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ABSTRACT

Introduction: Fatigue is a frequent, disabling,
and difficult to treat symptom in neurological
disease and in other stress-related conditions;
Integrated Imaginative Distention (IID) is a
therapy combining muscular and imaginative
relaxation, feasible also in disabled subjects; the
DIMMI SI trial was planned to evaluate IID
efficacy on fatigue.

Methods: The design was a parallel, ran-
domised 1:1 (intervention:waiting list),
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controlled, open-label trial. Participants were
persons with multiple sclerosis (pwMS), persons
with insomnia (pwINS), and health profession-
als (HP) as conditions related to fatigue and
stress. The primary outcome was the post-in-
tervention change of fatigue; secondary out-
comes were changes in insomnia, stress, and
quality of life (QoL). Eight IID weekly training
group sessions were delivered by a skilled psy-
chotherapist. The study lasted 12 months.
Results: One hundred and forty-four subjects
were enrolled, 48 for each condition. The mean
change in Modified Fatigue Impact Scale (MFIS)
score among exposed was 7.7 [95% CI 1.1, 14.4]
(P=0.023) in pwMS; 7.1 [1.9, 12.3] (P =0.007)
among pwINS, and 11.3 [4.3, 18.2] among HP
(P=0.002). At the last follow-up, the benefit
was confirmed on physical fatigue for pwMS, on
total fatigue for pwINS and HP.
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Conclusions: DIMMI SI is the first randomized
controlled trial evaluating the efficacy of I1ID on
fatigue. IID resulted a complementary inter-
vention to reduce fatigue in stress-related con-
ditions, in both health and disease status.
NCT02290990ClinicalTrials.gov.

Keywords: Behaviour/addiction; Multiple
sclerosis and other demyelinating diseases;
Sleep disorders

INTRODUCTION

Complex to define and quantify for its subjec-
tive and multidimensional nature, fatigue is a
normal phenomenon referred to both physical
and mental processes that is considered patho-
logical when disabling [1]. Fatigue can fre-
quently affect different neurological conditions
presenting specific features, and its intensity is
not associated with the nature and severity of
underlying disease [2]. Its multifactorial patho-
genesis includes neurological dysfunctions and
hormonal imbalances, whereas psychological
and sleep disorders could act as triggers [3-5]. In
multiple sclerosis (MS), fatigue represents a
main symptom and one of the major reasons for
disability, unemployment, and impaired work,
being often associated with poor sleep [6, 7]. In
insomniac persons, fatigue represents one of the
first reasons to ask for treatment [8]. Also, in
other chronic, stress-related conditions, such as
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symptom, that in association with poor sleep
can worsen job performances [9, 10].

Effective treatments for fatigue are not
available [2]. Some promising and discussed
evidence in MS comes from non-pharmacolog-
ical interventions (n-PI) [11-13] that are still
insufficient to support or refute their imple-
mentation. Among n-PI, the Integrated Imagi-
native Distention (IID) [14-16] is a therapy that
joins interventions previously proven effective
on MS fatigue: relaxation, self-awareness, and
psychotherapy [12, 17]. We decided to perform
a randomized controlled trial to evaluate the
IID effectiveness on fatigue, selecting three
chronic, and stress related conditions which
present this symptom responsive to n-PI: MS,
insomnia (Ins), and health professions (Hp)
[18-20]. MS was considered the target of the
trial as the most complex status, while Ins and
Hp were selected as parallel comparison condi-
tions, potentially sharing fatigue, distress, and
poor sleep. In our assumption IID therapy
response could be differentiated in the three
conditions based on the efficacy on psycholog-
ical distress, sleep disorder, and fatigue (Fig. 1).

MATERIALS AND METHODS

Study Design

The trial design was prospective, randomized
(intervention vs. waiting list), controlled with
three parallel conditions, open-label. Treating

MULTIPLE SCLEROSIS
SM fatigue (neurological impairment)
psychological distress to cope with SM

poor sleep? )

Fig. 1 Trial assumption

k. 5
. INSOMNIA
- insomnia fatigue
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physician and data entry operator were blind to
intervention assignment. Randomization was
centrally performed using a computer-gener-
ated central allocation list 1:1, stratified by sex
and condition. The trial lasted 12 months,
including 1 month for enrollment, 2 months
for intervention, 6 months for follow-up, and
3 months for final satisfaction questionnaire.
The investigators designed the protocol and
collected the data, which were analyzed by the
University of Milan. The trial, registered on
ClinicalTrials.gov (NCT02290990), after local
EC approval was performed in accordance with
the protocol, with the Declaration of Helsinki,
with Good Clinical Practice and with local
regulations.

Participants

Participants were persons with (pw) MS, pw
insomnia (pwINS), and health professionals
(HP). General inclusion criteria were: 18--
75 years of age. Exclusion criteria were: presence
of severe co-morbidities, inability to practice
Italian language, and inability to provide
informed consent. The specific inclusion crite-
ria were MS diagnosis and 1 month relapse free
in pwMS [21], diagnosis of insomnia in pwINS
[22], working at Niguarda Hospital, regardless of
the job role, in HP.

Intervention

IID was delivered by a single skilled psy-
chotherapist through eight weekly training
group sessions in 2 months. Each session lasted
60 min and involved eight people, homoge-
neous for condition. Heart rate and pulse ox
were recorded pre- and post-session. IID train-
ing consists of four practical steps, twice repe-
ated: a selection of Jacobson relaxation exercises
with breath awareness, motor imaging, body
imaginative scan, imaginative experience. In
each session, after the practice, the participants
were invited to a group discussion, managed by
the psychotherapist. Participants were invited
to repeat the IID steps at home.

Outcome Measures

The primary outcome was the post intervention
change of fatigue (2 months), measured with
Modified Fatigue Impact Scale (MFIS) [23]. Sec-
ondary outcomes were the change of insomnia,
stress and QoL, respectively evaluated with
Insomnia Severity Index (ISI), Rapid Stress
Assessment (VRS), and MS Quality of life-54
(MSQOL-54) [24-26]. The questionnaires were
self-administered and identified by a personal
secret code.

Sample Size

The sample size was calculated on available MS
literature data [27]. Assuming an MFIS baseline
score of approximately 13 + 4 and anticipating
a change after intervention of approximately 4
units with correlation among repeated measures
<0.6, a total sample of 144 subjects (24 subjects
per intervention/condition group) had a power
>90% to detect with alpha error <0.025 an
effect of the intervention explaining at least
12.5% of the total variance. In case of violation
of the ANOVA assumptions, a Wilcoxon test for
repeated measures would have had a power of
85%.

Statistical Analysis

The data have been described as central ten-
dency with 95% confidence interval, stratified
by condition and time of observation.

Baseline comparison of normally distributed
variables were performed with the univariate
ANOVA, using as factors condition and group of
randomization. The primary endpoint, consist-
ing in the fatigue change between pre- and
post-intervention, was analyzed as a change at
2 months vs. baseline, compared between ran-
domization groups with the univariate ANOVA
using condition and observation as factors and
baseline value as covariate. Missing changes due
to blank questionnaires were set to zero. This
procedure yields, for two measures, the same
results as the repeated measures analysis. The
overall time trend was analyzed with the gen-
eral linear models for repeated measures, using
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condition and observation as factors, and base-
line value as covariate. Potential confounders
were included in the model and missing ques-
tionnaire answers were replaced with the last
observation carried forward procedure. Point
comparisons of continuous variables between
exposure groups were performed by condition
with the Welch-Satterthwaite modification of
the t test.

Distribution of nominal variables at baseline
was compared between randomization groups
by condition with the Chi square test. Changes
over time were tested with the Chi square test.
Point comparisons of ordinal variables were
performed with the Wilcoxon or Mann-Whit-
ney or Friedman test. Analyses were performed
with SPSS version 17 integrated with sections in
R [28]. Results with P <0.05 were considered
statistically significant.

STUDY CONDUCTION

Enrollment

The study was performed between September
2014-September 2015. Enrollment took place at
Niguarda Hospital, Milan, Italy. Outpatients
afferent to the specialized MS and Sleep Disor-
ders Centres had been informed about the study
through an unselective proposal by the neurol-
ogist who was able to verify the criteria for
inclusion/exclusion. HP had been informed
about the trial by an intranet announcement.
Interested subjects signed the informed consent
and filled out the baseline questionnaires.

Intervention Procedure

After the baseline visit for the questionnaires
compilation, the study coordinator communi-
cated the allocation of each participant. Nine
intervention subgroups of eight people, homo-
geneous for condition (SM, insomnia, health
profession), were scheduled. The participants
attended to the eight weekly sessions guided by
the psychotherapist to complete the IID train-
ing. For the controls, IID was planned 9 months
later, after the end of follow-up.

Surveillance and Follow-up

At baseline, participants filled out all the ques-
tionnaires; the Expanded Disability Status Scale
(EDSS) was assessed and the Brief International
Cognitive Assessment for Multiple Sclerosis
(BICAMS) was collected in pwMS and re-scored
at Smonths [29, 30]. After IID therapy, three
control visits were planned at 2-5-8 months
from training onset to fill out the question-
naires and three month later for a satisfaction
questionnaire.

RESULTS

Participants

One hundred and ninety-six cases were
screened: 71 pwMS, 75 pwINS, and 50 HP; 15
people did not meet the inclusion criteria, and
37 declined to participate. Forty-eight cases for
each group were enrolled, and the total number
of participants was 144 (Fig. 2). Baseline clinical
features are reported in Tables 1 (pwMS) and 2
(pwINS). Disease duration and severity were
homogeneous between treated and controls
within each condition. The median age of HP
was 50 years (range 27-61) and the job duration
20 years (1-38).

Outcomes
Significant differences among conditions,
reflecting their peculiar discomfort, were

detected in the baseline scores (please see
Table S1 in the supplementary material for
details).

The primary outcome, consisting of fatigue,
was evaluated with the MFIS scale score. After
IID, the score significantly improved in exposed
vs controls, in each out of the three conditions
(Table 3).

After treatment, the mean reduction on total
21 items MFIS score among exposed was 7.7
[95% CI 1.1, 14.4] (P = 0.023) in pwMS; 7.1 [1.9,
12.3] (P =0.007) among pwINS, and 11.3 [4.3,
18.2] (P=0.002) among HP. No differences
among the three conditions were found
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Multiple Sclerosis

Insomnia

Healthcare Professionals

Screened: 71

Screened: 75

Screened: 50

Did not meet inclusion criteria: 1
Refused to participate: 9
Refused due to logistic problems: 7

Did not meet inclusion criteria: 13
Refused to participate: 4
Refused due to logistic problems: 1

Did not meet inclusion criteria: 1
Refused to participate: 1

Refused because too busy: 6

Randomized: 48

Refused because too busy: 9

Randomized: 48

Randomized: 48

intervention control intervention control intervention control
Allocated: 24 Allocated: 24 Allocated: 24 Allocated: 24 Allocated: 24 Allocated: 24
Received: 23 Received: 24 Received: 22 Received: 23 Received: 22 Received: 24

|

Failed to report
to any interview: 1

ITT population: 24 | | ITT population: 24 ITT population: 24

ITT population: 23 ITT population: 24 | | ITT population: 24

Fig. 2 Enrollment and randomization

(P=0.148). Table S2 in the supplementary
material reports additional analyses on propor-
tion of clinically fatigued subjects.

The post intervention fatigue reduction
(Table 3) seemed to be more evident for physical
than cognitive fatigue in pwMS and this was
confirmed up to 8 months (P=0.039) (Please
see Table S3 in the supplementary material).

In pwINS the gain was significant for cogni-
tive fatigue and for the total score; this last
maintained up to 8 months of follow-up
(P=0.030) (Please see Table S3 in the supple-
mentary material).

In HP the IID effect was similar in both
components of fatigue and was confirmed for
the total score (P = 0.007) and for the cognitive
score (P=0.002) at 8 months of follow-up
(Please see Table S3 in the supplementary
material).

No severe scores or improvement in sleep
condition (Table 4) was seen in pwMS (exposed
2.0 +£4.7; controls 0.8 +5.4; P =0.146). Con-
versely, the ISI score improved significantly in
treated pwINS (49+3.0 vs. 13+4.0;
P=0.006) and in treated HP (3.3 £4.1 vs.

—0.1 £ 3.1; P=0.001) and was also maintained
up to 8 months (pwINS P < 0.001; HP P = 0.001)
(Please see Table S4 in the supplementary
material). Pharmacological therapy was reduced
in nine treated subjects vs. four controls and,
conversely, it was increased or restored in 2 vs.
5. No adverse events were detected.

DISCUSSION

This is the first randomized controlled trial
evaluating the usefulness of IID in the treat-
ment of fatigue in three conditions that share
discomfort in real daily life. DIMMI SI is a
pragmatic study without strict inclusion criteria
and, as expected, the baseline clinical features
were heterogeneous, although selection bias
was mitigated by the randomization with no
differences between arms within conditions. IID
resulted effective on fatigue in all groups at the
end of the intervention, with different impact
according to trial assumption and baseline fea-
tures. In pwMS, the improvement was exclu-
sively associated with the intervention itself,
without confounding elements due to changes
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Table 1 PwMS baseline data

Exposed (N = 24)

Controls (N = 24) Total (N = 48) r

Disease type

PP 0 (0%)

RR 20 (83.3%)

Sp 4 (16.7%)
Years from onset

Mean + SD 10.5 £ 8.2

Median [range] 9 [0, 27]
Years from diagnosis

Mean =+ SD 82+73

Median [range] 710, 27]
EDSS grade prestudy

Mean + SD 3.15+£1.97

Median [range] 275 [1.0, 6.5]
Therapy pre-study, N (%)

None 6 (25.0%)

First line (immunomodulatory) 15 (62.5%)

Second line 3 (12.5%)

Antispastic + fatigue 3 (12.5%)

Analgesic 6 (25.0%)

Antidepressant & benzodiazepine 8 (16.7%)

1 (4.2%) 1 (2.1%) 0.235°
22 (91.7%) 42 (87.5%)

1 (4.2%) 5 (10.4%)

161+ 11.1 13.3 £+ 10.1 0.054°
14 [3, 43] 13 [0, 43] 0.070¢
10.5 £ 8.5 934+79 0.312°
9 [0, 33] 8 [0, 33] 0.269¢
3.44 +2.01 329+ 197 0.666¢
3.50 [0.0, 7.5] 3.50 [0.0, 7.5]

7 (29.2%) 13 (27.1%)

12 (50.0%) 27 (56.2%)

5 (20.8%) 8 (16.7%)

3 (12.5%) 6 (12.5%)

3 (12.5%) 9 (18.7%)

6 (25.0%) 14 (29.2%)

* Chi square
b Welch—Satterthwaite # test
¢ Mann—Whitney U test

4 P from ANOVA, adjusted for sex, age, and years from onset

in sleeping conditions, stress perception or QoL.
IID effect was of some relevance, entailing a
median improvement of 29% of the baseline
value (95% CI 16%, 32%). The physical fatigue
continued to show a significant improvement
over time. Since pwMS usually experience the
body as non-performing and a source of chronic
discomfort, this result is particularly relevant to
explain IID effect. The treatment could have
effectively promoted the improvement of
relaxation and spontaneous wellbeing self-re-
search due to better body awareness, rather than
cognitive control. At the same time, according

to the neurocognitive theory of rehabilitation,
the motor imagery exercises could have
improved the motor planning [31]. In a reha-
bilitation approach, the exercise therapy, espe-
cially endurance, mixed or mind-body
practices, can reduce self reported fatigue
[13, 32]. Among others psychological approa-
ches studied for the treatment of MS-related
fatigue, cognitive behavioral therapies (CBTs)
are focused on problem solving and energy
conservation strategies also combined with
relaxation or Mindfulness-Based Interventions
with the aim of acceptance of unwanted
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Table 2 pwINS baseline
Exposed (N = 24) Controls (N = 23) Total (N = 47) P
Ilness duration (years)
Mean =+ SD 11.6 + 12.3 19.7 +17.9 156 + 15.6 0.080°
Median [range] 62 [0.0, 39.3] 15.1 [1.1, 55.3] 9.9 [0, 55.3]
Familiarity for insomnia, N (%)
No 19 (79.2%) 13 (59.1%) 32 (69.6%) 0.139°
Yes 5 (20.8%) 9 (40.9%) 14 (30.4%)
Sleep hygiene in use, N (%)
No 8 (33.3%) 10 (43.5%) 18 (33.3%) 0.474°
Yes 16 (66.7%) 13 (56.5%) 29 (61.7%)
Therapy pre-study, N (%)
None 6 (25.0%) 2 (8.7%) 8 (17.0%)
Melatonin = anxiolytic 3 (12.5%) 4 (17.4%) 7 (14.9%)
Benzodiazepines 9 (37.5%) 8 (34.8%) 17 (14.9%)
Antidepressant + analgesic 3 (12.5%) 4 (17.4%) 7 (14.9%)
Antidepressant + benzodiazepine 3 (12.5%) 5 (21.7%) 8 (17.0%)

* Welch—Satterthwaite # test
b Chi square test
¢ 1 N/A among control

thoughts. CBTs treatments showed a positive
short-term effect on fatigue, even if the pro-
posals, the outcomes and the results are still
very heterogeneous [17, 32, 33]. We did not find
a consistent change of QoL in pwMS, probably
due to the high variability of the sample, the
dissociation between the two scores [34, 35] or
because IID could not help enough to cope with
MS. PwWINS reported a significant improvement
on cognitive fatigue, the highest at baseline. A
durable benefit was noticed on sleep as well as
on psychological stress and QoL. A reduction of
drug use was also observed. The IID effective-
ness on sleep was expected based on the relax-
ation step [36], and the results on fatigue could
support that the cognitive fatigue has different
basis in MS respect to insomnia. Fatigue
improved for HP with a significant benefit on
sleep and QoL up to the last follow-up. IID
efficacy when fatigue is secondary to insomnia/
job conditions could confirm its effect to

promote sleep and active coping with psycho-
logical distress.

IID proved to be well accepted from all par-
ticipants, as confirmed by the assiduous partic-
ipation. Group delivering was preferred to
activate empathy, social support and cohesion.
The limitations of DIMMI SI trial, being an
exploratory study, are the small sample enrolled
and the open-label design as blinding to inter-
vention the participants was impossible. The
positive effect may be also be related to a per-
formance bias, although active involvement of
the control groups was maintained.

CONCLUSION

DIMMI SI results prompt us to consider IID as a
complementary intervention advisable to
reduce fatigue in MS and in other stress-related
conditions, in health and disease status, in
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Table 4 ISI score and 2 months change

ISI score MS Insomnia Health professionals
Treated Controls Treated Controls Treated Controls
(N = 24) (N = 24) (N = 24) (N = 23) (N = 24) (N = 24)

Baseline, mean 4= SD 74 +59 9.3+53 18.3 £5.5 16.8 + 3.8 8.6+ 6.6 93+ 69

2 months, mean £ SD 5.5+ 42 8.5+ 67 134+ 53 149 + 4.7 52+£5.0 924+70

Change, mean £ SD 2.0+ 47 0.8 £54 49 £3.0 1.3+ 40 33+ 4.1 —0.1+3.1

P within condition® 0.146* 0.006* 0.001°

P between conditions” <0.001°

* P for the multivariate time-treatment interaction, repeated-measures ANOVA adjusted for baseline value
b P for the effect of condition, ANOVA adjusted for baseline value and exposure to intervention

addition to conventional therapies. Taught and
administered at first by a skilled psychothera-
pist, IID can after be self-performed at home.
IID can moreover be easily practiced also by
persons with physical disability. IID could be
considered among the symptomatic treatments
for fatigue in MS. Furthermore, I1ID could be
explored as a potential therapy for insomnia.
Finally, IID could represent a promising tool to
cope with over work symptoms and, hopefully,
to increase performance in health care profes-
sionals. Anyway, larger studies are needed.
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