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Abstract 

 

Purposes: Patient-Reported Outcomes are essential to properly assess treatment 

effectiveness in randomized clinical trial (RCT) for Major Depressive Disorder (MDD). 

MDD self-assessment may vary over time depending on change in the meaning of 

patients’ self-evaluation of depression, i.e. Response Shift (RS). Our aim was to 

investigate RS and its impact on different depression domains in a clinical trial 

comparing rTMS versus Venlafaxine. 

Methods: The occurrence and type of RS was determined using Structural Equation 

Modeling applied to change over time in 3 domains (Sad Mood, Performance 

Impairment, Negative Self-Reference) of the short-form Beck Depression Inventory (BDI-

13) in a secondary analysis of a RCT on 170 patients with MDD treated by rTMS, 

venlafaxine or both. 

Results: RS was evidenced in the venlafaxine group in the Negative Self-Reference and 

Sad Mood domains. 

Conclusion: RS effects differed between treatment arms in self-reported depression 

domains in patients with MDD. Ignoring RS would have led to a slight underestimation of 

depression improvement, depending on treatment group. Further investigations of RS 

and advancing new methods are needed to better inform decision making based on 

Patient-Reported Outcomes.  

 

Keywords: Response Shift-Depression-rTMS-venlafaxine-Patient-Reported Outcomes 

 

INTRODUCTION 

 

Major depressive disorder (MDD) is a major cause of Quality of Life impairment 

since it represents the leading cause of years lost to disability (Smith, 2014). Several 

treatments (pharmacology, psychotherapy, neurostimulation) are available (Patten, 

2016), but their respective place and efficacy remains to be refined. Patient-reported 



outcome measures (PROMs) are increasingly used to inform healthcare and 

individual shared decision-making. In depression subjective feeling of recovery is a 

crucial treatment goal (Zimmerman et al., 2012a; Cohen et al., 2013) and patient’s 

perspective is essential to take into account (Zimmerman et al., 2012b; Tsujimoto et 

al., 2018; Bulteau et al., 2021; Chevance et al., 2020). Nonetheless, there may be 

differences in how patients interpret and respond to questions about their health, and 

therefore how researchers and clinicians may interpret the results in a given context. 

Some health event or life experience may change patients’ standards, priorities, and 

conceptualizations of a given construct. This may result in measurements  not being 

comparable over time due to changes in patients’ internal frame of reference. This 

change in the meaning of patients’ self-evaluation is called response shift (RS) 

(Sprangers & Schwartz, 1999).  It occurs when responses to PROM items do not 

reflect the construct of interest (e.g. level of depression) in the same way at different 

points in time (Oort et al., 2009). The definition of RS was recently updated by Vanier 

et al. (Vanier et al., 2021) where RS is assumed to occur when observed change 

(e.g. change in observed scores) is not fully explained by target change” (i.e. change 

in the construct of interest, e.g. depression) as a result of “a change in meaning in 

self-evaluation of a target construct”. Such a discrepancy between observed and 

target change can occur because of recalibration (a change in one’s internal 

standards such as an acute pain changing the appreciation of a chronic persistent 

pain), reprioritization (a change in one’s values), or reconceptualization related to 

one’s redefinition of the target construct (Vanier et al., 2021).  

RS is a real phenomenon evidenced in many studies and different pathological 

contexts such as cancer, stroke, multiple sclerosis, inflammatory bowel disease 



(Murata et al., 2020; Ahmed et al., 2005; King-Kallimanis et al., 2010; Lix et al., 

2016) and notably in psychiatric diseases (Fokkema et al., 2013; Nolte et al., 2016; 

Carlier et al., 2019; Smith et al., 2016; Wu, 2016). For instance, Carlier et al., 

evidenced reconceptualization of mood items (e.g. suicidal ideation became a 

distinct concept from depression after treatment) and reprioritization (patients placed 

more value on somatic and cognitive problems after than before treatment) on the  

Symptom Questionnaire-48 (Carlier et al., 2019). It is likely that some treatments 

may be more associated with the occurrence of RS than others (e.g. more invasive 

treatment, or treatment targeting coping skills) and this should be considered in the 

analyses and their interpretation (Sawatzky et al., 2021). Indeed, if  response shift is 

not taken into account some erroneous conclusion could be drawn. For example, if 

RS had not been taken into account, psychotherapy could have been found to 

worsen PROMs scores in an influential clinical trial comparing antidepressants and 

psychotherapy on BDI scores in a sample of the National Institute Mental Health 

Treatment of Depression Collaborative Research Program (n=155) (Fokkema et al., 

2013). In this case, interpretation and statistical adjustment for RS occurrence 

allowed the investigators to realize that depression had not actually worsened in the 

psychotherapy group. The higher levels of depression in this group could be 

explained by the fact that patients had become better at assessing their level of 

symptomatology, viewed depression as a more unified concept, and became more 

aware of their depressive symptoms. (Fokkema et al.,2013). Hence, interpreting and 

adjusting for RS are essential to obtain unbiased estimates of depression level 

changes to assess treatments efficacy measured by PROMs over time in MDD. 

More generally, ignoring RS may result in failing to meet the health care needs of the 

population or in inadequate care at a more individual level in terms of over- or under-

treatment (Sawatzky et al., 2021).  



We need more empirical studies to examine under what circumstances response 

shift affects which types of interventions in depression. To date, no study has 

investigated response shift when comparing pharmacotherapy and repetitive 

Transcranial Magnetic Stimulation (rTMS) in treatment-resistant depression (TRD). 

In addition, RS may provide insight into differential treatment effectiveness for 

specific symptoms and/or domains and with regards to reappraisal capacities over 

time (Bulteau et al., 2019; Verdam et al., 2021). rTMS and medications may not be 

equal -it is yet not known-  in their potential to change attitude towards affect, 

decrease ruminations and negative self-referencing processes, and enhance 

cognitive flexibility underlying reappraisal process (Fossati, 2018). It is unknown yet 

whether medication or brain stimulation could have a differential impact on health 

state reappraisal during treatment, and especially during the first 4 weeks which 

corresponds to the expected treatment delay of action at the acute phase. Our 

hypothesis is that there may exist, some differences between groups and over time 

in the patients’ perception of the level of depression, on different depression 

domains.  

The current study aimed at investigating response shift occurrence, type and 

magnitude during treatment within a secondary analysis of the largest French 

multicenter randomized controlled clinical trial for TRD comparing venlafaxine and 

rTMS (Brunelin et al., 2014). 

METHOD 

Study design  



Data of a French multicenter randomized double-blind controlled trial comparing 

three treatment strategies for TRD were used (Brunelin et al., 2014). To evaluate the 

clinical effect of rTMS or venlafaxine or a combination of both, patients were 

randomly allocated to a group receiving either: i/ active rTMS combined with active 

venlafaxine (n = 55), or ii/ active rTMS combined with placebo venlafaxine (n = 60), 

or iii/ sham rTMS combined with active venlafaxine (n = 55). Stimulation consisted in 

1Hz low frequency rTMS (LF-rTMS), 360 pulses/day applied over the right 

dorsolateral prefrontal cortex at an intensity of 120% of the resting motor threshold. 

Patients received one session per day for at least 2 days and up to 6 weeks until 

remission (10 to 30 sessions). Active venlafaxine was initiated 3 days before the first 

rTMS session (75 mg/day for 3 days) and maintained for 4 weeks from the first day of 

the rTMS session (150 mg/day). When necessary, based on the clinical judgment of 

the blind investigator, the dose could be increased to 225mg/day for the next 2 

weeks.  

Patient characteristics 

One hundred and seventy patients were randomized in one of the three treatment 

arms. All participants presented with a single episode or recurrent unipolar non-

psychotic major depressive disorder, according to the DSM IV criteria. The 

participants had to present a score >20 to the Hamilton Depression Rating Scale 

(HDRS) after the failure of at least one antidepressant treatment delivered at an 

efficacious dosage for at least 6 weeks. The exclusion criteria were: age under 18, 

other axis I disorders (except for anxiety disorders) including substance use disorder 

(except for nicotine), somatic or neurological disorders, failure to respond to 



venlafaxine during the current depressive episode, pregnancy, previous rTMS, and 

rTMS contraindications. 

Most of the patients were female (66%, n=111) and were less than 65 years old 

(84%, n=142). Patients were characterized by treatment resistance (> 2 treatment 

lines on average), long lasting episode duration (mean=19 months), suicidality (41% 

attempted  suicide), severe functional impairment (49% had long term illness 

exemption), family history of mood disorders in most cases (59%), and frequent 

comorbidities especially anxiety (24%) or personality disorders (30%).  

Measures of depression 

This study focused on the depressive symptoms that were self-reported by patients 

each week with the 13-item short form of Beck Depression Inventory (BDI-13) (Beck 

& Beamesderfer, 1974). Higher scores on BDI-13 reflect higher levels of 

depression. The BDI-13 was translated into French (Delay et al., 1963) and its 

structural validity and concurrent validity were assessed many years ago on small 

samples of depressed patients (45 and 50 patients, respectively) (Cottraux, 1988; 

Collet & Cottraux, 1986). No recent studies have comprehensively assessed the 

validity of the French version of the BDI-13. Hence, the structure of the BDI-13 has 

been psychometrically investigated in this sample prior to the RS analysis in a 

previous publication (Bulteau et al., 2021). First, a confirmatory analysis has been 

performed based on the 3-factor structure of the original version of BDI-13 

assessing structural validity and reliability. Fit indices indicated a poor fit and only 

one dimension was considered as reliable. Hence, an exploratory factor analysis 

has been performed with orthogonal varimax rotation. An acceptable fit was 

reached (RMSEA = 0.037, SRMR = 0.064, CFI = 0.954) with a slightly different 3-



factor structure: Sad Mood (including item 1: sadness, item 2: pessimism), Negative 

Self-Reference (item 3: sense of failure; item 5: guilt; item 6: self-disgust; item 7: 

suicidal tendencies; item 10: negative self-image), and Performance Impairment 

(item 4: dissatisfaction; item 8: social withdrawal; item 9: indecision; item 11: 

working difficulties; item 12: fatigability).  

Statistical analysis  

 A note on structural equation models  

All analyses are based on Structural Equation Models (SEM). This relationship is 

modeled with three parameters: factor loadings, intercepts and residual variances. 

Applying a SEM analysis consists of specifying a theoretically sounded model with 

an acceptable fit to the data. A hypothesized model is specified by defining a set of 

relationships between observed variables such as domain scores and latent 

variables that represent the inobservable concepts that we want to measure 

(measurement model) and between the latent variables (structural model). The 

specification is then considered adequate if the hypothesized model fits well the 

data. The overall assessment of model fit is based on the χ2 test statistic for 

standard maximum-likelihood estimation. Due to the sensitivity of the χ2 test to 

sample size, researchers have developed fit indices that are less sensitive to sample 

size for assessing fit (basically by dividing the  χ2 statistic by its degrees of freedom). 

The Root mean square error and The comparative fit index are commonly used to 

assess fit of SEM. The Root mean square error (RMSEA) is a measure of absolute 

fit and is therefore concerned with the discrepancy due to approximation. It 

examines the degree of discrepancy between the model and the data through the 



observed covariance matrix and is expected to be the lowest possible value 

(bounded at 0). RMSEA is estimated by the square root of the estimated discrepancy 

due to approximation per degree of freedom. The comparative fit index (CFI) is a 

comparative fit index that represents deviations from a null model (a model in which 

all measured variables are uncorrelated). The CFI analyzes the model fit by 

examining the discrepancy between the data and the hypothesized model 

(comparison of chi-square values of the hypothesized model and the null model). 

CFI ranges from 0 (worst possible fit) to 1 (model fits perfectly). 

An important step of SEM is the model modification step. A hypothesized model can 

be modified to make the model more parsimonious or if it does not have an 

adequate fit to the data. The model modification is based on the comparison of two 

nested models, a full model defined by a set of estimated parameters and a 

restricted model where only a subset of the parameters is estimated. To compare the 

nested models, a likelihood ratio test (LRT) also named chi-square difference test 

(Chou 2012) can be performed. The null hypothesis is that the full model does not fit 

better the data than the restricted model, i.e. the more parsimonious model fits as 

well as the more complex one. The LRT consists of estimating the difference in chi-

square of the two nested models, which follows a chi-square distribution with 

degrees of freedom calculated as the difference in degrees of freedom of the two 

models. If the LRT is not significant, it has not been evidenced that the exceeding 

free parameters of the full model improve the model fit and the restricted model can 

be retained. If the LRT is significant, the full model is retained. 

 Longitudinal model of depression 



Before the RS analysis, a longitudinal SEM was performed on the entire study 

sample to evaluate the fit of a longitudinal model of depression on the data. The 

scores of Sad Mood, Negative Self-Reference and Performance Impairment were 

assumed to reflect a unique latent variable representing depression at each time of 

measurement. The fit of the longitudinal SEM was considered as good (acceptable) if 

RMSEA<0.05 (<0.08), CFI>0.97 (0.95) (Schermelleh-Engel et al., 2003). The RS 

analysis was performed only if the fit was acceptable. 

 Response shift analysis 

Longitudinal SEM were then fitted to the data to detect and quantify RS effects and to 

estimate longitudinal depression change adjusted, if appropriate, for RS between 

baseline (randomization) and W4 (4 weeks after randomization), for each domain. 

SEM assume a linear relationship between the latent variable of depression, and the 

domain scores of the BDI-13 scale. This relationship is modeled with three 

parameters: factor loadings, intercepts and residual variances. In case of longitudinal 

measurement invariance (i.e., no RS), these parameters are invariant over time 

meaning that change in the observed scores is fully explained by latent change 

(change in depression). Changes in these parameters are assumed to be indicative 

of RS. Longitudinal measurement invariance of these parameters was investigated 

using Oort’s procedure based on longitudinal SEM, enabling detecting and 

quantifying the three types of RS (i.e. recalibration, reprioritization, and 

reconceptualization) (Oort, 2005). This 4-step procedure operationalizes the three 

different types of RS as follows: change in patterns of factor loadings 

(reconceptualization), change in values of factor loadings (reprioritization), intercepts 



(uniform recalibration), and residual variances (non-uniform recalibration). 

Reconceptualization wasn't assessed in this study as it is only possible in 

multidimensional models. 

In step 1, an appropriate measurement model (model 1) is established in which no 

constraints on parameters related to RS over time are imposed. Namely, the factor 

loadings, intercepts and residual variances of all BDI-13 domains are non-invariant 

over time. Good (acceptable) fit is indicated by the following criteria: root mean 

square error of approximation or RMSEA ≤ 0.05 (0.08), and comparative fit index or 

CFI ≥ 0.97 (0.95) (Schermelleh-Engel et al., 2003). 

In step 2, all RS parameters are constrained to be equal over time constituting a 

model assuming no RS, i.e., longitudinal measurement invariance on all BDI-13 

domains (model 2). The fit of model 2 and of model 1 are compared using a 

Likelihood Ratio Test (LRT). If the LRT is significant, global occurrence of RS is 

assumed and the procedure goes on to step 3 to identify the types of RS on the 

affected BDI-13 domains.  

Step 3 consists in a step-by-step improvement of model 2 by relaxing one-by-one RS 

parameters constraints leading to model 3 accounting for all detected RS. In step 4, 

the final model (last updated model 3 if the LRT was significant, model 2 otherwise) 

allows assessing differences in latent variable means over time, adjusted for the 

detected RS if appropriate, to evaluate longitudinal change in depression. 



The Oort’s procedure was performed separately in each group to identify occurrence 

and type of response shift. A longitudinal multi-group SEM including all RS effects 

previously detected according to group membership was subsequently performed to 

estimate treatment effects on depression change adjusted for RS. SEM-based 

effect-size indices of change (Oort, 2005), were estimated in the final multi-group 

model as standardized response means (Verdam et al., 2017). For each domain 

affected by RS, the observed change was computed as the difference between 

observed sample means over time. The contribution of uniform recalibration and 

reprioritization RS, and of target change (mean change of depression) were 

computed using the decomposition of change. Non-uniform recalibration does not 

contribute to observed changes as it has no impact on estimated means.  

We assumed no difference in RS parameters between groups at baseline in relation 

to randomization. All analyses were performed with Stata 16. All data are available 

upon reasonable request.  

To account for missing data, all models were estimated using Maximum Likelihood 

with Missing Values method (MLMV). 

RESULTS 

Longitudinal model of depression 

A longitudinal SEM performed on the entire study sample indicated a good fit 

(RMSEA < 0.001, CFI = 1.000) (Figure 1). This structure, named the depression SEM 

model, was used for RS detection in each group separately. 

INSERT Figure 1 about here  



Response shift analyses 

Results of the response shift analysis with Oort procedure in each group are 

provided in Table 1 reporting fit indices and Likelihood ratio tests (LRT). 

INSERT Table 1 about here 

● Group 1 (rTMS + venlafaxine) and group 2 (rTMS + venlafaxine placebo) 

The same results were obtained in these two groups regarding response shift 

detection. In step 1, the depression SEM model showed a good fit as indicated in 

Table 1 (RMSEA < 0.001, CFI = 1.000). The LRT of step 2 was not significant. 

Hence, no overall RS was assumed in these groups. The final model of step 4 was 

thus model 2, a model assuming no RS. 

● Group 3 (sham rTMS + venlafaxine) 

In step 1, the depression SEM model showed a good fit as indicated in Table 1 

(RMSEA = 0.026, CFI = 0.998). The LRT of step 2 was significant (p = 0.0103). 

Hence, model 1 assuming RS was retained.  Step 3 was subsequently performed to 

identify the BDI-13 domains affected by RS and the type of RS. In the first iteration 

of step 3, model 2 was most improved by relaxing the equality constraint on residual 

variances of the Sad Mood domain (no-uniform recalibration). In the second 

iteration, the model was improved by relaxing the equality constraint on intercepts of 

the Negative Self-Reference domain (uniform recalibration). The third iteration no 

longer showed any possibility of improving the model, hence stopping the detection 

of RS. Consequently, the final model of step 4 was accounting for non-uniform 

recalibration on Sad Mood (changes in residual variances) and uniform recalibration 



on Negative Self-Reference (changes in intercepts) to estimate treatment effects on 

depression change. 

● Multi-group model 

Estimates from the multi-group SEM model accounting for non-uniform recalibration 

on Sad Mood and uniform recalibration on Negative Self-Reference in the sham 

rTMS + venlafaxine group are reported in Figure 2 and Table 2.  

INSERT Figure 2 about here  

INSERT Table 2 about here 

This model showed acceptable fit (RMSEA = 0.054, CFI = 0.971). For the sham 

rTMS + venlafaxine group, the intercept of Negative Self-Reference increased over 

time meaning that these patients tended to report higher scores of Negative Self-

Reference on average compared to baseline, given similar depression levels over 

time. Hence, after 4 weeks of treatment, patients receiving sham rTMS + venlafaxine 

tended to report more intense perceived symptoms within the Negative Self-

Reference domain. Furthermore, the residual variance (i.e., variance that is not 

explained by the latent variable) of Sad Mood decreased over time. 

Effects of group and time on depression change, accounting for RS, if appropriate, 

are presented in Table 3. The following results were similar whether RS was 

adjusted for or not. For instance, and as expected in a randomized study, adjusted 

mean estimates of depression showed that all groups started from the same level of 

depression on average (i.e., test of group effect not significant). The test for time 

effect was significant in each group showing that depression significantly decreased 



in all groups. Moreover, decrease in depression was the same (interaction test with 

time not significant) in Group 1 (rTMS + venlafaxine) and Group 2 (rTMS + 

venlafaxine placebo). Contrariwise, the interaction test (Group 3 vs Group 1) was 

significant and indicated that the level of depression had a larger decrease (time-

effect), on average, in Group 3 (sham rTMS+ venlafaxine) than in Group 1 (rTMS 

and venlafaxine). The following results were however different according to RS 

adjustment. When RS was accounted for, the interaction test (Group 3 vs Group 2) 

was significant and indicated that the level of depression had a moderate larger 

decrease, on average, in Group 3 (sham rTMS+ venlafaxine) than in Group 2 (rTMS 

+ venlafaxine placebo). However, this interaction test was not significant when RS 

was not accounted for (Table 3).  

INSERT Table 3 about here  

The estimates of the change in the mean level of depression appear in Figure 3 

when RS was accounted for (Figure 3A) or not (Figure 3B). Not adjusting for the 

response shift occurring only in Group 3 (sham rTMS+ venlafaxine) leaded to 

underestimate the decrease of depression in this group (adjusted time effect for RS: 

-1.99, time effect not adjusted for RS: -1.83).  

INSERT Figure 3 about here  

The observed (reported) change on the Negative Self-Reference domain as well as 

the RS effects and latent change contributions to the observed change are reported 

in Table 4 for each treatment group. These estimates are based on the multi-group 

final SEM model. In the rTMS + venlafaxine and rTMS + placebo venlafaxine groups, 

observed change equals latent change since no RS was detected. In both of these 



groups, the sign of the changes was negative, indicating that depression levels 

decreased, on average in both groups. In the sham rTMS + venlafaxine group, the 

RS effect size was 0.27 and the mean latent change was -1.25. Hence, the observed 

change was equal to -0.98 (i.e., 0.27-1.25). The impact of RS effect, although mild in 

this study, could lead to underestimating latent change, if not accounted for.  

INSERT Table 4 about here  

 

DISCUSSION 

We tested the occurrence of response shift between baseline and after four weeks of 

treatment in self-reported depressive symptomatology RS (uniform and non-uniform 

recalibration) was only evidenced in the group of patients who received active 

venlafaxine combined with sham rTMS. Overall, levels of depression decreased 

significantly in all groups, regardless of whether RS was accounted for or not. 

However, ignoring RS in the active venlafaxine + sham rTMS group would have led 

to a mild underestimation of the improvement of self-reported depressive 

symptomatology, based on BDI-13. Moreover, decrease in depression according to 

self-reported BDI-13 could have been wrongly assumed to be similar in sham rTMS 

+ venlafaxine and rTMS + venlafaxine placebo treatment groups. These results draw 

the attention on RS effects possibly interfering with interpretation of change in PRO 

when comparing treatments and suggest that RS analysis should be considered 

before drawing any definite conclusion on difference in treatment efficacy when 

using self-reported data. 



Interestingly, after 4 weeks of treatment, uniform recalibration was detected in the 

Negative Self-Reference domain (including items such as: feelings of failure, guilt, 

disappointment, ugliness, auto-aggressive and suicidal thoughts) in the sham rTMS 

+ venlafaxine group only. Uniform recalibration corresponds to the change in the 

respondent’s internal standards of measurement. Specifically, patients tended to 

report higher ratings on the BDI-13 Negative Self-Reference domain after 4 weeks 

as compared to baseline, given a similar mean depression level over time. Such a 

RS effect can impact the interpretation of change in the latent variable (the 

depression construct we intend to measure). In our study, the improvement of 

depressive symptomatology would have been underestimated if RS had been 

ignored. Moreover, it may suggest that some interventions could be more sensitive 

to RS than others. The decrease in residual variances, i.e., non-uniform 

recalibration, could reflect less heterogeneity in individual responses on Sad Mood 

appraisal at W4 as compared to baseline. It may also be that patients with 

improvement in depression level get better at assessing their levels of depressive 

symptoms in a more homogeneous way (Fokkema et al., 2013). Of note, non-

uniform recalibration does not impact the estimation of change in depression, unlike 

other types of RS. 

We believe that RS should not only be reduced to measurement bias but that it also 

represents meaningful change. Indeed, RS could also reflect patients’ reappraisal of 

their disease, treatment effects, and coexisting health and life events which may be 

related to adaptation. Hence, detecting, interpreting and trying to explain RS may 

provide insight on the way to improve and personalize care. It is therefore of value to 



not only adjust for RS when detected but also to see how RS can be interpreted and 

explained. 

Several paths of explanation of an overrating of self-rated symptoms related to 

negative self-reference processing (i.e. uniform recalibration) in the sham rTMS + 

venlafaxine group may be put forward. First, after 4 weeks of medication, we could 

hypothesize that the reduction of psychomotor retardation may have improved 

patients’ insight and consequently influence the way they perceive the items of the 

questionnaire and their response categories (Silva et al., 2017). Second, 

explanations of the difference in RS between groups could be related to the 

Sprangers and Schwartz theoretical model (Sprangers & Schwartz, 1999) which 

posit that RS may be triggered by mechanisms (e.g. coping and emotional regulation 

strategies such as post-traumatic growth, social comparison) in response to a 

catalyst (a salient health event, e.g. initiation of treatment). Antecedents (stable or 

dispositional characteristics, e.g. symptoms duration, resistance to change, age) can 

also have direct and indirect effects on potentiating RS. In our study, RS could be 

due to differences in treatment effects on unmeasured coping abilities or unknown 

environmental/social events during treatment. We also could hypothesize that 

reappraisal mechanisms may be impacted differently by rTMS or medications and 

that there may exist a differential effect of treatments on automatic implicit emotional 

regulation (early bottom-up effect with amygdala inhibition) and explicit controlled 

emotional regulation (cognitive reappraisal of one’s own negative perception) 

(Braunstein et al., 2017; Philip et al., 2015; Korb et al., 2011) 

Methodological and clinical perspectives 



As changes in depressive symptomatology can be under or over-estimated if RS is 

ignored, and some patients following  some interventions may be more sensitive to 

RS than others, we suggest several precautions for the design of comparison studies 

using PROM in MDD to anticipate and interpret potential RS.  

First, we suggest to record some characteristics that may influence the onset of RS or 

provide some insight about it. In MDD, those variables may be : on the one hand 

some baseline characteristics less susceptible to change during treatment course 

(personality, internalized self-image, early stress and traumas, duration of the 

disease, presence of comorbidities);  and on the other hand some variables that may 

change rapidly over time (symptoms severity, degree of disease acceptance,  

intensity of self-referencing, engagement in goal-directed behavior, coping skills, 

cognitive status (especially flexibility within executive functions), insight level, 

expectations concerning treatment, life priorities and life events).  

Secondly, we would recommend researchers to design studies in order to limit bias 

that could constitute alternative explanations to RS such as: effort justification, social 

desirability, recall bias. To prevent misunderstanding of results, a social desirability 

assessment questionnaire can be proposed, or some qualitative research such as 

cognitive interviews to understand whether the changes in responses to PROMs are 

attributable to change in meaning of the subjective evaluation, or something else. A 

second interview can be conducted as the researcher may compare the recalled 

answers with the previously given answers and invite patients to reflect on the 

comparison of these responses (Sprangers et al., 2023, in press). Eventually, a 

methodological plan to limit missing data is essential to anticipate in the study design.  

Another challenge is to define the adequate time frame for outcomes and RS 

assessment which is often hypothesized but unknown, notably in MDD. Whether RS 

is a continuous process or can appear paroxysmally depending on some mechanisms 



is still undetermined. It would be interesting in this regard to investigate RS regularly 

during specific periods without treatment changes and after specific (e.g. cognitive) 

treatments.  

Also, it would be valuable to capture more closely negative self-referencing process 

at the item-level (emotional regulation, affective self-perception reappraisal, and self-

definition) using Rasch Measurement Theory for item-level RS detection which were 

validated with simulation studies (Blanchin et al., 2020). 

Last but not least, RS should also be considered at the individual level. Some 

methods have already been proposed such as Patient Generated Index (PGI), 

SeiQol, or semi-structured interviews. Indeed, qualitative methods are the most 

appropriate methods to reflect the subject reappraisal process at the individual 

level. We believe that microphenomenology (Petitmengin & Lachaux, 2013) could 

be a promising approach to define phenomenological markers (we would call « 

phenomarkers '') useful to stratify patients according to their reappraisal 

capacities which may be an outcome of biological treatment per se.  

Limitations 

Our sample size of 170 patients can be considered as small for SEM analysis 

(Wang J.& Wang X., 2012) In the original article describing the procedure on a 

hypothetical example with two latent variables each measured with four observed 

variables, Oort (Oort, 2005) indicates that a sample size around 200 subjects 

would be needed to detect a reprioritization response shift with a medium effect 

size (power: between 80 and 90%). It is also stated that reconceptualization and 

recalibration response shifts can be detected with smaller sample sizes. Our 



measurement model is less complex with only one latent variable and might 

therefore require a smaller sample size to detect such response shift effects. Of 

note, only uniform and non-uniform recalibration response shifts have been 

detected in our study. We may have missed other RS effects such as 

reprioritization due to a lack of power. However, many randomized controlled trials 

in treatment-resistant depression are in this range of number of patients included. 

Moreover, determining the adequate number of subjects needed for RS analyses 

remains a difficult task, with regards to the hypotheses to be made (e.g. expected 

RS effects) and the complexity of the modeling approaches (e.g. multigroup 

SEM).  

Alternative explanations to response shift can also be put forward (Sébille et al., 

2021), including misspecification of the SEM model that may alter our ability to 

detect RS or the interrelations between the different types of RS (e.g. change in 

residual variances, indicative of non-uniform recalibration, could be the result of 

change in intercepts, indicative of uniform recalibration, going in different 

directions) (Oort, 2005; Sébille et al., 2021). In our study, as the final multigroup 

SEM showed a satisfactory fit, we may trust that this possible alternative 

explanation may be ruled out. 

With regards to the cause or RS an extension of a SEM model can include more 

explanatory covariates. Verdam et al., showed that anxiety, religion, distress level 

could be associated with RS in populations presenting with depressive symptoms 

during psychological interventions (guided internet delivered cognitive 

behavioural treatment for insomnia, diabetes and meaning-centered group 



psychotherapy in cancer survivors) (Verdam et al., 2021). Treatment side-effects 

could also be taken into account in future studies even if it may constitute a 

challenge according to variations over time. Of note, incorporating several 

covariates in SEM usually requires larger sample size. 

In addition, performing group-level SEM analyses implies that RS is assumed to 

be homogeneous within a treatment arm, which is a restrictive and unrealistic 

assumption. New methods still need to be advanced to explore inter-individual 

variation in RS (Sébille et al., 2021) and its level of heterogeneity. 

CONCLUSION 

In summary, our results strengthen the assumption that RS may be occurring in trials for 

MDD and differing between treatment arms and self-reported depression domains. 

Further investigations of RS and new methods are needed to gain more insights into 

PROs changes over time in MDD. 

 

Informed Consent 

“Informed consent was obtained from all individual participants included in the study.” 

Ethical approval: “All procedures performed in studies involving human participants 

were in accordance with the ethical standards of the institutional and/or national 

research committee and with the 1964 Helsinki declaration and its later amendments or 

comparable ethical standards.” 
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Figure 1: Depression model. Longitudinal SEM between randomization (baseline) and 4 weeks after (W4) 
performed on the entire study sample. 

Fit indices:   =4.66, df=5, p<0.0001, RMSEA<0.0001, CFI=1.000 

Circles represent latent variables of depression, squares represent observed variables (domain scores of 

BDI-13). Double-sided arrows represent correlations between variables. Constraints: latent variable 

means=0, latent variable variances=1 

SM: Sad Mood, NSR: Negative Self- Reference, PI: Performance Impairment 

  



 

 
 

 

Figure 2: Longitudinal multi-group SEM of the response shift analysis between randomization (baseline) and 

4 weeks after (W4). Estimates at week 4 are represented for each group respectively if they have changed 

over time (rTMS + venlafaxine, rTMS + venlafaxine placebo, sham rTMS + venlafaxine) separated by a slash. 

Estimations of means, variances and covariances of latent variables are omitted. 

Fit indices: χ ²=62.903, ddf=54, p=0.190, RMSEA=0.054 [0.000,0.104], AIC=3575.089, CFI=0.971, TLI=0.976 

Circles represent latent variables of depression, squares represent observed variables (domain scores of 
BDI-13). Double-sided arrows represent correlations between variables.  

SM: Sad Mood, NSR: Negative Self- Reference, PI: Performance Impairment 

  



 
Figure 3: Latent variable (depression) mean change over time by treatment group 
baseline: randomization, W4: 4 weeks after randomization 
 
  



 

 

Table 1: Fit indices for each group and each step of response shift analysis. Likelihood ratio tests 

(LRT) are also reported. The results for final models are in bold. Criteria of good (acceptable) fit: 

RMSEA≤0.05 (0.08) and CFI≥0.97 (0.95) 

model 1: model without any constraints on response shift parameters 

model 2: model assuming no RS, i.e., longitudinal measurement invariance on all BDI-13 domains 

NURC: non-uniform recalibration, URC: uniform recalibration, NA: not applicable, RMSEA: root 

mean square error, CFI: comparative fit index 

stat: test statistic, df: degrees of freedom 

 
  

 Group 1 Group 2 Group 3 

  rTMS + venlafaxine (N=54) rTMS + venlafaxine placebo (N=58) sham rTMS + venlafaxine (N=54) 

     df 

p 

value RMSEA CFI    df 

p 

value RMSEA CFI    df 

p 

value RMSEA CFI 

Model 1 1.86 5 0.868 0 1 4.09 5 0.536 0 1 5.188 5 0.393 0.026 0.998 

Model 2 14.14 12 0.292 0.058 0.982 15.21 12 0.230 0.067 0.963 23.60 12 0.023 0.133 0.887 

LRT stat df p   stat df 

p 

value   stat df 

p 

value   

model 2 vs model 1 12.28 7 0.092   11.12 7 0.133   18.41 7 0.010   

Models 3    df 

p 

value RMSEA CFI    df 

p 

value RMSEA CFI    df 

p 

value RMSEA CFI 

NURC Sad Mood NA 

    

NA 

    

16.14 11 0.136 0.092 0.950 

URC Negative 

Self-Reference NA 

    

NA 

    
11.46 10 0.323 0.052 0.986 



 

    

Group 1 
rTMS + venlafaxine 

(N=54) 

Group 2  
rTMS + venlafaxine 

placebo  
(N=60) 

Group 3  
sham rTMS + venlafaxine  

(N=55) 

    baseline W4 baseline W4 baseline W4 

    est. (s.e.) est. (s.e.) est. (s.e.) est. (s.e.) est. (s.e.) est. (s.e.) 
FACTOR 

LOADING

S SM 0.98 (0.15) 0.98 (0.15) 0.98 (0.15) 0.98 (0.15) 0.98 (0.15) 0.98 (0.15) 

  
NS

R 1.94 (0.30) 1.94 (0.30) 1.94 (0.30) 1.94 (0.30) 1.94 (0.30) 1.94 (0.30) 

  PI 1.69 (0.24) 1.69 (0.24) 1.69 (0.24) 1.69 (0.24) 1.69 (0.24) 1.69 (0.24) 
INTERCE

PTS SM 3.54 (0.17) 3.54 (0.17) 3.54 (0.17) 3.54 (0.17) 3.54 (0.17) 3.54 (0.17) 

  
NS

R 7.04 (0.37) 7.04 (0.37) 7.04 (0.37) 7.04 (0.37) 7.04 (0.37) 7.87 (0.58) 

  PI 8.87 (0.30) 8.87 (0.30) 8.87 (0.30) 8.87 (0.30) 8.87 (0.30) 8.87 (0.30) 
RESIDUA

L 

VARIANC

ES SM 1.05 (0.16) 1.05 (0.16) 1.05 (0.16) 1.05 (0.16) 1.05 (0.16) 0.21 (0.18) 

  
NS

R 7.30 (0.89) 7.30 (0.89) 7.30 (0.89) 7.30 (0.89) 7.30 (0.89) 7.30 (0.89) 

  PI 3.58 (0.48) 3.58 (0.48) 3.58 (0.48) 3.58 (0.48) 3.58 (0.48) 3.58 (0.48) 
DEPRESSI

ON         

mean   

0 

(constrained

) -0.96 (0.32) 0.12 (0.23) 
-1.15 

(0.32) 0.10 (0.24) 
-1.89 

(0.39) 

variance   

1 

(constrained

) 2.44 (0.93) 1.09 (0.42) 1.93 (0.78) 1.11 (0.43) 1.74 (0.68) 

    
baseline, 

W4   baseline, W4   baseline, W4   

covariance   0.42 (0.34)   0.91 (0.44)   0.75 0.36)   

  SM NSR PI    
Residual 

covariances 

(baseline, 

W4)   0.16 (0.14) 5.07 (0.91) 1.15 (0.48)       
Table 2: Estimations and standard errors of the parameters of the longitudinal multi-group SEM of 

the response shift analysis between randomization (baseline) and 4 weeks after (W4). Estimates of 

response shift related parameters (factor loadings, intercepts and residual variances) at week 4 are in 

bold if they have significantly changed over time.  

SM: Sad Mood, NSR: Negative Self- Reference, PI: Performance Impairment  



  Response shift accounted for No response shift assumed 

  estimate s.e.    pvalue estimate s.e.    pvalue 

Time effect                 

Group 1 (rTMS + venla-
faxine) 

-0.96 0.32 8.94 0.003 -0.97 0.32 9.33 0.002 

Group 2 (rTMS + venla-
faxine placebo) 

-1.27 0.27 21.71 <0.001 -1.28 0.27 22.32 <0.001 

Group 3 (sham rTMS + 
venlafaxine) 

-1.99 0.37 28.95 <0.001 -1.83 0.35 27.28 <0.001 

Overall group effect 
(J0) 

    0.30 0.863     0.21 0.901 

Time*group interaction                 

Group 2 vs Group 1 -0.32 0.36 0.78 0.376 -0.31 0.36 0.74 0.391 

Group 3 vs Group 1 -1.03 0.41 6.46 0.011 -0.85 0.39 4.70 0.030 

Group 3 vs Group 2 -0.72 0.33 4.61 0.032 -0.55 0.32 2.87 0.091 

Response shift effects                 

NURC Sad Mood -0.84 0.20 17.25 <0.001         

URC Negative Self-
Reference 

0.83 0.49 2.84 0.092         

 

Table 3: Multi-group SEM model accounting for response shift (Non-uniform recalibration on Sad 

Mood and uniform recalibration on Negative Self-Reference in the sham rTMS + venlafaxine 

group) or not. 

Time effect: depression mean difference over time for a given group 

Group effect: depression mean difference across groups at a given time 

NURC: non-uniform recalibration, URC: uniform recalibration 

  



Negative Self-Reference 
Group 1 

rTMS + venlafaxine 
N=54 

Group 2 
rTMS + placebo venlafaxine 

N=58 

Group 3 
sham rTMS + venlafaxine 

N=54 

Observed change  
(reported change) 

-0.49 -0.83 -0.98 

RS contribution  
(uniform recalibration) 

0.00 0.00 0.27 

Mean latent change  
(mean change of depression) 

-0.49 -0.83 -1.25 

 

Table 4. Estimated effect-size indices of change on Negative Self-Reference domain. Model estimation based on the 

whole sample (final multi-group SEM model including RS detected by Oort’s procedure applied to each group) 

 
 


