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Abstract
This randomized controlled trial (NCT04786496) examined the effects of a preventive intervention based on Incremental 
Theory of the Personality (ITP) on psychophysiological responses to social stress and evaluated whether levels of depres-
sion moderate the intervention effects. The participants, 107 first-year university students, were randomly assigned to one of 
three conditions: ITP intervention, ITP + a self-affirmation intervention (SA), and a control condition (CC). Indicators of the 
Hypothalamic–Pituitary–Adrenal axis, autonomic nervous system, and subjective mood were assessed with the Trier Social 
Stress Task. Participants in the ITP condition displayed a lower decline in respiratory sinus arrythmia (RSA) compared to 
those in the CC during the first phases of the task [Slopes: -0.08 (0.09) vs -0.21 (0.09), z = 2.86, p = .004] and a higher decrease 
in cortisol at recovery [β = -0.18 (0.08), z = -2.37, p = .018]. Depressive symptoms moderated the effect of ITP [β = -0.10 
(0.05), z = -2.15, p =.032] and ITP+SA [β = -0.09 (0.04), z = -2.06, p =.039] in the decline during stress and recovery in RSA. 
In participants with low/medium levels of depressive symptoms, both interventions predicted a lower decline during stress 
[Slopes: -0.06 (0.09) for ITP, -0.17 (.09) for ITP+SA, and -0.26 (0.09) for CC] and higher recovery in RSA [Slopes: 0.18 (0.01) for 
ITP, 0.24 (0.01) for ITP+SA, and 0.30 (0.01) for CC]. The findings suggest that the ITP intervention has the potential to be an 
effective preventive intervention to reduce the stress response.

Keywords  depressive symptoms · Incremental Theory of the Personality · respiratory sinus arrythmia · cortisol · Trier 
Social Stress Task

Dysregulated reactivity to stress has been proposed as a key 
etiological factor for depression (Lucas-Thompson et al., 
2018). Thus, the development of more regulated neurobio-
logical responses to stress could aid preventive efforts con-
tributing to the reduction of depression. However, research 
on the effects of preventive interventions for depression on 
neurobiological responses to stress is scarce. This study 
examines the effects of a brief preventive intervention based 

on implicit theories of personality (Miu & Yeager, 2015) on 
several markers of stress reactivity.

Neurobiological responses to stress 
and depression

Two main stress pathways are activated during stress expo-
sure: the autonomic nervous system (ANS) and the Hypo-
thalamic–Pituitary–Adrenal (HPA) axis. The ANS is com-
prised of the sympathetic nervous system (SNS) and the 
parasympathetic nervous system (PNS), which work con-
jointly to regulate the body’s stress response. Whereas the 
SNS is measured by biomarkers, such as heart rate (HR) 
and skin conductance level (SCL) (Bauerly et al., 2019), 
PNS activation is measured by respiratory sinus arrhyth-
mia (RSA), a metric of high-frequency heart rate variability 
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(HF-HRV) that refers to variation in heart rate across the 
respiratory cycle. Overall, more effective regulation of the 
stress response is indicated by a higher baseline level and 
less reactive RSA during stress (Goger et al., 2020). The 
second stress pathway, the HPA axis, includes increases in 
cortisol, a widely used biochemical marker of stress (Fiksdal 
et al., 2020; Pulopulos et al., 2020).

A systematic review revealed that individuals high in 
depressive symptoms show a response pattern similar to 
that of healthy participants (i.e., a lower fluctuation in heart 
rate and RSA) but with a lower magnitude both in stress and 
recovery situations (Schiweck et al., 2019). This was inter-
preted as a lack of cardiovascular modulation in the response 
to stress. In addition, although the evidence is inconclusive, 
depressive symptoms are associated with dysregulated HPA 
axis functioning in response to stress (Fiksdal et al., 2020).

Incremental theory of personality 
interventions for depression

The average effect of universal preventive interventions for 
depression is small and often not significant for young peo-
ple (Stice et al., 2006), mainly because they may be long, 
boring, and create tiredness (Schleider & Weisz, 2017; 
Yeager et al., 2018). Another difficulty derives from the 
inherent resistance of adolescents and young people to pro-
grammatic attempts to modify their behavior (Yeager et al., 
2018). To counter this problem, recent preventive attempts 
focused on what are known as wise interventions (Walton & 
Wilson, 2018). These brief interventions can elicit signifi-
cant changes in relatively stable individual characteristics 
(e.g., emotional well-being and social integration) based on 
strategies derived from research on persuasion and attitude 
change. Because wise interventions are generally minimally 
directive and provide well-designed reflection exercises, 
they allow people to draw new conclusions for themselves 
(Walton & Wilson, 2018). Thus, with wise interventions, 
adolescents and young people are less likely to react with 
resistance (Yeager et al., 2018).

Several wise interventions have focused on mindsets or 
implicit theories about the malleability of personal quali-
ties such as intelligence (Yeager et al., 2019), stress (Crum 
et al., 2013), and personality (Yeager et al., 2013). Implicit 
theories refer to the beliefs about the malleability of per-
sonal attributes (Sung et al., 2020). The intervention based 
on implicit theories of personality (Miu & Yeager, 2015; 
Yeager et al., 2013) was developed to reduce depressive 
symptoms in adolescents. This intervention consisted of 
developing an incremental theory of the personality (ITP), 
that is, the idea that people can change. One of the versions 
tested by Yeager and colleagues included a single session 
lasting about one hour, with positive results in terms of 

reducing symptoms of depression in nine months postint-
ervention (Miu & Yeager, 2015). The beneficial findings of 
this single-session ITP intervention have been replicated in 
other studies with clinical (Schleider & Weisz, 2018) and 
non-clinical samples (Calvete et al., 2019) with nine-month 
and one-year follow-ups, respectively.

To further improve the effectiveness of the ITP interven-
tion, others have combined it with a self-affirmation (SA) 
intervention (Cohen & Sherman, 2014; Steele, 1988). SA 
interventions use tasks that activate positive self-concept 
components. They seek to make individuals feel compe-
tent and more motivated to accept persuasive messages to 
change their behavior (Good & Abraham, 2011). SA has 
been proven to be an effective psychological technique for 
reducing resistance and increasing intervention effectiveness 
across multiple domains (Falk et al., 2015). Particularly in 
the field of ITP interventions, the combination of ITP+SA 
was more effective than ITP alone in reducing risky Internet 
behaviors three-months later (Calvete et al., 2020). However, 
the joint action of both interventions has not been proven in 
the field of stress reactivity and depression. As an excep-
tion, Osborn and colleagues compared an intervention that 
included ITP, gratitude techniques, and self-affirmation with 
a study skills control group and found a greater reduction in 
anxiety and depression in the experimental group in a two-
week follow-up. However, they did not compare ITP alone 
with the combination of ITP+SA (Osborn et al., 2020a; 
Osborn et al., 2020b).

Surprisingly, although it has been proposed that one 
route by which the ITP intervention reduces depression is 
by enhancing more adaptive neurobiological responses to 
stress (Yeager et al., 2016), evidence is scarce. Yeager et al. 
(2016) found that, when exposed to a lab stressor, adoles-
cents receiving the ITP intervention displayed lower cortisol 
reactivity and less SNS activation at recovery than control 
participants. In another study, the ITP intervention reduced 
cortisol levels in a 1-year follow-up among adolescents (Cal-
vete et al., 2019).

The current study

This study aimed to elucidate the effects of ITP, both alone 
and combined with SA, on neurobiological and mood 
responses to social stress in young adults. Responses 
included a change in ANS indicators (HR, SCL, and RSA), 
cortisol level, and positive and negative mood. Based on 
preliminary findings (Calvete et al., 2019, 2020), three con-
ditions were compared in response to a standardized social 
stressor (the Trier Social Stress Test, TSST; Kirschbaum 
et al., 1993): the effects of 1) ITP alone and 2) ITP+SA com-
pared to 3) a control condition (CC). During the TSST, ANS 
indicators (HR, SCL, RSA), cortisol level, and subjective 



12451Current Psychology (2023) 42:12449–12462	

1 3

mood were recorded. We expected that participants in both 
ITP interventions, and in the ITP+SA intervention in par-
ticular, would display more regulated stress responses (i.e., 
lower HR and SCL increase, lower RSA suppression, and 
lower cortisol and negative mood increase) when compared 
to the CC. We also expected that they would display better 
recovery after the stressful tasks (i.e., higher HR and SCL 
decrease and higher RSA increase). Moreover, we antici-
pated that this effect would be particularly pronounced in 
participants with more depressive symptoms, given that 
some studies have found that interventions are more effective 
for participants at risk of depression (Bower et al., 2013).

Material and methods

Study design and participants

We conducted a blind randomized controlled trial with two 
different interventions (ITP+SA, ITP) and a CC. A priori 
power analysis (G* Power) indicated that a total sample of 
~110 participants was required for a small effect size (0.25), 
with alpha α = .05 and power = 80%. The final sample con-
sisted of 107 first-year university students (mean age = 
18.49, SD = 1.17; 80.2% female). The flow chart is displayed 
in Figure 1. The participants provided written informed con-
sent, and the study was approved by the Ethics Committee 
of the University of University of Deusto.

Measures

Heart rate, RSA, and skin conductance level

Electrocardiograms (ECGs) to measure HR and RSA and 
Electrodermal Activity to measure SCL were recorded 
using the BioPac M150 system—which have been used for 
reference in the validation of other systems (Ragot et al., 
2018)—at a sampling rate of 1000 Hz and AcqKnowl-
edge® 4.0. We used lead II—with the negative electrode 
on the right clavicle and the positive one on the last left 
rib—with disposable foam electrodes after rubbing the 
skin with cotton and skin preparation gel for ECG. When 
measuring stress levels, the use of lead II is more accurate 
than alternative methods of electrode placement (Pour-
mohammadi & Maleki, 2020). Following the standards 
for electrodermal measurements (Braithwaite et al., 2012), 
SCL was recorded with electrodermal electrodes using iso-
tonic electrode paste; electrodes were placed on distant 
phalanges of the ring and index fingers.

Prior to preprocessing with AcqKnowledge® 4.0 
(BIOPAC Systems Inc), all data were visually screened 
for artifacts. For RSA, we used the HF-HRV (Fast-Fou-
rier-Transformation, .15–.40 Hz), which is an established 
measure for evaluating PNS activity (Verkuil et al., 2016). 
SCL was estimated using the default processing settings in 
AcqKnowledge® 4.0. HR, SCL, and RSA were obtained 
in five-minute sequences under the following standard 

Allocated to control condition (n = 41)

• Completed control condition (n = 37)

• Abandoned during intervention (n = 0)

• Did not attend the appointment (n = 4)

Analysed (n = 37) 

Allocation

Analysis

Enrollment

Allocated to ITP+SA condition (n = 43)

• Completed ITP+SA condition (n = 34)

• Abandoned during intervention (n = 1)

• Did not attend the appointment (n = 8)

Analysed (n = 34)*

Allocated to ITP condition (n = 43)

• Completed ITP condition (n = 36)

• Abandoned during intervention (n = 0)

• Did not attend the appointment (n = 7)

Analysed (n = 36)

Screening (n = 127)

Excluded (n = 0)

All screened participants were randomized.

Randomized (n = 127)

Fig. 1   Consolidated Standards of Reporting Trial Guidelines (CONSORT) Flow Diagram. Note. * For RSA, HR and SCL, one participant’s 
scores were dropped due to outlier values
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conditions of the TSST: baseline, speech preparation, 
speech, math task, and recovery.

Hormonal measures: cortisol

Saliva samples were taken at baseline and recovery (i.e., 
at the end of the session). Following standard procedures 
(e.g., Nicolson, 2008) for the analysis of salivary samples, 
the participants were instructed not to brush their teeth, 
consume a meal or drink (with the exception of water), and 
to avoid intense exercise for at least two hours before sam-
ple donation. They were instructed to spit 2 mL of saliva 
into a plastic cup, and samples were stored in a freezer at 
-25 °C until they were sent to the  IMQ Laboratory. Once 
in the lab, the samples were assayed for cortisol (nmol/L) 
levels in duplicate determinations (Electrochemilumines-
cence immunoassay, ECLIA; Inder et al., 2012).

Psychological measures: subjective mood, depression, 
and anxiety

Mood was measured with the Scale for Mood Assessment 
(Sanz, 2001) at baseline and recovery. This scale was 
designed for measuring transitory moods. Sixteen items 
(e.g., “I feel happy,” “I feel depressed”) require partici-
pants to answer on an 11-point scale from 0 (nothing) to 
10 (a lot) in terms of how they feel at the moment. The 
scale provides subscales for negative mood (12 items) and 
positive mood (4 items). The α values were .89 and .86 at 
baseline and .94 and .90 at recovery for negative and posi-
tive mood, respectively.

Depressive and social anxiety symptoms were measured 
through an online questionnaire prior to the experimen-
tal session (see procedure section). The Center for Epi-
demiologic Studies-Depression Scale (CES-D; (Radloff, 
1977), a 20-item questionnaire, was used to assess depres-
sive symptoms. Respondents rated on a four-point scale, 
ranging from 0 (practically never) to 3 (almost all the 
time), how often over the past month they had experienced 
depressive symptoms (e.g., “My appetite was poor”) (α 
= .90).

Social anxiety symptoms were assessed with the Social 
Anxiety Scale for Adolescents (SAS-A) (La Greca & Lopez, 
1998), which consisted of 18 items (e.g., “I am ashamed to 
be surrounded by people I do not know”, “I worry about 
what others say about me”) rated on a five-point scale rang-
ing from 1 (not at all) to 5 (all the time) (α = .94). The 
SAS-A has been previously used with good psychometric 
properties and factorial invariance according to age with 
a sample of 15–18-year-old individuals (La Greca et al., 
2015).

Interventions and control condition

ITP+SA intervention

The ITP+SA intervention included two components: an SA 
activity and an ITP intervention. The SA component was 
aimed at activating a positive perception of the self to make 
adolescents feel motivated, diminish defensive processes, 
and enable a positive response to accept the ITP intervention 
messages (Falk et al., 2015; Good & Abraham, 2011). SA 
interventions can include different activities, such as com-
pleting value scales, writing essays about central values, or 
completing questionnaires about one’s kindness (Good & 
Abraham, 2011). In particular, the SA component of this 
intervention included a list of 12 values from which partici-
pants had to indicate the three they deemed most important. 
Then, the participants were asked to choose one of the val-
ues and write a short paragraph arguing why the value they 
had chosen was important to them and to the extent to which 
it influences their life.

The ITP component resembled the intervention developed 
by Miu and Yeager (2015) and was adapted to first-year uni-
versity students. It consisted of three parts. In the first part, 
the participants read scientific studies indicating that people 
can change. Furthermore, they read other studies that pro-
vided evidence showing that thoughts and feelings control 
behaviors through brain pathways and that these brain path-
ways can change under certain circumstances. Next, the par-
ticipants were instructed to write a brief paragraph explain-
ing why the evidence shows that people can truly change. 
In the second part, the participants read three testimonies. 
The narratives described different experiences of rejection, 
loneliness, and/or embarrassment lived by first-year univer-
sity students when they started college. All the testimonies 
included the message that young people can change the way 
they behave and learn from their own experiences. In the last 
part, the participants completed a self-persuasive writing 
exercise to share with future students. The assignment was 
to describe a time when the participant felt rejected or disap-
pointed by another person at university. Then, they imagined 
that the same event had happened to another student and 
wrote one to three paragraphs to help the other student to 
understand that people can change and that the things hap-
pening to him or her might also change.

ITP‑only intervention

In this condition, only the ITP component (without the SA 
component) described above was presented. In order to keep 
the length and structure of both interventions similar, partic-
ipants were asked to select the three values they considered 
least important from a list of 12 values before completing 
the ITP component. Then, they had to choose one of them 
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and write a short paragraph arguing why that value, although 
least important for them, may be important for other people.

Control condition (CC)

The CC was designed to have a similar structure to the 
experimental interventions, including neutral reading and 
writing tasks. The participants were asked to read an arti-
cle about the fire that occurred in the Notre Dame cathe-
dral in Paris. Starting from this accident, the article focuses 
on reflecting on the problem of heritage conservation and 
analyzing the situation of other important cathedrals. After 
reading the article, the participants were asked to write a 
few lines evaluating the importance of the conservation of 
historical buildings.

Procedure

First, approval was obtained from the ethics committee of 
the University of Deusto. The University of Deusto has a 
strict protocol regarding the conditions under which univer-
sity students may be invited to participate in studies. Per-
mission was then sought from the heads of the faculties in 
which participants were to be recruited. Once permission 
was obtained, research team members presented the study to 
first-year university students. The students were also given 
a sheet with information and a contact email address for 
those interested in participating. One hundred twenty-six 
students completed an initial online assessment question-
naire using Qualtrics®, which included sociodemographic 
information and measures of depression and social anxiety. 
Inclusion criteria included being a first-year student, having 
completed preliminary measures, and voluntary participa-
tion. Exclusion criteria included cardiovascular disease and/
or use of medication affecting the central nervous system. 
Given the relevance of depression and social anxiety dur-
ing stress tasks, these measures were used to balance the 
participants within the intervention and control groups. 
Specifically, a cluster analysis was conducted, resulting in 
a four-cluster solution according to the participants’ levels 
of depression and social anxiety. One-third of the males in 
each cluster and one-third of the females in each cluster were 
randomly assigned to each of the conditions (i.e., ITP+SA, 
ITP, and CC). This allowed the three conditions to be bal-
anced in gender, social anxiety, and depression scores. Then, 
the participants were contacted via email to arrange a lab 
visit, which lasted approximately 1.5 hrs. One hundred and 
seven students came to the lab and completed the experi-
mental tasks. The participants were welcomed to the lab by 
a researcher, who explained the study goals and collected the 
informed consent. The informed consent explained that dur-
ing the study the participants would encounter social stress 
while the psychophysiological measures and saliva samples 

were taken. They were also told that the data would be pro-
tected and would not be associated with any variable that 
could identify them. Instead, a bar code was used to join the 
psychophysiological data with those obtained through the 
questionnaires. The participants were notified that they could 
leave the experiment at any time if they wished. Three of the 
members of the research team were university professors, so 
the sessions were organized in such a way that a researcher 
would never interact with a participant who was their stu-
dent. In this way, we sought to guarantee the principle of 
participant autonomy.

After signing the informed consent, baseline assessments 
were conducted in the following order: (1) participants 
answered the self-reported mood scale, and (2) baseline 
psychophysiological measures were recorded for 5 minutes. 
Next, the participants completed the assigned intervention, 
which lasted around 30 minutes. After baseline and interven-
tion, the TSST consisted of: (1) a 5-minute speech prepara-
tion phase, (2) a 5-minute free speech task about the partici-
pants’ personal capabilities that made them a good candidate 
for their ideal job, and (3) a 5-minute math task that con-
sisted of subtracting the number 13 sequentially from 1022. 
Both the speech and math tasks were done in front of two 
confederates (one woman and one man) who were blind to 
the intervention condition. That is, they were unaware of 
which experimental condition the participants belonged to. 
Psychophysiological measures were taken during the three 
phases (15 minutes). Finally, the participants completed 
post-experimental measures in the following order: (1) 
salivary sample collection, (2) self-report of mood, and (3) 
psychophysiological recording during a 5-minute recovery 
period after informing the participants that they had already 
finished the tasks and could relax and think of something 
nice. Afterwards, the participants were thanked, debriefed, 
and compensated with a 20€ shopping voucher. One female 
participant in the ITP-SA condition abandoned the study in 
the five-minute speech preparation phase because she did 
not feel comfortable in the situation. She was reassured by 
the investigators, who thanked her for her help and gave her 
the voucher. The study was registered at Clini​calTr​ials.​gov 
(NCT04786496).

Statistical analysis

Data were checked for normality before the statistical 
procedures were applied. As the RSA, SCL, and cortisol 
parameters did not have a normal distribution, they were 
log-transformed. In addition, one outlier for RSA, SCL, 
and HR was dropped. Growth curve modelling was used to 
test whether the change in RSA, SCL, and HR during the 
TSST was influenced by the intervention. The MLR (Robust 
Maximum Likelihood) estimation method with MPLUS 
8.6 (Muthén & Muthén, 1998-2021) was used. Data were 

http://clinicaltrials.gov
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hierarchically structured, with dependent measures nested 
within individuals and intervention, level of depression 
and the intervention x level of depression interaction terms 
included as level-2 predictors. The goodness of the model 
fit was evaluated with the comparative fit index (CFI), the 
Tucker–Lewis Index (TLI), the root mean square error of 
approximation (RMSEA), and the standardized root mean 
square residual (SRMS). Generally, a good fit is indicated by 
CFI and TLI values of .90 or higher and RMSEA and SRMS 
values lower than .08 (Hu & Bentler, 1999; Little, 2013).

A visual examination of RSA data through the TSST dis-
played a decreasing tendency from baseline to the speech 
phase and an increasing tendency from the speech phase to 
the recovery phase. The tendency for HR and SCL was the 
inverse, with an increase from baseline to the speech phase 
and a decrease from the speech phase to the recovery phase. 
For each dependent variable, first, we estimated a piecewise 
linear model that included one slope to capture the change 
from baseline to the speech phase (Slope 1, codes: 0, 1, 2, 
2, and 2) and a second slope to capture the change from the 
speech phase to the recovery phase (Slope 2, codes: 0, 0, 
0, 1, and 2). This piecewise linear model displayed poor fit 
indices for all variables. Second, we estimated an uncon-
ditional piecewise model in which the factor loadings for 
the preparation phase in the slope 1 and for the arithmetic 
phase in the slope 2 were freely estimated. An unconditional 
model does not force the slope of change across the measure-
ment occasions to be a strict linear function (Little, 2013). 

Instead, the shapes of the growth curve over time were sim-
ply estimated as parameters of the model. The unconditional 
piecewise models displayed adequate fit indices for all vari-
ables. Finally, these unconditional piecewise models were 
compared with curvilinear models including both linear and 
quadratic slopes. The curvilinear models displayed a poor 
fit for all variables. Moreover, the curvilinear models, com-
pared with the unconditional piecewise models, involved a 
decrease in CFI higher than .01, which indicates a worse fit 
(Cheung & Rensvold, 2002). Therefore, the unconditional 
piecewise models were used as base to examine the effects 
of the interventions. Fit indices and estimated codes are 
included in Table 1.

The intervention was modeled with two dummy variables 
that specified the effects of each intervention (i.e., ITP+SA 
and ITP) by contrasting their effects with those of the CC, 
which acted as the reference group. The interaction terms 
between the interventions and level of depressive symp-
toms were included as predictors. Following standard pro-
cedures, the level of depressive symptoms was transformed 
into z-scores to maximize interpretability. Sex was initially 
included as a predictor of the intercept; however, in models 
in which it was not significantly associated with the inter-
cept, it was dropped from the model.

As measures of cortisol and mood were collected only at 
baseline and after the math phase, path analysis was used 
to examine whether the intervention, level of depression, 
and their interaction predicted changes in cortisol and mood 

Table 1   Fit Indices and Estimated Codes

Note. S = Slope

Fit indices Estimated codes

RSA
Piecewise linear model χ2 (6, 106) = 35; RMSEA =.216 (90%CI =.150; .287), p < .011; CFI = .823; TLI =.70; 

SRMR = .099
Unconditional piecewise model χ2 (4, 106) = 4.43; RMSEA =.032 (90%CI =.00; .15), p = .48; CFI = .997; TLI =.993; 

SRMR = .026
S1: 0, 1.45, and 2
S2: 0, 0.19, and 2

Curvilinear model χ2 (6, 106) = 14; RMSEA =.116 (90%CI =.038; .193), p = .07; CFI = .949; TLI =.915; 
SRMR = .051

SCL
Piecewise linear model χ2 (6, 106) = 85; RMSEA =.353 (90%CI =.289; .422), p < .001; CFI = .861; TLI =.768; 

SRMR = .119
Unconditional piecewise model χ2 (4, 106) = 11; RMSEA =.10 (90%CI =.012; .19), p = .11; CFI = .989; TLI =.978; 

SRMR = .040
S1: 0, 1.66, and 2
S2: 0, 0.39, and 2

Curvilinear model χ2 (6, 106) = 29; RMSEA =.19 (90%CI =.126, .264), p = .07; CFI = .959; TLI =.931; 
SRMR = .030

HR
Piecewise linear model χ2 (6, 106) = 39; RMSEA =.226 (90%CI =.161; .297), p < .001; CFI = .891; TLI =.818; 

SRMR = .165
Unconditional piecewise model χ2 (4, 106) = 7; RMSEA =.009 (90%CI =.00; .19), p = .48; CFI = .988; TLI =.971; 

SRMR = .107
S1: 0, 1.28, and 2
S2: 0, 0.52, and 2

Curvilinear model χ2 (6, 106) = 14; RMSEA =.131(90%CI =.059; .207), p = .25; CFI = .964; TLI =.939; 
SRMR = .10.
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measures. Data of this study have been deposited into APA's 
repository at  https://​osf.​io/​vuedw. 

Results

There were no differences between groups in depressive 
symptoms and sex. Descriptive statistics are included in 
Table 2. The frequencies of the selected values in the ITP 
and ITP+SA conditions were examined. In the ITP+SA con-
dition, the most frequent values that were selected as impor-
tant for oneself were relationships with friends or family 
(88.6%), living in the moment (51.4%), and sense of humor 
(42.9%). In the ITP condition, the most frequent values that 
were selected as less important for oneself were religious 
values (86.1%), being good at art (50%), politics (44.4%), 
and athletic ability (44.4%).

Effects of the intervention on RSA, SCL, and HR

Table 3 displays the main parameters of the predictive mod-
els for RSA, SCL, and HR during the TSST. The fit indices 
were adequate for RSA [χ2 (14, 106) = 23; RMSEA =.082 
(90%CI =.008; .137), p = .17; CFI = .961; TLI =.902; SRMR = 
.045], SCL [χ2 (14, 106) = 18; RMSEA =.050 (90%CI =.00; .112), 

p = .45; CFI = .996; TLI =.989; SRMR = .029], and HR 
[χ2 (18, 106) = 27; RMSEA =.070 (90%CI =.00; .12), p = .25; CFI 
= .979; TLI =.953; SRMR = .072]. For RSA, slope 1 was 
negative (-0.15 (.02), p <.001), whereas slope 2 was positive 
(0.22 (0.02), p < .001. For SCL, slope 1 was positive (0.17 
(.01), p <.001), whereas slope 2 was negative (-0.06 (.007), p 
< .001). Similarly, for HR, slope 1 was positive (8.10 (0.89), p 
<.001), whereas slope 2 was negative (-8.87 (0.94), p < .001). 
Sex was not associated with the intercept and slopes of RSA 
and SCL, and therefore it was dropped from the model for 
these variables. Being female, however, was positively asso-
ciated with higher HR at baseline (b = 7.90 (2.82), p =.005).

Regarding the first hypothesis, the main effects of the 
experimental conditions, RSA decreased less in the ITP 
group than in the CC during the first part of the TSST (i.e., 
from baseline to the speech task): Slope 1= -0.08 (0.09) vs 
-0.21 (0.09). Slope 1 for the ITP+SA group was -0.17 (0.09) 
and was not significantly different from the slope of the CC. 
There were no significant differences between groups in the 
intercept and slope 2 (i.e., from speech to recovery). Figure 2 
displays the trajectory of RSA for the three groups (ITP+SA, 
ITP, and CC) in the total sample.

Higher depressive symptoms were associated with 
lower values of RSA at baseline and a lower decline of 
RSA from baseline to the speech phase (i.e., slope 1) and a 

Table 2   Means and SD for all 
the Variables

Note. * For RSA, HR and SCL, one participant’s scores were dropped due to outlier values.

ITP
N = 36

ITP+SA
N = 34*

Control
N = 37

Mean SD Mean SD Mean SD

RSA
Baseline 0.95 0.61 1.11 0.45 1.10 0.62
Preparation 0.85 0.43 0.85 0.38 0.79 0.32
Speech 0.91 0.79 0.82 0.36 0.74 0.41
Math 0.80 0.42 0.88 0.40 0.75 0.36
Recovery 1.23 0.74 1.28 0.60 1.17 0.59
HR
Baseline 77.44 14.16 72.30 11.26 75.50 11.55
Preparation 85.08 14.71 80.91 11.84 86.93 13.99
Speech 90.66 14.85 85.51 12.94 91.37 18.27
Math 86.58 12.59 81.35 10.61 86.99 16.13
Recovery 71.87 11.99 68.76 10.84 73.90 10.48
SCL
Baseline 6.49 2.05 6.54 3.04 6.96 3.72
Preparation 8.63 2.24 8.21 3.00 9.01 4.23
Speech 8.84 2.13 8.69 2.85 9.36 4.15
Math 8.68 2.15 8.44 2.88 9.17 4.08
Recovery 8.20 2.43 7.64 2.97 8.35 3.83
Cortisol
Baseline 0.35 0.23 0.34 0.25 0.40 0.34
Post-TSST 0.25 0.11 0.27 0.12 0.34 0.25

https://osf.io/vuedw
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lower increase from the speech phase to the recovery phase 
(i.e., slope 2). Moreover, the level of depressive symptoms 
moderated the effects of both the ITP+SA and the ITP 
in slope 1. Among participants who scored low-medium 
in depressive symptoms (percentile < 70), those receiv-
ing the ITP and the ITP+SA conditions displayed a lower 
decrease of RSA than CC: - 0.06 (0.09) for ITP, -0.17 (.09) for 
ITP+SA, and -0.26 (0.09) for CC. Among the participants 
high in depressive symptoms, there were no such differ-
ences in slope 1 depending on the condition.

Depressive symptoms also moderated the effect of the 
ITP intervention on slope 2. Among the participants who 
scored low-medium in depressive symptoms, slope 2 for 
RSA was higher in the CC than in ITP: 0.18 (0.01) for the 
ITP group, 0.24 (0.01) for the ITP+SA group, and 0.30 (0.01) 
for CC. Among the participants who scored high in depres-
sive symptoms, slope 2 was statistically significantly higher 
in the ITP than in the CC: 0.24 (0.001) for the ITP, 0.20 (0.001) 
for the ITP+SA, and 0.14 (0.001) for the CC. Post hoc analy-
sis indicated no significant differences between the ITP and 

Table 3   Estimated Parameters for RSA, SCL, and HR Change During the TSST

RSA SCL HR

Estimate SE z p Estimate SE z p Estimate SE z p

Intercept
ITP+SA 0.04 0.10 0.43 .667 -0.03 0.12 -0.26 .797 -4.01 2.58 -1.56 .119
ITP -0.15 0.11 -1.44 .151 0.02 0.10 0.23 .817 1.43 2.81 0.51 .612
Depression -0.14 0.07 -1.96 .050 -0.26 0.08 -3.19 <.001 2.56 1.48 1.73 .084
ITP+SA x Depression 0.08 0.11 0.75 .453 0.30 0.13 2.39 .017 -2.50 2.31 -1.08 .278
ITP x Depression 0.12 0.11 1.05 .294 0.27 0.10 2.73 .006 -1.34 3.48 -0.38 .701
Slope 1
ITP+SA 0.05 0.05 .99 .325 -0.00 0.04 -0.12 .902 -1.43 1.40 -1.02 .309
ITP 0.13 0.05 2.86 .004 -0.01 0.03 -0.43 .668 -1.46 1.32 -1.11 .269
Depression 0.08 0.03 2.26 .024 0.05 0.03 1.50 .133 -1.81 0.82 -2.20 .028
ITP+SA x Depression -0.09 0.04 -2.06 .039 -0.02 0.04 -0.47 .639 1.20 1.15 1.04 .299
ITP x Depression -0.10 0.05 -2.15 .032 -0.05 0.03 -1.54 .122 0.74 1.38 0.54 .591
Slope 2
ITP+SA -0.02 0.05 -0.38 .701 -0.01 0.02 -0.76 .450 0.42 1.35 0.31 .754
ITP -0.04 0.05 -0.78 .433 0.02 0.02 1.36 .175 -0.43 1.26 -0.34 .732
Depression -0.07 0.03 -2.38 .018 -0.00 0.01 -0.09 .931 1.59 0.85 1.87 .062
ITP+SA x Depression 0.08 0.04 1.84 .066 0.01 0.01 0.58 .566 -1.15 1.16 -1.00 .320
ITP x Depression 0.10 0.04 2.35 .019 0.01 0.01 0.77 .439 -1.53 1.12 -1.38 .169

Fig. 2   RSA Trajectories for the 
Three Experimental Conditions 
in the Total Sample
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ITP+SA conditions. Figures 3a–3b display the trajectories 
for participants with low-medium depressive symptoms 
(percentile < 70) and those with high depressive symptoms 
(percentile > 70).

As shown in Table 3, there were no significant effects of 
the intervention on SCL and HR change. At baseline, how-
ever, depressive symptoms were negatively associated with 
SCL. Moreover, depressive symptoms were associated with 
a lower increase of HR during the first three phases of the 
TSST (slope 1). Among the participants who scored low-
medium in depressive symptoms, slope 1 was higher than 
among participants who scored high in depressive symp-
toms: 5.70 (2.37) vs 5.80 (2.33) (Figures 3c–3d).

Cortisol and mood changes

Finally, a path analysis (Table 4) was conducted to exam-
ine whether the intervention, level of depressive symptoms, 
and their interaction predicted changes in cortisol, negative 
mood, and positive mood from baseline to post-TSST. Sex 
was included as a covariate. Fit indices were excellent, χ2 

(20, 106) = 17; RMSEA =.000 (90%CI =.000; .067), p < .011; CFI 
= .999; TLI =.999; SRMR = .039. The ITP intervention 
predicted lower levels of cortisol after the TSST (Figure 4).

Level of depressive symptoms was positively cross-sec-
tionally associated with negative mood (b = 1.04(.39), p = 
.008) and negatively with positive mood (b = -2.84(0.58), p 
<.001) at baseline. Higher depressive symptoms predicted 
lower positive mood at posttest.

Discussion

This randomized controlled trial examined the effects of an 
ITP intervention (with and without a self-affirmation com-
ponent) on responses to social stress in young adults. While 
we could demonstrate an effect of the ITP intervention, its 
combination with SA did not appear to improve the find-
ings further. Importantly, psychophysiological sensitivity to 
the intervention was demonstrated for PNS and HPA axis 
parameters. Finally, the findings indicated that high levels 
of depressive symptoms predict flattened stress responses 

a b

c d

Figs 3   a-3d Trajectories of RSA and HR in Participants With Low-medium and High Levels of Depressive Symptoms
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at the cardiovascular level and reduced the benefits of the 
interventions used.

Much research has linked depression with a dysregulated 
stress response (Lucas-Thompson et al., 2018). Simultane-
ously, research suggests that ITP interventions may protect 
against the development of depressive symptoms (Miu & 
Yeager, 2015) and that the beneficial effects of the inter-
vention could be explained by better regulation of the psy-
chophysiological and hormonal stress response (Yeager 
et al., 2016). The present study tested this hypothesis by 
examining the utility of ITP in young adults who are in the 
process of adapting to a novel environment (university) in 
their transition to adulthood. Indeed, a main effect of the 
ITP intervention on RSA indicated a protective role of ITP 
during the first phases (i.e., from baseline to speech) of the 
TSST because recipients of the intervention displayed a 
lower decline in vagal activation than those in the control 
group. Contrary to our hypothesis, however, ITP+SA did 
not show any main effect above the CC. Consistent with the 
RSA results, the ITP intervention, but not the ITP+SA inter-
vention, also predicted a higher decrease in cortisol levels 
after exposure to social stress during recovery.

Prior findings have indicated the efficacy of SA interven-
tions to buffer stress responses (Gregg et al., 2014; Sherman 
et al., 2009). Until further evidence is available, a tentative 

explanation for our negative finding for the ITP+SA con-
dition is that the task we included in the SA component 
could have made participants more aware of their vision of 
themselves, and, in some cases, this would harm them dur-
ing stressful tasks, which involved speaking well of them-
selves and performing their best on a math test. Namely, in 
the speech task, participants had to argue why they were 
good for their ideal job position. It is possible that the values ​​
that were more frequently selected in the ITP+SA condi-
tion (e.g., living in the moment, relationships with friends 
or family, and sense of humor) were not relevant to the job 
position selected during the speech. In fact, values ​​such as 
being smart or getting good grades, which may be more 
relevant to the type of job positions mentioned during the 
speech, were selected by very few participants. On the other 
hand, the values ​​selected as least important for oneself in 
the ITP condition were probably not relevant for these posi-
tions (e.g., being good at art, religious values), and therefore 
indicating that these values ​​were not very relevant in and of 
themselves did not affect their stress response during their 
speech.

Notably, the distribution of depressive symptoms was 
large in our cohort, which enabled us to examine their mod-
erating influence on the interventions. For participants with 
low-medium levels of depressive symptoms, both interven-
tions (ITP and ITP+SA) were beneficial, as they reduced 
RSA suppression during social stress. In contrast, among 
participants with high levels of depressive symptoms no 
such effect was present, suggesting that these participants 
may not be sensitive to ITP interventions. Relatedly, the 
level of depression also moderated the effect of both inter-
ventions during the recovery of vagal activation (i.e., dur-
ing the second part of the TSST). However, participants 
with low-medium levels of depressive symptoms showed 
a greater increase in vagal activation in the CC than in the 
interventions. This effect could be explained by the preced-
ing greater decline (i.e., greater RSA suppression during 
CC) in the first part of the TSST. As a result, greater RSA 
suppression would also imply greater space for the recovery 
of basal levels.

Table 4   Results of Path Analysis for Cortisol, Negative Mood, and Positive Mood

Posttest-Cortisol Posttest-Negative mood Posttest-Positive mood

Depression as moderator
β SE z-score p β SE z-score p B SE z-score p

Baseline level 0.60 0.06 9.86 <.001 0.86 0.10 8.93 <.001 0.96 0.09 12.30 <.001
ITP+ SA -0.05 0.08 -0.63 .528 0.48 1.12 0.43 .671 -0.41 1.51 -0.27 .786
ITP -0.18 0.08 -2.37 .018 -0.15 1.07 -0.14 .887 1.69 1.37 1.24 .216
Depressive symptoms -0.08 0.05 -1.51 .133 1.34 0.73 1.84 .065 -1.49 0.66 -2.26 .024
ITP+ SA x Depressive symptoms 0.06 0.07 0.91 .362 -0.79 1.06 -0.75 .455 0.79 1.08 0.73 .465
ITP x Depressive symptoms 0.13 0.07 1.71 .090 -0.87 1.08 -0.81 .420 0.17 0.94 0.18 .860
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Fig. 4   Change in Cortisol Levels From Baseline to Recovery
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Depressive symptoms also influenced the trajectories of 
RSA and HR during the TSST per se. Specifically, partici-
pants with high levels of depressive symptoms reacted with 
lower RSA suppression and a lower HR increase during 
exposure to social stress and a lower RSA increase and HR 
decrease during recovery. Recently, Brugnera et al. (2019) 
also documented blunted heart-rate reactivity to a math task 
in healthy participants with high depressive symptoms. Such 
findings are consistent with the idea that hypo-reactivity 
during stress is a hallmark of depression (Schiweck et al., 
2019). Finally, the level of depressive symptoms was cross-
sectionally associated with more negative mood and less 
positive mood at baseline and predicted a decrease in posi-
tive mood after exposure to social stress. Our results indicate 
that participants with high levels of depressive symptoms, 
although less reactive at the cardiovascular level, react with 
a worsening of mood when exposed to social stress. Future 
work could examine which type of ITP interventions might 
be suitable for individuals with higher depressive symptoms.

Limitations and strengths

First, although participant’s sex was entered as a covariate, 
because ~80% of the sample was female, generalization of 
the efficacy of the intervention across genders is difficult, 
even if no effect of the nuisance variable occurred. More-
over, most of the participants were students of Psychol-
ogy and Physical Activity and Sport Sciences, and future 
research should replicate findings with more diverse sam-
ples. Second, methodologically, an interesting question is 
why the intervention only influenced RSA but not HR or 
SCL. Few studies using the TSST have tested the effects 
of interventions on these physiological parameters. In one 
study (Pace-Schott et al., 2018), taking a nap after exposure 
therapy was capable of changing SCL. However, in another 
study assessing the influence of a psychological interven-
tion, SCL did not change whereas HRV did (De Witte 
et al., 2017), suggesting that SCL may not be that sensi-
tive to interventions. In line with good practice standards 
and transparency, such negative findings should be reported 
and may be useful to decide on the most promising psycho-
physiological measures for future work. Third, although the 
effects of the ITP+SA intervention have been evaluated on 
other behaviors (e.g., aggressive behaviors) at follow-ups of 
up to three months (Calvete et al., 2020), and the effects of 
the ITP alone intervention have been tested at nine-month 
and one-year follow-ups on depression and cortisol, show-
ing stability of the results (e.g., Calvete et al., 2019; Miu & 
Yeager, 2015), the current study did not include a follow-
up to examine whether the participants’ psychophysiologi-
cal stress response patterns remain stable over time. Four, 
we did not examine mediational mechanisms to explain the 
effects of the interventions. However, previous research has 

found that ITP interventions change beliefs about the mal-
leability of personality traits (e.g., Miu & Yeager, 2015), 
and this could thus be a potential mediational mechanism to 
explain changes in stress response patterns. Finally, future 
research should examine the conjoin effects of the combi-
nation of the ITP intervention with other approaches that 
have been found to be effective to improve stress responses, 
such as the stress reappraisal intervention (Jamieson et al., 
2018). Interestingly, Crum et al. (2020) have proposed a 
stress optimization approach, which integrates theory and 
research on stress mindset and stress reappraisal interven-
tions. This promising approach could be extended to include 
personality mindsets given that the results of the current 
and other previous studies suggest that personality mindsets 
interventions can improve stress reactivity (Calvete et al., 
2019; Yeager et al., 2016).

Despite the limitations, the study has multiple strengths, 
including the use of an RCT design to study the effects of 
two different wise interventions in several psychophysiologi-
cal stress markers. Moreover, the transition to college is an 
optimal time to test the ITP intervention used in this study, 
given that it includes scenarios related to adaptation to col-
lege life. University students often experience high levels 
of stress when making this transition (Wallace et al., 2017), 
and, according to Walton and Wilson (2018), it is impor-
tant to identify times and contexts in which change is more 
possible than others (e.g., during transitions) to make wise 
interventions more effective.

Conclusions

This study demonstrated that a one-session ITP intervention 
can reduce the psychophysiological and hormonal responses 
elicited by a social stressor in the lab. The results are there-
fore promising, given that ITP is a short and low-cost inter-
vention that can be easily implemented. Benefits of these 
type of interventions include that are low-cost and acces-
sible, and able to circumvent stigma (Osborn, Wasil, et al., 
2020). However, the findings suggest that the intervention 
may be most beneficial when directed at participants with 
low or medium levels of depressive symptoms.
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