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c University of Sherbrooke, Department of Psychology, Longueuil, Québec, Canada 
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e McGill University, Department of Psychiatry, Montreal, Québec, Canada   
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A B S T R A C T   

Objectives: In a sustained relationship, romantic betrayal is a catastrophic event that can precipitate an adjust-
ment disorder (AD). Surprisingly, there exists no empirically validated treatment for AD, despite its high prev-
alence in clinical practice. Considering the promise of memory reactivation under propranolol (i.e., 
reconsolidation interference) for treating posttraumatic stress disorder, we sought to extend this finding to AD, 
given that in both disorders, symptoms stem from an identified stressor. 
Method: A single-blind interrupted time series design was used to examine the efficacy of memory reactivation 
under propranolol to alleviate symptoms of AD. After being placed on a 4-week waitlist, sixty-one participants 
received 5 weekly 25-min treatments during which they recalled the betrayal event, 1 h after having orally 
ingested the beta-blocker propranolol. 
Results: Segmented regression analyses on the intent-to-treat sample revealed that AD symptoms significantly 
decreased during the treatment phase (pre/post Cohen's d = 1.44), compared to the waitlist phase (d = 0.01). 
Significant pre/post reductions in anxio-depressive symptomatology were also found. Improvement was main-
tained at the 4-month follow-up on all outcomes. 
Conclusion: Memory reactivation under propranolol shows promise in reducing symptoms of AD. This study 
provides the theoretical framework and necessary effect sizes to inform larger, double-blind, placebo-controlled 
clinical trials.   

Betrayals in committed romantic relationships, such as infidelity, an 
act of deception, or sudden abandonment, are common occurrences that 
can have profound consequences for individual mental health and 
couple well-being (Gordon et al., 2015; Johnson et al., 2001). Taking 
just one example of romantic betrayal, conservative estimates indicate 
that infidelity affects up to a quarter of marriages, and even higher rates 
have been reported in non-marital dating relationships (Fincham and 
May, 2017). Betrayal by a loved one shatters the assumptions of safety 
and trust that underlie secure romantic bonds, and as such, can lead to 
prolonged emotional turmoil for the betrayed partner and relationship 
breakdown (Hall and Fincham, 2006; Johnson et al., 2001; Lonergan 

et al., 2021). Over the last two decades, investigators have increasingly 
recognized the commonalities between post-betrayal distress and 
certain forms of psychological trauma (Johnson et al., 2001; Lonergan 
et al., 2021; Whisman and Wagers, 2005). Evidence suggests that 
romantically betrayed individuals often report clinically important 
event-related stress symptoms, not unlike posttraumatic stress disorder 
(PTSD), such as intrusions, avoidance, hyperarousal/hypervigilance, 
negative cognitions, as well as depressed mood and anxiety, all of which 
have deleterious effects on quality of life and social functioning (Laaser 
et al., 2017; Roos et al., 2019; Steffens and Rennie, 2006; Whisman, 
2015). Importantly, there is an unmet need for brief innovative 
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interventions that target this symptomatology. 
Adjustment disorder (AD), part of the trauma- and stressor-related 

disorders category in the Diagnostic and Statistical Manual for Mental 
Disorders (DSM-5; American Psychiatric Association [APA], 2013), al-
lows for contextualizing the psychological sequela of romantic betrayal. 
AD is a maladaptive emotional and behavioral response to a critical life 
stressor, such as job loss or divorce. Its core clinical symptoms overlap 
largely with those of PTSD and include intrusive thoughts of the painful 
life experience, in addition to avoidance, anxio-depressive symptoms, 
and functional impairment. However, in sharp contrast to PTSD, the 
precipitating stressor of AD – no matter how serious – can never involve 
a life threat, serious bodily injury, or sexual violence (i.e., Criterion A; 
APA, 2013; Maercker and Lorenz, 2018). While the conditional risk for 
developing AD due to romantic betrayal remains unknown, AD ranges 
from 5 to 20 % in primary care settings and affects 1–2 % of the general 
population (Maercker et al., 2012; Zelviene and Kazlauskas, 2018). 
Although AD is presumed to be limited to 6 months in duration (APA, 
2013), it may prolong beyond that time (Maercker et al., 2012). As AD, 
particularly if protracted, can be associated with increased risk for 
progression into further pathology (O'Donnell et al., 2016), effective 
interventions are needed. 

1. Etiology of AD: shattered assumptions, emotional memory, 
and the role of betrayal 

Emotional events, like romantic betrayals, are better remembered (in 
part) due to increased activation of endogenous stress hormones during 
and after initial learning, which potentiates memory consolidation (i.e., 
the stabilization of memories into long-term storage) and facilitates 
recall (McGaugh, 2013). For some individuals, activation of these 
mechanisms when exposed to threatening stimuli may create an overly 
consolidated emotional memory of the stressful event that is subse-
quently too easily activated when confronted with reminder cues 
(McGaugh, 2013; Pitman, 1989). This perpetuates event-related stress 
that may manifest in the form of intrusive re-experiencing, avoidance, 
and increased vigilance (Brewin et al., 2010; Marks et al., 2018). To 
account for clinical heterogeneity in trauma- and stress-related re-
sponses, psychological theories, including attachment theory (Atkinson 
and Zucker, 1997), emphasize the role of the subjective meaning of the 
stressor. Event-related stress symptoms are argued to arise following 
experiences that threaten positive views of the self as competent or 
lovable, others as trustworthy, and the world as safe and predictable, or 
conversely, when such experiences confirm negative worldviews 
(Brewin et al., 2010; Horowitz, 1986; Maercker et al., 2007). Thus, core 
event-related stress symptoms associated with AD may be conceptual-
ized as rooted in an overly consolidated emotional memory of the 
precipitating stressor combined with maladaptive appraisals of the 
cause and consequences of the event (e.g., overgeneralization of danger, 
shame, self-blame, sense of ‘going crazy’ or damaged future; Brewin 
et al., 2010; Ehlers and Clark, 2000; Marks et al., 2018). 

According to predominant frameworks, traumatic events leading to a 
PTSD diagnosis involve life-threat and intense fear. Arguably, betrayal 
events also involve fear insofar as they threaten the safety and stability 
of the social attachment system, which is as fundamental to human 
survival as physical safety (Eisenberger and Cole, 2012; Johnson et al., 
2001). The neural circuits that underlie fear- or physical threat-related 
emotional memories are also activated when one experiences personal 
deception (Grezes et al., 2006) or is presented with reminders of unre-
quited love (Fisher et al., 2010). In support of this notion, research 
(Laaser et al., 2017; Roos et al., 2019; Steffens and Rennie, 2006) reveals 
that 30–60 % of betrayed individuals report clinically significant 
symptoms on the Impact of Event Scale — Revised (IES-R; Weiss and 
Marmar, 1997), a widely used measure of event-related stress symptoms 
(intrusions, avoidance, hypervigilance). Recently, Roos et al. (2019) 
examined the association between discovering a partner's infidelity and 
IES-R scores in a sample of 73 undergraduates: 45 % scored above the 

measure's clinical threshold indicative of possible PTSD (Creamer et al., 
2003). These scores were associated with depressive symptoms, even 
after controlling for prior trauma exposure. Others found that betrayal 
was uniquely predictive of major depression and generalized anxiety in 
the betrayed partner, in addition to negative event-related cognitions (e. 
g., “I will never recover emotionally from the pain and devastation of the 
betrayal”; Laaser et al., 2017, p. 439; Whisman, 2015). Thus, romantic 
betrayals can precipitate psychological distress that is consistent with an 
AD and this distress can be measured reliably with psychometrically 
valid scales. 

2. Treatments for AD: limitations and new avenues 

Despite being considered the ‘common cold’ of psychiatry, there has 
been a paucity of investigations of AD in general, which explains the lack 
of evidence-based treatments. Bearing in mind that AD is supposed to ‘go 
away’ within 6 months (APA, 2013), brief and supportive psychother-
apy is recommended as a first-line intervention (O'Donnell et al., 2018). 
However, supportive psychotherapy requires an intense personal in-
vestment, and its efficacy for AD remains, at best, tentative (O'Donnell 
et al., 2018; Zelviene and Kazlauskas, 2018). Interventions geared to-
ward the unique effects of betrayal have shown promise (Gordon et al., 
2015; Johnson, 2019; Kroger et al., 2012; Makinen and Johnson, 2006), 
but they typically involve both partners, a constraint which does not 
meet the needs of some betrayed clients. Finally, psychotropic drugs 
may be used in the treatment of AD. However, they only offer a pallia-
tive approach that masks symptoms without targeting the underlying 
pathology; they must be taken daily for an unknown – often prolonged – 
amount of time, with ensuing side-effects that can lead to noncompli-
ance and relapse (Sansone and Sansone, 2012). Thus, investigations into 
empirically based treatments for trauma-and stressor-related disorders 
beyond PTSD are warranted. 

Inasmuch as AD represents a forme fruste of PTSD without the life 
threat, one intervention that has yet to be investigated rests on recon-
solidation theory. This theory suggests that memory reactivation (i.e., 
retrieval) can destabilize a previously consolidated emotional memory, 
subsequently inducing a transient period of lability during which time 
the trace must reconsolidate (i.e., restabilize) back to long-term storage 
in order to persist (Elsey et al., 2018). As in initial consolidation, the 
reconsolidation of emotional memories involves the reactivation of the 
noradrenergic system within the amygdala and de novo protein syn-
thesis (Lee et al., 2017; Lim et al., 2018; Nader et al., 2000). Reconso-
lidation theory offers new hope for the treatment of trauma- and 
stressor-related disorders: when used in conjunction with an active 
memory retrieval procedure, the lipophilic noradrenergic beta-blocker 
propranolol dampens the enhancement of memory conferred by 
emotion, presumably by disrupting the reconsolidation processes (Lee 
et al., 2017; Lonergan et al., 2013). Brunet et al. (2018) recently showed 
that six 25-min sessions of trauma reactivation under propranolol alle-
viated PTSD symptoms compared to the same reactivation procedure 
under placebo. Further evidence of its therapeutic potential comes from 
studies of spider phobia (Soeter and Kindt, 2015), substance dependence 
(Lonergan et al., 2016), and meta-analyses examining memory reac-
tivation under propranolol vs. placebo in healthy volunteers and clinical 
samples (Lonergan et al., 2013; Pigeon et al., 2022). 

Memory reactivation under propranolol remains an entirely new, 
unexplored therapeutic method with respect to AD that has never been 
tried before. This manuscript presents the results of the first clinical trial 
examining whether memory reactivation under propranolol can suc-
cessfully alleviate AD symptoms, as is the case for PTSD (Brunet et al., 
2018). 
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3. Method 

3.1. Study design and hypothesis 

In a single-blind interrupted time series design, participants received 
an eligibility assessment (Week 0: W0), a 4-week waitlist period (pre- 
intervention phase: W0–W4), 5 once-a-week treatment sessions (inter-
vention phase: W4–W8), and a post-treatment assessment (W9; see 
Table 1). Compared to the waitlist phase, it was hypothesized that the 
severity of event-related stress symptoms would significantly reduce 
during the intervention phase. Within-group changes in specific symp-
tom domains (i.e., intrusions, avoidance, and hypervigilance), as well as 
in general anxio-depressive symptoms, were also explored. Finally, the 
persistence of treatment effects at a 4-month follow-up were examined, 
considering that this is a significant problem in other treatment mo-
dalities (O'Donnell et al., 2018). This trial was approved by the Douglas 
Institute Research and Ethics Board (#15-07) and a no objection letter 
was obtained from Health Canada (#183228). 

3.2. Participants 

Eligible participants were adults (18–65 years old) meeting the DSM- 
5 AD criteria, as determined by a structured clinical interview (Mini 
International Neuropsychiatric Interview [MINI]; Sheehan, 2016), as 
well as by severity of past-week event-related stress (total score > 24 on 
the IES-R; Asukai et al., 2002). The identified stressor needed to corre-
spond to a betrayal event (infidelity or sudden abandonment) that 
occurred in the context of a committed, monogamous long-term rela-
tionship of at least 6 months in duration. The exclusion criteria, as in 
Brunet et al. (2018), included: basal systolic blood pressure < 100 
mmHg, basal cardiac rhythm < 55 bpm, pregnancy/breast-feeding, 
psychotropic medication use, a medical contraindication related to 
propranolol, current psychiatric comorbidity, or active self-harm/ 
suicidality. The receipt of supportive counselling while on the waitlist 
was tolerated as long as it was documented and the counselling sessions 
did not directly target the betrayal event. It was deemed that this would 
not facilitate rejection of the null hypothesis. Moreover, supportive 
counselling was suspended during the treatment phase of the study for 
all participants. 

3.3. Outcome measures 

In line with prior work (Kroger et al., 2012; Roos et al., 2019), the 22- 
item self-report IES-R (Weiss and Marmar, 1997) was used as the pri-
mary clinical outcome to assess event-related symptom severity over the 
past 7 days among the betrayed/abandoned participants. This widely 
used and well-validated measure includes three subscales: intrusions (7 
items), avoidance (8 items), and hyperarousal (7 items). Internal con-
sistency for the subscales ranges from 0.79 to 0.94 (Creamer et al., 2003; 
Weiss and Marmar, 1997). A severity score is obtained by summing all 
items (range: 0–88); 33 is a widely used clinical cut-off score for possible 
PTSD (Creamer et al., 2003). The IES-R was administered at baseline, 

during the waitlist phase, at each treatment visit, as well as at post- 
treatment and follow-up. As a secondary outcome, participants also 
completed the self-report Hopkins Symptom Checklist-25 (HSCL-25; 
Winokur et al., 1984). This measure provides a total severity score 
(mean of items), as well as two subscale scores: depression (15 items) 
and anxiety (10 items). A mean score of 1.75 distinguishes clinical from 
non-clinical populations (Mattisson et al., 2013). The HSCL-25 is a well- 
validated measure, with Cronbach's alphas of 0.89 and 0.87 for the 
depression and anxiety subscales, respectively, and 0.93 for the overall 
measure (Nabbe et al., 2019). This measure was administered at base-
line, at each treatment visit, as well as at post-treatment and follow-up. 

3.4. Procedure 

Candidate participants were screened by phone using a brief stan-
dardized interview procedure designed to explain the purpose of the 
study and to identify any apparent exclusion criteria (e.g., diagnosed 
asthma, diabetes, a history of cardiovascular problems, a history of bi-
polar disorder or schizophrenia, or the use of psychotropic medication). 
Apparently eligible individuals were invited to the Douglas Institute for 
a comprehensive face-to-face eligibility assessment. Written informed 
consent was obtained from all participants prior to the assessment. Next, 
data on participants' sociodemographic characteristics and relationship 
history were collected, and a structured clinical interview (the MINI-S; 
see above) was conducted by a trained graduate student. Participants 
completed the IES-R and HSCL-25 prior to being evaluated by the study 
physicians, who confirmed their diagnosis of AD, ensured that they can 
safely receive propranolol, and determined if any exclusion criteria were 
met. 

As described elsewhere (Brunet et al., 2018), during the first treat-
ment session, participants received 1 mg/kg of propranolol, under the 
supervision of a nurse at the Douglas Institute, and then completed the 
IES-R and HSCL-25. Blood pressure was monitored prior to medicine 
intake and subsequently every 30 min for 60 min using the Welch Allyn, 
Spot vital signs device, Masimo set, which is re-calibrated annually and 
certified. On average, participants' systolic blood pressure dropped by 
5.5 % (Baseline M = 115.0, SD = 17.84; +60 min M = 108.7, SD =
15.53), suggesting that the drug was adequately metabolized. A dose of 
40–80 mg of oral propranolol produces a peak blood level of approxi-
mately 100 ng/ml after about 75 min (Dey et al., 1986). Propranolol was 
ingested with a snack to enhance bioavailability (Melander, 1978). After 
60 min, participants began writing a one-page narrative of the betrayal/ 
abandonment event in the first-person present tense, that focused on the 
most emotionally salient part of the memory and included five physical 
sensations drawn from a list, which consisted of commonly experienced 
stress-related reactions (e.g., nausea, feeling tense, hyperventilating, 
trembling, sweating). The procedure, originally developed by Pitman 
et al. (1987), has been used in prior reconsolidation studies involving 
PTSD participants (Brunet et al., 2018). 

For the remaining treatment sessions, participants were reminded by 
phone to take the study drug and a snack at home 60 min prior to their 
appointment. Upon arrival to the Douglas Institute, participants 
completed the IES-R and HSCL-25 and then read their event narrative 
out loud once to the treatment provider. After the reading was 
completed, participants were asked whether there was a need to add any 
new/missing detail to the narrative. The most common side-effect of 
propranolol was mild fatigue (n = 34) and gastrointestinal discomfort (n 
= 11), which were all considered tolerable and did not require treatment 
interruption in any case. 

Treatment providers were graduate students, who were formally 
trained and supervised by the senior author (Reconsolidation Ther-
apy™; see www.reconsolidationtherapy.com). Sessions (10 %) were 
randomly rated for treatment adherence by a third-party using a 
homemade adherence measure (Brunet and Lonergan, unpublished 
manual). Minor protocol deviations were noted in a small number of 
sessions (e.g., patients writing a narrative in the past tense). Corrective 

Table 1 
Study design and timeline for administration of the IES-R.  

Week Phase 

W0 — Baseline Pre-intervention 
W2 — Waitlist Pre-intervention 
W4 — Treatment 1 Pre-intervention (intervention starts) 

W5 — Treatment 2 
Effect of 1 intervention (change in level immediately post- 
intervention) 

W6 — Treatment 3 Effect of 2 interventions 
W7 — Treatment 4 Effect of 3 interventions 
W8 — Treatment 5 Effect of 4 interventions 
W9 — Post- 

treatment 
Effect of 5 interventions (change in level after 5 interventions)  
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feedback was immediately provided. 

3.5. Statistical analyses 

3.5.1. Preliminary analysis 
Descriptive statistics were computed for the sociodemographic and 

clinical variables. For control purposes, participants who had previously 
received therapeutic interventions, as well as those who were receiving 
supportive counselling while on the waitlist, were compared to other 
participants (no prior or current treatment) on the outcome measures 
using a one-way ANOVA. 

3.5.2. Analysis of primary outcome: IES-R total scores over time 
Analyses were conducted in the intent-to-treat (ITT) sample (Gupta, 

2011), which consisted of all included participants (N = 61). Multiple 
imputations were used to account for missing data (7.7 % of values) on 
the IES-R total scores. Per Little's MCAR test, missing data were 
considered missing at random (χ2 = 110.58, df = 117, p = .650). 
Additionally, there were no significant differences between treatment 
dropouts and completers on any baseline variable. Twenty imputed data 
sets were created to minimize over-estimating the standard errors and 
reduce bias (Graham et al., 2007). Sociodemographic and clinical vari-
ables were included in the imputation model as predictor variables, and 
data from the IES-R were imputed and used as predictor variables. The 
Fully Conditional Specification method, which employs an iterative 
Markov Chain Monte Carlo algorithm using predictor and imputed 
values at one step to impute missing values in subsequent steps, was 
used. Constraints were placed to ensure that the imputed values did not 
exceed the measures' range. Model convergence was achieved. 

Segmented regression analyses were used to examine changes in 
severity of event-related symptoms, measured by total IES-R scores, over 
time. Specifically, changes in the time trend between the waitlist and 
intervention phases were compared, and changes in the level of the 
slopes (i.e., intercepts) after participants received one treatment session 
and after they received all treatment sessions were examined. The 
regression coefficient for the time by phase (waitlist vs intervention) 
interaction represents the difference between slopes and determines 
whether there is a change in trend over time between phases. The 
regression coefficient for the level effect at week 5 represents the effect 
of a single treatment session, and the regression coefficient for the level 
effect at week 9 represents the effect of 5 treatment sessions. A change in 
level can be understood as the difference between the intercept of the 
post-intervention timepoint of interest and the intercept predicted by 
the pre-intervention slope (Ramsay et al., 2003). 

As a sensitivity analysis, a linear mixed-effects model (LMM) was 
conducted in order to account for the dependence of residuals and 
explicitly model the covariance structure of the repeated measures 
within participants. The variables entered as fixed effects were time, 
phase, and the time by phase interaction. The time by* phase interaction 
allowed to test if the slopes between the waitlist and treatment phases 
significantly differed. Random effects for participants' intercepts and 
slopes were included and modeled using the unstructured covariance 
structure. Finally, a significant interaction was decomposed by exam-
ining the Johnson-Neyman (J-N) region of significance, i.e., the point in 
time when the predicted treatment levels become significantly different 
than the predicted pre-intervention slope. 

3.5.3. Secondary analyses: IES-R subscale scores, HSCL-25 total and 
subscale scores, and follow-up data 

Repeated measures ANOVAs were conducted as on the IES-R sub-
scale scores and the HSCL-25 total and subscale scores to explore within- 
group change from baseline (W0) to post-waitlist (W4), and from post- 
waitlist to post-treatment (W9) in the per protocol sample (i.e., partic-
ipants who completed all 5 treatment sessions and the post-treatment 
assessment; N = 48). Bonferroni pairwise comparisons were conducted 
within session time-points and Greenhouse-Geisser corrections were 

applied when sphericity was violated. Follow-up data was analyzed with 
Bonferroni-corrected paired t-tests between the post-treatment and the 
4-month follow-up IES-R and HSCL-25 total scores. 

3.5.4. Sample size 
Power was calculated a priori for the ITT sample on the IES-R total 

score using G*Power v.3.1.9.4 indicated that 54 participants were 
needed to detect an effect of f2 = 0.25 with 85 % power and a two-sided 
alpha of 0.05. This effect is approximately equivalent to a reduction of 
1SD or a 15-point drop on IES-R total score (Coffey et al., 2016). 

4. Results 

In all, 61 participants were included in the ITT sample (see Table 2 
for the sample's sociodemographic and baseline clinical data); 55 
returned to the first treatment session after being placed on the waiting 
list and 48 completed all 5 sessions and the post-treatment visit (i.e., the 
per protocol sample), speaking to the high treatment tolerability (Fig. 1). 
As indicated in Table 2, 36 participants reported having previously 
engaged in other forms of therapy following the event, of which 11 
participants were receiving supportive counselling while on the waitlist; 
24 participants had never engaged in other psychotherapeutic in-
terventions. No significant differences between these groups were found 
on any measured variables (IES-R: Baseline F(2,57) = 0.43, p = .651, η2 =

0.02; Post-treatment F(2,44) = 0.07, p = .937, η2 < 0.01; HSCL-25: 
Baseline F(2,57) = 0.52, p = .597, η2 = 0.02; Post-treatment F(2,44) =

0.52, p = .598, η2 = 0.02). This variable was therefore not included as a 
covariate in subsequent analyses. 

In this sample, 20 participants had experienced one or more trau-
matic events in their lifetime, such as: experiencing, witnessing, or 
learning about a car accident (n = 6), a work-related accident (n = 1), 
physical assault (n = 3), intimidation (n = 1), political violence (n = 1), 
the sudden death of a loved one (n = 4), or learning about sexual assault 
having occurred to a significant other (n = 2); five participants chose to 
not disclose the event. Three participants had a lifetime diagnosis of 
PTSD; all were currently in remission. 

Table 2 
Sociodemographic and clinical characteristics of the Sample.  

Characteristic Participants (n = 61) 

M SD 

Age  42.77  12.76 
Education (years)  17.02  2.62 
Time since betrayal event (years)  3.87  5.83 
Duration of relationship (years)  9.77  10.75   

N % 
Gender (% women)  44  72.13 
Ethnicity (% Caucasian)  53  86.89 
Annual income (≥50k CAD$)  30  49.21 
Marital status (single)  40  66.57 
Betrayal event   

Infidelity/deception  43  70.49 
Sudden abandonment  18  29.51 

Prior mental health service use  36  59.01 
Current supportive counselling  11 18.03 

Comorbidity   
Lifetime major depression (not past month)  27  44.26 
Lifetime anxiety disorder (not past month)  18  29.51 

IES-Ra symptom improvement waitlist phase   
Moderate to none  50  90.91 
Clinically meaningfulb  5  9.10 

IES-R symptom improvement treatment phase   
Moderate to none  7  14.58 
Clinically meaningfulb  41  85.42  

a IES-R = Impact of Event Scale-Revised. 
b A reduction of ≥15 points (1SD) on the IES-R from pre to post waitlist N =

55; post-waitlist to post-treatment N = 48. 
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4.1. Effects of treatment on event-related symptom reduction 

In line with the Cochrane Effective Practice and Organization of Care 
(CEPOC, 2017) recommendations, and considering a significant Ljung 
Box Q statistic for an uncorrected model (Q = 664.88, df = 18, p < .001), 
an Auto Regressive Integrated Moving Average (ARIMA) model that 
corrects for first-order autocorrelation was used for the segmented 
regression analyses. The corrected ARIMA model demonstrated better fit 
than the uncorrected model, as indicated by a non-significant Ljung Box 
Q statistic (Q = 25.64, df = 17, p = .081), as well as a lower normalized 
Bayesian Information Criterion (BIC) value (BIC uncorrected model =
5.48; BIC corrected model = 4.76). Results, depicted in Fig. 2. and 
Table 3, indicated a significant difference between the waitlist and 
intervention slopes (i.e., time * phase interaction). During the waitlist 
phase, there was no significant change in IES-R scores. There was a large 
significant drop in IES-R scores immediately following the first 

intervention, and IES-R scores continued to significantly decline over 
time during the intervention phase. The level effect at Week 9 (i.e., after 
5 interventions) was also significant. 

Similar results were obtained from the LMM analysis. More specif-
ically, there was a significant time * phase interaction (F1, 364 = 113.88, 
B = − 5.26, SE = 0.49, p < .001, 95%CI = − 6.23; − 4.29). During the 
waitlist phase, there was no significant change in IES-R scores over time 
(B = 0.19, SE = 0.42, p = .661, 95%CI = − 0.65; 1.02). During the 
treatment phase, there was a significant reduction in IES-R scores over 
time (B = − 5.07, SE = 0.39, p < .001, 95%CI = − 5.83; − 4.30), which 
began immediately after participants received the first treatment. 

Within subjects paired effect sizes were computed on the non- 
imputed data using the pooled standard deviation as the denominator 
and accounting for the intercorrelation between time points (see Lakens, 
2013). The means and standard deviations used for the computing the 
effect sizes were as follows: Waitlist phase (n = 55) W0 M = 51.12, SD =

Fig. 1. Participant flowchart.  
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14.80 and W4 M = 50.98, SD = 16.07; Treatment phase (n = 48) W4 M 
= 50.58, SD = 16.56 and W9 M = 17.98, SD = 13.30. The pre-post effect 
size for the waitlist phase was d = 0.01 (r = 0.71), and for the treatment 
phase was d = 1.44 (r = 0.25), a very large effect by conventional 
standards (Cohen, 1992). 

4.2. Effects of treatment on event-related symptom reduction: IES-R 
subscales 

Results from the repeated measures ANOVAs on IES-R subscale 
scores in the per protocol sample (N = 48; see Fig. 1) indicated a sig-
nificant main effect of time for the Intrusion subscale (F1.71, 80.54 =

114.13, p < .001, η2 = 0.71), the Avoidance subscale (F1.47, 68.99 =

75.23, p < .001, η2 = 62), and the Hypervigilance subscale (F2, 94 =

66.99, p < .001, η2 = 0.59). Post-hoc pairwise Bonferroni comparisons 
revealed no significant differences in any subscale scores between 
baseline- and post-waiting list (all ps > .999), and significant reductions 
in all subscale scores between post-waiting list and post-treatment (all 
ps < .001), and between baseline and post-treatment (all ps < .001; 
Table 4). 

4.3. Effects of treatment on anxio-depressive symptoms 

Results from the repeated measures ANOVAs on general anxio- 
depressive symptoms indicated a significant main effect of time for 
HSCL-25 total scores (F2, 92 = 66.99, p < .001, η2 = 0.59), as well as the 
Depression subscale (F2, 92 = 73.02, p < .001, η2 = 0.61) and the Anxiety 
subscale (F2, 94 = 31.64, p < .001, η2 = 0.40). Post-hoc pairwise Bon-
ferroni comparisons revealed no significant differences between base-
line- and post-waiting list for the total and subscale scores (all ps ≥
.999), and significant reductions in all scores between post-waiting list 
and post-treatment (all ps < .001), and between baseline and post- 
treatment (all ps < .001; Table 4). 

4.4. The persistence of treatment effects 

Thirteen participants were lost to follow-up, resulting in 35 partici-
pants with data at the post-treatment and follow-up assessment, and the 
average time elapsed between post-treatment and follow-up was 4 
months (SD = 0.89). There were no significant within-group differences 
for the treated group on total IES-R total scores (post-treatment M =
17.77, SD = 11.21; follow-up M = 18.87; SD = 15.34, t34 = − 0.46, p =

* IES-R = Impact of Event Scale-Revised. Values represent Mean (SE) total IES-R scores at each week. The beginning of intervention phase is depicted by the dotted line.
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Fig. 2. IES-R scores over time in the ITT sample (N = 61).  

Table 3 
Results from the segmented regression analysis on IES-R Total Scores (N = 61), 
corrected for first order autocorrelation.  

Effect Estimate 
(B) 

SE 
(B) 

t 95 % CI of B p 

LL UL 

Waitlist phase 
time 

0.15 0.45 0.33 − 1.28 1.58 .743 

Treatment 
phase time 

− 5.17 0.52 − 10.02 − 6.82 − 3.52 <.001 

Time * Phase − 5.32 0.85 − 6.25 − 8.02 − 2.61 <.001 
Level effect W5 − 11.93 1.59 − 7.50 − 16.99 − 6.87 <.001 
Level effect W9 − 33.20 3.98 − 8.35 − 45.87 − 20.53 <.001  

Table 4 
Means, standard deviations, and within-group effect sizes for IES-R Subscale Scores and HSCL-25 total and subscale scores (n = 48).  

Measure Baseline 
Week 0 

Post-waiting list 
Week 4 

Post-treatment 
Week 9 

M SD M SD da M SD db 

HSCL-25 Total  2.13  0.49  2.16  0.56  − 0.07  1.47  0.48  1.49 
HSCL-25 Depression  2.39  0.57  2.46  0.66  − 0.18  1.60  0.59  1.56 
HSCL-25 Anxiety  1.73  0.46  1.75  0.54  − 0.05  1.28  0.35  1.09 
IES-R Intrusion  21.84  6.72  21.83  7.32  <0.01  7.70  6.71  1.52 
IES-R Avoidance  16.71  6.24  16.90  6.99  − 0.07  6.79  5.56  1.06 
IES-R Hypervigilance  12.19  5.91  11.85  6.08  0.08  3.48  3.95  1.19  

a Reflects within-group effect size from baseline to post-waiting list. 
b Reflects within-group effect size from post-waiting list to post-treatment. 
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.649), on HSCL-25 total scores (post-treatment M = 1.40, SD = 0.39; 
follow-up M = 1.42, SD = 0.49; t32 = − 0.63, p = .534), suggesting the 
achieved symptom improvement endured up to 4 months. 

5. Discussion 

This is the first study to investigate the efficacy of memory reac-
tivation under propranolol to treat AD. Among participants with an AD 
stemming from romantic betrayal, results revealed statistically signifi-
cant and clinically meaningful decreases in event-related stress symp-
toms in five 25-min sessions, and as early as the first session, when 
compared to a waitlist phase, during which participants had not 
improved. A rapid reduction in specific event-related symptom clusters 
(intrusions, avoidance, hypervigilance), as well as general anxio- 
depressive symptoms, was also observed. These findings align with 
prior research suggesting that a single reactivation session under pro-
pranolol can produce notable decreases in emotional responses to 
stressors (Brunet et al., 2008; Soeter and Kindt, 2015), and additional 
sessions may have additive effects (Brunet et al., 2018). The treatment 
protocol was well tolerated as documented by a low drop-out rate, and 
treatment gains were maintained at the follow-up, suggesting a sus-
tained effect lasting up to at least 4-months even after treatment is 
discontinued. 

Findings from this study add considerably to the literature on AD and 
its treatment, as well as on the psychological impact of betrayals by a 
romantic partner (Lonergan et al., 2021). Maercker et al. (2007) 
conceptualize AD as a stress-response syndrome (see also Horowitz, 
1986) characterized by core symptoms of intrusions/preoccupations/ 
avoidance and failure to adapt, which has been recently adopted in the 
11th edition of the International Classification of Diseases (Maercker and 
Lorenz, 2018; World Health Organization, 2018). Consistent with this, 
most participants in this study not only exceeded the clinical cut-off of 
the IES-R at study entry, but total and subscale scores were similar to 
other populations suffering from PTSD, as indicated in prior research (e. 
g., Rash et al., 2008; note that this was not formally tested). Likewise, 
scores on the HSCL-25 were similar to clinical populations with diag-
nosed mood or anxiety disorders, particularly for depression (Mattisson 
et al., 2013), and these symptoms were also substantially alleviated at 
post-treatment. Intrusive symptoms were an important problem in this 
sample, and notably, they were the most improved. Such findings are 
not only in line with prior literature on the psychological effects of 
romantic partner betrayal (Johnson et al., 2001; Lonergan et al., 2021; 
Roos et al., 2019; Whisman, 2015), but also with the notion that in-
trusions/preoccupations are a core symptom in all stressor-related dis-
orders and represents an important transdiagnostic therapeutic target 
(Marks et al., 2018), for which memory reactivation under propranolol 
can be suitable for. 

5.1. Limitations and future directions 

The within-subjects open-label design of the current study was pur-
posely chosen, as it was deemed necessary to provide to theoretical and 
methodological building blocks that are required for the conceptuali-
zation and design of larger trials in an understudied clinical population, 
such as those with AD. However, several limitations of this study should 
be noted. 

First, research suggests that placing treatment-seeking individuals on 
a waiting list in clinical trials may stall their natural progression as they 
‘wait’ to change (Cunningham et al., 2013; Mohr et al., 2009), producing 
upward biases in treatment effects when compared to an independent, 
parallel group who immediately receives the intervention. Yet because 
of the within-subjects waitlist design of the current study, this threat to 
internal validity may have been minimized, as any between-group 
variability would have been reduced. Relatedly, the average time 
since the betrayal event was approximately four years in this sample, 
suggesting little effect of time alone on symptom improvement or 

change. 
Second, as the underlying mechanisms of change were not examined, 

the observed treatment gains cannot be attributed to reconsolidation 
interference per se. Without a placebo group (with and without memory 
reactivation) or a propranolol plus no-memory reactivation group 
within a randomized trial, the possibility that treatment effects were 
obtained due to other uncontrolled reasons cannot be ruled out. For 
instance, reconsolidation-based interventions involve writing and 
reading a narrative of the stressful experience under the influence of the 
reconsolidation blocker propranolol, with the guidance of an empathetic 
treatment provider. This ‘exposure’ process, in addition to other com-
mon factors in psychotherapy (e.g., clinical attention; Wampold, 2015), 
could, at least in part, explain the results. However, in a very similar 
study by Brunet et al. (2018), reading one's trauma narrative once under 
placebo on 6 weekly occasions was not sufficient to bring about signif-
icant clinical change for participants with PTSD. 

It is also important to note that the memory reactivation procedure 
used in clinical reconsolidation protocols, including that of the current 
study, is purposely kept brief in order to maximize the likelihood of 
triggering memory destabilization and reconsolidation, while mini-
mizing (although not completely eradicating) extinction effects that may 
occur with prolonged exposure to triggering material (Finnie and Nader, 
2012). In contrast to the reconsolidation process, which can be under-
stood as an ‘update’ mechanism, extinction learning, the mechanism by 
which exposure-based psychotherapies are arguably based on, involves 
the creation and consolidation of a new independent memory trace that 
competes with the original memory for dominance (Elsey et al., 2018). 
In line with this, it has been proposed that the blockade of noradrenergic 
signaling conferred by propranolol may interfere with the consolidation 
of extinction learning induced by longer exposures (Mueller and Cahill, 
2010), which may result in a reduced (or no) treatment effect. Thus, as 
extinction learning may prevent the destabilization and reconsolidation 
of the original trace from occurring (Finnie and Nader, 2012), and 
considering that the within-group intervention effect size found in the 
current study (d = 1.44) is similar in magnitude to the same effect re-
ported in Brunet et al.'s (2018) placebo-controlled trial (d = 1.76), re-
sults from this study appear congruent with reconsolidation theory. 

Third, to remain consistent with prior research in similar populations 
(e.g., Roos et al., 2019), a self-report measure of event-related distress 
was used (the IES-R) as the primary outcome, which may over-estimate 
symptom severity (Monson et al., 2004). However, this would not have 
necessarily affected the observed pre/post contrasts. Additionally, 
considering the role of attachment in post-trauma pathology (Char-
uvastra and Cloitre, 2008), betrayal or abandonment by a romantic 
partner may be associated with a specific type of AD and other relevant 
indicators of adjustment that were not addressed in the current study, 
such as perceived quality of life, impacts on other significant attach-
ments, and worldviews, for instance. Finally, the sample was comprised 
of predominantly Caucasian, well-educated individuals in heterosexual 
relationships who largely reported infidelity-related betrayal events, 
which limits generalizability, and the follow-up period was relatively 
short. Future studies using additional controls over a longer follow-up 
period, in addition to including structured diagnostic assessments of 
AD and various measures of adjustment with more diverse samples, are 
needed to further elucidate the role of romantic betrayal in precipitating 
an AD, and to expand on our findings concerning the treatment of AD. 

6. Conclusion 

This paper is the first to address the unmet need for an empirically 
validated treatment for AD, namely with memory reactivation under 
propranolol. As such, this study provides the required theoretical and 
methodological blueprint for the planning and execution of randomized 
trials that include additional control conditions. Such studies are 
needed, as AD is a psychological disorder that remains a highly preva-
lent, yet largely understudied (Brunet et al., 2022). Pending future 
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studies, this intervention has the potential to help alleviate the ‘common 
cold’ of psychiatry much faster than by simply letting it run its presumed 
course. 
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