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Abstract
Objectives The subsurface ballistic missile nuclear submarine (SSBN) is an extreme professional environment in which 
personnel are both isolated and confined during patrols, which can last longer than 2 months. This environment is known to 
degrade submariners’ mood and cognition.
Methods This exploratory, empirical study followed a cohort of 24 volunteer submariners. Dispositional mindfulness was 
assessed with the Freiburg Mindfulness Inventory, in order to identify two groups (mindful and non-mindful) and compare 
change in emotional state, interoception, and health behaviors during the patrol.
Results Overall, psychological health deteriorated during the patrol. However, mindful submariners demonstrated better 
psychological adaptation and interoception than the non-mindful group. This was associated with better subjective health 
behaviors (sleeping and eating).
Conclusions Dispositional mindfulness appears to protect against the negative effects of long-term containment in a profes-
sional environment, such as a submarine patrol. Our work highlights that mindfulness may help individuals to cope with 
stress in such situations. Developing mindfulness could also be an important preventive healthcare measure during quarantine 
imposed by the outbreak of a serious infectious disease.
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Long-term space missions require a good understanding 
of human adaptation to artificial environments, known as 

isolated and confined environments (ICE), and/or extreme 
and unusual environments (EUE). The literature shows 
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that the constraints inherent in ICE and EUE can upset the 
balance between the demands of the environment, and the 
resources mobilized by individuals, leading to changes in 
the individual–environment relationship and stress disorders 
(Vanhove et al., 2015). As Rivolier (1992, p2) indicated, 
with respect to the extreme nature of certain situations, “the 
individual is placed in circumstances with intense emotional 
potential or requiring an adaptive response, an adjustment, 
which he experiences as beyond his means.” Therefore, it 
is relevant to ask, what individual characteristics predict 
successful adaptation and performance in an ICE/EUE, 
especially long-term missions. The literature highlights, in 
conjunction with changes in environmental sensory stimuli, 
emotional and mood disorders (Brasher et al., 2010; Palinkas 
et al., 2007), attentional and cognitive difficulties (Palinkas 
et al., 1997), and social problems (Palinkas et al., 2004) that 
underlie maladaptive stress responses (Vanhove et al., 2015). 
These disorders appear during the mission, in individuals 
who have no apparent prior health concerns. These data sug-
gest that sensory immersion in such environments may have 
deleterious effects on physical, mental, and cognitive health, 
through mechanisms that affect sensory integration.

The subsurface ballistic missile nuclear submarine 
(SSBN) is an unusual, confined, isolated, and sometimes 
extreme context. Along with Antarctic and space bases, it 
is an appropriate environment for studying human adapta-
tion to a long-term mission. A patrol lasts several weeks 
and, during this time, submariners are subject to numerous 
constraints, often arising from their environment. In the case 
of the SSBN, besides the constrained living environment, 
they live alongside a nuclear weapon and the fear of poten-
tially fatal damage. They must also maintain a watch-keep-
ing cycle that disrupts the circadian rhythm, and cope with 
social confinement, along with a monotonous environment. 
These constraints have been found to affect emotion (Eid 
et al., 2001) and stress regulation (Brasher et al., 2010), but 
not sleep (Trousselard et al., 2015). This professional setting 
immerses individuals in a very different sensory environ-
ment. There can be a lack of sensory stimulation, a lack of 
variation in stimulation, or an overstimulation of a sensory 
modality. While the abnormal regulation and integration of 
sensory, perceptual, and attentional processes is well-known 
to be actively involved in the adaptive response of subjects 
whose cognitive functioning is affected by physical environ-
mental constraints (Levit-Binnun & Golland, 2012), these 
processes remain little-explored in healthy individuals. On 
the one hand, the adaptive ability to respond appropriately 
in a constantly changing environment involves a fine-tuned 
interplay between inside and outside, the brain and the body 
(Craig, 2009). Through the body, the brain receives infor-
mation about the state of the external world (exteroception) 
and the body’s physiological state (interoception). On the 
other hand, health benefits are associated with a natural 

environment (Sarris et al., 2019). In particular, naturalistic 
stimuli have been found to have restorative effects, compared 
to artificial stimuli (Gould van Praag et al., 2017).

Overall, the literature suggests that the operational con-
straints of the SSBN challenge the adaptability of subma-
riners, who are immersed in an artificial, stressful environ-
ment. Meeting this challenge requires efficient interoception, 
which is the individual’s ability to pay attention to informa-
tion from the body and to notice subtle changes that are 
consistent with the available environmental information 
(Mehling et al., 2009). Interoception is a complex concept 
that includes objective processes of neural coding, trans-
duction, and the central representation of internal stimuli 
(Salvato et al., 2020). It engages both afferent and effer-
ent mechanisms via three steps: perception, attention, and 
awareness (Schulz & Vogele, 2015). Although the first two 
steps are considered to be preconscious (Mehling et al., 
2009), research has found that perceptions do not need to 
reach conscious awareness to influence the psychological 
state of an individual (Craig, 2009). In this context, Mehling 
et al. (2012) have developed a multidimensional model 
of the interoceptive construct, which consists of four key 
dimensions. Firstly, perceptions note subtle changes in body 
processes indicative of variation in the person’s emotional/
physiological state. Secondly, the quality of attention focuses 
on the emotional reaction and attentional responses to sen-
sations, without being distracted or worried, and includes 
the subdimension of attentional control. The third includes 
trust, which reflects the extent to which the individual views 
awareness of bodily sensations as helpful for decision-
making or health. Finally, mind–body integration includes 
emotional awareness, self-regulation, and body listening. 
Although further research is needed to better understand 
how interoception functions (Mehling et al., 2018), it is 
well-known that the quality of internal sensations regulates 
stress adaptation (Schulz & Vogele, 2015) and emotional 
state (Price & Hooven, 2018). Furthermore, interoceptive 
efficiency has been described as a particular kind of mind-
ful, nonjudgmental awareness and a sense of self, grounded 
in physical, external, and internal sensations in the present 
moment (Mehling et al., 2012). One of the preventive chal-
lenges is to identify individual psychological resources that 
are efficient for dealing with the constraints due to contain-
ment. Literature suggests that a pertinent candidate for cop-
ing with extreme environments, such as a submarine patrol, 
could be dispositional mindfulness (Gibson, 2019).

Dispositional mindfulness characterizes the aware-
ness that emerges through paying nonjudgmental, focused 
attention, in the present moment to the unfolding experi-
ence (Kabat-Zinn, 1994). It has been conceptualized as the 
ability to be consistently mindful in everyday life, regard-
less of events (Kilpatrick et al., 2011). It is thought to con-
sist of at least two dimensions: acceptance and presence 
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(Kabat-Zinn, 1994; Walach et al., 2006). Here, acceptance 
does not mean resignation, but rather a perception of the 
experience that simply acknowledges it, rather than judging 
it as good or bad. Presence is the feeling of being there; it 
refers to the degree to which a subject is grounded in their 
own awareness. Dispositional mindfulness is associated 
with various positive physical and psychological health fac-
tors (Brown & Ryan, 2003), such as efficient emotional and 
stress regulation (Chiesa & Serretti, 2009). One potential 
mechanism for the health benefits associated with mindful-
ness is a high level of interoceptive sensibility, which can be 
measured by the Multidimensional Assessment of Interocep-
tive Awareness (MAIA) questionnaire (Bornemann et al., 
2015; Hanley et al., 2017; Mehling et al., 2012). However, 
evidence of an association between mindfulness and intero-
ception accuracy (operationalized by the heartbeat track-
ing paradigm) is mixed (Khalsa et al., 2020), and the rela-
tionship remains insufficiently characterized. Interestingly, 
evidence of an association between mindfulness and health 
behaviors (e.g., eating, sleep quality, and physical activity) is 
more robust (Gilbert & Waltz, 2010; Lentz & Brown, 2019; 
Roberts & Danoff-Burg, 2010). On the one hand, disposi-
tional mindfulness appears to be related to decreased stress, 
which, in turn, contributes to increasingly positive health 
perceptions and behaviors (Roberts et al., 2010). On the 
other hand, gender differences have been found with respect 
to the mindfulness processes that support health behaviors 
(Gilbert & Waltz, 2010). Exactly how dispositional mindful-
ness impacts health behaviors remains a subject of debate. 
Both emotional (Lentz & Brown, 2019; Shapiro et al., 2006) 
and cognitive (Gilbert & Waltz, 2010) processes have been 
proposed. However, meta-cognitive processes may also play 
a part. Intention is one, well-known process that promotes 
the alignment of daily behavior with personal values and a 
long-term vision of health, especially in a context of daily 
stress (Lentz & Brown, 2019; Shapiro et al., 2006). Con-
cerning sleep, a previous study on SSBN suggested a rela-
tionship between subjective and objective sleep assessments 
without sleep degradation over the patrol (Trousselard et al., 
2015). But differences between submariners according to 
their adaptability were not studied. Referring to the rela-
tionship between quality of sleep and dispositional mindful-
ness in a civilian population (Howell et al., 2008, 2010), it 
is relevant to evaluate how dispositional mindfulness and 
sleep are related between each other over the mission using 
a well-validated questionnaire for a follow-up evaluation of 
sleep changes as the Leeds Sleep Evaluation Questionnaire 
(Parrot & Hindmarch, 1980). Furthermore, higher levels of 
dispositional mindfulness have been associated with greater 
awareness of healthy dietary practices and lower tendency to 
consume food in response to adverse emotional experiences 
(Lentz & Brown, 2019). These latter findings suggest that 
mindfulness may promote health behaviors via interoceptive 

processes (Hanley et al., 2017). Adjusted assessments for 
evaluating food attitudes and physical activities, their 
changes over the patrol, and their relation to interoception 
functioning are needed for a better understanding of how a 
patrol impacts these health behaviors.

There are many articles on mindfulness programs to help 
military personnel manage stress and health during mission, 
but few articles focus on the impact of mindfulness readi-
ness as a factor in mission adaptation. Furthermore, these 
articles focus primarily on soldiers, less on Navy personnel, 
and even less on submariners. To our knowledge, only a few 
studies have evaluated the psychological benefits of disposi-
tional mindfulness during an SSBN patrol. Our main objec-
tive, therefore, is to evaluate the relationship between dispo-
sitional mindfulness and health during a SSBN patrol. Our 
first hypothesis is that dispositional mindfulness remains 
stable throughout the patrol, despite the artificial environ-
ment. The second is that greater dispositional mindfulness is 
associated with both a better emotional state and better inter-
oception at all stages of the patrol. Third, we hypothesize 
that dispositional mindfulness is associated with healthier 
behaviors in terms of diet, sleeping, and exercise. The aim 
of our work is to explore these points in order to develop 
individual countermeasures for dealing with ICE missions 
and/or other confined situations.

Methods

Participants

Our exploratory, pragmatic study followed a cohort of male 
submariners who are declared fit for submarine navigation 
under French Defense Health Service regulations. This 
group regularly exercises, as daily sport is an obligatory 
activity during mission preparations. They are assigned 
to the French SSBN Le Triomphant, during a patrol in 
2018. Although the precise duration is classified, in gen-
eral, patrols last a minimum of 60 days and a maximum of 
80 days. The study was approved by the Comité de Protec-
tion des Personnes Sud-Est VI (France), in September 2017 
(IDRCB: 2017-A01329-44). Participants were presented 
with a complete description of this low-risk study, and writ-
ten informed consent was obtained.

Twenty-four submariners, all volunteers, aged 29.8 years 
on average (SD = 6.45) are included. Twenty-three were 
in a relationship (95.83%) and 14 had at least one child 
(58.33%). Mean weight was 75.96 kg (60–97 kg, SD = 9.57) 
and 20 (83.33%) were nonsmokers. Average length of ser-
vice was 5567 h on nuclear attack submarines (SD = 4708) 
and 6835 h on SSBN (SD = 6505). Eight (33.33%) were 
off-watch. This group only worked day shift (no night 
shifts except for unscheduled interventions). This involved 
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a night watch (alternately between 20:00 and 00:00, then 
00:00 and 04:00), then between 04:00 and 08:00 on the 
third night (Trousselard et al., 2015). Shift information was 
not recorded.

Procedure

Given that the exact duration of the patrol was unknown, 
assessments during the mission were scheduled over a 
period of 60 days. Following consultation with the com-
mander and medical staff, and due to operational constraints, 
psychological data (dispositional mindfulness and intero-
ception) were collected in four sessions: the first before the 
patrol (baseline), two during the patrol, on day 25 (D25) and 
day 55 (D55), and the last, after a month of post-patrol vaca-
tion (recovery). Health behaviors (sleep and food behaviors) 
were only evaluated twice (baseline and recovery). Physical 
activity was self-reported on a daily basis. All data were 
collected via self-administered questionnaires. At baseline 
and recovery, implementation was supported by the SSBN’s 
medical staff and researchers, while at D25 and D50, the 
SSBN’s medical staff worked alone.

Measures

Sociodemographic data included gender and marital sta-
tus. The 14-item, self-administered Freiburg Mindfulness 
Inventory (FMI) assessed mindfulness (Trousselard et al., 
2010; Walach et al., 2006). The FMI indexes trait mind-
fulness as presence and nonjudgmental acceptance. Intero-
ceptive awareness was evaluated using the 32-item MAIA 
(Mehling et al., 2012), which measures eight facets: (i) 
noticing (awareness of body sensations), (ii) not-distracting 
(tendency to distract oneself from negative sensations), (iii) 
not-worrying (tendency to not worry about negative sen-
sations), (iv) attention regulation (attention to body sensa-
tions), (v) emotional awareness (awareness of the connec-
tion between body sensations and emotional states), (vi) 
self-regulation (ability to regulate psychological distress by 
attention to body sensations), (vii) body listening (actively 
listening to the body for insight), and (viii) trusting (experi-
ence of one’s body as safe and trustworthy). Psychological 
functioning was assessed using the 12-item Scale of Posi-
tive and Negative Experience (SPANE), based on how fre-
quently such experiences were felt over the previous 4 weeks 
(Martin-Krumm et al., 2017).

Variables related to health behaviors during the patrol 
were recorded as follows. The Leeds Sleep Evaluation Ques-
tionnaire (LSEQ) uses ten, 100-mm-line analogue ques-
tions (Parrott & Hindmarch, 1980) to assess four subjective 
aspects of sleep: getting to sleep, quality of sleep, awakening 
from sleep, and behavior after waking. The LSEQ was used 
to monitor subjective changes in sleep with respect to usual 

subjective sleep. Subjects were asked to indicate current 
sleep quality compared to their usual sleep. No objective 
measures of hours slept were recorded. A bespoke, five-
point Likert scale questionnaire was developed to assess five 
behaviors toward food and appetite: (i) appetite (little hunger 
to very hungry); (ii) enjoyment of food (tastes good/bad); 
(iii) hungry before a meal (never, rarely, sometimes, often or 
always); (iv) satiety (after a few bites, after one-third or half 
of the meal, at the end of the meal, still hungry at the end 
of the meal); and (v) hunger between meals (never, rarely, 
sometimes, often or always). As meals are served in two 
courses, at 11am and 12 pm and then 7 pm and 8 pm with 
adaptation according to the mission, no objective measures 
of hours for food consumed were recorded. Daily physical 
activity was self-reported and divided into three periods 
during the patrol: the first 20 days, the middle 20 days, and 
the next 20 days (which are usually the last). Submariners 
completed a form that indicated the type of activity (strength 
training, running machine, and/or ergocycle) and the dura-
tion of each activity.

Data Analyses

Data analyses were performed using python software 
(Python Software Foundation, Wilmington, v3.8) and 
Statistica (Stastsoft France, Maison Alfort, v7.1). First, 
the reliability of each psychological measurement (self-
administered questionnaire) was gauged by computing 
Cronbach’s alpha (Cronbach, 1951). All were above 0.74, 
which indicates good reliability. For FMI, Cronbach’s alpha 
test was 0.78. Normal distribution and homogeneity of vari-
ance were also assessed for quantitative variables using 
Levene’s test. Second, we identified  dispositional mind-
fulness group. A principal component analysis was run to 
detect relationships between mindfulness subfactors (i.e., 
presence and acceptance) and to reduce them to a robust, 
one-dimensional axis. The exploratory factor analysis sup-
ported a single-factor solution, which explained 84.08% of 
the variance. All variables had a positive weight for this 
factor—subjects with high scores scored high on mindful-
ness, while those with low scores scored low on mindful-
ness. Factor scores were then used to categorize subjects 
into high and low  dispositional mindfulnessgroups using 
a k-means clustering method. Two clusters were identified: 
the mindful group (MG) consisted of 13 submariners; and 
the not-mindful group (NMG) consisted of 11 submariners. 
Third, comparisons between groups were performed using 
Pearson’s chi-square tests for each of the variables with 
several modalities and t tests for each of quantitative vari-
ables. Nonparametric Kruskal–Wallis analyses were used 
if quantitative data were not normally distributed. Fourth, 
inter-group comparisons during the patrol were carried out 
using repeated measures analysis of variances (ANOVAs). 
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A first repeated ANOVA was performed for evaluating the 
stability of  dispositional mindfulness during the study with 
four time-points (Baseline, D25, D55, and Recovery). We, 
then, examined the effects of time (Baseline, D25, D55, 
and Recovery) and mindfulness status using (group × time) 
ANOVAs for MAIA and SPANE scales, separately. Finally, 
we examined the effects of time (baseline and recovery) 
and mindfulness status using (group × time) ANOVAs for 
sleep and eating assessments. For physical activity, time 
(D1–D20, D21–D40, and D41–D60) and mindfulness status 
(group × time) effects were examined. When the ANOVA 
revealed a significant effect, post-hoc Tukey’s tests were 
run for all pairs. Statistical significance was set at p < 0.05. 
p < 0.10 was considered evidence of a trend.

Results

Mindfulness Status

No difference was observed between the MG and the NMG 
with respect to sociodemographic data at baseline. None 
of the subjects had any experience of meditation. The 
two groups differed at baseline on the overall FMI score 
(F = 56.24; p < 0.001), the presence sub-score (F = 21.9; 
p < 0.001), and the acceptance sub-score (F = 43.96; 
p < 0.001). The Stability of self-reported mindfulness is 
described Table 1. A significant group effect (F = 33.9, 
p < 0.001) was observed for FMI scores, with higher 
scores in the MG. A trend was identified for the interac-
tion between group and time (F = 2.6, p = 0.06) at base-
line (p < 0.001), D25 (p < 0.001), and D55 (p < 0.001). In 
all three cases, mindfulness scores were lower for NMG, 
while no difference was found at recovery. Significant group 
(F = 22.84, p < 0.001) and time (F = 4.18, p = 0.01) effects 
were observed the presence sub-score (Fig. 1, left). Pres-
ence scores were higher for the MG. At recovery, presence 
scores were lower than baseline (p = 0.01) and tended to be 
lower than D25 (p = 0.08) and D55 (p = 0.09). The interac-
tion identified inter-group differences at baseline (p = 0.01), 
D25 (p < 0.001), and D55 (p = 0.002) but not recovery 
(p = 0.83). Furthermore, presence scores were lower for the 
MG group at recovery compared to baseline (p = 0.013), 
D25 (p < 0.001), and D55 (p = 0.015), while no change was 
observed for the NMG. A significant group effect (F = 25.84, 
p < 0.001) highlighted higher scores for the MG at all four 
times for the acceptance sub-score (Fig. 1, right).

Mindfulness Status and Psychological Adaptation 
During the Patrol

Results for SPANE scores differed as a function of the 
valence of the emotional experience (positive or negative; 

Table  1). Scores for positive experiences were higher 
among the MG than the NMG (F = 10.58, p < 0.01). Low-
est scores were recorded at D55 (F = 15.86, p < 0.001) 
and D25 (p < 0.001) compared to baseline. There was no 
group × time interaction. Turning to negative experiences, 
an effect of time was observed (F = 3.99, p = 0.0151), with 
more negative experiences at D25 (p = 0.02) and trends at 
D55 (p = 0.056), and recovery (p = 0.056), compared to 
baseline. The MG tended to experience less negative emo-
tion (F = 3.03, p = 0.10). An inter-group trend was identified, 
but no interaction.

Significant group (F = 12.18, p = 0.003) and time 
(F = 4.48, p = 0.007) effects were found for MAIA scores 
(Table 1). They highlighted that the MG scored higher for 
interoception, and that interoception decreased as the patrol 
progressed. Scores were highest at baseline and D25, com-
pared to D55 (p = 0.01) and recovery (p = 0.01). Significant 
group and time effects differed according to the eight MAIA 
sub-scores. No effect was observed for noticing. Scores for 
not-distracting (F = 4.3, p = 0.008) were higher at baseline 
compared to D55 (p = 0.027) and recovery (p = 0.028). 
Scores for not-worrying (F = 6.87, p < 0.001) were higher 
at baseline compared to D25 (p < 0.001), D55 (p = 0.042), 
and recovery (p = 0.005). Scores for attention regulation 
(F = 19.9, p < 0.001) were higher among the MG than the 
NMG. A time trend (F = 2.4, p = 0.08) suggests that atten-
tion regulation was higher at baseline than D55 (p = 0.04). A 
group trend was identified for emotional awareness (F = 3.3, 
p = 0.09) with higher scores for the MG compared to the 
NMG. A group effect was identified for self-regulation 
(F = 17, p < 0.001), body listening (F = 9.22, p = 0.008), and 
trusting (F = 5.04, p = 0.04), with the MG scoring higher 
than the NMG in all cases.

Table 2 presents submariners’ scores for sleeping, eat-
ing, and physical activity assessments as a function of mind-
ful status. The only notable result for sleep was a trend for 
waking at night (F = 0.396; p = 0.06). The MG tended to 
experience less waking at baseline and recovery compared 
to the NMG. For getting to sleep scales, a time effect was 
observed for sleep latency (F = 7.46; p = 0.014) and feeling 
sleepy (F = 7.72; p = 0.013). At recovery, latency returns 
to normal, while greater difficulty is reported in falling 
asleep (compared to usual) at baseline. The same result is 
observed for feeling sleepy. A time effect is observed for 
restless/restful sleep (F = 5.24; p = 0.035). Sleep is reported 
to be more restful at recovery than baseline. For waking 
during sleep, time effects were observed. Scores for wak-
ing up easily tended to be better at baseline than recovery 
(F = 3.32; p = 0.08). In the same vein, waking up was slower 
at recovery compared to baseline (F = 8.65; p = 0.01). Post-
wakening, fatigue, balance, and coordination tended to differ 
between baseline and recovery. Less fatigue than usual was 
reported at baseline, while at recovery, it was the same as 

2222 Mindfulness  (2021) 12:2218–2228



Ta
bl

e 
1 

 A
na

ly
se

s f
or

 th
e 

in
te

ra
ct

io
ns

 b
et

w
ee

n 
di

sp
os

iti
on

al
 m

in
df

ul
ne

ss
  a

nd
 ti

m
e 

on
 p

sy
ch

ol
og

ic
al

 sc
or

es

N
ot

e.
 M

G
 m

in
df

ul
 g

ro
up

; N
-M

G
 n

ot
-m

in
df

ul
 g

ro
up

; T
S 

to
ta

l s
co

re
; P

rS
 p

re
se

nc
e 

su
b-

sc
or

e;
 A

cS
 a

cc
ep

ta
tio

n 
su

b-
sc

or
e;

 N
C

 n
ot

ic
in

g 
su

b-
sc

or
e;

 N
D

S 
no

t-d
ist

ra
ct

in
g 

su
b-

sc
or

e;
 N

W
S 

no
t-w

or
ry

-
in

g 
su

b-
sc

or
e;

 A
RS

 a
tte

nt
io

n 
re

gu
la

tio
n 

su
b-

sc
or

e;
 E

AS
 e

m
ot

io
na

l a
w

ar
en

es
s s

ub
-s

co
re

; S
RS

 se
lf-

re
gu

la
tio

n 
su

b-
sc

or
e;

 B
LS

 b
od

y 
lis

te
ni

ng
 su

b-
sc

or
e;

 T
rS

 tr
us

tin
g 

su
b-

sc
or

e
M

ea
ns

 w
ith

 d
iff

er
en

t s
ub

sc
rip

ts
 d

iff
er

 a
t t

he
 p

 =
 0.

05
 le

ve
l m

ea
su

re
d 

w
ith

 th
e 

N
ew

m
an

–K
eu

ls
 m

ul
tip

le
 ra

ng
e 

te
st.

 W
he

re
 th

er
e 

is
 a

 tr
en

d 
(p

 <
 0.

1)
, s

ub
sc

rip
ts

 a
re

 sh
ow

n 
in

 it
al

ic
. S

ta
tis

tic
al

 d
iff

er
-

en
ce

s a
re

 d
et

ai
le

d 
in

 th
e 

te
xt

a  Si
gn

ifi
ca

nt
 g

ro
up

 e
ffe

ct
b  Si

gn
ifi

ca
nt

 ti
m

e 
eff

ec
t

B
as

el
in

e
D

25
D

55
Re

co
ve

ry
F 

ra
tio

p
η2

M
G

N
-M

G
M

G
N

-M
G

M
G

N
-M

G
M

G
N

-M
G

FM
I q

ue
sti

on
na

ire
TS

a
44

.8
7 

(3
.5

1)
35

.0
9 

(2
.9

)
42

.9
4 

(3
.2

7)
34

.7
 (4

.8
5)

43
.3

3 
(3

.0
5)

33
.7

 (4
.9

7)
40

.1
1 

(4
.8

8)
35

.3
 (1

1.
85

)
2.

6
0.

06
0.

14
Pr

Sa,
b

20
.1

 (1
.9

1)
16

.2
7 

(2
.1

)
19

.6
2 

(2
.0

2)
15

.1
 (2

.7
6)

19
.6

6 
(1

.3
8)

15
.2

 (2
.5

3)
16

.7
7 

(3
.0

7)
15

.3
 (2

.8
3)

3.
56

0.
02

0.
17

A
cS

a
24

.7
7 

(2
.3

1)
18

.8
2 

(2
.0

4)
23

.3
3 

(2
.1

7)
19

.6
 (2

.7
2)

23
.6

6 
(2

.5
3)

18
.5

 (3
.5

3)
23

.3
3 

(2
.6

9)
20

 (3
.3

3)
1.

31
0.

28
0.

07
M

A
IA

 q
ue

sti
on

na
ire

TS
a,

b
26

.8
 (3

.7
3)

22
.2

3 
(3

.5
4)

25
.8

1 
(3

.9
8)

19
.8

3 
(4

.1
6)

23
.5

9 
(4

.3
1)

19
.1

3 
(4

.5
1)

25
.1

5 
(5

.5
9)

18
.2

8 
(4

.7
9)

0.
51

0.
67

0.
03

N
cS

b
3.

31
 (0

.7
2)

3.
13

 (0
.7

7)
3.

36
 (0

.8
8)

3.
01

 (0
.9

1)
2.

98
 (1

.0
2)

2.
67

 (1
.0

8)
3.

19
 (1

.3
7)

2.
72

 (0
.9

4)
0.

38
0.

77
0.

02
N

D
Sb

2.
64

 (0
.8

5)
2.

49
 (0

.4
6)

2.
39

 (0
.7

2)
2.

27
 (0

.7
2)

1.
83

 (0
.7

9)
2.

07
 (0

.6
6)

2.
07

 (0
.8

1)
1.

73
 (0

.8
4)

0.
98

0.
41

0.
06

N
W

Sb
3.

55
 (0

.7
7)

3.
81

 (0
.8

5)
3.

08
 (0

.8
7)

2.
67

 (0
.5

7)
3.

17
 (0

.7
8)

3.
36

 (0
.6

4)
3.

11
 (0

.8
8)

3.
07

 (0
.8

2)
1.

16
0.

33
0.

07
A

R
D

a
3.

37
 (0

.7
3)

2.
43

 (0
.7

5)
3.

12
 (0

.9
7)

2.
07

 (0
.7

5)
2.

92
 (0

.7
8)

1.
71

 (0
.9

6)
3.

3 
(0

.8
5)

1.
95

 (0
.9

1)
0.

18
0.

91
0.

01
EA

Sa
3.

43
 (0

.6
)

3.
11

 (0
.9

4)
3.

42
 (0

.9
5)

2.
84

 (0
.9

3)
3.

2 
(0

.9
8)

2.
78

 (0
.7

5)
3.

49
 (1

.1
5)

2.
42

 (1
.0

5)
1.

1
0.

36
0.

06
SR

Sa
3.

31
 (0

.8
7)

2.
32

 (0
.9

8)
3.

34
 (0

.8
5)

2.
2 

(0
.7

7)
3.

04
 (1

.2
5)

2.
3 

(0
.9

5)
3.

5 
(1

.1
)

1.
67

 (1
.1

4)
1.

19
0.

32
0.

07
B

LS
a

2.
75

 (1
.1

)
1.

81
 (0

.9
8)

2.
56

 (1
.1

9)
1.

53
 (0

.6
8)

2.
28

 (1
.0

3)
1.

4 
(0

.6
2)

2.
67

 (1
.0

8)
1.

46
 (1

.2
1)

0.
07

0.
97

0.
00

4
Tr

Sa
4.

41
 (0

.6
5)

3.
12

 (1
.2

3)
4.

51
 (0

.6
3)

3.
3 

(1
.4

2)
4.

19
 (0

.8
2)

2.
83

 (1
.7

3)
3.

81
 (1

.5
4)

3.
23

 (1
.5

3)
0.

43
0.

73
0.

03
SP

A
N

E
PE

a,
b

4.
24

 (0
.4

2)
3.

72
 (0

.6
8)

3.
59

 (0
.7

7)
2.

61
 (0

.6
6)

3.
61

 (0
.6

9)
2.

19
 (0

.7
6)

4.
16

 (0
.4

2)
3.

7 
(0

.9
)

1.
64

0.
2

0.
13

N
Eb

2.
15

 (0
.5

9)
2.

63
 (0

.6
8)

1.
7 

(0
.5

6)
1.

94
 (0

.5
1)

1.
98

 (0
.7

1)
2.

2 
(0

.7
6)

1.
76

 (0
.5

4)
2.

05
 (0

.4
7)

0.
71

0.
55

0.
06

2223Mindfulness  (2021) 12:2218–2228



usual (F = 3.96; p = 0.06). Balance and coordination were 
reported to be less perturbed than usual at baseline, but the 
same as usual at recovery (F = 4.27; p = 0.054). Hunger 
before and hunger between meals were lower at recovery 
compared to baseline (F = 8.77; p = 0.009 and F = 18.04; 
p < 0.001, respectively). A significant interaction between 

group and hunger before meals revealed that the MG was 
less hungry at recovery compared to baseline (p = 0.004), 
while no change was observed for the NMG (p = 0.66). 
Turning to physical activity during the patrol, the mean for 
the MG was 22.61 (SD = 18.91) days of activity and a total 
of 1502.3 (SD = 1847.41) h. The mean for the NMG was 

Fig. 1  Significant group (NMG and MG) and time (baseline, D25, D55, and recovery) interactions for FMI presence (left) and FMI acceptance 
sub-scores. Solid line*, inter-group difference; dotted line*, intersession difference (MG only)

Table 2  Analyses of interactions between mindfulness trait and time on health behaviors

Note. MG mindful group; N-MG not-mindful group; GTS getting to sleep; QoS quality of sleep; AFS awakening from sleep; BFW behavior fol-
lowing wakefulness
Means with different subscripts differ at the p = 0.05 level measured with the Newman–Keuls multiple range test. Where there is a trend 
(p < 0.10), subscripts are shown in italic
a Significant group effect
b Significant time effect

Mindfulness Baseline M(SD) Recovery M(SD) F ratio p η2

MG N-MG MG N-MG
Sleep GTS Difficult/easy 2.84 (1.99) 2.81 (2.31) 0.33 (3.77) 2.3 (3.68) 0.82 0.37 0.05

Sleep latency 2.54 (2.02) 2.54 (2.46)  − 0.66 (3.9) 1.1 (4.09) 0.91 0.35 0.05
Sleepiness 1.38 (3.28) 2.36 (1.29)  − 0.66 (3) 1 (3.12) 1.11 0.30 0.06

QoS Restless/restful b  − 2.69 (2.43)  − 1.72 (2.41)  − 3.33 (1)  − 3.3 (1.77) 0.51 0.48 0.02
Wakefulness b  − 0.55 (3.47) 0 (2.65)  − 0.55 (2.92) 0.5 (3.5) 0.08 0.77  < 0.01

AFS Difficult/easy 1.84 (2.88) 1.27 (3.16) 0.22 (3.19) 0.5 (3.21) 0.47 0.49 0.03
Slow/quick 2.23 (2.35) 1.9 (2.94)  − 1.11 (3.16) 0.3 (2.67) 1.63 0.22 0.09

BFW Fatigue when wake up 2.69 (2.05) 1.18 (2.13)  − 0.77 (3.63) 0.8 (2.69) 2.82 0.11 0.14
Tiredness now 3.23 (1.01) 1.36 (2.37)  − 0.33 (4.15) 1.8 (2.78) 5.55 0.03 0.24
Balance and coordina-

tion
3.23 (1.79) 2.45 (2.42) 0.22 (4.57) 1 (3.62) 0.61 0.44 0.03

Food
attitudes

Appetite 4.15 (0.89) 3.63 (0.81) 4.11 (0.6) 3.9 (0.57) 1.23 0.28 0.07
Enjoyment of food 4.31 (0.48) 3.9 (0.54) 4.11 (0.6) 4 (0.47) 0.89 0.35 0.05
Hunger when time to eat b 4.08 (0.86) 3.72 (0.78) 3.34 (0.53) 3.7 (0.48) 8.76 0.001 0.34
Satiety after eating 4.07 (0.49) 3.91 (0.53) 4 (0.1) 4.1 (0.31) 1.2 0.28 0.06
Hunger between meals b 3.15 (0.90) 3.09 (0.7) 2.33 (0.5) 2.3 (0.82) 1.49 0.70 0.008
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16.82 (SD = 16.03) days of practice and a total of 970.1 
(SD = 1450.92) h. No significant difference was observed 
between the two groups. Physical activity during the patrol 
(number of days) also did not differ between the two groups 
for the three periods. A slight interaction was observed 
between group and period (F = 2.67; p = 0.08). At the end 
of the patrol (D41–D60), the number of days of practice 
tended to be higher compared to the first period (D1–D20) 
for the MG, while it did not change for the NMG.

Discussion

The aim of this study was to evaluate whether  dispositional 
mindfulness is a resource for coping with a professional envi-
ronment that is characterized by long-term containment. The 
observed decrease in positive emotion, along with an increase 
in negative emotion as the patrol progressed, confirms that 
the SSBN is a stressful environment that challenges human 
adaptation. First, we tested whether self-reported measures 
of mindfulness disposition were stable across the four experi-
mental sessions (including during the patrol). To the best of 
our knowledge, no study has investigated  dispositional mind-
fulness as a psychological resource, while it is thought to be 
relatively stable over time, even in stressful situations. Our 
findings confirm that  dispositional mindfulness was stable 
during the patrol, especially the acceptance dimension. Inter-
estingly, the presence dimension tended to decrease for the 
MG, but not the NMG. Body self-awareness can be broadly 
defined as the extent to which people are consciously aware of 
their bodily states and their relationships with others (Sutton, 
2016). This conscious feeling of a unitary entity is shaped 
by exteroceptive and interoceptive signals, and maintained 
by the integration of sensory signals (Blanke, 2012). During 
the patrol, interoception scores were higher for the MG, but 
decreased from the middle of the patrol. This suggests that 
subjects with high dispositional mindfulness, but no expe-
rience of meditation, modify the connection between their 
body and the environment during immersion in an artificial 
situation (such as a submarine patrol). However, although 
presence scores fell in the MG, their emotional state during 
the patrol remained better than the NMG, confirming our sec-
ond hypothesis. Furthermore, the impact of the patrol differed 
according to the interoceptive dimension and mindful status. 
Overall, during the patrol, scores fell (or tended to fall) for 
not-distracting, not-worrying, and attention regulation. At the 
same time, the MG scored higher than the NMG for attention 
regulation, self-regulation, emotional awareness, body listen-
ing, and trusting. With the exception of attention regulation, 
these differences during the patrol depended on either the 
time or mindful status. These changes are in line with theo-
ries of interoception (Garfinkel et al., 2015; Mehling et al., 
2012). We adopt Mehling’s concept of interoception, which 

sees it as a multidimensional construct with four key dimen-
sions (Mehling et al., 2012, 2018). Our results suggest that the 
patrol per se impacts the first dimension (perceived body sen-
sations), while  dispositional mindfulness interacts with inte-
grative dimensions. Attention regulation (which is presented 
as an intermediate step between perceived body sensations 
and integrative dimensions) should, therefore, be pivotal as it 
integrates the effects of the environment and personal intero-
ceptive abilities. It could indicate the integration of internal 
and external perceptions of the body, which, in turn, contrib-
utes to the regulation of physiological integrity (homeosta-
sis) and associated affect, drives, and emotions. Turning to 
our third hypothesis, although the patrol is associated with 
changes in health behavior,  dispositional mindfulness had 
little impact on these changes. Self-reported sleep was poorer 
before the patrol (falling asleep, quality of sleep, awakening 
during sleep, and waking up) than at recovery. Nevertheless, 
the MG tended to report fewer waking periods at baseline and 
recovery compared to the NMG. Self-reported eating habits 
indicated that recovery was associated with less hunger at 
meal times and between meals, especially for the MG. Finally, 
physical exercise patterns did not change significantly during 
the patrol, although the MG tended to exercise a little more 
at the end. No data are available from during the patrol, and 
it is possible that health behaviors could have been disturbed 
at the very start, but returned to their usual level at recovery.

Furthermore, the impacts of the patrol can be understood 
as resulting from the SSBN environment. The latter confines 
individuals in a context that is characterized by a lack of sen-
sory stimulation, a lack of variation in stimulation, or over-
stimulation. A healthy subject, who is living and working in 
a non-ecological environment, such as Antarctic and space 
bases, may integrate interoceptive signals differently com-
pared to the usual ecological environment (Rivolier, 1992). 
Although Antarctic bases, space bases, and submarines are 
considered analogous, Antarctic bases are an unusual and 
extreme, but natural environment, while space bases and 
submarines are unusual and extreme artificial environments. 
The impact of this difference needs to be further evaluated in 
human adaptation studies. This observation may have appli-
cations for the current COVID-19 quarantine period, which 
decreases sensory stimulation from the environment. It also 
questions the interaction between interoceptive and extero-
ceptive cues, although it is not clear whether a supramodal 
form of bodily self-awareness exists (Salvato et al., 2020). 
In addition, for individuals who are confined in an envi-
ronment with little exteroceptive stimulation,  dispositional 
mindfulness may not be enough to maintain the ability to 
be fully conscious and aware in the present moment, which 
could explain the decrease in  dispositional mindfulness dur-
ing our experiment. Altogether, our results suggest that two 
countermeasures could be developed for dealing with ICE 
(Fig. 2). The first would be to use sensory stimulation to 
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enhance both exteroceptive and interoceptive information. 
It appears to be advisable to increase natural sensory stimuli 
if possible (Gould van Praag et al., 2017; Sarris et al., 2019). 
As a complement, or if this is not possible, countermeas-
ures could include virtual reality and computer-based virtual 
environments. A multisensory platform could modulate both 
external and internal bodily information, and improve bodily 
self-awareness (Duquette, 2017). This emerging approach 
is the subject of a new, transdisciplinary research field—
embodied medicine (Riva et  al., 2017)—which aims to 
improve health and well-being using advanced technology to 
alter multisensory representations. A second countermeas-
ure is mindfulness meditation. Over the past three decades, 
research has paid much more attention to its benefits for 
cognitive functioning (Sedlmeier et al., 2012), health and 
well-being (for a review, see Gu et al., 2015), and, more 
recently, interoceptive abilities (Fissler et al., 2016). Mind-
fulness meditation could be helpful in dealing with contain-
ment, even for subjects with a high level of  dispositional 
mindfulness (Gibson, 2019).

Limitations and Future Research Direction

The present study has important limitations. First,  from a 
clinical point a view, to our knowledge, there is no litera-
ture  on evaluating the clinical relevance of the difference 
observed between groups on FMI tool. Cluster analysis 
based on FMI scores revealed  two groups with an aver-
age difference of  two points between them. The observed 
statistical differences need to be further evaluated on their 
clinical relevance. Second, there are several limitations 
to our exploratory study and several avenues for further 
research. The first limitation concerns the studied popula-
tion. The sample was small, and male. The second comes 

from the use of self-reported measures, as there are limi-
tations inherent in the approach (e.g., response bias, state 
dependencies, and social desirability). In line, because 
of the submariners’ duty of reserve, it makes difficult to 
access the quality of cohesion due to food sharing dur-
ing the mission. An evaluation of the relation between 
food attitudes and cohesion would be relevant in further 
studies. Furthermore, the repeated administration of the 
interoceptive scale revealed low internal consistency for 
not-distracting and not-worrying dimensions (Mehling 
et al., 2018). As the patrol impacted these two scales, the 
recent addition of three items to each of them needs to 
be included in further studies in order to confirm (or not) 
our results. Finally, the health behaviors were only self-
reported during the patrol. Objective measures using mon-
itoring for sleep, sport, or food intake would be necessary 
for better assessing how health behaviors change inside 
the submarine during the patrol. This will be helpful for 
evaluating the clinical relevance of the subjective changes 
that we have recorded during the mission. Future work 
could address these limitations, and this would provide a 
better understanding of how mindfulness can be used as a 
preventive measure in both isolated and confined environ-
ments, and quarantine.
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Fig. 2  Relationship between 
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