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Background: Age-related bone loss is a major health concern. Only exercises associated with 

high-impact and mechanical loading have been linked to a positive effect on bone turnover; 

however, these types of exercises may not always be appropriate for middle-aged and older adults 

due to physical decline or chronic disorders such as osteoarthritis. Water-based exercise (WBE) 

has been shown to affect different components of physical fitness, has lower risks of traumatic 

fracture, and applies less stress to joints. However, the effects of WBE on bone health are unclear.

Objective: This study aimed to explore whether WBE is effective in preventing age-related 

bone deterioration in middle-aged and older adults.

Methods: A search of relevant databases and the references of identified studies was performed. 

Critical narrative synthesis and meta-analyses were conducted.

Results: Eleven studies, involving 629 participants, met all inclusion criteria. All participants 

were postmenopausal women. Eight studies compared WBE to a sedentary control group, and 

four studies had land-based exercise (LBE) participants as a comparison group. Meta-analyses 

revealed significant differences between WBE and control group in favor of WBE for changes 

in bone mineral density (BMD) at the lumbar spine (mean difference [MD] 0.03 g/cm2; 95% 

confidence interval [CI]: 0.01 to 0.05) and femoral neck (MD 0.04 g/cm2; 95% CI: 0.02 to 0.07). 

Significant differences were also revealed between WBE and LBE in favor of LBE for changes in 

lumbar spine BMD (MD -0.04 g/cm2; 95% CI: -0.06 to -0.02). However, there was no significant 

difference between WBE and LBE for changes in femoral neck BMD (MD -0.03 g/cm2; 95% 

CI: -0.08 to 0.01).

Conclusion: WBE may have benefits with respect to maintaining or improving bone health in 

postmenopausal women but less benefit when compared to LBE. Further research is required 

on this topic.

Keywords: aquatic exercise, bone mineral density, osteoporosis, preventive medicine, sports 

medicine

Introduction
Age-related bone loss is a major health concern. Loss of bone mass and microarchi-

tectural deterioration of bone tissue are directly related to a decrease in bone strength 

and subsequently increased fracture risk, which ultimately leads to conditions clini-

cally known as osteopenia and osteoporosis.1,2 Osteoporotic fractures have particular 

importance in public health and are considered one of the most common causes of 

disability, as well as a major contributor to medical care costs worldwide.3 They are 

responsible for excess mortality, morbidity, chronic pain, reduction in quality of life, 

and admission to long-term care, significantly contributing to health and social care 

costs.4 In Australia, it is estimated that osteopenia and osteoporosis affect ~7.5 million 
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people, with one fragility fracture occurring every 3.6 min-

utes, which amounts to ~400 per day.5–7 The estimated total 

number of osteoporotic new fractures and refractures over 

the period 2012–2022 is predicted to be in excess of 1.6 

million, with an estimated total direct and indirect cost to 

the Australian government, community, and individuals of 

AU$33.6 billion in this period.8 Over this period, it is also 

projected that ~150,000 fractures could be prevented, with 

an annual saving ranging from AU$140 million to AU$187 

million.8 The residual lifetime risk of osteoporotic fractures 

for women aged 50 years is estimated to be >40% and rep-

resent 80% of all fractures in the population over this age.9 

For men aged 60 years, the residual lifetime fracture risk is 

estimated to be ~30%.10

The most common sites of osteoporotic fractures are the 

hips, spine, and wrists. Hip fractures account for the majority 

of direct medical costs and are also an important contribu-

tor to long-term disability, with ~30% of older adults with a 

history of hip fracture not reaching their prefracture level of 

functioning 1 year following a fracture.11 In addition to this, 

in the year following a hip fracture, there is a twofold increase 

in mortality,12 estimated to be ~30%, and it is higher among 

male patients (37.5%).13 Vertebral osteoporotic fractures are 

often asymptomatic, therefore escaping clinical diagnosis; 

however, when compared to other types of fragility fractures, 

they are associated with higher comorbidity, higher incidence 

of hospitalization, and longer hospital stays.14 In addition, 

they have been strongly related to subsequent fractures and 

mortality.14,15 The residual lifetime risk of vertebral osteopo-

rotic fractures is 8.6% for men aged ≥45 years and 15.4% for 

women.14 Distal radius fractures (occurring at the wrist) are 

more prevalent in women aged 45–65 years, and the most 

common mechanism of these fractures is direct trauma.16 

Although fractures of the distal radius are considered to cause 

the least morbidity of all fragility fractures, these fractures 

are regarded as an important predictor of subsequent fractures 

and mortality.17

Even though the majority (60–80%) of the variation in 

bone strength is attributed to genetics,18–21 bone is considered 

a dynamic tissue, exhibiting continuous remodeling activity. 

This remodeling process is mediated by osteoblasts, which 

are cells responsible for bone formation, and osteoclasts, 

which are cells responsible for bone resorption, causing 

bone loss. The remodeling process is capable of adapting and 

responding to various stimuli.22–24 On this basis, it is estimated 

that lifestyle and environmental factors, such as nutrition, 

alcohol intake, smoking, and skeletal loading, contribute to 

20–40% of the variation in bone quality.25 It is well known 

that prolonged periods of inactivity and unloading of the skel-

eton have a negative effect on bone mass, accelerating bone 

loss.26 In addition, lean body mass and skeletal muscle mass 

are strongly related to bone mineral density (BMD).27–29 It is 

also well documented that muscle contractions can increase 

loads on bones, generating stress and strain reactions in bone 

tissue,30–32 and that dynamic loading has a more positive effect 

on bone tissue than static loading.33

Many efforts have been made to investigate nonphar-

macological approaches for achieving an osteogenic (bone-

producing) effect. It is well known that avoidance of tobacco 

and adequate serum levels of calcium and vitamin D are 

essential for bone health.34–36 Physical activity has been 

shown to be an effective nonpharmacological approach to 

improve bone mass; however, not all types of exercise have 

been definitively shown to promote positive effects on bone 

metabolism.37 In research to date, only impact weight bear-

ing and high-impact progressive resistance training activities 

have a strong level of evidence indicating a positive osteo-

genic effect.38–43 However, it is well known that aging can 

also be associated with physical decline, including conditions 

such as joint limitations and chronic pain, and, therefore, 

high-impact exercise is not always indicated or appropriate 

for middle-aged and older adults.

Exercise executed in the water environment, often 

referred to as water-based exercise (WBE), presents lower 

risks of traumatic fracture, and the joints are exposed to less 

stress and impact (via reduced loading due to buoyancy), 

when compared to land-based exercise (LBE), such as 

running, resistance training, and strength training. Besides 

this, WBE has been highly recommended for older people, 

especially those with disability, due to the reduced pain44 and 

increased security it can provide,45 in addition to providing 

additional benefits for neuromuscular and functional fitness,45 

and cardiometabolic health.46 Furthermore, considering the 

potential for a reduction in the prevalence of pain and injuries, 

the dropout rate among subjects participating in WBE may be 

lower than that for some land-based activities. Finally, some 

older adults may simply enjoy WBE or wish to participate 

due to social reasons. In WBE, increased muscular demands 

are often necessary in order to overcome water resistance. 

For instance, Chevutschi et al47 demonstrated that walking in 

water at an umbilical level increased the activity of the erector 

spinae and activated the rectus femoris to levels near to or 

higher than walking on dry ground. Therefore, considering 

the muscle demands and the dynamic component of WBE, 

there might be adequate stimulus to generate osteogenic stress 

and strain reactions in bones.
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However, the literature is inconsistent in its reports of 

the effects of WBE on bone health of middle-aged and older 

adults. Some observational studies that have investigated 

swimmers have reported that participants have similar, or 

sometimes lower, BMD when compared to sedentary con-

trols, indicating that swimming is associated with a similar 

or greater risk of bone deterioration and its consequences 

when compared to a sedentary lifestyle.48–50 Velez et al50 

reported that mature-aged males who restricted their physi-

cal activity to only swimming had a 10% higher prevalence 

of osteoporosis when compared to sedentary age- and sex-

matched controls. Conversely, in a cross-sectional analysis, 

Balsamo et al51 concluded that aquatic exercise might be an 

effective nonpharmacological strategy to prevent bone loss in 

postmenopausal women. In addition to this, Gomez-Bruton 

et al52 conducted a systematic review analyzing the effects 

of swimming on bone tissue, analyzing 64 studies assessing 

children, adolescents, adults, and elderly populations. It was 

reported that swimming had no negative influence on bone 

tissue and might have benefits on bone health later in life.

To date, a consensus regarding the effects of exercise 

practiced in water on bone health has not been reached, and 

a comprehensive literature search conducted by the authors 

identified no systematic review of the effects of WBE other 

than swimming. Therefore, the effects of exercise undertaken 

in a water environment on bone health of middle-aged and 

older adults remain uncertain.

This systematic review and meta-analysis aimed to answer 

the following question: is WBE effective in preventing age-

related bone deterioration in middle-aged and older adults? 

The objective of the review was to assess the effect of WBE 

interventions in preventing age-related bone deterioration 

when compared to a sedentary lifestyle or other forms of 

exercise.

Findings of this systematic review and meta-analysis are 

expected to contribute to the knowledge of health-care profes-

sionals involved in this field with regard to the effectiveness 

of WBE, so that they can provide alternative recommenda-

tions regarding exercise types that can maintain or even 

enhance bone health and reduce the risk of fracture among 

their patients or clientele.

Methods
The review was conducted as a systematic review of relevant 

studies, incorporating both a critical narrative synthesis and 

a meta-analysis. The design of this study was guided by 

consideration of the Cochrane Handbook for Systematic 

Reviews of Interventions53 and the Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis (PRISMA) 

statement.54 The methods and eligibility criteria for included 

studies were detailed in advance in a protocol registered at the 

international database of prospectively registered systematic 

reviews in health and social care, PROSPERO55 (registration 

number: CRD42015026685).

Eligibility criteria
To be included in the review, studies were required to be 

full-length research articles, published in academic journals 

or online (e-publication ahead of print), and no limits were 

set on language or date of publication. Only clinical trials 

(randomized [RCTs] or nonrandomized controlled trials) 

and prospective observational studies were considered for 

inclusion, with no limits set on length of follow-up. Studies 

were also considered only if they analyzed human subjects, 

either male or female, and if participants were aged 45 years 

or older, asymptomatic, and free living in the community. 

Participants in eligible studies could be healthy individuals 

or individuals with diagnosed osteopenia or osteoporosis; 

however, studies involving participants with other known 

health disorders or restrictions on participation in physical 

activities were ineligible. In addition, studies included in 

the systematic review were required to have a type of WBE 

or physical activity as the only intervention or exposure in 

at least one group and a comparison group, such as people 

undertaking other types of exercise or sedentary controls. 

If any medication or supplements were given to one group, 

the study was only considered if the medication or supple-

ment was also given to all other groups, using the same dos-

age. Eligible studies assessed BMD by dual-energy X-ray 

absorptiometry (DEXA). The primary outcomes of interest 

in this review were BMD and bone mineral content (BMC) 

measured by DEXA, measured in at least one clinical site 

(lumbar spine [LS], proximal femur, total hip, or wrist); bone 

metabolism measured by serum biomarkers; incidence rates 

of bone fractures; minor adverse events, including falls; and 

serious adverse events, including death. The secondary out-

comes of interest were muscle strength, flexibility, balance, 

and compliance with the intervention.

The following exclusion criteria were applied during 

study selection: publication types other than full-length 

journal articles, such as letters to the editor, conference 

abstracts, conference papers or book chapters; unpublished 

papers; studies using a descriptive or retrospective design; 

studies that did not evaluate human subjects; studies that did 

not evaluate middle-aged or older adults or that evaluated 

middle-aged or older adults together with other age groups 
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without reporting the results separately; studies involving 

participants with medical disorders other than osteopenia 

or osteoporosis; studies that did not have WBE as the sole 

intervention in at least one group; studies that did not have 

a comparison group; studies that did not have BMD as an 

outcome; and studies that did not measure BMD by DEXA.

Search methods
To identify relevant studies, a multistep search was conducted 

in October 2015, without any limits on publication date, in 

the following databases: PubMed/MEDLINE, the Cochrane 

Library, EMBASE, SPORTDiscus, CINAHL, ScienceDirect, 

Scopus, AUSPORT, and PEDro. In addition, hand searches 

of reference lists of included articles were also performed 

to identify additional studies and data that met criteria for 

inclusion. The search strategy was kept as broad as possible, 

with identification of articles achieved by the use of specific 

text words, without using truncation, wildcards, or any other 

limits. Search strategies for all databases were tailored to the 

nuances of the respective database and are available upon 

request. 

Data collection and analysis
Search results were imported into reference management 

software (EndNote),56 where duplicate records were removed. 

Titles and abstracts were then screened, in order to exclude 

studies that were clearly ineligible. After initial screen-

ing, potentially eligible studies were retrieved for full-text 

eligibility assessment. The selection process applied to the 

full-text study reports was based upon the eligibility criteria 

discussed earlier, including types of interventions, types 

of outcome measures, types of participants, and types of 

studies. Disagreements regarding assessed eligibility were 

resolved by consensus and reasons for exclusion of studies 

were documented. The results of the entire search, screening, 

and selection process were recorded in a PRISMA diagram 

(Figure 1).54

Data were extracted and tabulated from all included 

papers using a standardized data extraction tool (The 

Cochrane Consumers and Communication Review Group).53 

Data extracted from each paper included specific details 

of title, authors, source, year of publication, study design, 

participants, the intervention, the comparison groups, length 

of follow-up, and data related to the primary and secondary 

outcomes of interest for this review.

Risk of bias was assessed for each included study using 

the Cochrane Collaboration’s Risk of Bias tool.57 The fol-

lowing elements that potentially affect risk of bias were 

addressed: random sequence generation (selection bias), 

allocation concealment (selection bias), blinding of outcome 

assessment (detection bias), incomplete outcome data (attri-

tion bias), selective reporting (reporting bias), and other 

sources of bias (comparability of treatment and control group 

[CG] at entry, appropriateness of duration of follow-up). The 

risk of bias in the included studies was narratively described, 

and then each item was assigned a judgment: “low”, “high,” 

or “unclear” risk of bias. Nonrandomized controlled trials 

(quasi-experimental studies) and prospective observational 

studies were assessed and reported as being at a high risk 

of bias on the random sequence generation and allocation 

concealment items of the risk of bias tool.

Quantitative data were analyzed using the Cochrane 

software Review Manager (RevMan, version 5.3),58 where 

outcomes were reported in at least two studies. Effect sizes 

for continuous outcomes were calculated as mean differences 

(MDs) or, if different scales had been used, as standardized 

mean differences (SMD), each with 95% confidence intervals 

(CIs), using a random-effects model. Missing data and attri-

tion rates were assessed for each of the included studies and 

were reported as the proportion of commencing participants 

included in the final analysis. Intention-to-treat analysis of 

reported data from each included study was applied when 

extracting data for the meta-analysis. That is, each participant 

was included in the group to which they were randomized, 

and all randomized participants were included in the analysis. 

Heterogeneity was assessed using the standard c2 test and I2 

value.53 Heterogeneity was considered statistically significant 

at P < 0.10. I2 values between 0% and 30% were considered 

minimal, 30%–50% moderate, 50%–90% substantial, and 

>90% considerable. The overall treatment or intervention 

effect was calculated for each outcome measure in each 

included study. The effect of treatment or intervention on each 

outcome measure was calculated as the difference between 

the intervention and CGs in the change in measured outcome 

from baseline to the end of follow-up. For each outcome 

measure, variance was estimated based on the standard 

deviation (SD) of the MD between baseline and follow-up. 

When this value was not available and was not supplied by 

the respective study authors following a written request, we 

used the SD calculated from the P-value for the differences 

between mean values in the groups.53 When the P-value was 

not available, we imputed the highest SD available from other 

studies included in the review.

Results
Search, screening, and selection results
The search of electronic databases retrieved 12,271 

records, with an additional 25 articles identif ied by 
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searching references of potentially eligible articles. 

After removing duplicates, 7,823 articles remained to be 

screened by title and abstract, with 7,737 of these being 

excluded because they clearly did not meet eligibility 

criteria and 86 articles then remaining to be assessed 

for eligibility in full text. From these full-text articles, 

11 articles59–69 that met eligibility criteria were identi-

fied and included in this review. Results from the search, 

screening, and selection processes are summarized in a 

PRISMA flow diagram (Figure 1).54 Table 1 summarizes 

the characteristics of the 11 included studies.

Description of included studies
Of the 11 included studies, five were RCTs and six quasi-

experiments (QEs). A total of 629 participants were divided 

into three groups: participants who performed WBE 

(n=344), participants who performed LBE (n=82), such as 

resistance training and strength training, and a sedentary 

Records identified through
database searching

(n = 12,617)

 • PubMed/MEDLINE = 2,666

• Did not analyze water-based exercise and bone
  health = 6,576
• Did not analyze middle-aged or older adults = 226
• Population with medical disorders = 279
• Other types of publications = 26

• Did not analyze water-based exercise and bone
  health = 8
• Did not analyze middle-aged or older adults = 31
• Did not analyze bone health via DEXA = 2
• Did not have a comparison group = 1
• Other types of study design:

– Narrative review = 16
– Systematic review = 1
– Retrospective = 3
– Cross-sectional = 13

Full-text articles excluded, with reasons
(n = 75)

• Not in humans = 630

Records identified through
other sources

(n = 25)
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Duplicates removed
(n = 4,819)

Records screened
(n = 7,823)

Records excluded
(n = 7,737)

Full-text articles assessed
for eligibility

(n = 86)

Studies included in critical
narrative synthesis and

meta-analysis
(n = 11)

 • Cochrane = 447
 • Embase = 2,647
 • SPORTDiscus = 676
 • CINAHL = 539
 • Scopus = 2,714
 • AUSPORT = 7
 • ScienceDirect = 816
 • PEDro = 2,105

Figure 1 PRISMA flow diagram.
Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.
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Table 1 General characteristics of included studies

Study ID Design Duration, 
months

Number of 
participants

Losses Participants Age, years Water-based exercise Comparison 
groups

BMD measurement Secondary 
outcomes

Medications/ 
supplements

Adverse 
events

Compliance/
adherence

Borba-
Pinheiro 
et al59

QE 12 35 NR •	 Sex: females
•	 Characteristics: women with osteoporosis/osteopenia, 

being treated with alendronate, no previous history of 
fractures and no history for at least 1 year of regular 
practice of PA, in good physical and mental health

45.6–64.5 •	 Exercise: hydrogymnastics
•	 Frequency: 3 times/week, 60 min, six 

bimonthly cycle
•	 Intensity: Borg scale, 12 during the 

first 2 months and 14–16 during the 
rest of the study

•	 Setting: 12 m section of a 25 m pool

•	 RTG
•	 JUG
•	 CG 

•	 Equipment: DEXA 
Lunar DPX

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4), 
neck of the femur, 
greater trochanter 
and Ward’s triangle

•	 Body balance
•	 Quality of life

Alendronate 
sodium  
70 mg/week

NR NR

Borba-
Pinheiro 
et al60

QE 12 84 NR •	 Sex: females
•	 Characteristics: volunteers with osteoporosis and/

or osteopenia in at least one of the DEXA measures, 
undergoing treatment with alendronate sodium  
(70 mg/week) and/or vitamin D, and no history of 
fractures, in good physical and mental health

49–61.8 •	 Exercises: hydrogymnastics
•	 Frequency: three 60-min sessions per 

week on alternate days
•	 Intensity: Borg scale, 11–12 during the 

first 2 months and 13–16 during the 
rest of the study

•	 Setting: 12 m section of a 25 m pool

•	 CG •	 Equipment: DEXA 
Lunar DPX 

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4), 
femoral neck and 
greater trochanter

•	 Quality of life Alendronate 
sodium  
70 mg/week  
and/or 
vitamin D3 
5600  IU/week

NR NR

Kemper 
et al61

RCT 6 30 7 (2 SWM/5 RTG) •	 Sex: females
•	 Characteristics: sedentary postmenopausal women

63.9 ± 6.49 
(mean ± SD)

•	 Exercises: swimming
•	 Frequency: 3 days/week, 1 hour per 

session
•	 Intensity: sessions began with 

moderate intensity activities (60% 
HRR) and reached high intensity 
activities (90% HRR)

•	 Setting: pool with 1.50 m depth, 
and the water temperature during 
sessions remained between 27°C and 
29°C

•	 RTG •	 Equipment: DEXA 
Lunar DPX-IQ

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4) and 
femoral neck

•	 Body 
composition

– NR >75% of 
sessions

Moreira 
et al62

RCT 6 108 8 (5 AEG/3 CG) •	 Sex: females
•	 Characteristics: physical activity status classified as 

sedentary by the IPAQ short version questionnaire, 
postmenopausal for at least 5 years and cognitive function 
allowed to understand and respond to the authors’ 
questions and commands during the questionnaires, no 
physical conditions that might affect performance during 
aquatic exercises; no chronic kidney disease; no history 
of recent hip fracture (in the last 2 years); no dependency 
on alcohol or illicit drugs; no chronic therapy with 
corticosteroids, bisphosphonates, calcitonin, calcium, 
vitamin D, and its metabolites; no use of estrogen, 
selective estrogen receptor modulators, and strontium 
in the earlier 6 months; no use of any medications that 
might interfere with vitamin D metabolism; systolic blood 
pressure <200 mmHg and/or diastolic blood pressure 
<100 mmHg

58.8 ± 6.4 
(mean ± SD)

•	 Exercises: hydrogymnastics
•	 Frequency: 3 times/week, sessions 

lasted from 50 to 60 min
•	 Intensity: level 6 in Borg scale (~60% 

of MHR) during 16 min of the session 
in weeks 5–9, level 7 in Borg scale 
(~70 % of MHR) during 13 min of 
the session in weeks 10–14, level 8 
in Borg scale (~80 % of MHR) during 
9 min of the session in weeks 15–19, 
and level 9 in Borg scale (~90 % of 
MHR), during 7 min of the session in 
weeks 20–24

•	 Setting: covered swimming pool, 
with depth varying between 1.10 
and 1.30 m and water temperature 
between 30°C and 31°C

•	 CG •	 Equipment: DEXA 
Hologic QDR 

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L1–L4), 
femoral neck, total 
femur, total body

•	 Biomarkers of 
bone turnover 
(iPTH, P1NP, and 
CTx)

Daily 
supplement 
of 500  mg of 
elementary 
calcium and 
1,000 IU of 
vitamin D 
(cholecalciferol), 
combined in the 
same pill

NR 92.6%  
(95% CI, 
85–98%

Murtezani 
et al63

RCT 10 64 3 (2 LBE/1 AE) •	 Sex: females
•	 Characteristics: women recently diagnosed (within the 

past 6 months) with osteoporosis on account of a DEXA 
scan T score below -2.5, aged 50–70 years, who had 
no history of vertebral fractures or lower extremity 
fractures, did not have endoprostheses or fixation 
materials and were capable of signing written informed 
consent

50–70 •	 Exercises: hydrogymnastics
•	 Frequency: 3 times/week, 35 min
•	 Intensity: participants were instructed 

to exercise at an intensity that 
was moderate to hard (12–14 
on the 20-point Borg perceived 
exertion scale)

•	 Setting: not stated (only reported that 
water temperature was 30°C)

•	 LBE •	 Equipment: DEXA 
GE Lunar Prodigy

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4)

•	 Muscle strength
•	 Flexibility
•	 Balance
•	 Gait time
•	 Pain

Ca (1,000 mg 
daily) and 
vitamin D 
(800–1,000 IU 
daily) 

NR NR
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Table 1 General characteristics of included studies

Study ID Design Duration, 
months

Number of 
participants

Losses Participants Age, years Water-based exercise Comparison 
groups

BMD measurement Secondary 
outcomes

Medications/ 
supplements

Adverse 
events

Compliance/
adherence

Borba-
Pinheiro 
et al59

QE 12 35 NR •	 Sex: females
•	 Characteristics: women with osteoporosis/osteopenia, 

being treated with alendronate, no previous history of 
fractures and no history for at least 1 year of regular 
practice of PA, in good physical and mental health

45.6–64.5 •	 Exercise: hydrogymnastics
•	 Frequency: 3 times/week, 60 min, six 

bimonthly cycle
•	 Intensity: Borg scale, 12 during the 

first 2 months and 14–16 during the 
rest of the study

•	 Setting: 12 m section of a 25 m pool

•	 RTG
•	 JUG
•	 CG 

•	 Equipment: DEXA 
Lunar DPX

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4), 
neck of the femur, 
greater trochanter 
and Ward’s triangle

•	 Body balance
•	 Quality of life

Alendronate 
sodium  
70 mg/week

NR NR

Borba-
Pinheiro 
et al60

QE 12 84 NR •	 Sex: females
•	 Characteristics: volunteers with osteoporosis and/

or osteopenia in at least one of the DEXA measures, 
undergoing treatment with alendronate sodium  
(70 mg/week) and/or vitamin D, and no history of 
fractures, in good physical and mental health

49–61.8 •	 Exercises: hydrogymnastics
•	 Frequency: three 60-min sessions per 

week on alternate days
•	 Intensity: Borg scale, 11–12 during the 

first 2 months and 13–16 during the 
rest of the study

•	 Setting: 12 m section of a 25 m pool

•	 CG •	 Equipment: DEXA 
Lunar DPX 

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4), 
femoral neck and 
greater trochanter

•	 Quality of life Alendronate 
sodium  
70 mg/week  
and/or 
vitamin D3 
5600  IU/week

NR NR

Kemper 
et al61

RCT 6 30 7 (2 SWM/5 RTG) •	 Sex: females
•	 Characteristics: sedentary postmenopausal women

63.9 ± 6.49 
(mean ± SD)

•	 Exercises: swimming
•	 Frequency: 3 days/week, 1 hour per 

session
•	 Intensity: sessions began with 

moderate intensity activities (60% 
HRR) and reached high intensity 
activities (90% HRR)

•	 Setting: pool with 1.50 m depth, 
and the water temperature during 
sessions remained between 27°C and 
29°C

•	 RTG •	 Equipment: DEXA 
Lunar DPX-IQ

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4) and 
femoral neck

•	 Body 
composition

– NR >75% of 
sessions

Moreira 
et al62

RCT 6 108 8 (5 AEG/3 CG) •	 Sex: females
•	 Characteristics: physical activity status classified as 

sedentary by the IPAQ short version questionnaire, 
postmenopausal for at least 5 years and cognitive function 
allowed to understand and respond to the authors’ 
questions and commands during the questionnaires, no 
physical conditions that might affect performance during 
aquatic exercises; no chronic kidney disease; no history 
of recent hip fracture (in the last 2 years); no dependency 
on alcohol or illicit drugs; no chronic therapy with 
corticosteroids, bisphosphonates, calcitonin, calcium, 
vitamin D, and its metabolites; no use of estrogen, 
selective estrogen receptor modulators, and strontium 
in the earlier 6 months; no use of any medications that 
might interfere with vitamin D metabolism; systolic blood 
pressure <200 mmHg and/or diastolic blood pressure 
<100 mmHg

58.8 ± 6.4 
(mean ± SD)

•	 Exercises: hydrogymnastics
•	 Frequency: 3 times/week, sessions 

lasted from 50 to 60 min
•	 Intensity: level 6 in Borg scale (~60% 

of MHR) during 16 min of the session 
in weeks 5–9, level 7 in Borg scale 
(~70 % of MHR) during 13 min of 
the session in weeks 10–14, level 8 
in Borg scale (~80 % of MHR) during 
9 min of the session in weeks 15–19, 
and level 9 in Borg scale (~90 % of 
MHR), during 7 min of the session in 
weeks 20–24

•	 Setting: covered swimming pool, 
with depth varying between 1.10 
and 1.30 m and water temperature 
between 30°C and 31°C

•	 CG •	 Equipment: DEXA 
Hologic QDR 

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L1–L4), 
femoral neck, total 
femur, total body

•	 Biomarkers of 
bone turnover 
(iPTH, P1NP, and 
CTx)

Daily 
supplement 
of 500  mg of 
elementary 
calcium and 
1,000 IU of 
vitamin D 
(cholecalciferol), 
combined in the 
same pill

NR 92.6%  
(95% CI, 
85–98%

Murtezani 
et al63

RCT 10 64 3 (2 LBE/1 AE) •	 Sex: females
•	 Characteristics: women recently diagnosed (within the 

past 6 months) with osteoporosis on account of a DEXA 
scan T score below -2.5, aged 50–70 years, who had 
no history of vertebral fractures or lower extremity 
fractures, did not have endoprostheses or fixation 
materials and were capable of signing written informed 
consent

50–70 •	 Exercises: hydrogymnastics
•	 Frequency: 3 times/week, 35 min
•	 Intensity: participants were instructed 

to exercise at an intensity that 
was moderate to hard (12–14 
on the 20-point Borg perceived 
exertion scale)

•	 Setting: not stated (only reported that 
water temperature was 30°C)

•	 LBE •	 Equipment: DEXA 
GE Lunar Prodigy

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4)

•	 Muscle strength
•	 Flexibility
•	 Balance
•	 Gait time
•	 Pain

Ca (1,000 mg 
daily) and 
vitamin D 
(800–1,000 IU 
daily) 

NR NR

(Continued)
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Table 1 (Continued)

Study ID Design Duration, 
months

Number of 
participants

Losses Participants Age, years Water-based exercise Comparison 
groups

BMD measurement Secondary 
outcomes

Medications/ 
supplements

Adverse 
events

Compliance/
adherence

Novaes 
et al64

QE 6 31 NR •	 Sex: females
•	 Characteristics: living independently in the community, 

aged ≥55 years, postmenopausal status, being without 
contraindications to physical activity, and not reporting 
history of regular structured exercise

66.9 ± 6.1 
(mean ± SD)

•	 Exercises: hydrogymnastics
•	 Frequency: 3 times/week, sessions 

lasting 45 min
•	 Intensity: participants were instructed 

to attain 70%–80% of their work 
heart rate

•	 Setting: public indoor swimming pool 
with a water depth of 1.20–1.40 m 
and a water temperature of 30.5°C

•	 ST •	 Equipment: DEXA 
Hologic

•	 Variables: BMD  
(g/cm2)

•	 Regions: left 
femoral neck 
and lumbar spine 
(L1–L4)

– – – >85%

Pernambuco 
et al65

RCT 8 84 17 (6 AEG/11 CG) Sex: females
Characteristics: aged ≥60 years, with low BMD and no 
neurological disorders who did not exercise regularly for a 
minimum of 6 months prior to the study and did not suffer 
from metabolic or endocrine disorders

60–77 •	 Exercises: hydrogymnastics
•	 Frequency: twice weekly, 50 min
•	 Intensity: not reported
•	 Setting: swimming pool 25 m long and 

1.40 m deep

•	 CG •	 Equipment: DEXA 
Lunar DPX-L

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4) and 
right total femur

•	 Bone formation 
(serum 
osteocalcin)

•	 Functional 
autonomy

Volunteers with 
osteoporosis 
took 
alendronate 
sodium (70 mg) 
once a week 
and vitamin 
D3 once a day, 
while those with 
osteopenia used 
only vitamin D3

NR NR

Rotstein 
et al66

QE 7 35 5 (all from 
intervention group)

Sex: females
Characteristics: nonsmokers did not suffer from thyroid gland 
problems or hypertension and did not suffer from osteoporosis 
(baseline bone density was >55% of the mean bone density for 
the normal population of the subject’s age), not taking any of 
the following medications: B complex, Betaxolol ophthalmic 
suspension, anastrozole, brotizolam, glucosamine, chondroitin, 
ofloxacin, atenolol, cilazapril, estradiol, norethisterone, 
pravastatin, losartan, amlodipine, and aspirin

50–65 •	 Exercise: hydrogymnastics
•	 Frequency: three 1 hour sessions per 

week
•	 Intensity: 12–16 on Borg scale
•	 Setting: pool, water temperature 

was 32°C, and all activities were 
conducted with the water at chest 
level

•	 CG •	 Equipment: DEXA 
Lunar

•	 Variables: BMD  
(g/cm2) and BMC (g)

•	 Regions: lumbar 
spine (L2–L4) and 
femoral neck

– – NR NR

Tsukahara 
et al67

QE 12 97 32 (7 from veterans 
group and 25 from 
newcomers group)

•	 Sex: females
•	 Characteristics: healthy postmenopausal women

59.75–65.08 •	 Exercise: hydrogymnastics and 
swimming

•	 Frequency: once/week, 45 min/
session

•	 Intensity: level of activity had two 
maximum working heart rate peaks 
(~120 beats/min)

•	 Setting: sports club, warm water 
(28–29°C)

•	 Newcomers
•	 CG

•	 Equipment: DEXA 
Hologic QDR

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L1–L4)

– – NR NR

Vanaky 
et al68

RCT 3 20 NR •	 Sex: females
•	 Characteristics: nonsmoker females aged between 50 

and 70 years; postmenopausal for at least 12 months; 
not institutionalized; and having no contraindication 
to undertake physical exercises without close medical 
supervision, hormone therapy, and calcium consumption 
and without cardiovascular and thyroid history

50–70 •	 Exercise: hydrogymnastics
•	 Frequency: 3 times/week, 1 h, 15 min/

session (after the second week)
•	 Intensity: the intensity of the jumps 

was adjusted to ~60% of the HRR. 
During the second week, the intensity 
was increased to 80% of the HRR

•	 Setting: pool

•	 CG •	 Equipment: DEXA
•	 Variables: BMD
•	 Regions: lumbar 

spine (L2–L4) and 
femoral neck

•	 Functional fitness – NR NR

Wu et al69 QE 24 41 •	 Sex: females
•	 Characteristics: postmenopausal

SWM – 59.5 
± 6.1 
CG – 59.3 
± 5.2

•	 Exercise: swimming
•	 Frequency: 1.5 times/week, 1 h/

session
•	 Intensity: NR
•	 Setting: pool

•	 CG •	 Equipment: DEXA 
Norland

•	 Variables: BMD 
(g/cm2)

•	 Regions: lumbar 
spine (L1–L4) and 
proximal femur

•	 Leg extension 
power

– – –

Abbreviations: BMD, bone mineral density; QE, quasiexperiment; NR, not reported; RTG, resistance training group; JUG, judo group; CG, control group; DEXA,  
dual-energy X-ray absorptiometry; SWM, swimming group; HRR, heart rate reserve; SD, standard deviation; P1NP, procollagen type 1 amino-terminal propeptide; CTx,  
carboxy-terminal cross-linking telopeptide of type 1 collagen; AEG, aquatic exercises group; RCT, randomized controlled trial; BMC, bone mineral content; LBE, land-based  
exercise; ST, strength training ; CI, confidence interval; min, minutes; PA, physical activity; IPAQ, international physical activity questionnaire; AE, aquatic exercise; iPTH, 
intact parathyroid hormone; MHR, maximum heart rate.
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Table 1 (Continued)

Study ID Design Duration, 
months

Number of 
participants

Losses Participants Age, years Water-based exercise Comparison 
groups

BMD measurement Secondary 
outcomes

Medications/ 
supplements

Adverse 
events

Compliance/
adherence

Novaes 
et al64

QE 6 31 NR •	 Sex: females
•	 Characteristics: living independently in the community, 

aged ≥55 years, postmenopausal status, being without 
contraindications to physical activity, and not reporting 
history of regular structured exercise

66.9 ± 6.1 
(mean ± SD)

•	 Exercises: hydrogymnastics
•	 Frequency: 3 times/week, sessions 

lasting 45 min
•	 Intensity: participants were instructed 

to attain 70%–80% of their work 
heart rate

•	 Setting: public indoor swimming pool 
with a water depth of 1.20–1.40 m 
and a water temperature of 30.5°C

•	 ST •	 Equipment: DEXA 
Hologic

•	 Variables: BMD  
(g/cm2)

•	 Regions: left 
femoral neck 
and lumbar spine 
(L1–L4)

– – – >85%

Pernambuco 
et al65

RCT 8 84 17 (6 AEG/11 CG) Sex: females
Characteristics: aged ≥60 years, with low BMD and no 
neurological disorders who did not exercise regularly for a 
minimum of 6 months prior to the study and did not suffer 
from metabolic or endocrine disorders

60–77 •	 Exercises: hydrogymnastics
•	 Frequency: twice weekly, 50 min
•	 Intensity: not reported
•	 Setting: swimming pool 25 m long and 

1.40 m deep

•	 CG •	 Equipment: DEXA 
Lunar DPX-L

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L2–L4) and 
right total femur

•	 Bone formation 
(serum 
osteocalcin)

•	 Functional 
autonomy

Volunteers with 
osteoporosis 
took 
alendronate 
sodium (70 mg) 
once a week 
and vitamin 
D3 once a day, 
while those with 
osteopenia used 
only vitamin D3

NR NR

Rotstein 
et al66

QE 7 35 5 (all from 
intervention group)

Sex: females
Characteristics: nonsmokers did not suffer from thyroid gland 
problems or hypertension and did not suffer from osteoporosis 
(baseline bone density was >55% of the mean bone density for 
the normal population of the subject’s age), not taking any of 
the following medications: B complex, Betaxolol ophthalmic 
suspension, anastrozole, brotizolam, glucosamine, chondroitin, 
ofloxacin, atenolol, cilazapril, estradiol, norethisterone, 
pravastatin, losartan, amlodipine, and aspirin

50–65 •	 Exercise: hydrogymnastics
•	 Frequency: three 1 hour sessions per 

week
•	 Intensity: 12–16 on Borg scale
•	 Setting: pool, water temperature 

was 32°C, and all activities were 
conducted with the water at chest 
level

•	 CG •	 Equipment: DEXA 
Lunar

•	 Variables: BMD  
(g/cm2) and BMC (g)

•	 Regions: lumbar 
spine (L2–L4) and 
femoral neck

– – NR NR

Tsukahara 
et al67

QE 12 97 32 (7 from veterans 
group and 25 from 
newcomers group)

•	 Sex: females
•	 Characteristics: healthy postmenopausal women

59.75–65.08 •	 Exercise: hydrogymnastics and 
swimming

•	 Frequency: once/week, 45 min/
session

•	 Intensity: level of activity had two 
maximum working heart rate peaks 
(~120 beats/min)

•	 Setting: sports club, warm water 
(28–29°C)

•	 Newcomers
•	 CG

•	 Equipment: DEXA 
Hologic QDR

•	 Variables: BMD  
(g/cm2)

•	 Regions: lumbar 
spine (L1–L4)

– – NR NR

Vanaky 
et al68

RCT 3 20 NR •	 Sex: females
•	 Characteristics: nonsmoker females aged between 50 

and 70 years; postmenopausal for at least 12 months; 
not institutionalized; and having no contraindication 
to undertake physical exercises without close medical 
supervision, hormone therapy, and calcium consumption 
and without cardiovascular and thyroid history

50–70 •	 Exercise: hydrogymnastics
•	 Frequency: 3 times/week, 1 h, 15 min/

session (after the second week)
•	 Intensity: the intensity of the jumps 

was adjusted to ~60% of the HRR. 
During the second week, the intensity 
was increased to 80% of the HRR

•	 Setting: pool

•	 CG •	 Equipment: DEXA
•	 Variables: BMD
•	 Regions: lumbar 

spine (L2–L4) and 
femoral neck

•	 Functional fitness – NR NR

Wu et al69 QE 24 41 •	 Sex: females
•	 Characteristics: postmenopausal

SWM – 59.5 
± 6.1 
CG – 59.3 
± 5.2

•	 Exercise: swimming
•	 Frequency: 1.5 times/week, 1 h/

session
•	 Intensity: NR
•	 Setting: pool

•	 CG •	 Equipment: DEXA 
Norland

•	 Variables: BMD 
(g/cm2)

•	 Regions: lumbar 
spine (L1–L4) and 
proximal femur

•	 Leg extension 
power

– – –

Abbreviations: BMD, bone mineral density; QE, quasiexperiment; NR, not reported; RTG, resistance training group; JUG, judo group; CG, control group; DEXA,  
dual-energy X-ray absorptiometry; SWM, swimming group; HRR, heart rate reserve; SD, standard deviation; P1NP, procollagen type 1 amino-terminal propeptide; CTx,  
carboxy-terminal cross-linking telopeptide of type 1 collagen; AEG, aquatic exercises group; RCT, randomized controlled trial; BMC, bone mineral content; LBE, land-based  
exercise; ST, strength training ; CI, confidence interval; min, minutes; PA, physical activity; IPAQ, international physical activity questionnaire; AE, aquatic exercise; iPTH, 
intact parathyroid hormone; MHR, maximum heart rate.
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CG (n=203). All participants in the studies were postmeno-

pausal women. Four studies reported that the participants 

were previously sedentary.59,61,62,64 Regarding bone health, 

four studies recruited participants with low BMD (osteope-

nia or osteoporosis)59,60,63,65 and one recruited women with 

normal BMD.66 Groups from one study received alendronate 

sodium,59 groups from two studies received a combination 

of alendronate sodium and vitamin D,60,65 and groups from 

another two studies received a combination of vitamin D and 

calcium.62,63 The studies were conducted in Brazil (n=5),59–62,65 

Japan (n=2),67,69 Kosovo (n=1),63 Israel (n=1),66 Iran (n=1),68 

and Portugal (n=1).64 Nine studies were published in Eng-

lish,59,60,62–68 one article was translated from Portuguese,61 and 

one from Japanese.69 The length of the exercise interventions 

varied in the included studies: one study conducted the inter-

vention for 24 months,69 three for 12 months,59,60,67 one for 

10 months,63 one for 8 months,65 one for 7 months,66 three for 

6 months,61,62,64 and one for 3 months.68 The frequency and 

duration of the sessions also varied in the included studies, 

ranging from once a week to three times a week, and each 

session lasted from 35 to 75 minutes. The content of the train-

ing sessions for WBE groups comprised hydrogymnastics in 

eight studies59,60,62–66,68 and swimming in two studies.61,69 One 

study combined both hydrogymnastics and swimming during 

the sessions.67 Nine studies reported that exercise intensity 

was moderate to vigorous,59–64,66–68 with the level of intensity 

determined by either heart rate or Borg scale. Four studies 

involved LBE groups as comparison groups, and the LBE 

training sessions consisted of resistance training,59,61 strength 

training,64 a mixture of aerobics and resistance training,63 

and judo.59 Eight studies compared WBE to a sedentary 

CG.59,60,62,65–69 One study included both WBE and LBE, as 

well as a CG.59

Risk of bias in included studies
The judgment about each risk of bias item for each included 

study is presented in Figure 2, and the percentages of all 

included studies deemed to be at low risk, unclear risk, or high 

risk of bias based on each bias item are depicted in Figure 3.

Random sequence generation and allocation 
concealment (selection bias)
All nonrandomized studies (QE) were classified as “high 

risk” for both “random sequence generation” and “allocation 

concealment” items. Of the five RCTs included in the review, 

three reported adequate sequence generation and were classi-

fied as being at “low risk” of bias on this item.62,63,65 The other 

two studies61,68 reported that participants were randomized 

into groups; however, methods of randomization were not 

described and they were classified as being at “unclear risk” 

of bias on this item. None of the included RCTs described 

allocation concealment and so all were classified as being at 

“unclear risk” of bias for this item.

Blinding of participants and personnel 
(performance bias)
All studies were classified as being at “high risk” for perfor-

mance bias, as none of the studies reported any attempt to 

blind participants and personnel (such as exercise instructors 

and researchers) to group allocations.

Blinding of outcome assessment (detection bias)
Considering the objective nature of the primary outcomes 

of interest, all studies were judged to be at “low risk” for 

detection bias.

Incomplete outcome data (attrition bias)
Five studies were considered to be at “low risk” of attri-

tion bias as they either reported data for all participants or 
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Figure 2 Risk of bias summary, by item and study.
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appropriately addressed incomplete outcome data.62–64,68,69 

Three studies were judged to be at “unclear risk”59,60,65 and 

three at “high risk”.61,66,67 The study conducted by Kemper 

et al61 reported over 30% attrition for the LBE group and 

~13% for the WBE group, and those lost to follow-up 

were not accounted for in the final analysis. Rotstein et al66 

reported 20% attrition in the WBE group, with no reasons 

mentioned, and again the analysis did not account for those 

lost to follow-up. In the study conducted by Tsukahara et al,67 

there was an attrition rate of over 62% in the WBE group, 

with no reasons mentioned and no adjustment of the analysis 

to account for the losses.

Selective reporting (reporting bias)
In all but one study, the primary outcome was reasonably well 

reported. Vanaky et al68 reported their findings in a table that 

was poorly formatted and one of the reported results made no 

sense, and, therefore, this study was classified as presenting 

a “high risk” of reporting bias.

Comparability of groups at entry
Three studies59,64,65 were judged to be at “high risk” of bias 

due to inadequate group comparability at entry. All other 

studies were judged to be at “low risk” of bias on this item.

Appropriateness of duration of follow-up
All studies were classified as being at “unclear risk” of bias 

stemming from lack of adequate duration of follow-up, as 

they only reported immediate postintervention data.

Other bias
In the study conducted by Murtezani et al,63 the LBE group 

engaged in longer and more frequent training sessions than 

the WBE group. In the discussion section of that paper, it 

was mentioned that the WBE group exercised twice a week 

for 30 minutes, whereas the LBE group exercised thrice a 

week for 55 minutes. Therefore, this study was judged to be 

at “high risk” of bias due to the different doses of exercises 

provided to the groups. All other studies appeared to be free 

from other obvious sources of bias.

Primary outcomes
BMD
All studies reported BMD for at least one clinical site. All 

studies reported BMD for the LS, eight reported BMD for 

the femoral neck (FN),59–62,64,66,68,69 four reported BMD for the 

greater trochanter (GT),59,60,62,69 two reported BMD for Ward’s 

triangle (WT),59,69 and two reported BMD for the total femur 

(TF).62,65

LS BMD
LS BMD increased in participants performing WBE in 10 

studies; however, this change was statistically significant in 

only one study.68 Wu et al69 reported a nonsignificant decrease 

in LS BMD in the WBE group. All eight studies that included 

a CG reported a nonsignificant decrease in LS BMD for this 

group.59,60,62,65–69 Of the four studies reporting an LBE group, 

three reported a statistically significant increase in LS BMD 

in this group.59,63,64 Kemper et al61 reported a nonsignificant 

decrease. When comparing the results between groups, 

eight studies compared WBE and CG, and two described 

a statistically significant difference in change in LS BMD, 

in favor of the WBE group.66,68 In the comparison between 

WBE and LBE, two studies described a statistically signifi-

cant difference between these exercise types in effects on LS 

BMD, in favor of the LBE.63,64 The results of a meta-analysis 

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)
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Figure 3 Risk of bias graph, by item.
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Figure 4 Forest plot of comparison between WBE and CG for changes in LS BMD (mean difference in g/cm2).
Abbreviations: WBE, water-based exercise; CG, control group; IV, inverse variance; LS, lumbar spine; BMD, bone mineral density; CI, confidence interval; SD, standard deviation.

comparing the effects of WBE and CG on LS BMD are shown 

in Figure  4. The results revealed a significant difference 

between the groups in favor of WBE (MD 0.04 g/cm2; 95% 

CI 0.02 to 0.07; P = 0.0004; I2 = 0%). In this meta-analysis, 

we excluded the study conducted by Vanaky et al,68 due to 

its high risk of reporting bias, but a subsequent sensitivity 

analysis indicated that its inclusion in the analysis would not 

have affected the overall result anyway. For the comparison 

of the effects of WBE and LBE interventions on LS BMD, 

results revealed a significant difference between the interven-

tions in favor of LBE (MD -0.04 g/cm2; 95% CI -0.06 to 

-0.02; P < 0.00001; I2 = 0%), as shown in Figure 5.

FN BMD
Of the eight studies that examined FN BMD, five reported an 

increase in this value for the WBE group;61,62,66,68,69 however, 

only two studies reported a statistically significant change.68,69 

Two studies described a nonsignificant decrease in FN BMD 

in the WBE group,59,60 and one study reported the same value 

at baseline and postintervention time points.64 All six studies 

that assessed a CG reported a nonsignificant decrease in FN 

BMD in this sedentary group.59,60,62,66,68,69 Of the three stud-

ies that assessed FN BMD in the LBE group, two studies 

described an increase,59,64 which was statistically significant 

in one study,64 and one study described a nonsignificant 

decrease.61 When WBE was compared to CG, two studies 

reported statistically significant differences in FN BMD 

changes, in favor of WBE.68,69 In the comparison between 

WBE and LBE, two studies reported statistically signifi-

cant differences in FN BMD changes, in favor of LBE.59,64 

Figure 6 details the results of the meta-analysis comparing 

FN BMD changes in WBE and CG, showing that there was 

a statistically significant difference in favor of WBE (MD 

0.03 g/cm2; 95% CI 0.01 to 0.05; P = 0.001; I2 = 0%). Once 

again, the study by Vanaky et al68 was excluded in this meta-

analysis, due to its high risk of reporting bias. In a subsequent 
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Figure 5 Forest plot of comparison between WBE and LBE for changes in LS BMD (mean difference in g/cm2).
Abbreviations: WBE, water-based exercise; IV, inverse variance; LBE, land-based exercise; LS, lumbar spine; BMD, bone mineral density; CI, confidence interval; SD, 
standard deviation.
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Figure 6 Forest plot of comparison between WBE and CG for changes in FN BMD (mean difference in g/cm2).
Abbreviations: WBE, water-based exercise; CG, control group; IV, inverse variance; FN, femoral neck; BMD, bone mineral density; CI, confidence interval; SD, standard 
deviation.
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sensitivity analysis, when this study was included, the results 

did not change, and heterogeneity was minimal (I2 = 14%, 

P = 0.32). In a further meta-analysis, there was no difference 

observed between WBE and LBE interventions in changes 

in FN BMD (MD -0.03 g/cm2; 95% CI -0.08 to 0.01; P = 

0.17; I2 = 66%); however, heterogeneity was substantial (P 

= 0.05), as shown in Figure 7.

GT BMD
Of the four studies that examined GT BMD, three reported 

an increase in GT BMD in the WBE group,59,60,69 and the 

change was statistically significant in one study.69 The fourth 

study did not report a change in the GT BMD value in the 

WBE group.62 Four studies reported changes in GT BMD in 

the CG. Three reported a decrease,59,60,62 which was statisti-

cally significant in one,62 and one reported a nonsignificant 

increase.69 Three studies reported a statistically significant 

difference between the WBE and CG groups in changes in 

GT BMD, in favor of WBE.60,62,69 Only one study described a 

change in GT BMD in the LBE group, reporting an increase, 

but no reference was provided to the statistical significance 

of the result,59 and when LBE was compared to WBE with 

regard to changes in GT BMD, no statistical difference was 

found between the two groups. Meta-analysis was conducted 

to compare the effects of WBE and CG on GT BMD. The 

results revealed a statistically significant difference in favor 

of WBE (MD 0.04 g/cm2; 95% CI 0.00 to 0.07; P = 0.05; 

I2 = 86%), as detailed in Figure 8. In order to address the 

considerable heterogeneity among studies in this particular 

meta-analysis, we conducted a sensitivity analysis to examine 

the impact of removing from the analysis the study conducted 

by Moreira et al,62 and the results were still in favor of WBE, 

with no heterogeneity then evident across the results (MD 

0.05 g/cm2; 95% CI 0.03 to 0.07; P < 0.00001; I2 = 0%), as 

shown in Figure 9.

WT BMD
Two studies assessed changes in WT BMD in the WBE 

group, and both reported a nonsignificant increase following 

WBE.59,69 The same studies reported WT BMD results for a 

CG, and both described a nonsignificant decrease. A statisti-

cally significant difference between WBE and CG in their 

effects on WT BMD was observed, in favor of the WBE group, 

in the study conducted by Wu et al.69 One of the studies also 

described a change in WT BMD for an LBE group, reporting 

a nonsignificant increase in that group, and no differences 

between WBE and LBE in their effects on WT BMD.59 Meta-

analysis revealed a significant difference between WBE and 

CG in their effects on WT BMD (MD 0.04 g/cm2; 95% CI 

0.00 to 0.08; P = 0.04; I2 = 0%), as presented in Figure 10.

TF BMD
Two studies described changes in TF BMD in a WBE group 

and a CG, reporting nonsignificant increases in TF BMD 

following WBE and nonsignificant decreases in TF BMD in 

the CG.62,65 No significant differences were reported between 

these groups, and no significant differences were found in the 

results of a meta-analysis (MD 0.02 g/cm2; 95% CI -0.01 to 

0.05; P = 0.15; I2 = 0%), as detailed in Figure 11.

BMC
Only one study reported BMC as an outcome measure.66 

Change in BMC was described for both LS and FN, in 

both WBE and CG. The authors reported a nonstatistically 
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Figure 7 Forest plot of comparison between WBE and LBE for changes in FN BMD (mean difference in g/cm2).
Abbreviations: WBE, water-based exercise; IV, inverse variance; LBE, land-based exercise; FN, femoral neck; BMD, bone mineral density; CI, confidence interval.
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significant increase in BMC at both these sites in the WBE 

group and a nonstatistically significant decrease in BMC at 

both sites in the CG group. In the comparison between these 

groups, both LS and FN BMC increased significantly more 

in the WBE group than in the CG.

Bone metabolism
Two studies included bone metabolism as an outcome mea-

sure,62,65 and both compared the WBE results to results of a 

CG. Moreira et al62 analyzed the biomarker of bone forma-

tion, procollagen type 1 amino-terminal propeptide (P1NP), 

and the biomarker of bone resorption, carboxy-terminal 

cross-linking telopeptide of type 1 collagen (CTx), compar-

ing the effects of WBE and CG on these biomarkers. The 

authors reported a mean increase in P1NP in both groups; 

however, the increase was statistically significant only in the 

WBE group. In the comparison between groups for P1NP, 

the effect on P1NP was significantly greater in the WBE 

group. The bone resorption biomarker CTx was observed 

to increase in both WBE and CG, but this increase reached 

statistical significance only in the CG, and no differences 

were found between these groups in their effects on CTx. 

Figure 8 Forest plot of comparison between WBE and CG for changes in GT BMD (mean difference in g/cm2).
Abbreviations: WBE, water-based exercise; CG, control group; IV, inverse variance; GT, great trochanter; BMD, bone mineral density; CI, confidence interval; SD, standard 
deviation.
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Figure 9 Forest plot of comparison between WBE and CG for changes in GT BMD (Moreira et al62 excluded; mean difference in g/cm2).
Abbreviations: WBE, water-based exercise; CG, control group; IV, inverse variance; GT, great trochanter; BMD, bone mineral density; CI, confidence interval; SD, standard 
deviation.
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Figure 11 Forest plot of comparison between WBE and CG for changes in TF BMD (mean difference in g/cm2).
Abbreviations: WBE, water-based exercise; CG, control group; IV, inverse variance; TF, total femur; BMD, bone mineral density; CI, confidence interval; SD, standard 
deviation.

Figure 10 Forest plot of comparison between WBE and CG for changes in WT BMD (mean difference in g/cm2).
Abbreviations: WBE, water-based exercise; CG, control group; IV, inverse variance; WT, Ward’s triangle; BMD, bone mineral density; CI, confidence interval; SD, standard 
deviation.
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In the study conducted by Pernambuco et al,65 the authors 

analyzed the biomarker of bone formation, osteocalcin. They 

reported a statistically significant increase in osteocalcin 

levels in the WBE group and a nonsignificant decrease in 

the CG. The mean increase in osteocalcin levels following 

WBE was significantly greater than that in the CG. Meta-

analysis revealed significant differences between WBE and 

CG in favor of WBE for changes in the biomarkers of bone 

formation (SMD 0.49; 95% CI 0.20 to 0.78; P = 0.0008; 

I2 = 0%), as presented in Figure 12.

Adverse events
Only three of the included studies reported information about 

adverse events. One of the studies reported that neither WBE 

group nor LBE group participants experienced fractures or 

serious orthopedic problems.63 In that study,63 one individual 

allocated to the LBE group withdrew due to injury; however, 

it is not clear if the injury was associated with the exercise 

intervention. In another study, it was reported that no injuries 

were experienced by the participants in the WBE group.62 In 

the study conducted by Kemper et al,61 one individual was 

excluded due to chest pain during the WBE sessions. None 

of these three studies included fracture rate as an outcome, 

and no other study reported data regarding adverse events.

Secondary outcomes
Muscle strength
Two studies assessed muscle strength as an outcome.63,69 

Murtezani et al63 assessed right-hand grip strength (GS), 

and right quadriceps strength (QS), and compared WBE to 

LBE. Both groups improved significantly in grip strength and 

QS; however, observed improvements following LBE were 
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significantly greater than those observed following WBE, for 

both outcomes. Wu et al69 reported QS changes, comparing 

the results of WBE to a CG. The WBE was associated with 

a statistically significant increase in QS, whereas the CG was 

associated with a nonsignificant decrease, with no informa-

tion provided about the level of statistical difference in this 

outcome between groups.

Flexibility
No studies provided data on changes in participant flex-

ibility associated with WBE. One study reported flexibility 

as an outcome,63 using the “bend reach performance test”. 

This study compared the WBE group to an LBE group, and 

the authors reported a statistically significant improvement 

in flexibility in the LBE group; however, no results were 

reported for the WBE group.

Balance
Balance outcomes of participants were reported in two 

studies.59,63 Both studies reported balance results for WBE 

and LBE, and one also provided results for a CG.59 Borba-

Pinheiro et al59 assessed body balance using the Static Bal-

ance Test with Visual Control. Both WBE and LBE groups 

improved in their balance ability following the respective type 

of exercise, and the CG group decreased in balance ability; 

however, no information regarding statistical significance of 

these changes in balance within groups was reported. When 

the balance results of the WBE group were compared to 

those for LBE and CG, the differences in balance outcomes 

were not statistically significant. Murtezani et al63 assessed 

balance using the Berg Balance Scale and reported positive 

changes in balance following WBE and LBE, which reached 

statistical significance for the latter; however, no differences 

in balance outcomes were found between the WBE and LBE 

groups. Meta-analysis was conducted to compare effects of 

WBE and LBE on balance outcomes, and no statistically 

significant difference was found between the interventions 

(SMD -0.31; 95% CI -0.75 to 0.13; P = 0.17; I2 = 0%), as 

detailed in Figure 13.

Compliance
Only two studies reported levels of exercise compliance for 

both WBE and LBE groups.61,64 Kemper et al61 described an 

attendance rate of >75% of the sessions in both WBE and 

LBE groups, and Novaes et al64 described an attendance rate 

of >85% of the sessions in both groups.

Discussion
The main goal of the present systematic review was to 

determine the effects of WBE on bone health of middle-

aged and older adults and to compare these WBE effects 

to those observed in a sedentary CG or LBE group. To the 

best of our knowledge, this is the first systematic review and 

meta-analysis addressing this topic. The main finding of the 

present systematic review supports the hypothesis that WBE 

may reduce age-related bone deterioration, as we identified 

statistically significant differences between WBE and CG in 

their effects on bone health, in favor of WBE. At the same 

time, the analyses also substantiate the belief that LBE is 

more effective than WBE in promoting positive changes in 

the bone tissue.

The importance of this review lies in the fact that medi-

cal and health/fitness professionals should be able to provide 

recommendations regarding effective alternatives among 

Figure 12 Forest plot of comparison between WBE and CG for changes in biomarkers of bone formation.
Abbreviations: WBE, water-based exercise; CG, control group; IV, inverse variance; CI, confidence interval; SD, standard deviation.
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exercise interventions, in order to keep the population physi-

cally active, preventing the bone loss associated with the aging 

process and subsequent increased risk of fracture. The findings 

of this review are consistent with findings of the systematic 

review conducted by Gomez-Bruton et al,52 which investigated 

the effects of swimming in different age groups and revealed 

that WBE may have a positive impact on bone health in later 

adulthood. However, that review was limited to swimming, 

and the authors also concluded that the participants in the 

WBE had lower BMD than participants in land-based sports.

In the meta-analysis reported in this review comparing 

the effects of WBE to those of CG on LS BMD, the study 

conducted by Wu et al69 was the only study that reported bone 

loss in both WBE and CG groups at this clinical site (Figure 

4). However, the decrease in BMD described in that study 

did not reach statistical significance within either group, 

and no significant difference was evident between groups. 

As described in Table 1, the type of WBE used in this QE69 

was swimming, and the intervention was conducted 1.5 

times per week for 24 months, with no information included 

pertaining to the duration and intensity of the sessions. It is, 

therefore, impossible to ascertain the actual dose of swim-

ming received by participants, which may have been too 

low to have an effect on bone metabolism. As can be seen 

from Figure 4, the study having the greatest weight in this 

particular meta-analysis was the study conducted by Rotstein 

et al.66 The WBE in that QE was hydrogymnastics, conducted 

three times per week for 7 months, in sessions of moderate 

to vigorous intensity, each lasting 60 minutes and involving 

participants who were postmenopausal women with normal 

BMD (Table 1). Thus, it could be argued that interventions 

lasting >6  months, with sessions of similar intensity and 

duration to those described by Rotstein et al,66 are likely to 

have positive effects on LS BMD. As shown in Figure 4, two 

RCTs were included in this particular meta-analysis focused 

on comparing the effects of WBE and CG on LS BMD,62,65 

and due to relative study weightings, these two RCTs con-

tributed just 2.5% and 4.5% of the overall effect determined 

by the meta-analysis. The minor contribution of these RCTs 

is attributed to the relatively high SD associated with each. 

These values were obtained indirectly for both these RCTs, 

as we could not obtain SD values from the reported results, 

and contact with authors was not successful. As we chose 

a conservative approach to estimate the SD, the real value 

might be lower than the one used in our analysis, and this 

would influence the impact of each study on the outcome of 

the meta-analysis, but not the overall observed effect. The 

same interpretation applies to the small contribution of the 

study conducted by Wu et al69 in this particular meta-analysis.

In the meta-analysis comparing the effects of WBE and 

LBE on LS BMD, it is worth noting that all four studies 

included in the meta-analysis reported a nonsignificant 

increase in LS BMD in the WBE group, and three reported a 

statistically significant increase in LS BMD in the LBE group 

(Figure 5). Surprisingly, the RCT conducted by Kemper et al61 

reported a nonsignificant decrease in LS BMD in the LBE 

group, which performed resistance training as the LBE inter-

vention, while swimming was the WBE intervention (Table 

1). The LBE and WBE sessions were conducted three times 

per week, in moderate to vigorous sessions of 60 minutes, 

for 6 months. The dose of the swimming intervention may 

explain the difference between the results reported by Kemper 

Figure 13 Forest plot of comparison between WBE and LBE for changes in body balance.
Abbreviations: WBE, water-based exercise; IV, inverse variance; LBE, land-based exercise; CI, confidence interval; SD, standard deviation. 
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et al61 and by Wu et al69 for swimming as a type of WBE – 

where Kemper et al61 observed a nonsignificant increase in LS 

BMD following the swimming intervention, Wu et al,69 who 

used a possibly much lower dose of swimming, observed a 

nonsignificant decrease. As depicted in Figure 5, two studies 

contributed with similar impact to this meta-analysis com-

paring effects of WBE and LBE on LS BMD, with respec-

tive weightings of 45.7% and 42.4% in the meta-analysis, 

attributed to their relatively small SD for this outcome.63,64 

The first was an RCT conducted by Murtezani et al63 over 

10 months, in which women with low BMD who were pre-

scribed alendronate sodium and vitamin D were recruited 

(Table 1). The authors reported statistically significant dif-

ferences between the groups in the observed changes in LS 

BMD, in favor of LBE; however, the differences reported 

might be explained by the fact that the exercise sessions were 

more frequent and lasted longer for individuals in the LBE 

group, with this LBE group, therefore, receiving a higher 

dose of exercise. The other study was conducted by Novaes 

et al64 and was a QE conducted over 6 months, with exercise 

occurring three times per week, in sessions of 45 minutes 

of moderate to vigorous intensity (Table 1). These authors 

also reported statistically significant differences between the 

WBE and LBE groups in favor of LBE. Of note in the com-

parison between WBE and LBE with regard to their effects 

on LS BMD is that the study by Borba-Pinheiro et al59 is the 

only study in which the WBE intervention was conducted 

for >6 months, and the WBE involved sessions of moderate 

to vigorous intensity lasting 60 minutes. In that study, there 

was no statistically significant difference observed between 

the groups in changes in LS BMD, and this finding might be 

explained by the small sample size, which also influenced 

the study’s minor contribution to the overall effect observed 

in the meta-analysis (Figure 5).

In the comparison between WBE and CG with regard to 

their effects on FN BMD, the study conducted by Moreira et 

al62 had a weighting of 50.7% in the meta-analysis, as a con-

sequence of the small SD for this outcome measure (Figure 

6). As detailed in Table 1, this RCT was conducted over 

6 months, analyzing the effects of hydrogymnastics on bone 

health of previously sedentary women who were prescribed 

calcium and vitamin D. The WBE sessions were of moder-

ate to vigorous intensity, conducted three times a week and 

lasted between 50 and 60 minutes. This study did not detect 

a statistically significant difference between WBE and CG in 

their effects on FN BMD, and a possible explanation for this 

finding might be the fact that the intervention was limited to 

6 months. In the comparison of the effects of WBE and LBE 

on FN BMD, the results are limited by substantial heterogene-

ity, as shown in Figure 7. The QE conducted by Novaes et al64 

contributed with a weighting of 42.3% to this meta-analysis, 

and the authors reported a statistically significant difference 

between the WBE and LBE groups, in favor of the LBE group. 

The exercise sessions of both groups lasted 45 minutes and 

involved moderate to vigorous intensity exercise, three times 

per week, and follow-up was limited to 6 months (Table 1). 

The RCT conducted by Kemper et al61 contributed to increase 

the heterogeneity in the assessment of the overall effect of 

WBE when compared to LBE in this particular meta-analysis, 

as this study had contradictory results when compared to the 

other two studies included in the meta-analysis. The exercise 

sessions lasted 60 minutes and involved moderate to vigor-

ous intensity exercise, conducted three times per week for 

6 months, and the authors reported a nonsignificant increase in 

FN BMD in the WBE group and a nonsignificant decrease in 

the LBE group, with no differences found between the groups. 

Once again, these findings are consistent with the notion that 

WBE interventions conducted for a period of >6 months, in 

sessions of at least 60 minutes of moderate to high intensity 

and conducted three times per week, could possibly have a 

benefit to bone health. This hypothesis is also supported by 

the results reported for GT (Figures 8 and 9), WT (Figure 10), 

and TF (Figure 11); however, it was only possible to compare 

WBE to CG in the analysis of these three clinical sites.

Interestingly, Moreira et al62 reported that both WBE and 

CG participants had a statistically significant increase in the 

biomarker of bone resorption CTx, although no differences 

were found between these groups. Those authors reported that 

levels of CTx typically increase in initial stages of the post-

menopausal period, which was the case for the participants 

included in both groups. As shown in Figure 13, the RCT 

conducted by Murtezani et al63 contributed with a weighting 

of 80% in the meta-analysis comparing the effects of WBE 

and LBE on balance ability, with this weighting being a con-

sequence of the large sample size in that study. However, it is 

important to note that in that study the LBE group engaged 

in more frequent and longer exercise sessions than the WBE 

group. For measures of muscle strength and flexibility, no 

meta-analyses were conducted due to lack of studies reporting 

comparisons of these outcomes. The study of Murtezani et 

al63 was the only one to report statistically significant differ-

ences between WBE and LBE for both these outcomes, each 

in favor of LBE, but once again it is important to highlight 

the differences between the LBE and WBE interventions 

used in this study, in terms of the frequency and duration of 

the exercise sessions discussed earlier. The findings of the 
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present review regarding effects of WBE on muscle strength 

and balance ability are in line with results of previous stud-

ies, which have demonstrated that individuals participating 

in WBE achieved a statistically significant improvement in 

both outcomes.45,70–72 The studies conducted by Bergamin 

et al70 and Oh et al71 also reported a statistically significant 

improvement in flexibility for participants in WBE.

Only three studies included in the present review reported 

information regarding adverse events; however, due to lack of 

adequate reporting, no definitive conclusions can be drawn 

in this regard.

One of the strengths of this review is the comprehen-

sive search of published studies, which was not limited 

by language of publication. This allowed us to include in 

the analyses two studies published in languages other than 

English, eliminating language bias in the review. For the 

meta-analyses, we used the random-effects model, as this 

enabled the researchers to estimate the mean effect across a 

range of studies in a manner that meant none of the individual 

studies could overly influence the overall estimate of effect. 

However, limitations should be highlighted. The generally 

low quality of available studies and the inclusion of QE in 

the meta-analyses mean that the results should be interpreted 

with caution. Another limitation is that none of the included 

studies reported the SD for the mean change in BMD. This 

value is necessary in order to conduct meta-analyses of the 

results, and so this value was estimated for each group. This 

estimate was derived for each study by either calculating the 

SD based on the reported P-value or by imputing the larg-

est SD for that specific outcome that was reported in other 

studies. This approach was decided in order to achieve more 

conservative results but may have therefore also limited some 

of the effect sizes estimated in the meta-analyses. No study 

investigating a male population was found or included in this 

review, and so further research involving male participants is 

needed. It should also be noted that this review was purposely 

limited to investigating effects of WBE on bone health of 

middle-aged and older adults, and so the results should not be 

extrapolated to younger populations. While it is possible that 

publication bias may have affected the findings of this review, 

inspection of funnel plots developed to assess this likelihood 

suggested that it probably had little impact on the results.

Conclusion
The results of this study corroborate the widely held belief 

that WBE is not as effective as LBE for enhancing bone 

health but they also indicate that, when the exercise dose is 

sufficient, WBE is better for bone health than a sedentary 

lifestyle in middle-aged and older adults. In order to increase 

exercise participation in middle-aged and older adults, it 

may be important to focus on alternative modes of exercise 

that are both suitable and feasible for this population, and 

which take into account possible clinical limitations of the 

individual and personal preferences. The results of the pres-

ent meta-analyses indicate that an adequate dose of WBE 

may be a useful alternative to LBE, as it appears to decrease 

the rate of age-related bone loss in postmenopausal women. 

Moreover, it can increase BMD in this population, and it 

was demonstrated to have positive impacts on both bone 

metabolism and muscle strength.

There is currently not sufficient evidence to form a basis 

for recommending any specific WBE intervention when 

aiming to improve bone health; however, the results of this 

review suggest that WBE of higher intensity, frequency, and 

session duration, sustained over many months, is likely to be 

the most beneficial. Importantly, the findings of this review 

cannot be extrapolated to a male population since all par-

ticipants in included studies were postmenopausal women, 

and they should not be extrapolated to younger populations, 

since the review was designed to focus only on middle-aged 

and older participants.

Further well-designed RCTs, including both males and 

females, should be undertaken to investigate the effects of 

WBE on bone health of middle-aged and older adults and 

to compare the effects of different types of WBE. Based 

on our findings, it appears that future interventions should 

be designed to last at least 12 months, and that the WBE 

sessions should be of moderate to vigorous intensity and 

at least 60  minutes in duration, occurring at least three 

times a week. With respect to BMD results, future research 

should adequately report SDs for the mean change within 

groups in this outcome measure, along with its P-value, 

in order to enable correct interpretation of the effect size 

of the results.
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