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Background: Physical activity is known to be an effective way of managing multiple sclerosis (MS)–
related symptoms. Furthermore, it has been reported that even a single bout of physical activity can yield 
improvements in mood in persons with MS. Aquatic exercise can be an effective and enjoyable physical 
activity in persons with MS. However, there is little research on the immediate effects of aquatic exercise 
on mood in people with MS. Thus, we assessed the acute effects of a single bout of aquatic exercise on 
mood.

Methods: Eight adults with MS participated in a 45-minute aquatic exercise class as well as 45 minutes 
of a seated rest control condition. The Profile of Mood States questionnaire was given before and after 
each condition (rest and aquatic exercise). Repeated-measures analysis of variance and paired-samples t 
tests were used to examine whether aquatic exercise resulted in improvement in mood. Due to the small 
sample size, effect sizes were considered.

Results: Moderate-to-large effect sizes indicated a condition × time interaction such that mood increased 
and fatigue decreased after a single bout of aquatic exercise compared with after rest.

Conclusions: This proof-of-concept study suggests that mood symptoms are improved immediately after 
a short bout of aquatic exercise. Future research is needed to explore whether these effects are reliable 
and whether they can be sustained with more frequent bouts of aquatic exercise. Int J MS Care. 2020;22: 
173-177.

Most persons with multiple sclerosis (MS) 
experience mood disturbances,1 which can 
have a major effect on quality of life (QOL).2 

Exercise training (ET) interventions have been high-
lighted as a promising approach for managing hallmark 
symptoms in persons with MS, such as mood3 and 

fatigue,4 as well as for improving QOL.5 However, the 
mechanism by which ET exerts beneficial effects on 
mood is not well understood. Most research studies 
have focused on the effects of long-term ET (weeks to 
months).6-8 Although research has indicated that ET can 
improve mood after extended exposure, limited research 
has examined the effect of ET on acute mood symp-
toms in persons with MS. For example, it is not known 
whether mood improvements after ET require multiple 
repeated sessions or whether they can be experienced 
immediately after exercise. Only a handful of studies to 
date have examined the effects of acute bouts of exercise 
in persons with MS,9-11 and these studies have reported 
mostly positive outcomes, including improvement of 
mood and cognition.10 However, no studies, to our 
knowledge, have expanded this investigation of short-
term exercise to aquatic exercise and, thus, the present 
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and 2) because those who are inactive were most likely to 
experience benefit from a single bout of exercise. Participants 
were excluded if they had a history of substantial substance 
abuse and/or neurologic disease other than MS or major 
significant psychiatric illness. Furthermore, participants were 
excluded if they had experienced a relapse within 1 month 
before enrollment or during the study.

Procedure
Recruitment and enrollment were performed between 

January 1, 2015, and May 31, 2019. The institutional review 
board at Kessler Foundation (East Hanover, NJ) approved 
the study. Persons with MS were recruited through a database 
provided by Kessler Foundation. Potential participants were 
phoned for an initial screening and were asked to provide 
basic information related to age and previous neurologic, 
psychiatric, and substance abuse history. All potential par-
ticipants completed a written informed consent form before 
their involvement in the study. Individual numeric identifiers 
were assigned to each participant at the time of enrollment to 
ensure confidentiality.

Aquatic Exercise Versus Rest
Mood was assessed before and after two conditions: aquatic 

exercise and rest. The aquatic exercise condition consisted of 
45 minutes of supervised aquatic exercise that incorporated 
stretching and toning exercises focused on improving flex-
ibility, balance, and strength and mild-moderate aerobic activ-
ity. Participants were newly enrolled in an aquatic exercise 
group class as part of a larger study to examine the effects of 
aquatic exercise on multiple outcome measures (findings to 
be published separately). The 45-minute class was led by an 
instructor certified by the National Multiple Sclerosis Society 
and the Aquatic Therapy & Rehab Institute (Naples, FL). The 
outcome measure was collected and scored by an independent 
research staff member (C.B.).

In the rest condition, participants were asked sit comfort-
ably for 45 minutes. To control for potential deleterious effects 
related to boredom that might occur during 45 minutes of 
rest, participants completed lightly stimulating games and 
questionnaires. Before and after the rest condition, partici-
pants completed the POMS questionnaire.

Outcome Measure: The POMS Questionnaire
The abbreviated 30-item version of the POMS question-

naire19 has been used to examine mood states in persons with 
MS.11 It consists of 30 adjectives that are rated using the “right 
now” (eg, “fill in one circle…which best describes how you 
feel right now”) response set on a 5-point scale with anchors 
of 0 (not at all) and 4 (extremely). The “right now” response 
set allows for measuring the changes in mood from immedi-
ately before to after aquatic exercise, thereby isolating factors 
that can influence mood during the session. Several subscales 
can be calculated to examine Anxiety-Tension, Anger-Hostil-
ity, Depression-Dejection, Fatigue-Inertia, Vigor-Activity, and 
Confusion-Bewilderment. Total mood disturbance (TMD) 
score was calculated by summing all the scores from the 
subscales of Anxiety-Tension, Anger-Hostility, Depression-

study examined mood changes after a single bout of 
aquatic exercise.

Aquatic exercise has been recommended by the 
American Physical Therapy Association for people 
with MS to improve disabling symptoms and problems 
associated with sedentary lifestyles.12 The existing litera-
ture is scarce regarding the effects of aquatic exercise in 
persons with MS, despite the advantages it may provide 
compared with nonaquatic ET.13 Those advantages 
are related to three properties of water. First, the buoy-
ancy of water, which results in the reduction of body 
weight in water, makes it easier and safer for people 
with disabilities to move without assistance. Second, 
the viscosity of water increases the amount of resistance, 
which makes aquatic exercise a form of resistance train-
ing. Finally, the conduction of water may reduce body 
temperature (if the temperature of the water is kept at 
80°F-84°F, the recommended temperature for persons 
with MS), thus enabling persons with MS to prolong 
training sessions without the fear of overheating.13

To date, studies on aquatic exercise in people with 
MS have focused mostly on its effects on QOL,14 
fatigue,15 balance,16 mobility and strength,16 and pain.17 
Only one study, to our knowledge, has examined mood 
specifically after an aquatic exercise intervention, and 
it reported substantial benefit.15 Thus, more studies are 
needed to replicate and confirm this finding. Further-
more, no studies, to our knowledge, have examined 
mood changes after an isolated bout of aquatic exercise 
to examine whether the benefit is immediate. Our 
hypothesis is that similar to what has been found in 
nonaquatic exercise,10 mood will improve after a single 
bout of aquatic exercise. To examine the hypothesis, we 
used the Profile of Mood States (POMS) questionnaire 
because this was used in the previous study to examine 
the effects of a single bout of nonaquatic exercise10 to see 
whether the findings could be replicated using the same 
measure. Due to a small sample size that limits the abil-
ity to reach statistical significance, we considered effect 
sizes in interpreting the findings.

Methods
Participants

Eight participants with definite MS based on the criteria 
of Polman et al18 were enrolled. Participants were included if 
they were aged 18 to 65 years, were inactive in their daily life 
(ie, completed ≤30 minutes of exercise per week in the past 6 
months as reported during the telephone interview), and were 
fluent English speakers. We screened for inactivity 1) to ensure 
homogeneity related to baseline activity levels in the sample 
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reduction of fatigue was observed after aquatic exercise 
compared with after rest. The effect size was medium 
(ηp2 = 0.07), and the pattern of change was confirmed 
by a paired-samples t test, which showed a significant 
improvement in fatigue symptoms after aquatic exercise 
(P = .041) compared with no significant change after a 
bout of rest (P = .603).

Regarding Vigor, RM-ANOVA revealed a nonsig-
nificant interaction of time × condition in that a greater 
increase of vigor was observed after aquatic exercise 
compared with after rest. The effect size was large (ηp2 

= 0.28), and the pattern of change was also observed via 
a paired-samples t test, which showed a marginally sig-
nificant increase in vigor after aquatic exercise (P = .059) 
compared with no significant change after a bout of rest 
(P = .749).

Regarding Depression, RM-ANOVA revealed a 
nonsignificant interaction (time × condition) that was 
driven by a reduction of depressive symptoms after rest 
compared with after aquatic exercise, which was oppo-
site of what was expected. This pattern was confirmed 
by a paired-samples t test in which depressive symptoms 
improved significantly after rest (P = .048) compared 
with after aquatic exercise (P = .170).

Regarding Anger and Confusion, RM-ANOVA 
revealed a nonsignificant interaction (time × condition), 
where anger and confusion were reduced after a single 

Dejection, Fatigue-Inertia, and Confusion-Bewilderment and 
then subtracting the score from the Vigor-Activity subscale. 
Lower TMD scores indicate better mood. Higher scores on 
the Vigor-Activity subscale indicate increased vigorousness. 
For all other subscales and TMD, higher scores indicated 
worse mood.

Statistical Analysis
Analyses were conducted using IBM SPSS Statistics for 

Windows, Version 21.0 (IBM Corp, Armonk, NY). Acute 
effects of aquatic exercise measured by the POMS question-
naire were analyzed using a two-way repeated-measures analy-
sis of variance (RM-ANOVA; time × condition). We exam-
ined studentized residuals for outliers and found no residuals 
greater than ±3. Given the small sample size and pilot nature 
of the study, we interpreted the results based on effect size 
using partial eta-squared (ηp2) values.20 Finally, paired-samples 
t tests were run to confirm ANOVA findings by examining 
assessments of mood pre versus post each condition (aquatic 
exercise vs rest).

Results
Demographic information is presented in Table 1. 

Eight participants were included in the study across dif-
ferent disease subtypes.

Acute Effects of Single Bout of Aquatic Exercise on 
Mood

The pre-post condition mean ± SD scores for the 
POMS subscales are summarized in Table 2. Regarding 
TMD, RM-ANOVA revealed a nonsignificant interac-
tion of time (pre vs post) × condition (aquatic exercise 
vs rest) in that a greater improvement in symptoms was 
observed immediately after the aquatic exercise condi-
tion compared with the rest condition (Figure 1). The 
effect size was large (ηp2 = 0.23), and the pattern of 
change was confirmed by a paired-samples t test, which 
showed a significant improvement in mood symptoms 
after a single bout of aquatic exercise (P = .045) com-
pared with no significant change after the rest condition 
(P = .568).

Regarding Fatigue, RM-ANOVA revealed a nonsig-
nificant interaction of time × condition in that a greater 

Table 1. Participant demographic characteristics
Characteristic Value

Age, y 52.4 ± 8.9
Education, y 15.1 ± 3.2
Sex, F/M 7/1
RRMS/SPMS diagnosis 5/3
Diagnosis duration, y 19.5 ± 10.3

Note: Values are given as mean ± SD or number.
Abbreviations: RRMS, relapsing-remitting multiple sclerosis; SPMS, 
secondary progressive multiple sclerosis.

Figure 1. Total mood disturbance (TMD) scores 
pre versus post aquatic exercise (blue) and rest 
(green)
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for persons with MS to regulate their body temperature 
during certain types of exercise.23 Because it is performed 
in the water, aquatic exercise may be a more preferred 
exercise type for those who experience overheating. Also, 
some people with MS cannot participate in walking or 
other types of land-based exercise due to an inability to 
use their legs. Aquatic exercise (specifically in pools in 
which they can be safely transferred) enables the use of 
buoyancy to allow for lower extremity exercise. Future 
studies comparing land-based exercise with aquatic 
exercise may reveal what factors determine what types of 
exercise are best for certain people.

Interestingly, we found that tension was significantly 
reduced across both conditions. This finding replicates 
what was found by a recent study comparing a single 
bout of rest with two types of land-based exercise in 
which a main effect of time was found for tension.10 It 
is unclear why rest would cause a reduction in tension 
to the same degree as aquatic exercise. One possibility is 
that the participants found the rest condition relaxing in 
some way, perhaps because they were not required to do 
anything other than mildly stimulating activities.

The present study has several limitations. The statisti-
cal power of the results is limited by the small sample 

bout of aquatic exercise compared with after the rest 
condition, where these symptoms slightly increased. The 
effect sizes for Anger (ηp2 = 0.36) and Confusion (ηp2 
= 0.33) were both large. However, the paired-samples 
t tests did not show a significant difference pre to post 
either condition.

Finally, regarding Tension, RM-ANOVA revealed a 
significant effect of time (P = .015, ηp2 = 0.594) but not 
a time × group interaction (ηp2 = 0.004), indicating that 
tension was reduced similarly under both conditions. A 
paired-samples t test confirmed this finding in that there 
was a significant change pre to post both aquatic exercise 
(P < .001) and rest (P = .005).

Discussion
This pilot study sought to determine the acute 

effects of a single bout of aquatic exercise on mood in 
a small sample of people with MS. The study showed 
that immediately after a single bout of aquatic exer-
cise, TMD and fatigue were decreased and vigor was 
increased compared with after rest. This study is the 
first, to our knowledge, to examine the effects of a 
single bout of aquatic exercise on mood. Although a 
larger sample is needed to confirm the present findings, 
it seems that a single bout of aquatic exercise may be a 
potential method for improving acute mood symptoms 
in persons with MS. These findings are important in 
that mood disturbance is particularly elevated in indi-
viduals with MS.21,22

These findings extend a handful of studies examining 
the effects of acute bouts of exercise in land-based exer-
cise conditions, including walking and yoga.9-11 Aquatic 
exercise may be a more appealing exercise type for 
some participants compared with land-based exercise. 
Recently, it was reported that MS alters the thermoregu-
latory response during exercise, making it more difficult 

Table 2. POMS and TMD scores pre versus post a single bout of aquatic exercise or rest

Aquatic exercise Rest

F P value
Partial eta 
squaredPre Post Pre Post

POMS subscale
    Anxiety-Tension 4.0 ± 4.8 2.1 ± 2.9 3.8 ± 3.4 2.0 ± 2.6 0.027 .875 0.004
    Anger-Hostility 4.0 ± 6.6 1.1 ± 3.2 0.5 ± 1.1 1.8 ± 3.5 3.96 .087 0.361
    Depression-Dejection 1.0 ± 2.1 0.8 ± 1.8 1.6 ± 1.4 0.9 ± 1.6 1.40 .275 0.167
    Confusion-Bewilderment 4.0 ± 2.7 3.1 ± 2.1 3.1 ± 2.0 3.3 ± 2.0 3.50 .104 0.333
    Fatigue-Inertia 8.1 ± 5.0 6.4 ± 4.5 5.5 ± 2.7 4.9 ± 4.4 0.489 .507 0.065
    Vigor-Activity 6.3 ± 5.9 8.1 ± 5.6 6.1 ± 2.0 6.4 ± 2.6 2.75 .142 0.282
TMD 7.4 ± 14.5 1.6 ± 12.1 0.6 ± 7.9 –0.9 ± 10.8 2.10 .191 0.231

Note: Scores are given as mean ± SD.
Abbreviations: POMS, Profile of Mood States; TMD, total mood disturbance.

PRACTICE POINTS
•	A single bout of aquatic exercise may be 

effective in improving acute mood symptoms in 
people with MS.

•	Fatigue reductions after a single session of 
aquatic exercise were observed as well. 

•	Future studies with larger samples should be 
conducted to gain a better understanding of 
acute effects of aquatic exercise on mood.
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size. However, the results provided proof-of-concept 
data that can guide the development and execution of 
further larger trials. Another limitation involves study 
design. It would have been optimal to present the 
aquatic exercise and rest conditions in a counterbalanced 
order, randomized across participants. However, this 
study was part of a larger study examining the effects 
of a longer aquatic exercise program, so the rest condi-
tion was always given at baseline. Future investigations 
presenting the conditions in a counterbalanced manner 
would help verify the present findings. Finally, we exam-
ined the mood symptoms immediately after the single 
bout of exercise or rest, which gave us information on 
only the immediacy of the results. Future studies includ-
ing assessment of mood symptoms for a longer period 
after either condition would help researchers understand 
how long the effects of aquatic exercise last after a single 
bout.

Even with these limitations, the present study is the 
first, to our knowledge, to investigate the effects of a 
single bout of aquatic exercise on mood in people with 
MS, showing encouraging results. The results indicate 
that aquatic exercise may be an effective technique for 
improving acute mood symptoms, similar to what has 
been reported for several types of land-based exercis-
es.10,11 Although we were not able to compare the effects 
of land-based ET and aquatic exercise, future studies 
may be able to determine whether both modalities of 
exercise are similarly effective at managing mood symp-
toms. It also should be considered that persons with MS 
who are reluctant to perform land-based ET may find 
aquatic exercise more tolerable because it may help the 
patient avoid overheating during ET (if the temperature 
of the pool is properly controlled), cause less stress on 
joints, and help with spasticity. Further studies with 
large samples could help in the development of aquatic 
exercise programs to treat mood symptoms in people 
with MS. o
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