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Predicting treatment response through early improvemen 
can reduce patients’ time in ineffective treatments befor 
considering alternatives. However, for psychological inter 
ventions, there is no consensus on what time window an 
improvement rate early in the treatment is the most infor 
mative for distinguishing treatment responders from nonre 
sponders. This study investigated these aspects in a 
inpatient and day clinic setting among severe depresse 
patients who perceived intensive psychological treatmen 
and compared Weekly Questionnaire Assessment 
(WQA) and Ecological Momentary Assessment (EMA 
regarding their power to predict treatment respons 
through early improvement. Fifty-two depressed patient 
were randomly assigned to one of three intensive 7-wee 
psychological interventions (two individual and two grou 
sessions per week) applied in an inpatient or day clinic set 
ting. Early improvement was assessed three times dail 
using EMA and weekly using questionnaires (BDI-II). Lin 
ear Regression Models and Receiver Operating Character

istic Analyses were conducted to predict treatmen

response (BDI-II improvement from pre- to postinterven

tion 50%) in patients who received a full course of treat

ment. Moreover, ratios of true negative/false negativ

predictions were calculated to explore the predictive valu

of different early improvement definitions: 10%, 20%

30%, or 40% improvement after 1, 2, 3, or 4 treatmen

weeks. Both EMA and WQA significantly predicted treat

ment response after 3 weeks with AUC values of 73

(EMA) and 77% (WQA). A WQA-assessed 10% improve

ment after 4 weeks yielded the highest ratio of true nega

tive/false negative predictions, with a true negative rat

of 22% and a false negative rate of 0%. 10% improvemen

in depressive symptoms assessed with WQA after 3 to

weeks of treatment was the best predictor in our study

Further research is needed to validate the results. This tria

design is registered with osf.io/9fuhn.

;Keywords: depression; early improvement; treatment prediction 
ecological momentary assessment; cognitive behavioral therapy
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IT  IS  WELL  established that there are several effectiv
psychological interventions for the treatment o
depression (Cuijpers, 2015). Besides cognitiv 
behavioral therapy (CBT), interventions such a 
schema therapy (ST) have proven to effectivel
reduce depression (Kopf-Beck et al., 2024). How 
ever, despite these advancements, meta-analyti 
findings show that almost 60% of depresse
patients do not adequately respond to these treat
ments (Cuijpers, Karyotaki, et al., 2021). This i 
commonly defined as a reduction of depressiv 
symptoms from baseline to the end of treatmen
d
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by at least 50% (Rush et al., 2006). Combine 
treatments of psychotherapy and pharmacother 
apy show better outcomes (Cuijpers, Quero 
et al., 2021), but there is still room for improve 
ment. This means, although different intervention 
yield similar average effects, treatment response 
are highly variable on the individual level. Assum
ing that nonresponders of one treatment migh
respond to other interventions (Gloster et al.
2020; McKay et al., 2010), it is essential t 
develop decision rules that can guide clinicians i
tailoring treatments to individual patients.
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Besides efforts to develop personalized interven 
tions by allocating patients to optimal treatment
from the outset of therapy (DeRubeis et al.
2014; Huibers et al., 2015), it is essential to inves 
tigate whether and how nonresponse to an ongo 
ing treatment can be predicted early on 
Treatment prediction based on early improvemen 
monitoring is a promising approach, as it ma
reduce the amount of time patients spend in inef
fective treatment before considering alternatives
In this way, early treatment prediction may lea
to better clinical outcomes (Schaffer et al., 2013
and help save scarce resources of the mental healt
care system (Richards, 2012). Additionally, i 
could be used in innovative trial designs such a
the “leapfrog” method (Blackwell et al., 2019) 
which involves rapidly testing and modifying treat 
ments based on early indicators of effectiveness.
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Indeed, there is robust and replicated evidenc 
that early improvement in therapy is a reliabl 
prognostic indicator for treat ment outcome i
depression (Rubel et al., 2015). For pharmacolog 
ical treatment, the absence of early improvemen 
within the initial 2 weeks of therapy has been iden 
tified as a strong indicato r of treatment nonre
sponse (Szegedi et al., 2009). Additionally, th 
absence of early improvement within the first 
weeks has been established as a guideline for clin 
ical decisions rega rding medication chang
(Gautam et al., 2017). For psychological treat 
ments, however, such guidelines are lacking. Whil 
compelling evidence suggests that early improve 
ments can predict treatment outcomes in psycho 
logical interventions as well, studies exhibi 
significant heterogeneity and lack a standardize 
definition for p redictive early improvement i
depression (Beard & Delgadillo, 2019; Li e t al.
2023). Importantly, earlier studies have used ver 
different time windows, classified as “early,” an 
different definitions for the rate of symptomati 
change, classified as “improvement.” For example 
“early” time windows in earlier research coul
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ncompass 2, 4, 6, or 8 weeks of treatment, and 
arly improvement has been defined either using
ut-offs for symptom reduction (e.g., >25%, Gois 
t al., 2014), the achievement of reliable or clini-
ally significant improvement (Rubel et al.,
015), or the occurrence of sudden gains
unnicutt-Ferguson et al., 2012). 
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Moreover, to our knowledge, except for one
nline intervention study (Schibbye et al., 2014), 
one of the existing studies has used Ecological 
omentary Assessment (EMA) as an alternative 
chnique to monitor early improvement. How-
ver, EMA might be better suited for this purpose.
is well known that depressive symptoms natu-
lly fluctuate during the day and from day to
ay (Chen et al., 2022; Takano & Tanno, 2011). 
urthermore, the human recall of past affective 
xperiences is biased, especially in depression
olombo et al., 2020). Consequently, it is ques-
onable whether a single retrospective point 
ssessment can accurately and reliably capture 
e true symptom severity that patients experience 
ver the past week or weeks. EMA may therefore
ssess change in depression more reliably, espe-
ially when observing short time windows
oore et al., 2016; Tamm et al., 2024). 
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Thus, we assessed early improvement in 
epression comparing EMA and Weekly Ques-
onnaire Assessment (WQA) and investigated 
eir predictive value for identifying treatment 
sponders and nonresponders across three differ-
nt 7-week psychological interventions. In addi-
on, we compared four different time windows 
, 2, 3, or 4 weeks after treatment initiation) 
nd four different definitions of early improve-
ents operationalized as symptomatic change 
tes (minimum improvement of 10%, 20%, 
0% or 40%). In this way, we addressed the fol-
wing research questions: (1a) At which time 
oint after treatment initiation does early
provement in depressive symptoms significantly

redict treatment response? (1b) Do both WQA
nd EMA of early improvement significantly pre-
ict treatment response at these time points? (2)
ow predictive are different definitions of early
provement in terms of the defined time window

nd symptom cutoff, as assessed by EMA versus
QA? While other authors aimed to maximize
e sum of sensitivity (rate of correctly identified
sponders, i.e., true positive rate) and specificity
ate of correctly identified nonresponders, i.e.,
ue negative rate) using the Youden’s-index
rits-Christoph et al., 2001), we took a different 

pproach. We decided to evaluate our predictors 
ased on a reverse version of the negative likeli-
ood ratio (Bolin & Lam, 2013). This approach
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kes the following critical implications for clini-
al decision-making into account: we defined the 
rimary goal of treatment prediction through 
arly improvement as identifying a high number 
f nonresponders, in order to consider alternative 
terventions early in treatment. The primary goal 
therefore to achieve a high true negative rate. 
t the same time, it is particularly important to 
void the disruption of effective treatments, which 
eans targeting a low false negative rate.
lthough erroneously recommending the continu-
tion of a treatment to a nonresponder would
lso be unbeneficial, we deemed these scenarios
ss critical since they reflect the current clinical
ality without decision rules anyway. We there-
re decided that our best definition of early
provement would be the highest ratio between
e true negative rate (i.e., specificity) and the
lse negative rate (i.e., 1-sensitivity rate), which
a reverse of the negative likelihood ratio

escribed in the literature (Bolin & Lam, 2013). 
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We hypothesized that (1a) early improvement in 
epressive symptoms predicts treatment response 
ithin the first 4 treatment weeks, (1b) respec-
vely of whether the early improvement is assessed
ith EMA or WQA. Research question (2) investi-
ating the predictive value of different definitions
f early improvement was kept exploratory. For
ur analyses we utilized data from the OPTIMA
udy (Kopf-Beck et al., 2024), a clinical trial 
vestigating the effectiveness of three psychologi-
al interventions, cognitive behavioral therapy 
BT), schema therapy (ST), and individual sup-
ortive therapy (IST). The study included moder-
tely to severely depressed patients treated in an
patient or day clinic setting.

Materials and Methods

participants 
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he sample size of the study was designed for its 
rimary analysis on treatment effects between
tervention conditions assessed by EMA, which
described elsewhere (Tamm et al., 2024). Here, 
e present a secondary analysis of the data. For 
e primary analysis, a required sample size
round 20 per condition, i.e., n = 60 patients in
tal, was targeted.

a 
o 
e 
c 
o 
p 
re 

The inclusion criteria were an age between 18 
nd 65 years, a diagnosis of a major depressive dis-
rder, single episode or recurrent, moderate or sev-
re without psychotic symptoms diagnosed by 
linical assessment. Additionally, patients had to 
wn a smartphone and agree to the EMA. Partici-
ants were compensated according to their EMA
sponse rate.
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Exclusion criteria included the presence of psy 
chotic symptoms in depression (F32.3, F33.3) 
acute suicidality, a lifetime history of any psy 
chotic or bipolar disorder, an IQ below 80 and 
or severe learning disabilities, severe neurologica 
or internal diseases, current withdrawal syn 
dromes from alcohol or illicit drugs, concomitan
organic mental disorders, severe mutism or stupor
mental disorders secondary to medical condition
or substance use disorder, pregnancy or lactation
and language barriers to psychotherapy. Other co
occurring mental health conditions were not exclu
sionary and are reported in Supplementar
Table 3.
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Dropouts were defined as enrolled patients o 
whom incorrect in- or exclusion criteria emerge 
during the study, who left the clinic before com 
pleting the intervention, or missed more than si
(22%) intervention sessions. Dropouts wer
excluded from analyses due to incomplete dat
for the calculation of their responder status.

design and pro cedures
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The data was gathered at the Max Planck Institut 
of Psychiatry in Munich, Germany, within th 
OPTIMA study (Identifier on clinicaltrials.gov 
NCT03287362). The OPTIMA study is a mono 
centric, prospective, rater-blinded, parallel-group 
block-randomized clinical trial incorporatin 
repeated measures and three distinct interventio 
conditions (CBT, ST, and IST). Ethical approva 
for the study protocol was obtained from the Insti
tutional Ethical Committee of the Faculty of Med
icine at LMU Munich (Project number 17–395)
Participants provided written informed consen
prior to study assessments and randomization
Further details of the study procedures ar
described in the study protocol (Kopf-Beck et al.
2020). 

interventions 
y
-
n 
e 
0 
s
d
,
-
d
-
l
-
t 
, 

Participants of the OPTIMA study were randoml 
assigned to CBT, schema therapy (ST), or individ 
ual supportive therapy (IST). Each interventio 
condition lasted 7 weeks and comprised two singl 
(50 minutes each) and two group sessions (10
minutes each) per week. CBT was based on Beck’
cognitive model of depression and followe
evidence-based treatment guidelines (Hautzinger 
2013). The ST manual (Egli et al., 2019) inte 
grated cognitive, psychodynamic, gestalt, an 
experiential techniques to address underlying mal 
adaptive schemas. IST served as an active contro
condition, focusing on common therapeutic fac
tors within a biopsychosocial framework withou
applying disorder-specific techniques (Markowitz 
r 
d 
d
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2022). Therapists were clinical psychologists o 
psychiatrists who received standardize 
treatment-specific training. Fidelity was ensure 
through monthly treatment-specific expert supervi 
sion based on video recordings of therapy sessions 
Adherence ratings of a random subsample of ses 
sions showed high to very high treatment adher 
ence and significant differences betwee
treatment arms regarding the execution of specifi
interventions. Detailed descriptions of the inter
ventions, therapist training, and fidelity proce
dures are provided in the study protocol and th
primary analysis of the OPTIMA trial (Kopf
Beck et al., 2020; Kopf-Beck et al., 2024).
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It is important to note that concurrent pharma 
cotherapy or additional treatments that are com 
mon in inpatient or day clinic settings, such a 
occupational therapy or case management, wer 
not regulated. Decisions on this were at the discre
tion of the attending psychiatrist but were meticu
lously documented as control variables
Concomitant care conditions showed no signifi
cant effects on treatment differences betwee
intervention conditions in the primary analysis o
the OPTIMA study (Kopf-Beck et al., 2024). 

measures 
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Details about all measures performed in th 
OPTIMA study, including a range of question 
naires, clinical interviews, imaging, and tests, ar
provided in the study protocol (Kopf-Beck et al.
2020). Here, we report only the measures include 
in our analysis, which encompass two primar 
outcome variables: a questionnaire and an EM
score assessing depressive symptoms. An assess
ment plan is provided in Supplementary Table 1.

EMA 
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EMA was administered continuously throughou 
the entire intervention period, starting immedi 
ately after patients’ enrollment in the study. I 
involved three prompts per day and was signal 
contingent, meaning patients were automaticall 
prompted by their device. During the ap 
onboarding process, patients reported their indi 
vidual approximate wake-up times. Based on thes 
times, each day was divided into three phases 
morning = 2 hours before to 5 hours after wake 
up time, noon = 5 to 10 hours after wake-up time 
and evening = 10 hours after to 2 hours befor 
wake-up time. Within each phase, one EM 
prompt was emitted with a semirandomize 
reminder (signal). Prompts could only be com
pleted within their assigned phase. Average time
between patients’ responses were calculated
M = 304.8 min (SD = 94.47 min) from mornin
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noon, M = 339.5 min (SD = 106.51 min) from 
oon to evening and M = 809.3 min 
D = 109.63 min) from evening to morning, 
owing no temporal clustering of responses. To
ounteract sequence effects, the order of EMA
ems was randomized across prompts. This proto-
ol, including baseline, resulted in a total of 168
MA prompts (56 days * 3 prompts per day).
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The EMA score of depressive symptoms is a 
m score of four EMA items, formulated by JT 
nd JKB in collaboration with clinicians and align-
g with diagnostic criteria for major depression 
CD-10). The items encompass three core symp-
ms of depression (loss of interest, withdrawal, 
nd psychomotor agitation/inhibition) and current 
ood (the item wordings are provided in Supple-
entary Table 2). The response scale of the items 
loss of interest,” “withdrawal, ” and “psychomo-
r agitation/inhibition” was two-tiered: Initially,
articipants responded to a binary Yes-No scale.
Yes was chosen, participants provided further
edback using a 5-point Likert scale, gauging
eir level of agreement (not at all, a bit, moder-
tely, considerably, very much). Conversely, if
o was selected, the Likert scale was omitted,
nd the subsequent item followed. The ‘mood’
em was rated by selecting one of five emojis (very
ood, good, moderate, bad, very bad) that best
presented their current mood.
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The internal reliability of the EMA total score
as assessed within the primary analysis of the
ata (Tamm et al., 2024) using the “multilevel.re 
ability()” function from the “psych” package in 
, showing good within-participant reliability 
c = 0.79) and excellent between-participant reli-

bility (RkF = 0.91). Rc reflects the consistency of 
peated measurements within individuals over 
me, indicating reliable detection of symptom 
hanges, while RkF quantifies the reliability of
verage scores between participants, reflecting dif-
rentiation between individuals. These indices
ere chosen because they capture distinct and
omplementary aspects of reliability critical for
terpreting our EMA data and associated statisti-
al power.

Weekly Questionnaire Assessments
T 
si 
m 
(B 
to 

he corresponding questionnaire scores of depres-
ve symptoms were assessed weekly with the Ger-
an version of the Beck Depression Inventory II
DI-II; Hautzinger et al., 2009), resulting in a 
tal of 8 assessment points, including baseline.
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ariable e arly improvement
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e explored the predictive potential of four dis-
nct time windows and four distinct change rates
o 
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f early improvement in depressive symptoms: a 
inimum improvement of 10%, 20%, 30% or 
0% by Week 1, 2, 3, or 4 after treatment initia-
on assessed with EMA or WQA. As stated 
efore, the EMA score was derived by aggregating
ur EMA items, while the WQA score was the
DI-II sum score. The four time windows were
lected based on previous studies of early
provement, reviewed by Beard and Delgadillo
019). Prior research focused on the 2-week and
-week time windows. We decided against time
indows longer than 4 weeks, as Rubel et al.
015) have shown that most change in patients’ 
rogress occurs by the third treatment session, 
hich corresponds to a treatment duration of less
an 1 week in our study setup. Similar observa-
ons derive from pharmacological studies
chaffer et al., 2013). In recognizing the ecologi-
al benefits of “early” treatment prediction in 
uiding clinical practice, we expanded our investi-
ation to include Weeks 1 and 3, alongside Weeks 
and 4, aiming to shed light on the earliest point 
t which early improvements can predict psycho-
gical treatment outcomes. The symptom cutoffs
ere chosen based on considerations that they
ould be smaller than the treatment response rate
0% improvement), reflect change rates similar to
ose investigated by other studies (e.g., Gois 
t al., 2014), and have equal intervals between
ach cutoff.
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efinition of the dependent variable 
re atment response
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line with other studies (Keller, 2003; Rush et al.,
006), treatment response was defined as a reduc-
on of greater than or equal to 50% in the BDI-II 
tal score from baseline to the end of the interven-
on. For the definition of treatment response, we 
lso considered other types of outcomes, e.g., qual-
y of life. However, we ultimately decided against
cluding them as global mental health indices
ch as quality of life do not change as markedly
ithin a short duration of psychotherapy
rivedi et al., 2006). 

statistical analys es
D 
T 
to 
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w 

ata was analyzed using R, version 4.2.2 (R Cor e
eam, 202 0). Patients with insufficient EMA data 
calculate early improvement were excluded 

om the analyses. To analyze a change rate in 
e first treatment week, at least two data points 
re needed. For analyzing change rates over 2, 3 
r 4 weeks, at least one additional data point per 
bsequent week is needed. Therefore, patients 
ith fewer than two EMA prompts in the first
eek or fewer than one EMA prompt in the
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second, third or fourth week were excluded. Fo 
plausibility, we examined the person-level stan 
dard deviations for each EMA item throughou 
the trial period and excluded the two patient
exhibiting a standard deviation of zero in at leas
one EMA item following previous researc
(Rosenkranz et al., 2020). For all analyses, w 
defined significance as p = 0.05.

Research Question 1a and 1b
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We hypothesized that (1a) early improvement i 
depressive symptoms would predict treatmen 
response within the first 4 treatment weeks, (1b 
regardless of whether early improvement i 
assessed with EMA or WQA. To test thes 
hypotheses, we conducted a multistep analysi 
using linear regression models (LRMs) and logisti
regression models. For each participant, we fitte
an LRM with time predicting EMA-assessed o
WQA-assessed depressive symptoms. The model
were estimated for each of the four time-windo
conditions (i.e., 1, 2, 3, and 4 weeks)—therefore
we obtained four pairs of individual participants
estimates of the intercept and slope (of time), eac
for EMA and WQA.

e
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In the second step, an Improvement Rate Scor 
was calculated for each patient and each time 
window condition. The Improvement Rate wa 
operationalizedas the ratioof symptomchangeove
a given time window (slope * time window) bein
divided by the baseline symptom level (intercept).

s
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Lastly, we conducted binary logistic regression 
to predict responder status (responder vs. nonre 
sponder) after 7 weeks of treatment through indi
vidual baseline BDI-II and the Improvement Rat
Score as independent variables.

Research Question 2
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To determine the “best” definition of earl 
improvement, considering both the designate 
time window and the symptom cutoff, we first per 
formed Receiver Operating Characteristic (ROC 
analysis for each variable (EMA or WQA) an 
time window. The ROC analysis is a method com 
monly used to evaluate the diagnostic performanc 
of a test or model by plotting the true positive rat
(sensitivity) against the false positive rate (1
specificity) across different threshold values. Th
Area Under the Curve (AUC) derived from th
ROC curve serves as a summary measure of dis
criminative ability, where higher AUC values indi
cate better discrimination between responder an
nonresponder groups (Hanley & McNeil, 1982) 
To evaluate significant differences between th 
AUCs of the ROC curves, model compariso
analyses were employed using the DeLong’s tes
(DeLong et al., 1988).
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Next, we analyzed the true negative rate (speci 
ficity), false negative rate (1-sensitivity), and th 
ratio between the two for each predefined combi 
nation of variable (EMA or WQA), time windo 
(1, 2, 3, or 4 weeks) and symptom cutoff (mini 
mum improvement of 10%, 20%, 30%, o
40%). In the literature, the inverted form of thi
ratio ((1-sensitivity)/specificity) is described as th
“negative likelihood ratio (LR-),” displaying th
likelihood of a patient testing negative while hav
ing a disease (false negative rate) divided by th
likelihood of a patient testing negative while no
having a disease (true negative rate; Bolin 
Lam, 2013). For our research, however, a revers 
LR- (i.e. specificity/(1 sensitivity)), which w 
called the “TNFN” (true negative to false nega 
tive) ratio for clarity is better suited and easier t 
interpret. In our context specificity (the true nega 
tive rate) denotes the rate of nonresponders cor 
rectly identified, while 1-Sensitivity (the fals 
negative rate) denotes the rate of responders falsel 
classified as nonresponders. The TNFN rati 
therefore gives us the likelihood of a patient hav 
ing no early improvement and who does no 
respond to treatment (true negative rate) divide 
by the likelihood of a patient having no earl 
improvement but who does respond to treatmen 
(false negative rate). Defined as such, the highes
TNFN ratio displays our “best” predictor—tha
is, our “best” definition of early improvement
To determine whether the TNFN ratio results i
more true negative than false negative prediction
given the responder rate in our sample, we als
calculated a weighted TNFN ratio (wTNFN ratio
by multiplying the TNFN ratio with the ratio o
the nonresponder to responder rate: wTNFN rati
(RR) = TNFN ratio * ((1 RR)/RR). Note tha
the responder rate (RR) must lie between zer
and one. A higher number of true negative to fals
negative predictions is indicated by wTNFN > 1.

r
-
-
e 
) 

Finally, to improve the comparability of ou 
results to other studies, we also calculated You
den’s indices (Youden, 1950), which serve as com 
posite measures taking the sum of specificity (tru 
positive rate) and sensitivity (true negative rate
into account (Youden’s index = sensitivity
+ specificity 1).
Results 

sample descriptio n
d
-
n 
, 

Patients were recruited between August 2019 an 
December 2020. Initially, 137 patients were evalu 
ated for eligibility, with 106 meeting the inclusio 
criteria, expressing willingness to engage in EMA
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FIGURE 1 Flow Diagram. Note. EMA: Ecological Momentary Assessment; BDI-II; Beck’s Depression Inventory II.
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nd being randomly assigned to the intervention
onditions (ST: 39, CBT: 36, IST: 31). Details
re provided in the CONSORT flow chart in Fig-
re 1. Reasons for dropout included early dis-
harge from the clinic prior to completing the 
tervention trial (17), missing more than six inter-
ention sessions (3), and requesting a different 
tervention (1). Before conducting analyses, we 
rther excluded data from patients due to ineligi-
le diagnoses identified during the study (2), miss-
g data in the BDI-II baseline or postintervention
ssessment (2), missing BDI-II data in the first 4
tervention weeks (11), missing EMA data in
e first 4 intervention weeks (6), or lack of data
tegrity in the EMA (2). Finally, the statistical
nalyses included the data of N = 52 patients.

ly 
5 
m 
u 
se 
(B

As shown in Table 1, patient’s age in the ana-
zed cohort was M = 40.5 years (SD = 11.71), 
7.69% were female (n = 30), 84.62% were Ger-
an (n = 44), and 51.92% had qualifications for
niversity entrance (n = 27). Patients exhibited
vere levels of depression on average at baseline
DI-II: M = 32.58, SD = 8.5). Patients’ EMA
re 
M 
st 
S 
E 
a 

sponse rate in the analyzed sample was 
= 64.67% (SD = 23.35%). Further descriptive 

atistics such as comorbidities are provided in
upplementary Table 3. Distributions of the
MA response rates across intervention weeks
re provided in Supplementary Figure 1.

research questions 1a a nd 1b

T 
m 
re 
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o test whether early improvement predicts treat-
ent response within the first 4 treatment weeks 
gardless of whether early improvement is 
ssessed with EMA or WQA, we fitted logistic 
gression models, predicting treatment response 
y baseline depression and early improvement 
tes in depressive symptoms assessed via EMA 
ersus WQA. Intervention condition was not a sig-
ificant covariate in our models and therefore not 
cluded in further analy ses. For each variable
MA and WQA), we ran four different models
enoting the four time windows (Table 2). For 
oth EMA and WQA, early improvement rates 
f depressive symptoms significantly predicted 
eatment responder status not after 1 or 2 weeks

move_f0005
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Table 1 
Descriptive Statistics of the Sample

Responder Status 

Total Responder Nonresponder 
Characteristic (N = 52) (N = 25) (N = 27)

N % N % N % Chi2 df p 

Intervention condition 1.57 2 50.45 
CBT 21 840.3 10 040.0 11 440.7 
ST 15 528.8 9 036.0 6 222.2 
IST 16 730.7 6 024.0 10 437.0 
Gender (female) 30 957.6 15 060.0 15 655.5 0<0.0 1 60.96 
Nationality (German) 44 284.6 22 088.0 22 881.4 1.07 2 60.58 

eQualification for University entranc 27 251.9 14 056.0 13 548.1 2.96 2 70.22 
Income 6.21 3 20.10 
Low income 20 638.4 8 032.0 12 444.4 
Middle income 19 436.5 11 044.0 8 329.6 
High income 9 117.3 6 024.0 3 111.1 
not specified 4 7.69 0 0.00 0 0.00 

nMea SD nMea SD nMea SD Wt or df p 

Age (years) 40.5 111.7 243.1 412.0 738.0 611.0 71.5 048.7 30.12 
EMA response rate 764.6 523.3 467.8 420.4 361.7 025.8 50.9 748.8 70.34 
Baseline Symptoms (BDI-II) 832.5 8.50 432.8 8.42 332.3 8.73 10.2 149.9 20.83 

nNote. ST = Schema Therapy; CBT = Cognitive Behavioral Therapy; IST = Individual Supportive Therapy; BDI-II = Beck’s Depressio

Inventory II; EMA = Ecological Momentary Assessment.
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of treatment (1 week: EMA: z = 0.38, 95% CI = 
[ 1.79 to 1.14], p = 0.704; WQA: z = 1.67, 95 
CI = [ 7.14 to 0.15], p = 0.095; 2 weeks: EMA 
z  =  0.84, 95% CI = [ 1.59 to 0.52], p = 0.399 
WQA: z = 1.87, 95% CI = [ 5.83 to 0.15] 
p = 0.062), but after 3 and 4 weeks of treatmen 
(3 weeks: EMA: z = 2.33, 95% CI = [ 4.49 t 
0.51], p = 0.02; WQA: z = 2.32, 95% CI =

[ 7.65 to 0.94], p = 0.02; 4 weeks: EMA
z = 2.43, 95% CI = [ 4.09 to 0.62]
p = 0.015; WQA: z = 3.11, 95% CI = [ 10.5
to 2.7], p = 0.002). These results indicate tha
early improvement in depressive symptoms, a
assessed by both EMA and WQA, is a significan
predictor of treatment response after three to fou
weeks of treatment. Supplementary Figure 2 show
the improvement rate distributions of the four tim
windows separately for responders and nonre
sponders and the two variables EMA and WQA.

research question 2
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, 
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-
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Next, we computed ROC-analyses and calculate 
the AUC values of each combination of variabl 
(EMA versus WQA) and time window (1, 2, 3
or 4 weeks). All four time windows yielded AU
values exceeding 50%, indicating predictions bet
ter than chance on average (Figure 2). The highes 
AUC value was reached by WQA after 4 weeks o
treatment (AUC = 0.77), which was slightly bu
3 
% 
A 
; 
, 
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f
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not significantly larger than its AUC value after 
weeks of treatment (AUC = 0.7; p = 0.143, 95 
CI = [ 0.17 to 0.02]) or the AUC value of EM 
after 4 weeks of treatment (EMA: AUC = 0.73 
p = 0.59, 95% CI = [ 0.19 to 0.11]). In summary
these results indicate that both WQA and EM
provide comparable predictions, which are bette
than chance and become particularly significan
after 3 to 4 weeks of treatment. For the sake o
completeness and comparability, comparison anal
yses between all AUC values and the maximu
Youden’s-index of each time-window are reporte
in Supplementary Table 4.
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Finally, we explored which combination of tim 
window and symptom cutoff yields the optima 
definition of early improvement. Figure 3 show 
the distribution of true positive, true negative 
false negative and false positive predictions fo 
each definition. Additionally, for each d efinitio
we calculated (Table 3): (a) the sensitivity, (b 
the specificity, (c) the Youden-index (y), i.e., th 
percentage of correct predictions, (d) our pre 
definied TNFN ratio, i.e., the ratio between th 
true negative to false negative rate (specificity/(1 
sensitivity)), and (e) the weighted TNFN ratio 
(wTNFN), taking the responder rate found i 
our sample of RR = 48% into account (wTNF 
ratio (RR) = TNFN ratio*((1 RR)/RR)). All bu
two definitions of early improvement yielded pre
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able 2 
ogistic Regression Models Predicting Treatment Response Based on Early Improvement Rates Measured Within Four Different
ime Windows With EMA or WQA

DV/predictors Estimates SE z (p) 95% CI AIC BIC 

Early Improvement in EMA – Depressive symptoms – 1 week

Intercept 0.26 1.12 0.23 (0.817) [ 2.52 to 1.95] 77.82 83.67 
Baseline BDI 0.01 0.03 0.17 (0.866) [ 0.06 to 0.07]
Early Improvement 0.27 0.72 0.38 (0.704) [ 1.79 to 1.14]

Early Improvement in EMA – Depressive symptoms – 2 week

Intercept 0.16 1.13 0.15 (0.884) [ 2.43 to 2.07] 77.19 83.05 
Baseline BDI 0 0.03 0.09 (0.93) [ 0.06 to 0.07]
Early Improvement 0.43 0.51 0.84 (0.399) [ 1.59 to 0.52]

Early Improvement in EMA – Depressive symptoms 3 week

Intercept 0.14 1.17 0.12 (0.906) [ 2.5 to 2.19] 71.52 77.37 
Baseline BDI 0.01 0.04 0.15 (0.883) [ 0.08 to 0.06]
Early Improvement 2.34 1 2.33 (0.02) [ 4.49 to 0.51]

Early Improvement in EMA – Depressive symptoms – 4 week

Intercept 0.51 1.22 0.42 (0.678) [ 1.91 to 2.97] 69.49 75.34 
Baseline BDI 0.02 0.04 0.62 (0.537) [ 0.1 to 0.05]
Early Improvement 2.12 0.87 2.43 (0.015) [ 4.09 to 0.62]

Early Improvement in WQA – BDI – 1 week

Intercept 0.3 1.24 0.24 (0.807) [ 2.15 to 2.77] 74.49 80.35 
Baseline BDI 0.02 0.04 0.52 (0.602) [ 0.1 to 0.05]
Early Improvement 3.05 1.83 1.67 (0.095) [ 7.14 to 0.15]

Early Improvement in WQA – BDI – 2 week

Intercept 0.04 1.24 0.03 (0.977) [ 2.43 to 2.5] 73.6 79.46 
Baseline BDI 0.02 0.04 0.46 (0.643) [ 0.09 to 0.06]
Early Improvement 2.67 1.43 1.87 (0.062) [ 5.83 to 0.15]

Early Improvement in WQA – BDI – 3 week

Intercept 0.61 1.22 0.5 (0.615) [ 3.12 to 1.76] 70.89 76.75 
Baseline BDI 0.01 0.04 0.37 (0.709) [ 0.09 to 0.06]
Early Improvement 3.94 1.7 2.32 (0.02) [ 7.65 to 0.94]

Early Improvement in WQA – BDI – 4 week

Intercept 1.92 1.37 1.4 (0.161) [ 4.8 to 0.71] 62.93 68.78 
Baseline BDI 0 0.04 0.11 (0.911) [ 0.08 to 0.07]
Early Improvement 6.11 1.97 3.11 (0.002) [ 10.53 to 2.7]

N 
Im 
ote. EMA = Ecological Momentary Assessment; WQA= Weekly questionnaire assessment; Sample size in all models is 52. Early

provement is defined as Improvement Rate.
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ictions better than chance (y > 0) and wTNFN 
tios >1, indicating higher numbers of true nega-
ve to false negative predictions. The optimal def-
ition of early improvement was a WQA-assessed 
0% improvement by Week 4, reaching a true
egative rate (specificity) of 22% in combination
a false negative rate of 0%. Accordingly, the

NFN ratio and wTNFN ratio resulted in infinite
alues. Specifically, this definition of early
provement resulted in 48% true positive
= 25), 12% true negative (n = 6), 0% false
n 
p 
egative (n = 0) and 40% false positive (n = 21)
redictions in our sample (Table 3). 
Discussion 
T 
e 
su 
p 
w 
m 

he aim of this study was to investigate whether 
arly improvements in depressive symptoms mea-
red by both EMA and WQA could significantly 
redict treatment response versus nonresponse and 
hich specific definitions of early improvement 
ay be most useful to support clinical decisions.
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FIGURE 2 Receiver Operating Characteristic (ROC) plots for the prediction of treatment response after 7 weeks through ear 
improvement in depressive symptoms measured by ecological momentary assessment or weekly questionnaire assessment within fo 
different time windows. Note. n = 52. The ROC curves illustrate the prediction accuracy of early improvement measured with EMA an 
WQA within four distinct time windows: first treatment week = yellow, first two weeks = red, first three weeks = blue, and first fo
weeks = green. Dots mark specifically investigated rates of early improvement ( 10%, 20%, 30%, and 40%).
treatment prediction through ema 
an d wqa
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Confirming our first hypotheses, we found tha 
early improvements assessed by both EMA an
WQA serve as robust predictors of treatmen
response. Three weeks after treatment initiation
both assessment techniques reached significan
s 
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e
-
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e 
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predictions of responder status. This correspond 
to a treatment dose of 12 sessions (2 individua 
and 2 group sessions per week) and about halftim 
in our study setup. We observed that the predic 
tion accuracies of EMA and WQA did not signifi 
cantly differ from each other. This underlines th
predictive power of EMA. Especially notable i
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GURE 3 Rates of false and correct predictions of treatment response based on different definitions of early improvement. Note. n = 52. 
llowing definitions of early improvement were examined: an improvement in depressive symptoms of 10%, 20%, 30% or 40% after 1, 
, 3 or 4 weeks of treatment as measured by EMA or WQA. All but one definition predict treatment response better than chance (dashed
e). For clinical decision-making it is particularly important that the number of true negatives (light green) is high and, above all, higher than
e number of false negatives (light red).
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at the early improvement assessed via WQA and 
e outcome assessment were homogeneous in 
easurement (both used the BDI-II), whereas the
MA assessment differed from the outcome assess-
ent in both general methodology (EMA vs. retro-
ective assessment) as well as specific items used.
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Our results align with previous studies showing 
at early improvement after 4 weeks of treatment
predictive (Beard & Delgadillo, 2019) of treat-
ent response. However, given the intensity and 
pe of the comprehensive psychiatric care pro-
ram, including two individual and two group ses-
ons of psychotherapy per week, it would have 
lso been reasonable to expect significant predic-
ons as early as 1 or 2 weeks into treatment. Stud-
s on early change patterns show that most
hange in patients’ progress occurs early in treat-
ent, e.g., within the first four sessions (Rubel 
t al., 2015), which corresponds to a treatment 
uration of 1 week in our study setup. Besides, 
udies on dose-effect relationships show that fre-
uent treatment schedules, like in our study (two
g 
fo 
w
2 
w 
th 
ti 
c 
re 
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roup and two single sessions) are more effective 
r the treatment of depression than sc hedules
ith only one session per week (Cuijpers et al .,
013). However, although early improvement 
ithin the initial weeks of treatment is common, 
is does not necessarily mean that it is also predic-
ve for the final treatment outcome. Such early 
hanges could be influenced by nonspecific factors 
lated to stu dy participation, such as expectation
iases (Targum, 202 0). Besides , Lutz et al. (20 17)
owed that the pattern of patients’ early improve-
ent adds beneficial information to the simple 
easure of “how much” they improve. Specifi-
ally, they found three different patterns of early 
hanges within the initial 6 weeks of a web-
ased intervention study for the treatment of 
epression. The trial started with a screening at 
aseline and a registration after 2 weeks, followed 
y 4 weeks of intervention. The three patterns 
und were: continuous improvement starting 
irectly after screening, improvement starting after
gistration (i.e., with a 2-week delay) and linear



5early improvement pred ict s treatment re s ponse in depre s s ion 24

or 
Table 3 
Prediction Metrics of Different Definitions of Early Improvement in Depressive Symptoms Measured by EMA
WQA on Treatment Response to a 7-Week Psychological Treatment

%, 
nt 
d. 
e 
* 
e 
n 

Note. n = 52; The table compares the following definitions of early improvement in predicting treatment response: 10 
20%, 30%, or 40% improvement after 1, 2, 3, or 4 weeks of treatment, measured with Ecological Momentary Assessme 
or Weekly Questionnaire Assessment. In brackets the metrics sensitivity, specificity, and Youden’s-index are reporte 
TNFN denotes the ratio of the true negative to false negative rate (specificity/1 sensitivity). wTNFN denotes th 
weighted TNFN ratio taking the responder rate (RR) of the investigated sample, which was 48% into account (TNFN 
((1 RR )/RR)). Asterisks (*) highlight time windows that significantly predicted treatment response (for details se

Table 2). The cell colors indicate the size of the TNFN ratios (bold) in relation to each other reaching from light gree 
(lower values) to dark green (higher values).
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eterioration starting directly after screening. 
terestingly, the delayed improvement was the 
ost accurate predictor of treatment outcome, fol-
wed by the direct improvement. Therefore, the 
ethodological approach of our study, in which 
e estimated change rates using linear regressions
volving multiple assessment points rather than
mply calculating pre-post differences between
o time points, may have positively impacted
e accuracy of our predictions of both EMA
nd WQA. Another notable finding is that, unlike
me other studies (e.g., Li et al., 2023), we found 
at baseline depression severity (BDI-II scores) 
id not significantly predict treatment response in
ur models, suggesting that early improvement
rovides predictive information beyond initial
mptom levels.

early improvement defin ition
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he second aim of our study was to explore differ-
nt definitions of early improvement, combining 
e four different time windows with four different 
mptom cutoffs. Comparing the AUC values of 
ur ROC-analyses revealed that the significant 
rediction accuracy of the 3-week time window
id not significantly improve when extended to 4
eeks. Additionally, the ROC-analyses revealed
at almost all investigated definitions of early
provement yielded prediction accuracies above

hance, as indicated by positive Youden’s indices
able 3). For the symptom cutoffs, we observed 
at WQA reached the highest ratios between the 
ue negative and false negative predictions with 
symptom improvement of 10%. However,

oth EMA and WQA achieved ratios >1, indicat-
g more true negative than false negative
redictions.
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This suggests that small cutoffs such as a 10% 
provement assessed with WQA 3 to 4 weeks 

fter treatment initiation might serve as a suitable 
redictor of treatment response that could guide 
linicians in their decision about whether to con-
nue or change a psychological treatment in the 
nse of stepped care or modularized therapy. 
he definition identified responders with a sensi-
vity of 100% and nonresponders with a speci-
city of 22% without taking any false negative
rediction into account. This means after 4 weeks
our study, 0 patients (0%) would have been fal-
ly recommended to change their treatment,
hile 6 patients (12%) would have been correctly
dvised to do so and therefore spent 3 weeks
2%) less in an ineffective treatment before con-
dering alternatives. In total, this would have
ved 18 weeks ( 4.5 months) that our clinicians
end treating patients without the prospect of a
re 
ti 
a 
a 
si 
o 

sponse. From a clinical and economic perspec-
ve, examining the ratio between the true negative 
nd false negative predictions is a promising
pproach to advancing the development of deci-
on rules for treatment allocation in the context
f stepped care and personalized therapy.

limitations 
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espite the robustness of our findings, several lim-
ations warrant consideration. First, the lack of 
alidation for the identified definitions of early 
provement underscores the need for further 
search to confirm our results. The time windows 
nd improvement rates used to define early 
provement were chosen pragmatically. Addi-
onally, the modest sample size and unique ther-
py setting of our study, involving intensive 
patient or day clinic treatment with four therapy 
ssions per week and optional concomitant care, 
mits the generalizability of our findings to other 
eatment contexts. Given the intensive treatment 
ose over the 7-week course in a combined group 
nd individual session format, including concomi-
nt inpatient and day clinic care, the question 
mains as to whether the results (3 weeks or 12 
ssions) are transferable to, for example, an out-
atient setting. Therefore, future studies should
im to replicate our findings across diverse treat-
ent durations and intensities, less severe levels
f depression, and different settings. Moreover,
e results need to be validated in a sample with-
ut concomitant care. Although concomitant
harmacotherapy and additional treatments were
ocumented, our sample size did not allow for a
fficiently powered analysis of their potential
ffects on treatment response. Due to the research
esign, detected change in symptoms cannot be
isentangled from psychotherapy effects. There-
re, future studies with larger samples should fur-
er examine their impact. Similarly, the potential
ifferentiating effect of various psychological
eatments as a between-subjects variable could
ot be robustly examined due to limited sample
ze. Since our study was underpowered to detect
otential moderation effects, treatment condition
as therefore not included as a covariate in the
ported models. However, exploratory analyses
sting interactions with early improvement
ielded no significant results. Future research with
rger samples is needed to investigate whether the
redictive value of early change differs across ther-
peutic approaches.
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Exploring alternative methods for assessing 
sponder status could provide deeper insights into 
e comparative effectiveness of EMA and WQA 
ssessments. In our study, we measured treatment
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response with the same measure (namely the BDI 
II) as the WQA-assessed early improvement rates 
This confounds the comparisons between ou 
EMA and WQA predictions, as measuremen 
instruments may predict their own outcomes mor 
accurately than others. Moreover, this opens th
question which measurement instrument migh
generate the most valid and reliable assessmen
of change in depressive symptoms. When compar
ing EMA and WQA, it is also important to con
sider that multiple EMA prompts per day migh
cause higher patient burden than WQA (va 
Genugten et al., 2020). Therefore, it could b 
promising to develop EMA approaches that trac 
depression-related behaviors passively by usin 
wearables (e.g., sleep, activity, stress) and formu 
late EMA items neutrally to avoid systematicall 
drawing patients’ attention to negative aspects 
Moreover, the substantial proportion of missing 
ness in our sample is a limitation of our study 
More than 50% of the originally recruited sampl 
had to be excluded due to dropout and/or missin 
data, which limits our conclusions to patients wh
completed our treatment and assessments. How
ever, exploratory analyses showed that BDI-I
scores at the final available assessment did not sig
nificantly differ between patients who complete
treatment (M = 16.81) and were included in th
analysis sample and those who were excluded
for example due to dropout during treatmen
(M = 19.72, t = 1.45, p = .15).
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Finally, it is important to note that our wTNF 
ratio depends on the responder rate of the popula 
tion. As our prediction analyses were retrospec 
tive, we knew the exact responder rate of ou 
sample. In a prospective study, the responder rat 
would have to be estimated. Especially when hig 
responder rates are expected, it is important t 
prove which TNFN ratios reach their target. Fo 
example, when our TNFN ratios are transferre
to a sample with 90% responders, the TNFN rati
of a WQA-assessed 10% improvement after Wee
3 of TNFN = 8.33 results in a wTNFN <
(wTNFN(RR = 0.9): 8.33 * ((1 0.9)/0.9)
= 0.93). This means that in this sample the TNF
ratio would not have resulted in more true nega
tive than false negative predictions as the rate o
false negative predictions increases proportionall
to the rate of responders.

f
-
-
e 
3 

Conclusion 
In conclusion, our study highlights the potential 
early improvements in depressive symptoms, me 
sured by EMA or WQA, serving as robust predi
tors of treatment response in intensiv
psychological treatments. The insight that after
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weeks of treatment WQA was able to detect non 
responders with a specificity of 33% while takin 
a false negative rate of only 4% into account, cou 
pled with the importance of small cutoffs to yiel 
such high ratios between the specificity and fals
negative rate, offers valuable implications for fur
ther research and the development of clinica
decision-rules. Moreover, they can be used in tria
designs that aim to speed up the development o
psychological treatments such as the “leapfrog
method (Blackwell et al., 2019). By identifyin 
early predictors of treatment response, our find 
ings could help streamline this process, making i 
more efficient. The validation of EMA as an alter 
native tool to WQA inspires further research inves 
tigating its potential when different definitions o 
treatment response are used. However, we recog 
nized that there is little research on how effectiv
nonresponders of one intervention can be treate
with another, which is an important assumptio
of treatment prediction research in any way
Finally, further validation studies are warrante
to confirm our findings and support their integra
tion into clinical practice.

d 
. 

Supplementary data to this article can be foun
online at https://doi.org/10.1016/j.beth.2025.0 
002. 
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D. (2019). Introducing the leapfrog design: A simpl 
Bayesian adaptive rolling trial design for accelerate
treatment development and optimization. Clinical Psycho
logical Science, 7(6), 1222–1243. https://doi.org/10.1177 
2167702619858071. 

, 
f 
c 
, 

Bolin, E., & Lam, W. (2013). A review of sensitivity 
specificity, and likelihood ratios: Evaluating the utility o
the electrocardiogram as a screening tool in hypertrophi
cardiomyopathy. Congenital Heart Disease, 8(5)
406–410. https://doi.org/10.1111/chd.12083. 

, 
d 
d 
g 
. 

Chen, Z., Zhao, S., Tian, S., Yan, R., Wang, H., Wang, X. 
Zhu, R., Xia, Y., Yao, Z., & Lu, Q. (2022). Diurnal moo
variation symptoms in major depressive disorder associate
with evening chronotype: Evidence from a neuroimagin
study. Journal of Affective Disorders, 298, 151–159
https://doi.org/10.1016/j.jad.2021.10.087. 

, 
. 
g 
. 

Colombo, D., Suso-Ribera, C., Fernández-Á lvarez, J. 
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