. This finding is 
interesting in light of the clinically observed delayed onset 
of action of SSRIs in the treatment of anxiety disorders 
(Lenze et al. 2005; Rickels et al. 2003). This delayed onset 
of action of SSRIs is often attributed to the time it takes for 
the 5HT1A receptor to desensitize, and the expression of 
brain-derived neurotrophic factor to increase (reviewed in: 
Blier et al. (1987)). Both the 5HT1A receptor and BDNF 
are involved in fear learning (reviewed in: Dincheva et al. 
(2016)). In addition, this delayed onset could also be related 
to downregulation of the NR2B subunit of the NMDA recep-
tor which was observed in the basolateral amygdala of rats 
after chronic SSRI treatment (Burghardt et al. 2013). The 
NMDA receptor plays an important role in synaptic plastic-
ity and fear learning (Liu et al. 2004; Zhao et al. 2005). It is 
interesting that an effect of duration of treatment was only 
found for cued fear expression and not for contextual fear 
expression. It is currently unknown what could explain this 
discrepancy between the effects on these two fear processes. 
This would be an interesting line of future research.

Given that patients may respond to one SSRI but not to 
another (Baldwin et al. 2014), one of our sub-questions if 
the six clinically prescribed SSRIs would differ in the fear 
learning processes they affect and in the extent to which they 
would do so. Most SSRIs are considered selective towards 
the 5-HT transporter (Owens et al. 2001). As reviewed by 
Sanchez and co-workers, the selectivity of SSRIs for SERT 
relative to the nearest target ranges from over 60 times for 
sertraline to over a 1000 times for escitalopram (Sanchez 
et al. 2014). Fluvoxamine is the only SSRI that binds with 
considerable affinity towards another target than SERT. 
It binds with a 15 times weaker affinity to sigma1 recep-
tors, at which it acts as an agonist (Ishikawa et al. 2007). 
Currently, however, it is unclear to what extent binding to 
these other proteins are involved in the anxiolytic effects 
of SSRIs. The extent to which the different SSRIs act as 
orthosteric or allosteric modulator of the SERT protein may 
also affect their efficacy (reviewed in: Sanchez et al. (2014)). 
Our meta-analysis, which only included the most effective 
dose within each experiment, did not provide evidence that 
the six SSRIs differ in the way they affect fear learning. This 
finding may suggest that SSRIs exert their effect on fear 

learning via inhibition of SERT, which would be in line with 
the high selectivity of SSRIs towards SERT (Owens et al. 
2001; Sanchez et al. 2014). Of note, given the limited data 
available for some of the SSRIs, the meta-analysis may not 
have been sufficiently powered to reliably detect differences 
between SSRIs.

Heterogeneity

In general, we found high levels of statistical heterogeneity 
 (I2 and τ2) for all the investigated fear learning processes. 
This is, however, not surprising since most included experi-
ments were animal studies which often vary considerable in 
their experimental set-up compared to clinical trials (Hooi-
jmans et al. 2014a, b).

Bayesian regularized meta-regression was performed to 
investigate the impact of the study characteristics on the 
overall heterogeneity within the fear learning processes. This 
analysis suggested that SSRIs reduce cued and contextual 
fear expression after acquisition learning when the modera-
tors fall within the chosen reference categories (fluoxetine, 
chronic administration, stressed animals, rats, conditioned 
freezing). Interestingly, no overall effect of SSRIs on cued 
fear expression was found in this systematic review. This 
suggests that a model of purposefully chosen reference cat-
egories may resolve part of the heterogeneity and reveal 
an effect of SSRIs on cued fear expression, suggesting the 
importance of the experimental set-up of a study.

The BRMA analysis was used since the investigated 
dataset was quite small, compared to the many moderators 
that were included. A BRMA analysis tends to overfit data 
less than a classical meta-regression analysis and was there-
fore the preferred type of analysis (Van Lissa and van Erp 
2021). In addition, the classical meta-regression analysis 
showed moderate to high levels of multicollinearity present 
within our dataset as indicated by the variance inflation 
factor (supplementary file S5) and the BRMA is robust to 
multicollinearity.

Limitations

Knowledge gaps

First, only a small number of studies have investigated the 
effect of SSRIs on fear learning processes in humans. Data 
from these studies would give direct insight into the effect of 
SSRIs on the different fear learning processes. Second, the 
articles included in this systematic review did not allow us to 
investigate the potential differences between the six SSRIs, 
since too few experiments were conducted. Therefore, we 
cannot draw any conclusions regarding the efficacy of the 
different SSRIs. Third, the majority of subjects that were 
studied were healthy even though an experimental set-up 
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with stressed subjects may hold greater translational value 
since it bears more resemblance to the clinical situation of 
patients with anxiety-like disorders. The same holds true for 
the sex of the studied subjects. In 87% of all experiments, 
only male subjects were tested and in 6% of the experiments 
females were studied. In 4% of the experiments, both sexes 
were tested without differentiation between the sexes and in 
the remaining experiments the sex of the studied subjects 
was not reported. Including female subjects in the experi-
mental set-up could increase the translational value of these 
studies since psychiatric epidemiology shows that women 
have a significant higher chance of developing anxiety disor-
ders than men (Angst and Dobler-Mikola 1985; Bruce et al. 
2005; Regier et al. 1990). Fourth, only a few experiments 
used either the active or passive avoidance tests and, there-
fore, not enough data was available to include these tests in 
the moderator analysis. It would have been interesting to 
determine the effect of SSRIs on this behavioral aspect of 
anxiety considering that avoidance behavior is a key aspect 
of anxiety-like disorders (reviewed in: Hofmann and Hay 
(2018); Krypotos et al. (2015)). Similarly, only a few articles 
investigated the effect of SSRIs on fear extinction. It is, how-
ever, hypothesized that deficits in fear extinction contribute 
to the development of anxiety disorders (Milad et al. 2014; 
Wessa and Flor 2007), and various exposure therapies in 
patients are based on promoting extinction (Hermans et al. 
2006). Therefore, additional preclinical studies specifically 
investigating effects of SSRIs on fear extinction processes 
may provide a better understanding of relevant disease pro-
cesses and could help to improve the treatment of anxiety-
like disorders.

Limitations of the included studies

The articles included in this systematic review showed some 
limitations which should be considered for proper inter-
pretation of the data. First, in some articles, the SSRI was 
administered during multiple processes of fear learning. This 
makes it difficult to pinpoint the effect of the SSRI on the 
specific processes. For example, in some studies, the SSRI 
was administered during both the acquisition and extinc-
tion phase. The effect of the SSRI on the extinction phase 
could therefore have been influenced by the effect that the 
SSRI already may have had on the acquisition phase. Even 
though the sensitivity analysis did not indicate that this 
experimental set-up affected the overall effect, the measured 
and reported effect of the SSRI on extinction is not specific. 
Second, the majority of the included articles reported very 
poorly on preventive measures taken to reduce risk of bias. 
It is, however, difficult to determine whether the articles did 
not report the preventive measures or whether they did not 
apply these. Nonetheless, we did not exclude articles based 
on their risk of bias assessment. Lastly, publication bias has 

likely occurred in four out of five investigated fear learning 
processes as determined by the Egger’s regression test and 
the Trim and Fill analysis. Taking these limitations into con-
sideration, it is important to interpret the results with caution 
since the overall effects of SSRIs on fear learning are most 
probably overestimated.

Limitations of the design of the systematic review

This systematic review only included articles written in 
English or Dutch. This decision was based on a cost–ben-
efit analysis. The excluded articles were either written in 
Chinese (Ji et al. 2015; Sun et al. 2016; Wang et al. 2014; 
Wen et  al. 2018) or Japanese (Hashimoto 2000; Inoue 
1993; Muraki 2001; Tsuchiya 1999). In addition, the cho-
sen approach to include only one datapoint per animal and 
to include the datapoint of the fear learning process meas-
ured most directly after SSRI treatment might partly explain 
the low number of fear extinction experiments included in 
this systematic review. It also reveals that only few experi-
ments investigated the effect of SSRIs on fear extinction 
processes with as little interference as possible. Also, by 
only including the most effective dose of experiments in 
the meta-analysis, we may have introduced a bias regarding 
the pharmacological selectivity of the effect of SSRIs. This 
seems, however, not likely since in only 27% of all experi-
ments a dose–response relationship was studied, and in 66% 
of these experiments the most effective dose was also the 
highest dose tested. Furthermore, not all the biological study 
characteristics were included as moderators (such as sex, 
age, dose, route of administration, etc.). On the basis of pre-
vious research, a selection of relevant moderators was made 
since a relatively high number of experiments is needed per 
parameter to reliably examine heterogeneity (Riley et al. 
2011). We cannot exclude that some of the remaining het-
erogeneity could have been explained by study characteris-
tics not included in the moderator analysis. Future research 
might seek to better understand the sources of heterogeneity 
observed in our meta-analyses. This could help optimize and 
standardize the experimental set-up of future studies on the 
mechanisms underlying fear learning.

Conclusion and recommendations

In conclusion, this review provided evidence to suggest that 
the clinical efficacy of SSRIs may be related to their effects 
on fear expression and extinction. Given the findings of the 
current review, it would be important to conduct additional 
studies that are tailored to specifically measure drug effects 
on fear extinction, instead of multiple fear learning pro-
cesses, to further validate and extend the effect of SSRIs 
on fear extinction. In addition, the effects of SSRIs on these 
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fear processes could also be related to a general inhibition 
of fear-related emotions. It would therefore be interesting to 
investigate if SSRIs affect other forms of anxiety, such as 
unconditioned fear.

We would further recommend to more frequently use 
human subjects in this line of research. Human models of 
anxiety, such as anxiety-potentiated startle, have shown great 
potential as an experimental tool and have high translational 
value (Grillon and Ernst 2020). Lastly, the conduct of sys-
tematic reviews with meta-analyses that include animal stud-
ies is still under development. An important limitation when 
synthesizing evidence of animal studies is that the number 
of available studies is often small and the between study 
heterogeneity is most times high. To address this problem, 
we applied the BRMA analysis as a valuable alternative 
to subgroup analyses. We would like to encourage fellow 
researchers to consider using BRMA when working with 
small datasets containing high levels of multicollinearity to 
limit overestimation of estimated effects.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00213- 023- 06333-7.

Funding This study was funded by ZonMw [MKMD 114024147].

Declarations 

Conflict of interest The authors declare no competing interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Aguiar JC, Gomes EP, Fonseca-Silva T, Velloso NA, Vieira LT, Fer-
nandes MF, . . . Guimarães AL (2013) Fluoxetine reduces peri-
odontal disease progression in a conditioned fear stress model in 
rats. J Periodontal Res 48(5):632–637. https:// doi. org/ 10. 1111/ 
jre. 12049

Alvarez RP, Kirlic N, Misaki M, Bodurka J, Rhudy JL, Paulus MP, 
Drevets WC (2015) Increased anterior insula activity in anx-
ious individuals is linked to diminished perceived control. 
Transl Psychiatry 5:e591. https:// doi. org/ 10. 1038/ tp. 2015. 84

Angst J, Dobler-Mikola A (1985) The Zurich Study. V. Anxiety 
and phobia in young adults. Eur Arch Psychiatry Neurol Sci 
235(3):171–178. https:// doi. org/ 10. 1007/ BF003 80989

Ansorge MS, Zhou M, Lira A, Hen R, Gingrich JA (2004) Early-life 
blockade of the 5-HT transporter alters emotional behavior 

in adult mice. Science 306(5697):879–881. https:// doi. org/ 10. 
1126/ scien ce. 11016 78

Archer T (1982) Serotonin and fear retention in the rat. J Comp Phys-
iol Psychol 96(3):491–516. https:// doi. org/ 10. 1037/ h0077 897

Archer T, Ogren SO, Johansson G, Ross SB (1984) The effect of 
acute zimeldine and alaproclate administration on the acquisi-
tion of two-way active avoidance: comparison with other anti-
depressant agents, test of selectivity and sub-chronic studies. 
Psychopharmacology 84(2):188–195. https:// doi. org/ 10. 1007/ 
BF004 27444

Baldwin DS, Anderson IM, Nutt DJ, Allgulander C, Bandelow B, den 
Boer JA, . . . Wittchen HU (2014) Evidence-based pharmacologi-
cal treatment of anxiety disorders, post-traumatic stress disorder 
and obsessive-compulsive disorder: a revision of the 2005 guide-
lines from the British Association for Psychopharmacology. J 
Psychopharmacol 28(5):403–439. https:// doi. org/ 10. 1177/ 02698 
81114 525674

Baldwin DS, Woods R, Lawson R, Taylor D (2011) Efficacy of drug 
treatments for generalised anxiety disorder: systematic review 
and meta-analysis. BMJ 342:d1199. https:// doi. org/ 10. 1136/ bmj. 
d1199

Bentefour Y, Bennis M, Garcia R, M’Hamed SB (2015) Effects of par-
oxetine on PTSD-like symptoms in mice. Psychopharmacology 
232(13):2303–2312. https:// doi. org/ 10. 1007/ s00213- 014- 3861-2

Beulig A, Fowler J (2008) Fish on Prozac: effect of serotonin reuptake 
inhibitors on cognition in goldfish. Behav Neurosci 122(2):426–
432. https:// doi. org/ 10. 1037/ 0735- 7044. 122.2. 426

Bijlsma EY, Hendriksen H, Baas JM, Millan MJ, Groenink L (2015) 
Lifelong disturbance of serotonin transporter functioning results 
in fear learning deficits: reversal by blockade of CRF1 receptors. 
Eur Neuropsychopharmacol 25(10):1733–1743. https:// doi. org/ 
10. 1016/j. euron euro. 2015. 07. 004

Blier P, de Montigny C, Chaput Y (1987) Modifications of the sero-
tonin system by antidepressant treatments: implications for the 
therapeutic response in major depression. J Clin Psychopharma-
col 7(6 Suppl):24S-35S. Retrieved from https:// www. ncbi. nlm. 
nih. gov/ pubmed/ 33232 64

Borsini F, Podhorna J, Marazziti D (2002) Do animal models of 
anxiety predict anxiolytic-like effects of antidepressants? Psy-
chopharmacology 163(2):121–141. https:// doi. org/ 10. 1007/ 
s00213- 002- 1155-6

Bouton ME, Mineka S, Barlow DH (2001) A modern learning the-
ory perspective on the etiology of panic disorder. Psychol Rev 
108(1):4–32. https:// doi. org/ 10. 1037/ 0033- 295x. 108.1.4

Brinkmann L, Buff C, Feldker K, Tupak SV, Becker MPI, Herrmann 
MJ, Straube T (2017a) Distinct phasic and sustained brain 
responses and connectivity of amygdala and bed nucleus of 
the stria terminalis during threat anticipation in panic disorder. 
Psychol Med 47(15):2675–2688. https:// doi. org/ 10. 1017/ S0033 
29171 70011 92

Brinkmann L, Buff C, Neumeister P, Tupak SV, Becker MP, Herrmann 
MJ, Straube T (2017b) Dissociation between amygdala and 
bed nucleus of the stria terminalis during threat anticipation in 
female post-traumatic stress disorder patients. Hum Brain Mapp 
38(4):2190–2205. https:// doi. org/ 10. 1002/ hbm. 23513

Bruce SE, Yonkers KA, Otto MW, Eisen JL, Weisberg RB, Pagano 
M, . . . Keller MB (2005) Influence of psychiatric comorbidity 
on recovery and recurrence in generalized anxiety disorder, 
social phobia, and panic disorder: a 12-year prospective study. 
Am J Psychiatry 162(6):1179–1187. https:// doi. org/ 10. 1176/ 
appi. ajp. 162.6. 1179

Bui E, Orr SP, Jacoby RJ, Keshaviah A, Leblanc NJ, Milad MR, . 
. . Simon NM (2013) Two weeks of pretreatment with escit-
alopram facilitates extinction learning in healthy individuals. 
Human Psychopharmacology 28(5):447–456. https:// doi. org/ 
10. 1002/ hup. 2330

https://doi.org/10.1007/s00213-023-06333-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/jre.12049
https://doi.org/10.1111/jre.12049
https://doi.org/10.1038/tp.2015.84
https://doi.org/10.1007/BF00380989
https://doi.org/10.1126/science.1101678
https://doi.org/10.1126/science.1101678
https://doi.org/10.1037/h0077897
https://doi.org/10.1007/BF00427444
https://doi.org/10.1007/BF00427444
https://doi.org/10.1177/0269881114525674
https://doi.org/10.1177/0269881114525674
https://doi.org/10.1136/bmj.d1199
https://doi.org/10.1136/bmj.d1199
https://doi.org/10.1007/s00213-014-3861-2
https://doi.org/10.1037/0735-7044.122.2.426
https://doi.org/10.1016/j.euroneuro.2015.07.004
https://doi.org/10.1016/j.euroneuro.2015.07.004
https://www.ncbi.nlm.nih.gov/pubmed/3323264
https://www.ncbi.nlm.nih.gov/pubmed/3323264
https://doi.org/10.1007/s00213-002-1155-6
https://doi.org/10.1007/s00213-002-1155-6
https://doi.org/10.1037/0033-295x.108.1.4
https://doi.org/10.1017/S0033291717001192
https://doi.org/10.1017/S0033291717001192
https://doi.org/10.1002/hbm.23513
https://doi.org/10.1176/appi.ajp.162.6.1179
https://doi.org/10.1176/appi.ajp.162.6.1179
https://doi.org/10.1002/hup.2330
https://doi.org/10.1002/hup.2330


2353Psychopharmacology (2023) 240:2335–2359 

1 3

Burghardt NS, Bauer EP (2013) Acute and chronic effects of selec-
tive serotonin reuptake inhibitor treatment on fear condition-
ing: implications for underlying fear circuits. Neuroscience 
247:253–272. https:// doi. org/ 10. 1016/j. neuro scien ce. 2013. 
05. 050

Burghardt NS, Bush DEA, McEwen BS, LeDoux JE (2007) Acute 
Selective serotonin reuptake inhibitors increase conditioned fear 
expression: blockade with a 5-HT2C receptor antagonist. Biol 
Psychiat 62(10):1111–1118. https:// doi. org/ 10. 1016/j. biops ych. 
2006. 11. 023

Burghardt NS, Sigurdsson T, Gorman JM, McEwen BS, Ledoux JE 
(2013) Chronic antidepressant treatment impairs the acquisition 
of fear extinction. Biol Psychiat 73(11):1078–1086. https:// doi. 
org/ 10. 1016/j. biops ych. 2012. 10. 012

Burghardt NS, Sullivan GM, McEwen BS, Gorman JM, Ledoux JE (2004) 
The selective serotonin reuptake inhibitor citalopram increases fear 
after acute treatment but reduces fear with chronic treatment: a com-
parison with tianeptine. Biol Psychiat 55(12):1171–1178. https:// doi. 
org/ 10. 1016/j. biops ych. 2004. 02. 029

Burhans LB, Smith-Bell CA, Schreurs BG (2013) Subacute fluoxetine 
enhances conditioned responding and conditioning-specific 
reflex modification of the rabbit nictitating membrane response: 
Implications for drug treatment with selective serotonin reup-
take inhibitors. Behav Pharmacol 24(1):55–64. https:// doi. org/ 
10. 1097/ FBP. 0b013 e3283 5d528e

Camp MC, MacPherson KP, Lederle L, Graybeal C, Gaburro S, 
Debrouse LM, . . . Holmes A (2012) Genetic strain differences 
in learned fear inhibition associated with variation in neuroen-
docrine, autonomic, and amygdala dendritic phenotypes. Neu-
ropsychopharmacology 37(6):1534–1547. https:// doi. org/ 10. 
1038/ npp. 2011. 340

Cavazzuti E, Bertolini A, Vergoni AV, Arletti R, Poggioli R, Forgione 
A, Benelli A (1999) l-Sulpiride, at a low, non-neuroleptic dose, 
prevents conditioned fear stress-induced freezing behavior in 
rats. Psychopharmacology 143(1):20–23. https:// doi. org/ 10. 
1007/ s0021 30050 914

Chawla N, Anothaisintawee T, Charoenrungrueangchai K, Thaipisut-
tikul P, McKay GJ, Attia J, Thakkinstian A (2022) Drug treat-
ment for panic disorder with or without agoraphobia: systematic 
review and network meta-analysis of randomised controlled tri-
als. BMJ 376:e066084. https:// doi. org/ 10. 1136/ bmj- 2021- 066084

Chen AC, Etkin A (2013) Hippocampal network connectivity and acti-
vation differentiates post-traumatic stress disorder from general-
ized anxiety disorder. Neuropsychopharmacology 38(10):1889–
1898. https:// doi. org/ 10. 1038/ npp. 2013. 122

Clément RJG, Macrì S, Porfiri M (2020) Design and development of 
a robotic predator as a stimulus in conditioned place aversion 
for the study of the effect of ethanol and citalopram in zebrafish. 
Behav Brain Res 378:112256. https:// doi. org/ 10. 1016/j. bbr. 2019. 
112256

Cosentino L, Vigli D, Medici V, Flor H, Lucarelli M, Fuso A, De Filip-
pis B (2019) Methyl-CpG binding protein 2 functional altera-
tions provide vulnerability to develop behavioral and molecular 
features of post-traumatic stress disorder in male mice. Neurop-
harmacology 160:107664. https:// doi. org/ 10. 1016/j. neuro pharm. 
2019. 06. 003

Deschaux O, Spennato G, Moreau JL, Garcia R (2011) Chronic treat-
ment with fluoxetine prevents the return of extinguished audi-
tory-cued conditioned fear. Psychopharmacology 215(2):231–
237. https:// doi. org/ 10. 1007/ s00213- 010- 2134-y

Dincheva I, Lynch NB, Lee FS (2016) The role of BDNF in the devel-
opment of fear learning. Depress Anxiety 33(10):907–916. 
https:// doi. org/ 10. 1002/ da. 22497

Dutta AK, Santra S, Harutyunyan A, Das B, Lisieski MJ, Xu L, Perrine 
SA (2019) D-578, an orally active triple monoamine reuptake 
inhibitor, displays antidepressant and anti-PTSD like effects in 

rats. Eur J Pharmacol 862:172632. https:// doi. org/ 10. 1016/j. 
ejphar. 2019. 172632

Fagiolini A, Florea I, Loft H, Christensen MC (2021) Effectiveness of 
vortioxetine on emotional blunting in patients with major depres-
sive disorder with inadequate response to SSRI/SNRI treatment. 
J Affect Disord 283:472–479. https:// doi. org/ 10. 1016/j. jad. 2020. 
11. 106

Fitzgerald PJ, Whittle N, Flynn SM, Graybeal C, Pinard CR, Gunduz-
Cinar O, Holmes A (2014) Prefrontal single-unit firing associ-
ated with deficient extinction in mice. Neurobiol Learn Mem 
113:69–81. https:// doi. org/ 10. 1016/j. nlm. 2013. 11. 002

Fuertig R, Azzinnari D, Bergamini G, Cathomas F, Sigrist H, Seifritz 
E, Pryce CR (2016) Mouse chronic social stress increases blood 
and brain kynurenine pathway activity and fear behaviour: Both 
effects are reversed by inhibition of indoleamine 2,3-dioxyge-
nase. Brain Behav Immun 54:59–72. https:// doi. org/ 10. 1016/j. 
bbi. 2015. 12. 020

Goode TD, Ressler RL, Acca GM, Miles OW, Maren S (2019) Bed 
nucleus of the stria terminalis regulates fear to unpredictable 
threat signals. eLife 8:e46525 https:// doi. org/ 10. 7554/ eLife. 
46525

Goodwin GM, Price J, De Bodinat C, Laredo J (2017) Emotional blunting 
with antidepressant treatments: A survey among depressed patients. 
J Affect Disord 221:31–35. https:// doi. org/ 10. 1016/j. jad. 2017. 05. 048

Gorka SM, Young CB, Klumpp H, Kennedy AE, Francis J, Ajilore O, 
Phan KL (2019) Emotion-based brain mechanisms and predic-
tors for SSRI and CBT treatment of anxiety and depression: a 
randomized trial. Neuropsychopharmacology 44(9):1639–1648. 
https:// doi. org/ 10. 1038/ s41386- 019- 0407-7

Gottschalk MG, Mortas P, Haman M, Ozcan S, Biemans B, Bahn S 
(2018) Fluoxetine, not donepezil, reverses anhedonia, cognitive 
dysfunctions and hippocampal proteome changes during repeated 
social defeat exposure. Eur Neuropsychopharmacol 28(1):195–
210. https:// doi. org/ 10. 1016/j. euron euro. 2017. 11. 002

Graham B, Garcia NM, Burton MS, Cooper AA, Roy-Byrne PP, 
Mavissakalian MR, Zoellner LA (2018). High expectancy and 
early response produce optimal effects in sertraline treatment for 
post-traumatic stress disorder. Br J Psychiatry 213(6):704–708. 
https:// doi. org/ 10. 1192/ bjp. 2018. 211

Gravius A, Barberi C, Schäfer D, Schmidt WJ, Danysz W (2006) The 
role of group I metabotropic glutamate receptors in acquisition 
and expression of contextual and auditory fear conditioning in 
rats - a comparison. Neuropharmacology 51(7–8):1146–1155. 
https:// doi. org/ 10. 1016/j. neuro pharm. 2006. 07. 008

Greenwood BN, Strong PV, Brooks L, Fleshner M (2008) Anxiety-
like behaviors produced by acute fluoxetine administration in 
male Fischer 344 rats are prevented by prior exercise. Psy-
chopharmacology 199(2):209–222. https:// doi. org/ 10. 1007/ 
s00213- 008- 1167-y

Grillon C, Chavis C, Covington MF, Pine DS (2009) Two-week treat-
ment with the selective serotonin reuptake inhibitor citalopram 
reduces contextual anxiety but not cued fear in healthy volun-
teers: a fear-potentiated startle study. Neuropsychopharmacology 
34(4):964–971. https:// doi. org/ 10. 1038/ npp. 2008. 141

Grillon C, Ernst M (2020) A way forward for anxiolytic drug devel-
opment: testing candidate anxiolytics with anxiety-potentiated 
startle in healthy humans. Neurosci Biobehav Rev 119:348–354. 
https:// doi. org/ 10. 1016/j. neubi orev. 2020. 09. 024

Grillon C, Levenson J, Pine DS (2007) A single dose of the selective 
serotonin reuptake inhibitor citalopram exacerbates anxiety in 
humans: a fear-potentiated startle study. Neuropsychopharma-
cology 32(1):225–231. https:// doi. org/ 10. 1038/ sj. npp. 13012 04

Groenink L, Verdouw PM, Bakker B, Wever KE (2015) Pharmaco-
logical and methodological aspects of the separation-induced 
vocalization test in guinea pig pups; a systematic review and 

https://doi.org/10.1016/j.neuroscience.2013.05.050
https://doi.org/10.1016/j.neuroscience.2013.05.050
https://doi.org/10.1016/j.biopsych.2006.11.023
https://doi.org/10.1016/j.biopsych.2006.11.023
https://doi.org/10.1016/j.biopsych.2012.10.012
https://doi.org/10.1016/j.biopsych.2012.10.012
https://doi.org/10.1016/j.biopsych.2004.02.029
https://doi.org/10.1016/j.biopsych.2004.02.029
https://doi.org/10.1097/FBP.0b013e32835d528e
https://doi.org/10.1097/FBP.0b013e32835d528e
https://doi.org/10.1038/npp.2011.340
https://doi.org/10.1038/npp.2011.340
https://doi.org/10.1007/s002130050914
https://doi.org/10.1007/s002130050914
https://doi.org/10.1136/bmj-2021-066084
https://doi.org/10.1038/npp.2013.122
https://doi.org/10.1016/j.bbr.2019.112256
https://doi.org/10.1016/j.bbr.2019.112256
https://doi.org/10.1016/j.neuropharm.2019.06.003
https://doi.org/10.1016/j.neuropharm.2019.06.003
https://doi.org/10.1007/s00213-010-2134-y
https://doi.org/10.1002/da.22497
https://doi.org/10.1016/j.ejphar.2019.172632
https://doi.org/10.1016/j.ejphar.2019.172632
https://doi.org/10.1016/j.jad.2020.11.106
https://doi.org/10.1016/j.jad.2020.11.106
https://doi.org/10.1016/j.nlm.2013.11.002
https://doi.org/10.1016/j.bbi.2015.12.020
https://doi.org/10.1016/j.bbi.2015.12.020
https://doi.org/10.7554/eLife.46525
https://doi.org/10.7554/eLife.46525
https://doi.org/10.1016/j.jad.2017.05.048
https://doi.org/10.1038/s41386-019-0407-7
https://doi.org/10.1016/j.euroneuro.2017.11.002
https://doi.org/10.1192/bjp.2018.211
https://doi.org/10.1016/j.neuropharm.2006.07.008
https://doi.org/10.1007/s00213-008-1167-y
https://doi.org/10.1007/s00213-008-1167-y
https://doi.org/10.1038/npp.2008.141
https://doi.org/10.1016/j.neubiorev.2020.09.024
https://doi.org/10.1038/sj.npp.1301204


2354 Psychopharmacology (2023) 240:2335–2359

1 3

meta-analysis. Eur J Pharmacol 753:191–208. https:// doi. org/ 10. 
1016/j. ejphar. 2014. 10. 062

Gunduz-Cinar O, Flynn S, Brockway E, Kaugars K, Baldi R, Ramikie 
TS, Holmes A (2016) Fluoxetine facilitates fear extinction 
through amygdala endocannabinoids. Neuropsychopharmacol-
ogy 41(6):1598–1609. https:// doi. org/ 10. 1038/ npp. 2015. 318

Hamann SB, Ely TD, Hoffman JM, Kilts CD (2002) Ecstasy and agony: 
activation of the human amygdala in positive and negative emo-
tion. Psychol Sci 13(2):135–141. https:// doi. org/ 10. 1111/ 1467- 
9280. 00425

Hashimoto S (2000) [Anxiolytic effects of serotonin reuptake inhibi-
tors and their mechanism of action]. Hokkaido Igaku Zasshi 
75(6):421–436. Retrieved from https:// www. ncbi. nlm. nih. gov/ 
pubmed/ 11193 934

Hashimoto S, Inoue T, Koyama T (1996) Serotonin reuptake inhibitors 
reduce conditioned fear stress-induced freezing behavior in rats. 
Psychopharmacology 123(2):182–186. https:// doi. org/ 10. 1007/ 
BF022 46175

Hashimoto S, Inoue T, Koyama T (1999) Effects of conditioned fear 
stress on serotonin neurotransmission and freezing behavior in 
rats. Eur J Pharmacol 378(1):23–30. https:// doi. org/ 10. 1016/ 
S0014- 2999(99) 00441-0

Hashimoto S, Inoue T, Muraki I, Koyama T (2009) Effects of acute 
citalopram on the expression of conditioned freezing in naive 
versus chronic citalopram-treated rats. Prog Neuropsychophar-
macol Biol Psychiatry 33(1):113–117. https:// doi. org/ 10. 1016/j. 
pnpbp. 2008. 10. 015

Hedges LV, Vevea JL (1998) Fixed-and random-effects models in meta-
analysis. Psychol Methods 3(4):486

Heitland I, Groenink L, Bijlsma EY, Oosting RS, Baas JM (2013) 
Human fear acquisition deficits in relation to genetic variants of 
the corticotropin releasing hormone receptor 1 and the serotonin 
transporter. PLoS One 8(5):e63772. https:// doi. org/ 10. 1371/ journ 
al. pone. 00637 72

Hellewell JSE, Guimaraes FS, Wang M, Deakin JFW (1999) Com-
parison of buspirone with diazepam and fluvoxamine on aversive 
classical conditioning in humans. J Psychopharmacol 13(2):122–
127. https:// doi. org/ 10. 1177/ 02698 81199 01300 202

Hermans D, Craske MG, Mineka S, Lovibond PF (2006) Extinction in 
human fear conditioning. Biol Psychiatry 60(4):361–368. https:// 
doi. org/ 10. 1016/j. biops ych. 2005. 10. 006

Herrmann L, Ionescu IA, Henes K, Golub Y, Wang NXR, Buell DR, 
Schmidt U (2012) Long-lasting hippocampal synaptic protein 
loss in a mouse model of posttraumatic stress disorder. PLoS 
One 7(8):e42603. https:// doi. org/ 10. 1371/ journ al. pone. 00426 03

Hofmann SG, Hay AC (2018) Rethinking avoidance: toward a balanced 
approach to avoidance in treating anxiety disorders. J Anxiety 
Disord 55:14–21. https:// doi. org/ 10. 1016/j. janxd is. 2018. 03. 004

Holmes A, Singewald N (2013) Individual differences in recovery from 
traumatic fear. Trends Neurosci 36(1):23–31. https:// doi. org/ 10. 
1016/j. tins. 2012. 11. 003

Hooijmans CR, IntHout J, Ritskes-Hoitinga M, Rovers MM (2014a) 
Meta-analyses of animal studies: an introduction of a valuable 
instrument to further improve healthcare. ILAR J 55(3):418–426. 
https:// doi. org/ 10. 1093/ ilar/ ilu042

Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes-
Hoitinga M, Langendam MW (2014b) SYRCLE’s risk of bias 
tool for animal studies. BMC Med Res Methodol 14:43. https:// 
doi. org/ 10. 1186/ 1471- 2288- 14- 43

Huang MX, Yurgil KA, Robb A, Angeles A, Diwakar M, Risbrough 
VB, Baker DG (2014a) Voxel-wise resting-state MEG source 
magnitude imaging study reveals neurocircuitry abnormality in 
active-duty service members and veterans with PTSD. Neuroim-
age Clin 5:408–419. https:// doi. org/ 10. 1016/j. nicl. 2014. 08. 004

Huang ZD, Zhao YF, Li S, Gu HY, Lin LL, Yang ZY, Luo J (2020) 
Comparative Efficacy and acceptability of pharmaceutical 

management for adults with post-traumatic stress disorder: a 
systematic review and meta-analysis. Front Pharmacol 11:559. 
https:// doi. org/ 10. 3389/ fphar. 2020. 00559

Huang ZL, Liu R, Bai XY, Zhao G, Song JK, Wu S, Du GH (2014b) 
Protective effects of the novel adenosine derivative WS0701 in 
a mouse model of posttraumatic stress disorder. Acta Pharmacol 
Sin 35(1):24–32. https:// doi. org/ 10. 1038/ aps. 2013. 143

Inoue T (1993) [Effects of conditioned fear stress on monoaminergic 
systems in the rat brain]. Hokkaido Igaku Zasshi 68(3):377–390. 
Retrieved from https:// www. ncbi. nlm. nih. gov/ pubmed/ 76865 27

Inoue T, Hashimoto S, Tsuchiya K, Izumi T, Ohmori T, Koyama T 
(1996a) Effect of citalopram, a selective serotonin reuptake 
inhibitor, on the acquisition of conditioned freezing. Eur J 
Pharmacol 311(1):1–6. https:// doi. org/ 10. 1016/ 0014- 2999(96) 
00391-3

Inoue T, Li XB, Abekawa T, Kitaichi Y, Izumi T, Nakagawa S, Koyama 
T (2004) Selective serotonin reuptake inhibitor reduces condi-
tioned fear through its effect in the amygdala. Eur J Pharmacol 
497(3):311–316. https:// doi. org/ 10. 1016/j. ejphar. 2004. 06. 061

Inoue T, Tsuchiya K, Koyama T (1996b) Serotonergic activation 
reduces defensive freezing in the conditioned fear paradigm. 
Pharmacol Biochem Behav 53(4):825–831. https:// doi. org/ 10. 
1016/ 0091- 3057(95) 02084-5

Ishikawa M, Ishiwata K, Ishii K, Kimura Y, Sakata M, Naganawa M, 
. . . Hashimoto K (2007) High occupancy of sigma-1 receptors 
in the human brain after single oral administration of fluvoxam-
ine: a positron emission tomography study using [11C]SA4503. 
Biol Psychiatry 62(8):878–883. https:// doi. org/ 10. 1016/j. biops 
ych. 2007. 04. 001

Izumi T, Inoue T, Kitaichi Y, Nakagawa S, Koyama T (2006) Tar-
get brain sites of the anxiolytic effect of citalopram, a selective 
serotonin reuptake inhibitor. Eur J Pharmacol 534(1–3):129–132. 
https:// doi. org/ 10. 1016/j. ejphar. 2005. 12. 073

Ji YJ, Zhang LM, Sun SZ, Li YF, Wang HL, Zhang YZ (2015) Effect of 
dizocilpine on behavior of post-traumatic stress disorder model 
mice induced by short electric foot-shocks. Chin J Pharmacol 
Toxicol 29(3):371–376. https:// doi. org/ 10. 3867/j. issn. 1000- 3002. 
2015. 03. 005

Jiang L, Liu C, Tong J, Mao R, Chen D, Wang H, Li L (2014) Fluox-
etine pretreatment promotes neuronal survival and maturation 
after auditory fear conditioning in the rat amygdala. PLoS One 
9(2):e89147. https:// doi. org/ 10. 1371/ journ al. pone. 00891 47

Jiao X, Beck KD, Stewart AL, Smith IM, Myers CE, Servatius RJ, 
Pang KCH (2014) Effects of psychotropic agents on extinction 
of lever-press avoidance in a rat model of anxiety vulnerability. 
Front Behav Neurosci 8:322. https:// doi. org/ 10. 3389/ fnbeh. 2014. 
00322

Jin ZL, Liu JX, Liu X, Zhang LM, Ran YH, Zheng YY, . . . Xiong 
J (2016) Anxiolytic effects of GLYX-13 in animal models of 
posttraumatic stress disorder-like behavior. J Psychopharmacol 
30(9):913–921. https:// doi. org/ 10. 1177/ 02698 81116 645298

Joordens RJE, Hijzen TH, Peeters BWMM, Olivier B (1996) Fear-
potentiated startle response is remarkably similar in two labo-
ratories. Psychopharmacology 126(2):104–109. https:// doi. org/ 
10. 1007/ BF022 46344

Jovanovic T, Kazama A, Bachevalier J, Davis M (2012) Impaired safety 
signal learning may be a biomarker of PTSD. Neuropharmacol-
ogy 62(2):695–704. https:// doi. org/ 10. 1016/j. neuro pharm. 2011. 
02. 023

Ju LS, Yang JJ, Lei L, Xia JY, Luo D, Ji MH, Yang JJ (2017) The 
combination of long-term ketamine and extinction training con-
tributes to fear erasure by Bdnf methylation. Front Cell Neurosci 
11:100. https:// doi. org/ 10. 3389/ fncel. 2017. 00100

Karakaya M, Scaramuzzi A, Macrì S, Porfiri M (2021) Acute cit-
alopram administration modulates anxiety in response to the 
context associated with a robotic stimulus in zebrafish. Prog 

https://doi.org/10.1016/j.ejphar.2014.10.062
https://doi.org/10.1016/j.ejphar.2014.10.062
https://doi.org/10.1038/npp.2015.318
https://doi.org/10.1111/1467-9280.00425
https://doi.org/10.1111/1467-9280.00425
https://www.ncbi.nlm.nih.gov/pubmed/11193934
https://www.ncbi.nlm.nih.gov/pubmed/11193934
https://doi.org/10.1007/BF02246175
https://doi.org/10.1007/BF02246175
https://doi.org/10.1016/S0014-2999(99)00441-0
https://doi.org/10.1016/S0014-2999(99)00441-0
https://doi.org/10.1016/j.pnpbp.2008.10.015
https://doi.org/10.1016/j.pnpbp.2008.10.015
https://doi.org/10.1371/journal.pone.0063772
https://doi.org/10.1371/journal.pone.0063772
https://doi.org/10.1177/026988119901300202
https://doi.org/10.1016/j.biopsych.2005.10.006
https://doi.org/10.1016/j.biopsych.2005.10.006
https://doi.org/10.1371/journal.pone.0042603
https://doi.org/10.1016/j.janxdis.2018.03.004
https://doi.org/10.1016/j.tins.2012.11.003
https://doi.org/10.1016/j.tins.2012.11.003
https://doi.org/10.1093/ilar/ilu042
https://doi.org/10.1186/1471-2288-14-43
https://doi.org/10.1186/1471-2288-14-43
https://doi.org/10.1016/j.nicl.2014.08.004
https://doi.org/10.3389/fphar.2020.00559
https://doi.org/10.1038/aps.2013.143
https://www.ncbi.nlm.nih.gov/pubmed/7686527
https://doi.org/10.1016/0014-2999(96)00391-3
https://doi.org/10.1016/0014-2999(96)00391-3
https://doi.org/10.1016/j.ejphar.2004.06.061
https://doi.org/10.1016/0091-3057(95)02084-5
https://doi.org/10.1016/0091-3057(95)02084-5
https://doi.org/10.1016/j.biopsych.2007.04.001
https://doi.org/10.1016/j.biopsych.2007.04.001
https://doi.org/10.1016/j.ejphar.2005.12.073
https://doi.org/10.3867/j.issn.1000-3002.2015.03.005
https://doi.org/10.3867/j.issn.1000-3002.2015.03.005
https://doi.org/10.1371/journal.pone.0089147
https://doi.org/10.3389/fnbeh.2014.00322
https://doi.org/10.3389/fnbeh.2014.00322
https://doi.org/10.1177/0269881116645298
https://doi.org/10.1007/BF02246344
https://doi.org/10.1007/BF02246344
https://doi.org/10.1016/j.neuropharm.2011.02.023
https://doi.org/10.1016/j.neuropharm.2011.02.023
https://doi.org/10.3389/fncel.2017.00100


2355Psychopharmacology (2023) 240:2335–2359 

1 3

Neuropsychopharmacol Biol Psychiatry 108:110172. https:// 
doi. org/ 10. 1016/j. pnpbp. 2020. 110172

Karpova NN, Pickenhagen A, Lindholm J, Tiraboschi E, Kulesskaya 
N, Ágústsdóttir A, . . . Castrén E (2011) Fear erasure in mice 
requires synergy between antidepressant drugs and extinction 
training. Science 334(6063):1731–1734. https:// doi. org/ 10. 1126/ 
scien ce. 12145 92

Kasahara KI, Hashimoto S, Hattori T, Kawasaki K, Tsujita R, Naka-
zono O, . . . Nagatani T (2015) The effects of AP521, a novel 
anxiolytic drug, in three anxiety models and on serotonergic neu-
ral transmission in rats. J Pharmacol Sci 127(1):109–116. https:// 
doi. org/ 10. 1016/j. jphs. 2014. 11. 008

Kassai F, Gyertyán I (2012) Shock priming enhances the efficacy of 
SSRIs in the foot shock-induced ultrasonic vocalization test. Prog 
Neuropsychopharmacol Biol Psychiatry 36(1):128–135. https:// 
doi. org/ 10. 1016/j. pnpbp. 2011. 10. 012

Kitaichi Y, Inoue T, Nakagawa S, Omiya Y, Song N, An Y, Koyama T 
(2014) Local infusion of citalopram into the basolateral amyg-
dala decreased conditioned fear of rats through increasing extra-
cellular serotonin levels. Prog Neuro-Psychopharmacol Biol Psy-
chiatry 54:216–222. https:// doi. org/ 10. 1016/j. pnpbp. 2014. 05. 018

Koen N, Stein DJ (2011) Pharmacotherapy of anxiety disorders: a criti-
cal review. Dialogues Clin Neurosci 13(4):423–437. Retrieved 
from https:// www. ncbi. nlm. nih. gov/ pubmed/ 22275 848

Kong E, Monje FJ, Hirsch J, Pollak DD (2014) Learning not to fear: 
neural correlates of learned safety. Neuropsychopharmacology 
39(3):515–527. https:// doi. org/ 10. 1038/ npp. 2013. 191

Krypotos AM, Effting M, Kindt M, Beckers T (2015) Avoidance learn-
ing: a review of theoretical models and recent developments. 
Front Behav Neurosci 9:189. https:// doi. org/ 10. 3389/ fnbeh. 2015. 
00189

Lebrón-Milad K, Tsareva A, Ahmed N, Milad MR (2013) Sex differ-
ences and estrous cycle in female rats interact with the effects 
of fluoxetine treatment on fear extinction. Behav Brain Res 
253:217–222. https:// doi. org/ 10. 1016/j. bbr. 2013. 07. 024

Lee B, Lee H (2018) Systemic administration of curcumin affect 
anxiety-related behaviors in a rat model of posttraumatic stress 
disorder via activation of serotonergic systems. Evidence-based 
Complement Altern Med. eCAM 2018:9041309. https:// doi. org/ 
10. 1155/ 2018/ 90413 09

Lee B, Shim I, Lee H, Hahm DH (2012) Effect of ginsenoside re on 
depression- and anxiety-like behaviors and cognition memory 
deficit induced by repeated immobilization in rats. J Microbiol 
Biotechnol 22(5):708–720. https:// doi. org/ 10. 4014/ jmb. 1112. 
12046

Lee B, Shim I, Lee H, Hahm DH (2018) Effects of epigallocatechin 
gallate on behavioral and cognitive impairments, hypothalamic-
pituitary-adrenal axis dysfunction, and alternations in hippocam-
pal BDNF expression under single prolonged stress. J Med Food 
21(10):979–989. https:// doi. org/ 10. 1089/ jmf. 2017. 4161

Lee EH, Lin WR, Chen HY, Shiu WH, Liang KC (1992) Fluoxetine and 
8-OH-DPAT in the lateral septum enhances and impairs reten-
tion of an inhibitory avoidance response in rats. Physiol Behav 
51(4):681–688. https:// doi. org/ 10. 1016/ 0031- 9384(92) 90103-9

Lenze EJ, Mulsant BH, Shear MK, Dew MA, Miller MD, Pollock BG, 
Reynolds CF 3rd (2005) Efficacy and tolerability of citalopram 
in the treatment of late-life anxiety disorders: results from an 
8-week randomized, placebo-controlled trial. Am J Psychiatry 
162(1):146–150. https:// doi. org/ 10. 1176/ appi. ajp. 162.1. 146

Leuner B, Mendolia-Loffredo S, Shors TJ (2004) Males and females 
respond differently to controllability and antidepressant treat-
ment. Biol Psychiat 56(12):964–970. https:// doi. org/ 10. 1016/j. 
biops ych. 2004. 09. 018

Li F, Xiang H, Lu J, Chen Z, Huang C, Yuan X (2020) Lycopene 
ameliorates PTSD-like behaviors in mice and rebalances the 

neuroinflammatory response and oxidative stress in the brain. 
Physiol Behav 224:113026. https:// doi. org/ 10. 1016/j. physb eh. 
2020. 113026

Li XB, Inoue T, Hashimoto S, Koyama T (2001) Effect of chronic 
administration of flesinoxan and fluvoxamine on freezing behav-
ior induced by conditioned fear. Eur J Pharmacol 425(1):43–50. 
https:// doi. org/ 10. 1016/ S0014- 2999(01) 01159-1

Lin CC, Tung CS, Liu YP (2016) Escitalopram reversed the traumatic 
stress-induced depressed and anxiety-like symptoms but not the 
deficits of fear memory. Psychopharmacology 233(7):1135–
1146. https:// doi. org/ 10. 1007/ s00213- 015- 4194-5

Lin L, Chu H (2018) Quantifying publication bias in meta-analysis. 
Biometrics 74(3):785–794. https:// doi. org/ 10. 1111/ biom. 12817

Lis S, Thome J, Kleindienst N, Mueller-Engelmann M, Steil R, Priebe 
K, Bohus M (2020) Generalization of fear in post-traumatic 
stress disorder. Psychophysiology 57(1):e13422. https:// doi. org/ 
10. 1111/ psyp. 13422

Lissek S, Kaczkurkin AN, Rabin S, Geraci M, Pine DS, Grillon C 
(2014) Generalized anxiety disorder is associated with over-
generalization of classically conditioned fear. Biol Psychiatry 
75(11):909–915. https:// doi. org/ 10. 1016/j. biops ych. 2013. 07. 025

Lissek S, Rabin S, Heller RE, Lukenbaugh D, Geraci M, Pine DS, Gril-
lon C (2010) Overgeneralization of conditioned fear as a patho-
genic marker of panic disorder. Am J Psychiatry 167(1):47–55. 
https:// doi. org/ 10. 1176/ appi. ajp. 2009. 09030 410

Liu L, Wong TP, Pozza MF, Lingenhoehl K, Wang Y, Sheng M, 
Wang YT (2004) Role of NMDA receptor subtypes in govern-
ing the direction of hippocampal synaptic plasticity. Science 
304(5673):1021–1024. https:// doi. org/ 10. 1126/ scien ce. 10966 15

Louis C, Stemmelin J, Boulay D, Bergis O, Cohen C, Griebel G (2008) 
Additional evidence for anxiolytic- and antidepressant-like activ-
ities of saredutant (SR48968), an antagonist at the neurokinin-2 
receptor in various rodent-models. Pharmacol Biochem Behav 
89(1):36–45. https:// doi. org/ 10. 1016/j. pbb. 2007. 10. 020

Martinez RCR, Ribeiro de Oliveira A, Brandão ML (2007) Serotoner-
gic mechanisms in the basolateral amygdala differentially regu-
late the conditioned and unconditioned fear organized in the peri-
aqueductal gray. Eur Neuropsychopharmacol 17(11):717–724. 
https:// doi. org/ 10. 1016/j. euron euro. 2007. 02. 015

Masuda T, Nishikawa H, Inoue T, Toda H, Nakagawa S, Boku S, 
Koyama T (2013) 5-HT depletion, but not 5-HT1A antagonist, 
prevents the anxiolytic-like effect of citalopram in rat contextual 
conditioned fear stress model. Acta Neuropsychiatrica 25(2):77–
84. https:// doi. org/ 10. 1111/j. 1601- 5215. 2012. 00669.x

McMurray KMJ, Strawn JR, Sah R (2019) Fluoxetine modulates spon-
taneous and conditioned behaviors to carbon dioxide (CO2) Inha-
lation and alters forebrain–midbrain neuronal activation. Neu-
roscience 396:108–118. https:// doi. org/ 10. 1016/j. neuro scien ce. 
2018. 10. 042

Mead A, Li M (2010) Avoidance-suppressing effect of antipsychotic 
drugs is progressively potentiated after repeated administration: 
an interoceptive drug state mechanism. J Psychopharmacol 
24(7):1045–1053. https:// doi. org/ 10. 1177/ 02698 81109 102546

Melo TG, Izídio GS, Ferreira LS, Sousa DS, Macedo PT, Cabral A, 
Silva RH (2012) Antidepressants differentially modify the extinc-
tion of an aversive memory task in female rats. Prog Neuro-
Psychopharmacol Biol Psychiatry 37(1):33–40. https:// doi. org/ 
10. 1016/j. pnpbp. 2012. 01. 012

Menezes CEDS, McIntyre RS, Chaves Filho AJM, Vasconcelos 
SMM, de Sousa FCF, Quevedo J, Macêdo D (2018) The effect 
of paroxetine, venlafaxine and bupropion administration alone 
and combined on spatial and aversive memory performance in 
rats. Pharmacol Rep 70(6):1173–1179. https:// doi. org/ 10. 1016/j. 
pharep. 2018. 07. 003

https://doi.org/10.1016/j.pnpbp.2020.110172
https://doi.org/10.1016/j.pnpbp.2020.110172
https://doi.org/10.1126/science.1214592
https://doi.org/10.1126/science.1214592
https://doi.org/10.1016/j.jphs.2014.11.008
https://doi.org/10.1016/j.jphs.2014.11.008
https://doi.org/10.1016/j.pnpbp.2011.10.012
https://doi.org/10.1016/j.pnpbp.2011.10.012
https://doi.org/10.1016/j.pnpbp.2014.05.018
https://www.ncbi.nlm.nih.gov/pubmed/22275848
https://doi.org/10.1038/npp.2013.191
https://doi.org/10.3389/fnbeh.2015.00189
https://doi.org/10.3389/fnbeh.2015.00189
https://doi.org/10.1016/j.bbr.2013.07.024
https://doi.org/10.1155/2018/9041309
https://doi.org/10.1155/2018/9041309
https://doi.org/10.4014/jmb.1112.12046
https://doi.org/10.4014/jmb.1112.12046
https://doi.org/10.1089/jmf.2017.4161
https://doi.org/10.1016/0031-9384(92)90103-9
https://doi.org/10.1176/appi.ajp.162.1.146
https://doi.org/10.1016/j.biopsych.2004.09.018
https://doi.org/10.1016/j.biopsych.2004.09.018
https://doi.org/10.1016/j.physbeh.2020.113026
https://doi.org/10.1016/j.physbeh.2020.113026
https://doi.org/10.1016/S0014-2999(01)01159-1
https://doi.org/10.1007/s00213-015-4194-5
https://doi.org/10.1111/biom.12817
https://doi.org/10.1111/psyp.13422
https://doi.org/10.1111/psyp.13422
https://doi.org/10.1016/j.biopsych.2013.07.025
https://doi.org/10.1176/appi.ajp.2009.09030410
https://doi.org/10.1126/science.1096615
https://doi.org/10.1016/j.pbb.2007.10.020
https://doi.org/10.1016/j.euroneuro.2007.02.015
https://doi.org/10.1111/j.1601-5215.2012.00669.x
https://doi.org/10.1016/j.neuroscience.2018.10.042
https://doi.org/10.1016/j.neuroscience.2018.10.042
https://doi.org/10.1177/0269881109102546
https://doi.org/10.1016/j.pnpbp.2012.01.012
https://doi.org/10.1016/j.pnpbp.2012.01.012
https://doi.org/10.1016/j.pharep.2018.07.003
https://doi.org/10.1016/j.pharep.2018.07.003


2356 Psychopharmacology (2023) 240:2335–2359

1 3

Miao YL, Guo WZ, Shi WZ, Fang WW, Liu Y, Liu J, Li YF (2014) 
Midazolam ameliorates the behavior deficits of a rat posttrau-
matic stress disorder model through dual 18 kDa translocator 
protein and central benzodiazepine receptor and neurosteroido-
genesis. PLoS One 9(7):e101450. https:// doi. org/ 10. 1371/ journ 
al. pone. 01014 50

Michael T, Blechert J, Vriends N, Margraf J, Wilhelm FH (2007) Fear 
conditioning in panic disorder: Enhanced resistance to extinc-
tion. J Abnorm Psychol 116(3):612–617. https:// doi. org/ 10. 1037/ 
0021- 843X. 116.3. 612

Milad MR, Furtak SC, Greenberg JL, Keshaviah A, Im JJ, Falkenstein 
MJ, Wilhelm S (2013) Deficits in conditioned fear extinction 
in obsessive-compulsive disorder and neurobiological changes 
in the fear circuit. JAMA Psychiatry 70(6):608–618; quiz 554. 
https:// doi. org/ 10. 1001/ jamap sychi atry. 2013. 914

Milad MR, Orr SP, Lasko NB, Chang Y, Rauch SL, Pitman RK (2008) 
Presence and acquired origin of reduced recall for fear extinction 
in PTSD: results of a twin study. J Psychiatr Res 42(7):515–520. 
https:// doi. org/ 10. 1016/j. jpsyc hires. 2008. 01. 017

Milad MR, Pitman RK, Ellis CB, Gold AL, Shin LM, Lasko NB, 
Rauch SL (2009) Neurobiological basis of failure to recall extinc-
tion memory in posttraumatic stress disorder. Biol Psychiatry 
66(12):1075–1082. https:// doi. org/ 10. 1016/j. biops ych. 2009. 06. 
026

Milad MR, Rosenbaum BL, Simon NM (2014) Neuroscience of fear 
extinction: implications for assessment and treatment of fear-
based and anxiety related disorders. Behav Res Ther 62:17–23. 
https:// doi. org/ 10. 1016/j. brat. 2014. 08. 006

Miles L, Davis M, Walker D (2011) Phasic and sustained fear are phar-
macologically dissociable in rats. Neuropsychopharmacology 
36(8):1563–1574. https:// doi. org/ 10. 1038/ npp. 2011. 29

Mirza NR, Bright JL, Stanhope KJ, Wyatt A, Harrington NR (2005) 
Lamotrigine has an anxiolytic-like profile in the rat conditioned 
emotional response test of anxiety: A potential role for sodium 
channels? Psychopharmacology 180(1):159–168. https:// doi. org/ 
10. 1007/ s00213- 005- 2146-1

Miyajima M, Zhang B, Sugiura Y, Sonomura K, Guerrini MM, Tsut-
sui Y, Fagarasan S (2017) Metabolic shift induced by systemic 
activation of T cells in PD-1-deficient mice perturbs brain mono-
amines and emotional behavior. Nat Immunol 18(12):1342–1352. 
https:// doi. org/ 10. 1038/ ni. 3867

Miyamoto J, Tsuji M, Takeda H, Nawa H, Matsumiya T (2000) Pre-
treatment with diazepam suppresses the reduction in defensive 
freezing behavior induced by fluvoxamine in the conditioned fear 
stress paradigm in mice. Eur J Pharmacol 409(1):81–84. https:// 
doi. org/ 10. 1016/ S0014- 2999(00) 00722-6

Miyamoto J, Tsuji M, Takeda H, Ohzeki M, Nawa H, Matsumiya T 
(2004) Characterization of the anxiolytic-like effects of fluvox-
amine, milnacipran and risperidone in mice using the condi-
tioned fear stress paradigm. Eur J Pharmacol 504(1–2):97–103. 
https:// doi. org/ 10. 1016/j. ejphar. 2004. 09. 043

Mochizuki D, Tsujita R, Yamada S, Kawasaki K, Otsuka Y, Hashimoto 
S, Miki N (2002) Neurochemical and behavioural characteri-
zation of milnacipran, a serotonin and noradrenaline reuptake 
inhibitor in rats. Psychopharmacology 162(3):323–332. https:// 
doi. org/ 10. 1007/ s00213- 002- 1111-5

Molewijk HE, Van der Poel AM, Mos J, Van der Heyden JAM, Olivier 
B (1995) Conditioned ultrasonic distress vocalizations in adult 
male rats as a behavioural paradigm for screening anti-panic 
drugs. Psychopharmacology 117(1):32–40. https:// doi. org/ 10. 
1007/ BF022 45095

Montezinho LP, Miller S, Plath N, Jensen NH, Karlsson JJ, Witten 
L, Mørk A (2010) The effects of acute treatment with escitalo-
pram on the different stages of contextual fear conditioning are 

reversed by atomoxetine. Psychopharmacology 212(2):131–143. 
https:// doi. org/ 10. 1007/ s00213- 010- 1917-5

Montoya ZT, Uhernik AL, Smith JP (2020) Comparison of cannabidiol 
to citalopram in targeting fear memory in female mice. J Can-
nabis Res 2(1):48. https:// doi. org/ 10. 1186/ s42238- 020- 00055-9

Muraki I (2001) Behavioral and neurochemical study on the mecha-
nism of the anxiolytic effect of a selective serotonin reuptake 
inhibitor, a selective serotonin1A agonist and lithium carbonate. 
Hokkaido Igaku Zasshi 76(2):57–70

Muraki I, Inoue T, Hashimoto S, Izumi T, Ito K, Ohmori T, Koyama 
T (1999) Effect of subchronic lithium carbonate treatment on 
anxiolytic-like effect of citalopram and MKC-242 in conditioned 
fear stress in the rat. Eur J Pharmacol 383(3):223–229. https:// 
doi. org/ 10. 1016/ S0014- 2999(99) 00572-5

Muraki I, Inoue T, Koyama T (2008) Effect of co-administration of the 
selective 5-HT1A receptor antagonist WAY 100,635 and selec-
tive 5-HT1B/1D receptor antagonist GR 127,935 on anxiolytic 
effect of citalopram in conditioned fear stress in the rat. Eur J 
Pharmacol 586(1–3):171–178. https:// doi. org/ 10. 1016/j. ejphar. 
2008. 01. 040

Mutlu O, Ulak G, Çelikyurt IK, Akar FY, Erden F (2011) Effects of cit-
alopram on cognitive performance in passive avoidance, elevated 
plus-maze and three-panel runway tasks in naïve rats. Chin J 
Physiol 54(1):36–46. https:// doi. org/ 10. 4077/ CJP. 2011. AMK077

Nakamura K, Kurasawa M (2001) Anxiolytic effects of aniracetam 
in three different mouse models of anxiety and the underlying 
mechanism. Eur J Pharmacol 420(1):33–43. https:// doi. org/ 10. 
1016/ S0014- 2999(01) 01005-6

Nelson CJ, Jordan WP, Bohan RT (1997) Daily fluoxetine adminis-
tration impairs avoidance learning in the rat without altering 
sensory thresholds. Prog Neuropsychopharmacol Biol Psychia-
try 21(6):1043–1057. https:// doi. org/ 10. 1016/ S0278- 5846(97) 
00097-3

Nelson RL, Guo Z, Halagappa VM, Pearson M, Gray AJ, Matsuoka 
Y, Brown M, Martin B, Iyun T, Maudsley S, Clark RF, Mattson 
MP (2007) Prophylactic treatment with paroxetine ameliorates 
behavioral deficits and retards the development of amyloid and 
tau pathologies in 3xTgAD mice. Exp Neurol 205(1):166–176. 
https:// doi. org/ 10. 1016/j. expne urol. 2007. 01. 037

Nikaido Y, Yamada J, Migita K, Shiba Y, Furukawa T, Nakashima T, 
Ueno S (2016) Cis-3-Hexenol and trans-2-hexenal mixture pre-
vents development of PTSD-like phenotype in rats. Behav Brain 
Res 297:251–258. https:// doi. org/ 10. 1016/j. bbr. 2015. 10. 023

Nishikawa H, Inoue T, Izumi T, Koyama T (2007) Synergistic effects 
of tandospirone and selective serotonin reuptake inhibitors on 
the contextual conditioned fear stress response in rats. Eur Neu-
ropsychopharmacol 17(10):643–650. https:// doi. org/ 10. 1016/j. 
euron euro. 2007. 02. 010

Ohno R, Miyagishi H, Tsuji M, Saito A, Miyagawa K, Kurokawa K, 
Takeda H (2018) Yokukansan, a traditional Japanese herbal med-
icine, enhances the anxiolytic effect of fluvoxamine and reduces 
cortical 5-HT2A receptor expression in mice. J Ethnopharmacol 
216:89–96. https:// doi. org/ 10. 1016/j. jep. 2018. 01. 032

Orr SP, Metzger LJ, Lasko NB, Macklin ML, Peri T, Pitman RK 
(2000) De novo conditioning in trauma-exposed individuals 
with and without posttraumatic stress disorder. J Abnorm Psy-
chol 109(2):290–298. Retrieved from https:// www. ncbi. nlm. nih. 
gov/ pubmed/ 10895 567

Otto MW, Moshier SJ, Kinner DG, Simon NM, Pollack MH, Orr 
SP (2014) De novo fear conditioning across diagnostic groups 
in the affective disorders: evidence for learning impairments. 
Behav Ther 45(5):619–629. https:// doi. org/ 10. 1016/j. beth. 
2013. 12. 012

Owens MJ, Knight DL, Nemeroff CB (2001) Second-generation SSRIs: 
human monoamine transporter binding profile of escitalopram 

https://doi.org/10.1371/journal.pone.0101450
https://doi.org/10.1371/journal.pone.0101450
https://doi.org/10.1037/0021-843X.116.3.612
https://doi.org/10.1037/0021-843X.116.3.612
https://doi.org/10.1001/jamapsychiatry.2013.914
https://doi.org/10.1016/j.jpsychires.2008.01.017
https://doi.org/10.1016/j.biopsych.2009.06.026
https://doi.org/10.1016/j.biopsych.2009.06.026
https://doi.org/10.1016/j.brat.2014.08.006
https://doi.org/10.1038/npp.2011.29
https://doi.org/10.1007/s00213-005-2146-1
https://doi.org/10.1007/s00213-005-2146-1
https://doi.org/10.1038/ni.3867
https://doi.org/10.1016/S0014-2999(00)00722-6
https://doi.org/10.1016/S0014-2999(00)00722-6
https://doi.org/10.1016/j.ejphar.2004.09.043
https://doi.org/10.1007/s00213-002-1111-5
https://doi.org/10.1007/s00213-002-1111-5
https://doi.org/10.1007/BF02245095
https://doi.org/10.1007/BF02245095
https://doi.org/10.1007/s00213-010-1917-5
https://doi.org/10.1186/s42238-020-00055-9
https://doi.org/10.1016/S0014-2999(99)00572-5
https://doi.org/10.1016/S0014-2999(99)00572-5
https://doi.org/10.1016/j.ejphar.2008.01.040
https://doi.org/10.1016/j.ejphar.2008.01.040
https://doi.org/10.4077/CJP.2011.AMK077
https://doi.org/10.1016/S0014-2999(01)01005-6
https://doi.org/10.1016/S0014-2999(01)01005-6
https://doi.org/10.1016/S0278-5846(97)00097-3
https://doi.org/10.1016/S0278-5846(97)00097-3
https://doi.org/10.1016/j.expneurol.2007.01.037
https://doi.org/10.1016/j.bbr.2015.10.023
https://doi.org/10.1016/j.euroneuro.2007.02.010
https://doi.org/10.1016/j.euroneuro.2007.02.010
https://doi.org/10.1016/j.jep.2018.01.032
https://www.ncbi.nlm.nih.gov/pubmed/10895567
https://www.ncbi.nlm.nih.gov/pubmed/10895567
https://doi.org/10.1016/j.beth.2013.12.012
https://doi.org/10.1016/j.beth.2013.12.012


2357Psychopharmacology (2023) 240:2335–2359 

1 3

and R-fluoxetine. Biol Psychiatry 50(5):345–350. https:// doi. org/ 
10. 1016/ s0006- 3223(01) 01145-3

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, Moher D (2021) The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 372:n71. https:// 
doi. org/ 10. 1136/ bmj. n71

Pamplona FA, Henes K, Micale V, Mauch CP, Takahashi RN, Wotjak 
CT (2011) Prolonged fear incubation leads to generalized avoid-
ance behavior in mice. J Psychiatr Res 45(3):354–360. https:// 
doi. org/ 10. 1016/j. jpsyc hires. 2010. 06. 015

Peri T, Ben-Shakhar G, Orr SP, Shalev AY (2000) Psychophysiologic 
assessment of aversive conditioning in posttraumatic stress dis-
order. Biol Psychiatry 47(6):512–519. https:// doi. org/ 10. 1016/ 
s0006- 3223(99) 00144-4

Perkins AM, Ettinger U, Davis R, Foster R, Williams SCR, Corr PJ 
(2009) Effects of lorazepam and citalopram on human defensive 
reactions: Ethopharmacological differentiation of fear and anxi-
ety. J Neurosci 29(40):12617–12624. https:// doi. org/ 10. 1523/ 
JNEUR OSCI. 2696- 09. 2009

Perrine SA, Eagle AL, George SA, Mulo K, Kohler RJ, Gerard J, Conti 
AC (2016) Severe, multimodal stress exposure induces PTSD-
like characteristics in a mouse model of single prolonged stress. 
Behav Brain Res 303:228–237. https:// doi. org/ 10. 1016/j. bbr. 
2016. 01. 056

Pettersson R, Näslund J, Nilsson S, Eriksson E, Hagsäter SM (2015) 
Acute escitalopram but not contextual conditioning exerts a 
stronger “anxiogenic” effect in rats with high baseline “anxi-
ety” in the acoustic startle paradigm. Psychopharmacology 
232(8):1461–1469. https:// doi. org/ 10. 1007/ s00213- 014- 3783-z

Phelps EA, Delgado MR, Nearing KI, LeDoux JE (2004) Extinction 
learning in humans: role of the amygdala and vmPFC. Neuron 
43(6):897–905. https:// doi. org/ 10. 1016/j. neuron. 2004. 08. 042

Pitman RK, Orr SP (1986) Test of the conditioning model of neuro-
sis: differential aversive conditioning of angry and neutral facial 
expressions in anxiety disorder patients. J Abnorm Psychol 
95(3):208–213. https:// doi. org/ 10. 1037// 0021- 843x. 95.3. 208

Popova D, Ágústsdóttir A, Lindholm J, Mazulis U, Akamine Y, Castrén 
E, Karpova NN (2014) Combination of fluoxetine and extinction 
treatments forms a unique synaptic protein profile that correlates 
with long-term fear reduction in adult mice. Eur Neuropsychop-
harmacol 24(7):1162–1174. https:// doi. org/ 10. 1016/j. euron euro. 
2014. 04. 002

Prajapati SK, Krishnamurthy S (2021a) Development and treatment 
of cognitive inflexibility in sub-chronic stress-re-stress (SRS) 
model of PTSD. Pharmacol Rep 73(2):464–479. https:// doi. org/ 
10. 1007/ s43440- 020- 00198-9

Prajapati SK, Krishnamurthy S (2021b) Non-selective orexin-receptor 
antagonist attenuates stress-re-stress-induced core PTSD-like 
symptoms in rats: Behavioural and neurochemical analyses. 
Behav Brain Res 399:113015. https:// doi. org/ 10. 1016/j. bbr. 
2020. 113015

Prajapati SK, Singh N, Garabadu D, Krishnamurthy S (2020) A novel 
stress re-stress model: modification of re-stressor cue induces 
long-lasting post-traumatic stress disorder-like symptoms in rats. 
Int J Neurosci 130(9):941–952. https:// doi. org/ 10. 1080/ 00207 
454. 2019. 17110 78

Pytka K, Gawlik K, Pawlica-Gosiewska D, Witalis J, Waszkielewicz 
A (2017) HBK-14 and HBK-15 with antidepressant-like and/or 
memory-enhancing properties increase serotonin levels in the 
hippocampus after chronic treatment in mice. Metab Brain Dis 
32(2):547–556. https:// doi. org/ 10. 1007/ s11011- 016- 9932-9

Qiu ZK, He JL, Liu X, Zeng J, Chen JS, Nie H (2017) Anti-PTSD-
like effects of albiflorin extracted from Radix paeoniae Alba. 
J Ethnopharmacol 198:324–330. https:// doi. org/ 10. 1016/j. jep. 
2016. 12. 028

Qiu ZK, Zhang LM, Zhao N, Chen HX, Zhang YZ, Liu YQ, Li YF 
(2013) Repeated administration of AC-5216, a ligand for the 
18kDa translocator protein, improves behavioral deficits in a 
mouse model of post-traumatic stress disorder. Prog Neuro-
Psychopharmacol Biol Psychiatry 45:40–46. https:// doi. org/ 10. 
1016/j. pnpbp. 2013. 04. 010

R Core Team (2021) R: A Language and Environment for Statistical 
Computing. Vienna, Austria: R Foundation for Statistical Com-
puting. https:// www.R- proje ct. org/

Ravinder S, Burghardt NS, Brodsky R, Bauer EP, Chattarji S (2013) 
A role for the extended amygdala in the fear-enhancing effects 
of acute selective serotonin reuptake inhibitor treatment. Transl 
Psychiatry 3(1):e209. https:// doi. org/ 10. 1038/ tp. 2012. 137

Ravindran LN, Stein MB (2010) The pharmacologic treatment of anxi-
ety disorders: a review of progress. J Clin Psychiatry 71(7):839–
854. https:// doi. org/ 10. 4088/ JCP. 10r06 218blu

Regier DA, Narrow WE, Rae DS (1990) The epidemiology of anxiety 
disorders: the Epidemiologic Catchment Area (ECA) experience. 
J Psychiatr Res 24(Suppl 2):3–14. https:// doi. org/ 10. 1016/ 0022- 
3956(90) 90031-k

Règue M, Poilbout C, Martin V, Franc B, Lanfumey L, Mongeau R 
(2019) Increased 5-HT2C receptor editing predisposes to PTSD-
like behaviors and alters BDNF and cytokines signaling. Transl 
Psychiatry 9(1):100. https:// doi. org/ 10. 1038/ s41398- 019- 0431-8

Rickels K, Zaninelli R, McCafferty J, Bellew K, Iyengar M, Sheehan 
D (2003) Paroxetine treatment of generalized anxiety disor-
der: a double-blind, placebo-controlled study. Am J Psychiatry 
160(4):749–756. https:// doi. org/ 10. 1176/ appi. ajp. 160.4. 749

Riddle MC, McKenna MC, Yoon YJ, Pattwell SS, Santos PMG, Casey 
BJ, Glatt CE (2013) Caloric restriction enhances fear extinction 
learning in mice. Neuropsychopharmacology 38(6):930–937. 
https:// doi. org/ 10. 1038/ npp. 2012. 268

Riley RD, Higgins JP, Deeks JJ (2011) Interpretation of random effects 
meta-analyses. BMJ, 342 (Clinical research ed.). 342, d549. 
https:// doi. org/ 10. 1136/ bmj. d549

Robinson OJ, Charney DR, Overstreet C, Vytal K, Grillon C (2012) 
The adaptive threat bias in anxiety: amygdala-dorsomedial pre-
frontal cortex coupling and aversive amplification. Neuroimage 
60(1):523–529. https:// doi. org/ 10. 1016/j. neuro image. 2011. 11. 
096

Robinson OJ, Krimsky M, Lieberman L, Allen P, Vytal K, Grillon 
C (2014) Towards a mechanistic understanding of pathological 
anxiety: the dorsal medial prefrontal-amygdala “aversive ampli-
fication” circuit in unmedicated generalized and social anxiety 
disorders. Lancet Psychiatry 1(4):294–302. https:// doi. org/ 10. 
1016/ S2215- 0366(14) 70305-0

Robinson OJ, Krimsky M, Lieberman L, Vytal K, Ernst M, Grillon C 
(2016) Anxiety-potentiated amygdala-medial frontal coupling 
and attentional control. Transl Psychiatry 6(6):e833. https:// doi. 
org/ 10. 1038/ tp. 2016. 105

Rothbaum BO, Davis M (2003) Applying learning principles to the 
treatment of post-trauma reactions. Ann N Y Acad Sci 1008:112–
121. https:// doi. org/ 10. 1196/ annals. 1301. 012

Sánchez C, Gruca P, Bien E, Papp M (2003) R-citalopram counteracts 
the effect of escitalopram in a rat conditioned fear stress model 
of anxiety. Pharmacol Biochem Behav 75(4):903–907. https:// 
doi. org/ 10. 1016/ S0091- 3057(03) 00165-5

Sanchez C, Reines EH, Montgomery SA (2014) A comparative review 
of escitalopram, paroxetine, and sertraline: Are they all alike? Int 
Clin Psychopharmacol 29(4):185–196. https:// doi. org/ 10. 1097/ 
YIC. 00000 00000 000023

Sanders J, Mayford M (2016) Chronic fluoxetine dissociates contex-
tual from auditory fear memory. Neurosci Lett 632:152–156. 
https:// doi. org/ 10. 1016/j. neulet. 2016. 08. 057

Santos JM, Martinez RCR, Brandão ML (2006) Effects of acute and 
subchronic treatments with fluoxetine and desipramine on the 

https://doi.org/10.1016/s0006-3223(01)01145-3
https://doi.org/10.1016/s0006-3223(01)01145-3
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.jpsychires.2010.06.015
https://doi.org/10.1016/j.jpsychires.2010.06.015
https://doi.org/10.1016/s0006-3223(99)00144-4
https://doi.org/10.1016/s0006-3223(99)00144-4
https://doi.org/10.1523/JNEUROSCI.2696-09.2009
https://doi.org/10.1523/JNEUROSCI.2696-09.2009
https://doi.org/10.1016/j.bbr.2016.01.056
https://doi.org/10.1016/j.bbr.2016.01.056
https://doi.org/10.1007/s00213-014-3783-z
https://doi.org/10.1016/j.neuron.2004.08.042
https://doi.org/10.1037//0021-843x.95.3.208
https://doi.org/10.1016/j.euroneuro.2014.04.002
https://doi.org/10.1016/j.euroneuro.2014.04.002
https://doi.org/10.1007/s43440-020-00198-9
https://doi.org/10.1007/s43440-020-00198-9
https://doi.org/10.1016/j.bbr.2020.113015
https://doi.org/10.1016/j.bbr.2020.113015
https://doi.org/10.1080/00207454.2019.1711078
https://doi.org/10.1080/00207454.2019.1711078
https://doi.org/10.1007/s11011-016-9932-9
https://doi.org/10.1016/j.jep.2016.12.028
https://doi.org/10.1016/j.jep.2016.12.028
https://doi.org/10.1016/j.pnpbp.2013.04.010
https://doi.org/10.1016/j.pnpbp.2013.04.010
https://www.R-project.org/
https://doi.org/10.1038/tp.2012.137
https://doi.org/10.4088/JCP.10r06218blu
https://doi.org/10.1016/0022-3956(90)90031-k
https://doi.org/10.1016/0022-3956(90)90031-k
https://doi.org/10.1038/s41398-019-0431-8
https://doi.org/10.1176/appi.ajp.160.4.749
https://doi.org/10.1038/npp.2012.268
https://doi.org/10.1136/bmj.d549
https://doi.org/10.1016/j.neuroimage.2011.11.096
https://doi.org/10.1016/j.neuroimage.2011.11.096
https://doi.org/10.1016/S2215-0366(14)70305-0
https://doi.org/10.1016/S2215-0366(14)70305-0
https://doi.org/10.1038/tp.2016.105
https://doi.org/10.1038/tp.2016.105
https://doi.org/10.1196/annals.1301.012
https://doi.org/10.1016/S0091-3057(03)00165-5
https://doi.org/10.1016/S0091-3057(03)00165-5
https://doi.org/10.1097/YIC.0000000000000023
https://doi.org/10.1097/YIC.0000000000000023
https://doi.org/10.1016/j.neulet.2016.08.057


2358 Psychopharmacology (2023) 240:2335–2359

1 3

memory of fear in moderate and high-intensity contextual con-
ditioning. Eur J Pharmacol 542(1–3):121–128. https:// doi. org/ 
10. 1016/j. ejphar. 2006. 06. 019

Saulskaya NB, Marchuk OE (2020) Inhibition of Serotonin Reuptake 
in the Medial Prefrontal Cortex during Acquisition of a Condi-
tion Reflex Fear Reaction Promotes Formation of Generalized 
Fear. Neurosci Behav Physiol 50(4):432–438. https:// doi. org/ 
10. 1007/ s11055- 020- 00918-x

Shafia S, Vafaei AA, Samaei SA, Bandegi AR, Rafiei A, Valadan R, 
Rashidy-Pour A (2017) Effects of moderate treadmill exercise 
and fluoxetine on behavioural and cognitive deficits, hypo-
thalamic-pituitary-adrenal axis dysfunction and alternations 
in hippocampal BDNF and mRNA expression of apoptosis – 
related proteins in a rat model of post-traumatic stress disorder. 
Neurobiol Lear Mem 139:165–178. https:// doi. org/ 10. 1016/j. 
nlm. 2017. 01. 009

Singewald N, Schmuckermair C, Whittle N, Holmes A, Ressler KJ 
(2015) Pharmacology of cognitive enhancers for exposure-
based therapy of fear, anxiety and trauma-related disorders. 
Pharmacol Ther 149:150–190. https:// doi. org/ 10. 1016/j. pharm 
thera. 2014. 12. 004

Song D, Ge Y, Chen Z, Shang C, Guo Y, Zhao T, Li J (2018) Role 
of dopamine D3 receptor in alleviating behavioural deficits in 
animal models of post-traumatic stress disorder. Prog Neuro-
Psychopharmacol Biol Psychiatry 84:190–200. https:// doi. org/ 
10. 1016/j. pnpbp. 2018. 03. 001

Spennato G, Zerbib C, Mondadori C, Garcia R (2008) Fluoxetine 
protects hippocampal plasticity during conditioned fear stress 
and prevents fear learning potentiation. Psychopharmacology 
196(4):583–589. https:// doi. org/ 10. 1007/ s00213- 007- 0993-7

Steiner MA, Lecourt H, Jenck F (2012) The brain orexin system 
and almorexant in fear-conditioned startle reactions in the rat. 
Psychopharmacology 223(4):465–475. https:// doi. org/ 10. 1007/ 
s00213- 012- 2736-7

Su AS, Zhang JW, Zou J (2019) The anxiolytic-like effects of pue. 
Biomed Pharmacother 115:108978. https:// doi. org/ 10. 1016/j. 
biopha. 2019. 108978

Sun SZ, Zhang LM, Jl YJ, Li L, Jiang XY, Wang HL, Zhang YZ (2016) 
Anti-post-traumatic stress disorder effect of sertraline and its 
effect on nitric oxide. Chin J Pharmacol Toxicol 30(4):317–322. 
https:// doi. org/ 10. 3867/j. issn. 1000- 3002. 2016. 04. 003

Takahashi T, Morinobu S, Iwamoto Y, Yamawaki S (2006) Effect of 
paroxetine on enhanced contextual fear induced by single pro-
longed stress in rats. Psychopharmacology 189(2):165–173. 
https:// doi. org/ 10. 1007/ s00213- 006- 0545-6

Tamaki K, Yamada K, Nakamichi N, Taniura H, Yoneda Y (2008) 
Transient suppression of progenitor cell proliferation through 
NMDA receptors in hippocampal dentate gyrus of mice with 
traumatic stress experience. J Neurochem 105(5):1642–1655. 
https:// doi. org/ 10. 1111/j. 1471- 4159. 2008. 05253.x

Thayer JF, Friedman BH, Borkovec TD, Johnsen BH, Molina S (2000) 
Phasic heart period reactions to cued threat and nonthreat stimuli 
in generalized anxiety disorder. Psychophysiology 37(3):361–
368. Retrieved from https:// www. ncbi. nlm. nih. gov/ pubmed/ 
10860 413

Tikker L, Casarotto P, Singh P, Biojone C, Piepponen TP, Estartús N, 
Partanen J (2020) Inactivation of the GATA Cofactor ZFPM1 
Results in Abnormal Development of Dorsal Raphe Seroton-
ergic Neuron Subtypes and Increased Anxiety-Like Behavior. J 
Neurosci 40(45):8669–8682. https:// doi. org/ 10. 1523/ jneur osci. 
2252- 19. 2020

Toth I, Dietz M, Peterlik D, Huber SE, Fendt M, Neumann ID, Slattery 
DA (2012) Pharmacological interference with metabotropic glu-
tamate receptor subtype 7 but not subtype 5 differentially affects 
within- and between-session extinction of Pavlovian conditioned 

fear. Neuropharmacology 62(4):1619–1626. https:// doi. org/ 10. 
1016/j. neuro pharm. 2011. 10. 021

Tsuchiya K (1999) Effects of methamphetamine on responsiveness to 
conditioned fear stress. Hokkaido Igaku Zasshi 74(1):41–52

Ulloa JL, Castañeda P, Berríos C, Díaz-Veliz G, Mora S, Bravo JA, 
Fiedler JL (2010) Comparison of the antidepressant sertraline on 
differential depression-like behaviors elicited by restraint stress 
and repeated corticosterone administration. Pharmacol Biochem 
Behav 97(2):213–221. https:// doi. org/ 10. 1016/j. pbb. 2010. 08. 001

Uniyal A, Singh R, Akhtar A, Bansal Y, Kuhad A, Sah SP (2019) 
Co-treatment of piracetam with risperidone rescued extinction 
deficits in experimental paradigms of post-traumatic stress dis-
order by restoring the physiological alterations in cortex and hip-
pocampus. Pharmacol Biochem Behav 185:172763. https:// doi. 
org/ 10. 1016/j. pbb. 2019. 172763

Valentine G, Dow A, Banasr M, Pittman B, Duman R (2008) Dif-
ferential effects of chronic antidepressant treatment on shut-
tle box escape deficits induced by uncontrollable stress. Psy-
chopharmacology 200(4):585–596. https:// doi. org/ 10. 1007/ 
s00213- 008- 1239-z

Van Lissa CJ, Brandmaier AM, Brinkman L, Lamprecht A-L, Peikert 
A, Struiksma ME, Vreede BM (2021) WORCS: a workflow for 
open reproducible code in science. Data Science 4(1):29–49

Van Lissa CJ, van Erp S (2021) Select relevant moderators using 
Bayesian regularized meta-regression

Verma M, Bali A, Singh N, Jaggi AS (2016) Investigating the role of 
nisoldipine in foot-shock-induced post-traumatic stress disorder 
in mice. Fundam Clin Pharmacol 30(2):128–136. https:// doi. org/ 
10. 1111/ fcp. 12174

Viechtbauer W (2010) Conducting Meta-Analyses in R with the meta-
for Package. J Stat Softw 36(3):1–48. https:// doi. org/ 10. 18637/ 
jss. v036. i03

Villard V, Meunier J, Chevallier N, Maurice T (2011) Pharmacological 
interaction with the sigma1 (σ 1)-receptor in the acute behavio-
ral effects of antidepressants. J Pharmacol Sci 115(3):279–292. 
https:// doi. org/ 10. 1254/ jphs. 10191 FP

Vytal KE, Overstreet C, Charney DR, Robinson OJ, Grillon C (2014) 
Sustained anxiety increases amygdala-dorsomedial prefron-
tal coupling: a mechanism for maintaining an anxious state in 
healthy adults. J Psychiatry Neurosci 39(5):321–329. https:// doi. 
org/ 10. 1503/ jpn. 130145

Wang RY, Yu XF, Xie XP, Pan JC (2014) Effect of fluoxetine on the 
expressions of BDNF and Bcl-2 during fear memory formation. 
Yaoxue Xuebao 49(4):463–469. Retrieved from https:// www. 
embase. com/ search/ resul ts? subac tion= viewr ecord & id= L3733 
78838 & from= export

Wang W, Liu Y, Zheng H, Wang HN, Jin X, Chen YC, Tan QR (2008) 
A modified single-prolonged stress model for post-traumatic 
stress disorder. Neurosci Lett 441(2):237–241. https:// doi. org/ 
10. 1016/j. neulet. 2008. 06. 031

Wen H, Liu QD, Li SS, Zhou LJ, Fan SY (2018) Improvement effect 
of extract of St. John’s wort tablets on fear and anxiety behavior 
of post-Traumatic stress disorder model mice. Chin J Pharmacol 
Toxicol 32(1):65–71. https:// doi. org/ 10. 3867/j. issn. 1000- 3002. 
2018. 01. 004

Wessa M, Flor H (2007) Failure of extinction of fear responses in 
posttraumatic stress disorder: evidence from second-order con-
ditioning. Am J Psychiatry 164(11):1684–1692. https:// doi. org/ 
10. 1176/ appi. ajp. 2007. 07030 525

Witkin JM, Rorick-Kehn LM, Benvenga MJ, Adams BL, Gleason SD, 
Knitowski KM, Statnick MA (2016) Preclinical findings predict-
ing efficacy and side-effect profile of LY2940094, an antagonist 
of nociceptin receptors. Pharmacol Res Perspect 4(6). https:// doi. 
org/ 10. 1002/ prp2. 275

Xiong GJ, Yang Y, Cao J, Mao RR, Xu L (2015) Fluoxetine treatment 
reverses the intergenerational impact of maternal separation on 

https://doi.org/10.1016/j.ejphar.2006.06.019
https://doi.org/10.1016/j.ejphar.2006.06.019
https://doi.org/10.1007/s11055-020-00918-x
https://doi.org/10.1007/s11055-020-00918-x
https://doi.org/10.1016/j.nlm.2017.01.009
https://doi.org/10.1016/j.nlm.2017.01.009
https://doi.org/10.1016/j.pharmthera.2014.12.004
https://doi.org/10.1016/j.pharmthera.2014.12.004
https://doi.org/10.1016/j.pnpbp.2018.03.001
https://doi.org/10.1016/j.pnpbp.2018.03.001
https://doi.org/10.1007/s00213-007-0993-7
https://doi.org/10.1007/s00213-012-2736-7
https://doi.org/10.1007/s00213-012-2736-7
https://doi.org/10.1016/j.biopha.2019.108978
https://doi.org/10.1016/j.biopha.2019.108978
https://doi.org/10.3867/j.issn.1000-3002.2016.04.003
https://doi.org/10.1007/s00213-006-0545-6
https://doi.org/10.1111/j.1471-4159.2008.05253.x
https://www.ncbi.nlm.nih.gov/pubmed/10860413
https://www.ncbi.nlm.nih.gov/pubmed/10860413
https://doi.org/10.1523/jneurosci.2252-19.2020
https://doi.org/10.1523/jneurosci.2252-19.2020
https://doi.org/10.1016/j.neuropharm.2011.10.021
https://doi.org/10.1016/j.neuropharm.2011.10.021
https://doi.org/10.1016/j.pbb.2010.08.001
https://doi.org/10.1016/j.pbb.2019.172763
https://doi.org/10.1016/j.pbb.2019.172763
https://doi.org/10.1007/s00213-008-1239-z
https://doi.org/10.1007/s00213-008-1239-z
https://doi.org/10.1111/fcp.12174
https://doi.org/10.1111/fcp.12174
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1254/jphs.10191FP
https://doi.org/10.1503/jpn.130145
https://doi.org/10.1503/jpn.130145
https://www.embase.com/search/results?subaction=viewrecord&id=L373378838&from=export
https://www.embase.com/search/results?subaction=viewrecord&id=L373378838&from=export
https://www.embase.com/search/results?subaction=viewrecord&id=L373378838&from=export
https://doi.org/10.1016/j.neulet.2008.06.031
https://doi.org/10.1016/j.neulet.2008.06.031
https://doi.org/10.3867/j.issn.1000-3002.2018.01.004
https://doi.org/10.3867/j.issn.1000-3002.2018.01.004
https://doi.org/10.1176/appi.ajp.2007.07030525
https://doi.org/10.1176/appi.ajp.2007.07030525
https://doi.org/10.1002/prp2.275
https://doi.org/10.1002/prp2.275


2359Psychopharmacology (2023) 240:2335–2359 

1 3

fear and anxiety behaviors. Neuropharmacology 92:1–7. https:// 
doi. org/ 10. 1016/j. neuro pharm. 2014. 12. 026

Yassa MA, Hazlett RL, Stark CE, Hoehn-Saric R (2012) Functional 
MRI of the amygdala and bed nucleus of the stria terminalis dur-
ing conditions of uncertainty in generalized anxiety disorder. J 
Psychiatr Res 46(8):1045–1052. https:// doi. org/ 10. 1016/j. jpsyc 
hires. 2012. 04. 013

Yokoyama F, Yamauchi M, Oyama M, Okuma K, Onozawa K, Nagay-
ama T, Kakui N (2009) Anxiolytic-like profiles of histamine 
H3 receptor agonists in animal models of anxiety: A compara-
tive study with antidepressants and benzodiazepine anxiolytic. 
Psychopharmacology 205(2):177–187. https:// doi. org/ 10. 1007/ 
s00213- 009- 1528-1

Yoshimizu T, Shimazaki T, Ito A, Chaki S (2006) An mGluR2/3 antag-
onist, MGS0039, exerts antidepressant and anxiolytic effects in 
behavioral models in rats. Psychopharmacology 186(4):587–593. 
https:// doi. org/ 10. 1007/ s00213- 006- 0390-7

Young MB, Norrholm SD, Khoury LM, Jovanovic T, Rauch SAM, 
Reiff CM, Howell LL (2017) Inhibition of serotonin transporters 
disrupts the enhancement of fear memory extinction by 3,4-meth-
ylenedioxymethamphetamine (MDMA). Psychopharmacology 
234(19):2883–2895. https:// doi. org/ 10. 1007/ s00213- 017- 4684-8

Yu YH, Ou CY, Shyu BC, Huang ACW (2020) Basolateral amygdala 
but not medial prefrontal cortex contributes to chronic fluox-
etine treatments for PTSD symptoms in mice. Behav Neurol 
2020:8875087. https:// doi. org/ 10. 1155/ 2020/ 88750 87

Zhang J, Xue R, Li YF, Zhang YZ, Wei HW (2020) Anxiolytic-like 
effects of treadmill exercise on an animal model of post-traumatic 
stress disorder and its mechanism. J Sports Med Phys Fitness 
60(1):172–179. https:// doi. org/ 10. 23736/ s0022- 4707. 20. 10120-8

Zhang LM, Qiu ZK, Chen XF, Zhao N, Chen HX, Rui X, Li YF (2016) 
Involvement of allopregnanolone in the anti-PTSD-like effects of 
AC-5216. J Psychopharmacol 30(5):474–481. https:// doi. org/ 10. 
1177/ 02698 81115 625115

Zhang LM, Qiu ZK, Zhao N, Chen HX, Liu YQ, Xu JP, Li YF (2014) 
Anxiolytic-like effects of YL-IPA08, a potent ligand for the 

translocator protein (18 kDa) in animal models of post-traumatic 
stress disorder. Int J Neuropsychopharmacol 17(10):1659–1669. 
https:// doi. org/ 10. 1017/ s1461 14571 40004 79

Zhang LM, Yao JZ, Li Y, Li K, Chen HX, Zhang YZ, Li YF (2012) 
Anxiolytic effects of flavonoids in animal models of posttrau-
matic stress disorder. Evid Based Complement Alternat Med 
2012:623753. https:// doi. org/ 10. 1155/ 2012/ 623753

Zhang LM, Zhou WW, Ji YJ, Li Y, Zhao N, Chen HX, Li YF (2015) 
Anxiolytic effects of ketamine in animal models of posttraumatic 
stress disorder. Psychopharmacology 232(4):663–672. https:// 
doi. org/ 10. 1007/ s00213- 014- 3697-9

Zhang Y, Raap DK, Garcia F, Serres F, Ma Q, Battaglia G, Van De Kar 
LD (2000) Long-term fluoxetine produces behavioral anxiolytic 
effects without inhibiting neuroendocrine responses to condi-
tioned stress in rats. Brain Res 855(1):58–66. https:// doi. org/ 10. 
1016/ S0006- 8993(99) 02289-1

Zhang ZS, Qiu ZK, He JL, Liu X, Chen JS, Wang YL (2017) Resvera-
trol ameliorated the behavioral deficits in a mouse model of post-
traumatic stress disorder. Pharmacol Biochem Behav. https:// doi. 
org/ 10. 1016/j. pbb. 2017. 09. 004

Zhao MG, Toyoda H, Lee YS, Wu LJ, Ko SW, Zhang XH, Zhuo M 
(2005) Roles of NMDA NR2B subtype receptor in prefrontal 
long-term potentiation and contextual fear memory. Neuron 
47(6):859–872. https:// doi. org/ 10. 1016/j. neuron. 2005. 08. 014

Zwetsloot PP, Van Der Naald M, Sena ES, Howells DW, IntHout J, De 
Groot JA, Wever KE (2017) Standardized mean differences cause 
funnel plot distortion in publication bias assessments. eLife 6. 
https:// doi. org/ 10. 7554/ eLife. 24260

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.neuropharm.2014.12.026
https://doi.org/10.1016/j.neuropharm.2014.12.026
https://doi.org/10.1016/j.jpsychires.2012.04.013
https://doi.org/10.1016/j.jpsychires.2012.04.013
https://doi.org/10.1007/s00213-009-1528-1
https://doi.org/10.1007/s00213-009-1528-1
https://doi.org/10.1007/s00213-006-0390-7
https://doi.org/10.1007/s00213-017-4684-8
https://doi.org/10.1155/2020/8875087
https://doi.org/10.23736/s0022-4707.20.10120-8
https://doi.org/10.1177/0269881115625115
https://doi.org/10.1177/0269881115625115
https://doi.org/10.1017/s1461145714000479
https://doi.org/10.1155/2012/623753
https://doi.org/10.1007/s00213-014-3697-9
https://doi.org/10.1007/s00213-014-3697-9
https://doi.org/10.1016/S0006-8993(99)02289-1
https://doi.org/10.1016/S0006-8993(99)02289-1
https://doi.org/10.1016/j.pbb.2017.09.004
https://doi.org/10.1016/j.pbb.2017.09.004
https://doi.org/10.1016/j.neuron.2005.08.014
https://doi.org/10.7554/eLife.24260

	The effect of SSRIs on fear learning: a systematic review and meta-analysis
	Abstract
	Rationale 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study protocol
	Literature search and selection
	Search strategy
	Study selection

	Extraction of study characteristics
	Risk of bias assessment
	Extraction of outcome data
	Data-analysis

	Results
	Adjustments to the protocol
	Data documentation
	Study selection
	Study characteristics
	Risk of bias assessment
	Results per fear learning process
	Acquisition learning to cue
	Descriptive statistics
	Meta-analysis

	Acquisition learning to context
	Descriptive statistics
	Meta-analysis

	Cued fear expression after acquisition learning
	Descriptive statistics
	Meta-analysis

	Contextual fear expression after acquisition learning
	Descriptive statistics
	Meta-analysis

	Extinction learning to cue
	Descriptive statistics
	Meta-analysis

	Extinction learning to context
	Descriptive statistics

	Cued fear expression after extinction learning
	Descriptive statistics

	Contextual fear expression after extinction learning
	Descriptive statistics

	Sensitivity analysis
	Publication bias

	Discussion
	Effect of SSRIs on fear learning processes
	Heterogeneity
	Limitations
	Knowledge gaps
	Limitations of the included studies
	Limitations of the design of the systematic review


	Conclusion and recommendations
	Anchor 56
	References


