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Abstract
Purpose  This pilot pre-and post-intervention study investigated the effects of a short-term aquatic exercise programme on 
physiological outcomes, symptoms and exercise capacity in women with chronic fatigue syndrome/myalgic encephalomy-
elitis (CFS/ME).
Methods  Eleven women (54.8 ± 12.4 year) volunteered for the 5-week program; an initial 20-min aquatic exercise session 
then two self-paced 20-min sessions per week for 4 weeks. Pre- and post-intervention outcomes were physiological measures, 
6 min Walk Test (6MWT), perceived exertion (RPE), hand grip strength, Sit-to-Stand, Sit-Reach test, Apley’s shoulder test, 
FACIT questionnaire, and 24-h post-test tiredness and pain scores (0–10 visual analogue scale). Heart rates, RPE, 24- and 
48-h post-session tiredness/pain scores were recorded each session.
Results  6MWT distance increased by 60.8 m (p = 0.006), left hand grip strength by 6 kg (p = 0.038), Sit-Reach test by 
4.0 cm (p = 0.017), right shoulder flexibility by 2.9 cm (p = 0.026), FACIT scores by 8.2 (p = 0.041); 24-h post-test tiredness 
and pain decreased by 1.5 and 1.6, respectively (p = 0.002). There were significant post-intervention increases in exercising 
heart rates (6MWT 4- and 6-min time points), oxygen saturation at 2-min, and reduced RPE at 4-min. Weekly resting and 
exercising heart rates increased significantly during the study but RPE decreased; immediately post- and 24-h post-session 
tiredness decreased significantly. There were no reports of symptom exacerbation.
Conclusions  Five weeks of low-moderate intensity aquatic exercise significantly improved exercise capacity, RPE and fatigue. 
This exercise mode exercise may potentially be a manageable and safe physical activity for CFS/ME patients.
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Introduction

Chronic Fatigue Syndrome or Myalgic Encephalomy-
elitis (CFS/ME) is characterised by disabling fatigue for 
more than 6 months with no other apparent cause, and any 
four of the following symptoms: post-exertional malaise 
(PEM), headaches, impaired concentration and memory, 
swollen and painful lymph nodes, sore throat, muscle and 
joint pain, and unrefreshing sleep (Carruthers et al. 2011). 
The pathogenesis of CFS/ME remains unclear; viral, neu-
roendocrine and/or psychological events such as trauma 
or extreme emotional stress can contribute to the develop-
ment of this debilitating illness (Carruthers et al. 2011). 
CFS/ME is often complicated by co-conditions such as 
fibromyalgia syndrome (FMS), occurring in up to 70% of 
CFS/ME patients (Cook et al. 2006; IOM 2015; McMani-
men and Jason 2017), postural orthostatic tachycardia 
syndrome (POTS) which occurs in 20–34% of patients 
(Benarroch 2012; Hoad et al. 2008), cognitive and neu-
rological symptoms.

The recovery from CFS/ME is uncertain (IOM 2015). 
Earlier studies reported that full recovery occurs in less 
than 10% of diagnosed patients (Moss-Morris et al. 2005; 
Taylor and Kielhofner 2005). The frequency of those who 
do return to employment or education varies from 8 to 52% 
(Stormorken et al. 2017), but the majority of those consid-
ered to have “recovered” rarely return to pre-illness health 
and physical function (Adamowicz et al. 2014; Andersen 
et al. 2004; Taylor and Kielhofner 2005). Current man-
agement of CFS/ME includes alleviation of symptoms 
through rest, specialist medical care (including medica-
tions), relaxation therapy, cognitive behavioural therapy 
counselling, graded exercise therapy (GET) and adaptive 
pacing (Larun et al. 2017), but not all individuals respond 
to such treatments (McManimen and Jason 2017; Moss-
Morris et al. 2005). Individuals with CFS/ME who remain 
sedentary are likely to become physically deconditioned 
and may be more at risk of developing lifestyle illnesses 
such as cardiovascular disease, type 2 diabetes and can-
cer. However, the most appropriate modes of exercise for 
CFS/ME patients remain uncertain, as PEM and symptom 
exacerbation are common in patients who attempt physical 
activity (McManimen and Jason 2017).

Aquatic exercise and hydrotherapy are recommended 
modalities of treatment for pathologies such as FMS 
(Bidonde et al. 2014; Busch et al. 2011; Mannerkorpi et al. 
2009; Wilson et al. 2012), the arthritides (Becker 2009), 
multiple sclerosis (MS) (Becker 2009; Castro-Sanchez 
et al. 2012; Plecash and Leavitt 2014; Verhagen et al. 
2012), and chronic obstructive pulmonary disease (COPD) 
(Becker 2009; McNamara et al. 2015), yet there has been 
little research to date with CFS/ME patients. Two studies 

combined strength training and 45-min hydrotherapy ses-
sions 5 days per week (Gordon and Lubitz 2009), and 
strength or aerobic training plus hydrotherapy (Gordon 
et al. 2010). The studies utilised a 4-week hospital in-
patient programme, resulting in significant improvements 
in strength, aerobic capacity and depression in adolescents 
with CFS/ME although the authors did not discuss the 
contribution of the hydrotherapy component to the overall 
results. Swimming has been suggested as a possible mode 
for GET (Wallman et al. 2004), but there is no further 
mention of aquatic exercise or hydrotherapy in the CFS/
ME literature.

The therapeutic value of aquatic exercise relies on the 
hydrodynamic properties of water, such as buoyancy, rela-
tive density, resistance, viscosity, turbulence, and hydro-
static pressure and flow (Macias-Hernandez et al. 2015). 
Water temperature also enhances physiological and sensory 
effects (Honda and Kamioka 2012; Macias-Hernandez et al. 
2015). Hydrotherapy and aquatic exercise provide physio-
logical benefits such as pain reduction through the blockage 
of nociceptive signals (Assis et al. 2006; Castro-Sanchez 
et al. 2012; Honda and Kamioka 2012); increased blood flow 
(Becker 2009; Honda and Kamioka 2012); muscle relaxa-
tion and reduced fatigue (Bidonde et al. 2014; Busch et al. 
2011); reduced peripheral oedema, which may also assist in 
pain reduction (Gabrielsen et al. 2000; Honda and Kamioka 
2012); reduced sympathetic nervous system (SNS) activity 
and orthostatic intolerance, and enhanced autonomic func-
tion (Becker 2009); and reduced mechanical loading on 
joints (Castro-Sanchez et al. 2012). Aquatic exercise may 
also enhance physical function (strength and aerobic capac-
ity) (Assis et al. 2006; Becker 2009; Kanitz et al. 2015; Mer-
edith-Jones et al. 2011). Increased aerobic capacity can be 
attributed to enhanced cardiac output and stroke volume, and 
lower heart rate (HR), as increased venous pressure and vas-
odilation force blood from lower extremities to the thoracic 
cavity and heart (Becker 2009; Torres-Ronda and del Alca-
zar 2014). Central and peripheral adaptions also contribute 
to increases in peak oxygen consumption with water-based 
training, comparable to land-based aerobic exercise (Becker 
2009). There is further evidence that cool water exercise pro-
vides thermal conductivity benefits for patients with thermal 
instability (Torres-Ronda and del Alcazar 2014). Joint and 
muscle pain, fatigue, thermal regulation, orthostatic intoler-
ance, and autonomic dysregulation are also common in CFS/
ME (Benarroch 2012; McManimen and Jason 2017), thus 
aquatic exercise might potentially be beneficial.

There is substantial evidence that the mechanical prop-
erties of water combined with the physiological benefits 
of exercise provide symptom relief and enhanced physical 
capacity for a range of musculoskeletal and neurological 
conditions (Bidonde et al. 2014; Macias-Hernandez et al. 
2015). We hypothesized that self-paced, low-intensity 
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aquatic exercises could reduce pain and fatigue, and increase 
joint range of motion (ROM), strength and exercise capac-
ity in individuals with CFS/ME. This 5-week pilot study 
investigated the physiological responses of CFS/ME patients 
to aquatic exercise, to determine the clinical application of 
aquatic exercise as a safe and effective rehabilitation exercise 
modality.

Methods

The pilot study was approved by the Southern Cross Uni-
versity Human Research Ethics Committee (HREC ECN-
16-212), and was a pre- and post-intervention study with 
the participants acting as their own controls. The study was 
conducted in late 2016, with a 6-week period of advertis-
ing and recruitment (August 15th–October 3rd). Participant 
screening and initial health and exercise assessments were 
completed between October 10th and 25th. Participants 
completed the 5 weeks of the exercise intervention (Octo-
ber 28th–November 25th), with post-intervention health and 
exercise assessments during the following week (November 
28th–30th). We phoned all participants 2 weeks later for a 
follow-up discussion about their health and well-being.

Participants

Participants were recruited from the local area by advertis-
ing through the media and university. We recruited patients 
who had a diagnosis of CFS/ME from their medical prac-
titioner, according to the updated International Consensus 
Criteria (Carruthers et al. 2011) or the 1994 Centres for 
Disease Control criteria (Fukuda et al. 1994). Potential par-
ticipants contacted the researchers by phone and email and 
were offered the Participant Information Sheet and Informed 
Consent to Participate. The researchers discussed the project 
by phone with all potential participants, who were invited 
to attend the university laboratory for further screening 
[medical history, cardiovascular risk screening (Exercise 
and Sports Science Australia 2011)], health questionnaire 
and assessments. The inclusion criteria were: between the 
ages of 18–80 years; a medical diagnosis of CFS/ME, post-
viral fatigue syndrome or infectious mononucleosis; not par-
ticipating in a physical activity program or regular exercise; 
able to communicate in English; able to commit the time to 
participate in the research; informed consent. Informed con-
sent was obtained from all individual participants included 
in the study. The exclusion criteria were: any cardiovascu-
lar, pulmonary, metabolic, renal, endocrine, autoimmune, 
neurological, inflammatory condition, infectious disease or 
mental illness that made exercise participation a risk for par-
ticipants; any diagnosed medical condition other than CFS/
ME that caused severe fatigue; musculoskeletal injuries that 

prevented exercise participation; being a non-swimmer; an 
allergy to chlorine or other pool chemicals; being pregnant. 
Participants who had diagnosed FMS concurrent with CFS/
ME were not excluded from the study.

Physical assessments

Participants underwent a series of physiological and exercise 
assessments prior to, and after, the 5-week exercise interven-
tion. Physical characteristics (age, height, weight, resting 
HR, and blood pressure), time since symptom onset (TSSO) 
and time since diagnosis (TSD) were recorded. Primary out-
comes consisted of (1) exercise outcome measures: a 6-min 
Walk Test (6MWT) which included distance completed 
(m), exercising HR (bpm), oxygen saturation (%) and 0–10 
Rate of Perceived Exertion (RPE) (Borg 1982) every 2 min; 
handgrip strength (kg) (Camry, CA USA), 60 s Sit to Stand 
(repetitions/60 s), Sit-Reach test and Apley’s Shoulder test 
(cm); and (2) a pre- and post-intervention Functional Assess-
ment of Chronic Illness Therapy-Fatigue (FACIT Version 
4) questionnaire (Cella 1997; Webster et al. 2003), which 
consists of 13 statements (e.g., “I feel fatigued”, “I feel weak 
all over”, “I need to sleep during the day”, “I am able to do 
my usual daily activities”), each requiring one of the follow-
ing answers: “Not at all”; “A little bit”; “Somewhat”; “Quite 
a bit”; “Very much”.

Secondary outcomes included tiredness and pain, which 
were assessed 24 and 48 h after the pre- and post-interven-
tion testing sessions using a 0–10 Visual Analogue Scale 
(VAS), with participants phoning, texting or emailing their 
scores to the research team. Other secondary measures were: 
tiredness, pain and 0–10 RPE which were assessed after each 
exercise session (immediately post-exercise, 24- and 48-h 
post-session). Heart rates and RPE prior to, and during, each 
exercise session were also secondary outcomes. There were 
no changes to the pilot study outcomes after the intervention 
had commenced.

Exercise intervention

The aquatic exercise intervention consisted of an initial 
session lasting between 15 and 20 min, depending on each 
participant’s physical ability and symptoms. The remain-
ing 4 weeks of the intervention consisted of twice-weekly 
aquatic sessions with 48–72 h recovery between sessions. 
The exercise sessions were conducted in a climate controlled 
indoor deep water pool with a temperature of 27 °C. Partici-
pants were instructed in the use of HR monitors (Polar T31, 
Oulu Finland) and the 0–10 RPE scale, and were asked to 
keep their exertion levels below 6/10 or “moderately hard”. 
Pre-exercise HR and RPE were recorded, as were HR and 
RPE during every 10 min of exercise. Participants were 
fitted with buoyancy belts and the majority of exercises 
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conducted in deep water, with access to a ramp and chest 
deep water platform available if required. All participants 
completed a variety of gentle intensity ROM, strengthening 
and aerobic water exercises that were performed to music.

Sessions started with a duration of 15 min but gradu-
ally increased in time for participants who could increase 
their exercise capacity. All exercises were self-paced. The 
warm up and cool down exercises included low-intensity 
water walking followed by upper and lower limb stretching 
through all planes of movement. Both the warm up and cool 
down went for 5 min each. Strength exercises used water 
resistance, pool noodles and kickboards, and included arm 
and shoulder circling, bicep curls, triceps push-backs, upper 
cuts, wrist flexion/extension, pool noodle rows and push-ups, 
knees to chest, jumping jacks, and squats (in deep water or 
using the pool platform). Each exercise went for 20–30 s. 
Short sets of aerobic exercises included water walking, pool 
noodle cycling, “skiing” using arms and legs, noodle side-
stroke, breaststroke swimming, and kicking. Simple floating 
was also used as a relaxation exercise or a “time out” if the 
participant felt tired. The aerobic and strength component 
lasted for approximately 5–10 min, depending on each par-
ticipant’s levels of energy. Stretching formed part of the cool 
down and included all muscle groups.

The researcher who led the exercise sessions was an 
accredited clinical Exercise Physiologist and qualified 
aquatic instructor experienced in adapted aquatic program-
ming. Final-year exercise science students assisted partici-
pants in the pool with instruction and support if needed. 
24- and 48-h post-session fatigue, pain and other symptoms 
were recorded by participants and texted or phoned in to 
the research team, with participants noting if the symptoms 
changed or remained the same. Participants were asked to 
not increase their time in the water, or intensity of exercise 
if they were symptomatic; they were asked to reduce exer-
cise time or intensity if they felt more symptomatic during 
a session, and any changes in participant health, well-being 
or symptoms were recorded by the supervisors. Changes 
in symptoms 24- and 48-h post each exercise session were 
also sent in to researchers during the 4-week block. Par-
ticipants returned to the laboratory in the week following 
the final aquatic session for post-intervention physiological 
assessments and a final interview with two members of the 
research team (qualitative research results not available in 
this publication).

Data collection and analysis

Participant characteristics were collated from the initial 
interviews including demographic data such as the TSSO 
and TSD of CFS/ME symptoms. The primary analysis of the 
exercise intervention and assessment data with intention-to-
treat included all participants regardless of dropout or level 

of adherence. Intervention compliance for each participant 
was calculated as the number of completed exercise ses-
sions divided by the nine sessions of the intervention; scores 
were totalled and expressed as a percentage. Physiological 
data are presented as mean ± standard deviation. Pre- and 
post-intervention exercise assessment, pain, tiredness, and 
fatigue data were recorded and transferred to SPSS (V24, 
©IBM) spreadsheets for analysis using a two-tailed paired 
samples t test. The scores for the FACIT questionnaire were 
totalled for each participant out of 52 points, pre- and post-
intervention, with a score of < 30/52 denoting severe fatigue, 
and higher scores meaning less fatigue.

Data from each exercise session [resting and training HR 
(at 10-, 20-min and recovery time points), training RPE (at 
5-, 10-, 20-min and recovery time points), pain and tired-
ness (immediately post-exercise, and 24- and 48-h post-
exercise session)] were averaged for each week and recorded 
in Excel spreadsheets. Data were analysed using a general 
linear model with repeated measures analysis of variance 
(ANOVA), with time (week) and training session (time 
point values) interactions analysed. A Bonferroni adjust-
ment was used to detect significant differences between 
training session time points for each outcome measure. Sta-
tistical significance was set at ˂ 0.050 for both t test and 
ANOVA analyses. The magnitude of the change between 
pre- and post-intervention values was reported using a modi-
fied Cohen’s effect size (ES) with the following descrip-
tors applied to ES thresholds: 0.0–0.2 trivial, 0.2–0.6 small, 
0.6–1.2 moderate, 1.2–2.0 large, > 2.0 very large (Batterham 
and Hopkins 2006).

Results

The participant characteristics and demographic data are 
shown in Table 1. Of the eleven participants, seven also had 
COPD or respiratory problems, six had diagnosed FMS, 
four reported recurring neurological symptoms (vertigo, 
migraines), three had thermal instability, and one had POTS. 
There were no significant post-intervention changes in rest-
ing physiological outcomes although there was a trend to 
increase with HR (p = 0.065 ES 0.34).

Exercise tests

There were significant post-intervention increases in 6MWT 
distance (p = 0.006 ES 1.23), 6MWT 4-min (p = 0.023 ES 
0.57) and 6-min HR (p = 0.018 ES 0.96). RPE decreased at 
4-min (p = 0.028 ES 0.44); with a trend to decrease in RPE 
at 6-min (p = 0.057 ES 0.67) (Table 2). Oxygen saturation 
at the post-intervention 2-min time point also increased sig-
nificantly (p = 0.029 ES 0.63).
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There were significant improvements in left hand grip 
strength (p = 0.038 ES 0.79) while right-hand grip strength 
showed a trend (p = 0.051 ES 0.61); right shoulder ROM 
(p = 0.026 ES 0.51) while left shoulder ROM showed a trend 
(p = 0.074 ES 0.45); the Sit-Reach test scores (p = 0.017 
ES 0.44); FACIT (p = 0.041 ES 1.00); 24-h post-test tired-
ness (p = 0.002 ES 0.73) and 24-h post-test pain (p = 0.002 
ES 0.92). Immediate post-test tiredness and pain showed 
trends to decrease post-intervention (p = 0.093 ES 0.48 and 
p = 0.096 ES 0.54 respectively).

Aquatic exercise sessions

Intervention compliance was 86.9%. Several participants 
had days where they felt their symptoms were worse or they 
had other commitments, so did not attend the exercise ses-
sion. However, there were no adverse events reported dur-
ing or after training. The weekly changes in the averaged 
mean RPE, HR, pain and tiredness are shown in Figs. 1, 2, 
3 and 4. There was a significant weekly decrease in mean 
RPE between Week 1 and 5 (p = 0.009 ES 0.48) with a trend 

Table 1   Participant 
characteristics pre- and post-
intervention

Values shown are mean ± SD
SBP systolic blood pressure, DBP diastolic blood pressure

Variable Pre-intervention (n = 11) Post-interven-
tion (n = 11)

p value % change Effect size

Age (year) 54.8 ± 12.4 – – – –
Height (cm) 165.2 ± 5.2 – – – –
Body mass (kg) 85.7 ± 21.4 85.6 ± 21.3 0.823 0.1 0.002
Resting HR (bpm) 76.3 ± 7.5 79.3 ± 9.9 0.065 3.9 0.34
Resting SBP (mmHg) 121.6 ± 13.0 116.9 ± 11.0 0.321 − 3.9 0.39
Resting DBP (mmHg) 77.1 ± 4.5 75.3 ± 5.3 0.360 − 2.3 0.37
Resting O2sat (%) 97.3 ± 1.9 97.2 ± 1.4 0.846 − 0.1 0.05

Table 2   Exercise assessment pre- and post-intervention changes

Values shown are mean ± SD
*Post-intervention p value significantly different to pre-intervention value, < 0.050

Outcome measure Pre-intervention (n = 11) Post-intervention 
(n = 11)

p value % Change Effect size

6 MWT distance (m) 338.4 ± 39.1 399.2 ± 58.1 0.006* 18.0 1.23
6 MWT HR @ 2 min (bpm) 91.8 ± 13.2 97.4 ± 10.1 0.101 6.1 0.47
6 MWT RPE @ 2 min (0–10) 2.8 ± 1.0 2.5 ± 0.5 0.221 − 10.7 0.47
6 MWT O2sat @ 2 min (%) 96.2 ± 2.1 97.4 ± 1.6 0.029* 1.3 0.63
HR @ 4 min (bpm) 94.6 ± 10.7 100.1 ± 8.6 0.023* 5.8 0.57
RPE @ 4 min (0–10) 3.5 ± 1.2 3.1 ± 0.8 0.028* − 11.4 0.44
O2sat @ 4 min (%) 96.5 ± 2.5 96.7 ± 1.9 0.645 0.2 0.57
6 MWT HR @ 6 min (bpm) 90.8 ± 10.6 100.3 ± 9.1 0.018* 10.5 0.96
6 MWT RPE @ 6 min (0–10) 4.3 ± 1.9 3.3 ± 1.4 0.057 − 23.3 0.67
6 MWT O2sat @ 6 min (%) 97.6 ± 1.4 97.1 ± 1.4 0.271 − 0.5 0.33
Sit to stand 60 s (reps) 10.9 ± 6.3 13.6 ± 6.6 0.151 24.8 0.43
R hand grip strength (kg) 22.7 ± 8.0 27.2 ± 6.9 0.051 19.8 0.61
L hand grip strength (kg) 20.0 ± 8.7 26.0 ± 6.2 0.038* 30.0 0.79
Sit-reach test (cm) − 3.6 ± 9.3 + 0.4 ± 8.8 0.017* 111.10 0.44
R shoulder test (cm) − 8.6 ± 7.3 − 5.7 ± 6.9 0.026* 33.7 0.41
L shoulder test (cm) − 4.7 ± 7.4 − 1.8 ± 5.6 0.074 61.7 0.45
FACIT score (0–52) 20.7 ± 8.5 28.9 ± 7.9 0.041* 39.6 1.00
Immediate post-test tiredness VAS (0–10) 4.5 ± 2.6 3.4 ± 1.9 0.093 − 24.4 0.48
Immediate post-test pain VAS (0–10) 3.8 ± 1.9 2.9 ± 1.6 0.096 − 23.7 0.54
24-h post-test tiredness VAS (0–10) 5.4 ± 2.1 3.9 ± 2.2 0.002* − 27.8 0.73
24-h post-test pain VAS (0–10) 4.1 ± 2.1 2.5 ± 1.5 0.002* − 39.0 0.92
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decrease between Week 1 and 3 (p = 0.089 ES 0.44). RPE at 
10 min of exercise decreased significantly between Week 1 
and 4 (p = 0.040 ES 0.61), and Week 1 and 5 (p = 0.031 ES 
0.54), with trend decreases between Week 1 and 2 (p = 0.088 
ES 0.51) and Week 1–3 (p = 0.050 ES 0.59). RPE at 20 min 
decreased significantly from Week 1–2 (p = 0.049 ES 0.46) 
and Week 1–5 (p = 0.020 ES 0.49), with trend decreases 
from Week 1–3 (p = 0.058 ES 0.46) and Week 1–4 (p = 0.080 
ES 0.40). Recovery RPE also decreased between Week 2 and 
3 (p = 0.026 ES 0.46) and Week 2 and 5 (p = 0.013 ES 0.63).

There were significant weekly increases in resting HR 
between Week 1 and 2 (p = 0.003 ES 0.60), week 1 and 
3 (p = 0.001 ES 0.75), week 1 and 4 (p = 0.014 ES 0.55), 
and week 1 and 5 (p = 0.004 ES 0.81). There were also sig-
nificant increases in HR at the 10-min exercise time point 
from Week 2–5 (p = 0.013 ES 0.69), week 3–4 (p = 0.042 
ES 0.44), and week 3–5 (p = 0.014 ES 0.57) with a trend 
between week 2 and 4 (p = 0.053 ES 0.59). Within-week 
changes included significant increases in week 1 between 
resting and 10-min HR (p = 0.006 ES 1.22), resting and 
20-min HR (p = 0.013 ES 1.12) and resting and recovery 
HR (p = 0.030 ES 0.99); in week 4 between resting and 
10-min HR (p = 0.009 ES 1.33), and resting and 20-min HR 
(p = 0.017 ES 1.00); in Week 5 between resting and 10-min 
HR (p = 0.039 ES 0.89). There was a significant decrease 
between 20-min and recovery HR in week 3 (p = 0.049 ES 
0.62), and a trend decrease in week 5 between 10-min and 
recovery HR (p = 0.071 ES 0.81).

Mean tiredness scores decreased between week 1 and 2 
(p < 0.001 ES 0.80), week 1 and 3 (p = 0.004 ES 0.47), week 
1 and 4 (p = 0.004 ES 0.55) and week 1 and 5 (p = 0.002 
ES 0.53). There were also significant decreases in immedi-
ate post-session tiredness between week 1 and 2 (p = 0.007 
ES 0.59), week 1 and 3 (p = 0.006 ES 0.73), week 1 and 4 
(p = 0.015 ES 0.73) and week 1 and 5 (p = 0.044 ES 0.52). 

Fig. 1   20 min training heart rate measured as beats per minute (bpm). 
Values are group mean ± SD for each week (Wk)

Fig. 2   Rating of perceived exertion (RPE) at 20  min. Values are 
group mean ± SD for each week (Wk). Significantly lower than Wk 
1: *p < 0.05

Fig. 3   Visual analogue (VAS) pain (P) scores measured immediately 
post-training session, 24-h post-training session, and 48-h post-train-
ing session. Values are group mean ± SD for each week (Wk)

Fig. 4   Visual analogue (VAS) tiredness (T) scores measured immedi-
ately post-training session, 24-h post training session, and 48-h post-
training session. Values are group mean ± SD for each week (Wk). 
Significantly lower than Wk 1: *p < 0.05; trend: #p < 0.06
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Twenty four-hour post-tiredness decreased significantly 
between week 1 and 2 (p = 0.041 ES 0.48), week 1 and 4 
(p = 0.040 ES 0.53) and week 1 and 5 (p = 0.030 ES 0.64). 
Forty eight-hour post-tiredness showed a trend decrease 
between Week 1 and 2 (p = 0.062 ES 0.45). There were no 
significant differences between post-session, 24- or 48-h 
post-session pain scores each week, nor were there any dif-
ferences between weeks for these time points.

Discussion

This pre- and post-intervention pilot study investigated the 
effects of 5 weeks of self-paced, low-intensity aquatic exer-
cises on physiological outcome measures and symptoms in 
women with CFS/ME. To our knowledge, this is the first 
study to examine the isolated effects of aquatic exercise with 
CFS/ME patients. Previous studies by Gordon and Lubitz 
(2009) and Gordon et al. (2010) included daily hydrotherapy 
with resistance training or aerobic training for adolescents 
with CFS/ME who attended a 4-week in-hospital rehabili-
tation programme. The authors noted significant improve-
ments in aerobic capacity, strength, depression, and quality 
of life, but while stating the benefits of strength and aerobic 
training, did not report the contribution made by hydro-
therapy to the results. Aquatic exercise is a recommended 
management modality for patients with FMS, osteoarthritis, 
and other musculoskeletal conditions (Becker 2009; Bidonde 
et al. 2014), so it is surprising that this type of exercise has 
not been previously used with CFS/ME patients, given that 
up to 70% of these patients have a concurrent diagnosis of 
FMS, and many have problems with orthostatic intolerance 
(IOM 2015; McManimen and Jason 2017).

Our most surprising finding was the extent of the 
improvements in aerobic capacity, measured by increased 
walking distance. The likely explanations for this result 
include: (1) increased cardiovascular function (cardiac out-
put, stroke volume, perfusion) due to redistributed blood 
flow, especially with repeated bouts of exercise (Becker 
2009); (2) enhanced oxygen consumption due to periph-
eral vascular adaptions in response to exercising in water 
which has a density three times that of air (Becker 2009).
This results in a training effect at a relatively lower exer-
cise intensity than on land (Becker 2009), which may partly 
explain why our cohort increased their aerobic fitness in 
such a short time. Our cohort was physically deconditioned 
pre-intervention and such individuals have less lean muscle 
mass, capillary density, and mitochondrial density (Becker 
2009). Therefore, exercise-induced increases in muscle mass 
would contribute to enhanced peripheral oxygen extraction. 
Another consideration is that the increased hydrostatic pres-
sure of water also reduces the partial pressure of oxygen, 
which contributes to the work of breathing by approximately 

60% (Meredith-Jones et al. 2011). This cardiorespiratory 
challenge may improve the strength of the diaphragm and 
intercostal muscles to enable individuals to increase their 
ventilation rate during exercise, and therefore, their oxy-
gen uptake and aerobic capacity. Improved cardiorespira-
tory capacity with water-based exercise has been reported 
in older adults (Bocalini et al. 2013; Kieffer et al. 2012), 
neurological patients (Becker 2009; Castro-Sanchez et al. 
2012; Salem et al. 2011), and FMS patients, (Bidonde et al. 
2014; Gusi et al. 2006; Jentoft et al. 2001; Mannerkorpi et al. 
2009), who have the greater overlap with CFS/ME patients 
in terms of symptoms and fatigue. There are important clini-
cal implications with such improvements because decreases 
in VO2max with ageing and/or chronic medical conditions 
contribute significantly to reduced physiological functional 
capacity, risk of other chronic conditions, and greater mor-
bidity (Becker 2009).

It was interesting to note that while 6MWT distance and 
exercising HR during the test increased, RPE decreased sig-
nificantly at the 4-min time point of the test, with a trend to 
decrease at the 6-min time point. In other words, the partici-
pants were able to exercise harder, but their perception of 
effort was actually lower than during their pre-intervention 
6MWT. This result is similar to findings by Wallman et al. 
(2004), where RPE decreased after a 12-week graded exer-
cise programme. However, we found significant results after 
only 5 weeks, which suggests that substantial changes in 
both perceptual and physiological outcomes are possible 
with short-term training.

Our participants increased hand grip strength signifi-
cantly and clinically (> 20% increase) during the 5 weeks, 
with the right-hand final mean value just below, and the 
left-hand value equalling, the relevant age norm for Aus-
tralian women (Massy-Westropp et al. 2011). This result 
supports findings in other aquatic exercise studies (Bocalini 
et al. 2008; Jentoft et al. 2001; Kieffer et al. 2012). The 
physiological adaptation is likely due to neural and hyper-
trophic mechanisms in response to the increased resistance 
of the upper limbs moving through all planes of motion in 
water (Bento and Rodacki 2015; Kieffer et al. 2012). Water 
density provides resistance to movement in all directions 
(Baena-Beato et al. 2014; Meredith-Jones et al. 2011), which 
will activate agonist and antagonist muscle groups with 
all movement phases. This was especially relevant for the 
shoulder, arm and wrist exercises we used, which involved 
flexion/extension of the main joints, and forearm pronation/
supination. Previous research has shown that it is necessary 
to activate the antagonist muscle group late in the ROM 
to decelerate the moving limb and to resist increasing lift 
forces caused by the buoyancy of water (Meredith-Jones 
et al. 2011). However, lower limb strength, assessed by the 
Sit-to-Stand functional test, did not improve. Possibly the 
muscle movement patterns used during this test (i.e., a squat) 
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were not specific to those used in our aquatic exercises (e.g., 
water walking and cycling), which were predominantly done 
as open-chain exercises in deep water. The Sit-to-Stand is 
a closed-chain, weight-bearing exercise and the buoyancy 
effects of water training may not have been as effective at 
increasing the hamstring and quadriceps muscle strength 
needed for land-based squatting (Bento and Rodacki 2015), 
although muscle strength needed for walking improved. Our 
cohort also increased their shoulder and trunk flexibility, 
possibly because the exercises were performed through as 
full a ROM as possible for each participant, and because 
stretching was conducted as part of the cool down. Enhanced 
trunk, shoulder and upper limb flexibility with aquatic exer-
cise have also been reported in other studies (Baena-Beato 
et al. 2014; Bergamin et al. 2013; Bocalini et al. 2008).

FACIT scores and 24-h post-exercise test tiredness were 
significantly lower post-intervention, with a trend decrease 
immediately post-exercise test. Weekly post-exercise tired-
ness scores also decreased, with the most significant reduc-
tions being in immediately post-exercise session scores 
throughout the study. Weekly 24- and 48-h post-exercise 
session tiredness showed the greatest reductions in the 
initial 3 weeks of the study. Possibly the most substantial 
physiological adaptations to exercise occurred then, and 
therefore, participants did not feel so tired or fatigued post-
exercise. The rate of adaptation to aquatic exercise has not 
really been researched, but the cohort reported less tiredness 
and RPE as the study progressed and their exercise capacity 
increased. It is important to note that despite the improve-
ments in the FACIT and tiredness scores, participant still 
considered themselves fatigued at the end of the study; the 
FACIT scores show a reduction in fatigue post-intervention 
but not the disappearance of this symptom. This decrease 
in fatigue, however, could result in an increased ability to 
perform activities of daily living as a follow-on effect of 
this exercise modality. There still needs to be longer-term 
research to investigate the optimal frequency and duration 
of aquatic exercise for CFS/ME patients, without symptom 
exacerbation.

The 24-h post-exercise test pain score was significantly 
lower after the 5-week intervention with a trend decrease 
in the immediate post-test score. It is possible that the 
aquatic intervention resulted in an increase in pain thresh-
old for the participants, or reduced sensations and percep-
tions of pain due to the combined hydrostatic mechanisms 
of water immersion (Becker 2009; Gabrielsen et al. 2000; 
Honda and Kamioka 2012). The comparison of weekly 
post-exercise pain scores, with a time effect, showed a trend 
towards decreased pain 24-h post-exercise session but no 
significant pain reduction immediately post-exercise or 48-h 
post-exercise. The small sample size in our study may be a 
contributing factor since there is moderate quality evidence 
that aquatic exercise and hydrotherapy may reduce pain in 

fibromyalgia, lower back pain and MS (Bidonde et al. 2014; 
Verhagen et al. 2012; Salem et al. 2011); further studies are 
needed to assess the benefits for CFS/ME.

We had reasonable adherence to the intervention, con-
sidering that PEM and symptom exacerbation are the main 
reasons CFS/ME patients do not engage in physical activity 
(McManimen and Jason 2017). It is likely that the emphasis 
we placed on patient self-pacing, the lack of symptom exac-
erbation and perception of the aquatic exercise as “fun” con-
tributed to the relatively high attendance (Brass and Federoff 
2007; McNamara et al. 2015).

Limitations of the study

This pilot study had a small sample size and whilst we 
reported many positive results, we are cautious about 
extrapolating our findings to the larger CFS/ME commu-
nity. The small number of participants reflects the difficulty 
of recruiting CFS/ME patients in a rural area where distance 
and travel were barriers to participation. The lack of ran-
domisation and a control group were also weaknesses of the 
study, again associated with the difficulty of recruiting large 
numbers of participants. However, there is support for our 
findings from other studies with similar cohort sizes, utilis-
ing similar aquatic programmes (Jentoft et al. 2001; Gusi 
et al. 2006; Mannerkorpi et al. 2009; Kieffer et al. 2012; 
Salem et al. 2011). More robust, randomised controlled stud-
ies are warranted.

Conclusion

In summary, the 5-week aquatic exercise intervention pro-
vided symptomatic and physiological benefits that increased 
participant exercise capacity. Further studies are needed to 
provide evidence for optimal frequency, duration and inten-
sity of aquatic exercise sessions, and if there are longer-term 
benefits such as behaviour change and sustained reduction in 
symptoms. This mode of self-paced exercise may potentially 
benefit CFS/ME patients.
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