

[image: image1]
Perceived antidepressant efficacy associated with reduced negative and enhanced neutral mnemonic discrimination













	 
	

	TYPE Original Research
PUBLISHED 28 August 2023
DOI 10.3389/fnhum.2023.1225836





Perceived antidepressant efficacy associated with reduced negative and enhanced neutral mnemonic discrimination

Taylor O. Phillips†, Madelyn Castro†, Rishi K. Vas, Lorena A. Ferguson, Amritha Harikumar and Stephanie L. Leal*

Department of Psychological Sciences, Rice University, Houston, TX, United States

[image: image]

OPEN ACCESS

EDITED BY
Brock Kirwan, Brigham Young University, United States

REVIEWED BY
Rene Hen, Columbia University, United States
Pedro Bekinschtein, CONICET Institute of Cognitive and Translational Neuroscience (INCYT), Argentina

*CORRESPONDENCE
Stephanie L. Leal, stephanieleal@rice.edu

†These authors share first authorship

RECEIVED 19 May 2023
ACCEPTED 09 August 2023
PUBLISHED 28 August 2023

CITATION
Phillips TO, Castro M, Vas RK, Ferguson LA, Harikumar A and Leal SL (2023) Perceived antidepressant efficacy associated with reduced negative and enhanced neutral mnemonic discrimination.
Front. Hum. Neurosci. 17:1225836.
doi: 10.3389/fnhum.2023.1225836

COPYRIGHT
© 2023 Phillips, Castro, Vas, Ferguson, Harikumar and Leal. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Introduction: While antidepressants are one of the first-line treatments for depression, the mechanisms underlying antidepressant action are unclear. Furthermore, the extent to which antidepressants impact emotional and cognitive dysfunction in depression requires more fine-grained approaches toward measuring these impacts in humans. Depression is associated with emotion and mood dysregulation in addition to cognitive deficits. Depressed individuals experience general memory impairment as well as a negativity bias in episodic memory, where negative events are better remembered than positive or neutral events. One potential mechanism hypothesized to underlie the negativity bias in memory is dysfunctional hippocampal pattern separation, in which depressed individuals tend to show impaired general pattern separation but enhanced negative pattern separation. Mnemonic discrimination tasks have been designed to tax hippocampal pattern separation in humans and provide a powerful approach to develop a mechanistic account for cognitive dysfunction in depression. While antidepressants have been examined primarily in rodent models in the context of hippocampal pattern separation, this has yet to be examined in humans.

Methods: Here, we investigated how antidepressant usage and their perceived efficacy was associated with emotional mnemonic discrimination, given our prior work indicating a negativity bias for mnemonic discrimination in individuals with greater depressive symptoms.

Results: We found that individuals who reported a greater improvement in their depressive symptoms after taking antidepressants (responders) showed reduced negative and enhanced neutral mnemonic discrimination compared to those with little to no improvement (non-responders). Perceived antidepressant efficacy was the strongest predictor of a reduction in the negativity bias for mnemonic discrimination, even when controlling for current depressive symptoms, antidepressant type, and other relevant factors.

Discussion: These results suggest that antidepressants, when effective, can shift memory dynamics toward healthy function.
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1. Introduction

Depression is associated with significant emotional, mood, and cognitive dysfunction (Nelson and Charney, 1981; Dere et al., 2010). Symptoms of depression include psychological symptoms, such as low mood, loss of interest, and poor concentration, and somatic symptoms, such as changes in appetite, lack of energy, sleep disturbance, and general aches and pains. Furthermore, depressed individuals also show general deficits in episodic memory, or memory for events and experiences, as well as a negativity bias in memory, where depressed individuals remember negative experiences better than neutral or positive experiences (Burt et al., 1995; James et al., 2021). Many types of medications and psychotherapy are currently available to treat depressive symptoms, which are generally shown to be more effective than controls (Barth et al., 2013; Cipriani et al., 2018). However, these treatments have significant limitations and challenges, thus, improving available treatments is critically important, especially given the large number of patients who fail to respond to treatment (Cuijpers, 2018).

Antidepressants are the first-line pharmacological treatment for depression. Selective serotonin reuptake inhibitors (SSRIs) are the most prescribed antidepressants, with monoamine oxidase inhibitor (MAOI), tricyclic (TCA) antidepressants, serotonin-norepinephrine reuptake inhibitors (SNRIs), norepinephrine-dopamine reuptake inhibitors (NDRIs), and other antidepressants used to a lesser extent (Dale et al., 2015; Luo et al., 2020; Bogowicz et al., 2021). Antidepressant development was based on the monoamine hypothesis of depression, suggesting that the underlying basis of depression is a depletion in serotonin, norepinephrine, and/or dopamine in the brain (Delgado, 2000). However, this classic hypothesis has been challenged and alternatives proposed (e.g., neuroplasticity hypothesis of depression) (Harmer et al., 2017; Liu et al., 2017; Moncrieff et al., 2022), highlighting the significant limitations in the overall understanding of the mechanism of action of antidepressants and their effectiveness in treating depressive symptoms, which are important factors to consider. Antidepressants have delayed onset of efficacy, intolerance issues, and limited response and remission rates, as antidepressants have been shown to be effective in roughly 50% of individuals (Taliaz et al., 2021). In fact, antidepressants appear to be most effective in those with greater depressive symptom severity (Kirsch et al., 2008; Fournier et al., 2010).

We know relatively little about how antidepressants work, why antidepressants have limited efficacy, and how antidepressants impact mood and cognitive function in depression, especially in human models. Notably, cognitive functions such as memory in individuals with depression are often overlooked, as antidepressants have been typically viewed as a treatment to alleviate primarily mood symptoms of depression. However, animal models have found substantial evidence that antidepressants can impact hippocampal function, in which the hippocampus is essential for episodic memory processing (Squire et al., 2004). Antidepressants can rescue hippocampal volume loss, stimulate the growth of new neurons in the dentate gyrus (DG) of the hippocampus, and reverse synaptic retraction between hippocampal subfields (Sousa et al., 2000; Sahay and Hen, 2007; Tartt et al., 2022). Given the influence that antidepressants can have on the hippocampus, it is important to evaluate the association between antidepressants and cognitive function, such as memory and emotional memory biases.

Mnemonic discrimination tasks have been developed to tax hippocampal pattern separation, a computation that processes similar experiences or events as unique using non-overlapping representations (Yassa and Stark, 2011). This framework has provided immense translational potential for clinical conditions with memory dysfunction, as the hippocampus is a major site of disruption across many brain disorders. Prior work has found that individuals with depression show impaired mnemonic discrimination for neutral stimuli (Shelton and Kirwan, 2013; Leal et al., 2014b) as well as enhanced mnemonic discrimination for negative stimuli when using an emotional mnemonic discrimination task (Leal et al., 2014b). The negativity bias in memory has traditionally been viewed as an overgeneralization of negative information (Fulford et al., 2012). However, mnemonic discrimination paradigms have yielded opposing results, such that discrimination of negative stimuli is enhanced in depression (e.g., greater detailed memory for negative experiences) and provides a novel mechanistic account for the negativity bias in memory in depression (e.g., underlying dysfunctional hippocampal pattern separation) (Leal and Yassa, 2018).

In the current study, we aimed to investigate the role of antidepressants on performance on an emotional mnemonic discrimination task in a sample of young adults (ages 18–35). Participants taking antidepressants (any type) for at least one month were eligible for the study. Given the limited efficacy of antidepressants, we measured perceived antidepressant efficacy to determine whether those who report a benefit from taking antidepressants (responders, R) may show larger impacts of antidepressants on memory performance than those who report little to no benefit from taking antidepressants (non-responders, NR). We hypothesized that greater perceived efficacy of antidepressants would be associated with less depressive symptoms and greater reductions in the negativity bias in memory (i.e., memory for negative relative to neutral events). We hypothesized that mnemonic discrimination measures would be more sensitive to these effects compared to target recognition. Based on prior findings in healthy and unmedicated depressed young adults (Leal et al., 2014b), we hypothesized that responders, relative to non-responders (controls), would show (1) enhanced neutral mnemonic discrimination and (2) reduced negative mnemonic discrimination.



2. Materials and methods


2.1. Participants

Participants ages 18–35 (N = 48) were recruited from Rice University and from the local Houston community through flyers, listserv, and website postings. The study lasted 2 h, and participants were compensated with either a $30 Amazon gift card ($15/h) or 2 Psychology course credits (1 credit/h) upon completion of the study. The study was carried out in accordance with relevant guidelines and regulations set forth by the Rice University Institutional Review Board (IRB). The full experimental protocol was approved by the Rice University IRB, and informed consent was obtained from all participants. Due to the COVID-19 pandemic, participants completed the study online via Zoom (October 2020–April 2021). All participants must have been actively taking antidepressants (regardless of the type of antidepressant and diagnosis) for at least one month prior to participation in the study. Most participants were diagnosed with depression and anxiety, which are highly comorbid (Kalin, 2020). Participants were split into responder (N = 21) and non-responder (N = 27) groups based on an arbitrary median split of a Perceived Antidepressant Efficacy score, discussed in detail below. Sample sizes are in line with previous research using the emotional mnemonic discrimination task in similar populations (Leal et al., 2014a,b). Participant demographics and questionnaire results can be found in Table 1.


TABLE 1    Participant demographics.
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2.2. Questionnaires

Participants completed a demographics form to determine basic demographic information and a Medical Screening Questionnaire to determine medication use and exclude those with major neurological diseases. We developed an Antidepressant Questionnaire to measure various factors important to consider with antidepressant use, such as antidepressant type, duration taking antidepressants, number of depressive episodes prior to starting antidepressants, reported side effects, prior treatment history (e.g., switching antidepressant types), comorbid conditions (e.g., anxiety), as well as perceived antidepressant efficacy. Participants were asked to rate their depression on a scale of 1–10 (with 1 indicating “Not Depressed” and 10 indicating “Severely Depressed”) retrospectively (e.g., before they started antidepressant treatment) and their current state of depression (e.g., on antidepressant treatment). This approach was utilized since participants were already taking antidepressants prescribed by their doctors; thus, we did not manipulate antidepressant use in the current study to measure depressive symptoms or memory before and after starting antidepressants (e.g., this is an observational study). We determined perceived antidepressant efficacy for each participant by calculating a Perceived Antidepressant Efficacy score = (Depression score before taking antidepressants − current depression score while taking antidepressants). We examined this measure continuously as well as by group to stratify by responder status (responder and non-responder). We performed an arbitrary median split of the Perceived Antidepressant Efficacy score to create our responder and non-responder groups, in line with prior studies (Khan et al., 2004; Taliaz et al., 2021; Table 1). Participants with smaller reported change (0–3 point-change, scores ranging from −2 to 3) were grouped into the non-responder group and those with greater reported change (>3 point-change, scores ranging from 4 to 7) were grouped into the responder group.

Participants also completed the Beck Depression Inventory-II (BDI-II) (Beck et al., 1996) to measure current depressive symptoms, Beck Anxiety Inventory (BAI) (Beck et al., 1988) to measure current anxiety symptoms, the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989) to measure various aspects of sleep, Perceived Stress Scale (PSS) (Cohen et al., 1983) to measure perceived stress in the past month, Subjective Memory Complaints Questionnaire (SMCQ) (Youn et al., 2009) to measure self-reported memory problems, Lifestyle and Exercise Questionnaire (LEQ) to measure various lifestyle factors such as cognitive, social, and physical activity, and diet, as well as a brief questionnaire about their experiences with COVID-19. At the time of participation, only four subjects had a past history of COVID-19. For the BDI-II, if a participant indicated suicidal thoughts (>1 on Question 9), participants were given the Suicidal Ideation Screening Questionnaire and were given resources to seek additional help. Scores from these questionnaires were included in regression models or as covariates, when relevant.



2.3. Emotional mnemonic discrimination task

Participants completed an emotional mnemonic discrimination task (Figure 1) that includes negative, neutral, and positive scene stimuli (Leal et al., 2014b) and has been used broadly (e.g., Szőllősi and Racsmány, 2020; McMakin et al., 2022). The stimulus set has been well-validated, and each image has been previously rated for emotional valence, arousal, and similarity (Leal et al., 2014b). An Apple MacBook employing PsychoPy (version 3.2.4) was used to present the stimuli. During encoding and retrieval phases, images were presented for 2,500 ms. After each image, a fixation display was presented for 500 ms. Participants were shown 149 images during encoding that were either negative, neutral, or positive (7 min) and split evenly across emotion. Participants were instructed to rate the scene as negative, neutral, or positive via mouse click while the image was still on the screen. After encoding, participants completed the battery of questionnaires (discussed above) followed by a memory test. During retrieval, 291 images were shown including targets (repeated scenes), lures (similar scenes to those shown during encoding), and foils (new scenes). Lures were further divided into high and low similarity lures. All trial types were evenly distributed. Participants were asked to determine if a scene was exactly the same as one seen during encoding (“Old”) or if a scene was either new or different in some way (“New/Different”). It was made explicit that if an image was similar, but not identical to one seen before, they should choose “New/Different.” Participants received a short break halfway through the retrieval phase to minimize fatigue (each retrieval phase was 7 min).
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FIGURE 1
Emotional mnemonic discrimination task. Participants are shown negative, neutral, and positive stimuli [2,500 ms image, 500 ms inter-stimulus interval (ISI)] during encoding and are asked to rate the images as negative, neutral, or positive. After a brief 15-min delay, participants’ memory is tested with a recognition test where they are showing repeated images (targets), similar but not exactly the same images (lures), and new images (foils). Permission was obtained for the use of all images in this figure, in which the images are licensed by Shutterstock, available at https://www.shutterstock.com/, and one image which is an author’s personal photo (dog).


Our two main memory measures of interest were target recognition and lure discrimination. Target recognition is a standard memory measure calculated using a discriminability index, d′ = z(Hits) − z(False Alarms). Hits were the number of targets (old items) that were correctly recognized as “Old.” False alarms refer to the incorrect recognition of foils as “Old” and were subtracted to correct for response bias. Lure discrimination measures how well participants discriminate a similar lure image from one they had seen previously and taxes hippocampal pattern separation. Lure discrimination index (LDI) was calculated as LDI = p(“New”| Lure) − p(“New”| Target) and corrects for response bias (Yassa et al., 2011; Leal et al., 2014b). We calculated LDI for high and low similarity lures to examine whether level of similarity impacts mnemonic discrimination performance. We also calculated a negativity bias in memory score for each memory measure for each participant to examine individual differences in negative relative to neutral memory performance, calculated as Negativity Bias (d′ or LDI) = (Negative − Neutral) / (Negative + Neutral).



2.4. Statistical analyses

All statistical analyses were conducted in SPSS v. 28 (IBM Corp., Armonk, NY, USA). Planned comparisons were conducted using repeated-measures ANOVAs, t-tests (two-tailed), regression, and Pearson correlations. Post-hoc statistical tests for ANOVAs were corrected for multiple comparisons using Scheffe’s correction. All tests used the General Linear Model. Normality assumptions were investigated using Kolmogorov–Smirnov tests and all distributions investigated did not significantly deviate from the normal distribution. Repeated-measures tests were corrected for error non-sphericity using Greenhouse–Geisser correction. Effect sizes (ηp2 and Cohen’s d) were reported when relevant. Statistical values were considered significant at a final corrected α level of 0.05, which appropriately controls for Type I error.



2.5. Data availability

The data generated in the current study are available in a GitHub repository.1




3. Results


3.1. Perceived efficacy of antidepressants associated with severity of initial depression and current depressive symptoms

Participants were divided into responders and non-responders based on each participant’s Perceived Antidepressant Efficacy score [t(46) = 8.23, p < 0.001, Cohen’s d = −2.39]. On average, responders started out with more severe levels of depression prior to taking antidepressants compared to non-responders, which is consistent with studies suggesting antidepressants are more effective in those with more severe levels of depression (Table 1 and Supplementary Figures 1A, B; Kirsch et al., 2008; Fournier et al., 2010), and showed fewer current depressive symptoms as measured by the BDI-II compared to non-responders [t(46) = 2.02, p = 0.049, Cohen’s d = 0.59] (Table 1 and Figures 2A, B). We then conducted a stepwise linear regression to determine what factors significantly predict perceived antidepressant efficacy. We included gender, antidepressant type, duration of antidepressants, number of previous depressive episodes, history of switching antidepressants, perceived stress (past month), BDI-II, BAI, and hours sleep (past month and last night) as predictors of perceived antidepressant efficacy in the entire sample. This resulted in two significant models. In the first model, number of previous depressive episodes was the strongest predictor of perceived antidepressant efficacy (r = 0.44, β = 0.72, p = 0.002, r2 = 0.19), in line with previous work. In a second model, number of previous depressive episodes (β = 0.85, p < 0.001) and current depressive symptoms (BDI-II) (β = −0.06, p = 0.006; Figure 2B) significantly predicted perceived antidepressant efficacy (r = 0.57, p < 0.001, △r2 = 0.13).
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FIGURE 2
Current depressive symptoms in antidepressant responders (R) versus non-responders (NR) captured by perceived antidepressant efficacy. (A) Beck Depression Inventory-II (BDI-II) score across R and NR groups. (B) Correlation between perceived antidepressant efficacy and BDI-II in R and NR. Asterisk indicates significant group difference.




3.2. Responders show reduced negative and enhanced neutral mnemonic discrimination

Next, we aimed to test the hypothesis that responders, relative to non-responders, would show (1) enhanced neutral mnemonic discrimination and (2) reduced negative mnemonic discrimination given prior work in individuals with depressive symptoms showing deficits in neutral mnemonic discrimination and enhanced negative mnemonic discrimination (Leal et al., 2014b). First, we performed a repeated-measures ANOVA on lure discrimination with emotion (negative, neutral, and positive) and similarity (low and high) as within-subjects factors and responder status (responder and non-responder) as a between-subjects factor. We found a significant main effect of emotion [F(2,92) = 14.32, p < 0.001, ηp2 = 0.24], where neutral lure discrimination was better than emotional lure discrimination [F(1,46) = 45.79, p < 0.001, ηp2 = 0.50]. There was a significant effect of similarity [F(1,92) = 199.58, p < 0.001, ηp2 = 0.81], where low similarity lures were better discriminated than high similarity lures. We also found a significant interaction between emotion and similarity [F(2,92) = 12.53, p < 0.001, ηp2 = 0.21], where neutral lure discrimination was better than emotional lure discrimination for low similarity lures while negative was worse than neutral and positive lure discrimination for high similarity lures [F(1,46) = 20.54, p < 0.001, ηp2 = 0.31]. Furthermore, we found a significant three-way interaction between emotion, similarity, and responder status [F(2,92) = 6.00, p = 0.004, ηp2 = 0.12], where responders showed reduced negative and enhanced neutral lure discrimination compared to non-responders, but only for low similarity lures [F(1,46) = 9.93, p = 0.003, ηp2 = 0.18; Figure 3A]. There was no main effect of responder status (p’s > 0.05).
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FIGURE 3
Performance on the emotional mnemonic discrimination task in antidepressant responders versus non-responders. (A) Low similarity lure discrimination index (LDI) performance across negative, neutral, and positive stimuli in responders (R) and non-responders (NR). (B) Target recognition performance across negative, neutral, and positive stimuli in R and NR groups. (C) Negativity bias in LDI (e.g., negative – neutral / negative + neutral) across R and NR groups. (D) Correlation between perceived antidepressant efficacy and negativity bias in LDI in R and NR. Asterisks indicate a significant interaction between emotion and responder status (A), significant main effect of emotion (B), and a significant group difference across responder status (C).


For target recognition, we performed a repeated-measures ANOVA with emotion (negative, neutral, and positive) as a within-subjects factor and responder status (responder and non-responder) as a between-subjects factor. We found a significant main effect of emotion [F(2,92) = 3.42, p = 0.037, ηp2 = 0.07], where a linear relationship was observed in which negative > neutral > positive target recognition [F(1,46) = 6.77, p = 0.012, ηp2 = 0.13; Figure 3B]. There was no significant group difference or interaction between emotion and responder status (p’s > 0.05).



3.3. Perceived antidepressant efficacy predicts reduced negativity bias in lure discrimination

We also calculated a negativity bias score for each memory measure for each participant to consider individual differences in negative relative to neutral lure discrimination. At the group level, we found that responders showed a reduction in negativity bias for lure discrimination compared to non-responders [t(46) = 3.87, p < 0.001, Cohen’s d = 1.13; Figure 3C]. Next, we conducted a stepwise linear regression to determine what factors significantly predicted the negativity bias in lure discrimination. We included perceived antidepressant efficacy, gender, antidepressant type, duration of antidepressants, number of previous depressive episodes, history of switching antidepressants, perceived stress (past month), BDI-II, BAI, and hours of sleep (past month and last night) as predictors of the negativity bias in lure discrimination across the entire sample. Perceived antidepressant efficacy was the strongest predictor of the negativity bias in lure discrimination (r = 0.38, β = −0.02, p = 0.009, r2 = 0.14; Figure 3D). To determine whether current depressive symptoms moderated this effect, we conducted a moderation analysis with BDI-II as the moderator (M) between perceived antidepressant efficacy (x) and the negativity bias in lure discrimination (y). While the overall model was significant [r(3,44) = 0.41, r2 = 0.16, p = 0.046], there was no significant moderation of BDI-II on the relationship between perceived antidepressant efficacy and the negativity bias in depression [F(1,44) = 0.71, p = 0.41, △r2 = 0.013]. For target recognition, we found no difference between responders and non-responders for the negativity bias in target recognition [t(46) = 0.65, p = 0.52, d = 0.19], nor any significant predictors of the negativity bias for target recognition when conducting a stepwise linear regression with the same factors as noted above.



3.4. Exploratory analysis: antidepressant type may be differentially associated with emotional versus neutral lure discrimination

While we did not design the current study to include specific groups stratified by antidepressant type, we had a significant number of participants taking SSRIs (N = 27), as expected based on the frequency of prescriptions of SSRIs this type of antidepressant. While we had a relatively large number of participants taking SSRIs, we had fewer participants taking other types of antidepressants. Given that SSRIs impact primarily serotonin, while other antidepressants, such as SNRIs, NDRIs, and TCAs, target more than one neurotransmitter, we aimed to explore whether singular versus dual inhibitor mechanisms were associated with differential effects on emotional memory performance. In order achieve sufficient power to examine group differences, we collapsed the non-SSRI groups (SNRIs, NDRIs, TCAs, and other; N = 21) and performed post hoc analyses across those taking SSRIs and other antidepressants (α = 0.05, 1-β = 0.80, d = 0.83). However, interpretation of the other antidepressant group must be taken with caution given the heterogeneity of antidepressants in the sample, and future studies powered to examine the impact of different types of antidepressants more selectively will be essential.

Given our results in the full sample, we focused this exploratory analysis on lure discrimination, as this measure was most sensitive to emotion and responder status interactions. In those taking SSRIs, we performed a repeated-measures ANOVA for lure discrimination, with emotion (negative, neutral, and positive) as a within-subjects factor and responder status (responder and non-responder) as a between-subjects factor. We found a significant effect of emotion [F(2,52) = 9.78, p < 0.001, ηp2 = 0.27], where those taking SSRIs showed better neutral versus emotional lure discrimination, but no significant effect of responder status or interaction between emotion and responder status (p’s > 0.05). Given the selectivity of effects for negative and neutral stimuli in our primary analysis, we focused our analysis on negative and neutral lure discrimination. We found a significant effect of emotion [F(1,26) = 10.42, p = 0.003, ηp2 = 0.29], where those taking SSRIs showed better neutral versus negative lure discrimination overall. We also found a significant interaction between emotion and responder status [F(1,26) = 6.58, p = 0.016, ηp2 = 0.20; Figure 4A], where SSRI responders showed reduced negative lure discrimination compared to non-responders.
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FIGURE 4
Effect of antidepressant type on emotional mnemonic discrimination performance in responders and non-responders. (A) Lure discrimination performance across negative, neutral, and positive stimuli for responders (R) and non-responders (NR) to selective serotonin reuptake inhibitors (SSRIs). (B) Lure discrimination performance across negative, neutral, and positive stimuli for R and NR groups to other types of antidepressants (SNRIs, NDRIs, and TCAs). (C) Negativity bias in LDI (e.g., negative – neutral / negative + neutral) across SSRI and other antidepressant groups, stratified by responder status. (D) Correlation between perceived antidepressant efficacy and negativity bias in LDI in SSRI and other antidepressant groups, stratified by responder status. Asterisks in panels (A,B) represent a significant interaction between emotion and responder status, and a significant effect of responder status in panel (C).


We conducted the same set of analyses for those taking other antidepressants. We performed a repeated-measures ANOVA for lure discrimination, with emotion (negative, neutral, and positive) as a within-subjects factor and responder status (responder and non-responder) as a between-subjects factor. We found a significant effect of emotion [F(2,36) = 9.20, p < 0.001, ηp2 = 0.34], where neutral was better than emotional lure discrimination [F(1,18) = 11.21, p = 0.004, ηp2 = 0.38]. We also found a significant interaction between emotion and responder status [F(2,36) = 4.87, p = 0.015, ηp2 = 0.21; Figure 4B], where, in contrast to those taking SSRIs, responders to other antidepressants showed enhanced neutral relative to emotional lure discrimination compared to non-responders [F(1,18) = 10.29, p = 0.005, ηp2 = 0.36]. When focusing on negative versus neutral lure discrimination, we similarly find an interaction between emotion and responder status [F(1,18) = 10.22, p = 0.005, ηp2 = 0.36], with enhanced neutral relative to negative lure discrimination in responders compared to non-responders.

When examining participants’ negativity memory bias score in an ANOVA across antidepressant type (SSRI and other) and responder status (responder and non-responder), we found a significant effect of responder status [F(1,44) = 15.91, p < 0.001, ηp2 = 0.27; Figure 4C], where responders showed a reduction in the negativity bias in lure discrimination compared to non-responders. There was no main effect of antidepressant type or interaction between antidepressant type and responder status (p’s > .05). However, a post-hoc t-test revealed that there was a marginal effect of antidepressant type in the non-responders [t(25) = 1.85, p = 0.076, Cohen’s d = 0.09], where those taking other antidepressants showed a larger negativity bias in lure discrimination compared to those taking SSRIs.

Next, we examined the relationship between perceived antidepressant efficacy and the negativity bias in lure discrimination continuously within SSRI and other antidepressant groups. We found a significant correlation between perceived antidepressant efficacy and the negativity bias in lure discrimination in those taking other antidepressants (r = −0.58, p = 0.007; Figure 4D), and a weaker but non-significant relationship between these measures in those taking SSRIs (r = −0.25, p = 0.203; Figure 4D). We also conducted a moderation analysis with antidepressant type (M) as the moderator of the relationship between perceived antidepressant efficacy (x) and the negativity bias in lure discrimination (y). The overall model was significant [r(3,44) = 0.47, r2 = 0.23, p = 0.012], where perceived antidepressant efficacy significantly predicted the negativity bias in lure discrimination (β = −0.04, p = 0.006) and antidepressant type significantly predicted the negativity bias in lure discrimination (β = −0.13, p = 0.048), driven by the other antidepressant group, but no significant moderation of antidepressant type on the relationship between perceived antidepressant efficacy and the negativity bias in lure discrimination [F(1,44) = 2.51, p = 0.12, △r2 = 0.045].




4. Discussion


4.1. Perceived antidepressant efficacy impacts on emotional mnemonic discrimination

While antidepressants are one of the primary treatments for depression, the mechanisms underlying antidepressant action are unclear. Furthermore, the extent to which antidepressants impact emotional and cognitive dysfunction in depression requires more fine-grained approaches toward measuring these impacts in humans. Rodent models of chronic stress have found that antidepressants can improve hippocampal function and memory performance, thus, we aimed to determine whether antidepressants, when effective, could be associated with altered emotional mnemonic discrimination in humans, which relies on hippocampal pattern separation. We found that individuals who reported reduced depressive symptom severity after taking antidepressants (responders) showed reduced negative and enhanced neutral memory compared to those with little to no change in their depressive symptom severity (non-responders). Responders showed a reduction in the negativity bias in memory (e.g., negative relative to neutral memory performance). These effects were found at the group level (responders and non-responders) as well as when examining perceived antidepressant efficacy using continuous approaches (e.g., correlation and regression). Importantly, these results were selective to lure discrimination, which relies on hippocampal pattern separation as measured during high-resolution fMRI (Leal et al., 2014a), and not target recognition, suggesting that effective antidepressants may act on specific hippocampal computations (e.g., pattern separation) (Sahay et al., 2011; Gandy et al., 2017).

These results are in line with our hypotheses and prior work. While individuals with high levels of current depressive symptoms show a greater negativity bias in lure discrimination (Leal et al., 2014b), this negativity bias can be mitigated when taking antidepressants in those who perceive them to be effective in reducing their depressive symptom severity relative to non-responders. This was the case for reducing negative lure discrimination and enhancing neutral lure discrimination relative to non-responders, in which we hypothesized that this relationship would be evident based on prior work in individuals with depressive symptoms showing enhanced negative and reduced neutral lure discrimination compared to healthy young adult controls (Leal et al., 2014b). In fact, greater perceived antidepressant efficacy was associated with the largest reductions in the negativity bias in lure discrimination. This is in line with the literature suggesting that antidepressant treatment may provide the largest benefits to those with more severe depressive symptomology compared to more mild depressive symptoms (Kirsch et al., 2008; Fournier et al., 2010). It is important to note that our measure of perceived antidepressant efficacy is capturing how each participant feels antidepressants have alleviated their symptoms and may not be a reflection of their true depressive symptoms before starting antidepressants. However, we believe this only strengthens what this measure can tell us about memory in these individuals, such that greater change in depressive symptoms perceived by the participant was associated with a larger reduction of the negativity bias in lure discrimination, and no other measured factors significantly predicted this negativity bias. Thus, it will be important for future studies to determine whether examining change in BDI-II scores pre-antidepressant treatment and post-antidepressant similarly reflect this perceived antidepressant efficacy measure. Together, these results suggest that the dysfunctional memory effects we previously reported in unmedicated individuals with depressive symptoms could be alleviated when antidepressants are perceived to be effective.

Furthermore, we found that these effects were selective to low similarity lure discrimination. It could be that the high similarity lures were too difficult to discriminate, as all participants performed significantly worse on high compared to low similarity lures. We hypothesize that the emotional content of the images may not have been salient enough to modify memory performance for images with highly overlapping content (e.g., highest level of interference). This has been shown in other cognitively impaired individuals such as aging populations (Leal and Yassa, 2014); thus, antidepressants, either perceived to be effective or not, may not be able to alleviate memory deficits during high interference conditions. In healthy adults, the expected pattern of lure discrimination as a function of decreasing similarity is largely linear. However, in clinical conditions, one might expect to see variations in this pattern such that for certain similarity conditions, a clinical sample may show worse discrimination compared to controls at high or low similarity but may not differ from controls in the discrimination of targets or foils. Thus, differences in low versus high similarity may reflect an impairment that is selective to items with a certain level of interference and perhaps some specificity to pattern separation deficits.



4.2. Potential neurobiological mechanisms underlying the effect of perceived antidepressant efficacy on mnemonic discrimination

Prior work has suggested that the emotional mnemonic discrimination task is sensitive to hippocampal pattern separation, in which signals consistent with hippocampal pattern separation were found in the DG/CA3 subregions of the hippocampus during high-resolution functional neuroimaging (Leal et al., 2014a). These signals were found across both low and high similarity levels. Furthermore, a shift in amygdala-hippocampal dynamics was observed in individuals with depressive symptoms during emotional mnemonic discrimination, where hippocampal DG/CA3 subfield activity was reduced while amygdala activity was increased during negative lure discrimination relative to healthy controls (Leal et al., 2014a). The amygdala plays an important role in modulating memory, especially for emotional experiences. The basolateral amygdala (BLA) in particular may enhance processing of negative information that facilitates mnemonic discrimination in the absence of a normal DG/CA3 response (Leal et al., 2014a,2017). The shift in amygdala-hippocampal dynamics observed in depression could potentially be normalized in those taking antidepressants, when perceived to be effective, such that amygdala hyperactivity may be reduced and DG/CA3 activity may be increased during negative discrimination.

The DG/CA3 plays an important role in pattern separation, and impaired pattern separation is hypothesized to be a potential marker of reduced DG neurogenesis in individuals with depression (Tanti and Belzung, 2013; Gandy et al., 2017). Prior literature has found that antidepressant treatment can increase DG neurogenesis in animal models (Dranovsky and Hen, 2006), suggesting a potential mechanism of antidepressant action on hippocampal pattern separation in humans. Furthermore, increasing DG neurogenesis has been shown to improve hippocampal pattern separation as well as reduce depressive-like behaviors in rodent models (Sahay et al., 2011; Hill et al., 2015). This would need to be explored in humans using high-resolution imaging methods to determine the underlying neurobiological mechanisms supporting the shift in negative and neutral mnemonic discrimination with perceived antidepressant efficacy. Based on the findings discussed above, DG activity and neurogenesis is reduced in depression, however, behaviorally, individuals with depression show enhanced negative and impaired neutral mnemonic discrimination, in which the BLA may more heavily impact negative memory (e.g., amygdala hyperactivity in depression associated with enhanced negative mnemonic discrimination) (Leal et al., 2014a). Thus, antidepressant effects on the brain may be multifaceted, such that they increase DG neurogenesis and activity leading to rescued general memory but may also reduce BLA hyperactivity (Young et al., 2020) leading to reduced negative mnemonic discrimination.

Regarding antidepressants, there has been work showing that adult hippocampal neurogenesis is required for some, but not all, of the behavioral effects of antidepressants (David et al., 2009). It has been shown that increasing adult hippocampal neurogenesis is sufficient to impact pattern separation (Hill et al., 2015) and depression-like behaviors (Sahay et al., 2011). However, the presence of adult human neurogenesis has been significantly debated (Kumar et al., 2019), and it is unclear what role neurogenesis may play in hippocampal pattern separation (Johnston et al., 2016). There has been mixed support for neurogenesis as a perceptible mechanism in the adult human brain and a lack of consensus on the location of adult human neurogenesis in the brain due to anatomical differences across species (Kumar et al., 2019). While there is evidence of adult hippocampal neurogenesis in humans (Kempermann et al., 2018), it is primarily examined in post-mortem tissue. However, novel neuroimaging techniques such as magnetic resonance spectroscopy (MRS) may be useful in solving this limitation, which has the potential to measure signals consistent with hippocampal neurogenesis in humans (e.g., a metabolic biomarker for the detection and quantification of neural stem and progenitor cells in the human brain in vivo) (Manganas et al., 2007). While these methods are currently under development, they may provide important insight into the neural mechanisms underlying antidepressant action on the hippocampus in humans.

Furthermore, there is evidence to suggest that hippocampal DG and CA3 subfields are especially impacted in depression (Malykhin and Coupland, 2015; Samuels et al., 2015), and antidepressants may selectively target particular hippocampal subfields more than others (Huang et al., 2013; Tai et al., 2021). However, to our knowledge, no studies have examined the impact of antidepressants on hippocampal pattern separation in humans. Thus, this study provides the first step in establishing this paradigm as a sensitive task in detecting subtle changes in memory that depends on the emotional context of the experience and provides important preliminary data to suggest that (1) perceived antidepressant efficacy is important to consider when examining antidepressant effects on memory, and (2) antidepressants that target different neurotransmitters systems may have differential impacts on memory and MTL function.

It is important to note that alterations in the hippocampus under chronic stress are reversible. Chronic stress can lead to a retraction of hippocampal CA3 dendrites (Conrad, 2006) and a decrease in DG neurogenesis in rodents (McEwen and Magarinos, 2001). Antidepressants can reverse these synaptic changes by increasing DG neurogenesis and by increasing CA3 dendritic arborization (Baj et al., 2012; Castrén and Hen, 2013; Hill et al., 2015). Notably, these hippocampal subregions are essential in performing pattern separation. Thus, our results suggest that antidepressants may be effective at altering these hippocampal mechanisms in humans but may depend on a number of factors such as perceived efficacy, number of previous depressive episodes, and antidepressant type.



4.3. Potential impact of different types of neurotransmitters on emotional memory and MTL function

We also found that antidepressant type may play an important role in altering emotional versus neutral memory. SSRIs appeared to selectively target emotional memory (e.g., reduction in the negativity memory bias) while other types of antidepressants selectively targeted neutral memory (e.g., enhancement in neutral lure discrimination). While these analyses were exploratory, there may be important differences in how antidepressant type may impact performance on emotional versus neutral memory given their different monoamine targets. Rodent studies have found that SNRIs, but not SSRIs enhance recognition memory (Feltmann et al., 2015). Evidence from human studies suggests that SNRIs may be more beneficial for cognitive function compared to other antidepressants (Harmer et al., 2003; Biringer et al., 2009). This could explain why we see an enhancement in neutral lure discrimination in those taking other kinds of antidepressants including SNRIs. While SSRIs may not enhance general memory, our results suggest that they may reduce memory for negative experiences. Thus, the content and emotional significance of the memory is important to consider when examining whether antidepressant type influences cognition in different ways.




5. Limitations

It is important to note that there are limitations to the current study. First, this study was observational in nature; thus, we did not measure memory and depressive symptoms before starting antidepressants and at various timepoints after taking antidepressants. The goal of the current study was to determine if there might be measurable effects of antidepressants on memory when considering perceived antidepressant efficacy. Our results support this hypothesis, paving the way for future studies to explicitly manipulate, measure, and track the impact of antidepressants on memory and depressive symptom severity. It will be important to establish baseline memory and depressive symptoms and track progress of antidepressant effectiveness at various timepoints (e.g., after 1 month, 6 months, and 1 year).

It will also be important to determine whether perceived antidepressant efficacy scores are associated with objective and clinical measures of depressive symptoms pre- and post-antidepressant treatment, and perhaps examine which types of symptoms were most improved. Based on clinical standards (>50% reduction in depressive symptoms), 81% of the responder group reached clinical efficacy, which is consistent with other studies quantifying responder status (Taliaz et al., 2021). While our perceived antidepressant efficacy measure was not designed with clinical thresholds in mind, it will be important for studies examining treatment efficacy to consider how responder status is characterized, which can vary widely across studies and measures of symptom severity (Taliaz et al., 2021). Here, we applied an arbitrary median split to determine responder status to maximize group differences and have large enough samples per group; however, there are many approaches and measures that may provide a more accurate characterization of responder status. While examining perceived efficacy of antidepressants continuously alleviates this problem to some degree, the threshold for responsiveness to antidepressant treatment remains a critical issue to address in studies examining change in symptomology and severity due to treatment.

It is important to note that it is not expected that all responders to antidepressants (as defined in this study, or even in general) would be considered “healthy” again. On average, the responder group showed significant reductions in depressive symptoms compared to non-responders, but the range of depression scores varied both groups. In this study, we found no significant contribution of depressive symptoms interacting with perceived antidepressant efficacy on the negativity bias in lure discrimination, however, this remains an important factor to consider in future studies to better understand how treatment interacts with current depressive symptomology. In our sample, 40% of the responder group had a BDI <15 while only 20% of the non-responder group had a BDI <15. Thus, while the responder group had twice as many participants who would be considered below previously used thresholds of clinically relevant depressive symptoms (Sprinkle et al., 2002; Leal et al., 2014b), there was still a large amount of variability in level of current depressive symptoms (Figure 2). Here, our responder groups are reflecting perceived efficacy of antidepressants, not absolute level of depressive symptoms, which is an important concept to consider when evaluating efficacy of antidepressants.

Second, the current study focused on the examination of those taking antidepressants, using non-responders as controls, and indirectly compared relative performance to prior findings in a healthy control and unmedicated depressed sample (Leal et al., 2014b). While the current findings were in line with this prior work, in which non-responders’ performance showed a similar pattern across emotional memory to unmedicated depressed participants while responders’ performance showed a similar pattern across emotional memory to the healthy control sample, future work aiming to replicate these prior findings and directly compare these samples to those taking antidepressants will be important.

Third, we did not design the study to investigate the impact of different types of antidepressants, which could have differential impacts on memory and MTL given their varying neurotransmitters of target. From our exploratory analysis of antidepressant type, there appears to be differential effects of different antidepressant types on emotional memory that will be important for future studies to consider. We also included individuals taking antidepressants for any diagnosis or co-morbid diagnoses, given that depression is often comorbid with anxiety and other neuropsychological disorders (Kalin, 2020). Most of our sample was diagnosed with depression and co-morbid anxiety, as expected, but it will be important for future studies to determine whether antidepressants may be effective for those with only one diagnosis and how comorbid conditions may further interact with antidepressant efficacy. It is important to note that we included BAI in our regression models but found no significant impacts of current anxiety symptoms on our measures of interest. Moreover, roughly 30% of the non-responder group and 42% of the responder group were also taking other medications (e.g., stimulants, anticonvulsants, antipsychotics, and anxiolytics) concurrently with an antidepressant (see Table 1). Additional medication usage may explain some of the variance in antidepressant efficacy and memory performance, however, it was a very small percentage of participants taking various combinations of multiple medications. Future studies would benefit from recruiting participants taking only antidepressants to determine whether it is specifically antidepressants that are leading to changes in efficacy and memory performance or whether combinatory treatments (“polypharmacy”) may lead to better outcomes (Millan, 2014). However, given the heterogeneity of psychiatric diagnosis and medication use, limiting samples to singular medication use may not accurately reflect the general population.

Fourth, this study was conducted during the height of COVID-19 pandemic, which could have impacted levels of stress and current depressive symptoms in our sample (see Table 1). The study was conducted over Zoom, which could introduce greater variability in the experimental setting. However, we ensured participants were situated in a quiet room with a computer with a camera and that internet connectivity was stable to minimize any confounding factors. Finally, neurobiological data must be acquired to determine whether antidepressants impact hippocampal pattern separation in humans. An important future direction will be utilizing high-resolution imaging techniques capable of probing these hippocampal subfields and computations. Our emotional mnemonic discrimination task provides a more sensitive measure of memory compared to standard memory tests to gain insight and a higher level of precision into how antidepressants may be impacting hippocampal subfields and amygdala subnuclei important for memory processing in humans (Stark et al., 2013; Leal and Yassa, 2018).

While antidepressants are the primary pharmacological treatment for depression (Cipriani et al., 2018), we know relatively little about how antidepressants work and how they impact cognition and mood (Harmer et al., 2017; Liu et al., 2017; Moncrieff et al., 2022). Rodent studies have begun to unpack the complexity of antidepressants and how they might influence memory (Lino de Oliveira et al., 2020) but human studies are only beginning to understand how antidepressants modulate both cognitive and mood symptoms of depression. The utility of pattern separation as a construct can further our understanding of basic memory processing as well as neuropsychiatric diseases such as depression (Leal and Yassa, 2018). Thus, this study provides novel insight into the potential underlying neural mechanisms of antidepressant action on memory and MTL function and highlights the importance of taking responsiveness to antidepressant treatment into account when examining how antidepressants impact mood and cognition.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article.



Ethics statement

The studies involving humans were approved by the Rice University Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

TP involved in investigation, formal analysis, data curation, and writing—original draft. MC involved in data curation and writing—review and editing. RV involved in investigation and writing—review and editing. LF and AH involved in project administration and writing—review and editing. SL involved in conceptualization, formal analysis, writing—review and editing, visualization, supervision, and funding acquisition. All authors reviewed and revised the final manuscript.



Funding

SL was supported by a NARSAD Young Investigator Grant from the Brain and Behavior Research Foundation (30897). MC was supported by a National Science Foundation Graduate Research Fellowship.



Acknowledgments

We would like to acknowledge the Rice Wellbeing and Counseling Center, including Agnes Ho, as well as Lanita Martin and Carrie Hodgeson in the Psychological Sciences Department at Rice University for help with participant recruitment. This data has been presented as a poster at The Society for Neuroscience conference as well as at the International Conference on Learning and Memory and has been posted on PsyArXiv (24 September 24 2022; preprint doi:10.31234/osf.io/xwt4j).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnhum.2023.1225836/full#supplementary-material


Footnotes

1     https://github.com/lealmemorylab/antidepressants


References

Baj, G., D’Alessandro, V., Musazzi, L., Mallei, A., Sartori, C. R., Sciancalepore, M., et al. (2012). Physical exercise and antidepressants enhance BDNF targeting in hippocampal CA3 dendrites: Further evidence of a spatial code for BDNF splice variants. Neuropsychopharmacology 37, 1600–1611. doi: 10.1038/npp.2012.5

Barth, J., Munder, T., Gerger, H., Nüesch, E., Trelle, S., Znoj, H., et al. (2013). Comparative efficacy of seven psychotherapeutic interventions for patients with depression: A network meta-analysis. PLoS Med. 10:e1001454. doi: 10.1371/journal.pmed.1001454

Beck, A. T., Epstein, N., Brown, G., and Steer, R. (1988). Beck anxiety inventory. Washington, DC: APA PsycTests.

Beck, A. T., Steer, R. A., and Brown, G. (1996). Beck depression inventory–II (BDI-II). Washington, DC: APA PsycTests.

Biringer, E., Rongve, A., and Lund, A. (2009). A review of modern antidepressants effects on neurocognitive function. Curr. Psychiatry Rev. 5, 164–174. doi: 10.2174/157340009788971137

Bogowicz, P., Curtis, H. J., Walker, A. J., Cowen, P., Geddes, J., and Goldacre, B. (2021). Trends and variation in antidepressant prescribing in English primary care: A retrospective longitudinal study. BJGP Open 5, BJGO.2021.0020. doi: 10.3399/BJGPO.2021.0020

Burt, D. B., Zembar, M. J., and Niederehe, G. (1995). Depression and memory impairment: A meta-analysis of the association, its pattern, and specificity. Psychol. Bull. 117, 285–305. doi: 10.1037/0033-2909.117.2.285

Buysse, D. J., Reynolds, C. F., Monk, T. H., Berman, S. R., and Kupfer, D. J. (1989). The Pittsburgh sleep quality index: A new instrument for psychiatric practice and research. Psychiatry Res. 28, 193–213. doi: 10.1016/0165-1781(89)90047-4

Castrén, E., and Hen, R. (2013). Neuronal plasticity and antidepressant actions. Trends Neurosci. 36, 259–267. doi: 10.1016/j.tins.2012.12.010

Cipriani, A., Furukawa, T. A., Salanti, G., Chaimani, A., Atkinson, L. Z., Ogawa, Y., et al. (2018). Comparative efficacy and acceptability of 21 antidepressant drugs for the acute treatment of adults with major depressive disorder: A systematic review and network meta-analysis. Lancet 391, 1357–1366. doi: 10.1016/S0140-6736(17)32802-7

Cohen, S., Kamarck, T., and Mermelstein, R. (1983). A global measure of perceived stress. J. Health Soc. Behav. 24, 385–396.

Conrad, C. D. (2006). What is the functional significance of chronic stress-induced CA3 dendritic retraction within the hippocampus? Behav. Cogn. Neurosci. Rev. 5, 41–60. doi: 10.1177/1534582306289043

Cuijpers, P. (2018). The challenges of improving treatments for depression. JAMA 320, 2529–2530. doi: 10.1001/jama.2018.17824

Dale, E., Bang-Andersen, B., and Sánchez, C. (2015). Emerging mechanisms and treatments for depression beyond SSRIs and SNRIs. Biochem. Pharmacol. 95, 81–97. doi: 10.1016/j.bcp.2015.03.011

David, D. J., Samuels, B. A., Rainer, Q., Wang, J. W., Marsteller, D., Mendez, I., et al. (2009). Neurogenesis-dependent and -independent effects of fluoxetine in an animal model of anxiety/depression. Neuron 62, 479–493. doi: 10.1016/j.neuron.2009.04.017

Delgado, P. L. (2000). Depression: The case for a monoamine deficiency. J. Clin. Psychiatry 61(Suppl. 6), 7–11.

Dere, E., Pause, B. M., and Pietrowsky, R. (2010). Emotion and episodic memory in neuropsychiatric disorders. Behav. Brain Res. 215, 162–171. doi: 10.1016/j.bbr.2010.03.017

Dranovsky, A., and Hen, R. (2006). Hippocampal neurogenesis: Regulation by stress and antidepressants. Biol. Psychiatry 59, 1136–1143. doi: 10.1016/j.biopsych.2006.03.082

Feltmann, K., Konradsson-Geuken, Å, De Bundel, D., Lindskog, M., and Schilström, B. (2015). Antidepressant drugs specifically inhibiting noradrenaline reuptake enhance recognition memory in rats. Behav. Neurosci. 129, 701–708. doi: 10.1037/bne0000100

Fournier, J. C., DeRubeis, R. J., Hollon, S. D., Dimidjian, S., Amsterdam, J. D., Shelton, R. C., et al. (2010). Antidepressant drug effects and depression severity: A patient-level meta-analysis. JAMA 303, 47–53. doi: 10.1001/jama.2009.1943

Fulford, D., Rosen, R. K., Johnson, S. L., and Carver, C. S. (2012). Negative generalization and symptoms of anxiety disorders. J. Exp. Psychopathol. 3, 10.5127/je019811. doi: 10.5127/jep.019811

Gandy, K., Kim, S., Sharp, C., Dindo, L., Maletic-Savatic, M., and Calarge, C. (2017). Pattern separation: A potential marker of impaired hippocampal adult neurogenesis in major depressive disorder. Front. Neurosci. 11:571. doi: 10.3389/fnins.2017.00571

Harmer, C. J., Duman, R. S., and Cowen, P. J. (2017). How do antidepressants work? New perspectives for refining future treatment approaches. Lancet Psychiatry 4:409–418. doi: 10.1016/S2215-0366(17)30015-9

Harmer, C. J., Hill, S. A., Taylor, M. J., Cowen, P. J., and Goodwin, G. M. (2003). Toward a neuropsychological theory of antidepressant drug action: Increase in positive emotional bias after potentiation of norepinephrine activity. Am. J. Psychiatry 160, 990–992. doi: 10.1176/appi.ajp.160.5.990

Hill, A. S., Sahay, A., and Hen, R. (2015). Increasing adult hippocampal neurogenesis is sufficient to reduce anxiety and depression-like behaviors. Neuropsychopharmacology 40, 2368–2378. doi: 10.1038/npp.2015.85

Huang, Y., Coupland, N. J., Lebel, R. M., Carter, R., Seres, P., Wilman, A. H., et al. (2013). Structural changes in hippocampal subfields in major depressive disorder: A high-field magnetic resonance imaging study. Biol. Psychiatry 74:62–68. doi: 10.1016/j.biopsych.2013.01.005

James, T. A., Weiss-Cowie, S., Hopton, Z., Verhaeghen, P., Dotson, V. M., and Duarte, A. (2021). Depression and episodic memory across the adult lifespan: A meta-analytic review. Psychol. Bull. 147, 1184–1214. doi: 10.1037/bul0000344

Johnston, S. T., Shtrahman, M, Parylak, S, Gonçalves, J. T., and Gage, F. H. (2016). Paradox of pattern separation and adult neurogenesis: A dual role for new neurons balancing memory resolution and robustness. Neurobiol. Learn. Mem. 129:60–68. doi: 10.1016/j.nlm.2015.10.013

Kalin, N. H. (2020). The critical relationship between anxiety and depression. Am. J. Psychiatry 177:365-367. doi: 10.1176/appi.ajp.2020.20030305

Kempermann, G., Gage, F. H., Aigner, L., Song, H., Curtis, M. A., Thuret, S., et al. (2018). Human adult neurogenesis: Evidence and remaining questions. Cell Stem Cell. 23, 25–30. doi: 10.1016/j.stem.2018.04.004

Khan, A., Kolts, R. L., Thase, M. E., Krishnan, K. R., and Brown, W. (2004). Research design features and patient characteristics associated with the outcome of antidepressant clinical trials. Am. J. Psychiatry 161, 2045–2049. doi: 10.1176/appi.ajp.161.11.2045

Kirsch, I., Deacon, B. J., Huedo-Medina, T. B., Scoboria, A., Moore, T. J., and Johnson, B. T. (2008). Initial severity and antidepressant benefits: A meta-analysis of data submitted to the Food and Drug Administration. PLoS Med. 5:e45. doi: 10.1371/journal.pmed.0050045

Kumar, A., Pareek, V., Faiq, M. A., Ghosh, S. K., and Kumari, C. (2019). Adult neurogenesis in humans: A review of basic concepts, history, current research, and clinical implications. Innov. Clin. Neurosci. 16, 30–37.

Leal, S. L., and Yassa, M. A. (2014). Effects of aging on mnemonic discrimination of emotional information. Behav. Neurosci. 128:539–547. doi: 10.1037/bne0000011

Leal, S. L., and Yassa, M. A. (2018). Integrating new findings and examining clinical applications of pattern separation. Nat. Neurosci. 21, 163–173. doi: 10.1038/s41593-017-0065-1

Leal, S. L., Noche, J. A., Murray, E. A., and Yassa, M. A. (2017). Disruption of amygdala-entorhinal-hippocampal network in late-life depression. Hippocampus 27, 464–476. doi: 10.1002/hipo.22705

Leal, S. L., Tighe, S. K., and Yassa, M. A. (2014b). Asymmetric effects of emotion on mnemonic interference. Neurobiol. Learn. Mem. 111, 41–48. doi: 10.1016/j.nlm.2014.02.013

Leal, S. L., Tighe, S. K., Jones, C. K., and Yassa, M. A. (2014a). Pattern separation of emotional information in hippocampal dentate and CA3. Hippocampus 24, 1146–1155. doi: 10.1002/hipo.22298

Lino de Oliveira, C., Bolzan, J. A., Surget, A., and Belzung, C. (2020). Do antidepressants promote neurogenesis in adult hippocampus? A systematic review and meta-analysis on naive rodents. Pharmacol. Ther. 210:107515. doi: 10.1016/j.pharmthera.2020.107515

Liu, B., Liu, J., Wang, M., Zhang, Y., and Li, L. (2017). From serotonin to neuroplasticity: Evolvement of theories for major depressive disorder. Front Cell Neurosci. 11:305. doi: 10.3389/fncel.2017.00305

Luo, Y., Kataoka, Y., Ostinelli, E. G., Cipriani, A., and Furukawa, T. A. (2020). National prescription patterns of antidepressants in the treatment of adults with major depression in the US between 1996 and 2015: A population representative survey based analysis. Front. Psychiatry 11:35. doi: 10.3389/fpsyt.2020.00035

Malykhin, N. V., and Coupland, N. J. (2015). Hippocampal neuroplasticity in major depressive disorder. Neuroscience 309:200–213. doi: 10.1016/j.neuroscience.2015.04.047

Manganas, L. N., Zhang, X., Li, Y., Hazel, R. D., Smith, S. D., Wagshul, M. E., et al. (2007). Magnetic resonance spectroscopy identifies neural progenitor cells in the live human brain. Science 318, 980–985. doi: 10.1126/science.1147851

McEwen, B., and Magarinos, A. (2001). Stress and hippocampal plasticity: Implications for the pathophysiology of affective disorders. Hum. Psychopharmacol. 16, S7–S19. doi: 10.1002/hup.266

McMakin, D. L., Kimbler, A., Tustison, N. J., Pettit, J. W., and Mattfeld, A. T. (2022). Negative overgeneralization is associated with anxiety and mechanisms of pattern completion in peripubertal youth. Soc. Cogn. Affect. Neurosci. 17, 231–240. doi: 10.1093/scan/nsab089

Millan, M. J. (2014). On ‘polypharmacy’ and multi-target agents, complementary strategies for improving the treatment of depression: A comparative appraisal. Int. J. Neuropsychopharmacol. 17:1009–1037. doi: 10.1017/S1461145712001496

Moncrieff, J., Cooper, R. E., Stockmann, T., Amendola, S., Hengartner, M. P., and Horowitz, M. A. (2022). The serotonin theory of depression: A systematic umbrella review of the evidence. Mol. Psychiatry doi: 10.1038/s41380-022-01661-0 [Epub ahead of print].

Nelson, J. C., and Charney, D. S. (1981). The symptoms of major depressive illness. Am. J. Psychiatry 138, 1–13. doi: 10.1176/ajp.138.1.1

Sahay, A., and Hen, R. (2007). Adult hippocampal neurogenesis in depression. Nat. Neurosci. 10, 1110–1115. doi: 10.1038/nn1969

Sahay, A., Scobie, K. N., Hill, A. S., O’Carroll, C. M., Kheirbek, M. A., Burghardt, N. S., et al. (2011). Increasing adult hippocampal neurogenesis is sufficient to improve pattern separation. Nature 472, 466–470. doi: 10.1038/nature09817

Samuels, B. A., Leonardo, E. D., and Hen, R. (2015). Hippocampal subfields and major depressive disorder. Biol. Psychiatry 77, 210–211. doi: 10.1016/j.biopsych.2014.11.007

Shelton, D. J., and Kirwan, C. B. (2013). A possible negative influence of depression on the ability to overcome memory interference. Behav. Brain Res. 256, 20–26. doi: 10.1016/j.bbr.2013.08.016

Sousa, N., Lukoyanov, N. V., Madeira, M. D., Almeida, O. F., and Paula-Barbosa, M. M. (2000). Reorganization of the morphology of hippocampal neurites and synapses after stress-induced damage correlates with behavioral improvement. Neuroscience 97, 253–266. doi: 10.1016/s0306-4522(00)00050-6

Sprinkle, S. D., Lurie, D., Insko, S. L., Atkinson, G., Jones, G. L., Logan, A. R., et al. (2002). Criterion validity, severity cut scores, and test-retest reliability of the beck depression inventory-II in a university counseling center sample. J. Couns. Psychol. 49, 381–385. doi: 10.1037/0022-0167.49.3.381

Squire, L. R., Stark, C. E., and Clark, R. E. (2004). The medial temporal lobe. Annu. Rev. Neurosci. 27, 279–306. doi: 10.1146/annurev.neuro.27.070203.144130

Stark, S. M., Yassa, M. A., Lacy, J. W., and Stark, C. E. (2013). A task to assess Behavioral Pattern Separation (BPS) in humans: Data from healthy aging and mild cognitive impairment. Neuropsychologia 51, 2442–2449. doi: 10.1016/j.neuropsychologia.2012.12.014

Szőllősi, Á, and Racsmány, M. (2020). Enhanced mnemonic discrimination for emotional memories: The role of arousal in interference resolution. Mem. Cognit. 48, 1032–1045. doi: 10.3758/s13421-020-01035-3

Tai, H. H., Cha, J., Vedaei, F., Dunlop, B. W., Craighead, W. E., Mayberg, H. S., et al. (2021). Treatment-specific hippocampal subfield volume changes with antidepressant medication or cognitive-behavior therapy in treatment-naive depression. Front. Psychiatry 12:718539. doi: 10.3389/fpsyt.2021.718539

Taliaz, D., Spinrad, A., Barzilay, R., Barnett-Itzhaki, Z., Averbuch, D., Teltsh, O., et al. (2021). Optimizing prediction of response to antidepressant medications using machine learning and integrated genetic, clinical, and demographic data. Transl. Psychiatry 11:381. doi: 10.1038/s41398-021-01488-3

Tanti, A., and Belzung, C. (2013). Hippocampal neurogenesis: A biomarker for depression or antidepressant effects? Methodological considerations and perspectives for future research. Cell Tissue Res. 354, 203–219. doi: 10.1007/s00441-013-1612-z

Tartt, A. N., Mariani, M. B., Hen, R., Mann, J. J., and Boldrini, M. (2022). Dysregulation of adult hippocampal neuroplasticity in major depression: Pathogenesis and therapeutic implications. Mol. Psychiatry 27, 2689–2699. doi: 10.1038/s41380-022-01520-y

Yassa, M. A., and Stark, C. E. (2011). Pattern separation in the hippocampus. Trends Neurosci. 34, 515–525. doi: 10.1016/j.tins.2011.06.006

Yassa, M. A., Mattfeld, A. T., Stark, S. M., and Stark, C. E. (2011). Age-related memory deficits linked to circuit-specific disruptions in the hippocampus. Proc. Natl. Acad. Sci. U.S.A. 108, 8873–8878. doi: 10.1073/pnas.1101567108

Youn, J. C., Kim, K. W., Lee, D. Y., Jhoo, J. H., Lee, S. B., Park, J. H., et al. (2009). Development of the subjective memory complaints questionnaire. Dement. Geriatr. Cogn. Disord. 27, 310–317. doi: 10.1159/000205512

Young, K. D., Friedman, E. S., Collier, A., Berman, S. R., Feldmiller, J., Haggerty, A. E., et al. (2020). Response to SSRI intervention and amygdala activity during self-referential processing in major depressive disorder. Neuroimage Clin. 28:102388. doi: 10.1016/j.nicl.2020.102388


OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Perceived antidepressant efficacy associated with reduced negative and enhanced neutral mnemonic discrimination



		1. Introduction



		2. Materials and methods



		2.1. Participants



		2.2. Questionnaires



		2.3. Emotional mnemonic discrimination task



		2.4. Statistical analyses



		2.5. Data availability







		3. Results



		3.1. Perceived efficacy of antidepressants associated with severity of initial depression and current depressive symptoms



		3.2. Responders show reduced negative and enhanced neutral mnemonic discrimination



		3.3. Perceived antidepressant efficacy predicts reduced negativity bias in lure discrimination



		3.4. Exploratory analysis: antidepressant type may be differentially associated with emotional versus neutral lure discrimination







		4. Discussion



		4.1. Perceived antidepressant efficacy impacts on emotional mnemonic discrimination



		4.2. Potential neurobiological mechanisms underlying the effect of perceived antidepressant efficacy on mnemonic discrimination



		4.3. Potential impact of different types of neurotransmitters on emotional memory and MTL function







		5. Limitations



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References

















OPS/images/fnhum-17-1225836-t001a.jpg
Responder Non-

Mean (SD) responder

Mean (SD)
N 21 27
Age 21.4 (2.8) 216 (3.7)
Sex 14E 6M, 1T 20E 5M, 2N
Race/ethnicity (%)
White 66% 56%
Asian/Asian American 19% 22%
Black/African American 5% 7%
Multiracial 5% 11%
Other 5% 4%
Hispanic/Latinx/a/o 33% 19%
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Beck Depression Inventory-II 19.5 (11.2) 26.2 (11.6)
(%)*
Healthy 33% 19%
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Moderate 24% 26%
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Depression + anxiety 52% 52%
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Anxiety 5% 4%
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month)
Beck Anxiety Inventory* 19.2 (10.1) 25.7(10.2)
Hours of sleep (last night) 7.0 (1.5) 7.0 (1.8)
Hours of sleep (past month) 7.1(1.1) 7.0 (1.5)
COVID-19 stress* 4.5(0.9) 5.3(0.7)
% stress level change due to
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Gotten worse 76% 82%
Improved 10% 7%
Remained the same 14% 11%

*Significant group difference. F, female; M, male; T, transgener; N, non-binary; ADHD,
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