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Abstract
In individuals at risk of depressive relapse, increases in negative affect and 
affective inertia potentially signal future relapse. This study explored wheth-
er individual negative affective trajectories in remitted previously depressed 
individuals undergoing different relapse prevention treatments can be de-
tected using experience sampling methodology, and their potential clinical 
relevance.

Affect was repeatedly assessed in daily life for eight weeks. Sufficient re-
sponses to be eligible for analyses were provided by 42 (out of 72) previous-
ly depressed participants, and eleven (out of 15) matched never depressed 
controls. Previously depressed individuals had been randomly assigned to 
continuation of antidepressant medication (n = 10), continuation of antide-
pressant medication with preventive cognitive therapy (n = 15), or tapering 
of antidepressant medication with preventive cognitive therapy (n = 17). Re-
lapse was monitored during a 15-month follow-up.

Of the 42 previously depressed participants, 22 relapsed (52%). The re-
sults of the time-varying autoregressive analyses showed that no participant 
demonstrated the expected increased negative affective inertia. Increases in 
negative affect were observed in a small proportion (9%) of previously de-
pressed individuals who subsequently relapsed. Decreases in negative affect 
or negative affective inertia were observed in nine individuals, five of whom 
(56%) nevertheless relapsed later. One never depressed individual demon-
strated decreased negative affective inertia.

The results demonstrate that individual affective trajectories can be 
assessed in individuals receiving relapse prevention treatment. That these 
trajectories vary greatly from person to person might open up the possibility 
of tailoring interventions to individual affective responses. However, given 
their limited relation to subsequent relapse, the clinical relevance of these 
affective trajectories is currently uncertain.
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Introduction
Major Depressive Disorder (MDD) is characterized by a chronic and high-
ly recurrent course (Bockting et al., 2015; Mueller et al., 1999). Individuals 
who have experienced multiple previous depressive episodes are at a very 
high risk of relapse, ranging from 60 to 90% (Eaton et al., 2008; Hardeveld 
et al.,2010; Moffitt et al., 2010). Relapse prevention in previously depressed 
individuals is therefore essential for reducing the burden of MDD. In this pa-
per, it is explored whether individual differences in affective trajectories can 
be discerned, that may ultimately inform personalized relapse prevention in 
depression.

Evidence-based relapse prevention treatments include continuation of 
antidepressant medication (ADM) after the acute phase and psychological 
relapse prevention interventions that start after remission, such as preven-
tive cognitive therapy (PCT; Bockting et al., 2005) and mindfulness-based 
cognitive therapy (MBCT; Teasdale et al., 2000). Meta-analyses of random-
ized controlled trials (RCT) conclude that risk of relapse can be reduced 
by continuation ADM (Glue et al., 2010), preventive psychological therapy 
(Biesheuvel-Leliefeld et al., 2015; Clarke et al., 2015; Piet & Hougaard, 2011; 
Vittengl et al., 2007), or the combination of both (Guidi et al., 2011).

Although the results of the abovementioned RCT’s demonstrate that dif-
ferent relapse prevention strategies do reduce risk of relapse at a group-level, 
many individuals do still experience a subsequent episode despite their use 
of relapse prevention strategies (Guidi, Tomba, & Fava, 2016). There may be 
highly relevant individual differences within a group of a RCT, and the av-
erage effect of a treatment does not apply to every individual in that group 
(Verhagen et al., 2016). For example, subgroups of individuals have been 
identified that respond differently to antidepressant medication (Smagula et 
al., 2015; Uher et al., 2011) and individual differences in response to relapse 
prevention therapy have been found (Ietsugu et al., 2015).

Identifying relevant individual differences may be a promising avenue 
for personalizing relapse prevention strategies, which is one of the current 
challenges of psychological treatment research (Kazdin, 2016). Individual 
differences in affective change may be highly relevant. Higher levels of neg-
ative affect have repeatedly been found prospectively predictive of future re-
lapse (Charles et al., 2013; Rucci et al., 2011), even when assessed once after 
remission using a one-item baseline measure of momentary affect (de Jonge 
et al., 2017; van Rijsbergen et al., 2012; van Rijsbergen et al., 2015). These 
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levels of affect have been hypothesized to represent individual differences 
in vulnerability for future relapse (de Jonge et al., 2017). Affective distur-
bances are at the core of the diagnosis of MDD (American Psychiatric Asso-
ciation, 2013) and levels of affect may change over time (Koval & Kuppens, 
2012). Therefore, potentially, higher levels of negative affect may also repre-
sent within-individual changes in vulnerability for relapse. Examining these 
within-individual changes may be the way forward (Hamaker, 2012).

Indeed, within-individual affective changes may characterize transi-
tions into and out of a depressive state (Hosenfeld et al., 2015), as set forth 
by the complex dynamical system perspective on depression (Cramer et al., 
2016; Hayes et al., 2015). These transitions may differ from person to person, 
as some individuals gradually transition into a depressive state and others ex-
perience abrupt transitions (van de Leemput et al., 2014). It is hypothesized 
that gradual transitions are characterized by increases in negative affect. 
Further, based on the theoretical framework of abrupt transitions (Scheffer 
et al., 2012), it is hypothesized that abrupt transitions into a depressive state 
are preceded by increased negative affective inertia (van de Leemput et al., 
2014). Affective inertia refers to the degree to which affect at one point in 
time can be predicted by the previous point in time, a process in which the 
dynamical system of affect has a tendency to remain as it is (Kuppens, Allen, 
& Sheeber, 2010). One study indeed demonstrated that higher levels of af-
fective inertia may be a precursor of an abrupt transition into a depressive 
state in a large group of females from the general population (van de Leem-
put et al., 2014). Whether these effects were attributable to between-indi-
vidual differences or within-individual change could not be determined, be-
cause within-individual change was not assessed. In sum, within-individual 
increases in negative affect as well as increases in negative affective inertia 
may be early warning signals of future relapse (van de Leemput et al., 2014; 
Wichers et al., 2016).

Empirical studies on these individual transitions in depression are 
scarce. To our knowledge, no studies to date examined whether significant 
within-individual affective change could be detected in a group of previous-
ly depressed individuals undergoing different relapse prevention strategies. 
Recently, a case study examined whether a within-individual increase in in-
ertia preceded relapse in a previously depressed individual who was tapering 
his antidepressant medication (Wichers et al., 2016). As expected, this partic-
ipant showed increased inertia during the period from tapering of ADM until 
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his sudden relapse. However, the generalizability of this single-case study 
is limited and should be replicated in a larger sample, and the specific role 
of change in mean levels of negative affect and negative affective inertia in 
depressive relapse remains to be clarified. In sum, the literature to date is 
limited, but does suggest that increased affective inertia may function as an 
early warning signal of an abrupt transition into a depressive state (Wichers 
et al., 2016).

Affective inertia and changes therein can be assessed using experience 
sampling methodology (ESM). With ESM, affect is repeatedly assessed 
throughout the course of daily life. The resulting time series of affect provide 
information on how levels of affect and affective inertia may change within 
an individual. Recently developed time series analyses can simultaneously 
model within-individual changes in both mean levels and inertia (Bring-
mann et al., 2016). Thereby, ESM may be ideally suited for unveiling with-
in-individual affective change.

The current paper describes a tentative step towards detecting individ-
ual negative affective trajectories that may signal future relapse using ESM. 
The primary aim of the current study was to examine whether individual dif-
ferences in trajectories during different relapse prevention strategies could 
be discerned within groups of currently remitted individuals at high risk for 
depressive relapse. It was hypothesized that affective trajectories would vary 
from person to person. To this end, remitted recurrently depressed individu-
als were recruited and included alongside a relapse prevention trial ́ Disrupt-
ing the rhythm of depression´ (Bockting et al., 2011). In this RCT, participants 
were randomized to PCT while tapering continuation ADM (PCT – ADM), 
to continuation ADM (ADM), or to the combination of both (PCT + ADM). 
The aim of the current paper is to utilize the context of the RCT to examine 
whether different individual affective trajectories may be discerned with-
in groups of individuals assigned to the same relapse prevention strategy. 
Comparing the different arms of the trial is beyond the scope of this paper. A 
matched never depressed control group was added to examine whether such 
within-individual affective changes are specific for previously depressed in-
dividuals receiving relapse prevention treatments.

A second aim of this study is to tentatively explore whether these indi-
vidual trajectories during treatment are indeed relevant for subsequent de-
pressive relapse. To this end, it was descriptively explored whether increases 
in negative affect or negative affective inertia might signal future depressive 
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relapse as assessed using repeated clinical interviews over 15 months. It was 
hypothesized that increases in negative affect or negative affective inertia 
would be discerned in a subset of individuals that relapsed and that decreases 
in negative affect and negative affective inertia would be observed that might 
signal decreased vulnerability for depressive relapse. If indeed individual 
affective trajectories can be discerned that are predictive of future relapse, 
these may be an important first step towards the development of innovative 
personalized relapse prevention strategies.

Materials and method
Participants
Remitted recurrently depressed individuals were recruited alongside the 
RCT ‘Disrupting the rhythm of depression’. Participants were included in 
this RCT when they satisfied the following three criteria:

1. they had a history of at least two previous depressive episodes, as 
assessed with the Structured Clinical Interview for DSM-IV (SCID-I; 
First et al., 1997).
2. were currently remitted (score ≤ 10 on the Hamilton Rating Scale 
for Depression; HRSD; Hamilton, 1960)
3. and used antidepressant medication for at least six months.
More details of the in- and exclusion criteria of the RCT ‘Disrupting the 

rhythm of depression’ are described in Bockting et al. (2011). Ethical approv-
al had been obtained from the ethics committee of the University Medical 
Centre Groningen (METc 2009/158) for the ‘Disrupting the rhythm of de-
pression’ trial as well as for the addendum on the ESM study in a subsample 
of the RCT.

As depicted in the flowchart in Figure 7.1 (for a more detailed flowchart, 
see supplemental materials), 72 participants were eligible for inclusion in the 
current study. In line with Delespaul (1995), only participants who complet-
ed more than 30% (72 out of the possible maximum of 240) of the reports 
were eligible for analyses, resulting in a sample of 42 previously depressed 
individuals eligible for analyses in the current study.

Never depressed participants were recruited via advertisements on so-
cial media, posters, and word of mouth. They were selected to match the 
previously depressed participants on age, gender and educational level. Ex-
clusion criteria were any current axis-1 disorder or a depressive episode in 
the past, as assessed with the SCID-I, and current use of ADM. Of the 15 
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Figure 7.1. 
Flowchart from recruitment for the additional ESM study to eligibility for 
analyses.

included never depressed participants, four participants were insufficiently 
compliant (Delespaul, 1995), resulting in a final sample of 11. Ethical approval 
for this never depressed sample was obtained from the University of Gronin-
gen Ethical Committee of the Psychology Department (ppo-014-043). Nev-
er depressed participants received a 10 euro gift certificate. All participants 
provided written informed consent. The baseline characteristics for the pre-
viously depressed and never depressed groups can be found in Table 7.1.

Procedure
The procedure as described in the RCT protocol (Bockting et al., 2011) was 
followed, with the adjustment that PCT was administered individually rath-
er than in groups, and the addition of the ESM procedure (described below). 
Participants in the PCT + ADM and PCT – ADM groups received eight week-
ly sessions of individual PCT, administered by trained psychologists using the 
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treatment manual (Bockting, 2009). In the PCT – ADM group, participants 
were instructed to gradually taper ADM in four weeks guided by their gen-
eral practitioner or psychiatrist, who was also informed and advised. In the 
ADM and PCT + ADM groups, participants and their general practitioners or 
psychiatrists were advised to continue ADM. The ESM procedure took place 
during the first eight weeks of the study (parallel to the PCT).

Experience sampling method procedure
The experience sampling app ‘Imagine your mood’ was developed and pro-
grammed using TEMPEST software (Batalas & Markopoulos, 2012). Partic-
ipants could use the ‘Imagine your mood’ app on their own smartphone. If 
needed, a smartphone was made available for the duration of the ESM study 
period. The app was set to trigger questionnaires ten times a day, three days 
a week (on Thursdays, Fridays and Saturdays), for eight weeks, resulting in 
a maximum of 240 completed reports. The triggers were set semi-randomly, 
between the hours of 7.30 AM and 10.30 PM, with a maximum of one trigger 
per 90-minute interval and a minimum of 30 minutes between triggers.

All participants were assigned a trained assistant. During an approxi-
mately one-hour face-to-face briefing the assistant installed the app, ex-
plained the ESM procedure, helped practice the brief questionnaire, and an-
swered any questions. Participants were instructed to respond to a trigger as 
soon as possible, and answer the brief questionnaire about the moment just 
before the trigger. Participants were not informed about the five-minute time 
limit that was set. During the eight-week ESM period, the ESM procedure 
was monitored using weekly semi-structured telephonic interviews. During 
these monitoring phone calls ADM dosage was assessed. Participants were 
invited to contact their assistant for any questions or technical difficulties.

Measures
Days to relapse
Current and previous depressive episodes were monitored using telephonic 
interviews (SCID-I) during a 15-month follow-up period at three, nine, and 
fifteen months after the start of the study. If participants had relapsed, they 
were instructed to pinpoint the exact date of relapse, if necessary by con-
sulting their diary or by identifying important events to remember whether 
or not the depressive episodes had occurred by that time (i.e. the life chart 
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method). Based on these interviews, days to relapse in days from the start of 
the study was calculated.

Momentary negative effect
Adjectives to assess negative affect were selected based on discussions 

in our research team, taking into account both previous research (e.g. Wich-
ers et al., 2015), and the adjectives described in the diagnostic criteria of a 
depressive episode (American Psychiatric Association, 2013). Ratings of the 
adjectives (anxious, angry, lonely, irritated, down, suspicious, helpless, guilty, 
insecure; on a 0–100 VAS) were averaged to a negative affect scale per mo-
ment per individual.

Analyses
The individual time series were analyzed to assess the presence of signif-
icant change in mean levels of negative affect or negative affective inertia. 
Semi-parametric time-varying autoregressive analyses were used, following 
the guidelines (i.e. Bringmann et al., 2016). These analyses are suited for de-
tection of gradual change without a priori assumptions about the shape of 
this change, although sudden changes are a violation of assumptions. More 
details on the analyses are described in the supplemental materials.

Varying or invariant mean: If the time series were found to vary over 
time, the plotted inferred mean was inspected to assess the presence and di-
rection of change. Based on the inferred mean at the beginning and the end 
of each individuals’ time series, the within-individual change was estimat-
ed to describe the time-varying process. Within-individual changes in mean 
scores of less than 5 points (<5% of the 0–100 scale) were not considered as 

Note to Table 7.2. Participant numbers of previously depressed participants 
start with a ‘p,’ and those of never depressed control participants start with a 
‘c.’ The estimated start values and end values of the within-individual chang-
es are in boldface.
ADM = assigned to the antidepressant medication continuation arm of the 
trial, PCT + ADM = assigned to the antidepressant medication continuation 
in combination with preventive cognitive therapy arm of the trial, PCT – 
ADM = assigned to the arm of the trial that combines preventive cognitive 
therapy with tapering of antidepressant medication. o = no relapse, * relapse 
during the first four weeks of the ESM study period, ** relapse at the end of 
or within three weeks after the ESM study period.
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Table 7.2
Individual summaries of the invariant or varying negative affect and negative 
affective inertia, including tapering during ESM and relapse up until 15 months

Mean Inertia Days to 
relapse Mean Inertia Days to 

relapse
ADM PCT – ADM; Complete tapering
p1 22 → 02 00.3 o p26 10 → 19 00.8 → 0.2 232

p2 38 → 13 00.0 300 p27 06 → 21 00.3 065**

p3 17 → 09 -0.1 o p28 25 00.4 350

p4 02 0a 102 p29 14 d 0d 023* 

p5 07 0a 164 p30 16 00.7 092**

p6 22 d 0d o p31 15 0h 104

p7 08 d 0d o PCT – ADM; Partial tapering
p8 27 00.3 o p32 19 d 0d o

p9 06 00.3 o p33 07 00.1 o

p10 14 00.4 o p34 19 d 0d o

PCT + ADM PCT – ADM; No tapering
p11 28 → 07 00.2 182 p35 33 → 3 0d o

p12 04 -0.2 318 p36 50 → 30 0a 170

p13 23 → 04 00.4 → -0.1 o p37 27 0a 008* 

p14 28 → 19 d 00.0 409 p38 56 00.4 063**

p15 03 0a o p39 45 00.7 o

p16 11 00.3 234 p40 05 00.1 o

p17 27 00.6 245 p41 17 0h 138

p18 16 00.6 014* p42 13 0h o

p19 10 00.4 060** Never depressed control participants
p20 04 00.2 134 c1 05 d 0d

p21 03 00.3 316 c2 05 00.7 → -0.1

p22 07 00.4 o c3 05 -0.2

p23 15 00.5 o c4 05 00.6

p24 10 00.3 o c5 09 00.3

p25 19 00.0 o c6 04 00.4

c7 02 00.1

c8 04 00.4

c9 04 00.0

c10 05 00.0

c11 05 00.2
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relevant changes. If the time series were found to be invariant or if no (rel-
evant) change in the plotted mean was detected, the overall mean negative 
affect score was used to summarize the invariant processes.

Varying or invariant inertia: If the autoregressive parameter was found 
to be time-varying, the directionality of change was described using the ini-
tial value and the end value of the smooth curve of the autoregressive param-
eter for each individuals’ time series. If the autoregressive parameter was 
found to be invariant, the level of negative affective inertia was estimated.

Finally, it was tentatively explored whether these within-individual af-
fective trajectories were related to subsequent relapse based on descriptive 
statistics.

Results
Compliance and relapse rates
During the ESM study period, all participants assigned to the continuation 
group (ADM) continued their antidepressant medication. Of the participants 
assigned to tapering (PCT – ADM), 9 (53%) partially or completely tapered 
their antidepressant medication. All individuals assigned to PCT completed 
the therapy (i.e. attended at least five sessions, in line with Bockting et al., 
2005). The compliance per condition is depicted in the supplemental mate-
rials.

The overall relapse rate over 15 months was 52%; 22 previously de-
pressed individuals relapsed. Three individuals experienced a relapse that 
started during the first weeks of ESM study period and four others relapsed 
at the end of this period or soon after (within three weeks). Relapse rates per 
group were 59% in the PCT – ADM group, 60% in the PCT + ADM group, 
and 30% in the ADM group. None of the included participants dropped out 
during the 15 months follow-up.

Results of all individual analyses
A summary of the results of the time-varying autoregressive analyses for all 
participants can be found in Table 7.2 (a comprehensive overview of these 
results can be found in the supplemental materials, including two examples 
of individual analyses and a reflection on issues that arose during analyses). 
For all participants, the invariant or changing negative affect and negative af-
fective inertia are summarized, including information on group-assignment, 
tapering of ADM, and days to relapse. Because not all participants in the PCT 
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Table 7.3
Summaries of within-individual negative affective trajectories

NA NA inertia Time-in-

variant
Other

  n Increase Decrease Increase Decrease

Previously depressed individuals

Total 42 2b (5%) 8a, c (19%) 0 2a, b (5%) 25 (60%) 8c (19%)

Per condition

ADM 10 0 3a (30%) 0 0 05 (50%) 2 (20%)

PCT + ADM 15 0 3a (20%) 0 1a (7%) 11 (73%) 1 (7%)

PCT – ADM 17 2b (12%) 2c (12%) 0 1b (6%) 09 (53%) 5c (29%)

Relapse

Yes 22 2b (9%) 4c (18%) 0 1b (5%) 11 (50%) 6c (23%)

*At the start 03 0 0 0 0 02 (67%) 1 (33%)

**At the end/

soon after
04 1 (25%) 0 0 0 03 (75%) 0

***Later 15 1b (7%) 4c (27%) 0 1b (7%) 06 (40%) 5c (33%)

No 20 0 4a (20%) 0 1a (5%) 14 (70%) 2 (10%)

Never depressed individuals

Total 11 0 0 0 1 (9%) 10 (91%) 0

Note. * relapse during the first four weeks of the ESM study period, ** relapse 
at the end of or within three weeks after the ESM study period, *** partic-
ipant started to relapse later than three weeks after the ESM study period, 
NA = negative affect, Time-invariant = the time series did not demonstrate 
a structural change of time (fluctuations over time may have been present), 
Other = model could not be fitted or interpreted, ADM = assigned to the anti-
depressant medication continuation arm of the trial, PCT + ADM = assigned 
to the antidepressant medication continuation in combination with preven-
tive cognitive therapy arm of the trial, PCT – ADM = assigned to the arm of 
the trial that combines preventive cognitive therapy with tapering of antide-
pressant medication, a = one individual (p14) displayed both decreased nega-
tive affect and negative affective inertia, b = one individual (p26) experienced 
increased negative affect and decreased negative affective inertia, c = one 
individual (p39) demonstrated decreased negative affect while the analyses 
could not be interpreted in terms of invariant or changing inertia. Because of 
a + b + c not all rows add up to 100%.
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– ADM group complied with the instruction to taper their ADM, the sub-
groups of individuals who tapered their ADM completely, partially, or not at 
all were described separately.

Exploring within-individual change per group
Table 7.3 shows the total number of individuals per group that displayed in-
creases or decreases in negative affect or negative affective inertia. Individu-
al affective trajectories could indeed be discerned within each group. With-
in-individual decreases in negative affect were observed in the ADM and 
PCT + ADM groups. In the PCT – ADM group, both increases and decreases 
in negative affect were observed. No increases in negative affective inertia 
were observed in any previously depressed individual, including those who 
relapsed at the end or soon after the ESM study period. Decreases in neg-
ative affective inertia were detected in the PCT + ADM and PCT – ADM 
groups. Decreased negative affective inertia was also observed in one never 
depressed individual.

It was tentatively explored whether within-individual affective trajec-
tories would be related to relapse in the 15-month follow-up period. The ex-
pected increases in negative affect were observed in two (out of 42 = 5%) 
previously depressed individuals, both of whom relapsed. Thus, increases in 
negative affect were observed in a small minority of previously depressed 
individuals that relapsed (2 out of 22 = 9%) and no increases in negative af-
factive inertia were observed. Out of the 42 previously depressed individ-
uals, nine (21%) demonstrated decreased negative affect or negative affec-
tive inertia. Of these nine individuals, five (56%) did subsequently relapse. 
Unexpectedly, a decrease in negative affective inertia co-occurred with an 
increase in negative affect in one previously depressed individual.

Discussion
This study explored whether individual affective trajectories can be dis-
cerned that may ultimately inform tailored relapse prevention strategies in 
depression. The results demonstrate that individual trajectories in negative 
affect can indeed be detected using experience sampling methodology. Fur-
ther, the results suggest that affective responses while receiving various re-
lapse prevention treatments may vary greatly from person to person. As an il-
lustration, two individuals in the group that received PCT while tapering an-
tidepressant medication experienced increases in negative affect, while two 
others experienced decreases. However, the majority of previously depressed 
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individuals that relapsed did not demonstrate the expected increases in neg-
ative affect or negative affective inertia; only two of the previously depressed 
individuals showed an increase in negative affect and none displayed the ex-
pected increase in negative affective inertia. Furthermore, of the nine pre-
viously depressed individuals that experienced decreases in negative affect 
or negative affective inertia, the majority (56%) nevertheless subsequently 
relapsed. Finally, a decrease in negative affective inertia was also observed 
in a never depressed participant, suggesting that these affective changes may 
not be specific for depressive relapse. Thus, although individual negative af-
fective trajectories can be observed in previously depressed individuals un-
dergoing different relapse prevention strategies, the results cast doubt upon 
their presumed relevance for depressive relapse in recurrent depression.

The current results demonstrate that, within previously depressed in-
dividuals, levels of negative affect and negative affective inertia may change 
over time. Thus, individual affective differences are made up of both be-
tween-individual overall differences and within-individual trajectories. Lev-
els of affect in remitted recurrently depressed individuals have previously 
been found to be prospectively predictive of relapse (van Rijsbergen et al., 
2012) and future depressive symptomatology (de Jonge et al., 2017; van Ri-
jsbergen et al., 2015). However, in contrast to our expectation, our tentative 
analyses did not support the hypothesis that within-individual affective 
changes signal whether an individual will or will not subsequently relapse. 
This raises the question whether between-individual differences in abso-
lute levels of affect after remission might be better predictors of future re-
lapse than within-individual changes. Furthermore, it needs to be examined 
whether changing affect in previously depressed individuals alters their vul-
nerability for future relapse.

Importantly, the within-individual affective changes found in the cur-
rent study may not have occurred in isolation of between-individual differ-
ences. For example, previously depressed individuals who experienced de-
creased negative affect may have been those characterized by worse affect at 
the start of the ESM study period, i.e. individuals with more room for nega-
tive affective improvement. The question whether within-individual affec-
tive changes contribute to between-individual differences in levels of affect 
could not be examined in the current study, due to methodological limita-
tions (Bringmann et al., 2016) and power issues (Button et al., 2013). In order 
to examine the added value of individual trajectories to between-individual 
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differences, multilevel TV-AR analyses are needed that can incorporate both 
within-individual changes and between-individual differences. To under-
stand the role of affect in depressive relapse, future studies should examine 
within-individual affective changes while taking between-individual differ-
ences into account.

Unexpectedly, none of the previously depressed individuals displayed 
the expected increases in negative affective inertia. So the finding of Wichers 
et al. (2016) that relapse was preceded by increased inertia in a case study 
and could be of use as early warning signal was not replicated in a sample of 
42 remitted recurrently depressed patients. The current results do not ful-
ly falsify the hypothesis that abrupt transitions are preceded by increases in 
negative affective inertia (van de Leemput et al., 2014), given that abruptness 
of transitions was not assessed. Furthermore, the ESM study period was lim-
ited to 8 weeks while many individuals relapsed many months later. Possibly, 
early warning signals can only be detected just before a critical transition. 
However, no increases in negative affective inertia were observed in the four 
patients that relapsed at the end or soon after the ESM study period. This 
finding demonstrates the need to study in a larger patient samples whether 
increased inertia is of clinical relevance. That is to examine whether abrupt 
transitions are indeed preceded by increased inertia, whether affect dynam-
ics contribute to the prediction of relapse over and above mean levels of 
affect (Wichers, Wigman, Bringmann, & de Jonge, 2017), but also whether 
increased inertia can be a warning signal rather than a signal of the advent 
of an inevitable depressive episode. This latter question may be of particu-
lar clinical relevance, given that in the daily life of a patient, continuing the 
high-intensive ESM procedure for years (or lifelong) until relapse might not 
be feasible for practical reasons and the burden this may pose.

A cause for concern is that the ESM procedure including the mood mon-
itoring may have impacted participants and results. In a previous study, mon-
itoring affect using ESM in depressed individuals resulted in improvements 
in empowerment (Simons et al., 2015). However, the ESM procedure may 
also have posed a burden on participants, as evidenced by anecdotal reports. 
Several previously depressed participants self-reported increased sad mood, 
anxiety and irritation in response to the ESM procedure. Experience sam-
pling methodology might increase individuals’ awareness of symptomatolo-
gy (Walz, Nauta, & aan het Rot, 2014). Answering the brief questionnaire may 
have been confronting and unpleasant, especially when participants were 
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experiencing negative mood states or mental representations (Palmier-Claus 
et al., 2011). Furthermore, it has been observed before, in ESM studies that 
assessed intrusions in post-traumatic stress disorder, that monitoring expe-
riences using experience sampling methodology may enhance symptoms 
(Chun, 2016). Finally, monitoring mood may also have positively moderated 
effects of the preventive cognitive therapy, thereby tampering with the de-
sign of the RCT. Anecdotal reports from therapists suggest that monitoring 
may have facilitated recognition of patterns of emotions, cognitions, and be-
haviors. Thus, further investigation of effects of ESM is needed and monitor-
ing of potential adverse effects of ESM is of importance.

The overall relapse rate of 52% over 15 months (N = 42) in the current 
study is in line with other relapse prevention studies with closely compa-
rable follow up time that investigated individuals with a history of multi-
ple depressive episodes taking antidepressant medication (46%, N = 424; 
Kuyken et al., 2015), and (47%, N = 249; Huijbers et al., 2016), although a 
smaller study found a somewhat lower relapse rate (37%, N = 68; Huijbers et 
al., 2015). These results show that relapse rates remain “unacceptably high“ 
(Bockting et al., 2015, p. 24) and thereby underscore the need for improving 
depressive relapse prevention.

Summary and conclusion
The results suggest that individual affective trajectories while receiving 
relapse prevention treatments can be assessed using experience sampling 
methodology in a relatively large sample of remitted recurrently depressed 
individuals. The results further show that these trajectories may vary greatly 
from person to person. On the one hand, this might open up the possibility of 
tailoring interventions to individual affective trajectories. On the other hand, 
within-individual increases in negative affect were only found in a very small 
proportion (9%) of previously depressed individuals who subsequently re-
lapsed. Moreover, five out of the nine (56%) individuals that demonstrated 
decreases in negative affect nevertheless relapsed. These results therefore 
call into question whether these individual differences are currently clinical-
ly meaningful. Future studies should further examine the clinical relevance 
of affect dynamics and individual trajectories in depression, taking into ac-
count between-individual differences, using larger patient samples. 
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Supplemental materials
A note on participant inclusion
After the addendum on the ESM study had been approved, all newly includ-
ed participants for the RCT ‘Disrupting the rhythm of depression’ were di-
rectly recruited for the additional ESM study as well. Previously included 
participants for the RCT ‘Disrupting the rhythm of depression’ on the wait-
ing list for the start of the study procedure were also recruited for the addi-
tional ESM study. The newly included participants were randomly assigned 
to condition after inclusion, whereas participants recruited via the waiting 
list had been randomly assigned to condition before inclusion in the addi-
tional ESM study, resulting in potential biases in the latter group. As depicted 
in the flowchart in Figure 7.2, 72 participants were eligible for inclusion in 
the current study, 51 of whom were newly included and 21 were recruited via 
the waiting list.

Compliance rates per condition
Antidepressant use during the ESM study period and completion of the pre-
ventive cognitive therapy per condition is listed in Table 7.4.

Table 7.4
Antidepressant use during the ESM study period and completion of the preven-
tive cognitive therapy (> 5 sessions) per condition

ADM
(n = 10)

PCT + ADM
(n = 15)

PCT – ADM
(n = 17)

Antidepressant use during ESM study period

Complete tapering - - 6 (35%)

Partial tapering - 1 (7%) 3 (18%)

No change 10 (100%) 13 (87%) 8 (47%)

Increase - 1 (7%) -

Completed PCT n.a. 15 (100%) 17 (100%)

Note. PCT = Preventive cognitive therapy.
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More details on the time-varying autoregressive analyses
The affect score at a time point in the affective process (yt) can be estimated 
based on a function of the intercept (β0), the autoregressive parameter (β1; 
inertia) and the previous time point (yt-1), as displayed in Equation 7.1. The 
residuals (ɛt) are mutually independent and assumed to come from a nor-
mal distribution with constant variance. The mean level of negative affect is 
thus dependent on both the intercept and the autoregressive parameter (see 
Equation 7.1). Therefore, both changes over time in the intercept and in the 
autoregressive parameter may result in changes in the mean.

Negative affectt = β0,t + β1,t Negative affectt-1+ ɛt

Using non-parametric smooth functions, both the intercept and the 
autoregressive parameter could be allowed to vary over time. The default 
settings (a number of 10 basis functions and the thin plate spline regression 
basis) and a time-lag of 1 were used. Additional missing data points were 
imputed at the end of the day so that the first response of a day did not 
immediately follow the last response of the previous day. The following 
three indexes were used to examine whether the intercept or autoregressive 
parameter varied over time.

1. Improved model fit (Bayesian information criterion; BIC). If al-
lowing the intercept or autoregressive parameter to change over time 
reduced the BIC compared to an invariant model (without smooth func-
tions for the intercept and autoregressive parameter), the model fit was 
indicative of a time-varying process.
2. A significant time-varying intercept (the smooth parameter for the 
intercept). Because a time-invariant parameter is already automatically 
included in the model, a significant (p < .05, two-tailed) time-varying in-
tercept could be interpreted as a significant change in the intercept over 
time.
3. A significant (p < .05, two-tailed) time-varying autoregressive func-
tion (the smooth parameter for the autoregressive function). This pa-
rameter may not only represent a significant change in inertia over time, 
but also a significant time-invariant autoregressive parameter. There-
fore, this index was only taken to be potentially indicative of a time-vary-
ing process if the effective degrees of freedom was larger than 1 (edf; 
Shadish, Zuur, & Sullivan, 2014).

(7.1)
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Additionally, plots were generated of all individual time series accom-
panied by the plotted smooth curves of the intercept and the autoregressive 
parameter, and the plotted inferred mean (a function of the intercept and 
autoregressive parameter). These were visually inspected to detect problems 
with lagged missingness, fluctuations, outliers, and sudden changes. More-
over, the plotted smooth curves of the intercept and the autoregressive pa-
rameter, and the plotted inferred mean were visually inspected to describe 
the direction of change. If the smooth curves or inferred mean seemed to de-
viate from a horizontal line, the plots were described as indicative of change.

For some individuals, these indexes presented conflicting results. For 
example, when allowing the intercept to vary over time improved model-fit 
while no significant time-varying intercept was found. In these cases, the re-
sults were discussed in the research team (CS, NSK, LFB) until consensus 
was reached or it was decided that the results could not be interpreted in 
terms of varying or invariant time series. In this process, the issues that may 
have contributed to these conflicting results were inventoried per individual. 
The residuals were inspected to assess whether they indicated autocorrela-
tion over time, satisfied the equal variance assumption, and were normally 
distributed.

More details on results of the individual time-varying 
autoregressive analyses
Two examples of individual analyses
The time-varying autoregressive analyses of two participants are presented 
as examples. These examples were selected to illustrate the diversity in indi-
vidual trajectories.

Example 1: Time-invariant time series (participant p19)
Participant p19 interestingly relapsed three weeks after the end of the ESM 
study period. Figure 7.3 depicts the plotted smooth curve of the intercept (a), 
the smooth curve of the autoregressive parameter (b), and inferred mean (c) 
for the time series of participant p19. These time series are exemplary of a 
time-invariant process. The first two indexes did not indicate a time-vary-
ing process (no improvement in model fit and no significant time-varying 
intercept). The plotted smooth curve of the intercept (panel a) indeed did 
not seem to deviate from a horizontal line. The third index, a significant 
time-varying autoregressive function (F = 10.51, p < .01, edf = 2.00, ref.df = 2.00) 
may have been indicative of change. However, this appears to represent a 
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significant time-invariant autoregressive parameter rather than significant 
change in inertia over time, given that the smooth curve of the autoregressive 
parameter (panel b) did not seem to deviate from a horizontal line. Finally, 
the plotted inferred mean (panel c) demonstrates no significant change over 
time. Thus, no structural changes over time in levels of negative affect and 
negative affective inertia were observed in this participant.

Example 2: Change in mean levels and inertia of negative affect 
(participant p26)
Participant p26 relapsed six months after the ESM study period. For this 
participant, all thee indexes were indicative of a time-varying process. These 
time-varying processes can be observed in the plotted smooth curve of the 
intercept (a), the smooth curve of the autoregressive parameter (b), and in-
ferred mean (c) in Figure 7.4. First, the model fit (BIC) improved when the 
intercept and autoregressive parameter were allowed to change over time. 

Figure 7.3
The plotted time series of negative affect for participant p19, including the plot-
ted smooth curve of the intercept (a), smooth curve of the autoregressive pa-
rameter (b), and inferred mean (c; with 95% confidence intervals plotted around 
them). An example of time-invariant time series.
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Figure 7.4
The plotted time series of negative affect for participant p26, including the 
plotted smooth curve of the intercept (a), smooth curve of the autoregressive 
parameter (b), and inferred mean (c; with 95% confidence intervals plotted 
around them). An example of time-varying negative affect and negative affec-
tive inertia.

Second, the time-varying intercept was significant (F = 6.67, p < .01, edf = 2.08, 
ref.df = 2.61), and an increase in the intercept could be observed in panel a. 
Third, the time-varying autoregressive function was significant (index 3; 
F = 57.10, p < .01, edf = 2.00, ref.df = 2.00), and panel b shows a decrease in 
negative affective inertia. Finally, the increase in the plotted inferred mean 
in panel c deviated from a horizontal line. The plotted inferred mean does 
show some peaks that may be considered as outliers, but these do not appear 
to impact the 95% CIs. Thus, interestingly, the time series of this participant 
describe a process of simultaneous increase in negative affect and decrease 
in negative affective inertia.
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Comprehensive results of all individual analyses
The comprehensive model fit results per participant are displayed in Table 
7.5, as well as information on days to relapse and issues that arose during the 
analyses. Issues that arose were: insufficient number of time points per indi-
vidual (limited lagged missingness), outliers, sudden changes, and floor ef-
fects. The latter were particularly prevalent in the group of never depressed 
controls. For three participants, the analyses could not be fitted due to viola-
tion of assumptions and for another five participants the analyses could not 
be interpreted in terms of invariant or changing mean levels or inertia, i.e. 
whether or not there was a significant within-individual change in negative 
affect or negative affective inertia could not be assessed. Thus, the analyses 
could not be fitted or interpreted in eight (out of 42; 19%) previously de-
pressed participants. Fluctuations over the eight-week study period in mean 
levels or inertia of negative affect were observed in eight individuals (out 
of the total of 52; 15%; 7 previously depressed). Time series were deemed 
time-invariant if the fluctuations over the eight-week study period occurred 
around a certain level, without structural changes over time. Such time-in-
variant time series were observed in the majority of individuals (35 out of the 
total of 52; 67%; 25 previously depressed).
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Table 7.5
Model fit results per participant and individual summaries of the invariant or 
varying negative affect and negative affective inertia, including tapering during 
ESM and relapse up until 15 months

Partici-
pant

Compl. 
reports

Model 
fit

Intercept
Auto-

regressive
Mean Mean 

negative 
affect

Inertia of 
negative 

affect

Days 
to 

relapse
Issues

Test Plot Test Plot Plot

ADM

p1 196 Yes Yes Yes Yes No Yes 22 → 02 00.3 o

p2 155 Yes Yes Yes No No Yes 38 → 13 00.0 300

p3 125 Yes Yes Yes No No Yes 17 → 09 -0.1 o

p4 176 Yes Yes No Yes a a 02 d a 102 d, e

p5 097 Yes No No Yes No Yes 07 d a 164 b, c, d

p6 096 No No No Yes Yes Yes 22 d d o b, d

p7 174 No No No Yes Yes Yes 08 d d o d, e, f

p8 153 No No No Yes No No 27 d 00.3 o

p9 155 No No No Yes No No 06 d 00.3 o b

p10 78 No No No No No No 14 d 00.4 o

PCT + ADM

p11 161 Yes Yes Yes Yes No Yes 28 → 07 d 00.2 18200

p12 197 Yes Yes Yes No No Yes 04 -0.2 31800 d, g

p13 080 Yes No No Yes Yes Yes 23 → 04 d 0.4 → -0.1 o c

p14 142 No Yes Yes No No Yes 28 → 19 d 00.0 40900 d

p15 151 No No No Yes Yes No 03 a o b, d, e

p16 166 No No No Yes No Yes 11 00.3 23400 b, d

p17 184 No No No Yes No Yes 27 00.6 24500 d

p18 155 No No No Yes No Yes 16 00.6 014*00

p19 219 No No No Yes No No 10 00.4 060**

p20 201 No No No Yes No No 04 00.2 13400 e

p21 178 No No No Yes No No 03 00.3 31600 c

p22 224 No No No Yes No No 07 00.4 o

p23 158 No No No Yes No No 15 00.5 o b

p24 143 No No No No No No 10 00.3 o b

p25 126 No No No No No No 19 00.0 o

(continued)
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Partici-
pant

Compl. 
reports

Model 
fit

Intercept
Auto-

regressive
Mean Mean 

negative 
affect

Inertia of 
negative 

affect

Days 
to 

relapse
Issues

Test Plot Test Plot Plot

PCT – ADM; Complete tapering

p26 214 Yes Yes Yes Yes Yes Yes 10 → 19 0.8 → 0.2 23200

p27 149 Yes Yes Yes Yes No Yes 06 → 21 00.3 065**

p28 159 Yes No No No No No 25 d 00.4 35000

p29 203 No No No Yes Yes Yes 14 d d 023*0 c, d

p30 188 No No No Yes No No 16 d 00.7 092** b

p31 224 h h h h h h 15 d h 10400 f, g

PCT – ADM; Partial tapering

p32 148 No Yes Yes Yes Yes Yes 19 d d o d, f

p33 139 No Yes No No No Yes 07 d 00.1 o g

p34 082 No No No Yes Yes Yes 19 d d o c, d

PCT – ADM; No tapering

p35 081 Yes Yes Yes Yes Yes Yes 33 → 03 d o d

p36 197 Yes No No Yes a Yes 50 → 30 a 17000

p37 129 No No No Yes No Yes 27 a 008*0 d

p38 150 No No No Yes No No 56 00.4 063**

p39 169 No No No Yes No No 45 00.7 o c

p40 183 No No No No No No 05 00.1 o e

p41 145 h h h h h h 17 h 13800 c, f

p42 134 h h h h h h 13 h o c, f

Never depressed control participants

c1 224 Yes Yes Yes Yes Yes No 5 d d b, d, f, g

c2 155 Yes No No Yes Yes Yes 5 d 0.7 → -0.1 e, g

c3 095 Yes No Yes No No Yes 5 d -0.2 c, e, g

c4 119 Yes No No Yes No No 5 d 00.6 b, c, e

c5 168 No Yes Yes No No Yes 9 d 00.3 d, g

c6 139 No No No Yes No No 4 d 00.4 c, e

c7 156 No No No No No No 2 d 00.1 b, e

c8 185 No No No No No No 3 d -0.1 e

c9 090 No No No No No No 4 d 00.0 e

c10 138 No No No No No No 5 d 00.0 c, e

c11 078 No No No No No No 5 d 00.2 c, e
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Note to Table 7.5
Participant numbers of previously depressed participants start with a ‘p,’ and 
those of never depressed control participants start with a ‘c.’ The estimated 
start values and end values of the within-individual changes are in boldface.
Compl. reports = number of completed reports, ADM = assigned to the anti-
depressant medication continuation arm of the trial, PCT + ADM = assigned 
to the antidepressant medication continuation in combination with preven-
tive cognitive therapy arm of the trial, PCT – ADM = assigned to the arm of 
the trial that combines preventive cognitive therapy with tapering of antide-
pressant medication, Model fit = did model fit improve when the intercept 
or the autoregressive parameter were allowed to vary, Intercept test = was 
the smooth parameter for the intercept significant, Intercept plot = did the 
plotted intercept seem to vary, Autoregressive test = was the smooth param-
eter for the autoregressive parameter significant, Autoregressive plot = did 
the plotted autoregressive parameter seem to vary, o = no relapse, * relapse 
during the first four weeks of the ESM study period, ** relapse at the end of 
or within three weeks after the ESM study period, Issues = issues that arose 
during model fitting, a could not be interpreted, b outlier removed, c lagged 
missingness, d fluctuations, e potential floor effect, f sudden changes, g change 
too small, h model could not be fitted.




