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Abstract: Background: Rheumatoid arthritis (RA) is characterized by low physical fitness, pain, and
depression. The present study aimed to examine the effects of a supervised aquatic exercise program
on physical fitness, depression, and pain in women with RA and determine whether decreases in
pain mediate depression. Methods: Forty-three women with RA, divided into an experimental group
(EG; n = 21) and a control group (CG; n = 23), participated in a 12-week exercise program. Treatment
effects were calculated via standardized difference or effect size (ES) using ANCOVA adjusted for
baseline values (ES, 95% confidence interval (CI)). A simple panel of mediation was executed to
determine whether changes in pain mediated improvements in depression after controlling for
confounding variables, such as age, physical activity, and body mass index (BMI). Results: The
aquatic exercise program had trivial and small effects on physical fitness, large effects on pain, and
moderate effects on depression. The mediation model confirmed the indirect effect of pain on the
decrease of depression in the participants of the aquatic exercise program. Conclusions: Participants
with RA in the aquatic exercise program experienced improvements in physical fitness, depression,
and joint pain. Moreover, the improvements in joint pain mediated improvements in depression.

Keywords: aquatic exercise; rheumatoid arthritis; physical fitness; depression; pain

1. Introduction

Rheumatoid arthritis (RA) is a clinical syndrome characterized by several inflamma-
tory cascades and autoantibodies that lead to synovial inflammation related to damage in
articular cartilage and the underlying bone [1]. It seems that 50% of the risk of developing
RA is attributable to genetic factors [2]. Other associated risk factors are related to lifestyle,
such as smoking and alcohol intake, oral contraceptive consumption, and low socioeco-
nomic status [3,4]. The prevalence of RA is 0.5–1% of adults in developed countries, where
three out of every four are women [5]. Pain is the most common symptom related to RA [6],
which is usually accompanied by fatigue [7], loss of functional capacity, and a decline in
quality of life [6].

As an alternative to pharmacological treatments for RA patients, physical exercise
is considered an effective therapy to manage or improve RA symptoms. In this sense,
profuse physical exercise programs have been implemented among RA patients, obtaining
beneficial effects for functional capacity, perceived pain, and quality of life [8]. Within the
broad typology of physical exercise, strengthening and aerobic exercises on land are the
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most common and are well-documented for RA [8]. However, aquatic exercises are also
used as therapy in the treatment of inflammatory diseases [9,10]. Water brings physical
properties, such as buoyancy, resistance and hydrostatic pressure, the promotion of muscle
relaxation, and the unloading of joints. These characteristics encourage exercise practice,
particularly in patients with rheumatic diseases.

Previous aquatic exercise programs in RA patients have shown improvements in
fitness, pain, and depression [8,9,11]. From our point of view, the relationship between
physical exercise, pain, and depression should be studied deeply. In this sense, it is
well documented that patients with RA have a two to three times higher risk rate for
developing depression [12]. Conversely, physical exercise decreases perceptions of bodily
pain [13,14] and depression levels [11]. Therefore, the relationships between these three
variables and the underlying mechanisms are unclear. Some researchers have found a
mediated mechanism of depression influencing by bodily pain [15,16]. However, recent
studies have indicated that, behind depression, there are several underlying mechanisms
influencing pain [17,18]. Therefore, it is necessary to explore the role of pain as a mediator
between depression and RA. To answer this question, we hypothesized that the female
RA patients participating in the aquatic exercise program would experience decreases in
pain and depression and improve physical fitness. Secondly, we hypothesized that the
improvements in depression associated with participation in the program would be caused
by reduced perceptions of pain.

Consequently, the aim of this study was twofold: (i) to investigate the effects of a
supervised aquatic exercise program on physical fitness, depression, and pain in women
with RA and (ii) to determine whether the underlying mechanism between participating in
the program and depression was the decline of pain.

2. Materials and Methods
2.1. Design and Participants

The current research was conducted via a quasi-experimental study. An aquatic exer-
cise intervention was developed for women with RA to compare the effects of participating
in an aquatic exercise program with a control group over 12 weeks. The EG consisted of
referrals to an exercise program, detailed below, while the CG continued with their normal
life after being evaluated at the same time as the EG.

The study included a convenience sample recruited from a local hospital in Portu-
gal. To be included in the study, participants had to meet the following criteria: aged
18–80 years; no participation in a physical exercise program or no history of physical
exercise in the last three months; no severe comorbidities or self-reported contraindications
for physical activity; having been diagnosed with RA by the physician.

Of the 73 women initially contacted, 29 were excluded due to not meeting the inclusion
criteria, and five desisted from participating in the study. Finally, 43 were enrolled for
participation in the exercise program. The sample was randomly divided, by convenience,
into either the EG (n = 21) or the CG (n = 23).

2.2. Measurements
2.2.1. Anthropometrics Measurement

Height and body weight were measured using a portable stadiometer (SECA 213,
Hamburg, Germany) and an electronic scale (Kendall graduated platform scale). BMI was
calculated as weight in kilograms divided by the square of height in meters.

2.2.2. Physical Fitness

It was administered as a standardized physical fitness battery for adults, whose
activity duration was approximately 30 min. A warm-up exercise preceded the test by
5 min, including walking and mobility. The following fitness outcomes were then measured:

Upper body strength: Handgrip strength was measured using a dynamometer (TKK
5401; Takei Scientific Instruments Co., Ltd., Tokyo, Japan). Grip strength was measured in
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each hand with a 1 min rest interval, and the highest score of the six measurements was
recorded.

Lower body strength: The 30 s chair stand test was used to assess lower body strength,
following the standardized protocol [19].

Upper and lower body flexibility: Lower body flexibility was measured using the seated
sit and reach test developed by Jones et al. [19]. The score was the number of centimeters
short of reaching the toes (minus score) or reaching beyond the toes (plus score). The best
score of two test trials was used to evaluate performance.

Balance and agility: Dynamic balance and agility were measured using the Timed Up
and Go Test (TUG) along a 2.44 m corridor [20], recording the best score of two trials.

2.2.3. Pain

We determined pain through a visual analog scale (VAS), which consisted of a 10 cm
line, with two endpoints representing 0 (‘no pain’) and 10 (‘pain as bad as it could be’) [21].

2.2.4. Depression

The Portuguese version of the Beck Depression Inventory-II (BDI-II) [22] was used to
assess the severity of depressive symptomatology. The questionnaire includes questions
about body image, hypochondriasis, difficulty working, sleep, and appetite loss.

2.2.5. Physical Activity

Self-reported physical activity was ascertained using the Portuguese short version of
the IPAQ [23], which assess physical activity performed in four domains: work, leisure,
homework, and going to the job.

2.2.6. Intervention

Those women in the intervention group participated in 45′ of aquatic exercises two
times a week for three months, totaling 24 training sessions. The session was completed
in small groups of 10–11 subjects in a pool heated to 30–32◦ degrees with depths of
1.2–1.5 m. The sessions consisted of three parts: the warm-up (10 min), the main set
(30 min), and the cool-down (5 min). A graduate, with experience in aquatic training and
rehabilitation, carried out training in sports sciences.

2.2.7. Data Analysis

The Kolmogorov–Smirnov test with the Lillifort correction was initially used to test the
data’s normality. Between-group differences in participants’ baseline characteristics were
tested using the One-way ANOVA test. The treatment effects were calculated via standard-
ized differences or effect sizes (ESs) using ANCOVA adjusted for baseline characteristics
(ES, 95% confidence interval (CI)). The treatment effects (and 95% CI) were shown as the
percentage of change relative to the initial status of the EG minus the percentage of change
relative to the initial status of the CG (∆EG − ∆CG). The percentage of change relative
to the initial status was calculated using the compute variable function in the statistical
package SPSS: [(Variable12-week − Variablebaseline)/Variablebaseline] × 100. Effect sizes were
measured using eta squared (η2).

Additionally, for a better comparison with other studies, all effect sizes, η2, were
transformed into Cohen’s d standardized effect size units using a computation program
(www.psychometrica.de, accessed on 6 March 2023) [24]. Meaningful inferences about
magnitudes were made [25]. Next, the PROCESS macro for SPSS version 4.1 [26] was
used to determine the indirect effect of participation in the aquatic program on depression
through improvements in pain perception using mediation analysis. The indirect effect of
the aquatic program (mediated by changes in pain) on changes in depression was estimated,
while accounting for the direct effects the aquatic program had on decreases in pain and
depression, after controlling for confounding variables, such as age, physical activity, and
body mass index. Mediation hypotheses were analyzed using the bias-corrected bootstrap

www.psychometrica.de
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method with 5000 samples to calculate confidence intervals (95%). An indirect effect
was considered significant when the confidence interval did not include zero. Statistical
analyses were performed using the SPSS v.25 statistical package (IBM, New York, NY, USA).
For all tests, the significance level was set at p < 0.05.

3. Results

Characteristics of study participants are shown in Table 1. Statistically significant
differences were not found for age (years) (EG: 56.7 ± 11.2; CG: 56.2 ± 10.8; p = 0.892),
weight (kg) (EG: 69.1 ± 7.7; CG: 69.7 ± 9.5; p = 0.826), or BMI (kg/m2) (EG: 27.1 ± 3.2; CG:
27.9 ± 3.5; p = 0.399).

Table 1. Characteristics of study participants.

Control Group Exercise Group p-Value
n = 23 n = 21

Age, years 56.2 ± 10.8 56.7 ± 11.2 0.892
Weight, kg 69.7 ± 9.5 69.1 ± 7.7 0.826
Height, m 1.5 ± 0.1 1.6 ± 0.1 0.330

BMI (kg/m2) 27.9 ± 3.5 27.1 ± 3.2 0.399
BMI, body mass index.

Table 2 shows the effects of participating in an aquatic exercise program for 12 weeks
for RA patients. The exercise program had positive effects on physical fitness, especially
on upper body strength, with a percentage increase of 8.7%. Further, Cohen’s d effect
sizes (and 95% CI); the percentage of chance for harmful, trivial, and beneficial outcomes;
the clinical magnitude-based inference; descriptive statistics at baseline; the percentage
of relative change compared to initial status; and the p-values of physical fitness were as
follows: upper body strength (F(1.44) = 25.5; p < 0.01; η2 = 0.378), lower body strength (F(1.44)
= 10.4; p < 0.01; η2 = 0.198), upper body flexibility (F(1.44) = 0.72; p > 0.05; η2 = 0.018), lower
body flexibility (F(1.44) = 0.41; p > 0.05; η2 = 0.012), agility/dynamic balance (F(1.44) = 16.7;
p < 0.01; η2 = 0.285); joint pain–VAS (F(1.44) = 33.23; p < 0.01; η2 = 0.442); and Beck depression
inventory II scores (F(1.44) = 33.53; p < 0.01; η2 = 0.444).

Table 2. Effects on physical fitness, pain, and depression after 12 weeks of aquatic exercise.

Baseline Changes Quantitative Chances as % Clinical
Inference

CG (n = 23) EG (n = 21) ∆% (95%CI) ES (95%CI) Harmful Trivial Beneficial

Physical Fitness

Upper body
strength (kg/kg) 0.23 ± 0.09 0.23 ± 0.08 10.9 (7.0 to 15.0) 0.27 (0.17 to 0.36) 0 2 98 very likely

Lower body
power (W·kg−1) 2.11 ± 0.56 2.20 ± 0.75 4.0 (1.2 to 6.8) 0.12 (0.04 to 0.20) 3 97 0 very likely

Upper body
mobility (cm) −7.22 ± 7.30 −6.29 ± 8.92 8.9 (−10.7 to 32.8) 0.12 (−0.15 to 0.39) 1 72 27 possibly

Lower body
mobility (cm) −1.04 ± 2.87 −1.95 ± 4.46 6.5 (−8.8 to 24.6) 0.11 (−0.16 to 0.39) 1 73 26 possibly

Agility/dynamic
balance (s) 6.47 ± 1.67 5.95 ± 1.67 4.8 (2.2 to 7.4) 0.18 (0.08 to 0.27) 0 70 30 possibly

Pain 4.83 ± 0.83 4.48 ± 0.60 −23.4 (−28.9 to −17.5) 1.72 (1.24 to 2.21) 0 0 100 most likely
Depression 16.91 ± 10.97 15.38 ± 10.26 −25.7 (−32.9 to −17.8) 0.45 (0.30 to 0.60) 0 0 100 most likely

Values expressed as mean ± SD, EG = experimental group, CG = control group, ∆% (95%CI).

Figure 1 shows the meditation model used to determine whether the improvement
in joint pain could mediate the change in depression after participating in the aquatic
exercise program. In Figure 2, regression a (β: −20.07, 95% CI (−26.18; −13.96) indicates
that participating in aquatic exercise leads to a reduction in pain, and regression b (β: 0.46,
95% CI (0.11; 0.81) shows a direct relationship between the decrease in pain and depression
levels as a result of participating in the program. The figure also shows the direct effect
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(β: −14.38, 95%CI (−24.08; −4.69] of the reduction of depression among the participants in
the program. Lastly, the indirect effect (β: −9.36, 95%CI (−17.68, −2.66)), indicates that the
improvements in pain levels can explain the decrease in depression. Thus, our mediation
hypothesis was confirmed.
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scores through pain (VAS), adjusted by age, self-reported physical activity, and body mass index.
The number of bootstrap samples = 5000. The indirect effect is statistically significant at the 95%
confidence interval (CI) when the CI does not include 0. Betas (β) are reported as the product of
simultaneous regression with bootstrap replacement: path a = association between participating
in the exercise program vs. non-participating and pain; path b = association between pain and
depression; path c = direct effect; c’ = indirect effect.

4. Discussion

To the best of our knowledge, no previous studies have examined the mediational
role of improving bodily pain perception on depression after an exercise intervention in
RA patients. The main findings in this study showed that the improvement in body pain
mediated the effects of participating in the program on depression reduction. Our results
suggest that physical exercise interventions in RA patients should emphasize progressively
reducing pain perceptions and including physical exercises that do not cause pain. These
findings could aid in exercise prescriptions and recommendations for RA patients and
similar pathologies.

Although many studies show associations between pain and depression in people
with RA and similar pathologies [12,27], this is the first longitudinal study examining
whether pain is a mediator of depression. In line with this, there are studies that can
strengthen our findings. It has been shown in population studies that the rates of depression
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increased during the postoperative period in patients who had not previously reported
depression [28]. In a longitudinal study with a 12-year follow-up period, it was found that
pain preceded the onset of depression; however, the researchers showed that depression did
not predict the onset of pain [29]. Therefore, it seems that biological and social mechanisms
behind this relationship can explain it. From the biological point of view, neuroimaging
studies have shown changes in neuroplasticity (molecular, cellular, and synaptic processes
that modify connectivity between neurons and neuronal circuits) in acute and chronic
pain. Concretely, depressive changes in cerebral areas, such as the cortex and thalamus,
have been identified in response to acute and chronic pain [30]. It has also been found
that acute and chronic pain induces changes in molecular concentrations. Concretely, the
studies showed increases in the proliferation of glutamate, neuropeptides, and neurotrophic
factor as mediators of depression [17,30]. Further, analgesic drugs have been used to treat
chronic, pain-induced depression. Concretely, opioids and benzodiazepines are behind the
molecular changes associated with depression [17].

From the social perspective, experiencing pain leads to a cycle of impairments in
activities of daily living and social relationships. It has been shown that the existence
of pain generates catastrophism and kinesophobia [31], which leads to apathy toward
performing activities of daily living and a more sedentary lifestyle [32], thus ushering in
disability and poor quality of life [33].

Our results significantly improved pain perception and depression in the experimental
group. Therefore, participating in an aquatic exercise program alleviates RA’s comorbidities.
The mediational role explains that the decreased perception of pain partly causes the
improvements in depression. As mentioned above, the improvement in depression could
be because the participants in the water exercise program experienced a decrease in their
perception of pain. The analgesia of exercise, per se, could cause this improvement in pain
perception. In previous studies, it has been reported that chronic pain exercise evokes
analgesia [13,14]. Further, hyperexcitability of the motor cortex has been documented in
people with chronic pain [34]. Therefore, the improvements in pain in program participants
could also be due to a modulation of pain induced by physical exercise, as has been
indicated in previous studies [13,14,35].

A direct effect of participating in the aquatic physical exercises program was improving
depression. Our results are comparable with previous studies based on physical exercise,
which improved after training among depressed people [36,37]. Partially, one of the
mechanisms that lowered the depression levels in the experimental group could be the
socialization and fun experienced during the exercise sessions. In fact, a systematic review
with meta-analysis of randomized controlled trials has demonstrated that physical exercise
improves depression and anxiety in those with arthritis and other rheumatic conditions [11].

In our study, improvements in the physical fitness of the participants of the program
were also demonstrated. We can consider this improvement as a logical effect of performing
physical activity, and it is comparable to what has been found in similar studies of patients
with chronic pain [38].

The present study presents limitations that require further discussion. First, the re-
duced size of the sample may have contributed to decreasing statistical power to detect
changes. On the other hand, although this research provides information on the applicabil-
ity and robustness of a water training program in female RA patients, the generalization of
the results to populations of different ages, sexes, or diseases must be done with caution.

5. Conclusions

Women with RA who participated in the physical exercise aquatic program improved
their physical fitness, pain, and depression levels. The reduction in pain mediated the effects
of the program on depression. Consequently, physical exercise in water is recommended
for women with RA.
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23. Sember, V.; Meh, K.; Sorić, M.; Jurak, G.; Starc, G.; Rocha, P. Validity and Reliability of International Physical Activity Question-
naires for Adults across EU Countries: Systematic Review and Meta Analysis. Int. J. Environ. Res. Public Health 2020, 17, 7161.
[CrossRef] [PubMed]

24. Lenhard, W.; Lenhard, A. Computation of Effect Sizes; ResearchGate: Online, 2017. [CrossRef]
25. Batterham, A.M.; Hopkins, W.G. Making Meaningful Inferences About Magnitudes. Int. J. Sports Physiol. Perform. 2006, 1, 50–57.

[CrossRef]
26. Hayes, A.F. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach; Guilford Publica-

tions: New York, NY, USA, 2018; ISBN 1462534651.
27. Dickens, C.; Jackson, J.; Tomenson, B.; Hay, E.; Creed, F. Association of Depression and Rheumatoid Arthritis. Psychosomatics 2003,

44, 209–215. [CrossRef]
28. Carr, E.C.J.; Thomas, V.N.; Wilson-Barnet, J. Patient Experiences of Anxiety, Depression and Acute Pain after Surgery: A

Longitudinal Perspective. Int. J. Nurs. Stud. 2005, 42, 521–530. [CrossRef]
29. Hilderink, P.H.; Burger, H.; Deeg, D.J.; Beekman, A.T.; Oude Voshaar, R.C. The Temporal Relation between Pain and Depression:

Results from the Longitudinal Aging Study Amsterdam. Psychosom. Med. 2012, 74, 945–951. [CrossRef]
30. Doan, L.; Manders, T.; Wang, J. Neuroplasticity Underlying the Comorbidity of Pain and Depression. Neural Plast. 2015,

2015, 504691. [CrossRef]
31. Varallo, G.; Giusti, E.M.; Scarpina, F.; Cattivelli, R.; Capodaglio, P.; Castelnuovo, G. The Association of Kinesiophobia and Pain

Catastrophizing with Pain-Related Disability and Pain Intensity in Obesity and Chronic Lower-Back Pain. Brain Sci. 2021, 11, 11.
[CrossRef]

32. Dzakpasu, F.Q.S.; Carver, A.; Brakenridge, C.J.; Cicuttini, F.; Urquhart, D.M.; Owen, N.; Dunstan, D.W. Musculoskeletal Pain and
Sedentary Behaviour in Occupational and Non-Occupational Settings: A Systematic Review with Meta-Analysis. Int. J. Behav.
Nutr. Phys. Act. 2021 2021, 18, 159. [CrossRef]

33. Scholich, S.L.; Hallner, D.; Wittenberg, R.H.; Hasenbring, M.I.; Rusu, A.C. The Relationship between Pain, Disability, Quality of
Life and Cognitive-Behavioural Factors in Chronic Back Pain. Disabil. Rehabil. 2012, 34, 1993–2000. [CrossRef] [PubMed]

34. Parker, R.S.; Lewis, G.N.; Rice, D.A.; Mcnair, P.J. Is Motor Cortical Excitability Altered in People with Chronic Pain? A Systematic
Review and Meta-Analysis. Brain Stimul. 2016, 9, 488–500. [CrossRef]

35. Granovsky, Y.; Sprecher, E.; Sinai, A. Motor Corticospinal Excitability: A Novel Facet of Pain Modulation? Pain Rep. 2019, 4, e725.
[CrossRef]

36. Bridle, C.; Spanjers, K.; Patel, S.; Atherton, N.M.; Lamb, S.E. Effect of Exercise on Depression Severity in Older People: Systematic
Review and Meta-Analysis of Randomised Controlled Trials. Br. J. Psychiatry 2012, 201, 180–185. [CrossRef] [PubMed]

37. Tse, A.C.Y.; Wong, T.W.L.; Lee, P.H. Effect of Low-Intensity Exercise on Physical and Cognitive Health in Older Adults: A
Systematic Review. Sports Med.-Open 2015, 1, 37. [CrossRef] [PubMed]

38. Wang, T.J.; Belza, B.; Elaine Thompson, F.; Whitney, J.D.; Bennett, K. Effects of Aquatic Exercise on Flexibility, Strength and
Aerobic Fitness in Adults with Osteoarthritis of the Hip or Knee. J. Adv. Nurs. 2007, 57, 141–152. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1002/ACR.20543
https://www.ncbi.nlm.nih.gov/pubmed/22588748
https://doi.org/10.1027/1015-5759/a000072
https://doi.org/10.3390/ijerph17197161
https://www.ncbi.nlm.nih.gov/pubmed/33007880
https://doi.org/10.13140/RG.2.2.17823.92329
https://doi.org/10.1123/ijspp.1.1.50
https://doi.org/10.1176/appi.psy.44.3.209
https://doi.org/10.1016/j.ijnurstu.2004.09.014
https://doi.org/10.1097/PSY.0b013e3182733fdd
https://doi.org/10.1155/2015/504691
https://doi.org/10.3390/brainsci11010011
https://doi.org/10.1186/s12966-021-01191-y
https://doi.org/10.3109/09638288.2012.667187
https://www.ncbi.nlm.nih.gov/pubmed/22458419
https://doi.org/10.1016/j.brs.2016.03.020
https://doi.org/10.1097/PR9.0000000000000725
https://doi.org/10.1192/bjp.bp.111.095174
https://www.ncbi.nlm.nih.gov/pubmed/22945926
https://doi.org/10.1186/s40798-015-0034-8
https://www.ncbi.nlm.nih.gov/pubmed/26512340
https://doi.org/10.1111/j.1365-2648.2006.04102.x
https://www.ncbi.nlm.nih.gov/pubmed/17214750

	Introduction 
	Materials and Methods 
	Design and Participants 
	Measurements 
	Anthropometrics Measurement 
	Physical Fitness 
	Pain 
	Depression 
	Physical Activity 
	Intervention 
	Data Analysis 


	Results 
	Discussion 
	Conclusions 
	References

