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Abstract  

Background: Sarcopenia is considered to be an important factor in the decline 

of physical function and may contribute to the disability that is frequently seen 

in advanced ages. Hormonal treatment of sarcopenia is known to have a 

number of serious side effects, therefore regular physical exercise is the most 

effective strategy found to prevent frailty or to improve sarcopenia and 

physical function in older adults. Aim: The present study aimed to compare the 

body composition and physical function of participants taking part in regular 

supervised shallow-water exercise program with those of a control group in an 

attempt to evaluate whether it might be useful against postmenopausal 

sarcopenia. Methods: Detailed anamneses were obtained from the 48 

volunteers participating in the study (22 volunteers in the water exercise 

program and 26 controls), then physical examinations were performed and 

anthropometric parameters were measured. “Timed get up and go” tests were 

performed, Barthel index values were calculated, Mini Mental tests and Mini 

Nutritional tests were completed. The diagnosis of sarcopenia was based on 

the criteria of the European Working Group on Sarcopenia in Older People 

(EWGSOP) i.e.: on low muscle mass and on low muscle strength and/or low 

physical performance. Results: Physical performance and muscle strength were 

significantly better in the aquatic exercise group. Only one of the participants in 

the aquatic exercise group had class I sarcopenia. Whereas in the control 

group two individuals had moderate- and two others had severe sarcopenia. In 

addition, the skeletal muscle mass index scores of those participants with 

chronic joint pain was found to be significantly lower when compared to those 

of the comparison group. Discussion and Conclusion: Our results raise the 

possibility that aquatic exercise may prove to be beneficial against aging 

sarcopenia. Further studies are necessary to determine the positive effects of 

aquatic exercise on body composition in a randomized prospective setting. 

http://www.jproactive.hu/
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Introduction 

 

The human population is growing older. 

Successful aging depends on the ability to 

preserve physical functions and to avoid 

disability. Aging is often associated with 

anthropometric changes, such as increased 

abdominal adiposity and decreased skeletal 

muscle mass. These changes in body 

composition markedly increase morbidity and 

mortality and, in addition, sarcopenia may be 

an important factor in the decline of physical 

function thus, it may also contribute to the 

disability that is frequently seen in late life 

(1,2). Sarcopenia is frequently observed in 

postmenopausal woman. Plasma estrogen levels 

reportedly have a role in maintenance of 

muscle mass and strength in women (3). 

Menopausal hormone therapy, however, 

remains controversial since the WHI study (4). 

Regular exercise is the most successful strategy 

found to be effective to prevent frailty and 

sarcopenia, hence to improve physical 

function in older adults. But some questions 

still need further clarification: e.g. How the 

positive effects of exercise interventions can be 

maintained for an adequate duration and at 

sufficient intensity to prevent incident 

disabilities (5). 

Clinical investigations have proven that 

therapeutic aquatic exercise has a positive 

effect on pain and it can improve strength of 

lower limb muscles in persons with 

osteoarthritis. There is very little data 

available about the effects of aquatic exercise 

on body composition (6), therefore we have 

investigated whether supervised shallow-water 

exercise program may have a role in the 

prevention of postmenopausal sarcopenia.  

Methods 

Participants 

 

Twenty-two female postmenopausal volunteers 

aged 59-75 were involved in this human 

study. They have participated in a supervised 

shallow-water exercise program for 30 

minutes 2 days a week for 3 years in an 

indoor swimming pool of Pécs, Baranya 

County, Hungary. Age-matched control group 

was recruited in Baranya County. Exclusion 

criteria included age below 55 years, subjects 

with BMI under 18, subjects with 

autoimmune diseases or with malignant 

tumors. The study has been approved by the 

Regional Biomedical Research Ethics 

Committee of the Medical Center, Pécs (reg. 

No.: 4897). Subjects were individually 

informed about the procedure and the purpose 

of this study and all participants signed a 

written informed consent.  

 

Aquatic exercise program 

 

Aquatic training was conducted in a 

hydrotherapy pool with 20 m2 water surface. 

Water temperature was maintained at 30°C. In 

cases of patients with low aquatic abilities, 

the Arthritis Foundation Guidelines suggest a 

superior limit of water temperature of 31°C. 

Exercises were performed in an upright 

position, with water up to the xyphoid process 

of the volunteers (pool depth was 120 cm; 

each subject took a body position where the 

level of the water reached the sternum). The 

volunteers participated in a three years long 

water exercise program under the supervision 

of a physiotherapist in 30 min sessions twice 

a week with at least 1 day rest between 

sessions. Each training session began only after 

detailed recording of the problems (if any) 

that may have occurred since the last 

occasion. The exercise program consisted of a 

5-minute warm up, 20 minutes of upper- 

and lower-body resistance exercises with or 

without specific water resistance equipment, 

and 5-minute cool down. The warm up 

consisted of stretching and slow-pace walking 

while changing the rhythm and direction in 

water. The main part of each session consisted 

of joint mobilization; low-intensity strength 
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training, open-chain exercises which 

included hip and knee flexion and extension, 

adduction and abduction. Closed-chain 

exercises included a combined hip and knee 

extension while leaning onto a flotation 

accessory. These were followed by body 

exercises. When the participants were training 

the upper body they were instructed to 

perform the exercises with flexed knee, to keep 

the upper extremities completely underwater. 

Changing the work intensity in the aquatic 

program can be achieved by increasing the 

velocity and duration of movements and 

adding flotation accessories. Each exercise was 

performed in a set of 10 repetitions. The cool 

down consisted of slow pace walking with 

breathing exercise, stretching and muscle 

relaxation. After completing each aquatic 

exercise class, the researchers asked the 

participants whether they had any 

complaints/symptoms while performing the 

aquatic exercises and movements. 

 

Anthropometric parameters, assessment of 

cognition and physical function 

 

Body weight (kg), height (cm), waist, hip, 

mid-arm, and calf circumference (each in 

cm), were measured. Cognitive function was 

assessed using the Mini Mental Score (MMSE) 

(7) and the Mini Nutritional (MNA) (8) test 

was used to assess nutritional status. Activities 

of daily living were measured by the Barthel 

index (9). Physical performance was estimated 

by “timed get up and go” test (TGUG) (10).  

 

Diagnosis of sarcopenia 

 

Muscle mass was measured by bioimpedance 

analysis (BIA) using Bodystat Quadscan 4000. 

Skeletal muscle mass (SMM) (kg) = 

[(height2/bioelectrical impedance analysis 

resistance × 0.401) + (gender × 3.825) + (age × 

–0.071)] + 5.102 and skeletal muscle index 

(SMI) was calculated (muscle mass (kg) / 

height2 (m2). The SMI cutpoints of 5.76-6.75 

kg/m2 were adapted as class I (moderate) and 

<5.76 75 kg/m2 were adapted as class II 

(severe) sarcopenia (11). Muscle strength was 

assessed by hand grip dynamometer (KERN 

MAP 80K1). The handgrip cutpoint of 20 kg 

was used. In diagnosing sarcopenia - i.e. low 

muscle mass, low muscle strength and/or low 

physical performance - the criteria of the 

European Working Group on Sarcopenia in 

Older People (EWGSOP) were used (11). 

 

Statistical methods  

 

Statistical analysis was performed with SPSS 

version 11 for Windows. Values are shown as 

mean ± standard error of mean (SE). One- way 

ANOVA and Mann-Whitney U tests were used, 

with a significance level set at p < 0.05. 

 

Results 

No significant difference was found between 

the age and body weight values of the 2 groups 

(Table 1.). Waist circumference, mean MNA 

and mean MMSE scores, physical performance 

and muscle strength were significantly better 

in the aquatic exercise group. One of the 

participants in the aquatic exercise group had 

class I sarcopenia. In the control group, on the 

other hand, 2 individuals had moderate- and 

2 others had severe sarcopenia. The subjects 

with sarcopenia had chronic joint pain as 

well.  

Skeletal muscle mass of patients with and 

without chronic joint pain were also 

compared (n=19 and n=29, respectively). 

Volunteers without joint pain served as 

reference group. The SMI scores of those 

volunteers with chronic joint pain (mean 

rank: 18.79; sum of rank: 375) were compared 

with scores of the reference group (mean rank: 

28.24; sum of rank: 819) using Mann-

Whitney U test and the difference was found to 

be statistically significant (Z −2.287 P < 0.05). 

Other scores did not differ significantly. 
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Discussion 

Menopause is associated with a decline in 

muscle mass and muscle strength. Sarcopenia 

causes functional and eventually cognitive 

decline, frailty and falls with a high risk for 

hip fracture, then, consequent decubitus. It 

substantially decreases quality of life, 

increases the incidence of inability for 

complete self-care 3- to 4-fold, and it has 

also been shown to increase mortality. All the 

hormonal treatments proposed against 

sarcopenia may have unwanted side effects 

and some of the studies have even failed to 

show any positive effect of hormone 

replacement therapy on muscle mass. Hence 

safer treatment modalities are needed to 

prevent age related loss of muscle mass and to 

mitigate the dependence of the elderly (12). 

Water is a safe, supportive, low risk exercise 

environment that may reduce the likelihood 

of acute injury and fear of falling, while 

improving participation and adherence in the 

elderly. It is thought that the benefits of 

aquatic exercise are mainly attributable to the 

decreased effects of gravitation. As the 

buoyancy reduces compressive and shear forces 

on joints and thus offers a comfortable 

training medium for patients, the exercise 

intensity can be increased (13,14). In 

addition, the hydrostatic effect of water may 

relieve pain by reducing peripheral edema 

and by dampening sympathetic nervous system 

activity (15,16). 

The goal of this study was to assess the possible 

role of long-term aquatic exercise on 

maintenance of normal muscle mass and 

muscle function in postmenopausal women. 

Cherin et al suggest that aging sarcopenia 

begins from 45 years and the prevalence of 

sarcopenia in old women in consecutive age-

decades (45-54; 55-64 and 65-74 years) 

increases from 9.1%; 12.7 to 14.5%, 

respectively (17). In the New Mexico study the 

prevalence of sarcopenia was 23.1-24.1% in 

Hispanic and non-Hispanic white women 

under the age of 70 years (18). In the NHANES 

study in the USA the prevalence of class I 

sarcopenia was 59% and the prevalence of 

class II sarcopenia was 10% in women aged > 

60 years (19). As yet, no data is available 

about the prevalence of sarcopenia in 

Hungary, which is an important limitation of 

our study. Both the prevalence of class I and 

class II sarcopenia within our control group 

was 7.7%. However only 1 subject with class I 

sarcopenia (4.5%) was found in the aquatic 

exercise program. It may reflect the beneficial 

effect of such aquatic exercise programs on the 

maintenance of muscle mass and function and 

potentially also in the prevention of aging 

sarcopenia.  

Chronic joint pain or osteoarthritis predispose 

patients to decreased physical activity 

therefore they are at risk for sarcopenia. It was 

also confirmed by our data. The skeletal 

muscle index of patients with chronic joint 

pain was significantly lower than SMI of the 

comparison/control group and the participant 

with sarcopenia was also among them. The 

pace of loss in muscle mass and strength might 

be alleviated by aquatic exercise in patients 

even with chronic joint pain. Underwater 

exercise is recommended for patients with 

osteoarthritis, because weight loading is 

minimized by buoyancy during water exercise 

that leads to reduction of stress on joints and 

relieves pain (20). Our results may also suggest 

that water exercise may slow down the 

progression of loss of the muscle mass and 

strength.  

When we started this exercise program, the 

main goal was to provide a safe and high 

compliance exercise program for elderly 

participants to maintain their health. The 

most recent recommendations advise people of 

all ages to include a minimum of 30 min of 

physical activity of moderate intensity (such 

as brisk walking) on most, if not all, days of 

the week. For most people, greater health 

benefits can be obtained by engaging in 
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physical activity of more vigorous intensity or 

longer duration (5). The UK government now 

makes specific recommendations towards 

improving national health via physical 

activity: they suggest 30 min, 5 days/week. But 

currently, only 24% of adult women are active 

enough physically to gain such a health 

benefit (21). We planned our 30 minutes 2 

days a week aquatic exercise program because 

our experience shows that the long-term 

compliance of volunteers of an exercise 

program is better, when the exercise program 

does not involve too frequent sessions (max. 2 

times a week). Our participants have adhered 

to our aquatic exercise training for 3 years. It 

may be regarded as a considerable success. In 

the future, further randomized studies would 

be necessary that may determine the optimal 

duration and frequency of water-based 

exercise in elderly patients and also evaluate 

the magnitude of positive effects of aquatic 

exercise on body composition. 
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Tables 

 

Characteristics 

Aquatic exercise (n=22) Control (n=26) 

p 
value Mean ± SE 

95% CI 

Mean ± SE 

95% CI 

Lower 
bound 

Upper 
bound 

Lower 
bound 

Upper 
bound 

Age (years) 64.5 ± 0.9 62.7 66.2 65.6 ± 0.8 63.8 67.4 0.361 

Weight (kg) 76.3 ± 2.4 71.2 81.3 75.7 ± 3.3 68.8 82.6 0.899 

Height (cm) 161.9 ± 1.1 159.7 164.2 159.3 ±1.6 156.0 162.6 0.208 

Body mass index (kg/m
2
) 29.1 ± 0.9 27.2 31.1 28.4 ± 1.6 25.1 31.7 0.717 

Mid-upper arm circumference 
(cm) 

32.4 ± 0.7 30.9 33.8 31.2 ± 0.7 29.7 32.7 0.284 

Calf circumference (cm) 37.6 ± 0.62 36.3 38.9 37.3 ± 0.8 35.6 38.9 0.802 

Waist (cm) 98.9 ± 2.6 93.4 104.5 107.5 ± 2.8 101.7 113.4 0.035 

Hip (cm) 112.5 ± 2.2 107.9 117.1 113.1 ±2.6 107.7 118.6 0.857 

Total body fat (%) 41.5 ± 1.0 39.3 43.7 41.7 ± 1.4 38.9 44.6 0.898 

SMI (SMM/height
2
) 7.7 ± 0.2 7.4 8.1 8.1 ± 0.2 7.5 8.6 0.309 

Maximal handgrip strenght (kg) 23.8 ± 0.7 22.3 25.4 19.2 ± 1.4 16.3 22.1 0.008 

Timed up and go test (s) 9.2± 0.9 7.7 8.6 16.4 ± 1.7 12.7 19.9 0.001 

MMSE 28.9 ± 0.3 28.4 29.5 25.8 ± 0.8 24.0 27.5 0.002 

MNA 28.9 ± 0.9 28.5 29.3 25.4 ± 0.6 24.2 26.6 0.000 

Barthel index 98.4 ± 2.4 97.4 99.5 96.7 ± 1.5 93.6 99.8 0.326 

Table 1. Descriptive characteristics of study participants.  SE: standard error of mean, CI: confidence interval, SMI: skeletal muscle 

index, SMM: skeletal muscle mass, MMSE: Mini Mental Score, MNA: Mini Nutritional Test. 

 

 


