Mobile device-based mindfulness intervention promotes
emotional regulation during anticipatory stress
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ABSTRACT

Mindfulness training applications for mobile devices are
increasing in number and use, but little is known on their
effectiveness. Our study (N = 107) is the first to examine the
effect of a brief mobile-based mindfulness intervention on the
emotional reactions to anticipatory social stress. Results show that
the intervention is effective in weakening the increase of negative
affect related to anticipatory stress, mostly in men. Implications
and future research directions are discussed.
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1. INTRODUCTION

With the advent of smartphones, the recent years have seen a
massive increase in the availability and use of software aimed at
improving health. No less than 40,000 mobile medical and health
apps existed already in 2012, and their rate of appearance
increasing [3]. Initial research also demonstrates a public interest
in the use mobile applications in the management of depression,
anxiety and stress [30].

The healthy and the ill would benefit from effective health
applications, but most apps are currently untested, and their
claims for health benefits remain unwarranted by research [17].

In this paper, we discuss health improvements that can be
expected from mindfulness interventions and their relation to
emotional regulation. We then examine how effective a mobile
device-based mindfulness intervention is in promoting emotional
regulation in the face of anticipatory social stress.
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1.1 Mindfulness training and health outcomes
Mindfulness Based Stress Reduction (MBSR) is a program
designed to assist people with a number of health-related
conditions. The program, with origins in Buddhist practices, is
designed as an eight-week intervention, which includes group
meetings and home assignments. The aim of the training is the
development of mindfulness, defined as moment-to-moment
awareness without judgment [19], entailing self-regulation of
attention, and concentration on the present moment. Mindfulness
is beneficial for a range of physical and mental conditions [13],
for instance eating disorders [22], high blood pressure [8],
depression [39], and anxiety [14].

One of the best-known benefits of mindfulness training is stress
reduction. Stress is known for its pathogenic effects on a number
of physical and mental conditions, with behavioral and
physiological factors contributing to ill health [26, 37].
Mindfulness-based interventions are effective in stress reduction
in both clinical and healthy populations [9, 34], and several
theoretical frameworks explaining the effectiveness of
mindfulness have been proposed [16, 36].

Yet, little is known of the relationship between mindfulness
training and responsivity to acute stressors, such as social-
evaluative threat [15, 31]. This research avenue is important due
to the fact, that social-evaluative stress is very frequent in daily
life and can lead to particularly negative health outcomes [20].

Anticipatory social-evaluative stress, notably, has not been
sufficiently studied, as research on social-evaluative stress has
been mostly concerned with how people deal with the stressor
during the encounter, e.g., [23, 24]. But recent research shows a
renewed interest on anticipatory stress, due to its importance in
both the genesis and the modulation of physiological responses to
stressors [12, 18, 27]. Research is notably needed on the
effectiveness of mindfulness training in attenuating reactions to
anticipatory social stress.

1.2 Shorter mindfulness interventions

Several studies focused on the effectiveness of brief mindfulness
interventions, based on the principles of the MBSR. Shorter
interventions of various lengths were successful with regards to
substance addiction [4], memory improvement [1], pain tolerance
[25], and other outcomes. Shorter meditation interventions are
effective at reducing negative mood, depression, fatigue,
confusion, and heart rate [42]. Those results provide initial
evidence that shorter and brief mindfulness-based interventions
are linked to positive health-related outcomes, and the magnitude
of results is to some extent independent of the duration [10].
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Only few studies examined the impact of shorter mindfulness
interventions on stress [21]; and among the numerous mobile
applications for mindfulness training only a few had their
effectiveness tested [28].

1.3 Positive and Negative Affectivity

Positive and Negative Affects represent distinct dimensions in
mood measurement. Positive Affect (PA) “reflects the extent to
which a person feels enthusiastic, active, and alert” [41, p. 1063],
and Negative Affect (NA) assesses negative mood states (fear,
hostility, anxiety) [41]. Both trait and state PA are associated with
positive health outcomes, such as improved pulmonary function,
decreased level of cortisol, lower mortality rates [29], while NA is
linked to anxiety and depressive disorders [40].

Social evaluative stressors increase NA and decrease PA [6]. PA
and NA in turn affect health outcomes through the activation of
the parasympathetic or sympathetic nervous system (release of
stress hormones) resulting in change in immunity as well as heart
rate (HR) and blood pressure (BP) [7, 33, 38]: Prolonged
activation of the cardiovascular response and deteriorated
immunity mediate the relationship between negative emotions and
disease [5, 38].

1.4 This study

Previous research has shown that emotional regulation plays a
major role in the mindfulness-health relationship: Mindfulness is
negatively related to NA and positively to PA [6, 11, 35].

While short mindfulness interventions can buffer the emotional
impact of mood inductions [2], it is not known whether short
mindfulness interventions are beneficial with regards to the
emotional impact of anticipatory social stress.

Our aim in this study is to test whether a short mobile-based
mindfulness intervention moderates the impact of anticipatory
social stress on PA and NA. Our hypotheses are presented below:

Hypothesis 1a: NA will increase during anticipatory stress
compared to baseline.  Hypothesis 1b: Short mindfulness
intervention buffers against the effect of anticipatory stress on
NA.

Hypothesis 2a: PA will decrease during anticipatory stress
compared to baseline.  Hypothesis 2b: Short mindfulness
intervention buffers against the effect of anticipatory stress on PA.

2. METHOD

2.1 Participants

Sixty-five women and 42 men were recruited by master students
as a part of a seminar on stress interventions. They were 25.18
years old on average (SD = 6.93). The Control and Mindfulness
groups were respectively composed of 53 participants and 54
participants.

2.2 Procedure and measures

Upon arrival to the lab, participants were briefly introduced to the
study, and signed informed consent forms. They provided their e-
mail address in order to participate in a raffle for a tablet. The
experiment was composed of different phases (an adaptation of
the Trier Social Stress Test [23]).

Phase 1 - Baseline: Participants were requested to wait for 5
minutes and completed the Positive and Negative Affect Schedule
(PANAS; [12]) a first time among other scales (omitted for space
reasons). The instrument uses Lickert scales ranging from 1 to 5.

The reliability of the PA and NA scales was good throughout the
experiment (all Cronbach alphas > 0.83). Participants’ heart rate
(HR) and blood pressure (BP) were then measured a first time
using a Beuer Medical BC 58 automatic tensiometer.

Phase 2 - Experimental manipulation: Participants in the
Mindfulness group listened to a female natural text-to-speech
voice that guided them through different mindfulness exercises
(mindfulness of breath and body scan). The audio was delivered
using a smartphone (Nokia Lumia 520, OS: Windows Phone 8).
Participants in the Control group were instructed to wait (hon-
active control group). This phase lasted for 5 minutes in both
groups.

Phase 3 — Anticipation stress: Participants were informed that they
would participate in a 5-minute simulated job interview with the
experimenter in which they would have to convince they are the
best candidates for the ‘job of their dreams’ (self-presentation
task). They were also informed that the job interview would be
filmed and that a jury would judge their performance at a later
stage based on the recordings. They were given 5 minutes to
prepare for the self-presentation task. Participants then filled in
the PANAS again. Their HR and BP were measured a second
time.

Phase 4 — Social stress (self-presentation task): Participants
performed the self-presentation task for 5 minutes and their HR
and BP were measured immediately after. They then filled in the
PANAS a third time together with other scales and socio-
demographic items.

Phase 5 — Recovery: HR and BP were measured a fourth time 5
minutes after the end of the self-presentation task.

3. RESULTS

We ran mixed-effect regression analyses to test our hypotheses,
using package Imer in R. The null model for NA shows that
35.1% of variance is at the level of the participants (ICC = 0.351).
The null model for PA shows that 71.7% of variance lies at the
level of the participants (ICC = 0.717). The null model for heart
rate shows that 63.8% is at the individual level (ICC = 0.638). As
a manipulation check, we computed a model that included Time
(0 = Baseline, 1 = Anticipatory stress) as a predictor of HR. The
model was significantly different from the null model (Chi2(1) =
4.28, p < .05) and heart rate indeed increased during anticipatory
stress (B = 2.47, SE = 1.19, 95% C.I. = 0.13 — 4.81, p < .001).
This shows the manipulation was effective at eliciting a
physiological stress response from the participants. Other results
regarding HR and BP are not presented here.

3.1 Negative affect

To test our hypotheses, we computed a first model with the main
effects of Time (0 = Baseline; 1 = Anticipatory stress) and
Condition (0 = Control; 1 = Mindfulness), and a second model
containing also their interactions. Gender (0 = Men; 1 = Women)
was included as a control variable in all models (main effect and
interactions included). The dependent variable was NA in all
models. The first model presented a significantly lower
-2likelihood value compared to the null model, meaning that it
explained the data better: Chi2(5) = 42.00, p < .001. The second
model presented a marginally significant lower -2likelihood value
compared to the first, meaning that it fitted the data better to some
extent: Chi2(2) =5.76, p = 0.056.



According to Hypothesis 1a, NA increases from the Baseline to
the Anticipation phase. This is corroborated by the data:
participants had a higher NA score during Anticipatory stress in
both models (model 1: Brime = 0.32, SE =0.09, 95% C.l. =0.14 —
0.50, p <.001; model 2 : see table). According to Hypothesis 1b,
the condition moderates the effect of anticipatory stress on NA.
This is corroborated by the data. As displayed in Table 1, the
significant Condition by Time interaction is negative, meaning
that the increase in NA was lower in the Mindfulness condition.

Our intervention buffered the effect of anticipatory stress to a
lesser extent in women as revealed by the marginally significant
and positive Condition x Time x Gender interaction. This is
shown on the interaction below (Figure 1).

3.2 Positive affect

To test hypotheses H2a and H2b, we ran the analyses in a similar
fashion as above, but with PA as a dependent variable. The first
model fitted the data better than the null model based on the
difference in -2loglikelihood value: Chi2(2) = 18.00, p = 0.002.
The first model is displayed in Table 2. According to Hypothesis
2a, we expected PA to decrease from the Baseline to the
Anticipatory stress phase. This is not supported by the data: PA
was actually higher in the Anticipatory stress phase. Yet, PA
didn’t increase among women: The interaction of time and gender
is negative and its coefficient is bigger than that of Time. The
second model didn’t explain the data better than the first model:
Chi2(2) = 3.41, p = 0.18. Hypothesis 2b is therefore unsupported
by the data.

4. Discussion and conclusion

Our study is the first to examine the effect of a short mindfulness
intervention on the emotional reaction to anticipatory social
stress.

Confirming our hypothesis, the mindfulness mobile-based
intervention successfully weakened the increase in NA during
social stress, in comparison to the control condition. The
intervention failed to increase PA in participants, contrary to what
was predicted. One explanation is that the duration of the
intervention (5 minutes) was too short for significant
improvements to appear in the face of stressors. Another
possibility would be that performing the task frequently could be
necessary: programs such as the MBSR require participants to
practice daily, and the true benefits of a mindfulness intervention
for PA might come from repeated practice [19]. Further research
could focus on these two avenues: testing a single but longer
procedure, and testing a short intervention such as ours, but over a
week or a month.

Another intriguing aspect of our results was that the intervention
seemed not to be so beneficial for women. It is known that women
and men differ in their reactions to stressors. A review is provided
in [26]. In a nutshell, this can be explained by genetic differences,
differences in the social environment — women and men differ
with regards to their role in society, and differences in
psychological gender (femininity and masculinity). Traditionally,
femininity is higher in women than in men and masculinity is
higher in men than in women. Research shows that femininity is
related to higher threat appraisal (resources assessed as lacking to
face the stressor) and masculinity to higher challenge appraisal

(resources assessed as sufficient to face the stressor) [32]. For this
reason, notably, men are less affected by social-evaluative threat
[23]. One explanation for the gender differences observed in our
study could be that women, because of a higher dispositional
appraisal of a lack of resources in the face of stressors (compared
to men), might not have considered the intervention as useful in
dealing with anticipatory social stress, and therefore may not have
benefited from it so much. Further research might focus on these
aspects as well. We have pointed out that most mobile health
applications lack proper testing. As our study has demonstrated,
results might vary between women and men, and potentially other
characteristics of the users.

It is particularly intriguing that from tens of thousands of health
apps available, the National Health Services (UK;
http://apps.nhs.uk) only considers about 400 as safe to use. The
effectiveness of mobile-based interventions should be adequately
demonstrated before they are made available to the public.

Table 1. Anticipatory stress and negative affect

B (SE) 95% C.1.
Intercept 1.31(0.15* 1.02 - 1.61
Gender (G) 0.17 (0.18) -0.17 — 0.52
Condition (C) 0.11(0.19) -0.26 — 0.47
Time (T) 0.61 (0.15)** 0.32 — 0.91
CxG -0.05(0.24) -0.52 — 0.42
TxG -0.18 (0.18)  -0.52 — 0.17
CxT -0.45 (0.19)* -0.82 —-0.08
CxTxG 0.42 (0.24)# -0.05 — 0.89

*p<.001; *:p<.05 #:p<.10

Table 2. Anticipatory stress and positive affect

B (SE) 95% C.I.
Intercept 3.04 (0.17)* 271 - 3.36
Gender (G) -0.02 (0.19) -0.40 — 0.36
Condition (C) 0.27 (0.20) -0.12 - 0.66
Time (T) 0.23 (0.08)* 0.08 — 0.38
CxG -0.00 (0.25) -0.51 - 0.49
TxG -0.30 (0.10)*  -0.50 —-0.10
*p<.05

Negative affect

Men Women

24 = = Control 24
22 — Mindfulness 2
2.0 20
1.8 P - 1.8
16 - - - 1.6
1.4 ;-f-.-_--_-_--—.—- 1.4 -
1.0 1:0

Baseline Anticipatory stress Baseline Anticipatory stress

Figure 1. Anticipatory stress and negative affect
(interaction plots)
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