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Background: Relaxation, mindfulness, social support, and education (RMSSE) have been shown to 
improve emotional symptoms, coping, and fatigue in multiple sclerosis (MS). Biofeedback was trialed as 
a psychological intervention, designed to improve self-control, in two groups of patients with MS. Both 
groups received RMSSE, and one group additionally received biofeedback.

Methods: Forty people with relapsing-remitting MS were recruited from three sites in Sydney, Australia. 
The mean disability score (Expanded Disability Status Scale; EDSS) was 2.41 ± 1.46 (95% confidence 
interval [CI], 1.46-3.36); the mean age in years was 45.9 ± 12.42 (95% CI, 41.92-49.87). Participants 
were randomly assigned to two active treatment groups (n = 20 per group). All participants received one 
1-hour session per week for 3 weeks of RMSSE, while biofeedback equipment measured breathing rate and 
muscle tension. Members of one group used biofeedback screens to regulate physiological response.

Results: Whole-group pre- and post-treatment scores demonstrated a reduction of 38% for anxiety and 
39% for depression scores (P = .007 and P = .009, respectively). A post-treatment comparison failed to 
demonstrate any significant difference between the two active treatment groups in anxiety and depression 
scores. The biofeedback group showed significant pre- to post-treatment improvement or trends toward 
improvement in anxiety, fatigue, and stress (P = .05, .02, and .03, respectively). Comparison of pre-post 
treatment results between groups showed improvements for the biofeedback group in breathing rate and 
muscle tension (P = .06 and .09).

Conclusions: For relapsing-remitting MS patients receiving biofeedback in addition to RMSSE, there was 
a demonstrable reduction in anxiety, fatigue, and stress. There was also a trend toward significant reduc-
tion of breathing rate and muscle tension in favor of biofeedback. Int J MS Care. 2015;17:101–108.  

A strong relationship has been observed 
between depression and fatigue in people 
with multiple sclerosis (MS) independent 

of age, length of illness, and Expanded Disability Sta-
tus Scale (EDSS) scores.1 Control of stress has recently 
been implicated in reducing MS exacerbations.2,3 No 

standardized guidelines exist for effective management 
of the high levels of fatigue, depression, or stress found 
in association with MS, despite wide reporting of these 
symptoms.3-7

Recent controlled studies within MS populations 
have addressed psychosocial aspects of health manage-
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relaxation, mindfulness, social support, and education 
(RMSSE) in improving self-regulation, measured by 
breathing rate and muscle tension. Improved self-regu-
lation may increase internal control beliefs through the 
use of biofeedback, causing reductions in self-reported 
anxiety, stress, fatigue, and depression and changes in 
self-reported coping style. This article reports on a ran-
domized controlled trial of biofeedback in a cohort of 
patients with clinically definite relapsing-remitting MS 
(RRMS).

Methods

Participants
Ethics approval was granted by the Human Research 

and Ethics Committees of South Western Sydney Local 
Health District and Charles Sturt University, Bathurst, 
NSW, Australia. Patient contact was approved by each 
patient’s treating neurologist. Recruitment was by tele-
phone interview and/or letter invitation. Forty people 
with RRMS were recruited across three sites in Sydney, 
Australia (Figure 1). There were no financial incentives, 
nor was there any cost to participate in the study. Partic-
ipants were asked to remain on their usual medication(s) 
with biofeedback added for the 3-week study.

Participant numbers were estimated based on a large 
North American MS fatigue study (N = 6691) using the 
Fatigue Severity Scale.21 In that study, mean fatigue was 

ment, including evaluation of the effectiveness of group 
treatment with cognitive-behavioral therapy (CBT)8; 
bibliotherapy, psychotherapy, and social discussion5,7; 
mindfulness meditation2; and individual stress-reduction 
therapy.3 Each study found improvements across out-
come measures such as disease progression, fatigue, qual-
ity of life, and depression. In contrast, mood in patients 
not offered any psychosocial intervention may worsen 
over time.7

Beliefs about control or self-regulation have been 
found to mediate fatigue in MS,9 and negative bias in 
memory has been shown to predict depression.10 Fatigue 
and depression, in turn, may influence the perception by 
the individual of life stress and the use of effective cop-
ing strategies.2,7 While the adoption of positive, prob-
lem-solving coping strategies predicts long-term positive 
affect and well-being in MS,11-13 fatigue, anxiety, and 
stress are associated with depression and reduced use of 
task-focused coping skills.14 The literature reviewed for 
this article found that interventions addressing mental 
health in MS were typically high-cost in terms of staff-
ing or required multiple visits by the patient.2,3,5,7 While 
offering hope that nonpharmacologic psychological or 
psychosocial interventions can improve health outcomes 
in MS, their effect may be due to the patient’s placing 
an emphasis or developing dependence on the treatment 
(or therapist or group) rather than developing self-regu-
lation or an internal locus of  
control.

In order to maintain the 
gains in mood and coping 
observed in prior psycho-
social intervention, a gain 
in self-regulation may be 
required. Interventions that 
improve perceived self-
control and coping strate-
gies in MS are needed.15-18 
Biofeedback, an intervention 
that promotes better self-
regulation, has been found 
to improve coping strategies 
in headache and chronic 
pain19,20 and foster positive 
beliefs about self-control.

It was hypothesized that 
biofeedback would be incre-
mentally more effective than 

Figure 1. CONSORT 2010 Flow Diagram
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as “breathing rate t2” or “breathing rate t3.” Breathing 
rate change for each participant was determined as fol-
lows: “Breathing rate t2” or “t3” was subtracted from the 
first session “base rate” and the result labeled “breathing 
rate change t2” or “breathing rate change t3.” Reduced 
trapezius electromyographic activity in the biofeedback 
group, compared with control, indicated whether the 
biofeedback group had learned to use the screens for self-
regulation.25

Statistical software used was SPSS version 18.0 for 
students (IBM, Armonk, NY). Kolmogorov-Smirnov 
statistics were used with a Lilliefors significance level for 
testing normality, and the Shapiro Wilks statistic was 
included for sample sizes less than 100.

Whole-Group Analysis
The study investigated changes within groups over 

three visits and differences between groups. Effect size 
was calculated by subtracting outcome scores at t1 from 
outcome scores at t3. Significance was assessed using 
P values at 95% confidence interval (CI). Percent-
age improvements were calculated using the following  
formula:

Baseline value – 
End of treatment value

Baseline value
 × 100 = percentage improvement

Research28 was used to compare effect size for fatigue. 
One-way analysis of variance (ANOVA) was used to 
assess significance over three visits within groups.

Between-Groups Analysis
Initial analysis of difference between group outcomes 

adopted the independent-sample t test. Effect size was 
calculated by subtracting the control group’s mean over-
all improvement (t3−t1) for each variable from the mean 
overall improvement (t3−t1) of the biofeedback group. 
Two-way ANOVA was used to assess main effects of 
biofeedback. In order to account for baseline differ-
ences between groups, baseline scores (t1) were entered 
as a covariate and group condition as a between-group  
factor.

Results
Demographics and baseline disease characteristics are 

described for each group in Table 1.

Whole-Group Results
An effect of the intervention on the entire cohort was 

investigated from visit 1 (t1) to visit 3 (t3). Normality 

5.7 (SD 1.6). Power estimations of 80% were sought 
in order to determine whether the present interven-
tion would reduce fatigue from severe (≥4) to mild 
(<4). A difference of at least one standard deviation was 
required. In a two-condition study, 5 participants per 
group gave 80% power (alpha level of .05); thus, with 
20 participants in each group, greater than 99% power 
should be obtained.

Participants attended three 1-hour sessions at weekly 
intervals. At the first appointment, all participants signed 
consent forms; completed questionnaires including 
the Coping Inventory in Stressful Situations (CISS),22 
Fatigue Severity Scale (FSS),23 and Depression Anxiety 
and Stress Scale (DASS)24; and were given information 
about the “flight/fight” response (Supplementary Appen-
dix 1) and the procedure adopted for biofeedback25 
(Supplementary Appendix 2). The session was contin-
ued with mindful breathing exercises and progressive 
muscle relaxation (PMR) demonstrated by the researcher 
(Supplementary Appendix 3). A full summary of session 
outlines appears in Supplementary Appendix 4.

Random allocation to groups was decided by colla-
tion of 20 computer-generated even numbers and 20 
computer-generated odd numbers. The number list was 
used to allocate participants an even or an odd partici-
pant number at their first appointment. Because of the 
design of the study, the researcher was not blinded to 
the treatment arms. Only those randomized to the bio-
feedback arm were instructed on the use of equipment 
for self-regulation. At follow-up, 3 months after the last 
appointment, a packet of questionnaires was sent to 
each participant, including the CISS, FSS, and DASS. 
A stamped, self-addressed envelope was included for ease 
of return.

Intervention and Assessment of Measurement
Based on previous studies, an effective clinical inter-

vention was recorded if breathing rate was reduced by 
3 breaths per minute, below baseline, during relaxation 
and was maintained from week to week.20,26,27 During 
the first 30-second period of biofeedback recording, 
the breathing rate was recorded and labeled “base rate.” 
Breathing rate was recorded in the 30-second period 
after PMR, at the end of the first visit, and labeled 
“breathing rate t1.” “Breathing rate t1” was subtracted 
from base rate and the result called “breathing rate 
change.” Breathing rate was recorded in both ways at 
the subsequent two visits. The 30-second period at the 
end of PMR of each subsequent session was recorded 
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Between-Group Results
The biofeedback group anxiety improved significantly 

by 42% (effect size = 4.53 [95% CI, −0.00 to 9.06], 
P = .05), compared with nonsignificant improvement 
in controls (effect size = 3.3 [95% CI, −2.55 to 9.15],  
P = .26).

Using pre- to post-score differences only, at t3 the 
control group did not demonstrate significant improve-
ments in questionnaire variables, while the biofeedback 
group demonstrated either significant improvement or 
a trend toward reduced anxiety (P = .05), fatigue (P = 
.02), and stress (P = .03), but not depression (P = .19).

Effect size for fatigue, from baseline to the end of 
treatment, showed improvement for the biofeedback 
group (effect size = 1 [95% CI, 0.14-1.86]; P = .02) 
compared with control (effect size = 0.53 [95% CI, 
−0.6 to 1.65]; P = .35). Biofeedback group clinical 
fatigue scores at t3 moved from “severe fatigue” to “mild 
fatigue.”

Despite random allocation to group, the biofeedback 
group had higher baseline scores on all measures of the 
DASS (anxiety, depression, stress) and higher fatigue 
than the control group. In order to statistically control 
for differences at baseline, questionnaire scores at t1 were 
entered as a covariate and “group condition” entered as a 
between factor in a series of separate ANOVAs comput-
ed using an alpha level of .05. There was no significant 
difference in effect of group conditions on questionnaire 
outcomes at t3: fatigue: F1,39 = 0.59, P = .45, h2 = .016; 
depression: F1,39 = 0.00, P = .97, h2 = .000; anxiety: F1,39 
= 0.184, P = .670, h2 = .005; stress: F1,39 = 0.01, P = .93, 
h2 = .000; task coping: F1,39 = 0.58, P = .45, h2 = .015; 
emotion coping: F1,39 = 1.07, P = .31, h2 = .028; avoid-
ance coping: F1,39 = 0.32, P = .58, h2 = .009.

Within-group mean improvements, 95% CI, and P 
values were compared between groups by visit (Table 
3). Outcomes on questionnaire variables did not show 
significant differences between groups.

Physiological measures showed a trend toward signifi-
cant differences at t3 (Table 2). The biofeedback group 
shoulder tension (mean t3 = 8.82 µV) was on average 
13.91 µV lower than that of the control group (mean t3 
= 22.73 µV), and the biofeedback group breathing rate 
(mean = 8.12 bpm) was lower than that of the control 
group (mean = 11.95 bpm). Table 3 shows the P values 
for difference between groups for breathing rate and 
muscle tension at t3 (P = .06 and .09, respectively).

assumptions were met for age, EDSS, and all question-
naire measures. The two physiological independent 
variables, muscle tension and breathing rate, were dis-
tributed normally after logarithmic conversion.

Measures of central tendency and the effect of the 
intervention (t3−t1) within groups are shown in Table 
2. After three sessions, percentage improvements were 
calculated, with the overall cohort showing improve-
ments in depression (t3−t1) of 39%, anxiety (t3−t1) of 
38%, stress (t3−t1) of 34%, fatigue (t3−t1) of 13%, and 
emotional coping (t3−t1) of 22%.

One-way ANOVA showed significant whole-group 
pre- to post-intervention improvements for the DASS 
components as follows: anxiety, F18,21 = 3.02, P = .009, 
h2 = .721; depression, F18,21 = 3.78, P = .007, h2 = .764. 
Fatigue, stress, and coping scores did not show whole-
group improvement: fatigue, F27,12 = 2.79, P = .32, h2 = 
.863; stress, F25,14 = 1.324, P = .296, h2 = .703; coping 
(task), F19,20 = 2.19, P = .045, h2 = .675; coping (emo-
tion), F19,20 = 1.49, P = .190, h2 = .587; coping (avoid-
ance), F20,19 = 1.76, P = .112, h2 = .649.

Home Practice
Thirty-seven of the 40 participants reported daily 

practice of the PMR and mindful breathing exercise, and 
21 of these reported twice per day or more practice.

Table 1. Demographics and baseline disease 
characteristics
Characteristic Biofeedback Control

Age, y (range, 19–68)
  Mean (SD)
  95% CI

45.45 (13.34)
 39.20-51.69

46.35 (11.76)
40.84-51.86

EDSS (range, 0–6.5)
  Mean (SD)
  95% CI

2.41 (1.84)
 1.46-3.36

2.41 (1.57)
1.63-3.19

Length of illness, y (range, 
4 mo to 28 y)
  Mean (SD) 8.29 (6.95) 9.07 (6.39)
Gender, No.
  Male
  Female

5
15

3
17

MS medication, No.
  No medication
  Fingolimod
  Interferon therapy
  Natalizumab
  Teriflunomide
  Cladribine

5
8
2
3
1
1

1
12
3
4
0
0

Abbreviations: CI, confidence interval; EDSS, Expanded Disability 
Status Scale; MS, multiple sclerosis.
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feedback [n = 13] and control [n = 6]) reported that they 
were practicing PMR with mindful breathing awareness 
3 months later.

Discussion
This is the first randomized controlled study compar-

ing the benefit in terms of mood, coping, and fatigue of 
RMSSE, with or without the addition of biofeedback, in 
patients with RRMS. Despite a large evidence base for 
effective outcomes in other conditions such as tension-
type headache,19 chronic pain,20 and anxiety,29 biofeed-
back has been overlooked in interventions designed to 
improve mood, coping, and fatigue in MS. Promisingly, 
in this study, biofeedback was shown to be effective in 
reducing fatigue, stress, and anxiety. The biofeedback 
group also demonstrated improved control of breathing 
rate and muscle tension, indicating that they could be 
easily taught how to self-regulate these two physiological 

After controlling for baseline and normality, ANOVA 
showed a trend toward breathing rate difference between 
groups for breathing rate at t3 as follows: F1,39 = 3.347, 
P = .07, h2 = .083. The ANOVA showed a trend for 
significant change in muscle tension in the biofeedback 
condition: F1,39 = 3.797, P = .06, h2 = .093.

At the final visit, all participants were asked verbally 
if the intervention had made a difference. The answer 
was recorded as a “yes” or “no” on the participants’ files. 
One hundred percent of respondents in the biofeedback 
group indicated during semistructured interviews that 
the intervention had made a difference, compared with 
84% of the control group.

Three-Month Follow-up
A follow-up questionnaire was sent to all 40 partici-

pants 3 months after the last visit. Nineteen participants 
returned surveys. Respondents from both groups (bio-

Table 2. Mean, standard deviation, effect size, and P value of variables before and after 
intervention

Outcome variable

Biofeedback Control

Mean (SD) value 
(n = 20)

t3−t1 Effect size 
(95% CI) P

Mean (SD) value
(n = 20)

t3−t1 Effect size 
(95% CI) P

Muscle tension, µV, t1 15.79 (19.75) 11.38 (11.38)

Muscle tension, µV, t3 8.82 (9.53) 6.97 (−2.96 to 16.9) .16 22.73 (34.40) −11.35 (−29.06 to 6.36) .20

Breathing rate, bpm, t1 7.72 (3.53) 10.31 (3.83)

Breathing rate, bpm, t3 8.12 (3.62) .47 (−2.73 to 3.67) .76 11.95 (4.45) 1.24 (−1.66 to 4.14) .39

Fatigue t1 4.96 (1.21) 4.91 (1.60)

Fatigue t3 3.96 (1.47) 1 (0.14-1.86) .02 4.38 (1.90) 0.53 (−0.6 to 1.65) .35

Depression t1 10.80 (9.38) 8.1 (8.94)

Depression t3 6.50 (8.90) 3.96 (−2.01 to 9.93) .19 4.90 (7.58) 3.15 (−2.16 to 8.46) .24

Anxiety t1 10.95 (7.39) 9.95 (8.59)

Anxiety t3 6.35 (6.36) 4.53 (−0.00 to 9.06) .05 6.65 (9.66) 3.3 (−2.55 to 9.15) .26

Stress t1 17.20 (9.12) 15.3 (9.59)

Stress t3 11.20 (8.15) 6.2 (0.53-11.87) .03 10.15 (10.40) 5.15 (−1.26 to 11.56) .11

Task-oriented coping t1 24.45 (6.92) 24.75 (7.22)

Task-oriented coping t3 24.00 (5.46) 0.61 (5.13-8.15) .76 22.75 (8.08) 2 (−2.91 to 6.91) .41

Emotion-oriented 
coping t1

22.95 (6.79) 21.35 (6.33)

Emotion-oriented 
coping t3

18.95 (8.15) 4.58 (0.20-9.37) .06 15.65 (7.78) 5.7 (1.16-10.24) .02

Avoidance-oriented 
coping t1

19.10 (7.66) 17.00 (7.05)

Avoidance-oriented 
coping t3

17.3 (6.33) 2.1 (−2.48 to 6.68) .36 15.45 (7.09) 1.55 (−2.98 to 6.08) .49
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awareness (such as the simple breathing awareness activ-
ity in the present study), which can increase regulation 
of emotion, enabling prefrontal cortex activity and con-
trol of the flight/fight response.32 Mindful breathing has 
also been found to decrease depression, by increasing 
awareness of and control over internal processes such as 
thoughts,33 and to improve immune function.34

Anecdotally, patients often report stressful life events 
prior to relapse in MS, prompting research into the 
impact of stress on relapse, exacerbation, and remis-
sion.35,36 The observed reduction in breathing rate in 
both patient groups indicates that physiological stress 
reduction was achieved during the relaxation component 
at each visit. Biofeedback research indicates that reduc-
ing breathing rate by 3 or more breaths below base rate, 
as achieved in the present study, correlates with sym-
pathetic reduction,26 which is associated with reduced 
anxiety and stress.27 At the third visit, both biofeedback 
and control groups improved in category from “mild” 
to “normal” stress on the DASS instrument,24 although 
the biofeedback group exhibited a larger effect size. The 
improvement in perceived stress in both groups may 
have been partly due to daily practice of PMR with 
mindful breathing. Thirty-seven of the 40 participants 
reported at least daily practice of PMR with mindful 
breathing between visits. The trend toward an improve-
ment in stress in both groups warrants a larger study, as 
interventions that reduce stress may also reduce the rate 
of MS exacerbations3,34 and interact with coping mecha-
nisms employed by the individual.17,35

The DASS anxiety scale measures physical manifesta-
tions of low mood, such as tight muscles and hyperarous-
al.24 It is hypothesized that the reductions in both muscle 
tension and anxiety observed in the biofeedback group 
were due to the learning gained through internalizing the 
feedback from access to the biofeedback equipment.

As a result of intervention, the biofeedback group 
achieved reduction of categorical anxiety24 by two levels. 
After adjusting for baseline, however, biofeedback was 
not found to have a statistical advantage.

The entire cohort improved in fatigue, as predicted 
by the literature.21,26 The biofeedback group improved in 
effect size for fatigue almost twice as much as controls. A 
practical significance21 in reduction from “severe fatigue” 
(mean = 4.9) to “mild fatigue” or “non-fatigue” (mean 
= 3.9) was observed only in the biofeedback group. 
Despite this, statistical support for an advantage of bio-
feedback over relaxation was not found.

parameters.25,26 The study findings lend support to cur-
rent research on the potential benefits of psychological 
interventions in improving the well-being of people with 
MS.2,3,8

Current models of care, which place emphasis on 
medication and reliance on specialists, minimize the role 
of the patient in managing symptoms. Since helplessness 
has been found to mediate both depressive mood and 
fatigue severity,30 MS patients troubled by fatigue may 
benefit from a psychological intervention targeting help-
lessness. Self-awareness and self-regulation may help MS 
patients develop internal coping strategies for life events 
rather than depending on external sources for help.26,30,31 
Biofeedback with education not only increases self-
regulation but may also generalize to a person’s sense of 
perceived control or an internalization of their sense of 
self-control. Further, the intervention may be enhanced 
when combined with training in mindful breathing 

Table 3. Group condition difference, 
confidence interval, and P value at time 1 
compared with time 3

Variable

Difference 
(biofeedback – 

control) 95% CI P value

Task
  Visit 1 −0.3 −4.83 to 4.23 .89
  Visit 3 1.09 −3.44 to 5.62 .62
Emotion
  Visit 1 1.6 −2.60 to 5.8 .45
  Visit 3 2.72 −2.38 to 7.82 .29
Avoidance
  Visit 1 2.1 −2.62 to 6.82 .37
  Visit 3 1.55 −2.83 to 5.93 .48
Stress
  Visit 1 1.9 −4.09 to 7.89 .52
  Visit 3 0.85 −5.28 to 6.98 .78
Depression
  Visit 1 2.75 −3.12 to 8.62 .35
  Visit 3 1.94 −3.45 to 7.33 .47
Anxiety
  Visit 1 1 −4.13 to 6.13 .69
  Visit 3 −0.23 5.61-5.15 .93
Breathing
  Visit 1 2.29 −0.58 to 5.16 .11
  Visit 3 3.06 −0.17 to 6.28 .06
Muscle
  Visit 1 4.41 −7.87 to 16.70 .47
  Visit 3 −13.91 −30.06 to 2.25 .09
Fatigue
  Visit 1 0.056 −0.85 to 0.97 .90
  Visit 3 −0.42 −1.51 to 0.67 .44

Abbreviation: CI, confidence interval.
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Thirteen respondents were from the biofeedback group. 
These respondents reported ongoing improvements 
in coping, fatigue, and sleep, whereas the six control 
group respondents reported differences in relaxation and 
breathing awareness but not in fatigue, sleep, or coping.

Limitations of the present study include the relatively 
small sample and the potential benefits to the control 
group of RMSSE without biofeedback. Less than half 
of the cohort responded to the 3-month follow-up 
questionnaires, and hence inferences as to the long-term 
effects of biofeedback were inappropriate. A further pos-
sible confounder may be a bias favoring those who had 
found the intervention useful who responded to the 
3-month follow-up survey.

Conclusion
The present study provides a novel use of biofeedback 

technology that may consolidate learning about, and 
control over, the physiological stress response leading to 
internalized control of the stress response and improve-
ments in perceived stress, coping, anxiety, depression, 
and fatigue in RRMS. Although statistical support was 
not found in this study for incremental improvement 
of biofeedback over relaxation, possibly owing to too 
much similarity between group conditions, both groups 
improved in depression, anxiety, stress, and emotional 
coping. The biofeedback group members were able to 
demonstrate control of breathing rate and muscle ten-
sion using biofeedback equipment. Over three visits the 
biofeedback group had a reduction in clinical category of 
fatigue and anxiety.

The present study also provides a base for future 
research with more participants and more study arms, 
including no treatment, biofeedback, relaxation with 
mindfulness, and education. Home practice could be 
standardized with the use of a CD or portable biofeed-
back equipment. An extension of the present study may 
underscore whether improvements were maintained over 
time.

This study adds to the clinical evidence that people 
living with RRMS may benefit in terms of coping, 
fatigue, anxiety, stress, and depression from psycho-
logical interventions that increase the person’s sense of 
control over their physiology. From the clinician’s per-
spective, an RMSSE and biofeedback intervention may 
have significant cost-effectiveness and personnel resource 
implications. o

The present study supports the existing literature 
showing that psychoeducational and psychosocial inter-
ventions can influence MS-related fatigue.2,37,38 Impor-
tantly, interventions that improve fatigue also interact 
with depression and other measures of well-being in 
MS.6 The interventions in the present study were novel 
in introducing self-regulation via biofeedback, and 
had the benefit of brevity (3 weeks) compared to other 
similar studies (for example, van Kessel et al.39 had an 
8-week, and Mohr et al.3 a 24-week intervention). These 
factors contribute to reducing the time, staffing, and 
cost-related resource load of such an intervention.

Both anxiety and fatigue have been associated with 
negative cognitions about MS symptoms, such as worry 
and anticipation of embarrassment.9,38 The biofeedback 
group improved more in clinical categories of anxiety 
and fatigue than did the control group. Having learned 
to control physical manifestations of anxiety, breathing 
rate and muscle tension, the biofeedback group may 
have incorporated greater control beliefs about their 
symptoms.

It was hypothesized that if biofeedback provides an 
opportunity to develop an internal locus of control, 
biofeedback group participants would have reported 
that the intervention made a difference to coping39 or 
that they continued to practice relaxation after the study 
was completed. At follow-up, 19 participants returned 
surveys, including Coping Inventory for Stressful 
Situations,22 Fatigue Severity Scale,23 and DASS scales.24 

PracticePoints
• The present study examined a novel use of bio-

feedback technology that may consolidate learn-
ing about, and control over, the physiological 
stress response. Reliance on the therapist was 
minimized while internalized control of the stress 
response by the patient was emphasized. 

• While all participants benefited from participa-
tion, the study demonstrated effective reduction 
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